


 

 

  

  

 

 

  

 

Antimalarial Medicinal Plants 

Malaria continues to affect a large population of the world, especially in third world countries. 

The spread of drug-resistant parasites demonstrates the need for antimalarial agents with various 

modes of action. The search for remedies derived from medicinal plants for the treatment of 

malaria is reliant on accurate ethnobotanical and ethnopharmacological information obtained from 

traditional medical practitioners. Antimalarial Medicinal Plants provides information on bioactive 

compounds and therapeutic potentials of several antimalarial plant species found around the globe. 

This book evaluates these plant species with respect to their biology, diversity, distribution, and 

pharmacological values. 

A volume in the  Exploring Medicinal Plants series, this book highlights trends, technologies, 

processes, and services important to and necessary for effcient production, use, and understanding 

of medicinal qualities of antimalarial plants. It critically examines claims made by traditional 

medical practitioners with scientifc validations for safe herbal drug formulation. It is a reference 

work for researchers of herbal medicine, traditional healers,  pharmacists, and students associated 

with plant sciences and economic botany. 
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 Preface 
Malaria is a serious and challenging, life-threatening infectious disease. This parasitic infectious 

disease is caused by protozoan parasites, namely,  Plasmodium falciparum, P. vivax, P. malariae, 
P. ovale, P. knowlesi, and  P. cynomolgi. The parasite is transmitted from human to human through 

the bite of an infective  Anopheles mosquito.  Plasmodium travels through the blood, matures and 

reproduces in the liver, and causes malaria disease. The common symptoms of malaria are fever 

and headache, and in severe cases, malaria leads to death. For its cure, normally, artemisinin-based 

medicines are used. However, antimalarial drug resistance has emerged as a great challenge to the 

malaria control programme. P. falciparum resistance to artemisinins has already been noticed.  

Thus, because malaria affects a large population of the world, the spread of drug-resistant parasites 

and the limited number of effective drugs for the treatment warrant discovery of new antimalarial 

drugs with new modes of action. 

It has also been noticed that since the earliest times, mankind has used medicinal plants in order 

to cure various diseases and relieve suffering. Similarly, the search for new remedies from medici-

nal plant species used for the treatment of malaria depends on the accurate and specif c ethnobo-

tanical and ethnopharmacological information obtained from traditional medical practitioners. As 

we know, in these days, people are seeking an alternative to modern medical treatments, turning 

to phytomedicines for the treatment of malaria, and to cure various diseases and relieve suffering. 

Thus, in this connection, plant-based pharmaceuticals play a signifcant role. Numerous plant spe-

cies belonging to the Aristolochia, Aspidosperma, Cinchona, Croton, Momordica, Piper, Senna, 
Solanum, Stachytarpheta, Tabebuia, Swertia, etc. genera have shown immense antimalarial activity 

and are reviewed in detail. Moreover, this book critically examines and reviews the claims made by 

traditional medical practitioners and scientif c validations. Other information on aspects concern-

ing diversity, biology, phytochemistry, harvest and conservation techniques, genetic improvement, 

in vitro practice for higher antimalarial agents, and so on have been presented. 

Taken together, the aim of the book is to provide an overview of the most important and selected 

antimalarial plant species around the world and the natural products obtained from these plants. 

This book provides valuable information to scientists, researchers, and students working especially 

on medicinal plants or in areas of ethnomedicine, natural products, economic botany, plant bio-

chemistry, biotechnology, pharmacognosy, industrial chemistry, and other allied subjects. This 

book would also help in testifying on the various reports on antimalarial plants and their other 

potential uses in new drug discovery based on their bioactive molecules, and may also attract the 

attention of pharmaceutical companies, industrialists, and health policymakers. 

I am grateful to all contributors for readily accepting my invitation, sharing their knowledge in 

specialized areas of research, and readily adjusting the suggestions for improving the shape of their 

contributions. With great pleasure, I also extend my sincere thanks to Randy Brehm, Tom Connelly, 

and all associates at Taylor & Francis Group, LLC/CRC Press, for their active cooperation. Finally, 

my special thanks go to Shagufta, Zaara, Mehwish, and Huzaifa for providing their time, and over-

all support, to put everything together. 

 Azamal Husen 

xiii



http://taylorandfrancis.com


  

    

 

 

 

 

 

 

 

 

  

 

 

 

     

   

 

 

 

About the Editor 

Azamal Husen is a Professor at Sankalchand Patel University, Visnagar, India; 

and Adjunct Professor at Graphic Era (Deemed to be University), Dehradun, 

Uttarakhand, India. He is also working as a Visiting Professor at University 

Putra Malaysia, Selangor, Malaysia; and acting as a Foreign Delegate at 

Wolaita Sodo University, Wolaita, Ethiopia. Previously, he served as Professor 

and Head of the Department of Biology, University of Gondar, Ethiopia. He 

also worked as a Visiting Faculty of the Forest Research Institute and the Doon 

College of Agriculture and Forest at Dehra Dun, India. His research and teach-

ing experience of 25 years encompasses biogenic nanomaterial fabrication and 

application; plant responses to nanomaterials; plant adaptation to harsh environments at the physi-

ological, biochemical, and molecular levels; herbal medicine; and clonal propagation for the improve-

ment of tree species. 

He has conducted research sponsored by the World Bank, the National Agricultural Technology 

Project, the Indian Council of Agriculture Research, the Indian Council of Forest Research 

Education, and the Japan Bank for International Cooperation. Husen has published extensively (over 

250) and served on the Editorial Board and as a reviewer of reputed journals published by Elsevier, 

Frontiers Media, Taylor & Francis, Springer Nature, RSC, Oxford University Press, Sciendo, the 

Royal Society, CSIRO, PLOS, MDPI, John Wiley & Sons, and UPM Journals. He is on the advisory 

board of Cambridge Scholars Publishing, UK. He is a fellow of the Plantae group of the American 

Society of Plant Biologists, and a member of the International Society of Root Research, Asian 

Council of Science Editors, and the International Natural Product Sciences. He is Editor-in-Chief 

of the  American Journal of Plant Physiology, and a Series Editor of Exploring Medicinal Plants 
(Taylor & Francis Group, USA);  Plant Biology, Sustainability, and Climate Change (Elsevier, 

USA); and  Smart Nanomaterials Technology (Springer Nature, Singapore). He has been awarded 

the distinguished honour of being recognized as one of the ‘World’s Top 2% Scientists’ for the year 

2022, and again for the year 2023 by Stanford University, USA. This recognition has also been 

prominently featured in the Elsevier Data Repository. 

xv 



http://taylorandfrancis.com


      

 

 

 

 

 
 

  

 
 

 
 

  
 

 

 

 

 
  

  

 

  

  

  

 

 Contributors 
Sahar Ahangari 
Department of Agricultural Extension and 

Education 

Faculty of Agriculture 

Tarbiat Modares University 

Tehran, Iran

  Jamal Akhtar 
Central Council for Research in Unani 

Medicine 

Ministry of AYUSH 

Government of India 

New Delhi, India

  Shah Alam 
Central Council for Research in Unani Medicine 

Ministry of AYUSH 

Government of India 

New Delhi, India 

  Ahmad Ali 
Department of Life Sciences 

University of Mumbai 

Mumbai, India 

  Hina Alim 
Department of Life Sciences 

University of Mumbai 

Mumbai, India 

  Arvind Arya 
Department of Biotechnology 

Noida Institute of Engineering 

Technology 

Greater Noida (UP), India 

  Atul Arya 
Medicinal Plant Research Laboratory 

Department of Botany, Ramjas College 

University of Delhi 

Delhi, India 

  Anoja Priyadarshani Attanayake 
Department of Biochemistry 

Faculty of Medicine 

University of Ruhuna, Sri Lanka 

  Issakou Bakarnga-Via 
Department of Biomedical and Pharmaceutical 

Sciences 

Faculty of Human Health Sciences 

University of Ndjamena 

Ndjamena, Chad

  Fouzia Bashir 
Central Council for Research in Unani Medicine 

Ministry of AYUSH 

Government of India 

New Delhi, India 

  Mangal Chandra Biswas 
Molecular and Applied Mycology and Plant 

Pathology Laboratory 

Department of Botany 

University of Calcutta 

Kolkata, India 

  Kolagani Chandramohan 
Forest Survey of India, Central Zone 

Seminary Hills, Nagpur 

Maharashtra, India 

  Uttra Chauhan 
Department of Microbiology 

Graphic Era (Deemed-to-Be University) 

Dehradun, Uttarakhand, India 

Nayomi Deshani De Silva 
Department of Biochemistry 

Faculty of Medicine 

University of Ruhuna 

Sri Lanka 

  Abhijit Dey 
Department of Life Sciences 

Presidency University 

Kolkata, India 

Patrick Valere Tsouh Fokou 
Department of Biochemistry 

Faculty of Science 

University of Bamenda 

Bambili, Cameroon 

xvii



 

 

  

 

 

 
 

 

  

 

  

 

 

 

 

  

 

 

 
 

 

 
 

 

 

 

 
 

 

  

 

 

 

 

 

xviii Contributors 

  Leila Hakimi 
Department of Agriculture 

Saveh Branch 

Islamic Azad University 

Saveh, Iran

  Azamal Husen 
Department of Biotechnology 

Smt. S. S. Patel Nootan Science & Commerce 

College 

Sankalchand Patel University 

Visnagar-384315, Gujarat, India  

Department of Biotechnology 

Graphic Era (Deemed to be University) 

Uttarakhand, India 

  Harshika Joshi 
Department of Microbiology 

Graphic Era (Deemed-to-Be University) 

Dehradun, Uttarakhand, India 

  Raoul Kemzeu 
Department of Biochemistry 

Faculty of Science 

University of Yaoundé 1 

Yaoundé, Cameroon

  Salman Khan 
Forest Survey of India, Central Zone 

Seminary Hills, Nagpur 

Maharashtra, India 

  Tasneem Khan 
Department of Life Sciences 

University of Mumbai 

Mumbai, India 

  Esmail Khosropour 
Department of Forestry and Forest 

Economics 

University of Tehran 

Karaj, Iran

  Sandeep Kumar 
Department of Biotechnology 

Shobhit Institute of Engineering and 

Technology (Deemed-to-Be 

University) 

Meerut, UP, India 

  Suresh Kumar 
Medicinal Plant Research Laboratory 

Department of Botany 

Ramjas College, University of Delhi, 

Delhi, India 

  Ishaan Lakhani 
Department of Life Sciences 

J. C. Bose University of Science and 

Technology, 

YMCA Faridabad 

Haryana, India 

  Sachin Mahawar 
Medicinal Plant Research Laboratory 

Department of Botany Ramjas College, 

University of Delhi 

Delhi, India 

  Ahmad Mirjalili 
Department of Horticultural Science and 

Agronomy 

Science and Research Branch 

Islamic Azad University 

Tehran, Iran

  Shuvadip Mondal 
Department of Botany 

Fakir Chand College, 

Diamond Harbour 

West Bengal, India 

  Shivansh Negi 
Department of Biotechnology 

Graphic Era (Deemed-to-Be University) 

Dehradun, Uttarakhand, India 

  Vincent Ngouana 
Department of Pharmaceutical Sciences 

Faculty of Medicine and Pharmaceutical 

Sciences 

University of Dschang 

Dschang, Cameroon

  Shakirdeen Mayowa Obidola 
Department of Crop Production 

Technology 

Federal College of Forestry 

Jos, Nigeria 



   
 

 

 
 

 

  
 

 
 

 

 

 

 

 
 

 

 

  

 

 

 
 

 

  

 

 

 
 

 

 

 

   
 

 

  

xix Contributors 

  Olalekan Bukunmi Ogunro 
Department of Biological Sciences 

KolaDaisi University 

Ibadan, Nigeria 

  Ahmed Olatunde 
Department of Medical Biochemistry 

Abubakar Tafawa Balewa University 

Bauchi, Nigeria 

  Gaurav Pant 
Department of Microbiology 

Graphic Era (Deemed-to-Be University) 

Dehradun, Uttarakhand, India 

  Manu Pant 
Department of Biotechnology 

Graphic Era (Deemed-to-Be University) 

Dehradun, Uttarakhand, India 

  Apekshakumari Patel 
Department of Life Sciences 

University of Mumbai 

Mumbai, India 

  Nimisha Patel 
Department of Life Sciences 

J.C. Bose University of Science and 

Technology, YMCA 

Faridabad, Haryana, India 

  Yashashree Pradhan 
Department of Life Sciences 

University of Mumbai 

Mumbai, Maharashtra, India 

  Shakeelur Rahman 
Prakriti Bachao Foundation 

Jharkhand, India 

  Manjula Rai 
Department of Botany 

St. Joseph’s College 

Darjeeling, West Bengal, India 

  Rudra Narayan Sahoo 
Department of Botany 

Jamia Hamdard 

New Delhi, India 

  Rupa Sanyal 
Department of Botany 

Bhairab Gnaguly College 

Kolkata, India 

  Noor Sayed 
Department of Biotechnology 

Graphic Era (Deemed-to-Be University) 

Dehradun, Uttarakhand, India 

  Surjit Sen 
Department of Botany 

Fakir Chand College 

West Bengal, India 

  Gunjan Sharma 
Department of Life Sciences 

J. C. Bose University of Science 

and Technology YMCA Faridabad 

Haryana, India 

  Harsha Singh 
Medicinal Plant Research Laboratory 

Department of Botany 

Ramjas College 

University of Delhi 

Delhi, India 

  Habibu Tijjani 
Department of Biochemistry 

Bauchi State University 

Gadau, Nigeria 

  Pankaj Kumar Tyagi 
Department of Biotechnology 

Noida Institute of Engineering Technology 

Greater Noida (UP), India 

Keddagoda Gamage Piyumi Wasana 
Department of Biochemistry 

Faculty of Medicine 

University of Ruhuna, 

Sri Lanka 

  Aubin Kamche Youbi 
Department of Biochemistry 

Faculty of Science 

University of Yaoundé 

Yaoundé, Cameroon 



http://taylorandfrancis.com


 

   
 

 

  

 

 

 

    

 

   

     

 

 

     

       

        
      

   

   

  

 

 

  

 

   

   

  

  
 

  

 

   

 

1 Diversity and Geographic 
Distribution of Some 
Antimalarial Plant Species 

Salman Khan, Kolagani Chandramohan, and Azamal Husen 

1.1 INTRODUCTION 

Worldwide, humans are exposed to various types of diseases, of which some are natural and some 

are anthropogenic-driven (Murray and Lopez, 1996 ). Malaria is such an important disease which 

has global impact on humans. It is widespread in tropical areas, such as Africa, China, India, and 

other Asian countries (O’Neill et al., 1985). Castro and Peterka (2023) reported the increasing trends 

of malaria cases specifcally in indigenous and artisanal mining areas of Brazilian Amazon. It is 

due to increased deforestation and mining (Figure 1.1). In the year 1980, more than 5 million 

cases per annum were documented from Africa (O’Neill et al., 1985). Dash et al. (2008) mentioned 

that as per WHO (World Health Organization), India’s contribution to malaria is about 70% in 

South-East Asian countries. 

Anopheles spp. mosquitoes act as vector organisms for malaria-causing protozoan  Plasmodium 
spp. The bite of the female Anopheles mosquito leads to the transfer of Plasmodium into human 

blood, causing malaria. In India, Anopheles culicifacies, A. stephensi, A. dirus, A. fuviatilis, A. 
minius, A. sundaicus, A. annularis, A. varuna, A. jeyporiensis, and  A. philippinensis are reported to 

carry  Plasmodium (Rao, 1984; Dash et al., 2008). The former six species are considered as primary 

vectors, and the rest are secondary. 

Due to the global climate change, insects and other microorganisms are modifying their body 

and behaviour. Many insecticides are not effective against mosquitoes due to resistance develop-

ment in them. Similarly, protozoans are being resistant to various chemotherapeutic potential agents 

(O’Neill et al., 1985). 

There are so many factors which infuence the dynamics of malarial cases, but the major reasons 

are population movement, climate change, deforestation, mining, agricultural activity, and f oods 

(Figure 1.1). It is estimated that global warming tends to increase in global temperature, and this 

will change the growth rate of vector mosquitoes, increase blood digestion rate, and cause a surge 

in feeding rate (Dash et al., 2008). 

Various programmes and projects for minimizing malarial cases have been formulated by many 

agencies, including WHO and the government of India. Programme such as PfCP (Plasmodium 
falciparum containment programmes), urban malarial schemes, global malaria eradication pro-

grammes, national malarial eradication programmes, and others are effective in minimizing the 

cases (Sharma, 1996 ). 

1.2  GEOGRAPHIC DISTRIBUTION OF MALARIA IN THE WORLD 

Dash et al. (2008) reported that 36% of the world population is affected by malaria. Around 107 

countries and their nearby areas have shown malarial cases worldwide. India, being diverse in 
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2 Antimalarial Medicinal Plants 

FIGURE 1.1 Factors driving dynamics of malarial cases in humans. 

climate, topography, and biodiversity, provides the ideal environment for vector growth and its 

spread (Das et al., 2012). 

• In world other than India: Africa, Mexico, South-East Asia, South America, Australia, 

Europe, Iran, etc. (Richards et al., 2001;  Dash et al., 2008;  Das et al., 2012;  Narain and 

Nath, 2018). 

• In India: Chhattisgarh, Gujarat, Haryana, Jharkhand, Madhya Pradesh, North-East India, 

Orissa, Uttarakhand, and West Bengal (Sharma et al., 1983; Misra, 1996; Bhattacharya et al., 

2006; Kumar et al., 2007;  Dash et al., 2008). 

1.3 DESCRIPTION OF MAJOR ANTIMALARIAL PLANTS OF INDIA 

  Muñoz et al. (2000a ,  2000b ) identifed the natural biological compound used by Mostene and 

Chacobo tribes against malaria derived from plants in Bolivia. They mentioned species such as 

Apuleia leiocarpa, Bauhinia guianensis, Nectandra cuspidata, Parattanthelium amazonum, 

Tanaecium jaroba, Qualea paraensis, Derris amazonica, and  Sclerolobium guianense. A similar 

report on medicinal plants with antimalarial potential used by the Tacana Indians was also pre-

sented by Deharo et al. (2001) from Bolivia. Mahato and Sen (1997 ) and  Matte (2023) mentioned 

that biochemical compound terpenoid exhibits tremendous antimalarial properties. O’Neill et al. 

(1985) reported antimalarial properties in Artemisia annua due to the presence of artemisinin. It 

was also reported that the most important families of plants which show great potential against 

malaria are Amaryllidaceae and Simaroubaceae. Spencer et al. (1947 ) surveyed and formulated 

a document mentioning a list of antimalarial plants belonging to 33 genera.  Muregi et al. (2007 ) 

mentioned that  Vernonia lasiopus, Toddalia asiatica, Ficus sur, Rhamnus prinoides, and  R. staddo 
possess signifcant antimalarial properties. Mahagany (Swietenia mahagoni) seeds possess great 



 

    

          

 

     

  

 

 

    

 

 

 

   

       
  

  

    

    

    

     

 

 

  

  

 

 

        

      

  

      

   
      

      
     

    

  

  

  

     

 

  

 

 

3 Diversity and Geographic Distribution of Antimalarial Plants 

antimalarial activity against Plasmodium berghei due to the presence of favonoids and its deri-

vates (Sari et al., 2023). Similarly, Chinchilla et al. (2012) listed 25 important in vitro antimalarial 

plant species from Costa Rica. These include  Cinnamomum chavarria, Hampea appendiculata, 

Nectandra membranacea, Persea povedae, Psidium guajava, Senna papillosa, and  Siparuna the-
caphora. Mariath et al. (2009) formulated a detailed list of 476 antimalarial plants belonging to 103 

plant families, such as Anacardiacea, Aracaceae, Bixaceae, Brassicaceae, Fabaceae, Lauraceae, 

Moraceae, Rhamnaceae, and Velloziaceae, from the American continent.  Şener et al. (2003) pro-

vided details on important alkaloids extracted from the different species of Amaryllidaceae family. 

Similarly, Bray et al. (1990) mentioned the antimalarial potential of few important species of family 

Meliaceae. 

Various researchers have also identif ed and reported important medicinal plants having higher 

antimalarial properties.  Koudouvo et al. (2011) reported 52 plant species related to 29 families hav-

ing antimalarial properties from the Togo Maritime Region. From West and Central Africa, alka-

loids extracted from different antimalarial plants were described by Ancolio et al. (2002). It includes 

Combretrum micranthum, Feretia apodanthera, Guiera senegalensis, Morinda sp., Pycnanthus 
angolensis, and  Securidaca longepedunculata. Abosi and Raseroka (2003) provided details on the 

antimalarial potential of the leaves and roots of Vernonia amygdalina.  Achenbach (1992 ) men-

tioned the antimalarial property of Hoslundia opposita, which grows in East and West Africa. From 

Cameroon (Central Africa), 217 antimalarial plants’ descriptions were given by Titanji et al. (2008). 

They also mentioned that about 100 bioactive compounds were isolated from 26 different species 

of plants from Cameroon. 

Similarly, Tona et al. (1999) reported nine plants with antimalarial properties from the Democratic 

Republic of Congo. Likewise,  Kaou et al. (2008) mentioned nine different antimalarial plant species 

from Africa.  Azas et al. (2002) reported an experiment on the use of a combination of medicinal 

plants crude extract for antimalarial activity in Mali.  Asase and Oppong-Mensah (2009) surveyed 

and identifed about 29 antimalarial plants belonging to 24 different families from Ghana. Important 

medicinal plants (Figures 1.2 and 1.3) and various chemical features are shown in Figure 1.4. 

Other than in Africa, many plants are being used as antimalarial/antiplasmodial agents. 

Researchers such as Mojab (2012) mentioned antimalarial plants from Iran, such as Artemisia spp., 

Cichorium intybus, Glycyrrhiza glabra, Prosopis julifora, and  Solanum surattense. Zhang et al. 

(2002) reported the novel antimalarial alkaloid (decursivine) extracted from the leaves and stem of 

Rhaphidophora decursiva. In India, Kamaraj et al. (2012) reported a list of 23 medicinal antimalarial 

plants which were used in the village area. They reported the following species with great antima-

larial properties in different parts of the plant due to the activity of secondary metabolites: Adhatoda 
vasica, Aegle marmelos, Andrographis lineata, Argemone Mexicana, Cassia nictitans, Coriandrum 
sativum, Cuminum cyminum, Datura metel, Diospyros melanoxylon, Eclipta prostrata, Lantana 
camara, Momordica charantia, Nelumbo nucifera, Piper nigrum, and  Tagetes erecta.  Rahman et 

al. (1999) mentioned about the antimalarial properties of Andrographis paniculata, Piper sarmen-
tosum, and  Tinospora crispa from Malaysia.  Garavito et al. (2006 ) reported the presence and activ-

ity of Colombian medicinal plants as antimalarial agents belonging to the families Annonaceae, 

Euphorbiaceae, Menispermaceae, Miosaceae, Piperaceae, and Solanaceae.  Nguyen-Pouplin et al. 

(2007 ) identifed and reported 49 different species of plants having antimalarial properties. Moreover, 

researchers from Indonesia have reported 72 species of plants belonging to 40 families as antima-

larial potential species (Budiarti et al., 2020). Details of the major plant species, common name, their 

distribution, important chemical compound, from the world are discussed in Table 1.1. 

1.4 BIOCHEMICAL COMPOUNDS 

1.4.1 ALKALOIDS 

They are an important biological compound which is extracted from various parts of the plant. 

They are capable of treating various diseases, including malaria. They have physiologically active 



 

  

       
     

   

4 Antimalarial Medicinal Plants 

FIGURE 1.2 (a)  Vachellia nilotica (L.) PJH Hurter and Mabb.; (b)  Ageratum conyzoides L.; (c)  Argemone 
mexicana L.; (d)  Annona squamosa L.; (e)  Azadirachta indica A. Juss.; (f)  Bixa orellana L.; (g)  Cissampelos 
pareira L. 

nitrogen bases in a heterocyclic ring obtained from amino acids (Figure 1.4). The alkaloid groups 

that have antimalarial potency include terpenoidal and steroidal alkaloids, indole alkaloids, phen-

anthroindolizine alkaloids, isoquinoline, benzylisoquinoline and hasubanane alkaloids, naph-

thoisoquinoline alkaloids, aporphine and morphinandienone alkaloids, proterberine alkaloids, 



 

           
       

   

 

  

   

5 Diversity and Geographic Distribution of Antimalarial Plants 

FIGURE 1.3 (a) Tridax procumbens L.; (b)  Lippia javanica (Burm.f.) Spreng.; (c)  Cassia fstula L.; (d)  Glinus 
oppositifolius (L.) Aug.DC.; (e) Lantana camara L.; (f)  Holarrhena pubescens Wall. ex G. Don; (g) Cestrum 
nocturnum L.; (h)  Terminalia bellirica (Gaertn.) Roxb.; (i)  Tinospora cordifolia (Willd.) Hook.f. and Thomson. 

amaryllidaceae alkaloids, cyclopeptide alkaloids, quinoline alkaloids, pyridocoumarin alkaloids, 

acridone alkaloids, and macrocyclic alkaloids (Uzor, 2020). Few examples of major alkaloids are 

anonaine, augustine, caesalminines A and B, carpaine, crinamine, lycorine, tubulosine, microthe-

caline, N-methyltelobine, obtusipetadione, simplicifolianine, virekine, etc. (Saxena et al., 2003). 



 

  

  

   

    

    

  

 

  

  

   

 

  

 

  

  

     

 

      

  

  

 

 

     

6 Antimalarial Medicinal Plants 

FIGURE 1.4 (a) Alkaloid, (b) artemisinin, (c) chloroquine, (d) favonoid, (e) quinone, (f) quassinoid, (g) 

quinine, (h) triterpenoid, and (i) xanthone. 

1.4.2 CHLOROQUINE 

It is a type of aminoquinoline which is primarily used for the treatment of malaria. It has 

many other uses, such as antiviral, extraintestinal amoebiasis treatment, antirheumatic, anti-

parasitic, anti-inflammatory, etc. (Scholar, 2007). The structure of chloroquine is discussed 

in  Figure 1.4. However, chloroquine resistance against malarial parasite is also reported  

from various countries. The chemical formula of chloroquine is C18H26 ClN3. Other names of 

chloroquine are Artichin, Chlorochine, Resochin, Sanoquin, Solprine, and others (Scholar, 

2007 ). 

1.4.3 ARTEMISININ 

It is a type of sesquiterpenes lactone having an endoperoxide bridge derived from plants like 

Artesimia annua ( Guo, 2016 ). The chemical formula of artemisinin is C 15H22O5. Its synonyms 

are artemisinine, artemisininum, and quinghaosu. Artemisinin is mostly used in malaria treat-

ment worldwide. It is also used as an anti-infectious agent and has capabilities to treat cancer. A 

novel derivative of artemisinin based on the structural confguration is dihydroartemisinin ( Guo, 

2016). 

1.4.4 QUININE 

It is a medication that is used to treat malaria solely or in combination with other medicines (Achan 

et al., 2011). The chemical formula of quinine is C 20H24N2O2 (Figure 1.4). Apart from malaria, it is 

also used to treat piroplasmosis. Like with other chemical compounds, resistance to quinine is also 

developed in malarial parasites. Its synonyms include chinine, chinin, and cinchonidine. It can be 

obtained from the bark of Cinchona spp. (Muñoz et al., 2000a). 

1.4.5 QUINONES 

Quinones are a biochemical compound that has a complex structure and shows antimalarial 

activities. They are either 1,4-diketocyclohexa-2,5-dienoid or 1,2-diketocyclohexa-3,5-dienoid. 

Naphthoquinones are one of the important structures of quinones in which the asexual erythrocytic 



 

  
   
       

  
                    

    

      

   

 
 

     

 

     

 

 

  

 

   

  

TABLE 1.1 
List of Important Medicinal Plants throughout the World Having Antimalarial Properties 
Species Common/Local Family Bioactive Compound Plant Part Used Distribution Key References 

Name

  Acacia nilotica   Babul  Fabaceae  Terpenoids  Leaves India   Matte, 2023  

  Acalypha fruticosa   Birch-leaved cattail Euphorbiaceae Sesquiterpenoids  Leaves  Africa, India   Alshawsh et al., 2009  

  Acalyphawilkensiana   Copper plant Euphorbiaceae  Alkaloids, f avonoids, saponins,  Leaves  Pacif c islands Udobang et al., 2010

tannins 

Acanthospermum  Bristly starbur Asteraceae  Alkaloids, f avonoids Aerial parts Central and South Ganfon et al., 2012

hispidum America 

  Achillea millefolium   Yarrow Asteraceae Sesquiterpenes  Whole plant  North America, Saxena et al., 2003 

Europe, Asia 

  Acokanthera   Arrow poison  Apocynaceae Glycosides  Leaves Africa   Mohammed et al., 2014  

  schimperi   Tree 

  Acridocarpus alternifolius   Papao Malpighiaceae  Flavonoids  Leaves Ghana   Laryea and Borquaye, 2019  

Adhatoda spp.  Vasa Acanthaceae  Alkaloids, f avonoids, tannins,  Leaves  Malabar nut   Bora et al., 2007 ; Kamaraj 

saponins et al., 2012 

  Aegle marmelos   Bel, golden apple Rutaceae Anthraquinone  Leave, bark India   Kamaraj et al., 2012  

  Ageratum conyzoides   Billygoa weed Asteraceae  Alkaloids, f avonoids, Aerial parts Brazil, Kenya Nour et al., 2010

coumarins, essential oils

  Ajugaintegrifolia   Bugleweed Lamiaceae  Terpenoids, iridoid glycosides, Roots, root bark Ethiopia, Asia Asnake et al., 2015 

f avonoids, essential oils 

  Ajugaremota  Armagusa Lamiaceae  Flavonoids, alkaloids, tannins,  Aerial parts  Ethiopia, Africa   Njoroge and Bussmann, 

terpenoids 2006 ;  Gitua et al., 2012

Albiziazygia  West African walnut  Fabaceae  Flavonoids  Aerial parts Africa   Abdalla and Laatsch, 2012  

  Allanblackia f oribunda   Tallow tree Clusiaceae  Flavonoids, xanthanoids,  Aerial parts Africa   Azebaze et al., 2015  

essential oil 

  Allophylus africanus   False currant Sapindaceae  Flavonoids, polyphenols,  Whole plant Africa   Oladosu et al.,2013  

essential oils 

Aloe spp.  Mugwanugu Asphodelaceae  Alkaloids, f avonoids  Various parts  Kenya   Njoroge and Bussmann, 

2006 ;  Singh et al., 2022

  Alstonia angustifolia  Pulai  Apocynaceae Alkaloids  Leaves and bark Asia   Saxena et al., 2003  

  Alstonia boonei  Ahun  Apocynaceae  Alkaloids, triterpenoids  Stem bark, leaves Nigeria   Idowu et al., 2010  

  Alstoniamacrophylla   Hard milkwood  Apocynaceae  Alkaloids, f avonoids, Bark, stem bark, root  India, Malaysia, Saxena et al., 2003 ; 

terpenoids, saponins, tannins bark Thailand Cheenpracha et al., 2013 
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TABLE 1.1 (Continued) 
List of Important Medicinal Plants throughout the World Having Antimalarial Properties 
Species Common/Local Family Bioactive Compound Plant Part Used Distribution Key References 

Name

  Amomum kravanh   Bai Dou Kou Zingiberaceae Myrtenol Fruit  South-East Asia   Saxena et al., 2003  

Ampelozizyphus Saracura mira Rhamnaceae Saponins, terpenoids, steroids Stem, root Amazon region do Carmo et al., 2015

amazonicus

  Anadenanthera colubrina  Cebil, willca  Fabaceae  Flavonoids Bark Africa   Muñoz et al., 2000b  

  Ancistrocladus  spp. Cameroonian vine Ancistrocladaceae Korupensamine, alkaloids Leaf, tubers, root bark, Africa   Saxena et al., 2003  

stem 

  Andira inermis  Brown heart  Fabaceae  Flavonoids, xanthones  Leaves, stem  Africa, America   Saxena et al., 2003  

  Andrographis lineata   Striped chiretta Acanthaceae  Flavonoids  Whole plant India   Kamaraj et al., 2012  

  Andrographis paniculata  Sambiroto Acanthaceae Andrographolide  Whole plant Malaysia   Rahman et al., 1999  

  Angelica   Bai jhi Apiaceae  Khellactone, triterpenes Rhizome  South America, Chung et al., 2010

  purpuraefolia  Africa 

  Anisochilus harmandii  Kapurli Lamiaceae  Terpenoids, f avonoids  Aerial parts Asia   Lekphrom et al., 2010  

  Annona squamosa   Wild sweetsop Annonaceae  Alkaloids, glycosides,  Aerial parts  South America   Johns et al., 2011  

f avonoids 

  Anthemis nobilis   Roman chamomile Asteraceae Sesquiterpenes  Aerial parts  North America, Saxena et al., 2003 

Western Europe 

Aphanamixis  Rohitukka tree Meliaceae  Terpenoids Bark Asia   Astulla et al., 2011  

  grandifolia  

  Apuleia leiocarpa  Garapa  Fabaceae Quinone  Leaves  Brazil, Uruguay, Muñoz et al., 2000a

Argentina, 

Paraguay 

  Argemone mexicana   Mexican prickly  Papaveraceae  Allocryptopine, protopine, Leaves, seeds Nigeria, Brazil Idowu et al., 2010 ;  Kamaraj 

poppy berberine et al., 2012 

  Aristolochia griff thii  Birth wort Aristolochiaceae Alkaloids Root  NE India   Das et al., 2016  

  Arrabidaea f orida   Fridericia Mart Bignoniaceae Quinone  Leaves America   Muñoz et al., 2000b  

  Artemisia abrotanum   Southernwood Asteraceae Sesquiterpenes  Leaves  Europe, Asia   Saxena et al., 2003  

  Artemisia absinthium  Common wormwood Asteraceae Sesquiterpenes  Leaves  Europe, Asia, Saxena et al., 2003 

Middle East 

Artemisia annua Sweet wormwood Asteraceae  Artemisinin, sesquiterpenes  Aerial part Africa   O’Neill et al., 1985 ;  Saxena 

et al., 2003 ; Youyou et al., 

2015 

  Artemisia armeniaca  Sagebrush Asteraceae  Essential oils, f avonoids  Aerial parts Iran   Mojarrab et al., 2014  
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  Artemisia indica   Wormwood Asteraceae  Flavonoids, xanthones Stem India   Saxena et al., 2003  

  Asparagus africanus   African asparagus Asparagaceae  Alkaloids, terpenoids,  Whole plant Africa   Saxena et al., 2003 ; Dikasso 

muzanzagenin et al., 2006 

  Aspidosperma olivaceum  Copperpod  Apocynaceae Alkaloids  Leaves, bark Brazil   Chierrito et al., 2014  

  Aspilia pluriseta   Dwarf Aspilia Asteraceae  Terpenoids  Aerial parts Uganda   Sebisubi et al., 2010  

  Azadirachta indica  Neem Meliaceae  Terpenoids, essential oils, Whole plant India, Nigeria Saxena et al., 2003 ; 

triterpenoids Chianese et al., 2010 ; 

Idowu et al., 2010 

  Azanza garckeana   Snot apple  Malvaceae  Flavonoids, alkaloids  Whole plant Africa   Njoroge and Bussmann, 

2006 

  Bambusa vulgaris  Cana brava  Poaceae  Flavonoids, lactones  Aerial parts Asia   Valdés et al., 2010  

  Bauhinia guianensis   Escalera de mono  Fabaceae  Flavonoids  Stem bark  Bolivia, South Muñoz et al., 2000a

America 

  Beilschmiedia spp.  Akolodo Lauraceae  Alkaloids, f avonoids Aerial parts, wood Cameroon, Congo, Saxena et al., 2003 ;  Lenta 

Asia et al., 2009

  Berberis aristata   Indian barberry Berberidaceae  Alkaloids, tannins Roots India   Chandel et al., 2015  

  Bergenia ciliata   Hairy bergenia Saxifragaceae  Alkaloids, terpenoids, phenols  Leaves Africa   Walter et al., 2013  

  Bidens pilosa  Nyamaradza Asteraceae  Flavonoids  Leaves and twigs Ghana   Laryea and Borquaye, 2019  

  Bixaorellana  Achiote Bixaceae  Essential oils  Whole plant America   Valdés et al., 2011  

  Boswellia elongata   Frankincense tree Burseraceae  Flavonoids, terpenoids Bark  Yemen   Alshawsh et al., 2009  

  Brassica nigra   Indian mustard Brassicaceae  Flavonoids, polyphenols, Seeds Asia   Muluye et al., 2015  

essential oils 

  Bridelia ferruginea  Kizni Phyllanthaceae  Alkaloids, saponins, f avonoids Stem bark Africa, Nigeria Mbah et al., 2012

  Brucea javanica   Macassar kernels Simaroubaceae  Quassinoids, triterpenoids  Stem, leaves Asia   O’Neill, 1985 ;  Saxena et al., 

2003 

Bruceamollis Karbi Simaroubaceae  Alkaloids, terpenoids, Root  India, Nepal, Prakash et al., 2013

quassinoids Malaysia 

Brunsvigia spp.  Kandelaarblom Amaryllidaceae Alkaloids Bulb South-Eastern Asia Saxena et al., 2003 

  Caesalpinia bonducella   Fever nut  Fabaceae  Alkaloids, terpenoids,  Whole part  Tanzania   Nondo et al., 2016  

glycosides, saponins

  Caesalpinia minax   Peacock f ower  Fabaceae  Diterpene alkaloids Seeds  South-East Asia   Ma et al., 2014  

  Caesalpinia sappan   Heartwood  Fabaceae  Alkaloids, terpenoids, Seeds Brazil   Ma et al., 2015  

glycosides, saponins 

(Continued) 
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TABLE 1.1 (Continued) 
List of Important Medicinal Plants throughout the World Having Antimalarial Properties 
Species Common/Local Family Bioactive Compound Plant Part Used Distribution Key References 

Name

  Caesalpinia volkensii  Kikuyu  Fabaceae  Flavonoids, tannins  Stem bark  Tanzania, Kenya   Njoroge and Bussmann, 

2006 ;  Ochieng et al., 2012

  Cajanus cajan   Pigeon pea  Fabaceae Cajachalcone  Leaves Nigeria   Idowu et al., 2010  

  Canavalia beniensis  Jackbeans  Fabaceae Alkaloids  Leaves, stem  Bolivia   Muñoz et al., 2000b  

  Canella winterana   Wild cinnamon Canellaceae  Essential oils, sesquiterpenoids  Leaves  West Indies   Grace et al., 2010  

  Canthium multif orum Laager Rubiaceae  Alkaloids, terpenoids, tannins  Whole plant Cameroon   Akomo et al., 2009  

  Carapa guianensis   Crabwood Meliaceae  Essential oil Seeds Amazon region, Pereira et al., 2014

America 

  Carica papaya   Papaw Caricaceae  Alkaloids, f avonoids,  Leaves  India, Africa, Ofori-Attah et al., 2012

glucosides America 

  Cassia edulis   Mukawa  Fabaceae  Flavonoids  Root bark  Africa, South   Njoroge and Bussmann, 

Asia, Australia 2006 

  Cassia f stula   Golden shower  Fabaceae  Flavonoids, anthraquinones  Leaves, fruit, bark  India, Amazon, Sri Grace et al., 2012

Lanka 

  Cassia nictitans   Sensitive partridge  Fabaceae  Emodin, luteolin  Leaves India   Kamaraj et al., 2012 ; 

pea Osunga et al., 2023

  Cassia siamea   Kasood tree  Fabaceae Alkaloids  Leaves  SE Asia   Deguchi et al., 2012  

  Cassia sieberiana   Drumstick tree  Fabaceae  Flavonoids, alkaloids, stilbenes  Root, stem Africa   Abdulrazak et al., 2015  

  Cassipourea malosana Muthathi Rhizophoraceae Alkaloids  Stem bark Africa   Njoroge and Bussmann, 

2006 

  Cedrelopsis grevei   Katrafay Rutaceae  Essential oils  Leaves Madagascar   Afoulous et al., 2013  

  Cestrum sp . Jessamines Solanaceae  Alkaloids, quassinoids,  Leaves  Bolivia   Muñoz et al., 2000b  

sesquiterpenes, triterpenoids,

f avonoids 

  Chamaedorea elegans   Parlor palm Arecaceae  Triterpenes  Leaves, stem, bark  Bolivia   Muñoz et al., 2000b  

  Christia vespertilionis   Red butterf y wing Fabaceae Triterpenes, alkaloids, phenols Roots, leaves, stem South-East Asia Upadhyay et al., 2013

  Chukrasia tabularis   White cedar Meliaceae  Limonoids, tetranorriterpenoids  Stem bark  India, China, Ogbole et al., 2016

Bangladesh 

  Cichorium intybus  Chicory Asteraceae  Lactucin, lactucopicrin Root America,   Mojab, 2012  

Australia, India 

  Cinchona  spp.  Cinchona Rubiaceae Alkaloids Bark  Sri Lanka, India, O’Neill et al., 1985; Muñoz 

America, Africa et al., 2000a 

Cinnamomum chavarria  Cinnamon Lauraceae Alkaloids  Bark, fruits, leaves  North America   Chinchilla et al., 2012  
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  Cissampelos pareira   Velvet leaf Menispermaceae  Alkaloids, terpenoids, tannins Roots  Asia, Africa   Singh and Banyal, 2011  

  Cissus quadrangularis   Veldt grape  Vitaceae  Terpenoids  Leaves  Africa, tropical   Matte, 2023  

Asia 

Cissus rotundifolia   Venezuelan treebine  Vitaceae  Flavonoids  Leaves  Yemen   Alshawsh et al., 2009  

  Citropsis articulata   African cherry Rutaceae  Alkaloids, terpenoids,  Root bark Africa   Lacroix et al., 2011  

orange saponins, tannins

  Citrus limetta   Sweet lime Rutaceae  Flavonoids, glycosides,  Fruit peel  South-East Asia   Mohanty et al., 2015  

phenols, essential oils

  Citrus medica  Citron Rutaceae  Essential oil  Aerial parts  South-East Asia   Idowu et al., 2010  

  Clappertonia f cifolia  Sahomia  Malvaceae  Flavonoids  Leaves Ghana   Laryea and Borquaye, 2019  

Clausena  Prong faa Rutaceae  Alkaloids, coumarins, essential Aerial parts, roots Thailand Saxena et al., 2003 ; 

harmandiana oils Thongthoom et al., 2010

  Clausena anisata   Horsewood Rutaceae  Alkaloids, essential oils  Leaves Africa   Okokon et al., 2012  

  Clerodendrum  Bagf ower Lamiaceae Alkaloids  Aerial parts  Asia, Africa, Adia et al., 2016

  rotundifolium  America 

  Clerodendrum  Thuner Lamiaceae  Alkaloids, sesquiterpene  Whole plant  Asia, Africa, Moshi et al., 2012

  Viscosum=C. infortunatum  lactones America 

  Clutia abyssinica   Muthima mburi Peraceae Alkaloids  Various parts Africa   Njoroge and Bussmann, 

2006 

  Combretum micranthum   Kinkeliba Combretaceae Alkaloids  Leaves  Central and West Ancolio et al., 2002

Africa 

  Commiphora eminii Mukungugu Burseraceae  Flavonoids  Whole plant Africa   Mutie et al., 2023  

  Coriandrum sativum  Cilantro Apiaceae  Decenal, decanal, geranyl vinyl  Leaves India   Kamaraj et al., 2012  

ether 

  Corydalis dubia   Crested lark  Papaveraceae Alkaloids  Whole plant  Bhutan, India   Wangchuk et al., 2012  

  Corymbia watsoniana   Yellow bloodwood Myrtaceae  Triketones  Flower Australia   Carroll et al., 2013  

  Corynanthe pachyceras   Mende paa Rubiaceae Alkaloids  Stem bark Africa   Saxena et al., 2003  

  Crinum amabile   Giant spider lily Amaryllidaceae Alkaloids Bulb  South-East Asia   Saxena et al., 2003  

  Croton gratissimus   Lavender croton Euphorbiaceae Cembranolides  Leaves Africa   Langat et al., 2011  

  Croton macrostachyus   Broad-leaved cotton Euphorbiaceae  Alkaloids, f avonoids, terpenes,  Leaves  Kenya, Ethiopia, Mohammed et al., 2014

saponins Nigeria 

  Croton pendulif orus Nyamaradza Euphorbiaceae  Tannins, f avonoids  Leaves, twigs Ghana   Laryea and Borquaye, 2019  

Cryptocarya Peumo Lauraceae  Tetrahydropyrone derivatives Root wood  Africa, Indonesia   Liu et al., 2015  

rigidifolia 
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TABLE 1.1 (Continued) 
List of Important Medicinal Plants throughout the World Having Antimalarial Properties 
Species Common/Local Family Bioactive Compound Plant Part Used Distribution Key References 

Name

  Cryptocarya nigra  Medang Lauraceae Alkaloids  Stem bark Indonesia   Nasrullah et al., 2013  

Cryptolepis  Nibima, Kadze  Apocynaceae Alkaloids Roots Africa Saxena et al., 2003 ;  Samy 

sanguinolenta et al., 2011

  Cucumis aculeatus  Gakungui Cucurbitaceae Nitidine Fruits Africa   Njoroge and Bussmann, 

2006 

  Cuminum cyminum  Cumin Apiaceae  Essential oils, alkaloids, Seeds  India, Pakistan, Kamaraj et al., 2012 ; 

f avonoids, saponins, Iran Zheljazkov et al., 2015 

coumarins 

  Curcuma longa  Haldi, Turmmeric Zingiberaceae  Flavonoids, curcumin Rhizomes  Asia, Africa   Okello and Kang, 2019  

  Cyclea barbata   Green grass jelly Menispermaceae Alkaloids Roots  India, Java   Saxena et al., 2003  

Cyperus rotundus   Nut grass Cyperaceae Sesquiterpenes  Twigs Europe, Saxena et al., 2003 

South-East Asia

  Dasymaschalon  Jing wang Annonaceae Alkaloids  Twigs Thailand   Jaidee et al., 2015  

obtusipetalum

  Datisca glomerata  Durango Datiscaceae  Triterpene, cucurbitacin  Whole plant  North America   Graziose et al., 2013  

  Datura metel  Indian thornapple Solanaceae  Alkaloids, f avonoids Leaf India   Kamaraj et al., 2012  

  Datura stramonium   Apple of Peru Solanaceae  Flavonoids  Leaves and twigs Ghana   Laryea and Borquaye, 2019  

  Dehaasia incrassata   Margapali, Paitan Lauraceae Alkaloids  Leaves, bark  Asia, Africa   Saxena et al., 2003  

  Dendrobium venustum   The lovely Orchidaceae  Phenolic compounds  Whole plant Thailand, Sukphan et al., 2014

Dendrobium Cambodia 

  Derris amazonica   Timbo Branco  Fabaceae  Flavonoids Roots Brazil   Muñoz et al., 2000a  

  Dichroa febrifuga  Chinese quinine Hydrangeaceae Febriguine Roots China  O’Neill et al., 1985;  Saxena 

et al., 2003 

  Dicoma tomentosa   Hookiah bel Asteraceae  Sesquiterpene lactone  Whole plant  Africa, Asia   Jansen et al., 2012  

  Dillenia andamanica   Andaman Dillenia Dilleniaceae  Flavonoids, triterpenoids, Whole plant Australia, India Chander et al., 2016

saponins, phenolics

  Diospyros melanoxylon East Indian ebony Ebenaceae  Lupeol, betulin, β-sitosterol Roots, bark, wood India Kamaraj et al., 2012

  Dovyalis  spp.  Kau apple Salicaceae  Catechin, f avonoids Fruits Africa   Njoroge and Bussmann, 

2006 ; Qanash et al., 2022 

  Duguetia hadrantha   Pindaiva  Annonaceae  Sampangine Alkaloids  Stem bark  South America   Saxena et al., 2003  
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  Duranta repens   Golden dewdrop  Verbenaceae  Iridoid glycosides, f avonoids,  Whole plant  Mexico, S. Ijaz et al., 2010

alkaloids America 

  Echinops kebericho  Amhar Asteraceae  Essential oils Roots Ethiopia   Toma et al., 2015  

  Eclipta prostrata   False daisy Asteraceae  Flavonoids  Leaves India   Kamaraj et al., 2012  

  Ekebergia capensis  Mukuriahungu Meliaceae  Alkaloids, f avonoids  Stem bark Africa   Njoroge and Bussmann, 

2006 

  Eleusine indica   Yard grass Poaceae  Phenolic compounds, Whole plant Warmer areas of Adoho et al., 2021

f avonoids the world 

  Eleutherine citriodora   Jharpo peyaz Iridaceae  Flavonoids  Entire plant  South America, Muñoz et al., 2000b

South Africa 

  Enantia polycarpa  Osopupa Annonaceae Alkaloids  Stem bark Nigeria   Anosa et al., 2014  

  Enkleia siamensis  Chamar Thymelaeaceae  Flavonoids Roots Australia   Rajachan et al., 2014  

jasmine 

  Eremostachys   Desert spike Lamiaceae  Essential oils  Aerial parts, rhizome Iran   Asnaashari et al., 2015  

  macrophylla  

  Erythrina abyssinica  Muhuti  Fabaceae  Flavonoids  Various parts  Kenya   Njoroge and Bussmann, 

2006 

  Erythrina burttii  Rattlepod  Fabaceae  Flavonoids  Root, stem bark  Kenya, Ethiopia   Yenesew et al., 2012  

  Erythrina fusca   Lucky bean tree  Fabaceae  Flavonoids, pterocarpans  Stem bark  Asia, Africa   Innok et al., 2010  

  Erythrina indica   Indian coral  Fabaceae  Alkaloids, f avonoids, steroids Stem Asia   Govindarajan and 

Sivakumar, 2014 

Erythrina schliebenii  Mlindimila  Fabaceae  Flavonoids, alkaloids,  Stem, bark  Tanzania   Nondo et al., 2017  

terpenoids 

  Eucalyptus globulus   Mubau, blue gum Myrtaceae  Pinene, cineole  Leaves  Africa, India   Njoroge and Bussmann, 

2006 ;  Sheikh et al., 2021

  Euphorbia tirucalli   Pencil cactus Euphorbiaceae Sesquiterpenes  Various parts Africa   Njoroge and Bussmann, 

2006 

  Eurycoma longifolia  Longjack Simaroubaceae  Alkaloids, quassinoids Root Asia   Saxena et al., 2003  

  Fagaropsis angolensis  Mukaragati Rutaceae Chloroquine  Stem bark, leaves  Kenya   Njoroge and Bussmann, 

2006 

  Faidherbia albida  Winter thorn Mimosoideae Alkaloids, tannins, saponins Stem bark Africa, Nigeria Bruno et al., 2020

  Faurea speciosa=F.  Setingo sebari Proteaceae  Tannins, alkaloids  Leaves, twigs Ghana   Laryea and Borquaye, 2019  

rochetiana  

  Feretia apodanthera   Tiôbi, Tukulor Rubiaceae  Proanthocyanidins, iridoids  Leaves  Tropical Africa   Ancolio et al., 2002  
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TABLE 1.1 (Continued) 
List of Important Medicinal Plants throughout the World Having Antimalarial Properties 
Species Common/Local Family Bioactive Compound Plant Part Used Distribution Key References 

Name

  Ficus insipida  Fig Moraceae Alkaloids Bark  Bolivia   Muñoz et al., 2000b ; 

Vásquez-Ocmín et al., 2018 

  Ficus saussureana   Muwo Moraceae Alkaloids Bark Uganda   Okello and Kang, 2019  

  Ficus sur  Bush f g Moraceae Phenolic compounds Leaves, stem bark, root  South Africa, Muregi et al., 2007 

bark Somalia,

Namibia 

  Ficus thonningii   Wild f g Moraceae  Flavonoids, alkaloids, Whole plant Africa, Nigeria Falade et al., 2014 

terpenoids, tannins, essential

oils 

  Flacourtia indica   Batoku palm Salicaceae Poliothrysoside  Aerial parts  Asia, Africa   Sashidhara et al., 2013  

  Gallesia integrifolia   Ajo Ajo Phytolaccaceae  Linolenic acid, phytol, methyl  Leaves  South America   Muñoz et al., 2000b ; 

palmitate De-Campos-Bortolucci

et al., 2021 

  Garcinia xanthochymus   Yellow mangosteen Clusiaceae Benzophenones  Aerial parts  Asia, Africa, Lyles et al., 2014 

Australia 

  Garcinia cowa  Cowa mangosteen Clusiaceae  Flavonoids and xanthones Bark Asia   Saxena et al., 2003  

  Garcinia mangostana   Purple mangosteen Clusiaceae Xanthones  Aerial parts  Asia, Africa, Thiengsusuk et al., 2013

Australia 

Geissospermum  Bergibita  Apocynaceae Alkaloids  Stem bark Brazil   Mbeunkui et al., 2012  

vellosii

  Geissospermum laeve   Pao pereira  Apocynaceae Alkaloids Bark  Bolivia, South   Muñoz et al., 2000a ;  Vital 

America et al., 2013 

  Glinus oppositifolius   Papait Molluginaceae  Triterpenoids  All parts Africa   Saxena et al., 2003  

  Glycyrrhiza glabra  Liquorice  Fabaceae  Flavonoids, saponin glycosides Roots  Asia, Europe   Mojab, 2012 ;  Cheema et al., 

2014 

Goniothalamus  Kao nang nee Annonaceae  Tetrahydropyran derivatives Bark  Africa, Asia   Suchaichit et al., 2015  

  elegant  

Goniothalamus  China pine Annonaceae  Alkaloids, lactones  Aerial parts Australia   Levrier et al., 2013  

  australis  

  Guarea  spp.  Muskwood Meliaceae  Triterpenoids Bark  Africa, America   Muñoz et al., 2000b  
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  Guiera senegalensis  Sabara Combretaceae Alkaloids Roots  Central and West Ancolio et al., 2002

Africa 

  Hampea appendiculata  Majagua  Malvaceae  Flavonoids Fruits  Mexico, Central Chinchilla et al., 2012

America 

  Heterothalamus psiadioides  Heterothalamus Asteraceae Sesquiterpenes  Leaves  South America   Saxena et al., 2003  

Himatanthus Sucuba  Apocynaceae  Triterpenoids, iridoids  Stem bark Brazil   Vale et al., 2015  

articulates

  Holarrhena antidysenterica   Coral swirl  Apocynaceae Alkaloids Bark India   Verma et al., 2011  

  Holarrhena pubescens   Tellicherry  Apocynaceae  Triterpenoids, steroids, Roots  Africa, India   Ma et al., 2015  

Bark alkaloids 

  Hoslundia opposita   Bird gooseberry Lamiaceae  3-O-benzoylholoppone  Root bark Africa   Achenbach et al., 1992 ; 

Saxena et al., 2003 

Hunteria zeylanica  Lahoi  Apocynaceae Alkaloids Bark  Asia, Africa   Nugroho et al., 2011  

  Hura crepitans   Sandbox tree Euphorbiaceae Alkaloids  Latex  Tropical areas of Muñoz et al., 2000b

America 

  Hydnora abyssinica Muthigira Aristolochiaceae Alkaloids  Seeds, leaves Africa   Njoroge and Bussmann, 

2006 

  Hymenachne  spp.  Marsh grass Poaceae Sterol  Entire plant  South America   Muñoz et al., 2000b  

Hypericum spp.  St John’s Wort Hypericaceae  Terpenoids, xanthones, Stem bark, apical part Africa Saxena et al., 2003 ;  Bahekar 

f avonoids and Kale, 2013

Icacina senegalensis   False yam Icacinaceae  Alkaloids, saponins, tannins,  Leaves Africa   Akuodor et al., 2017  

terpenoids 

  Indigofera oblongifolia Jhil  Papilionaceae  Alkaloids, tannins  Leaves Africa   Dkhil et al., 2015  

  Isolona guesquiereina  Isolona Annonaceae  Curine, Isochondodendrine  Stem bark Africa   Saxena et al., 2003  

  Jacaratia digitata   Papaya casp Caricaceae Alkaloids Bark  Columbia, Bolivia   Muñoz et al., 2000b  

  Jasminum  Jasmine Oleaceae  Essential oils  Leaves  Andaman and Ijaz et al., 2010

  Syringifolium= J. sambac Nicobar Islands

  Jatropha curcas   Biodiesel plant Euphorbiaceae Alkaloids  Leaves  Uganda, Asia   Okello and Kang, 2019  

  Jatropha ribifolia  Pohl Euphorbiaceae  Terpenoids, coumarins,  Whole plant America   Pinto et al., 2015  

essential oils 

  Justicia betonica  Nalongo Acanthaceae  Alkaloids, triterpenoids  Leaves, whole plant Uganda   Okello and Kang 2019  

  Kalanchoe  spp.  Mahuithia Crassulaceae  Flavonoids  Entire plant Africa Muñoz et al., 2000b ;  Njoroge

and Bussmann, 2006

(Continued) 
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TABLE 1.1 (Continued) 
List of Important Medicinal Plants throughout the World Having Antimalarial Properties 
Species Common/Local Family Bioactive Compound Plant Part Used Distribution Key References 

Name

  Keetia leucantha  Buje Rubiaceae  Essential oils, tripenic acids  Twigs Africa   Beaufay et al., 2019  

  Khaya grandifoliola   African mahogany Meliaceae  Triterpenoids  Stem bark, bark, seeds Africa   Saxena et al., 2003 ; Idowu 

et al., 2010 

Kniphof a foliosa  Torch lily Asphodelaceae Quinones Rhizome Africa   Induli et al., 2013  

  Kuloa usambarensis  Muthaiti Lauraceae  Bisabolol, Sesquiterpenes Bark Africa   Njoroge and Bussmann, 

2006 ;  Dharani et al., 2010

Lantana camara   Lantana, Ruithiki  Verbenaceae  Triterpenes  Leaves  India, Africa   Njoroge and Bussmann, 

2006 ;  Kamaraj et al., 2012

  Lettowianthus stellatus  Green star f ower Annonaceae  Geranylbenzoquinoids, Fruits  Tanzania, Kenya   Makangara et al., 2010  

aporphinoidalkaloids

  Lippia javanica   Lemon bark  Verbenaceae Lippialactone  Aerial parts Africa   Malahlela et al., 2019  

  Liriodendron   Lily tree Magnoliaceae  Alkaloids, sesquiterpenoids  Bark, leaves  North America   Kaur and Kaur, 2017 

  tulipifera  

  Lophira alata  Red ironwood Ochnaceae  Chalcones, bif avonoids  Aerial parts Africa   Falade et al., 2014  

  Lophira lanceolata  Dwarf red ironwood Ochnaceae Artemisinin  Stem bark, f owers, Cameroon   Azizi et al., 2023  

seeds, leaves 

  Lycoris radiata   Red magic lily Amaryllidaceae Alkaloids Bulbs  China, Korea   Hao et al., 2013  

  Magnifera indica Mango Anacardiaceae  Flavonoids, polyphenols, Aerial parts, stem bark, Asia, Nigeria Awe et al., 1998 ;  Idowu et 

glycosides leaves al., 2010 

Mallotus Geisel Euphorbiaceae Phloroglucinols  Leaves Africa   Adetunji et al., 2022  

oppositifolius

  Mammea africana   African apple Calophyllaceae  Alkaloids, f avonoids,  Aerial parts Africa   Singh and Banyal, 2011  

diterpenoids 

  Maquira coriacea  Envireira Moraceae Alkaloids  Stem bark Africa   Muñoz et al., 2000a  

  Margaritaria discoidea  Pheasant-berry Phyllanthaceae Securinine  Root bark Africa   Saxena et al., 2003  

  Markhamia tomentosa   Fula pulaar Bignoniaceae  Triterpenoid saponins  Stem bark Africa   Bankole and Abiodun, 2020  

  Mascagnia macrophylla   Butterf y vine Malpighiaceae Alkaloids Bark  Bolivia, South Muñoz et al., 2000a

America 

Maytenus  Spike thorn Celastraceae  Sesquiterpene, alkaloids Roots  Asia, Africa   Kaur and Kaur, 2017 

  mekongensis  
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 Maytenus senegalensis  Muthuthi Celastraceae  Alkaloids, f avonoids  Root bark Africa   Njoroge and Bussmann, 

2006 ;  Umar et al., 2019

Meconopsis  Blue poppy  Papaveraceae Alkaloids  Aerial parts Nepal   Wangchuk and Samten, 

simplicifolia 2015 

  Melia azedarach   Elira, Chinaberry, Meliaceae  Caryophyllene, benzaldehyde  Leaves  India, Uganda   Okello and Kang, 2019  

Mahaneem 

Mikania spp.  American rope Asteraceae Coumarin  Aerial part  Africa, America, Muñoz et al., 2000b

Europe 

  Mirabilis jalapa   Marvel-of-peru Nyctaginaceae  Sitosterol, stigmasterol  Entire plant  Mexico, Central Muñoz et al., 2000b

and North

America 

  Mitragyna ciliata   Subaha akori Rubiaceae  Tannins  Leaves, twigs Ghana   Laryea and Borquaye, 2019  

  Mitragyna inermis  Mitragyna Rubiaceae Alkaloids  Leaves  Tropical Africa, Azas et al., 2002

Sudan 

  Mitrephora  Flying duck f ower Annonaceae Azaf uorenone alkaloids Roots Australia   Mueller et al., 2009  

  diversifolia  

  Momordica charantia   Karela, bitter gourd Cucurbitaceae  Alkaloids, f avonoids, cardiac  Whole plant  Asia, Africa, Muñoz et al., 2000b ; 

glycosides, triterpenes Caribbean, South Kamaraj et al., 2012

America 

  Momordica foetida   Wild cucumber Cucurbitaceae  Alkaloids, f avonoids,  Leaves Africa   Adia et al., 2016  

terpenoids, steroids

  Monanthotaxis caffra   Ntetekon Annonaceae  Tannins  Leaves, twigs Ghana   Laryea and Borquaye, 2019  

  Morinda lucida   Oruwo Rubiaceae Quinones  Stem bark, leaf Nigeria   Saxena et al., 2003 ;  Idowu 

et al., 2010 

  Morinda morindoides   Ponju Owiwi Rubiaceae Quinones  Aerial part, root bark Nigeria   Idowu et al., 2010  

  Moringa oleifera   Drumstick tree Moringaceae  Triterpenoids, f avonoids, Seeds Indian Okorie et al., 2023 

alkaloids subcontinent,

Central and

South America

  Muntafara sessilifolia=  Baker  Apocynaceae  Indole alkaloids  Stem bark Madagascar   Girardot et al., 2012  

Tabernaemontana sessilifolia 

  Myrtus communis   True myrtale Myrtaceae  Coumarins, f avonoids,  Aerial parts Iran   Sangian et al., 2013  

essential oils 

  Nardostachys chinensis= N.  Spikenard Caprifoliaceae Sesquiterpenoids  Whole plant  South-East Asia   Saxena et al., 2003 ; Rehman 

jatamansi and Ahmad, 2019 
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TABLE 1.1 (Continued) 
List of Important Medicinal Plants throughout the World Having Antimalarial Properties 
Species Common/Local Family Bioactive Compound Plant Part Used Distribution Key References 

Name

  Nauclea latifolia   African peach Rubiaceae  Alkaloids, tannins, saponins  Stem bark Africa   Boucherle et al., 2016  

  Nectandra cuspidata Nectandra Lauraceae Alkaloids  Leaves  South America   Muñoz et al., 2000a  

  Nectandra membranacea   Sweetwood Lauraceae  Alkaloids, f avonoids,  Fruits, leaves  Mexico, South Chinchilla et al., 2012

triterpenes America 

  Nelumbo nucifera   Kamal, lotus Nelumbonaceae Alkaloids  Leaves  Asia, Australia   Kamaraj et al., 2012  

Neoboutonia macrocalyx   Lace leaf Euphorbiaceae  Triterpenoids  Stem bark Africa   Namukobe et al., 2015  

  Neonauclea purpurea  Purple Rubiaceae Alkaloids  Stem bark  Asia, Australia   Kaur and Kaur, 2017 

neo-cheesewood 

  Nepenthes thorelii   Pitcher plant Nepenthaceae Quinones Roots Indochina region   Saxena et al., 2003  

  Neurolaena lobata   Jackass bitter Asteraceae Sesquiterpenes  Whole plant  Mexico, America   Saxena et al., 2003  

  Newbouldia laevis   Balanta, akoko Bignoniaceae  Flavonoids, alkaloids, saponins  Aerial parts Africa   Okagu et al., 2021  

  Ocimum basilicum   Basil, Tulsi Lamiaceae  Flavonoids, essential oils  Leaves  Asia, Africa   Ileke and Adesina, 2019  

  Ocimum campechianum  Haiti Lamiaceae  Flavonoids  Entire plant  America, Mexico, Muñoz et al., 2000b

West Indies 

  Ocimum gratissimum   African basil Lamiaceae  Eugenol, essential oil  Leaves Africa   Ileke and Adesina, 2019  

  Ocimum sanctum   Holy basil Lamiaceae  Phenols, terpenoids  Leaves India   Pattanayak et al., 2010  

Ocimum suave  Wild basil Lamiaceae  Essential oils  Leaves Africa   Nguta et al., 2010  

Olea europaea  Mutamaiyu Oleaceae Chloroquine  Leaves  Kenya   Njoroge and Bussmann, 

2006 

  Ormocarpum kirkii   Curled caterpillar  Fabaceae  Flavonoids, coumarins Roots  Tanzania, Dhooghe et al., 2010

bush Zimbabwe 

  Osyris lanceolata   African sandalwood Santalaceae Sesquiterpenes  Whole plant Africa   Njoroge and Bussmann, 

2006 

  Otostegia integrifolia  Abyssinia rose Lamiaceae Diterpenoids  Leaves Ethiopia   Endale et al., 2013  

  Panicum maximum   Guinea grass Poaceae  Essential oil, f avonoids  Leaves  Africa, Palestine   Okokon et al., 2016  

  Pappea capensis   Jacket plum Sapindaceae  Triterpenoids  Twigs Africa   Njoroge and Bussmann, 

2006 ;  Mabuza et al., 2022 

  Parinari congensis  Krenku Chrysobalanaceae  Flavonoids  Stem bark Ghana   Laryea and Borquaye, 2019  

  Paspalum scrobiculatum   Kodo millet Poaceae  Tannins  Spinkelets Africa   Laryea and Borquaye, 2019  
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  Passif ora ligularis  Sweet granadilla  Passif oraceae  Flavonoids, alkaloids Fruits  Africa, Mexico   Njoroge and Bussmann, 

2006 ;  Sebastian and Jose,

2018 

  Pedilanthus tithymaloides= Red bird f ower Euphorbiaceae  Phytosterols, f avonoids  Aerial parts  India, North Ijaz et al., 2010

Euphorbia tithymaloides America 

  Pentasbussei   Egyptian starcluster Rubiaceae Naphthohydroquinones Roots  Tanzania, Kenya   Endale et al., 2012  

  Pentas longif ora  Muhuha Rubiaceae Naphthoquinones  Roots, leaves  Kenya, Africa   Njoroge and Bussmann, 

2006 

  Periploca linearifolia  Muimbathunu  Apocynaceae  Lupeol, artemisinin  Stem bark Africa   Njoroge and Bussmann, 

2006 ;  Belay et al., 2022

  Persea povedae   Avocado Lauraceae Alkaloids, α-pinene, linalool Bark, fruit, leaves, South and Central Chinchilla et al., 2012

roots America, Mexico 

  Peschiera  ( Tabernaemontana )  Pinwheel f ower  Apocynaceae  Aff nisine, alkaloids, Stem bark, root bark,  Africa, Asia   Saxena et al., 2003  

 fuchsiaefolia  vocamines seeds 

  Petiveria alliacea   Awopa Phytolaccaceae  Flavonoids  Aerial part, stem bark Nigeria   Muñoz et al., 2000b ;  Idowu 

et al., 2010 

  Philodendron megalophyllum   Arosma Raf Araceae –  Sap, root, leaves  South America   Muñoz et al., 2000b  

  Phyllanthus acuminatus   Jamaican gooseberry Phyllanthaceae  Alkaloids, f avonoids  Leaves  Central and South Muñoz et al., 2000b

tree America 

Phyllanthus amarus  Black catnip Phyllanthaceae  Alkaloids, f avonoids, tannins,  Aerial parts  America, Asia   Appiah-Opong et al., 2011  

terpenoids 

  Phyllanthus urinaria   Gripeweed Phyllanthaceae  Alkaloids, f avonoids, tannins,  Whole plant Asia   Geethangili and Ding, 2018  

terpenoids 

  Physalis angulata   Balloon cherry Solanaceae  Flavonoids, alkaloids, steroids  Whole plant America   Sharma et al., 2015  

  Phytolacca rivinoides   Venezuelan Phytolaccaceae β-carboxymethoxy-oleanolic Aerial part, fruit South America Muñoz et al., 2000b

pokeweed acid 

  Picramnia sellowii   Bitterbush Picramniaceae  Flavonoids  Leaves  South America  O’Neill et al., 1985; Muñoz 

et al., 2000b 

  Picrorhiza kurroa   Kutki Plantaginaceae  Kutkin  Whole plant India   Masood et al., 2021  

  Picrorhiza scrophulariif ora   Figwort Scrophulariaceae  Secoiridoid and caffeoyl  Whole plant  India, Nepal, Wang et al., 2013 

glycosides China 

  Piper guineense  Kale Piperaceae  Essential oil, saponins  Leaves and stems Africa   Isikhuemen et al., 2020  

  Piper nigrum   Black pepper Piperaceae  Alkaloids, essential oils, Fruit Asia   Kamaraj et al., 2012 ; 

f avonoids Mgbeahuruike et al., 2017 
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TABLE 1.1 (Continued) 
List of Important Medicinal Plants throughout the World Having Antimalarial Properties 
Species Common/Local Family Bioactive Compound Plant Part Used Distribution Key References 

Name

  Piper peltatum  Monkeys hand Piperaceae Essential oils Aerial parts North America Rocha e Silva et al., 2015 

  Piper sarmentosum  Kaduk Piperaceae Alkaloids  Leaves Malaysia   Rahman et al., 1999  

  Piper umbellatum  Cow foot leaf Piperaceae 4-nerolidylcathecol, saponin Aerial parts, leaves,  South America, Bagatela et al., 2013 ; 

stem Africa Isikhuemen et al., 2020

  Piptocoma antillana   Velvet shrub Asteraceae  Terpenoids, sesquiterpene  Leaves, twigs  Latin America   Liu et al., 2014  

lactone 

  Pittosporum lanatum   Munyamati Pittosporaceae  Flavonoids  Stem bark  South Africa,   Madikizela and McGaw, 

tropical Africa 2017 

  Plectranthus barbatus   Forskohlii Lamiaceae  Flavonoids, diterpenoids  Root bark  S. America, Asia   Liu et al., 2014  

  Pleurospermum  Mirik Apiaceae  Phenylpropanoids,  Whole plant Bhutan   Wangchuk et al., 2014  

amabile furanocoumarins

  Plumbago zeylanica   Doctor bush Plumbaginaceae  Alkaloids, steroids, tannins, Roots  America, Mexico   Simonsen et al., 2001  

triterpenoids, f avonoids, 

saponins 

  Polyalthia longifolia   False ashoka Annonaceae  Alkaloids, steroids, tannins, Stem India, Sri Lanka Kwansa-Bentum et al., 2019 

f avonoids 

  Polybotrya caudata   Wood fern Dryopteridaceae  Volatile organic compound  Aerial part  South America   Muñoz et al., 2000b  

  Prosopis julif ora  Mesquite  Fabaceae Alkaloids  Leaves, pods  Africa, Asia,   Mojab, 2012  

Australia 

Prunus spp.  African cherry Rosaceae  Alkaloids, terpenes  Leaves Africa   Muñoz et al., 2000a ; 

Njoroge and Bussmann,

2006 

  Psidium acutangulum   Para guava  Myrtaceae  Triterpenoids  Aerial parts  French Guinea   Houël et al., 2015  

  Psidium guajava   Amrood, Guava  Myrtaceae  Terpenoids  Leaves, fruits  India, Costa Rica, Chinchilla et al., 2012 ; 

Central America,  Matte, 2023  

Mexico, 

Argentina 

  Psychotria camponutans   Brimstone tree Rubiaceae Quinones  Wood  Africa, South Saxena et al., 2003 

America 

  Pterocarpus amazonum  Padauk  Fabaceae  Flavonoids  Stem bark  South America   Muñoz et al., 2000a  
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  Punica granatum   Pomegranate  Lythraceae  Flavonoids, anthocyanins  Whole plant  Africa, Asia   Dell’Agli et al., 2009  

  Pycnanthus angolensis  Ilomba Myristicaceae  Lignans, Pycnantolol, Stem bark West and Central Ancolio et al., 2002

Heliobuphthalmin Africa 

Quassia amara   Bitter ash wood Simaroubaceae Quassinoids  Leaves Africa   Ajaiyeoba et al., 1999  

  Quassia indica   Niepa bark tree Simaroubaceae Quassinoids Stem  Africa, South-East Saxena et al., 2003 

Asia, Indian

subcontinent 

  Quassia undulata  Mjoho Simaroubaceae  Quassinoids, samaderines  Leaves Africa   Ajaiyeoba et al., 1999  

  Renealmia sp .  Mardi gras Zingiberaceae  Terpenes  Aerial part, rhizome  Mexico, Peru, Muñoz et al., 2000b

South America

  Rhamnus prinoides  Mukarakinga Rhamnaceae Chloroquine  Leaves  Kenya   Njoroge and Bussmann, 

2006 

Rhamnus spp.  Common buckthorn Rhamnaceae  Alkaloids, f avonoids Roots, root bark, leaves Africa Njoroge and Bussmann,

2006 ;  Muregi et al., 2007 

  Rhaphidophora decursiva   Decursiva plant Araceae  Serotobenine, decursivine  Leaves, stem  China, Indian Zhang et al., 2002

subcontinent 

  Rheedia gardneriana= Bacuripari Guttiferae Xanthones  Aerial part, bark  South America   Muñoz et al., 2000b  

Garcinia gardneriana 

  Rhoicissus tridentata  Ndurutua  Vitaceae Alkaloids Leaf Africa   Njoroge and Bussmann, 

2006 

  Rhus vulgaris  Muthura Anacardiaceae Bif avone, f avonoids,  Stem bark  Kenya   Njoroge and Bussmann, 

terpenoids, alkaloids 2006 

  Ritchiea capparoides  Mtunguru Capparaceae  Alkaloids, saponins, tannins,  Leaves  Africa, Nigeria   Taiwo et al., 2013  

sesquiterpenes

  Rosa rugosa  Beach rose Rosaceae Sesquiterpenes  Various parts Asia   Saxena et al., 2003  

  Rumex crispus  Curly dock Polygonaceae  Flavonoids, anthraquinones,  Aerial parts  Asia, America   Uzor et al., 2020  

naphthalenes 

  Salacia kraussii  Ibhonsi Celastraceae  Triterpenoids Root Africa   Saxena et al., 2003  

  Salacia longipes   Oliver Celastraceae Sesquiterpenoids Seeds Africa   Mba’ning et al., 2013  

  Salix humboldtiana   Humboldt’s willow Salicaceae  Phenolic compounds  Leaves America   Muñoz et al., 2000b  

  Salvia rhytidea   Persian sage Lamiaceae Diterpenoids Roots  Iran, Afghanistan   Jassbi et al., 2017  

  Sarcocephalus latifolius   African peach Rubiaceae  Alkaloids, f avonoids Stem bark, leaves Nigeria Idowu et al., 2010 

  Savignya parvif ora  Gilgilan Brassicaceae Alkaloids  Twigs and leaves  South America   Muñoz et al., 2000b  

  Schima wallichii   Needlewood tree Theaceae Quinones, glycosides,  Leaves  India, Nepal, Barliana et al., 2014

coumarins, f avonic glycosides Bhutan 
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TABLE 1.1 (Continued) 
List of Important Medicinal Plants throughout the World Having Antimalarial Properties 
Species Common/Local Family Bioactive Compound Plant Part Used Distribution Key References 

Name

  Schizanthus tricolor   Poor man’s orchid Solanaceae Alkaloids  Aerial parts  Chile, Argentina   Cretton et al., 2010  

  Schkuhria pinnata  Gakuinini Asteraceae  Flavonoids, alkaloids Whole plant Africa Njoroge and Bussmann,

2006 ;  Nuwagira et al., 2021 

  Scutia myrtina   Mwikunya, cat-thorn Rhamnaceae Alkaloids  Root bark Africa   Njoroge and Bussmann, 

2006 

  Securidaca longepedunculata   Violet tree Polygalaceae  Alkaloids, f avonoids, Roots  Mali, Sao Tome   Ancolio et al., 2002  

triterpenes 

  Senna didymobotrya  Mwinu  Fabaceae Chloroquine  Leaves  Kenya   Njoroge and Bussmann, 

2006 

  Senna occidentalis   Mogdad coffee  Fabaceae  Anthraquinone glycoside, fatty  Leaves  America, Asia   Daskum et al., 2019  

oils, glycosides, f avonoids, 

tannins 

  Senna papillosa  Senna  Fabaceae Alkaloids  Fruits, leaves, roots  Mexico, Venezuela   Chinchilla et al., 2012  

  Serjania deltoidea  Soapberry Sapindaceae  Flavonoids  Aerial part, root bark, Columbia   Muñoz et al., 2000b  

leaf, stem bark

  Sida rhombifolia   Arrowleaf sida  Malvaceae  Alkaloids, f avonoids Entire plant India, Sri Lanka Muñoz et al., 2000b

Simaba spp.  Cedron Simaroubaceae  Futolactone, cedronin, Bark  Columbia, Central O’Neill et al., 1985; Saxena 

quassinoids America et al., 2003 

  Siparuna andina  Siparuna Siparunaceae  Sipandinolide, sesquiterpenes,  Leaves  Central and South Saxena et al., 2003 

f avonoids, xanthones America, Mexico 

  Siparuna thecaphora  Siparuna Siparunaceae Sipandinolide  Fruits, leaves  Mexico, Bolivia   Chinchilla et al., 2012  

  Socratea exorrhiza  Cashapona Arecaceae  Flavonoids Roots  Central and South Muñoz et al., 2000b

America 

Solanum spp.  Soda apple Solanaceae Alkaloids  Entire plant Africa   Mojab, 2012 ;  Schultz et al., 

2021 

  Sophora mollis  Low mountain laurel  Fabaceae  Flavonoids Roots  Asia, Australia   Zhang et al., 2009  

  Sparattanthelium amazonum  Bejuco de Quina Hernandiaceae  Roemref dine  Stem bark  South America, Muñoz et al., 2000a ;  Saxena 

Bolivia et al., 2003 

  Spathodea campanulata  African tulip tree Bignoniaceae Ursolic acid, tomentosolic acid,  Stem, bark Africa   Saxena et al., 2003  

other triterpenoids 
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  Spirospermum  sp.  Parul Menispermaceae Alkaloids  Seeds, roots  India, Bangladesh   Saxena et al., 2003  

Spondias venosa Mombins Anacardiaceae –  Leaves Brazil   Muñoz et al., 2000b  

  Stephania abyssinica  Beiyanzi Menispermaceae Alkaloids  Leaves  Kenya, Zimbabwe   Muregi et al., 2004  

Stephania erecta   Potato plant Menispermaceae Alkaloids  Tuber  Thailand, India   Saxena et al., 2003  

  Stephania pierrei  Binh voi Menispermaceae Alkaloids  Tuber  India, China, Saxena et al., 2003 

Vietnam 

  Strychnos   spp.  Boomer-rid Loganiaceae Alkaloids  Stem bark, leaves, roots  Africa, Asia   Saxena et al., 2003 ; Njoroge

and Bussmann, 2006 ; Tepa 

et al., 2022 

Swertia chirayita  Chiretta Gentianaceae  Gentianine and other alkaloids,  Leaves  South-East Asia   Swati et al., 2023  

xanthones, f avonoids 

Swietenia macrophylla   Mahogany Meliaceae  Triterpenes Bark  Mexico, South Muñoz et al., 2000b ; 

America Telrandhe et al., 2022 

  Swietenia mahagoni   American mahogany Meliaceae  Flavonoids Seeds  America, West Sari et al., 2023

Indies, Cuba,

Jamaica 

  Symphonia globulifera   Chewstick Clusiaceae  Benzophenones, xanthones  Leaves  America, Africa   Ateba et al., 2018  

  Syzygium guineense  Senza Myrtaceae  Tannins, f avonoids  Leaves Ghana   Laryea and Borquaye, 2019  

  Tabebuia ochracea   Corteza amarillia Bignoniaceae Quinones  Inner stem bark  South America   Saxena et al., 2003  

  Tachia grandif ora   Mahot noir Gentianaceae  Xanthonoids, monoterpenoids  Roots, leaves Brazil   Kffuri et al., 2016  

  Tagetes erecta  Marigold Asteraceae  Bithienyl, f avonoids Roots,  America, India, Kamaraj et al., 2012 ; 

Mexico, Costa Chaniad et al., 2021

Rica, China,

Australia, South

Africa 

  Tagetes minuta  Southern cone Asteraceae Sesquiterpenes  Whole plant, leaves  Africa, Europe, Okello and Kang, 2019 

marigold Australia,

America, Asia 

  Talinum triangulare   Waterleaf, Nela  Talinaceae  Alkaloids, f avonoids  Leaves  India, Mexico   Muñoz et al., 2000b ; 

basale Adekanmi et al., 2020

  Tamarindus indica  Imli  Fabaceae Phenols  Root, bark Indian Okello and Kang, 2019 

subcontinent,

Africa, Pakistan, 

Bangladesh,

Nigeria, America 
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TABLE 1.1 (Continued) 
List of Important Medicinal Plants throughout the World Having Antimalarial Properties 
Species Common/Local Family Bioactive Compound Plant Part Used Distribution Key References 

Name

  Tanaecium jaroba  Liana Bignoniaceae  Terpenoids  Leaves  Central and South Muñoz et al., 2000a ; 

America Carvalho et al., 2021 

  Telfairia occidentalis   Fluted gourd Cucurbitaceae  Alkaloids, f avonoids, saponins, Leaves, seeds Africa, Nigeria Okokon et al., 2009 

tannins 

  Terminalia bellirica  Baheda Combretaceae  Flavonoids, xanthones Fruits  South-East Asia   Saxena et al., 2003  

  Tessaria integrifolia   Aliso del río Asteraceae Sesquiterpenes  Leaves, roots Peru   Muñoz et al., 2000b  

  Tetradenia riparia   Kyewamala Lamiaceae  Terpineol  Leaves Uganda   Okello and Kang, 2019  

  Teucrium  Germanders Lamiaceae  Sesquiterpenoids, f avonoids,  Aerial parts  North America, Tjitraresmi et al., 2020

  ramosissimum  essential oils Tunisia 

Thalictrum spp.  Meadow rue Ranunculaceae Alkaloids, phenols, triterpenoids, Aerial parts, roots India Saxena et al., 2003 ;  Das et 

saponins, phytosterols al., 2016 

  Tinospora cordifolia  Guduchi Menispermaceae  Alkaloids, glycosides,  Aerial parts Asia   Singh and Banyal, 2011  

sesquiterpenoids

  Tinospora crispa  Patawali Menispermaceae Alkaloids Stem Malaysia   Rahman et al., 1999  

  Tithonia diversifolia   Tree marigold Asteraceae  Sesquiterpenes, triterpenes  Leaves  Africa, Mexico,   Njoroge and Bussmann, 

Central America 2006 

  Toddalia asiatica   Orange cucumber Rutaceae  Flavonoids, alkaloids, steroids,  Root bark  Africa, Asia   Njoroge and Bussmann, 

saponins, coumarins 2006 ;  Orwa et al., 2013 

  Trema micrantha   Jamaican nettletree Cannabaceae  Terpenes Bark  Mexico, Central Muñoz et al., 2000b ;  Leme 

and South et al., 2020 

America 

  Trichilia megalantha   African nuttree Meliaceae  Quassinoids, alkaloids,  Leaves, roots Africa  Fadare and Ajaiyeoba, 2020 

f avonoids 

  Trichilia welwitschii   Bakoie Meliaceae  Alkaloids, f avonoids  Leaves, roots Africa  Fadare and Ajaiyeoba, 2020 

  Tridax procumbens   Tridex daisy Asteraceae  Flavonoids, steroids,  Aerial parts  America, Asia   Dattaray, 2022 

triterpenoids, alkyl esters 

  Trimeria grandifolia  Muhindahindi Salicaceae Chloroquine Roots  Kenya Njoroge and Bussmann, 2006

  Triplaris americana  Ant tree, palo santo Polygonaceae Triterpenes, f avonoids Bark  South America   Muñoz et al., 2000b ; 

Rodrigues et al., 2018 
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  Triumfetta  spp.  Burweed  Malvaceae  Flavonoids  Leaves  Central and South Muñoz et al., 2000b ; 

America Akintimehin et al., 2022

  Uapaca nitida  Uapaca Phyllanthaceae  Triterpenoids  Root, bark Africa   Saxena et al., 2003  

  Urtica massaica   Maasai stinging Urticaceae Alkaloids  Aerial parts, roots, Africa   Njoroge and Bussmann, 

nettle, Thabai stem, leaves 2006 

  Vepris simplicifolia  Munderendu Rutaceae Alkaloids  Root bark Africa Njoroge and Bussmann, 2006

  Vernonia amygdalina  Bitterleaf Asteraceae  Tannins, saponins, f avonoids, Leaves, root bark Africa Abosi and Raseroka, 2003 ; 

phenols, alkaloids, steroids, Idowu et al., 2010 ; 

sesquiterpenes Bihonegn et al., 2019 

  Vernonia brasiliana  Ironweed Asteraceae  Triterpenoids  Leaves Africa   Saxena et al., 2003  

  Vernonia guineensis  Ewuro-olopaa-kan Asteraceae  Tannins, saponins, f avonoids,  Whole plant Africa   Toyang et al., 2013  

alkaloids, steroids, phenols

  Vernonia lasiopus  Bitterleaf Asteraceae  Sesquiterpenes, triterpenes  Root bark Africa   Muregi et al., 2007  

  Viola canescens  Himalayan white  Violaceae Chloroquine  Whole plant Asia   Verma et al., 2011  

violet 

  Viola websteri   Wood violet  Violaceae  Alkaloids, quassinoids,  Whole plant Asia   Lee et al., 2009  

sesquiterpenes

  Warburgia ugandensis  Muthiga Canellaceae Chloroquine  Stem bark  Kenya Njoroge and Bussmann, 2006

  Werauhia sanguinolenta  Vriesea Bromeliaceae  Flavonoids, xanthones  Leaves  Central and South Saxena et al., 2003 

America, Mexico 

  Withania somnifera   Winter cherry Solanaceae  Alkaloids, steroidal lactones  Aerial parts  India, Africa   Njoroge and Bussmann, 

2006 ;  Dame et al., 2013

  Xanthium strumarium   Rough cocklebur Asteraceae  Tomentosun, zanthumin  Fruit, aerial parts  South Europe, Saxena et al., 2003 

Asia 

  Xylocarpus granatum  Cannonball Meliaceae  Flavonoids, alkaloids, tannins, Fruits  Asia, Africa, Lakshmi et al., 2012

mangrove triterpenes, steroids Australia 

  Zanthoxylum asiaticum   Orange climber Rutaceae Coumarin Roots  Africa, Asia   Saxena et al., 2003  

Zanthoxylum chalybeum  Knob wood Rutaceae  Coumarins, alkaloids, essential  Stem bark Africa   Njoroge and Bussmann, 

oils 2006 ; Adia et al., 2016 

  Zanthoxylum gilletii   East African Rutaceae Alkaloids Roots Africa   Saxena et al., 2003  

satinwood 

  Zanthoxylum monophyllum   Yellow prickle Rutaceae  Coumarins, alkaloids, essential  Leaves, bark Africa   Rodríguez-Guzmán et al., 

oils 2011 
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stage of the malarial parasite is targeted. Some of the examples of quinones include plumbagin, 

2-methylnaphthazarin, etc. (Saxena et al., 2003). 

1.4.6 FLAVONOIDS 

They are a group of compounds extracted from higher plants. They show a positive effect against 

Plasmodium falciparum when combined with artemisinin (Saxena et al., 2003). Examples of some 

antimalarial favonoids are Artemetin, Casticin, Chrysosplenetin, and Luteolin-7-O-glufuranoside 

(Rudrapal and Chetia, 2017). The chemical structure of favonoid is depicted in f gure 1.4. 

1.4.7 XANTHONES 

Similarly, xanthones are extracted from Garcinia dulcis (from wood, pericarp, and fruit), which 

represents an antiplasmodial activity (Ignatushchenko et al., 2000). They are basically phenolic  

compounds and act as an antioxidant agent. Examples of xanthone are 2,3,4,5,6-pentahydroxyxan-

thone (Riscoe et al., 2005). 

1.4.8 SESQUITERPENES 

It is a type of the chemical compound terpene which shows an equally active antimalarial activity. 

Examples of sesquiterpenes include artemisinin and isonardoperoxide. 

1.4.9 TRITERPENOIDS 

They are a group of biocompound extracted from a large number of plant materials. Saxena et al. 

(2003) highlighted that the antimalarial potential of triterpenoids such as gedunin is triple of chlo-

roquine but around 1/20th of quinine. The structure of a triterpenoid is shown in Figure 1.4. 

1.4.10 QUASSINOIDS 

They are mostly 20-carbon oxygenated lactones. They are important in biological activity due to the 

presence of oxygen and methyl group attached to different carbons (Figure 1.4). Triterpenes such as 

quassinoids exhibit antimalarial properties. Some examples of quassinoids are cedronin, brusatol, 

bruceantin, chaparrin, glucarubol, and chloroquine diphosphate (O’Neill et al., 1986). Saxena et al. 

(2003) mentioned that if the alkyl group is added to the quassinoid structure, the potential of anti-

malarial activity increases. 

1.5 FUTURE DEVELOPMENTS/RESEARCH AND RECOMMENDATIONS 

Most of the malarial vectors  Anopheles are complex species and identifable using various tech-

niques, such as polymerase chain reaction, RFLP (restriction fragment length polymorphism),  

paracentric inversion of polytene chromosome, electrophoretic variation of enzyme, and mitotic 

chromosome variation (Dash et al., 2007,  2008). Subbarao (1998) reported the distribution maps 

using GIS (geographic information system) for  A. culicifacies and  A. fuviatilis in India and empha-

sized its importance in understanding the disease (malaria) potential and formulating effective con-

trol measures. Detection of malarial cases is made using rapid test based on histidine-rich protein 

(HRP-2) for  Plasmodium falciparum presence (Beadle et al., 1994). 

Chemical control: DDT, HCH, malathion, pirimiphos-methyl, fenitrothion, carbamates such 

as propoxur and bendiocarb, synthetic pyrethroids, temephos, Malariol, and Baytex (Dash 

et al., 2008). 
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Biological control: Larvivorous f sh, Bacillus thuringiensis, B. sphaericus (Kumar et al., 

1998 ). 

In rural and tribal area, villagers often use smoke by burning the wood/dry cowdung as pre-

ventive measure to avoid mosquitoes (Sharma et al., 2007). Integrated approach is advised  

for effective control of malaria (WHO, 2004). It includes the use of various resources, such 

as chemical, biological agents, and plants. In India, malarial drug programme has a set rule 

for its treatment, that is, chloroquine and artesunate-sulfadoxine pyrimethamine (Dash et al., 

2008 ). 

The major that problem arises in mosquito control is insecticide resistance. Most of the chemicals, 

importantly DDT, were used as insecticide against  Anopheles species. Subsequently, with time, they 

developed resistance against DDT and other chemicals. Some of the chemicals, such as HCH and 

organochlorine, were banned due to their negative impact on humans and food (Dash et al., 2008). 

Similarly, Plasmodium falciparum was found to develop resistance against chloroquines (Sehgal et 

al., 1973). Narain and Nath (2018) reported that Plasmodium has shown resistance to the drug ACT 

(artemisinin-based combination therapy) in North-East India near Myanmar. According to IPCC 

(Intergovernmental Panel on Climate Change), the global temperature will rise from 1.4o to 5.8 o C by 

2100 (Bhattacharya, 2006). It is projected using mathematical modelling by Bhattacharya (2006 ) that 

climate change by 2050 will have more impact on malarial cases, especially in Kerala, Karnataka, 

and Himachal Pradesh, and states which are already affected, such as Madhya Pradesh, Jharkhand, 

Odisha, West Bengal, and some part of North-East India, will get worse. Das et al. (2012) mentioned 

that due to its large effect and distribution, malaria is a major disease in South-East Asia. They also 

reported that the major problems to tackle with malaria are insecticide resistance, antimalarial drug 

resistance, and implementation of control programmes.  Rahi and Sharma (2020) emphasized the inte-

gration of all types of data and surveillance related to malaria on a single platform to eliminate it 

completely. Medicinal plants throughout the world are suitable for a variety of uses, such as antidi-

uretic, antiallergic, antipyretic, anti-infammatory, antianalgesic, antiviral, antibacterial, antifungal, 

antifeedant, and others. Following are the recommendations for antimalarial plants uses in the world: 

1. Proper identifcation of the plant upto species level needs to be done to disseminate correct 

information about the plant. 

2. More social surveys are to be conducted for better understanding of the current and past 

use of antimalarial plants throughout the world. 

3. Phytochemical constituents of different parts of any trees need to be carried out to identify 

the chemical compound responsible for any medicinal property. 

4. Long-term study should be conducted to assess the effect of any antimalarial plant uses on 

humans. 

5. Traditional knowledge (TKs) of any community or tribe related to medicinal plants should 

be conserved scientifcally to support the medical systems. 
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2 Biology and Genetic 
Improvement of Antimalarial 
Plant Species 

Apekshakumari Patel, Tasneem Khan, Nimisha 
Patel, Ahmad Ali, and Hina Alim

 ABBREVIATIONS 

ACTs antimalarial effective medications 

CDCs Centers for Disease Control 

 CSP Circumsporozoite protein 

 DHFR dihydrofolate reductase 

 DHPS dihydropteroate synthase 

 DOXP 1-deoxy-d-xylulose 5-phosphate 

FDA Food and Drug Administration 

IC50 half-maximal inhibitory concentration 

NADH nicotinamide adenine dinucleotide (NAD) + hydrogen (H) 

NIAID National Institute of Allergy and Infectious Diseases 

 PDCs plant-derived compounds 

  PfAMA1 Plasmodium falciparum  apical membrane antigen 1 

  PfCRT Plasmodium falciparum chloroquine resistance transporter 

QSAR quantitative structure–activity relationship 

RBCs red blood cells 

 RE reticulum endoplasmic 

WHO World Health Organization 

2.1 INTRODUCTION 

Malaria is unquestionably the most virulent and lethal infectious agent in the developing world 

of all parasite diseases (Greenwood et al., 2005; Winter et al., 2006). Since it causes more energy 

loss, more debilitation, more loss of job capacity, and more economic harm than any other human 

parasitic diseases, this vector-borne infectious disease is a perfect example of one that affects the 

productivity of people, families, and the entire society (Sachs & Malaney, 2002). Although malaria 

is frequently linked to poverty, it also contributes to it and is a signifcant barrier to economic 

growth. In 2006, there were 3.3 billion individuals at risk of contracting malaria, which resulted in 

an estimated 247 million cases and about a million fatalities, largely in children. 

One of the most lethal infectious diseases brought on by Plasmodium parasites is malaria. Female 

Anopheles mosquitoes carrying the malaria parasite spread it throughout people. There are f ve 

parasite species known to cause malaria in humans, including  P. knowlesi, P. ovale, P. malariae, P. 
vivax, and  P. falciparum (Gamo et al., 2010). The two last parasite species pose the greatest threat, 

because  P. vivax causes the most morbidity and  P. falciparum causes the most mortality, mostly in 

children under 5 age group (Lopez et al., 2014). Almost half of contemporary civilization has been 
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impacted by malaria, which is endemic in more than 100 nations (Qayum et al., 2016). There are 

a number of reasons that malaria-related fatalities are disproportionately higher in underdeveloped 

nations than in technologically developed nations. Regrettably, access to antimalarial medications 

has been constrained in poor nations due to the socioeconomic position of the population. In Africa, 

where 85% of the world’s malaria cases and 94% of deaths have been reported, there have been 228 

million reported cases of malaria, leading to 435,000 deaths, according to the world malaria report 

published in December 2019 (WHO, 2019). In light of this, current projections indicate that a major-

ity of people on the planet have a high risk of contracting malaria. Malaria infections can cause sig-

nifcant economic losses in addition to rising mortality rates, with estimated healthcare-related costs 

of US$2.7 billion in 2018 (WHO, 2019); as a result, resource-poor nations’ economies tend to suffer. 

In many nations, malaria is still a scourge that contributes signifcantly to population mortality. 

The World Health Organization (WHO, 2019) reports that 216 million clinical cases of malaria were 

reported globally in 2016, resulting in 445,000 fatalities; 80% of the world’s malaria burden was car-

ried by 15 nations, all of which were in sub-Saharan Africa and India, out of the 91 countries that 

reported indigenous malaria cases. Five Plasmodium species, namely, P. malariae, P. falciparum, P. 
vivax, P. ovale, and  P. knowlesi, are responsible for the development of human malaria (Autino et al., 

2012; Amir et al., 2018). While  P. vivax predominates outside of Africa,  P. falciparum is the species 

that is most common within sub-Saharan Africa, accounting for 99% of estimated malaria cases in 

2016 (WHO, 2017). Although human malaria transmitted by female Anopheles mosquitoes has four 

Plasmodium species as its aetiological agents – P. falciparum, P. vivax, P. ovale, and  P. malariae – 

the most widespread and severe disease is caused by P. falciparum, which transiently infects the liver 

before invading the red blood cells of the mammalian host (Figure 2.1). The erythrocytic stage of the 

disease is characterized by clinical signs, such as fever, chills, prostration, anaemia, delirium, meta-

bolic acidosis, cerebral malaria, and multi–organ system failure, which may be followed by coma 

and death (Fidock et al., 2004;  Deprez-Poulain & Melnyk, 2005;  Jones & Good, 2006). Anopheles 
mosquito females are the only mosquito species that can spread malaria through bites. The infected 

Anopheles injects sporozoites into the human host during a blood meal. The sporozoites mature and 

multiply after they enter the parenchymal cells of the liver. They grow into schizonts that contain a 

large number of merozoites (Prudêncio et al., 2006;  Krishnan & Williamson, 2018). Pre-erythrocytic 
schizogony is the word for the phenomenon. This phase is unique to each species and takes 6 days on 

average for  P. falciparum and 16 days on average for  P. malariae to mature (Antinori et al., 2012). 

Red blood cells are recognized and invaded by the merozoites that the liver releases. The parasite 

population in the red cells grows swiftly. Each merozoite either undergoes a sexual or an erythrocytic 

schizogony to grow into a schizont. Merozoites, which are present in the adult erythrocytic-stage 

schizont, are ruptured and released into the blood, where they infect other erythrocytes. The time 

required for the erythrocytic schizogony varies with the Plasmodium species and is responsible for 

the traditional periodicity of fever in malaria. The mosquitoes that consume the gametocytes while 

feeding on an infected human are contagious (Crutcher & Hoffman, 1996;  Wells & Andrew, 2015). 

Gametocytes in the  Anopheles grow into male and female gametes, which mate in the mosquito’s gut 

to create zygotes. The zygotes then grow into elongated, motile ookinetes, which infltrate the mos-

quito’s midgut wall and develop into oocysts. Each oocyst grows and divides into hundreds of active 

haploid forms called sporozoites, which travel to the salivary glands of the mosquito. The malaria life 

cycle is continued by injecting the sporozoites into a fresh human host. 

Years of research since the groundbreaking work by Nussenzweig et al. (Nussenzweig et al., 

1967) on the development of protective immunity in mice by vaccination with X-irradiated sporo-

zoites of P. berghei have shown that it is challenging to develop an effective vaccine due to the high 

complexity of the Plasmodium life cycle. The greatest method for controlling the disease and avert-

ing fatalities is early diagnosis and chemotherapy, despite the fact that a number of candidate vac-

cines are currently through various stages of testing (Birkett, 2016;  Draper et al., 2018;  Tham et al., 

2017; WHO, 2019). This method aids in reducing the spread of the malaria parasite (Birkett, 2016). 



 

  

  

  

  

  

  

 

 

  

     

 

 

  

 

 

  

 

   

  

   

    

 

 

    

 

 

   

 

  

   

  

      

 

  

    

 

   

   

42 Antimalarial Medicinal Plants 

The bark of the  Cinchona species (Rubiaceae) was used to make the f rst antimalarial medica-

tion, quinine, which was discovered in 1820 by two French chemists, Joseph Pelletier and Joseph 

Caventou (Pai-Dhungat & Caventou, 2015). It is the earliest antimalarial medicine that is still in use 

today (Achan et al., 2011). Thereafter, synthetic quinine substitutes have been created. Chloroquine 

was the most effective of them, but widespread resistance against  P. falciparum started to emerge in 

the 1970s. An altogether new medicine was needed because all structural variations of chloroquine 

had the same mode of action. Thankfully, Chinese researchers discovered artemisinin from the 

sweet wormwood plant (A. annua) in the 1970s. This compound has proven to be highly eff cient 

against malaria parasites that are resistant to chloroquine (Butler et al., 2010). As of now, ACT (arte-

misinin-based combination therapy) is advised. The primary beneft of ACT is that the companion 

medication eliminates any leftover parasites, while artemisinin rapidly decreases the majority of 

malaria parasites (WHO, 2017). Various combination therapy treatments have been suggested; how-

ever, the evolution of resistance also poses a threat to their effcacy (WHO, 2017;  Bloland, 2001). 

Finding novel medications that target the blood stage to reduce symptoms, the liver stage to 

prevent relapses, and the transmission stage to prevent more human contaminations is urgently 

needed (Biamonte et al., 2013). It has been suggested to quickly discover novel antimalarial medi-

cines by repurposing medications (Yuan et al., 2011;  Devillers, 2018). For the purpose of f nding 

new active compounds, the quantitative structure–activity relationship (QSAR) methodology has 

also been extensively applied (Karcher & Devillers, 1990). Plants are a great source for discover-

ing new antimalarial medications because the earliest antimalarial treatments were derived from 

them and because >80% of the world’s population uses plants as their primary source of thera-

peutic substances (Ekor, 2013). In this context, attempts have been made to fnd and select plant-

derived antimalarial drugs from chemoinformatics techniques. The approach typically entails the 

following actions: (1) (PDCs) plant-derived compounds with in vitro antiplasmodial activities are 

gathered from a variety of sources; (2) PDCs are categorized based on their IC50 values obtained 

on P. falciparum–sensitive and/or P. falciparum–resistant strains; (3) structure and activity value 

curations are made; (4) a more or less thorough in silico pharmacokinetic prof ling of the PDCs is 

carried out; and (5) toxicity of the PDCs is evaluated. Sadly, this fnal step is frequently made brief y 

or even skipped (Onguene et al., 2014;  Egieyeh et al., 2016). 

2.2 THE LIFE CYCLE OF MALARIA 

The human and the insect are both hosts in different stages of the malarial parasite’s life cycle. A 

single bite from an infected female Anopheles mosquito causes the injection of uninucleated spo-

rozoites into the bloodstream, beginning the life cycle. After less than a minute, sporozoites move 

from blood to the liver tissue. After fve days, they transform into uninucleated merozoites with a 

population of 10,000–40,000, which can then invade a healthy erythrocyte (Hoffman et al., 2015). 

Merozoites can be discharged upon liver maturation, continuing the cycle of intraerythrocytic-stage 

development, rupture, and reinvasion, as well as developing into gametocytes, the sexual-stage par-

asites. Gametocytes detach from erythrocytes in the stomach of the mosquito and create gametes to 

fnish the life cycle by merging to form a zygote (ookinetes), which then changes into an oocyst, in 

which additional sporozoites are produced. Ultimately, while the mosquito bites, the freshly created 

sporozoites move to the salivary glands and eventually infect people (Cox, 2010). Figure 2.1 depicts 

the complex life cycle of the human malaria parasite. When an insect bites the skin, it explores for a 

blood vessel to feed from, releases various vasodilators to boost its probability of locating a vessel, 

and salivates into the blood to prevent clotting. This process transmits the motile infectious form of 

Plasmodium, called a sporozoite. The vascular system transports the thread-like sporozoites to the 

liver within 30 to 60 minutes of inoculation (NIAID, 2007;  Krettli & Miller, 2001). 

The sporozoites evolve into schizonts over a period of 7–12 days, and up to 30,000 merozoites can 

form, which rupture the hepatocytes (WHO, 2013;  Ricardo et al., 2014). However, certain sporozoites 

from the Plasmodium vivax and other species change into hypnozoites, which can remain dormant 
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in the liver for months or years and result in relapses in infected individuals (Walker et al., 2010). 

Fascinatingly, falciparum malaria recurrence has been documented in patients who left an endemic 

area some years prior. It indicates that  falciparum has a dormant state at least periodically (Szmitko 

et al., 2008;  Poilane et al., 2009). The asexual cycle then starts with the merozoites encroaching on 

RBCs to feed on haemoglobin and develop. Depending on the parasite type, the parasite develops 

inside the host RBC from the early ring stage to the late trophozoite stage, followed by mitotic 

divisions to the schizont stage, which comprises 6 to 32 merozoites (Jiraprapa et al., 2002). The dis-

charged merozoites continue the life cycle by invading other RBCs after the erythrocytic schizont 

ruptures. Cyclical fevers frequently occur just prior to or simultaneously with RBC lysis as schizonts 

burst to release fresh infectious merozoites. Infection with tertian malaria happens every 48 hours, 

while with quartan malaria happens every 72 hours. Some merozoites undergo sexual differentiation 

during this cycle, resulting in erythrocytic gametocytes, which have a single nucleus and are ready 

to mate when a bloodsucking female Anopheles mosquito appears (NIAID, 2007;  Jiraprapa et al., 

2002). The mosquito’s consumption of gametocytes causes gametogenesis to occur. The macroga-

metes that produce zygotes are penetrated or fertilized by the exf agellated forms of microgametes. 

The zygotes develop into ookinetes before becoming a spherical oocyst. The oocyst’s nucleus repeat-

edly divides, resulting in the growth of numerous sporozoites and an enlarged oocyst (WHO, 2013). 

The sporozoites are released into the haemocoel (the mosquito’s bodily cavity) when the oocyst bursts 

after they are fully grown. The life cycle is fnished when the sporozoites move on to the salivary 

glands (Figure 2.1). The malaria life cycle is continued by the sporozoites from the salivary glands of 

the mosquito entering a new human host (CDC, 2016;  WHO, 2013). 

FIGURE 2.1 Malaria parasite life cycle involves two hosts. 



 

 

     

  

   

   

 

     

    

  

   

    

  

     

  

   

    

  
   

 

 

 

  

 

  

 

 

  
 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

44 Antimalarial Medicinal Plants 

2.3 ANTIMALARIAL DRUG HISTORY 

Quinine, an aminoquinoline alkaloid discovered in the bark of the Cinchona species (Rubiaceae) by 

Pelletier and Caventou in 1820, is one of the frst and most signifcant antimalarial medications still 

in use today (Greenwood et al., 2005). After the Second World War, this alkaloid was thought to be 

the driving force behind the creation of synthetic antimalarial medications belonging to the classes 

of 4- and 8-aminoquinolines, including chloroquine (Winter et al., 2006), primaquine (Sachs & 

Malaney, 2002), and others. For nearly three centuries, this alkaloid was the only active principle 

effective against  P. falciparum. The only medication used to treat malaria up until recently was 

chloroquine (Saxena et al., 2003;  Winter, 2006; Viegas et al., 2006). 

Since 1960, drug-resistant P. falciparum strains have emerged, particularly those that are resistant 

to chloroquine, making it more diffcult to treat malaria in almost all malaria-endemic areas of 

the world (Winter et al., 2006). As an alternative to chloroquine, several researchers have worked 

hard to produce novel active molecules, mainly from artemisinin (Winter et al., 2006;  WHO, 2008). 

Although no single medicine is currently effective for treating multidrug-resistant malaria, effec-

tive combination therapies include artemisinin derivatives like artesunate (Fidock et al., 2004) or 

combinations with older medications like Malarone, which contains the pharmaceuticals atovaquone 

(Deprez-Poulain & Melnyk, 2005) and proguanil (Jones & Good, 2006). Regrettably, there have 

already been initial reports on drug resistance to artemisinin derivatives (Jambou et al., 2005) and 

pharmacological combination therapy (Wichmann et al., 2004). There are various commonly used 

antimalarial plants that have been used as therapeutics to treat malaria, which are listed in Table 2.1. 

However, attempts to develop novel antimalarial medications are still urgently needed in the absence 

of a malaria vaccine that is effective, safe, and widely available.

 The scientifc community as a whole agrees that natural products have been playing a signif cant 

role in the identifcation of leads for the creation of medications to treat human ailments (Newman 

et al., 2003). Since the vast majority of currently used antimalarial chemotherapeutic agents are  

derived from natural sources, this fact foreshadows the possibility of new leads emerging from 

sources of tropical plants, as biological chemodiversity continues to be a crucial source of molecular 

templates for the development of antimalarial drugs ( Ziegler et al., 2002;  Kalauni et al., 2006;  Portet 

et al., 2007). The use of drugs for medicinal purposes has been in practice since ancient times, 

and the development of drugs from traditional to modern science has been a process of innovation 

(Figure 2.2). While many drugs we use today have their origins in traditional medicine practices 

from different cultures globally, modern medicine and the scientifc method have transformed the 

way drugs are discovered, tested, and used. At present, drugs go through a stringent process of sci-

entifc research, clinical trials, and regulatory approval to ensure they are safe and effective before 

being made available to the public. Advanced technology such as molecular biology techniques and 

TABLE 2.1 
Common Medicinal Plants Used for 
Prevention and Treatment of Malaria 

Artemisia annua Ficus sur 
Aspidosperma rigidum Lantana camara 
Azadirachta indica Lippiauckambensis 
Bertholletia excels Ocinum suave 
Cassia alata Plumbago zeylanica 
Cassia occidentalis Simaba cedron 
Cinchona calisaya Tithonia diversifolia 
Cinchona succirubra Turraeanilotica 
Cochlospermum planchonii Turraearobusta 
Eucalyptus camaldulensis Vernonia amigdalina 
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FIGURE 2.2 History of remedies and therapeutics used for malaria. 

imaging are utilized by scientists to understand the mechanisms of diseases and to develop specif c, 

effective drugs to treat various conditions. This exceptional innovation has enhanced the quality of 

life for millions of people across the world and has saved countless lives. 

There haven’t been many studies on natural compounds with antiplasmodial effects described in 

recent literature. A review study by Saxena and colleagues, published in 2003, provided a critical 

evaluation of crude extracts, essential oils, and antiplasmodial secondary metabolites from higher 

plants, collected from the years 1993 to 2003. In their study, they highlighted 25 more substances 

in addition to 127 alkaloids, 18 quassinoids, 23 sesquiterpenes, 27 triterpenoids, 21 f avonoids/ 

xanthones, and 9 quinones (Saxena et al., 2003). In their 2008 review, Frederich and colleagues 

covered 31 indole alkaloids that had been isolated from natural sources and had high antiplasmodial 

activity (both in vitro and in vivo). The majority of these compounds had IC50 values that were in the 

micromolar range and had high selectivity indices (Frederich et al., 2008). A review of antimalarial 

chemicals found between 1998 and 2008 from all natural sources, including unprocessed plant 

and marine extracts, was published in 2009 by Kaur and co-authors; 37 interesting semi-synthetic 

antimalarials were also identifed in this compilation, which included 266 antiplasmodial natural 

products from the groups of alkaloids, terpenes, quassinoids, favonoids, limonoids, chalcones, pep-

tides, xanthones, quinones, and other substances (Kaur et al., 2009). 

Luckily, many publications reporting plant-based antiplasmodial natural products have recently 

been published. Since a review by Oliveira and colleagues in 2009 only covered plant-derived alka-

loids that have antiplasmodial and antimalarial properties, this review is meant to be a continuation 

of that work. It will cover the majority of recently published reports of non-alkaloidal natural com-

pounds with antiplasmodial and antimalarial properties from the years 2008–2009 that have not 

yet been reviewed, as well as recently published active crude extracts. Although many plant species 

employed in traditional remedies for the treatment of malaria include a variety of classes of nat-

ural chemicals, alkaloids, quassinoids, and sesquiterpene lactones have been found to have the 

most signifcant and diversifed biopotency (Saxena et al., 2003). The majority of antiplasmodial 

non-alkaloidal natural products published between January 2008 and May 2009 that belong to the 

classes of terpenes, limonoids, favonoids, chromones, xanthones, anthraquinones, miscellaneous, 

and related compounds will be highlighted in this review because alkaloids have recently been dis-

cussed in the literature (Frederich et al., 2008;  Oliveira et al., 2009). 

2.4  IMPROVED BIOLOGICAL CHARACTERISTICS 
OF ANTIMALARIAL PLANT SPECIES 

2.4.1 OPTIMISING TREATMENT USING CURRENTLY AVAILABLE DRUGS 

Optimising therapy with currently available drugs is one initial strategy. A new dosage schedule or 

formulation could improve activity. Combination therapy is a highly drug-resistant treatment that 
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has been developed for use in f rst-line therapy in Africa and many other regions. It includes both 

new medications, such as atovaquone and artemisinin derivatives, and new combinations of older 

agents, such as amodiaquine/pyrimethamine and chlorproguanil/sulfadoxine/dapsone. 

There are two potential benefts for the amalgamation of antimalarial therapies. First and 

foremost, the combination should increase the effectiveness of antimalarial medications by 

generating additional/synergistic antiparasitic activity. Artemisinin derivatives and atovaquone 

alone have unacceptable failure rates for  falciparum malaria, but when combined with other well-

known antimalarials, they have proved quite successful. The second, and arguably most crucial, 

beneft of combination therapy is that it should halt the development of parasite resistance to the 

novel medications. As one works to create new treatments that will remain active for a long time, 

this last aspect is crucial to take into account. 

To avoid low blood levels due to monotherapy, combination therapy regimens that avoid the 

development of resistance should include at least two drugs that have not yet developed parasite 

resistance and have similar pharmacokinetics. There is not presently a perfect treatment plan, but 

chlorproguanil/dapsone/artesunate might meet the need. Alternatively, combining a short-acting, 

extremely potent substance with a longer-acting drug may be successful, provided the initial reduc-

tion in parasite load is signif cant enough to prevent the development of a resistance to the long-

acting treatment (such as artesunate/mefoquine). Another option is to combine two medications 

with similar pharmacokinetics, even if the community possesses resistance to each treatment indi-

vidually (e.g. amodiaquine/sulfadoxine/pyrimethamine). When individual medications with estab-

lished effcacy are taken into account as components of combinations late in the drug development 

process, considerations of combination therapy typically have an impact on drug development. 

Combination therapy, however, may need to be taken into account earlier in the drug research 

process. In contrast to appearances, relatively slow-acting antimalarials (such as antibiotics) may 

be effective therapeutic agents when used in combination regimens (e.g. quinine and doxycycline). 

Even if drug resistance has greatly reduced the effectiveness of some older medications, combina-

tions with other medications may still work. Resistance to any of the drugs was considered unlikely, 

as resistance to each treatment was considered suffciently low. Sulfadoxine/pyrimethamine, 

although a combination treatment, loses rapidly once resistance is found; in this case, the effective-

ness depends on synergy, so once resistance to one of the drugs develops, the effectiveness will 

disappear. Sulfadoxine/pyrimethamine and amodiaquine, a chloroquine analogue that is still potent 

against a number of chloroquine-resistant parasites, work together to provide two powerful long-

acting medications. Notwithstanding the fact that both of the individual components are already 

constrained by drug resistance due to media resistance and security concerns, it is signif cant that 

this combination regimen delivers two readily available and affordable medications (with long-

lasting preventative use but with concerned toxicity). The amalgamation of amodiaquine and sulfa-

doxine/pyrimethamine, in spite of the concerns, which has relatively high resistance to each drug, 

has shown signifcant antimalarial effects in parts of East Africa (Staedke et al., 2001; Dorsey et al., 

2002; Schellenberg et al., 2002). Use of chloroquine in continuation, especially in combination with 

different drugs, is another attractive option in areas where chloroquine has not been used for a long 

time. Recently, it was discovered that chloroquine sensitivity has returned to Malawi after its use 

had been reduced for roughly ten years (Kublin et al., 2003). 

The fast-acting and strong antimalarial properties of artemisinin analogues, particularly artesu-

nate and artemether, have recently shown great results; however, due to the short half-lives of these 

compounds and the frequent late recurrences they cause after therapy, it is likely that combination 

therapies will be required to fully utilize the potency of this class. Although artesunate partners 

having effective resistance lead to many years of late regeneration, such as in Uganda sulfadoxine/ 

artesunate/pyrimethamine, artesunate combined with sulfadoxine/pyrimethamine and amodiaquine 

has been studied in Africa with good results (Dorsey et al., 2002). The most effective antimalarial 

medications may turn out to be those that combine artemisinins with longer-acting medications 

that lack underlying resistance. The combination of artesunate and mefoquine has shown to be 
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quite successful in Thailand, where drug resistance is particularly severe, even where resistance to 

mef oquine was previously quite common (Price et al., 1997 ). Lumefantrine, a new drug related to 

halofantrine, has been coupled with artemethrin to provide a highly effective treatment (Lefevre 

et al., 2001). Proguanil, a dihydrofolate reductase inhibitor originally used to cure pneumocystis 

pneumonia, has been used in amalgamation with atovaquone to give antimalarial synergistic activ-

ity (Canfeld et al., 1995) and even compete with parasites resistant to particular drugs in combi-

nation (Vaidya, 2001). Atovaquone/proguanil, artesunate/mefoquine, and artemether/benzanthra 

quinone are very cost-effective, lack ingredients with comparable pharmacokinetics, may pose tox-

icity issues (especially mefoquine), and in some cases, while treating, do not have the best optimal 

dosage regimen (for artemether/lumefantrine can be taken with a fatty meal, having two doses in a 

day). So while these amalgamations of drugs show effective indications, they may not be the best 

choice for general use in many places, especially in Africa. 

Chlorproguanil/dapsone is a novel antimalarial drug development strategy that combines a pro-

guanil analogue with dapsone, a dihydropteroate synthase (DHPS) inhibitor with a long history of 

usage in the treatment of leprosy. In Africa, for the treatment of malaria, resistance to chloroquine 

is widespread, and also, because sulfadoxine/pyrimethamine resistance is higher, chlorproguanil/ 

dapsone was developed particularly. The new treatment plan has the same effects of sulfadoxine/ 

pyrimethamine, but it is generally effective against sulfadoxine/pyrimethamine-resistant parasites 

because the common mutations in DHFR (dihydrofolate reductase) and DHPS that mediate this 

resistance do not result in clinical resistance to chlorproguanil/dapsone, and because higher-level 

antifolate mutations that result in chlorproguanil/dapsone resistance are not so common in Africa 

(Nzila et al., 2000; Mutabingwa et al., 2001; Kublin et al., 2002). Chlorproguanil/dapsone has a 

comparatively short half-life, which is enough to enable effective therapy with three-day daily doses 

and not so long as to rapidly select for resistance. Very soon, chlorproguanil/dapsone for the treat-

ment of malaria should be accessible. Yet a three-drug combination may be its best application. 

Chlorproguanil/dapsone and artesunate may be the best combination since it combines the high 

infuence of artesunate with the lower curative effciency of chlorproguanil/dapsone, but further 

research is required. 

2.4.2 CREATION OF ANALOGUES FOR CURRENT AGENTS 

By chemically altering current antimalarials, existing antimalarials can be made even more effec-

tive as a form of antimalarial chemotherapy. Understanding the parent compound’s biological target 

or mechanism of action is not necessary for this method. In fact, this technology has led to the inven-

tion of many existing antimalarial drugs. For instance, chemical methods to enhance quinine led 

to the discovery of chloroquine, primaquine, and mefoquine (Stocks et al., 2001). In recent years, 

4-aminoquinolines, which are closely related to chloroquine, have shown to have the same antima-

larial effectiveness as the parent medication, even with chloroquine-resistant parasites (Kaschula 

et al., 2002;  Raynes et al., 1999). China has invented a similar substance, pyrrolidine, which in sev-

eral areas has undergone clinical trial (Ringwald et al., 1996 ). Tafenoquine, an 8-aminoquinoline 

having greater effect against liver-stage parasites than primaquine, its parent drug (Walsh et al., 

1999), can be used in chemoprevention with antimalarials (Lell et al., 2000). The development of 

the analogue benzothraquinone, which is currently part of the new artemether conjoint compound 

(artemether/benzothraquinone; Van Vugt et al., 2002), was made possible because the toxicity of 

halofantrine limits its use. Novel folate antagonists and artemisinin-related endoperoxides are both 

now being researched (Posner et al., 2003;  Vennerstrom et al., 2000). 

2.4.3 NATURAL PRODUCTS 

Using substances produced from plants is a third way to treat cancer. A crucial point is that this 

strategy can proft from the residents of malarial areas’ knowledge of medicinal plants, where 



 

 

 

  

 

 

 

   

 

   

 

  

 

 

   

 

 

 

 

 

 

   

 

 

   

   

 

   

 

 

  

   

  

  

  

       

  

48 Antimalarial Medicinal Plants 

enthusiasm for the practice of using botanicals to treat feverish illnesses has accumulated over many 

generations. Plant products with specifc clinical activity might thus serve as the beginning point 

for a medicinal chemistry endeavour, which is a signifcant improvement over random screening. 

The two main medications used for the treatment of severe  falciparum malaria, quinine and arte-

misinin derivatives, are both derived from natural materials. With regard to artemisinin, relatively 

straightforward chemical changes of the natural product’s parent molecule have produced a num-

ber of extremely effective antimalarials that are becoming more and more crucial in the malarial 

disease management (Meshnick, 2001). However, these compounds may be prohibitive because of 

price range, so it is crucial to make an attempt to build entirely artifcial endoperoxides that are not 

that expensive to produce (Posner et al., 2003;  Vennerstrom et al., 2000). Many studies are being 

conducted to assess natural products as potential novel treatments for a variety of human ailments 

(Tagboto &Townson, 2001). It is essential to check the evaluation of several trials of the antima-

larial effciency of compounds extracted from plants and prospective medications of these extracts. 

Antimalarial natural products are expected to serve as the parent molecules for the manufacture of 

new medications that are semi- or fully synthetic, just like with quinolines and artemisinins. 

2.4.4 ACTIVE INGREDIENTS AGAINST OTHER DISORDERS 

Finding drugs that are created or sold as therapies for other diseases is a fourth strategy for anti-

malarial chemotherapy. These substances may exert their effects on malaria parasites through vari-

ous pathways or against orthologs of their targets in other systems. Whatever their mechanism 

of action, they have been previously identifed for human indications, and this is the advantage 

of these compounds and will be fairly affordable to develop as antimalarials. This is signif cant, 

given the challenges associated with funding antimalarial drug research. Even while they don’t 

require signifcant development costs, some novel compounds, particularly those created for dis-

eases common in affuent countries, like cancer, may be prohibitively expensive to produce as anti-

malarials. But frequently, manufacturing of these drugs can be at a low cost, and they can be sold 

as affordable antimalarials, especially after patents expire, as is the case with some antibiotics.  

Tetracyclines, folic acid antagonists, and other antibiotics originally created for their antimicrobial 

properties were later also found to be effective against the malaria parasite (Clough &Wilson, 2001). 

Antimalarial atovaquone’s development was accelerated after the discovery of its effect on pneuma-

tocystis. Its antimalarial effciency was recently re-evaluated (which is a compound involved in the 

Malarone drug combination), and it shows a signifcant antimalarial synergistic effect with progua-

nil (Canfeld et al., 1995). Malarone is now approved for both the treatment and chemoprophylaxis 

of malaria because it was later demonstrated to be effective in these two areas (Hogh et al., 2000). 

Iron chelators have proven antimalarial effectiveness and are for the treatment of iron overload 

disorders (Loyevsky & Gordeuk, 2001). These results show that it is suitable to investigate existing 

compounds and new antibacterial agents for potential as antimalarial medicines. The availability of 

high-throughput testing for putative antimalarials facilitates this strategy. The recent development 

of Malarone provides evidence that compounds with action against other, more lucrative microbial 

targets should be taken into account as a potential source of future antimalarials. Although efforts 

to fnd effective anticancer treatments for protein farnesyl transferases have not yet succeeded, they 

have accelerated the idea of using these targets for antimalarial chemotherapy (Gelb et al., 2003). 

2.4.5 ANTI–DRUG RESISTANCE AGENTS 

Another method of chemotherapy involves combining previously effcient substances with sub-

stances that counteract parasite resistance to those substances. Several medications, in particular, 

used to treat high blood pressure (Martin et al., 1987) and the anxiolytic desipramine, have been 

shown to reverse chloroquine resistance in P. falciparum in vitro (Bitonti et al., 1988). Studies  

with verapamil, desipramine, and trifuoperazine suggest that amalgamation of two or more of  
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these drugs may provide clinically relevant reverse resistance at pharmacological concentration in 

cases where resistance reversers are required for their effects in unacceptably high concentration 

(Van Schalkwyk et al., 2001). Chlorpheniramine, a widely available and affordable antihistamine, 

reversed resistance at acceptable dosage levels, but its common adverse effect of sleepiness may 

limit its acceptance as a treatment (Sowunmi et al., 1997 ). Development of new approaches to coun-

teract chloroquine resistance has taken place (Alibert et al., 2002;  Batra et al., 2000). Therefore, 

even though chloroquine has been disapproved as a primary-line antimalarial in most people of the 

sector, it is able to be revived by combining with strong resistance reversers. 

Active compounds against novel objectives, the development of new goals and subsequent 

compounds that function on these objectives, are arguably the most avant-garde technique of che-

motherapy. The discovery of technologies to disrupt plasmodial genes, albeit this method is still  

time-consuming and ineffective, as well as the sequencing and annotation of the  P. falciparum 
genome have sped up progress in characterizing the biology of malaria parasites. The widely  

available genome sequence improves genomic approaches to drug discovery, but progress is often 

slowed by the need for more complex and dangerous biochemical and parasitological conf rmation 

of potential therapeutic targets. Based on where they are located inside the malaria parasite, new 

targets for antimalarial therapy will be taken into consideration (Table 2.2). 

2.4.6 CYTOSOLIC TARGETS 

Many metabolic pathways and hundreds of likely important enzymes can be found in the cytosol, 

making them prospective therapeutic targets. It may be challenging to fnd drugs that specif cally 

inhibit parasite enzymes, because many of these pathways have undergone good evolutionary con-

servation, making parasite and host targets extremely similar. The folate metabolism route has 

demonstrated to be a useful target, as was mentioned previously (Plowe, 2001). In spite of hav-

ing identical targets, substantial research has found antifolates that eff ciently and safely cure both 

bacterial and protozoan diseases. The availability of substances created to treat other ailments, in 

this case bacterial infections, has also assisted this strategy. Sadly, resistance to specifc DHFR and 

DHPS inhibitors, such as pyrimethamine, proguanil, and sulfas, causes even combination treat-

ments to signifcantly lose their effectiveness (Plowe, 2001). Sulfadoxine/pyrimethamine is a cheap 

TABLE 2.2 
Drugs Used for the Treatment of Malaria 
Cellular Location Target Drugs Key References 

Cytoplasmic matrix Lactate dehydrogenase Sulfadoxine, dapsone Razakantoanina et al., 2000 

 Thymidylate synthase –   Rathod et al., 1992  

Dihydrofolate reductase Pyrimethamine, proguanil Nzila et al., 2000 ;  Mutabingwa et al., 2001 

 Parasite membrane  Unique channels –   Gero et al., 2003  

 Choline transporter –   Wengelnik et al., 2002  

 Food vacuole  Unknown Artemisinins   Vennerstrom et al., 2000 ;  Borstnik et al., 2002  

 Falcipains Quinolines   Rosenthal, 2001 ;  Shenai et al., 2003  

Hemozoin –   De et al., 1998  

Mitochondrion Cyt. c oxidoreductase  Atovaquone – 

Apicoplast  DNA gyrase Quinolones – 

 Apicoplast ribosome Antibiotics – 

 RNA polymerase  Rifampin – 

Farnesyl transferase – Ohkanda et al., 2001 ;  Chakrabarti et al., 2002 

 FabI –   Surolia & Surolia, 2001  

 DOXP reductoisomerase –   Jomaa et al., 1999  
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alternative to chloroquine as the frst-line treatment for malaria in a number of African nations. In 

spite of this, resistance to this agent is already giant in lots of regions, which include sections of 

Africa, and it appears to spread unexpectedly, at the least in a few instances, with huge use. Due 

to variations in P. falciparum DHFR and DHPS mutation patterns around the world, new chlor-

proguanil/dapsone combinations will likely be very effective in Africa but less so in some other 

regions. However, it is far uncertain how quickly this new drug will pick up resistance if it is used 

by one to deal with malaria, as it will probably take place soon. Improved DHFR inhibitor antima-

larials, such as biguanides related to proguanil, are now being developed (Kinyanjui et al., 1999). 

Moreover, other folate pathway enzyme inhibitors may work well as antimalarials. For instance, 

5-fuoroorotate inhibits thymidylate synthase to produce antimalarial effects (Rathod et al., 1992). 

Another cytosolic route of importance is glycolysis. This pathway is necessary for the syn-

thesis of energy in malaria parasites. The structural characterization of  P. falciparum lactate 

dehydrogenase has provided potential for the development of selective inhibitors due to its differ-

ent location of attachment for the NADH cofactor (Dunn et al., 1996 ). The discovery of specif c 

inhibitors of P. falciparum lactate dehydrogenase took place (Deck et al., 1998), and in vitro 
antimalarial effciency has been shown by some drugs (Razakantoanina et al., 2000). Potential 

therapeutic targets include the mechanisms for purine salvage and pyrimidine synthesis. Because 

they are unable to generate purines, malaria parasites must obtain host purines for the produc-

tion of nucleic acids. Hypoxanthine appears to be the main purine source in P. falciparum, and 

hypoxanthine-guanine phosphoribosyl transferase has been put forward as an effective thera-

peutic target (Keough et al., 1999). Given the distinctive characteristics of parasite enzymes and 

key parasite purine scavenging functions, but not for humans, other enzymes involved in purine 

salvage may provide useful targets. Malaria parasites are dependent on pyrimidine production 

because, unlike purines, they cannot recycle pyrimidines. It may be possible to use the differ-

ences between human and parasitic pyrimidine synthesising enzymes as therapeutic targets. In 

order to connect these targets to those in the mitochondrion, pyrimidine synthesis also depends 

on mitochondrial electron transport. 

2.4.7 TARGETS FOR MEMBRANE PARASITES 

One possible target is the phospholipid metabolism of the parasite. The membranes required to encap-

sulate the parasitophorous vacuole, cytosol, and several subcellular compartments are produced by 

intraerythrocytic malaria parasites by substantial phospholipid synthesis. Phosphatidylcholine is 

the most prevalent lipid in plasmodial membranes. Synthesis of phosphatidylcholine does require 

a host choline, and blocking choline transport has been shown to be a viable therapeutic approach 

(Vial &Calas, 2001). Compounds that have strong antimalarial properties have been developed  

through extensive medicinal chemistry studies, likely by inhibiting choline transport. In vitro P. 
falciparum parasite growth was suppressed by the lead compound G25 at doses 1,000 times lower 

than those which are not good to mammalian cells (Calas et al., 2000;  Wengelnik et al., 2002). 

Also, the effectiveness of G25 in vivo against primates and mice infected with P. falciparum and  P. 
cynomolgi (a model for  P. vivax). However, effcacy with oral administration was signif cantly lower 

than that with parenteral dosing. This is signifcant because the drug was found to be very effective 

in primate models and showed activity at doses well below 1 mg/kg/day. 

Transport networks that are exclusive to malaria parasites are other membrane targets. Erythrocyte 

transport routes are signifcantly altered by intraerythrocytic parasites. Although one still does not 

fully understand how parasites move, it is possible that there are distinctions between host and para-

site pathways that could lead to the development of selective antimalarial medications (Haldar & 

Akompong, 2001; Kirk, 2001). Using the preferential transport of cytotoxic substances into eryth-

rocytes infected with P. falciparum is one option. To increase selective access to parasite targets, 

one method under investigation is to utilize nucleoside phosphate dimers attached to antimalarial 

drugs (Gero et al., 2003). 
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2.4.8 TARGETS FOR FOOD VACUOLES 

Erythrocyte haemoglobin is degraded inside the acidic feeding vacuoles that are present in malaria 

parasites. P. falciparum trophozoites contain a solitary, sizable feeding vacuole. Numerous currently 

available antimalarials appear to function at the food vacuole, and it also presents prospects for 

therapy focused on novel targets (Banerjee & Goldberg, 2001). Heme, which is polymerized into 

the insoluble hemozoin pigment and globin, and haemoglobin are all digested into individual amino 

acids in the food vacuole. Antimalarial medications seem to work by inhibiting the synthesis of  

hemozoin, generating the food vacuole free radicals or, in experimental substances case, inhibiting 

the hydrolysis of globin. 

As heme molecules are released from haemoglobin, 4-aminoquinoline chloroquine appears to 

work by preventing the formation of hemozoin (Sullivan, 2002). It is likely that the toxicity of  

unbound heme, possibly through membrane rupture, causes antiparasitic effects. It is unknown 

whether antimalarials with similar chemical properties operate similarly. The drug has been used 

successfully for over 50 years, with only modest development of resistance, which can be attrib-

uted to its non-enzymatic mode of action, even if drug resistance has severely restricted its usage 

currently. Several experimental and commercial antimalarials inhibit particular enzymes, but this 

method is expected to frequently suffer from the quick selection of parasites with mutations, as  

with other antimalarials, the enzymes responsible for drug resistance are targeted. Chloroquine 

resistance is slowly starting to emerge. It is now understood that resistance is predominantly caused 

by mutations in the putative transporter PfCRT, and that many mutations were required to select 

for clinical resistance even if a single mutation mediated resistance in vitro (Fidock et al., 2000). 

Although parasites that are resistant to chloroquine are already widespread in practically all malari-

ous regions, it makes sense to explore additional drugs that target heme polymerization. In this 

regard, signifcant attempts are being made to create enhanced quinolines or similar compounds as 

antimalarials (De et al., 1998;  Stocks et al., 2001,  2002). 

Moreover, it appears that artemisinin antimalarials target the food vacuole. As previously men-

tioned, this novel class of chemicals has extremely strong effcacy with no known cases of drug resis-

tance to date. The antimalarial activity of artemisinins depends on an endoperoxide bridge, which 

appears to decompose into free radicals under the infuence of iron (Meshnick, 2001). Although the 

precise pharmacological targets are unknown, the compounds appear to have free radical damage, 

which causes antimalarial effects, effectively by alkylating plasmodial proteins (Asawamahasakda 

et al., 1994;  Bhisutthibhan et al., 1998). A factor in the selective antimalarial toxicity of artemisi-

nins, as it is with other substances active in the feeding vacuole, may be the drug’s unique concen-

tration in this parasite organelle. Analogues of artemisinin are already effective antimalarials, but 

production of them is cost-effective, because the plant products are not naturally produced. There 

are signifcant attempts being made to create antimalarial entirely from synthetic peroxides and 

some other chemicals (Vennerstrom et al., 2000;  Borstnik et al., 2002). 

The hydrolysis of globin seems to be mediated by a variety of protease classes, including metal-

loproteases (Falcilysin; Eggleson et al., 1999), cytosolic metallo-aminopeptidases, and the aspartic 

food vacuole (plasmepsins;  Banerjee et al., 2002) and cysteine (Shenai et al., 2000; Sijwali (Gavigan 

et al., 2001). All these enzymes provide prospective chemotherapeutic targets (Rosenthal, 2001). 

The repertoire of proteases known to mediate haemoglobin hydrolysis in the case of plasma prote-

ases and  P. falciparum proteases is now more critical than primarily thought, as biochemical stud-

ies and the full sequence of the  P. falciparum genome have identifed as the involved members of 

these families. Haemoglobin hydrolysis by four plasmepsins is thought to occur in the food vacuole 

(Banerjee et al., 2002). The precise functions of these or any other proteases in the process are yet 

unknown; however, it has been suggested that plasmepsin II and maybe other plasmepsins mediate 

the early cleavages of haemoglobin, permitting further processing by other proteases. Antimalarial 

activity has been shown by inhibitors of plasmepsin (Francis et al., 1994;  Silva et al., 1996;  Moon 

et al., 1998;  Haque et al., 1999;  Jiang et al., 2001;  Nezami et al., 2002;  Noteberg et al., 2003), but 
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these restraints’ effects have not been convincingly linked to inhibition of haemoglobin hydrolysis. 

The primary cysteine protease mediators of haemoglobin hydrolysis, falcipain-2 and falcipain-3, 

appear to be the targets of cysteine protease inhibitors (Shenai et al., 2000; Sijwali et al., 2001).  

Demonstration of stoppage of the formation of parasites, stoppage of haemoglobin hydrolysis, and 

treatment of mouse malaria has been done by falcipain inhibitors (Batra et al., 2003;  Rosenthal 

et al., 1991,  1993,  1996 ,  2002;  Shenai et al., 2003;  Singh &Rosenthal, 2001; Rosenthal, 2001). An 

important note is that cysteine antimalarial acts on then stops the hydrolysis of haemoglobin by the 

parasite, resulting in a build-up of intact haemoglobin in the feeding vacuole. This morphological 

anomaly supports the chemicals’ targeted activity on falcipain targets. In note, both in vivo and in 
vitro antimalarial actions of cysteine and aspartic protease inhibitors are synergistic (Semenov et al., 

1998). These fndings imply that both kinds of protease inhibitors may be present in an ideal prote-

ase inhibitor antimalarial. 

One recent antimalarial drug targets the mitochondria. Atovaquone interferes with electron 

transport, collapses mitochondrial membrane potential, and inhibits ubiquinol-cytochrome c oxi-

doreductase (complex III), all of which are necessary for various parasite metabolic processes 

(Vaidya, 2001). Although the medicine has effective antimalarial effcacy, a quick selection of para-

sites with mutations in the target enzyme makes it unsuitable for use as monotherapy. For both 

chemotherapeutic (Radloff et al., 1996;  Hogh et al., 2000)  falciparum malaria therapy, Malarone 

is a high-cost/price medicine but effective; it was developed after the discovery of the incredible 

success of atovaquone when used in combination with the antifolate proguanil. Combination more 

effective than expected in regions with high levels of antifolate resistance because it may benef t 

from the combined effect of atovaquone and proguanil inspite of antifolate activity of the metabolite 

cyclidine (Vaidya, 2001). 

2.4.9 TARGETS OF THE APICOPLAST 

Recent research has revealed the apicoplast, an organelle similar to chloroplasts found in apicom-

plexan parasites (Kohler et al., 1997 ). It appears that endosymbiosis produced the apicoplast, an 

organelle that maintains a number of distinct roles; this can include fatty acid, heme, as well as 

amino acid metabolism (Roos et al., 2002). The fact that the apical body, like the mitochondria, has 

a unique prokaryotic-like genome may explain why some antibacterial substances that do not nor-

mally affect eukaryotes have antimalarial effects. Yet a unique mechanism combining two amino-

terminal targeting sequences is used to transport the majority of apicoplast proteins, which are 

encoded in the nucleus (Waller et al., 1998;  Foth et al., 2003). 

Many antibacterial substances are effcient, albeit slow-acting, antimalarials, as was mentioned 

earlier (Clough &Wilson, 2001). These substances probably exert their effects by concentrating on 

mitochondrial and/or apicoplast mechanisms that are comparable to those in bacteria (Ralph et al., 

2001). Several processes involved in prokaryote-like protein synthesis are inhibited by tetracyclines, 

clindamycin, macrolides, and chloramphenicol. Both rifampin and quinolone antibiotics specif -

cally suppress prokaryote-like activity in RNA polymerase and DNA gyrase, respectively. Why 

each of these chemicals appears to have just minimal antimalarial action is unclear. Based in part 

on research with the related protozoan toxoplasma, most likely, the toxicity of the apicoplast mainly 

affects its life cycle after the initial incubation with this drug (Fichera & Roos, 1997 ). Mitochondrial 

toxicity is also sometimes important. Despite the sluggish action of antibacterial chemicals as anti-

malarials, several, such as tetracycline and clindamycin, have been widely validated as effective 

antimalarial drugs, and more research on related drugs is needed. 

Apicoplast biology has metabolic pathways that are lacking in many human hosts but are 

abundant in bacteria, plants, and apicomplexan parasites, offering clear results for chemotherapy 

(Ralph et al., 2001; Roos et al., 2002). Humans do not have the biosynthetic pathway of type II 

fatty acid; however, the  P. falciparum genome contains genes that encode homologs of bacterial 

enzymes from this route and may contain putative apicoplast coding signals (Waller et al., 1998). 
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The biosynthesis of type II fatty acid subunit known as ketoacyl-acyl-carrier protein synthase 

(FabH) was targeted by thiolactomycin antibiotic, and the cultured malaria parasites got affected 

by this thiolactomycin antibiotic (Waller et al., 1998). P. falciparum encodes the enoyl-acyl-carrier 

protein reductase (FabI) subunit, which is targeted by triclosan antimicrobial (Surolia & Surolia, 

2001). Triclosan inhibited the target enzyme and prevented the synthesis of fatty acids in the 

parasites, validating this target by showing effcacy against cultured P. falciparum parasites and 

against murine malaria. 

In bacteria and chloroplasts, a different mechanism called the non-mevalonate pathway or 1-deoxy-

d-xylulose 5-phosphate (DOXP) pathway exists in addition to the mevalonate pathway, which is how 

plants and animals do the biosynthesis of isopentenyl diphosphate, which is an isoprenoid precur-

sor. P. falciparum encodes the genes for DOXP reductoisomerase and DOXP synthase, two of the 

enzymes involved in this process, and they have potential signals of apicoplast targeting (Jomaa 

et al., 1999). P. falciparum inhibits the activity of recombinant DOXP reductoisomerase and  P. 
falciparum parasite development in culture, and curing mouse malaria is an effect of the antibiotic 

fosmidomycin (Jomaa et al., 1999). As fosmidomycin had already been created as an antibiotic, it 

could be tested on humans for malaria very quickly. Fosmidomycin was well tolerated and showed 

100% initial cure rates in a f rst trial of safety and effcacy for uncomplicated malaria (Lell et al., 

2000). However, the apparent necessity for frequent and prolonged dosing as well as the frequent 

occurrence of recrudescence after therapy will limit the use of fosmidomycin as monotherapy. It 

may be appropriate to include this substance or other apicoplast process inhibitors in combination 

antimalarial treatments. 

Protein farnesylation precursors are made available by the DOXP process. Protein farnesyltrans-

ferase inhibitors have been investigated as potential cancer treatments. According to Chakrabarti 

et al. (2002), the biochemical properties of Plasmodium farnesyltransferase activity are unique, 

and inhibitors of this Plasmodium farnesyltransferase activity exhibit antimalarial effects in invitro 

condition (Ohkanda et al., 2001;  Chakrabarti et al., 2002). 

2.4.10 MALARIA VACCINE MADE FROM PLANTS 

The strategy for developing vaccines is based on the idea that ongoing medication resistance can 

reduce the effectiveness of both traditional (using insecticide-treated bed nets and indoor residual 

spraying) and modern antimalarial drugs (Organization, 2015). Despite extensive research towards 

the creation of a malaria vaccine, there is still no vaccine that can deliver long-lasting immunity. 

The vaccine has been shown to be an effective and affordable tool for managing and controlling 

other infectious diseases, making it a promising choice for managing and preventing malaria. The 

liver, blood, and mosquito phases of the parasite life cycle have been studied in an effort to create an 

effective malaria vaccine. The creation of a malaria vaccine at any of these stages has a great chance 

of producing an immunological response (Riley & Stewart, 2013). 

In order to develop a potential malaria vaccine, numerous factors have been studied. Some of these 

have moved into preclinical and advanced clinical studies (Laurens, 2018). The most advanced 

malaria vaccine that potentially hit the market is GSK’s Mosquirix (RTS’S), which is based on  P. 
falciparum circumsporozoite protein (CSP) (Clemente & Corigliano, 2012). According to  Figure 

2.3, the process of developing a plant-based product can take many years to receive regulatory 

approval, and at the moment, it is diffcult to advance any plant-based products in Europe and 

the USA due to stringent rules. However, the recent COVID-19 outbreak has forced regulators 

to search for alternative production methods, such as plants, for scalable and affordable ways to 

reduce infections. 

Many prospective antigens against various stages of the parasite life cycle have been generated 

via transient expression or stably transformed plants, yet there is currently no report on the creation 

of an effective vaccine that confers protection against malaria (Farrance et al., 2011). Production 

of neutralizing antibodies has been observed in plant-made vaccine candidates following oral  
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FIGURE 2.3 Flowchart of developing plant-based antimalarial drugs. 

administration for immunization. Long-lasting TBA (thiobarbituric acid) and improved immunoge-

nicity produced a protective immune response in an animal model (Farrance et al., 2011; Clemente & 

Corigliano, 2012). The malaria recombinant vaccine’s subcellular targeting in the reticulum endo-

plasmic (RE) revealed that N-glycosylation was only present in high-mannose glycoforms, which 

are free of potentially allergic plant-specifc glycan alterations (Bardor et al., 2003;  Sriraman et al., 

2004; Sriraman et al., 2004). Recently, PfAMA1 (>510 g/g fresh leaf weight) was produced at high 

levels in Nicotiana benthamiana plants using this idea. It was discovered that non-glycosylated 

antigens could adopt a natural shape and trigger potent growth inhibitory antibody responses in 

rabbits (Boes et al., 2015). 
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2.4.11 TRANSIENT EXPRESSION SYSTEMS TO TREAT MALARIA 

Transient expression systems are preferred for the creation of recombinant proteins because they 

enable cost-effective large-scale manufacture in a matter of weeks without the need for genetic 

alterations. Transient expression methods are promising alternatives to traditional cell culture– 

based and transgenic plants–based technologies that call for lengthy development cycles in order to 

produce antimalarial vaccines in a comparatively shorter amount of time. By intentionally infecting 

a plant with a replicating virus that contains the desired recombinant protein’s sequence, temporary 

expression can be produced (Glick et al., 2010). Injecting tobacco or the closely related  N. benthami-
ana with an Agrobacterium tumefaciens–carrying vector that carries the appropriate gene sequence 

is another way to achieve temporary expression. 

Systemic and agro-infections were regarded as independent and competitive ways to create recom-

binant proteins in the early stages of molecular farming. Evidence over the past few decades, however, 

has shown that agro-infection is a more effcient strategy for reproducing viruses that contain genes of 

interest. The rise of deconstructed vectors and the most signifcant recent development in molecular 

farming both rely on readily accessible plant viruses (Gleba et al., 2013;  Peyret & Lomonossoff, 2015). 

Unwanted viral genome components have been removed in this new generation of vectors, allow-

ing for the construction of a bigger trans gene while preserving viral transcription and replication. 

Moreover, agro-inoculation can circumvent restrictions associated with mechanically injecting nucleic 

acids via virus vectors into plants and transfer specifc genes into plant cells (Peyret & Lomonossoff, 

2015). MagnICON system as a deconstructed viral vector has been demonstrated for rapid, high-

level accumulation of numerous pharmaceuticals, up to 1 mg/g (FW) in shorter duration (7–10 days 

after agroinfltration), some of which are currently undergoing clinical evaluation (Phoolcharoen 

et al., 2011;  Peyret & Lomonossoff, 2015). PyMSP4/5(1–2mg/g/Fwt) and MSP119(3–4mg/g/Fwt), two 

plant-made proteins that are highly effective malaria asexual blood-stage subunit vaccines, have also 

been shown to be produced in large quantities using thissy stems in N. benthamiana ( Webster et al., 

2009). The yield variability across batches, however, is one of the diffculties with transient expres-

sion systems (O’Neill et al., 2008), which highlights the issues with process repeatability (Fischer et al., 

2012). Improvement of process parameter controls, such as incubation time and temperature using 

VFUs facility, can solve this problem and maintain consistency (Buyela, 2018). Fischer and colleagues 

have examined all available data on VFUs (Fischer et al., 2012). Government approval in the USA 

was given to this strategy when it was successfully used for the transient expression of recombinant 

proteins involved in the 2014 infuenza pandemic (Stoger et al., 2014). Spiegel and associates looked 

at the scalable transient expression platform for malaria vaccine development (Spiegel et al., 2015). 

Several targets representing different  P. falciparum life cycle stages were looked into as potential  

vaccine candidates. Their study’s fndings showed that temporary expression is necessary for creating 

multi-domain malaria vaccine candidates that are both scalable and practical. 

2.5 CONCLUSION 

Due to socioeconomic factors, climate change, migration, the absence of a cogent health policy to stop 

the spread of the illness, and resistance to antimalarial medications, particularly single-drug delivery 

in developing nations, the incidence of malaria infection is projected to rise. The need for antimalarial 

drugs will rise as malaria infections spread like wildfre in the developing world’s growing population. 

Even while biotechnological processes have advanced to the point where there is a suffcient supply of 

these agents, the production method for those is based on microbe or mammalian cell cultures with a 

restricted capacity, which is unlikely to satisfy rising future market demands. Plants may therefore nat-

urally produce antimalarial substances like quinine, lapinone, and artemisinin, as well as the potential 

to meet the problem of creating effcient and economical protein medicines, making them an attractive 

option. The scientifc community will be encouraged to submit more of their product to clinical stud-

ies using the same regulatory pathway in light of the FDA’s (Food and Drug Administration) recent 
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regulatory approval of orally administered Palforzia. Moreover, development in stable, transient-based 

technologies is needed to produce malaria-related chemicals that can lower costs, do away with the 

need for a cold chain, bypass oral delivery’s downstream processing, and boost bioavailability through 

passing degradation. Also, the scalability of these transitory production systems is crucial and needs 

further study in order to fulfl future demands and save millions of lives globally. 

REFERENCES 

Achan, A.O., Talisuna, A., Erhart, A., Yeka, A., Tibenderana, J.K., Baliraine, F.N., Rosenthal, P.J. & Alessandro, 

U.D. 2011. Quinine, an old anti-malarial drug in a modern world: Role in the treatment of malaria.  Malar. 
J. 10: 144. https://doi.org/10.1186/1475-2875-10-144 . 

Alibert, S., Santelli-Rouvier, C., Pradines, B., Houdoin, C., Parzy, D., Karolak-Wojciechowska, J. & Barbe, J. 

2002. Synthesis and effects on chloroquine susceptibility in  Plasmodium falciparum of a series of new 

dihydroanthracene derivatives.  J. Med. Chem. 45: 3195–3209. https://doi.org/10.1021/jm011046l . 

Amir, A., Cheong, F.W., de Silva, J.R., Liew, J.W.K. & Lau, Y.L. 2018. Plasmodium knowlesi malaria: Current 

research perspectives.  Infect. Drug. Resist. 11: 1145–1155. https://doi.org/10.2147/IDR.S148664 . 

Antinori, S., Galimberti, L., Milazzo, L. & Corbellino, M. 2012. Biology of human malaria plasmodia including 

Plasmodium knowlesi.  Mediterr. J. Hematol. Infect. Dis. 4(1): e2012013.  https://doi.org/10.4084/MJHID. 

2012.013 . 

Asawamahasakda, W., Ittarat, I., Pu, Y.M., Ziffer, H. & Meshnick, S.R. 1994. Reaction of antimalarial endoper-

oxides with specifc parasite proteins.  Antimicrob. Agents Chemother. 38: 1854–1858. 

Autino, B., Noris, A., Russo, R. & Castelli, F. 2012. Epidemiology of malaria in endemic areas. Mediterr. J. 
Hematol. Infect. Dis. 4(1): e2012060. https://doi.org/10.4084/MJHID.2012.060 . 

Banerjee, R. & Goldberg, D.E. 2001. The Plasmodium food vacuole. In  Antimalarial Chemotherapy: 
Mechanisms of Action, Resistance, and New Directions in Drug Discovery (ed. P. J. Rosenthal), 

pp. 43–63. Totawa, NJ: Humana Press.  https://doi.org/10.1007/978-1-59259-111-4_4 . 

Banerjee, R., Liu, J., Beatty, W., Pelosof, L., Klemba, M. & Goldberg, D.E. 2002. Four plasmepsins are active 

in the Plasmodium falciparum food vacuole, including a protease with an active-site histidine.  Proc. Natl. 
Acad. Sci. USA. 99: 990–995. https://doi.org/10.1073/pnas.022630099 . 

Bardor, M., Faveeuw, C., Fitchette, A.C., Gilbert, D., Galas, L., Trottein, F., Faye, L. & Lerouge, P. 2003. 

Immunoreactivity in mammals of two typical plant glyco-epitopes, core α(1,3)-fucose and core xylose. 

Glycobiology. 13: 427–434. 

Batra, S., Sabnis, Y.A., Rosenthal, P.J. & Avery, M.A. 2003. Structure-based approach to falcipain-2 inhibi-

tors: Synthesis and biological evaluation of 1,6,7-trisubstituted dihydroisoquinolines and isoquinolines. 

Bioorg. Med. Chem. 11: 2293–2299. https://doi.org/10.1016/s0968-0896(03)00117-2 . 

Batra, S., Srivastava, P., Roy, K., Pandey, V.C. & Bhaduri, A.P. 2000. A new class of potential chloroquine-

resistance reversal agents for Plasmodia: Syntheses and biological evaluation of 1-(3′-diethylaminopropyl)-

3-(substituted phenylmethylene) pyrrolidines.  J. Med. Chem. 43: 3428–3433. https://doi.org/10.1021/ 

jm000083u . 

Bhisutthibhan, J., Pan, X.Q., Hossler, P.A., Walker, D.J., Yowell, C.A., arlton, J., Dame, J.B. & Meshnick, S.R. 

1998. The Plasmodium falciparum translationally controlled tumor protein homolog and its reaction with 

the antimalarial drug artemisinin. J. Biol. Chem. 273: 16192–16198. https://doi.org/10.1074/jbc.273. 

26.16192 . 

Biamonte, M.A., Wanner, J. & LeRoch, K.G. 2013. Recent advances in malaria drug discovery.  Bioorg. Med. 
Chem. Lett. 23: 2829–2843. https://doi.org/10.1016/j.bmcl.2013.03.067 . 

Birkett, A.J. 2016. Status of vaccine research and development of vaccines for malaria.  Vaccine. 34: 2915–2920. 

 https://doi.org/10.1016/j.vaccine.2015.12.074 . 

Bitonti, A.J., Sjoerdsma, A., McCann, P.P., Kyle, D.E., Oduola, A.M., Rossan, R.N., Milhous, W.K. & Davidson, 

D.E. Jr. 1988. Reversal of chloroquine resistance in malaria parasite Plasmodium falciparum by desipra-

mine. Science. 242: 1301–1303. https://doi.org/10.1126/science.3057629 . 

Bloland, P.B. 2001. Drug Resistance in Malaria. World Health Organization, Switzerland, WHO/CDS/CSR/ 

DRS/2001.4. 

Boes, A., Spiegel, H., Edgue, G., Kapelski, S., Scheuermayer, M., Fendel, R., Remarque, E., Altmann, F., 

Maresch, D. & Reimann, A. 2015. Detailed functional characterization of glycosylated and nonglycosyl-

ated variants of malaria vaccine candidate Pf AMA I produced in  Nicotiana benthamiana and analysis of 

growth inhibitory responses in rabbits.  Plant Biotechnol. J. 13: 222–234. 

https://doi.org/10.1074/jbc.273.26.16192
https://doi.org/10.1021/jm000083u
https://doi.org/10.4084/MJHID.2012.013
https://doi.org/10.1126/science.3057629
https://doi.org/10.1016/j.vaccine.2015.12.074
https://doi.org/10.1016/j.bmcl.2013.03.067
https://doi.org/10.1074/jbc.273.26.16192
https://doi.org/10.1021/jm000083u
https://doi.org/10.1016/s0968-0896(03)00117-2
https://doi.org/10.1073/pnas.022630099
https://doi.org/10.1007/978-1-59259-111-4_4
https://doi.org/10.4084/MJHID.2012.060
https://doi.org/10.4084/MJHID.2012.013
https://doi.org/10.2147/IDR.S148664
https://doi.org/10.1021/jm011046l
https://doi.org/10.1186/1475-2875-10-144


 

 

 

   

 

 

 

 

  

 

 

 

 

 

  
  

 

 

  

 

 

 

  

 

 

 

 

  

 

 

 

 

  

 

   

 
 

 

 

  

 

 

57 Biology and Genetic Improvement of Antimalarial Plant Species 

Borstnik, K., Paik, I.H. & Posner, G.H. 2002. Malaria: New chemotherapeutic peroxide drugs.  Mini Rev. Med. 
Chem. 2: 573–583. https://doi.org/10.2174/1389557023405620 . 

Butler, A.R., Khan, S. & Ferguson, E. 2010. A brief history of malaria chemotherapy. J. R. Coll. Physicians 
Edinb. 40: 172–177. https://doi.org/10.4997/jrcpe.2010.216 . 

Buyela, J.F. 2018. Plants as sources of natural and recombinant anti-cancer agents. Biotechnol. Adv. 36: 

506–520. 

Calas, M., Ancelin, M.L., Cordina, G., Portefaix, P., Piquet, G., Vidal-Sailhan, V. & Vial, H. 2000. Antimalarial activ-

ity of compounds interfering with Plasmodium falciparum phospholipid metabolism: Comparison between 

mono- and bisquaternary ammonium salts. J. Med. Chem. 43: 505–516. https://doi.org/10.1021/jm9911027 .

 Canfeld, C.J., Pudney, M. & Gutteridge, W.E. 1995. Interactions of atovaquone with other antimalarial 

drugs against Plasmodium falciparum in vitro.  Exp. Parasitol. 80: 373–381. https://doi.org/10.1006/ 

expr.1995.1049 . 

 CDC. 2016. The history of malaria, an ancient disease. https://www.cdc.gov/malaria/about/history/index.html. 

Accessed 17 Aug 2022. 

Chakrabarti, D., Da Silva, T., Barger, J., Paquette, S., Patel, H., Patterson, S. & Allen, C.M. 2002. Protein farne-

syltransferase and protein prenylation in Plasmodium falciparum.  J. Biol. Chem. 277: 42066–42073. 

 https://doi.org/10.1074/jbc.M202860200 . 

Clemente, M. & Corigliano, M.G. 2012. Overview of plant-made vaccine antigens against malaria.  J. Biomed. 
Biotechnol.  https://doi.org/10.1155/2012/206918 . 

Clough, B. & Wilson, R.J.M. 2001. Antibiotics and the plasmodial plastid organelle. In  Antimalarial Chemotherapy: 
Mechanisms of Action, Resistance, and New Directions in Drug Discovery (ed. P.J. Rosenthal), pp. 265–286. 

Totawa, NJ: Humana Press. 

Cox, F.E. 2010. History of the discovery of the malaria parasites and their vectors.  Parasites Vectors. 3(5). 

Crutcher, J.M. & Hoffman, S.L. 1996. Malaria. In Medical Microbiology (ed. S. Baron), 4th ed. Galveston: 

University of Texas Medical Branch at Galveston, Chapter 83. Available at:  www.ncbi.nlm.nih.gov/ 

books/NBK8584/ . 

De, D., Krogstad, F.M., Byers, L.D. & Krogstad, D.J. 1998. Structure-activity relationships for antiplasmodial 

activity among 7-substituted 4-aminoquinolines.  J. Med. Chem. 41: 4918–4926. https://doi.org/10.1021/ 

jm980146x . 

Deck, L.M., Royer, R.E., Chamblee, B.B., Hernandez, V.M., Malone, R.R., Torres, J.E., Hunsaker, L.A., Piper, 

R.C., Makler, M.T. & Vander Jagt, D.L. 1998. Selective inhibitors of human lactate dehydrogenases and 

lactate dehydrogenase from the malarial parasite Plasmodium falciparum. J. Med. Chem. 41: 3879–3887. 

 https://doi.org/10.1021/jm980334n . 

Deprez-Poulain, R. & Melnyk, P. 2005. 1,4-Bis(3-aminopropyl)piperazine libraries: From the discovery of clas-

sical chloroquine-like antimalarials to the identifcation of new targets.  Comb. Chem. High Throughput 
Screen. 8: 39–48. https://doi.org/10.2174/1386207053328165 . 

Devillers, J. 2018. Repurposing insecticides and drugs for the control of mosquitoes and their diseases. In 

Computational Design of Chemicals for the Control of Mosquitoes and Their Diseases (ed. J. Devillers), 

pp. 1–37. Boca Raton: CRC Press. 

Dorsey, G., Njama, D., Kamya, M.R., Cattamanchi, A., Kyabayinze, D., Staedke, S.G., Gasasira, A. & 

Rosenthal, P.J. 2002. Sulfadoxine/pyrimethamine alone or with amodiaquine or artesunate for treat-

ment of uncomplicated malaria: A longitudinal randomised trial.  Lancet. 360: 2031–2038. https://doi. 

org/10.1016/S0140-6736(02)12021-6 . 

Draper, S.J., Sack, B.K., King, C.R., Nielsen, C.M., Rayner, J.C., Higgins, M.K., Long, C.A. & Seder, R.A. 

2018. Malaria vaccines: Recent advances and new horizons.  Cell Host Microbe. 24: 43–56. https://doi. 

org/10.1016/j.chom.2018.06.008 . 

Dunn, C.R., Banfeld, M.J., Barker, J.J., Higham, C.W., Moreton, K.M., Turgut-Balik, D., Brady, R.L. & 

Holbrook, J.J. 1996. The structure of lactate dehydrogenase from Plasmodium falciparum reveals a new 

target for anti-malarial design.  Nat. Struct. Biol. 3: 912–915. https://doi.org/10.1038/nsb1196-912 . 

Eggleson, K.K., Duffn, K.L. & Goldberg, D.E. 1999. Identifcation and characterization of falcilysin, a metal-

lopeptidase involved in hemoglobin catabolism within the malaria parasite  Plasmodium falciparum. J. 
Biol. Chem. 274: 32411–32417. https://doi.org/10.1074/jbc.274.45.32411 . 

Egieyeh, S.A., Syce, J., Malan, S.F. & Christoffels, A. 2016. Prioritization of anti-malarial hits from nature: 

Chemo-informatic profling of natural products with in vitro antiplasmodial activities and currently reg-

istered anti-malarial drugs. Malar. J. 15: 50. https://doi.org/10.1186/s12936-016-1087-y. 

Ekor, M. 2013. The growing use of herbal medicines: Issues relating to adverse reactions and challenges in 

monitoring safety.  Front. Pharmacol. 4: 177. https://doi.org/10.3389/fphar.2013.00177 . 

https://doi.org/10.1016/j.chom.2018.06.008
https://doi.org/10.1016/S0140-6736(02)12021-6
https://doi.org/10.1021/jm980146x
http://www.ncbi.nlm.nih.gov
https://doi.org/10.1006/expr.1995.1049
https://doi.org/10.3389/fphar.2013.00177
https://doi.org/10.1186/s12936-016-1087-y
https://doi.org/10.1074/jbc.274.45.32411
https://doi.org/10.1038/nsb1196-912
https://doi.org/10.1016/j.chom.2018.06.008
https://doi.org/10.1016/S0140-6736(02)12021-6
https://doi.org/10.2174/1386207053328165
https://doi.org/10.1021/jm980334n
https://doi.org/10.1021/jm980146x
http://www.ncbi.nlm.nih.gov
https://doi.org/10.1155/2012/206918
https://doi.org/10.1074/jbc.M202860200
https://www.cdc.gov
https://doi.org/10.1006/expr.1995.1049
https://doi.org/10.1021/jm9911027
https://doi.org/10.4997/jrcpe.2010.216
https://doi.org/10.2174/1389557023405620


 

 

  

   

  

 

  

  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

  

 

   

 

58 Antimalarial Medicinal Plants 

Farrance, C.E., Chichester, J.A., Musiychuk, K., Shamloul, M., Rhee, A. & Manceva, S.D. 2011. Antibodies to 

plant-produced Plasmodium falciparum sexual stage protein Pfs25 exhibit transmission blocking activity. 

Human Vaccines 7: 191–198. 

Fichera, M.E. & Roos, D.S. 1997. A plastid organelle as a drug target in apicomplexan parasites.  Nature 390: 

407–409. https://doi.org/10.1038/37132 . 

Fidock, D.A., Nomura, T., Talley, A.K., Cooper, R.A., Dzekunov, S.M., Ferdig, M.T., Ursos, L.M., Sidhu, 

A.B., Naude, B. & Deitsch, K.W. 2000. Mutations in the P. falciparum digestive vacuole transmembrane 

protein PfCRT and evidence for their role in chloroquine resistance.  Mol. Cell. 6: 861–871. https://doi. 

org/10.1016/s1097-2765(05)00077-8 . 

Fidock, D.A., Rosenthal, P.J., Croft, S.L., Brun, R. & Nwaka, S. 2004. Antimalarial drug discovery: 

Effcacy models for compound screening.  Nat. Rev. Drug Discov. 3: 509–520. https://doi.org/10.1038/ 

nrd1416 . 

Fischer, R., Schillberg, S., Hellwig, S., Twyman, R.M. & Drossard, J. 2012. GMP issues for recombinant plant-

derived pharmaceutical proteins.  Biotechnol. Adv. 30: 434–439. 

Foth, B.J., Ralph, S.A., Tonkin, C.J., Struck, N.S., Fraunholz, M., Roos, D.S., Cowman, A.F. & McFadden, 

G.I. 2003. Dissecting apicoplast targeting in the malaria parasite  Plasmodium falciparum. Science. 299: 

705–708. https://doi.org/10.1126/science.1078599 . 

Francis, S.E., Gluzman, I.Y., Oksman, A., Knickerbocker, A., Mueller, R., Bryant, M.L., Sherman, D.R., Russell, 

D.G. & Goldberg, D.E. 1994. Molecular characterization and inhibition of a Plasmodium falciparum 

aspartic hemoglobinase. EMBO J. 13: 306–317. https://doi.org/10.1002/j.1460-2075.1994.tb06263.x . 

Frederich, M., Tits, M. & Angenot, L. 2008. Potential antimalarial activity of indole alkaloids.  Trans. R. Soc. 
Trop. Med. Hyg. 102: 11–19. https://doi.org/10.1016/j.trstmh.2007.10.002 . 

Gamo, F.J., Sanz, L.M., Vidal, J., de Cozar, C., Alvarez, E., Lavandera, J.L., Vanderwall, D.E., Green, D.V., 

Kumar, V. & Hasan, S. 2010. Thousands of chemical starting points for antimalarial lead identif cation. 

Nature. 465: 305. https://doi.org/10.1038/nature09107 . 

Gavigan, C.S., Dalton, J.P. & Bell, A. 2001. The role of aminopeptidases in haemoglobin degradation in 

Plasmodium falciparum-infected erythrocytes.  Mol. Biochem. Parasitol. 117: 37–48. https://doi.org/10. 

1016/s0166-6851(01)00327-9 . 

Gelb, M.H., Van Voorhis, W.C., Buckner, F.S., Yokoyama, K., Eastman, R., Carpenter, E.P., Panethymitaki, 

C., Brown, K.A. & Smith, D.F. 2003. Protein farnesyl and N-myristoyl transferases: Piggy-back medic-

inal chemistry targets for the development of antitrypanosomatid and antimalarial therapeutics.  Mol. 
Biochem. Parasitol. 126: 155–163. https://doi.org/10.1016/s0166-6851(02)00282-7 . 

Gero, A.M., Dunn, C.G., Brown, D.M., Pulenthiran, K., Gorovits, E.L., Bakos, T. & Weis, A.L. 2003. New 

malaria chemotherapy developed by utilization of a unique parasite transport system.  Curr. Pharm. Des. 
9: 867–877. https://doi.org/10.2174/1381612033455233 . 

Gleba, Y.Y., Tusé, D. & Giritch, A. 2013. Plant viral vectors for delivery by Agrobacterium. In  Plant Viral 
Vectors (eds. K. Palmer & Y. Gleba), pp. 155–192. Berlin and Heidelberg: Springer. 

Glick, B.R., Patten, J.P.J. & Li, C. 2010. Molecular Bio-Technology: Principles and Applications of Recombinant 
DNA (4th ed.). American Society for Microbiology. 

Greenwood, B.M., Bojang, K., Whitty, C.J. & Targett, G.A. 2005. Malaria.  Lancet. 365: 1487–1498. https:// 

doi.org/10.1016/S0140-6736(05)66420-3 . 

Haldar, K. & Akompong, T. 2001. Transport and traffcking in Plasmodium-infected red cells. In  Antimalarial 
Chemotherapy: Mechanisms of Action, Resistance, and New Directions in Drug Discovery (ed. P.J. 

Rosenthal), pp. 27–41. Totowa, NJ: Humana Press. 

Haque, T.S., Skillman, A.G., Lee, C.E., Habashita, H., Gluzman, I.Y.T.J., Goldberg, D.E., Kuntz, I.D. & Ellman, 

J.A. 1999. Potent, low-molecular-weight non-peptide inhibitors of malarial aspartyl protease plasmepsin 

II. J. Med. Chem. 42(8): 1428–1440. https://doi.org/10.1021/jm980641t . 

Hoffman, S.L., Vekemans, J., Richie, T.L. & Duffy, P.E. 2015. The march toward malaria vaccines.  Vaccine. 33: 

D13–D23. https://doi.org/10.1016/j.amepre.2015.09.011 . 

Hogh, B., Clarke, P.D., Camus, D., Nothdurft, H.D., Overbosch, D., Gunther, M., Joubert, I., Kain, K.C., Shaw, 

D. & Roskell, N.S. 2000. Atovaquone-proguanil versus chloroquine-proguanil for malaria prophylaxis in 

non-immune travellers: A randomised, double-blind study. Malarone International Study Team.  Lancet. 
356: 1888–1894. https://doi.org/10.1016/s0140-6736(00)03260-8 . 

Jambou, R., Legrand, E., Niang, M., Khim, N., Lim, P., Volney, B., Ekala, M.T., Bouchier, C., Esterre, P., 

Fandeur, T. & Mercereau-Puijalon, O. 2005. Resistance of Plasmodium falciparum feld isolates to in 

vitro artemether and point mutations of the SERCA-type PfATPase6.  Lancet. 366: 1960–1963. https:// 

doi.org/10.1016/S0140-6736(05)67787-2 . 

https://doi.org/10.1016/s0166-6851(01)00327-9
https://doi.org/10.1038/nrd1416
https://doi.org/10.1016/s1097-2765(05)00077-8
https://doi.org/10.1016/S0140-6736(05)67787-2
https://doi.org/10.1016/S0140-6736(05)67787-2
https://doi.org/10.1016/s0140-6736(00)03260-8
https://doi.org/10.1016/j.amepre.2015.09.011
https://doi.org/10.1021/jm980641t
https://doi.org/10.1016/S0140-6736(05)66420-3
https://doi.org/10.1016/S0140-6736(05)66420-3
https://doi.org/10.2174/1381612033455233
https://doi.org/10.1016/s0166-6851(02)00282-7
https://doi.org/10.1016/s0166-6851(01)00327-9
https://doi.org/10.1038/nature09107
https://doi.org/10.1016/j.trstmh.2007.10.002
https://doi.org/10.1002/j.1460-2075.1994.tb06263.x
https://doi.org/10.1126/science.1078599
https://doi.org/10.1038/nrd1416
https://doi.org/10.1016/s1097-2765(05)00077-8
https://doi.org/10.1038/37132


 

 

 

 

 

 

 

 

  

 

 

  

 

  

    

  

  

 

 

  

  

  

 

 

  

     

 

 

  

  

 

 

 

  

 

   

 

 

 

 

 

 

59 Biology and Genetic Improvement of Antimalarial Plant Species 

Jiang, S., Prigge, S.T., Wei, L., Gao, Y., Hudson, T.H., Gerena, L., Dame, J.B. & Kyle, D.E. 2001. New class of 

small nonpeptidyl compounds blocks Plasmodium falciparum development in vitro by inhibiting plasmep-

sins. Antimicrob. Agents Chemother. 45: 2577–2584. https://doi.org/10.1128/AAC.45.9.2577-2584.2001 . 

Jiraprapa, W., Salenna, E., Huji, X. & Good, M.F. 2002. Immunity to asexual blood stage malaria and vaccine 

approaches. Immunol. Cell Biol. 80: 401–414. https://doi.org/10.1046/j.1440-1711.2002.01107.x . 

Jomaa, H., Wiesner, J., Sanderbrand, S., Altincicek, B., Weidemeyer, C., Hintz, M., Turbachova, I., Eberl, M., 

Zeidler, J. & Lichtenthaler, H.K. 1999. Inhibitors of the nonmevalonate pathway of isoprenoid biosyn-

thesis as antimalarial drugs. Science 285: 1573–1576. https://doi.org/10.1126/science.285.5433.1573 . 

Jones, M.K. & Good, M.F. 2006. Malaria parasites up close. Nat. Med. 12: 170–171. https://doi.org/10.1038/ 

nm0206-170 . 

Kalauni, S.K., Awale, S., Tezuka, Y., Banskota, A.H., Linn, T.Z., Asih, P.B., Syafruddin, D. & Kadota, S. 

2006. Antimalarial activity of cassane- and norcassane-type diterpenes from Caesalpinia crista and their 

structure-activity relationship.  Biol. Pharm. Bull. 29: 1050–1052. https://doi.org/10.1248/bpb.29.1050 . 

  Karcher,   W. &  Devillers , J. 1990. Practical Applications of Quantitative Structure-Activity Relationships 
(QSAR) in Environmental Chemistry and Toxicology. Dordrecht, The Netherlands:   Kluwer Academic 

Publishers . 

Kaschula, C.H., Egan, T.J., Hunter, R., Basilico, N., Parapini, S., Taramelli, D., Pasini, E. & Monti, D. 2002. 

Structure-activity relationships in 4-aminoquinoline antiplasmodials. The role of the group at the 7-position. 

J. Med. Chem. 45: 3531–3539. 

Kaur, K., Jain, M., Kaur, T. & Jain, R. 2009. Antimalarials from nature.  Bioorg. Med. Chem. 17: 3229–3256. 

 https://doi.org/10.1016/j.bmc.2009.02.050 .  

Keough, D.T., Ng, A.L., Winzor, D.J., Emmerson, B.T. & de Jersey, J. 1999. Purifcation and characterization of 

Plasmodium falciparum hypoxanthine-guanine-xanthine phosphoribosyl transferase and comparison with 

the human enzyme. Mol. Biochem. Parasitol. 98: 29–41. https://doi.org/10.1016/s0166-6851(98)00139-x . 

Kinyanjui, S.M., Mberu, E.K., Winstanley, P.A., Jacobus, D.P. & Watkins, W.M. 1999. The antimalarial triazine 

WR99210 and the prodrug PS-15: Folate reversal of in vitro activity against  Plasmodium falciparum 
and a non-antifolate mode of action of the prodrug. Am. J. Trop. Med. Hyg. 60: 943–947. https://doi. 

org/10.4269/ajtmh.1999.60.943 . 

Kirk, K. 2001. Membrane transport in the malaria-infected erythrocyte.  Physiol. Rev. 81: 495–537. https://doi. 

org/10.1152/physrev.2001.81.2.495 . 

Kohler, S., Delwiche, C.F., Denny, P.W., Tilney, L.G., Webster, P., Wilson, R.J., Palmer, J.D. & Roos, D.S. 

1997. A plastid of probable green algal origin in apicomplexan parasites.  Science. 275: 1485–1489. 

 https://doi.org/10.1126/science.275.5305.1485 . 

Krettli, A.U. & Miller, L.H. 2001. Malaria: A sporozoite runs through it.  Curr. Biol. 11(10): R409–R412. 

 https://doi.org/10.1016/s0960-9822(01)00221-4 . 

Krishnan, K.M. & Williamson ,  K.C. 2018. The proteasome as a target to combat malaria: Hits and misses. 

Transl. Res. 198: 40–47 .  https://doi.org/  10.1016/j.trsl.2018.04.007 . 

Kublin, J.G., Cortese, J.F., Njunju, E.M., Mukadam, R.A.G., Wirima, J.J., Kazembe, P.N., Djimde, A.A., 

Kouriba, B., Taylor, T.E. & Plowe, C.V. 2003. Reemergence of chloroquine-sensitive Plasmodium falci-
parum malaria after cessation of chloroquine use in Malawi.  J. Infect. Dis. 187: 1870–1875. https://doi. 

org/10.1086/375419 . 

Kublin, J.G., Dzinjalamala, F.K., Kamwendo, D.D., Malkin, E.M., Cortese, J.F., Martino, L.M., Mukadam, 

R.A., Rogerson, S.J., Lescano, A.G. & Molyneux, M.E. 2002. Molecular markers for failure of sulfadox-

ine-pyrimethamine and chlorproguanil-dapsone treatment of  Plasmodium falciparum malaria. J. Infect. 
Dis. 185: 380–388. https://doi.org/10.1086/338566 . 

Laurens, M.B. 2018. The promise of a malaria vaccine-Are we closer?  Annu. Rev. Microbiol. 72: 273–292. 

Lefevre, G., Looareesuwan, S., Treeprasertsuk, S., Krudsood, S., Silachamroon, U., Gathmann, I., Mull, R. & 

Bakshi, R. 2001. A clinical and pharmacokinetic trial of six doses of artemether-lumefantrine for multi-

drug-resistant Plasmodium falciparum malaria in Thailand.  Am. J. Trop. Med. Hyg. 64: 247–256. https:// 

doi.org/10.4269/ajtmh.2001.64.247 . 

Lell, B., Faucher, J.F., Missinou, M.A., Borrmann, S., Dangelmaier, O., Horton, J. & Kremsner, P.G. 2000. 

Malaria chemoprophylaxis with tafenoquine: A randomised study.  Lancet. 355: 2041–2045. 

Lopez, G.R., Hernan, C., Moreno, L., Fernandez, E.V., Munoz, M.F., Delgado, A., Polo, M.J. & Andres, I. 

2014. Malaria in developing countries.  J. Infect. Dev. Ctries. 8: 1–4. https://doi.org/10.3855/jidc.4610 . 

Loyevsky, M. & Gordeuk, V.R. 2001. Iron chelators. In  Antimalarial Chemotherapy: Mechanisms of Action, 
Resistance, and New Directions in Drug Discovery (ed. P.J. Rosenthal), pp. 307–324. Totowa, NJ: 

Humana Press. 

https://doi.org/10.1086/375419
https://doi.org/10.1152/physrev.2001.81.2.495
https://doi.org/10.4269/ajtmh.1999.60.943
https://doi.org/10.1038/nm0206-170
https://doi.org/10.3855/jidc.4610
https://doi.org/10.4269/ajtmh.2001.64.247
https://doi.org/10.4269/ajtmh.2001.64.247
https://doi.org/10.1086/338566
https://doi.org/10.1086/375419
https://doi.org/10.1016/j.trsl.2018.04.007
https://doi.org/10.1016/s0960-9822(01)00221-4
https://doi.org/10.1126/science.275.5305.1485
https://doi.org/10.1152/physrev.2001.81.2.495
https://doi.org/10.4269/ajtmh.1999.60.943
https://doi.org/10.1016/s0166-6851(98)00139-x
https://doi.org/10.1016/j.bmc.2009.02.050
https://doi.org/10.1248/bpb.29.1050
https://doi.org/10.1038/nm0206-170
https://doi.org/10.1126/science.285.5433.1573
https://doi.org/10.1046/j.1440-1711.2002.01107.x
https://doi.org/10.1128/AAC.45.9.2577-2584.2001


 

 

  

 

 

  

  

 

 

 

 

 

  

 

  

 

 

   

 

 

   

 

 

  

      

 

 

 

   
 

 

 

 

 

 

 

 

  

 

      

 

60 Antimalarial Medicinal Plants 

Martin, S.K., Oduola, A.M. & Milhous, W.K. 1987. Reversal of chloroquine resistance in  Plasmodium falci-
parum by verapamil.  Science. 235: 899–901. https://doi.org/10.1126/science.3544220 . 

Meshnick, S.R. 2001. Artemisinin and its derivatives. In  Antimalarial Chemotherapy: Mechanisms of Action, 
Resistance, and New Directions in Drug Discovery (ed. P.J. Rosenthal), pp. 191–201. Totowa, NJ: 

Humana Press. 

Moon, R.P., Bur, D., Loetscher, H., D’Arcy, A., Tyas, L., Oefner, C., Grueninger-Leitch, F., Mona, D., Rupp, K. 

& Dorn, A. 1998. Studies on plasmepsins I and II from the malarial parasite  Plasmodium falciparum and 

their exploitation as drug targets.  Adv. Exp. Med. Biol. 436: 397–406. https://doi.org/10.1007/978-1-4615-

5373-1_56 . 

Mutabingwa, T., Nzila, A., Mberu, E., Nduati, E., Winstanley, P., Hills, E. & Watkins, W. 2001. Chlorproguanil-

dapsone for treatment of drug-resistant falciparum malaria in Tanzania.  Lancet. 358: 1218–1223. https:// 

doi.org/10.1016/S0140-6736(01)06344-9 . 

Newman, D.J., Cragg, G.M. & Snader, K.M. 2003. Natural products as sources of new drugs over the period 

1981–2002. J. Nat. Prod. 66: 1022–1037. https://doi.org/10.1021/np030096l . 

Nezami, A., Luque, I., Kimura, T., Kiso, Y. & Freire, E. 2002. Identifcation and characterization of allophenyl-

norstatine-based inhibitors of plasmepsin II, an antimalarial target.  Biochemistry. 41: 2273–2280. https:// 

doi.org/10.1021/bi0117549 . 

NIAID. 2007. Understanding malaria. Fighting an Ancient Scourge, No. 07–7139, U.S. Dept. of Health and 

Human Services, National Institutes of Health, National Institute of Allergy and Infectious Diseases, 

Bethesda, MD. 

Noteberg, D., Hamelink, E., Hulten, J., Wahlgren, M., Vrang, L., Samuelsson, B. & Hallberg, A. 2003. Design 

and synthesis of plasmepsin I and plasmepsin II inhibitors with activity in  Plasmodium falciparum-

infected cultured human erythrocytes.  J. Med. Chem. 46: 734–746. https://doi.org/10.1021/jm020951i . 

Nussenzweig , R.S., Vanderberg , J., Most , H. & Orton , C. 1967. Protective immunity produced by the injection of 
x-irradiated sporozoites of Plasmodium berghei .  Nature . 216: 160–162 .  https://doi.org/  10.1038/216160a0 . 

Nzila, A.M., Nduati, E., Mberu, E.K., Hopkins Sibley, C., Monks, S.A., Winstanley, P.A. & Watkins, W.M. 

2000. Molecular evidence of greater selective pressure for drug resistance exerted by the long-acting anti-

folate Pyrimethamine/Sulfadoxine compared with the shorter-acting chlorproguanil/dapsone on Kenyan 

Plasmodium falciparum. J. Infect. Dis. 181: 2023–2028. https://doi.org/10.1086/315520 . 

Ohkanda, J., Lockman, J.W., Yokoyama, K., Gelb, M.H., Croft, S.L., Kendrick, H., Harrell, M.I., Feagin, 

J.E., Blaskovich, M.A. & Sebti, S.M. 2001. Peptidomimetic inhibitors of protein farnesyltransfer-

ase show potent antimalarial activity.  Bioorg. Med. Chem. Lett. 11: 761–764. https://doi.org/10.1016/ 

s0960-894x(01)00055-5 . 

Oliveira, A.B., Dolabela, M.F., Braga, F.C., Jácome, R.L.R.P., Varotti, F.P. & Póvoa, M.M. 2009. Plant-derived 

antimalarial agents: New leads and effcient phytomedicines. Part I. Alkaloids.  Ann. Braz. Acad. Sci.
 81(4).  https://doi.org/10.1590/s0001-37652009000400011 .  

O’Neill, K.M., Larsen, J.S. & Curtis, W.R. 2008. Scale-up of Agrobacterium-mediated transient protein 

expression in bioreactor-grown Nicotiana glutinous a plant cell suspension culture.  Biotechnol. Prog. 2: 

372–376. 

Onguéné ,  P.A.  , NtieKang ,  F., Mbah , J., Lifongo , A.L.L., Ndom , J.C.,  Sippl , W. & Mbaze ,  L.M. 2014.  The poten-

tial of anti-malarial compounds derived from African medicinal plants, part III: An in silico evaluation 

of drug metabolism and pharmacokinetics prof ling. Org. Med. Chem. Lett. 4: 6 .  https://doi.org/  10.1186/ 

s13588-014-0006-x . 

Pai-Dhungat ,  J.V. &  Caventou, Pelletier. 2015. History of quinine. J. Assoc. Phys. India. 63: 58 . 

Peyret, H. & Lomonossoff, G.P. 2015. When plant virology met Agrobacterium: The rise of the deconstructed 

clones. Plant Biotechnol. J. 13: 1121–1135. 

Phoolcharoen, W., Bhoo, S.H., Lai, H., Ma, J., Arntzen, C.J., Chen, Q. & Mason, H.S. 2011. Expression of 

an immuno-genic Ebola immune complex in Nicotiana benthamiana.  Plant Biotechnol. J. 9: 807–816. 

Plowe, C.V. 2001. Folate antagonists and mechanisms of resistance. In  Antimalarial Chemotherapy: Mechanisms 
of Action, Resistance, and New Directions in Drug Discovery (ed. P.J. Rosenthal), pp. 173–190. 

Totowa, NJ: Humana Press. 

Poilane, I., Jeantils, V. & Carbillon, L. 2009. Découvertefortuite de paludisme à Plasmodium falciparum au 

cours de la grossesse: à propos de deux cas. Gynécol. Obstét. Fertil. 37(10): 824–826. 

Portet, B., Fabre, N., Roumy, V., Gornitzka, H., Bourdy, G., Chevalley, S., Sauvain, M., Valentin, A. & 

Moulis, C. 2007. Activity-guided isolation of antiplasmodial dihydrochalcones and f avanones from 

Piperhostmannianum var. berbicense. Phytochemistry. 68: 1312–1320. https://doi.org/10.1016/j. 

phytochem.2007.02.006 . 

https://doi.org/10.1016/j.phytochem.2007.02.006
https://doi.org/10.1186/s13588-014-0006-x
https://doi.org/10.1016/s0960-894x(01)00055-5
https://doi.org/10.1016/j.phytochem.2007.02.006
https://doi.org/10.1186/s13588-014-0006-x
https://doi.org/10.1590/s0001-37652009000400011
https://doi.org/10.1016/s0960-894x(01)00055-5
https://doi.org/10.1086/315520
https://doi.org/10.1038/216160a0
https://doi.org/10.1021/jm020951i
https://doi.org/10.1021/bi0117549
https://doi.org/10.1021/bi0117549
https://doi.org/10.1021/np030096l
https://doi.org/10.1016/S0140-6736(01)06344-9
https://doi.org/10.1016/S0140-6736(01)06344-9
https://doi.org/10.1007/978-1-4615-5373-1_56
https://doi.org/10.1007/978-1-4615-5373-1_56
https://doi.org/10.1126/science.3544220


 

 

    

 

 

 

 

 

  

  

 

 

   

    

 

 
 

 

 

  

  

 

 

 

 

  

 

  

 

 

  

 

 

 

 

   

 

  

  

       

 
 

 

  
 

  

 

 

   

61 Biology and Genetic Improvement of Antimalarial Plant Species 

Posner, G.H., Paik, I.H., Sur, S., McRiner, A.J., Borstnik, K., Xie, S. & Shapiro, T.A. 2003. Orally active, anti-

malarial, anticancer, artemisinin-derived trioxane dimers with high stability and eff cacy. J. Med. Chem. 
46: 1060–1065. https://doi.org/10.1021/jm020461q . 

Price, R.N., Nosten, F., Luxemburger, C., Van Vugt, M., Phaipun, L., Chongsuphajaisiddhi, T. & White, N.J. 

1997. Artesunate/mefoquine treatment of multi-drug resistant falciparum malaria.  Trans. R. Soc. Trop. 
Med. Hyg. 91: 574–577. https://doi.org/10.1016/s0035-9203(97)90032-8 . 

Prudencio , M., Rodriguez , A. & Mota , M.M. 2006.  The silent path to thousands of merozoites: The Plasmodium 

liver stage.  Nat. Rev. Microbiol. 4: 849–856 .  https://doi.org/  10.1038/nrmicro1529 . 

Qayum, A., Arya, R. & Lynn, A.M. 2016. Ethnobotanical perspective of antimalarial plants: Traditional knowl-

edge based study.  BMC Res. Notes. 9: 67. https://doi.org/10.1186/s13104-015-1827-z . 

Radloff, P.D., Philipps, J., Nkeyi, M., Hutchinson, D. & Kremsner, P.G. 1996. Atovaquone and proguanil 

for Plasmodium falciparum malaria. Lancet. 347: 1511–1514. https://doi.org/10.1016/s0140-6736 

(96)90671-6 . 

Ralph, S.A., D’Ombrain, M.C. & McFadden, G.I. 2001. The apicoplast as an antimalarial drug target.  Drug 
Resist. Update. 4: 145–151. https://doi.org/10.1054/drup.2001.0205 . 

Rathod, P.K., Leffers, N.P. & Young, R.D. 1992. Molecular targets of 5-fuoroorotate in the human malaria parasite, 

Plasmodium falciparum. Antimicrob. Agents Chemother. 36: 704–711. https://doi.org/10.1128/AAC.36.4.704 . 

Raynes, K.J., Stocks, P.A., O’Neill, P.M., Park, B.K. &Ward, S.A. 1999. New 4-aminoquinoline Mannich base 

antimalarials. 1. Effect of an alkyl substituent in the 5′-position of the 4′-hydroxyanilino side chain. J. 
Med. Chem. 42: 2747–2751. 

Razakantoanina, V., Nguyen Kim, P.P. & Jaureguiberry, G. 2000. Antimalarial activity of new gossypol deriva-

tives.  Parasitol. Res. 86: 665–668. https://doi.org/10.1007/pl00008549 . 

Ricardo, T., Parisa, K., Katherine, A. & Douglas, G. 2014. Plasmodium life cycle and the pathogenesis of malaria. 

From innate sensing of malaria parasites. Nat. Rev. Immunol. 14: 744–757. https://doi.org/10.1038/nri3742 . 

Riley, E.M. & Stewart, V.A. 2013. Immune mechanisms in malaria: New insights in vaccine development.  Nat. 
Med. 19: 168. 

Ringwald, P., Bickii, J. & Basco, L. 1996. Randomised trial of pyronaridine versus chloroquine for acute 

uncomplicated falciparum malaria in Africa.  Lancet. 347: 24–28. 

Roos, D.S., Crawford, M.J., Donald, R.G., Fraunholz, M., Harb, O.S., He, C.Y., Kissinger, J.C., Shaw, M.K. & 

Striepen, B. 2002. Mining the Plasmodium genome database to def ne organellar function: What does the 

apicoplast do? Philos. Trans. R. Soc. Lond. B. Biol. Sci. 357: 35–46. https://doi.org/10.1098/rstb.2001.1047 . 

Rosenthal, P.J. 2001. Protease inhibitors. In Antimalarial Chemotherapy: Mechanisms of Action, Resistance, 
and New Directions in Drug Discovery (ed. P.J. Rosenthal), pp. 325–345. Totowa, NJ: Humana Press. 

Rosenthal, P.J., Lee, G.K. & Smith, R.E. 1993. Inhibition of a Plasmodium vinckei cysteine proteinase cures 

murine malaria. J. Clin. Invest. 91: 1052–1056. https://doi.org/10.1172/JCI116262 . 

Rosenthal, P.J., Olson, J.E., Lee, G.K., Palmer, J.T., Klaus, J.L. & Rasnick, D. 1996. Antimalarial effects of 

vinyl sulfone cysteine proteinase inhibitors.  Antimicrob. Agents Chemother. 40: 1600–1603. https://doi. 

org/10.1128/AAC.40.7.1600 . 

Rosenthal, P.J., Sijwali, P.S., Singh, A. & Shenai, B.R. 2002. Cysteine proteases of malaria parasites: Targets 

for chemotherapy. Curr. Pharm. Des. 8: 1659–1672. https://doi.org/10.2174/1381612023394197 . 

Rosenthal, P.J., Wollish, W.S., Palmer, J.T. & Rasnick, D. 1991. Antimalarial effects of peptide inhibitors of 

a Plasmodium falciparum cysteine proteinase.  J. Clin. Invest. 88: 1467–1472. https://doi.org/10.1172/ 

JCI115456 . 

Sachs, J. & Malaney, P. 2002. The economic and social burden of malaria.  Nature. 415: 680–685. https://doi. 

org/10.1038/415680a . 

Saxena, S., Pant, N., Jain, D.C. & Bhakuni, R.S. 2003. Antimalarial agents from plant sources.  Curr. Sci.  85: 

1314–1329. 

Schellenberg, D., Kahigwa, E., Drakeley, C., Malende, A., Wigayi, J., Msokame, C., Aponte, J.J., Tanner, M., 

Mshinda, H. & Menendez, C. 2002. The safety and effcacy of sulfadoxine-pyrimethamine, amodiaquine, 

and their combination in the treatment of uncomplicated Plasmodium falciparum malaria. Am. J. Trop. 
Med. Hyg. 67: 17–23. https://doi.org/10.4269/ajtmh.2002.67.17 . 

Semenov, A., Olson, J.E. & Rosenthal, P.J. 1998. Antimalarial synergy of cysteine and aspartic protease inhibi-

tors. Antimicrob. Agents Chemother. 42: 2254–2258. https://doi.org/10.1128/AAC.42.9.2254 . 

Shenai, B.R., Lee, B.J., Alvarez-Hernandez, A., Chong, P.Y., Emal, C.D., Neitz, R.J., Roush, W.R. & Rosenthal, 

P.J. 2003. Structure-activity relationships for inhibition of cysteine protease activity and development of 

Plasmodium falciparum by peptidyl vinyl sulfones.  Antimicrob Agents Chemother. 47(1). https://doi. 

org/10.1128/AAC.47.1.154-160 . 

https://doi.org/10.1128/AAC.47.1.154-160
https://doi.org/10.1038/415680a
https://doi.org/10.1172/JCI115456
https://doi.org/10.1128/AAC.40.7.1600
https://doi.org/10.1016/s0140-6736(96)90671-6
https://doi.org/10.1128/AAC.47.1.154-160
https://doi.org/10.1128/AAC.42.9.2254
https://doi.org/10.4269/ajtmh.2002.67.17
https://doi.org/10.1038/415680a
https://doi.org/10.1172/JCI115456
https://doi.org/10.2174/1381612023394197
https://doi.org/10.1128/AAC.40.7.1600
https://doi.org/10.1172/JCI116262
https://doi.org/10.1098/rstb.2001.1047
https://doi.org/10.1038/nri3742
https://doi.org/10.1007/pl00008549
https://doi.org/10.1128/AAC.36.4.704
https://doi.org/10.1054/drup.2001.0205
https://doi.org/10.1016/s0140-6736(96)90671-6
https://doi.org/10.1186/s13104-015-1827-z
https://doi.org/10.1038/nrmicro1529
https://doi.org/10.1016/s0035-9203(97)90032-8
https://doi.org/10.1021/jm020461q


 

 

  

 

   

  

 
   

   

   

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

62 Antimalarial Medicinal Plants 

Shenai, B.R., Sijwali, P.S., Singh, A. & Rosenthal, P.J. 2000. Characterization of native and recombinant fal-

cipain-2, a principal trophozoite cysteine protease and essential hemoglobinase of  Plasmodium falci-
parum. J. Biol. Chem. 275: 29000–29010. https://doi.org/10.1074/jbc.M004459200 . 

Sijwali, P.S., Shenai, B.R., Gut, J., Singh, A. & Rosenthal, P.J. 2001. Expression and characterization of the 

Plasmodium falciparum haemoglobinase falcipain-3.  Biochem. J. 360: 481–489. https://doi.org/10.1042/ 

0264-6021:3600481 . 

Silva, A.M., Lee, A.Y., Gulnik, S.V., Maier, P., Collins, J., Bhat, T.N., Collins, P.J., Cachau, R.E., Luker, K.E. & Gluzman, 

I.Y. 1996. Structure and inhibition of plasmepsin II, a hemoglobin-degrading enzyme from  Plasmodium 
falciparum. Proc. Natl. Acad. Sci. USA. 93: 10034–10039. https://doi.org/10.1073/pnas.93.19.10034 . 

Singh, A. & Rosenthal, P.J. 2001. Comparison of effcacies of cysteine protease inhibitors against fve strains of 

Plasmodium falciparum. Antimicrob. Agents Chemother. 45: 949–951. https://doi.org/10.1128/AAC.45.3. 

949-951.2001 . 

Sowunmi, A., Oduola, A.M., Ogundahunsi, O.A., Falade, C.O., Gbotosho, G.O. & Salako, L.A. 1997. Enhanced 

effcacy of chloroquine-chlorpheniramine combination in acute uncomplicated falciparum malaria in 

children. Trans. R. Soc. Trop. Med. Hyg. 91: 63–67. https://doi.org/10.1016/s0035-9203(97)90399-0 . 

Spiegel, H., Boes, A., Voepel, N., Beiss, V., Edgue, G., Rademacher, T., Sack, M., Schillberg, S., Reimann, A. & 

Fischer, R. 2015. Application of a scalable plant transient gene expression platform for malaria vaccine 

development.  Front. Plant Sci. 6: 1169. 

Sriraman, R., Bardor, M., Sack, M., Vaquero, C., Faye, L., Fischer, R., Finnern, R. & Lerouge, P. (2004). 

Recombinant anti-hCG antibodies retained in the endoplasmic reticulum of transformed plants lack core-

xylose and core-α (1, 3)-fucose residues. Plant Biotechnol. J. 2: 279–287. 

Staedke, S.G., Kamya, M.R., Dorsey, G., Gasasira, A., Ndeezi, G., Charlebois, E.D. & Rosenthal, P.J. 2001. 

Amodiaquine, sulfadoxine/pyrimethamine, and combination therapy for treatment of uncomplicated fal-

ciparum malaria in Kampala, Uganda: A randomised trial.  Lancet. 358: 368–374. https://doi.org/10.1016/ 

S0140-6736(01)05557-X . 

Stocks, P.A., Raynes, K.J., Bray, P.G., Park, B.K., O’Neill, P.M. & Ward, S.A. 2002. Novel short chain chloro-

quine analogues retain activity against chloroquine resistant K1  Plasmodium falciparum. J. Med. Chem. 

45: 4975–4983. 

Stocks, P.A., Raynes, K.J. & Ward, S.A . 2001. Novel quinoline antimalarials. In  Antimalarial Chemotherapy: 
Mechanisms of Action, Resistance, and New Directions in Drug Discovery (ed. P.J. Rosenthal), pp. 235–253. 

Totowa, NJ: Humana Press. 

Stoger, E., Fischer, R., Moloney, M. & Ma, J.K.C. 2014. Plant molecular pharming for the treatment of chronic 

and infectious diseases. Ann. Rev. Plant Biol. 65: 743–768. 

Sullivan, D.J. 2002 Theories on malarial pigment formation and quinoline action.  Int. J. Parasitol. 32(13): 

1645–1653. https://doi.org/10.1016/s0020-7519(02)00193-5 . 

Surolia, N. & Surolia, A. 2001. Triclosan offers protection against blood stages of malaria by inhibiting enoyl-

ACP reductase of  Plasmodium falciparum. Nat. Med. 7: 167–173. https://doi.org/10.1038/84612 . 

Szmitko, P., Kohn, M.L. & Simor, A.E. 2008. Plasmodium falciparum malaria occurring eight years after leaving 

an endemic area. Diagn. Microbiol. Infect. Dis. 61(1): 105–107. https://doi.org/10.1016/j.diagmicrobio. 

2008.08.017 . 

Tagboto, S. & Townson, S. 2001. Antiparasitic properties of medicinal plants and other naturally occurring 

products. Adv. Parasitol. 50: 199–295. https://doi.org/10.1016/s0065-308x(01)50032-9 . 

Tham ,  W.H.  , Beeson , J.G.  & Rayner , J.C. 2017.   Plasmodium vivax vaccine research – We’ve only just begun . 

Int. J. Parasitol. 47: 111–118 .  https://doi.org/  10.1016/j.ijpara.2016.09.006. 

Vaidya, A.B. 2001. Atovaquone-proguanil combination. In  Antimalarial Chemotherapy: Mechanisms of 
Action, Resistance, and New Directions in Drug Discovery (ed. P.J. Rosenthal), pp. 203–218. Totowa, 

NJ: Humana Press. 

Van Schalkwyk, D.A., Walden, J.C. & Smith, P.J. 2001. Reversal of chloroquine resistance in  Plasmodium 
falciparum using combinations of chemosensitizers. Antimicrob. Agents Chemother. 45: 3171–3174. 

 https://doi.org/10.1128/AAC.45.11.3171-3174.2001 . 

Van Vugt, M., Leonardi, E., Phaipun, L., Slight, T., Thway, K.L., McGready, R., Brockman, A., Villegas, L., 

Looareesuwan, S., White, N.J. & Nosten, F. 2002. Treatment of uncomplicated multidrug-resistant falci-

parum malaria with artesunate-atovaquone-proguanil .  Clin. Infect. Dis . 35: 1498–1504. 

Vennerstrom, J.L., Dong, Y., Andersen, S.L., Ager, A.L., Jr, Fu, H., Miller, R.E., Wesche, D.L., Kyle, D.E., Gerena, 

L. & Walters, S.M. 2000. Synthesis and antimalarial activity of sixteen dispiro-1,2,4, 5-tetraoxanes: 

alkyl-substituted 7,8,15,16-tetraoxadispiro[5.2.5. 2]hexadecanes.  J. Med. Chem. 43: 2753–2758. 

Vial, H.J. & Calas, M. 2001. Inhibitors of phospholipid metabolism. In Antimalarial Chemotherapy: Mechanisms 
of Action, Resistance, and New Directions in Drug Discovery (ed. P.J. Rosenthal), pp. 347–365. 

Totowa, NJ: Humana Press. 

https://doi.org/10.1016/j.diagmicrobio.2008.08.017
https://doi.org/10.1016/S0140-6736(01)05557-X
https://doi.org/10.1128/AAC.45.3.949-951.2001
https://doi.org/10.1042/0264-6021:3600481
https://doi.org/10.1128/AAC.45.11.3171-3174.2001
https://doi.org/10.1016/j.ijpara.2016.09.006
https://doi.org/10.1016/s0065-308x(01)50032-9
https://doi.org/10.1016/j.diagmicrobio.2008.08.017
https://doi.org/10.1038/84612
https://doi.org/10.1016/s0020-7519(02)00193-5
https://doi.org/10.1016/S0140-6736(01)05557-X
https://doi.org/10.1016/s0035-9203(97)90399-0
https://doi.org/10.1128/AAC.45.3.949-951.2001
https://doi.org/10.1073/pnas.93.19.10034
https://doi.org/10.1042/0264-6021:3600481
https://doi.org/10.1074/jbc.M004459200


 

 

 

  

 

   

 

 

 

 

 

      

 

 

 

 

  

  
 

  

 

  

 

  

  

 

 

 

 

 

63 Biology and Genetic Improvement of Antimalarial Plant Species 

Viegas, Júnior C., Bolzani, V.S. & Barreiro, E.J. 2006. Osprodutosnaturais e a química medicinal moderna.  Quím. 
Nova. 29: 326–337.https://doi.org/10.1590/S0100-40422006000200025. 

Walker, N.F., Nadjm, B. & Whitty, C.J.M. 2010. Malaria.  Medicine 38(1): 41–46. 

Waller, R.F., Keeling, P.J., Donald, R.G., Striepen, B., Handman, E., Lang-Unnasch, N., Cowman, A.F., Besra, 

G.S., Roos, D.S. & McFadden, G.I. 1998. Nuclear-encoded proteins target to the plastid in  Toxoplasma 
gondii and Plasmodium falciparum. Proc. Natl. Acad. Sci. USA. 95: 12352–12357. https://doi.org/10.1073/ 

pnas.95.21.12352 . 

Walsh, D.S., Looareesuwan, S., Wilairatana, P., Heppner, D.G., Jr, Tang, D.B., Brewer, T.G., Chokejindachai, 

W., Viriyavejakul, P., Kyle, D.E. & Milhous, W.K. 1999. Randomized dose-ranging study of the safety 

and effcacy of WR 238605 (Tafenoquine) in the prevention of relapse of Plasmodium vivax malaria in 

Thailand. J. Infect. Dis. 180: 1282–1287. 

Webster, D.E., Wang, L., Mulcair, M., Ma, C., Santi, L., Mason, H.S., Wesselingh, S.L. & Coppel, R.L. 2009. 

Production and characterization of an orally immunogenic Plasmodium antigen in plants using a virus-

based expression system.  Plant Biotechnol. J. 7: 846–855. 

Wells,  M.B. & Andrew,  D.J. 2015. Salivary gland cellular architecture in the Asian malaria vector mosquito 

Anopheles stephensi .  Parasit. Vect. 8: 617 .  https://doi.org/  10.1186/s13071-015-1229-z . 

Wengelnik, K., Vidal, V., Ancelin, M.L., Cathiard, A.M., Morgat, J.L., Kocken, C.H., Calas, M., Herrera, 

S., Thomas, A.W. & Vial, H.J. 2002. A class of potent antimalarials and their specifc accumulation in 

infected erythrocytes.  Science. 295: 1311–1314. https://doi.org/10.1126/science.1067236 . 

WHO. 2008. World Malaria Report. Geneva, Switzerland: World Health Organization. Available at:  http:// 

apps.who.int/malaria/wmr2008/ . 

WHO. 2013. Training Module on Malaria Control Malaria Entomology and Vector Control. Guide for 
Participants. Geneva, Switzerland: WHO. 

 WHO. 2015. Guidelines for the Treatment of Malaria, 3rd ed.; World Health Organization: Geneva, Switzerland. 

WHO. 2017. World Malaria Report 2017.  Geneva, Switzerland: WHO . 

WHO. 2019. Malaria vaccine pilot launched in Malawi. Available at:  www.who.int/news-room/detail/ 

23-04-2019-malaria-vaccine-pilot-launched-in-malawi . 

Wichmann, O., Muhlen, M., Grub, H., Mockenhaupt, F.P., Suttorp, N. & Jelinek, T. 2004. Malarone treatment 

failure not associated with previously described mutations in the cytochrome  b gene. Malaria J. 3: 1–3. 

 https://doi.org/10.1186/1475-2875-3-14 . 

Winter, R.W., Kelly, J.X., Smilkstein, M.J., Dodean, R., Bagby, G.C., Rathbun, R.K., Levin, J.I., Hinrichs, D. & 

Riscoe, M.K. 2006. Evaluation and lead optimization of anti-malarial acridones.  Exp. Parasitol. 114(1): 

47–56. https://doi.org/10.1016/j.exppara.2006.03.014 . 

 Yuan, J., Cheng , K.C.C., Johnson , R.L., Huang , R.,   Pattaradilokrat , S., Liu , A., Guha , R., Fidock ,  D.,   Inglese ,

 J., Wellems ,  T.E.,   Austin ,  C.P. & Su , X.Z. 2011.  Chemical genomic profling for antimalarial therapies, 

response signatures and molecular targets.  Science. 333: 724–729 .  https://doi.org/  10.1126/science.1205216 . 

Ziegler, H.L., Staerk, D., Christensen, J., Hviid, L., Hagerstr, H. & Jaroszewski, J.W. 2002. In vitro Plasmodium 
falciparum drug sensitivity assay: Inhibition of parasite growth by incorporation of stomatocytogenic 

amphiphiles into the erythrocyte membrane.  Antimicrob. Agents Chemother. 46: 1441–1446. https://doi. 

org/10.1128/AAC.46.5.1441-1446.2002 . 

https://doi.org/10.1128/AAC.46.5.1441-1446.2002
http://www.who.int
https://doi.org/10.1073/pnas.95.21.12352
https://doi.org/10.1128/AAC.46.5.1441-1446.2002
https://doi.org/10.1126/science.1205216
https://doi.org/10.1016/j.exppara.2006.03.014
https://doi.org/10.1186/1475-2875-3-14
http://www.who.int
http://apps.who.int
http://apps.who.int
https://doi.org/10.1126/science.1067236
https://doi.org/10.1186/s13071-015-1229-z
https://doi.org/10.1073/pnas.95.21.12352
https://doi.org/10.1590/S0100-40422006000200025


 

  
 

  

  

 

  

 

    

 

      

 

 

    

  

  

 

   

   

   

  

 

 

 

 

  

   

   

 

 

 

3 Plant Tissue Culture Practices 
for Antimalarial Agents 

Arvind Arya, Sandeep Kumar, Pankaj 
Kumar Tyagi, and Azamal Husen 

3.1 INTRODUCTION 

Plant tissue culture is a laboratory technique used for growing and manipulating plant cells, tis-

sues, or organs in an artifcial environment under sterile conditions. Plant tissue culture is used 

for a variety of purposes, including the mass propagation of plants, the study of plant growth and 

development, and the production of genetically modifed plants (Ammirato et al., 1984). Plant 

tissue culture is primarily used in agriculture, horticulture, and forestry to propagate plants 

(Brown & Thorpe, 1995; Husen, 2022; Arya & Husen, 2022;  Arya et al., 2022a, 2022b). However, 

it has also been found to have potential applications in the f eld of medicine. Specif cally, plant 

tissue culture has been explored for its ability to produce secondary metabolites and proteins 

that have potential use in treating human diseases (Garcia, 2020;  Roy, 2020;  Ramakrishna 

et al., 2021). 

One example of this is the use of plant tissue culture to produce human insulin. In addition to 

insulin, plant tissue culture has also been explored for its potential in producing other therapeutic 

proteins, such as antibodies, vaccines, and growth factors (Fischer & Emans, 2000;  Schillberg, 

Fischer & Emans, 2003; Knödler & Buyel, 2021). Some of these proteins have shown promise in 

the treatment of cancer, autoimmune diseases, and other conditions (Garcia, 2020;  Ramakrishna 

et al., 2021). Over the years, the plant tissue culture has shown potential to revolutionize the way 

we treat human diseases. In a similar way, plant tissue culture has been used to fnd novel anti-

malarial drugs. 

The present discourse entails an in-depth analysis of the malaria ailment, encompassing its 

pathogenicity, morbidity, and socioeconomic impact. Further, the discussion delves into the phar-

macological interventions offered by antimalarial compounds and plant-based drugs and highlights 

the utilization of plant tissue culture technology in the synthesis of antimalarial agents. 

3.2 MALARIA 

Malaria is a parasitic disease caused by the  Plasmodium parasite and transmitted to humans through 

the bite of infected Anopheles mosquitoes. The following are some key points about malaria. Malaria 

symptoms include fever, chills, headache, muscle pain, and anaemia. In severe cases, it can lead 

to life-threatening complications, such as cerebral malaria, respiratory distress, and organ failure. 

Malaria is a major global health problem, particularly in sub-Saharan Africa, where most of the 

cases and deaths occur. According to the World Health Organization (WHO), there were 229 mil-

lion reported cases of malaria and 409,000 deaths in 2019. Risk factors for malaria include living 

or traveling to endemic areas, poor housing conditions, and a weakened immune system. Children 

under the age of 5 and pregnant women are particularly vulnerable. Malaria is diagnosed through 

blood tests and can be treated with antimalarial drugs. Prompt and effective treatment is crucial to 

prevent severe disease and death. 
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There are several ways to prevent malaria, including using insecticide-treated bed nets, wear-

ing protective clothing, and taking preventive antimalarial drugs for high-risk individuals (Hamre 

et al., 2020;  Shah et al., 2020). The global effort to control and eliminate malaria involves a combi-

nation of measures, including vector control, prompt diagnosis and treatment, and efforts to increase 

access to malaria prevention and care (Ashley & Poespoprodjo, 2020;  Mohammadi et al., 2020). 

Malaria remains a signifcant global health problem, particularly in sub-Saharan Africa, where 

the burden of disease is highest (Stratton et al., 2008;  Chico et al., 2015). Despite progress in reduc-

ing malaria cases and deaths in recent years, the disease continues to pose a serious threat to public 

health and development. 

According to WHO’s latest world malaria report, there were an estimated 241 million malaria 

cases and 627,000 malaria deaths worldwide in 2020. This represents about 14 million more cases 

in 2020 compared to 2019, and 69,000 more deaths (World Malaria Report, 2021). Approximately 

two-thirds of these additional deaths (47,000) were linked to disruptions in the provision of malaria 

prevention, diagnosis, and treatment during the pandemic (Weiss et al., 2021). Most cases and 

deaths occur in sub-Saharan Africa, where young children and pregnant women are particularly 

vulnerable. Malaria can also have a signifcant economic impact, as it can reduce productivity and 

increase healthcare costs (Sarma et al., 2019). In addition, the disease can contribute to poverty and 

perpetuate the cycle of poverty and illness. 

3.2.1 ECONOMIC EFFECT OF MALARIA 

The economic effect of malaria is substantial and affects both individual families and entire coun-

tries. Malaria treatment and management can be expensive, particularly in low- and middle-income 

countries, where access to healthcare is limited. The cost of treating severe cases of malaria can be 

particularly high and can strain already-limited health budgets (Ogutu, 2009;  Nahrendorf, Ivens & 

Spence, 2021). Malaria can cause individuals to miss work or school, leading to lost productivity 

and income. This can have a signifcant impact on families and communities, especially in areas 

where most of the population relies on manual labour for their livelihood (Booth & MacLean, 

2020; Jochum et al., 2021). Malaria can also slow economic growth by reducing the productiv-

ity of workers and deterring foreign investment. For example, the disease can reduce agricultural 

productivity, limit access to education, and increase healthcare costs. In areas where malaria is 

endemic, the disease can also negatively impact tourism, as travellers may avoid visiting due to 

fear of contracting the disease. The COVID-19 pandemic has also had an impact on malaria con-

trol efforts, as health systems have been stretched and access to preventive measures and treatment 

has been disrupted in some areas (Chiang & Sony, 2020;  Colson, Rolain & Raoult, 2020;  Zawawi 

et al., 2020). The COVID-19 pandemic has also led to a reduction in funding for malaria control, 

as resources are diverted to respond to the pandemic. The disruption of malaria control activities 

and increased movement of people due to the pandemic could lead to increased malaria transmis-

sion in some areas. 

3.2.2 MALARIA IN DEVELOPING VS DEVELOPED COUNTRIES 

The burden of malaria differs between developing and developed countries. In developing countries, 

particularly in sub-Saharan Africa, malaria is a major public health problem. Most malaria cases and 

deaths occur in these countries, where access to preventive measures, diagnosis, and treatment is 

often limited. In developed countries, malaria is rare and can often be effectively treated. However, 

travellers to malaria-endemic areas can still be at risk of contracting the disease, and imported cases 

can occur. In developing countries, access to preventive measures such as insecticide-treated bed nets 

and preventive antimalarial drugs is often limited ( Tatem et al., 2010 ). In addition, access to prompt 

and effective treatment for malaria can be limited, leading to higher rates of severe disease and death. 



 

  

  

   

   

  

  

 

 

  

   

 

  

 

 

 

 

 

 

  

 

 

  

 

     
   

     

 

  

 

 

 

 

66 Antimalarial Medicinal Plants 

The economic impact of malaria is often more severe in developing countries, where it can reduce 

productivity, increase healthcare costs, and perpetuate the cycle of poverty and illness ( Talisuna et al., 

2002 ;  Millet et al., 2009 ). 

3.2.3 ABOUT ANTIMALARIAL AGENTS 

Antimalarial agents are drugs used to treat malaria, a parasitic disease that affects millions of 

people worldwide (Christensen, 2021). Antimalarial agents work by either killing the parasite or 

inhibiting its growth and replication (Sahu, Sahu & Kohli, 2008;  Belete, 2020). There are several 

types of antimalarial drugs, including blood schizonticides, which kill the parasite in the blood, and 

gametocides, which target the sexual stage of the parasite’s life cycle. The effcacy of antimalarial 

drugs depends on factors, such as the type of parasite, the patient’s age, and the presence of other 

infections (Rosenthal, 2003). Malaria parasites can develop resistance to antimalarial drugs, reduc-

ing their effectiveness. This is why it is important to use antimalarial drugs in combination and to 

rotate the use of different drugs over time. Antimalarial drugs are often not available or affordable 

in endemic regions, especially in low- and middle-income countries. This can limit access to treat-

ment and contribute to the spread of drug-resistant malaria. 

3.2.4 DRUG-RESISTANT MALARIA 

Drug-resistant malaria refers to the phenomenon where the parasites that cause malaria have devel-

oped resistance to antimalarial drugs that were previously effective in treating the disease (Hyde, 

2005). This can make it more diffcult to effectively treat and control malaria, leading to increased 

rates of illness and death. When antimalarial drugs are overused or misused, such as when they 

are not taken in the correct dose or for the full course of treatment, this can lead to the selection of 

drug-resistant parasites. Inadequate quality or counterfeit antimalarial drugs can also contribute to 

the development of drug-resistant malaria, as they may not contain the active ingredients needed to 

effectively treat the disease. In areas where access to effective treatment is limited, people may turn 

to less-effective antimalarial drugs, which can also contribute to the development of drug-resistant 

malaria. 

3.2.5 ANTIMALARIAL PLANTS 

In 2018, Suleman and colleagues conducted a review of 124 medicinal plant species from 55 fami-

lies and 99 genera in Ethiopia to evaluate their effectiveness against malaria from 1991 to 2016 

(Suleman et al., 2018). Additionally, the study analyzed the antiplasmodial activity of 25 plant 

extracts, along with the structures, and 28 medicinal plant species from 24 families commonly used 

for treating malaria. The review identif ed Allium sativum L.,  Croton macrostachyus Del.,  Carica 
papaya L.,  Lepidium sativum L., and  Vernonia amygdalina Del. as notable plant species based on 

ethnomedicinal surveys, with A. sativum L. and  C. papaya L. specifcally mentioned by traditional 

healers as effective treatments for malaria. Leaves were found to be the most used plant part, while 

alkaloids and terpenoids were the most frequently identifed chemical classes for their antiplasmo-

dial properties. 

A review conducted by Kaur and Stud (2017) has summarized 356 active chemical constituents 

from antimalarial plants, highlighting 26 specifc active components with their respective chemi-

cal structures. The compounds identifed in this review belong to various classes, including but not 

limited to alkaloids, favonoids, terpenoids, saponins, tannins, essential oils, sesquiterpene lactones, 

xanthanoids, polyphenol, iridoid glycosides, coumarins, anthraquinones, limonoids, tetranortriter-

penoids, triketones, cembranolides, tetrahydropyrone derivatives, triterpene hydrocarbon deriva-

tives, cucurbitacin glycosides, poliothrysoside, benzophenones, chalcones, and phloroglucinols. 
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3.2.6 APPLICATIONS OF PLANT TISSUE CULTURE IN ANTIMALARIAL AGENTS 

Plant tissue culture has been utilized in the search for new antimalarial agents. Some of the practices 

used in this regard include: 

Callus induction and regeneration. This technique is used to produce large quantities of 

callus, a type of plant tissue, which can then be screened for antimalarial activity. Screening 

of callus culture for antimalarial drugs involves testing callus tissue, which is a type of 

plant tissue culture, for its ability to produce compounds with antimalarial activity. This 

can be done in a laboratory setting using in vitro cultures of plant cells. 

The process typically involves the following steps, as shown in Figure 3.1. 

Screening of callus culture for antimalarial drugs is a useful approach for discovering new 

antimalarial compounds and advancing the development of new treatments for malaria. Some 

examples of plant secondary metabolites with antimalarial activity include the following. 

FIGURE 3.1 Steps involved in the production of drug compounds from plants using tissue culture 

methods. 
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3.2.7 ARTEMISININ 

This compound, which is derived from the sweet wormwood plant, is used as a f rst-line treatment 

for malaria in many countries. It has been shown to be highly effective against the malaria para-

site and is used in combination with other antimalarial drugs to reduce the risk of drug resistance 

(Klayman, 1985). Artemisinin is a natural compound derived from the sweet wormwood plant 

(Artemisia annua) that is used as a treatment for malaria. 

Artemisinin works by attacking the malaria parasite at a critical stage in its life cycle, rapidly 

reducing the parasite burden in the patient and leading to a rapid improvement in their symptoms 

(O’Neill, Barton & Ward, 2010). It is typically used in combination with other antimalarial drugs to 

reduce the risk of the development of drug resistance (Balint, 2001). 

Artemisinin is also being studied for its potential in the treatment of other diseases, including 

cancer and autoimmune disorders (Lu et al., 2019). 

3.2.7.1 Production of Artemisinin through Plant Tissue Culture 
Plant cell cultures have the potential to produce valuable pharmaceuticals and other biologically 

active compounds, but many cultures do not synthesize secondary compounds in amounts com-

parable to those found in the whole plant. Manipulation of culture conditions and phytohormone 

levels has not yet allowed for commercial production of useful phytochemicals. However, microbial 

molecules called ‘elicitors’ can stimulate synthesis of secondary products in cultured cells, lead-

ing to immense biotechnological potential for large-scale production of these compounds. In one 

research,  DiCosmo and Misawa (1985) highlighted the importance of ‘elicitor’ interactions in plant 

cell culture and suggested areas for further research. 

Various techniques have been explored for artemisinin production in  A. annua, including 

plant tissue culture using hairy root or cell suspension cultures ( Nair et al., 1986 ;  Baldi & Dixit, 

2008 ). Artemisinin can be produced through plant tissue culture techniques, such as callus cul-

ture and micropropagation. These techniques involve growing plant cells in vitro in a controlled 

environment, where they can be manipulated to produce high levels of secondary metabolites, 

including artemisinin. Elhag et al. (1992 ) developed an in vitro micropropagation method to 

clone Artemisia annua L. plants from axenic seedlings or feld-grown plants, and clones were 

maintained in culture through continuous transfer. The clones were compared to f eld-grown 

plants for their performance and contents of artemisinin and related sesquiterpenes using an 

HPLC method. Artemisinic acid was found to be the major sesquiterpene for all clones, fol-

lowed by arteannuin B and then artemisinin. However, there was a high degree of variability 

between various clones for all sesquiterpenes tested. Unorganized callus cultures initiated from 

the leaves of the corresponding clones did not indicate the formation of artemisinin or related 

sesquiterpenes in these cultures. 

Growth conditions such as different sugar supply, light irradiation, UV-B radiation, and chilling 

treatment have been manipulated to increase artemisinin production (Pras et al., 1991; Liu, Zhao & 

Wang, 2006; Baldi & Dixit, 2008). Somaclonal variants have also been generated through gamma 

rays irradiation, resulting in a stable salt-tolerant line with a higher expression profle of artemisinin 

key genes and artemisinin content compared to the wild type (Liu et al., 2002;  Baldi & Dixit, 2008; 

Han et al., 2016). Additionally, treatments with elicitors such as methyl jasmonate, chitosan, gibber-

ellic acid, and salicylic acid have shown to increase artemisinin production and GT index (Banyai, 

Kirdmanee et al., 2010;  Banyai, Sangthong et al., 2010;  Guo et al., 2010). 

The artemisinin content in plants grown in the open is too low for industrial purposes.  Pras 

et al. (1991) developed a new method for laboratory selection of high-yielding individual plants using 

thin-layer chromatography and high-performance liquid chromatography for analysis. Selected 

plantlets were transferred to the open, and high-yielding plants in the laboratory were observed to 

be so in the feld. The artemisinin content of the selected plants was three to four times higher than 

in plants sown directly in the f eld. 
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Mahendran and Rahman (2023) highlighted the signifcance of artemisinin as the most potent 

antimalarial drug and the challenges of its insuffcient production due to low amounts found in 

natural sources. Mahendran and Rahman (2023) discussed the selection of high-yielding cell lines, 

culture conditions, plant growth regulators, and elicitation as methods to boost artemisinin levels 

in plant cells. It also considers the importance of developing continuous and reliable manufacturing 

systems to meet market demand and prospects to produce artemisinin. 

Ikram and Simonsen (2017 ) described the global threat of malaria and the use of artemisinin as 

a treatment in their research. They mentioned that natural artemisinin production is limited, and 

it is diffcult to synthesize chemically. Therefore, they highlighted current efforts in genetic and 

metabolic engineering to improve in planta production of artemisinin, both in A. annua and in other 

plants, and discussed the progress made in bioengineering to obtain higher production of artemis-

inin in A. annua and stable heterologous in planta systems. 

Basile et al. (1993) studied the effect of plant growth regulators on the production of artemisinin 

through tissue culture. The study aimed to determine the suitable conditions for producing friable 

callus from Artemisia annua L. through tissue culture, as a source of artemisinin. Fourteen multi-

factorial experiments were conducted using three different nutrient formulations and different com-

binations of auxins and cytokinins. Both Gamborg B5 and Whetmore and Rier nutrients supported 

friable callus formation from leaf explants. The remaining experiments were conducted solely with 

Gamborg B5, and it was found that friable callus formed when combinations of NAA with kinetin 

or 2,4-D and BA were used with B5 medium. Ranges of 2,4-D from 0.5 to 2.0 with BA between 

0.025 and 0.1, or NAA between 0.5 and 2.0 with kinetin between 0.5 and 1.0 mg/liter, produced 

acceptable results. 

Artemisinin is certainly an effective antimalarial drug recommended by the WHO. However, 

due to its low concentration in the plant, transgenic approaches are being explored to increase 

production and aid in global eradication efforts (Kundu, Mukherjee & Ghosh, 2016). Recent trends 

have also focused on bioengineering the artemisinin biosynthetic pathway in heterologous expres-

sion platforms, with successful in planta production in tobacco and moss and achievements in  

heterologous microorganisms like Escherichia coli and  Saccharomyces cerevisiae. The latter is 

favoured due to its compatibility with plant-origin genes and the presence of the MVA biosynthetic 

pathway for production of universal sesquiterpenes precursor, farnesyl pyrophosphate (Beyraghdar 

Kashkooli, Farmanpour-Kalalagh & Babaei, 2022). 

3.2.8 QUININE 

This alkaloid, which is derived from the bark of the cinchona tree (native to the Andes Mountains 

in South America), has been used for centuries to treat malaria (Soon, Kim & Lee, 2007;  Panda 

et al., 2013). The bark of cinchona tree contains several alkaloids, including quinine, quinidine, 

cinchonine, and cinchonidine, but quinine is the most important and widely used. Quinine is one of 

the frst antimalarial drugs discovered, and although it is now less commonly used due to the devel-

opment of resistance to the drug, it remains an important treatment option in some areas (White, 

1998; Taylor & White, 2004). Quinine works by interfering with the replication of the malaria para-

site, preventing it from reproducing and spreading within the body. Quinine is also used to treat leg 

cramps and has been used in traditional medicine to treat a variety of other conditions, including 

fever, headache, and arthritis (Achan et al., 2011). The demand for quinine has increased substan-

tially over the past few decades due to the growing resistance of the malaria parasite to synthetic 

drugs. However, the natural sources of quinine are limited, and traditional extraction methods are 

expensive and laborious. 

The traditional method of extracting quinine from the bark involves stripping the outer layers 

and soaking the inner layers in water, followed by extraction with an organic solvent. This method 

is time-consuming and requires large quantities of bark, which can lead to deforestation and loss of 

biodiversity (Cross, 1924;  Kaufman et al., 2005). 
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3.2.8.1 Production of Quinine through Plant Tissue Culture 
The production of quinine can be achieved through plant tissue culture techniques, such as callus 

culture and micropropagation. Several studies have reported successful quinine production through 

plant tissue culture. Ratnadewi and Sumaryono (2010 ) worked on the development of cell culture 

to produce Cinchona alkaloids. Different substances were added to the growth media to promote 

alkaloid production in Cinchona ledgeriana cell cultures. After seven weeks of culture, the addition 

of paclobutrazol and abscisic acid resulted in suppressed quinine and cinchonine content, while 

cinchonidine content was enhanced by tryptophan. An addition of 5 mg/L paclobutrazol to the cul-

ture media produced the highest level of total quinine/quinidine after seven weeks. The study sug-

gests that further research is needed to improve the production of quinine in cell cultures to match 

or exceed that produced by conventional sources. Further,  Ratnadewi, Satriawan, and Sumaryono 

(2013 ) tested an improved method for culturing cell suspensions of  C. ledgeriana to investigate 

the possibility of increasing quinine production. The results showed that plant tissue culture tech-

niques can be used to increase the production of quinine and other alkaloids in cinchona plants, with 

paclobutrazol producing the highest level of quinine after seven weeks of culture.  Jean et al. (2018 ) 

used plant cell culture to increase quinine production in C. ledgeriana. Stress-inducing agents like 

abscisic acid and paclobutrazol were used to stimulate the cells to produce quinine, and sorbitol was 

found to be more effective than mannitol in inducing stress. The combination of ABA 3 mg/L or 

PBZ 7 mg/L with sorbitol produced the highest concentration of quinine. According to the f ndings, 

elongated cells predominated in the mature cells culture, and alkaloids were discovered to be present 

in the mature cells. 

An improved method for culturing cell suspensions of C. ledgeriana was tested to investigate 

the possibility of increasing production of quinine. The clone QRC 315 was treated with either a 

growth retardant (abscisic acid or paclobutrazol) or precursor feeding of L-tryptophan1. Cell sus-

pension cultures of C. ledgeriana clone QRC 315 exhibited a high percentage of quinine, 7 to 11% 

(Ratnadewi & Satriawan, 2013). The cells were treated with plant growth retardants abscisic acid 

(ABA) or paclobutrazol (PBZ), combined with sucrose as a source of carbohydrate or with mannitol 

as a partial substitution of sucrose3. 

Previous studies have reported on the production of cinchona alkaloids using cell suspension cul-

tures and various methods, such as stress, precursors, elicitors, and the hairy roots system (Wijnsma 

et al., 1986;  Hamill, Robins & Rhodes, 1989). In C. ledgeriana, treating leaf, shoot, and organ cul-

tures with benzyladenin in Murashige-Skoog (MS) media resulted in an increase in alkaloid content 

with the age of the cultures. 

The potential of plant tissue culture for quinine production goes beyond just being a sustainable 

and cost-effective method (Staba & Chung, 1981a ;  Anderson, Keene & Phillipson, 1982a ;  Hunter, 

1988). Plant tissue culture can also be used for genetic modifcation of the plant cells to improve the 

yield and quality of quinine. Genetic engineering can be used to introduce genes involved in the 

biosynthesis of quinine or to silence genes that limit the production of quinine (Pratiwi et al., 2018; 

Trenti et al., 2021). 

These are just a few examples of plant secondary metabolites with antimalarial activity. The dis-

covery and development of new antimalarial compounds from plants is an ongoing area of research, 

and the hope is that these compounds will provide new and effective treatments for malaria in the 

future. 

Overall, plant tissue culture techniques provide a controlled environment for the study and culti-

vation of plants with potential antimalarial activity, which can aid in the discovery and development 

of new antimalarial drugs. 

3.3 CONCLUSION 

In conclusion, this book chapter has provided an overview of the applications of plant tissue culture 

in the production of antimalarial drugs. The use of plant tissue culture techniques for the production 
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of artemisinin, quinine, and other antimalarial agents has been discussed and the f ndings summa-

rized in Table 3.1. The potential benefts of using plant tissue culture in the production of antima-

larial drugs include increased effciency, reduced costs, and a more sustainable production process. 

It is evident that plant tissue culture offers promising opportunities for the future of antimalarial 

drug production. Further research and development in this area may lead to the discovery of new 

antimalarial compounds and the creation of a more effective and effcient production process. 

TABLE 3.1 
Plant Species and Their Corresponding Antimalarial Drugs Produced via Tissue Culture 
along with the Relevant Findings from Research Studies 

Name of Plant Antimalarial Drug Tissue Culture Findings Key References 

   Artemisia annua   Artemisinin Production of artemisinin in A. annua 
hairy root or cell suspension cultures 

 ( Smith, Weathers & Cheetham, 

1997 ;  Wang et al., 2001 , 2009 ; 

Ahlawat et al., 2014 ;  Patra & 

Srivastava, 2014 ) 

   Artemisia annua   Artemisinin Generation of somaclonal variants tolerant 

against salt stress, resulting in a stable 

salt-tolerant line with a higher expression 

profle of artemisinin key genes (ADS, 

CYP71AV1, DBR2, and ALDH1) and a 

higher artemisinin content 

( Baldi & Dixit, 2008 ) 

   Artemisia annua   Artemisinin Elicitation with methyl jasmonate, 

resulting in increased artemisinin 

production and upregulated expression 

of artemisinin biosynthesis genes as well 

as increased GT index 

( Baldi & Dixit, 2008 ;  Dangash 

et al., 2014 ) 

   Artemisia annua   Artemisinin Elicitation with chitosan, gibberellic acid, 

and salicylic acid, resulting in increased 

accumulation of artemisinin 

( Guo et al., 2010 ;  Banyai, Mii & 

Supaibulwatana, 2011 ) 

   Artemisia annua   Artemisinin Combination of various cultivation and 

elicitation methods, resulting in mass 

production of artemisinin in A. annua 
hairy roots via bioreactors 

( Patra & Srivastava, 2015a , 

2015b) 

Catharanthus 
roseus

 Vincristine and 

Vinblastine 

Production of vincristine and vinblastine 

in C. roseus cell cultures 

 ( Zhao & Verpoorte, 2007 ; Zhou, 

Shao & Tang, 2009 ) 

   Cinchona 
ledgeriana 

Quinine Production of quinine in C. ledgeriana 
cell cultures 

( Staba & Chung, 1981b ; 

Anderson, Keene & Phillipson, 

1982b ;  Rhodes, Payne & 

Robins, 1986 ; Payne, Rhodes & 

Robins, 1987 ) 

   Taxus baccata Paclitaxel Production of paclitaxel in  T. baccata cell 

cultures 

( Yukimune et al., 1996 ;  Cusidó 

et al., 2002 ;  Bruňáková et al., 

2004 ;  Bentebibel et al., 2005 ; 

 Bonfll et al., 2006 ) 

   Curcuma longa   Curcumin Production of curcumin in  C. longa cell 

cultures 

( Chaturvedi et al., 2014 ;  Jie 

et al., 2019 ) 

Andrographis Andrographolide Production of andrographolide in A. ( Gandi et al., 2012 ;  Zaheer & 

paniculata paniculata cell cultures Giri, 2017 ;  Das & 

Bandyopadhyay, 2020 ) 
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4 Sustainable Techniques for 
the Harvest and Conservation 
of Antimalarial Plant Species 

Harsha Singh, Atul Arya, and Suresh Kumar 

4.1 INTRODUCTION 

The use of herbal medicinal plants is a tradition that has been followed for ages across the globe 

(Husen, 2021, 2022a, 2022b, 2023). The urbanization of agricultural lands, changes in agricul-

tural methodology, land usage, loss of habitat, lack of documentation, harvesting, and genetic  

diversity of medicinal plants result into a threat of extinction of ethnobotanical knowledge (Arya 

et al., 2021). For conservation and utilization of biological resources, there is a compelling need 

for documentation of indigenous knowledge by conducting ethnobotanical surveys (Howes et al., 

2020). Conservation of antimalarial plant species requires authentic data on its distribution and 

level of usage. In sub-Saharan Africa, malaria is the leading cause of death, ill health, and pov-

erty. Members of the  Plasmodium genus of parasitic protozoa, which are transferred to the human 

host by the female Anopheles mosquito, are responsible for the sickness.  Plasmodium falciparum, 

which causes malignant malaria, is one of the deadliest species of Plasmodium that infect people 

with severe symptoms and may lead to death (Asafo-Agyei et al., 2019). The effects of malaria 

on public health are still catastrophic. According to the World Health Organization (WHO), there 

were around 212 million cases worldwide in 2015, which resulted in 429,000 fatalities, the majority 

of which were in children under the age of 5 in Africa (WHO, 2016). Despite signif cant advance-

ments in the nation’s health coverage, there are still signifcant disparities in service coverage and 

the distribution of health facilities between urban and rural areas. Therefore, the public has the 

choice of using conventional herbal remedies. Additionally, a key problem that demands action 

is the global expansion of drug resistance to the majority of the effective and reasonably priced 

antimalarial medications. 

The issue with the conservation of medicinal plant species is not just related to overexploitation 

but also to how the species are harvested. Root digging, root cutting, and bark removal are the 

basic methods of harvesting (Rabgyal and Pelden, 2020). Additionally, the survival and durability 

of medicinal plants are possibly threatened by changing climate conditions and human popula-

tion. Sustainable harvesting should be thoroughly researched because choosing permanent plant 

parts like roots, bark, tubers, and reproductive parts for use as medicine sources can jeopardise 

plant populations or species sustainability, resulting in death, wilting, stagnant growth, and species 

extinction. Alternative tree planting around the home and farm, agroforestry, agricultural practises, 

spreading knowledge, and education are all conservation strategies that can ease the burden of 

harvesting to maintain plant stability. It is important to gather medicinal plants ethically. A method 

that satisfes the requirements of the present without jeopardising the ability of future generations 

to satisfy their own needs has been dubbed ‘sustainable’ and has been utilized for centuries in the 

management of natural resources. One of the main causes of the loss of plant resources in the wild 

are destructive collection practices (Rabgyal and Pelden, 2020). 

DOI: 10.1201/9781003378396-4 77 

https://doi.org/10.1201/9781003378396-4


 

 

 

  

  

   

  

 

           
          

        
 

   
         

 

   

 

 

 

 

   

 

 

 

78 Antimalarial Medicinal Plants 

Destructive collection occurs for a variety of reasons which include lack of knowledge about 

proper collection techniques, increasing industrial demand for wild resources, tax regulations,  

monitoring systems for management, competition among local collectors, a lack of better prices for 

primary collectors, and an inadequate policy environment. 

4.2  CONSERVATION OF MEDICINAL PLANTS 

Harvesting of medicinal plant from its wild habitat has increased in large quantity. In recent 

years, Asia, Europe, and North America have seen an increase in the demand (8–15% annu-

ally) for medicinal plant (Barboza et al., 2009). It is necessary to understand the biological traits 

and geographic distribution of medicinal plants in order to guide conservation efforts (Sahoo 

et al., 2022). The treatment of malaria was carried out in Ghana using a variety of plant spe-

cies, such as Azadiracta indica A. Juss (Meliaceae), Nauclea latifolia Sm. (Rubiaceae), Ocimum 
viride Willd. (Lamiaceae), Alstonei boonei De Willd (Apocynaceae), Cryptolepis sanguinolenta 
(Lindl.) Schttr. (Asclepidaceae) (Mshana, 2000). Cyperus scariosus (Nagarmotha) and Leucas 
aspera (Goma or Drona pushpin) are on the verge of extinction, primarily as a result of the altera-

tion in the structure of water reservoirs (ponds) and changes in the pattern of land use. Adhatoda 
vasica, Cassia fstula, and Swertia chirata are the most popular plant species used by  82% of 

people for curing malaria in three districts, that is, Kushinagar, Maharajganj, and Gorakhpur, 

of eastern Uttar Pradesh (Qayum et al., 2016). A total of 34,000 plants species have been given 

the ‘endangered’ designation by the International Union for Conservation of Nature and Natural 

Resources (IUCN) Red Data Book. Thus, maintaining biodiversity has emerged as one of the 

most urgent environmental concerns.  Figure 4.1  enlisting the methods of conservation of nature 

and natural resources. 

4.2.1  IN SITU CONSERVATION OF PLANTS 

The ‘on-site conservation’ of the wild genetic variability in its natural environment is the objective 

of the in situ conservation technique. National parks, biosphere reserves, and wildlife sanctuaries 

are being conserved through protected areas. Rules, regulations, and the probable compliance of 

Methods of Conservation 

In situ Ex situ 

Protected Area 

National Park 

Biosphere Reserve 

Wild Nurseries 

• Seed Bank 
� Cryopreservation 
� Field Gene Bank 

� Botanical Garden 
� Home Gardens 
� Sacred Plants 

Cultivation Practice 

Good Agricultural Practices 

FIGURE 4.1 Methodological system for conserving medicinal plants. 
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medicinal plants within their growth environments are necessary for successful in situ conservation 

(Volis and Blecher, 2010). In situ conservation involves the conservation of whole communities and 

is used to preserve the complicated web of natural communities that exist among communities. The 

proportion of diversity can be increased under in situ conservation, which also deepens the con-

nection between resource protection and sustainable use. In situ conservation involves the develop-

ment of protected areas and adopting an ecosystem-focused strategy. Human populations that live 

in or around protected forest areas can actively support and participate in the  in situ conservation 

of medicinal plants. The local population will feel more responsible for ecosystem resilience and 

sustainable use for their personal well-being. The various methods of in situ conservation of anti-

malarial plant species are as follows. 

4.2.1.1  National Parks 
In order to maintain and restore biodiversity, national parks were established as protected regions of 

signifcant wild resources. Around 13.2 million km2, or 8.81% of the Earth’s land surface, are cov-

ered by more than 12,700 protected areas that have been established globally ( Huang et al., 2002). 

The contribution and ecological functions of each habitat must be analyzed in order to conserve 

medicinal plants through the protection of important natural habitats. 

4.2.1.2  Biosphere Reserves 
By limiting reckless human interference in the ecosystem, biosphere reserves seek to protect it  

while also preserving endemic and threatened species. In India, there are 18 biosphere reserves. 

Three of the world’s 34 biodiversity hotspots – the Western Ghats, the Eastern Himalayas, and the 

Indo-Burma region – are located in India (Kadam and Pawar, 2020). 

4.2.1.3  Wild Nurseries 
In a protected region, a natural habitat, or a location that is only a short distance from where the plants 

naturally grow, a wild nursery is constructed for the species-focused cultivation and domestication of 

endangered medicinal plants. Overexploitation, habitat destruction, and invasive species have severely 

harmed the populations of many wild species. Wild nurseries can offer a practical solution for the in 
situ conservation of medicinal plants that are endangered and endemic (Chen et al., 2016). 

4.2.2  EX SITU CONSERVATION OF PLANTS 

Ex situ conservation refers to the ‘off-site conservation’ of wild genetic diversity in their native 

habitat. Ex situ conservation, which is usually undertaken to conserve medicinal plant resources, 

strives to nurture and naturalise threatened species to ensure their continuous survival and to pro-

duce signifcant quantities of medicinal plants required for the manufacturing of drugs (Kadam 

and Pawar, 2020). Ex situ conservation of species should be prioritized to destroyed or unprotected 

habitats. Ex situ conservation is a complementary strategy that lessens pressure on wild areas and 

increases the availability of raw materials by preserving genetic variety. Another benef t of ex situ 
conservation is that it is typically simpler to obtain plant material for the purposes of propagation, 

reintroduction, agronomic improvement, research, and education. 

4.2.2.1 Botanical Gardens 
Botanical gardens are best adapted to carry out the ex situ conservation of medicinal plants. By 

creating guidelines for propagation and culture as well as implementing domestication and variety 

breeding programmes, botanical gardens can contribute further to the conservation of medicinal 

plants. Botanical gardens have an essential role in research and monitoring hubs for populations of 

wild plants (Maunder et al., 2001). They can keep the ecosystems in good condition to help rare and 

endangered plant species survive. There are currently 1,775 botanical gardens and arboreta around 

the world, according to the Botanical Gardens Conservation International (BGCI) database. 
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4.2.2.2 Seed Banks 
Seed banks are a better alternative to botanical gardens for ex situ storage of the genetic diversity of 

many therapeutic plants. Species and individuals can be stored in very high numbers in a seed bank, 

but seed banks are prone to power outages, need careful monitoring, and do require time-consuming 

regeneration (Schoen and Brown, 2001). Plant samples can be quickly accessed from seed banks to 

assess their qualities (Botanical Survey of India, BSI ex situ conservation). Restoration of the plant 

species into the wild and active support of the restoration of wild populations are the tough issues of 

seed banking. Other institutions, like national and regional crop gene banks, have seed banks with 

medicinal plant varieties in various nations. 

4.2.2.3 Field Gene Banks 
Field gene banks use biotechnological tools for conservation of plants. It includes in vitro propaga-

tion and molecular masker technology. To preserve vegetatively propagated seed-producing species, 

a variety of in vitro procedures have been devised. Land and labour are needed in order to conserve 

the genetic material of vegetative propagated plants and forest species in feld gene banks, whereas 

in vitro storage requires minimal space in growth rooms for maintaining thousands of genotypes 

together (Kadam and Pawar, 2020). 

Cryopreservation involves storing tissue and cell cultures at extremely low temperatures, some-

times as low as -196°C (Kadam and Pawar, 2020). The steps listed in what follows are part of the 

new cryopreservation procedure. 

1. Dehydration and encapsulation 

2. Vitrif cation 

3. Desiccation 

4. Pre-growth 

5. Desiccation 

6. Freezing of droplets 

Cryopreservation of Plasmodium sporozoites has been successfully carried out for use in malar-

ial research and vaccine development (Bowers et al., 2022). In another study, Cryptolepis san-
guinolenta is used as an antimalarial treatment in Ghana. Freshly harvested seeds of Cryptolepis 
sanguinolenta were found to be most suitable for cryopreserving them in order to improve the  

germinability of seeds (Opoku-Agyemang et al., 2022). 

4.2.3  CULTIVATION PRACTICES 

Cultivation practices are used to employ new ways to address issues that arise during the cultiva-

tion of medicinal plants. Cultivation practices face dominant issues, such as the presence of poison-

ous components, low concentrations of active substances, pesticide contamination, and incorrect 

botanical provenance (Chen at al., 2016). Cultivation practices depend on many factors for increase 

in product yields, such as optimal amount of nutrients, water, and additives, and environmental 

elements like temperature, light, and humidity are provided throughout the cultivation processes 

in order to increase product yields. The good agriculture and collection practices (GACP) pro-

gramme assures that the best collection techniques are used for both small- and large-scale gath-

ering of fresh medicinal plants while preserving the long-term survival of wild populations and 

their environment. For each species of medicinal plant and plant part used, GACP specif es appro-

priate collection techniques. The good agricultural practice (GAP) rules guarantee that the plant 

materials are completely protected from the elements that degrade the quality of medicinal plants 

(Raina et al., 2011). The recommended guidelines are provided by WHO for achievement of qual-

ity assurance of herbal medicine. WHO aims to improve the standards of medicinal plant, start-

ing with collection, cultivation, and post-harvest procedures. GAP implementation will encourage 
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General guidelines on GAP for medicinal plants 

Identification of cultivated medicinal plants 

Seeds and other propagation material 

Cultivation 

Harvest 

Personnel 

Botanical authentication 

Selection of medicinal 

plants 

Specimen submission
� Site selection 

� Soil 

� Climate 

� Drainage and 
irrigation 

FIGURE 4.2 Guidelines on GAP for medicinal plants. 

the effcient use of water resources, herbicides, and fertilisers. Also, GAP implementation would 

produce environment-friendly agriculture practices (Preet and Ashish, 2018). Protecting the health 

of agricultural workers from the improper use of herbicides and pesticides is another aspect of its 

social responsibility.  Figure 4.2  represents general guidelines by WHO 2003 for medicinal plants 

on GAP. As per the guidelines, botanical species selected for cultivation should match those that 

are listed in the national pharmacopoeia of the country. Each therapeutic plant being grown should 

have its botanical identity, including its scientifc name (genus, species, subspecies, author, and 

family), which is validated and recorded. A voucher botanical specimen should be submitted to 

a regional or national herbarium for authentication and identifcation. All essential information 

regarding the identity, quality, and performance of seeds and other propagation materials should 

be specifed by the suppliers. Cultivation of medicinal plants requires intense management and 

care. Selection of site, ecological factors like soil, climate, and irrigation practices are the major 

factors for cultivating medicinal plant. After cultivation, the harvest time varies, depending on the 

part used. To ensure the best quality of medicinal plant components and processed herbal prod-

ucts, it is important to harvest medicinal plants at the right time of year or season. Properly trained 

personnel (producers and growers) are required for harvesting and post-harvest maintenance of 

medicinal plants. 

4.3  CONSERVATION THROUGH TISSUE CULTURE 

Cells, tissues, organs, or whole plants can be cultured in vitro under regulated nutrient and envi-

ronmental conditions (Figure 4.3). Plant species have different therapeutic effects, depending on 

the active ingredient. Tissue cultures are used to conserve plants that produce bioactive compounds 

responsible for disease treatment. Tissue culture is used to propagate plant species whose regenera-

tion via standard techniques is challenging. Tissue culture is a method that can be used to preserve 

plant species whose numbers have declined owing to overexploitation (Thorpe, 2007). An eff -

cient and cost-effective in vitro propagation method has been developed for  Artemisia annua L., an 

important antimalarial drug plant in providing enormous potential for manufacturing artemisinin 

(Sharma et al., 2011). In vitro propagation is still regarded as a crucial method in conservation since 

it offers an option for plant species that have poor reproductive capabilities. For the f nal recovery 

of transgenic plants, a tissue culture step is a requirement for the majority of current transformation 

techniques. Several plants species effective against malaria have been used for in vitro propagation 

(Table 4.1) and also elicitated for their respective bioactive compounds. 



 

 

 

 

  
 

 
 

 

 

 

 
 

 

 

 
 

82 Antimalarial Medicinal Plants 

FIGURE 4.3 Types of in vitro culture for conserving various antimalarial plant species. 

TABLE 4.1 
Some Important Examples of in Vitro Propagation of Antimalarial Plant Species 
S. No. Plant Species Explants Media Key Reference

 1. Aristolochia indica L. Nodal and internodal Murashige and Skoog Prabha et al., 2008 

explant (1962) 

(MS medium)

 2. Aristolochia saccata Wall., Nodal explant MS Sarma et al., 2017 

A. cathcartii Hook. f.

 3. Artemisia annua L. Nodal explant MS Sharma et al., 2011

 4. Artemisia annua L. Leaf explants MS Alejos-Gonzalez et al., 2013; 

Paul et al., 2012; Zayova 

et al., 2020

 5. Artemisia annua L. Nodal stem explant MS Hailu et al., 2013; Janarthanam 

et al., 2012; Gaurav et al., 2011

 6. Artemisia vulgaris L. Nodal explant MS Jogam et al., 2020 

7. Aspidosperma polyneuron Epicotyl and hypocotyl Woody plant medium Ribas et al., 2017

Müll. Arg. nodal segments (WPM) 

8. Cinchona ledgeriana Moens Nodal segment MS Mayerni et al., 2015

 9. Cinchona off cinalis L. Nodal segment Gamborg B5 Armijos et al., 2021 

10. Croton lechleri (Muell. Arg.) Nodal segment and Quoirin andLeproivre Oliveira et al., 2022 

apical bud medium 

11. Cryptolepis sanguinolenta Nodal explant MS Monney et al., 2016 

Lindl. Schltr. 

12. Momordica charantia L. Shoot tips MS Minnu et al., 2022 

13. Momordica cymbalaria Young leaves, nodes, MS Chaitanya et al., 2020 

Fenzl. and shoot tips 

(Continued) 
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TABLE 4.1 (Continued) 
Some Important Examples of in Vitro Propagation of Antimalarial Plant Species 
S. No. Plant Species Explants Media Key Reference 

14. Ophiorrhiza sp. Shoot tips or axillary MS Pandey et al., 2022 

buds 

15. Spilanthes acmella L. Leaf explant MS Pandey and Agrawal, 2009 

16. Stachytarpheta jamaicensis Shoot tips MS Rajender et al., 2017 

(L.) vahl. 

17. Tabebuia donnell-smithii Axillary shoots MS Gonzalez et al., 2010 

Rose 

4.4  SUSTAINABLE HARVESTATION 

Sustainable harvesting is defned ecologically as harvesting that enables population numbers 

to be sustained or grown over time. Sustainable harvesting emphasizes the preservation of 

species populations in the wild despite strong demand around the globe (Deepa et al., 2018). 

Destructive harvesting typically leads to resource exhaustion. Destructive harvesting leads to 

the extinction for medicinal plants with low abundance and slow growth. Hence, it is very 

important to think about the sustainable use of medicinal plants and to develop good harvest-

ing procedures ( Larsen and Olsen, 2007). Compared to harvesting of leaves, fowers, or buds, 

medicinal plants (such as herbs, shrubs, and trees) suffer more damage from root and whole-

plant harvesting (Table 4.2). 

4.4.1 PRINCIPLES OF SUSTAINABLE HARVESTING 

4.4.1.1 Resource Mapping, Estimation, and Value Analyses 
Through the use of this principle, the local community can comprehend the availability of resources 

and their conditions in the wild in a better way. Also, this principle is quite useful to reveal about 

the potential quantity that can be collected and the effects of destructive harvesting. Furthermore, 

it offers the opportunity to comprehend the worth of products obtained through the value chain, 

the advantages enjoyed by the various stakeholders, and their duties in resource conservation. This 

principle allows the local community to keep an eye on the effects of destructive harvesting and 

already-established value chains. Through such initiatives, they are able to create alternative value 

chain models, harvest selected species sustainably, and create a participative management plan for 

its execution based on an adaptive management strategy. 

4.4.1.2 Participatory Approach Involving Local Community in Conservation 
The local community can use this principle to identify and choose species and locations for sustain-

able collection. It is based on the criteria that develop the approach for sustainable harvesting and take 

traditional knowledge into account. The following factors are taken into consideration when choos-

ing a species: (a) species that offer greater livelihood opportunities, encouraging the local population 

to participate in the sustainable management of the resources; (b) endemic species; (c) species with 

multiple harvestable parts; (d) species collected only from the wild; and (e) highly traded species. 

4.4.1.3 Documentation, Assimilation, and Application of 
Traditional Harvesting Knowledge 

This principle aids the local population in the documentation of traditional knowledge concern-

ing harvesting practices, ensures the rights of forest dwellers through their exclusive participation 
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TABLE 4.2 
General Recommendations for Time and Method of Collection of Different Plant Parts 
S. No .  Plant Parts Time of Collection Method of Collection 

1 . Bark Spring or autumn Remove the bark in long vertical strips using a thin 

fexible blade/knife. Avoid ring barking, which 

involves cutting off entire tree rings. 

2 . Leaves In dry weather during f owering Individual leaves are taken out instead of leaf 

period stripping. Harvesting of leaves should occur prior 

to or at the beginning of f owering. 

3 . Roots/rhizomes  Before fowering for annuals Dig the root at least 30 cm away from the main 

During autumn/winter for biennials stem or taproot. Collect lateral roots only. 

after growth of 1 year and after 2 

or more years for perennials 

4 . Flowers During dry weather and early  Pick fowers gently to avoid damaging the main 

morning stem of the plant. To capture the aroma of the 

fower, it must be picked right after it blooms or 

soon after. 

5 . Bulbs  After fowering and fruiting/late Gather the large mature bulbs, leaving the small 

autumn ones for regrowth. Bulbs should be collected only 

after seed shedding. 

6 . Fruits and seeds Collect fully ripened fruits It is advisable to collect a little earlier in order to 

prevent seed dispersal. To make it easier to collect 

the fruits and seeds, branches of the tree or shrub 

should not be clipped. 

  Source:  WHO (2003 ). 

without the use of outside labour forces. It combines scientifc knowledge with traditional knowl-

edge to create good harvesting practises and acknowledges the relationship between community 

and resources. 

4.4.1.4 Development of Sustainable Harvesting Protocols, 
Tools, and Field Implementation 

This principle allows creating species-specifc sustainable harvesting practises (SHPs), which are 

thorough and all-encompassing and include ecological knowledge of the species, their collection, 

value addition, and marketing. Species and location prof les, distribution, phenology, morphology, 

threat status, medicinal uses, propagation methods, resource assessments, best collecting proce-

dures, and post-harvesting methods are among the elements of SHP. The fve basic core elements 

(Figure 4.4) for sustainable harvesting are (Deepa et al., 2018): 

1. Part to be harvested 

2. Stage of collection 

3. Time of collection (season as well as frequency) 

4. Method of harvesting 

5. Quantity of collection 

4.4.1.5 Harvest of Different Plant Parts 
For the production of herbal medicines, various plant parts, including roots, rhizomes, bulbs, bark, 

leaves, fruit, and seeds, are collected and processed for further usages. Harvesting methods and 

timing depend on the species and plant sections.  Table 4.2  provides general recommendations on 

technique and timing for harvesting various plant sections. 
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Elements of 
Sustainable 
Harvesting
Framework 

Part to be 
harvested 

Quantity of 

collection 

Time of 
collection

Method of 
harvesting 

Stage of
collection 

FIGURE 4.4 Five elements of sustainable harvesting. 

4.4.1.6 Training, Capacity Building, and Dissemination 
This principle facilitates the dissemination of methodology-related information. Its success lies in 

being able to solicit feedback from others and revise the adaptive management plan. At the local 

level, interpersonal communication is helpful, whereas group/mass communication can effectively 

reach other stakeholders. 

4.4.1.7 Linking Trade, Price, and Conservation Principles and Practices 
The economic value chain is enhanced by increasing the skills of various stakeholders regard-

ing the significance of sustainable harvesting, post-harvesting procedures, marketing, and cer-

tification. The financial incentives directly benefit the primary stakeholders and the dependent 

community. One of the crucial factors in obtaining higher pricing at domestic and international 

markets is certification of the sustainably harvested products. An additional issue in the trading 

of natural resources is price fixing and benefit sharing. Giving the dependent local commu-

nity more control over these matters will benefit them economically and contribute to resource 

conservation. 

4.4.1.8 Interventions for Post-Harvesting Techniques and Market Linkages 
Techniques used after harvesting, such as drying, storing, adding value, labelling, and branding, bring 

more money and create jobs for the local population. To guarantee the supply of high-quality raw 

materials and to provide health security, value-added goods are directly related to the herbal indus-

tries. As the only financial incentive available to the stakeholders to reward their participation in the 

sustainable collection operations, marketing is a crucial intervention for sustainably gathered items. 

4.5  GUIDELINES FOR SUSTAINABLE HARVESTING 
OF MEDICINAL PLANTS (WHO, 2003) 

One of the most serious environmental issues today is biodiversity loss, which is also being held 

increasingly responsible for the Anthropocene. The biggest problem that the world is facing cur-

rently is the increased biodiversity loss rate. There are more threatened species than the resources 

needed to save them. Conservationists have become keen to make efforts about the need to priori-

tise conservation of the species (Tali et al., 2019). In growing nations, almost 80% of the popula-

tion relies on resources from plants for their indigenous medical practices. Most traded medicinal 
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plants in India are taken from the wild, more commonly in a damaging and unsustainable way. 

The genetic stock that is currently available and the variety of medicinal plants across the Indian 

Himalayan region have both been put under serious threat. Moreover, studies from the area have 

revealed that medicinal plants are rapidly disappearing as a result of being over-harvested for com-

merce (Pandey et al., 2019). 

Keeping in mind the threat to medicinal plants due to overexploitation and unscientif c harvest-

ing, there is a need to focus more on developing and shifting toward the sustainable scientif c meth-

ods to harvest medicinal plants without harming the plant (Raina and Gautam, 2020). WHO in 2003 

gave the guidelines for harvesting medicinal plants, which are as follows: 

• Sustainable practices should be followed while collecting/harvesting the plants. 

• Harvesting should be done under favourable conditions. Harvesting in wet/moist environ-

ment should be avoided. If harvesting is done in wet situations, the harvested material  

should be dried immediately in indoor conditions to prevent the harmful impacts of mois-

ture, like growth of pathogenic microbes favoured in moist conditions. 

• After harvesting, the plant material should be prevented from direct soil contact. In case 

any underground part like bulb/rhizome or root is harvested, the soil particles attached to 

the material should be removed immediately after harvesting to control the microbial load 

on the harvested material. 

• The material used for storage of harvested medicinal plants should be free from any 

contamination, including the remaining parts of previously collected plants. After being 

collected, the plant materials may go through the necessary preliminary processing, such 

as removing pollutants and washing (to remove extra soil) unwanted materials, cutting, 

and sorting. 

• Transportation should be done fast under contamination- and moisture-free condi-

tions. They can be transported to a central location for transit to the processing facility 

in moisture-free bags, clean baskets, trailers, or other well-aerated containers. The raw 

medicinal plant materials may need to be air- or sun-dried before shipping if the collection 

site is some distance from the processing facilities. 

• The various plant parts should be collected separately and transported in separate contain-

ers if more than one component of the medicinal plant is to be collected. Contamination 

from other parts must always be prevented. Avoid any compaction or mechanical dam-

age of the raw medicinal plant components that could lead to degradation of the quality. 

During harvest, it is important to identify and remove any decomposed medicinal plant 

elements to prevent microbial contamination and product quality loss. 

• Each container used for collection/storage of medicinal plant should be contamination-

free. Moisture should be checked if plastic containers are used, as moisture can favour 

the growth of moulds in the container. If the containers are not in use, then they must be 

stored under dry conditions, and the storing area must be inaccessible to insects, rodents, 

or any other pests. 

• Birds, domestic animals, rodents, insects, and other pests should be kept away from col-

lected plant material as they can damage the plant material. 

• The tools like shears, mechanical tools, and machetes used in harvesting of medicinal 

plant material should be clean, free from rust and contamination. These tools should also 

be stored under dry conditions, which must be away from the reach of insects or pests. The 

part of the tools which comes in contact with the plant should not be excessively greased. 

4.6  CONCLUSION AND FUTURE REMARKS 

Conservation and domestication methods are advised for antimalarial plant species that sustain 

large-scale cultivation in order to maintain a sustainable supply of plant materials and avoid its 
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extinction. In-depth ethnobotanical studies are required to document the regional therapeutic 

use of newly discovered antimalaria and other medicinal plants. Therefore, it is essential that 

endangered antimalarial plants are managed properly through conservation in order to ensure 

their long-term availability. In order to prevent the extinction of antimalarial plants and the 

exploitation of indigenous populations, individuals, societies, socio-groups, and governmental as 

well as nongovernmental organizations should develop plans that could aid in their conservation. 

Conservation assessment and management plans (CAMP) provide strategic and comprehensive 

guidance for conservation and management of threatened plant species. It is necessary to raise 

awareness among key stakeholders of the need for resource development, restoration, and con-

servation, owing to the effects of climate change. Using a variety of precautions and techniques, 

sustainable harvesting is achievable. Broadly speaking, protecting plants from fre and grazing, 

fostering young regeneration, controlling extraction, and popularizing various medicinal plant 

uses are some methods to sustainably harvest plants for their therapeutic properties. Furthermore, 

large-scale biosynthesis of natural products is now feasible due to genetic engineering, and devel-

opments in medicinal plant fermentation and tissue culture have created new opportunities for 

the highly effective and large-scale manufacture of desirable bioactive chemicals against malaria. 
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5  Toxic Compounds 
Associated with Some 
Antimalarial Plant Species 

Shivansh Negi, Noor Sayed, and Manu Pant 

5.1  INTRODUCTION 

Plasmodium is the protozoan parasite responsible for the fatal disease malaria. Plasmodium vivax 
and Plasmodium falciparum are two of the different causative species that are known to be the 

deadliest for human life, causing the deaths of more than 6 lakh people annually. Over the years, 

chemical-based treatment in allopathy has established itself as the most effective line of treatment to 

cure malaria (Kar and Kar, 2010). The drugs used for the purpose are either single agents or combina-

tion treatments. However, continual and extensive use of allopathic medications has resulted in rising 

drug resistance to these treatments (Ijarotimi et al., 2010). Consequently, an herbal line of treatment 

has emerged as a possible solution to the problem. Many plants have been mentioned as malaria treat-

ments in traditional systems and folk remedies. The utilization of plant-based antimalarial drug dates 

back to as long as 1632, when cinchona bark was used to treat malaria patients, leading to the f rst 

plant-based drug, quinine (Adebayo and Krettli, 2011). Another important plant is  Artemisia annua, 

from which the drug artemisinin is prepared and which has proven to be a very effective drug to treat 

malaria. Subsequently, the exploration of antimalarial properties of plants gained momentum, and 

over 2,000 phytochemicals are now reported to be effective against malarial infection. 

Despite the fact that herbal drugs are more readily available and well-accepted by users, they 

cannot be characterized as completely non-toxic and non-debilitating (Voravuth et al., 2016;  

Husen, 2023). It is important to understand that the phytochemical composition of a medicinally 

active plant largely depends on its genotype, physiological parameters of growth, plant part used to 

prepare the extract, and the harvesting and post-harvesting methods (Husen, 2021,  2022a, 2022b). 

Variations in these parameters have been observed to alter the pharmacokinetics of plant-based 

drugs (Eseyin et al., 2014). The cytotoxicity of these plant extracts has been the subject of another 

signifcant study (Husen, 2023). Individual studies have reported the lethal effect of phytoconstitu-

ents on mammalian cell lines, indicating their toxicity to living cells (Table 5.1). 

The present chapter is a compilation of information on the cytotoxicity of medicinally active 

plants that are known to be useful in curing malaria. Prominent antimalarial plant species are 

being discussed whose ingredients have been shown to be toxic to some type of live cells. The 

present knowledge will be useful in the utilization of these plants for the preparation of safe anti-

malarial drugs, either alone or in combination with other potential antimalarial plant species. 

5.2 ALLIUM SPP. 

The genus  Allium consists of pungent bulbous herbs which belong to the family Amaryllidaceae. 

Plants from this genus are widely distributed throughout the world except in Australia, New Zealand, 

and other tropical regions of the world. They are mainly used as food crops and ornamental plants 

around the world. 
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TABLE 5.1 
Cytotoxicity of Some Medicinal Plants Known to Have Antimalarial Property 

Genus Species Plant Part Cytotoxic Compound Cytotoxicity Cell Line 

Allium sativum Garlic pearls Allicin Moderately cytotoxic Human embryonic kidney cell 

Allium   paradoxum  Aerial parts and bulb line HEK 293 

Aspidosperma pyrifolium and  – Aspidolimidine Cytotoxic  Fibroblast cell line NIH 3T3 

 megalocarpon  

Aspidosperma olivaceum Stem bark Uleine and apparacine Moderately cytotoxic Human hepatoma cells

(HepG2) and normal kidney 

glomerular cells (BGM)

Aspidosperma   vargasii  and  – Ellipticine and olivacine Very low cytotoxicity Mouse macrophages

olivaceum 

Bixa   orellana  Roots Shwarane, ellagic acid, δ-tocotrienol, bixin, Slightly cytotoxic Fibroclasts (BJ cells), human

stigmasterol, β-sitosterol, inositol, ursolic acid, embryonic kidney (HEK-293) 

maslinic acid, and arjunolic acid, out of which cells 

ishwarane, δ-tocotrienol, stigmasterol

Canella   winterana   Leaves Muzigadial Highly cytotoxic  Chinese hamster ovary (CHO) 

 9-epideoxymuzigadial, 9-deoxymuzigadial, Moderately cytotoxic cells 

3-β-acetoxypolygodial, muzigodiol

Citrus spp. Peels Limonene Slightly cytotoxic  Kidney cell line (LLC-MK2) 

Holarrhena antidysenterica  Stem bark Conessine Slightly cytotoxic  Mononucleate myoblast (L-6 

cell line) 

  Hypercium  lanceolatum Stem bark Betulinic acid Mild cytotoxicity Monkey kidney epithelial cell 

  Kigelia  africana  Stem bark Atranorin Moderately cytotoxic line (LLC-MK2)

2β, 3β, 19αtrihydroxy-urs12-en-28-oic acid Slightly cytotoxic 

Ocimum tenuif orum  Roots, leaves Eugenol  Signif cantly cytotoxic Human gingival f broblasts, 

Ocimum   gratissimum   Leaves human oral cells

Piper tricuspe Whole plant Dycthiochromenol, 3-farnesyl p-hydroxy benzoic  Signif cantly cytotoxic Mononucleate myoblast (L-6

acid, 2´E,6´E 2-farnesyl hydroquinone cells) 

Piper coruscans Aerial parts Strobopinin 7-methyl ether, 5-hydroxy-7- Slightly cytotoxic Primary human dermal

methoxy6, 8-dimethyl f avanone, f broblasts 

desmethoxymatteucinol, alpinetin,

pinocembrin, dimethyl cryptostrobin 

(Continued) 
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TABLE 5.1  (Continued) 
Cytotoxicity of Some Medicinal Plants Known to Have Antimalarial Property 

Genus Species Plant Part Cytotoxic Compound Cytotoxicity Cell Line 

  Rumex  crispus  Leaves, root, fruit Nepodin Moderately cytotoxic  Vero cells 

Stephania dielsiana  Leaves Oxostephanine and thailandine Cytotoxic Human mammary epithelial

cell (MCF10A)

Stephania venosa Tubers Stephanine Highly cytotoxic Non-cancer breast cell line

(184B5) 

Stephania zippeliana  Leaves Xylopine Low cytotoxicity Human embryonic kidney cells 

(HEK 293) 

  Tebebuia  spp.  Leaves β-lapachone Highly cytotoxic Pig kidney epithelial cell lines ⍺-lapachone Highly cytotoxic ⍺-lapachone Slightly cytotoxic Mouse neural crest–derived 

 Atovaquone Highly cytotoxic cell lines 

  Teclea    trichocarpa  Leaves Arborinine, skimmianine Moderately cytotoxic Rat skeletal muscle myoblast 

(L-6) cell line 

Zingiber   off cinale  Rhizome Gingerol Slightly cytotoxic  Normal mammary epithelial 

cells (MCF-10A)

Zerumbone Slightly cytotoxic  Vero cell line 

zerumbet Rhizome Zerumbone Slightly cytotoxic  Vero cell line 
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Allium sativum, commonly called garlic, is a plant famous for its taste in culinary dishes and 

also for its pharmacological properties. It is commonly used in treating several disorders. The abil-

ity of garlic to fght infection has been known and utilized by China and India for a long time (Coppi 

et al., 2006). Its use in treatment of malaria is also documented. Garlic extract in combination with 

artemisinin and artemether have been shown to be effective against  Plasmodium berghei in mice 

models (Vathsala and Murthy, 2020). 

Another plant species of this genus,  Allium paradoxum, has been used as an herbal medicine 

in many areas of the world. It is also called few-fowered garlic. This plant is originally native 

to the Mazandaran province of Iran. It is mainly used for the treatment of digestive ailments. It 

has shown anticancer, antioxidant, and antibacterial properties. Hence, its antimalarial properties 

were studied in a separate study. The extract of its aerial part and bulb showed signif cant activ-

ity against  Plasmodium falciparum and Plasmodium bergei in mice model (Elmi et al., 2021).  

This plant also contains allicin (Khanabadi et al., 2022), which is abundantly present in Allium 
sativum. 

Garlic is rich in thiosulfnate allicin, which is produced when the enzyme allinase reacts with 

the compound alliin only when the clove is crushed. The component accounts for the major healing 

properties of the plant (Satyal et al., 2017). The antimalarial activity of allicin has been reported in 

vivo in the mice model of Plasmodium berghei (Coppi et al., 2006) and  Plasmodium yoelii ( Feng 

et al., 2012). In a separate research work, the microtubule-disrupting action of allicin was reported 

to be cytotoxic towards NIH-3T3 fbroblasts, which is a type of murine embryonic f broblast cell 

line. This compound signifcantly restricted migration and polarization and induced microtubule 

disassembly of these cells (Khoutorsky et al., 2007). Moreover, the studies confrmed that high lev-

els of allicin can be toxic to the organism. In the mice model, a high dose of allicin shows toxicity 

with 50% lethal dose of 60 mg/kg after intravenous injection (Coppi et al., 2006). Besides, allicin 

has also been reported to be cytotoxic to human embryonic kidney (HEK-293) cells, exhibiting 

phenomena like DNA damage, DNA fragmentation, and increased nitrate and nitrite concentration 

in the cells on allicin treatment (Narain et al., 2022). 

5.3 ASPIDOSPERMA SPP.

 The Aspidosperma genus belongs to the family Apocynaceae, and the plants are extensively used 

as an astringent, antipyretic, antidiarrhoeal, and antimalarial agent. Many plants of this genus have 

been reported as an antimalarial medicine for a long time in various parts of Brazil, South America, 

and other tropical regions (Chierrito et al., 2014;  Paula et al., 2014). 

The cytotoxicity of different alkaloids of on Aspidosperma pyrifolium (Jetichuriqui, Bolivia) 

and  Aspidosperma megalocarpon has been studied against  Plasmodium falciparum. Twelve 

compounds were studied for their antiplasmodial activity and cytotoxicity on the human cell 

line NIH 3T3. The compounds studied were apisdospermine, 10-methoxy-aspidospermidine, 

N-formyl-aspidospermidine, aspidospermine, vallesine, dimethyl-aspidospermine, demethoxy-

aspidospermine, palosine, haplocine, fendlerine, aspidoalbine, and aspidolimidine. Among these 

12 compounds studied, aspidolimidine was found to show high cytotoxicity (Mitaine-Offer et al., 

2002). In another study conducted  in vitro against  Plasmodium falciparum K1 and 3D7 strains, 

it was found that the compound ellipticine in Aspidoperma spp. reversibly inhibited mammalian 

and bacterial cells at low concentrations, and at very high concentrations, the cytotoxic effect was 

irreversible (Frausin et al., 2015). In another study conducted on the stem bark of Aspidosperma oli-
vaceum in vitro against  Plasmodium falciparum (clone W2), six compounds – carpine, demethoxy-

aspidospermine, uleine, apparicne, N-methyl-tetrahydrolivacine, and olivacine – were isolated, and 

among these bioactive compounds, uleine and apparacine were reported to be moderately toxic 

when studied on two cell lines: normal kidney glomerular cells (BGM) and human hepatoma cells 

(HepG2) (Chierrito et al., 2014). The ethanolic extract of Aspidosperma vargasii alkaloid com-

pound ellipticine and  Aspidosperma olivaceum compound olivacine has also been tested against 
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FIGURE 5.1 Cytotoxicity of Aspideoperma spp. 

Plasmodium falciparum 3D7b and has been shown to have very low cytotoxicity on mouse macro-

phages (Silva et al., 2012) (Figure 5.1). 

5.4 CITRUS 

Citrus plants belong to the family Rutaceae. They are believed to be native to tropical and subtropi-

cal South-East Asia. Apart from the culinary use of Citrus, its fruits are used as a supplement of 

vitamin C, vitamin A, folic acid, and others. Because of their antioxidant potential, their fruits are 

widely used for the treatment of a plethora of diseases, including scurvy, cancer, etc. 

One of the plants,  Citrus maxima, which is commonly called pomelo, is used as an antioxidant, 

antidiabetic, hepatoprotective, anti-aging, and antidepressant agent. The leaves and fruit of this plant 

are used in the preparation of herbal medicine for the treatment of malaria, and its extract has shown 

signifcant antiplasmodial activity against Plasmodium falciparum 3D7 and RKL-9 (Gogoi et al., 

2021). Several other plants of this genus have been used in the herbal preparation for the treatment 

of malaria, for example,  Citrus aurantifolia (lime), commonly called Osan wewe in South-West  

Nigeria, whose root, bark, stem, twigs, leaves, and fruit are used in the preparation of antimalarial 

medicine. Studies have shown signifcant antimalarial activity of the fower extract of C. aurantifolia 
against  Plasmodium falciparum (Bapna et al., 2017). Though in another study on mice model, it was 

reported that intake of the essential oil of lime induces cellular injuries, particularly necrosis, and 

its continuous exposure could result in malfunctioning of organs; for example, in liver, sinusoidal 

dilatation, leucocytosis, congestion of central vein, infammation, and pyknotic nuclei in medium 

to high doses were observed, while necrotic lesions were observed in the glomeruli in the kidney. 

Accumulation of hemosiderin was observed in the spleen and vascular congestion, and inf ux of 

infammatory cells was observed in the lungs (Adokoh et al., 2019). Other plants from this genus, 

such as sour lime, or Citrus aurantium (common name: osanganinganin), and grapefruit, or  Citrus 
paradisi (common name: osangerepu), are also used as antimalarial herbal medicine in South-West 

Nigeria, using plant parts like fruits, root, leaves, stem, twigs, etc. (Odugbemi et al., 2007). The 

essential oils of Citrus spp. are known to be very rich in limonene, which ranges from about 30 to 

40% in C. maxima and  C. aurantifolia (Pino and Rosado, 2001;  Singh et al., 2010) to about 90% 

in the essential oil of peels of Citrus aurantium (Boussaada and Chemli, 2006). Also, about 91% 

of limonene was found in the peels of Citrus paradisi (Njoroge et al., 2005). In a study conducted 
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on humans, it was observed that when limonene is inhaled into the lungs at the highest concentra-

tion (450 mg/m^3), it signifcantly decreased the lung vital capacity of the subjects tested (Filipsson 

et al., 1993). Interestingly, this compound has been reported as mildly toxic against Rhesus monkey 

epithelial cells (LLC MK-2) (Arruda et al., 2009), indicating its potential cytotoxicity. 

5.5 OCIMUM SPP. 

These plants belong to the family Lamiaceae and are well-known for their medicinal and aromatic 

properties.  Ocimum tenuiforum is an herb native to the Indian subcontinent known for its vari-

ous medicinal uses. In Ayurveda, the plant extracts have been used in preparation of antimalarial 

medicines (Raina et al., 2013). In vivo studies (mouse model of Plasmodium bergei) have conf rmed 

the inhibitory activity of the plant towards adult mosquitoes and their larvae (Banyal et al., 2015). 

The antimalarial activity of the plant is linked to its main phytochemical constituent, eugenol 

(Banyal et al., 2015). Similarly, antimalarial effects of  Ocimum gratissimum have been studied  

(Florence et al., 2022). The essential oil of this plant also contains high amounts of eugenol (about 

68%) (Matasyoh et al., 2007). However, in a separate study, pure eugenol was reported to be signif -

cantly cytotoxic towards human gingival fbroblasts, and it was also claimed that its cytotoxic effect 

depends on its concentration and time of contact with cells (Gerosa et al., 1996 ). This compound 

was also claimed to be cytotoxic against human oral cells (Sakagami et al., 2018), as it has shown 

inhibition of the citric acid cycle and induction apoptotic cell death. 

5.6 PIPER SPP. 

For a very long time, several species of the family Piperaceae have been used as herbal medicine 

in treatment of several ailments, like cardiovascular, gastrointestinal, bacterial infections, malaria, 

etc. There is an abundance of biologically active phytochemicals in the family of Piperaceae, out of 

which secondary metabolites like alkaloids and amides from the genus  Piper have shown medicinal 

effects, apart from their use for culinary purposes. One of the most common species used as herbal 

medicine against malaria is  Piper nigrum, commonly called black pepper, popular for its culinary 

applications in Asia and for its use in many traditional medicines. Among the bioactive compounds 

present in P. nigrum, compounds like piperine, pellitorine, guineensine, pipnoohine, trichostachine, 

and piperonal are known to have potential medicinal properties. Out of these compounds, piperine is 

the major component responsible for the spicy, pungent favour and other pharmacological properties 

of the genus (Rao et al., 2011). Piperine has been reported as a potent lead for the development of 

new antimalarial drugs because of its signif cant antimalarial activity (Thiengsusuk et al., 2018). P. 
nigrum has been widely used as prophylactic treatment of malaria in many parts of the world. The 

seed extract of the plant has been confrmed to have shown signif cant activity against  Plasmodium 
falciparum (Kamaraj et el., 2012). Fruits of the plant are used as antiperiodics in malaria fever and 

taken with Allium cepa orally in some parts of India. P. nigrum is also recommended to be taken with 

juice of the leaves of Lucas linifolia and Ocimum sanctum for curative effects (Marques et al., 2015). 

Despite the therapeutic potential of piperine, its toxicity is also an important factor to be considered. 

Studies have shown the reproductive toxicity of piperine in Swiss Albino mice, where an increase 

in the diestrus phase leads to reduced fertility and mating performance, when administered orally 

at concentrations of 10 and 20 mg/kg body weight. In the same study, anti-implantation activity and 

anti-prostaglandin activity of piperine were also reported ( Daware et al., 2000). Another study con-

frmed toxicity of piperine on male reproductive system of albino mice at a dose of 10 mg/kg body 

weight of piperine for 60 days (Chinta et al., 2017). Continual intake of piperine resulted in decreased 

size of reproductive organs, increased gonadosomatic index (which is inversely proportional to repro-

ductive eff ciency), increased in testicular coeff cient (which is directly proportional to reproductive 

toxicity), decreased serum testosterone levels, and increased levels of follicle-stimulating hormone 

and luteinizing hormone in male rats. 
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FIGURE 5.2 Cytotoxicity of Piper spp. 

Piper tricuspe, commonly called Hojamano or Costeno, is found in the Colombian pacif c 

zone and has been used traditionally in the treatment of snakebite and malaria. Studies have con-

f rmed the antimalarial potential of the plant extract against  Plasmodium falciparum. However, 

plant metabolites have also shown to exhibit cytotoxicity. Three active metabolites of the plant, 

namely, dycthiochromenol, 3-farnesyl p-hydroxy benzoic acid, and 2´E,6́ E 2-farnesyl hydro-

quinone, have been reported to have antimalarial activity, and all of them were also found to be 

signifcantly cytotoxic against mammalian cell line, the rat skeletal muscle myoblast L-6 cells 

(Vega et al., 2008). 

Piper coruscans is a plant traditionally used in the treatment of malaria in the Amazon region 

due to its antiplasmodial activity. However, the plant has also been traditionally used as poison. A 

recent study confrmed the cytotoxicity of plant extracts AB943 primary human dermal f broblasts. 

All the cytotoxic components of the plant extract were favanones, which included strobopinin 

7-methyl ether, 5-hydroxy-7-methoxy6, 8-dimethyl favanone, desmethoxymatteucinol, alpinetin, 

pinocembrin, and dimethyl cryptostrobin (Ocmín et al., 2022) (Figure 5.2). 

5.7 STEPHANIA SPP. 

Stephania genus belongs to the family Menispermaceae and is native to Africa, South-East Asia, 

and the northern and eastern parts of Australia (Blanchfeld et al., 2003). Stephania is a popular 

traditional and folk medicine to treat malaria in various parts of South-East Asia (Desgrouas et al., 

2014). In a study conducted on tubers of Stephania rotunda, the antiplasmodium activity of eight 

compounds – cepharanthine, palmatine, pseudopalmatine, roemerine, stephanine, tetrahydropal-

matine, vireakine, and xylopinine – was confrmed on Plasmodium falciparum type W2 strain, 

with cepharanthine and pseudopalmatine showing cytotoxic behaviour against lymphoblast cells. 

Among these two cytotoxic compounds, cepharanthine showed more cytotoxicity on K652S cells, 

and pseudopalmatine showed low cytotoxicity to K562S cells (Baghdikian et al., 2013). Another 

study conducted on crude methanol extract from S. dielsiana leaves confrmed that antimalarial 

potential of the plant could be attributed to seven compounds – crebanine, o-methylbulbocapnine, 

oxostephanine, palmatine, stephanine, tetrahydropalmatine, and thailandine – which were isolated 
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FIGURE 5.3 Cytotoxicity of Stephania spp. 

in pure form. Among these compounds, oxostephanine was found to be the most cytotoxic towards 

non-cancer models MCF10A and 184B5 human breast epithelial cell lines, while crebanine, 

o-methylbulbocapine, and palmatine chloride showed low cytotoxicity (Knockleby et al., 2020).

 In Stephania venosa, crebanine, dehydrocrebanine, o-methybulbocapnine stephanine, and tet-

rahydropalmatine were isolated from the dichloromethanol extract of tubers, which exhibited anti-

plasmodial activity against two strains, 3D7 and W2, of P. falciparum. Out of these compounds, 

stephanine showed high cytotoxicity on non-cancer breast cell line 184B5 (Mai Le et al., 2017).

 In Stephania zippeliana, lirodenine and xylopine were isolated using methanol/water extract 

and showed antiplasmodial activity. Among these two compounds, xylopine was found to have low 

cytotoxicity when studied against the mammalian (human embryonic kidney) cell line HEK 293 

(Fernandez et al., 2010) (Figure 5.3). 

5.8 ZINGIBER SPP. 

The members of the ginger family (Zingiberaceae) are famously used as spices and in traditional 

and herbal medications.  Z. offcinale, commonly known as true ginger, canton, canton ginger, is a 

widely famous spice across the world because of its pungent f avour and characteristic aroma. It is 

believed to have originated from tropical regions of India. It has been used as the herbal remedy of 

several ailments, like fever, common cold, cough, stomach infections, etc. It is widely distributed 

in South-Eastern Asia, China, Japan, Austria, Latin America, Jamaica, and Africa ( Hasan et al., 

2012). The rhizome of this plant is reported to be used as an herbal medicine for malaria in South-

West Nigeria, where it is commonly called Ajo and Ata-ila (Odugbemi et al., 2007). Antimalarial 

activity of the essential oils of the rhizome of Z. offcinale against  Plasmodium falciparum has also 

been experimentally confrmed (Héritier et al., 2018). Ginger rhizomes are believed to be rich in 

10-gingerol (a phenolic lipid) (Hasan et al., 2012), which imparts therapeutic potential to the plant. 

However, it has been reported to inhibit the growth of MCF-10A normal mammary epithelial cells 

(Ediriweera et al., 2020), confrming its cytotoxicity. Another terpenoid, zerumbone, found in the 

plant (Oh et al., 2018) has also been shown to impart antimalarial property to the plant. However, 

the cytotoxicity of zerumbone to normal cell lines (Vero cells) has also been conf rmed (Sriphana 

et al., 2013) 



 

   

   

  

     

   

 

     
 

    

    

 

  

 

  

     
 

   

  

 

 

 

          

   

   

   
 

    

        

  

    

   

  

      

 

 

 

   

98 Antimalarial Medicinal Plants 

Another species,  Z. zerumbet, commonly known as wild ginger or shampoo ginger, is widely 

distributed in the Indo-Malayan region and also grown in many tropical regions (Baby et al., 2009). 

The rhizome of this plant has been used in malaria treatment by locals since ancient times in some 

parts of southern India (Kamaraj et al., 2012). However, the toxicity of the plant has also been 

studied. In a report, ethanol extract of Zingiber zerumbet exhibited signifcant toxicity in the brine 

shrimp assay (Hossain et al., 2012). This is owing to the presence of zerumbone in the plant rhizome. 

Some other antimalarial plant species with tested cytotoxicity on different cell lines are dis-

cussed next. 

Bixa orellana.The plant belongs to family Bixaceae and is a very common species in South 

America. It is commonly called achiote in Latin America and annatto in North America. 

Apart from its use as a condiment, it is also used for its medicinal properties in the treat-

ment of various diseases, including malaria (Ruiz et al., 2011,  Zhai et al., 2014). In a study, 

several compounds from the hairy root culture of B. orellana were isolated, like ishwarane, 

ellagic acid, δ-tocotrienol, bixin, stigmasterol, β-sitosterol, inositol, ursolic acid, maslinic 

acid, and arjunolic acid, out of which ishwarane, δ-tocotrienol, and stigmasterol showed 

promising antimalarial activity. However, the study confrmed the cytotoxicity of extract 

against normal cell lines like BJ cells and HEK-293 cells ( Zhai et al., 2014). 

Canella winterana.The plant is found in the tropical region of the Caribbean and some areas 

of Florida Keys. It is commonly called wild cinnamon because its bark is used as a spice, 

as it is similar to true cinnamon. This plant consists of drimane sesquiterpenoids dialde-

hydes, which is a group of characteristic compounds of Canellaceae (Grace et al., 2010). 

The leaf extracts have been shown to contain fve drimane-type sesquiterpenoids, like 

9-epideoxymuzigadial, muzigadial, 9-deoxymuzigadial, 3-β-acetoxypolygodial, and muz-

igodiol. Muzigadial has been shown to have high antiplasmodial activity as well as high 

cytotoxicity towards CHO (Chinese hamster ovary) cells, while other isolated compounds 

have moderate antimalarial activity as well as cytotoxicity towards CHO cells ( Grace et al., 

2010), indicating their cytotoxic nature. 

Holarrhena antidysenterica. Commonly called Kurchi, Holarrhena antidysentrica belongs 

to the family Apocynaceae (Gopinath et al., 2020). These plants are traditionally used in 

North-West Himalayan regions to treat malaria (Verma et al., 2011). In an in vitro antiplas-

modial study conducted on compound conessine isolated from the stem bark of Holarrhena 
antidysentrica, it was observed that conessine was cytotoxic against the  Plasmodium falci-
parum K1 strain and L-6, rat skeleton muscle myoblasts (Dua et al., 2013). 

Hypercium lanceolatum. Hypercium lanceolatum (family Guttiferae) is known to have anti-

malarial properties (Tchakam et al., 2012). A study conducted against  Plasmodium falci-
parum strain W2mef using the stem bark of H. lanceolatum showed that the plant extract 

was rich in betulinic acid (HLT1), 2,2’,5,6’-tetrahydroxybenzophenone (HLT2), 5-hydroxy-

3-methoxyxanthone (HLT3), 3-hydroxy-5-methoxyxanthone (HLT4), and HLT0 (unidenti-

fed). Among these compounds, betulinic acid exhibited cytotoxicity against  Plasmodium 
strains and monkey kidney epithelial cells ( Zofou et al., 2011b) 

Kigelia africana. Many antimalarial compounds have been isolated from the family  

Bignoniaceae. One of them is  Kigelia africana, which is commonly used in the treatment 

of malaria in African countries. This plant is commonly found in Central, West, and South 

Africa. Since this plant bears huge fruits, it is commonly called sausage tree or cucum-

ber tree. In Cameroon, West Africa, the stem bark of this plant has been used for the 

preparation of antimalarial herbal medicine. The bark is boiled in water, or its powdered 

extract mixed with palm oil is taken orally in malarial fever ( Zofou et al., 2011a). In South-

Western Nigeria, this plant is locally called Iyan, Pandoro Somunroro, and there its stem 

bark is infused with the stem bark of other plants, which are  Anarcardium occidenta-
lis, Mangifera indica, and  Terminalia catapa; this infusion is taken orally for malaria 
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treatment (Oladele and Adewunmi, 2008). Active compounds isolated from the crude bark 

extracts of K. africana have been tested against Plasmodium falciparum, which showed 

signifcant antiplasmodial activity. In the same study, the cytotoxicity of these isolated 

compounds was also evaluated, in which out of the fve isolated compounds (Atranorin, 

2β, 3β, 19αtrihydroxy-urs12-en-28-oic acid, 2βhydroxyoleanolic acid, Specicoside, and 

p-hydroxycinnamoic acid), two compounds (Atranorin, 2β, 3β, 19αtrihydroxy-urs12-

en-28-oic acid) were found to be signifcantly active against Plasmodium falciparum while 

also exhibiting cytotoxicity against monkey kidney epithelial cells. Atranorin was mod-

erately cytotoxic, while 2β, 3β, 19αtrihydroxy-urs12-en-28-oic acid was mildly cytotoxic 

against this particular mammalian cell line ( Zofou et al., 2011a). 

Rumex crispus. Rumex crispus is an unpleasant weed that is commonly found in Asian coun-

tries, especially in China and Korea. It is taken orally as herbal medicine to treat a variety 

of ailments, like fungal and peptide disorders, including malaria (Lee and Rhee, 2013). 

This plant is commonly called curled dock. It is a well-known traditional medicine in the 

Eastern Cape, South Africa (Idris et al., 2019). Nepodin is the primary active ingredient of 

the plant, which accounts for its strong antimalarial property. However, moderate cytotox-

icity against normal cell lines is also reported (Lee and Rhee, 2013). 

Tebebuia spp. Tebebuia belongs to the largest genus of Bignoniaceae. The plants are native 

to the Amazon forest and Latin America ( Zhang et al., 2020). Since ancient times, these 

plants have been used in the treatment of fever, malaria, fungal infections, bacterial infec-

tions, and skin diseases. Commonly known as trumpet trees, the plants are rich in lapa-

chol, α- and β-lapachone, and atovaquone, which account for their antimalarial properties. 

A recent study was conducted to test the antiplasmodial and cytotoxicity of the natural 

naphthoquinones lapochol, ⍺- and β-lapachone, which were obtained from a plant of the 

Tabebuia genus. The cytotoxicity of these compounds was tested on the A549 (human lung 

adenocarcinoma cells), HepG2 (human hepatoblastoma cells), LLC-PK 1 (porcine kidney 

tubular epithelial cells), MRC-5 cells (the human foetal lung fbroblast cell line), neuro-2A 

(mouse neuroblastoma cells) against  Plasmodium falciparum W2 strain. It was observed 

that β-lapachone was the most cytotoxic in all the cells tested. ⍺-lapachone was found to 

be more cytotoxic to kidney cells LLC-PK1 and less cytotoxic to neuro-2A and MRC-5 

cells, and atovaquone was observed to be the most cytotoxic to neuro-2A and MRC-5 cells 

(Nascimento et al., 2020). 

Teclea trichocarpa. Some Teclea species are used for the preparation of herbal remedies 

for malaria. One of these species is  Teclea trichocarpa. It is used by the Akambia tribe 

of East Africa for the treatment of malaria. The active compounds of the plant extracts, 

like beta-sitosterol, alpha-amyrin, melicopicine, normelicopicine, arborinine, and skim-

mianine, have been shown to exhibit mild to moderate cytotoxicity towards the L-6 muscle 

cell line (Mwangi et al., 2010). 

5.9  CONCLUSION 

The increasing resistance to antimalarial chemical drugs like sulfadoxine and chloroquine has 

resulted in pathogenic resistance and loss of drug effcacy, leading to the wide usage of herbal drugs 

against malaria. The plant-based drugs have been largely popular due to their low cost, high acces-

sibility, and being more acceptable among users. However, these drugs are not without any side 

effects. One of the most crucial factors is the proven cytotoxic effect of phytoingredients of some 

of the commonly used antimalarial plants. Another important factor is the increased cytotoxicity of 

these drugs when many plants are used to prepare combinational drugs without effective testing, 

as some phytochemicals might prove to be more toxic when used in concoctions. The plant-based 

medicine preparation and dosage requirements for safe use are also debatable as phytoconstituents 

vary with several physical parameters. 
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It, therefore, becomes very important to realize all these factors before herbal drug designing 

and preparation, making it a must to perform extensive clinical trials on the safety and eff cacy of 

plant-based antimalarial drugs. 
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6  Plant-Based Secondary 
Compounds and Nutrients 
as Therapeutic Agents 
in the Management of 
Malaria Infection 

Ahmed Olatunde, Olalekan Bukunmi Ogunro, 
Habibu Tijjani, and Shakirdeen Mayowa Obidola 

6.1 INTRODUCTION 

Malaria has been the leading cause of death in about 100 countries of approximately 2.4 billion resi-

dents, mostly dominant in sub-Saharan Africa. Even though a sharp decline in mortalities related 

to malaria has been recorded in Africa, children below the age of 5 and pregnant women in sub-

Saharan region of the continent have the bigger share of malaria-related deaths. Globally, approxi-

mately 3.3 billion individuals are endangered with malaria, out of which 1.2 billion are posed to 

greater threat (Kendie et al., 2021). Based on this, malaria continue to be a serious global threat that 

requires immediate and potent interventions. 

One of the contributing factors to the global burden caused by malaria is the onerous or diff cult 

concern of antimalarial use in parasites-dominated regions with tremendous increase in the rates 

of human movement and all the year-round malaria transmission ( Ezenyi and Salawu, 2016 ). The 

deadly malaria parasite Plasmodium falciparum is responsible for most of these related deaths, 

which majorly occur through the development of resistance to several categories of synthetic anti-

malarial agents, causing severe complications of the disease. Apart from the  P. falciparum, there are 

other less deadly strains of the malaria parasites, such as P. vivax and P. ovale, and they have the abil-

ity to deteriorate health for weeks to months following the initial infection by inactive hypnozoites 

in the liver. The malaria parasites have also been prognosticated to have a wider coverage (attributed 

to global warming increase) due to increase in the species of  Anopheles and the malaria vectors that 

are resistant to most of the readily available antimalaria drugs ( Laporta et al., 2015 ). It is therefore of 

utmost importance to have antimalarial agents with diverse actions and effective enough as alterna-

tive strategies against all strains of malaria parasites and malaria-induced infections. 

Over the last years, signifcant successes have been made in identifying alternative therapies in 

managing malaria ( Hemingway et al., 2016 ). Even as that, the mortality rate associated with malaria 

is still on the high side, which makes exploration of antimalarial agents among the top priority lists 

for researchers. Fortunately, plant-based chemicals and nutrients have been described as a great res-

ervoir for antimalarial drugs, many of which are still of clinical relevance for preventing and treat-

ing severe cases of malaria. From the initial isolation of quinine (frst successful antimalarial drug 

from Cinchona tree of South American origin) to the synthetic antimalarial chloroquine (which later 

became resistant to the parasite) and to the isolation of artemisinin (from the leaves of  Artemisia 
annua of Chinese origin), robust scientifc interest has been put on the continued exploration of 

natural products as antiplasmodial agents ( Tajuddeen and Van Heerden, 2019 ). 
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105 Plant-Based Compounds and Nutrients in Management of Malaria Infection 

Like in the case of secondary metabolites, the role of nutrition cannot be overlooked, and the 

lack or absence of effective nutrition makes the body system susceptible to malaria infection (Sakwe 

et al., 2019). In addition to this, the absence of proper nutrition can cause about 50% of malaria 

mortality in African regions (UNICEF, 2022). Malnutrition decreases the body system immunity, 

characterized by defective phagocytic functions, complement system, production of cytokine, and 

others (Munteanu and Schwartz, 2022; Mrimi et al., 2023). Lack of micronutrients has signif cant 

effects on the immune systems and exposes the body to infectious diseases, such as malaria (Sakwe 

et al., 2019). Therefore, the aspect of nutrients is also vital in curtailing the detrimental effects of 

malarial infection. The uninterrupted search for novel antimalarial principles persists to be a top 

priority, and because malaria chemotherapy is historically linked to natural products, this chapter 

therefore provides a comprehensive information on the role and effcacy of chemicals and nutrients 

of plant origin as therapeutics in the management of malaria. 

6.2 PLANT-BASED SECONDARY COMPOUNDS AS ANTIMALARIA AGENTS 

The medicinal properties of plants are normally dependent on certain secondary metabolites 

or active principles. These secondary metabolites do not directly infuence the organisms in 

their growth, development, and reproduction but mediate their actions indirectly. Their absence 

does not necessarily cause instant death, but long-term defciency may cause impairment of the 

well-being. 

Plants have a long historical link in herbal medicine for treating various diseases and maladies 

because they produce a diverse range of chemical agents that interact with targets in the biological 

system (Husen, 2021, 2022a, 2022b, 2023;  Rahman and Husen, 2023a, 2023b). Approximately 15% 

of plant species have been subjected to scientif c investigation of their phytochemical constituents, 

while only 6% of this have been considered for their pharmacological effcacy. There are therefore 

several active agents in plants yet to be discovered for the potency in combating diseases, including 

malaria. As regards malaria parasites, several drugs derived from chemical agents from plants have 

been devised in modern therapy as antimalarials to treat or control the disease. 

For synthesizing new and potent antimalarial agents, medicinal plants have played a critical 

role. The potency of plant extract and isolated agents ascertained through several pharmacological 

studies has been able to substantiate the effectiveness of most plants in combating malaria parasites. 

In most tested cases, resistance to the parasites has not been recorded, which can be attributed to 

the synergistic action of the constituents in plant. This alone presents a robust effcacy of extracts 

from plants against malaria resistance. The eradication of malaria in most parts of the world, espe-

cially in Africa, may also rely on the uniqueness of plant agents in being able to lessen the burden 

of the disease without getting rid of the continued vulnerability to infection important to sustain 

immunity. Extraction, isolation, and characterization of a lot of active phytochemicals (secondary 

metabolites, mineral elements, and amino acids) from plant sources have given way for antimalarial 

drugs. For instance, gedunin, febrifugine, ellipticine, olivacine, uvaretin, diuvaretin, bartericin A, 

4-Hydroxylonchocarpin, lanarofavonem, ineupatorolide A, 6α,7β-Diacetoxyvouacapane, neoser-

geolide, (+)-Catechin-3-gallate, and (+)-Catechin-5-gallate are isolated antiplasmodial compounds 

from different plant sources (Ezenyi and Salawu, 2016). These bioactive phytochemical agents are 

the main characteristics of plants which exhibit physiological actions in humans. Natural prod-

ucts with antiplasmodial principles generally include alkaloids, cucurbitacin glycosides, terpenoids, 

benzophenones, essential oils, triketones, sesquiterpene lactones, xanthanoids, polyphenol, iridoid 

glycosides, coumarins, anthraquinones, tetrahydropyrone derivatives, limonoids, tetranortriterpe-

noids, favonoids, triketones, cembranolides, triterpene hydrocarbon derivatives, poliothrysoside, 

saponins, tannins, chalcones, cembranolides, xanthanoids, and phloroglucinols but have been clas-

sifed majorly into alkaloids, quinones and polyketides, terpenes, and polyphenols in this chapter 

based on their chemical structure, composition, solubility in solvents, or the pathway of their syn-

thesis. These antimalaria compounds present in plant extracts are summarized in Table 6.1, and the 

major classes described thus. 
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TABLE 6.1 
Plant-Based Chemical Compounds with Various Mechanisms of Antimalarial Actions 

No.  S. Natural Natural Product Subclass Active Compound Source 
Product Class 

Alkaloids Monoindole Strychnobrasiline Strychnos myrtoides 

Malagashanine 

Naphthylisoquinolines  Ancistectorines A 1 ,   Twigs of Chinese 

Ancistectorines N -methyl A 1 , Ancistrocladus tectorius 
Ancistectorines A2 , 

Ancistectorines 5-epi-A2 , 

Ancistectorines A3 , 

Ancistectorines C1

 Benzylisoquinolines and   Cassiarin J   Extract of Cassia siamea
other isoquinolines   Cassiarin K  (Fabaceae) leaf 

  Cassiarin A  

Phenanthridine, 2-hydroxyatherosperminine   Extract of   Cryptocarya nigra 
phenanthroindolizidine,   (Lauraceae) bark  

and phenanthrene

alkaloids, derivatives of 

henanthrene 

Dehydrotylophorine   Methanol twigs extract of Ficus 

Dehydroantof ne septica  (Moraceae) 

  Tylophoridicine  

Nitidine Zanthoxylum rhoifolium and

Zanthoxylum chalybeum 
(Rutaceae) 

Dihydronitidine Zanthoxylum heitzii bark 

Action/Inference 

Promising agent for resistance reversal 

when combined with quinoline-

containing drugs

Aided the accumulation of chloroquine

in drug-resistant parasites

Suppressed P. falciparum (K1 strain)

without cytotoxicity to the cells 

Inhibited growth of 3D7  P. falciparum 
in vitro

 Promising antiplasmodial activity 

agent

Potency against the K1 strain of  P. 

falciparum

In vitro inhibition of 3D7 strain of P. 

falciparum

Strong activity against  P. falciparum 
sensitive to chloroquine

Demonstrated drug resistance against

3D7 strain of parasites 

Reference 

Rafatro et al., 2000 ;

Ramanitrahasimbola

et al., 2006

Rafatro et al., 2000 

Bringmann et al., 2013

Deguchi et al., 2012 

Deguchi et al., 2012 

Morita et al., 2007

Nasrullah et al., 2013

Kubo et al., 2016 

Kubo et al., 2016 

Kubo et al., 2016 

Gakunju et al., 1995 ; 

Bouquet et al., 2012

Goodman et al., 2016 
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 Terpenylindoles 

Bisindoles and related

indoles

β-Carbolines 

Uleine

N -acetylpolyveoline 

Polyalthenol

  Flinderole A  

  Isoborreverine  

  Flinderoles B  

  Flinderoles C  

  Dimethylisoborreverine  

  Pimentelamine C  

  Borreverine  

  4-methylborreverine  

  Tabernaelegantine B  

  Tabernaelegantine D  

C-3′  Tabernaelegantine B  

C-3′  Tabernaelegantine D  

  Hyrtiosulawesine  

  Marinacarboline A  

  Opacalin A 

  Brazilian tree Aspidosperma
parvifolium   (Apocynaceae) 

trunk bark

Greenwayodendron suaveolens 
(Annonaceae) root bark 

  Australian tree Flindersia 
acuminata (Rutaceae) bark  

Flindersia amboinensis from 

Papua New Guinea 

Flindersia pimenteliana 

Muntafara sessilifolia 
(Apocynaceae) stem bark 

  Root of Aristolochia cordigera 
(Aristolochiaceae)

Marinactinospora 
thermotolerans SCSIO 00652 

  New Zealand ascidian 

Pseudodistoma opacum 

Better potency against strain of W2 > 

3D7

Selectively (SI = 10.6)  cytotoxic 

against MRC-5 cells

  Cytotoxic against MRC-5 cells  

Antiplasmodial activity opposed to  P. 
falciparum selective

  Potent against P. falciparum
trophozoites, while parasites showed 

differences in the morphology of 

digestive vacuole and a decreased 

hemozoin constitution

Dd2 and 3D7 strain of the parasite

suppressed and exhibited minimal 

toxicity to HEK-293 cells

FcB1 plasmodial strain inhibited,

while cytotoxic noted against cells of 

MRC-5 and L6

  Selectivity against   P. falciparum 

demonstrated

  Inhibition of   P. falciparum (3D7) in 
vitro

  Activity against chloroquine-sensitive 

3D7 strain 18 times better

  Multidrug-resistant Dd2 

Low cytotoxicity to cells but 

selectively repressed  P. falciparum 

(K1 strain) 

Dolabela et al., 2015

Muganza et al., 2016

  Muganza et al., 2016  

Fernandez et al., 2008 , 

2010

Fernandez et al., 2008 , 

2010

Fernandez et al., 2008 , 

2010

Fernandez et al., 2008 , 

2010

Fernandez et al., 2008 , 

2010

Robertson et al., 2017

Robertson et al., 2017

Robertson et al., 2017

Girardot et al., 2012

Girardot et al., 2012

Girardot et al., 2012

Girardot et al., 2012

Liew et al., 2014 

Huang et al., 2011

Chan et al., 2011

(Continued) 
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108 TABLE 6.1 (Continued)
Plant-Based Chemical Compounds with Various Mechanisms of Antimalarial Actions 

No.  S. Natural Natural Product Subclass 
Product Class 

Pyridone, pyrimidine, and 

piperidine alkaloids

Pyrroles 

Active Compound

 Carpine

  Carpamic acid  

  Methyl carpamate  

Cassine

Spectaline

  Ingamine A  

(22S)-

  hydroxyingamine A  

  Dihydroingenamine D  

  Haliclonacyclamine A  

Dibromopalau’amine

  Spongiadicin B  

  Dispacamide B  

  Bispyrroloiminoquinone 

tsitsikammamine C

Makaluvamines G 

  Makaluvamines J  

  Makaluvamines K  

  Makaluvamines L  

  Damirone A  

Source

  Decoction of Carica papaya
  (Caricaceae) leaves  

Senna spectabilis leaf 

  Marine sponge Petrosid Ng5, 
Sp5

Heliclona sp. From Solomon

Islands (ethanol extract) 

marine sponges

Agelas  and Axinella  genera 

sponges

  Marine sponge Zyzzya  sp. 

Action/Inference

  51% inhibition demonstrated 

antiplasmodial activity  in vitro (at 4.8 

μg/mL) but was inactive in vivo from 

11.9% inhibition at 5 mg/kg

In vitro suppressive (51%) action (at

μg/mL)4.8

  Inhibitory eff cacy on  P. falciparum 
(3D7)

i n vitro 

Inhibitory action on P. falciparum (W2

and D6), but with no cytotoxicity in 

the tested doses

  10 mg/kg/day suppressed Plasmodium 
vinckei petter by 45%

  Antiplasmodial eff cacy on  P. 
falciparum (K1)

  Antiplasmodial (nanomolar) potency 

against P. falciparum strains of 3D7 

and Dd2

Parasitaemia suppressed by 48% at 8 

mg/kg/day in berghei -infected mice 

without any sign of toxicity 

  Also potent against both trophozoites 

and schizonts parasites

 Potent antiplasmodial activity 

Reference 

Julianti et al., 2014

Julianti et al., 2014

Julianti et al., 2014

Pivatto et al., 2014 

Pivatto et al., 2014 

Ilias et al., 2012

Ilias et al., 2012

Ilias et al., 2012

Mani et al., 2011

Scala et al., 2010

Davis et al., 2012 

Davis et al., 2012 

Davis et al., 2012 

Davis et al., 2012 

Davis et al., 2012 

Davis et al., 2012 

Davis et al., 2012 

  Davis et al., 2012  
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 Specicoside 

 Terpenes Sesquiterpenes 1β-(p -coumaroyloxy) 

polygodial

Sesquiterpenoid

sporogen-AO1 

Phomoarcherin

B

 2-isocyanoclovene 

 2-isocyanoclovane 

 Spiro heterocycle 

3,4-dehydrotheaspirone

 Sesquiterpene lactones Artemisinin

 Fortunilide A 

 Sarglabolide J 

 Chlorajaponilide C 

 Urospermal A 15- O-acetate

Acanthospermolide-type

Sesquiterpene lactones

 Vernopicrin 

 Extract of Kigelia africana 
(Bignoniaceae)

Stem bark extract of  Drimys 
brasiliensis (Winteraceae) 

Soil fungus Penicillium 
copticola PSURSPG138

Phomopsis archeri isolated

from cortex stem of  Vanilla 
albidia as endophytic fungus

 Australian nudibranch 

Phyllidia ocellata

Artemisia annua L 

(Asteraceae)

Sarcandra glabra 
(Chloranthaceae)

Dicoma tomentosa
(Asteraceae)

Acanthospermum hispidum
(Asteraceae), aerial parts

extract 

Vernonia guineensis 
(Asteraceae) leaves 

Suppresses W2mef strain; synergistic 

action with artemether, but no 

antagonistic action with

p-hydroxycinnamic acid noticed

Suppresses FcR3 strain of  P. 
falciparum

 Repressive eff cacy on K1 strain 

parasites but exhibited cytotoxicity 

against Vero cells and human oral 

epidermoid carcinoma (KB)

Antiplasmodial activity demonstrated 

Selective suppression of 3D7 and Dd2

strains

Antiplasmodial activity 

Inhibition of P. falciparum compared

well with artemisinin, with no

cytotoxic effect 

Inhibited the 3D7 and W2 strains with 

no haemolytic side effect 

Suppressed the 3D7 and W2 strain of 

P. falciparum parasites

No action demonstrated against Dd2

and Hb3 strains of P. falciparum 

Zofou et al., 2011a , 

2012

Claudino et al., 2013

Daengrot et al., 2015

Hemtasin et al., 2011

White et al., 2015

Liu et al., 2014

Misra et al., 2014

Zhou et al., 2016

Jansen et al., 2012

Bero et al., 2009

Toyang et al., 2013 
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110 TABLE 6.1 (Continued)
Plant-Based Chemical Compounds with Various Mechanisms of Antimalarial Actions 

No.  S. Natural Natural Product Subclass 
Product Class 

Diterpene 

Active Compound 

Caesalsappanins G, H, I

 Caesalsappanins H 

 Caesalsappanins I 

Norcaesalpin D

 Amphadilactones A-F, H-I 

Cupacinoside

6′-de-O-acetylcupacinoside

 Serrulatane Diterpenoid 

 8-isocyano-15-

formamidoamphilect-11(20)-

ene

Monamphilectines B

 Monamphilectines C 

 8,15-diisocyano-11(20)-

amphilectene

Monamphilectine A 

Bifurcatriol 

Source 

Caesalpinia sappan (Fabaceae) 

seeds extracted with 

chloroform extract 

Root extract (dichloromethane) 

of Caesalpinia bonducella

Aphanamixis grandifolia 
(Meliaceae) leaves 

 Extracts (dichloromethane and 

hexane) of  Cupania cinerea 
(Sapindaceae) bark of

Ecuador origin

Eremophila microtheca 
(Scrophulariaceae) aerial parts

Marine sponge of Stylissa cf. 
massa of Thailand origin 

Caribbean marine sponge

Svenzea f ava from Puerto 

Rico

Irish brown alga  Bifurcaria 
bifurcata 

Action/Inference 

Active against K1 IC50 = 0.38 μg/mL

Suppressed the strains of P. falciparum
(3D7 and Dd2) as well as IPC 5202

and Battambang and IPC 4912

Mondolkiri-Cambodia resistant to

artemisinin

Demonstrated antiplasmodial activity 

by inhibiting the Dd2 strain

Suppressed the P. falciparum K1 strain

but demonstrated cytotoxicity against 

L6 cells

Cytotoxic to L6 cells and suppressed

the P. falciparum K1 strain 

P. falciparum not inhibited at 10 μM

Suppressed K1 strain of P. falciparum
with no cytotoxicity in the cells 

The parasitic 3D7 strain was 

suppressed

The parasitic W2 strain suppressed 

K1 strain of the parasites inhibited

with no signif cant cytotoxicity to the 

cells 

Reference 

Ma et al., 2015

Ma et al., 2015

Ma et al., 2015

  Nondo et al., 2016 , 2017 

Yin et al., 2014 

Gachet et al., 2010 , 

2011

Gachet et al., 2010 , 

2011

Kumar et al., 2017 

Chanthathamrongsiri

et al., 2012

Avilés et al., 2015 

Avilés et al., 2015 

Avilés et al., 2015 

Avilés and Rodríguez, 

2010

  Smyrniotopoulos et al., 

2017 
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 Diterpene-derived 

phenanthrenone

drypetenone D 

Triterpenes Betulin coumaroyl esters 

Lupane esters; (Z- or E-; C-3 

or C-23) coumaroyl; ( Z- or 

E-; C-3 or C-23) feruloyl 

esters of betulin

Betulone

 Arototiamins A–G 

 Isof indissone lactone 

 Triterpenoid 

 Balsaminol F 

Balsaminol F derivative

 Karavilagenin C 

Drypetes gerrardii var Inhibitory effect on the parasites, but Hata et al., 2014

gerrardii with no in vivo eff cacy in mice 

(Putranjivaceae) stem extract infected with P. berghei 

Leaf, fruits, and twigs extract Inhibitory activity of Dd2, HB3, and Cai et al., 2016

(chloroform) of Buxus NHP1337 P. falciparum strains with 

cochinchinensis (Buxaceaea) no cytotoxicity to the cells 

 Supercritical f uid extract Suppressed the HB3, Dd2, and Cai et al., 2016

(methanol) of B. sempervirens NHP1337 strains P. falciparum with 

no cytotoxic effect to the cells 

 Bark of Cupania cinerea Inhibitory effect on the K1 strain of the Gachet et al., 2011

(Sapindaceae) parasite with moderate cytotoxic 

action on cells

Cameroonian Inhibited the NF54 P. falciparum Happi et al., 2015

Entandrophragma congoense strain, but demonstrated different Bickiia et al., 2007;

(Meliaceae) bark cellular toxicity cells Happi et al., 2015

Boswellia serrata (Burseraceae) P. falciparum strain inhibited Greve et al., 2017 

oleo-gum resin – DCM extract 

Kigelia africana Inhibited the W2 strain of  P. Zofou et al., 2011a , 

(Bignoniaceae) stem extract falciparum as well as CAM10 and 2012 

(ethyl acetate) SHF4 isolates; combination with

artemether on the W2mef resulted to 

synergistic effect without antagonistic 

effect with quinine 

Momordica balsamina Both 3D7 and Dd2 strains of P. Ramalhete et al., 2011a

(Cucurbitaceae) aerial parts falciparum inhibited 

extract (methanol) 

Triacetyl semi-synthetic Demonstrated better activity with to Ramalhete et al., 2011a

cytotoxic effect to cells compared to 

the parent compound

Momordica balsamina Selective antiplasmodial activity Ramalhete et al., 2011b

(Continued) 
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112 TABLE 6.1 (Continued)
Plant-Based Chemical Compounds with Various Mechanisms of Antimalarial Actions 

No.  S. Natural Natural Product Subclass 
Product Class 

Steroids

Limonoids 

Active Compound

Neomacrolactone

22α-acetoxyneomacrolactone

6-hydroxyneomacolactone

22α-acetoxy-

6-hydroxyneomacrolactone

4-methyleneneomacrolactone

22-de-O-acetyl-26-

deoxyneoboutomellerone

Neomacroin

 Aszonapyrone A 

 Physalins B 

Physalins D

Physalins F

3-O-[β-glucopyranosy-(1→2)-

O -β-xylopyranosyl] 

stigmasterol

Halymeniaol

Pandaroside G 

Pandaroside G methyl ester 

Grandifolione

 7-deacetylkhivorin 

Source

 Ugandain Neoboutonia
macrocalyx (Euphorbiaceae)

Neosartoryatatenoi KKU-

2NK23 extracted by ethyl 

acetate as soil fungus

Physalis angulata (Solanaceae) 

n-butanol fraction of extract 

(stem bark) from Caesalpinia 
volkensii (Fabaceae) 

Marine red alga Halymenia 
f oresii 

Caribbean sponge Pandaros 
acanthifolium

Seed petroleum ether extract of 

Khaya anthotheca (Meliaceae) 

Action/Inference

 FcB1 P. falciparum inhibited, but 

cytotoxicity against KB and MRC-5 

cells generally demonstrated

Suppressed P. falciparum 

In vitro suppressive action on the

parasitic W2 strain, but with cytotoxic 

effect 

65% inhibition in mice infected with P. 
berghei at 100 mg/kg

Repressive action on W2 parasite  in 
vitro 

D6 and W2 strains of  P. falciparum 
both inhibited

3D7 of P. falciparum inhibited, but 

demonstrated cytotoxic effect 

 Repressive eff cacy on K1 strain of 

parasite but cytotoxic to the cells 

Inhibited the K1 strain 

Reference 

Namukobe et al., 2014 

Namukobe et al., 2014 

Namukobe et al., 2014 

Namukobe et al., 2014 

  Namukobe et al., 2014  

Namukobe et al., 2014 

Namukobe et al., 2014 

  Yim et al., 2014  

Sá et al., 2011

Sá et al., 2011

Sá et al., 2011

Ochieng et al., 2013

Meesala et al., 2018

Regalado et al., 2010 

Regalado et al., 2010 

Obbo et al., 2013

Obbo et al., 2013 
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Quassinoids Simalikalactone D

Quassin

Neo-quassin 

Polyphenols Bif avonoids Bif avanones GB1a 

Bif avanones GB1 

Bif avanones GB2 

 Volkensif avone 

 Prenylated f avonoids Styracifolin

B

Artonin B

 Artonin F 

Heterophyllin

 Artoheterophyllin B 

Lignans (7′R,8S,8′R)-4,5-Dimethoxy-

3′,4′-methylenodioxy-2,7′-
cyclolignan-7-one 

7′R,8S,8′R)-3′,4,4′,5-

tetramethoxy-2,7′-
cyclolignan-7-one 

(7′R,8R,8′S)-3′,4,4′,5-

tetramethoxy-2,7′-
cyclolignan-7-one 

(7′R,8S,8′S)-3′,4,4′,5-

tetramethoxy-2,7′-
cyclolignan-7-one 

(7′R,8S,8′S)-3′,4′-dimethoxy-

4,5-methylenodioxy-2,7′-
cyclolignan-7-one 

(7′R,8S,8′S)-4,5-dimethoxy-

3′,4′-methylenodioxy-2,7′-
cyclolignan-7-one 

Leaf extract of  Quassia amara 
(Simaroubaceae)

Stem bark extract of  Quassia 
amara (Simaroubaceae)

Seed extracts of  Garcinia kola 
(Clusiaceae)

Allanblackia f oribunda 
(Clusiaceae)

Artocarpus styracifolius 
(Moraceae) stem bark extract 

(ethyl acetate)

n-hexane extract of  Holostylis 
reniformis 

In vitro and in vivo suppression of FcB1

P. falciparum and not toxic overall 

Repressive action on the MRC-pf-303

and MRC-pf-20 strains

Repressive action on the FCR3 strain

and exhibited low cytotoxicity 

52% inhibitory eff cacy on  P. berghei 
at 100 mg/kg in vivo 

P. falciparum strains (F32 and FcM29)

inhibited

FcB1 P. falciparum strain inhibited at

10 μg/mL by 87%

Varying degree of suppressed FcB1 

parasites with cytotoxicity to KB 

cells 

Bertani et al., 2005 , 

2006

Mishra et al., 2010

Mishra et al., 2010

  Konziase, 2015  

  Konziase, 2015  

  Konziase, 2015  

  Konziase, 2015  

Atilaw et al., 2017 

Atilaw et al., 2017 

Atilaw et al., 2017 

Atilaw et al., 2017 

Atilaw et al., 2017 

  de Andrade-Neto et al., 

2007

  de Andrade-Neto et al., 

2007

  de Andrade-Neto et al., 

2007

  de Andrade-Neto et al., 

2007

  de Andrade-Neto et al., 

2007

  de Andrade-Neto et al., 

2007 
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114 TABLE 6.1 (Continued)
Plant-Based Chemical Compounds with Various Mechanisms of Antimalarial Actions 

No.  S. Natural Natural Product Subclass 
Product Class 

Coumarins and lactones

 Phenolic acids, 

phenylethanoids, 

phenylpropanoids, and 

other shikimic acid–

derived metabolites 

Active Compound

 3′-decanoyl- cis-khellactone 

4′-decanoyl- ciskhellactone

 6-acetyl-2-isopropenyl-8-

methoxy-1,3-benzodioxin-4-

one

 Malleastrumolide A 

Methyl gallate

2,3,4-trihydroxy-2-

methylbutyl gallate 

4-O-(3′-methylgalloyl) 

norbergenin 

Ellagic acid

Ococymosin 

Robustasides D 

Robustasides G 

Source 

Angelica purpuraefolia 

Extract of Carpesium
divaricatum (Asteraceae) 

Malleastrum sp. (Meliaceae),

dichloromethane extract 

Leaf/stem bark extract of 

Dacryodes edulis (Burseraceae)

Limonium leptophyllum
(Plumbaginaceae) aerial parts

Stem bark extract of  Diospyros 
sanza-minika (Ebenaceae)

Methanol extract of  Anogeissus 
leiocarpus (Combretaceae)

bark

Hexane stem extract of  Ocotea 
cymosa (Lauraceae)

Leaf and twigs extract of 

Grevillea (Poorinda Queen,

Proteaceae) 

Action/Inference 

Selective inhibition of D10 strain of

the parasite and no cytotoxic effect 

on the cells

Antiplasmodial activity 

Parasites of Dd2 strain inhibited but 

had cytotoxic effect to the cells 

Suppressed the 3D7 and Dd2 parasites

and had synergistic action with quinine 

D6 and W2 suppressef in double fold 

as those resistant to chloroquine

Demonstrated antiplasmodial activity 

Inhibited 3D7 P. falciparum and

demonstrated synergistic action when 

combined with artesunate and

chloroquine

Active metabolite against the Dd2

strain

Suppressed the P. falciparum resistant

to chloroquine than those strains

sensitive to chloroquine and as well

as suppressed both TM93-C1088 and 

TM90-C2B strains

Suppressed the P. falciparum resistant

to chloroquine than those strains

sensitive to chloroquine, while it also

suppressed both Dd2 and K1 strains 

Reference 

Chung et al., 2010a

Chung et al., 2010b

Du et al., 2017 a 

Zofou et al., 2011b

Gadetskaya et al., 2017

Tantangmo et al., 2010 

Soh et al., 2009 ; 

Ndjonka et al., 2012

  Rakotondraibe et al., 

2015

Ovenden et al., 2011 

Ovenden et al., 2011 
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 9-methoxystrobilurins G 

 Oudemansin B 

Xanthones  Pentadexanthone 

Cratoxylone

Garcinone E

α-mangostin 

 Phloroglucinol derivatives  Mallotojaponins B 

 Mallotojaponins C 

β-Triketones  Rhodomyrtosone F 

Rhodomyrtone

Tomentosone A 

 Other polyphenols Atranorin 

 Quinones and Anthraquinones Chryslandicin

polyketides 

10-(chrysophanol-7-yl)-10-

hydroxy-chrysophanol anthrone

Knipholone

3,4-diO-methylcaffeoyl ester 

 Urdamycinone G 

 Urdamycin E 

Naphthoquinones Pentalongin

Psychorubrin

Furanonaphthoquinones 

Pentadesma butyracea 
(Clusiaceae) extract of the 

fruit pericarp

 Extract (inf orescence and 

leaf) Mallotus oppositifolius
(Euphorbiaceae)

Syncarpia glomulifera 
(Myrtaceae) stem bark extract 

Flower extract of  Angophora 
woodsiana (Myrtaceae)

Leaf extract (DCM) of 

Rhodomyrtus tomentosa
(Myrtaceae)

Bark extract Kigelia africana 
(Bignoniaceae)

Kniphof a ensifolia 
(Asphodelaceae)

dichloromethane extract 

Pentas longif ora (Rubiaceae) 

root extract 

Stem bark of Markhamia 
tomentosa (Bignoniaceae)

extract (ethyl acetate) 

Active against P. falciparum W2 strain 

 Active against P. falciparum W2 strain 

Repressive action on W2 and FcB1 

strains, but with cytotoxic effect 

Active against P. falciparum W2 strain

Dd2 strain of the parasite suppressed,

with cytotoxic effect to the cell 

Inhibition of Dd2 P. falciparum

Both 3D7 and Dd2 strain of the

parasites inhibited, though cytotoxic 

effect moderate 

The Dd2 and 3D7 of the parasites’

strain inhibited and without any 

cytotoxic effect to the cell 

The W2, SHF4, and CAM10 strains, 

together with the W2mef, inhibited, 

while it demonstrated synergistic 

reaction with artemether when

combined

Active against the Dd2 strain of the

parasites

Suppressed Dd2 P. falciparum, but 

with selective cytotoxicity to the cells 

Inhibited the 3D7 strain, but without 

cytotoxic effect to the cells 

Inhibition of the P. falciparum without 

any cytotoxic action 

 Inhibitory eff cacy on D6 and W2 

strains

Inhibited the K1 and W2 parasites 

without being cytotoxic to the cells 

Lenta et al., 2011

Lenta et al., 2011

Zelefack et al., 2009 ; 

Lenta et al., 2011

Lenta et al., 2011

  Harinantenaina et al., 

2013

Su et al., 2016

Senadeera et al., 2017

Hiranrat et al., 2012

Zofou et al., 2011a , 

2012

Dai et al., 2014

Wube et al., 2005 ;  Dai 

et al., 2014

Wube et al., 2005 ;  Dai 

et al., 2014

Dai et al., 2014

Endale et al., 2012

Endale et al., 2012

Tantangmo et al., 2010 
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116 Antimalarial Medicinal Plants 

6.2.1 ALKALOIDS 

Alkaloids represent the largest class of plant secondary metabolites having the highest number of 

compounds that exhibit antiplasmodial activity. They are also templates from which a lot of the qui-

nolone-based antimalarial drugs are synthesized. Alkaloids that exhibit potent antiplasmodial eff -

cacy occur as naphthylisoquinolines; benzylisoquinolines and other isoquinolines; phenanthridine, 

phenanthroindolizidine, and phenanthrene alkaloids, derivatives of phenanthrene; terpenylindoles; 

bisindoles and related indoles; β carbolines pyridone, pyrimidine, and piperidine alkaloids; and 

pyrroles, among others. Naphthylisoquinolines alkaloids isolated from the root bark of Congolese 

Ancistrocladus ileboensis, including dioncophyllines C2, dioncophyllines F, ancistrocladisine A, 

and 5′-O-methyldioncophylline D, as well as dioncophylline D2 from the leaves of same plant, are 

all highly effective against malaria (Li et al., 2017). Quinine is also an important drug in severe 

cases of chloroquine-resistant malaria, even though it is limited due to its side effects. 

Following the successful discovery of quinine, natural antiplasmodial alkaloids have been iso-

lated. There are alkaloids that inhibit fatty acid biosynthesis in the parasite, while some act as 

resistance reversers (Table 6.1). Strychnobrasiline and malagashanine isolated from Strychnos myr-
toides enhanced the actions of quinolones, chloroquine, halofantrine, and aminoacridines (Rafatro 

et al., 2000;  Ramanitrahasimbola et al., 2006). While malagashanine did not exhibit any cytotoxic 

action, it helps in the accumulation of chloroquine in drug-resistant parasites by improving inf ux of 

chloroquine and preventing its effux from the parasites (Ramanitrahasimbola et al., 2006). 

6.2.2 TERPENES 

Since the discovery of artemisinin, an endoperoxide sesquiterpene lactone, more efforts have been 

put on terpene compounds, especially sesquiterpenoids, because of their intrinsic antiplasmodial 

activity. Terpenes also provide the opportunity to have desired physicochemical attributes for 

enhanced potency by modifcation of the chemical constituents. β-(p-coumaroyloxy) polygodial 

is a potent antiplasmodial sesquiterpene isolated from the stem bark extract of Drimys brasiliensis 
(Winteraceae). Ineupatorolide A is another active antiplasmodial sesquiterpene that has been iso-

lated. Other potent terpenes with antiplasmodial principles belong to the subclass of monoterpenes, 

sesquiterpene lactones, diterpene; triterpenes, steroids, limonoids, and quassinoids (Table 6.1). For 

instance, the steroid 3-O-[β-glucopyranosy-(1→2)-O-β-xylopyranosyl] stigmasterol from n -butanol 

fraction of extract (stem bark) from Caesalpinia volkensii (Fabaceae) exhibited high antiplasmodial 

activity against the D6 and W2 strains of P. falciparum. Zhou et al. (2016 ) reported the isolation 

of fortunilide A, sarglabolide J, and chlorajaponilide C from Sarcandra glabra ( Chloranthaceae ), 

which inhibited  P. falciparum K1 strain (Table 6.1). 

6.2.3 QUINONES 

Quinones, not limited to anthraquinones, naphthoquinones, perylenequinones, and other polyketides, 

also exhibit several pharmacological properties, including antimalarial activity. Quinones isolated 

from plants like  Kniphof a ensifolia, Kniphof a foliosa root,  Pentas longifora (Rubiaceae) root 

extract, and ethylacetate extract of Markhamia tomentosa (Bignoniaceae) stem bark inhibited the 

growth of malaria parasites. The antiplasmodial activities of these compounds have helped validate 

their medicinal use in the control of malaria. 

Wube et al. (2005) investigated the dichloromethane  Kniphof a foliosa Hochst (Asphodelaceae) 

from Ethiopia against chloroquine-sensitive 3D7 strain of P. falciparum (ED50 3.8 μg/mL) with 

low cytotoxic effect against KB cells with an ED50 value of 35.2 μg/mL. The isolated compounds 

10-(chrysophanol-7′-yl)-10-(ξ)-hydroxychrysopanol-9-anthrone and chryslandicin inhibited the growth 

of P. falciparum and were confrmed as promising antimalarial compounds withverylittlehost cell tox-

icity. The other antimalarial quinones identifed were 10-(chrysophanol-7-yl)-10-methoxychrysophanol 



 

     

  

  

    

  

 

 

   

   

  

 

   

   

  

 

   

     

    

  

   

 

 

  

    
   

 

 

 

    

      

 

    

    

  

 

    

        

117 Plant-Based Compounds and Nutrients in Management of Malaria Infection 

anthrone (Abdissa et al., 2013) as well as pentalongin and psychorubrin from Pentas longifora 
(Rubiaceae) root extract (Endale et al., 2012). These compounds demonstrated inhibitory eff -

cacy against D6 and W2 strains (Table 6.1). Bringmann et al. (1999), in another study, described 

knipholone and three other derivatives from the same plant, as well as seven compounds related 

structurally. The phenylanthraquinones compounds exhibited antiplasmodial activity against two 

chloroquine-resistant strains of P. falciparum in vitro (K1 and NF 54) with mild-level cytotoxicity. 

6.2.4  POLYPHENOLS 

Phenolic compounds are frequent in plants and are distributed within numerous phytochemi-

cal classes. They are compounds majorly derived from the shikimate/phenylpropanoid and/or 

the polyketide pathway. They are deprived of nitrogen-based function and feature more than one 

phenolic unit. When this functional structure is repeated, the compound is named a polyphenol. 

Polyphenols, therefore, include, but are not limited to, phenolic acids, coumarins, f avonoids, stil-

benes, lignans, tannins, and stilbenes. 

Phenolic compounds demonstrate their antimalarial effcacy by being able to easily undergo  

oxidation reactions, making them strong radical scavengers, which is one of the pathways of anti-

malarials. In addition, polyphenols and their derivatives conserve simple phenolic moieties and 

are, therefore, related to several mechanisms of action. They are capable of inhibiting haemoglobin 

digestion and hemozoin formation, disturbing the redox homeostasis and, possibly, iron chelating 

(Rakotondraibe et al., 2015). 

Flavonoids are a ubiquitous chemical agent in higher plants where they function to protect plants 

from pathogenic invasion and as growth modulators. They also function to inhibit the fatty acid 

biosynthesis (FAS II) pathway, which is only unique to the apicoplast of parasite and not in human 

hosts. Luteolin-7-O-β-d-glucopyranoside was the frst natural product–isolated f avonoids known 

to target plasmodial FAB I enzyme that modulates the FAS II pathway (Ezenyi and Salawu, 2016). 

There are, however, reports on the inhibition of myoinositol and l-glutamine infux into infected 

erythrocytes by some favonoids. Flavonoids may also interfere with hemin degradation, while 

chalcones inhibit plasmepsin II and cyclin-dependent protein kinases (Ezenyi and Salawu, 2016). 

Bifavanones GB1a, bifavanones GB1, and bifavanones GB2 are favonoids isolated from seed 

extracts of Garcinia kola (Clusiaceae), and the compounds have been reported to have repressive 

action on the FCR3 strain and exhibited low cytotoxicity, 52% inhibitory eff cacy on P. berghei at 

100 mg/kg  in vivo ( Konziase, 2015 ). 

Xanthones is an interesting class of antiplasmodials. They are dibenzo-c-pyrone compounds 

formed by cyclization of a benzophenone. Allanxanthone C, tovophyllin A, α-Mangostin, maclu-

raxanthone (from  Allanblackia monticola Staner), demethylcalaaxanthone, 6-deoxy-γ-mangostin 

(from  Calophyllum caledonicum), garcinone E (from   Pentadesma butyracea Sabine), and sym-

phonin (from   Symphonia globulifera) are reported xanthones with antiplasmodial activities. These 

compounds demonstrated antiplasmodial activity in chloroquine or multidrug-resistant strains with 

an advantage against the resistant parasite, and a unique attribute of Clusiaceae, found in tropical 

regions. Prenylation at key carbons with 2-methylpent-2-ene groups may be responsible for the 

characteristics of the compounds against the parasites. Lenta et al. (2011) presented the inhibition of 

FcB1 P. falciparum by Pentadexanthone, Cratoxylone, Garcinone E, and α-mangostin all isolated 

from the fruit pericarp extract of Pentadesma butyracea (Clusiaceae) (Table 6.1). 

Lignans are compounds with high antiplasmodial potential and varied selective index. For instance, 

(7′R,8S,8′R)-3′,4,4′,5-Tetramethoxy-2,7′-cyclolignan-7-one, (7′R,8R,8′S)-3′,4,4′,5-Tetramethoxy-

2,7′-cyclolignan-7-one, (7′R,8S,8′S)-3′,4,4′,5-Tetramethoxy-2,7′-cyclolignan-7-one, (7′R,8S,8′S)-3′, 
4′-Dimethoxy-4,5-methylenodioxy-2,7′-cyclolignan-7-one, (7′R,8S,8′S)-4,5-Dimethoxy-3′,4′-
methylenodioxy-2,7′-cyclolignan-7-one, and (7′R,8S,8′R)-4,5 Dimethoxy-3′,4′-methylenodioxy-

2,7′-cyclolignan-7-one isolated from the n-hexane extract of Holostylis reniformis root were tested 

in vivo against  P. berghei and  in vitro against a chloroquine-resistant strain of P. falciparum 



 

   

  

 

 

   

   

    

 

      

  

 

  

   

    

   

        

   

  

      
 

  

 

 

 

  

 

   

  

  

 

   

 

 

   

   

 

 

   

118 Antimalarial Medicinal Plants 

(Table 6.1). These compounds demonstrated potency for the development of antimalarial drugs (de 

Andrade-Neto et al., 2007). It is, however, not certain about the mechanism of action of lignans in 

the general sense. 

Coumarins are derivatives of benzopyrone (1,2-benzopyrones or 2H-1-benzopyran-2-ones) which 

are largely distributed in nature. Other derivatives, such as pyranocoumarins and furanocoumarins, 

can be derived from modif cation, such as cyclization, O- or C-prenylation. Coumarins are known 

to exhibit antiplasmodial effcacy. For instance, (+)-4′-decanoyl-cis -khellactone, 1-O-galloyl-6-O-

luteoyl-R-D-glucose, trans-avicennol, and clausarin are all isolated coumarins with reported inhibi-

tory activity against malaria parasites. Chung et al. (2010a) demonstrated the selective inhibition of 

D10 strain of the parasite with no cytotoxic effect on the cells of 3′-decanoyl-cis-khellactone and 

4′-decanoyl-ciskhellactone from Angelica purpuraefolia ( Table 6.1 ). 

6.3  NUTRIENTS AS POTENTIAL ANTIMALARIAL AGENTS 

6.3.1  VITAMIN A 

Vitamin A promotes the normal function of immunity, and some studies have proposed its role 

in the management of malaria (Shankar, 2000). It was reported that lack of vitamin A increases 

the occurrence of malaria infection (Roos et al., 1946). In rats and mice defcient in vitamin A, 

susceptibility to malaria was elevated, and this was ameliorated with supplements of the vitamin 

(Krishnan et al., 1976;  Stoltzfus et al., 1989). In another study, a genetic locus, which involves 

cellular retinol-binding protein 1, was indicated to control malaria parasitaemia and mortality 

in mice (Foote et al., 1997). In an in vitro model, free retinol addition to P. falciparum cultures 

decreased replication of the parasite (Davis et al., 1998); however, contrary results were obtained 

in another study (Samba et al., 1992). In a recent study, vitamin A supplementation was shown to 

confer immunoregulatory action in C57BL/6J experimental mice infected with P. berghei and P. 
yoelii through the reduction of parasitaemia, upregulation of MHCII expression in dendritic cells, 

and suppression in the production of IFN-γ and TNF-α. They concluded that the supplementation 

of vitamin A decreased cerebral malaria infammatory response; however, the supplementation did 

not confer an immunoregulatory action against P. yoelii (Chen et al., 2019). Similarly, George and 

coworkers stated that vitamin A (60 mg/kg) might exhibit antimalarial activity, as observed from 

their study (George et al., 2019). 

In a systematic review and meta-analysis involving pregnant women and children not older than 

5 years, it was shown that supplementation with vitamin A did not have any signif cant benef -

cial effect on placental malarial infection in pregnancy and did not decrease malaria mortality or 

peripheral parasitaemia incidence in children under the age of 5 (Yakoob et al., 2018). 

6.3.2  FOLATE 

Folate is an important nutrient involved in the growth of cells and production of red blood cells. 

Many antimalarial agents target folate metabolism of the malarial parasite, and the relation-

ship between host organism folic acid supplementation and status in malaria-endemic regions 

is of interest (Shankar, 2000). A study of prophylactic folic acid supplementation in Gambian  

preschool pupils indicated no detrimental effects in malaria treatment. In a similar study on 

folic acid supplementation in pregnant women, it was found that there are no detrimental effects 

on parasitaemia, although there was increase in the counts for reticulocyte (Fuller et al., 1988; 

Gail and Herms, 1969). In total, some studies proposed that defciency of folic acid might ele-

vate the morbidity caused by malaria, even though the routine folic acid supplements used in 

regions endemic with malaria has been recommended in the prevention and treatment of anaemia 

(Fleming and Werblinska, 1982). 
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6.3.3  VITAMIN C 

Ascorbic acid (vitamin C) can serve as an antioxidant, particularly in the protection of the immune 

system from reactive radicals (Wintergerst et al., 2006). In support of this, the plasma level of 

vitamin C was shown to be strongly reduced in acute and chronic malaria disease (Mohammad, 

2012; D’Souza and D’Souza, 2006). A study on the synergistic antimalarial action of vitamin C and 

certain ketones was reported to be equivocal. In this work, the vitamin augments the antimalarial 

activities of exofone, a ketone, against  P. falciparum via its antioxidant action in an in vitro model 

(Winter et al., 1997 ). On the contrary, a poor synergistic action was documented against  P. berghei 
in mice between vitamin C and some ketones (Mahajan et al., 2005), although the work stated that 

a lower dose of the ketones used in the combined therapy may be the reason for the poor synergistic 

effect. In another combined therapy, chloroquine (25 mg/kg) was combined with vitamin C (25 mg/ 

kg), and it was observed to attenuate oxidative stress in female mice infected with P. berghei ( Iyawe 

et al., 2006). In a recent work, vitamin C (15 and 7.5 mg/kg) was reported to display antimalarial 

activity via reduction of parasitaemia and amelioration of impaired liver markers associated with 

the infection (Mgbemena and Ifeyinwa, 2020). It was shown that vitamin C abrogates blood-stage 

P. berghei and  P. falciparum through oxidative stress (Shi et al., 2021). In another recent work, the 

administration of vitamin C together with artesunate-amodiaquine increases the mRNA levels of 

antioxidant enzymes in the cells of bone marrow and alleviates impaired biochemical markers in 

mice infected with P. berghei (Ebohon et al., 2021). 

6.3.4  IRON 

The demerits of both malaria and iron defciency fall mainly on pregnant women and preschool chil-

dren, and supplementation with iron to this group of individuals is the major way of preventing and 

managing anaemia and anaemia-related diseases (Gibson, 1990;  Wyler, 1993;  Shankar, 2000). Also, 

several works have documented the role of iron in the management of malaria, although some stud-

ies have shown that iron supplementation elevates the risk of developing malarial infection, whereas 

others showed no signifcant detrimental infuence (Oppenheimer et al., 1986;  Smith et al., 1989). 

Briefy, it was reported that prophylactic supplementation of iron was linked to elevations in some 

malariometric parameters. But this seems to be relatively negligible. In the other way, enhancement 

of hematologic status subsequent to supplementation of iron was signifcant. Also, even though some 

studies proposed more unwanted effects for individuals staying in regions with moderate malaria 

transmission levels, the main effects of supplementation of iron in some settings could not be esti-

mated. In total, a meta-analysis proposed that programmes involving supplementation of iron in 

relation to international guidelines should be proposed to iron-defcient individuals staying in regions 

endemic to malaria (Shankar, 2000). Contrary to these studies, it was stated that a high content of 

iron in the hepatocytes can promotes the growth of Plasmodium and induce oxidative damage in the 

cells. This study then shows that an iron-chelating compound called deferiprone-resveratrol hybrid 

chelates high levels of iron and leads to protection against malaria infection–induced liver damage 

(Chuljerm et al., 2022). 

6.3.5  ZINC 

Zinc, a micronutrient, is needed for normal functioning of the immune system and is required for 

different functions of lymphocytes implicated in malaria resistance, such as formation of tumour 

necrosis factor-α, immunoglobin G, interferon- γ, macrophages microbicidal action (Shankar and 

Prasad, 1998; Good et al., 1998). A placebo-controlled study of zinc supplementation in Gambia 

preschool children indicated a 30% decrease in health centre attendance as a result of P. falciparum 
(Bates et al., 1993), even though this was not signifcant statistically. In mice, supplementation 

with zinc reduced oxidative stress markers in P. berghei infection (Arif et al., 1987). In addition, it 
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was shown that moderate defciency of zinc leads to 40% death from the  P. yoelii –treated rodent 

(Shankar et al., 1995). In another recent study, zinc and vitamin C diet supplements administered 

with artemether drug enhanced the survival rate and haematological profle of P. berghei –infected 

mice (Ekeh et al., 2019). The authors hypothesized that zinc–vitamin C supplements play a vital role 

in managing malaria infection and complementing the antimalarial action of artemether. 

6.4  CONCLUSION AND GENERAL REMARKS 

Secondary metabolites and nutrients derived from plants are important in the prevention and man-

agement of malarial infection. The lack of micronutrients increases the prevalence of malaria infec-

tion. However, plant secondary products and nutrients aid in the control of malarial infection. Some 

of the mechanisms of action of these plant-derived compounds include modulation of immune sys-

tem, antioxidant action, and action against the parasites of malarial infection. Although a disparity 

in the action of vitamin C against  Plasmodium parasite was stated, the ameliorative role seems to 

be greater. Thus, plant secondary compounds and nutrients could serve as a combined therapy in 

the prevention and management of malarial infection. 
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7  Antioxidants from 
Antimalarial Plants and 
Their Applications 
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7.1  INTRODUCTION 

Malaria can be spread by the bite of a female Anopheles mosquito that has been infected with  

Plasmodium parasites. Although unfavourable outcomes may be prevented with early diagnosis 

and effective treatment, malaria is still the leading cause of mortality globally. Contrary to the 

industrialized world, where it is imported from endemic areas, malaria is the most common disease 

in Africa and a few Asian countries (Talapko et al., 2019). Malaria has a mortality rate of 0.3% 

to 2.2% worldwide, and in tropical regions, it can have a severe case incidence of 11–30% (White 

et al., 2014). The cause of malaria is a microscopic protozoan from the  Plasmodium species which 

have multiple subspecies. Human disease is brought on by some  Plasmodium species (White et al., 

2014; Walker et al., 2017). 

There are 172 different  Plasmodium species in total, but only 5 of them have a negative impact 

on human health. They involve  P. knowlesi, P.vivax, P. ovale, P. malariae, and P. falciparum. P. 
knowlesi is known to cause zoonotic malarial disease in South-East Asia. According to  Walker 

et al. (2017 ), Antinori et al. (2012), Ashley et al. (2018), other species hardly ever infect humans.  P. 
falciparum, which is responsible for more than 90% of all malaria infections, is considered the most 

dangerous strain of the illness in Africa. This makes it the species that is most characterized (Roca-

Feltrer et al., 2010). However, due to evidence of extensive malaria  Plasmodium vivax infection in 

recent years, P. vivax infections are becoming more signifcant ( Baird, 2007). With reports mostly 

from Oceania, South and South-East Asia, the Horn of Africa, Latin America, and the Middle East, 

Plasmodium vivax has also recently drawn a lot of attention because it is the species with the widest 

global range (Battle et al., 2014). 

In the early 1940s, chloroquine, a red blood cell schizophrenic agent against malaria parasites, 

was developed in the West. Primaquine and pyrimethamine, synthesized in 1946 and 1951, respec-

tively, were used for the curative and causative prophylaxis of malaria (Chen, 2014). Malaria epi-

demics are thought to have existed since the dawn of mankind  (Lehrer, 1981). The f rst descriptions 

of malaria date to the ancient texts dated about 1550 century and ancient Chinese medical history, 

both of which date around 2700 BC (White et al., 2014). 

Several of the chemicals historically essential in the battle against malaria are sourced from plants 

or patterned after structures obtained from plant-isolated lead compounds. Quinolone antimalari-

als like quinine and chloroquine are examples, as are artemisinin and its derivatives (Schalkwyk, 

2015). Plant-based treatments are commonly used to treat numerous ailments in many countries  

of Africa, Asia, and the Americas, including malaria and malaria-like disorders. According to the 

World Health Organization (WHO), herbal supplements are used by more than 70% of the African 

population for health care (WHO, 2005). Several medicinal plants are utilized in Ghana to treat 

malaria and its symptoms (Asase et al., 2005). In Ghana, four medicinal plants – Grosseria vignei, 
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Celtis Africana, Physalis micrantha, and  Stachytarpheta angustifolia – are frequently used to treat 

malaria. Although artesunate is thought to be the most effective antimalarial medication for severe 

infections, artemisinin-based combination therapy (ACT) is one of the most frequently suggested 

treatments for  Plasmodium falciparum (Roussel et al., 2017;  Wicht et al., 2020). Essential oils 

(EOs), in particular those made from plants native to north-eastern Brazil, are thought to belong 

to a large family of naturally occurring substances with antimalarial effects. These substances 

comprise low-molecular-weight components that are abundant in monoterpenes and sesquiterpenes 

(Mota et al., 2012). 

7.2  DISCOVERY OF MALARIA 

 The frst mentions of malaria date from 2700 BC and are found in the Ebers Papyrus and ancient 

Chinese medical documents (White et al., 2014). Alexander the Great, a military monarch, died 

of malaria (Lehrer, 1981). The fact that George Washington, Cesare Borgia, Albrecht Dürer, and 

Christopher Columbus all suffered from this ailment demonstrates how pervasive it was in society 

(Moss et al., 2008). 

7.2.1  MALARIA: LIFE CYCLE 

The malaria parasite’s sexual and asexual life cycles, which include mosquitoes as vectors and ver-

tebrates as hosts, are both extremely intricate. The sexual phase of its life cycle takes place in the 

vector carrying the parasite, that is, mosquito. The life cycle of the malarial intermediate male host 

includes an asexual stage (Vuk et al., 2008; Soulard et al., 2015). The  Plasmodium parasite life cycle 

has several phases and includes both mosquitoes and humans as hosts. Following are the stages of 

Plasmodium parasite life cycle: 

1. Sporozoites. Plasmodium parasite’s infectious stage. 

2. Liver Stage. Sporozoites multiply asexually within the liver cells. 

3. Blood Stage. Red blood cells become infected by merozoites, which reproduce asexually 

and cause the cells to burst, releasing additional merozoites. 

4. Mosquito Infection. As a mosquito feeds on an infected person, it consumes gametocytes, 

the parasite’s sexual stage that develops in red blood cells. Male and female gametes 

develop from gametocytes in the mosquito’s intestines. 

5. Fertilization and Development. In order to form an oocyst, a male gamete must fertilize a 

female gamete. 

6. Release. The mosquito is now parasite-infected, and when it bites someone else, it can 

spread the disease. 

(Centers for Disease Control and Prevention (CDC), 2020, 

Global Health, Division of Parasitic Diseases and Malaria) 

7.3  BIOACTIVE COMPOUNDS OF PLANTS, THEIR 
PROPERTIES AND MECHANISM OF ACTION 

A substance that lowers radicals  in vitro does not always act as an antioxidant in a living organ-

ism. This is because of how quickly free radical (FR) diffuses and spreads. Given that certain 

antioxidants have extremely short lives in the order of nanoseconds, it might be diffcult to have 

antioxidants present when and where oxidative damage occurs.  A second-order reaction also occurs 

when antioxidants and FR interact. Therefore, in addition to parameters related to antioxidant and 

free radical abundance, it also depends on factors related to the medium, reaction conditions, and 

chemical structure of both reagents (Francenia Santos-Sánchez et al., 2019). 
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7.3.1  CHARACTERISTICS OF BIOACTIVE COMPOUNDS/ANTIOXIDANTS 

By stabilizing the generated radical, a chemical or antioxidant system helps avoid or detect a chain 

of oxidative propagation, preventing oxidative harm to the body (Butnariu & Grozea, 2012). The 

two main categories of antioxidants are primary (which scavenge free radicals and interrupt chain 

reactions) and secondary, or preventive. In addition to limiting the creation of undesired volatiles, 

deactivating metals, replenishing primary antioxidants, and eliminating singlet oxygen to inhibit 

lipid hydroperoxides are all examples of secondary antioxidant processes (Vitale et al., 2000). 

According to the US Food and Drug Administration, antioxidants are compounds used to pre-

serve food by postponing oxidation-related deterioration, rancidity, or discolouration (FDA). The 

food industry needs antioxidants because they stop rancidity. Antioxidants are also valued by  

researchers and medical professionals because they may shield the body from diseases brought on 

by the risks of ROS by inhibiting ROS-related enzymes (Bagchi & Puri, 1998). Antioxidants can 

protect the body’s cells and organs from the harmful effects of oxidative stress through a variety of 

protective mechanisms, including enzymatic as well as nonenzymatic processes that work together 

and interact synergistically. To prevent lipid oxidation, nonenzymatic antioxidants are routinely 

added to food (Pandey & Rizvi, 2010; Kurutas, 2016). 

7.3.2  PHENOLIC COMPOUNDS 

The signalling and defence processes of plants depend heavily on phenolic chemicals. These sub-

stances work to reduce the stress that pathogenic organisms and predators cause. These substances 

have a variety of purposes within plants, including acting as building blocks form ore complex 

chemicals, playing roles in mechanisms that regulate and control plant development, and acting as 

defences increase. By preventing the oxidation of low-density lipoproteins, phenolic compounds 

can act as hydrogen donors and bind metal ions like iron and copper (LDL) (Paran et al., 2009). 

These phenolic component qualities are associated with a decreased incidence of neurological ill-

nesses, as well as cardiovascular diseases, gastrointestinal malignancies, colon cancer, breast and 

ovarian cancers, as well as helps cure leukaemia (Ren et al., 2001;  Teofli et al., 1992;  Yoshida et 

al., 1990;  Yoshida et al., 1992). Moreover, phenolic compounds have promise as vasorelaxants and 

anti-allergens (Sakakibara et al., 2003). Phenolic compounds stop the oxidation of LDL in vitro 
(Riemersma et al., 2001). Phenolic compounds prevent or lessen the production of free radicals  

by transferring a hydrogen atom from a hydroxyl group. A hydrogen cation is coordinatedly trans-

ported from a phenolic molecule to a peroxyl radical (ROO•), resulting in the formation of an H-O 

bond with one electron. If a solvent that might form hydrogen bonds with the phenolic molecule is 

present in the reaction medium, the phenolic component’s capacity to function as an antioxidant is 

signifcantly reduced.  For instance, alcohol doubles the rate of phenol and peroxyl radical interac-

tion. As hydrogen bond acceptors, alcohols operate. Anionic phenoxides, on the other hand, may 

react quickly with peroxyl radicals by electron transfer; therefore, they favour ionization of phenols 

over those compounds. The fnal compound’s level of ionization signifcantly affects the solvent’s 

overall impact on the antioxidant activity of phenolic compounds  (Foti, 2007). 

7.3.3  CAROTENOIDS 

Three different ways explain how carotenoids act as antioxidants. The frst is SET (Single electron 

transfer), these condis adduct formation, and the third is HAT (hydrogen atom transfer). Carotenoids’ 

strong ability to donate electrons is often linked to their antioxidant capabilities. Via SET, carot-

enoid and NO2• interact. Researchers have also looked on carotenoid reactivity in the presence of 

unreactive benzyl peroxyl radicals, indicating that the reaction mechanism in this situation involves, 

among others, adduct formation  (Everett et al., 1995). However, HAT-mediated responses are of 

little importance (Mortensen, 2002). 
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7.3.4  VITAMIN C 

Being water- soluble, vitamin C has the chemical ability to act as an antioxidant and interact with 

the most physiologically important ROS. Vitamin C’s antioxidant response mechanism is based on 

HAT (hydrogen atom transfer) to peroxy radicals, singlet oxygen deactivation, and molecular oxy-

gen scavenging (Lee et al., 2004; Abraham, 2014). 

7.3.5  FLAVONOIDS 

The bulk of phenolic substances found in plants are favonoids, which are small molecules. The 

15 carbon atoms that make them up are arranged in a C6-C3-C6 confguration. Due to their high 

redox potential and capacity to function as reducing agents, hydrogen donors, and singlet oxygen 

quenchers, favonoids are particularly signifcant antioxidants. It can chelate metals as well (Walter  & 

Marchesan , 2011  ). 

7.4  PARASITIC INFECTION AND OXIDATIVE STRESS 

Reactive oxygen or nitrogen atoms with unpaired electrons in their outer shells cause oxidative stress. 

Cells frequently produce two forms of reactive species: reactive oxygen species (ROS) and reac-

tive nitrogen species (RNS). These radicals are oxidants that can harm cells even though they are 

involved in crucial physiological processes, such intracellular signalling and oxidative burst in cells 

of innate immunity (Liguori et al., 2018). By increasing the production of reactive oxygen species 

and reactive nitrogen species (ROS/RNS), which weaken the host’s natural antioxidant defences, 

parasite infections cause oxidative stress, which is characterized by a host redox imbalance. The host 

immunological response that results in ROS/RNS in phagocytic cells (the respiratory burst process) 

and the involvement of the systemic infammatory response (SIR) allow the parasite to utilize dam-

aged haemoglobin as a source of amino acids for his diet (Percário et al., 2012). Nevertheless, oxida-

tive stress has a more complex role in infectious disorders since it harms the host’s molecules while 

simultaneously assisting in the eradication of invasive infections. It is generally recognized that viral 

diseases cause organ damage and metabolic disruption, which results in higher levels of ROS and 

RNS that support the immune response (Pohanka, 2013). Malaria causes an increase in oxidative 

stress, which damages cells and tissues throughout the body, including the brain and lungs. Based 

on the parenchymal lesions in the brain, this redox imbalance is linked to the most severe types of 

malaria, including cerebral malaria, and can cause physical and mental issues (Reis et al., 2010). In 

order to combat the free radicals created by infection and halt oxidative alterations, host cells have 

an innate defence mechanism that utilizes  enzymes and tiny antioxidant molecules (Percário et al., 

2012). Nonetheless, these defences frequently fall short of what the host needs (Ezzi, 2017). Studies 

to support the host’s antioxidant defence system are looking at supplemental antioxidant therapy 

(Gomes et al., 2015;  Dwivedi et al., 2016;  Ighodaro et al., 2018;  Ekeh et al., 2019). 

7.4.1  CAUSES OF OXIDATIVE STRESS 

Oxidative stress in malaria can be harmful or benefcial during plasmodial infection, depending 

on the stage of the illness (Atiku et al., 2019;  Götz et al., 2019;  Velagapudi et al., 2019). At various 

stages of infection, oxidative stress is involved. In fact, higher amounts of malondialdehyde (MDA), 

a product of lipid peroxidation and a sign of signifcant oxidative stress, have been seen in instances 

of malaria (Narsaria et al., 2012). 

7.4.1.1  Heme 
In malaria, heme contributes to oxidative stress, which affects both the host and the parasite. 

Haemoglobin-infected red blood cells provide food in the form of amino acids to the parasite 
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Plasmodium ( Becker et al., 2004 ). When haemoglobin breaks down, heme is liberated, and the iron 

atom in heme enables it to generate reactive oxygen species. By the Fenton reaction, heme iron can 

encourage the creation of hydroxyl radicals, which is harmful, including both parasites and hosts 

(Percário et al., 2012). To counteract the deleterious effects of heme, the malaria parasite converts 

heme into hemozoin, an intracellular accumulation where heme molecules unite to form crystalline 

structures. Hemozoin doesn’t harm the host or the parasite through oxidative stress ( Becker et al., 

2004). 

7.4.1.2  Phagocytic Oxidative Burst 
One of the frst defence cells that appear during the early stages of infection are neutrophils. When 

activated, they can kill malaria parasites in a variety of ways, but the main one is oxidative stress– 

induced generation of ROS and RNS (Aitken et al., 2008, Figure 7.1).  According to Cunnington 

et al.  (2012), neutrophils in patients with malaria behave differently than in uninfected patients, and 

because of their high plasma heme levels, patients with Plasmodium falciparum have diminished 

oxidative burst, which increases their risk of cerebrovascular illness. (Feintuch et al., 2016). 

7.4.1.3  Induced by Antimalarial Drugs 
It is not surprising that numerous antimalarial drugs take advantage of Plasmodium parasites’ sus-

ceptibility to ROS-mediated damage in order to limit their development within human hosts. By 

preventing infected erythrocytes from converting free heme into hemozoin, quinolones such as  

chloroquine and amodiaquine increase oxidative stress against the malaria parasite (Kavishe et al., 

2017). Dihydroartemisinin and artesunate are two important members of the artemisinins class of 

antimalarial drugs (Kavishe et al., 2017). Moreover, the mentioned medications cause the parasite 

to experience oxidative stress, which renders them antiparasitic. One of artemisinin’s hypothesized 

modes of action is to generate free radicals when interacting with iron (Cui & Su, 2009). The host 

may experience negative effects even if boosting oxidative stress is an effective strategy to get rid 

FIGURE 7.1 Oxidative damage caused by the ROS/RNS during malarial infection. 
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of parasites. Invitro oxidative damage caused by artesunate was seen in human cell DNA  (Berdelle 

et al., 2011). 

7.5  ANTIMALARIAL PLANTS 

Malaria is brought on by the potentially fatal  Plasmodium parasite, which is spread to people via the 

bite of an Anopheles mosquito.  Although there are a number of effective antimalarial drugs, renewed 

interest in traditional herbs that have been used for centuries to treat and prevent malaria has been 

driven by the increasing emergence of drug-resistant Plasmodium strains. By restricting the produc-

tion of free radicals, halting their development, oxidizing already-existing free radicals, and chang-

ing poisonous chemicals into less-dangerous ones, antioxidants defend cells on several levels (Kumar 

et al., 2014). The most likely culprits for the free radical scavenging action are favonoids and tannins. 

The primary antioxidants are also substances called phenols that are present in plants. 

Also, a sizable amount of India’s natural resources is comprised of healing and therapeutic 

plants.  According to many studies, the antioxidant properties of phenolic and favonoid effects of 

substances include anti-inf ammation, antibacterial, antiviral, antiproliferative, and immunomodu-

latory properties  (Shahidi & Ambigaipalan, 2015;  Comunian et al., 2017). Following are a few 

examples of plants whose potential antimalarial characteristics have been researched: 

Artemisia annua (sweet wormwood). For thousands of years, fever has been treated using 

Artemisia annua in traditional Chinese medicine. Its major component, artemisinin, is a 

strong antimalarial medication that has been used in combination with other medications to 

treat  Plasmodium strains that are drug-resistant. Artemisinin is a sesquiterpenoid produced 

in the glandular trichomes of the Chinese medicinal herb sweet wormwood (Artemisia 
annua L.), a major source for artemisinin combination therapies (ACT) (Klayman, 1985). 

However, the low concentration of artemisinin in A. annua (between 0.01% and 0.8% per 

dry weight of tissue) severely restricts the drug’s ability to be commercialized (Abdin 

et al., 2003). Hence, the existing artemisinin supply chain would immediately benef t from 

enhanced A. annua varieties for farmers in underdeveloped nations by lowering production 

costs, stabilizing supplies, and boosting producers’ faith in the crop (Arrow et al., 2004). 

Artemisia annua, which is mainly recognized for its ability to treat malaria, has been 

investigated and found to have other biological activities, such as antitumour, antimicro-

bial, and immunomodulatory abilities (Malaterre et al., 2020). 

Cinchona off cinalis (nilgiris). The bark of  Cinchona offcinalis, which contains quinine, 

was frst discovered in the 19th century and is still utilized in some antimalarial medica-

tions today. It is a medicinal plant and one of numerous  Cinchona species used for the syn-

thesis of quinine, among other compounds. Quinine is a substance that reduces fever and 

is particularly helpful in the treatment and prevention of malaria (Gachelin et al., 2017). 

Azadirachta indica (neem). The leaves, bark, and seeds of this neem tree have all been used 

in conventional therapy to treat a variety of diseases, including malaria. Neem extracts 

have been proven to have antimalarial qualities and may be useful against drug-resistant 

forms of Plasmodium, according to studies (Emmanuel et al., 2013). 

Zingiber off cinale Roscoe (African ginger). It is generally used in Ethiopia as an anti-

malarial traditional natural drug against  Plasmodium parasite like Plasmodium berghei 
(Biruksew et al., 2018). 

Allium sativum (garlic). Garlic is not a common antimalarial treatment, like ginger, but 

research has shown that its active components have antimalarial effects and may be useful 

against drug-resistant strains of Plasmodium. 

Malaria can be averted by allicin, a naturally occurring compound created by crushed garlic 

bulbs. Allicin appears to be an inhibitor of the sporozoite cysteine protease(s) required for 
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infectivity in the mammalian host since it inhibited cell invasion and proteolytic cleavage 

of cysteine protease(s) (CSP) but did not impact gliding motility. Allicin’s effects on spo-

rozoites are similar to those of the highly selective cysteine protease inhibitor E-64 at low 

dosages (Coppi et al., 2006). 

Lantana camara (kongini). The Verbenaceae family member, also referred to as wild or red 

sage, has recently been the subject of extensive phytochemical investigation (Thorat et al., 

2021). It can also be used as a tonic, antispasmodic, carminative, antiemetic, and diaphoretic. 

Leaf infusions are used to treat eruptions, eczema, and bilious fever (Chaitali et al., 2022). 

Although being a signifcant source of novel antimalarial compounds, not all plants that are tradi-

tionally used to treat malaria have been scientifcally proven to be safe and effective. Much scientif c 

research must be done in order to identify the active components in these plants and evaluate their 

effcacy and safety. A list of a few plants with antimalarial chemicals that have been used to treat 

malaria is provided in Table 7.1. 

The potential advantages of supplementary antioxidants coming from meals, vitamins, and 

medications have been emphasized in several research. These substances would work by altering 

the host’s antioxidant and immune response to malaria. This response may involve subtly elimi-

nating the parasite or enhancing the body’s natural antioxidant defence against oxidative stress. 

Terminalia albida stem bark has been used to reduce ROS/RNS and improve survival in mice with 

TABLE 7.1 
List of Plants with Antimalarial Activity 
Plant Species Compound Activity References 

Artemisia annua Artemisinin Prevents haemoglobin digestion at blood Krishna et al., 2008 

stage 

  Azadirachta indica , Flavonoids Reducing agents and oxygen quenchers Walter & Marchesan, 

 Moringa oleifera  2011 

Bixa orellana ,  Flavonoids, Counteracts oxidative damage caused by Saleh et al., 2015 

 Cymbopogon terpenoids, and malaria parasites at signif cant toxicity 

citratus  phenolics levels  

  Carica papaya, Vitamin C Prevents lipid peroxidation by eliminating   Arredondo, 2016  

Azadirachta peroxyl radicals 

indica, Moringa 
oleifera  

  Chasmanthera  Flavanoids, saponins, Able to scavenge free radicals Enenebeaku et al., 2022 

dependens and carotenoids 

  Cleome gynandra   Lipoic acids Oxidation decarboxylation ofα-keto acids, Packer et al., 1995 ; 

free radicals’ quenchers El Barky et al., 2017 

  Calotropis procera,  Flavonoids and Controls malaria parasite invasion into host Joshi et al., 2022 

Lantana camara phenolics erythrocytes and reduces subsequent 

oxidative stress 

  Eremophila Quinoline Polymerization of free heme to non-toxic Kumar et al., 2018 

microtheca  hemozoin 

Ocimum Carotenoids Free radical scavenger, prevents lipid   Rahman, 2007  

tenuif orum peroxidation 

  Parkia biglobosa  Phenols Prevents the oxidation of LPL proteins; Paran et al., 2009 ; 

anti-allergenic properties Sakakibara et al., 2003 

  Sophora exigua   Exiguaf avanone Inhibits blood-stage propagation of parasite Kaewdana et al., 2021 

A and B; sophoraf -

avanone G 
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cerebral malaria (Camara et al., 2019).  Gallicacid–rich plants, such as  Terminalia avicennioides 
( Ouattaraetal.,2014 ) and Acacianilotica leaf, fruit, and skin extracts showed antimitotic activity 

against  P. falciparum in vitro (Cai et al., 2017;  Li et al., 2018). 

7.5.1  ANTIOXIDANTS: MODE OF ACTION 

7.5.1.1  Inhibition of Oxidation of Lipids 
The oxidative degradation of lipids with C-C double bonds, such as polyunsaturated fatty acids 

(PUFAs), glycolipids, cholesterol, cholesterol esters, and phospholipids, is known as lipid peroxida-

tion. Reactive peroxidation cascade reactions are started when ROS attacks methylene CH2 groups 

and unsaturated fatty acids with plenty of double bonds  (Porter et al., 1995). Peroxide radicals can 

be immediately quenched, and the chain reaction can be stopped by antioxidants. Many chronic dis-

eases, including cancer and atherosclerosis, are connected to DNA damage and lipid peroxidation. 

Because antioxidants may scavenge ROS and peroxide radicals, they can be used to prevent or treat 

several pathogenic diseases  (Krishnamurthy & Wadhwani, 2012). 

7.5.2.2  Inhibition of Protein Alteration 
Proteins can be altered by amino acid nitration or chlorination, in addition to lipid peroxidation 

and DNA damage, which is another effect of ROS. Peroxynitrite, also known as ONOO, is a potent 

nitrating and oxidizing agent that is created in cells when oxygen and nitric oxide free radicals inter-

act in a diffusion-controlled manner. DNA and proteins are only two examples of the materials that 

ONOO – a considerably more potent oxidant than O2 –can harm in living things. Direct oxidation 

modif cations can occur during one- or two-electron oxidation cycles when ONOO and its proton-

ated product peroxynitrite (ONOOH) are present  (Pacher et al., 2007). Proteins are protected from 

ONOO alterations by the use of antioxidants and antioxidant enzymes. H2O2 is removed by antioxi-

dants or enzymes like catalase (CAT), which also stops HOCl (hypochlorous acid) from forming. 

Antioxidants like SOD (superoxide dismutase) and polyphenols may also scavenge O2 and stop the 

production of ONOO (Krishnamurthy & Wadhwani, 2012). 

7.5.3.3  Inhibition of DNA Degeneration 
Nitric oxide and oxygen radicals (OH• and ONOO-) were produced in vivo by directly interacting 

with plasmid DNA macromolecules, and oxygen can cleave DNA strands and cause oxidative DNA 

damage. Cancer, aging, neurological disease, and heart disease are all associated with cell death 

and mutations due to DNA damage. As a result, antioxidant research and development has focused 

on DNA or plasmid damage and used them as models  ( Zhao et al., 2007). 

7.6  APPLICATIONS 

Antimalarial plants are those that have substances that can treat or prevent malaria. These plants 

have been used for generations in conventional medicine to cure a variety of ailments, including 

malaria. Compounds from antimalarial plants have strong antimalarial effects. Malaria treatments 

can be made from these chemicals. For instance, the plant  Artemisia annua contains the power-

ful antimalarial agent artemisinin. Malaria can also be avoided by using antimalarial herbs. For 

instance, the neem tree (Azadirachta indica) has substances that ward off mosquitoes, the main 

carrier of malaria. These plants are a plentiful supply of organic substances that can be exploited to 

create brand-new antimalarial medications (Olotu & Muhammed, 2019; Cowman & Healer, 2017). 

Current interest has been focused on the development of semi-synthetic artemisinin in plants thanks 

to low-cost herbal artemisinin combination treatment (ACT), because the antimalarial activity of 

this therapy is stronger and artemisinin resistance was overcome by the interaction between arte-

misinin and the plant matrix (Muangphrom et al., 2016) 
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As a frst- and second-line therapy for  Plasmodium falciparum and chloroquine-resistant  vivax, 
ACT, is advised by the WHO. In the frst three days of therapy, the artemisinin compound reduces 

the number of parasites (reduction in parasite biomass), and the partner medication’s job is to get 

rid of any residual parasites, which promotes faster recovery (WHO, 2018b). Only the suppressive 

prevention of malaria is presently treated with piperaquine, caused by Plasmodium vivax in certain 

populations such as migrant workers, border offcials, travellers, etc. 

However, this medicine should not be taken continuously for more than four months as it may 

accumulate in the liver (Department of Disease Control, China, 2007). Naphthoquinone was f rst 

produced in China in 1981. When tested on mice infected with P. berghei, the drug demonstrated 

cross-resistance to chloroquine (Li et al., 1982). 

In order to increase the effectiveness and lessen negative effects of traditional antimalarial medi-

cations, antimalarial herbs can be utilized as a supplemental therapy. A signifcant obstacle to treat 

malaria is drug resistance. Drug-resistant malaria can be controlled by using antimalarial botani-

cals, which offer different therapy choices. Local communities can beneft economically from the 

growth and processing of antimalarial plants, which also supports community-based healthcare. 
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8 Traditional Claims and 
Scientific Validations of the 
Antimalarial Plant Species 

Jamal Akhtar, Shah Alam, and Fouzia Bashir 

8.1 INTRODUCTION 

Malaria continues to cause morbidity and mortality on a large scale in tropical countries. It is 

an endemic disease that affected 229 million people and caused 409,000 deaths in 2019. There 

are four different species of Plasmodium capable of causing malaria in humans:  Plasmodium 
falciparum, Plasmodium vivax, Plasmodium ovale, and  Plasmodium malariae. P. falciparum 
is responsible for most of the mortality and morbidity associated with malaria disease. Disease 

control is based on early diagnosis and specifc treatment with antimalarial drugs since no 

vaccines are commercially available to prevent the disease. Malarial vaccine has not yet been 

developed because the parasite keeps changing the interaction of the metabolic pathways dur-

ing its life cycle. Drug chemotherapy has a strong historical link to the use of traditional plant 

infusions and other natural products in various cultures. The research based on such knowledge 

has yielded quinine from Cinchona species and artemisinin from Artemisia annua. Resistance 

to the mostly commonly used drug, artemisinin, the frst-line drug class as antimalarial, is a 

threat to mankind. The alarming rate at which the parasite, particularly Plasmodium falci-
parum, has developed resistance to currently used antimalarial drugs makes it imperative to 

search for newer, more effective therapeutic agents. It must be noted that despite recent suc-

cesses in rational drug design and synthetic chemistry techniques by pharmaceutical compa-

nies, natural products and, particularly, medicinal plants remain an important source of new 

drugs. Further traditional knowledge and usage of medicinal plant extracts to treat febrile 

illnesses offer the advantage of increased rate of success in identifying new antimalarial com-

pounds. Also, it is both convenient and economical to have readily available cures in the vicin-

ity of patients afficted by a disease. 

Plants are the principal source for about one-fourth of the prescribed drugs globally. For health 

care, compared to drugs, herbs are more preferably used as an ideal mode of treatment. Still others, 

along with conventional pharmaceuticals, use herbs as adjunct therapy. Several developing societies 

utilize traditional medicine, which is the sole system of health care that is accessible and inexpen-

sive. Those making use of herbal medicines should be certain that the products they procure are 

harmless and contain specifc contents, may it be a particular herb or amount of a specif c herbal 

element ( Wachtel-Galor and Benzie, 2011 ;  Husen, 2021 ,  2022a , 2022b,  2023 ;  Rahman and Husen, 

2021 ,  2022 ,  2023a , 2023b). The existing traditional medicines and cultural practices for treating 

malaria and its associated symptoms are listed in Table 8.1 . 
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142 TABLE 8.1 
Existing Traditional Medicines and Cultural Practices for Treating Malaria 
Plant Traditional Use Reference 

Aegle marmelos The decoction of leaves is to be taken orally. Taek et al. (2018 ) 

Allium sativum Bulb of this plant can be used by preparation of concoction, tincture, and infusion Odugbemi et al. (2007 ) 

Alstonia boonei Stem, root, leaves, and bark can be used for treating malaria. Infusion, tincture, and decoction can be Odugbemi et al. (2007 ),  Ogbuehi 

prepared. and Ebong (2015 ) 

Anacadum occidentallis Leaves are washed and boiled in water for 20–50 min.; 300 ml of the same is taken once a day for 1 Omosun et al. (2013 ) 

week or until the symptoms disappear. 

Andrographis paniculata Decoction of whole plant can be used, and the same can also be used to have bath with. Taek et al. (2018 ) 

Andropogon schœnanthus/nardis The leaf decoction is consumed with plenty of sugar, and the fumes are inhaled as a febrifuge. Randrianarivelojosia et al. (2003 ) 

Aspilla Africana, Bambusa vulgaris Leaves are washed and pounded or squeezed, and the juice is then f ltered. Until the fresh symptom Omosun et al. (2013 ) 

disappears, the juice is rubbed on the forehead.

Azadirachta indica Decoction of stem bark and leaves is used. Odugbemi et al. (2007 ),  Ogbuehi 

and Ebong (2015 ) 

Azadirachta indica, Carica papaya , Psidium Leaves are sun-dried and then pounded and mixed with water, then f ltered. For 7 days, 300 ml of Omosun et al. (2013 ) 

guajava, Eucalyptus citsodora, Mangifera indica f ltrate is taken twice. 

Azadirachta indica, Ocimum gratissium Leaves are washed and pounded or squeezed, and the juice is f ltered. The f ltrate is consumed twice daily. Omosun et al. (2013 ) 

Azadirachta indica, Psidium guajava, Carica Leaves are washed and boiled in water for 30–50 min. For 7 days, 300 ml of the concoction is taken Omosun et al. (2013 ) 

papaya twice. 

Bambusa vulgaris, Uwaria chamae, Aqueous decoction of mixed fresh leaves is prepared, and 300 ml of the same is taken 4 times daily Omosun et al. (2013 ) 

Cymbopogon citratus until malarial symptoms disappear. 

Cactus opunita Leaves are sun-dried and pounded; the mixture is poured into cold water and left to stand for 5 min Omosun et al. (2013 ) 

and then f ltered, and 300 ml of the decoction is taken daily. 

Carica papaya Fruit, seeds, and leaves of this plant are used as infusion. Odugbemi et al. (2007 ),  Ogbuehi 

and Ebong (2015 ) 

Carica papaya, Mangifera indica Leaves are washed and boiled in water for 30 min, and 300 ml of the concoction is taken twice daily Omosun et al. (2013 ) 

for 10 days. 

Carica papaya , Psiduim guajava , Eucalyptus, Leaves are washed and boiled in water for 20–50 min, and 300 ml of the concoction is taken two Omosun et al. (2013 ) 

Mangifera indica times for 10 days and the water is used for bathing through the duration of treatment. 

Cinnamosma fragrans A decoction of the leaf and bark is drunk (1 bowl, 3–4 times daily) to reduce malarial symptoms, Randrianarivelojosia et al. (2003 ) 

tiredness, and muscular aches.

Citrus aurantifolia Leaves are washed and boiled in water. The juice from the fruit is squeezed separately, and 300 ml of Omosun et al. (2013 ) 

tisane is taken once a day and 10 ml spoonful of the squeezed juice is taken 3 times daily. 
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Citrus aurantifolia, Cymbopogon citrates, Leaves are washed and boiled for 50 min, and 300 ml of the concoction is taken once a day for 7 days Omosun et al. (2013 ),  Ogbuehi 

Eucapyptus citrissodora, Psidium guajava and the water used for bathing during the duration of treatment. and Ebong (2015 ) 

Curcuma longa Rhizome of this plant is used in the form of tincture and decoction to reduce the malarial symptoms. Odugbemi et al. (2007 ) 

Cymbopogen citrates, Eucalyptus citriodora, Fresh leaves are to be macerated in water, and 300 ml of extract is taken 3 or 4 times daily for 10 Omosun et al. (2013 ) 

Phyllanthus amarus days. 

Cymbopogon citrates Leaves are washed, and boiled water is added to it and allowed to stand for 10–50 min. Then, 300 ml Omosun et al. (2013 ) 

of the infusion is taken twice daily until symptoms disappear. 

Enantia chlorantha Decoction, tincture, and infusion of bark are used. Odugbemi et al. (2007 ) 

Ficus megapoda A decoction of the leaf and bark is drunk (1 bowl, 3–4 times daily) to alleviate malarial symptoms. Randrianarivelojosia et al. (2003 ) 

Funtumia africana Root of this plant can be used as decoction. Odugbemi et al. (2007 ) 

Garuga f oribunda Bark of this plant can be used as decoction. Taek et al. (2018 ) 

Gongronema latifolium Leaves are washed and pounded or squeezed, and the juice is f ltered. Then, 300 ml of the f ltrate is Omosun et al. (2013 ) 

taken until symptoms disappear. 

Gongrononama latifolium Leaves are washed and boiled in water for 20–50 min. The same is to be consumed 3 times daily until Omosun et al. (2013 ) 

symptoms disappear. 

Khaya grandifoliola Bark can be used to make decoction and infusion. Odugbemi et al. (2007 ) 

Leconiodiscus cupanioides Decoction of roots is used. Odugbemi et al. (2007 ) 

Magnifera indica , Citrus aurantifolia Roots and leaves are boiled in water for 50 min, and 300 ml of extract is taken 3 or 4 times daily for 5 Omosun et al. (2013 ),  Ogbuehi 

days. and Ebong (2015 ) 

Manihot esculentum Roots are washed and eaten raw. The same is to be taken once daily for 5 days. Omosun et al. (2013 ) 

Morinda lucida Stem, roots, and leaves are used as tincture and infusion. Odugbemi et al. (2007 ),  Ogbuehi 

and Ebong (2015 ) 

Nauclea latifolia Tincture and decoction of bark and roots are to be consumed. Odugbemi et al. (2007 ) 

Ocimum gratssimum Leaves are washed and pounded or squeezed, and the juice is f ltered. Filtrate is to be consumed until Omosun et al. (2013 ),  Ogbuehi 

malaria symptoms disappear. and Ebong (2015 ) 

Pterocarpus spp. Leaves are washed and boiled in water for 20–30 min, and 300 ml of the f ltered tisane is to be taken Omosun et al. (2013 ) 

3 times daily for 3 days.

Pterocarpus santalinoides, Caesalpinia Leaves are washed and boiled in water for 20–30 min, and the f ltrate is taken twice daily. Omosun et al. (2013 ) 

Rauvolf a vomitoria Decoction of roots is used to reduce malarial symptoms. Odugbemi et al. (2007 ) 

Sida acuta Leaves and/or tender stem are boiled for 30 min. The tisane is strained, and half a glass of the same is Ogbuehi and Ebong (2015 ) 

to be consumed twice a day. 

Solanum spp. Leaves are washed and pounded or squeezed, and the juice is f ltered or eaten raw. The f ltrate is Omosun et al. (2013 ) 

taken twice daily or consumed raw for 1 week. 

Solanum spp., Pterocarpus santalimoides Leaves are washed and boiled in water for 5 min, and 300 ml of the concoction is taken for 2 weeks. Omosun et al. (2013 ) 

(Continued) 
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TABLE 8.1 (Continued)
Existing Traditional Medicines and Cultural Practices for Treating Malaria 
Plant Traditional Use Reference 

Tithonia diversifolia Infusion of leaves is used. Odugbemi et al. (2007 ) 

Tristellateia madagascariensis The leaf decoction is drunk (2–3 glasses a day) to treat malaria. Inhalation of steam from the Randrianarivelojosia et al. (2003 ) 

decoction is also used as a febrifuge.

Uvaria chamae, Caesalpinia pulcherima Roots and bark are boiled in water for 30–40 min, and 300 ml of the tisane is taken 2 times daily for 7 days. Omosun et al. (2013 ) 

Vernonia amydalina Decoction of leaves is used to reduce the symptoms of malaria. Odugbemi et al. (2007 ),  Ogbuehi 

and Ebong (2015 ) 

Vernonia amygdalina , Gongronema latifolium Leaves are washed and pounded or squeezed, and the juice is f ltered. Then, 300 ml of the concoction Omosun et al. (2013 ) 

is taken for 10 days. 

Zanthoxylum tsihanimposa A decoction of the leaf and bark is used singly or mixed with a selection of plants from the following: Randrianarivelojosia et al. (2003 ) 

Vepris ampody,  Dracaena ref exa ,  Gambeya boiviniana ,  Peddia involucrata . The decoction is drunk

(1 bowl, 3–4 times daily) to alleviate malarial symptoms, tiredness, muscular aches and pains, and 

poisoning. 
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8.2 EVIDENCE-BASED RESEARCH ON ANTIMALARIAL DRUGS 

8.2.1 ANTIMALARIAL ACTIVITY IN VITRO AND IN VIVO 

Khalid et al. (1986 ) reported that the leaf and immature bark extracts of Aegle marmelos exhib-

ited in vitro antimalarial activity (IC50 = 48.2 g/mL) against  Plasmodium falciparum, and a new 

anthraquinone, 1-methyl-2-(3´-methyl-but-2´-enyloxy)-anthraquinone, isolated from seeds of Aegle 
marmelos was found to have signif cant antifungal activity ( Mishra et al., 2010). Dichloromethane 

and methanol extracts of Lantana camara have been reported to exhibit in vitro antimalarial activ-

ity against the 3D7 (IC50 = 5.7 g/mL) and W2 (IC50 = 14.1 g/mL) strains of Plasmodium falci-
parum (Jonville et al., 2008). The leaves’ ethanolic extracts of Lantana sp. have been reported to 

display good activity (IC50 < 17.5 g/mL) against  Plasmodium falciparum (Valadeau et al., 2009). 

Flavonoids (linaroside and lantanoside) isolated from Lantana camara were found to be active  

against  Mycobacterium tuberculosis (Begum et al., 2008). In previous reports, leaf ethyl acetate 

and methanol extract of Leucas aspera showed good antiplasmodial activity (IC50 = 7.81 and 22.76 

g/mL) against  chloroquine (CQ)-sensitive (3D7) strain of Plasmodium falciparum which was cul-

tured following the candle jar method (Bagavan et al., 2011a), and chloroform extract of Leuca 
scephalotes (IC50 =3.96 g/mL) that showed good antiplasmodial activity against erythrocytic 

stages of Plasmodium falciparum was determined using a modifed [3H]-hypoxanthine incorpora-

tion assay with the chloroquine- and pyrimethamine-resistant K1 strain (Dua et al., 2011). Sadhu 

et al. (2003) isolated eight lignans and four favonoids from whole plant of Leuca saspera having 

prostaglandin inhibitory and antioxidant activities. Earlier, authors  Mesia et al. (2008) reported that 

the methanol extract of Momordica charantia (whole plant) showed good antiprotozoal activity 

against  Trypanosoma brucei (IC50 = 7g/mL) and  Trypanosoma cruzi (IC50 = 37.0g/mL), whereas 

the same was not potent against  Plasmodium falciparum (IC50 > 64 g/mL). In contrast,  Momordica 
charantia aerial part of aqueous extract displayed a moderate in vivo activity (LD70 = 904 mg/ 

kg of body weight) on the rodent malaria against  Plasmodium vinckeipetteri (279BY) (Munoz 

et al., 2000). However, Amorim et al. (1991) reported that the oral administration of crude dried 

leaves ethanolic extracts of  Momordica charantia was ineffective in lowering the parasitaemia 

level against  Plasmodium berghei–infected mice at 500 mg/kg. Ling et al. (2009) isolated three 

compounds, (19S, 23E)-5beta,19-epoxy-19-methoxy-cucurbita-6,23-dien-3beta and 25-diol; (19R, 

23E)-5beta,19-epoxy-19-methoxy-cucurbita-6,23-dien-3beta and 25-diol; and 3beta, 7beta,25-

trihydroxycucurbita-5,23-dien-19-al-3-O-beta-d-glucopyranoside, from Momordica charantia hav-

ing inhibitory effects against pests (Liriomyza sativae). 
Boiling water extract of Phyllanthus amarus has been previously reported to be marginally  

active in vitro and in vivo against  Plasmodium falciparum (IC50 80.11 g/mL) and  Plasmodium 
berghei–infected mice (ED50 112.78 ± 32.32 mg/kg) (Traore et al., 2008). However, subsequent 

results indicate good antimalarial activity (IC50 = 15 g/mL) for the methanolic extract of leaves 

of Phyllanthus amarus. This difference in activity may be related to the solvents used in the two 

studies. The methanol extracts of Phyllanthus niruri have earlier been found to have signif cant in 
vitro antiplasmodial activity against chloroquine-resistant (FCR-3) and  chloroquine -sensitive (D-10) 

strains of Plasmodium falciparum (IC50 = 2.3–3.9 and 3.2–2.5g/mL), respectively, and also sig-

nif cant in vivo activity against Plasmodium berghei–infected mice with an ED50 of 9.1 mg/kg/  

day (Mustofa Sholikhah and Wahyuono, 2007). Earlier, antiplasmodial activity was reported in the 

leaf ethyl acetate and methanol extract of Phyllanthus emblica (IC50 = 7.25 and 3.125g/mL, respec-

tively) (Bagavan et al., 2011b). Finding of the presence of antimalarial activity in Phyllanthus ama-
rus is supported by previous reports which indicated ellagic acid (formed by hydrolysis of tannins) 

as the active constituent of an ethanolic extract of the same plant (Dhooghe et al., 2011). Xiang et 

al. (2011) isolated a polyphenolic compound 1,2,4,6-tetra-O-galloyl-β-D-glucose (1246TGG) from 

Phyllanthus emblica having in vitro antiviral activities against herpes simplex virus type 1 (HSV-1) 

and type 2 (HSV-2). Piper nigrum has been used by South Indian traditional healers to treat fevers 
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in general, malaria asthma, cold, intermittent fever, cholera, colic pain, and diarrhoea (Simpson and 

Ogorzaly, 1995). In our observation, the ethyl acetate seed extract of Piper nigrum showed promis-

ing in vitro antiplasmodial activity against Plasmodium falciparum 3D7 and INDO strains with 

IC50 values of 12.5 and 12.0 g/mL, respectively, with a low cytotoxicity (TC50 = 87.0 g/mL) and a 

signif cant therapeutic index of 7.0. Alkaloids piperine, guineensine, pipericide, N-feruloyltyramine 

and N-isobutyl-2E, and 4E-dodecadienamide have been isolated from Piper nigrum, and piperine 

has been reported as a stimulator of  in vitro melanocyte proliferation (Lin et al., 2007).  Cassia 
auriculata (f ower), Datura metel (leaf), Diospyros melanoxylon (leaf), Eclipta prostrata (leaf), 

Nelumbo nucifera (leaf), and  Trachyspermum ammi (seed) displayed moderate antimalarial activi-

ties. Previous reports demonstrate the antiplasmodial (Kamaraj et al., 2011), antidiabetic (Gupta et al., 

2010), larvicidal (Kamaraj et al., 2009), and anticancer (Prasanna et al., 2009) effects of leaf extracts 

of Cassia auriculata. Juan-Badaturuge et al. (2011) isolated the antioxidant kaempferol-3-O-rutino-

side, kaempferol, quercetin, and luteolin from Cassia auriculata. Datura metel has been well-known 

for its use in traditional Indian and Chinese systems of medicine for centuries as a narcotic antispas-

modic useful in the treatment of cough, asthma, diarrhoea, and it has also been used as an analgesic, 

to control fever and kill parasites (Bonde, 2001; Parrotta, 2001; Rajesh Sharma, 2002). The aqueous 

extracts of Datura metel are known to exhibit moderate larvicidal activity against  f lariasis and avian 

malaria vector of Culex quinque fasciatus (Rahuman et al., 2008; Tandon and Sirohi, 2010). Three 

new withanolide glycosides, daturametelins, daturataturinA, and 7,27-dihydroxy-1-oxowitha-2,5,24-

trienolide, were isolated from the methanol extract of the aerial parts of Datura metel. Withanolide 

7,27-dihydroxy-1-oxowitha-2,5,24-trienolide has been reported to have anti–human colorectal carci-

noma (HCT116) activity (IC50 = 3.2 M) (Ma et al., 2006). Kantamreddi and Wright (2008) reported 

four Indian Diospyros species, viz, Diospyros melanoxylon, Diospyros peregrine, Diospyros sylvat-
ica, and  Diospyros tomentosa, in which methanolic extracts were found to have signif cant activity 

(IC50 = 16.5–92.9 g/mL) against chloroquine-sensitive 3D7 strain of Plasmodium falciparum and 

similar activities against chloroquine-resistant K1 strains (IC50 = 20.5–121.6 g/mL). The compound 

4-O-(3´-methylgalloyl) norbergenin isolated from the stem bark of Diospyrossanza minika was 

highly active against Plasmodium falciparum (IC50 = 0.6g/mL), whereas 4-O-galloylnorbergenin 

(IC50 = 3.9 g/mL), 11-O-phydroxy-benzoyl-norbergenin (IC50 = 4.9 g/mL), and norbergenin and 

4-O-syringoylnorbergenin (IC50 ≥ 32g/mL) were less active (Tangmouo et al., 2010). Eclipta 
prostrata showed moderate antiplasmodial activity (IC50 = 30 g/mL) in the study. In previous 

reports, Eclipta prostrata has been studied for antileishmanial and larvicidal activities. Dasyscyphin 

C compound isolated from Eclipta prostrata showed good leishmanicidal activity (Khanna et al.,  

2009), and the leaf extracts showed good mosquito larvicidal effect (Khanna and Kannabiran, 2007; 

Elango et al., 2009). Bapna et al. (2007) reported moderate antimalarial activity at 750 mg/kg/day of 

methanolic leaf extract of Eclipta alba against  Plasmodium berghei ANKA strain in mice. Orobol, 

isolated from  Eclipta prostrata (Tewtrakul et al., 2011), exhibited anti-infammatory effect. In the 

present investigation, leaf ethyl acetate extract  Nelumbo nucifera showed low activity whereas meth-

anol extract showed moderate activity against chloroquine-sensitive (3D7) strain of Plasmodium 
falciparum (IC50 = 69 and 35g/mL) when compared with earlier report.  Nelumbo nucifera has been 

used for various medicinal purposes in oriental medicine, and two compounds, (R)-roemerine and 

N-methylasimilobine, isolated from its leaf exhibited good  in vitro antimalarial activity (IC50 = 

0.2 g/mL) (Agnihotri et al., 2008). Armepavine, a compound from Nelumbo nucifera, was found 

to exert immunosuppressive effects on T-lymphocytes in lupus nephritic mice (Weng et al., 2009). 

Liensinine, negferine, and isoliensinine isolated from the leaves and embryo of Nelumbo nucifera 
showed potent anti-HIV activity (IC50: 0.8g/mL) (Kashiwada et al., 2005). Seed ethyl acetate extract 

of Trachyspermum ammi has shown moderate in vitro antiplasmodial activity against CQ-sensitive 

strain of Plasmodium falciparum (3D7), with IC50 values of 25g/mL. Previous authors also reported 

the seed cyclohexane, methylene chloride, and methanol extract of Trachyspermum ammi to have 

good in vitro antimalarial activity (IC50: 8.75–9.23 g/mL) (Chenniappan and Kadarkarai, 2010). A 

novel compound, (4aS, 5R, 8aS) 5,8a-di-1-propyl-octahydronaphthalen-1-(2H)-one, isolated from the 
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seed of Trachyspermum ammi showed good antibioflm and antiadherence activities (Khan et al., 

2010), whereas a phenolic monoterpene isolated from the same source was found to have antif larial 

activity (Mathew et al., 2008). Leaf methanolic extracts of Andrographis lineata, leaf ethyl acetate 

extracts of Argemone Mexicana, Nelumbo nucifera, stem of Phyllanthus amarus, and rhizome of 

Zingiberzer umbet, seed ethyl acetate extract of Acacia concinna, leaf methanol extract of Adhatoda 
vasica, leaf ethyl acetate extract of Cassia nictitans, leaf methanol extract of Cocculus hirsutus , seed 

methanol extract of Coriandrum sativum, leaf ethyl acetate extract of Cuminum cyminum , methanol 

extract of leaf and fruit of Solanum trilobatum displayed comparatively low antimalarial activity. 

A. squamosa L. (Annonaceae), commonly known as custard apple, is a native of West Indies and 

is cultivated throughout India mainly for its edible fruit. The major constituents identifed in the 

members of the Annonaceae are, typically, acetogenins (Bermejo et al., 2005;  Liu et al., 1999;  Zeng 

et al., 1996 ) that are known to exhibit in vitro antimalarial activities ( Rakotomanga et al., 2004). 

Earlier moderate antiplasmodial activity (IC50~30 mg/ml) was reported in the ethyl acetate and 

methanol extracts of the leaves of A. squamosa (Asq) (Bagavan et al., 2011c). Similarly, the metha-

nolic extracts of the leaves of have been reported to show high to moderate antiplasmodial activity 

against the chloroquine-sensitive strain 3D7 (IC50: 2 mg/ml) and chloroquine-resistant strain Dd2 

(IC50: 30 mg/ml) of P. falciparum (El Tahir et al., 1999). Later on, high antiplasmodial activity has 

been observed in ethanolic extract of A. squamosa against both CQ-sensitive 3D7 (IC50: 2.1 mg/ml) 

and CQ-resistant INDO (IC50: 3.3 mg/ml) strains of P. falciparum, with resistance index of 1.57. 

A. indica is widely used as a mosquito repellent; moderate antiplasmodial activity has been  

reported in leaf extract (IC50 32 mg/ml) and seed oil (IC50: 62 mg/ml) of A. indica. B. pinnatum 
(Lam.) Oken (Crassulaceae) is a perennial herb native to Madagascar and used in folkloric medicine 

in tropical Africa, tropical America, India, China, and Australia. In traditional medicine, the leaves 

of B. pinnatum (Bp) have been used for their antimicrobial and antifungal properties.  Singh et al. 

(2015) observed good antiplasmodial activity in leaf ethanol extracts of B. pinnatum {IC50 14 mg/ 

ml (Pf3D7) and 29 mg/ml (Pf INDO)}.  C. procera (Aiton) Dryand. belongs to Apocynaceae, the 

milkweed family. C. procera (Cp) continues to be in traditional use as purgative and medicine for 

intermittent fevers. Chemical analysis of the plant shows the presence of cardenolides like 

Calotropin. The in vitro P. falciparum schizonticidal activity of the ethanolic extracts of different 

parts of C. procera has been found to be moderate to poor (IC50 0.11–1.2 mg/ml) (Sharma and 

Sharma, 2000). However, in the present study, it is observed that the ethanolic leaf extract of C. 
procera has high antiplasmodial activity (IC50: 2.5 mg/ml) with low toxicity (TC50: 10 mg/ml). It 

is interesting to note that Calotropis gigantea, another species of the same genus, has also been 

reported to be effective against  P. falciparum 3D7 strain (Wong et al., 2011).  C. carvi L., also 

known as caraway, meridian fennel, Shahi-Jeera, etc., is a biennial plant of family Apiaceae and is 

native to western Asia, Europe, and Northern Africa. Fruits of C. carvi (Cc) are used in Indian fami-

lies as part of spices in various cuisines. Traditional healers recommend it for treatment of inf am-

mation, anorexia, febrile diseases, etc. The oil of caraway derived from Cc fruits is known to possess 

insecticidal (Pitasawat et al., 2007) and antiplasmodial (Fujisaki et al., 2012) properties. In the 

present study, Singh et al. (2015) found that the ethanolic extract of caraway seed possesses good 

antiplasmodial activity (IC50: 27 mg/ml (Pf3D7), 30 mg/ml (PfINDO)), with resistance index of 

1.1. D. sissoo DC (Leguminosae) possesses immense traditional applications. It is widely used as 

analgesic, anti-infammatory, antipyretic, antimicrobial, antidiarrhoeal, antiulcerogenic, spermici-

dal, larvicidal, and mosquito repellent in the traditional system of medicines. However, heartwood 

favonoids of Dalbergia louvelii species of genus  Dalbergia are found to have antiplasmodial activ-

ity (IC50 5.8–8.7 mM) (Beldjoudi et al., 2003). Here it is interesting that for the frst time it is 

reported by Singh et al. (2015) that ethanolic root extract of D. sissoo (Ds) possesses good antiplas-

modial activity {IC50 20 mg/ml (Pf3D7), 14.5 mg/ml (PfINDO)}, with resistance index of 0.73. In 

contrast, the leaf ethanolic extract of Ds was found to be inactive (IC50: 4,100 mg/ml).  C. citriodora 
(synonym Eucalyptus citriodora), also called lemon eucalyptus, belongs to the family Myrtaceae. 

Its lemon-scented oil has insecticidal, antifungal, antiseptic, and anti-inf ammatory properties. 
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Chemical analysis of the plant shows the anti-infammatory eucalyptol/cineole to be the major con-

stituent (Gbenou et al., 2013). In the present study by Singh et al. (2015), for the frst time, promising 

antiplasmodial activity {IC50 5 mg/ml (Pf 3D7)} has been observed in ethanolic extract of the 

leaves of C. citriodora. E. prostrata (L.) L. (synonym Eclipta alba), popularly known as ‘Bhringaraj’ 

in India, plays a signifcant role in the Ayurvedic and Unani systems of medicine. It has been 

reported that 750 mg/kg/day of methanol extract of E. alba increased the survival time of P. berghei 
ANKA–infected mice (Bapna et al., 2007). In the present study, Singh et al. (2015) observed that 

ethanol extract of Ep inhibits the growth of P. falciparum {IC50 23 mg/ml(Pf 3D7)}, indicating 

direct action on the parasite.  H. pubescens Wall. ex G. Don (synonym Holarrhena antidysenterica) 
(Apocynaceae) is well-known traditionally for curing dysentery and diarrhoea. Chemical analysis 

of H. pubescens (Hp) shows mostly a rich abundance of alkaloids. The principal alkaloid is cones-

sine, having structural similarity to quinine and quinidine. The whole plant chloroform extract of 

H. antidysenterica has been found to show in vitro antiplasmodial activity (IC50: 5.5 μg/ml) (Verma 

et al., 2011). Singh et al. (2015) found that the ethanolic extract of Hp bark is slightly more potent 

{IC50 4.5 μg/ml (Pf 3D7)} than the ethanolic extract of Hp leaves {IC50 7 μg/ml(Pf 3D7)}. However, 

the potency order was reversed in the case of Cq-resistant Pf INDO strain, where the leaves ethanol 

extract (IC50 8.5 μg/ml) was more potent than the bark ethanol extract (IC50 11 μg/ml).  M. longi-
folia var. latifolia (Roxb.) A. Chev. (synonym Madhuca indica) (Mahua) (Sapotaceae) is a forest-

based tree that is virtually the lifeline of the tribal belt in Central India. M. longifolia (Ml) is 

culturally the most identifed with Indian life in the plains. The cake of Ml is insecticidal and is also 

used as bait for fshing. This plant is also endowed with antifungal (Sidhu et al., 2009) and antioxi-

dant (Chaudhary et al., 2012) activity. It was interesting to observe antiplasmodial activity in the 

bark, leaf, and seed of Ml. The bark was found to be most potent {IC50 24.1 μg/ml (Pf 3D7)}, fol-

lowed by the leaves {IC50 55 μg/ml (Pf 3D7)} and seeds {(IC50 92 μg/ml (Pf 3D7)}. Seed oil was 

found not active up to 100 μg/ml. M. pudica L. (Leguminosae), commonly called touch-me-not, or 

Chuimui, is used traditionally as antidote for scorpion sting and as an antidiabetic. According to the 

Unani system of medicine,  M. pudica (Mp) root is useful in diseases arising from blood impurities 

and bile, bilious fevers, piles, jaundice, leprosy, etc. (Azmi et al., 2011). Laboratory experiments 

have demonstrated that Mp has antimicrobial, antimyotoxic, wound healing, antiasthmatic, antican-

cer, and anti-mumps activities.  Singh et al. (2015), in the present study, found Mp to have moderate 

antiplasmodial activity (IC50: 51 mg/ml). P. pinnata (L.) Pierre (Leguminosae) is a handsome f ow-

ering tree with foliage like the beech. Sanskrit writers call it Karanja and Naktamāla or Naktamālaka, 

‘garland of the night’. Flavonoids isolated from Pp have exhibited moderate antileishmanial activity 

(IC50: 32 mM) (Kapingu et al., 2006). Ethanolic extract of Pp has also been reported to have mod-

erate antiplasmodial activity against CQ-sensitive Pf3D7 (IC50: 24–40 mg/ml) (Simonsen et al., 

2001). Singh et al. (2015), in the present study, found that the leaf ethanolic extract of Pp is nearly 

equipotent against both CQ-sensitive 3D7 and CQ-resistant INDO strain (IC50s: 22.8 and 20.4 mg/ 

ml, respectively). In contrast, the ethanolic bark extract is more potent against the sensitive than the 

resistant strain (IC50s: 9.5 and 22.5 mg/ml, respectively). P. hysterophorus L. is a wild-growing 

weed belonging to the family Compositae and is a common invasive species in India. Hydroethanolic 

(80% ethanol) extract of  P. hysterophorus (Ph) has been reported to have weak antiplasmodial  

activity (IC50: 45.2 mg/ml) (Valdes et al., 2010). However, the present study, by Singh et al. (2015) 

found that the whole plant ethanol extract of Ph has promising antiplasmodial activity against both 

CQ-sensitive {IC50 6 μg/ml (Pf 3D7)} and CQ-resistant strain {IC50 2.1 μg/ml (Pf INDO)}, with 

resistance index of 0.35. In view of its impressive antiplasmodial potency, the ethanolic extract of 

Ph was subjected to activity-guided purifcation using RPHPLC. A well-resolved chromatogram 

together with assessment of antiplasmodial activity of fractions helped identify the fractions with 

promising antiplasmodial activity and low toxicity to two mammalian cell lines. Evaluation for 

stage specifcity of action by two of the most potent fractions, viz, 14 and 19, revealed that they were 

inhibitory to the parasite growth in a dose-dependent, stage-specifc manner. Thus, while 3.125 mg/ 

ml was suffcient to inhibit the growth of trophozoites, the growth inhibition of rings was seen only 
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at 6.25 mg/ml. Furthermore, schizonts treated with 6.25 mg/ml of fractions 14/19 showed delayed 

egress, resulting in merozoites that were invasion-incompetent. Finally, it was interesting to observe 

in drug exposure followed by drug withdrawal experiments that 14/19 killed all stages of the malaria 

parasite. The molecule in the dominant peak representing fraction 14 is likely to be amphipathic 

since its RPHPLC retention time is approximately midway between the retention times expected of 

very polar versus very nonpolar molecules. Further, its 20-fold greater absorbance at 214 nm over 

the absorbance at 254 nm suggests that the molecule may be aliphatic in nature. Indeed, chemical 

analysis of Ph shows sesquiterpene lactones to be the major chemical constituent in all parts, includ-

ing pollens and trichomes (Picman et al., 1979). 

Some of the other chemical constituents found in Ph and reported to have antiprotozoan, anti-

bacterial, and antitumour properties are parthenin/hymenin, coronopilin, ambrosin, tetraneurin 

A, and charminarone. Since a large number of fractions of Ph have been found to exhibit promis-

ing antiplasmodial activity, it is quite likely that the fractions may have some of the compounds 

listed ( Pandey, 2009). S. indica L (Ashoka) is one of the most legendary and sacred trees of India. 

It is an evergreen tree used extensively as a tonic by local people, as a uterine sedative and for 

women-related problems like menorrhagia (scant menses) and dysmenorrhoea (painful menses, 

menstrual cramps), and depression, bleeding haemorrhoids, and uterine fbroids. A study by Singh 

et al. (2015) on the antiplasmodial activity of the ethanolic extracts of Si against Pf 3D7 found the 

leaf extract to be more potent (IC50 21 μg/ml) than the bark extract (IC50 38 μg/ml).  C. roseus 
(L.) G. Don (synonym Vinca rosea) (Apocynaceae) is also known as Nayantara and is widely used 

by traditional healers as cure of many ailments. While the hot-water extract of dried entire plant 

is taken orally by human adults for cancer and menorrhagia, the hot-water extract of dried leaves 

is taken orally for Hodgkin’s disease. Leaves methanol extract of Cr has been reported to be not 

active against Plasmodium up to a concentration of 100 mg/ml (Kamaraj et al., 2012). However, 

the present study found that the ethanolic extract of the whole plant possesses good antiplasmodial 

activity (IC50 16 mg/ml) against chloroquine-sensitive strain Pf3D7. Z. jujuba Mill. (synonym 

Zizyphus mauritiana) (also known as Ber) belongs to Rhamnaceae. Phytochemical investigations 

have established the genus  Ziziphus to be a rich source of cyclopeptide alkaloids (El-Seedi et  

al., 2007). Cyclopeptide macrocycles of  Ziziphus species showed interesting biological proper-

ties, including sedative, analgesic, antibacterial, antifungal, and antiplasmodial (Suksamrarn et 

al., 2006) activities. Cyclopeptide alkaloids isolated from the root of Z. mauritiana have been 

found to exhibit potent antiplasmodial activity (IC50s: 3.7–10.3 μM). Singh et al. (2015) tested the 

antiplasmodial activity of ethanolic extracts of Z. jujuba leaves and bark and found that while the 

leaves extract is inactive (IC50 Pf 3D7: 4,100 μg/ml), the bark extract is active {IC50: 25 μg/ml (Pf 

3D7), 16 μg/ml(Pf INDO)}. 

Antimalarial potential of Alstonia scholaris has been proven scientifcally by testing it against 

Plasmodium falciparum K1 strain, with a very high activity category. The bisalole alkaloids,  

namely, villalstonine and macrocarpamine, are the bioactive components of these plants responsible 

for these activities (Keawpradub et al., 1999). Rezeki et al. (2012) showed the use of A. scholaris in 

effectively reducing the levels of malaria parasites in some patients clinically. This treatment was 

also proven to reduce the clinical symptoms of malaria, such as fever, headache, muscle aches, and 

diarrhoea. 

Teng et al. (2019) carried out a scientifc research on the potential use of Carica papaya as 

an antimalarial agent, testing it against  P. falciparum 3D7 parasites and Dd2 strains. The results 

showed an antimalarial activity in the medium category. The compound responsible for this activity 

is carpaine, which belongs to the alkaloids group. Several studies have also proven the plant to have 

some anti-infammatory, antitumour, and antihypertensive properties as well. 

Andrographis paniculata is one of the herbs within the family of Acanthaceae, widely cultivated 

in South and South-East Asia. The andrographolide and its derivatives are the bioactive chemical 

contents of A. paniculata. Andrographolide is a diterpenic lactone compound known with its anti-

viral, anti-infammatory, and anticancer properties (Bharati et al., 2011). According to  Mishra et al. 
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(2011), andrographolide compounds have antimalarial activity, both in vitro (P. falciparum) and  in 
vivo (P. berghei). 

8.3 FUTURE REMARKS 

This chapter examined the ethnobotanical uses with brief phytochemistry and pharmacological 

activities and clinical trials of two traditional medicinal plants,  Glycyrrhiza glabra L. (liquorice) 

and  Gymnema sylvestre R. Br. (Gurmar). The plant  G. glabra has a strong ethnobotanical history. 

In Europe and in Eastern countries, both root and rhizome are used as folklore medicine, whereas 

in Unani system of medicine, only rhizome is used as medicine. It possesses a wide range of phar-

macological actions, like anticancer, antimutagenic, antiulcer, antifungal, and antioxidant, due to 

the presence of active chemical constituents like glycyrrhizin, glabridin, glycyrrhetic acid, etc. 

This plant has been in use since the ancient times and has been mentioned in traditional pharma-

copoeias. The other important medicinal plant is  Gymnema sylvestre R. Br., which has antidiabetic, 

anti-infammatory, antioxidant, hepatoprotective, antibacterial, and lipid-lowering activities, and 

the chief chemical constituents are gymnemanol, gurmarin, saponins, favonol, and glycosides. This 

plant is a cheap substitute of antidiabetic drug, so people are using it without any prior knowledge of 

which part of this plant is to be used, which leads to the redundant ruining of the whole plant. Due 

to overexploitation and overusage to meet the requirement, this plant has been disappearing very 

fast. Hence, legal production and thorough monitoring of medicinal preparation should be done. 

Further comprehensive scientifc studies regarding the mechanism of action of these medicinal 

plants, their phytochemical compounds, drug interaction, effective dose determination, and side 

effects, are required. 

This chapter also explored the antimalarial potential of various medicinal plants with their tra-

ditional usage in malaria. Plants like  Allium sativum, Andrographis paniculata, Azadirachta indica, 

Ocimum gratissium, etc. have been used for medicinal purposes from the beginning of time, and it is 

referenced in conventional pharmacopoeias for various diseases, including malaria also. It is neces-

sary to do further in-depth scientifc research on the mechanism of action of  antimalarial plants , their 

phytochemical components, medication interactions, effective dose estimation, and adverse effects. 
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9  Antimalarial Response, 
Traditional and Other Potential 
Uses of Aristolochia Genera 

Uttra Chauhan, Harshika Joshi, Gaurav Pant, and Manu Pant 

9.1  INTRODUCTION 

Malaria is a life-threatening and one of the deadliest infectious diseases in developing countries. 

It is a disease caused by the bite of female Anopheles mosquitoes infected with Plasmodium para-

sites. Five types of parasites cause malaria in human beings, and two of these species,  P. vivax and 

P. falciparum, pose the greatest threat while  P. knowles, P. ovale, and P. malariae pose a lesser 

threat. P. falciparum is the most common and lethal malaria parasite on the continent of Africa. 

P. vivax is the most common malaria parasite outside of sub-Saharan Africa. In 2021, there were 

an estimated 247 million cases of malaria worldwide (WHO,  2023, www.who.int/news-room/fact-

sheets/detail/malaria). Many researches have been done for the treatment of malaria, and the use of 

medicinal plants is also an alternative in treating and preventing malaria. In places where malaria 

is endemic, medicinal plants are utilized as an alternative to cure a variety of illnesses, including 

malaria (Mathew et al., 2020). 

Medicinal plants have been in use in the prevention and treatment of a wide range of diseases 

since the ancient times throughout the world because of their therapeutic effects (Husen, 2021, 

2022a, 2022b, 2023;  Rahman and Husen, 2021,  2022,  2023a, 2023b). They have a lot of benef -

cial effects, and the practice of using medicinal plants for treatment is increasing day by day. The 

bioactive chemicals found in medicinal plants have disease-preventing properties, like antimicro-

bial, anticancer, anti-infammatory, antioxidant activities, etc. They are in demand in developed 

and developing countries and are used as alternative medicines as they have long-lasting effects, 

have less side effects, are easily available, and are less costly. The phytoconstituents derived from 

medicinal plants are alkaloids, saponins, tannins, glycosides, and phenolics and are a major source 

for drug production (Borah et al., 2021). 

Aristolochia is one of the largest genera of the Aristolochiaceae family having medicinal values 

and used for treating and preventing a variety of diseases, like malaria, stomach ache, hyperten-

sion, dysentery, body ache, urinary tract infections, headache, and sexual dysfunction (Borah et al., 

2021). The word Aristolochia is from Greek language, meaning ‘aristos’ – best or most appropriated – 

and ‘lochia’ – delivery (Babu et al., 2021). The genus has about 550 species, from which 20 species 

are found in India. In the world’s subtropical, Mediterranean, tropic, and temperate regions, including 

Africa, America, and Asia, these species are found (Nath et al., 2022). Aristolochia maxima is found 

in Western Ghats (Tilari Ghats) of Maharashtra. This is an indigenous species of South and Central 

America. In tropical, subtropical, and Mediterranean countries, including Nepal, India, and Bangladesh, 

Aristolochia indica is found. Aristolochia cathcartii, Aristolochia indica Linn., and Aristolochia sac-
cata Wall. are found in eastern India (Nath et al., 2022). Several Asian nations, including China, Japan, 

Bangladesh, Thailand, India, Sri Lanka, and Korea, have used Aristolochia species as medicine in their 

traditional medical systems (Mariyammal et al., 2023). The major and active compound of this genus is 
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aristolochic acid, which is extracted from the roots. It has pharmacological activities, like antifertility, 

anticancerous, antidiabetic, anti-infammatory, anti-venom, antidiarrheal, and anti-pruritic (Borah et 

al., 2021). The entire  Aristolochia plant is thought to provide a variety of therapeutic benefts in Indian 

traditional medicine. The roots are known to be anti-infammatory, diuretic, and cardiotonic due to the 

presence of aristolochin, which is an alkaloid. The leaves of Aristolochia are useful in treating cholera 

and intermittent fever in children, and the seeds are traditionally used to treat biliousness, inf amma-

tion, and dry cough (Nath et al., 2022). 

9.1.1  BOTANICAL DESCRIPTION 

Aristolochia is an evergreen or deciduous herbaceous and woody vine perennial. Alternate, sharp, 

deeply cordate, and with a narrow sinus, the leaves measure 8 in long, 4.5 in wide. The f owers are 

axillary in position, irregular, stalked distinctly and can be found in solitary form or in clusters. 

Flowers are bisexual and zygomorphic. Perianth is purple in colour, having tubular of three to seven 

lobes, and it has a fy trap mechanism as its special feature. Chironomid fy (Diptera) insects pol-

linate it. Stamens are six in number, and anther is sessile. Fruit is long-stalked, enclosed in capsule. 

Seeds are fattened and broad-winged ( Rajani et al., 2020 ;  Nath et al., 2022 ). 

9.1.2  TRADITIONAL USE 

In India, approximately 3,000 plants species are reported to have medicinal properties (Vineeta et al., 

2022 ). Aristolochia species are one of these medicinal plants which have therapeutic values and used 

by different communities throughout the world in traditional medicine (Borah et al., 2021). The use 

of accessible natural resources for everyday sustenance, such as fodder, food, shelter, and healthcare, 

has allowed ethnic communities around the world to develop and maintain traditional knowledge. In 

many developing countries, indigenous rural people have a strong tradition of using herbs or plants 

as a kind of traditional or folk medicine. Throughout the country, Ayurveda, Siddha, and Unani 

are still important primary rural healthcare systems. The Indian traditional medical system is also 

a combination of several folk and regional customs based on a wide collection of knowledge about 

various plants (Vineeta et al., 2022). Different parts of this plant, such as leaves, roots, stem, bark, 

fruit, and whole plant, are used for the treatment and prevention of certain diseases, like malaria, 

dysentery, stomach ache, body pain, etc. Some of the traditional uses of Aristolochia species are 

listed in Table 9.1. For poisonous bites from scorpions and snakes, the roots of the plant species are 

used, and the rheumatic area is massaged with the paste of the roots by many tribal communities. It 

is also used to increase the production of breastmilk and for the treatment of fever, skin diseases, high 

blood pressure, beriberi and swollen feet, stomach pain, chest pain, snakebite, female infertility, and 

malaria. Leaf juice is orally consumed to treat snakebite. Paste of leaves is consumed for stomach 

TABLE 9.1 
Traditional Use of Aristolochia Species 
Species Traditional Use Key Reference 

A. indica Heal wounds, enhance fertility, skin disease, diarrhoea, mosquito bite, Kumar et al., 2019 ; Taid et al., 

analgesic, anti-infammatory, antibiotic, antidote against poison, 2014 

anthelmintic 

A. assamica Malaria, dysentery, high blood pressure, body pain Borah et al., 2020 

A. saccate Fever, body pain, malaria fever, stomach ache, constipation, piles Teron, 2019 ;  Sarmah and Saikia, 

2014 

A. acuminata Diarrhoea, dysentery, snakebite, antipyretic, anti-infammatory   Rao, 2019  

A. cathcartii Stomach ache, urogenital disorders, food poisoning, insect repellent Paul et al., 2011 
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Aristolochia 

Roots 
Kaempferol,  Aristolactum, 
Pyriferine A, Aristolochic 
acid, Savinin, Ishwarane, 

Aristolochene, Palmitic acid 

Stem 
Aristolactam, Limonene, 

Aromadendrene, 

Aristolochic acid I 

Leaves 
Aristolochic acid I, 

Terpinolene, Ishwarane, 

Aristolochene Hexyl acetate 

Whole Plant 
Aristolochic acid A, 

Aristolactam I, 
Aristolactam AII, 

Aristolochic acid BII 

FIGURE 9.1 Phytoconstituents present in different parts of Aristolochia genus plant. 

ache, vomiting, and diarrhoea. The paste of the plant is used to cure abdominal pain, headache, cold, 

fever, gynaecological disorders, and malaria (Padhy, 2021). 

9.1.3  PHYTOCONSTITUENTS 

The term ‘phytochemical’ derives from the Greek word ‘phyto’, which means ‘plant’, and they are 

physiologically active substances that are benefcial to human health (Saxena et al., 2013). Many 

studies have proved that medicinal plants are a rich source of phytoconstituents (Figure 9.1). 

The secondary metabolites of this genus include aristolochic acids and its derivatives, proto-

berberines, aporphines, isoquinolines, aristolactams, benzylisoquinolines, f avonoids, diphenyl 

ethers, coumarins, amides, lignans, alkaloids, saponins, tannins, and phenols, steroids, tetralones, 

terpenoids (Borah et al., 2021). Aristolochic acid is known to be cytotoxic, apoptotic, antitumour, 

anticancer, and nephrotoxic (Hadem and Sen, 2018). Allantonin, alkaloid aristolodin, ishwarane 

aristolochine, sesquiterpene hydrocarbon, isoaristolochic acid, alcohol ishwararol, and essential oil 

containing carboxyl compounds are present in the root and rhizomes. It contains the presence of 

alkaloids, saponins, favonoid, phenol, and tannin (Rajani et al., 2020). The chief active compound 

in the stem and root contains alkaloid and aristolochic acids (Mathew et al., 2020). 

9.1.4  PHARMACOLOGICAL USES 

Traditional communities majorly rely on the naturally obtained herbs as a medicine for humans 

because of their cultural adaptability, similarity, and suitability of the plant with fewer side effects 
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FIGURE 9.2 Pharmacological uses of Aristolochia genus. 

(Figure 9.2). The benefts of these medicinal plants over allopathic drugs are lesser side effects, 

lasting healing effects, and encouragement of a healthy system, and they are developed through 

well-skilled knowledge (Oladeji, 2016). The genera Aristolochia, a member of the Aristolochiaceae 

family, is a well-known medicinal plant that has been used for therapeutic purposes in India for a very 

long time. Its often-used Tamil name is ‘Perumarundhu’. In recent years, the Indian subcontinent and 

the rest of the world have recognized the exceptional medicinal benefts of the genus  Aristolochia 
(Babu et al., 2021). Aristolochia indica is a medicinal herb that has been used since prehistoric times, 

and its species have been practiced as an alternative medicine for anti-inf ammation conditions like 

chronic infammation, rheumatism, gout, etc. and are still in use as a natural medicine. A variety of 

Aristolochia indica types is utilized in the southern part of India to treat skin disorders and snake-

bites. Besides treating infammation, the roots of Aristolochia indica are used to treat dry coughs, 

biliousness, intermittent fever (as it claims to be a stimulant and febrifuge), diarrhoea, dropsy, and 

lack of appetite. Along with its anti-infammatory effects, it also serves anticancer, antiviral, antibac-

terial, antifungal, antianalgesic, and antidiuretic activities (Mathew et al., 2020). 

9.1.5  CHARACTERISTIC PROPERTIES 

9.1.5.1  Antibacterial Activity 
The extracts of acetone, ethyl acetate, and methanol from the roots showed the most effective and prom-

ising antimicrobial activity on gram-positive and gram-negative bacteria, such as Staphylococcus 
lentus and  Bacillus Cereus, and are therefore proved to be helpful in treating various bacterial 

infections as they show a broad spectrum of activity (Lerma-Herrera et al., 2022). Throughout  

Europe, a number of Aristolochia species were utilized as medicinal herb (Bartha et al., 2019). In 

phytochemical screening of hexane, the extract of A. bracteolata leaves exhibits the presence of 

favonoids, terpenoids, and carbohydrates and the absence of glycosides, tannins, alkaloids, and 

proteins. Similarly, ethyl extract shows the presence of steroids, glycosides, and carbohydrates, 

and the absence of phytoconstituents was confrmed. The result of leaf extract analysis showed 

the relative distribution of secondary metabolites, which can be responsible for antibacterial activ-

ity. Polyphenols and favonoids that are responsible for its antibacterial activity are present in the 

organic extract of A. longa. In addition to inhibiting proteins and bioflms, the release of cell 

material into the environment results in a loss of cell integrity and cell membrane (Lerma-Herrera 

et al., 2022). 

9.1.5.2  Anticancer Activity 
The root extract from A. acuminata reduced the levels of TNF (tumour necrosis factor-alpha) and 

nuclear factor kappa beta activation, which in turn reduced the elevated activities of these marker 

enzymes. When tested against six human cancer cell lines, extracts from the plant’s roots and leaves 
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demonstrated potential for chemoprevention. The  A. foetida leaves and stem extract used in the cell 

line induces late apoptotic cell death through the intrinsic route. The primary compounds that are 

responsible for cytotoxic activity are methyl octadeca-9,12,15-trienoate, ethyl hexadecanoate, hexa-

decenoic acid, and 2-butoxyethyl dodecanoate. The presence of phenolic compounds in the extract 

leads to the inhibition of enzymes that disrupt the cell cycle, which is responsible for cell death 

against cancerous cells (Lerma-Herrera et al., 2022). 

9.1.5.3  Antidiuretic Activity 
The experimental fndings demonstrated that aerial parts of A. indica have considerable antidiabetic 

properties. The group of enzymes that break down the dietary carbohydrates into simple monosac-

charides is called glucosidase, and its inhibitor like acarbose reduces the rate of carbohydrates 

digestion and delays the carbohydrate absorption from the digestive tract. Therefore, many studies 

have found that preventing the excessive rise of blood glucose level by natural sources is effective 

in real life as well (Das et al., 2016). 

9.1.5.4  Antimalarial Activity 
One of the major health problems that has been going around for a while is malaria, which is the 

most parasitic and prevalent disease. In order to fght against the  Plasmodium species, attention was 

derived in the development of drug that shows high effcacy, is low cost, and is safe (Mathew et al., 

2020). The root extract of Aristolochia albida produces signifcant dose-dependent decrease in the 

parasitaemia levels in the extract-treated group of Plasmodium. The usage of A. albida is safe and 

contains antimalaria activity, which justifes their usage as antimalaria remedies. The wide range of 

antimalaria chemotherapeutic medicines already in use is dependent on natural materials, and this 

fact indicates that, if properly utilized, new antimalaria treatments might continuously develop from 

tropical plant sources (Usman et al., 2018). 

9.1.5.5  Antioxidant Activity 
According to various studies, free radicals signifcantly contribute to the development of cancer, 

heart disease, ageing, cataracts, and immune system damage. These unstable free radicals can be 

eliminated by antioxidants, which slow down oxidation and protect cells from damage. For the pre-

vention and treatment of oxidative stress-related illnesses such as diabetes, Alzheimer’s disease, ath-

erosclerosis, stroke, and cancer, antioxidant-containing medications are utilized. Nowadays, herbal 

medicines are being consumed, as they have less side effects and price than allopathic medicines 

(El Omari et al., 2019). The methanolic roots extract from A. acuminata was tested and concluded 

to have greater signifcant value than standard compound ascorbic acid. Therefore, it showed higher 

scavenging activity in comparison to chloroform leaf extract. The presence of phenols and f avo-

noids in the plant concludes that it exhibits various biological properties, like anti-inf ammatory, 

antitumour, cytotoxicity; therefore, they can act as a powerful antioxidant, protecting the human 

body from reactive oxygen species and free radicals (Das et al., 2016). 

9.1.5.6  Anti-Venom Activity 
Aristolochia has been utilized in anti-venom treatments since the ancient times. Its chemical com-

ponents, ishwarone, aristolochene, ishwarol, aristolinidquinone, and aristolochic acid, have anti-

infammatory, anti-phospholipase A2 (which causes haemorrhaging), anti-haemorrhagic activity, 

enzyme inhibition, and anti-venomous activity (Dhivya et al., 2018) by modifying the functions of 

proteins and enzymes, chemical components such aristolochic acid, sesquiterpenes, and aristolo-

lide, which are responsible for anti-venom properties (Borah et al., 2021). Hexanoic extracts from 

Aristolochia elegans mast roots were tested for their ability to suppress smooth muscle contractions 

induced by scorpion venom. Because of their carcinogenic properties, aristolochic acids were not 

considered safe by the World Health Organization (WHO, 2023), yet they were used as a potential 

venom cure in spite of these problems. 
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9.1.5.7  Anti-Infl ammatory Activity 
A. acuminata root extracts in ethanol and ethyl acetate also have anti-inf ammatory properties. 

In THP-1 cells treated with LPS, aristolactam I and (-) hinokinin from A. indica also have anti-

infammatory actions and reduced the generation of IL-6 and TNF-α. There are many phytoconstit-

uents isolated from the plant from which ‘kaempferol’ is responsible for anti-inf ammatory activity 

(Borah et al., 2021). In a metabolic arthritis rat model,  Aristolochia bracteolata exhibited a promis-

ing hyperuricaemia and strong anti-infammatory and proliferative effects on human dermal and 

fbroblasts, resulting in an in vitro wound healing action (Mathew et al., 2020). 

9.1.6  ETHNOMEDICAL USES 

Aristolochia, the most prevalent genus in the Aristolochiaceae family, is used as a source of tradi-

tional medicine for analgesics, sedatives, muscle relaxants, anticancers, antihistamines, and anti-

parasitics, used in the treatment of various issues, like malaria, bites and stings from insects and 

animals, skin infections, abdominal pain, rheumatism, etc. (Borah et al., 2021). This practice of 

using plants extract is benefcial as it does not involve any elaborative procedures, is cheap in manu-

facturing, and is accessible. Aristolochic acid and its derivatives and monoterpenes such as thu-

jene carene, camphene, and triterpenes, such as lupeol, kaurene-type diterpenes, are the secondary 

metabolites responsible for biological effects of the  Aristolochia genus. Likewise, aristolactams-

derived alkaloid metabolite and lignan-type phenolic compounds are involved in these functions. 

Ethnomedical uses of different parts of Aristolochia mostly include the leaves, aerial parts, the 

whole plant, stems, and roots, listed in Table 9.2. Ethnomedical uses of Aristolochia plants are 

drinking whole plant juice in case of snakebite or application of root paste on the affected area or 

by giving orally. In case of skin disorders, root powder dried in shade is consumed via the oral route 

TABLE 9.2 
Different Species of Aristolochia and Their Ethnomedical Uses 
Species Plant Part Treatments Key References 

Aristolochia LV, FT, S, and RT  Anti-infammatory, antimalarial, health Borah et al., 2021 

acuminata Lam. tonic, muscle relaxant, abdominal pain 

Aristolochia RT and LV Larvicide, snake anti-venom, Usman et al., 2018 

albida Duch. antiparasitic, hepatoprotection, 

nephroprotection 

Aristolochia WP and AP Diuretic, antioxidant emmenagogue, Lerma-Herrera et al., 2022 

argentina antiseptic, insecticide 

Griseb . 

Aristolochia AP, RT, LV, and WP Cytotoxic, antioxidant, osteogenic Taha et al., 2019 ; 

bracteolata differentiation of gingival Sivakkumar et al., 2019 

Lam . mesenchymal stem cells, antidiabetic, 

cancer treatment, snakebite, lung 

infammation, dysentery, scorpion 

stings, fu, vomiting, pneumonia 

treatment of malaria, headache, fever 

Aristolochia AP and RZ Antioxidant, antibacterial, antifungal Abbouyi et al., 2016 

clematitis L . 

Aristolochia RT and LV Antitoxin, antiviral, antifungal, Meela et al., 2019 

elegans Mast . scorpion anti-venom, antibacterial 

(Continued) 
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TABLE 9.2 (Continued) 
Different Species of Aristolochia and Their Ethnomedical Uses 
Species Plant Part Treatments Key References 

Aristolochia WP and S Antibacterial, neuroprotective effect, Xiao-dan et al., 2019 

fordiana Hemsl. antioxidant, and cytotoxic 

Aristolochia LV, WP, RT, L, and FR Snakebites, antibacterial, dryness of   Padhy, 2021 

indica L. tongue, blood purif er, cholera, 

menstrual irregularities, watery eyes, 

swelling in leg, pulmonary problems, 

gangrene, abdomen burning 

Aristolochia RT, LV, and AP Antibacterial, antioxidant, and Idrissi et al., 2020 

longa L cytotoxic 

Aristolochia LV Cytotoxic and antioxidant Abd El-Hafeez et al., 2018 

macroura AP 

Gomes 

Aristolochia AP and RT Antibacterial, antifungal, cytotoxic, Mazadu et al., 2018 

Ringens Vahl . antidiabetic, antioxidant, 

antidyslipidemic 

Aristolochia LV, RT, S, and T Curing of wounds, diarrhoea, Borah et al., 2021 

saccata Wall . dysentery, haemorrhage, body pain, 

tonsil, jaundice 

Aristolochia RT, LV, and WP Stomach pain, skin disease, f atulent, Rajani et al., 2020 

tagala Cham. dyspepsia, diarrhoea, vomiting, 

headache, antimalarial, stimulate the 

menstrual f ow, snakebite, 

gynaecological disorders 

Aristolochia S  Antinociceptive, anti-infammatory Quintans et al., 2017 

tribolata L. 

  Note: FT = fruits, AP = aerial parts, FR = fresh root, LV = leaves,  WP = whole plant, RZ = rhizomes, RT = roots, SB = stem 

bark, T = tuber,  S = stems. 

for 48 days (Lerma-Herrera et al., 2022). For fever, leaves are prescribed for chewing, and for head-

ache, the paste is applied on the forehead. For abdominal pain and in malarial treatment, the roots 

of the plants are used for making a decoction and consumed. Following are the different species of 

Aristolochia and their ethnomedical uses (Lerma-Herrera et al., 2022). 

9.2  CONCLUSION 

Medicinal plants are an abundant source of bioactive compounds that have disease-preventing prop-

erties, such as anticancer, anti-inf ammatory, antioxidant, and antimicrobial properties. They are in 

demand in developed and developing countries and being used as alternative medicines as they have 

long-lasting effects, have less side effects, are easily available, and are less costly. For a long time, the 

people of North-East India have regarded the genus  Aristolochia as a plant with signif cant medicinal 

value. However, in recent years, its potential in fghting illnesses and diseases has gained recognition 

on a global scale. Despite having multiple uses, Aristolochia was used as a traditional medicine for 

treating malaria. The entire Aristolochia plant is thought to provide a variety of therapeutic benef ts 

in Indian traditional medicine. Deeper studies in the genus  Aristolochia can help unveil its potential 

as a possible plant-based medicine, thereby advancing public health on a worldwide scale. 
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10  Antimalarial Response, 
Traditional and Other Potential 
Uses of Aspidosperma Genera 

Surjit Sen, Shuvadip Mondal, Manjula Rai, Mangal 
Chandra Biswas, Rupa Sanyal, and Abhijit Dey 

10.1 INTRODUCTION 

The most prevalent parasitic infection in the tropical and subtropical regions is represented by malaria 

(Mitaine-Offer et al., 2002). A report in 2020, pronounced by the World Health Organization, stated 

that around 409,000 died from malaria in 2019 (WHO, 2020; Milliken et al., 2021). However, there 

is a signifcant decrease in new malaria cases that has been observed from 2019 to 2020, but it is 

still endemic in almost 18 countries in South America and the Caribbean, where nearly 139 million 

people are documented to have been exposed (WHO, 2020; Milliken et al., 2021). Five different 

protozoan species under the genus  Plasmodium have been recorded to cause malaria in humans 

(Plasmodium falciparum, P. malariae, P. ovale, P. vivax, and  P. knowlesi), where  P. falciparum 
and  P. vivax cause most of the malarial infections, while  P. falciparum is severely fatal and found 

to be predominant in Africa (Schlitzer, 2008;  Ashok et al., 2013;  Uzor, 2020). 

For decades, malaria has been treated with quinine, chloroquine, amodiaquine, mef oquine, and 

artemisinin derivatives (Uzor, 2020). Among these derivatives, chloroquine (4-aminoquinoline) – a 

synthetic derivative from quinine – is still in use for its cheapness, effectiveness, and less toxic-

ity to the human body (Uzor, 2020). But nowadays, this drug has been restricted in the treatment 

of malaria as the parasite has become resistant to the drug (Wiesner et al., 2003;  Uzor, 2020). To 

overcome this situation, WHO recommends an alternative therapy for malaria, which is artemis-

inin-based combination therapy, or ACT, in order to check resistance (Chierrito et al., 2014;  Uzor, 

2020). However, the limited accessibility to ACT makes an indication to discover a new and cheap 

drug to control this life-threatening disease (Chierrito et al., 2014). Plant-derived natural drugs to 

treat various diseases are an age-old practice in Asian and African countries (Husen, 2021,  2022a, 

2022b, 2023;  Rahman and Husen, 2021,  2022,  2023a, 2023b) but now have come to common in 

Western World also (Krettli et al., 2009;  Willcox et al., 2011;  Ceravolo et al., 2018). In the large 

regions of the Amazon basin, including Brazil, plants are still in use to treat malaria, as these plants 

possess potent sources of compounds to develop new antimalarial drugs (Coutinho et al., 2013). 

Among the various plant species used as medicine in Latin American countries, a member from 

the family Apocynaceae has proved to be active against malarial parasite: the genus  Aspidosperma 
(Garavito et al., 2006; Lima et al., 2015; Ceravolo et al., 2018). Aspidosperma spp. are vastly grown 

in Brazilian caatinga and used for different medicinal purposes (Coutinho et al., 2013;  Rocha et al., 

2019). Due to their high habitat concentration in Amazon basins, they are popularly known as car-

apanaúba, pau-pereiro, guatambus, and quina (Rocha et al., 2019). Figure 10.1 presents few species 

of the genus  Aspidosperma alongside some useful plant parts and obtained phytochemical(s). 

Studies have shown that various species of Aspidosperma have acted against malarial para-

site. The stem bark of Aspidosperma nitidum is used to treat fever and malaria in the regions of 

Amazon and even remains active in low concentrations against  Plasmodium falciparum ( Chierrito 
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165 Antimalarial, Traditional, and Other Uses of Aspidosperma 

FIGURE 10.1 (a) Aspidosperma macrocarpon: habit; (b) Aspidosperma tomentosum: habit; (c) Aspidosperma 
marcgravianum: habit; (d) Aspidosperma cylindrocarpon: seeds; € Aspidosperma melanocalyx: f owers; 

(f) Aspidosperma quebracho-blanco: the unusual seed pods; (g) Aspidosperma quebracho-blanco: f owers; 

(h) Aspidosperma spruceanum: f owers; (i) Aspidosperma melanocalyx: pods; (j) Aspidosperma quebracho-
blanco: pods; (k) Aspidosperma quebracho-blanco: pods and branch; (l) (+)-aspidospermidine structural 

formula. 

Source: a, b, e, f, h, i, k: Creative Commons Attribution 2.0; c, g, j: Creative Commons Attribution – Share 

Alike 3.0; d: Creative Commons Attribution – Share Alike 4.0; l: Public domain. All retrieved from https:// 

commons.wikimedia.org/. 

et al., 2014;  Ceravolo et al., 2018). Another promising species to act against malaria is  A. olivaceum 
(Dolabela et al., 2012; Chierrito et al., 2014). It has been reported that A. excelsum is used to treat 

malaria by the infusion of bark (Coutinho et al., 2013). Therefore, the aim of our present study is 

to analyze the antimalarial activity of different species of Aspidosperma and to fnd out future 

prospects. 

10.2 DISTRIBUTION AND MORPHOLOGICAL CHARACTERS 
OF ASPIDOSPERMA SPP. 

Aspidosperma Mart. and Zucc. belong to the family Apocynaceae, which is one of the ten largest 

angiosperm families (Koch et al., 2013;  de Paula et al., 2014). It is also the largest genus under the 

tribe Aspidopsermeae Miers and belongs to the grade Rauvolfoid (Endress et al., 2014;  Pereira et al., 

2018). The genus comprises a neotropical distribution, found from Mexico to Argentina, except Chile 

(Morales and Zamora, 2017; Scudeler et al., 2018;  Pereira et al., 2018). Reports state that 56 species of 

Aspidosperma are found to occur in Brazil, of which 23 are listed as endemic (Morales and Zamora, 

2017 ;  Pereira et al., 2018 ). Aspidosperma spp. occur in almost all Brazilian phytogeographical areas 

(Pereira et al., 2018). Aspidosperma is known to be one of the most outstanding genera in Brazil due 

to its vast ecological, medicinal, and economic interest, chiefy as a valuable source of timber (de 

Paula et al., 2014;  Pereira et al., 2018). Most of the species under  Aspidosperma are morphologically 

https://commons.wikimedia.org
https://commons.wikimedia.org


 

   
    

  
    

      

                    

        

 

        

     

         

        

        

    

166 TABLE 10.1 
Distinctive Morphological Characters of Aspidosperma spp. Showing Antimalarial Activity 
Species of Distinctive Morphological Characters Reference 
Aspidosperma 

Branch Leaves Infl orescence Flower Fruit 

.A tambopatense –  Leaves with f attened secondary veins on – Flowers with deltoid corolla lobes Follicles sessile or de Paula et al., 

both surfaces substipitate, with 2014 ; Morales 

an inconspicuous and Zamora, 

midrib 2017 ; Pereira 

.A ulei – Leaves pubescent on the abaxial surface – Flowers up to 3 mm long, tomentose  Follicles pubescent, et al., 2018 ; 

and 3× longer than wide, yellow on the externally yellow Scudeler et al.,

abaxial surface 2018 

cuspaA. –  Leaves with reticulodromous venation Inf orescence – – 

leaf-opposed 

A. schultesii   Branches with – –  Flowers more than 13 mm long, corolla – 

white latex lobes more than 8 mm long, ovary 

tomentose; seed nuclei with radial lines

desmanthumA.  Branches with Leaves glabrous on the abaxial surface – Flowers up to 11 mm long, corolla lobes  Follicles brown 

red latex up to 5 mm long, ovary glabrous; seed 

nuclei without radial lines

steinbachii  A. – Leaves brown on the abaxial surface, – Flowers more than 5.2 mm long Follicles blackish-

tertiary veins inconspicuous on the green, dolabriform

adaxial surface or suborbicular

album  A. – Leaves white on the abaxial surface, – Flowers with corolla lobes ca. 2.5 mm  Follicles brown 

tertiary veins conspicuous on the long 

adaxial surface and dark green on the 

adaxial surface 

spruceanumA. – Leaves white on the abaxial surface, – Flowers with corolla lobes ca. 4 mm  Follicles yellow 

tertiary veins conspicuous on the long 

adaxial surface, and olive green or

brown on the adaxial surface 

sandwithianumA. – Leaves 2.4–3.8 × longer than wide; leaf –  Flowers with corolla tube tomentose – 

petioles ca. 2.2–4 cm long, tomentose below the insertion of the anthers 

internally and with salverform corolla, 

lobes more than 2.5 mm long 
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auriculatumA. – Leaf margins with deep revolute base – – – 

and with eucamptodromous venation 

cylindrocarpon  A.  Branches sparsely  Leaf petioles more than 2 cm long – –  Follicles smooth, 

lenticellated botuliform,

inf ated with 

conspicuous

lenticels 

A. macrocarpon  –  Leaves with prominent secondary veins –  Flowers with glabrous ovary  Follicles more than 

on the abaxial surface and pubescent on 11 cm long 

the abaxial surface 

A. carapanauba  –  Leaves with f attened or immersed – Flowers with tomentose ovary Follicles up to 9 cm 

secondary veins on the abaxial surface long and usually

revolute, 

velutinous 

rigidumA. –  Leaves f attened, pubescent on the –  Flowers with glabrous ovary, salverform  Follicles 

abaxial surface corolla, glabrous externally, lobes equal suborbicular, 

to or larger than the tube (1–1.6×) smooth 

nitidumA. – – Inf orescence Flowers with corolla ca. 6 mm long,  Follicles 

axillary lobes up to 0.5 mm long; f owers with dolabriform, 

tubular corolla, tomentose externally, verrucose, or 

lobes smaller than the tube (0.2–0.5×) spinescent 

A. excelsum  – Leaves coriaceous, 1.7–2 × longer than Inf orescence Flowers with calyx lobes equal; follicles – 

wide terminal spinescent and with corolla ca. 7.5 mm

long, lobes more than 1 mm long

A. marcgravianum  – Leaves chartaceous, 2.8–3 × longer than Inf orescence Flowers with calyx lobes unequal and  Follicles verrucose 

wide terminal with corolla ca. 7.5 mm long, lobes

more than 1 mm long 
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168 Antimalarial Medicinal Plants 

similar, with minute differences. The contrasting morphological characters of Aspidosperma spp. 

showing antimalarial activity are presented in Table 10.1. 

10.3 ANTIMALARIAL ACTIVITY OF ASPIDOSPERMA SPP. 

Malaria is a serious and sometimes fatal disease that affects millions of people worldwide, par-

ticularly in developing countries. The parasites causing the disease are mainly Plasmodium falci-
parum (De Paula et al., 2014;  Negi et al., 2014). Several studies have investigated the antimalarial 

properties of different  Aspidosperma species. One of the most studied species is  Aspidosperma 
quebracho-blanco, also known as ‘white quebracho’; the extracts from the bark of this tree have 

potent antimalarial activity against both chloroquine-sensitive and chloroquine-resistant strains of 

Plasmodium falciparum, the parasite that causes malaria (Sampietro et al., 2021). Other species 

of Aspidosperma, such as Aspidosperma nitidum, have also been investigated for their antima-

larial properties. The bark extract of Aspidosperma nitidum had signifcant antimalarial activity 

against  Plasmodium berghei, a parasite that infects rodents and often used as a model for testing 

antimalarial drugs (Brígido et al., 2021). Aspidosperma cylindrocarpon, known as ‘quebra-pedra’ 

in Brazil, has been used by people to treat malaria and other fevers (Chaves et al., 2017). Similarly, 

Aspidosperma excelsum, known as ‘tahuari’ in Peru, has been used by indigenous communities in 

the Amazon basin to treat fever, malaria, and other diseases (do Nascimento et al., 2019). These spe-

cies have shown some level of antimalarial activity in various studies (Table 10.2). 

10.4 ANTIMALARIAL MECHANISM OF ACTION OF VARIOUS  
ASPIDOSPERMA SPECIES 

The antimalarial mode of action of Aspidosperma extracts and their compounds is not yet fully 

understood, but several studies have suggested potential mechanisms of action. One proposed 

mechanism is related to the alkaloids present in Aspidosperma species, which can interfere with 

heme metabolism in the parasite.  Heme is a toxic by-product of haemoglobin digestion in the 

parasite, and  Aspidosperma alkaloids like elliptocine and olivacine can inhibit the formation of 

hemozoin crystals, which are necessary for the detoxifcation of heme. This can lead to an accu-

mulation of toxic heme and subsequent parasite death (Rocha E Silva et al., 2012). Another pro-

posed mechanism involves the disruption of the parasite’s calcium homeostasis by Aspidosperma 
sp.–derived alkaloid compound. Calcium signalling is crucial for many cellular processes in the 

parasite, including the regulation of gene expression and cell cycle progression.  Aspidosperma 
compounds may interfere with calcium-dependent processes like ROS generation, calcium chan-

nel opening, and disrupt the parasite’s normal functioning, leading to its death ( Zebelo and Maffei, 

2015). Some studies have suggested that  Aspidosperma extracts and their compounds may have 

immunomodulatory effects, enhancing the host’s immune response against the parasite. Some 

Aspidosperma compounds have been needed to study in more detail for their antimalarial proper-

ties. For example, the indole alkaloid aspidospermine has shown cytotoxicity against HepG2 cell 

line by doing cellular damage (Coatti et al., 2016). Another indole alkaloid, quebrachamine, has 

also been shown to exhibit antimalarial activity in vitro, as well as in vivo, in a mouse model of 

malaria. Other compounds from Aspidosperma species have been reported to exhibit antimalarial 

activity, such as Aspidosperma quebracho tannis (8%) consumption, which reduces the load of 

parasite in the body maybe by showing activity against different stages of the parasite life cycle, 

including the blood stage and the liver stage (Copani et al., 2013). 

10.5 TRADITIONAL USES 

Other than against malaria, Aspidosperma spp. are used in various folk medicines (Aquino et al., 

2015). Folk utilizations are in the treatments of dysentery, appendicitis, wounds, dyspnoea, asthma, 
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TABLE 10.2 
Various  Aspidosperma Species Showing Antimalarial Activity 
Species Name

A. vargasii  

quebracho-A.
blanco

tomentosumA.

A. excelsum  

desmanthumA. 

cylindro carpon  A.

A. megacarpon  

olivaceumA.

A. macrocarpon  

spruceanumA. 

polyneuron  A.

A. megalocarpon  

nitidumA. 

parvifoliumA.

A. ramif orum

rigidumA. 

spruceanumA.

A. marcg ravianum  

uleiA. 

Parts Used 

 Trunk bark 

Leaves, trunk bark 

Trunk wood, seeds, fruits, and 

leaves 

 Trunk bark 

 Trunk bark 

Trunk wood and stem bark 

 Root bark 

Trunk bark, trunk wood, and 

leaves 

 Root bark 

Trunk bark, trunk wood, and 

leaves 

 Trunk bark 

 Trunk bark 

 Trunk bark 

Trunk bark, stem bark 

Trunk wood, trunk bark, and 

leaves 

 Trunk bark 

Leaves, trunk wood, and trunk 

bark

 Leaves 

Leaves, trunk bark, trunk wood, 

root wood, and root bark 

Against Malarial Parasite 

  P. falciparum (in vitro) and 

P. berghei (in vivo) 

  P. falciparum (in vitro) 

  P. falciparum (in vitro) 

  P. falciparum

  P. falciparum (in vitro) 

  P. falciparum (in vitro) 

  P. falciparum (in vitro) 

  P. falciparum (in vitro) 

  P. falciparum (in vitro) 

  P. falciparum

  P. cathemerium and  P. falciparum 
(in vitro and in vivo)

  P. falciparum (in vitro) 

  P. falciparum (in vitro) 

  P. falciparum

  P. falciparum (in vitro) and 

P. berghei  (in vivo) 

  P. falciparum (in vitro) 

  P. falciparum (in vitro) 

  P. falciparum

  P. falciparum (in vitro) 

Antimalarial Compounds

Ellipticine

Alkaloids aspidospermine, quebrachamine, and

3-epi-aspidospermine

Alkaloid tomentosine

 Alkaloids tahuacamine, demethylaspidospermine, 

aspidocarpine, and ochrolifuanine

Alkaloids desmanthine and

3,4-methylenedioxyaspidospermidine and aspidocarpine

Alkaloid quebrachidine, N1-cinnamoyl-12-

demethoxycylindrocarine (methyl (2β,12β,19α)-1-[(2E)-3-

phenylprop-2-enoyl] aspidospermidin-21-oate) 

Alkaloids megacarpine and 3-oxo-megacarpine 

Monoterpenoid indole alkaloids (MIAs) aspidoscarpine, uleine,

apparicine, and N-methyl-tetrahydrolivacine and olivacine 

Ethanolic extract 

Ethanolic, dichloromethane, and chloroform extract 

Alkaloids polyneuridine and N-methylpolyneuridine

Fendlerine, aspidoalbine, and aspidolimidine

Wayer extract 

Uleine

 Alkaloids ramif orine and ramif oridine 

Ethanol extract 

Dichloromethane and ethanol

 Tetrahydrousambaresine 

  Indole alkaloids: 20-epi-dasycarpidone, 3,4,5,6-tetradehydro-

β-yohimbine, 20(E)-nor-subincanadine E, 19E-hunteracine, 

12-hydroxy-N-acetyl-21(N)-dehydroplumeran-18-oic acid 

References 

De Paula et al., 2014 ;  Pan 

et al., 2018

De Paula et al., 2014 

De Paula et al., 2014 

De Paula et al., 2014 ;  do

Nascimento et al., 2018 ,  2019 

De Paula et al., 2014 ;  Pan et 

al., 2018

Chaves et al., 2017 ;  De Paula 

et al., 2014 ;  Dolabela et al.,

2012

De Paula et al., 2014 

Chierrito et al., 2014 ;  De Paula 

et al., 2014 ;  Dolabela et al., 2012

de Mesquita et al., 2007

Pan et al., 2018 

De Paula et al., 2014 

De Paula et al., 2014 

De Paula et al., 2014 

  De Paula et al., 2014 ; Dolabela 

et al., 2012

Aguiar et al., 2015; De Paula et 

al., 2014 ;  Dolabela et al., 2012

De Paula et al., 2014 

De Paula et al., 2014 ;  Dolabela 

et al., 2012

  De Paula et al., 2014  

De Paula et al., 2014 ; Torres 

et al., 2013 
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170 Antimalarial Medicinal Plants 

scabies, stomach ache, cough, constipation, boils, rheumatism, toothache, urinary tract infection, 

and dermatitis (Aquino et al., 2015). A. pyrifolium is a typical species in South American folk medi-

cine, commonly used to treat dermatitis and gastritis due to its anti-infammatory activity (Almeida 

et al., 2018; Andrade et al., 2019). The Shipiko-Conibo Indian tribes from Peru used A. excelsum to 

treat hepatitis (Rocha et al., 2019). Other tribes in Peru exploited it for the treatments of bronchitis, 

as vasodilator, antiseptic, antimicrobial, and wound healing (Oliveira et al., 2009;  Rocha et al., 

2019 ). A. excelsum is popularly used in Brazil in the treatment of diabetes, in blood pressure control, 

and as contraceptive (Bittencourt et al., 2014;  Rocha et al., 2019). Investigations show that this genus 

generally is not recommended for pregnant women as it can show a positive teratogenic effect and is 

a potent abortifacient (Bourdy et al., 2000;  Agra et al., 2007; Martínez and Barboza, 2010;  Aquino 

et al., 2015). Ethnobotanical studies show that the most promising species of Aspidosperma is A. 
nitidum, which is thoroughly utilized by different indigenous people of Amazon basins (Machado 

et al., 2021). 

10.6 CONCLUSION 

The study suggests that  Asidosperma species have promising antimalarial activity, and further stud-

ies are needed to fully explore their potential as a source of new antimalarial drugs. The main 

components of the tree are alkaloid in nature; although they are naturally occurring, their safety 

and effcacy in human trials make a question mark for their conventional use. The exact mecha-

nism by which  Asidosperma species exert their antimalarial activity is not yet fully understood. 

Antimalarial alkaloid compounds like ellipticine, vindoline, and aspidospermine are well studied. 

There is a broad research area of Aspidosperma species–derived antimalarial compounds, which 

requires the interest of young researcher for the establishment of traditional to medicinal use of this 

important genera. 
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11  Antimalarial Response, 
Traditional and Other Potential 
Uses of Cinchona Genera 

Esmail Khosropour, Sahar Ahangari, and Leila Hakimi 

11.1 HERBAL MEDICINE 

Herbal medicine products (HMPs) are extensively utilized all throughout the world. The World 

Health Organization reports a number of diffculties with the use of HMPs, including regulatory 

status, evaluations of safety and effcacy, quality control, safety monitoring, and a lack of awareness 

of herbal medicine among national drug regulatory agencies (Quan et al., 2020). It is exceedingly 

diffcult to evaluate and regulate herbal treatments scientifcally because of the variety of herbal 

remedies and the ways in which they are used across national boundaries. As a result, while herbal 

medications are sometimes considered dietary supplements and are not allowed to make therapeu-

tic claims, they are often subject to strict production regulations. The Directives 2001/83/EC and 

2004/24/EC, for instance, in Europe categorize herbal medicines into two groups: ‘well-established 

herbal medicinal products’ and ‘traditional herbal medicinal products’. For the frst category, it must 

be shown by credible bibliographic evidence that the herbal medicinal substance has a long history 

of successful medical usage, with acceptable levels of safety and effcacy (Chinou et al., 2014). A 

minimum of ten years of safe and effective use of the herbal medicine product is required. For the 

second category, herbal medicine producers must show that the traditional herbal medicinal prod-

uct’s safety and effcacy are based on long-standing medical usage: 30 years around the globe, at 

least 15 of which were spent in the European Union (Heinrich et al., 2023). Contrarily, in the United 

States, herbal products are classifed as dietary supplements under the Dietary Supplement Health 

and Education Act of 1994, a product category that is exempt from pre-approval. As a result, it is the 

manufacturer’s responsibility to ensure that an herbal product is safe before it is sold, and the Food 

and Drug Administration can only enforce regulations against any harmful herbal product once it 

has hit the market. The ineffective standardization and poor quality control in the off cial herbal 

sector, in addition to the usage of medicinal plants that are intrinsically poisonous, are the main 

causes of the toxicity issues with herbal medications (Ekor, 2014;  Adusei-Mensah et al., 2019). The 

quality of the raw ingredients used in the creation of herbal medicines does, in fact, have a direct 

impact on their safety and effectiveness. In turn, environmental factors (such as light exposure, 

water accessibility, processing temperature, harvesting season, method, and method of harvest-

ing, drying, packing, transportation, and storage of raw herbal material, etc.) and genetic (genetic) 

factors determine the quality of the source materials. As a result, it might be diff cult to conduct 

quality checks on the raw materials used to make herbal medicines, especially since numerous 

countries lack the operational equipment required to apply good manufacturing standards (Alamgir 

and Alamgir, 2017). The seasonal fuctuations in the quantity of the medicinal plant parts and con-

sequent possible quantitative changes in the composition and/or ratios of bioactive substances make 

quality control of herbal medicines more challenging (Adusei-Mensah et al., 2019). Additionally, 

there is a dearth of study on complete herbal mixes, in part because undifferentiated mixtures of 

natural substances cannot be approved as drugs. Typically, the natural product is removed from its 
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source, concentrated, separated, and purifed until only one physiologically active molecule remains 

(Lahlou, 2013). It is a common practice for researchers to study medicinal plants in an effort to 

identify the specifc chemical compound that is responsible for the therapeutic effect (Alamgir and 

Alamgir, 2017;  Husen, 2021, 2022a, 2022b, 2023;  Rahman and Husen, 2021,  2022,  2023a, 2023b). 

As a result of the isolation procedure, biological activity may be lost or diminished since it may be 

the result of the fusion of multiple molecules. In fact, it is already well established that phytocom-

plexes, which are essentially complex mixes of several substances found in herbal medicines, can 

have more potent effects than single compounds (Carmona and Pereira, 2013;  Heinrich et al., 2023). 

The effectiveness of the latter often decreases when the extract is further refned into more iso-

lated fractions or single components, according to data acquired from experiments comparing the 

activities of whole plant extracts with pure preparations. Consequently, the diverse composition of 

herbal medications is one of its benefts (Najmi et al., 2022). Research is still needed, but potential 

explanations include synergy, improved bioavailability, cumulative effects, or simply the addictive 

characteristics of the ingredients. 

11.2 MALARIA 

Malaria is a fatal and contagious illness that is known to claim millions of lives each year around 

the world, particularly in Africa (Talapko et al., 2019). The WHO predicts that 212 million cases of 

malaria occurred in 2015, resulting in 429,000 deaths globally. Around 90% of malaria cases and 

92% of malaria-related fatalities occurred in sub-Saharan Africa in 2015 (Thellier et al., 2020). The 

World Health Organization (WHO) revealed in 2018 that statistics for the years 2015 to 2017 showed 

no appreciable improvement in lowering malaria cases globally during this time (World Health 

Organization, 2018). The frst time malarial parasites were found in a patient’s blood occurred on 

November 6, 1880, by French army physician Charles Louis Alphonse Laveran. In 1907, he received 

a Nobel Prize. In 1947, there were 330 million people in the world, and it was estimated that 75 

million of them had malaria, which caused 0.8 million deaths annually (Noronha et al., 2020). 

Plasmodium falciparum, P. vivax, P. ovale, and  P. malariae are the four Plasmodium species that 

may cause malaria in humans. The majority of malaria-related morbidity and death are caused by 

P. falciparum (Arévalo-Herrera, 2015). Humanity is at risk from resistance to the most widely used 

antimalarial medication class, artemisinin. Drug resistance against  Plasmodium species is a grow-

ing issue, and it appears that fnding and developing new lead compounds to treat this condition is 

urgently needed (Gupta et al., 2016). According to  Bero et al. (2009), ethnopharmacology is one of 

the greatest places to look for a plant chemical that may be utilized as a model or a starting point 

for developing an antimalarial drug. The practice of traditional medicine continues to be crucial to 

health care. According to  Sharma et al. (2022), almost 80% of the world’s population still relies on 

traditional plant-based healthcare items for their basic health care. The majority of currently avail-

able antimalarial medications have their roots in natural ingredients. Quinine, artemisinin, and 

many other compounds have already been isolated from herbal remedies (Kingston and Cassera, 

2022). Because plants contain a chemical agent repertoire with several valences, nature is a rich 

source of antimalarial compounds (Noronha et al., 2020).

 The Plasmodium species, which is responsible for malaria, is a member of the prosperous 

phylum Apicomplexa. This phylum’s members are all obligate intracellular protozoan parasites. 

Many human generations have been afficted by plasmodia since the mid-Pleistocene. Humans 

and African apes share a tight link with the malaria pathogen. In order to properly complete its 

life cycle, the malaria parasite needs a host and a vector (Hajkazemian et al., 2021). The parasite 

that causes malaria must penetrate the host’s erythrocytes in order to complete its life cycle. An 

infected Anopheles mosquito bite, which results in the release of sporozoites, causes the infection 

to start. Then, these sporozoites advance on the liver and enter the hepatocytes. The sporozoites 

in the hepatocytes go through schizogony and produce schizonts. Merozoites are discharged into 
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the circulation when the hepatocytes ultimately burst. After entering the uninfected erythrocytes, 

the merozoites divide once more via schizogony, creating 8–32 additional merozoites. Merozoites 

return to the uninfected erythrocytes after the rupture of the infected erythrocyte (Frischknecht, 

2023). During the parasite’s blood stage, clinical symptoms might be seen. A persistent exposure 

to re-infection can lead to acquired immunity (Antonelli et al., 2020). The proteins HRP-1, HRP-2, 

EMP1, and EMP2 are found on the surface of infected erythrocytes (Shooraj et al., 2022). Merozoite 

invasion into erythrocytes depends on four main events: contact between any part of the parasite 

and the host cell surface, reorientation of the parasite so that its apical prominence makes contact 

with the host cell, irreversible attachment, and the formation of an electron-dense junction between 

the apical prominence of the parasite and the host cell. Finally, the parasite invades the host cell 

and forms a parasitophorous vacuole. The whole image of the invasion process, however, cannot be 

given. Since this parasite produces a wide range of antigens at each stage of its life cycle, its com-

plicated life cycle provides a signifcant barrier to the creation of a vaccine to combat it. In order 

to create an effective vaccination, it is therefore necessary to comprehend the dynamics of genetic 

variety (Frischknecht, 2023). 

Numerous antimalarial medications are becoming ineffective due to the growing issue of drug 

resistance, which raises the risk of morbidity and death (Newton et al., 2016). The antimalarials that 

are now administered to patients have already started to lose their effcacy. As a result, it makes 

sense to search for a new antimalarial with an innovative mode of action to tackle this fatal illness. 

Drug pressue is the main cause of antimalarial drug resistance. Drug resistance is spreading widely, 

making it increasingly diffcult to manage malaria (Carrasquilla et al., 2022). An ideal malaria vac-

cine would function by triggering the immune system to eradicate all parasites. However, it would 

be challenging to implement this kind of security. In order to prevent the parasite from infecting 

additional healthy erythrocytes, several vaccine scientists have concentrated their efforts on devel-

oping such a vaccine (Quagliata et al., 2023). 

11.2.1 QUINOLONE 

Quinolone was discovered in the 17th century. Since the 1600s, quinine, a substance found in cin-

chona trees, has been used to treat malaria. The term ‘Jesuits’ bark’, ‘cardinal’s bark’, or ‘sacred 

bark’ was used at that time (Yadav et al., 2023). Mefoquine and other man-made quinoline medi-

cines have been the primary antimalarials in use for the past 50 years (Foley and Tilley, 1998). By 

making the feeding vacuole enlarge, increasing the cell’s granularity, and ultimately triggering cell 

lyses, quinine kills the malaria parasite. The parasite’s development of quinine resistance, however, 

took too long (Balogun et al., 2020). 

11.2.2 CHLOROQUINE 

Chloroquine has a toxic impact on the parasite’s digestive vacuole, preventing it from detoxifying 

the hematin (a product generated during the proteolysis of haemoglobin), which ultimately leads 

to the parasite’s mortality (Herraiz et al., 2019). The mutation inside  P. falciparum chloroquine 

resistance (PfCRT), which is studied to have happened at position 76 (K76T), is one among the 

causes of chloroquine resistance (Djimde et al., 2001). Because of its superior clinical performance, 

constrained host toxicity, ease of administration, and straightforward, affordable production, chlo-

roquine has long been the preferred medication. However, due to extensive usage in recent years, 

the malarial parasite has developed resistance, diminishing the effectiveness of the drug (White, 

2004). The dihydrofolate reductase (PfDHFR) and the dihydropteroate synthase (PfDHPS) in the 

folate biosynthetic pathway are the principal targets of the sulfadoxine-pyrimethamine medication. 

Codons 51, 59, 108, 164, and 581 within pfdhps and 437, 540, and 581 within pfdhfr, the genes 

that encode these enzymes, are among those that have undergone mutations (Amor et al., 2012; 

Turkiewicz et al., 2020). 
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11.2.3 ARTEMISININ 

In many regions of the world, particularly South-East Asia, artemisinin resistance has also devel-

oped. Artemisinin is a modern and extensively used antimalarial medicine that is used as a f rst-line 

therapy for  P. falciparum (Uwimana et al., 2020). The primary pharmacophore of this medication 

is artemisinin, a 1,2,4-trioxane tetracyclic with an endoperoxide. This medication is made from the 

plant sweet wormwood (Artemisia annua). It has been demonstrated that the artemisinin-resistant 

Kelch protein, which is found on  P. falciparum’s chromosome 13 (K13 propeller), is subject to  

mutation. Studies have suggested that secondary loci may possibly play a role in the same processes. 

Regarding the way in which artemisinin works, the discussion is still ongoing. There has mostly 

been attention in two acts (Lyu et al., 2021). Firstly, iron from haemoglobin interacts with a unique 

bridge in artemisinin. As a result, the detoxifcation process is repeatedly disrupted, and ROSs are 

produced, attacking the protein of the parasites. It could also target the mitochondria directly. The 

likelihood of resistance is lowered by artemisinin’s brief half-life. The parasite is now resistant to 

the medicine, nevertheless, as a result of recent heavy artemisinin usage ( Zhang et al., 2021). 

11.3 MALARIA AND  CINCHONA 

Quinine and its associated alkaloids, the initial treatment for malaria, are derived from the cinchona 

tree’s bark. The earliest known medicinally useful naturally occurring phytochemical is quinine 

(Dubey and Singh, 2021). Dr Jaime Jaramillo Arango, a former dean of the National Faculty of 

Medicine in Bogota, made a strong argument in his book  The Conquest of Malaria (1950) that 

native Peruvians were aware of this bark’s medicinal advantages against periodic fevers even before 

the Spaniards arrived in the Andes (Oliveros, 2017). Father Burtolome Tafur, who was thought 

to be the most malaria-prone person at that time, is said to have carried some bark to a religious 

gathering in Rome at the beginning of the 16th century (Boumediene, 2020). It became well-liked 

because it was successful in treating malarial fever. The bark was subsequently frequently given as 

‘Jesuit bark’ or ‘fever bark’ to cure malarial fever by another Jesuit priest stationed in the Andes 

and brought to the Holy City. Up until two French chemists identifed and refned quinine alkaloid 

as the most effective compound to treat malaria in the following 200 years, the bark had widespread 

appeal (Nair, 2021). Therefore, throughout this time, huge natural populations of cinchona trees  

were regularly uprooted and exploited in the Andes, and tons of the bark were sent to other regions 

of the world. As it was known to hold rich resources, not only of many taxa of cinchona, but also of 

other valuable sources of herbal products and pharmaceuticals, it brought the high rainfall-receiving 

Andean mountain ranges, primarily in Peru, Bolivia, Colombia, and Ecuador, into the focus of 

explorers, herbalists, and botanists (Nair and Nair, 2021). Ipecac root was also another source of a 

brand-new drug that was found in the area and used to treat severe diarrhoea. Due to the fact that 

antimalarial drugs are likely to be scarce and that local governments frequently impose restrictions 

on their collection and export during the latter part of the 18th century, signifcant investments were 

made in the development of cinchona plantations in distant locations.  Plasmodium is the world’s 

most deadly parasite, killing a signif cant portion of the human population every year. As a result, 

proftable pharmaceutical plantation industries were established in Indonesia and India, and later, 

Western Europe saw a rise in its production capacity.  The most signifcant alkaloid found in cin-

chona bark is quinine. It is used to prevent and cure malaria in the form of its salts, including sul-

phate, bisulphate, hydrochloride, and dihydrochloride (Canales et al., 2020). Quinine hydrochloride 

was administered as an intravenous injection slowly in cases of malignant malaria, which was later 

discovered to be resistant to synthetic antimalarials. Quinine hydrochloride is also utilized as a 

sclerosing agent in the treatment of internal haemorrhoids and varicose veins when combined with 

other substances. Quinine sulphate, which has long been used in European formulations to treat 

night cramps, has mostly been abandoned because of rare issues that can lead to thrombocytopenia 

(Dedeoglu et al., 2015). Cinchona bark possesses bitter and astringent tonic qualities. As a result, 
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quinine hydrochloride and quinine sulphate are frequently employed in soft drinks, alcoholic bit-

ters, and liquors as bitter ingredients. Ground cinchona bark was primarily utilized in France as 

a raw ingredient in the creation of aperitifs and restorative liquors. Quinine is bacteriostatic and 

extremely effective against protozoa in vitro. Additionally, it stops yeast from fermenting. Another 

compound derived from cinchona bark, quinidine, has been shown to be particularly effective in the 

treatment of cardiac arrhythmias and is used in its sulphate form as a cardiac depressant. Quinine 

can be catalytically converted into quinidine, making it a primary input for the creation of quinidine 

(Dedeoglu et al., 2015). 

11.4 HISTORY OF  CINCHONA GENUS 

 The frst Countess of  Cinchona, the wife of the Viceroy of Peru, became ill in 1638, and her illness 

is credited with inspiring the widely believed mythology that European immigrants discovered 

cinchona bark. As soon as the governor of Loja, Ecuador, learned about it, he dispatched a package 

of ‘quina-quina’ bark, which totally healed the woman. The Countess is rumoured to have gener-

ously dispersed the remedy upon her return to Spain; as a result, the bark powder was initially also 

known as ‘countessa powder’. The frst Countess of  Cinchona passed away in Spain three years 

before her husband was named Viceroy of Peru (Nair, 2021). The second Countess never visited 

Spain and lived a rather healthy life up until the time of her death in Colombia. This famous idea 

was further debunked by Keeble in 1977. According to him, the frst documented usage of cinchona 

bark as a malaria preventative in Europe took place around the year 1630. It then found its way 

to England in 1655 after entering the continent’s trade in 1643. It acquired off cial recognition 

after being included to the pharmacopoeia in 1677 ( Nair and Nair, 2021 ). Although the fever bark 

tree was given the name  Cinchona offcinalis by the renowned botanist Carolus Linnaeus in 1747, 

the name of the Countess de Cinchon continues to be used today. There are now 23 different and 

verifed species in the genus  Cinchona, which range in size from huge shrubs to tiny trees and are 

found on the slopes of the Andes rain forests at elevations between 800 and 3,000 metres above 

mean sea level (MSL). Only a few species, notably  Cinchona calisaya, C. ledgeriana, C. offcinalis, 
and C. pubescens (C. succirubra), are abundant in quinine and cinchonine alkaloids, according to 

chemical investigations of these taxa, including their numerous natural hybrids. In bark (of twig, 

trunk, and root), quinine concentrations vary from 2 to 8%. Prior to the Second World War, Java 

in Indonesia manufactured and exported cinchona bark and its alkaloids for a value ranging from 

16 to 22 million UK sterling pounds yearly, accounting for about 90% of the world’s supply. The 

typical Indian export of quinine salts was valued roughly Rs 10 million (about US$1 = Rs 46 at 

current exchange rates) annually at that time, making India the second-most signif cant supplier 

with a yearly production of 25 tons. While this was going on, the Belgians increased output beyond 

that of India by building sizable plantations in Zaire, now known as the Democratic Republic of the 

Congo, in Africa. Being more abundant in quinine, Zaire secured its position next to Indonesia in 

commerce and made signif cant profts during the Second World War, when quinine supplies were 

scarce. A crude crystalline combination of alkaloids was extracted from the bark by Bernardino 

Gomes of Portugal, and in 1820, French scientists Pettetier and Caventon separated and purif ed 

quinine crystals from the bark. Cinchonidine was discovered in 1847, whereas quinidine was found 

in 1833 ( Nair and Nair, 2021 ). 

11.5 CHARACTERISTICS OF CINCHONA

 The Cinchona species is made up of tiny evergreen shrubs and trees that may reach a height of 20 

m and a diameter of 15 to 30 cm (Figure 11.1). They are mostly found on the eastern and northern 

slopes of the Andes, ranging from 19° south to 10° north, and spreading on the opposite side of the 

equator (Oran et al., 2022). In Bolivia, Colombia, Ecuador, and Peru,  Cinchona species may be 
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FIGURE 11.1 The images of full tree and bark parts of Cinchona sp. 

found growing at 800 m in the pre-mountain tract and up to 3,000 m above MSL. Further north in 

Venezuela, Cinchona pubescens is found. Due to the possibility of interspecifc forms existing in 

the natural population, taxonomists have historically assigned this genus to different numbers of 

species (30, 40–65). Anderson (1995), however, identif ed just 23 genuine species after thoroughly 

studying the Andean Rubiaceae (Nair and Nair, 2021). According to  Andersson (1995), the cladistic 

examination of structural data made up of 48 characters. In order to make the genus monophyletic 

in origin, he reassigned a few species to related genera, erected  Cinchonopsis as a new genus, 

and  Cinchona amazonica as a new taxon. He came to assume that  Cinchona belongs to the four 

subendemic genera despite the Andes having low levels of generic endemism due to high levels of 

species endemism (reported at about 59% in the tropical Andes). Later developed species may have 

emerged by adaption to mountain environments since the progenitors most likely lived in low for-

ests of the Andes (Andersson, 1995). The leaves of these plants have an entire border and range in 

shape from elliptic to oval. The petite, pink, cream, or brown fowers have a short-lobed calyx that 

is connected at the base of the cinchona species, which has a number of different species. The tubu-

lar, four spreading-lobed corollas are an attractive feature. A lovely scent is released by the f owers. 

The fruit is shaped like an oblong capsule and has 40–50 winged seeds. South America’s tropical 

rainforests are home to some of the most well-known and signifcant industrial enterprises. In all 

cultivated species, including the four species raised in India, the fundamental chromosomal number 

is (x) 17 (Mathews and Philips, 1979). There are several polyploid species (2n = 68). Because they 

are tougher and generally produce more quinine than either of their parents, several hybrids, includ-

ing ‘Hybrida’ and ‘Robusta’, have proven helpful in the plantations. The four species previously 

mentioned provide the majority of the commercial supply of bark, despite the fact that many other 

Cinchona species have been investigated for their producing potential in the plantation sector. Due 

to its high quinine content, C. ledgeriana and  C. offcinalis are the species of choice for the planta-

tion sector (Nair and Nair, 2021). 
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11.6 DESCRIPTION OF SOME SPECIES OF  CINCHONA 

11.6.1 CINCHONA CALISAYA WEDD (YELLOW BARK) 

The lower regions of Bolivia and south-east Peru are home to this huge bushy tree with a straight 

trunk, and 400–1,000 m above sea level is preferred for its habitat. It has thick oblong to lanceolate 

leaves with smooth surfaces. The inforescence is a huge panicle with many light-pink fowers on it. 

The oblong-shaped capsules have a length of 8 to 17 mm. The bark is thick (2–5 mm), brownish, and 

contains a few transverse fssures that are starting to peel off in spots. The quinine concentration of 

the trunk bark ranges from 0.78% to 5.57%, making up 3.89–7.24% of the total alkaloids (Nair and 

Nair, 2021). Under planting, the species exhibit a varied quinine content. The species exhibit vary-

ing levels of quinine in plantations. It was frst introduced for use in commerce in Sikkim in north-

eastern India and Moyar Valley in the Nilgiris in Tamil Nadu but was subsequently supplanted by 

the more reliable source of quinine, C. ledgeriana (Nair and Nair, 2021). 

11.6.2 CINCHONA LEDGERIANA MOONS (YELLOW BARK) 

It is a fragile, heavily branched, quickly growing tree that, when fully grown, reaches heights of 

6–16 m. In the slopes of Darjeeling, the species fourish between 1,000 and 1,900 m above mean 

sea level. With a little bend in the axil, the leaves are elliptic, acuminate, and light green. They 

bloom from May to October and are tiny and light yellow. The capsule is 15 to 19 mm and is oval-

lanceolate (Nair and Nair, 2021). Although the fssures are more frequent and shallower than those 

of C. calisaya, the bark is thick (2–5 mm) and comparable in appearance. In the root and trunk, 

which are 10 to 12 years old, quinine makes about 5.4% and 1.98% of the average total alkaloid 

content. It is the most abundant source of quinine, with some trees having as much as 14% of the 

mineral. In plantations, 136 species have been found according to a diversity analysis of the source 

species (Chatterjee, 1982). The species, which is the parent stock of important plantations in India, 

is quite particular about the environmental conditions it may grow in. A hybrid known as ‘Hybrida’, 

created from C. pubescens and  C. ledgeriana, is preferred in less-optimal circumstances. Despite 

producing strong growth, the hybrid has a decreased quinine content. The output of bark is 6–6.25 

tons/ha, and it contains 2–2.5% quinine (Nair, 2021). 

11.6.3 CINCHONA OFFCINALIS LINN. (PALE OR CROWN BARK) 

A weak, struggling, narrow, slow-growing tree with dark-green foliage that is 6–10 m tall enjoys 

a colder temperature at a height of 120–200 m above mean sea level in the Nilgiri hills. Small, 

smooth, ovate-lanceolate leaves with reddish petioles are 4–10 cm in length. Flowers are 1.4–1.6 cm 

long, deep pink to pinkish in hue, and produced in tiny terminal panicles. The capsule is 1.5–2 cm 

length and ovoid-oblong. Around 1.5 mm thick, the bark is rough and brown on the outside and yel-

low on the inside. The outside surface is covered in many transverse f ssures with recurved edges. 

The typical yield of the trunk bark is just 1.5–2% in India, compared to the global average of 4–6% 

total alkaloids, up to 50% of which include quinine. Thus, plantations favour the ‘Robusta’ hybrid of 

C. offcinalis and  C. pubescens. This robust tree can withstand a broad variety of temperatures and 

elevations (1,200–3,000 m above mean sea level). The trunk bark contains 2% quinine on average 

( Nair, 2021 ). 

11.6.4 CINCHONA PUBESCENS VAHL. (SYN. CINCHONA SUCCIRUBRA PAV. 
EX KLOTZSCH) (RED BARK) 

This sturdy tree has a straight trunk and is native to Ecuador and Peru. It grows quickly as well. It 

prefers elevations between 1,200 and 2,000 m above mean sea level. It is interesting that the species 
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can survive under both drought and high humidity. The leaves are 30–40 cm long, thin, light green, 

and elliptical in shape. The upper surface of the 1–2 cm long rose-pink fowers’ corolla is white with 

pink stripes, and they bloom throughout the year. The capsule is 2–3 cm in length and is oblong. 

The bark is drab brown, 2–6 mm thick, and has a few transverse fssures in addition to well-def ned 

longitudinal wrinkles. It has a high cinchonine concentration but a low quinine level (Nair and Nair, 

2021). There are 7.21%, 6.09%, and 4% total alkaloids in the bark of the root, trunk, and twigs, 

respectively, of which 0.76–1.42%, 1.1–1.74%, and 0.8–1.16% are quinine. The bark contains quin-

amine, a brand-new alkaloid. Due to its hardiness and rapid growth at lower elevations in Indonesia, 

the species is utilized as a root stock for the grafting of C. ledgeriana (Nair and Nair, 2021). 

11.7 CHEMISTRY OF  CINCHONA 

Cinchona bark contains 6–10% of all quinoline alkaloids. The primary components of the alkaloids 

are quinine, quinidine, cinchonine, and cinchonidine, as well as 30 additional minor bases that are 

connected to quinine. These alkaloids have quinoline and quinuclidine rings with a vinyl group con-

nected to them. The bark also contains polyphenols, an essential oil; favonoids, colouring matter (up 

to 10%); and alkaloids (Gurung and De, 2017). The alkaloids mostly occur as salts of quinine and 

cinchotanic acids, and the relative quantities of these alkaloids vary amongst various species. Since 

these alkaloids are produced throughout the sap’s descent, their percentage concentration is lowest 

in the twigs, highest in the trunk bark, and highest in the root bark (Hoffmann Frackenpohl, 2004). 

The collar region (30–45 cm in length, towards the base) of these has the highest concentration 

of quinine. Depending on the species, trees’ alkaloid content rises between 1 and 12 years of age. 

Quinine is the primary alkaloid in these plantation species: C. ledgeriana, C. calisaya, and  C. off-
cinalis. Out of its greater (6.0–8.2%) total alkaloids,  C. pubescens possesses a higher percentage of 

cinchonine (3.3–3.4%).  C. kartamanahs have the greatest cinchonidine concentration in their bark at 

ages 12 and beyond, while ‘Hybrida’ has the highest cinchonidine level at ages 6 to 8 (3.7–5%) (Nair 

and Nair, 2021). Due to the bark’s high (3–4%) ash content, the source species may be determined 

quantitatively. Crown bark had the highest ash level. Quinidine (melting point 173.5°C) and quinine 

(melting point 174.4–175°C) are stereoisomers that both contain a methoxy group (Song, 2009). As a 

result, quinidine is a quinine dextrorotatory isomer. When exposed to fltered UV light, they exhibit 

blue fuorescence with oxygenated acids, such as sulfuric acid. Because they lack a methoxy group 

and do not melt at temperatures over 264°C or 204.5°C, cinchonine and cinchonidine do not exhibit 

fuorescent properties. Quinine sulphate is the isolated form of quinine from the total alkaloids. It is 

a tasteless, odourless white crystalline substance with a strong bitterness. It only partially dissolves in 

water, but it readily dissolves in organic solvents. In addition to quinine salts,  C. febrifuge (powder), 

which is made up of a variety of residual alkaloids from quinine extraction, is sold. Similar to this, a 

typical combination of quinine, cinchonidine, is offered under the brand name ‘Totaquinine’ and is 

likewise recommended for the treatment of malaria (Nair, 2021). 

Quinidine is found in small quantities (0.2%) in the majority of cinchona barks, although it is 

considerably more abundant in C. calisaya and reaches its highest concentration in C. tayansis. It is 

made commercially by chemically converting quinine by oxidation, and its proportion of commer-

cial conversion relies on parameters like the oxidizing agent, catalysts, and reducing agents used, 

among other chemistry of cinchona (Song, 2009). For the simultaneous detection of four alkaloids 

in the bark, a high-performance thin-layer chromatography (HPTLC)/densitometry approach is 

available that is quick, precise, and affordable.  Up to 1% of the world’s alkaloids are found in leaves, 

with younger ones having more.  C. ledgeriana leaves were examined, and it was discovered that 

there were four monomeric indole alkaloids (including quinomine, aricine, and 3-epi quinine) and 

seven quasidimeric indole alkaloids. According to an analysis of C. ledgeriana leaves from trees 

grown in Kenya and Zaire, C. pubescens leaves from trees grown in Thailand, and ‘Hybrida’ leaves, 

all the aforementioned species’ alkaloid contents were extremely low (cf. bark), and none of the 

quinoline group’s alkaloids were present to warrant commercial extraction (Joshi and Singh, 2021). 
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TABLE 11.1 
Antimalarial Properties of Cinchona Genus 
Species Results References 

  Cinchona calisaya  Quinine and cinchonidine derived from bark have a Maldonado et al. (2017 ) 

signifcant role in antimalarial properties. 

  Cinchona calisaya  Quinine from cinchona bark had a good potential in Gachelin et al. (2017 ) 

treating and preventing malaria. 

  Cinchona calisaya ,  Cinchona At the greatest dose examined, only bark exhibited Andrade-Neto et al. (2003 ) 

succirubra  antimalarial action, lowering parasitaemia and death. 

Alkaloids were found, but not quinine, according to a 

phytochemical examination. 

  Cinchona sp. Mutation in the  Plasmodium falciparum CRT protein  Griffn et al. (2012) 

determines the stereospecifc activity of antimalarial 

cinchona alkaloids. 

11.8 ANTIMALARIAL PROPERTIES OF CINCHONA 

Since quinine was discovered to be an effective treatment for malaria in the 17th century, species 

of the genus  Cinchona (Rubiaceae) have been utilized in traditional medicine and as a source of 

quinine (Griffn et al., 2012). Little is known about the chemical variety between and within spe-

cies of the antimalarial alkaloids found in the bark, despite the fact that they have been the only 

treatment for malaria for over 350 years. Table 11.1 shows some antimalarial works for  cinchona. 
For example, Maldonado et al. (2017 ) represented that quinine and cinchonidine derived from bark 

have a signifcant role in treating malaria. 

11.9 TRADITIONAL USES OF  CINCHONA 

Natural products and traditional medicines provide a number of distinguishing benef ts, including 

extensive clinical experience, a broad variety of unique chemical structures and biological pro-

cesses, and rational and reasonable drug development (Yuan et al., 2016). It is now obvious that 

traditional Chinese medicine (TCM) and contemporary medicine are becoming convergent ( Zhang 

et al., 2020). Through the use of conventional medications and natural poisons, medicine and natu-

ral goods have been tightly connected for many years. Ethnobotanicals are important in the study 

of pharmacology, drug synthesis, drug development, and even serve as models for active pharma-

ceutical compounds (Süntar, 2020). The following are the main benefts of utilizing conventional 

medicine: it is natural, safe, and therefore more widely available; it reduces the negative effects of 

synthetic drugs; it enables individualized health care; and it ensures better public access to health 

information. To enhance health care, herbal remedies are especially employed as an alternative to 

illnesses that pose a serious threat to life. When modern medicine is ineffective in treating a con-

dition, traditional medicine is extremely important. As the foundation of contemporary medicine, 

plants and other natural resources play a signifcant role in the manufacture of pharmaceutical 

goods today (Süntar, 2020). Secondary metabolites, or compounds with antimalarial action, come 

in a variety of forms. Cinchona have been used for treating different types of diseases, especially 

for malaria in traditional medicine. The bark of these plants is eminent in controlling a wide range 

of diseases. The principal alkaloids, quinine and quinidine, from the South American cinchona 

bark are discussed along with their discovery and usage. Since being brought to Europe in the 17th 

century, cinchona has been used in colonization and warfare, as well as to heal emperors and com-

moners. In those 400 years, the use of cinchona alkaloids for medicinal purposes has progressed 

from the extraction of bark through chemical synthesis and supervised clinical trials (Dedeoglu 
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et al., 2015). Due in signifcant part to their toxicity, the usage of quinine and quinidine has cur-

rently decreased. Quinine, on the other hand, made a limited comeback in the treatment of a number 

of cardiac and neurological diseases, and it is still given in settings with low resources, for severe 

malaria, and for pregnant women (Gelfman, 2021). 

11.10 OTHER POTENTIAL USES 

  Table 11.2 lists some of the Cinchona species’ medicinal potential, including some of the following. 

11.10.1  ANTICANCER POTENTIAL 

Quinine reduces cell growth in a dose- and time-dependent way and affects cancer cells’ ability 

to undergo apoptosis. Anticancer drugs, including bleomycin, cisplatin, anthracyclines, and radia-

tion, which are now used to treat cancer, have been shown to enhance the formation of intracellular 

ROS. Quinine’s effect causes the normal morphological changes associated with apoptosis, includ-

ing apoptotic signals, loss of apoptotic bodies and adhesion, cell contraction, membrane blistering, 

chromatid condensation, and nuclear fragmentation. In the future, quinine might be a successful 

anticancer medicine due to the high apoptotic activity it exhibits in cancer. 

11.10.2  ANTIOXIDANT ACTIVITY 

Cinchona is a powerful antioxidant since it contains phenolic compounds. The biological features 

of phenols include inhibition of lipid peroxidation, anti-HIV, anti-virus, and antitumour effects 

(Malakar et al., 2018). 

11.10.3  ANTIMICROBIAL ACTIVITY 

Some helpful bacteria can also be found in plants. The disc diffusion technique has a range of 8–18 

mm for the antibacterial action of cinchona alkaloids on  Staphylococcus aureus. Its antibacterial 

effectiveness rises with the amount of cinchona alkaloids present. Cinchona combats microbes that 

are damaging to the human body. Herpes and infections brought on by P. falciparum are treated 

with the bark of the cinchona tree (Al-Harbi et al., 2022). 

11.10.4  ANTI-OBESITY 

A potent alkaloid found in cinchona bark is cinchoquine. Although it can treat obesity, its primary 

uses are antimalaria initiatives. Cinchoquina is superior to other chemical compounds derived from 

other plants in fghting obesity, according to Jung’s 2012 experiments. Chincinnovine demonstrated 

a larger decrease of body weight than EGCG and curcumin. A helpful dietary phytochemical to stop 

obesity and infammation of the fat is pentachloroquine (Jung et al., 2012). 

11.11 CONCLUSIONS 

Woody medicinal plants are important to human health because they may be used to make herbal 

medicines from a variety of components, including leaves, fruits, and bark. Cinchona is a genus 

of medicinal trees with a lot of advantages for treating a variety of diseases. Due to its principal 

chemical components, quinine, quinidine, cinchonine, and cinchonidine, these trees are effec-

tive in treating cancer, diabetic disorders, malaria, and microbial infections. Consequently, it is a 

potential practice to cultivate various species of cinchona in order to substitute chemical medica-

tions internationally, particularly in areas where the availability of chemical pharmaceuticals is 

limited. 
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TABLE 11.2 
Some Therapeutic Potential of Cinchona Genus 
Property Compounds 

  Antiviral Quinidine 

therapeutic 

Antiviral Quinine 

Antiplasmodial Quinine 

Antidiabetic  Saponins f avonoids, 

quinine, cinchonine, 

quinidine 

Anticancer  Quinine, f avonoids, 

phenolics 

Anti-obesity Cinchonine 

Antimicrobial  Quinine, cinchonine, 

activity quinidine 

Results 

Antiviral therapeutic applications showed that the 

COVID-19 pneumonia was signif cantly inf uenced by 

bark extracts of Cinchona calisaya . 

Quinine’s effectiveness in promoting antiviral genes to 

lower dengue virus replication. The development of 

novel pharmacological therapy for dengue virus may 

beneft from the antiviral activity of quinine. 

Heparin on the nanocomposite’s surface may 

dramatically lessen cytotoxicity, biotoxicity, and acute 

toxicity. Additionally, nonstabilized Fe3O4 particles 

display substantial aggregation; however, the addition 

of heparin can act as a stabilizing agent. These 

non-toxic, biocompatible nanocomposites have a lot of 

potential for antiplasmodial medication delivery. 

Aqueous extracts of  Vitex doniana leaves and  Cinchona 
calisaya bark have antidiabetic activity in alloxan-

induced diabetic rats. 

The functional stabilization of bioactive substances like 

alkaloids, quinine, favonoids, phenolics, etc. into the 

iron oxide, providing bioavailability and internalization 

of cinchona metabolites intracellularly, may explain the 

enhanced cytotoxic potential of the Cinchona off cianlis 
stem bark extract–loaded iron oxide nanoparticles 

compared to free Cinchona off cianlis extract. 

Cinchonine dramatically reversed the downregulation of 

major adipogenic genes, WNT10b, and galanin-

mediated signalling molecules that high-fat-diet-

(HFD)-induced in the epididymal adipose tissues of 

mice. Cinchonine inhibited the toll-like receptor-2- 

(TLR) and TLR4-mediated signalling cascades in the 

mouse adipose tissue, which decreased the HFD-

induced elevation of proinfammatory cytokines. Eating 

cinchonine may help prevent obesity due to its effects 

on adipogenesis and inf ammation. 

Cinchona  alkaloids proved to be an excellent scaffold for 

further optimization of novel gram-negative bacteria. 
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12  Antimalarial Response, 
Traditional and Other Potential 
Uses of Croton Genera 

Rudra Narayan Sahoo, Sachin Mahawar, and Atul Arya 

12.1 INTRODUCTION 

Nature is the epicentre of all ecosystem functions. All living organisms, including humans, inter-

act with each other and evolve to produce a set of practices that are later frmly established as 

culture. For ages, plants have been a signifcant player in this association; it is deeply rooted in the 

indigenous knowledge of traditional therapeutic systems (Jaiswal, 2019; Sahoo et al., 2022;  Husen, 

2021, 2022a, 2022b, 2023;  Rahman & Husen, 2021,  2022,  2023a, 2023b). In the developing world, 

about 80% of the population use folk remedies because they are easily accessible and cheaper than 

modern medicine and healthcare systems, are more accepted because of their socio-cultural and 

spiritual beliefs, and are used as alternative medicine (Oyebode et al., 2016; WHO, 2019;  Arya et al., 

2021 ). 

Malaria is an acute delirious illness that is widespread in Africa, South America, and Asia, with 

predicted 247 million cases and 619,000 deaths globally as per most recent world malaria report of 

the WHO in 2021 (WHO, 2022). The key impediments to the worldwide malaria eradication initia-

tive have been recognized as economic (Barat et al., 2004; Njau et al., 2006; Mills et al., 2008), geo-

graphical (Tobgay et al., 2011; Kaehler et al., 2019), and health system concerns (Chuma et al., 2010; 

Rao et al., 2013; Suswardany et al., 2015). Additionally, studies have reported frequently restricted 

healthcare access in low- to middle-income nations, particularly in rural and isolated areas (Peters 

et al., 2008; Dewi et al., 2023). Traditional medicine (TM) and traditional healers (TH) are signif -

cant and frequently utilized parts of healthcare-seeking and treatment for many people in poor to 

middle-income Asian and Pacifc nations, as well as worldwide (Suswardany et al., 2015; Arya et al., 

2021), because of their fewer side effects, cost-effectiveness, and affordability, encouraging herbal-

based drug discovery (Chakraborty, 2018; Mohammadi et al., 2020). These practices, treatments, 

and providers are culturally indigenous and have historically functioned predominantly outside 

the state-funded healthcare system as well as beyond the practices and curriculum of the main-

stream medical profession to treat both acute and chronic diseases, including malaria (Adams & 

Andrews, 2012;  Suswardany et al., 2015; Sahoo et al., 2022). Several cohort studies, such as  

Debas et al. (2006); Okeke et al. (2006); Sawalha (2007); Assan et al. (2009); Picking et al. (2011); 

Okoronkwo et al. (2014); WHO (2019); and  Arya et al. (2021), have validated the prevalence of TM/ 

TH in low- to middle-income countries and, in some scenarios, the only healthcare accessible in 

these communities. 

Historically, plants, such as Cinchona spp. (Rubiaceae) and  Artemisia spp. (Asteraceae), have 

contributed to or inspired the development of antimalarial medications, raising the possibility that 

they will produce further malaria therapies (Milliken, 1997; Achan et al., 2011). Similarly, ethno-

botanical/ethnopharmacological investigations corroborated the wide use of the genus  Croton, of 

the Euphorbiaceae family, encompassing approximately 1,300 species found in the tropical and 

subtropical parts across the world, and several species have been extensively reported as medicinal 
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herbs in Asia, Africa, and South America (Salatino et al., 2007). The genus is popular for treating 

a wide array of ailments, such as cancer, diabetes, malaria, fever, dysentery, digestive problems, 

constipation, external wounds, hypercholesterolaemia, hypertension, inf ammation, intestinal 

worms, pain, tuberculosis, ulcers, and weight loss (Salatino et al., 2007;  Ndunda, 2014; Rampa 

et al., 2022) (Figure 12.1). Furthermore, the genus is characterized by several potent therapeutic 

secondary metabolites, primarily diterpenoids, such as clerodane, kaurane, labdane, pimarane, 

phorbol esters, and trachylobane (Block et al., 2002); active alkaloids (Amaral & Barnes, 1998; 

Milanowski et al., 2002); aromatic oil constituents (Oliveira et al., 2001; Lopes et al., 2003); and 

red latex reported in case of some species (Sandoval et al., 2002; Risco et al., 2003). This chapter 

aims to provide an understanding of the antimalarial response, their effective traditional usage, 

and their other potential uses by various indigenous communities of Croton genera as a prospec-

tive antimalarial drug. 

FIGURE 12.1 Outline of other potential uses of Croton genera. 
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12.2 CROTON SPECIES: ANTIMALARIAL RESPONSE, 
TRADITIONAL AND OTHER POTENTIAL USES 

The effectiveness of the present treatments is threatened by parasite resistance to antimalarial medi-

cations and mosquito resistance to insecticides, potentially leading to a rise in worldwide malaria 

mortality (Obey et al., 2018). However, many Croton species have demonstrated encouraging anti-

malarial effcacy in diverse  in vitro and  in vivo experiments (Okokon et al., 2005;  Boyom et al., 

2009; Bantie et al., 2014). Several levels of effciency have been documented in the literature, and 

a large variety of metabolites produced from these various species have been intensively examined 

for their antimalarial activity (Ferreira et al., 2008; Kaur et al., 2009; Oliveira et al., 2009; Bantie 

et al., 2014). This section describes the specif c  Croton species used to cure malaria (Figure 12.2), 

along with their customary and prospective alternative uses. 

Croton argyratus Blume, also known as ‘Hujan panas’, ‘Hamba raja’, ‘silver croton’, ‘Melokan, 

Semangkok’, ‘Cheret budak’, and ‘Semelit mayor’, is a shrub that is extensively spread through-

out South-East Asia, including Malaysia, Thailand, Vietnam, Indonesia, Philippines, Burma, 

and Bali (Burkill, 1966;  Suárez et al., 2006; N. I. M. Ali et al., 2012). The plant includes a variety 

of secondary metabolites, including cardiac glycosides, favonoids, phenolics, terpenoids, ste-

roids, and tannins (N. I. M.  Ali et al., 2012). The antiplasmodial action of C. argyratus Blume’s 

leaves against the  Plasmodium falciparum D10 strain results in a 60% suppression of the para-

site’s development, making it a well-liked traditional treatment for malaria fever in Malaysia 

(Noor Rain et al., 2007). Moreover, the tree’s root is historically used in Jambi, Indonesia, to 

treat malaria, fever, diarrhoea, and afterbirth cure (Noor Rain et al., 2007;  Saraswaty et al.,  

2012), while an infusion of the roots is used to treat thrush and ulcers (Burkill, 1966;  Salleh 

et al., 2022). The cytotoxicity of the methanolic extract of the leaves/twigs, roots, and stem 

bark against human lung cancer cell lines and Madin-darby bovine kidney (MDBK) cells was 

FIGURE 12.2 Overview of different species of Croton genera with their parts used for treatment of malaria. 

[Image used to represent  Croton genera – Croton lobatus L.]    

Source: Morales (2014). 
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discovered (Horgen et al., 2001; Noor Rain et al., 2007). The stem’s methanolic and acetone 

extracts also showed antibacterial action against certain bacterial populations. Furthermore, 

the leaves of C. argyratus Blume showed antioxidant reduction capability in the DPPH assay, 

with an IC50 value of 1.45 mg/ml, as well as an excellent value for total antioxidant capacity, 

indicating that leaves extract of the species might be employed as an analgesic (Noor Rain et 

al., 2007). 

Croton barorum Leandri, a plant species native to Madagascar, is known locally as 

‘Somorombohitse’ by Malagasy populations (Fatiany et al., 2016). The plant includes a variety 

of diterpenoid chemicals that have medicinal effects for a variety of diseases (Hanson, 2011). The 

leaves and stem bark of C. barorum Leandri are well recognized for their antimalarial effects and 

have long been used to cure malaria in Madagascar (Fatiany et al., 2016). Moreover, the plant’s  

leaves, stems, and roots have been used to treat asthma, breast cancer, diarrhoea, fever, hyperten-

sion and contain anticancer, antibacterial, and antiproliferative properties ( Rasoanaivo et al., 1992; 

Schmelzer et al., 2008;  Rakotonandrasana et al., 2010;  Hanson, 2011; Kuete et al., 2013;  Kuete & 

Efferth, 2014; Fatiany et al., 2016;  Maroyi, 2019). 

Croton cajucara Benth., often known as ‘Sacaca’ in Brazil, is a traditional medicinal plant that 

grows in South America along the Amazon River (Maciel et al., 1998;  Salatino et al., 2007). Its 

leaves and stem bark are high in phytochemical components, such as favonoids, phenolics, terpe-

noids (sesquiterpenes, mono-, di-, and triterpenoids), and volatile oils, giving it medicinal promise 

for treating a variety of health issues in the local region (Salatino et al., 2007). The plant possesses 

antimalarial properties against Plasmodium falciparum and  Plasmodium berghei species (Lima 

et al., 2015), and its leaves and stem bark are used in tea or tablets in Brazil to treat gastrointesti-

nal tract diffculties, high blood cholesterol, hyperglycaemia, and hepatic disorders (Campos et al., 

2002; Grassi-Kassisse et al., 2010;  Salatino et al., 2007). Additionally, the bark volatile oil has been 

demonstrated to cure stomach ulcers (Hiruma-Lima et al., 2000;  Salatino et al., 2007;  Hiruma-

Lima et al., 2010), and the bark water extract can aid in weight reduction and boost adipocyte sensi-

tivity to adrenaline and isoprenaline (Salatino et al., 2007; Grassi-Kassisse et al., 2010). The volatile 

oil from the leaves contains linalool, which possesses antileishmanial properties (Salatino et al., 

2007; Grassi-Kassisse et al., 2010). In mice models, active chemicals from the plant, such as trans-

crotonin, trans-dehydrocrotonin, and acetyl aleuritolic acid, exhibited hypolipidemic and hypogly-

caemic characteristics (Maciel et al., 2000;  Campos et al., 2002). Moreover, trans-dehydrocrotonin 

from the plant’s aerial portions has anti-oestrogen and anticancer action in the case of mice models, 

while linalool from the bark’s volatile oil has antibacterial and antifungal properties (Grynberg 

et al., 1999;  Alviano et al., 2005;  Salatino et al., 2007). 

Croton catati Baill. is a tropical tree endemic to Madagascar that is utilized for a variety of 

therapeutic applications (Schmelzer et al., 2008). The decoction of the root and stem bark is taken 

orally for the treatment of malaria (Schmelzer et al., 2008;  Maroyi, 2019). In addition, the leaves, 

roots, and stem bark of C. catati Baill. are used in various formulations, such as decoctions or infu-

sions, for the treatment of coughs, disinfectants, dyspnoea, euphoria, and stomach pain (Schmelzer 

et al., 2008;  Maroyi, 2019). 

Croton caudatus Geiseler, popularly known as ‘Tukul Takal’ in Malaysia, is a shrub or tree that 

is widely distributed in tropical regions of South-East Asia (Dasiman et al., 2020). Phytochemical 

screening of the plant reveals that its leaves contain alkaloids, favonoids, cyanogenic glycosides, 

and phenolic compounds, which provide its medicinal value (Nath et al., 2013b). In Malaysia, spe-

cif cally, the plant’s leaves are used in the treatment of malarial fever (Nath et al., 2013b; Dasiman 

et al., 2020). C. caudatus Geiseler is also used in the treatment of fever, convulsions, pain relief, 

stomach problems, and rheumatic arthritis (Nath et al., 2013b). The Saikot area of Manipur has 

reported the use of C. caudatus Geiseler in cancer treatment (Nath et al., 2013b). In West Malaysia, 

the Orang Asli tribe used the boiled infusion of the root of C. caudatus Geiseler as a source of 

nutrient (Dasiman et al., 2020). The leaf extract of the plant also exhibits antidiabetic, antioxidant, 

antitumour, and cytotoxic activity (Nath, et al., 2013b; Dasiman et al., 2020). 
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Croton crassifolius Geiseler, known colloquially as ‘Pang khi’ and ‘Phang khi noi’, is a mone-

cious undershrub distributed across Asia, especially in South and South-East China, Thailand, Laos, 

and Vietnam ( Zhang et al., 2014). The therapeutic characteristics of C. crassifolius Geiseler’s roots 

have been employed in traditional medicine in China, Thailand, and Vietnam ( Zhang et al., 2014; 

Huang et al., 2015). Sesquiterpenoids and diterpenoids found in the roots give the plant its thera-

peutic effects (Boonyaratavej et al., 1988;  Zhang et al., 2014,  2015). The plant roots are historically 

used to treat malaria in Laos in the form of a decoction of roots with sugar in 2 L of water (Elliott et 

al., 2020). In Chinese folk medicine, the roots are used to cure rheumatism, sore throats, jaundice, 

snakebites, stomach ache, joint pain, and pharyngitis ( Zhang et al., 2014;  Huang et al., 2015;  Flora 

of China, 2023). Thai indigenous peoples also utilize the herb to cure cancer (Boonyaratavej et al., 

1988; Zhang et al., 2014;  Huang et al., 2015). 

Croton dichogamus Pax, also known as ‘Kulelwat’, ‘Kelerwe’, ‘Mwalula’, ‘Olokididigai’, ‘Rachar’, 

‘Muthia’, ‘Mhande’, and ‘Maffuka’, is a plant species utilized for traditional medicinal purposes in 

many communities across the world (Tropical Plants Database, 2012). The species has been recorded 

in Ethiopia, Kenya, Mozambique, Madagascar, Rwanda, Somalia, and Tanzania (Hedberg et al., 

1983; Salatino et al., 2007;  Tropical Plants Database, 2012;  Palhares et al., 2015;  Mutie et al., 2020). 

Phytochemical tests on the plant’s crude extract from the leaves and stem bark indicated the presence 

of a variety of secondary metabolites, including favonoids, alkaloids, saponins, tannins, terpenoids, 

and steroids (Johns et al., 1999;  Aldhaher et al., 2016,  2017;  Matara et al., 2021). These substances are 

responsible for the plant’s historic usage in treating digestive disorders through inhalation of smoke 

from burnt leaves, functioning as an antipyretic agent, and as a nutritional supplement in milk (Hedberg 

et al., 1983;  Aldhaher, 2016; Kigen et al., 2019;  Matara et al., 2021). The milled roots of C. dichogamus 
Pax are used with porridge in Tanzania to treat tuberculosis and respiratory issues (Hedberg et al., 

1983; Matara et al., 2021). Moreover, the plant is used by the East African Batemi and Massai tribes 

to produce soups for cardiovascular diseases associated with excessive cholesterol (Johns et al., 1999; 

Matara et al., 2021). The Samburu community in the Loitoktok region of Kenya uses the plant to cure 

gonorrhoea and arthritis (Aldhaher et al., 2017; Matara et al., 2021). The root decoction is used as a 

drink to cure impotence and infertility, while the stem bark, leaves, and infusion are used to treat back 

pain, malaria, chest problems, coughs, and stomach ache (Mutie et al., 2020;  Matara et al., 2021). In 

Ethiopia, the roots of C. dichogamus Pax are used as a paste to increase female fertility (Sori et al., 

2004; Matara et al., 2021). Furthermore, a number of studies, such as Hedberg et al. (1983), Pascaline 

et al. (2011), Mutie et al. (2020), and  Omara (2020), have reported that several African cultures used 

the aerial parts of the plant to treat malaria, and that the essential oil isolated from the aerial parts 

has antimalarial activity against  Anopheles gambie, which is commonly seen in Lake Basin malaria. 

Croton eluteria (L.) W. Wright, often known as ‘Cascarilla’, is a tropical shrub native to the 

West Indies and Northern South America. This plant is rich in diterpenoids, which have the poten-

tial to cure a variety of human ailments (Salatino et al., 2007). C. eluteria’s bitter bark has been used 

to cure malaria, and it has also been claimed to have hypotensive, narcotic, balsamic, stomachic, 

and tonic characteristics, making it useful in the treatment of bronchitis, diarrhoea, and dysentery 

(Vigor et al., 2001;  Salatino et al., 2007). Also, the bitter bark extract is frequently utilized to  

increase gastric output, demonstrating its versatility with a wide range of medicinal applications 

(Appendino et al., 2003). 

Croton geayi Leandri is known by the vernacular name ‘Pisopisovavy’ among the Malagasy/ 

local communities of Madagascar (Fatiany et al., 2016). The plant is rich in various kinds of diter-

penoid compounds and essential oils, which give it therapeutic value in the treatment of various 

diseases (Palazzino et al., 1998;  Radulović et al., 2006; Fatiany et al., 2016). The infusion of stem 

and root bark of the plant is well-known for its antimalarial properties in Madagascar, where it is 

used to treat malaria (Fatiany et al., 2016;  Maroyi, 2019). In addition to its use in malaria treatment, 

C. geayi Leandri leaves, stems, bark, and roots are also used to treat various health ailments, such 

as cough, fever, fu, constipation, asthma, stomach disorders, wounds healing, injury, hypertension, 

antibacterial (Palazzino et al., 1998;  Andriamparany et al., 2014;  Fatiany et al., 2016;  Maroyi, 2019). 
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Croton goudotii Baill. is a medicinal plant native to Madagascar (Rasoanaivo et al., 1992). The 

plant’s leaves and stem bark are used to treat a variety of health issues (Rasoanaivo et al., 1992; 

Maroyi, 2019). Phytochemical studies have validated the presence of crotobarin and crotogoudin, 

two diterpenoids found in the plant, responsible for its medicinal properties (Rakotonandrasana 

et al., 2010;  Maroyi, 2019). The infusions of the leaves and stem bark, as well as inhalation of the 

leaves, have been shown to be useful in the treatment of P. falciparum malaria at Madagascar 

(Rasoanaivo et al., 1992;  Schmelzer et al., 2008;  Maroyi, 2019). It is also used to treat gonorrhoea, 

blennorrhoea, and cough and acts as an aphrodisiac (Maroyi, 2019). The leaves and bark infusions, 

as well as their decoctions used in baths and lotions, are used as aphrodisiac and blennorrhoea treat-

ments, respectively (Rakotonandrasana et al., 2010;  Maroyi, 2019). Similarly, cough is treated using 

a decoction and infusion of the leaf, stem, and root bark, and in the treatment of gonorrhoea, an 

infusion of the stem bark and leaves is given orally (Schmelzer et al., 2008). Additionally, the plant’s 

cytotoxic activity against the murine lymphocytic leukaemia p388 cell line was assessed, revealing 

a powerful cytotoxic impact with 100% suppression of the murine p388 cell line (Rakotonandrasana 

et al., 2010). The existence of the isolated chemicals crotobarin and crotogoudin, which demon-

strated high cytotoxic effects with IC50 values of 0.13 0.01 μg/mL, suggests that the plant may be 

effective in the treatment of cancer (Rakotonandrasana et al., 2010;  Maroyi, 2019). 

Croton greveanus Baill. is known by the vernacular name ‘Andriambolafotsy’ among the 

Malagasy/local communities of Madagascar (Fatiany et al., 2016). The plant is rich in various kinds 

of essential oils, which give it therapeutic value in the treatment of various diseases (Fatiany et al., 

2016). The decoction of stem and root bark of the plant is well-known for its antimalarial properties 

in Madagascar, where it is used to treat malaria (Fatiany et al., 2016;  Maroyi, 2019). C. greveanus 
Baill. aerial parts, bark, and root are also used to treat various health ailments, such as asthma, 

cough, gonorrhoea, hypertension, insect repellent, pain, and stomach disorder (Fatiany et al., 2016; 

 Maroyi, 2019 ). 

Croton gratissimus Burch., often known as ‘lavender croton’ or ‘lavender fever berry’, is a 

medicinal plant (Kerry, 2018;  Magwilu et al., 2022). In several African cultures, the plant is known 

locally as ‘Gunukia’, ‘Mukena’, and ‘Mukinduri’ (Moremi et al., 2021). Because of the presence of 

many phytoconstituents, such as favonoids, phenolics, polyphenolics, terpenoids, saponins, tan-

nins, steroids, cardenolides, essential oils, carotenoids, indoles, organosulphur, and glycosides, its 

leaves, stem, and roots are widely utilized for therapeutic reasons in Africa (Salatino et al., 2007; 

Moremi et al., 2021;  Magwilu et al., 2022).  C. gratissimus Burch. possesses potent antimalarial 

activity, with both ethanol and dichloromethane root and leaf extracts effective against  Plasmodium 
falciparum and  Plasmodium berghei (Clarkson et al., 2004; Magwilu et al., 2022). Additionally, an 

infusion of the stem bark has also been used to treat malaria in Nigeria (Mulholland et al., 2010). 

The plant is also used against various other disorders in Nigeria, such as stomach and intestinal dis-

eases, uterine illnesses, pleurisy, diabetes, dysentery, diarrhoea, and convulsions (Mulholland et al., 

2010; Magwilu et al., 2022). Further, the decoction of the leaves has been utilized as an antibacterial 

and antihypertensive agent in Benin, while the methanolic leaf extract is used to treat HIV in South 

Africa (Vuuren & Naidoo, 2010; Mthethwa et al., 2014; Moremi et al., 2021). C. gratissimus Burch. 

also exhibits analgesic, antiprotozoal, antitrypanosomal, antifungal, antipyretic, anti-inf ammatory, 

insecticidal, anticancer, and antiulcer properties (Magwilu et al., 2022). 

Croton kongensis Gagnap, commonly known as ‘Plao Noi’ or ‘Plao Ngeon’ in Thailand, is 

a shrub or tree that is commonly utilized in Thai medicine, owing to its potential health advan-

tages ( Thongtan et al., 2003; Salatino et al., 2007). The leaves of C. kongensis Gagnap are high in 

diterpenoid ‘secokauranes’, which have demonstrated promising antimalarial effcacy against P. 
falciparum K1 multidrug-resistant strain, with an IC50 of 1.0–2.8 μg/ml (Thongtan et al., 2003; 

Salatino et al., 2007). Moreover, these leaves show antibacterial activities at a minimum inhibitory 

concentration of 6.25–25.08 μg/ml and demonstrate cytotoxicity against malaria parasites. C. kon-
gensis Gagnap is also used in medicine to treat dysmenorrhoea (Thongtan et al., 2003; Salatino 

et al., 2007). 



 

      

 

     

    

    

    

   

      

  

     

 

      

    

    

   

 

    

   

      

 

  

  

     

   

 

      

        

  

    

     

 

      

  

   

 

 

194 Antimalarial Medicinal Plants 

Croton leptostachyus Kunth, usually known as ‘Mosquerito’ or ‘Mosquero’, is a plant species 

found in Antioquia, Tolima, Boyacá, and Cundinamarca (García Barriga, 1992;  Garavito et al., 

2006). Peralta et al. (2015) reported that the aerial portions of the plant are high in f avonoids, 

polyphenols, terpenes, alkaloids, tannins, steroids, saponins, iridoids, phenylpropanoids, quinones, 

and coumarins, which contribute to its therapeutic characteristics. C. leptostachyus Kunth aerial 

portions, in particular, have historically been utilized for their febrifuge and antimalaria effects 

(García Barriga, 1992). The ethanolic extract of C. leptostachyus Kunth aerial parts also exhibits 

in vitro antimalarial activity against P. falciparum–resistant strains, with an IC50 of 2.10.2 μg/ml 

(Garavito et al., 2006). 

Croton linearis Jacq. is an aromatic evergreen shrub native to the Bahamas and Florida and 

broadly distributed in Caribbean countries such as Jamaica and eastern regions of Cuba (Díaz et al., 

2018, 2022). The phytochemical screening of C. linearis Jacq. leaves showed the presence of alka-

loids (reticuline, laudanidine and 8,14-dihydrosalutaridine), favonoids, and essential oil, which pro-

vide its therapeutical values (Díaz et al., 2018,  2022). Again, in the study by Díaz et al. (2022), three 

isolated alkaloids (reticuline, laudanidine, and 8,14-dihydrosalutaridine) from the ethanolic extract 

of the leaves of C. linearis Jacq. were reported to have moderate antiplasmodial activity against the 

chloroquine-resistant strain P. falciparum K1, with IC50 values of 46.8 ± 0.6, 17.7 ± 0.6, and 16.0 

± 0.5 μM, respectively. Further, an ethnobotanical study of C. linearis Jacq. reported its use as tea 

to relieve menstrual pain, childbirth problems, rheumatism, symptoms of cold and fever, and that it 

exhibits antipyretic, antileishmanial, antitrypanosomal, insecticidal, sedative properties for circula-

tion (Mitchell & Ahmad, 2006;  Austin, 2012; Roig y Mesa & Academia de Ciencias de Cuba, 1974; 

 Díaz et al., 2018 ,  2019 ,  2022 ). 

Croton lobatus (L.) Klotzsch, commonly known as ‘lobed croton’, ‘Yerba krabo’, and ‘Cateycillo’, 

is a herbaceous annual plant native to Ethiopia, Eritrea, Senegal, the Caribbean, South America, 

and the Arabian Peninsula (Ndunda, 2014). Because of the plant’s favourable phytochemical com-

position, which includes alkaloids, sterols, sesquiterpenes, diterpenes, triterpenes, polyphenols, 

and one nitrogen molecule, aerial portions and roots have been employed in traditional medicine 

practices across the world (Attioua et al., 2012). The terpenoid molecules betulinic acid and gera-

nylgeraniol, isolated chemicals, in particular, from the leaves and stem bark, have shown consider-

able antimalarial effcacy against the  P. falciparum K1 strain (Attioua et al., 2007). Apart from 

its antimalarial qualities, C. lobatus leaves are also used in traditional medicine through various 

formulations to treat a variety of ailments and disorders, including pregnancy issues, dysentery, 

rheumatic pain, in Ethiopia, Eritrea, Senegal, Caribbean countries, South America, and the Arabian 

Peninsula (Neuwinger, 1996 ,  2000,  2004;  B. K. Attioua et al., 2012;  Ndunda, 2014). Similarly, in 

Senegal, the leaves are combined with the seed of ‘fufusuf bigger’ to treat whooping cough, convul-

sions, and oral infections, while juice from fresh leaves is used to treat eye issues and unconscious-

ness (Neuwinger, 1996 , 2000, 2004). The leaves are used in Togo as maceration to form a lotion to 

improve female fertility, or decocted to use as a purgative (Schmelzer & Gurib-Fakim, 2013). The 

leaves and roots are utilized as an aphrodisiac, whereas the leaves of C. lobatus (L.) Klotzsch and 

Hildegardia barteri (Mast.) Kosterm. are used as an antihypertensive medicine (Neuwinger, 1996,

 2000 ,  2004 ;  Ndunda, 2014 ). 

Croton macrostachyus Hochst. Ex Delile, commonly known as ‘broad-leaved croton’ in 

English, is a tropical African deciduous shrub or tree found from Guinea through Ethiopia and 

Somalia, and south to Angola, Madagascar, and Mozambique (Maroyi, 2019). Wush, Masincho, 

Kitundu, Tebesuet, Taambuk, Dogoma, and Bisana are some of its indigenous names in Africa 

(Getahun, 1976; Meresa et al., 2019). This species may be found in a variety of environments, 

including forest edges along rivers and lakes, forested regions, grassland woods, and roadsides 

(Bantie et al., 2014). Secondary metabolites found in the plant include favonoids, phenolic com-

pounds, alkaloids, tannins, terpenoids, saponins, phlobatannins, free anthraquinones, phytosterols, 

and withanoides (Bantie et al., 2014;  Meresa et al., 2019). Moreover, in traditional African medicine, 

the plant’s leaves, stem bark, and roots have been used to treat malaria in several African nations, 
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and in vivo tests have validated the crude extract’s antiplasmodial effectiveness against  Plasmodium 
berghei in mice.  C. macrostachyus Hochst. Ex Delile has various prospective and historic applica-

tions in addition to being an antimalarial agent (Bantie et al., 2014;  Ndunda, 2014; Mekonnen, 2015; 

Maroyi, 2017; Meresa et al., 2019). In Ethiopian medicine, for example, the leaves are used to cure 

malaria, tuberculosis, constipation, skin cancer, epilepsy, and tetanus (Mesfn et al., 2009;  Behailu, 

2010; Regassa, 2018;  Meresa et al., 2019). The seeds, bark, and roots are used to treat diabetes mel-

litus, wounds healing, tapeworm infection, syphilis, rabies, venereal disease, gastrointestinal tract 

problems, and sexually transmitted infections (Desisa, 2001;  Giday et al., 2007;  Yibralign, 2007; 

Africa & Ababa, 2007;  Regassa, 2018;  Schmelzer & Gurib-Fakim, 2013;  Ndunda, 2014). 

Croton membranaceus Müll. Arg. is a tropical shrub commonly found in Ghana and Nigeria, 

and it has been traditionally used in these regions due to the presence of various compounds, includ-

ing coumarin, diterpene, glutarimide alkaloid, glutarimide peptide, labdane diterpene, and phytos-

terols, which are responsible for its therapeutic properties (Maroyi, 2018). Bayor in (2007 ) evaluated 

the in vitro antiplasmodial activity of six isolated alkaloid compounds from  C. membranaceus 
Müll. Arg. on the  P. falciparum strain 3D7. Results indicated that β-sitosterol, DL-threitol, and 

β-sitosterol-3-D-glucoside exhibit limited antiplasmodial activity, while gomojoside H, julocrotine, 

and crotomembranafuran showed weak activity with an IC50 range of 43.6 to 46.1 μg/ml (Bayor, 

2007; Maroyi, 2018). Ethnobotanical studies revealed the extract from leaves, stem bark, and roots 

of C. membranaceus Müll. Arg. has been used to treat various diseases; for example, in Ghana, the 

root and leaf extracts are used to treat benign prostatic hyperplasia (BPH) and urinary retention, as 

well as diabetes and measles, and the essential oil from the stem bark is used to treat cough, diar-

rhoea, fever, fatulence, and nausea (Asare et al., 2011). In Nigeria, the root and leaf extracts are used 

to improve digestion (Maroyi, 2018). Additionally, several scientifc studies on  C. membranaceus 
Müll. Arg. highlighted numerous in vitro activities in the plant, such as antibacterial, cytotoxic,  

antifungal, antioxidant, antiproliferative, and inhibitory effects on prostate growth (Maroyi, 2018). 

Croton megalobotrys Müll. Arg., also known as C. gubouga S. Moore (WFO, 2023), is a  

medium-sized, densely leafed tree with characteristic name ‘megalobotrys’, meaning ‘big bunch 

of grapes’ (Palmer & Pitman, 1972;  Maroyi, 2017). Croton megalobotrys is commonly found in 

semi-deciduous woodland areas and at low altitudes in various countries, such as Zimbabwe, South 

Africa, Namibia, Botswana, Zambia, and Malawi (Tropical Plants Database, 2019). In almost 

62.5% of the countries where the tree is indigenous, it is referred to as ‘fever-berry’. Some of the 

common names that are used to refer to this species include ‘fever bark’, ‘fever-berry cotton’, ‘river 

fever-berry’, and ‘fever tree’ (Maroyi, 2017). The seeds and bark of the tree are believed to be used 

as an effective natural medicine for fever and malaria (Coates Palgrave et al., 2002;  Maroyi, 2017). 

According to a study reported by Maberly in (1899), the seeds and bark of C. megalobotrys, 
alongside (Papaver somniferum L.) opium, are used as an effective treatment for malaria. Moreover, 

bark or root decoction is used orally as a malaria cure in Zimbabwe (Nyazema, 1984), while bark 

decoction is also consumed orally as a malaria herbal medication in Mozambique (Watt & Breyer-

Brandwijk, 1962) and Namibia (Chinsembu, 2015). Additionally,  C. megalobotrys seeds, bark, and 

root decoction is used orally as a purgative (Nyazema, 1984;  Maroyi, 2018) or as a herbal remedy 

for fever or malaria (Palmer & Pitman, 1972; Maroyi, 2017), and berries are used as poultices for 

skin infections or muscle pains or discomfort (Bolten, 1998; Selowa et al., 2010). Little is known 

about the chemical constituents of the species aside from the 4-hydroxyhydroxy acid isolated from 

the bark by Goodsonand Clewer (1919) and the cinnamic acid derivative (E)-tetratriacontyl-3-(4-

hydroxy-3-methoxyphenyl)-2-propenate derived from the chloroform fraction of stem extract of C. 
megalobotrys by Abosi and Majinda (2015). Again,  Abosi and Majinda (2015) in the study investi-

gated on the antiplasmodial properties of different extracts from different parts of C. megalobotrys 
in white albino NMRI mice infected with 1 × 107 erythrocytes parasitized with Plasmodium ber-
ghei (ANKA). The study showed that the stem bark extract showed a signifcant effect in the initial 

stage of infection, reducing it by 74.5% and showing a residual inhibitory effect of 86.9% (Abosi & 

Majinda, 2015). In addition, the hexane fraction of the stem bark extract was shown to be effective 



 

    

   

 

  

   

   

     

 

  

  

   

  

  

      

    

  

 

       

    

     

   

       

  

  

     

 

  

 

       

   

   

     

        

 

   

  

   

    

  

  

   

       

        

      
    

196 Antimalarial Medicinal Plants 

in vitro against chloroquine-sensitive (D6) and chloroquine-resistant (W2) Plasmodium falciparum 
strains, with IC50 values of 1.74 ± 0.47 μg/ml and 3.78 ± 1.03 μg/ml (Abosi & Majinda, 2015). 

In addition to antimalarial activities, the bark and seeds of the plant have also been used as pro-

phylaxis in Southern Africa (Coates Palgrave et al., 2002); the infusion of bark or root is adminis-

tered orally as an aborticide (Nyazema, 1984), the decoction of seed, root, and bark is taken orally 

as a laxative (Hedberg et al., 1983); and berries are applied as dermatogen for muscle pains and skin 

infections, specifcally in Botswana and South Africa (Bolten, 1998;  Selowa et al., 2010), while in 

Malawi and Zimbabwe, it is used as an herbal remedy for pain in the alimentary canal (Gelf and et 

al., 1985). Again, in Malawi, the bark decoction is used in case of wounds or fresh cuts, and the leaf 

and root decoction is taken orally for headaches (Pullanikkatil et al., 2016), while in Zimbabwe, 

bark and roots in powdered form are consumed orally against female infertility (Gelfand et al., 

1985). Furthermore, the decoction of bark, leaf, roots, or seed is administered orally against sexually 

transmitted diseases (STDs), such as gonorrhoea in Zambia (Ndubani & Höjer, 1999;  Chinsembu, 

2015), and other venereal diseases in South Africa (Mabogo, 1999). The study reported by Mabogo 

(1999) further elucidated the seed decoction of C. megalobotrys, effective for blood purif cation and 

kidney-related disorders. Another study by Tietjen et al. (2016 ) reported the therapeutic use of the 

plant in treatment of various diseases, such as acquired immunodefciency syndrome (AIDS), diar-

rhoea, and stomach- and other digestive-related problems. Several other studies have also empha-

sized the alternative uses of C. megalobotrys as a source of fsh poison in Botswana (Parratt, 1996), 

Mozambique (Watt & Breyer-Brandwijk, 1962), and South Africa (Watt & Breyer-Brandwijk, 1962; 

Neuwinger, 2004), again, as source of pesticide, timber, and ornamental plants (Mutakela, 2001; 

Neelo et al., 2015). 

Croton menyharthii Pax is a widely widespread shrub in tropical Africa, otherwise known as 

‘rough-leaved croton’, and locally in Kenya as ‘Muyama’ or ‘Mualikaji’, especially in the Tana River 

region (Kaingu, 2020). The plant has been used medicinally, and its different components, including 

leaves, twigs, bark, and roots, have been proven to be benefcial in treating a variety of health issues 

(Flora of Zimbabwe, 2010;  Kaingu, 2020). C. menyharthii Pax phytochemical screening revealed 

that the plant has a high concentration of secondary metabolites, such as phenolic chemicals, alka-

loids, saponins, cardiac glycosides, and tannins, which provide it therapeutic qualities (Kaingu, 

2020). Research fndings on the plant’s antimalarial activity have indicated that a dichloromethane– 

methanol (1:1) extract of the leaves has an IC50 of 1.7 g/ml against the  P. falciparum K10 resistant 

strain, highlighting its promise as a source of natural chemicals for creating novel malaria medi-

cines (Clarkson et al., 2004; Pillay et al., 2008). In addition to antimalarial characteristics, C. meny-
harthii Pax leaf extract has been shown to have antibacterial, anti-infammatory, and antidiabetic 

qualities (Aderogba et al., 2013). In Somalia, the plant’s fresh or dried roots and root bark are used 

to treat dysmenorrhoea, infuenza, and intestinal blockage (Schmelzer et al., 2010;  Kaingu, 2020). 

Croton mubango Müll.Arg., known vernacularly as ‘Kabujimutshi (Tshiluba)’, ‘Mulemba 

(Songye)’ in Lubumbashi region, and ‘Onganga’ in the Congolese dialects of Otetela or Djongo 

language of Democratic Republic of the Congo (Mesia et al., 2005;  Mbayo et al., 2016), is a bal-

letic shrub or tree with a thick, spreading canopy that can get up to 17 m tall and trunk up to 30 

cm in diameter (Isyaka, 2020). It is prevalent in Angola, Central African Republic, Gabon, and 

Democratic Republic of the Congo (Schmelzer, 2007). The plant parts are used for the treatment of 

a wide variety of ailments; however, very limited is known about the phytochemistry of C. mubango 
(Isyaka, 2020). The stem bark of the plant is used traditionally as an aqueous decoction for anti-

malarial remedies due to the characteristic presence of several phytochemicals, such as alkaloids, 

tannins, saponins, terpenes, or steroids (Mesia et al., 2005). The antimalarial activities were further 

validated through both in vitro study against cultures of chloroquine-sensitive  Plasmodium falci-
parum and  in vivo study in mice infected with ANKA strain of Plasmodium berghei (Mesia et al., 

2005). Further, the study by Mesia et al. (2005) corroborated the most active crude extracts in vitro 
to be aqueous extract with IC50 = 53.2 μg/ml, while methanolic and dichloromethane extracts of C. 
mubango exhibited median inhibitory concentrations with IC50 value of < 1 μg/ml. Furthermore, 
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the  in vivo study validated that a daily oral dosage of 200 mg/kg for all the petroleum-ether, ethyl-

acetate, residual water-soluble fractions, and dichloromethane extracts from C. mubango exhibited 

80% chemosuppression of the parasitaemias by day 4 (Mesia et al., 2005). In addition to the antima-

larial activities, the plant is used traditionally in Democratic Republic of the Congo as a purgative, 

a febrifuge, and against abdominal pain, blennorrhoea, cancer, dysentery, fever, gastritis, inf am-

mation, skin eruptions, splenomegaly, wounds, toothache, and tuberculosis (Tangenyi, 1996;  Mesia 

et al., 2005;  Isyaka, 2020). 

Croton nitidulus Baker is a monoecious shrub or tree of central and eastern Madagascar, where 

people use its alkaloid-rich leafy branches and stem bark in different formulation to cure certain 

diseases (Schmelzer et al., 2008). In Madagascar, the stem bark decoction is taken orally in the 

treatment of malaria. Despite being used in malaria, C. nitidulus Baker stem bark is also used in 

cough, leafy branches as insect and lice repellent, and leafy branches applied as steam bath to clear 

the nose (Schmelzer et al., 2008;  Maroyi, 2019). 

Croton oligandrus Pierre ex Hutch. Is a widespread tree species in western and central Africa, 

known locally as ‘Ebin’ in Cameroon (Guetchueng Tamdem, 2019). Further, Guetchueng Tamdem 

(2019) reported the phytochemical screening of the plant’s leaves and stem bark with the presence of 

di- and triterpenes, stigmasterol, and essential oil (linalool), all of which have shown varied medici-

nal capabilities for the treatment of various health conditions. Again,  Guetchueng Tamdem (2019) 

isolated diterpenoid compounds from dichloromethane and n-hexane extracts of C. oligandrus 
Pierre ex Hutch. That exhibit powerful antimalarial and chemopreventive activities. The stem bark 

of this plant is used in Cameroon traditional medicine to cure splenomegaly and pneumonia and 

employed in ritual rites (Jiofack et al., 2009;  Guetchueng Tamdem, 2019). In Gabon, the decoction 

of the stem bark is used to alleviate anaemia and colic (Mpondo Mpondo et al., 2018;  Guetchueng 

Tamdem, 2019). Moreover, the powdered plant is applied topically to cure scabies, and the powder 

is inhaled to treat nasal tumours (Betti, 2013; Guetchueng Tamdem, 2019). 

Croton pendulif orus Hutch., also known as ‘Nyamaradza’ in Ghana, is a plant species wide-

spread from Sierra Leone eastward to Nigeria, Central African Republic, and Gabon (Schmelzer et 

al., 2008;  Laryea & Borquaye, 2019). According to  Ndunda (2014), the plant’s aerial portions and 

roots contain favonoids, tannins, and glycoside chemicals that have potential medicinal benef ts 

in the treatment of many ailments in the African subcontinent. The ethanolic extract of C. pen-
dulif orus Hutch. Leaves is found to have in vitro antimalarial activity against three strains of P. 
falciparum, namely, chloroquine-sensitive, chloroquine-resistant, and CAM06 feld isolate, with 

IC50 values of 5.37 0.18 μg/ml, 14.03 17.04 μg/ml, and 14.66 2.02 μg/ml, respectively (Laryea & 

Borquaye, 2019). Several parts of the  C. penduliforus Hutch. Plant have been identifed as poten-

tially medicinal, including the roots, seeds, stem bark, and leaf infusion. Furthermore, Adesogan 

(1981), Anika and Shetty (1983), and  Ndunda (2014) reported the traditional therapeutic use of the 

roots, seeds, stem bark, and seed extract as purgative acting against stomach aches, labour pains, 

migraines, and impotence, while the leaf infusion is used to treat menstruation abnormalities and to 

cure fever in Ghana and uterine tumours and stomach ailments in Nigeria. 

Croton pseudopulchellus Pax, commonly known as ‘small lavender fever-berry’, is a shrub that 

grows up to 4 m tall and is spread in Angola, Ethiopia, Kenya, Mali, Mozambique, Nigeria, Somalia, 

South Africa, and Zimbabwe (Schmidt et al., 2002;  Balkwill et al., 2004;  Isyaka, 2020). The plant 

parts such as leaves, stem, and roots have been used extensively for the treatment of different ail-

ments (Isyaka, 2020). The plant is reported to possess seven kaurane diterpenoids, a labdane, three 

sesquiterpenoids, triterpenoids, stigmasterol (Langat et al., 2012), while the leaves and the roots of 

C. pseudopulchellus contain the toxalbumin crotin (Githens, 1948;  Langat et al., 2012). Further,  

the chloroform extract of the stem bark of C. pseudopulchellus has been found to exhibit 82% 

inhibition against PfUP1, a chloroquine-resistant strain of the malarial parasite Plasmodium falci-
parum, validating the antimalarial activity of the plant. In addition to the antimalarial activity, the 

plant’s leaves are used in Tanzania against syphilitic ulcers and for curing of chest infections (von 

Bruchhausen et al., 1999;  Isyaka, 2020). Asthma is treated with the root decoction, while colds are 
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TABLE 12.1 
Antimalarial and Other Activities of Different Species of Croton Genera 

Mode of 
IUCN Parts Secondary Administration in Other Potential and 

 No .  S. Scientifi c Name Common Name Status Used Metabolites Malaria Traditional Uses References 

1. Croton argyratus Hujan panas, Hamba Least  Leaves,  Flavonoids, phenolics, Decoction of the Diarrhoea, afterbirth cure, (Suárez et al., 2006; Noor 

Blume. raja, silver croton, concern stem, and terpenoids, steroids, grind leaves ulcer, cytotoxic, analgesic, Rain et al., 2007 ;  N. M. Ali, 

Melokan, Semangkok, roots tannins, reducing antioxidant, anticancerous, 2012 ;  Saraswaty et al., 2012 ; 

Cheret budak, Semelit sugar, and cardiac antibacterial Salleh et al., 2022)

mayor glycosides 

2. Croton barorum  Somorombohitse Endangered  Leaves, Diterpenoids, Stem and root bark Asthma, breast cancer, ( Rasoanaivo et al., 1992 ; 

Leandri stem, and infusion taken diarrhoea, fever, Schmelzer et al., 2008 ; 

roots orally hypertensions, insect Rakotonandrasana et al., 

repellent, leukaemia, lice 2010; Hanson, 2011 ;  Kuete 

repellent, stomach problems, et al., 2013 ;  Kuete & Efferth, 

anticancer, antimicrobial, and 2014 ;  Fatiany et al., 2016 ; 

antiproliferative activity  Maroyi, 2019 ) 

3. Croton cajucara  Sacaca Least  Leaves and  Flavonoids, Leaves and stem bark Diabetes, liver disorder, ( Grynberg et al., 1999 ; 

Benth. concern stem bark phenolics, infusion digestive disorders, weight Hiruma-Lima et al., 2000 ; 

terpenoids loss, gastric ulcer, high blood Maciel et al., 2000 ;  Campos 

(sesquiterpenes, cholesterol, antibacterial, et al., 2002 ; Alviano et al., 

mono-, di-, and antifungal, antileishmanial, 2005 ;  Salatino et al., 2007 ; 

triterpenoids), anti-oestrogen, and anticancer Grassi-Kassisse et al., 2010;

volatile oils activity Hiruma-Lima et al., 2010 ; 

Lima et al., 2015 ) 

4. C. catati Baill  Not Available (NA) Least  Leaves, Not Available (NA) Root and stem bark Cough, disinfectant, dyspnoea, ( Schmelzer et al., 2008 ; 

concern stem taken orally euphoria, stomach pain  Maroyi, 2019 ) 

bark, and

roots 

5. Croton caudatus  Tukul Takal Not  Leaves and  Flavonoids, Decoction of leaves Fever, convulsions, pain relief, ( Nath, et al., 2013 a;  Dasiman 

Geiseler evaluated roots cyanogenetic stomach problems, rheumatic et al., 2020 ) 

glycosides, arthritis, nutritional

alkaloids, and supplement, anticancer, 

phenolic antidiabetic, antifertility, 

compounds antioxidant, cytotoxic activity 



 
 

  
 

    
  

     

 

 

    
  

   

 

  

      
 

  

         

 

 

       

 

    
    

    

 

199 
A

n
tim

alarial, Trad
itio

n
al, an

d
 O

th
er U

ses o
f C

ro
to

n
 G

en
era 

6. Croton Pang khi, Phang khi noi Not Roots  Sesquiterpenoids and Decoction of root Jaundice, rheumatoid arthritis, ( Boonyaratavej et al., 1988 ; 

crassifolius evaluated bicyclic with sugar in water sternalgia, joint pain, Zhang et al., 2014 ,  2015 ; 

Geiseler diterpenoids pharyngitis, snakebites, Huang et al., 2015 ;  Elliott et 

stomach ache, and anticancer al., 2020 ; Flora of China, 

2023) 

7. Croton  Kulelwet, Kelerwe, Least  All parts  Flavonoids, Direct inhalation of Tuberculosis, fever, chest pain, ( Hedberg et al., 1983 ;  Johns et 

dichogamus Pax Mwalula, concern terpenoids smoke of dry stomach ache, arthritis, al., 1999 ;  Sori et al., 2004 ; 

Olokididigai, Rachar, saponins, alkaloids, leaves, infusion/ respiratory tract infections, Pascaline et al., 2011 ; 

Muthima, Mhande, steroids, and decoction of leaves/ infertility, syphilis, Muthee et al., 2011 ; A. 

Maffuka tannins stem/bark gonorrhea, and antipyretic Aldhaher et al., 2017 ;  Kigen 

et al., 2019 ;  Mutie et al., 

2020 ;  Omara, 2020 ; Matara 

et al., 2021 ) 

8. Croton eluteria  Cascarilla Least  Stem bark Diterpenoids  Decoction of stem Bronchitis, fever, digestive  ( Vigor et al., 2001 ; Appendino 

(L.) W.Wright concern bark disorder, hypertension, et al., 2003 ;  Salatino et al.,

dysentery, diarrhoea 2007 ) 

9. Croton geayi  Pisopisovavy Not  Leaves,  Diterpenoids and Stem and root bark Cough, fever, f u, constipation, ( Palazzino et al., 1998 ; 

Leandri evaluated stem, essential oil infusion taken asthma, stomach disorders, Andriamparany et al., 2014 ; 

bark, and orally wound healing, injury, Fatiany et al., 2016 ;  Maroyi, 

roots hypertension, antibacterial 2019 ) 

10. Croton goudotii Not available (NA) Least  Leaves and Diterpenoids Decoction or  Blennorrhoea, cough, (Rasoanaivo et al., 1992; 

Baill. concern stem bark (crotobarin, inhalation of the aphrodisiac, gonorrhea and Schmelzer et al., 2008 ; 

crotogoudin) leaves anticancer Rakotonandrasana et al., 

2010; Maroyi, 2019 ) 

11. Croton  Andriambolafotsy Least Aerial Essential oil Stem and root bark Asthma, cough, gonorrhea, ( Schmelzer et al., 2008 ; 

greveanus concern parts, decoction taken hypertension, insect repellent, Fatiany et al., 2016 ;  Maroyi, 

Baill. bark, and orally pain, stomach disorder 2019 ) 

roots 

(Continued) 
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TABLE 12.1 (Continued)
Antimalarial and Other Activities of Different Species of Croton Genera 

Mode of 
IUCN Parts Secondary Administration in Other Potential and 

 No .  S. Scientifi c Name Common Name Status Used Metabolites Malaria Traditional Uses References 

12. Croton  Gunukia, Mukena, Least  Leaves and  Flavonoids, Infusion of stem Fever, dysentery, diarrhoea, ( Clarkson et al., 2004 ; 

gratissimus Mukinduri concern stem bark phenolics, bark, leaves convulsions, constipation, Salatino et al., 2007 ; 

Burch. and roots polyphenolics, decoction wound healing, arthritis, Mulholland et al., 2010 ; 

terpenoids, urinary tract infections, Robert et al., 2010 ;  van 

saponins, tannins, antimicrobial and Vuuren & Naidoo, 2010 ; 

steroids, antihypertensive, anti-HIV/ Mthethwa et al., 2014 ; 

cardenolides, AIDS, analgesic, antiprotozoal, Abdalaziz et al., 2016 ; 

essential oils, antitrypanosomial, antifungal, Kumar et al., 2017 ;  Moremi 

carotenoids, antimalarial, antiviral, et al., 2021 ;  Magwilu et al.,

indoles, antidiabetic, antipyretic, 2022 ) 

organosulphur, and antihypersensitive, anti 

glycosides inf ammatory, insecticidal,

anticancer, and antiulcer

13. Croton kongensis Plao Ngeon, Plao Noi Not  Leaves Diterpenoids Dichloromethane Dysmenorrhoea, ( Thongtan et al., 2003 ; 

Gagnap. evaluated (Secokauranes) extract of leaves antileishmanial, Salatino et al., 2007 ) 

antimycobacterial, cytotoxic 

14. Croton  Mosquerito, Mosquero Not Aerial  Flavonoids, Ethanolic extract of  Anti-inf ammatory and  ( García Barriga, 1992 ; 

leptostachyus evaluated parts polyphenols, aerial parts antioxidant Garavito et al., 2006 ;  Peralta 

Kunth terpenes, alkaloids, et al., 2015 ) 

tannins, steroids,

saponins, iridoids,

phenylpropanoids, 

quinones, and

coumarins 

15. Croton linearis Not available (NA) Not  Leaves  Alkaloids (reticuline, Ethanolic extract of Menstrual pain, childbirth ( Roig y Mesa & Academia de 

Jacq. evaluated laudanidine, and leaves pain, rheumatism, cold, fever, Ciencias de Cuba, 1974 ; 

8,14-dihydrosalu- antipyretic, insecticidal, Mitchell & Ahmad, 2006 ; 

taridine), f avonoids, sedative for circulation, Austin, 2012 ;  Díaz et al., 

essential oil antileishmanial, 2018 , 2019 , 2022 ) 

antitrypanosomal activity 
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16. Croton lobatus  Lobed croton, Yerba Not Aerial  Alkaloids, sterols, Methanolic extract of Pregnancy troubles, dysentery,  ( Neuwinger, 1996 , 2000 , 

(L.) Klotzsch Krabo, Cateycillo evaluated parts and sesquiterpenes, aerial parts and root purgative, unconsciousness, 2004 ; B. Attioua et al., 2007 ; 

roots diterpenes, eye disease, convulsions, Attioua et al., 2012 ; 

triterpenes, mouth infections, rheumatic Schmelzer & Gurib-Fakim, 

polyphenol, and pain, female sterility, 2013 ;  Ndunda, 2014 ) 

one nitrogen whooping cough,

compound antihypertensive, 

antispasmodic,

antihypersensitive

17. Croton  Broad-leaved croton, Least Aerial  Flavonoids, phenolic Decoction of the  Constipation, tuberculosis,  ( Getahun, 1976 ;  Desisa, 2001 ; 

macrostachyus Wush, Masincho, concern parts and compounds, leaves, root, and skin cancer, epilepsy, tetanus, Africa & Ababa, 2007 ;  Giday 

Hochst. ex Delile Kitundu, Tebesuet, roots alkaloids, tannins, fruits tapeworm infection, syphilis, et al., 2007 ; Yibralign, 2007 ; 

Taambuk, Dogoma, terpenoids, diabetes mellitus, wound Bantie et al., 2014; Mesf n et 

Bisana saponins, healing, rabies, venereal al., 2009 ;  Behailu, 2010 ; 

phlobatannins, free disease, GI tract problems, Schmelzer & Gurib-Fakim, 

anthraquinones, and sexually transmitted 2013 ;  Ndunda, 2014 ; 

phytosterols, and infections  Mekonnen, 2015 ;  Maroyi, 

withanoides 2017 ;  Regassa, 2018 ; 

Maroyi, 2019 ;  Meresa et al., 

2019 ) 

18. Croton Not available (NA) Not  Leaves,  Coumarin, diterpene, Ethanolic extract of Benign prostatic hyperplasia  ( Bayor, 2007 ;  Asare et al., 

membranaceus evaluated stem glutarimide leaves (BPH), urinary retention 2011 ;  Maroyi, 2018 ) 

Müll.Arg. bark, and alkaloid, problem, cough, diarrhoea,

roots glutarimide peptide, fever, diabetes, nausea,

labdane diterpene, digestive problems, 

and phytosterol f atulence, measles, 

antibacterial, cytotoxic, 

antifungal, antioxidant,

antiproliferative, prostate 

growth inhibitory effects 

(Continued) 
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TABLE 12.1 (Continued)
Antimalarial and Other Activities of Different Species of Croton Genera 

Mode of 
IUCN Parts Secondary Administration in Other Potential and 

 No .  S. Scientifi c Name Common Name Status Used Metabolites Malaria Traditional Uses References 

19. Croton Large fever berry, Least  Leaves,  Alkaloid, cinnamic Decoction of mixture Purgative, abortifacient, HIV/  ( Ndunda, 2014 ;  Maroyi, 2017 ; 

megalobotrys Koorsbessie, Motsibi concern stem acid derivatives of bark, root, and AIDS, muscle pain, sexually Moremi et al., 2021 ) 

Müll.Arg. bark, seed or in transmitted infections,

fruits, combination with abortion, skin infections,

seeds, opium female infertility, radical 

and roots scavenging activity, 

antibacterial, antiplasmodial

20. Croton  Rough-leaved croton, Least  Leaves, Phenolic Dichloromethane–  Dysmenorrheal, anti-inf uenza ( Clarkson et al., 2004 ;  Pillay 

menyharthii Pax Muyama, Mualikaji concern twigs, compounds, methanol (1:1) and intestinal obstruction, et al., 2008 ;  Schmelzer et al.,

bark, and alkaloids, saponins, extract of leaves antimicrobial activity, 2010 ; Aderogba et al., 2013 ; 

roots cardiac glycosides, anti-inf ammatory activity,  Kaingu, 2020 ) 

and tannins antidiabetic activity 

21. Croton mubango  Kabujimutshi Not  Leaves,  Flavonoids,  Bark decoction/ Rheumatism, female sterility,  ( Ndunda, 2014 ;  Moremi et al., 

Müll.Arg. (Tshiluba), Mulemba evaluated bark, alkaloids, tannins, infusion taken asthma, paralysis, sleeping 2021 ) 

(Songye), and fruits, saponins, steroids, orally sickness, toothache,

Onganga and roots terpenes, tuberculosis, fever, hernia, 

triterpenes, and abdominal pain, diarrhoea,

reducing sugars purgative, vermifuge, 

Dysentery, intestinal worms, 

and as purgative

22. Croton nitidulus  NA  Least Leafy Alkaloids  Stem bark decoction Cough, insect repellent, lice ( Schmelzer et al., 2008 ; 

Baker concern branches taken orally repellent, nose clearance  Maroyi, 2019 ) 

and stem

bark 

23. Croton oligandrus  Ebin Least  Leaves and Di- and triterpenes,  N-Hexane/  Pneumonia, splenomegaly, ( Jiofack et al., 2009 ;  Betti, 

Pierre ex Hutch. concern stem bark stigmasterol, Dichloromethane anaemia, colic, nasal tumour, 2013 ;  Mpondo Mpondo 

essential oil (DCM) extract of scabies, chemoprotective, and et al., 2018 ;  Guetchueng 

(linalool) stem bark used in ritual practices Tamdem, 2019 ) 
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 24. Croton 
pendulif orus 
Hutch. 

25. Croton 
pseudopulchellus 
Pax 

26. Croton 
steenkampianus
Gerstner 

Nyamaradza

Small lavender croton 

Marsh fever berry, 

Tonga croton 

Least

concern

Not

evaluated 

Not

evaluated 

 Leaves, 

twigs,

stem

bark,

seeds,

and roots

 Leaves, 

stem

bark, and

roots

 Leaves 

 Flavonoids, tannins, 

glycosides

 Terpenoids, 

stigmasterol,

phytosterols,

essential oil

 Flavonoids, 

diterpenes,

triterpenes 

Ethanolic extract of 

leaves 

Chloroform extract 

of stem bark

Ethanolic extract of 

leaves 

Fever, stomach ache,

purgative, body pain, 

headache, impotence, labour

pain, menstrual disorders,

uterine tumours

Syphilitic ulcers, chest

infections, tuberculosis,

anthrax, asthma, colds,

viral and tissue infections,

antimicrobial,

anti-inf ammatory 

 Antibacterial and antioxidant 

 ( Ndunda, 2014 ;  Laryea & 

Borquaye, 2019 ) 

( Pillay et al., 2008 ;  Ndunda, 

2014 ;  Moremi et al., 2021 ) 

 ( Prozesky, 2008 ; Schmelzer

et al., 2008 ; Adelekan, 2009 ; 

 Ndunda, 2014 ) 
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treated by snorting the powdered roots of the plant (Schmidt et al., 2002;  Isyaka, 2020). Moreover, 

C. pseudopulchellus is utilized to treat coughs and viral infections (Prozesky, 2008;  Isyaka, 2020). 

Croton steenkampianus Gerstner is a shrub that is frequently known as ‘marsh fever berry’ and 

‘Tonga croton’ in Southern Africa, Tanzania, and Mozambique (Ndunda, 2014). The presence of 

different favonoids, diterpenes, and triterpenes chemicals in its leaves has been discovered, indicat-

ing the plant’s potential therapeutic signif cance, particularly, in vitro antimalarial potential of C. 
steenkampianus Gerstner, in which a novel diterpenoid component was extracted from the plant’s 

ethanolic extract and tested against the  P. falciparum–resistant strain (Prozesky, 2008). The study’s 

fndings revealed that the isolated chemical had considerable antiplasmodial action, suggesting its 

potential as an antimalarial drug (Prozesky, 2008;  Adelekan, 2009). C. steenkampianus Gerstner 

further exhibits potential benefts, such as in fresh leaves vapor inhalation, which has been sug-

gested as a viable remedy for relieving bodily pain (Schmelzer et al., 2008). Additionally, it has 

also been identifed as having antibacterial and antioxidant properties (Prozesky, 2008;  Adelekan, 

2009), indicating its wider therapeutic usefulness. The antimalarial activities of different species 

of Croton genera, with common name, IUCN status, parts used, secondary metabolites, mode of 

administration, and their other potential and traditional uses are enumerated in Table 12.1. 

12.3 CONCLUSION AND FUTURE PERSPECTIVES 

In general, both the scientifc and traditional studies of Croton genera in malaria-endemic areas are 

validated to possess promising antimalarial activities. Several compounds isolated from different 

parts of the plant exhibited potent antimalarial activities against different strains of Plasmodium 
sp., the dreadful causative agent of the malaria. In addition to its antimalarial activities, the species 

have shown potential for the treatment of a wide array of ailments, such as cancer, digestive dis-

orders, infammatory skin infections, respiratory diseases, tuberculosis, HIV/AIDS, etc. However, 

at present, there is limited systematic data pertaining to phytochemistry, pharmacognosy, clinical 

trials, and organ toxicity of the plant species extracts and fractions. Extensive research into the phy-

tochemistry of Croton genera using reliable analytical techniques is needed to ensure identif cation, 

characterization of novel compounds that could be potential therapeutic sources, paving way for 

formulation of new drugs and therapies for treatment of malaria and other diseases. 

REFERENCES 

Abdalaziz, M. N., Ali, A., & Kabbashi, A. S. (2016). In vitro antioxidant activity and phytochemical screening 

of Croton zambesicus. Journal of Pharmacognosy and Phytochemistry, 5 (6), 12–16. 

Abosi, A. O., & Majinda, R. R. T. (2015). Anti-plasmodial and radical scavenging activities of Croton megalo-

botrys. Research Journal of Pharmacognosy and Phytochemistry, 3, 73. 

Achan, J., Talisuna, A. O., Erhart, A., Yeka, A., Tibenderana, J. K., Baliraine, F. N., Rosenthal, P. J., & 

D’Alessandro, U. (2011). Quinine, an old anti-malarial drug in a modern world: Role in the treatment of 

malaria. Malaria Journal, 10 (1), 144.  https://doi.org/10.1186/1475-2875-10-144  

Adams, J., & Andrews, G. J. (Eds.). (2012). Traditional, Complementary and Integrative Medicine: An 
International Reader. Palgrave Macmillan. 

Adelekan, A. M. (2009).  In Vitro Medicinal Properties of Novel Compounds from Croton Steenkampianus 
[Thesis, University of Pretoria].  https://repository.up.ac.za/handle/2263/24934 

Aderogba, M. A., Ndhlala, A. R., Rengasamy, K. R. R., & Van Staden, J. (2013). Antimicrobial and selected 

in vitro enzyme inhibitory effects of leaf extracts, favonols and indole alkaloids isolated from Croton 

menyharthii.  Molecules (Basel, Switzerland), 18(10), 12633–12644. https://doi.org/10.3390/molecules 

181012633 

Adesogan, E. K. (1981). The structure of pendulifaworosin, a new furanoid diterpene from Croton pendulif o-

rus. Journal of the Chemical Society, Perkin Transactions, 1 , 1151.  https://doi.org/10.1039/p19810001151  

Africa, F., & Ababa, A. (2007).  The Key Steps in Establishing Participatory Forest Management. A Field 
Manual to Guide Practitioners in Ethiopia. Addis Ababa (Ethiopia) Farm Africa. https://scholar.google. 

com/scholar_lookup?title=The+key+steps+in+establishing+participatory+forest+management.+a+f eld 

https://scholar.google.com
https://scholar.google.com
https://doi.org/10.1039/p19810001151
https://doi.org/10.3390/molecules181012633
https://repository.up.ac.za
https://doi.org/10.1186/1475-2875-10-144


     

 

 

   

 

 

 

 

 

 

 

 

  

 

 

 

 

   

 

 

 

   

 

 

 

 

  

 

 

 

 

  

 

 

 

  

 

  

 

  

 

  

205 Antimalarial, Traditional, and Other Uses of Croton Genera 

+manual+to+guide+practitioners+in+Ethiopia&author=Farm+Africa%2C+Addis+Ababa+%28Ethiopia 

%29%0A++++eng&publication_year=2007 

Aldhaher, A. H. (2016). Phytochemical Investigations of Members of the Meliaceae, Euphorbiaceae and 
Amaryllidaceae Families. University of Surrey. https://openresearch.surrey.ac.uk/esploro/outputs/doc-

toral/Phytochemical-investigations-of-members-of-the-Meliaceae-Euphorbiaceae-and-Amaryllidaceae-

families/99514027902346  

Aldhaher, A. H., Langat, M., Ndunda, B., Chirchir, D., Midiwo, J. O., Njue, A., Schwikkard, S., Carew, M., 

& Mulholland, D. (2017). Diterpenoids from the roots of Croton dichogamus Pax.  Phytochemistry, 144, 

1–8. https://doi.org/10.1016/j.phytochem.2017.08.014 

Aldhaher, A. H., Langat, M., Schwikkard, S., Carew, M., & Mulholland, D. (2016). New terpenoids from 

Croton dichogamus Pax.  Planta Medica, 81 (S01), S1–S381.  https://doi.org/10.1055/s-0036-1596327  

Ali, N. I. M. (2012). Phytochemical screening, antioxidant and analgesic activities of Croton argyratus ethano-

lic extracts.  Journal of Medicinal Plants Research, 6(21).  https://doi.org/10.5897/JMPR11.743  

Ali, N. I. M., Annegowda, H. V., Mansor, S. M., Ismail, S., Ramanathan, S., & Mordi, M. N. (2012). 

Phytochemical screening, antioxidant and analgesic activities of Croton argyratus ethanolic extracts. 

Journal of Medicinal Plants Research, 6 (21), 3724–3731.  https://doi.org/10.5897/JMPR11.743  

Alviano, W. S., Mendonca-Filho, R. R., Alviano, D. S., Bizzo, H. R., Souto-Padron, T., Rodrigues, M. L., 

Bolognese, A. M., Alviano, C. S., & Souza, M. M. G. (2005). Antimicrobial activity of Croton cajucara 

Benth linalool-rich essential oil on artif cial bioflms and planktonic microorganisms.  Oral Microbiology 
and Immunology, 20 (2), 101–105.  https://doi.org/10.1111/j.1399-302X.2004.00201.x  

Amaral, A. C. F., & Barnes, R. A. (1998). A tetrahydroprotoberberine alkaloid from  Croton hemiargyreus. 
Phytochemistry, 47(7), 1445–1447. https://scholar.google.com/scholar_lookup?title=tetrahydroprotob 

erberine+alkaloid+from+Croton+hemiargyreus&author=Amaral%2C+A.C.F.&publication_year=1998 

Andriamparany, J. N., Brinkmann, K., Jeannoda, V., & Buerkert, A. (2014). Effects of socio-economic house-

hold characteristics on traditional knowledge and usage of wild yams and medicinal plants in the 

Mahafaly region of south-western Madagascar.  Journal of Ethnobiology and Ethnomedicine, 10 (1), 82. 

 https://doi.org/10.1186/1746-4269-10-82  

Anika, S. M., & Shetty, S. N. (1983). Investigations on  Croton penduliforus Hutch.: II. A study on the mecha-

nism of the hypotensive activity in pentobarbital-anesthetized dogs.  International Journal of Crude Drug 
Research, 21 (2), 59–65.  https://doi.org/10.3109/13880208309070611  

Appendino, G., Borrelli, F., Capasso, R., Campagnuolo, C., Fattorusso, E., Petrucci, F., & Taglialatela-Scafati, 

O. (2003). Minor diterpenoids from cascarilla (Croton eluteria Bennet) and evaluation of the cascarilla 

extract and cascarillin effects on gastric acid secretion.  Journal of Agricultural and Food Chemistry, 
51 (24), 6970–6974.  https://doi.org/10.1021/jf034780h  

Arya, A., Kumar, S., Paul, R., Suryavanshi, A., Kain, D., & Sahoo, R. N. (2021). Ethnopharmacological 

survey of indigenous medicinal plants of Palampur, Himachal Pradesh in north-western Himalaya, India. 

Advances in Traditional Medicine 23, 169–212, https://doi.org/10.1007/s13596-021-00607-1 

Asare, G. A., Sittie, A., Bugyei, K., Gyan, B. A., Adjei, S., Addo, P., Wiredu, E. K., Nyarko, A. K., Otu-Nyarko, 

L. S., & Adjei, D. N. (2011). Acute toxicity studies of Croton membranaceus root extract.  Journal of 
Ethnopharmacology, 134 (3), 938–943.  https://doi.org/10.1016/j.jep.2011.02.004  

Assan, J. K., Assan, S. K., Assan, N., & Smith, L. (2009). Health inequality in resource poor environments 

and the pursuit of the MDGs: Traditional versus modern healthcare in rural Indonesia.  Journal of Health 
Management, 11 (1), 93–108.  https://doi.org/10.1177/097206340901100107  

Attioua, B. K., Harisolo, R., Boti, J. B., Adiko, V. A., Tonzibo, F. Z., & Djakoure, L. A. (2012). Isolation 

and identifcation of alkaloids from Croton lobatus.  International Journal of Pharmaceutical Sciences 
Review and Research, 13(2).  www.researchgate.net/publication/274074043_ISOLATION_AND_ 

IDENTIFICATION_OF_ALKALOIDS_FROM_CROTON_LOBATUS  

Attioua, B. K., Weniger, B., & Chabert, P. (2007). Antiplasmodial activity of constituents isolated from  Croton 
lobatus. Pharmaceutical Biology, 45 (4), 263–266.  https://doi.org/10.1080/13880200701214607  

Austin, D. F. (2012). Bush medicine of The Bahamas. A cross-cultural perspective from San Salvador island, 

including pharmacology and oral histories. Economic Botany, 66(2), 214–226. https://doi.org/10.1007/ 

s12231-012-9200-9 

Balkwill, K., Porter, B., & Van Gogh, J. (2004).  Sappi Tree Spotting: Lifer List. Jacana Media. 

Bantie, L., Assefa, S., Teklehaimanot, T., & Engidawork, E. (2014). In vivo antimalarial activity of the 

crude leaf extract and solvent fractions of Croton macrostachyus Hocsht. (Euphorbiaceae) against 

Plasmodium berghei in mice.  BMC Complementary and Alternative Medicine, 14(1), 79. https://doi. 

org/10.1186/1472-6882-14-79  

https://doi.org/10.1186/1472-6882-14-79
https://doi.org/10.1007/s12231-012-9200-9
http://www.researchgate.net
https://scholar.google.com
https://scholar.google.com
https://doi.org/10.1186/1472-6882-14-79
https://doi.org/10.1007/s12231-012-9200-9
https://doi.org/10.1080/13880200701214607
http://www.researchgate.net
https://doi.org/10.1177/097206340901100107
https://doi.org/10.1016/j.jep.2011.02.004
https://doi.org/10.1007/s13596-021-00607-1
https://doi.org/10.1021/jf034780h
https://doi.org/10.3109/13880208309070611
https://doi.org/10.1186/1746-4269-10-82
https://scholar.google.com
https://doi.org/10.1111/j.1399-302X.2004.00201.x
https://doi.org/10.5897/JMPR11.743
https://doi.org/10.5897/JMPR11.743
https://doi.org/10.1055/s-0036-1596327
https://doi.org/10.1016/j.phytochem.2017.08.014
https://openresearch.surrey.ac.uk
https://openresearch.surrey.ac.uk
https://openresearch.surrey.ac.uk


 

 

  

 

 

 

  

  

 

 

 

 

 

 

 

  

 

  

 

  

  

 

 

 

 

  

 

 

 

  

 

   

    

 

 

  

 

  

 

 

 

 

 

 

   

206 Antimalarial Medicinal Plants 

Barat, L. M., Palmer, N., Basu, S., Worrall, E., Hanson, K., & Mills, A. (2004). Do malaria control interventions 

reach the poor? A view through the equity lens.  The American Journal of Tropical Medicine and Hygiene, 
71(2 Suppl), 174–178. 

Bayor, M. T. (2007). The Anticancer and Other Bioacttvity Investigations on the Extract and Some Compounds 
of Croton Membranaceus [Euphorbiaceae] [PhD Thesis, Kwame Nkrumah University of Science and 

Technology]. 

Behailu, E. (2010). Ethnobotanical Study of Traditional Medicinal Plants of Goma Wereda, Jima Zone of Oromia 
Region, Ethiopia [Thesis, Addis Ababa University].  http://etd.aau.edu.et/handle/123456789/11339 

Betti, J. (2013). An ethnobotanical and foristical study of medicinal plants among the Baka pygmies in the 

periphery of the Ipassa-Biosphere Reserve, Gabon.  European Journal of Medicinal Plants, 3 (2), 174–205. 

 https://doi.org/10.9734/EJMP/2013/2550 

Block, S., Stévigny, C., De Pauw-Gillet, M.-C., De Hoffmann, E., Llabrès, G., Adjakidjé, V., & Quetin-

Leclercq, J. (2002). Ent-Trachyloban-3β-ol, a new cytotoxic diterpene from  Croton zambesicus. Planta 
Medica, 68 (7), 647–649.  https://doi.org/10.1055/s-2002-32903  

Bolten, C. (1998). Healing Knowledge and Cultural Practices in a Modern Tswana Village. Williams College. 

Boonyaratavej, S., Roengsumran, S., Bates, R. B., Ortega, R. B., & Petsom, A. (1988). X-ray structure of 

cyperenoic acid from Croton crassifolius.  Journal of Natural Products, 51(4), 769–770. https://doi. 

org/10.1021/np50058a019  

Boyom, F. F., Kemgne, E. M., Tepongning, R., Ngouana, V., Mbacham, W. F., Tsamo, E., Zollo, P. H. A., 

Gut, J., & Rosenthal, P. J. (2009). Antiplasmodial activity of extracts from seven medicinal plants 

used in malaria treatment in Cameroon. Journal of Ethnopharmacology, 123(3), 483–488. https://doi. 

org/10.1016/j.jep.2009.03.008  

Burkill, I. H. (1966). Dictionary of Economic Products of the Malay Peninsula; Ministry of Agriculture and 

Cooperatives Malaysia: Kuala Lumpur, Malaysia, 2: 2344–2345. 

Campos, A. R., Albuquerque, F. A. A., Rao, V. S. N., Maciel, M. A. M., & Pinto, A. C. (2002). Investigations 

on the antinociceptive activity of crude extracts from Croton cajucara leaves in mice.  Fitoterapia, 73(2), 

116–120. https://doi.org/10.1016/S0367-326X(02)00004-7 

Chakraborty, P. (2018). Herbal genomics as tools for dissecting new metabolic pathways of unexplored medici-

nal plants and drug discovery.  Biochimie Open, 6, 9–16.  https://doi.org/10.1016/j.biopen.2017.12.003  

Chinsembu, K. C. (2015). Plants as antimalarial agents in Sub-Saharan Africa.  Acta Tropica, 152, 32–48. 

Chuma, J., Okungu, V., & Molyneux, C. (2010). Barriers to prompt and effective malaria treatment among 

the poorest population in Kenya.  Malaria Journal, 9 (1), 144.  https://doi.org/10.1186/1475-2875-9-144  

Clarkson, C., Maharaj, V. J., Crouch, N. R., Grace, O. M., Pillay, P., Matsabisa, M. G., Bhagwandin, N., 

Smith, P. J., & Folb, P. I. (2004). In vitro antiplasmodial activity of medicinal plants native to or natu-

ralised in South Africa.  Journal of Ethnopharmacology, 92(2–3), 177–191. https://doi.org/10.1016/j. 

jep.2004.02.011 

Coates Palgrave, K., Drummond, R. B., Moll, E. J., & Coates Palgrave, M. (2002). Trees of Southern Africa 
(3rd ed., New ed./revised and updated by Meg Coates Palgrave). Struik Publishers. 

Croton crassifolius in Flora of China @ eforas.org. (2023). Ef oras.org.  http://www.ef oras.org/f orataxon. 

aspx?f ora_id=2&taxon_id=200012551 

Dasiman, R., Malek, M. A., Bahari, E. A., Zakaria, F. N., Hashim, N. K., Samsuddin, A., Daud, K. A., Sham, 

F., & Amom, Z. (2020). Effect of Croton caudatus Geiseler aqueous root extract on reproductive and 

biochemical parameters in male wistar rats. The Indonesian Biomedical Journal, 12(3), Article 3.  https:// 

doi.org/10.18585/inabj.v12i3.1186 

Debas, H. T., Laxminarayan, R., & Straus, S. E. (2006). Complementary and alternative medicine. In D. T. 

Jamison, J. G. Breman, A. R. Measham, G. Alleyne, M. Claeson, D. B. Evans, P. Jha, A. Mills, & P. 

Musgrove (eds.), Disease Control Priorities in Developing Countries (2nd ed.). The International Bank 

for Reconstruction and Development/The World Bank.  http://www.ncbi.nlm.nih.gov/books/NBK11796/ 

Desisa, D. (2001). A Preliminary Economic Evaluation of Medicinal Plants in Ethiopia: Trade, Volume and 
Price.  https://scholar.google.com/scholar_lookup?title=A+preliminary+economic+evaluation+of+medi 

cinal+plants+in+Ethiopia%3A+trade%2C+volume+and+price&author=Desalegn+Desisa+%28The+Na 

tional+Herbarium%2C+Addis+Abeba+%28Ethiopia%29%29&publication_year=2001 

Dewi, S.P., Kasim, R., Sutarsa, I.N., Hunter, A., & Dykgraaf, S.H. (2023). Effects of climate-related risks and 

extreme events on health outcomes and health utilization of primary care in rural and remote areas: A 

scoping review. Family Practice, 40, 486–497. 

https://scholar.google.com
https://scholar.google.com
http://www.efloras.org
https://doi.org/10.1016/j.jep.2004.02.011
https://doi.org/10.1016/j.jep.2009.03.008
https://doi.org/10.1021/np50058a019
https://scholar.google.com
http://www.ncbi.nlm.nih.gov
https://doi.org/10.18585/inabj.v12i3.1186
https://doi.org/10.18585/inabj.v12i3.1186
http://www.efloras.org
https://doi.org/10.1016/j.jep.2004.02.011
https://doi.org/10.1186/1475-2875-9-144
https://doi.org/10.1016/j.biopen.2017.12.003
https://doi.org/10.1016/S0367-326X(02)00004-7
https://doi.org/10.1016/j.jep.2009.03.008
https://doi.org/10.1021/np50058a019
https://doi.org/10.1055/s-2002-32903
https://doi.org/10.9734/EJMP/2013/2550
http://etd.aau.edu.et
http://Efloras.org
http://efloras.org


     

  

  
    

 

 

 

 

  

 

 

 

 

 

  

  

  

     

 

    

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

  

207 Antimalarial, Traditional, and Other Uses of Croton Genera 

Díaz, J. G., Arranz, J. C. E., Batista, D. da G. J., Fidalgo, L. M., Acosta, J. de la V., de Macedo, M. B., & 

Cos, P. (2018). Antileishmanial potentialities of  Croton linearis leaf essential oil. Natural Product 
Communications, 13(5), 1934578X1801300. https://doi.org/10.1177/1934578X1801300527 

Díaz, J. G., Tuenter, E., Escalona Arranz, J. C., Llauradó Maury, G., Cos, P., & Pieters, L. (2019). Antimicrobial 

activity of leaf extracts and isolated constituents of Croton linearis.  Journal of Ethnopharmacology, 236, 

250–257. https://doi.org/10.1016/j.jep.2019.01.049 

Díaz, J. G., Tuenter, E., Escalona Arranz, J. C., Llauradó Maury, G., Cos, P., & Pieters, L. (2022). Antiplasmodial 

activity of alkaloids from Croton linearis leaves.  Experimental Parasitology, 236–237, 108254. https:// 

doi.org/10.1016/j.exppara.2022.108254 

Elliott, E., Chassagne, F., Aubouy, A., Deharo, E., Souvanasy, O., Sythamala, P., Sydara, K., Lamxay, V., 

Manithip, C., Torres, J. A., & Bourdy, G. (2020). Forest fevers: Traditional treatment of malaria in the 

southern lowlands of Laos.  Journal of Ethnopharmacology, 249, 112187.  https://doi.org/10.1016/j. 

jep.2019.112187 

Fatiany, P., Ruphin, Baholy, R., Sylver, S., Aubin, R., Oscar, Y., Mahamoud, A., Fienena, F., Raymond, 

Rakotoniriana, H., Amélie, R., Ruphin, R., Baholy, S., Sylver, R., Aubin, Y., Oscar, A., Mahamoud, 

Raymond, S., Marcelin, H., & Ngbolua, K.-T.-N. (2016). GC-FID and GC/MS analyses and Antimicrobial 

activity of Croton greveanus, C. borarium and C. geayi (Euphorbiaceae) essential oils from Madagascar. 

Journal of Pharmacognosy and Phytochemistry, 5, 188–197. 

Ferreira, A., Balla, J., Jeney, V., Balla, G., & Soares, M. P. (2008). A central role for free heme in the pathogen-

esis of severe malaria: The missing link?  Journal of Molecular Medicine, 86(10), 1097–1111. https://doi. 

org/10.1007/s00109-008-0368-5 . 

Flora of China. (2023). @ eforas.org. (Accessed on November 11, 2023).  http://www.ef oras.org/f orataxon. 

aspx?f ora_id=2&taxon_id=200012551 

Flora of Zimbabwe. (2010). www.zimbabwef ora.co.zw/speciesdata/species.php?species_id=134800 

Garavito, G., Rincón, J., Arteaga, L., Hata, Y., Bourdy, G., Gimenez, A., Pinzón, R., & Deharo, E. (2006). 

Antimalarial activity of some Colombian medicinal plants.  Journal of Ethnopharmacology, 107 (3), 460– 

462. https://doi.org/10.1016/j.jep.2006.03.033 

García Barriga, H. (1992). Flora medicinal de Colombia: Botánica médica (2nd ed.). Tercer mundo. 

 Gelfand, M., Mavi, S., Drummond, R. B., & Ndemera, B. (1985). The traditional medical practitioner in 

Zimbabwe: His principles of practice and pharmacopoeia. In The Traditional Medical Practitioner in 
Zimbabwe: His Principles of Practice and Pharmacopoeia. Mambo Press. 

Getahun, A. (1976).  Some Common Medicinal and Poisonpous Plants Used in Ethiopian Folk Medicine. Addis 

Ababa University. 

Giday, M., Teklehaymanot, T., Animut, A., & Mekonnen, Y. (2007). Medicinal plants of the Shinasha, Agew-

awi and Amhara peoples in northwest Ethiopia.  Journal of Ethnopharmacology, 110(3), 516–525. https:// 

doi.org/10.1016/j.jep.2006.10.011 

Githens, T. S. (1948). Drug Plants of Africa. African Handbook No. 8.  www.cabdirect.org/cabdirect/ 

abstract/19511603536 

Goodson, J. A., & Clewer, H. W. B. (1919). LXXVIII. – Examination of the bark of Croton gubouga. Isolation 

of 4-hydroxyhygric acid. Journal of the Chemical Society, Transactions, 115, 923–933. 

Grassi-Kassisse, D. M., Wolf-Nunes, V., Miotto, A. M., Farias-Silva, E., Brito, A. R. M. S., Nunes, D. S., & 

Spadari-Bratfsch, R. C. (2010). Sensitivity to β-adrenoceptor agonists of adipocytes from rats treated 

with an aqueous extract of Croton cajucara Benth.  Journal of Pharmacy and Pharmacology, 55 (2), 253– 

257. https://doi.org/10.1211/002235702595 

Grynberg, N. F., Echevarria, A., Lima, J. E., Pamplona, S. S., Pinto, A. C., & Maciel, M. A. (1999). Anti-tumour 

activity of two 19-nor-clerodane diterpenes, trans-dehydrocrotonin and trans-crotonin, from Croton caju-

cara. Planta Medica, 65 (8), 687–689.  https://doi.org/10.1055/s-1999-14042  

Guetchueng Tamdem, S. (2019). Phytochemical, Chemopreventive and Antimalarial Activity Evaluation of 
Five Selected Medicinal Plants from the Cameroonian Flora. Liverpool John Moores University.  http:// 

researchonline.ljmu.ac.uk/10347/ 

Hanson, J. R. (2011). Diterpenoids of terrestrial origin. Natural Product Reports, 28(10), 1755–1772. https:// 

doi.org/10.1039/C1NP90021H 

Hedberg, I., Hedberg, O., Madati, P. J., Mshigeni, K. E., Mshiu, E. N., & Samuelsson, G. (1983). Inventory 

of plants used in traditional medicine in Tanzania. II. Plants of the families Dilleniaceae – Opiliaceae. 

Journal of Ethnopharmacology, 9 (1), 105–127.  https://doi.org/10.1016/0378-8741(83)90030-2  

http://www.cabdirect.org
http://www.efloras.org
https://doi.org/10.1007/s00109-008-0368-5
https://doi.org/10.1016/j.jep.2019.112187
https://doi.org/10.1016/0378-8741(83)90030-2
https://doi.org/10.1039/C1NP90021H
https://doi.org/10.1039/C1NP90021H
http://researchonline.ljmu.ac.uk
http://researchonline.ljmu.ac.uk
https://doi.org/10.1055/s-1999-14042
https://doi.org/10.1211/002235702595
http://www.cabdirect.org
https://doi.org/10.1016/j.jep.2006.10.011
https://doi.org/10.1016/j.jep.2006.10.011
https://doi.org/10.1016/j.jep.2006.03.033
http://www.zimbabweflora.co.zw
http://www.efloras.org
https://doi.org/10.1007/s00109-008-0368-5
https://doi.org/10.1016/j.jep.2019.112187
https://doi.org/10.1016/j.exppara.2022.108254
https://doi.org/10.1016/j.exppara.2022.108254
https://doi.org/10.1016/j.jep.2019.01.049
https://doi.org/10.1177/1934578X1801300527
http://efloras.org


 

 

 

 

 

 

 

 

 

 

  

   

 

  

  

  

 

 

 

 

 

 

  

 

 

  

 

  

   

 

 

    

 

 

  

 

    

 

 

 

   

   

  

  

208 Antimalarial Medicinal Plants 

Hiruma-Lima, C. A., Gracioso, J. S., Nunes, D. S., & Brito, A. S. (2010). Effects of an essential oil from 

the bark of Croton cajucara Benth. On experimental gastric ulcer models in rats and mice.  Journal of 
Pharmacy and Pharmacology, 51 (3), 341–346.  https://doi.org/10.1211/0022357991772349  

Hiruma-Lima, C. A., Gracioso, J. S., Rodrı́guez, J. A., Haun, M., Nunes, D. S., & Souza Brito, A. R. M. 

(2000). Gastroprotective effect of essential oil from Croton cajucara Benth. (Euphorbiaceae).  Journal of 
Ethnopharmacology, 69 (3), 229–234.  https://doi.org/10.1016/S0378-8741(99)00127-0  

Horgen, F. D., Edrada, R. A., de los Reyes, G., Agcaoili, F., Madulid, D. A., Wongpanich, V., Angerhofer, 

C. K., Pezzuto, J. M., Soejarto, D. D., & Farnsworth, N. R. (2001). Biological screening of rain forest 

plot trees from Palawan Island (Philippines).  Phytomedicine: International Journal of Phytotherapy and 
Phytopharmacology, 8 (1), 71–81.  https://doi.org/10.1078/0944-7113-00019  

Huang, W., Wang, J., Liang, Y., Ge, W., Wang, G., Li, Y., & Yin Chung, H. (2015). Potent anti-angiogenic 

component in Croton crassifolius and its mechanism of action. Journal of Ethnopharmacology, 175, 

185–191. https://doi.org/10.1016/j.jep.2015.09.021 

Husen, A. (2021). Traditional Herbal Therapy for the Human Immune System. CRC Press. https://doi. 

org/10.1201/9781003137955  

Husen, A. (2022a). Herbs, Shrubs and Trees of Potential Medicinal Benefts. CRC Press. https://doi. 

org/10.1201/9781003205067  

Husen, A. (2022b).  Exploring Poisonous Plants: Medicinal Values, Toxicity Response and Other Potential 
Uses. CRC Press. https://doi.org/10.1201/b23017 

Husen, A. (2023).  Antidiabetic Medicinal Plants and Herbal Treatments. CRC Press. 

Isyaka, S. M. (2020). The Chemistry of African Croton Species [Thesis, University of Surrey].  https://doi. 

org/10.15126/THESIS.00853360  

Jaiswal, A. (2019). Indigenous knowledge system and traditional medicinal practitioner.  Anthropology and 
Ethnology Open Access Journal, 2(1).  https://doi.org/10.23880/AEOAJ-16000119  

Jiofack, T., Ayissi, L., Fokunang, C., Guedje, N., & Kemeuze, V. (2009). Ethnobotany and phytomedicine of 

the upper Nyong valley forest in Cameroon.  African Journal of Pharmacy and Pharmacology, 3(4), 

144–150. 

Johns, T., Mahunnah, R. L., Sanaya, P., Chapman, L., & Ticktin, T. (1999). Saponins and phenolic content 

in plant dietary additives of a traditional subsistence community, the Batemi of Ngorongoro District, 

Tanzania.  Journal of Ethnopharmacology, 66 (1), 1–10.  https://doi.org/10.1016/s0378-8741(98)00179-2  

Kaehler, N., Adhikari, B., Cheah, P. Y., von Seidlein, L., Day, N. P. J., Paris, D. H., Tanner, M., & Pell, C. 

(2019). Prospects and strategies for malaria elimination in the Greater Mekong sub-region: A qualitative 

study.  Malaria Journal, 18 (1), 203.  https://doi.org/10.1186/s12936-019-2835-6  

Kaingu, C. K. (2020). Acute and sub-acute oral toxicity and phytochemical profle of Croton menyharthii 

plant from Tana River County Kenya.  Discovery Phytomedicine, 7(3).  https://doi.org/10.15562/ 

phytomedicine.2020.135Kaur,  K., Jain, M., Kaur, T., & Jain, R. (2009). Antimalarials from nature. 

Bioorganic & Medicinal Chemistry, 17 (9), 3229–3256.  https://doi.org/10.1016/j.bmc.2009.02.050  

Kerry, N. (2018, February 15). Croton gratissimus. CJM Tree Growers.  https://cjmgrowers.co.za/croton-gratissimus/ 

Kigen, G., Kamuren, Z., Njiru, E., Wanjohi, B., & Kipkore, W. (2019). Ethnomedical survey of the plants 

used by traditional healers in Narok County, Kenya.  Evidence-Based Complementary and Alternative 
Medicine, 2019, 1–8.  https://doi.org/10.1155/2019/8976937  

Kuete, V., & Efferth, T. (2014). Contribution of African fora in a global fght against cancer. In V. Kuete & T. 

Efferth (eds.),  Biodiversity, Natural Products and Cancer Treatment (pp. 289–305). World Scientif c. 

 https://doi.org/10.1142/9789814583510_0008  

Kuete, V., Viertel, K., & Efferth, T. (2013). Antiproliferative potential of African medicinal plants. In  Medicinal 
Plant Research in Africa (pp. 711–724). Elsevier.  https://doi.org/10.1016/B978-0-12-405927-6.00018-7 

Kumar, P., Kumar, R., Rastogi, M. K., & Murti, K. (2017). Exploration of antidiabetic and hypolipidemic 

activity of roots of  Croton zambesicus. American Journal of Pharmacology and Toxicology, 12 (1), 1–6. 

 https://doi.org/10.3844/ajptsp.2017.1.6  

Langat, M. K., Crouch, N. R., Pohjala, L., Tammela, P., Smith, P. J., & Mulholland, D. A. (2012). Ent-kauren-

19-oic acid derivatives from the stem bark of Croton pseudopulchellus Pax.  Phytochemistry Letters, 5(3), 

414–418. https://doi.org/10.1016/j.phytol.2012.03.002 

Laryea, M. K., & Borquaye, L. S. (2019). Antimalarial effcacy and toxicological assessment of extracts of some 

Ghanaian medicinal plants.Journal of Parasitology Research,2019 , 1–9.  https://doi.org/10.1155/2019/1630405 

Lima, R. B. S., Rocha e Silva, L. F., Melo, M. R. S., Costa, J. S., Picanço, N. S., Lima, E. S., Vasconcellos, M. C., 

Boleti, A. P. A., Santos, J. M. P., Amorim, R. C. N., Chaves, F. C. M., Coutinho, J. P., Tadei, W. P., Krettli, A. 

https://doi.org/10.1201/9781003205067
https://doi.org/10.15126/THESIS.00853360
https://doi.org/10.1201/9781003137955
https://doi.org/10.1155/2019/1630405
https://doi.org/10.1016/j.phytol.2012.03.002
https://doi.org/10.3844/ajptsp.2017.1.6
https://doi.org/10.1016/B978-0-12-405927-6.00018-7
https://doi.org/10.1142/9789814583510_0008
https://doi.org/10.1155/2019/8976937
https://cjmgrowers.co.za
https://doi.org/10.1016/j.bmc.2009.02.050
https://doi.org/10.15562/phytomedicine.2020.135
https://doi.org/10.1186/s12936-019-2835-6
https://doi.org/10.1016/s0378-8741(98)00179-2
https://doi.org/10.23880/AEOAJ-16000119
https://doi.org/10.15126/THESIS.00853360
https://doi.org/10.1201/b23017
https://doi.org/10.1201/9781003205067
https://doi.org/10.1201/9781003137955
https://doi.org/10.1016/j.jep.2015.09.021
https://doi.org/10.1078/0944-7113-00019
https://doi.org/10.1016/S0378-8741(99)00127-0
https://doi.org/10.1211/0022357991772349
https://doi.org/10.15562/phytomedicine.2020.135


     

 

     

  

    

  

  

 

  

 

 

  

 

 

 

   

 

 

  

 

 

 

 

   

 

 

 

 

 

 

   

 

  

 

    

 

 

  

   

 

  

 

 

  

 

209 Antimalarial, Traditional, and Other Uses of Croton Genera 

U., & Pohlit, A. M. (2015). In vitro and in vivo anti-malarial activity of plants from the Brazilian Amazon. 

Malaria Journal, 14, 508. https://doi.org/10.1186/s12936-015-0999-2 

Lopes, D., Bizzo, H. R., Sá Sobrinho, A. F., & Pereira, M. V. (2003). Essential oil from leaves of Croton sacaquinha 

Benth. Journal of Essential Oil Research, 15(1), 48–49. https://doi.org/10.1080/10412905.2003.9712263 

Maberly, J. (1899). The pharmacology of some South African plants.  Lancet, 157, 874. 

Mabogo, D. E. N. (1999). The Ethnobotany of the Vhavenda [Dissertation, University of Pretoria].  https:// 

repository.up.ac.za/handle/2263/28881 

Maciel, M. A. M., Pinto, A. C., Arruda, A. C., Pamplona, S. G. S. R., Vanderlinde, F. A., Lapa, A. J., Echevarria, 

A., Grynberg, N. F., Côlus, I. M. S., Farias, R. A. F., Luna Costa, A. M., & Rao, V. S. N. (2000). 

Ethnopharmacology, phytochemistry and pharmacology: A successful combination in the study of Croton 

cajucara. Journal of Ethnopharmacology, 70 (1), 41–55.  https://doi.org/10.1016/S0378-8741(99)00159-2  

Maciel, M. A. M., Pinto, A. C., Brabo, S. N., & Da Silva, M. N. (1998). Terpenoids from Croton cajucara. 

Phytochemistry, 49 (3), 823–828.  https://doi.org/10.1016/S0031-9422(98)00163-0  

Magwilu, K. D., Nguta, J. M., Mapenay, I., & Matara, D. (2022). Phylogeny, phytomedicines, phytochemis-

try, pharmacological properties, and toxicity of Croton gratissimus Burch (Euphorbiaceae).  Advances in 
Pharmacological and Pharmaceutical Sciences, 2022, 1238270.  https://doi.org/10.1155/2022/1238270  

Maroyi, A. (2017). Ethnopharmacological uses, phytochemistry, and pharmacological properties of  Croton 
macrostachyus Hochst. Ex Delile: A comprehensive review. Evidence-Based Complementary and 
Alternative Medicine, 2017, 1–17.  https://doi.org/10.1155/2017/1694671  

Maroyi, A. (2018). Review of Croton membranaceus Mûll. Arg.: Phytochemical, pharmacological and toxi-

cological perspective.  Journal of Complementary Medicine Research, 9(2), 24. https://doi.org/10.5455/ 

jcmr.20180718123349 

Maroyi, A. (2019). Croton species in Madagascar: Their ethnomedicinal uses, phytochemistry and biological 

activities.  Asian Journal of Agriculture and Biology, 7 (2), 279–288. 

Matara, D. N., Nguta, J. M., Musila, F. M., & Mapenay, I. (2021). Phytochemical analysis and investiga-

tion of the antimicrobial and cytotoxic activities of Croton dichogamus Pax crude root extracts. 

Evidence-Based Complementary and Alternative Medicine: ECAM, 2021, 2699269. https://doi. 

org/10.1155/2021/2699269  

Mbayo, M., Kalonda, M., Tshisand, T., Kisimba, K., Mulamba, M., Muya, K., Sangwa, K., Kalubandika, G., 

Maseho, M., Bakari, S., Mpiana, P. T., Kahumba, B., & Lumbu, S. (2016). Contribution to ethnobotani-

cal knowledge of some Euphorbiaceae used in traditional medicine in Lubumbashi and its surroundings 

(DRC). Journal of Advanced Botany and Zoology, 4, 1–16.  https://doi.org/10.15297/JALS.V4I2.01  

Mekonnen, L. B. (2015). In vivo antimalarial activity of the crude root and fruit extracts of Croton macrostachyus 

(Euphorbiaceae) against Plasmodium berghei in mice.  Journal of Traditional and Complementary 
Medicine, 5 (3), 168–173.  https://doi.org/10.1016/j.jtcme.2014.07.002  

Meresa, A., Ashebir, R., Gemechu, W., Basha, H., Arega, E., Woldkidan, S., Tadele, A., Teka, F., & Abebe, 

A. (2019). Ethno medicinal uses, phytochemistry and anti-malarial effect of Croton macrostachyus 

(Bisana): A review. Journal of Medicinal Plants Studies, 7, 79–88. 

 Mesfn, F., Demissew, S., & Teklehaymanot, T. (2009). An ethnobotanical study of medicinal plants in 

Wonago Woreda, SNNPR, Ethiopia.  Journal of Ethnobiology and Ethnomedicine, 5(1), 28. https://doi. 

org/10.1186/1746-4269-5-28  

Mesia, G. K., Tona, G. L., Penge, O., Lusakibanza, M., Nanga, T. M., Cimanga, R. K., Apers, S., Van Miert, S., 

Totte, J., Pieters, L., & Vlietinck, A. J. (2005). Antimalarial activities and toxicities of three plants used as 

traditional remedies for malaria in the Democratic Republic of Congo: Croton mubango, Nauclea pobe-
guinii and Pyrenacantha staudtii. Annals of Tropical Medicine & Parasitology, 99(4), 345–357. https:// 

doi.org/10.1179/136485905X36325 

Milanowski, D. J., Winter, R. E. K., Elvin-Lewis, M. P. F., & Lewis, W. H. (2002). Geographic distribution of 

three alkaloid chemotypes of Croton lechleri. Journal of Natural Products, 65(6), 814–819. https://doi. 

org/10.1021/np000270v  

Milliken, W. (1997). Traditional anti-malarial medicine in Roraima, Brazil.  Economic Botany, 51(3), 

212–237. 

Mills, A., Lubell, Y., & Hanson, K. (2008). Malaria eradication: The economic, fnancial and institutional chal-

lenge. Malaria Journal, 7 (S1), S11.  https://doi.org/10.1186/1475-2875-7-S1-S11  

Mitchell, S. A., & Ahmad, M. H. (2006). A review of medicinal plant research at the University of the West 

Indies, Jamaica, 1948–2001. The West Indian Medical Journal, 55(4), 243–269. https://doi.org/10.1590/ 

s0043-31442006000400008 

https://doi.org/10.1590/s0043-31442006000400008
https://doi.org/10.1021/np000270v
https://doi.org/10.1186/1746-4269-5-28
https://doi.org/10.1155/2021/2699269
https://doi.org/10.5455/jcmr.20180718123349
https://doi.org/10.1590/s0043-31442006000400008
https://doi.org/10.1186/1475-2875-7-S1-S11
https://doi.org/10.1021/np000270v
https://doi.org/10.1179/136485905X36325
https://doi.org/10.1179/136485905X36325
https://doi.org/10.1186/1746-4269-5-28
https://doi.org/10.1016/j.jtcme.2014.07.002
https://doi.org/10.15297/JALS.V4I2.01
https://doi.org/10.1155/2021/2699269
https://doi.org/10.5455/jcmr.20180718123349
https://doi.org/10.1155/2017/1694671
https://doi.org/10.1155/2022/1238270
https://doi.org/10.1016/S0031-9422(98)00163-0
https://doi.org/10.1016/S0378-8741(99)00159-2
https://repository.up.ac.za
https://repository.up.ac.za
https://doi.org/10.1080/10412905.2003.9712263
https://doi.org/10.1186/s12936-015-0999-2


 

  

  

  

 

 

 

 

 

 

 

  

 

   

 

 

 

 

  

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

    

 

  

 

 

210 Antimalarial Medicinal Plants 

Mohammadi, S., Jafari, B., Asgharian, P., Martorell, M., & Sharif-Rad, J. (2020). Medicinal plants used in 

the treatment of Malaria: A key emphasis to Artemisia, Cinchona, Cryptolepis, and Tabebuia genera. 

Phytotherapy Research, 34 (7), 1556–1569.  https://doi.org/10.1002/ptr.6628  
Morales, C. G. (2014). Croton Lobatus L. (collected in Mexico). US National Herbarium, Department of 

Botany, NMNH, Smithsonian Institution, in collaboration with Herbario Nacional de México (MEXU), 

Instituto de Biologia. Occurrence dataset https://doi.org/10.15468/hnhrg3  accessed via GBIF.org on 

2023–03–14. www.gbif.org/occurrence/1320015012 

Moremi, M. P., Makolo, F., Viljoen, A. M., & Kamatou, G. P. (2021). A review of biological activi-

ties and phytochemistry of six ethnomedicinally important South African Croton species.  Journal of 
Ethnopharmacology, 280, 114416.  https://doi.org/10.1016/j.jep.2021.114416  

Mpondo Mpondo, E., Vandi, D., Ngouondjou Foze, T., Mvogo Ottou, P. B., Embolo Enyegue, E., Yinyang, J., & 

Dibong, S. D. (2018). Contribution des populations des villages du centre Cameroun aux traitements 

traditionnels des affections des voies respiratoires.  Journal of Animal & Plant Sciences, 32(3). 
Mthethwa, N. S., Oyedeji, B. A., Obi, L. C., & Aiyegoro, O. A. (2014). Anti-staphylococcal, anti-HIV and 

cytotoxicity studies of four South African medicinal plants and isolation of bioactive compounds from 

Cassine transvaalensis (Burtt. Davy) codd.  BMC Complementary and Alternative Medicine, 14 (1), 512. 
 https://doi.org/10.1186/1472-6882-14-512  

Mulholland, D. A., Langat, M. K., Crouch, N. R., Coley, H. M., Mutambi, E. M., & Nuzillard, J.-M. (2010). 

Cembranolides from the stem bark of the southern African medicinal plant, Croton gratissimus 

(Euphorbiaceae).Phytochemistry,71 (11–12), 1381–1386.  https://doi.org/10.1016/j.phytochem.2010.05.014 

Mutakela, P. S. (2001). State of forest genetic resources in Botswana. Prepared for the SADC regional work-

shop on forest and tree genetic resources, Arusha, Tanzania, 5–9 June 2000.  Forest Genetic Resources 
Working Papers, Working Paper FGR/11E. Forest Resources Development Service, Forest Resources 
Division. FAO. 

Muthee, J. K., Gakuya, D. W., Mbaria, J. M., Kareru, P. G., Mulei, C. M., & Njonge, F. K. (2011). Ethnobotanical 

study of anthelmintic and other medicinal plants traditionally used in Loitoktok district of Kenya.  Journal 
of Ethnopharmacology, 135 (1), 15–21.  https://doi.org/10.1016/j.jep.2011.02.005  

Mutie, F. M., Gao, L.-L., Kathambi, V., Rono, P. C., Musili, P. M., Ngugi, G., Hu, G.-W., & Wang, Q.-F. (2020). 

An ethnobotanical survey of a dryland botanical garden and its environs in Kenya: The Mutomo hill plant 

sanctuary.  Evidence-Based Complementary and Alternative Medicine: ECAM, 2020, 1543831. https:// 
doi.org/10.1155/2020/1543831 

Nath, R., De, B., & Choudhury, M. D. (2013a). Phytochemical study of Croton caudatus Geisel by TLC prof l-

ing. Biosciences Biotechnology Research Asia, 10 (1), 445–449.  https://doi.org/10.13005/bbra/1151  
Nath, R., Roy, S., De, B., & Duttachoudhury, M. (2013b). Anticancer and antioxidant activity of Croton: A 

review.  International Journal of Pharmacy and Pharmaceutical Sciences, 5, 63–70. 
Ndubani, P., & Höjer, B. (1999). Traditional healers and the treatment of sexually transmitted illnesses in rural 

Zambia. Journal of Ethnopharmacology, 67 (1), 15–25. 
Ndunda, B. (2014). Phytochemistry and Bioactivity Investigations of Three Kenyan Croton Species [Thesis, 

University of Nairobi].  http://erepository.uonbi.ac.ke/handle/11295/76387 

Neelo, J., Kashe, K., Teketay, D., & Masamba, W. (2015). Ethnobotanical survey of woody plants in Shorobe 

and Xobe villages, northwest region of Botswana.  Ethnobotany Research and Applications, 14 , 367–379. 
Neuwinger, H. D. (1996).  African Ethnobotany. Poisons and Drugs. Chemistry, Pharmacology, 

Toxicology. Chapman and Hall Ltd. https://scholar.google.com/scholar_lookup?title=African+e 

thnobotany.+Poisons+and+drugs.+Chemistry%2C+pharmacology%2C+toxicology&author=Ne 

uwinger%2C+H.D.+%28Correspondence+address%3A+Hauptstrasse+190%2C+68789+St.+L 

eon-Rot+%28Germany%29%29&publication_year=1996 

Neuwinger, H. D. (2000). African traditional medicine: A dictionary of plant use and applications. With 

supplement: search system for diseases. African Traditional Medicine: A Dictionary of Plant Use 
and Applications. With Supplement: Search System for Diseases.  www.cabdirect.org/cabdirect/ 
abstract/20026790056 

Neuwinger, H. D. (2004). Plants used for poison fshing in tropical Africa.  Toxicon, 44(4), 417–430. https://doi. 
org/10.1016/j.toxicon.2004.05.014  

Njau, J. D., Goodman, C., Kachur, S. P., Palmer, N., Khatib, R. A., Abdulla, S., Mills, A., & Bloland, P. 

(2006). Fever treatment and household wealth: The challenge posed for rolling out combina-

tion therapy for malaria.  Tropical Medicine and International Health, 11(3), 299–313. https://doi. 
org/10.1111/j.1365-3156.2006.01569.x  

Noor Rain, A., Khozirah, S., Mohd Ridzuan, M. A. R., Ong, B. K., Rohaya, C., Rosilawati, M., Hamdino, I., 

Badrul, A., & Zakiah, I. (2007). Antiplasmodial properties of some Malaysian medicinal plants.  Tropical 
Biomedicine, 24 (1), 29–35. 

https://doi.org/10.1111/j.1365-3156.2006.01569.x
https://doi.org/10.1016/j.toxicon.2004.05.014
http://www.cabdirect.org
https://scholar.google.com
https://scholar.google.com
https://scholar.google.com
https://doi.org/10.1111/j.1365-3156.2006.01569.x
https://doi.org/10.1016/j.toxicon.2004.05.014
http://www.cabdirect.org
https://scholar.google.com
http://erepository.uonbi.ac.ke
https://doi.org/10.13005/bbra/1151
https://doi.org/10.1155/2020/1543831
https://doi.org/10.1155/2020/1543831
https://doi.org/10.1016/j.jep.2011.02.005
https://doi.org/10.1016/j.phytochem.2010.05.014
https://doi.org/10.1186/1472-6882-14-512
https://doi.org/10.1016/j.jep.2021.114416
http://www.gbif.org
https://doi.org/10.15468/hnhrg3
https://doi.org/10.1002/ptr.6628
http://GBIF.org


     

  

 

 

  

  

  

 

  

  

 

 

 

  

 

 

 

 

 

 

 

 

  

  

 

 

 

  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

211 Antimalarial, Traditional, and Other Uses of Croton Genera 

Nyazema, N. Z. (1984). Poisoning due to traditional remedies. Central African Journal of Medicine, 30(5), 

80–83. 

Obey, J. K., Ngeiywa, M. M., Kiprono, P., Omar, S., von Wright, A., Kauhanen, J., & Tikkanen-Kaukanen, C. 

(2018). Antimalarial activity of  Croton macrostachyus stem bark extracts against  Plasmodium berghei In 
Vivo. Journal of Pathogens, 2018, 1–6.  https://doi.org/10.1155/2018/2393854  

Okeke, T. A., Okafor, H. U., & Uzochukwu, B. S. C. (2006). Traditional healers in Nigeria: perception of cause, 

treatment and referral practices for severe malaria.  Journal of Biosocial Science, 38(4), 491–500. https:// 

doi.org/10.1017/S002193200502660X 

Okokon, J., Iyadi, K., & Effong, C. (2005). Effect of sub chronic administration of ethanolic leaf extract of 

Croton zambesicus on hematological parameters of rats. Nigerian Journal of Physiological Sciences, 
19(1).  https://doi.org/10.4314/njps.v19i1.32629  

Okoronkwo, I., Onyia-pat, J., Okpala, P., Agbo, M.-A., & Ndu, A. (2014). Patterns of complementary and 

alternative medicine use, perceived benefts, and adverse effects among adult users in Enugu Urban, 

Southeast Nigeria. Evidence-Based Complementary and Alternative Medicine, 2014, 1–6. https://doi. 

org/10.1155/2014/239372  

Oliveira, A. B., Dolabela, M. F., Braga, F. C., Jácome, R. L. R. P., Varotti, F. P., & Póvoa, M. M. (2009). 

Plant-derived antimalarial agents: New leads and effcient phythomedicines. Part I. Alkaloids.  Anais Da 
Academia Brasileira de Ciências, 81 (4), 715–740.  https://doi.org/10.1590/S0001-37652009000400011  

Oliveira, A. C., Leal-Cardoso, J. H., Santos, C. F., Morais, S. M., & Coelho-de-Souza, A. N. (2001). 

Antinociceptive effects of the essential oil of Croton zehntneri in mice . Brazilian Journal of Medical and 
Biological Research, 34 (11), 1471–1474.  https://doi.org/10.1590/S0100-879X2001001100016  

Omara, T. (2020). Antimalarial plants used across Kenyan communities.  Evidence-Based Complementary and 
Alternative Medicine, 2020, 1–31.  https://doi.org/10.1155/2020/4538602  

Oyebode, O., Kandala, N.-B., Chilton, P. J., & Lilford, R. J. (2016). Use of traditional medicine in middle-

income countries: A WHO-SAGE study.  Health Policy and Planning, 31(8), 984–991. https://doi. 

org/10.1093/heapol/czw022  

Palazzino, G., Federici, E., Rasoanaivo, P., Galeff, C., & Delle Monache, F. (1998). 3, 4-seco diterpenes of 

Croton geayi. ChemInform, 29(12). 

Palhares, R. M., Gonçalves Drummond, M., Dos Santos Alves Figueiredo Brasil, B., Pereira Cosenza, G., das 

Graças Lins Brandão, M., & Oliveira, G. (2015). Medicinal plants recommended by the world health 

organization: DNA barcode identifcation associated with chemical analyses guarantees their quality. 

PLoS ONE, 10 (5), e0127866.  https://doi.org/10.1371/journal.pone.0127866  

Palmer, E., & Pitman, N. (1972). Trees of Southern Africa: Covering All Known Indigenous Species in the 
Republic of South Africa, South-West Africa, Botswana, Lesotho & Swaziland (Volumes 1 & 2., p. 972). 

A. A. Balkema. 

Parratt, N. T. (1996). The potential of non-timber forest products of Botswana.  Botswana Notes & Records, 
28 (1), 203–218. 

Pascaline, J., Charles, M., & George, O. (2011). An inventory of medicinal plants that the people of Nandi use 

to treat malaria. Journal of Animal & Plant Sciences, 9(3). 

Peralta, W. F. S., Giraldo, L. F. O., Jaramillo, C. C. P., Arango, W. M., & Arteaga, J. J. M. (2015). Phytochemical 

screening, free radical scavenging and anti-infammatory activity of Croton leptostachyus Kunth leaf 

extracts.  Asian Journal of Pharmaceutical and Clinical Research, 190–194. 

Peters, D. H., Garg, A., Bloom, G., Walker, D. G., Brieger, W. R., & Hafzur Rahman, M. (2008). Poverty and 

access to health care in developing countries.  Annals of the New York Academy of Sciences, 1136(1), 

161–171. https://doi.org/10.1196/annals.1425.011 

Picking, D., Younger, N., Mitchell, S., & Delgoda, R. (2011). The prevalence of herbal medicine home use and 

concomitant use with pharmaceutical medicines in Jamaica. Journal of Ethnopharmacology, 137(1), 

305–311. https://doi.org/10.1016/j.jep.2011.05.025 

Pillay, P., Maharaj, V. J., & Smith, P. J. (2008). Investigating South African plants as a source of new antima-

larial drugs. Journal of Ethnopharmacology, 119 (3), 438–454.  https://doi.org/10.1016/j.jep.2008.07.003  

Prozesky, E. A. (2008). Antiplasmodial- and Chloroquine Resistance Reversal Properties of a New 
Diterpene from Croton Steenkampianus [Thesis, University of Pretoria].  https://repository.up.ac.za/ 

handle/2263/27220 

Pullanikkatil, D., Palamuleni, L. G., & Ruhiiga, T. M. (2016). Land use/land cover change and implications 

for ecosystems services in the Likangala River Catchment, Malawi.  Physics and Chemistry of the Earth, 
Parts A/B/C, 93, 96–103. 

 Radulović, N., Mananjarasoa, E., Harinantenaina, L., & Yoshinori, A. (2006). Essential oil composition of 

four Croton species from Madagascar and their chemotaxonomy.  Biochemical Systematics and Ecology, 
34 (8), 648–653.  https://doi.org/10.1016/j.bse.2006.02.005  

https://repository.up.ac.za
https://doi.org/10.1093/heapol/czw022
https://doi.org/10.1155/2014/239372
https://doi.org/10.1016/j.bse.2006.02.005
https://repository.up.ac.za
https://doi.org/10.1016/j.jep.2008.07.003
https://doi.org/10.1016/j.jep.2011.05.025
https://doi.org/10.1196/annals.1425.011
https://doi.org/10.1371/journal.pone.0127866
https://doi.org/10.1093/heapol/czw022
https://doi.org/10.1155/2020/4538602
https://doi.org/10.1590/S0100-879X2001001100016
https://doi.org/10.1590/S0001-37652009000400011
https://doi.org/10.1155/2014/239372
https://doi.org/10.4314/njps.v19i1.32629
https://doi.org/10.1017/S002193200502660X
https://doi.org/10.1017/S002193200502660X
https://doi.org/10.1155/2018/2393854


 

 

 

 

   

 

  

 

  

 

 

  

  

 

 

 

 

 

 

  

 

 

 

 

 

 

  

 

 

 

 

 

  

 

 

  

 

  

  

 

 

 

 

 

 

  

 

  
    

  
  

 

212 Antimalarial Medicinal Plants 

Rahman, S., & Husen, A. (2021). Potential role of medicinal plants in the cure of liver and kidney diseases. 

In A. Husen, R. K. Bachheti & A. Bachheti (eds.),  Non-Timber Forest Products. Springer International 

Publishing AG, pp. 229–254.  https://doi.org/10.1007/978-3-030-73077-2_10 

Rahman, S., & Husen, A. (2022).  Asparagus racemosus (Shatavari) and  Dioscorea villosa (Wild yams). In A. 

Husen (ed.), Herbs, Shrubs, and Trees of Potential Medicinal Benef ts. CRC Press. 

Rahman, S., & Husen, A. (2023a).  Trigonella foenum-graecum L.: A useful medicinal plant for diabetes and 

other diseases. In A. Husen (ed.),  Antidiabetic Medicinal Plants and Herbal Treatments. CRC Press. 

Rahman, S., & Husen, A. (2023b). Role of Green Chiretta [ Andaphis paniculata (Burm. F.)] nees in diabetes 

and other ailments. In A. Husen (ed.),  Antidiabetic Medicinal Plants and Herbal Treatments. CRC Press. 

Rakotonandrasana, O. L., Raharinjato, F. H., Rajaonarivelo, M., Dumontet, V., Martin, M.-T., Bignon, J., & 

Rasoanaivo, P. (2010). Cytotoxic 3,4- seco -atisane diterpenoids from Croton barorum and Croton gou-
dotii. Journal of Natural Products, 73 (10), 1730–1733.  https://doi.org/10.1021/np1005086  

Rampa, K. M., Van De Venter, M., Koekemoer, T. C., Swanepoel, B., Venables, L., Hattingh, A. C., Viljoen, 

A. M., & Kamatou, G. P. (2022). Exploring four South African Croton species for potential anti-inf am-

matory properties: In vitro activity and toxicity risk assessment.  Journal of Ethnopharmacology, 282, 

114596. https://doi.org/10.1016/j.jep.2021.114596 

Rao, V. B., Schellenberg, D., & Ghani, A. C. (2013). Overcoming health systems barriers to successful malaria 

treatment. Trends in Parasitology, 29 (4), 164–180.  https://doi.org/10.1016/j.pt.2013.01.005  

Rasoanaivo, P., Petitjean, A., Ratsimamanga-Urverg, S., & Rakoto-Ratsimamanga, A. (1992). Medicinal 

plants used to treat malaria in Madagascar.  Journal of Ethnopharmacology, 37(2), 117–127. https://doi. 

org/10.1016/0378-8741(92)90070-8  

Regassa, R. (2018). Assessment of indigenous knowledge of medicinal plant practice and mode of service deliv-

ery in Hawassa city, southern Ethiopia.  Journal of Medicinal Plant Research, 7.  https://doi.org/10.5897/ 

JMPR012.1126 

Risco, E., Ghia, F., Vila, R., Iglesias, J., Alvarez, E., & Cañigueral, S. (2003). Immunomodulatory activity 

and chemical characterisation of sangre de drago (dragon’s blood) from Croton lechleri.  Planta Medica, 

69 (9), 785–794.  https://doi.org/10.1055/s-2003-43208  

Robert, S., Baccelli, C., Devel, P., Dogné, J.-M., & Quetin-Leclercq, J. (2010). Effects of leaf extracts from 

Croton zambesicus Müell. Arg. On hemostasis.  Journal of Ethnopharmacology, 128(3), 641–648. https:// 

doi.org/10.1016/j.jep.2010.02.007 

Roig y Mesa, J. T., & Academia de Ciencias de Cuba, L. H. I. de A. spa. (1974).  Plantas medicinales, aromaticas 
o venenosas de Cuba – 2. Ed. La Habana (Cuba) Ciencia y Tecnica, Inst. del Libro.  https://scholar.google. 

com/scholar_lookup?title=Plantas+medicinales%2C+aromaticas+o+venenosas+de+Cuba++-+2.+ 

ed.&author=Roig+y+Mesa%2C+J.T.&publication_year=1974 

Sahoo, R. N., Kumar, S., Suryavanshi, A., Kain, D., Arya, A., & Chaudhry, B. (2022). Venerated and medici-

nal aspects of plants used in India: An ethnobotanical review. Journal of Drug Research in Ayurvedic 
Sciences, 6 (3), 128–140.  https://doi.org/10.4103/jdras.jdras_15_21  

Salatino, A., Salatino, M. L. F., & Negri, G. (2007). Traditional uses, chemistry and pharmacology of Croton spe-

cies (Euphorbiaceae). Journal of the Brazilian Chemical Society, 18(1), 11–33. https://doi.org/10.1590/ 

S0103-50532007000100002 

Salleh, W. M. N. H. W., Nafah, M. A., Khamis, S., & Jauri, M. H. (2022). Chemical composition of the essen-

tial oil of Croton argyratus.  Chemistry of Natural Compounds, 58(3), 556–557. https://doi.org/10.1007/ 

s10600-022-03736-4 

Sandoval, M., Okuhama, N. N., Clark, M., Angeles, F. M., Lao, J., Bustamante, S., & Miller, M. J. S. (2002). 

Sangre de grado Croton palanostigma induces apoptosis in human gastrointestinal cancer cells. Journal 
of Ethnopharmacology, 80 (2–3), 121–129.  https://doi.org/10.1016/s0378-8741(02)00013-2  

Saraswaty, V., Setiyanto, H., & Nurhajati, J. (2012). Antibacterial activity from Croton argyratus stem bark 

extract.  International Journal of PharmTech Research, 4, 190–193. 

Sawalha, A. F. (2007). Complementary and Alternative Medicine (CAM) in Palestine: Use and safety implica-

tions. The Journal of Alternative and Complementary Medicine, 13(2), 263–270. https://doi.org/10.1089/ 

acm.2006.6280 

Schmelzer, G. H., & Gurib-Fakim, A. (2013). Plant resources of tropical Africa 11(2): Medicinal plants 2.  Plant 
Resources of Tropical Africa, 11(2): Medicinal Plants 2. www.cabdirect.org/cabdirect/abstract/20163198829 

Schmelzer, G. H., Achigan-Dako, E., & Bosch, C. (eds.). (2010).  Medicinal Plants of Tropical Africa. 
Conclusions and Recommendations Based on PROTA (Vol. 11). ‘Medicinal plants’. PROTA 

Foundation. 

https://doi.org/10.1089/acm.2006.6280
https://doi.org/10.1007/s10600-022-03736-4
https://doi.org/10.1590/S0103-50532007000100002
https://scholar.google.com
https://scholar.google.com
https://doi.org/10.5897/JMPR012.1126
https://doi.org/10.1016/0378-8741(92)90070-8
http://www.cabdirect.org
https://doi.org/10.1089/acm.2006.6280
https://doi.org/10.1016/s0378-8741(02)00013-2
https://doi.org/10.1007/s10600-022-03736-4
https://doi.org/10.1590/S0103-50532007000100002
https://doi.org/10.4103/jdras.jdras_15_21
https://scholar.google.com
https://doi.org/10.1016/j.jep.2010.02.007
https://doi.org/10.1016/j.jep.2010.02.007
https://doi.org/10.1055/s-2003-43208
https://doi.org/10.5897/JMPR012.1126
https://doi.org/10.1016/0378-8741(92)90070-8
https://doi.org/10.1016/j.pt.2013.01.005
https://doi.org/10.1016/j.jep.2021.114596
https://doi.org/10.1021/np1005086
https://doi.org/10.1007/978-3-030-73077-2_10


     

 

  

 

 

 

 

 

 

 

  

 

 

  

   

 

 

 

 

  

 

 

  

   

 

  

 

 

 

 

 

 

  

 

 

 

   

   

 

 

  

 

 

  

               

213 Antimalarial, Traditional, and Other Uses of Croton Genera 

Schmelzer, G. H., Gurib-Fakim, A., Arroo, R., Bosch, C. H., Ruijter, A. de, Simmonds, M. S. J., Lemmens, R. H. M. 

J., & Oyen, L. P.A. (2008).Plant Resources of Tropical Africa 11(1): Medicinal Plants 1. PROTA Foundation 

[etc.]. https://research.wur.nl/en/publications/plant-resources-of-tropical-africa-111-medicinal-plants-1 

Schmidt, E., Lotter, M., & McCleland, W. (2002). Trees and Shrubs of Mpumalanga and Kruger National Park. 
Jacana Media. 

Selowa, S. C., Shai, L. J., Masoko, P., Mokgotho, M. P., & Magano, S. R. (2010). Antibacterial activity of 

extracts of three croton species collected in Mpumalanga region in South Africa.  African Journal of 
Traditional, Complementary and Alternative Medicines, 7(2).  https://doi.org/10.4314/ajtcam.v7i2.50861  

Sori, T., Bekana, M., Adugna, G., & Kelbessa, E. (2004). Medicinal plants in the ethnoveterinary practices 

of Borana pastoralists, Southern Ethiopia. International Journal of Applied Research in Veterinary 
Medicine, 2(3). 

Suárez, A. I., Blanco, Z., Compagnone, R. S., Salazar-Bookaman, M. M., Zapata, V., & Alvarado, C. (2006). 

Anti-infammatory activity of Croton cuneatus aqueous extract.  Journal of Ethnopharmacology, 105(1–2), 

99–101. https://doi.org/10.1016/j.jep.2005.10.006 

Suswardany, D. L., Sibbritt, D. W., Supardi, S., Chang, S., & Adams, J. (2015). A critical review of tradi-

tional medicine and traditional healer use for malaria and among people in malaria-endemic areas: 

Contemporary research in low to middle-income Asia-Pacifc countries.  Malaria Journal, 14(1), 98. 

 https://doi.org/10.1186/s12936-015-0593-7  

Tangenyi, O. (1996). Contribution á l’étude des plantes médicinales utilisées contre le Paludisme au Sankuru 
[MSc Thesis, Patrice Emery Lumumba Methodist University, Wembo-Nyama]. 

Thongtan, J., Kittakoop, P., Ruangrungsi, N., Saenboonrueng, J., & Thebtaranonth, Y. (2003). New antimy-

cobacterial and antimalarial 8,9-secokaurane diterpenes from Croton k ongensis. Journal of Natural 
Products, 66 (6), 868–870.  https://doi.org/10.1021/np030067a  

Tietjen, I., Gatonye, T., Ngwenya, B. N., Namushe, A., Simonambanga, S., Muzila, M., Mwimanzi, P., Xiao, 

J., Fedida, D., & Brumme, Z. L. (2016). Croton megalobotrys Müll Arg. and Vitex doniana (Sweet): 

Traditional medicinal plants in a three-step treatment regimen that inhibit in vitro replication of HIV-1. 

Journal of Ethnopharmacology, 191, 331–340. 

Tobgay, T., Torres, C. E., & Na-Bangchang, K. (2011). Malaria prevention and control in Bhutan: Successes 

and challenges. Acta Tropica, 117 (3), 225–228.  https://doi.org/10.1016/j.actatropica.2010.11.008  

Tropical Plants Database. (2012).  https://tropical.theferns.info/viewtropical.php?id=Croton+dichogamus  

Tropical Plants Database. (2019). Ken Fern. Tropical.Theferns.Info. tropical.theferns.info/viewtropical. 

php?id=Croton+megalobotrys 

van Vuuren, S. F., & Naidoo, D. (2010). An antimicrobial investigation of plants used traditionally in southern 

Africa to treat sexually transmitted infections.  Journal of Ethnopharmacology, 130(3), 552–558. https:// 

doi.org/10.1016/j.jep.2010.05.045 

Vigor, C., Fabre, N., Fourasté, I., & Moulis, C. (2001). Three clerodane diterpenoids from Croton eluteria 

Bennett. Phytochemistry, 57 (8), 1209–1212.  https://doi.org/10.1016/s0031-9422(01)00183-2  

von Bruchhausen, F., Ebel, S., & Hackenthal, E. (1999). Hagers Handbuch der Pharmazeutischen Praxis: 
Stoffe AK. Springer. 

Watt, J. M., & Breyer-Brandwijk, M. G. (1962). The Medicinal and Poisonous Plants of Southern and Eastern 
Africa Being an Account of Their Medicinal and Other Uses, Chemical Composition, Pharmacological 
Effects and Toxicology in Man and Animal. E. & S. Livingstone. 

WFO. (n.d.). Croton Megalobotrys Müll.Arg. Published on the Internet. Retrieved March 13, 2023, from  www. 

worldf oraonline.org/taxon/wfo-0000931663 

World Health Organization. (2019). WHO Global Report on Traditional and Complementary Medicine. World 

Health Organization.  https://iris.who.int/handle/10665/312342 

World Health Organization. (2022). World Malaria Report 2022. World Health Organization.  https://www.who. 

int/teams/global-malaria-programme/reports/world-malaria-report-2022 . Accessed on February 12, 2023. 

Yibralign, Z. (2007). Phytochemical Investigation on the  Stem Bark of Croton Macrostachyus (Bisana) [Thesis, 

Addis Ababa Universty].  http://etd.aau.edu.et/handle/123456789/4189 

Zhang, Z.-X., Li, H.-H., Fan, G.-X., Li, Z.-Y., Dong, L.-L., Li, H.-Y., & Fei, D.-Q. (2015). A Novel nor-

clerodane diterpenoid from the roots of Croton crassifolius. Natural Product Communications, 10(11), 

1934578X1501001. https://doi.org/10.1177/1934578X1501001128 

Zhang, Z.-X., Li, H.-H., Qi, F.-M., Xiong, H.-Y., Dong, L.-L., Fan, G.-X., & Fei, D.-Q. (2014). A new halimane 

diterpenoid from Croton crassifolius. Bulletin of the Korean Chemical Society, 35(5), 1556–1558. https:// 

doi.org/10.5012/BKCS.2014.35.5.1556 

https://www.who.int
https://doi.org/10.5012/BKCS.2014.35.5.1556
https://doi.org/10.5012/BKCS.2014.35.5.1556
https://doi.org/10.1177/1934578X1501001128
http://etd.aau.edu.et
https://www.who.int
https://iris.who.int
http://www.worldfloraonline.org
http://www.worldfloraonline.org
https://doi.org/10.1016/s0031-9422(01)00183-2
https://doi.org/10.1016/j.jep.2010.05.045
https://doi.org/10.1016/j.jep.2010.05.045
https://tropical.theferns.info
https://doi.org/10.1016/j.actatropica.2010.11.008
https://doi.org/10.1021/np030067a
https://doi.org/10.1186/s12936-015-0593-7
https://doi.org/10.1016/j.jep.2005.10.006
https://doi.org/10.4314/ajtcam.v7i2.50861
https://research.wur.nl
http://tropical.theferns.info
http://tropical.theferns.info


 

   

     

 
 

    

  

  

 

 

   

 

 
      

       

     

  

 

     

   

  

 

   

   

 

    

  

  

 

   

   

    

      

13  Antimalarial Response, 
Traditional and Other Potential 
Uses of Cryptolepis Genera 

Patrick Valere Tsouh Fokou, Vincent Ngouana, Raoul 
Kemzeu, Aubin Kamche Youbi, and Issakou Bakarnga-Via 

13.1 INTRODUCTION 

The orchid family is home to Apocynaceae, a dicotyledonous plant with sophisticated entomophilic 

pollination mechanisms. Categorization in the family is infuenced by the pollination mechanism’s 

morphology, discernible across fve subfamilies. Periplocoididae serves as the root subfamily con-

necting the earliest Lauborfodyceae and Vulcanomataceae to the advanced Sechamonoideae and 

Asclepiadaceae. Cryptolepis, with 30 species, is the second-largest genus in the Periplocoideae sub-

family, which is mainly made up of monotypic or dimorphic genera.  Cryptolepis species are generally 

thought of as tropical and subtropical climbers, and among the better-known species are  Cryptolepis 
apiculata K. Schum., Cryptolepis sanguinolenta (Lindl.) Schltr. (African taxa), Cryptolepis bucha-
nanii Roem and Schult., Cryptolepis grandifora Wight, and  Cryptolepis sinensis (Lour.). Occupying 

various habitats from moist forests to stony semi-deserts, the genus in the subfamily spreads exten-

sively, making it the most widely distributed. Shrubs are the common species of Cryptolepis found 

in arid regions with less foliage, slender inforescences, and scanty blooming. Its signif cant radiation 

began 16 million years ago, while its appearance dates to 21 million years ago. Despite its widespread 

distribution, it has not evolved signif cantly, possibly due to the lack of succulence. Three SE Asian 

species are nested among African taxa and are likely to have arrived in SE Asia via long-distance 

dispersal (Joubert et al., 2016;  Joubert and Venter, 2008; Venter et al., 2006). 

Cryptolepis is a plant that has been used in traditional medicine for centuries. In recent years, 

Cryptolepis has gained attention for its potential as an alternative treatment for various health con-

ditions. For thousands of years, Africans have employed the medicinal herb  Cryptolepis sanguino-
lenta to treat ailments like diabetes, hypertension, malaria, Lyme disease, respiratory diseases, 

hepatitis B viral infection, liver damage, and diarrhoea (Adeleye et al., 2021;  Borquaye et al., 2020; 

Luo et al., 1998). Cryptolepis is almost exclusively used as an antimicrobial against parasitic, bacte-

rial, amoebic, and fungal infections.  Cryptolepis sanguinolenta has proved to contain antiparasitic 

activities against Plasmodium falciparum and is effective in treating malaria, especially when used 

in combination with other antimalarial drugs. Its root bark bioactive alkaloids, viz, cryptolepine, 

11-hydroxycryptolepine, and quindoline, were found to have more in vitro antiplasmodial action 

than chloroquine. In addition to its potential as an alternative treatment for malaria, Cryptolepis 
sanguinolenta acts as an antimicrobial against parasitic, bacterial, amoebic, fungal, and viral infec-

tions and as anticancer agents (Borquaye et al., 2020;  Zofou et al., 2013). Several alkaloids, includ-

ing cryptolepine, have been isolated from Cryptolepis species, and these compounds and the plant 

extracts possess broad-spectrum antipathogenic activity. One of the most well-known derived com-

pounds of Cryptolepis sanguinolenta is cryptolepine, which is one of the active principles involved 

in the reported pharmacological properties, such as antimalarial, anticancer, and antidiabetic prop-

erties (Borquaye et al., 2020;  Luo et al., 1998;  Zhang et al., 2021;  Zofou et al., 2013). 
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In this chapter, we will explore the pharmacology of Cryptolepis, its benefts, especially in malaria 

treatments, and its potential risks. 

13.2 BOTANICAL DESCRIPTION AND DISTRIBUTION 

The Periplocoideae is a relatively small subfamily of the Apocynaceae, with 34 genera and about 

190 species. Cryptolepis R. Br. is the second-largest genus in the Periplocoideae, with 30 species 

(Joubert et al., 2016;  Joubert and Venter, 2008). Cryptolepis has the following characteristics: A 

shrub or vine with woody stems. The leaves are bluish on the dorsal side. The cymes are terminal, 

axillary, or extra-axillary, with stalks. The calyx has 5–10 basal glands. The buds are cylindrical 

and pointed. The corolla has a stalk and a short cylindrical or bell-shaped tube with overlapping 

lobes on the right side. The corolla lobes are linear or ovate, fbrous, and inserted near the centre 

of the corolla tube. The flament is wide at the bottom and narrow at the top. The anthers are fused 

and attached to the stigma. Pollen tetrads are solitary within each anther cell, and pollen carriers are 

spatulate and erect. The head of the stigma is broad conical. The follicles are paired, widely fanned 

out, and narrowly lanceolate in outline (WFO, 2023). 

Cryptolepis R. Br. grows in the Old World, in southern Europe, in Africa (both sub-Saharan 

Africa and North Africa) and Madagascar, southern Yemen, the Socotra Archipelago, and South 

Asia from India–Pakistan to southern China, Taiwan, the Philippines, and Indonesia and north-

ern Australia (Joubert, 2013;  Joubert et al., 2016). Cryptolepis is a genus of plants found in tropi-

cal forests and savannahs, of which 13 species are adapted to dry environments. The majority of 

Cryptolepis species are concentrated in four centres of diversity along the east coast of Africa 

and Socotra (Joubert, 2013). The genus  Cryptolepis includes Cryptolepis brazzei, C. deciduas, C. 
oblongifolia, C. nigritana, C. triangularis, and  C. sanguinolenta. Cryptolepis sanguinolenta is 

common to West Africa. It is also known as Pergularia sanguinolenta (Ameyaw et al., 2007; Barku 

et al., 2012). With the exception of C. sanguinolenta, which is widely distributed in West African 

coastal countries, and  C. purpureus, which occurs in Cameroon, all African  Cryptolepis species are 

found near the east coast.  C. sanguinolenta is found in countries ranging from Senegal to Nigeria, 

as well as Gambia, Guinea-Bissau, Guinea, Ghana, Ivory Coast, and Sierra Leone. Cameroon and 

Sudan have not reported the species, but it has been reported from Zaire, Angola (Malange and 

Cazengo districts), and there is evidence of an outbreak in Uganda in East Africa.  C. obtusa is the 

most common species in South-East Africa, with populations found in South Africa (Transvaal), 

Mozambique, and Tanzania. Two more species have been identifed in South Africa.  C. cryptolepi-
oides is from Transvaal, and C. capensis is from Natal and Transkei. C. sinensis subsp. Africana 

has only been found in Kenya. C. hypoglauca has been discovered in Tanzania and Kenya, as has 

C. apiculata in these two countries and Zimbabwe.  C. pendulina lives in Mozambique, and  C. newii 
lives in Tanzania/Kilimanjaro Kenya’s mountains (Paulo and Houghton, 2003). Macro- and micro-

morphological studies have demonstrated that many features, such as growth habits, leaf shape 

and size, leaf epidermal features, leaf veins, inforescence structure, fower structure, and surface 

features of the seed coat, have been identifed at the species level. Molecular phylogenetic analysis 

indicated that this genus is paraphyletic and that the genus defnition should be extended to include 

Parquetina as a synonym in order to establish a monophyletic genus. Several vegetative and repro-

ductive traits exhibit high levels of homogeneity and morphological plasticity, and  C. oblongifolia is 

the most common species due to its high resistance to disturbance (Joubert, 2013). 

13.3 PHYTOCHEMICAL CONSTITUENTS 

Only three  Cryptolepis species have had their phytochemistry investigated. Cardenolides and 

pseudo-alkaloids (nicotinoyl glycosides) are the main secondary metabolites found in the leaves 

and roots of C. buchananii, and cardenolides were also found in the roots  of C. apiculate. C. san-
guinolenta roots were discovered to be high in bioactive indole alkaloids (Paulo and Houghton, 
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2003). Phytochemical analysis of C. sanguinolenta has shown the presence of a variety of sec-

ondary metabolites: alkaloids, tannins, and favones, reducing sugars, polyuronides, alkaloids, and 

anthocyanosides, triterpenes in addition (Osafo et al., 2017). 

The major alkaloid in C. sanguinolenta root is the indoloquinoline cryptolepine. Extensive research 

on cryptolepine has shown its anti-infammatory, hypotensive, antithrombotic, antidiabetic, antibac-

terial, antiplasmodial, antipyretic, and renovascular vasodilatory effects ( Osafo et al., 2017 ). Other 

alkaloids reported from the plant C. sanguinolenta include neocryptolepine, quindoline, cryptospi-

rolepine, cryptomisrine, 11-isopropylcryptolepine, cryptolepinone, biscryptolepine, hydroxycrypto-

lepine, cryptoheptine, cryptoquindoline, and isocryptolepine ( Figure 13.1 ) ( Osafo et al., 2017 ). 

13.4 TRADITIONAL AND OTHER POTENTIAL USES 

Cryptolepis is native to tropical regions of Africa and has been used for centuries in traditional med-

icine to treat various ailments. One of the most well-known uses of Cryptolepis is its antimalarial 

properties. In recent years, however, researchers have discovered other potential uses for this plant. 

In addition to its use as an antimalarial agent, Cryptolepis has been used in traditional medicine to 

treat a variety of other ailments. It has been used to treat fever, urinary tract infections, septicaemia, 

stomach and intestinal disorders, tuberculosis, hepatitis, wounds, fever, hypertension, inf amma-

tion, pyrexia, malaria, diarrhoea, and respiratory infections. It has also been used as a diuretic and 

to treat skin conditions such as eczema and psoriasis (Osafo et al., 2017;  Zhang et al., 2021). The 

traditional uses of Cryptolepis are still being studied, and researchers are working to determine the 

effcacy of these treatments. While some traditional uses of the plant have been validated by scien-

tifc research, others have not. 

13.5 PHARMACOLOGICAL STUDIES 

Among all  Cryptolepis species, Cryptolepis sanguinolenta is the most studied and has been shown 

in preclinical studies to have anti-infammatory, antimicrobial, anti-amoebic, anticancer, and antima-

larial properties. These properties make it a useful treatment for a variety of infections.  Cryptolepis 

FIGURE 13.1 Several potential applications for Cryptolepis sanguinolenta ethnopharmacology. 
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sanguinolenta effectively treats neurodegenerative diseases, such as Alzheimer’s and Parkinson’s. 

In addition, researchers have discovered that  Cryptolepis contains compounds that have been 

shown to protect neurons from damage and improve cognitive function (Olajide and Sarker, 2020). 

Recently,  Cryptolepis sanguinolenta herbal product extracts support for the treatment of tick-borne 

infections such as Lyme diseases and Bartonella infections,  Bartonella henselae, which showed 

high activity respectively against Borrelia burgdorferi and  Bartonella henselae (Feng et al., 2019; 

Ma et al., 2020). The whole herb Cryptolepis sanguinolenta was effective against  Babesia spp. and 

had the strongest inhibitory activity against  B. duncani in vitro with no regrowth visible after six 

days of subculture at doses of 2×, 4×, and 8× IC50 values. Cryptolepine, one important active con-

stituent, showed signif cant activity against  B. duncani and further suggests that cryptolepine may 

be a promising compound to treat human babesiosis. In addition to the signifcant activity against 

multiple Babesia spp. In vitro, Cryptolepine inhibited  B. microti in mice at a dose of 5 mg/kg (Feng 

et al., 2019;  Zhang et al., 2021). 

Cryptolepine has a great potential in the treatment and prevention of several diseases, such as 

malaria, intestinal disorders, cancer, urinary tract infections, rheumatism, and upper respiratory 

tract infections. In fact, cryptolepine exhibits a wide range of pharmacological or biological prop-

erties, including antimalarial, antimicrobial, antibacterial, antifungal, antihyperglycaemic, anti-

cancer, antidiabetic, anti-infammatory, hepatoprotective, hypotensive, and antipyretic activities, 

presynaptic α-adreno receptor blocking action, antimuscarinic, and anticholinesterase activities 

(Grellier et al., 1996;  Olajide and Sarker, 2020; Osafo et al., 2017;  Tudu et al., 2023). The antineu-

rodegenerative effects of cryptolepine are mediated by its ability to inhibit enzymes such as ace-

tylcholinesterase and butyrylcholinesterase. However, there is still some research to be carried out 

on cryptolepine analogues so that they may be more suitable for human clinical trials in the future 

(Grellier et al., 1996;  Olajide and Sarker, 2020; Osafo et al., 2017;  Tudu et al., 2023). The alkaloids in 

Cryptolepis have been shown to inhibit the growth of cancer cells and induce apoptosis (cell death) 

in cancer cells (Olajide and Sarker, 2020). 

13.6 ANTIMALARIAL RESPONSE 

Cryptolepis sanguinolenta has been used in traditional medicine to treat malaria for centuries. 

Majority of antimalarial herbal preparations in Ghana are made up of 47.8% of C. sanguinolenta 
(Osafo et al., 2017). Preliminary preclinical and clinical data indicate that  Cryptolepis sanguino-
lenta and cryptolepine can have systemic effects  in vivo and therefore are candidates for clinical 

development. Two open-label trials using different formulations of Cryptolepis sanguinolenta 
showed signif cant effcacy without observed toxicity in the treatment of patients with uncom-

plicated malaria. The pharmacokinetics of cryptolepine revealed that it has low bioavailability,  

a moderate half-life (4.5h), and extensive distribution (Feng et al., 2019;  Zhang et al., 2021). The 

plant contains several alkaloids, including indole alkaloids, that have been shown to be effective 

against the malaria parasite (Figure 13.2). One of these alkaloids, cryptolepine, has been exten-

sively studied and has shown promising results in clinical trials (Osafo et al., 2017). Different 

extracts and alkaloids from the leaves and root bark of Cryptolepis sanguinolenta showed in vitro 
activity against various strains of Plasmodium falciparum with varying degrees of resistance to 

chloroquine: Plasmodium falciparum D6 (chloroquine-sensitive strain), Plasmodium falciparum 
K1 (multidrug-resistant strain) and T996 (chloroquine-sensitive clone), CQ-sensitive strain F32/ 

Tanzania and the CQ-resistant strains FcB1/Colombia and FcR3/Gambia, and W2 (chloroquine-

resistant strains). Extracts displayed 80–90% inhibition of P. falciparum growth, with the aqueous 

extracts being the most potent in vitro with IC50 ranging from 1 to 2 μg/ml. Cryptolepine remained 

the most active alkaloid tested, with IC50 values (0.23 μM to K1; 0.059 μM to T996). The indolo-

benzazepine alkaloid cryptoheptine was the second most active, with IC50 values of 0.134–0.8 μM 

(K1) and 1.2 μM (T996). Cryptolepinoic acid showed no signifcant activity, while its ethyl ester 

derivative was active against P. falciparum K1 (IC50 = 3.7 μM). Cryptolepine and its hydrochloride, 
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FIGURE 13.2 Alkaloids isolated from Cryptolepis genus. 

11-hydroxycryptolepine, and neocryptolepine showed a strong antiplasmodial activity against  P. 
falciparum chloroquine-resistant strains with IC50 values in the same range, 0.2–0.6 μM (Grellier 

et al., 1996;  Osafo et al., 2017;  Zhang et al., 2021). 

In vivo tests on infected mice showed that crytpolepine, when tested as its hydrochloride, exhibited 

a signif cant chemosuppressive effect against Plasmodium berghei yoelii and  Plasmodium berghei 
berghei, while cryptolepine had the same effect against  P. berghei yoelii only; 11-hydroxycryptolepine 

and quindoline did not show activity in this  in vivo test system. Like 9-aminoacridine, this com-

pound appears to intercalate with DNA, and this may explain the high degree of antimalarial 

activity demonstrated in vitro. The bioactivity of cryptolepine is believed to contribute to DNA 

intercalating activity targeting non-alternating CC sites, cell morphology change, and topoisomer-

ase II–inhibiting effects. In vivo, cryptolepine given orally at 50 mg/kg/day to mice infected with 

Plasmodium berghei was found to have moderate antimalarial activity to suppress parasitaemia  

by 80%. In a four-day suppression test, there was no signifcant reduction in parasitaemia in P. 
berghei–infected mice treated subcutaneously with cryptolepine (7–113 mg/kg/day) when com-

pared with untreated controls. However, additional in vivo experiments in the infected mice against 

P. berghei and  Plasmodium vinckei petteri were performed using the classical four-day suppressive 

test, and the results indicated higher suppression percentage against  P. vinckei petteri. Even with 

signifcant variability in the response to a single dose observed for both parasites in a single group of 

mice in three independent  in vivo experiments, the results of this study strongly indicate the plants’ 

inhibitory effect on Plasmodium species. Evidence provided by other independent studies indicates 

the antiplasmodial in vivo (mice, ED50 = 10mg/kg i.p.) properties of the  C. sanguinolenta –derived 

alkaloid cryptolepine. A nanoformulation of cryptolepine also exhibited a more favourable phar-

macokinetic profle and a stronger antiplasmodial effect compared to the unaltered form of crypto-

lepine (Grellier et al., 1996; Osafo et al., 2017; Zhang et al., 2021). Overall, cryptolepine works by 

inhibiting the growth of the malaria parasite and preventing it from replicating. 
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In a clinical trial, the plant’s root powder was formulated as teabags and prescribed to 44 patients. 

The results showed at least 50% reduction in parasitaemia rate in all the patients after 7 days; how-

ever, two cases of recurrence have been reported after 25 days (Bugyei et al., 2010). A controlled 

clinical trial compared an aqueous root extract of Cryptolepis sanguinolenta with chloroquine in 

patients with P. falciparum malaria. Twelve patients were treated with Cryptolepis extract (25 mg/ 

kg body weight three times daily), and ten were given chloroquine (25 mg/kg over 3 days). Parasite 

clearance time was only one day longer than with chloroquine (3.3 vs 2.2 days), and symptom clear-

ance was faster (36 vs 48 hours). Fewer side effects were reported by patients taking the extract than 

by those on chloroquine. No signifcant changes were detected in the blood and urine samples ana-

lyzed. No cases of recrudescence were reported in any of the participants in the follow-up 28-day 

period. A larger trial in 46 patients confrmed a parasite clearance time of 82.3 h and a fever clear-

ance time of 25.4 h (Willcox, 2011). 

13.7 SAFETY 

Cryptolepis sanguinolenta has potential health benefts, but there are potential risks associated 

with it, such as toxicity data, which suggests it is safe at levels under 500 mg/kg of body weight. 

One of the main risks associated with Cryptolepis sanguinolenta is its potential to interact with 

other medications. One of the main risks of Cryptolepis sanguinolenta is its interaction with other 

drugs or herbs. Cryptolepis sanguinolenta contains alkaloids such as cryptolepine, which can affect 

the metabolism of certain drugs by inhibiting or inducing cytochrome P450 enzymes in the liver. 

This can result in increased or decreased levels of drugs in the blood, leading to adverse effects or 

reduced effcacy. Therefore, Cryptolepis sanguinolenta should be used with caution if you are tak-

ing any prescription or over-the-counter medications, especially anticoagulants, anticonvulsants, 

antidepressants, antimalarials, antibiotics, or antidiabetics. It is important to consult with a health-

care provider before using  Cryptolepis sanguinolenta, especially if you are taking any medications. 

Another risk of Cryptolepis is its potential toxicity to the liver and kidneys. Cryptolepis has been 

shown to cause hepatotoxicity and nephrotoxicity in animal studies at high doses or prolonged 

use. Even if there is no evidence that Cryptolepis sanguinolenta can cause liver damage in humans, 

it is important to use caution when using high doses of Cryptolepis sanguinolenta. Therefore, 

Cryptolepis should be avoided if you have any pre-existing liver or kidney disease or impairment. A 

third risk of Cryptolepis is its possible allergic reaction. Cryptolepis belongs to the Apocynaceae 

family of plants, which includes some common allergens, such as oleander and periwinkle. Some 

people may be sensitive or allergic to Cryptolepis or its constituents and experience symptoms such 

as rash, itching, swelling, hives, diffculty breathing, or anaphylaxis. Therefore, Cryptolepis should 

be tested on a small area of skin before using it internally or externally ( Bugyei et al., 2010; Osafo 

et al., 2017;  Tudu et al., 2023;  Zhang et al., 2021). 

13.8 CONCLUSION AND FUTURE REMARKS 

In conclusion,  Cryptolepis, especially C. sanguignolia, is a plant with a long history of use in 

traditional medicine. While some traditional uses of the plant have been validated by scientif c 

research, others are still being studied. Its antimalarial properties have been extensively studied 

and confrmed with clinical trials. Additionally, researchers have discovered other potential uses 

for  Cryptolepis sanguinolenta, including its use in treating cancer, diabetes, hypertension, and neu-

rodegenerative and infectious diseases. Overall,  Cryptolepis sanguinolenta is a powerful herb that 

can offer many benefts for treating infections and other conditions. However, it also carries some 

risks that should not be ignored. Cryptolepis should be used with caution and under professional 

guidance, especially if you are taking other drugs or herbs, have liver or kidney problems, or have 

a history of allergies. 
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14  Antimalarial Response, 
Traditional and Other Potential 
Uses of Momordica Genera 

Nayomi Deshani De Silva, Keddagoda Gamage Piyumi 
Wasana, and Anoja Priyadarshani Attanayake

 ABBREVIATIONS

 GSK3β: glycogen synthase kinase-3β
 IC50: concentration (of extracts) at 50% inhibition 

NADH: nicotinamide adenine dinucleotide 

14.1 INTRODUCTION 

The genus  Momordica (family: Cucurbitaceae) is native to the Paleotropics. The generic name 

‘momordica’ comes from the Latin word ‘mordeo’, with the meaning ‘to bite’, which probably 

refers to the bitten appearance of serrated edges of the leaves and grooved margins of the seeds 

(Bharathi and John, 2013;  Jia et al., 2017). Although the exact origin of this genus is ambigu-

ous, most research has stated that Eastern Asia (possibly Eastern India or Southern China) is 

the centre of the Momordica genus (Nagarani et al., 2014). In contrast, analysis of dated biogeo-

graphic data suggested that this genus originated in tropical Africa. However, several species of 

Momordica genera are widely distributed around the tropical and subtropical regions, where they 

fourish freely in the wild (Schaefer and Renner, 2010). The taxonomic treatment of the genus 

Momordica is quite extensive. The main diagnostic characteristics, such as the presence of con-

spicuous foral bracts, the entire petal, pendulous, calyx cup, scales on the corolla, sculptured 

seeds, muricate fruits, and viny habit, have been considered throughout taxonomic treatment to 

defne and distinguish the genus (Bharathi and John, 2013). Momordica belongs to the subtribe 

Thalidianthinae Pax., tribe Joliffeae Schrad., and subfamily Cucurbitoideae of Cucurbitaceae 

(Jeffrey, 1980;  Bharathi and John, 2013). However, taxonomic confusion exists due to the extensive 

use of common names. Nine names are reported as synonyms of Momordica. They are  Amordica 
Neck., Calpidosicyos Harms.,  Dimorphochlamys Hook.f., Eulenburgia Pax., Muricia Lour., 

Nevrosperma Raf., Raphanistrocarpus (Balli.) Pax., Raphanocarpus Hook.f., and Zucca Comm. 

Ex. Juss. (Govaerts et al., 2021; RBGK, 1753). 

Momordica is a monophyletic genus that encompasses more than 80 species, while 14 species 

have been botanically described by tropical Africans and 12 species by Asians (Schaefer and Renner, 

2010; Ramalhete et al., 2022). Even though a total number of 50 species are listed as accepted spe-

cies under  Momordica genera, 6 species, such as Momordica balsamina L.,  Momordica charantia 
L.,  Momordica cochinchinensis L. Spreng.,  Momordica cymbalaria Hook.f., Momordica dioica 
Roxb. Ex Willd., and  Momordica foetida Schumach., are the most documented species (Behera 

et al., 2011;  Nagarani et al., 2014;  Muronga et al., 2021). 
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14.2 BOTANICAL DESCRIPTION 

Momordica species belong to the annual crops category and therefore can be considered perennial 

crops based on their performance during the season ( Muronga et al., 2021 ). The climber consists of 

either glabrous or pubescent simple leaves, lobed leaves, or pedately foliate leaves with 3–5 units, and 

unbranched tendrils (Figure 14.1). The colour of monoecious or dioecious fowers of  Momordica spe-

cies varies as off-white, cream, or yellow. There are f ve free petals in the corolla with entire margins. 

Each base of the petals has 1–3 incurved scales. The male fowers are in the form of solitary, or in some 

cases, the forets are loosely arranged as a pseudo-raceme with short stalks, while the female f owers are 

always axile and solitary and are protected by rudimentary or conspicuous bracts ( Behera et al., 2011 ). 

The pedicel of the male fower can be either minute or long while with a saucer or cupular-shaped short 

receptacle tube. The calyx consists of scarious lobes with full margins and an adnate base. Stamens have 

very short flaments that are inserted into the opening of the receptacle tube ( Ramalhete et al., 2022 ). 

The calyx of the female fower has several similarities with that of the male fower. Fusiform and 

oblong-shaped ovary, which is ribbed, watery or soft, and feshy, is present with numerous ovules. 

Stigma is horizontal and consists of three lobes. Sterile stamens are absent. The medium- to big-

sized ovoid ellipsoid to fusiform and feshy fruits of Momordica genera are ornamented with soft 

spines, splits, warts, and tubercles from the base into three valves. The raw fruits of Momordica 
genera are emerald green, and it becomes orange-red when it is fully ripe. The seeds of the fruit are 

enclosed with orange-red sarcotesta (Nagarani et al., 2014). 

14.3 DISTRIBUTION 

The genera Momordica could be widely found in tropical and subtropical regions of the world, while 

it is native to the Paleotropics, including Angola, Burkina, South-East China, Gabon, India, Kenya, 

Nigeria, Pakistan, Philippines, Queensland, Sri Lanka, Swaziland, Taiwan, Thailand, Vietnam, and 

Zimbabwe. In fact, at frst, the species were introduced to Brazil, Argentina north-east, Colombia, 

Jamaica, Korea, Nex Mexico, Venezuela, Oman, Pennsylvania, Paraguay, and Cuba, and extinct 

in Socotra (Kattukunnel and Antony, 2004;  Nagarani et al., 2014). The plants of the genera are 

cultivated in areas with an average rainfall of 400 mm during mild and frost-free winters. A tem-

perature of 18°C is required for emergence and germination, while 24°C to 27°C is required for the 

vegetative and fowering stages. Furthermore, crops adapt well to slit loam soil and well-drained 

sandy loam. Indeed, the species are well-grown in soil rich in organic matter and with an optimal 

soil pH ranging from 4.3 to 8.0. In fact, plants are cultivated throughout the tropics, particularly 

in China, India, and countries of Central and South American countries of East Africa (Tan et al., 

2008; Muronga et al., 2021). 

14.4 ANTIMALARIAL RESPONSES OF  MOMORDICA GENERA 

Since time immemorial, the  Momordica species have been used in the indigenous medical system 

for the management of several diseases, including malaria, diabetes mellitus, cancers, cardiovascular 

diseases, obesity, cholera, diarrhoea, blood diseases, ulcers, bronchitis, colic worms, and diseases of 

the liver and spleen (Waako et al., 2005;  Dans et al., 2007;  Lii et al., 2009;  Rupachandra and Sarada, 

2013;  Ahmad et al., 2016). Among the reported diseases, malaria has become a major concern, as it is 

one of the critical causes of mortality worldwide. Malaria folklore drugs originated from antimalarial 

compounds like quinine and artemisinin. With the emergence of chloroquine-resistant  Plasmodium 
falciparum, attention toward alternative antimalarials has become prominent. In this context, several 

investigators have paid attention to species of Momordica genera, including M. charantia and M. 
balsamina (Graz et al., 2011). Generally, Africans do not use M. balsamina alone, and they prac-

ticed M. balsamina extensively as a component in a mixture of different herbs to treat malaria fever. 

They used M. balsamina with sesamum and limeum in a ratio of 8:1:1 (Benoit-Vical et al., 2006). 



 

  

      

 

    

     

  

   

   

 

   

 

  

  

     

    

        

       

    

 

  

 

   

      

   

223 Antimalarial, Traditional, and Other Uses of Momordica 

FIGURE 14.1 Fresh leaves, fowers, and raw fruit of Momordica charantia L. in a natural habitat. 

Furthermore, dietary supplements using  M. charantia have been introduced in the form of a capsule 

in United States (Ma et al., 2012). It is well-known that M. balsamina is commonly used to treat 

malaria in the form of decoction or infusion. Both the root and the leaves in hot water are also used 

to brew to make tea as a remedy for malaria (Benoit-Vical et al., 2006;  Ahmad et al., 2016). 

Despite the wide utilization of Momordica species in the indigenous medicine system to manage 

malaria, it is important to scientifcally assess its overall quality. From this point on, the eminence of 

Momordica species is described in-depth to introduce promising antimalarial agents. In parallel to that, 

traditional and other potential uses of Momordica species are focused on. Utilization of herbal medi-

cine is on the rise for basic healthcare needs since they are affordable, easily accessible, and culturally 

acceptable (Van Wyk and Prinsloo, 2020). However, there may be impromptu applications that could 

be toxic due to overdosing and inappropriate preparation. Therefore, it is vital to assess the quality in 

terms of the safety and effcacy of the plant-based requirements through preclinical and clinical studies. 

14.4.1 PRECLINICAL STUDIES 

Several preclinical studies have been reported to date on the antimalarial activity of Momordica 
species. In general, antimalarial activity is classifed according to the criteria as IC50 (concentration 

at 50% inhibition) ≤ 1μM: excellent; 1˂ IC50 ≤ 10 μM: good; 10 ˂ IC50 ≤ 30 μM: moderate; and IC50 

> 30 μM: weak/inactive (Kamaraj et al., 2012). Adia et al. (2016 ) evaluated  in vitro antiplasmodial 

activity of the ethyl acetate, methanol, and water extracts of M. foetida leaf. Micro-Mark ІІІ test was 

used to assess the response against chloroquine-sensitive (NF54) and chloroquine-resistant (FCR3) 

P. falciparum. The study results revealed that the aqueous and ethyl acetate extracts exert higher 

antiplasmodial activity against the FCR3 strain while promising activity in the NF54 strain than 

that of the methanol extract (Adia et al., 2016). 

An ethnopharmacological survey carried out by Kamaraj et al. (2012) has identif ed medicinal 

plants which are used to manage malaria-like fever. Based on the documented herbs that were 
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mentioned by traditional healers and herbalists, most cited 23 herbs were selected for antiplasmo-

dial and cytotoxic activities, and among them,  M. charantia was identifed as one of the herbs with 

potent antimalarial activity. Furthermore, in the study, the ethyl acetate leaf extract of M. charantia 
was assayed for antimalarial activity against chloroquine-sensitive 3D7 and chloroquine-resistant 

INDO strains of P. falciparum (Kamaraj et al., 2012). In addition, cytotoxicity was assessed against 

HeLa cells using an MTT assay. As a result, the ethyl acetate extract of M. charantia was able to 

report promising antimalarial activity with an IC50 value of 17.5 ± 0.5 μg/mL, and analysis against 

the chloroquine-resist strain INDO of P. falciparum showed an IC50 of 9 ± 0.4 μg/mL. It was 

nontoxic to the mammalian HwLa cell line, as revealed by the MTT assay (Kamaraj et al., 2012). 

Remarkable antimalarial activities were reported for the ethyl acetate extract of M. charantia due to 

the presence of a high concentration of lipophilic secondary metabolites, such as cardiac glycosides, 

saponins, alkaloids, and favonoids (Muronga et al., 2021). Fractionation of the methanol extract 

of M. balsamina (aerial part) was used to isolate new triterpenoids and evaluate their antimalarial 

activities by Ramalhete et al. (2010). The results revealed that balsaminoside A and karavilagenin E 

had the highest antimalarial activities against both P. falciparum chloroquine-sensitive strain 3D7 

and the chloroquine-resistant clone Dd2 (Ramalhete et al., 2010). 

As evident in several studies, species in Momordica genera, particularly M. charantia, M. bal-
samina, and  M. foetida, are extensively being evaluated for their antimalarial activity through  in 
vivo studies (Waako et al., 2005;  Abdillah et al., 2015;  Christy et al., 2016;  Ali et al., 2022). The 

antimalarial activity of the ethanol extract of M. charantia was evaluated by Abdillah et al. (2015) 

using a classic four-day suppressive test against  Plasmodium berghei. In the study, Swiss male mice 

were inoculated with infected red blood cells intraperitoneally at the beginning, and the extract was 

introduced for three consecutive days. Inhibition of parasite growth by the extract was determined 

after fve days and demonstrated that the ethanol extract of M. charantia is a potent antimalarial 

agent (Ed50 ≤ 101–250 mg/kg body weight/day) (Abdillah et al., 2015). 

Most medicinal plants are rich in primary and secondary metabolites with anti-inf ammatory 

potency. To date, researchers have highlighted the anti-infammatory conditions of medicinal plants 

that could offer an attractive strategy against malaria. In this regard, the antimalarial effect of the 

aqueous fruit extract of M. charantia was used to explicate the mechanism of action involving 

glycogen synthase kinase-3β (GSK3β) inhibition. In summary, administration of the aqueous fruit 

extract of M. charantia to P. berghei NK 65–infected mice (50, 75, and 100 mg/kg body weight) 

for four consecutive days was able to inhibit parasite development in a dose-dependent manner. 

Furthermore, they have proven that the antimalarial effect of  M. charantia involved in cytokine 

modulation is mediated through the inhibition of GSK3β in P. berghei–infected mice (Ali et al., 

2022). In the same study, toxicity assessment revealed that the aqueous fruit extract of M. charan-
tia is nontoxic against Vero cells. Based on their f ndings, they have proven that M. charantia is a 

potent immunomodulator for treating malarial infection (Ali et al., 2022). 

In recent years, the synthesis of nanoparticles using plant extracts has achieved much attention 

to suppressing the toxic effect of chemical agents and targeted drug delivery. To date, several stud-

ies have been carried out on the management of malaria using photosynthetic nanoparticles. For 

example, the antimalarial activity of the synthesized TiO 2 nanoparticles using  M. charantia leaf 

extract was evaluated via an in vitro study (Gandhi et al., 2018). Vector control plays a vital role 

in the prevention and reduction of the transmission of malaria. Larval stages of vector populations 

are also used to prevent malaria. In this context, the results of Gandhi et al. (2018) revealed that the 

TiO2 nanoparticles using the aqueous leaf extract of M. charantia are stable over time and strongly 

reduce the population of malaria vectors in low doses (Gandhi et al., 2018). 

14.4.2 CLINICAL STUDIES 

It is vital to clinically evaluate the effcacy and safety of traditional medicine to be validated and 

to establish reliable quality-controlled herbal preparations. According to the WHO guidelines 
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for the antimalarial screening of drugs, there are four stages. Clinical testing is described as 

the fourth stage, and it is mandatory to screen active compounds, establish quality, and per-

form a comparative analysis of analogues before stage 4 ( Mojab, 2012 ). Preclinical studies on 

Momordica species made available information about their safety and effcacy and therefore pro-

vided hints to initiate clinical studies. However, none of the clinical information on antimalarial 

responses of the species belonging to Momordica genera has been reported so far. This situation 

has become further complicated due to the immune status of the patient. Malaria is one of the 

reasons for most deaths occurring in Africa and in children under the age of fve years ( Wright, 

2005 ). Therefore, there is a straightforward issue in the clinical demonstration of an antimalarial 

drug. In addition, practical and ethical diffculties may affect to restrict the clinical trials on 

antimalarial activity ( Wright, 2005 ). 

14.4.3 IN SILICO STUDIES 

In recent decades,  in silico molecular modelling has become a crucial part of the drug discov-

ery process since it expedites the screening of drug leads from natural medicinal plants. Several 

approaches have been taken to discover novel drug lead molecules with antimalarial activity (A 

Barmade et al., 2015;  Mamudha and Sunilson, 2021; Alzain et al., 2022). In silico approaches can 

facilitate antimalarial drug discovery via various available databases of chemical compounds and 

proteins in Plasmodium. Drug development could fail during clinical trials due to the toxicity and 

poorly exerted pharmacokinetic properties, but  in silico modelling facilitates the adjustment of the 

candidate’s pharmacodynamics or pharmacokinetic properties of the candidate (A Barmade et al., 

2015). Malaria could be transmitted via a bite of infected female Anopheles mosquitoes. An evalu-

ation of Momordica tuberosa (Roxb) against  Anopheles was carried out using molecular coupling 

studies by Mamudha and Sunilson (2021). They aimed to evaluate in silico larvicidal potent com-

pounds against  Anopheles and to analyze the mechanism of inhibition of Anopheles angiotensin-

converting enzyme. The result revealed that the selected compounds, including limonene dioxide, 

neophytadiene, and palmitic acid bind to the binding sites of the angiotensin-converting enzyme 

with better docking binding energy and, thereby, design a safe inhibitor against angiotensin-

converting enzyme. Hence, they have proven that these compounds are lethal for larvae develop-

ment. (Mamudha and Sunilson, 2021). 

14.4.4 ACTIVE PHYTOCONSTITUENTS OF MOMORDICA GENERA 

The growing amount of evidence establishes the value of isolated biological active compounds 

for the synthesis of novel drug leads. Numerous phytochemical and pharmacological studies have 

reported that several extracts of  Momordica species have huge potential as antimalarial, anti-

diabetic, antioxidant, anticancer, anti-infammatory, antifungal, antiproliferative, antiallergic, and 

anthelmintic agents (Siboto et al., 2018; Fang et al., 2019; Elangovan et al., 2021; Hassan et al.,  

2022; Nogbou et al., 2022;  Silva et al., 2022). However, these phytochemical and pharmacological 

studies have been limited to a few species in Momordica genera over about 80 species. Various 

phytochemicals and secondary metabolites have been isolated and identifed from different parts 

of the plant species, such as leaves, aerial, fruit, seeds, and roots, as drug lead molecules for 

the management of several diseases, including malaria. In general, the presence of polyphenols, 

alkaloids, glycosides, steroids, favonoids, saponins, and terpenoids was proven in the  Momordica 
species by phytochemical screening and has been implicated in the treatment of various diseases. 

Froelich et al. (2007 ) carried out a phytochemical analysis on the leaf extract of M. foetida , and as 

a result, six compounds were isolated. Of them, only eriodictyol-7-O-β -D-glucopyranoside ( Figure 

14.2) showed antimalarial activity (Froelich et al., 2007). 

In several attempts to identify the phytochemical constituents of aerial parts of M. balsamina, 

the presence of antimalarial compounds was reported (Ramalhete et al., 2009;  Ramalhete et al., 



 

   

   
  

 

 

    

     

  

     

 

 

 

    

  

 

 

    

  

      

 

   

  

 

 

 

  

 

   

 

226 Antimalarial Medicinal Plants 

FIGURE 14.2 Structure of eriodictyol-7-O-β-D-glucopyranoside. 

2010;  Ramalhete et al., 2011). An effort was taken to isolate cucurbitane-type triterpenoids, such 

as balsaminoside A, balsaminol B, balsaminol C, and balsaminol F, from the aerial part of M. 
balsamina. Balsaminol F was acylated, producing two new triesters, called triacetylbalsaminol 

F and tribenzoylbalsaminol F. Furthermore, glycosylated cucurbitacin, such as kaguaglycoside 

A, karavilagenin C, karavilagenin E, karavoate A, B, C, D, M, and N, were isolated from the  

aerial part of M. balsamina, and their antimalarial activity was proven. The molecular structures 

of the aforementioned compounds are shown in Figure 14.3  (Ramalhete et al., 2010;  Ramalhete 

et al., 2011). 

Accordingly, a few antimalarial compounds have been isolated from several extracts of Momordica 
genera, and lack of effcacy and safety data has restricted their wider clinical applications. Given this, 

it is vital to isolate antimalarial active compounds and assess their effcacy and safety via preclinical 

and clinical studies. 

14.5 CELLULAR MECHANISMS FOR ANTIMALARIAL ACTIVITY 

Various compounds present in plant extracts are benef cial in regulating the mechanisms of action 

to manage various ailments, including malaria. Prevailing antimalarial drugs have been designed 

to control metabolic differences between malarial parasites with their host, including nucleic acid 

metabolism, oxidative stress, heme detoxifcation, and fatty acid biosynthesis (Saxena et al., 2019). 

In general, there are some suggested mechanisms for isolating antimalarial compounds from plants. 

Indole alkaloids are capable of inhibiting hemozoin polymerization in parasites (Onyeibor et al., 

2005; Adebayo and Krettli, 2011). Lactate dehydrogenase in the malaria parasite P. falciparum 
comprises many unique amino acid residues that defne substrate and cofactor binding sites. This 

uniqueness of P. falciparum lactate dehydrogenase could be an attractive target for the development 

of novel antimalarials. Lactate dehydrogenase in parasite evince high specifcity for pyruvic acid 

since it is more susceptible to pyruvate reduction with high catalytic effciency. Despite several 

amino acid alterations, the parasite lactate dehydrogenase exhibits cofactor specifcity to the human 

isoforms in L-lactate oxidation, suggesting the same environment of cofactor binding. Inhibitors 

with antimalarial activity such as chloroquine bind in or near the cofactor binding site of P. falci-
parum lactate dehydrogenase. Here, chloroquine acts as a competitive inhibitor. Similarly, gossypol, 

an isolated disesquiterpene from the seeds of Gossypium species, was shown to be a competitive 
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FIGURE 14.3 Molecular structures of antimalarial active compounds. 
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FIGURE 14.3 (Continued) 

inhibitor of the binding of nicotinamide adenine dinucleotide (NADH). Alteration of the produced 

structure leads to the inhibition of dehydrogenase (Gomez et al., 1997;  Saxena et al., 2019). This 

phenomenon avoids the energy generation of malarial parasites through glycolysis. Herein, the said 

mechanism could be applied to  Momordica species that are rich in natural polyphenol-derived 

compounds. 

The functional ingredients in M. charantia that involve anthelmintic action are arachidonic acid 

metabolism, β-tubulin binding, improved calcium permeability, oxidative phosphorylation, and 

acetylcholinesterase inhibitors (Saeed et al., 2018). Saponin can inhibit acetylcholinesterase and 

cause death via paralysis. In addition, saponin can affect the parasite permeability of the cell mem-

brane and lead to disintegration. The inhibition of larval growth and inhibition of arachidonic acid 

metabolism by favonoids may lead to the degeneration of neurons and ultimately lead to death 

(Poolperm and Jiraungkoorskul, 2017). 

Moreover,  Billker et al. (2002) suggested that azadirachtin is much capable of interfering with 

the formation of mitotic spindles and the assembly of microtubules into complex structures as axo-

nemes in gametes, which leads to inhibiting the formation of mobile microgametes (Billker et al., 

2002). The antimalarial mechanism of esters present in Momordica species could be the same 

as mentioned earlier. In addition, a great deal of effort has been made to explore novel mecha-

nisms of antimalarial activity related to infammation. GSK3 is currently recognized as a target 
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for the regulation of cytokine production, while dysregulation of GSK3 implicates many diseases 

and infammation-related conditions. Protein kinase B (Akt) is a critical regulator of cell prolifera-

tion and survival (Dai et al., 2012). Administration of M. charantia aqueous fruit extract (75 mg/ 

kg body weight) for  P. berghei NK65–infected mice demonstrated that the aqueous fruit extract 

could increase phosphorylation of host GSK3β and Akt (Ali et al., 2022). Furthermore, levels of 

IFN-γ and TNF-γ were reported to decrease, while IL-10 was increased after treatment. According 

to these facts, the antimalarial effect of the aqueous fruit extract of M. charantia could be due to 

modulating infammatory cytokines through the inhibition of GSK3β (Ali et al., 2022). 

14.6 TRADITIONAL AND OTHER POTENTIAL USES OF  MOMORDICA SPECIES 

In addition to growing widely,  Momordica species are cultivated around the world because of 

their traditional and imperative potential value for the management of several health conditions. 

In the native medicine system,  Momordica species are used to treat diabetes mellitus, cancer, 

inf ammatory diseases, fungal and viral infections, allergies, blood cholesterol, bilious disorders, 

cataract, snakebite, jaundice, and haemorrhoids. (Kameswararao et al., 2003;  Behera et al., 2011; 

Rakh et al., 2012;  Saeed et al., 2018;  Attar and Ghane, 2019). In addition to their medicinal uses, 

Momordica species are widely utilized as crafts, food, veterinary, and ritual agents (Behera et al., 

2011). The aqueous leaf extract of M. foetida is very prominent among Ugandans as an agent for 

the treatment of cough, vomiting, stomach pain, and expel worms. Leaf decoction is used to man-

age tuberculosis (Tabuti et al., 2010). Furthermore, the stem and leaves of M. foetida are boiled 

in water and the steam inhaled during bedtime as a treatment for febrile illnesses (Mukaila et al., 

2023). Although the leaves of M. foetida exert a bitter taste, people in Gabon, Sudan, Uganda,  

Tanzania, and Malawi use them as vegetables. The powdered form of the root and leaves is added 

to burning charcoal to inhale the generated smoke to manage epidemic diseases by Ethiopians  

(Mukaila et al., 2023). 

The entire plant of M. balsamina is used as a stomachic, a component in aphrodisiac prepara-

tion, and as anthelminthic medicine, to stimulate lactation and treat vomiting together with bile and 

fever, malignant ulcers, and skin problems (Bharathi and John, 2013). The leaves of M. balsamina 
are used to manage hyperglycaemia, burns, abdominal pains, uterine bleeding, and induce lactation 

(Bharathi and John, 2013;  Ramalhete et al., 2022). Both the root and the fruit of M. balsamina are 

used to induce abortion, to treat stomach cramps, diarrhoea, chapped hands, and haemorrhoids. 

In all treatments, the whole plant, leaves, roots, and fruits are used in the forms such as infusion, 

maceration, pulverization, and decoction (Bot et al., 2007). In addition, the leaves and fruits of 

M. balsamina are cooked as a vegetable, sometimes used as an ingredient in sauces and soups in 

India, Sudan, South Africa, and Cameroon. Pickles are also prepared using the unripe fruit of M. 
balsamina (Bharathi and John, 2013). 

In the Western world, the leaves and fruit of M. charantia are utilized to prepare tea, beer, or 

seasonal soups. The root of M. charantia can reduce scars in smallpox when the root paste is mixed 

with milk. The pulp prepared from the leaves of M. charantia could be applied to wounds as a hae-

mostasis agent. Administration of a small quantity of M. charantia leaves produces a therapeutic 

effect for anaemic patients. Three drops of M. charantia leaf juice in goat milk are expended to 

reduce chest congestion and phlegm (Joseph and Antony, 2008). Six tablespoons of the chopped 

leaves of M. charantia are boiled with two glasses of water, and the resultant is used to treat diabetes 

mellitus (Kumar and Bhowmik, 2010). 

Among the species in the  Momordica genera,  M. doica is believed to be an antihyperglycemic, 

gastroprotective, hepatoprotective, and antiviral agent. Soft and deseeded fruits are used as a veg-

etable in the form of chutney and roasted state. Aliphatic compounds in the fruit of M. doica act 

as astringents and appetizers. The whole plant of M. doica is important for the treatment of eye 

diseases and fever. Tubes are used to prepare electuaries or jam-like medicine, which is a worthy 

treatment for piles, intestinal ulcers, and snakebites (Joseph and Antony, 2008;  Hassan et al., 2022). 
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 Traditionally, M. cochinchinensis is used as a food-cum-medicine. Aril of cooked ripe fruits 

with red glutinous rice (called ‘xoi gac’) is used as a traditional food in Vietnam and Thailand. 

This special rice is added to its soup to enhance its appearance as a nutritional supplement. This 

gac fruit offers a wide range of protection against various ailments, such as xerophthalmia, liver 

and spleen disorders, chest complaints, wounds, abdominal pains, haemorrhoids, swelling, and 

dysentery ( Chuyen et al., 2015). However, the aril of M. cochinchinensis fruit exerts strong poten-

tial against numerous disorders; nevertheless, other parts of the fruit including peel and pulp are 

discarded. The seeds of the fruit of M. cochinchinensis are used to treat anaemia and arthritis 

(Chuyen et al., 2015). 

One of the  Momordica species, M. cymbalaria, has been identifed as an imperative wild crop, 

especially in the feld of traditional medicine. The fruits of M. cymbalaria are shown to have antihy-

perlipidemic and antidiabetic properties (Dhasan et al., 2010). In addition, it is used as an abortifacient 

and to manage rheumatism, skin diseases, and diarrhoea. The fruits of M. cymbalaria are preserved 

in the form of pickling or sun-dried. The roots are used to heal some gynaecological ailments. The 

decoction made out of M. cymbalaria fruits has been used to treat gastric ulcers (Bharathi and John, 

2013). The potential uses of the  Momordica genera are presented in Table 14.1. However, the reported 

healing and other properties of the  Momordica genera are limited to a few species, and evaluation of 

other potent species in terms of therapeutic effcacy and safety is necessary. 

TABLE 14.1 
Potential Uses of Momordica Species 

Part of the 
Plant Species Plant Type of Extract Ethnic Use Reference 

  Momordica  Aerial parts Methanol Anticancer   Silva et al., 2022  

balsamina L.  95% ethanol Antibiotic   Coutinho et al., 2010  

Fruits Methanol Antibacterial   Nogbou et al., 2022  

Chloroform Antidiabetic   Kaushik et al., 2017  

Pulp Inhibitor of HIV-1 replication Bot et al., 2007 

 Leaves Acetone Anticancer   Serala et al., 2021  

Methanol  Cardiovascular complications   Ludidi et al., 2019  

 Ethyl acetate Antibacterial   Madureira et al., 2012  

  Momordica Fruits Ethanol  Hypoglycaemic, antiproliferative   Hsiao et al., 2013  

charantia  L. Aqueous Antidiabetic, immunomodulatory Xu et al., 2015 ;  Sun et al., 2016 

As a juice Anticancer, antidiabetic Kaur et al., 2013 

 Leaves Methanol Anticancer   Li et al., 2012  

 80% ethanol Anticancer   Pitchakarn et al., 2012  

Seeds  75% ethanol Anticancer   Soundararajan et al., 2012  

 80% ethanol  Antiproliferative   Kai et al., 2011  

  Momordica Fruits Aqueous  Anticancer, antioxidant   Tien et al., 2005 ; Abdulqader 

cochinchinensis  et al., 2019 ; Wimalasiri et al., 

(Lour.) Spreng. 2020 

Seeds Aqueous Anticancer   Le et al., 2018  

 10% ethanol  Anti-infammatory Jung et al., 2013 

Ethanol  Antiproliferative   Yu et al., 2017  

  Momordica Fruits Methanol  Antioxidant, antibacterial   Swamy et al., 2015  

cymbalaria Aqueous Antibacterial   Hemalatha et al., 2021  

Hook. f. Roots Methanol  Neuroprotective   Koneri et al., 2014  

Seeds Methanol Protective effect against Elangovan et al., 2019 

hyperglycaemia, hyperlipidaemia 

(Continued) 
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TABLE 14.1 (Continued) 
Potential Uses of Momordica Species 

Part of the 
Plant Species Plant Type of Extract 

  Momordica Fruit Hydroalcoholic 

dioica Protein extract 

Roxb. Ex Willd.

 70% ethanol 

Ethanol 

Seed Methanol 

Ethanol 

  Momordica  Leaves Aqueous 

foetida  Ethanol 

Schumach.  Ethyl acetate 

Ethnic Use 

 Antiulcer activity 

 Antidiabetic, antilipidemic, 

antioxidant 

Antidiabetic 

Antiulcer 

Anticancer, antiallergic, analgesic, 

antihyperglycemic, antioxidant, 

antilipidemic peroxidative

 Nephroprotective

 Antioxidant 

Antibacterial 

Antiplasmodial 

Reference 

  Vijayakumar et al., 2011  

Poovitha et al., 2017 

  Hassan et al., 2022  

  Kumar et al., 2022  

Rupachandra and Sarada, 2013 ; 

Rao and Mohan, 2017 

  Jain and Singhai, 2010  

  Acquaviva et al., 2013  

  Odeleye and Oyedeji, 2008  

  Adia et al., 2016  

Due to the potent health benefts of Momordica species, it is highly focused on the isolation  

of its active phytoconstituents (Ramalhete et al., 2022). For instance,  M. charantia compromises 

several triterpenoids, including kuguacins A-S, charantin, karavilagenin A-E, momordicine І, ІІ, 
and ІІІ (Matsuda et al., 2007;  Chen et al., 2008). Hus et al. (2011) were able to isolate f ve new 

terpenoids from the  M. charantia fruit, which exhibited numerous biological activities, such as 

antidiabetic, hepatoprotective, cardiovascular, antiparasitic, and anti-infammatory effects. The 

isolated compounds were 5β,19-epoxycucurbita-6,22(E) ,24-triene-3β,19-diol, cucurbita-6,22(E), 
24-triene-3β-ol-19,5β-olide, 19-nor -cucurbita-5(10),6,8,22,24-pentaen-3β-ol, 3β-hydroxycucurbita-

5(10),6,22(E),24-tetraen-19-al, and 19-dimethoxycucurbita-5(10),6,22(E ),24-tetraen-3β-ol ( Hsu 

et al., 2011). Sterols in herbs are more susceptible to reducing the concentration of low-density lipo-

protein cholesterol. The prominent phytosterols isolated from Momordica species are decortinol, 

clerosterol, 5 α,6 α-epoxy-(22E ,24R)-ergosta8,22-diene-3β,7 α-diol, and 3 β-hydroxy-(22E ,24R)-

ergosta-5,8,22-trien-7-one,22-diene-3β,7α-diol (Liao et al., 2011). Furthermore, momordicoside F2, 

kuguacin J, goyaglycoside B, goyaglycoside D, and stigmasterol glucoside compounds extracted 

from M. charantia. Anticancer activity is depicted by isolated compounds isorhamnetin glycoside, 

isorhamnetin acetyl glycoside from  M. foetia, and karavilagenin C, balsaminagenin A and B from 

the herb  M. balsamina (Muronga et al., 2021; Ramalhete et al., 2022). However, it is worth mention-

ing that species of Momordica have powerful traditional and numerous other uses because of their 

active phytoconstituents and specif c mechanisms. 

14.7 CONCLUSION 

Momordica species could be considered nutritious vegetables and play a promising role in the man-

agement of various diseases, including malaria. This attribute is due to the presence of potent pri-

mary and secondary metabolites, which are the key governess of therapeutic potential. Over 80 

species of Momordica genera,  Momordica balsamina L.,  Momordica charantia L.,  Momordica 
cochinchinensis L. Spreng., Momordica cymbalaria Hook.f., Momordica dioica Roxb. Ex Willd., 

and  Momordica foetida Schumach, are the most utilized species in terms of managing numerous 

diseases, such as malaria, diabetes mellitus, cancers, cardiovascular diseases, etc. This is scientif -

cally proven through the performance of preclinical and clinical studies. However, clinical studies 

on Momordica species remain sparse, and especially, none of the clinical information has been 

documented concerning antimalarial activity. So far, several active compounds, such as balsaminol 
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F, balsaminoside A, balsaminol B, balsaminol C, kuguacins A-S, charantin, momordicine І, ІІ, and 

ІІІ. etc., have been isolated from various species in the  Momordica genera. Further efforts must be 

directed towards clinical studies on the therapeutic potential of Momordica species and thereby the 

isolation of drug lead molecules. 
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15  Antimalarial Response, 
Traditional and Other Potential 
Uses of Piper Genera 

Yashashree Pradhan, Hina Alim, Nimisha 
Patel, Jamal Akhtar, and Ahmad Ali 

15.1 INTRODUCTION 

Various plants possess various activities and bioactive compounds which are helpful or harmful 

to mankind. Some of the plants are used as medicine since the ancient times to treat diseases. 

Traditional medicines use herbs, shrubs, and many parts of trees to treat diseases like respiratory 

infections, liver cure, fever, headaches, skin infections, insect bite, snakebite, etc. (Husen 2021, 

 2022a ,  2022  b ,  2023 ;  Rahman and Husen 2021 ,  2022 ,  2023a , 2023b). These traditional medicines 

are slow-acting. Nowadays, synthetic medicines, which are fast-acting, against diseases are used. 

Although they are fast-acting, they may cause side effects after their long-term use. To avoid these 

side effects, the world is looking forward to medicines produced using traditional medicines with 

increased rate of action (Ali 2020). 

Malaria is one of the parasitic diseases in tropical countries. It is caused via the transmis-

sion of parasite through a mosquito vector. This parasite is a member of the  Plasmodium gen-

era, and the main infective species of this genus are  Plasmodium falciparum, Plasmodium 
vivax, Plasmodium ovale, and  Plasmodium malariae. Plasmodium is transmitted by the female 

Anopheles mosquito to humans by the bite of an infected mosquito. Plasmodium completes its 

life cycle in two different organisms, that is, the mosquito vector and the human host (Tuteja 

2007). To treat this disease, medicines like quinines are used, which cause side effects like 

fatigue, vomiting, and nausea. To overcome such effects, new traditional medicines are gaining 

a lot of interest in the feld of therapeutics. Many herbs are being tested for their phytochemicals, 

which act as antimalarial agents. 

Piper genera is one of the plants used to treat malaria in ancient medicine. It contains different 

species which are used in therapeutics as well as in the food industry. It contains various phyto-

chemicals which show different activities, like antimicrobial, antimalarial, antidiabetic, antioxi-

dant, anticancer, hepatoprotective, neuroprotective, cardioprotective, aphrodisiac, and many more 

(Durant-Archibold et al. 2018). 

15.2 BOTANICAL DESCRIPTION AND DISTRIBUTION 

Piper genera is a member of the Piperaceae family, which includes approximately 1,000 species. 

It mainly contains slender shrubs and climbers (Figure 15.1). Leaves of  Piper genera plants are  

elliptic, ovate, round, and cordate. Flowers of these plants are small, sessile, and produced on erect 

inforescence. It possesses feshy fruits. Examples of Piper genera are  Piper longum, Piper betle, 
Piper nigrum, etc. (Tebbs 1993). 

It is distributed in the tropical and subtropical regions of Asia, America, and Middle Eastern coun-

tries (Kumar et al. 2016). Some of the main plants from the  Piper genera which show antimalarial 
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FIGURE 15.1 Examples of Piper genera: (a)  Piper nigrum; (b)  Piper longum; (c)  Piper betle. 

activity are  Piper longum, Piper betle, Piper nigrum, Piper tricuspe, Piper cubeba, Piper adun-
cum, Piper piedecuestanum, Piper chaba, Piper hostmannianum, Piper Sarmentosum, and Piper 
heterophyllum(Gutierrez et al. 2013). All these plant species are found in the Indian subcontinental 

region. 

15.3 MAJOR PHYTOCHEMICALS 

Plants from the  Piper genera contain many bioactive compounds in their fruits, roots, leaves, essen-

tial oils, and extracts. These compounds show many activities, like antimalarial, antimicrobial, 

antidiarrhoeal, antiparasitic, antidiabetic, anticancer, insecticidal, antiasthmatic, analgesic, antihy-

perlipidemic, etc. (Gutierrez et al. 2013). Phytochemicals present in Piper longum, Piper betle, 
Piper nigrum, Piper tricuspe, Piper aduncum, Piper piedecuestanum, Piper chaba, Piper hostman-
nianum, Piper sarmentosum, and  Piper heterophyllum which show antimalarial response are as 

follows ( Table 15.1 and  Figure 15.2 ). 



   

      

   

   

       

    

   

     

    

   

 

   
  

         

    
      

    
      

      

      

    
     

      

      

      

      

Antimalarial, Traditional, and Other Uses of Piper Genera 239 

TABLE 15.1 
Plants and Their Antimalarial Compounds and Extracts 
Plant Name Phytochemicals References 

Piper longum  Piperine  ( Yadav et al. 2019 ) 

Piper betle Methanolic extract ( Al-Adhroey et al. 2010 ) 

Piper nigrum  Piperine  ( Jeon et al. 2019 ) 

Piper tricuspe  2´E,6´E 2-farnesyl hydroquinone ( Vega et al. 2008 ) 

Piper aduncum Essential oils ( Monzote et al. 2017 ) 

Piper piedecuestanum Dichloromethane extract, ethyl acetate extracts (Mesa Vanegas et al. 2018) 

Piper chaba  Piperine  ( Thiengsusuk et al. 2018 ) 

Piper hostmannianum  Methyllinderatin, linderatone, ( Portet et al. 2007 ) 

2’,6’-dihydroxy-4’-methoxydihydrochalcone 

Piper peltatum 4-nerolidylcatechol ( Rocha e Silva et al. 2015 ) 

Piper sarmentosum Ethanolic extract ( Tuntiwachwuttikul et al. 2006 ) 

Piper heterophyllum Dichloromethane extract ( Flores et al. 2009 ) 

FIGURE 15.2 Chemical structures of antimalarial compounds from  Piper genera. 

15.4 ANTIMALARIAL RESPONSE OF PIPER GENERA 

Piper genera contains a variety of plants which have different phytochemicals acting against malar-

ial parasites. It acts on Plasmodium by different pathways and shows different modes of action. 

Piper tricuspe is used to extract phytochemicals which act against  Plasmodium species. 2´E ,6́ E 
2-farnesyl hydroquinone shows IC50 at the concentration of 1.37μM against  Plasmodium falciparum 
late-ring throphozoites (Vega et al. 2008). 

Piperine is one of the phytochemicals present in many Piper genera plants. It shows activity 

against malarial parasites. When piperine from Piper chaba is isolated and given to mice infected 

with P. chabaudi in combination with curcumine and chloroquine in concentration of 20 mg, 250 

mg, and 2.5 mg, respectively, it shows inhibitory activity against  P. chabaudi late-ring trophozoites 
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(Neto et al. 2013). Piperine from Piper longum shows larvicidal activity against  Anopheles stephensi 
LC50 at concentration of 8.969 ppm by inducing apoptosis (Yadav et al. 2019). Similarly, piperine 

from Piper nigrum also shows larvicidal activity against  Anopheles aegypti (Jeon et al. 2019). 

4-nerolidylcatechol is one of the phytochemicals isolated from Piper peltatum which show 

antimalarial activity by inhibiting protein synthesis in  Plasmodium falciparum. Derivatives of 

4-nerolidylcatechol also show inhibitory effect of 44% against  Plasmodium berghei NK65 when 

tested in infected mice with the oral dose of 50 mg/kg body weight/day ( Rocha e Silva et al. 2015 ). 

Essential oils present in Piper aduncum show antimalarial activity when tested  in vitro. It 

showed antimalarial activity against Plasmodium falciparum at a concentration of 1.2μg/mL when 

tested with reference drug (Monzote et al. 2017). Piper piedecuestanum shows antiplasmodial activ-

ity with IC50 of 17.93 μg/mL when tested using dichloromethane extract and ethyl acetate extract 

(Mesa Vanegas et al. 2018). Methanolic extract of leaves of Piper betle shows antiplasmodial activ-

ity against  Plasmodium berghei schizonts (Al-Adhroey et al. 2010). 

N-hexane extract of Piper hostmannianum was purifed, and methyllinderatin, linderatone, 

2’,6’-dihydroxy-4’-methoxydihydrochalcone are the phytochemicals isolated and tested for 

antimalarial activity. These compounds showed IC50 of 5.64 μM, 10.33 μM, and 12.69 μM, 

respectively. These values are obtained after in vitro studies performed by using  Plasmodium 
falciparum. 2’,6’-dihydroxy-4’-methoxydihydrochalcone also showed decrease in parasitaemia 

when tested in vivo against  Plasmodium vinckei petteri in mice (Portet et al. 2007). 

Ethanolic extract of Piper sarmentosum showed antimalarial activity against Plasmodium falci-
parum at a concentration of 0.16μg/mL when tested with chloroquine diphosphate as reference drug 

(Tuntiwachwuttikul et al. 2006). 

Dichloromethane extract of leaves of Piper heterophyllum shows activity against  Plasmodium 
falciparum when tested using chloroquine as a standard drug at a concentration of 0.1μg/mL (Flores 

et al. 2009). 

15.5 TRADITIONAL AND POTENTIAL USES OF  PIPER GENERA 

Plants from Piper genera has been used in traditional medicine since the ancient times. These plants 

show various properties. Though Piper genera contain almost 1,000 species, Piper longum, Piper 
nigrum, Piper chaba, and  Piper betle are widely documented in Ayurveda and Arabian medicine. 

According to Ayurveda,  Piper longum contains rasa-katu (i.e. pungent), veerya-Anushnashita (i.e. 

slight cold), vipaka-Madhur (i.e. sweet), guna-snigdha (i.e. unctuous), Laghu (i.e. light), tikshna (i.e. 

sharp), and dosha-calms  vata and  kapha (Pradhan et al. 2022). The roots of P. longum are used for 

the management of heart diseases. Fruits are used as an abortifacient, antiasthmatic, stomachic, 

liver tonic, aphrodisiac, laxative, antidiarrhoeal, antidysenteric, and antibronchitis (Johri and Zutshi 

1992). In the treatment of acute and chronic bronchitis, the decoction of root and dried young fruits 

is used. Formation of liniment using long pepper boiled with ginger, mustard oil, butter milk, and 

curds is used in case of paralysis (Singh 2018). In Chinese medicine,  P. longum is used for the 

treatment of stomach ache, rhinitis, vomiting, and headache (Gajurel et al. 2021). Piper nigrum 
contains properties like rasa-katu (i.e. pungent), veerya-ushna (i.e. hot), vipaka-katu (i.e. pungent), 

guna-Laghu (i.e. light), tikshna (i.e. sharp), and dosha-calms  vata, pitta, and  kapha ( Deshpande et 

al. 2018). The root of Piper nigrum is used in the form of ghee, powders, enemas, and balms for 

the treatment of abdominal tumours. Black pepper can be used to treat abdominal fullness, adeni-

tis, cancer, cholera, cold, colic, gravel, and headache. White pepper can be used to treat cholera, 

malaria, and stomach ache (Chaveerach et al. 2006). For  Piper chaba, it is rasa-katu (i.e. pungent), 

tikta (i.e. bitter), veerya-ushna (i.e. hot), vipaka-katu (i.e. pungent), guna-ruksha (i.e. harsh), Laghu 

i.e. (light), tikshna (i.e. sharp), and dosha-calms  vata and  kapha (Deshpande et al. 2018). Piper 
chaba is used in the treatment of asthma, bronchitis, piles, colic pain, dyspepsia, and gastralgia. The 

aerial part of the plant shows carminative, diuretic, stimulant, expectorant, analgesic, and smooth 

muscle relaxant properties (Islam et al. 2020). Leaves of Piper betle can be used to alleviate kidney 
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infammation and thirst resulting from diabetes. They can be used as an expectorant effect for 

coughs, asthma, and bronchitis. The fresh leaves are used as an antifatulent material in Thailand 

(Chaveerach et al. 2006). Due to these properties, plants from Piper genera are used in traditional 

medicine for the treatment of appetite loss, indigestion, acidity, anaemia, splenomegaly, pyrexia, 

and many more (Deshpande et al. 2018). 

15.5.1 ANTIOXIDANT ACTIVITY

 3-farnesyl p-hydroxy benzoic acid, dictyochromenol, and 2´E ,6́ E 2-farnesyl hydroquinone pres-

ent in Piper tricuspe petroleum ether extract shows good antioxidant activity when tested using 

DPPH and FRAP assays (Vega et al. 2008). Antithyroid drug–induced oxidative stress in rats was 

reduced by supplementation of piperine in diet. Amount of antioxidant enzymes are also increased 

with the supplementation of piperine (Gutierrez et al. 2013). Petroleum ether extract of P. longum 
fruits shows reduction in lipid peroxide level as well, as it maintains glutathione content due to its 

antioxidant activity (Singh 2018). Piperine from Piper nigrum decreases lipid peroxidation tested in 
vitro (Damanhouri and Ahmad 2014). Methanolic extract of Piper heterophyllum shows antioxidant 

activity when tested using DPPH assay (Valdivia et al. 2009). 

15.5.2 ANTIMICROBIAL ACTIVITY 

Major components like camphor, viridiforol, and piperitone from Piper aduncum essential oils 

show antimicrobial activity. Methanolic extract of Piper aduncum shows activity against  C. albi-
cans (Monzote et al. 2017). Chloroform extract of the root of the  Piper chaba shows the pres-

ence of Bornyl piperate, piperlonguminine, and piperine, which shows antifungal activity against 

Cladosporium cladosporioides and  Cladosporium sphaerospermum and antileishmanial activi-

ties (Lago et al. 2011). Bornyl piperate, piperlonguminine from root of the  Piper chaba shows 

activity against  Aspergillus niger, Aspergillus fumigatus, Aspergillus favus, and  Candida albicans 
(Islam et al. 2020). P. aeruginosa, S. albus, S. typhi, E. coli, and  B. megaterium are inhibited by 

alcoholic extract of P. longum (Khan and Siddiqui 2007). It also shows antifungal effect against 

phytopathogenic fungi, viz, Puccinia recondita, Botrytis cinerea, Erysiphe graminis, Rhizoctonia 
solani, Pyricularia oryzae, and  Phytophthora infestans (Pradhan et al. 2022). Piper nigrum shows 

antimicrobial activity against plant pathogens (Damanhouri and Ahmad 2014). Piper sarmento-
sum ethanolic extract shows activity against  Mycobacterium tuberculosis and  Candida albicans 
(Tuntiwachwuttikul et al. 2006). 

15.5.3 ANTI-INFLAMMATORY ACTIVITY 

Piperine from P. longum shows anti-infammatory activity by inhibiting the prostaglandin and 

leukotrienes COX-1 when tested on carrageenan rat paw oedema (Kumar et al. 2005). Freund’s 

complete adjuvant-induced arthritis in rats is reduced by the use of aqueous extract of P. longum 
(Dhanalakshmi et al. 2016). Piperine acts as an anti-infammatory agent on early phases of inf am-

mation mediated through histamine and serotonin, but not in later phases of prostaglandin-induced 

local infammatory changes (Martha Perez Gutierrez et al. 2013). The expression of interleukin 6 and 

matrix metallo-proteinase 13 can be inhibited by the piperine present in Piper nigrum ( Damanhouri 

and Ahmad 2014). 

15.5.4 HEPATOPROTECTIVE ACTIVITY 

Piperine from Piper nigrum shows inhibition of elevated levels of GOT and GPT enzymes when 

tested in mice with hepato-toxicity induced by D-galactosamine (Damanhouri and Ahmad 2014). 

Lipid peroxidation induced by chemicals such as carbon tetrachloride and  tert -butyl hydroperoxide 
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causing hepatotoxicity is reduced after administration of piperine extracted from P. longum. Liver 

fbrosis is also inhibited by using  P. longum extracts (Pradhan et al. 2022). Piperine from Piper 
chaba also shows hepatoprotective activity when tested in mice with hepato-toxicity induced by 

D-galactosamine (Islam et al. 2020). 

15.5.5 ANTI-OBESITY ACTIVITY

 (2E,4Z,8E)-N-[9-(3,4-methylenedioxyphenyl)-2,4,8-nonatrienoyl]-piperidine, retrofractamide C, 

pipernonaline, and piperrolein B isolated from chloroform extracts of Piper nigrum and  P. longum 
show anti-obesity effect (Martha Perez Gutierrez et al. 2013). Administration of methyl piperine 

isolated from  P. longum reduces hepatic cholesterol in hypercholesterolemic rats (Pradhan et al. 

2022 ). 

15.5.6 ANTICANCER ACTIVITY 

Piperine inhibits the adhesion of neutrophils to endothelium, whereas piperlonguminine shows 

inhibitory activity in alpha-MSH-induced tyrosinase synthesis and reduces carcinogenesis in ham-

sters. Piperine also shows effect as chemopreventive in animals having lung cancer and reduces 

metastasis. Piplartine and piperine alkaloid amide show cytotoxic activity against tumour and 

hence act as an antitumour agent (Pradhan et al. 2022). 

15.5.7 ANTIDIABETIC ACTIVITY 

Piper longum shows antihyperglycaemic effect, which reduces the sugar level when tested in 

alloxan-induced diabetic rats. Oral administration of ethanolic extract of P. longum showed more 

effect against hyperglycaemia (Pradhan et al. 2022). Oral administration of aqueous extract of Piper 
nigrum to alloxan-induced diabetic rats leads to signifcant lowering of blood sugar level and reduc-

tion in serum lipids (Kaleem et al. 2005 ). Administration of Piper betle extract to the STZ-induced 

diabetic mice showed antidiabetic activity by lowering blood glucose level (Rekha et al. 2014). 

15.5.8 ANTIHYPERLIPIDEMIC ACTIVITY 

Ethanolic extract of Piper betle shows antihyperlipidemic activity tested on Wistar rats. Administration 

of methyl piperine extracted from P. longum shows reduction in hepatic cholesterol in hypercholes-

terolaemic rats (Wu and Bao 1992). 

15.5.9 WOUND HEALING ACTIVITY 

Wound healing and repair were accelerated by application of ointment formulation containing 

leaves and stem extract  of Piper betle (Rekha et al. 2014). 

15.5.10 IMMUNOMODULATING ACTIVITY 

The phagocytic activity and macrophage migration index were seen to be elevated when tested by 

hemagglutination titre and phagocytic index due to the use of P. longum. These observations indi-

cate that the long pepper shows immunomodulatory effect (Dhanalakshmi et al. 2016). Piperine 

present in P. longum also increases the WBC count, α-esterase positive cells, as well as bone mar-

row cellularity in mice (Srivastava and Saxena 2020). Piper betle methanolic extract showed immu-

nosuppressive activity at various concentrations as well as reduces antibody titre (Rekha et al. 2014). 

Increased secretion of Th-1 cytokines (IFN-γ and IL-2) as well as increased macrophage activation 

and proliferation of T and B cell were observed by the piperine from Piper nigrum ( Damanhouri 
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and Ahmad 2014). Piper chaba shows immunomodulatory effect by increasing NK cell activity and 

lymphocyte proliferation (Islam et al. 2020). 

15.5.11 ANTIASTHMATIC ACTIVITY 

Piper betle shows the ability to reduce bronchial asthma in guinea pigs (Rekha et al. 2014). Antigen-

induced bronchospasm, which can be the cause of asthma, was reduced by the usage of extracts of 

P. longum administered with milk to guinea pigs ( Zaveri et al. 2010). 

15.5.12 ANTIFERTILITY ACTIVITY 

Reduction in reproductive organ weights, circulating levels of oestrogen, fertility as compared to 

control values were observed in albino rats treated with Piper betle ethanolic extract (Rekha et al. 

2014). Hexane extract of P. longum exhibits anti-implantation activity. It also shows contraceptive 

activity in males and females without interfering with hormones (Srivastava 2014). 

15.5.13 ANTIDEPRESSANT ACTIVITY 

Piperine from Piper longum reversed the corticosterone-induced reduction of brain-derived neu-

ropathic factor, and it also inhibits monoamine oxidase, which suggests the antidepressant activity 

(Pradhan et al. 2022). Ethanolic extract of Piper betle also shows antidepressant activity when tested 

on mice (Dwivedi and Tripathi 2014). Piperine from Piper nigrum produces an antidepressant-like 

effect in corticosterone-induced model of depression in mice (Damanhouri and Ahmad 2014). 

15.5.14 RADIOPROTECTIVE ACTIVITY 

Hampered glutathione production due to increase in level of glutathione pyruvate transaminase, 

lipid peroxidation, and alkaline phosphatase is normalized by the use of alcoholic extracts of P. 
longum fruits in radiation-treated animals (Kumar et al. 2011). The extract of Piper betle effectively 

prevented γ-ray-induced lipid peroxidation when tested on rat liver mitochondria (Dwivedi and 

Tripathi 2014). 

15.6 CONCLUSION AND FUTURE REMARKS 

Malaria is one of the most common tropical diseases encountered mainly in equatorial regions. It is 

a parasitic disease caused by Plasmodium and spread through mosquito vectors from one to another. 

Piper genera belonging to the Piperaceae family is one of the medicinal plant groups which include 

approximately 1,000 species in it. These plants contain bioactive compounds, such as alkaloids, 

f avonoids, saponins, starch, protein, essential oils.  Piper genera plants possess activities like anti-

oxidant activity, antimicrobial activity, anti-infammatory activity, hepatoprotective activity, anti-

obesity activity, anticancer activity, antidiabetic activity, antihyperlipidemic activity, wound healing 

activity, immunomodulating activity, antiasthmatic activity, antifertility activity, antidepressant 

activity, and radioprotective activity. Due to these activities, plants from Piper genera can be used 

as potential medicines against various ailments. Nearly 9 species of Piper genera show antima-

larial activity. Phytochemicals like 4-nerolidylcatechol, piperine, 2´E ,6́ E 2-farnesyl hydroquinone, 

methyllinderatin, linderatone, 2’,6’-dihydroxy-4’-methoxydihydrochalcone, as well as essential oils 

and extracts like methanolic extract, dichloromethane extract, ethyl acetate extracts from Piper 
betle, Piper nigrum, Piper tricuspe, Piper aduncum, Piper piedecuestanum, Piper chaba, and  Piper 
hostmannianum show antimalarial activity. The major effect of these phytochemicals is inhibition 

of malarial parasites as well as larvicidal activity against mosquito larvae. Due to this activity, these 

plants from Piper genera can prove to be good medicine against malaria. 
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16  Antimalarial Response, 
Traditional and Other Potential 
Uses of the Genus  Senna 

Kolagani Chandramohan, Salman Khan, and Azamal Husen 

16.1 INTRODUCTION 

Ethnobotanical studies focus on traditional knowledge of tribal/local/Adivasi people and develop-

ment of databases on ethnic knowledge, but also focus on preservation and regeneration of tradi-

tional beliefs and maintenance of traditional knowledge. Since ancient days, the preliminary and 

safest therapeutic approach has been plant-based medicine, which has displayed a signif cant role 

in the treatment of different ailments (Husen, 2021,  2022a,  2022b,  2023; Rahman and Husen, 2021, 

2022, 2023a, 2023b). About 40,000 to 70,000 medicinal plant species were documented based on 

their therapeutic potentiality and positioned in developing countries on utilization of herbal medi-

cines (Ekor, 2013; Verpoorte, 2015;  WHO, 2016;  Oladeji et al., 2019). The recent estimates show 

that there are about 25,000 active plant-based preparations used in traditional medicine and known 

to remote communities all over from India, and the records stated that nearly 10,000 medicated 

formulations are available in the Aboriginal medicinal texts. 

Globally, malaria fever or viral fever are alarming to public health problem in recent years. 

About 3.2 billion people remain at risk of malarial infections. Annually, 149–303 million clinical 

cases were noticed globally, and it kills more than 400,000 people (Ramírez et al., 2017). Malaria 

is infected through natural or vector borne in humans by six species from the genus  Plasmodium: 

P. falciparum, P. vivax, P. ovale, P. malariae, P. knowlesi, and recently P. cynomolgi (Ta et al.,  

2014; WHO, 2015). Human beings are being transmitted the parasites by the bite of the  Anopheles 
mosquito. Once inside the organism, the parasite causes clinical symptoms that can range from mild 

to grave or even lead to fatality (Kitua and Malebo, 2004;  Campuzano-Zuluaga et al., 2010). Usage 

of traditional medicine to treat different illnesses was initiated, and the World Health Organization 

(WHO) recognized that 80% of the world population uses plants as alternative therapy (Bermúdez 

et al., 2005). Since 1670, a metabolite called quinine extracted from quina plant by French chem-

ists Pierre Pelletier and Joseph Caventou has been used to treat malarial fevers and served as a 

template for the synthesis of aminochinolines, such as chloroquine, which has malarial resistance 

(Rieckmann et al., 1971). After this, search of new antimalarial metabolites was stimulated. In 

1972, the artemisinin derivatives artesunate, arteether, and artemether have been synthesized from 

Artemisia annua by Chinese scientists, which consist a new pillar of antimalarial therapy (Tang and 

Eisenbrand, 1992; Hien and White, 1993). 

Despite the fewer side effects, medicinal plants are the principal sources of therapeutic sub-

stances which could lead to the preparation of novel therapeutic compounds and in drug devel-

opment (Veeresham, 2012). Several medicinal plants have been investigated to authenticate the 

pharmacologically bioactive metabolites which cure malarial diseases. The plant species of Senna 
have been used universally in traditional medicines since many years. The active compounds of 

Senna species are used for active therapy in improving human health and treatment of a wide 

range of diseases and infections, such as diabetes, sexually transmitted diseases (STDs), measles, 

malaria, infammation, abdominal pain, typhoid, and gonorrhoea in China, India, Mexico, Brazil, 
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Malaysia, Thailand, and Africa (Silva et al., 2008). Finally, the bioactive metabolites from different 

Senna spp. have been explored, and research revealed that over 120 structurally diverse phytochem-

icals, including piperidine alkaloids, terpenoids, glycosides, tannins, saponins, steroids, f avonoids, 

anthraquinones, polyphenol, and anthrones (Hennebelle et al., 2009), were investigated in recent 

years to possess antimalarial, antidiabetic, antimicrobial, antioxidant, anti-inf ammatory, analge-

sic, antitumour, antinociceptive, and anticancer effects (Ibrahim and Islam, 2014). Among them, 

comprehensive information on traditional uses, phytochemistry, and pharmacological studies of the 

genus  Senna and their therapeutic potential on antimalarial response are discussed here. 

16.2 ETHNOBOTANICAL AND TRADITIONAL USES OF GENUS  SENNA 

The species of Senna have been used in different traditional medicines, like Indian, Chinese, and 

Tibetan folk medicine and African traditional medicine, with diverse therapeutic activities (Jain 

et al., 1997;  Jafri et al., 1999;  Viegas et al., 2004;  Bum et al., 2010; Silva et al., 2008;  Singh et al., 

2013). Most of the plant parts of Senna spp. are commonly used in preparation of different herbal 

crude drugs or herbal medicine for the treatment of various diseases and infections. Generally, 

herbal medicines can be extracted from the genus  Senna by the methods maceration, decoction, 

infusion, exudates, or stem bath and can be used as therapeutic substances (Oladeji et al., 2016, 

2020). In Siddha, Ayurveda, and African system of medicine,  Senna alata and  S. occidentalis 
are widely used in the treatment of typhoid, malaria, yellow fever, and cholera ( Sansores-Perazaa 

et al., 2000;  Yadav et al., 2010;  Singh et al., 2013;  Oladeji et al., 2020). In northern Nigeria, the stem, 

leaf, and root decoctions of Senna species are used in the treatment of wound, skin, and respira-

tory tract infection, burns, diarrhoea, and constipation (Adedayo et al., 2001). In the south-western 

regions and Egypt, a decoction of leaves serves as abdominal pain, constipation, and toothache 

relief (Benjamin and Lamikanra, 2008;  Leung et al., 2011). In Cameroon, the stem, bark, and leaves 

of S. alata were reported to be used as a remedy for gastroenteritis, hepatitis, and skin infections 

(Day and Underwood, 1986). 

In India, Philippines, and China, decoctions of S. alata’s stem, bark, and leaves were found to 

be effective in treating haemorrhoids, inguinal hernia, syphilis, malarial or parasital infection, and 

diabetes (Igoli et al., 2005). Recent investigation on extractions of seeds and roots revealed that 

regulation of uterus disorder and worms was noticed (Makinde et al., 2007;  Selvi et al., 2012). The 

extractions of leaves and f owers are typically used as antifungal agents and laxatives (Farnsworth 

and Bunyapraphatsara, 1992). In Guatemala, Brazil, and Guinea, the whole plant is currently used 

in the treatment of fu and malaria (Hennebelle et al., 2009). In China, India, Benin Republic, 

Ghana, Nigeria, and Togo, the extraction of whole plant is used as a curative for diabetes mellitus 

(Woradulayapinij et al., 2005;  Abo et al., 2008). The leaves of Senna alata are extensively used in 

traditional systems than roots, fowers, and stem bark due to its pharmacological activities. Because 

of that, it is processed into capsule, pellet, and tea in Nigeria for preventing diseases and maintain-

ing sound health (Figure 16.1c, d, and e). 

In various traditional systems, leaf extractions of Senna angustifolia are used for the treatment of 

constipation, loss of appetite, hepatomegaly, splenomegaly, digestive problems, malaria, jaundice, 

anaemia, and as purgative (Anon, 1966;  Tripathi, 1999). 

Senna occidentalis is an annual or perennial herb (Figure 16.1f and g) which contains a wide 

range of chemical compounds, including achrosin, aloe-emodin, emodin, anthraquinones, anthrones, 

apigenin, aurantiobtusin, campesterol, cassiollin, chryso-obtusin, chrysophanic acid, chrysarobin, 

chrysophanol, and chrysoeriol. It has been known to possess antibacterial, antifungal, antidiabetic, 

anti-infammatory, anticancerous, antimutagenic, and hepatoprotective activity in different tradi-

tional systems (Yadav et al., 2010). 

The leaves, pods, and fowers of Cassia fstula (Figure 16.1a and b) are used as purgative, feb-

rifugal, biliousness, and astringent in traditional systems (Kirtikar and Basu, 2006;  Gupta, 2010; 

Danish et al., 2011; Ruth et al., 2021). Ash from burnt pods is used to cure cough (Gupta, 2010). The 
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FIGURE 16.1 (a, b).  Cassia fstula; (c, d, e) Senna alata; (f, g) Senna occidentalis; (h, i) Senna tora; (j, k) 

Senna siamea. 
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root is useful in fever, heart diseases, retained excretions, and biliousness (Nadkarni, 1976). The 

pulp of Cassia fstula is used as analgesic and as an antipyretic; it is a remedy for malaria and fever. 

It is also applied in blood poisoning, anthrax, and antidysenteric, leprosy, and antidiabetic, for the 

removal of abdominal obstruction (Anonymous, 2007;  Ruth et al., 2021). 

In different traditional systems, the whole plant of  C. obtusifolia has been used as a laxative and 

for the treatment of eye infections, diarrhoea, urinary tract infections, gingivitis, fever, and as cough 

remedy, due to the presence of various chemical constituents like anthraquinones and naphthopyrones: 

aloe-emodin, emodin, 1,2-dihydroxyanthraquinone, obtusin, chryso-obtusin, aurantio-obtusin, gluco-

obtusifolin, gluco-aurantio-obtusin, gluco-chryso-obtusin, chryso-obtusin-2-O-β-d-glucopyranoside, 

physicon-8-O-β-d-glucoside, obtusifolin, O-methyl-chrysophanol, emodin-1-O-β-gentio-bioside, 

chrysophanol-1-O-β-gentiobioside, chrysophanol-1-O-β-d-glucopyranosyl-(13)-β-d-glucopyranosyl-

(1→6)-β-d-glucopyranoside, physcion-8-O-β-glucoside, 1,3-dihydroxy-8-methylanthraquinone,( Doug 

hari et al., 2008 ; Ali et al., 2021 ). 

The seeds of Senna tora are used as antiparasitic, antidiarrhoeal, antioxidant, antihepatotoxic, 

antiplasmodial, and antimutagenic due to the presence of bioactive constituents like anthraquinones, 

including 1-desmethylaurantion-obtusin, 1-desmethylchryso-obtusin, aurantio-obtusin, chryso-

obtusin, obtusin, etc. The methanolic extract of seeds of plant has properties of larvicidal activity 

against  Aides aegypti mosquito (Jang et al., 2002) and shows antiplasmodial activity against  

chloroquine-sensitive  Plasmodium falciparum (EI-Tahir et al., 1999) (Figure 16.1 H&I). 

The extracts of Senna auriculata are widely used in traditional medicine for rheumatism, con-

junctivitis, and diabetes (Siva and Krishnamurthy, 2005). Pills prepared from ground leaves and 

fruits have been used for the treatment of leucorrhoea in Eastern Ghats of Andhra Pradesh (Ratnam 

and Raju, 2005). The tribes of the north-east region use the plants for treating skin disease and as 

purgative (Baruah and Sharma, 1987). Tribes from Southern India prepare paste from leaves along 

vinegar, which is applied on skin for various skin diseases, dandruff, bone fracture (Natarajan and 

Paulsen, 1999; Kshirsagar and Singh, 2000;  Jeeva et al., 2007), and scorpion bite (Ratnam and Raju, 

2008). It was also found that tenders of leaves are used for treatment of stomachache (Nagnur et al., 

2009). Flowers are used to treat venereal diseases and spermatorrhea. The whole plant is used to 

treat diarrhoea. The Meena community of Rajasthan used the leaf extract of the plant for treating 

tuberculosis. Roots are useful in urinary discharge and cure tumours, skin disease, and asthma. 

Powder of bark is used for f xing teeth and decoction for chronic dysentery. Decorticated seeds in 

fne powder and paste are valued local applications to purulent ophthalmia and conjunctivitis (Latha 

and Pari, 2003; Thabrew et al., 2004;  Duraipandiyan et al., 2006;  Rajendran et al., 2008;  Meena and 

Rao, 2010;  Meena et al., 2019). 

Cassia singueana is well distributed in northern Nigeria, is used traditionally for the relief of pain 

and body ache of acute malaria attack. The test caused a signifcant (P < 0.05) and dose-dependent 

reduction in the mean parasitaemia in mice similar to chloroquine (5 mg/kg) (Bulus et al., 2003). 

The extracts of plant have ethnomedicinal applications that include its usage as an anticonvulsant, in 

constipation, snakebite, abortive, urinary schistosomiasis, and hernia (Baoua et al., 1976;  Ndamba 

et al., 1984,  Chhabra et al., 1987;  Audu, 1989; Mutasa et al., 1990). It has shown antinociceptive, 

antipyretic, anti-infammatory, and antiplasmodial activities of the methanol extract of the root bark 

of plant (Bulus et al., 2003). 

The leaves, stems, roots, fowers, and seeds of  C. siamea ( Figure 16.1 j and k) are therapeuti-

cally proven in treatment of malarial diseases. The decoction of the leaves became a part of herbal 

remedies in African and Asian countries. In Burkina Faso, the decoction of fresh and dried leaves 

is used to treat malaria and liver disorders ( Sanon et al., 2003 ;  Fowler, 2006 ; Nadembega et al., 

2011). It is also used in the treatment of cough, stomach pains, and malaria in regions of Cote 

d’Ivoire and Sierra Leone and Togo ( Mbatchi et al., 2006 ; Kone and Atindehou, 2008;  Koudouvo 

et al., 2011 ). Recent investigations revealed that it cures constipation, hypertension, toothache, 

and as a laxative (Thongsaard et al., 1996; Mbatchi et al., 2006 ). The decoction of roots is used 

against fever, constipation, hypertension, insomnia, snakebite, diabetes, sore throat, and malaria 
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( Owuor et al., 2006 ;  Odason et al., 2007 ; Allabi et al., 2011 ). The decoction of stem or stem 

bark is widely used against malaria and liver disorders in African countries and Malaysia ( Sanon 

et al., 2003 ;  Odugbemi et al., 2007 ; Asase et al., 2010 ; Kamatenesi et al., 2011; Adebayo and Krettli, 

2011 ). It also works as a laxative, antidiabetic, purgative, and antiscabies ( Kiepe, 1995 ;  Odason and 

Kolawole, 2007 ). The decoction of seeds is used in treatment of intestinal worms, snake-and scorpion 

bites, and laxative ( Kiepe, 1995 ; Kaur et al., 2006;  Mbatchi et al., 2006 ). The decoction of the whole 

plant is used for the treatment of diabetes, antirheumatic, swellings, purgative, malarial fever, and as 

laxative in parts of India and China ( Hu et al., 2019 ;  Mbatchi et al., 2006 ; Ali, 2009 ;  Lawal et al., 2010 ). 

Senna spinescens is known to Amazonian regions that grows wild on the slopes of the rivers. 

The part used for the treatment of malaria is the fresh stem bark. The remedy can be extracted from 

both juvenile and adult trees, is prepared by decoction, and can be handled by both men and women 

(Schultes and Raffauf, 1990). 

16.3 PHYTOCHEMISTRY, PHARMACOLOGICAL, AND OTHER 
POTENTIAL IMPORTANCE OF GENUS  SENNA 

Many researchers have reported that different parts of the  Senna tora contain different constituents. 

The leaves of the plant contain emodin, tricontain-1-ol, stigmasterol, β-sitosterolβ-D-glucoside, suc-

cinic acid, tartaric acid, uridine, quercetin, isoquercitin (Verma et al., 2021;  Keneda et al, 1969). 

Anthraquinones as chrysophanol, physcion, emodin, rhein, obtusifolin, obtusin, chyrso-obtusin, 

rubrofusarin, aurantio-obtusin, chysophanic acid-9-anthrone have been extracted from leaves and 

seeds (Meena et al., 2010), and alcoholic extraction of seeds also demonstrated the presence of 

anthraquinones derivative like 1-desmethylaurantio-obtusin and 1-desmethylchryso-obtusin ( Zhu 

et al., 2008). The gum which is extracted from the seeds of Cassia tora contains 70% high polysac-

charide with a liner chain of 1, 4-βD-mannopyarnose linked to 1,6-linked β-dgalactopyranose unit. 

Cassia tora leaves were also evaluated to fnd out proximate nutrient content, amino acid composi-

tion, and some special mineral element. The presence of 11.25% of crude protein, 28.00% of crude 

fbre protein, and 17 amino acids has been evaluated from the extract (Kubmarawa et al., 2011). 

Several classes of bioactive metabolites have been extracted from  Senna obtusifolia L., including anthra-

quinones, terpenoids, favonoids, and lipids. The main plant chemicals include anthraquinone, emodin, 

chrysophanol, physcion, obtusifolin, obtusin, aurantio-obtusin, chryso-obtusin, alaternin, questin, aloe-

emodin, gluco-aurantio-obtusin, gluco-obtusifolin, chrysophanol-2-O-tetraglucoside, and chryso-obtusin-

2-glucoside. In addition, components like naphthopyrone glycosides, toralactone-9-β-gentiobioside, 

toralactone gentiobioside, cassiaside, rubrofusarin-6-O-gentiobiosideol, rubrofusarin-6-β-gentiobioside, 

cassiaside C, cassiaside B2, cassiaside C2, xanthones (1, 8-dihydroxy-3-methoxy-6-methylxanthone, 

isogentisin, 1,7-dihydroxy-3-methylxanthone, euxanthone, 1,3,6-trihydroxy-8-methylxanthone), triter-

penoids, and toralactone have been extracted. Recent investigations revealed that the whole  C. obtusifolia 
L. plant (seeds, twigs, leaves, and roots) is rich in free and bound anthraquinones ( Ali et al., 2021 ; Sob 

et al., 2008; Yun-Choi et al., 1990 ;  Kitanaka et al., 1998 ;  Sung et al., 2004 ;  Kim et al., 2007 ; Vadivel 

et al., 2012; Deshpande & Naik, 2016; Jung et al., 2016; Jung et al., 2017 ). 

Preliminary phytochemical screening of Senna siamea showed the presence of chromones and 

its derivatives (chromone alkaloids, chromones glycosides, dihydronaphthalenone compounds, bis-

chromone), polyphenols (anthraquinones, bianthraquinones, anthrone, f avonoids, isof avonoids, 

phenolics, tannins), alkaloids, saponins, steroids, carotenoids, antinutrients (oxalate, phytate), 

reducing sugars, vitamins, minerals, and enzymes (Kamagate et al., 2014). 

After recent investigation on screening of phytochemicals in Senna angustifolia revealed small 

quantities of other anthraquinone glycosides, that is, sennosides C and D (Tyler, 1982), rhein-

anthrone-8-diglucose, rhein-8-glucoside, rhein-8-diglucoside, aloe-emodine-8-glucoside, and aloe-

emodine-anthrone diglucoside have also been found in the leaves and pods (Lemli and Cuveeli, 

1972 ,  1974 ). 
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The following phytochemicals are present in extracts of Cassia fstula (Ruth et al., 2021).  

In leaf extracts, anthraquinones like rhein, chrysophanol, and physcion and butyric and formic 

acids, pectin, tannin, sennosides A and B, oxalic acid, physcion, proanthocyanidin B dimer, 

apigenin-6,8-di-C-glycoside, myricetin hexoside, apigenin-C-hexoside-opentoside pheno-

lic acids (e.g. coumaric acid derivative and 3,4-di-O-caffeoylquinic acid, chrysophanol) were 

found. The fower extracts have alkaloids, rhein, leucopelargonidin tetramer, f stulin, kaemp-

ferol, heptacosanoic acids, hentriacontanoic, triacontanoic, nonacosanoic, and gibberellic 

acid, and bark extracts have oxyanthraquinone and favonol glycosides, dihydroxyanthraqui-

none, leucocyanidin, f stucacidin (3,4,7,8,4β-pentahydroxyfavon), and lupeol. The extraction 

of pods resulted in phytochemicals 1,8-dihydroxy-3-anthraquinolone derivative, rhein, f stulin, 

oxyanthraquinone, tannin, ceryl alcohol, glycosides-sennosides A and B, volatile oil (essen-

tial oils), chrysophanol (Figure 16.1), resinous, and waxy derivatives. The roots have phyto-

chemicals oxyanthraquinone and phlobaphenes, tannins, and rhamnetin-3-O-gentiobioside. 

The seed extracts have phytoconstituents anthraquinone derivatives, carbohydrates, proteins, 

amino acids, resinous and waxy derivatives, volatile oil, stetculic and malvalic acids, (2′S)-7-

hydroxy-2-(2′-hydroxypropyl)-5-methylchromone, 5-hydroxymethylfurfural, Benzyl-2β-O-

D-glucopyranosyl-3,6-dimethoxybenzoate, benzyl-2-hydroxy-3,6-dimethoxybenzoate and 5-

(2-hydroxyphenoxymethyl) furfural. 

The investigation on phytochemical studies on  Senna auriculata resulted in leaf extracts showing 

the presence of 3-o-methy-d glucose, alpha-tocopherol-beta-D-mannosidase, n-hexadecanoic acid, 

resorcinol, octadecenal, and carboxylic acid. The seed extracts were reported to have the presence 

of fatty acid content, such as palmitic, oleic, and linoleic acids. The ethanolic seed extract showed 

the presence of benzoic acid, 2-hydroxyl methyl ester, glycine, n-(trifuroacetyl), 1-methybutul ester, 

cupric acid ethyl ester, resorcinol, water-soluble galactomannan like beta-D-manopyranosyl-1(1–4)-

o-beta-D-manopyronosyl (1–4)-o-beta – D-monopyranose. Root extracts showed the presence of 

anthraquinone glycosides as 1,3-dihydroxy-2-methylanthraquinone, 1,8-dihydroxy-6-methoxy-

2-methylanthraquinone-3-o-rutinoside, 8-dihydroxy-2-methylanthraquinone-3-o-rutinoside, f avone 

glycoside, and two leucoanthocyanins like leucocyanidin-3-o-rhamnopyroside and leucopeoni-

din-3-o-1-rhamanopyroside. ( Meena et al., 2019 ). 

The extracts of Senna alata have bioactive compounds, such as kaempferol, luteolin, and  

aloe emodin isolated from the methanolic extracts, which were assessed against MDR bacteria 

strains. Aloe emodin exhibited strong MIC activities. Anthraquinone and f avonoids compounds, 

chrysoeriol-7-O-(2″-O-beta-D-mannopyranosyl)-beta-Dallopyranoside, 3-O-gentiobioside, quercetin, 

naringenin, and rhamnetin-3-O-(2″-O-beta-D-mannopyranosyl)-beta-D-allopyranoside were iso-

lated from chloroform, ethanol, petroleum ether, methanol, and aqueous leaves extract of S. alata. 

The crude extracts and isolates obtained from purifed fractions of S. alata fower extract (anthra-

quinone glycosides, steroids, tannins, and volatile oils) were assessed on selected bacteria isolates 

(Oladeji et al., 2020). 

16.4 ANTIMALARIAL ACTIVITY AND ANTIPLASMODIAL ACTIVITY

 The S. occidentalis plant extract has a signifcant antimalarial activity. The ethanolic, dichloro-

methane, and lyophilized aqueous extracts of S. occidentalis root bark were evaluated for their 

antimalarial activity in vivo, in four-day suppressive assays against  Plasmodium berghei ANKA 

in mice (Neamsuvan, 2015). No toxic effect or mortality was observed in mice treated, orally, with 

any of the extracts as a single dose, of 500 mg/kg body weight, or as the same dose given twice 

weekly for 4four weeks (to give a total dose of 4 g/kg). At doses of 200 mg/kg, all the ethanolic 

and dichloromethane extracts produced signifcant chemo suppression of parasitaemia of >60% 

for  C. occidentalis root bark when administered orally. The S. occidentalis was active and caused 

60% chemosuppression. It is also observed that the lyophilized aqueous extract was less active than 
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the corresponding ethanolic extract (Neamsuvan, 2015). Ethanol and chloroform extract of the  C. 
occidentalis leaves have been found to have good antimalarial activity. These extracts produce more 

than 60% inhibition of the parasite growth in vitro at a concentration of 6 μg/ml (Ramstad, 1959; 

 Brown, 2011 ). 

As per procedure described by Saidu et al. (2000 ), the experimental research was carried out 

on mice. A donor mouse infected with rodent malaria ( Plasmodium berghei) was anaesthetized 

with chloroform and the abdomen opened. Blood was collected through cardiac puncture with a 

sterile needle and syringe (Zarinject, Nigeria) in such a way that 0.2 ml of the blood contained 

about 1 × 107 infected red cells. Thirty mice were selected, and inoculums of 0.2 ml were given 

to each mouse (i.p.). The mice were then grouped into f ve (n = 6) and treated as follows on day 3 

(D3). Group 1 received normal saline, groups 2–4 received the extract (50–200 mg/kg, i.p.), while 

group 5 received CQ (5 mg/kg, i.p.). The treatment continued daily until D7. Thick and thin blood 

smear frms were collected daily from tail blood, fxed with methanol, stained with 4% Giemsa at 

pH 7.2 for 45 min and examined microscopically (Nikon YS2-H, Japan). The increase/decrease in 

parasitaemia, defned as the number of infected and uninfected RBC, were counted in f ve different 

felds, and mean survival time (within 30 days) was recorded ( Bulus et al., 2003 ). 

Various extracts of leaves, stem bark, and fowers of S. siamea were screened for its antimalarial 

activity (Jun et al., 2012). Most of the activities described were determined in vitro on Plasmodium 
falciparum strains. Specifed and bio-guided fractionation was also based on this antimalarial test. 

Activities were assessed on different strains, among which are chloroquine-sensitive (3D7), chlo-

roquine-resistant (W2, FcM29-Cameroon), and multidrug resistant (K1), in order to f nd effective 

compounds against resistant malaria. In all studies, alkaloids fraction of the leaves exhibited better 

antiplasmodial activity than other extracts (Hussain, 1991). This alkaloid’s fraction, the chloroform 

and ethanol extracts of the leaves, showed activity against 3D7 with IC50 value of 0.24, 2.41, and 

7.06 μg/ml, respectively. Cassiarin A is the alkaloid compound which has more potential activities. 

Its activity is similar to that of chloroquine against 3D7 with IC50 value of 0.005 and 0.006 μg/ 

mL, respectively (Wiwied et al., 2009). Among stem bark extracts, chloroform extract (IC50 21±3 

μg/mL) was the most interesting, with promising antimalarial activity, followed by ethanol extract 

(IC50 31±5 μg/mL) and aqueous extract (IC50 > 100 μg/mL) on FcM2930. Against K1, ethyl acetate 

fraction of this plant part was active with IC50 31±3 μg/mL, and this activity was associated to 

emodin and lupeol, which displayed similar IC50 value of 5 μg/mL. (Ajaiyeoba and Ashidi, 2008; 

Gallo and Sarachine, 2009). 

The studies on  Senna singueana have resulted in acute toxicity, and antiplasmodial activity tests 

on Swiss albino mice indicated that 70% ethanol extract of S. singueana leaves is relatively safe 

to mice and demonstrated antimalarial activity, which may contribute to its traditional use for the 

management of malaria and related symptoms, such as fever (Hiben et al., 2016). 

16.5 CONCLUSION AND FUTURE REMARKS 

This review provides a comprehensive information of the traditional signif cance, phytochemis-

try, pharmacology, and antimalarial properties of the genus  Senna. The studies unveiled several 

phyto-constituents embedded in different species of the genus  Senna and  Cassia with considerable 

therapeutic potentials in ameliorating of various infectious and degenerative diseases in light of 

antimalarial signifcant. The phytochemical reports of the genus were focused on specifc groups of 

compounds which were discussed here. The geographical distribution and adaptability of the spe-

cies to various climates could infuence the embedded secondary metabolites produced by plants. 

The antimicrobial, antidiabetic, antinociceptive, antioxidant, anti-infammatory, antimalarial, and 

antipyretic effects have been studied, but more studies into the pharmacological activities are neces-

sitated specifcally by applying appropriate models (in vivo). More initiatives should be taken up 

towards strategizing mechanisms which could help corroborate the pharmacology and toxicology of 

the species. The potential of genus  Senna to regulate antiplasmodial, antimicrobial, and antimalarial 
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properties has been scientifcally proven in various methods. Hence, isolation and clinical trials 

should be systematically considered, which could lead to the discovery of novel bioresources, thus 

quenching the biotechnological demands of scientists in search of safe therapeutic drugs which 

could regulate malarial diseases as well as current health challenges. 
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17  Antimalarial Response, 
Traditional and Other Potential 
Uses of Solanum Genus 

Shakeelur Rahman and Azamal Husen 

17.1 INTRODUCTION 

Solanum is one of the largest and most taxonomically challenging genera of plants. It is a diverse 

genus of fowering plants which include three food crops of high economic importance: the potato, 

the tomato, and the eggplant. It is the largest genus in the nightshade family Solanaceae, compris-

ing around 1,500–2,000 species. Solanum species show a wide range of growth habits, such as 

annuals and perennials, vines, sub-shrubs, shrubs, and small trees (Knapp et al. 2004). Solanum 
nigrum, which is commonly known as nightshade, is one of the important herbs of the family 

Solanaceae. There are two varieties of S. nigrum, that is, black-coloured fruit and reddish-brown-

coloured fruit. Both varieties have been used traditionally to treat various ailments, such as pain, 

infammation, and fever and malaria (Acharya and Pokhrel 1970). The antioxidant and phyto-

chemicals present in S. nigrum, such as alkaloids, f avonoids, glycosides, and steroidal lactones, 

play an effective role in the treatment of fever, cancer, microbial diseases, dermatitis, hydropho-

bia, and optical problems. The herb is also used as oral contraceptives, sexual hormones, and ste-

roidal medicines (Kiran et al. 2009;  Rajathi et al. 2015). S. nigrum is rich in calcium, phosphorus, 

iron, vitamin A and C, protein, fats, and fbres (Ikeda et al. 2000). Therefore, S. nigrum possesses 

several pharmacological activities, like antitumorigenic and antioxidant (Lee and Lim 2003), 

diuretic, antipyretic, anti-infammatory (Zakaria et al. 2006), hepatoprotective (Raju et al. 2003), 

antibacterial (Rani and Khullar 2004), and antifungal (Eltayeb et al. 1997 ). Several studies have 

been conducted to investigate the nutritive value of the ‘vegetable black nightshades’; these are 

summarized in the table. From this it is evident that these species constitute nutritious vegetables. 

The leaves can provide appreciable amounts of protein and amino acids; minerals, including 

calcium, iron, and phosphorus; vitamins A and C; fat and fbre; as well as appreciable amounts 

of methionine, an amino acid scarce in other vegetables. Moreover, the berries can apparently 

yield high amounts of iron, calcium, and vitamin B and appreciable amounts of vitamin C and 

carotene (Fortuin and Omta 1980). The seeds, too, contain vitamin C and carotene (Watt and 

Breyer 1962). The nutrient values may, however, vary with soil fertility, plantage, and type (i.e. 

variant or species). It was found that the leaf protein content of S. nigrum was dependent on the 

age of the plant. Moreover, the application of nitrogen increases the amount of ascorbic acid and 

protein while decreasing the calcium content in the leaves (Chweya 1997 ). Mathooko and Imungi 

observed that ascorbic acid content decreased with both an increase in the cooking time and in 

the volume of water used for cooking. The species accumulate nitrates and contain oxalates and 

phenolics (Mathooko and Imungi 1994). 

17.2 BOTANICAL DESCRIPTION 

Solanum spp. that comprise the nightshades are erect, multi-branching, herbaceous perennial  

shrubs able to grow up to 13 ft in height. Stems are covered with short, dense hairs that are often 
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armed with thorns. Leaves are alternate and vary in morphology, often ovate to elliptic, with 

an acute tip and rounded to oblique base. Leaf margins are shallowly and irregularly lobed. 

Flowers are borne in corymbs at intervals on the stems. Yellow globose fruit contain many seeds. 

Frugivorous birds eat the fruit and spread the seeds. Solanum spp. are prolifc seed producers 

which may produce seed throughout the year. New plants can emerge from seed or roots. Root 

buds on existing plants are able to generate shoots, producing new plants. Root systems can be 

fairly extensive, reaching as far as 3 to 6 ft into the ground. In case of S. nigrum ( Figure 17.1 ), 

which is most effective in malarial disease, it was observed as sub-glabrous to villous annu-

als up to 70–75 cm high, covered with simple multicellular hairs with glandular or eglandular 

heads. It shows taproots with few branches and numerous small lateral roots, pale brown, easily 

peeled off, exposing pale-yellow wood. It has erected glabrous or pubescent slightly woody green 

unbranched stem. Leaves are ovate, ovate-lanceolate, ovate-rhombic to lanceolate, 2.5–7.0cm 

long, 2.0 to 4.5(6.0) cm broad, margins entire to sinuatedentate. Inforescences is simple, lax, 

and often extended cymes, (3) 5- to 10-fowered; peduncles (8) 14 to 28 mm fruiting when usu-

ally erecto-patent; pedicels much shorter, recurved in fruit. Calyces 1.2–2.5 mm long, slightly  

accrescent, defexed, or adhering to base of mature berry, sepals usually ovate. Corollas stellate, 

white with translucent basal star (4) 5 to 7(9) mm radius, usually 1.5–3 times as long as calyx. 

Anthers are yellow, 1.5 to 2.5(2.8) mm long. Pollen is (26.6) 29.5 to 33.9(35.7) μm diameter. Styles 

are 2.8 to 3.5(4.5) mm long, not exerted beyond anthers. Berries are usually broadly ovoid, dull 

purple to blackish or yellowishgreen, 6–10 mm broad, remaining on plants or falling from calyces 

when ripe. Seeds are 1.7–2.4 mm long, (15) 26 to 60(96) per berry. Sclerotic granules are absent. 

Petiole and midrib of leaf show covering, uniseriate trichomes that are three- to f ve-celled, hav-

ing pointed tips; they show arc-shaped bicollateral vascular bundle arrangement. Lamina of leaf 

shows anisocytic stomata scattered on both upper and lower surfaces but more abundant in lower 

surface. Stomatal index 15–17(on upper epidermis) and 22–33(on lower epidermis). Fruit shows 

thin, papery epicarp, pulpy mesocarp, and exile placentation; seeds at frst remain attached to the 

placenta but afterwards separate from it and lie free in pulp of fruit (Annonymus 1999a; Edmonds 

and Chweya 1997 ). 

17.3 DISTRIBUTION AND CULTIVATION 

Solanum is one of the largest genera of fowering plants with about 1,500 species, which are 

distributed in all continents, except Antarctica (Vorontsova et al. 2013). Major centres of species 

diversity are the Andean and Atlantic forest regions of South America, but a secondary centre 

of diversity occurs in East Africa. Several major crops of global agricultural importance and of 

economic and medicinal value, such as S. tuberosum, S. lycopersicum, and  S. melongena ( Figure 

17.1a, b, and  c), belong to the family Solanaceae. In India, the genus  Solanum is the most specious, 

with 49 species distributed throughout the country. Solanum species grow in various habitats and 

can be annuals and perennials, vines, sub-shrubs, shrubs, and small trees. Most of Solanum spe-

cies are found in wastelands, roadsides, often on arable land, especially the edges of cultivated 

felds and plantations, in hedgerows, on railway cuttings, quaysides, and rubbish tips, in areas 

around buildings and houses, under trees, on forest and grassland margins, as garden weeds, 

on shingle beaches, riverbanks, and gullies (Karschon, and Horowitz 1985). Biophysical limit 

altitude is 3048m at sea level; optimal temperatures for the growth of these plants lie between 20 

and 30°C (Rogers and Ogg 1981). Photoperiod is approximately 16 hr (daylight is usually supple-

mented by artifcial light) (Henderson 1974). A seed moisture content of 35–40% is a necessary 

contributory factor for optimal germination (Wakhloo 1964). Annual rainfall of 500–1200 mm 

and/or frequent watering is required during dry periods in temperate areas (Burgert et al. 1973). 

The plants grow well in light (sandy), medium (loamy), and heavy (clay) fertile soil, especially 

those high in nitrogen or phosphorus and requires well-drained acid-neutral or alkaline soil, pH 

range of 6.0 to 6.5 (Fawusi 1983). 
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FIGURE 17.1  (a) Solanum tuberosum , (b) Solanum lycopersicum, (c)  Solanum melongena, and (d)  Solanum 
nigrum. 
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17.4 PHYTOCHEMICAL CONSTITUENTS 

Phytochemical study on  Solanum species led to the identifcation of steroidal saponins, steroidal 

alkaloids, terpenes, favonoids, lignans, sterols, phenolic compounds, coumarins, amongst other 

compounds. More than 350 Solanum species have yielded more than 100 different forms of glycoal-

kaloids. In case of different species of Solanum, the green unripe fruits contain glycoalkaloids, and 

their eating is toxic to human beings as well as livestock, as they include solamargine, solasonine, 

solanine, α and β-solamagrine, solasodine, solanidine (0.09–0.65%). The former two are also found 

in leaves. Solanine is found in all parts of S. nigrum (Figure 17.1d), with the level increasing as the 

plant matures, though it is apparently modifed by soil type and climate. The total alkaloid content of 

the fruits and leaves are 0.101 and 0.431, respectively (Cooper and Johnson 1984;  Weller and Phipps 

1978). Ripe fruit contains very little alkaloids and can be consumed without ill-effects. The little 

work done on glycoalkaloids, which are said to be responsible for anticancer activity, indicated that 

solasonine and solamargine, from leaves and unripe fruits, are the two most important. All authors 

reported that these compounds are present in the greatest concentrations in green (i.e. unripe) ber-

ries, and that the actual concentration can be very variable and can vary according to the stage of 

plant development, as well as being affected by genetic, seasonal, edaphic, and environmental fac-

tors. Solasonine concentrations are reported highest during fruiting, while solamargine is highest 

during fowering (Aslanov and Novruzov 1978). Also, the phytochemical studies revealed the pres-

ence of steroidal oligoglycosides called nigrumnin-I and nigrumnin-II (Ikeda et al. 1975). Earlier, 

it was reported on the identifcation of three known steroidal glycosides, namely, β-2-solamargine, 

solamagrine, α, β-solansodamine, and degalactotigonin. Spirostanol and furostanol glycosides, 

viz, uttroside A, uttroside B, uttrin A; favonoids, viz, quercetine [3-O-β-glucosyl (1→6)]-O-[β-

rhamnosyl(1→2)-O-β-galactoside], and 3-O-α-rhamnosyl (1→2)-O-β-galactoside; and other glyco-

sides of quercetin are also present in S. nigrum (Annonymus 1999b). Two new pregnane saponins, 

solanigroside-A and solanigroside-B, were isolated from 60% ethanolic extract of the dried herb of 

S. nigrum (He et al. 2007). Chemical constituents of the non-saponins from S. nigrum were studied 

on 60% ethanol extract; separation was performed by HPLC and was identifed by spectral methods 

as (I) 6-methoxyhydroxycoumarine, (II) syringaresinol-4-O-β-Dglucopyranoside, (III) pinoresinol-

4-O-β-D-glucopyranoside, (IV) 3,4-dihydroxybenzoic acid, (V) adenosine, (VI) phydroxybenzoic 

acid, (VII) 3-methoxy-4-hydroxybenzoic acid. II, III, and V were isolated from this genus for the 

frst time (Wang et al. 2007). 

17.5 PHARMACOLOGICAL STUDIES 

Many species belonging to this Solanum genus present a huge range of pharmacological activities, 

such as anticancer, hepatoprotective, antimalarial, anthelmintic, and other activities (Elizalde et al. 

2021 ). Solanum species have been widely used in healthcare systems as a source for various phyto-

chemicals, including steroidal alkaloids. Solanum is distinguished by the presence of the steroidal 

alkaloid solasodine, which is a potential starting material for the manufacture of steroid hormones. 

Because of the wide spectrum of biological activities such as antibacterial, anti-inf ammatory, anti-

oxidant, and anticancer, Solanum alkaloids have been a topic of interest in pharmacological and 

therapeutical investigations. Because of metabolites such glycoalkaloids, some of the  Solanums 

species are poisonous. Several pharmacologically important lead compounds are found in Solanum 
species, including steroidal alkaloids, such as solasodine, solasonine, solamargine, and other 

medicinally important alkaloids; solasodine and its glycosylated derivatives, such as solamargine 

and solanine; and other chemicals with medicinal potential for developing new drugs against vari-

ous human diseases. According to the recent literature, silver nanoparticles (AgNPs) synthesized 

from aqueous extracts of Solanum species have demonstrated adulticidal and insecticidal activity 

against  Ae. aegypti, implying that AgNPs produced from plant extracts have higher levels of toxicity 

than the extracts alone (Rawani et al. 2013). Thus, these herbal-based AgNPs hold great promise 
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as potent larvicides, but their environmental impact requires further investigation for controlling 

target vector mosquitoes. 

Hepatoprotective activity. The ethanol extract of fruits of Solanum nigrum L at a dose of 250mg/ 

kg orally was investigated in male albino rats for its hepatoprotective activity. It has provided sig-

nifcant protection against most of the biochemical alterations produced by carbon tetrachloride 

(CCl4). The activities of serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), 

alkaline phosphatase, and total bilirubin were signifcantly increased with administration of CCL4. 

The degree of protection afforded by ethanol extract, when administered, signif cantly lowered 

the elevated serum enzyme and total bilirubin levels. This suggests the maintenance of structural 

integrity of hepatocytic cell membrane or regeneration of damaged liver cells by the extract, thus 

exhibiting potent hepatoprotective activity. The ethanol extract was also evaluated as a hepatopro-

tective agent by observing the liver for its histopathological changes. Histopathological examination 

of liver section of rat treated with toxicant (CCl4) showed intense centrilobular necrosis and fatty 

changes. The rat treated with extract along with toxicant (CCl4) to the considerable extent as evident 

from the formation of normal hepatic cards and absence of necrosis and vacuoles (Raju et al. 2003). 

Antiulcerogenic and ulcer healing activity. Gastric ulcers have multiple etiopathogenesis. Ulcers 

caused by pyloric ligation (PL) are due to the increased presence of acid and pepsin in the stom-

ach, and damages by indomethacin are due to decreased prostaglandin (PG) synthesis, which is 

essential for mucosa. Stresses are due to both physiological and psychological factors, which are 

crucial for gastrointestinal defence and increased accumulation of acid pepsin, leading to auto-

digestion of gastric mucosa.  Solanum nigrum extract (SNE) showed signif cant dose-dependent 

ulcer-protective effect against cold restraint–induced ulcer (CRU), indomethacin (IND), and pyloric 

ligation (PL) induced gastric ulcer is mainly due to increase omeprazole. In CRU, the incidence of 

ulcer is mainly due to increased acid secretion and the generation of free radical, etc. The protective 

effcacy against CRU may be due to antioxidant activities of SNE and its control on acid secretion, 

thereby strengthening the animal’s physiological capability to decrease stress ulcer. In this way, 

SNE was able to produce signifcant reduction of gastric mucosal damage induced by IND, indi-

cating probable local increase in PG synthesis. Moreover, the activation of vagus-vagal ref ux by 

stimulation of pressure receptors in the antral gastric mucosa in the hypersecretion model of pylo-

rus ligature is believed to increase gastric acid secretion. The data clearly demonstrated that SNE 

dose-dependently decreased the gastric acid and pepsin secretion, which is concordant with earlier 

reports of antisecretory action of aerial parts of Solanum nigrum. Ethanol-treated rats showed sig-

nifcant increase in plasma concentration of gastric hormone gastrin and increase in gastric mucosal 

H+ K+ ATPase and suppression of gastrin release (Mallika and Chennam 2006). 

Neuropharmacological activity. The ethanol extract of the fruit of Solanum nigrum Linn. was 

studied for its neuropharmacological properties on wistar rats. Different neuropharmacological 

tests were performed on experimental animals with ethanolic extract, such as pentobarbital-induced 

sleeping time, motility test, exploratory behaviour pattern (head dip test, Y-maze test, evasive test), 

test for motor incoordination (rotarod test, chimney test, traction test, inclined test), anticonvulsant 

activity, etc. The fruit extract showed dose-dependent activity against various aforementioned tests. 

The extract in particular at the dose of 255mg/kg caused decreased alertness and restlessness. There 

were neither tremors, twitches, convulsions, nor Straub tail response. No effects were noticed on 

alarm, reaction, body posture, limb position, gait, righting refex, muscle tone, pinna, and corneal 

refexes. From such observation, it is possible to conclude that the depressant effect of extract on 

locomotory activity was probably not due to peripheral neuromuscular blockage. The extract was 

well tolerated by mice, and there were no signs of acute (during the 2 hr observation period) or 

delayed (three days after extract administration) toxicity. It appears that the ethanolic extract of 

Solanum nigrum Linn., which can cause central nervous system depression, may be correlated with 

an increased parasympathetic tone (Perez et al. 1998). 

Cytoprotective role (Vero cells). The 50% ethanol extract of the whole plant of S. nigrum 
was tested invitro for its cytoprotection against gentamycin-induced toxicity in Vero cells. The 
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cytotoxicity study was assessed by the trypan blue exclusion assay, mitochondrial dehydrogenase 

activity (MIT) assay, and hydroxyl radical scavenging method. Incubation of Vero cells with the 

different concentration of dried 50% alcoholic extracts of the whole plant of S. nigrum signif cantly 

protected the cells from the effect of gentamycin in dose-dependent manner. The observed cytopro-

tection may be due to increase in activity of free radical scavenging enzyme or counteraction of the 

free radicals (Kumar et al. 2001). 

Ethno-medical activity. The leaves extract of S. nigrum was found to be used in oral health care. 

Several feld visits were made in Dharwad district of Karnataka to different parts of study area, and 

in the survey, 245 herbal healers were contacted during different seasons of the year. Information 

was collected about  S. nigrum used in oral health care, the method of medicinal preparation, and its 

administration. The ethno-medicine survey showed that  S. nigrum has its application in toothache. 

Leaves were ground and juice was extracted by fltering through cotton cloth, and it was found to be 

used as ear drop for relief from toothache (Hebbar et al. 2004). 

Antitumour activity. The effect of crude polysaccharide isolated from S. nigrum Linn. (SNL-P) 

was examined on tumour growth. SNL-P had a signifcant growth inhibition effect on cervical can-

cer (U14) of tumour-bearing mice. Further, the analysis of tumour inhibition mechanism indicated 

that the number of apoptotic tumour cells increased signif cantly, the expression of Bax increased, 

and the expression of Bcl-2 and mutant P-53 decreased dramatically in cervical cancer section after 

oral administration of SNL-P for 12 days. Moreover, SNL-P treatment decreased the level of blood 

serum TNF-alpha. These results indicated that the tumour growth inhibition of SNL-P administra-

tion might correlate with the reduction if TNF-alpha level of blood serum, which resulted in massive 

necrosis in tumour tissue and upregulation of Bax and downregulation of Bcl-2 and mutant-53 gene 

expression, which triggered apoptosis in tumour cells. These fndings demonstrated that SNL-P 

is a potential antitumour agent (Li et al. 2007). Also, in another experiment, the results showed 

that the total alkaloid isolated from S. nigrum interferes with the structure and function of tumour 

cell membrane. Disturbing the synthesis of DNA and RNA changed the cell cycle distribution so 

that total alkaloid could play in inhibition of tumour cells, while the glycoprotein isolated from S. 
nigrum might have shown anticancer abilities by blocking the antiapoptotic pathway of NF-kappaB, 

activating caspase cascades reaction and increasing the production of nitric oxide (An et al. 2006). 

Antioxidant effect. Glycoprotein from S. nigrum (SNLGlycoprotein) was isolated and tested for 

antioxidative effects on oxygen free radicals using a 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay. 

The free radical scavenging activities of the SNL-glycoprotein are optimal in acidic pH and up 

to 600 C. However, it has minimal activities in the presence of EDTA, although such activities 

are not dependent on M2+ ions (Ca2+ and Mg2+) in the presence of EDTA. Interestingly, when 

SNL-glycoprotein was treated with deactivating agents (Pronase E and NaIO4), the DPPH radi-

cal scavenging activity was decreased as compared with SNL-glycoprotein treatment alone. The 

antioxidative effect of SNL-glycoprotein on superoxide anion and hydroxyl radical under optimal 

conditions revealed that SNL-glycoprotein has remarkable scavenging effect on both radicals but 

exhibited slightly higher scavenging effect on superoxide anion generated by the enzymatic hypo-

xanthine/xanthine oxidase system than on hydroxyl radicals generated by the Fenton reaction. 

However, SNL-glycoprotein was more effective against hydroxyl radical in cell culture (NIH/3T3). 

Consequently, 20 mcg/mL SNL-glycoprotein has scavenging ability superoxide anion correspond-

ing to that of ascorbic acid. On the other hand, its hydroxyl scavenging activity corresponds to 

0.1mcg/mL catalase. From these results we can say that SNL-glycoprotein has potent anti-oxidative 

potential (Heo and Lim 2004). 

Molluscicidal and larvicidal activities. The ethanolic extract preparation of S. nigrum Linn. 

leaves was made by soaking powder overnight in cold 70% ethanol, evaluated for molluscicidal and 

larvicidal effect. The extract showed the highest molluscicidal activity (LC-50 3.37mg/L within 24 

hour) as well as larvicidal activity against larvae of two mosquito species, Aedes caspius and  Culex 
pipiens (LC-50 51.29 and 125.89mg/L within 24 hr and 21.38 and 38.11mg/L within 48 hr, respec-

tively). Sunlight, pH, and turbidity did not affect the activity of this extract, but molluscicidal activity 
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seems to be correlated with the increase of temperature. The concentrated extract (1,000mg/L) can 

be stored at room temperature for six months without any change in its activity, but the diluted solu-

tion of this extract lost their activity after four weeks (Ahmed et al. 2001). 

Antinociceptive, anti-infammatory, and antipyretic effects. The chloroform extract was pre-

pared by soaking (1:20; w/v) the air-dried powdered leaves (20 g) in chloroform for 72 hr, fol-

lowed by evaporation (40°C) under reduced pressure to dryness (1.26 g), and then dissolved (1:50; 

w/v) in dimethylsulfoxide (DMSO). The supernatant, considered as the stock solution with dose 

of 200 mg/kg, was diluted using DMSO to 20 and 100 mg/kg, and all doses were administered 

(subcutaneous; 10 ml/kg) in mice/rats 30 min prior to tests. The extract exhibited signif cant anti-

nociceptive activity when assessed using abdominal constriction, hot plate, and formalin tests. The 

extract also produced signif cant anti-infammatory and antipyretic activities when assessed using 

the carrageenan-induced paw oedema and brewer’s yeast–induced pyrexia tests. Overall, the activi-

ties occurred in a dose-independent manner. They demonstrated that the lipid-soluble extract of S. 
nigrum leaves possessed antinociceptive, anti-infammatory, and antipyretic properties and con-

frmed the traditional claims ( Zakaria et al. 2006). 

17.6 ANTIMALARIAL RESPONSE 

Solanum spp. contains a diversity of phytochemicals that can be culled for their insecticidal proper-

ties, particularly mosquito larvicide, adulticide, and repellent. Although crude extracts have higher 

insecticidal potency than pure components, probably due to synergy among their bioactive constitu-

ents, optimal utilization of crude extracts is limited by an inability to control their contents, which 

can vary depending on plant species, cultivation conditions, the season of harvest, and extraction 

methods and solvents used. Thus, an understanding of the mechanism of insecticidal activity of the 

major bioactive compounds can lead to consistent and optimal formulation and adjustment to match 

the target insect pests of interest. In addition to the claimed traditional use, the 80% hydrometha-

nolic fruit extract of the plant has promising antimalarial activity, in vitro (IC50 =10.29 μg/ml) and 

in vivo, with a percentage parasitaemia inhibition of 60.68% (P < 0.05). Additionally, in the in vitro 
test, the 50% cytotoxic concentration (CC50) of the fruit extract of the plant was 66.3 ug/ml on the 

Raji cell line (B lymphocyte cell line), showing that the plant is potentially toxic at much higher 

doses (Haddad et al. 2017). 

A huge number of phytochemicals show effective antimalarial activity belonging to the class of 

alkaloids, terpenes, favonoids, sesquiterpenes, and other related compounds. Therefore, the dem-

onstrated antimalarial activity of S. nigrum might be attributed to the phytochemicals present in 

the extract, which may work individually and/or synergistically with plenty of possible parasite-

suppressive mechanisms. Furthermore, the antimalarial activities of the plant may not be only by 

directly attacking the infecting  Plasmodium parasite but also by indirectly enhancing the defence 

mechanisms of the host. Overall, considering all the aforementioned points, the extract of S. nigrum 
is reasonably a potential antimalarial agent, justifying the claimed use of the plant for malaria 

control and also the in vitro report. Eugenol and (E)-6-hydroxy-4,6-dimethyl-3-heptene-2-one in 

S. nigrum crude extract were proposed as the main compounds responsible for mosquito-larvicidal 

activity (Kumar et al. 2018). Glucosisaustrin, a glucosinolate group of bioactive compounds from S. 
nigrum, was responsible for larval mortality. Glucosinolate is a plant-derived secondary metabolite 

and hydrophilic, having potent mosquito-larvicidal properties against  Cx. Quinquefasciatus, and 

found to be safe for the environment (Silva et al. 2008). 

17.7 TRADITIONAL AND OTHER POTENTIAL USES 

Solanum genus has several species found in tropical and subtropical areas and is used in folk 

medicine and dietary supplements. Among them,  S. nigrum has been considered ethnobotanically 

important due to its use in the traditional healthcare system to cure various ailments. The leaves and 
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bitter berries with pungent smell have been traditionally used against severe ulcers, heart diseases, 

piles, dysentery, gastritis, and stomach ache ( Jain et al. 2011). The leaves of S. nigrum are tradition-

ally used to cure ringworm, stomach ulcer, rabies, and as a tonic for the liver (Muthu et al. 2006). 

Fruits are used to stop bedwetting of kids. It is also given to treat blindness, optical bacterial infec-

tion, and cataract (Moshi et al. 2009). The root of the herb is effective to increase feminine fertility, 

cough problems, and other respiratory infections (Sikdar and Dutta 2008). Whole plant parts are 

used as a remedy for dermal infections, snakebite, burns, and injury (Javed et al. 2019). The ethnic 

community of Rhodesia used the plant as one of their remedies for malaria, black water fever, and 

dysenteries (Kirtikar and Basu 1975). In Tanzania, boiled leaves are eaten as a vegetable, green 

fruits edible, roots eaten raw for stomach ache (Edmonds and Chweya 1978). The leaves of the herb 

are used to treat burns and peptic ulcers in Arabian countries (Latis 2002). The herb is very popular 

in India and used in several diseases. The young roots are given in chronic skin diseases and are 

used with great success in psoriasis. It is given internally for cardialgia and gripe and also a house-

hold treatment for anthrax pustules when it is applied locally. Berries apparently possess tonic, 

diuretic, and cathartic properties and are also useful in heart diseases and as a domestic treatment 

for fevers, diarrhoea, ulcers, and eye troubles (Kirtikar and Basu 1975;  Edmonds and Chweya 1997 ). 

People of Mexico use the fruit of S. nigrum in traditional medicine as a remedy for the treatment of 

nervous condition (Perez et al. 1998); used an infusion made from boiled roots of this ‘species’ to 

administer to babies with worms, and crushed green leaves mixed with a grease to make poultices 

for sores; and used as weak infusion to cure insomnia (Vogel 1990). The indigenous community of 

Kenya applies the unripe fruits to aching teeth and squeezed onto babies’ gums to ease pain during 

teething; roots are boiled in milk and given to children as a tonic (Edmonds and Chweya 1997 ). 

Traditionally, the Chinese people apply the juices of leaves to alleviate the pain, inf ammation of 

the kidney, bladder, and in virulent gonorrhoea. The leaves are used as a febrifugal or detoxicant 

drug (Schilling et al. 1992) 

17.8 SAFETY ISSUES 

Most species associated with Solanum genus are reputedly poisonous to both humans and live-

stock. The widely reported toxicity of  S. nigrum has been attributed to the alkaloid solanine,  

causing varying degrees of poisoning in humans, cattle, pigs, goats, ducks, and chickens, with 

death resulting in some cases. The effects of solanine poisoning in humans are reported to be 

nausea, vomiting, diarrhoea, colic, headache, dizziness, loss of speech, fever, sweating and tachy-

cardia, reduced heartbeat, pupil dilation, blindness, mental confusion, convulsions, coma, and 

death. Such effects normally appear around eight hours after ingestion (Aslanov and Novruzov 

1978). These plants also contain high levels of nitrate nitrogen (NO 3 -N) and are included in the 

group of plants which can cause N03-N toxicity in livestock. Acute nitrate toxicity can lead to 

death, with chronic toxicity resulting in a decrease in milk yield, abortion, impaired vitamin A 

and iodine nutrition, muscle tremors, staggering gait, rapid pulse, frequent urination, laboured 

breathing, followed by collapse and coma, with or without convulsions (Watt and Breyer 1962). 

Indeed, a chemical survey of various members of the section  S. nigrum reported the presence of 

potentially toxic alkaloids only in unripe fruits, with ripe berries. Therefore, it is concluded that 

the plant is probably only poisonous to indiscriminate feeders such as livestock who might con-

sume the whole plant (Grieve 1931). 

17.9 CONCLUSION 

Solanum genus–based botanical phytochemicals should not be dismissed as a potential future alter-

native to synthetic insecticides. The species of Solanaceae should be mined for their inexpensive, 

eco-friendly, safe, and effective alternatives to current chemical larvicides to control malaria and 

other insecticidal diseases. The present review suggests that  Solanum genus–based phytochemical 
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research should be continued as a potential future alternative to synthetic antimalarial and other 

insecticidal drugs. The plant-based drug should be less-expensive, environment-friendly, safe, and 

effective alternatives to the present chemical-based antimalarial medicines. Overall, this chapter 

attempts to compile recent and updated information on various aspects of Solanum genus, as the 

plants of the genus are used all over the world. Most of the species of the genus consist of dried 

whole plant shrub that grows wild and abundantly in open felds. The extensive survey of literature 

revealed that some of the plant species of genus  Solanum are traditionally popular to use in malarial 

and insecticidal ailments.  S. nigrum is one of the effective antimalarial plant species belonging to 

Solanum, commonly known as Makoya or kakamachi. S. nigrum is important medicinal plant with 

diverse pharmacological spectrum. The plant shows the presence of many chemical constituents, 

which are responsible for the various activities of the plant.  S. nigrum has shown a tremendous 

potential that deserves special attention of the scientifc fraternity to emerge as a milestone for 

medical science of this millennium due to its various medicinal uses. Further evaluation needs to be 

carried out on  S. nigrum in order to explore the concealed areas and their practical clinical applica-

tions, which can be used for the welfare of mankind. 
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18  Antimalarial Response, 
Traditional and Other Potential 
Uses of Stachytarpheta Genera 

Shuvadip Mondal, Manjula Rai, Tuyelee 
Das, Abhijit Dey, and Surjit Sen 

18.1 INTRODUCTION 

In today’s world, malaria remains a leading concern of mortality and morbidity in many populous 

countries, especially from tropical and subtropical regions, having a persistent detrimental effect on 

healthcare operations ( Laryea and Borquaye, 2021 ). In 2018, the World Health Organization stated 

that it remains endemic in 80 countries and adjoining regions ( WHO, 2019 ;  Laryea and Borquaye, 

2021 ). The artemisinin-based combination therapy has long been used to curb this life-threatening 

disease in children and adults, but a disadvantage has appeared, that there is a development of drug 

resistance by the malaria parasite Plasmodium spp. ( Eastman and Fidock, 2009 ;  Dondorp et al., 

2010 ;  Laryea and Borquaye, 2021 ). These challenges put forth the concept to develop new potent 

plant-derived drug to control malaria. 

In Africa and parts of Asia and America, traditional herbal preparations proved to be use-

ful therapeutics against malaria and malaria-like symptoms ( Laryea and Borquaye, 2021 ). 

One of such plants that have been used traditionally in various ailments, including malaria, 

is Stachytarpheta spp., belonging to the family Verbenaceae. The ethanolic extracts from the 

leaves of  Stachytarpheta angustifolia are reported to act against plasmodial infections ( Laryea 

and Borquaye, 2021 ). South-Eastern Nigerian people hold the traditional belief of repelling 

mosquitoes, the vector of malaria parasite, by using the leaf of  Stachytarpheta cayennensis 
on the burning lantern ( Ezenyi et al., 2016 ;  Okonkwo and Onyeji, 2018 ). Investigation shows 

that 0.5 g of essential oil from S. cayennensis can pose 100% mortality to Anopheles gambiae 
( Okonkwo and Onyeji, 2018 ). Some studies also show the ability of this plant to act as antiplas-

modic, anti-infammatory, antimicrobial, antidiabetic, and antiulcer, antiallergic, bronchodila-

tory, digestion-stimulating, antacid, antidiarrhoea, anticonvulsant, and sedative agent ( DeSouza 

et al., 2010 ;  Okoye et al., 2014 ;  Ezenyi et al., 2016 ). The isolated phytochemicals from  S. cay-
ennensis that raised it to provide pharmacological activities against malaria and other diseases 

are ipolamiide, verbascoside, betulinic acid, martinoside, hydroxyipolamide, isoverbascoside, 

leucosceptoside A, and Jionoside D ( Froelich et al., 2008 ;  Ezenyi et al., 2016 ). Further, it has 

been ascertained that the immunomodulatory potentiality of methanolic extracts from the leaves 

of this plant is as a standard antimalarial agent by providing cellular and humoral immune 

response ( Okoye et al., 2014 ). Various phytochemical literatures have shown the effectiveness 

of the whole plant or leaves of the genus  Stachytarpheta in various diseases, like ulcers, skin 

lesions, internal infammations, asthma, fever, renal abnormalities, atherosclerosis, and vene-

real infections ( Iroka et al., 2015 ; Yadav et al., 2021 ). The present book chapter provides con-

cise information on antimalarial activity, phytochemistry, and other potential ethnomedicinal 

properties of Stachytarpheta spp. 
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18.2 BOTANICAL DESCRIPTION 

The genus  Stachytarpheta Vahl. belongs to the family Verbenaceae and is popularly known as 

‘porter weed’, ‘gervao’, or ‘orgevao’ (Yadav et al., 2021). The genus name is composed of two 

Greek words, ‘stachy’ and ‘tarpheta’, meaning ‘spike’ and ‘thick’, respectively (Yadav et al., 2021). 

Stachytarpheta is frstly placed under the tribe Verbeneae, subtribe Verbeneae, along with Verbena, 

Bouchea, and  Lippia, but not  Lantana, but later it is placed under the tribe Lantaneae (Schauer, 

1847 ;  Briquet, 1895 ;  Atkins, 2005 ). 

The stem of the plant is slightly angled and grows on erect, half-woody main branch (Yadav et 

al., 2021). Sometimes, the stem has hairs on opposite faces, where hairs can be simple or uniseriate, 

occasionally gland-tipped, and may be erect with multidirectional point (Atkins, 2005;  Yadav et al., 

2021). Leaves are elliptical or oblong to ovate in shape, with serrated margins, decurrent base, and 

2 to 10 cm long (Yadav et al., 2021). Inforescence is spike, and it is terminal in nature, slender in 

shape, and 10–30 cm long, 3–4 mm thick (Yadav et al., 2021). Flower calyx is small, oblique, with 

four-toothed margin, whereas corolla is dark blue to bluish purple in colour and 1 cm long (Yadav et 

al., 2021). Fruit remains in the enclosed calyx and somehow sinks in the smooth and oblong rachis 

(Olayiwola et al., 2013;  Yadav et al., 2021). Further, morphological comparison between few phar-

macologically important species of Stachytarpheta is presented in Table 18.1. 

18.3 GEOGRAPHICAL DISTRIBUTION 

It is estimated that the total number of species of Stachytarpheta is around 133 and a worldwide 

distribution (Atkins, 2005). It is a monophyletic genus distributed in countries of tropical and 

subtropical regions, like the Americas, Asia, Africa, and Oceania (Atkins, 2005;  Yadav et al., 

2021). The abundance of species distribution of this genus is mostly from American countries 

(Table 18.2). Therefore, a defnite prediction about the origin of Stachytarpheta is exclusively 

from the New World, except  S. indica having an origin from the Old World (Atkins, 2005). 

The most richness of species diversity is found in the tropical and subtropical countries of 

Americas, for example, Mexico and Brazil (Atkins, 2005). 

TABLE 18.1 
Morphological Comparison between Few Pharmacologically Important Species of 
Stachytarpheta 
Species Name Plant Height (m) Leaf Nature 

  S. jamaicensis  0.6–1.2 

  S. cayennensis  1.5 

  S. indica  0.6–0.9 

  S. mutabilis  0.1–0.2 

Ovate to elliptic and 

oblong in shape 

Ovate to elliptical in shape 

 Lanceolate to oblong 

lanceolate or elliptic 

ovate in shape 

Elliptic-oblong, 

lance-shaped structure 

Flower Nature 

5–7 mm long, mix of 

bluish and pinkish 

purple to deep blue in 

colour 

4–5 mm long, dark 

blue–purple or 

violet-white in the centre 

13 mm wide, deep blue, 

with white-coloured 

centre 

13–18 mm long, with 

bright rose or red-pink 

in colour 

Key Reference 

  Thangiah, 2019 ;  Yadav 

et al., 2021 

Froelich et al., 2008 ; 

Okoronkwo and Echeme, 

2015 ; Yadav et al., 2021 

Joshi et al., 2010 ;  Musa 

et al., 2019 ; Yadav et al., 

2021 

  Osorio et al., 2014 ;  Yadav 

et al., 2021 

  S. urticifolia  0.5–1.5 Ovate to elliptic ovate in Purple-blue or royal blue,   Daniel and Rajendran, 

shape with a striking white 1992 ; Yadav et al., 2021 

throat 
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TABLE 18.2 
Numbers of Species Diversity and Numbers of Endemics of Stachytarpheta in South 
American Countries 

Total Number of Number of Species 
Country Name Species as Endemics Key Reference 

 Mexico 22 14   Moldenke, 1971 ;  Atkins, 2005  

 Central America 24 1   Atkins, 2005  

Colombia 10 0 

 Venezuela 7 1 

 The Guianas 8 1 

Ecuador 5 2 

Peru 7 4 

 Bolivia 4 0 

 Paraguay 7 2 

 Argentina 5 2 

Brazil 79 73   Zappi et al., 2003 ;  Atkins, 2005  

18.4 PHYTOCHEMISTRY 

The genus  Stachytarpheta is rich in a variety of secondary metabolites commonly known as bio-

active compounds or phytochemicals. Eventually, these bioactive compounds are responsible in 

exhibiting therapeutic activities. Preliminary phytochemical screening of Stachytarpheta exhibits 

the presence of several major groups of compounds, including alkaloids, favonoids, tannins, sapo-

nins, glycosides, steroids, and phenols (Table 18.3, Figure 18.1). The bioactive components from the 

aqueous leaf extract of S. jamaicensis include a variety of iridoid glycosides and phenylethanoid 

glycoside (Udodeme et al., 2016). Studies also showed some important secondary metabolites in 

the leaves of S. jamaicensis, which include terpene glycoside and steroidal glycosides (Melita and 

Castro, 1996; Okwu and Ohenhen, 2009, 2010;  Yuliana et al., 2019). The active phytoconstituents 

found in the entire plant of S. indica are different types of steroidal glycosides, phenolic acids, and 

phenylethanoid glycoside (Roengsumran et al., 2002;  Princely et al., 2013;  Yuvaraj et al., 2019). S. 
cayennensis is rich in iridoids glycosides, mainly ipolamiide; phenylpropanoid glycosides, such 

as jinoside-D, martynoside, acetoside, iso-acetoside, and leucosceptoside-A; and phenylpropanoid 

glycosides, such as verbascoside and isoverbascoside (Leitao et al., 2005;  Froelich et al., 2008; 

Okoronkwo and Echeme, 2015). S. mutabilis showed the presence of iridoid glycoside, mainly ipol-

amiide and 6 β-hydroxy ipolamiide (Osorio et al., 2014). Phytochemical analysis of various extracts 

of root, stem, leaf, and inforescence of S. urticifolia showed the presence of saponins, f avonoids, 

terpenoids, steroids, glycosides, quinines, alkaloids, tannins, and phenols. The methanolic extract 

of the leaves is rich in iridoid glycoside, whereas the n-hexane root extract showed the presence of 

steroidal glycosides-α-spinasterol (Chowdhury et al., 2003;  Sreelatha et al., 2013). 

18.5 ANTIMALARIAL ACTIVITY 

Malaria continues to be a signifcant global health concern, complicated by the emergence of 

drug resistance. Stachytarpheta cayennensis, a Nigerian fever remedy, was tested for antiplas-

modial activity. Methanol extract and solvent fractions were produced and analyzed. Glycosides, 

favonoids, and phenolic substances were found in the methanol extract, which was nontoxic. 

The extract and fractions reduced parasitaemia in early, repository, and established infesta-

tions. The methanol extract reduced haematotoxicity and DPPH radicals.  S. cayennensis has 

substantial antiplasmodial activity, presumably due to its antioxidant characteristics (Ezenyi 
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TABLE 18.3 
Phytochemical Constituents of Pharmacologically Active Few Species of Stachytarpheta 
Stachytarpheta 
spp .  Plant Part 

S. jamaicensis Leaves, whole 

plant 

  S. indica   Leaves, whole 

plant 

  S. cayennensis   Leaves and 

roots 

  S. mutabilis   Whole plant 

  S. urticifolia   Root, stem, 

leaf, and 

inf orescence 

Bioactive Compounds 

 Iridoid glycosides 

 Phenylethanoid 

glycoside 

 Flavonoid 

 Terpene glycosides 

 Steroidal glycosides 

Sterols 

 Iridoid glycosides 

 Phenolic acid 

Terpene glycosides 

 Phenylethanoid 

glycoside 

 Iridoid glycosides 

 Phenylpropanoid 

glycoside 

 Phenylethanoid 

glycoside 

 Iridoid glycosides 

 Terpene glycosides 

 Iridoid glycosides 

 Terpene glycosides 

 Steroidal glycosides 

Subtype 

Ipolamiide 

 Verbascoside 

 Scutellarin, Hispidulin 

 Lanostane triterpenoids, 

lanostane phenylacetate 

16-β-(β-D-glucopyranosyl-

3,8,22-trihydroxy)-cholestan-

1-β-yl-6-O-(3,4,5-

trimethoxybenzoyl)-β-D-

glucopyranoside-1; 

16-β-(β-D-glucopyranosyl-2)-

3,8,22-tri-hydroxy 

cholest-5,14,16,23-tetraene-1-

β-yl-6-O-(3,4,5-

trimethoxybenzoyl)-β-D-

glucopyranoside-2 

β- sitosterol, stigmasterol 

Ipolamiide 

 Flavone apigenin 

Ursolic acid, lupeol 

 Verbascoside 

Ipolamiide 

 Acetoside, iso-acetoside, 

jinoside-D, martynoside, 

leucosceptoside-A 

 Verbascoside, isoverbascoside 

Ipolamiide, 6 β-hydroxy 

ipolamide 

Saponins 

Ipolamiide 

Saponins 

α-spinasterol 

Key Reference 

  Melita and Castro, 

1996;  Okwu and 

Ohenhen, 2010 ; 

Udodeme et al., 

2016;  Yuliana et al., 

2019 

  Roengsumran et al., 

2002 ;  Princely et al., 

2013;  Yuvaraj et al., 

2019 

  Leitao et al., 2005 ; 

Froelich et al., 2008 ; 

 Okoronkwo and 

Echeme, 2015 

Osorio et al., 2014 

  Chowdhury et al., 

2003 ;  Sreelatha et al., 

2013 

et al., 2016). In certain Latin American nations, the boiled juice of S. cayennensis whole plant 

material is utilized ethnomedicinally to cure malaria symptoms. Five phenylethanoid glycosides 

were found in ethyl acetate. Leucosceptoside A, martynoside, and jionoside D were discovered 

in Stachytarpheta. S. cayennensis ethanol leaf extract was tested for  in vivo antiplasmodial eff -

cacy in Plasmodium berghei–infected mice. In early and established infections, the extract was 

blood schizonticidal. Leaf extract showed antimalarial activity. The active chemicals must be 

identifed and tested in people (Okokon et al., 2008). Laryea et al., 2021 studied the antiplasmo-

dial activity of Stachytarpheta angustifolia, which has traditionally been used to treat malaria 

in Ghana. Plant ethanol extracts were tested in vitro against  Plasmodium falciparum. However, 

S. angustifolia exhibited no action (IC50 > 50 g/mL). 
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FIGURE 18.1 Structure of some important bioactive compounds of Stachytarpheta. 
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18.6 TRADITIONAL USES OF  STACHYTARPHETA 

Stachytarpheta is an important medicinal plant with great medicinal properties in traditional and 

folk medicinal systems. This plant has been used traditionally by the elderly for decades. Various 

parts of the plants are used in Indian traditional and folk medicine. It is used as antimicrobial, 

antispasmodic, antidiabetic, analgesic, anti-infammatory, antipyretic, antifungal, anticancer, hep-

atoprotective, anxiolytic, haemolytic, laxative, larvicidal, anthelmintic, etc. This plant has been 

reported to possess medicinal properties due to the presence of many bioactive phytochemicals. 

S. jamaicensis is considered as an important medicinal plant in South-Eastern Asia and West 

Tropical Africa and used as antiallergic, antacid, analgesic, anti-infammatory, antiasthmatic, hypo-

tensive, antihelminthic, diuretic, laxative, lactagogue, purgative, sedative, spasmogenic, vasodila-

tor, vulnerary, and also as a cure for cough, cold, fever, and digestive complications (Idu et al., 

2007; Jagadish and Gopalkrishna, 2008;  Sulaiman et al., 2009;  Joshi et al., 2010;  Putera and Anis 

Shazura, 2010;  Valdés et al., 2010;  Sivaranjani et al., 2014). The plant is often used by the old as a 

stomach tonic and cooling agent. Leaf and stem extracts are often processed as teabags before use. 

Drinking this cooling tonic can help cure digestion problems, including indigestion, acid ref ux, 

ulcers, constipation, dyspepsia, and poor digestion, by stimulating the function of the gastrointes-

tinal tract (Idu et al., 2007). In Southern Nigeria, S. jamaicensis is practiced by women for birth 

control, abortion, to treat menstrual disorders, and female complaints (Melita and Castro, 1996;  Idu 

et al., 2007;  Liew and Yong, 2016). To restore the uterus, return to its original position after child-

birth, the leaves of S. jamaicensis are cooked in water and provided to the mothers as a tea. It is also 

known to control hormones and enhance milk production in lactating mothers (Okwu and Ohenhen, 

2010). It has been reported that its infusion has been used as a remedy for headache and to cure sore 

in children’s ears (Liew and Yong, 2016). 

S. cayennensis is used in traditional medicine to treat gastrointestinal diseases, manage mental 

illness, and as an anti-infammatory, analgesic, antipyretic, hepatoprotective substance (Vela et al., 

1997). The leaves are utilized in traditional medicine in Nigeria and other regions to treat anxiety 

and sleeplessness. In Brazil and other countries, crushed leaves and roots are used as folk medicine 

to cure infammation, varicose ulcers, fever, skin blemishes, hepatic and renal problems, hyperten-

sion, and diabetes (Olayiwola et al., 2013). It is also reported that the plant is used ethnomedicinally 

as anti-allergic, bronchodilatory, digestion-stimulating, antacid and antidiarrhoea (Mesia-vela, 

2004), pain-relieving, antispasmodic and anti-infammatory (Lee, 2004;  Penido, 2006), cellular-

protective, antioxidant antimicrobial, and sedative agents (Lee, 2004;  Park, 2004; Okoye et al., 

2008; Okoye et al., 2010). 

S. indica has been used as a folk remedy to treat allergies, respiratory conditions, cough, cold, 

fever, constipation, digestive problems, dysentery, and has even been reported to encourage men-

struation (Yuvaraj et al., 2019). It is widely used in the Indian traditional system of medicine to  

treat diabetes and liver complaints. Traditional medicine considers stem bark as an analgesic, anti-

inf ammatory, and antipyretic agent. Folklore suggests that  S. urticifolia can treat fever, rheumatic 

infammations, venereal infections, dropsy, ulcers, and other stomach issues (Chowdhury et al., 

2004). It is recommended to infuse the bark while treating diarrhoea and dysentery. In Bangladesh, 

the ethnic people utilize it as an abortifacient. The leaves of S. mutabilis are mashed with lime and 

then applied to sores and infamed wounds. The plant is mostly grown in Amravati, India, and is 

benefcial for treating cancers in addition to being decorative (Ingole, 2011). 

18.7 CONCLUSION 

The whole plant and leaves of most species of Stachytarpheta have long been used in traditional 

medicine for the treatment of a number of ailments and have shown the potentiality to act against 

different diseases. Most promisingly, it includes various types of natural bioactive compounds 

which make a clear portfolio of this plant to make future drugs for malaria. As malaria is a life-

threatening disease and still occurring in underdeveloped and populous countries of Asia, Africa, 
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and South America, there is an urgent need to fnd immediate ways to eradicate this disease. 

Henceforth, our work will provide an innovative approach to researchers and investigators to 

make safe and active natural drug from this plant to curb malaria and other ailments. Moreover, 

collaborative efforts of ethnobotanists and pharmacologists could be a useful strategy for assess-

ing and validating the use of Stachytarpheta species with advanced and innovative scientif c 

techniques. 
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19  Antimalarial Response, 
Traditional and Other Potential 
Uses of Tabebuia Genera 

Esmail Khosropour, Leila Hakimi, Ahmad 
Mirjalili, and Ayda Alavian 

19.1 HERBAL MEDICINE 

The study of pharmacognosy and the application of medicinal plants, which form the basis of con-

ventional medicine, is known as herbal medicine. As a result of global pharmacology research, 

several herbal medications have been transformed into contemporary treatments, such as the arte-

misinin antimalarial drug class, which was isolated from the herb  Artemisia annua, which was used 

to cure fever in traditional Chinese medicine (Luo et al., 2019; Khan and Ahmad, 2019). Herbal 

remedies provide benefts over modern medications, such as fewer side effects, cost-effectiveness, 

and affordability, which promote the development of herbal drug candidates. Plants have long been 

used for healing purposes ( Husen, 2020 ,  2021 ,  2022a ,  2022  b ,  2023 ;  Rahman and Husen, 2021 , 

2022, 2023a, 2023b). Different kinds of metabolites are produced by plants. Plants produce phenolic 

compounds and alkaloids as secondary metabolites, and these substances can be used therapeuti-

cally to fght pathogens and other pathogen-related issues. Natural substances can also be helpful in 

determining the receptors’ functional pathways (Chaudhari et al., 2019). For instance, acetylcholine 

receptors were divided into two groups based on how well they responded to the stimuli muscarine 

and nicotine, which were isolated from the fungi  Amanita muscaria and Nicotiana tabacum L., 

respectively. Morphine was initially isolated from opium in 1803, and this marked the beginning 

of the isolation of substances having pharmacological properties from various portions of plants 

(Wicks et al., 2021). Digoxin and quinine were later produced using the genus digitalis and cin-

chona, respectively. What plant should we start with? Although it seems irrational, it is occasionally 

required to screen a big herbarium for a specif c effect without any prior knowledge. Investigating 

some plant species that have previously shown promise as potential sources of important medi-

cines is another strategy. Traditional remedies are also the greatest place to start your research; for 

instance, Egyptian traditional medical texts recommend using plant mixes in your prescriptions. 

Chinese herbal formulations, which have been used for thousands of years and have been studied for 

their therapeutic potential, have also been examined Chang and Luo et al., 2019;  Wang et al., 2020). 

19.2 MALARIA 

Malaria is one of the serious parasite infections. A signifcant rate of death results from the increased 

prevalence of malaria brought on by treatment resistance (Talapko et al., 2019). One method for dis-

covering new antimalarial medicines is the utilization of natural chemicals derived from plants. The 

drug artemisinin and its semi-synthetic derivatives, including artemether, arteether, artesunic acid, 

and dihydroartemisinin, are quite effective against strains of malaria that are resistant to a variety 

of antimalarial drugs. Artemisinin was frst isolated from the plant  Artemisia annua L. in 1972 

(Patel et al., 2021). Several signifcant plants, including  Artemisia spp.,  Cinchona spp.,  Cryptolepis 
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sanguinolenta (Lindl.) Schltr.,  Handroanthus impetiginosus (Mart. ex DC.), and  Tabebuia spp., 

are regularly evaluated for their antimalarial activity in the literature (Mohammadi et al., 2020). 

Tropical locations have higher rates of illness and mortality due in large part to the widespread 

disease of malaria. The parasites that cause malaria in humans include  Plasmodium falciparum, P. 
vivax, P. ovale, and  P. malariae (Talapko et al., 2019;  Mohammadi et al., 2020). 

Primary diagnosis is crucial due to the varying treatment sensitivity of diverse species and 

the likelihood of mixed infections.  Light microscopy is used to detect malaria infection in the 

bloodstream because it is suitable for different  Plasmodium species diagnoses, highly accurate, 

and reasonably priced (World Health Organization  [WHO], 2015). Depending on the pathogen, the 

appearance of infected red blood cells (RBCs) can be used to determine the type of parasite pres-

ent. Worldwide instances of malaria infection decreased from 219 million in 2010 to 219 million in 

2017, according to a WHO data (239 million infections). Moreover, 92% of infected cases in 2017 

were reported from the African continent, where the majority of the patients carried  P. falciparum 
parasites. In 2016, malaria claimed 451,000 lives worldwide, while in 2017, only 435,000 people 

perished from the disease. A potential therapy discovery may result from an understanding of the 

life cycle of the malaria parasite (Talapko et al., 2019;  Dabaro et al., 2020, Figure 19.1). 

FIGURE 19.1 Life cycle of Plasmodium malariae that creates malaria disease. 
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19.3 MALARIA AND HERBAL MEDICINE 

Chloroquine was the frst-choice malaria treatment for many years; the quinine product from the 

Cinchona tree was effective up until chloroquine resistance developed as a result of improper use and 

monotherapy. Chloroquine is only currently indicated for the therapy of Plasmodium vivax malaria, 

and  Plasmodium falciparum malaria is no longer treated with it (Price et al., 2020). Artemisinin 

was eventually created as a novel antimalarial agent as a result of comprehensive antipyretic herb 

screening for antimalarial activity (AMA) to combat medication resistance. The following aims for 

the creation of new antimalarial medications were suggested by Yadav et al. (2019).  Artemisinin-

based combination treatments (ACTs) were suggested as the frst line of treatment for chloroquine-

resistant malaria according to WHO recommendations. Plant-based antimalarial remedies have 

some benefts and drawbacks relative to totally synthetic medications. Therefore, the advantages 

are (Mohammadi et al., 2020): 

1. The best medications for treating malaria, especially in cases where resistance has 

developed. 

2. They have less severe adverse effects because they are compatible with the human body. 

3. On the basis of natural compounds, new antimalarial pharmacophores can be developed. 

4. Patient compliance is higher. 

5. Since indigenous populations frequently use medicinal plants, by keeping track of these 

patients, additional clinical data can be gathered before it is actually employed in clinical 

practice. 

And drawbacks of herbal medicines are: 

1. Unlike chemical medicines, herbal sources may not be accessible in all countries. 

2. The manufacture of synthetic endoperoxides is prioritized due to the increased expense of 

some herbal medicines, such as artemisinin, from herbal sources. 

3. Due to limited drug half-lives and possible drug resistance, patients should take more 

than one dose of several herbal treatments each day, unless they are available in multiple 

formulations. 

4. Insuffcient high-quality clinical research and validation techniques for antimalarial 

plants. 

5. Since the use of medicinal herbs is generally unrestricted, their safety and usage guidelines 

may be disregarded, which can lead to misuses and abuses. 

19.4 TABEBUIA GENUS 

Bignoniaceae has between 116 and 120 genera and 650 and 750 species. This family included 

seven tribes, most of which were found in tropical and subtropical regions of the globe (El-Hawary 

et al., 2021b). Bignoniaceae, often known as the trumpet vine or trumpet creeper family, receives 

its name from the genus  Bignonia. Some of the family’s well-known members include  Tecoma, 

Catalpa, Tabebuia, and  Jacaranda. Many nations, including Bangladesh and the United States, 

use a lot of members of this family in traditional medicine (Mohammadi et al., 2020). In the 

Bignoniaceae family, Tabebuia is the biggest and most signif cant genus. Antonio Gomes, a tax-

onomist, was the frst to use ‘Tabebuia’ in literature in 1803; later, in 1838, de Candolle adopted 

the word as a generic name ( Hamed et al., 2020). The term ‘Tabebuia’ is an abbreviation for the 

phrase ‘tacyba bebuya’, which means ‘ant wood’, and refers to ants that live in the hollow twigs 

of some Tabebuia species. A vast genus of blooming trees in the tropical and subtropical regions, 

Tabebuia  contains over 100 species  ( El-Hawary et al., 2021b ) .   Figures 19.2   and   19.3   show two 

main species of Tabebuia. 
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FIGURE 19.2 Tabebuia Avellanedae (pink trumpet tree). 

19.5 MALARIA AND  TABEBUIA 

Traditional medicine routinely employs Tabebuia species to treat a variety of ailments, including 

syphilis, malaria, cutaneous infections, stomach disorders, cancer, infammation, pain, bacterial and 

fungal infections, anxiety, poor memory, irritability, and depression, as well as diabetes, prosta-

titis, constipation, and allergies  ( El-Hawary et al., 2021 b). The biological effcacy of secondary 

metabolites extracted from various members of this genus and employed in clinical investigations as 

adjuvants in cancer therapy, such as lapachol, has been reported in several publications. Bark extract 

from Tabebuia species is referred to as ‘taheebo’, ‘lapacho’, ‘pau d’arco’, or ‘ipê’, and its active 

ingredients include napthoquinones, quinines, furanonapthoquinones, benzoic acid, cyclopentene 

dialdehydes, and favonoids ( Zhang et al., 2020 ). Table 19.1  shows the antimalarial responses of 

different  Tabebuia species. For example, Gómez-Estrada et al. (2012 ) reported that traditional chro-

matographic methods and bioassay-guided fractionation (Artemia salina) enabled the isolation of 

one naphthoquinone (lapachol) and four naphtho-furan-4,9-diones from the active fractions. As 

compared to chloroquine’s performance in the same experiment, these compounds’ results showed 
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FIGURE 19.3 Tabebuia Argentea (silver  trumpet tree). 

TABLE 19.1 
Antimalarial Responses of Tabebuia Species 
Species Results Key References 

   T. ochracea   The highest antimalarial activity against  Plasmodium berghei  was given by Pérez et al., 1997 

a mixture of two compounds which could not be separated, but the 

isomeric structures of 5- and 8-hydroxy-2-(1’-hydroxy)-ethyl-naphtho-

[2,3-b]-furan-4,9-dione (1 and 2) were determined from spectroscopic 

data. 

   T. billbergii          One naphthoquinone (lapachol) and four naphtho-furan-4,9-diones   Gómez-Estrada et al., 

were able to be isolated from the active fractions using conventional 2012 

chromatographic techniques and bioassay-guided fractionation 

( Artemia salina). These substances demonstrated a signif cant 

antiplasmodial impact and had extremely encouraging IC50 values, 

especially when compared to chloroquine’s performance in the same 

assay. Moreover, the bark was used to extract the triterpenes 

b-sitosterol and stigmasterol.

  T. incana The trunk wood of  Tabebuia incana afforded the lignans pawlownin de Oliveira et al., 1993 

and cycloolivil as the major constituents together with a cycloolivil 

acetonide, la. 



 

 

 

    

 

   

 

 

 

 

 

 

   

  

  

  

  

               

 

  

   

 

 

   

    

  

  

284 Antimalarial Medicinal Plants 

a signifcant antiplasmodial action and extremely encouraging IC50 values. B-sitosterol and stig-

masterol, two triterpenes, were also extracted from the bark. 

19.6 PHYTOCHEMICALS OF  TABEBUIA 

Naphthoquinones are thought to be the primary component among the 292 chemical compounds 

that have been identifed from  Tabebuia to date. Alkaloids, iridoids, tannins, and favonoids are fur-

ther groups of secondary metabolites that have been described ( Tahara et al., 2020 ). Several studies 

recommend basic phytochemical screening as the initial step in identifying chemical classes. The 

leaves, bark, and wood of  Tabebuia have been found to contain a variety of phytochemical groups. 

For instance, 19 glycosides, including four iridoid glycosides, two lignan glycosides, two isocouma-

rin glycosides, three phenylethanoid glycosides, and eight phenolic glycosides, were extracted using 

methanol from the bark of T. impetiginosa. Furanonaphthoquinones, naphthoquinones, anthraqui-

nones (such as anthraquinone-2-carboxylic acid quinones), benzoic acid, f avonoids, cyclopentene 

dialdehydes, coumarins, iridoids, and phenolic glycosides are the main components of T. impetigi-
nosa ( Zhang et al., 2020 ). Scientists were interested in the presence of naphthoquinones; those in the 

medical feld were particularly interested in lapachol and -lapachone. While -lapachone demonstrates 

signifcant toxicity in murine and human cells, lapachol prevents the development of malignant cells 

(Stepczyńska et al., 2021 ). In  Drosophila melanogaster heterozygous for the tumour suppressor 

gene, lapacol has been demonstrated to lessen the frequency of tumours brought on by doxorubicin. 

Invasion of HeLa cells can be reduced by lapachol, which may be a useful building block for the cre-

ation of brand-new antimetastatic drugs. The bark of  Tabebuia contains fatty acids, including oleic, 

palmitic, and linoleic acids. The presence of free sugars was also found in the bark; glucose was the 

most prevalent, followed by fructose and sucrose ( Roy et al., 2022 ). There are other organic acids, 

including oxalic acid, and the fatty alcohols -tocopherol and -tocopherol. Cardiovascular disease 

and neurological illnesses are made less likely by -tocopherol. Moreover, Tabebuia has a few vola-

tile components that have antioxidant properties. The main volatile components of  Tabebuia include 

1-methoxy-4-(1E)-1-propenylbenzene, 4-methoxybenzaldehyde, 4-methoxyphenol, 5-allyl-1,2,3-

trimethoxybenzene, and 4-methoxybenzyl alcohol ( Zhang et al., 2020 ). The main phytochemicals 

in Tabebuia follow . 

19.6.1 NAPHTHOQUINONES 

Naphthoquinone is a form of quinone that is present in nature and plays important biological roles. 

These substances have actions that are leishmanicidal, analgesic, anti-inf ammatory, antimalarial, 

antifungal, antiviral, antitrypanosomal, antischistosomal, anticancer (antineoplastic), and antiul-

cerative (Pereyra et al., 2019; Rahman et al., 2022). The 1,4-naphthoquinone ring can be directly 

substituted, which changes the naphthoquinone’s acid/base and oxidation/reduction properties as 

well as its activity. The scientifc world has been very interested in naphthoquinones because of 

their pharmacological characteristics, such as anticancer activity and possible therapeutic appli-

cation (Pereyra et al., 2019). It has been discovered that some substances with a quinone ring in 

malignant cells have antiproliferative properties. The lethal effects of naphthoquinones are linked 

to their ability to block electron transporters, decouple oxidative phosphorylation, produce ROS, 

and create protein adducts, particularly with -SH enzyme groups (de Almeida et al., 2021). The 

main components of Tabebuia are naphthoquinones. Lapachol, a naturally occurring 1,4-naphtho-

quinone that is widely dispersed in this genus, as well as -lapachone, the most prevalent naphtho-

quinone isolated from the genus, are currently in the clinical trial stage as plant-derived anticancer 

agents. Additionally, β-lapachone is a potential depigmentation agent for various hyperpigmentation 

disorders in skincare preparations. Naphthoquinones received a special consideration in Tabebuia 
species due to their pharmacological, anti-infammatory, antimicrobial, antimalarial activity, and 

antileishmanial activities (El-Hawary et al., 2021b). 
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19.6.2 LIGNANS 

Lignans are secondary metabolites found in plants that are produced when phenylpropanoids 

undergo oxidative coupling. These phenolic compounds have biological effects that range from 

anti-infammatory, antitumour (terminaloside P, IC50 = 10 nM), anti-inf ammatory, anti-neurode-

generative (schibitubin B, IC50 = 3.2 nM), antiviral (patentiforin A, IC50 = 14–23 nM), to antibac-

terial ( Zálešák et al., 2019). Also, it was shown that certain individuals in this group, specif cally 

enterolactone and its biochemical precursors, which are also referred to as phytoestrogens, have 

signifcant protective effects. As most of these lignans are consumed in acceptable amounts, their 

ability to protect against cancers like breast and colon is all the more crucial to notice.  The leaves of 

T. argentea have 5-hydroxysesamin 5-O-β-D-glucopyranosyl-(1–2)-[β-D-gluco-pyranosyl-(1–6)]-

β-D-glucopyranoside. Among 26 lignans isolated and identifed in Tabebuia, avallandae A has 

anti-infammatory activity, icariside E4 shows antinociceptive activity, and lyoniresinol-3a-O -b-D-

gluco-pyranoside has a potent antioxidant activity (El-Hawary et al., 2021a). 

19.6.3 FLAVONOIDS AND PHENOLIC COMPOUNDS 

Different parts of plants like fruits, grains, bark, roots, stems, and fowers all contain f avonoids – 

a class of organic compounds with varying phenolic structures ( Dias et al., 2021 ). There are efforts 

being undertaken to extract the components known as ‘favonoids’ because these natural compounds 

are well-known for their positive impacts on health. Nowadays, favonoids are regarded as a crucial 

ingredient in a wide range of nutraceutical, pharmacological, therapeutic, and cosmetic applications. 

This is explained by their ability to modulate important cellular enzyme function in addition to their 

antioxidative, anti-infammatory, antimutagenic, and anticarcinogenic qualities ( Khosropour et al., 

2021 ;  Hernández-Rodríguez et al., 2019). The majority of the favonoids in  Tabebuia are f avonols, 

while the presence of other f avonoids appears to be sparse. The leaves and f owers of  T. argentea, 

T. pentaphylla, T. ochracea, and T. caraiba were where the majority of the reported f avonoids were 

found. Antioxidant, anti-infammatory, and neuroprotective properties are known for phenyletha-

noids and phenylpropanoids.  T. avellanedae and T. chrysotricha were the sources of the majority 

of these compounds. The presence of favonoids and phenolic compounds in  Tabebuia extracts is 

responsible for the plant’s antioxidant properties ( El-Hawary et al., 2021 a). 

19.6.4 COUMARINS 

Natural substance known as coumarin, which is present throughout the entire plant kingdom, has 

aromatic and fragrant properties. It can be found in a variety of plant sources, including fruits, veg-

etables, spices, and medicinal plants, as well as in all the plant’s parts, including the fruits, roots, 

stems, and leaves. One of the most common sources of coumarin exposure for people are certain 

types of cinnamon, which has signifcant amounts of the chemical. Since there are no formal mea-

surements of the consumption of foods containing cinnamon, the precise amount of coumarin that 

humans are exposed to has not been established. Pure coumarin cannot be added to food because it 

can be toxic to the liver in large doses (Lončar et al., 2020). Coumarins have thrombolytic, inf am-

matory, vasodilator, and bactericidal properties (Kontogiorgis et al., 2015). The bark of T. avellane-
dae was the source of the latter two, 6-hydroxymellein and the novel coumarin 1-(5-(hydroxymethyl) 

furan-2-yl) isochroman-6,7-diol (El-Hawary et al., 2021b). 

19.6.5 CAROTENOIDS 

Tetraterpene pigments known as carotenoids are found in a variety of organisms, including some 

types of algae, plants, mammals, and some species of archaea and fungi. Up to 2018, 850 naturally 

occurring carotenoids had been reported (Maoka, 2020). Carotenoids can be made by photosynthetic 
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bacteria, fungus, algae, and plants. Together with chlorophylls, carotenoids are crucial pigments 

in photosynthetic organs (Zia-Ul-Haq, 2021). In non-photosynthetic organs of plants, carotenoids 

also function as photoprotectors, antioxidants, colour attractants, and precursors of plant hormones. 

Animals cannot naturally produce carotenoids; thus, those that are found in them are either directly 

ingested from food sources or partially altered via metabolic processes. Animal carotenoids exhibit 

structural variation as a result (Maoka, 2020). Animals utilize carotenoids for a variety of functions, 

including as precursors to vitamin A, photoprotectors, antioxidants, immune system boosters, and 

contributors to reproduction.  The abundance of carotenoids in Tabebuia species may be the cause of 

the ornamental f ower colours. The yellow blooms of T. argentea were used to isolate and identify 

four carotenoid components (El-Hawary et al., 2021b). 

19.6.6 ALDEHYDE, ACIDS, AND ESTERS 

Several aldehydes, acids, and esters have been recorded for Tabebuia species. All aldehydic sub-

stances have been included in T. avellanedae. The identifed acidic compounds were found in a 

variety of Tabebuia  species, including T. rosea, T. heptaphylla, T. aurea, T. avellanedae, T. palmeri, 
and T. roseo-alba      ( El-Hawary et al., 2021 b;  Sirigeri et al., 2022 ). These compounds included benzoic 

acid, 4-hydroxycinnamic acid, and caffeic acid. The Tabebuia species isolated included cyclopente-

nyl esters from T. avellanedae, T. rosea, and T. heptaphylla, among other ester compounds. The stem 

bark of T. aurea  was used to isolate the cinnamate derivative      ( El-Hawary et al., 2021 a). 

19.6.7 HYDROCARBONS, TRITERPENOIDS, AND STEROLS

  Analysis of T. palmeri  and T. pentaphylla extracts revealed three fatty alcohols and two fatty acids. 

Moreover, T. pentaphylla  and T. rosea were the sources of four hydrocarbons. The trunk bark of T. 
heptaphylla was used to extract the linear triterpene squalene (Salatino et al., 2020;El-Hawary et 

al., 2021b).  Squalene was found in several trials to stimulate the immune system against HIV, H1N1, 

leukaemia, and herpes, as well as to limit the growth of tumours in the colon, skin, lung, and breast. 

Plant sterols are renowned for their capacity to lower cholesterol levels, aid in the prevention of heart 

disease, and reduce the risk of heart attacks  (Gylling et al., 2014). 

19.7 TRADITIONAL USES OF SOME  TABEBUIA SPECIES 

Portuguese and Spanish population used the names of Pau d’arco and lapacho to identify about 26 

species of shrubs and trees belong to Tabebuia. These species are indigenous to the American tropics, 

from Mexico to southern South America; majority of the species are found in Brazil and neighbouring 

countries ( Bussmann, 2018 ). For curative purposes, native people preferred the inner bark, although 

the heartwood is more potent. Leaves and fowers are less commonly used. In the early 1980s, d’arco 

became known in North America and Europe ( El-Hawary et al., 2021 b). The infusion and decoction 

of the bark or wood was ingested regularly by at least one million people. In 1995, d’arco was listed 

among the top 25 selling herbs in the United States, representing 1.7% of herb sales in United States 

in 1996. Old native populations used Tabebuia extracts as an antidote for snakebites.  Tabebuia has 

been widely used for treating a large number of diseases in human beings. Different parts like leaf 

and bark have been mainly used among the local people. Many cancers, diabetes, malignant tumours, 

leukaemia, and different types of infammatory disorders have been treated by Tabebuia species. For 

instance, T. avellanedae has treated eczema, psoriasis, fungal infections, skin cancers, malaria, leish-

maniosis, fevers, fungal, bacterial infection, cold, cough, and fu ( de Miranda et al., 2001 ; Rodrigues, 

2006; Yamashita et al., 2007).  T. aurea has a good anti-infammatory potential ( Malange et al., 2019 ), 

and T. heptaphylla has been mainly used as anti-infammatory, anticancer, and for treating wounds 

(Schmeda-Hirschmann and Papastergiou, 2003) ( Table 19.2 ). 
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TABLE 19.2 
Traditional Use of Different  Tabebuia Species 
Species 

  T. avellanedae 
Lorentz ex 

Griseb 

  T. impetiginosa 

  T. aurea (Manso) 

S. Moore 

  T. argentea Britt 

  T. chrysotricha  

  T. incana A. H. 

Gentry 

  T. heptaphylla 

  T. ochracea ssp. 

neochrysantha 

  T. rosea (Bertol.) 

Region 

USA and Brazil 

 Amazon rainforest, Argentina, 

Bolivia, Brazil, Colombia, 

Ecuador, French Guinea, Paraguay, 

Peru, Suriname, Trinidad, Tobago, 

and Venezuela 

South America (from Venezuela to 

Argentina) 

South America (from Venezuela to 

Argentina) and India 

Brazil 

Amazon 

 Eastern Paraguay 

Tropical America, from El Salvador 

to north-west Venezuela 

Guatemala, Costa Rica, Colombia 

Traditional Use 

To treat tumours and cancers in 

folk medicine 

To treat eczema, psoriasis, 

fungal infections, and even 

skin cancers 

To treat ulcers, bacterial and 

fungal infections 

To treat malaria, leishmaniasis, 

fevers, fungal, bacterial 

infections, and syphilis 

For gastrointestinal 

disturbances, inf ammation, 

and tropical diseases 

( Rodrigues, 2006 ); to treat 

colds, coughs, and f u 

To treat colds, coughs, and fu 

To treat uterine cancer and 

liver cirrhosis 

To treat diabetes, malignant 

tumours, leukaemia, other 

cancers, anaemia, and 

Parkinson’s disease 

Anti-infammatory and for 

treatment of fungal infections 

 Anti-infammatory 

 Anti-infammatory and for 

treating inf uenza 

 Analgesic, antitumour agent, 

antidiabetic, and for treatment 

of peptic ulcer 

 Anti-inf ammatory, 

antimalarial, anticancer, and 

for the treatment of kidney 

and liver disorders 

 Anti-inf ammatory, anticancer, 

and for treating wounds 

Antimalarial and for healing 

ulcers 

Antipyretic and for treating eye 

infections 

Key Reference 

  Ueda et al., 1994  Zhang 

et al., 2015 

Pereira et al., 2013 ;  Suo and 

Yan, 2016 

De Miranda et al., 2001 ; 

Twardowschy et al., 2008 

  Duke, 1985 ;  Duke and 

Vasquez, 1994 

  Rodrigues, 2006  

Grenand et al., 2018 

Lewis et al., 2004 

Castellanos et al., 2009 

Nunes et al., 2003 ;  Reis 

et al., 2014 ;  Malange et al., 

2019 

  Agra, 1996 ;  De Abreu et al., 

2014 

Grazziotin et al., 1992 

da Silva et al., 1977 ;  de 

Oliveira et al., 1993 

  Gupta, 1995 ;  Ortega Torres 

et al., 1989 ; Schmeda-

Hirschmann and 

Papastergiou, 2003 

Franco Ospina et al., 2013 



 

   
      

               

     

  
 
 

 

     

    

 

   

       

 

   

        

    

 

 

   

     

 

   

       

288 TABLE 19.3 
Antioxidant Potential (Such as Anticancer an Anti-Infl ammatory Properties) of Tabebuia 
Species Plant Tissue Attribute Results Key References 

  T. pallida Leaf Anticancer  High phenolic and f avonoid content; high potential in antioxidant capacity by scavenging free radicals, Rahman et al., 2019

which show high anti-ROS and anticancer potential. 

  T. argentea ,  T.  Stem and Anticancer The highest activity observed for  T. rosea  (Bertol.) DC stem extract against HepG2 cell line (IC 50 4.7 El-Hawary et al., 2021a 

guayacan ,  T. leaf μg/mL), T. pallida L. stem extract against MCF-7 cell line (IC 50 6.3 μg/mL), and T. pulcherrima stem 

pulcherrima ,  T. extract against CACO2 cell line (IC 50 2.6 μg/mL). 

pallida ,  T. rosea   

T. guayacan Leaf Anticancer Sixteen compounds were isolated, and their structures were elucidated using different spectroscopic El-Hawary et al., 2022 

techniques. The drug likeness of the isolated compounds, as well as their binding aff nity with three 

anticancer drug target receptors – CDK-2/6, topoisomerase-1, and VEGFR-2 – were evaluated. 

Additionally, the most promising compounds were in vitro evaluated for inhibitory activities against 

CDK-2/6 and VEGFR-2 enzymes using kinase assays method. The results showed high anticancer 

activity by obtaining low IC50 value. 

T. avellanedae  Bark  Antidepressant-like The tail suspension test (TST) immobility duration was reduced in mice-administered ethanol extract Freitas et al., 2013

action (10 and 30 mg/kg) over the course of 14 days without affecting locomotor activity, suggesting an 

antidepressant-like effect. At dosages of 10–30 and 30 mg/kg, respectively, EET per se enhanced 

CREB (Ser133) and GSK-3 (Ser9) phosphorylation in sham-operated animals. Olfactory bulbectomy 

increased immobility time in the TST, CREB, and ERK1 phosphorylation, BDNF immunocontent, and 

hyperactivity. It also resulted in a lack of motivation and self-care behaviour. 

Bark  Anti-inf ammatory From the water extract, f ve new compounds were extracted, and their structures were determined Suo et al., 2012

through study of NMR spectroscopy and mass spectrometry. In cultured human myeloma THP-1 cells 

co-stimulated with lipopolysaccharide, compounds 1–5 at 25 M demonstrated strong inhibitory activity 

on the production of inf ammatory cytokines, tumour necrosis factor, and interleukin-1 without any 

signif cant cytotoxicity, and their anti-allergic and antioxidant activities were assessed. 

 Inner bark  Anti-inf ammatory The ethnopharmacological action of T. avellanedae in treating inf ammatory illnesses was based on its Zhang et al., 2016

components, which have a notable anti-inf ammatory effect on inf ammatory reactions. 

Bark Anti-obesity After 16 weeks of feeding, mice given a 0.5% n-BuOH extract of Taheebo showed signif cantly lower Iwamoto et al., 2016 

body weight compared to control mice, and the amount of fat mass also fell dramatically. 
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T. aurea  Leaf and Antimycobacterial Aqueous and alcoholic extracts showed that the aqueous extracts of stem bark were more effective as Agarwal et al., 2015 

bark compared to aqueous and leaf extracts and alcoholic stem bark and leaf extracts. 

 Stem bark  Inf ammatory, Hydroethanolic extract prevented polymorphonuclear cell recruitment into the peritoneal cavity and paw Reis et al., 2014

myotoxic, and oedema. When Bothrops neuwiedi (BnV) was neutralized with hydroethanolic extract, the 

haemorrhagic haemorrhagic activity was diminished, and skeletal muscle tissue histopathological investigation 

activities revealed that the haemorrhagic area was smaller and multifocal. Less severe muscle necrosis and a 

leukocyte inf ltration were present. BnV promoted the creation of hydrogen peroxide, and BnV 

neutralized and decreased this production.

T. impetiginosa Inner bark Antibacterial At 0.1 mg/disc, anthraquinone-2-carboxylic acid, lapachol, and metronidazole showed only mild Park et al., 2006 

anti–Helicobacter pylori eff cacy. The two substances with the strongest activity at 0.005 mg/disc were 

amoxicillin and tetracycline. At this dosage, 2-(Hydroxymethyl) anthraquinone showed average 

activity. At 0.001 mg/disc, tetracycline had considerable action, whereas amoxicillin exhibited 

negligible effect. Lapachol (4 g/mL), 2-(hydroxymethyl) anthraquinone (2 g/mL), and anthraquinone-

2-carboxylic acid (8 g/mL), on the other hand, were less active than amoxicillin (0.063 g/mL) and

tetracycline (0.5 g/mL) in the MIC bioassay. 

Tabebuia Bark Antiparkinsonian The bark extract showed higher levels of dopamine. In the reserpine-induced Parkinsonian model, the Roy et al., 2022 

impetiginosa extract decreased postural f exion, somewhat decreased tremor, muscle rigidity, and postural 

immobility scores, but did not signif cantly lower the score for hypokinesia. In neuroleptic-induced 

Parkinsonism, a high dose of the extract (500 mg/kg) is more effective than the conventional 

medication at reducing catatonia and catalepsy scores. 
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19.8 OTHER MEDICINAL POTENTIAL (LIKE ANTICANCER AND 
ANTI-INFLAMMATORY PROPERTIES) OF  TABEBUIA 

Tabebuia species showed higher potential in scavenging reactive oxygen species (ROS), which 

represents high antioxidant capacity against concerns and infammatory.  Park et al. (2006 ) used 

paper disc assay to evaluate anti–Helicobacter pylori activity of seven 1,4-naphthoquinone deriv-

atives (structurally related to lapachol), 1,4-naphthoquinone, 5,8-dihydroxy-1,4-naphthoquinone 

(naphthazarin), 2-methyl-1,4-naphthoquinone (menadione), 2-hydroxy-1,4-naphthoquinone (law-

sone), 5-hydroxy-2-methyl-1,4-naphthoquinone (plumbagin), 5-hydroxy-1,4-naphthoquinone 

(juglone), and 2,3-dichloro-1,4-naphthoquinone (dichlone) by inner bark of T. impetiginosa. 

Zhang et al. (2016 ) represented that ethnopharmacological action of T. avellanedae in treating 

infammatory illnesses was based on its components, which have a notable anti-inf ammatory 

effect on infammatory reactions. Roy et al. (2022) showed that bark extract of T. impetiginosa 
decreased postural fexion, somewhat decreased tremor, muscle rigidity, and postural immobil-

ity scores, but did not signifcantly lower the score for hypokinesia. For lowering catatonia and 

catalepsy scores in neuroleptic-induced Parkinsonism, 500 mg/kg is superior to the standard drug 

( Table 19.3 ). 

19.9 CONCLUSION 

Medicinal woody plants play a vital role in human health because numerous parts, including leaves, 

fruits, and bark, can be employed in herbal remedies.  Tabebuia is a genus of the medicinal trees that 

has a number of benefts for treating a wide range of illnesses. These trees are capable of treating 

cancer, infammatory conditions, malaria, and microbial infections due to their main chemical con-

stituents, which also include napthoquinones, quinines, furanonapthoquinones, benzoic acid, and 

favonoids. Therefore, it is a promising practice to develop different species of Tabebuia according 

to how well they adapt to the climate to replace chemical drugs globally, especially in places where 

the availability of chemical drug is restricted. 
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20  Antimalarial Response, 
Traditional and Other Potential 
Uses of Swertia Genus 

Shakeelur Rahman and Azamal Husen 

20.1 INTRODUCTION 

For centuries, medicinal plants and their traditional knowledge systems have been applied to pre-

vent and treat different ailments of human beings as well as veterinaries (Husen 2020,  2021, 2022a, 

2022b, 2023; Rahman and Husen 2021,  2022, 2023a, 2023b; Bachheti et al. 2023). Swertia (family 

Gentianaceae) is a diverse genus comprising about 170 species of herbs mostly found in the moun-

tainous areas of tropical regions at an altitude of 1,250–3,550 m. In Bhutan, China, India, Japan, and 

Nepal, some Swertia species are known for uses in traditional medicines to treat different diseases 

and illnesses. All underground and aerial parts of Swertia species, including the leaf, stem, root, 

and seed, are used in the preparations of mixtures and decoctionsto treat various illnesses. Many 

Swertia species, for instance,  Swertia corymbosa, S. hookeri C.B. Clarke, S. macrosperma (C.B. 

Clarke) C.B. Clarke, S. lawii Burkill, S. punctata Baumg., S. calycina Franch. , S. petiolata, S. 
purpurascens Boiss., S. bimaculata (Siebold and Zucc.) Hook. f. and Thomson ex C.B. Clarke, S. 
japonica Makino. ,  and S. frachetiana Harry Sm. are associated with traditional folk medicine. They 

are also used as substitutes for  S. chirayita (Roxb. ex Fleming) H. Karstin India, China, Pakistan, 

Japan, and other Asian countries in the treatment of liver disorders, fevers, dysentery, diarrhoea, 

stomach problems, and other ailments (Brahmachari et al. 2004). Moreover, about 30 different 

Swertia species have been noticed in China, and they are used for medicinal purpose for treating 

hepatitis, cholecystitis, pneumonia, osteomyelitis, dysentery, and scabies (Geng and Chen 2018). S. 
chirayita is the important medicinal species of the genera used in different ailments (Anonymous 

1976). It is a therapeutic herb recognized in the Indian pharmaceutical codex as well as the British 

and American pharmacopoeias. The healing importance of the herb has been documented and 

described by the ancient Indian herbal medicine system Ayurveda and other conventional medical 

systems (Joshi 2000). S. chirayita is an annual herb having medicinal properties such as antipyretic, 

antidiabetic, antispasmodic, anti-infammatory, hypoglycaemic, hepatoprotective, antibacterial, and 

wound healing (Laxmi et al. 2011; Mahmood et al. 2014). The herb is mostly found in sub-temperate 

region of Himalayas (Kumar and Van Staden 2016). Some important medicinal compounds have 

been extracted from the herbs, which are effective against cancer, tumour, and AIDS (Sultana and 

Ahmed 2013). S. chirayita is also a highly effective medicinal herb in Unani and Ayurveda and 

has been used in the cure of malarial fevers (Bhat and Surolia 2001). About 200 phytochemical 

compounds with different structural patterns have been investigated; these are xanthone glyco-

sides, xanthones, iridoids, or secoiridoids, and triterpenoids comprise major classes of compounds 

reported from genus  Swertia (Brahmachari et al. 2004). 

20.2 BOTANICAL DESCRIPTION 

S. chirayita (Figure 20.1) is an herbaceous plant of up to 1 m in length and 6 mm in diameter. The 

whole plant contains a specifc type of bright yellowish colour in fresh sample. The stem of the herb 
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is porous, purple-brown, smooth, woody, thin bark; basal part is cylindrical, while quadrangular 

towards ascending branches. The herb contains large, continuous, and readily detachable yellow 

pith. The leaves are opposite sessile, broad at base, smoothed surface, entire ovate lanceolate; f ve-

nerved with rounded base, acuminate apex and entire margin, narrow oval shape tapering to a point 

at each end, acuminate, generally with fve to seven easily recognizable lateral veins. The f owers 

are 2–3 mm wide, tetramerous, and the shapes are oval, consist of calyx and corolla each four-lobed, 

with two glandular depressions near the base of each of corolla lobes, stamens 4, perigynous. The 

ovary is oval-shaped and pointed, having two carpels, unilocular, with two parietal placentae; style 

slender with recurred stigmas, fruit an ovoid yellowish brown unilocular many-seeded capsule; 

odour is indistinct, and taste is very bitter. The fruit has several tiny reticulated seed around 0.25 

mm in length and 0.16 mm to 0.45 mm in breadth with irregular oval shape. It bears simple, slend-

erical, with conical roots (Kirtiker 1996 ). 

Microscopically, the inner tissue or parenchyma of leaves surround several chloroplasts; meso-

phyll tissue has little differentiation. The epidermis is single-layered and covered outwardly, with 

a thick-lined cuticle that is much distinctly developed on the upper surface than the lower one. The 

naked eye observation shows the upper epidermis cells have straight walls and are larger than the 

lower epidermis cells, which show sinus outline. Stomata are of cruciferous type and found only on 

the lower surface. The transect stem illustrates single-layered epidermis, externally covered with 

a thick-lined cuticle present in the stem in its early age; the older epidermis remains intact, but 

cells become fattened and tangentially elongated. Four ribs also consist of an epidermis and par-

enchymatous cortical cells; endodermis distinct, showing anticlinal or periclinal walls. Very small 

needle-shaped crystals are also present in large quantity; cells are cortical, and in some cortical 

cells, resin along with small drops of oil are present as dark-brown mass. The roots transaction 

FIGURE 20.1 Swertia chirayita. 
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shows two to four layers of cork; secondary cortex represented by 4–12 layers of parenchymataous 

cells which are thick-walled. Some of them show radial wall, tangentially elongated with sinuous 

walls. The secondary phloem constituted of companion cells, thin-walled strands of sieve tubes 

and phloem parenchyma; secondary xylem composed of tracheids cells, vessels, and xylem f bres 

( Anonymous 1992 ). 

20.3 DISTRIBUTION AND CULTIVATION 

S. chirayita is indigenous to the shaded area of the hilly regions of northern India. It is well distrib-

uted in the temperate Himalayas at altitudes between 1,200 and 3,000 m from Kashmir to Bhutan, 

and in the Khasi hills in Meghalaya at 1,200 and 1,500m (Joshi and Dhawan 2005;  Anonymous 

2007 ). S. chirayita is an annual herb that generally grows up to a height of 3 ft or 1 m. The blooming 

season of the plant is between September and October. The plant grows well in loamy, sandy, and clay 

soils of acidic, neutral, and alkaline nature. The plant fourishes well in humid and humus-rich soils 

along the streams or in marshlands. Cool summer region is the most suitable place for proper devel-

opment of the plant. S. chirayita is able to survive temperatures as low as -15°C. The plant is propa-

gated through its seeds. Spring season is the most suitable for the seed sowing when the temperature 

is low. Seedlings are transplanted in the early part of summer. The dried plants are harvested in the 

late stages of fowering and tied up in fattish bundles to sell in the market (Bentley and Trimen 1880). 

20.4 PHYTOCHEMICAL CONSTITUENTS 

Pharmacologically active phytochemicals from different  Swertia spp. have been studied that show 

that Swertia plants yielded structurally diverse compounds, including xanthonoids, iridoids/seco-

iridoids, favonoid, alkaloids, and terpenoids ( Pant et al. 2000 ). Recent pharmacological studies 

have confrmed that the extracts or monomeric compounds of the genus  Swertia possess anticancer, 

antioxidant, antibacterial, hepatoprotective, and antidiabetic properties. These wide applications of 

Swertia spp. indicate that the presence of several bioactive molecules in this plant enhances its util-

ity for extraction of drugs of diverse constituents for health benef ts. S. chirayita constitutes a large 

number of phytochemicals which have pharmaceutical values, including swertiamarin, ursolic acid, 

xanthones, favonoids, terpenoids, iridoids, amarogentin, glycosides, and secoiridoids ( Table 20.1 ). 

The most important constituents that develop better test in the herb are chirantin and ophelic acid. 

Chirantin or amarogentin develop a light yellow colour soluble in warm water, and ophelic acid is 

yellow in colour, dissolved easily in water ( Kumar et al. 2010 ). The extracts of  S. chirayita constitute 

transparent gentianine, which is a monoterpene alkaloid. It is soluble in aqueous solution and used as 

an anaesthetic, antihistamine, anticonvulsant, and anti-infammatory ( Kumar and Van Staden 2015 ). 

Swertiamarin is measured as secoiridoid glycoside, which is effective in arthritis, malaria, diabetes, 

hypertension, atherosclerosis, and abdominal ulcers. Lignan are extracted from the  Swertia spp. that 

is a kind of fbre-linked polyphenolic substances used as hepatoprotective. Swerchirin is extracted 

from the species of Swertia, which is a member of xanthone and tetraoxygenated xanthones, charac-

terized as antimalarial, antihepatotoxic, and hypoglycaemic ( Leong et al. 2016 ;  Ghosal et al. 1973 ). 

S. chirayita contains mangiferine, a phytochemical constituent having antimicrobial, immunomodu-

latory, anticancer, antiallergic, and antioxidant properties ( Du et al. 2018 ;  Imran et al. 2017 ). Apart 

from the aforementioned phytochemical constituents, S. chiraiyta also constitutes different types 

of triterpenoids, including pichierenol, swertanone, gammacer-16-en-3β-ol, 21-a-H-hop-22(29)-en-

3β-ol, taraxerol, swertenol, oleanolic acid, ursolic acid, episwertinol, swerta-7, 9(11)-dien-3β-ol, 

pentacyclic triterpenoids like β-amyrin, friedlin, chiratenol, kairatenol ( Tabassum et al. 2012 ). It 

was found in the current research that naturally produced triterpenoids are effective against various 

human ailments, including cancers. Similarly, Taraxerol and oleanolic have analgesic properties, 

while ursolic acid is used as anti-infammatory, chemoprotective, and antimicrobial ( Rastogi et al. 

1991 ). Further details are presented in Table 20.1 . 
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TABLE 20.1 
Swertia chirayita Phytochemical Constituents and Their Known Biological Activities 
Phytochemical 
Constituents Biological Activities Key References 

Mangiferin  Antiviral, immunomodulatory, anti-inf ammatory, Kumar and Van Staden 2015 

antioxidant, antidiabetic, antitumour, anti-HIV, 

chemopreventive, hypoglycaemic, antiatherosclerotic, 

antiparkinson 

Swertiamarin CNS depressant, anticholinergic, antibacterial,   Kumar 2017 

anticancer, antihepatitis, antiatherosclerotic, 

cardioprotective, antidiabetic, antiarthritic 

Amaroswerin  Gastroprotective   Kumar and Van Staden 2015  

Amarogentin Antileishmanial, topoisomerase inhibitor, anticancer, Kumar and Van Staden 2015 

antidiabetic, gastroprotective, anthelmintic 

Swerchirin  Hepatoprotective, hypoglycaemic, pro-hematopoietic, Kumar and Van Staden 2015 

chemopreventive, blood glucose–lowering activity 

 Ursolic acid  Antitumour, antimicrobial   Kumar 2017 

Sweroside  Hepatoprotective, antibacterial, hyperpigmentation, Sankar et al. 2017 

osteoporosis, anthelmintic 

Swertanone  Anti-infammatory Kumar and Van Staden 2015 

Gentianine Antimalarial, anti–hepatitis B virus, antipsychotic Kumar and Van Staden 2015 

Bellidifolin Hypoglycaemic   Kumar and Van Staden 2015  

 Oleanolic acid Antimicrobial, antitumour, anti-inf ammatory,   Kumar 2017 

3,25,56,57 antioxidant activity 

Syringaresinol  Hepatoprotective   Kumar 2017 

Isobellidifolin Hypoglycaemic   Kumar 2017 

1-Hydroxy-3,7,8-  Antiulcerogenic, spasmogenic agent   Kumar 2017 

Trimethoxyxanthone 

1-Hydroxy-3,5,8- Antimalarial   Kumar 2017 

Trimethoxyxanthone 

1,5,8-trihydroxy-3-  Blood sugar lowering   Kumar 2017 

Methoxyxanthone 

Alkaloids  Antipyretic   Sankar et al. 2017  

Chiratol  Anti-infammatory   Kumar 2017 

 Flavonoids  Antipyretic   Sankar et al. 2017  

β-Amyrin  Anti-infammatory, antimicrobial, antifungal Sankar et al. 2017 

Xanthones  Anti-infammatory, CNS depressant Sankar et al. 2017 

20.5 PHARMACOLOGICAL STUDIES 

The genus  Swertia show a wide range of biological and pharmacological activities, including anti-

cancer, antidiabetic, antibacterial, antioxidant, antihepatitis, anthelmintic, antileishmanial, and 

neuroprotective. It has also been used as medicinal herbs for treating hepatitis, cholecystitis, pneu-

monia, osteomyelitis, dysentery, and scabies (Cao et al. 2013). S. chirayita is one of the well-known 

species for its effcacy in antimalarial, anthelmintic, anti-inf ammatory, hepatoprotective, antiviral, 

and anticarcinogenic. The entire plant is used in traditional medicine; however, the root is men-

tioned to be the most powerful part. The antioxidant activity of S. chirayita against CCl4-induced 

toxicity mice was studied by applying different standard invitro methods to examine the properties 

of malondialdehyde (MDA) and antioxidant enzymes, which include superoxide dismutase (SOD), 

glutathione (GSH), and catalase (CAT). Powder generated by evaporation and lyophilization of eth-

anolic extract of S. chirayita was diagnosed with potent antioxidant ability ( Zhao et al. 2009). The 
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antioxidant characteristic of the herb was studied by Sharma et al. (2013) by analyzing its free radical 

hunting potential. It was clearly indicated that methanolic extract of all parts of the herb have anti-

oxidant property. It was assumed that the presence of secoiridoids and favonoids mostly determines 

the antioxidant property of methanolic extract of the herb (Suryawanshi et al. 2009). A group of sci-

entists agreed that the presence of tannins and glycosides in the extract of S. chirayita is responsible 

for the antimicrobial activities (Rehman et al. 2012). The aqueous and ethanolic extracts of the herb 

were observed effective against some pathogenic bacteria. The plant species is useful against some 

gram-negative and gram-positive bacteria, such as E. coli, K. pneumoniae, and  P. vulgaris ( Rehman 

et al. 2012; Khalid et al. 2011). The analgesic property of ethanolic root, leaf, and stem extract of 

the  S. chirayita was screened over rat, where it was observed that the extract was effective as an 

analgesic (Das et al. 2012;  Alam et al. 2010). An experiment was conducted over albino rat to f nd 

out the anti-inf ammatory effect of the herb through xanthone derivative of the plant. It was found 

in the experiment that the plant extract is effective against anti-infammation (Banerjee et al. 2000). 

The herb also has anticarcinogenic and cytotoxic effect, as the inhibitory property of amarogentin 

was observed over cell growth and induced apoptosis (Saha et al. 2004). Antiviral properties of the 

herb extract showed effective against herpes simplex viruses (Gopalkrishna et al. 2008). The hepa-

toprotective nature of the herb was analyzed by executing paracetamol and galactosamine models 

(Nagalekshmi et al. 2011). Nagalekshmi et al. analyzed how the plant extracts develop safety to 

defend acute hepatotoxicity, imposed by paracetamol dosages of 150 (mg/kg) on Swiss albino mice. 

Signifcant protection against paracetamol-induced hepatotoxicity was developed with oral feeding 

of specifc doses (100–200mg/kg) of S. chirayita extract. It was identifed by some researchers that 

the extracts of the herb are effective against paracetamol-induced toxicity in initial single-layer cul-

tures of rat hepatocytes. The lethal cell injury against CCl4 and high development of lipid peroxida-

tion compounds due to def ciency of antioxidant enzyme activities can be prevented by xanthones, 

isolated from  S. chirayita plant extract. Invivo experiments using different animal models were 

conducted in this study to confrm antiradical properties of xanthones-rich extract specif cally to 

prevent toxic effects of free radicals (Balasundari 2005). Twenty-six types of phytochemical con-

stituents have been isolated from the ethanolic extract of S. chirayita, and each of the compounds 

was analyzed invitro condition to develop protection against hepatitis B 17 virus using Hep G 2.2.15 

cell lines ( Zhou et al. 2015). It was found in the aqueous and methanolic extracts of S. chirayita that 

the plant has good anthelminthic properties (Iqbal et al. 2006). 

20.6 ANTIMALARIAL RESPONSE 

Malaria is known as one of the most prevalent and deadly infectious diseases in Asia, Africa, and 

the America. It has been reported that malaria causes around one million deaths every year in the 

world. The United Nations included the disease as one of the Millennium Development Goals, with 

the aim of combating malaria (WHO 2015). Malaria is an intermittent fever with irregular onset 

and remission, excessive thirst, heaviness in the body, generalized body pains, headache, rigors, 

nausea, vomiting, etc. There is a large number of plant species used in the treatment of various 

kinds of fevers, including malaria. S. chirayita is one of the popular herbs traditionally used as 

antimalarial drug. There are some active phytochemical constituents of S. chirayita reported to be 

effective in malarial fever; these are gentianine, swerchirin, and swertiamarin (Kwak et al. 2005; 

Natarajan et al. 1974). Gentianine is an effective antimalarial bioactive compound obtained from 

several plant species of family Gentianaceae. It is a translucent monoterpene alkaloid which is also 

found in S. chirayita (Natarajan et al. 1974). It was found that there is analgesic activity of ethanolic 

and methanolic extracts of various plant parts of S. chirayita, such as leaf, stem, and roots, applying 

acetic acid–induced mice model. Results of the study clearly suggest that ethanolic extract from the 

leaf and stem part of the plant showed inhibition into parasite proteins. The result found in their 

study with [35S] methionine absorption suggests antimalarial activity of the plant extract (Alam et 
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al. 2010). Swerchirin is a medicinally foremost xanthone, obtained from S. chirayita, having good 

antimalarial properties (Saxena 1996). Swertiamarin is a secoiridoid glycoside obtained from S. 
chirayita having analgesic property (Lei et al. 1982). 

20.7 TRADITIONAL AND OTHER POTENTIAL USES 

Traditionally, herbs of Swertia genus are used as a bitter tonic in stimulating appetite and as a feb-

rifuge in India, whereas in Japan, most of the herbs are used for treating gastrointestinal diseases, 

including nausea, gastroparesis, and gastric atony. S. chirayita is one of the important medicinal 

herbs traditionally used in malarial fever, blood purifcation, laxative, anthelmintic, jaundice, skin 

diseases, and eye care. Whole parts of the herb are effective in curing the ailments (Nadkarni 1989; 

Baitar 2000;  Negi et al. 2011). The herb is an important indigenous knowledge that belongs to dif-

ferent tribal and indigenous communities. They are used as home remedy for treatment of malaria, 

chronic fever, hypertension, asthma, hepatitis, vomiting, constipation, inf ammation, tuberculosis, 

and indigestion (Chen et al. 2011; Saha et al. 2004). Traditionally, the plant species is used in hypo-

glycaemic, antibacterial, antiaging, antifatigue, and antifungal diseases, which are formulated on 

different concentrations of the herb extract by some popular herbal companies. These formula-

tions are Melicon V ointment, Ayush-64, Diabecon, and Mensturyl syrup. Research f ndings clearly 

reported that such plant formulations can act as active protectant of heart and can regulate blood 

pressure effectively (Kumar and Staden 2015). 

20.8 SAFETY ISSUES 

There is no adverse effect of Swertia spp. reported till now by any of the experts. Some of the  

researchers have observed mild toxicity of the herb. The herb should be avoided by those patients 

who are suffering from gastric or duodenal ulcers. This herb is considered safe when taken as 

prescribed. However, further studies are required to evaluate its biological activities in vivo and 

the toxicological and mutagenic properties, in order to better validate the safety of these different 

plant-derived compounds. 

20.9 FUTURE REMARKS 

Swertia spp. have several promising prospects for both traditional and modern medicines. There is 

a need of time to conduct comprehensive research on different antimalarial plant species, including 

S. chirayita, to compare and analyze the effcacy of phytoconstituents for its scientif c authentica-

tion. The chemical extraction of these plant contents can be established as antimalarial drug. There 

is no report on any serious side effects or toxicity of S. chirayita, but further toxicological studies 

are still needed to confrm the safety of the herb in humans. Clinical trials of the plant constituents 

must be conducted to establish its eff cacy. S. chirayita is one of the popular herbs used all over the 

world for various diseases. The unsustainable harvesting of the herb and destruction of habitat of 

the plant species are diminishing it fast. Hence, the International Union for Conservation of Nature 

and Natural Resources (IUCN) has also categorized the plant species as critically endangered. 

The National Medicinal Plant Board, government of India, has been prioritized for conservation 

and cultivation of the herb by developing agro-technology packages. Further research is needed 

in wider context of conservation and commercialization of this critically endangered herb. Some 

innovative biotechnological tools, including micropropagation, cryopreservation, and bioreactors, 

are required for conservation of the herb. Moreover, in the near future, hairy root technology can 

be used as a model system to improve the valuable phytochemicals of the herb. More research and 

innovative fndings may improve the therapeutic importance of S. chirayita and promote their 

future use in modern medicine. 
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20.10 CONCLUSION 

Swertia genus contains important herbal medicinal plants and belongs to family Gentianaceae. 

Traditionally, the herb is used in Ayurveda, Unani, and other folk system of medicines in the treat-

ment of fevers, jaundice, diabetes, skin diseases, microbial, and the diseases caused by protozoan. 

The pharmacological importance of the herb is growing day by day because of its valuable phyto-

chemical constituents. Different phytoconstituents of the herb, such as amarogentin, chiratin, gen-

tiopicrin, and gentianine, are considered effective in malarial fever and other diseases. However, 

toxicological and histopathological studies are required to understand its mechanism and standard-

ize the plant product against various diseases. Conservation of S. chirayita is an important concern 

because of its increasing demand and overharvesting. Applying advanced biotechnological tech-

niques can help in the production of bioactive constituents of the herb and its conservation. This 

review summarized the existing botanical description, phytochemical, pharmacological properties 

as well as safety and conservation of the  S. chirayita. 
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