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Abstract Zanthoxylum species are involved in traditional medicine in the 

treatment of malaria. This study aims to map the research landscape and identify 

networks of researchers working on the Zanthoxylum genus and malaria from 

2004 to 2023. The literature review was conducted utilizing a variety of 

databases, including Google Scholar, ScienceDirect, and Dimensions. 

VOSviewer software version 1.16.20 was used for network mapping and an 

Excel 2019 spreadsheet for descriptive statistical analysis of the retrieved data. 

Zanthoxylum species identified as highly effective against Plasmodium 

falciparum were 12. The network of countries that participated in the research 

around Zanthoxylum species was about 28 countries, with Kenya receiving the 

most citations (41 total link strength), followed by France and the United State. 

The most used parts of the species are stem bark followed by root bark with 

respective values of 57% and 29%. The most commonly used solvent for 

extraction is methanol and then dichloromethane. The Plasmodium strains tested 

are about 9 with the D6 strain (32%) the most tested followed by the W2 strain 

(26%). The aqueous extract of Zanthoxylum zanthoxyloides root bark was the 

most effective against P. falciparum strain 3D7 and the 

dichloromethane/methanol extract of Z. holstzianum stem and root bark was most 

effective on the D6 and W2 strains. Fagaronine and nitidine are the most 

remarkable antiplasmodial compounds. Strengthening the network of 

researchers, especially in Africa, in the field of research related to Zanthoxylum 

species and especially on Z. zanthoxyloides and Z. holstzianum could open up 

better perspectives on promising molecules against Plasmodium strains. 

Keywords: Zanthoxylum species, network of researchers, stem bark, root bark, 

Plasmodium strains, antiplasmodial compound 
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1. Introduction 

 Malaria affects several million people all over the world, and Africa is the region that pays the most for 

it. Malaria caused by Plasmodium species, remains a significant public health concern globally (Li et al., 

2024), with the World Health Organization reporting that in 2022, approximately 94% of malaria cases 

occurred in the African region (Venkatesan, 2024). For example, malaria remains a significant public health 

challenge in Burkina Faso, a West African nation. In 2020, health authorities reported more than 11 million 

malaria case in the country (Bationo et al., 2023).  

For many years in Africa, conventional and traditional medical approaches have been employed in efforts 

to control and reduce the impact of this widespread disease. There are indeed molecules in the form of 

medication that can treat the disease, but it continues to claim victims, sometimes because of forms of 

resistance and the context of poverty in Africa. The network of researchers continues their research on plants 

in order to identify active molecules capable of destroying all forms. Faced with this challenge related to 

plausibility, researchers are exploring the potential of various plant extracts against Plasmodium strains.  

Let us take the case of the genus Zanthoxylum, which has several species that have been evaluated in the 

laboratory. The species of this genus, known for its diverse phytochemical composition, seem promising in 

traditional medicine in treating malaria and other diseases. It would therefore be interesting to deepen 

knowledge of this genus’s species in relation to malaria. For example, Zanthoxylum heitzii Aubrév. & 

Pellegr.) P.G.Waterman has been shown to contain chemicals such as dihydronitidine, which is known to 

have strong anti-Plasmodium falciparum Welch activity even at low concentrations (Goodman et al., 2019). 

According to (Correa-barbosa et al., 2023). Additional species, such as Zanthoxylum rhoifolium (Lam.) and 

Zanthoxylum chiloperone Mart. ex (Engl) have also shown noteworthy anti-plasmodial activities, 

suggesting their potential as sources of novel antiplasmodial compounds.  

Thus, it would be important to capitalize on the research already carried out on Plasmodium from species 

of the genus Zanthoxylum to control this disease through scientrometry through scientrometry better. It is 

very useful in guiding research efforts and improving the effectiveness of studies (Daradkeh et al., 2022). 

Indeed, the keywords employed, publication sources, and author affiliations form a comprehensive 

framework that broadens the understanding of specific plant species. This study aims to map the research 

landscape and identify networks of researchers working on the Zanthoxylum genus and malaria from 2004 

to 2023.   

 

2. Methodology 
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 To conduct this study, databases were consulted, keywords were used and titles and abstracts were 

considered in Dimensions AI, Science Direct (ScienceDirect.com|) and google Scholar. The following 

criteria were therefore retained for this review: the date of the articles consulted on species of the genus 

Zanthoxylum and Plasmodium that should be comprised between 2004 to 2023; the keywords 

("Zanthoxylum genus" AND "Plasmodium species"), (("Zanthoxylum genus" AND "malaria), 

("Zanthoxylum" AND "Plasmodium") and(("Zanthoxylum" AND "malaria)" The data was collected from 

the Dimension database (n=35), Science Direct (n=21) and Google Scholar (n=7). The methodology 

involved a multi-source data extraction process to ensure comprehensive coverage of relevant literature. 

Data from Dimensions AI were exported as an Excel file, while articles from Science Direct and Google 

Scholar were systematically filtered and selected based on specific criteria. Notably, a significant portion of 

the articles retrieved from Science Direct and Google Scholar was also present in the Dimensions AI dataset, 

enhancing the reliability of the findings. The Excel data from Dimensions AI and data extract from articles 

was then utilized for descriptive analyses. Additionally, VOSviewer version 1.16.20 was employed to 

visualize the bibliometric networks, mapping relationships among researchers, countries, citations, co-

authorships, and organizations, thereby providing insights into the research landscape (Kirby, 2023). The 

articles were filtered in Dimensions AI using indexing and abstracting services, namely the Norwegian 

Register for Scientific Journals (levels 1 and 2), ERA (Excellence in Research for Australia) for the years 

2015 (n=32), 2018 (n=33), and 2023 (n=34), UGC-CARE Reference List (n=34), Directory of Open Access 

Journals (DOAJ) (n=11), PubMed (n=29), and the Flemish Academic Bibliographic Database for the Social 

Sciences and Humanities (VABB-SHW) (n=22). Thresholds were established based on the heading to 

highlight the most highly rated studies. The field citation ratio (FCR) and the relative citation (RCR) 

(Hutchins et al., 2016) were extracted by using Dimension for the most cited papers. The distribution of the 

species was retrieved on the Map of Life site (https://mol.org/species/) and was adapted.   

 

 
3. Results and discussion 

 3.1. Antimalarial Zanthoxylum species Distribution  

 Species from Zanthoxylum genus identified for screening from 2004 to 2023 as antiplasmodial are 

pantropical and distributed in several parts of the world (Table 1 and Figure (1a/b/c)). Species from the 

Zanthoxylum genus, which are well-known for their role in malaria management, are largely found in 

Tropical Africa, where malaria remains a serious public health concern (Venkatesan, 2024), with far-

reaching effects for society and a need for effective management approaches. In each region of the world, 

specific species of the Zanthoxylum genus are used in traditional medicine to treat malaria. In Western 

https://www.sciencedirect.com/
https://mol.org/species/
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Africa, Z. zanthoxyloides, Z. gilletii, Z. leprieurii and Z. rhetsa are the most predominant; in Central Africa, 

Z. chalybeum, Z. gilletii, Z. heitzii, Z. leprieurii and Z. usambarense are common; in East Africa, Z. 

holtzianum and Z. gilletii are prevalent; in Asia, Z. rhetsa is widely used; and in South America, Z. gilletii, 

Z. chiloperone, Z. rhoifolium and Z. syncarpum are notable. In each region of the world, specific species of 

the Zanthoxylum genus are used in traditional medicine to treat malaria. In Western Africa, Z. 

zanthoxyloides, Z. gilletii, Z. leprieurii and Z. rhetsa are the most predominant; in Central Africa, Z. 

chalybeum, Z. gilletii, Z. heitzii, Z. leprieurii and Z. usambarense are common; in East Africa, Z. holtzianum 

and Z. gilletii are prevalent; in Asia, Z. rhetsa is widely used; and in South America, Z. gilletii, Z. 

chiloperone, Z. rhoifolium and Z. syncarpum are notable. 

 

Table 1. Distribution of species from the Zanthoxylum genus identified in malaria management 

Species Distribution Author (Year) 

Zanthoxylum 

chalybeum Engl 

Tanzania, Uganda, Mozambique, 

Namibia, South Africa, and 

several others in Eastern 

Mguni et al. 

(2009) 

Z. chiloperone Mart. ex 

Engl. 

Central South America Cebrián-torrejón et 

al., 2011 

Z. gilletii 

(De Wild.) P. G. 

Waterman 

Guinea, Sierra Leone, Kenya, 

Uganda, Côte d'Ivoire, Tanzania, 

Angola, Zimbabwe and the 

Democratic Republic of the 

Congo. 

Orwa et al. 

(2009),-Sinan et 

al. (2019) 

Z. heitzii heitzii 

(Aubrév. & Pellegr.) 

P.G.Waterman 

West Africa Moussavi et al. 

(2015), 

Wangensteen et al. 

(2016) 

Z. holstzianum (Engl.) 

P.G.Waterman 

Kenya,Somalia, Mozambique Kaigongi et al., 

(2023) 

 

Z. leprieurii Guill. & 

Perr. 

Tropical Africa Tine et al. (2020) 

Z. rhetsa 

Roxb.) DC. 

Asia Duangyod et al., 

(2020) 

Z. rhoifolium Lam South America Jan et al. (2022) 

Z. syncarpum Tul. North and South Amerca Ross et al. (2005) 

Z. simullans Hance Tropical and subtropical Wang et al. (2014) 

Z. usambarense (Engl.) 

Kokwaro 

Kenya, Tanzania, Mozambique, 

Ethiopia, Rwanda 

Kirira et al.(2006), 

Were et al. (2010) 

Z. zanthoxyloides 

(Lam.) Zepernich & 

Timler 

West Africa (Ouédraogo et al., 

2019), Yaoitcha et 

al. (2022) 
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Figure 1a. Distribution area of the Zanthxoylum species used as antiplasmodial: Z. chalybeum, Z. chiloperone, Z. 

gilletii, Z.heitzii and Z. holstzianum 
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Figure 1b. Distribution area of the Zanthxoylum species used as antiplasmodial: Z. Leprieurii, Z. Rhetsa, Z. 

Rhoifolium, Z. syncarpum, Z. usambarense and Z. zanthoxyloides 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 1c. Distribution area of the Zanthxoylum species used as antiplasmodial: Z. simullans 
 

 

3.2. Network of researchers  
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 For the citation author network the minimum number of documents of an author was 2 and the minimum 

number of citations was 1 in the VOSviewer software. The study analyzed a total of 239 authors, of which 

15 were identified with 2 clusters (Figure 2). The largest cluster is displayed in red. This cluster most likely 

represents the core group of authors who have made substantial contributions to the area and are inextricably 

linked by collaborations, mutual interests, or affiliation. The second largest cluster, shown by the green 

color, is the next most notable group of authors. This cluster could represent a different sub-field, research 

group, or partnership within the larger scope of the study. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Citation author’s network 

 

The co-authorship network analysis employed a minimum threshold of 2 documents per author and a 

minimum threshold of 105 citations. This resulted in the identifying of 6 co-authors out of 223 who met the 

threshold (Figure 3). One cluster in red indicating a significant concentration of collaborative research 

efforts within this group.  
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Figure 3. Coauthorship author network 

For the network of cited documents, a minimum number of citations considered for a document was set 

to n=10 and 29 of 35 documents were found (Figure 4). The most cited document was (Bertani et al., 2005) 

followed by (Kirira et al., 2006). The study of (Bertani et al., 2005) investigated Z. Rhoifolium and other 

species but did not specify which compound from Z. rhoifolium (Rutaceae) was found to be antiplasmodial. 

It only mentioned that a remedy made from this plant, which is widely used among the population of French 

Guiana as a preventive, could inhibit more than 50% of parasite growth in vivo at around 100 mg/kg. The 

study have 89 citations with a FCR of 9.21 (this publication has received approximately 9.21 times more 

citations than average) and a RCR of 2.32 (the publication has an above average citation rate for its group 

2.32 times). The study of (Kirira et al., 2006) found that the methanol extract of the stem bark of Z. 

Usambarense had an IC50 (half maximal inhibitory concentration) value < 6 μg/ml against both 

chloroquine-sensitive and resistant falciparum strains NF54 and ENT30. This study was cited 88 times with 

a FCR of 10 and RCR of 2.37. The two studies cited above used different approaches, the first focusing on 

in vivo tests and the second focusing on in vitro tests, which provide complementary evidence of the 

antimalarial potential of Zanthoxylum species. 

 

 

 

 

 

 

 

 



    Lassané Ouédraogo /Afr.J.Bio.Sc. 6(15) (2024)                                         Page 14053 to 10 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Citation document network 

 

 The minimum threshold for the author citation network by country  was set at 2 documents per country 

and at least one citation per country. A total of 12 of 28 countries met the threshold set. Thus, Kenya (9 

documents) was the first country with the greatest number of citations (with 35 total link strength) followed 

by France (6 documents, 18 total link strength) and United State (5 documents, 10 total link strength), 

suggesting that these countries' authors are more interested in Zanthoxylum species studies related to 

plasmodium (Figure 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Author citation country network 
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This result reveals that Kenya is the top contributor to the Plasmodium field related to Zanthoxylum 

species. Kenya was top-ranked, followed by France and the United States, indicating a joint global effort in 

this area, combining expertise from malaria-endemic regions with resources from wealthy countries. This 

network demonstrates the importance of local knowledge and research capacity in the search for malaria 

control strategies. It also highlights the global importance of Zanthoxylum species and their antimalarial 

characteristics. However, since only 12 out of 28 countries passed the threshold criterion indicates a possible 

gap in global research participation, highlighting the importance of international collaboration and 

knowledge exchange in the fight against this disease. The small research core in some countries highlights 

the importance of strengthening international collaboration. 

For the author citation organization network, the threshold was 2 and 40 for document and citation 

respectively. As a result, 12 out of 74 organizations met the criteria, and the top 10 were chosen (Figure 6). 

The Kenya Medical Research Institute (KEMRI) was the first with 4 documents and 17 links in total, 

confirming their leadership. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Citation organizations network 

 

For the citation source network, the minimum number of documents selected in a country was n= 3 and the 

minimum number of citations was st at n=50. The results indicated that 3 out of 19 sources met the threshold 

(Figure 7). 
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Figure 7. Citation source network 

 

For the citation source network, the minimum number of documents selected in a country was n= 3 and 

the minimum number of citations was set at n=50. The results indicated that 3 out of 19 sources met the 

threshold (Figure 7). 

The first citation source was the Journal of Ethnopharmacology with a total of 18 link strengths and 10 

documents followed by Malaria Journal and Planta Medica. The first position of Ethnopharmacology 

suggests a strong emphasis on studies that integrate cultural and scientific approaches to medicine. At the 

same time, the Malaria Journal and Planta Medica are among the main sources that highlight the field's 

specific focus on malaria research and medicinal plant studies. 

The few renowned journals can impede the distribution of key findings to larger scientific groups. This 

emphasizes the importance of researchers combining multiple disciplines in this sector to achieve efficient 

results. To increase malaria control, more journals must be published, multidisciplinary research initiatives 

should be encouraged, and knowledge-sharing platforms should be established between traditional medicine 

practitioners, pharmacologists, and malaria researchers.   

 

3.3. Antimalarial powers of Zanthoxylum species  

The research revealed that 12 species within the Zanthoxylum genus demonstrate the presence of 

compounds that enhance the activity against various P. falciparum (Table 2).  

The stem barks represent 57% of the organs used as a test against Plasmodium strains followed by the 

roots (29%) (Figure.8). 
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Figure 8. Percentage of species part used in test against Plasmodium strain 

 

Laboratory tests on Plasmodium have focused on Zanthoxylum species' stem and root barks. This is thought 

to be due to the high concentration of antimalarial chemicals in some parts of the plant. However, it should 

be noted that the heavy reliance on stem and root barks not only jeopardizes the survival of wild 

Zanthoxylum populations, but also indicates a possible failure to fully explore the medicinal potential of 

other components of the plant. This trend highlights the critical need for more comprehensive studies that 

combine traditional knowledge with current scientific methodologies, emphasis sustainable harvesting 

practices and other parts of the plant such as leaves, fruits, and other parts of the plant. This is how the work 

of Guedje et al. (2016) had shown for the harvesting of bark for example it is necessary to respect a certain 

number of criteria to make the species sustainable. 

The most frequently used extract was the methanol extract (45%), followed by the dichloromethane one 

(28%) (Figure 9). 
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Figure 9. Extracts used in test against Plasmodium strain 

 

It is well known (Uzor, 2020) that several compounds, including alkaloids, are involved in the antimalarial 

potential of plant extracts. The results suggest methanol and dichloromethane are ideal for extracting potent 

antiplasmodial compounds, such as alkaloids. In reality, methanol has a high solubility for many alkaloids. 

It is miscible with water, allowing it to extract both polar and non-polar chemicals. Still dichloromethane 

has a lower polarity than methanol and is therefore suitable for extracting less polar alkaloids.  

Conversely, the preference for methanol and dichloromethane extracts may limit the understanding of 

other solvent extracts’efficacy.  

There were three species of Plasmodium (P. facilparum, P. knowlesi (sinton and mulligan) and P. berghei 

(vincke & lips) tested by Zanthoxyum genus extracts and the most predominant used was P. falciparum 

(84%) (Figure 10). 
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Figure. 10. Plasmodium species tested 

The species from the Zanthoxylum genus was tested against a diverse range of Plasmodium strains, 

including three chloroquine-sensitive strains (D6, 3D7, and NF54) and six chloroquine-resistant strains 

(W2, ENT30, Dd2, FcB1, FCR3 and K1) (Figure 11). 

 

Table 2. Zanthoxylum species : Type of extracts used, compounds and antimalarial activity (measured by the IC50 
values) against Plasmodium strain 

 

Species 

Plant 

part 

Type of extract Type of 

compound 

Identified 

Compound 

 

Strain IC50 Author 

(Year) 

Z. 

chalybeum  

Rb Methanol - - - 8.10 μg/mL Bbosa et 

al. (2014) 

Rb Methanol - - W2 1.9±0.5 

1.9±0.5 

μg/mL 

Muganga 

et al. 

(2010) 

Sb Methanol Alkaloid Fagaramide FCR3 c 2.85 µg/mL Adia et al. 

(2016) 
Ethanol - - NF54 3.21 µg/mL 

FCR3 c 0.57 µg/mL 

Aqueous   NF54 4.25 µg/mL 

Z. 

chiloperone

. 

 

Sb Ethanol, 

dichloromethan

e 

Alkaloid Canthin-6-one:  D6, W2 2.0-5.3 

μg/mL 

Cebrián-

torrejón et 

al. (2011) Trans-avicennol: D6, W2 0.5 to 2.7 

µg/mL 

Z. gilletii  

Sb Methanol, 

Dichlorometha

ne 

Alkaloid Alkamide, 

Fagaramide 

D6 0.78 μg/mL; 

6.0 μg/mL 

(Waterma

n et al. 

(2021) 

Sb Methanol, 

Dichlorometha

ne 

Alkaloid Nitidine FcB1  < 5 μg/mL Okagu et 

al. (2021) 

Sb Methanol, 

Dichlorometha

ne 

Alkaloid 8-

Acetonyldihydroc

helerythrine 

D6 4.06 μg/mL (Waterma

n et al. 

(2021) 
W2 4.02 μg/mL 

3D7 3.37 μg/mL 

Sb Alkaloid Fagaramide: D6 7.73 μg/mL 
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Species 

Plant 

part 

Type of extract Type of 

compound 

Identified 

Compound 

 

Strain IC50 Author 

(Year) 

Methanol, 

Dichlorometha

ne  

W2 15.15 μg/mL 

3D7 7.72 μg/mL 

Z. heitzii 

Sb Hexane Alkaloid 

 

dihydronitidine 

 

 0.0089 µg/ml Goodman 

et al. 

(2016) 

 Z. 

holstzianum 

Sb, Rb Dichlorometha

ne/methannol 

Alkaloid Nitidine D6, W2 0.11 ± 0.01 

µg/mL 

Akampurir

a et al. 

(2023) Norchelerythrine D6 0.15 ± 0.01 

µg/mL 

Dichlorometha

ne/methannol 

- - D6 2.6 ± 0.3 

µg/mL 

W2 2.5 ± 0.3 

µg/mL 

Z. leprieurii 

Fr Ethyl acetate Alkaloid Arborinine 3D7 4.5 ± 1.0 

µg/ml 

Tchinda et 

al., (2009) 

xanthoxoline 3D7 4.6 ± 0.6 

µg/ml 

Z. 

rhoifolium 

Sb Aqueous Alkaloid 

 

nitidine  IC(50)< 1 

μg/mL 

Correa-

barbosa et 

al. (2023) 

Z. 

syncarpum  

Le Methanol Alkaloid Syncarpamide D6 2.04 μM  Aratikatla 

et al. 

(2017); 
W2 3.06 μM 

3D7 3.90 μM 

K1 2.56 μM 

Z. rhetsa 

Fr  Methanol  - - 3D7 16.21 μg/mL Mallya 

and Bhitre, 

(2022), 

Mallya 

and Bhitre, 

(2022) 

Z. 

simullans  

Rb Methanol Alkaloid Normelicopidine Dd2  18.9 µg/mL Wang et 

al. (2014) 

 Z. 

usambarens

e 

Sb Methanol 

extract 

- -  NF54 

and 

ENT30 

0.6< 1 μg/mL Kirira et 

al. (2006) 

Zanthoxylu

m 

zanthoxyloi

des  

Sb Dichlorometha

ne, methan, and 

hydromethanol 

 -  1.2 µg/mL Gansané et 

al. (2010) 

Rb, Sb Methanol Alkaloid Bis-

dihydrochelerythri

nyl ether 

Buesgenine 

Chelerythrine 

γ-Fagarine 

Skimmianine 

Pellitorine 

D6,W2 5 μg/mL Goodman 

et al. 

(2019) 

Rb Aqueous Alkaloid fagaronine  3D7 0.018 μg/ml Kassim et 

al. (2005) 

 

Note. Plant part used: Fr: Fruit, Le: Leave, Rb: Root bark, Sb: Stem bark. 
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Figure 11. Strains tested against Plasmodium 

 

Among tested strains, the D6 strain (32%) and the W2 strain (26%) were the most frequently tested,  

The study indicates that among the 12 identified species of Zanthoxylum, fagaronine a compound isolated 

from the aqueous extract of Zanthoxylum zanthoxyloides (Lam.) Zepernich & Timler root was the most 

active compound ( IC50 value of 0.018 μg/ml) against P. falciparum strain 3D7. This was followed by the 

dichloromethane/methanol extract of the stem and root bark of Z. holstzianum, which showed activity with 

nitidine at an IC50 concentration of 0.11 μg/ml against both the D6 and W2 strains.  

As alkaloids are primarily responsible for inhibiting Plasmodium in Zanthoxylum species, they are thought 

to act through multiple mechanisms of action. These compounds interact with the heme of hemoglobin, 

preventing its detoxification and causing toxic accumulation in the parasite (Bai et al., 2006). The study 

evaluates Zanthoxylum extracts against a wide variety of Plasmodium strains, encompassing both 

chloroquine-sensitive and resistant types. This approach offers valuable insights into the efficacy of these 

extracts against different malaria parasites. This shows the current challenges posed by drug resistance in 

malaria treatment (Gujjari et al., 2016). 

 

Conclusion 

In this study 12 species of the Zanthoxylum genus have been identified having significant effectiveness 

against diverse Plasmodium strains. Methanol and dichloromethane root and stem bark extracts from 
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Zanthoxylum species were tested on 9 strains. The most effective antiplasmodial properties are found in the 

stem barks of these plants. It appears that advanced research on quality, toxicity testing and in-depth clinical 

trials on these species is necessary but with emphasis on Z. Zanthoxyloides and Z. Holstzianum are more 

promising. Research should explore all parts of these previous two species and use various solvents, 

including methanol and dichloromethane.  Providing new insight and potential treatments could be achieved 

by focusing on a wider range of plant components. In addition, fostering collaboration across disciplines 

and establishing an international network of researchers could improve the effectiveness of these efforts. 
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