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Abstract— Ethnobotanical-directed bioprospecting has made a significant contribution to modern drug discoveries. However, merely 

relying on this approach may spend more expenditure, time-consuming, and lead exhaustive laboratory testing due to the tremendous 

data of medicinal plants used and the occurrence of placebo effect during traditional medical treatment. Combining the phylogeny 

approach with ethnobotanical bioprospecting may become new prospective tools to lead the plant-based drug discovery, including 

antimalaria. This study aimed to map the ethnomedicinal plants used by various indigenous cultures to investigate the clustered pattern 

of its antimalarial properties for future bioprospecting. The Internal Transcribed Spacer (ITS) region sequences of selected 280 

medicinal plants taxa obtained from NCBI (National Center for Biotechnology Information) were aligned by MUSCLE multiple 

sequences alignments. They were further analyzed using the Maximum Likelihood Phylogenetic Test by MEGA X software to construct 

the phylogenetic tree. Our research revealed that the medicinal plant taxa for malaria treatment was clumped in several families, 

including Apocynaceae, Euphorbiaceae, Rubiaceae, Rutaceae, Fabaceae were strongly clumped along with plants used for fever in the 

Asteraceae family. Interestingly, our finding showed that these plants were clumped in the sub-family of antimalarial producing species, 

the Asteroidea. Furthermore, the strongly clumping pattern was also shown in the tribe Heliantheae alliance of this sub-family. This 

finding supports the predictive power of phylogeny for future bioprospecting to select the candidate taxa to lead the drug discovery. 
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I. INTRODUCTION

Plant material has been used from ancient times through 

traditional way utilization for the treatment of a various range 

of diseases. Different cultures in various regions may have 

their recipe to utilize the herbs as their primary health care 

[1]–[3]. Interestingly, these ethnobotanical data significantly 

contribute to drug discovery and development [4]–[6]. 

According to World Health Organization (WHO), 25% of 

modern drugs are derived from plants [7], [8].  Before the 

emergence of the synthetic era, in the early 1900s, 80% of 

medicines were obtained from the part of the plants [9], [10]. 

Bioactivity guide screening from ethnobotanical data 
becomes vogue to guide the modern drug discovery afterward 

[11], [12]. However, the tremendous numbers of 

ethnomedicinal plants from various cultures challenge 

making medicinal plants' target selection. Drug discovery via 

the traditional approach may require more expenditure and 

time, even struggling to keep pace with the rapid development 

of high throughput technologies [13], [14]. The effectiveness 

of this direct approach might be questioned because of many 

studies revealed that after testing in the laboratory, these 
ethnobotanical medicinal plants give less or none efficacy at 

all which may lead the time consumed research when only 

relying onto this approach [7], [15].  This might be happened 

because of the “placebo effect” during the treatment [16]. The 

patient might be healed by their own suggestion given from 

the traditional healer. 

Phylogenetic approach may become new complementary 

tools which could be useful to predict the medicinal properties 

of the ethnobotanical plants. This based on the assumption on 

the chemicals-properties sharing possibility between related 

species [17]. This suggestion is supported by the study on a 
number of ethnomedicinal plants distributed in Nepal, South 

Africa Cap e and New Zealand which revealed that medicinal 

plants used to treat medical condition in the same therapeutic 

areas were showed concentrated in certain sites of the 

phylogenetic trees[7]. Furthermore, result from mapping the 

psychoactive plants using phylogenetic analysis also showed 

that the psychoactive properties were clumped on certain 

plant lineages [18].  

623



Secondary metabolites are known to be the major 

compounds that contribute to the therapeutic effects. They are 

produced by specific gene clusters expressed continuously as 

a part of the defense mechanism; hence those chemicals might 

be evolutionarily conserved [19]–[21]. These compounds are 

generated by specific gene clusters which are expressed in a 

particular group of plants. Many commercial drug-based 

natural products have been investigated using phylogenetic 

tools and revealed that 67% of clinical trial drug and 80% 

approved drugs were concentrated in 30 and 17 drug-

productive families. This finding suggested that drugs derived 
natural product is mostly generated from pre-existing prolific-

drug families. The evolutionarily related species also showed 

more medicinal value than the isolated evolutionary species 

[22]. However, some studies showed that not all biochemicals 

are clustered phylogenetically (e.g., stimulant chemicals from 

many investigated psychoactive plants showed to be more 

scattered rather than hallucinogen and sedative chemicals) 

[23], which is lead the uncertain robustness using this 

approach hence require to be explored furtherly [19].  

Malaria is a vector-borne infectious disease caused by 

Plasmodium parasites transmitted by Anopheles mosquitoes. 
In 2018, 405.000 death occurred from 228 million cases. 

Children in sub-Saharan Africa are the most threatened by this 

disease [24]. This disease still becomes a significant challenge 

in the public health sector and drug resistance. Artemisinin 

and derivatives, which is known as the core treatment, are 

reported to develop resistance and spread over in Southeast 

Asia [25]–[27]. Artemisinin resistance can be defined as the 

delay in parasite clearance, which may cause the clinical 

failure of treatment [28], [29]. Accordingly, people are to find 

the new candidate drug as a replacement or complement as an 

activity enhancer [30], [31].  
Even though ethnobotanical bioprospecting has been made 

a significant lead to discover the commercial antimalarial 

drugs (the artemisinin and quinine), combining phylogenetic 

approach with the ethnobotanical bioprospecting may become 

a new promising strategy which able to narrow down the 

selection of the candidate plant for further investigation and 

could give a faster and efficient way to discover the plant-

based drug. This research was the first attempt to map the 

medicinal plant, which is commonly used by various 

indigenous cultures worldwide to treat malaria and fever as its 

related symptom using phylogenetic tools to select the plants 

as antimalarial plant candidates.  

II. MATERIALS AND METHODS 

A. Data collection 

Medicinal plant taxa list used by various indigenous 

cultures was obtained from literature search by reviewing 

published articles in ethnobotanical surveys and related 

literature that presented the plants' usage to treat malaria and 

fever as its related symptom. A plant list for another disease 

that has a different indication (medicinal plants for 
tuberculosis) was added to analyze on the broader sight 

whether the additional number of the samples may alter the 

clustered pattern of the phylogeny result. Literature databases 

including PubMed, Scopus, ScienceDirect, and Google 

Scholar were used with the searching keyword: 

“ethnomedicine”/“ethnobotany”, “traditional”, “herbal 

medicine”, “malaria”/“fever”/ “antipyretic”/“tuberculosis”. 

Medicinal plant list database was created based on the 

literature search of ethnobotanical surveys conducted in 

various indigenous cultures in several tropical regions, 

including Africa (Uganda, Limpopo, Nigeria, Kenya, Ivory 

Coast, Ghana, Zimbabwe, Madagascar, and Senegal) and 

Indomalaya (Nepal, Iran, India, Bangladesh, Thailand and 

Indonesia).  

Data extraction was performed with inclusion and 
exclusion criteria adapted and modified from Aid and 

Jeanmaire [23]:  

 Only single used plants for treatment were included, 

medicinal plants in remedies were excluded 

 Congeneric taxa were only presented once to avoid 

visually bias in the phylogenetic clustering due to 

frequent possibility giving the similar properties (e.g., 

Artemisia spp. represented several taxa of Artemisia 

annua, Artemisia afra, Artemisia brevifolia, and 

Artemisia gmelini).  

Plant list database (The Plant List, 
http://www.theplantlist.org/), a working list of all plant 

species which is maintained by Royal Botanic Gardens, Kew 

and Missouri Botanical Garden, was used to verify the name 

and family of each taxa.  

Internal Transcribed Spacer (ITS) region was used to 

construct a phylogenetic tree. The 605 species of medicinal 

plants taxa from 144 families were obtained from literature. 

However, only 280 plants taxa (280 genus from 105 family) 

were met the criteria, as well as the ITS sequences were 

available in National Center for Biotechnology Information 

(NCBI) database (77 plants taxa for malaria, 77 taxa for fever, 
59 taxa for tuberculosis, and 67 multipurpose taxa). Hence 

this list was processed for further analysis.  

B. Phylogenetic Tree Construction and Clustered Pattern 
Analysis 

The sequences obtained from NCBI database were aligned 

using the default system in MUSCLE multiple sequence 

alignment while phylogenetic tree construction was 

performed using Maximum Likelihood Phylogenetic Test 

with bootstrapping 100 times MEGA X software. In addition, 
creating datasets, annotation, and made up of the interactive 

phylogenetic tree were done using Interactive Tree of Life 

(ITOL, https://itol.embl.de/) and Adobe Illustrator 2020. The 

clustered pattern of the plant's medical use was assessed 

descriptively by using Heatmap datasets in ITOL. Coding 0 

(absent) and 1 (present) were used to indicate the presence of 

the plant's medical use. The workflow stage of the study was 

showed in Fig 1. The clustered pattern was determined 

descriptively by analyzing the clumping color on each clade 

branch for each medical therapeutic category. Red, blue, and 

green colors were applied in every clade, which showed the 
cluster signal for ethnomedicinal plants used for malaria, 

fever, and tuberculosis, respectively. The clustered pattern 

was further analyzed by identifying each taxa family, 

subfamilies, and tribes based on current classification. 
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Fig. 1 Workflow stages of the study 

 

III. RESULTS AND DISCUSSION 

Effort in discovering new antimalarial drugs is being 

performed by various approaches but still face their own 

challenge, especially to find the systematic and efficient 

method to lead the drug discovery. The conventional 

approach using bioactivity guide screening from the 

ethnobotanical data has led to current commercial drug 

discoveries. However, this strategy is laborious, time-

consuming, and might spend more expenditure. The increase 
of molecular and non-molecular data-parallel with the growth 

of phylogenetic tool programs leads to developing a new 

systematic and sophisticated method to predict the 

bioactivities and chemical entities of natural product-

producing species using phylogenetic tools. This study's main 

objective was to explore the phylogenetic approach's usage to 

generate the information for future bioprospecting to find 

antimalarial plant-based drugs. ITS region was used to 

construct a phylogenetic tree because of the capability to 

distinguish at the lower level of taxonomic order (between 
species), and also, a large amount of data has been available 

in the GenBank. Additionally, this region is commonly used 

for plant DNA barcoding [32]–[35].  

The 280 plant taxa were analyzed and revealed that the 

medicinal plant used to treat malaria, fever, and tuberculosis 

was clumped in certain phylogenetic tree lineages (Fig 2). The 

addition of plants used for tuberculosis treatment was 

purposed to investigate the clumping pattern in more 

extraordinary samples, which might alter the clustered 

pattern. Tuberculosis disease was chosen due to different 

indication given in compared to malaria symptoms hence may 
not overlap similar usage of the plants, which could generate 

bias. Fever is one indication of malaria disease. Furthermore, 

the study showed that numerous similar plant taxa had been 

used to treat fever and malaria interchangeably. The 

tremendous amount of medical treatment categories also will 

narrow down the target plant selection. However, it could 
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generate a more scattered pattern rather than the result of a 

single medical condition category.   

Our finding revealed that plants used for malaria treatment 

were clumped in several plants, including Rubiaceae, 

Apocynaceae, Euphorbiaceae, and clumped in Asteraceae. 

Plants used for fever also showed to be clumped in Asteraceae 

and Cucurbitaceae. On the other hand, plants used for 

tuberculosis were showed quite scattered in several plants' 

families but showed to be clumped in the Apiaceae family 

(Fig 2). The clumping occurrence found an interesting finding 

on the plant taxa related to antimalarial drugs producing 
species, the Artemisia annua and Cinchona officinalis 

producing artemisinin and quinine, respectively. However, 

clustered occurrence on related plant taxa with C. officinalis 

was showed a relatively small clumping. It may be happened 

because of the small amount of the plant taxa been used for 

malaria treatment from family Rubiaceae (8 taxa, Fig 3). On 

the other hand, in Asteraceae (family of A. annua), it showed 

a greater clumping pattern and covered both malaria and fever 

treatment. This was supported from the analysis of the number 

of our medicinal plant's database; Asteraceae was shown to 

be the most frequent medicinal plants used for malaria and 

fever by the people (Fig 3). 

 

 
Fig. 2  Phylogenetic mapping of 280 medicinal plants taxa used by people to treat malaria (red branch), fever (blue branch) and tuberculosis (green branch) 

626



 
Fig. 3 Frequency of medicinal plant’s families used by people to treat malaria (A) and fever (B) 

 

Further investigation by extracting malaria and fever 

(tuberculosis was excluded) showed a quite similar pattern. A 

total of 221 plant taxa from 90 medicinal plants used for 

malaria, 84 for fever, and 47 plants taxa for both conditions 

were further analyzed to construct the phylogenetic tree. A 

quite similar pattern as shown in figure 2, antimalarial 

medicinal plants were also clustered in Apocynaceae, 

Rubiaceae, and Euphorbiaceae. However, additional 
clumping patterns were shown in Rutaceae and Fabaceae 

families. Furthermore, the clustered pattern still remains the 

same, which was greatly clumped in the Asteraceae family 

and covered the fever medical purpose condition (Fig 4).    

The Asteraceae family showed to be the major source of 

plants to get the therapeutic properties to treat both malaria 

and fever by the people across indigenous communities. 

Besides Asteraceae, people also frequently use the plant 

species belong to Apocynaceae, Euphorbiaceae, Rubiaceae, 

Fabaceae, and Rutaceae to treat malaria (Fig 3). This 

frequency analysis supported clumping patterns in the 

constructed phylogenetic tree (Fig 4.). On the other hand, 

Fabaceae, Meliaceae, Rubiaceae, and Lamiaceae, which are 

often used for fever treatment, did not show the clustered 

signal on the generated phylogenetic tree (Fig 3 & 4). Only 
the Asteraceae family showed to be clustered in the fever 

medical treatment category. This result suggested that 

comparing to the other families, a strong clustered signal for 

malaria and fever as its associated symptom has occurred to 

show in the Asteraceae family. Hence, Asteraceae is needed 

to be explored further.  
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Fig. 4  Phylogenetic mapping of 221 medicinal plants used by the people from various indigenous culture to treat malaria and fever. Red branched represent the 

plant used for malarial treatment while blue branched for fever treatment.  

 

Classification of the sub-family and tribes was done based 

on Panero and Funk 2002, with Feddeeae [36]. Medicinal 

plants taxa for malaria treatment were shown to be clumped 

in the Asteraceae family. These plants were known as a taxa 

member belongs to 2 sub-family of Asteraceae, Asteroidea, 

and Chicorioideae. On the other hand, the plants used for 
fever clumped in sub-family Carduoideae (tribe Cynareae: 

Atractylodeslancea, Saussureacoctus, Centaurea depressa, 

andCarthamustinctorius).  

As shown in fig 4, the plants belong to the sub-family 

Asteroideae were from various tribe, including Senecioeae 

(Cremanthodiumellisii, Solaneciomannii, Emilia javanica, 

and Crassocephalumvitellinum), Inuleae (Inularacemosa), 

Asterae (Conyzabonariensis and Aster spp.), Anthemidae 

(Artemisia spp. and Achillea millefolium) and Heliantheae 

alliance. In Heliantheae alliance (Helianthodaesupertribe), 

the medicinal plants which belonged to Coreopsideae 
(Bidenspilosa), Tagetae (Tagetesminuta), Heliantheae 

(Xanthium strumarium and Tithoniadiversifolia), Eupatoriae 

(Chromolaenaodorata and Ageratumconyzoides), and 

Millerieae (Acanthospermumhispidium, 

Sigesbeckiaorientalis, and Tridaxprocumbens), were shown 

to have strong clustered clumping pattern for malaria 

category. On the other hand, medicinal plants belong to sub-

family Cichorideaewhich were categorized into 2 

tribes,Vernonieae (Gymnanthemum spp 

Baccharoidesadonensis) and Cichorieae (Cichoriumintybus, 

Taraxacum officinalis and Sonchusoleraceous), also showed 

the clustered pattern in malaria medical category.  

As mentioned before, a strong clumping pattern was 
occurred in Heliantheae alliance (Fig 4). Furthermore, based 

on the review of the scientific evidence, almost plants 

clustered in this group showed to have antiplasmodial activity 

resulted from laboratory testing. Ethyl acetate extract and 12 

fractions of B. pilosa was reported have in vivo anti-

plasmodial activity [37]. Isolated compounds from X. 

stumarium showed excellent in vitro antimalarial activity 

against 3D7 P. Falciparum [38]. T. diversifolia showed 

antimalarial activity [39]. Leaves fractions of  C. Odorata also 

showed potent activity during in vivo and in vitro study 

against chloroquine-sensitive and chloroquine-resistant P. 
Falciparum [40]. On the other hand, A. Conyzoides acted 

good antimalarial activity via in vivo study [41]. The 

methanolic extract of A. hispidumwas reported moderate 

inhibitory activity against Dd2 and 3D7 P. falciparumas well 

[42]. At last, water and ethanolic extract of T. procumbens 

was reported to act as antiplasmodial against chloroquine-

resistant P. Falciparum [43]. Eventually, this finding 
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suggested that the clumping pattern of traditional uses of the 

plants as an antimalarial is in line with the generated result 

from bioactivity testing in the laboratory. Hence, the clustered 

signal is worth using as a baseline for candidate plant 

selection for further experimental study.  

Asteraceae is the largest family which has been divided 

into 12 sub-families [44], [45]. This group member 

synthesizes the terpenoids, flavonoids, and polyacetylenes, 

while the sesquiterpene lactones are the compound group 

used as its taxonomic markers[46]. Asteroidea, known to be 

the largest subfamily in Asteraceaewhich is comprised of 
approximately 15,500 species belong to 1,229 genera and 20 

tribes (represent 60-70% in the family) [36], [47]. The 

important antimalarial drug-producing species (the A. annua) 

belong to this group; hence, this could be indicated that 

related species of this plant could have similar antimalarial 

bioactivities due to chemical properties relation. This 

suggestion is based on the research conducted on the plant 

member of Amaryllidaceae, which showed the significant 

correlation between the phylogeny, chemical diversity, and 

their bioactivity. The central nervous system (CNS) was 

investigated related to activities, such as inhibition of 
acetylcholinesterase and binding activity to the serotonin 

reuptake transporter with the alkaloid diversity and correlated 

significantly with the phylogeny of taxa tested [48]. 

Accordingly, our finding could be used as a baseline to select 

the candidate plant for antimalaria. Using the phylogeny 

approach, we can directly “hit” the hot group, which showed 

the clumping pattern for further investigation, thus 

minimizing the expenditure and time of the research. 

Additionally, it may be used as a predictor for the responsible 

bioactive compound shared between related species.  

The chemical class occurrence in tribes of Asteraceae has 
been conducted statistically using  25,392  samples from 11 

chemical classes of compound [49]. The chemical classes are 

monoterpenes, sesquiterpenes, sesquiterpene lactones, 

diterpenes, triterpenes, polyacetylenes, coumarines, 

benzofurans, acetophenones, and phenyl propane. The 

showed that that the occurrence of the prevalent chemical in 

each tribe were different. In Asterae tribe, diterpenes (46.7%) 

is the most occurred compounds, followed by flavonoids 

(20.7%), coumarines (6.9%), sesquiterpenoids (5.9%), 

polyacetylenes (4.5%), acetophenones (3.5%), triterpenes 

(3.3%), phenyl-propane (3.1%), monoterpenes (2.8%), 

benzofurans (2.1%), and the rarest is sesquiterpene lactones 
(0,5%). In Anthemidae tribe, the most occurred compounds 

are monoterpenes (59.2%), followed by flavonoids (14.2%), 

sesquiterpene lactones (13.7%), sesquiterpenoids (5%), 

polyacetylenes (4.1%), coumarines (2.8%), triterpenes 

(0.5%), acetophenones (0.4%), and diterpenes (0.1%), 

respectively. Benzofuranes and phenyl-propane is found to be 

not have occurred in this tribe[50]. STLs santanolides, 

germacranolides, and guaianolides are known to be present in 

this tribe, and all of them present in Artemisia genus[49]. In 

Senecioneae tribe, sesquiterpenoids(61.7%) is the most 

occurred chemicals followed by monoterpenes (7.9%), 
acetophenones (6.6%), sesquiterpene lactones (5.8%), 

benzofuranes (4.7%), diterpenes (3.6%), polyacetylenes 

(3.5%), phenyl-propanes (2.1%), flavonoids (1.1%), and 

coumarines (0.2%)[50]. Typical STLs which is being the 

character of this tribe, are eremophilanolides [49]. In 

Heliantheae tribe, sesquiterpene lactones (27.6%) are most 

prevalent chemicals, followed by diterpenes (22.5%), 

flavonoids (18.1%), monoterpenes (10.1%), acetophenones 

(5.5%), sesquiterpene lactones (4.6%), polyacetylenes 

(4.6%), phenyl-propane (2.7%), benzofuran (2.4%), 

triterpenes (1.4%), and coumarines (0.5%), respectively. In 

Eupatorieae tribe, diterpenes (24.1%) is most prevalent 

compound followed by sesquiterpene lactones (17.1%), 

monoterpenes (14.6%), acetophenones (12.9%), flavonoids 

(11.4%), sesquiterpenoids (7%), benzofuran (6.8%), 

triterpenes (3.4%), coumarin (1.2%), phenyl-propane (1.2%) 
and polyacetylenes (0.4%). In Inuleae tribe, the most 

prevalent chemicals aresesquiterpenoids(29.0%), 

sesquiterpene lactones (21.8%), monoterpenes (16.2%), 

diterpenes (14.8%), flavonoids (5.9%), acetophenones 

(3.0%), polyacetylenes (2.4%), phenyl propane (2.2%), 

triterpenes (1.8%), benzofuran (1.7%) and coumarin (1.2%), 

respectively. In Vernonieae tribe, the most prevalent 

chemicals are sesquiterpene lactones (59.6%), triterpenes 

(22.5%), coumarin (6.0%), flavonoids (3.6%), monoterpenes 

(3.1%), sesquiterpenes (2.5%), phenylpropanes (1.2%), 

polyacetylenes (0.8%) and diterpenes (0.5%), respectively.  
On the other hand, benzofuran and acetophenones are not 

occurred in this tribe. In the Cichoriae tribe, differently from 

other tribes, Cichorieae is known to be yielded only guaianes, 

germacrene, and eudesmanes sesquiterpenes. Additionally, 

guaianolides are the most prevalent in this tribe (76.6%). The 

presence of carboxylic acid and sugars residues in the 

molecules is the structure's common feature [51]. Flavonoids 

(56.0%) are the chemicals classed compounds that were 

prominent in Cichoriae, followed by sesquiterpene lactones 

(14.8%), sesquiterpenoids (12.3%), coumarines (7.7%), 

triterpenes (3.2%), phenyl-propane (2.4%), and monoterpenes 
(2.1%), respectively. In contrast, benzofuranes and 

acetophenone, and diterpenes are absent in this tribe[50]. In 

contrast, a tribe of Cynareae is known to be a promising 

source of flavonoids and ecdysteroids. Coumarines, 

triterpenes, and alkaloids are also prevalent in this tribe [52].  

A chemometric study using those chemical groups 

indicated the capability of chemicals data to contribute intra-

family classification in Asteraceae. However, rather than 

chemical groups, the specific chemical is needed to refine the 

classification within the tribes [49]. Additionally, another 

work also showed that trees constructed based on chemical 

group characters showed different relationship tree of some 
Asteraceae tribes compared to the trees constructed by 

morphological (Bremer’s classification) and molecular 

characters (Jansen’s classification). Inconsistent and 

incomplete chemical reports give the challenge of using the 

chemicals data as taxonomic tools. However, it gives visible 

information to investigate the adaptiphytochemical's adaptive 

function Ecological factors that influence the production of 

phytochemicals and their different speed in evolution 

compared to morphological characters also may give 

challenges using those chemicals data. 

Nevertheless, sesquiterpene lactones (STLs) are valuable 
chemical classes as taxonomic markers in the Asteraceae 

family [54]. Hence, the related species in the same groups of 

Asteraceae may share similar chemical structure properties of 

STLs (e.g., Heliantheae and Inuleae shared similar skeletal 

types, many genera of Vernonieae produce a similar type of 
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guaianolides, Inuleae produced typical xanthanolides, and 

many members of Eupatoriae produced a similar type of 

germacranolides and guaianolides) [55]. Accordingly, every 

tribe indicated their typical STLs might be used as a predictor 

to search the responsible bioactive compounds. 

STLs, the C-15 terpenes containing α-methylene-γ-lactone, 

have high bioactivity due to the presence of their electrophilic 

moiety (exocyclic enoate), which able to trap the nucleophilic 

active site of target enzymes [56]–[59]. Artemisinin, the 

important commercial antimalarial drug, is the STLs which is 

characterized by its endoperoxide bridge as their known 
responsible structure in its mechanism of action as an 

antimalarial drug [60], [61]. STLs may become a major 

source of the antimalarial drug because they can pass the 

blood-brain barrier hence may be useful for cerebral malaria 

therapy. These compounds have potency as anti-

inflammatory, antioxidant, neuroprotective, and phytotoxic 

[57], which may lead to adjuvant therapy or apicoplast drug 

target.  

Our finding showed the occurrence of a great clumping 

pattern in a group of plant related to STLs artemisinin 

producing species (A. annua), which may indicate the 
possibility of sharing chemical structure properties resulting 

in similar malaria healing activity (Fig. 4). Artemisinin is the 

STLs formed by joined various biosynthetic processes from a 

common origin, and about 170 types of STLs are found 

prevalent in several tribes, including Anthemideae, Inuleae, 

and Senecioneae [50]. This study revealed that the plant 

members of the Heliantheae alliance showed a strong 

clumping pattern in the malaria category. However, there was 

no report about the typical chemicals in this group, requiring 

further investigation. 

Lastly, our finding supported the other previous research 
that suggest using the phylogeny approach and ethnobotanical 

bioprospecting for future plant-based drug discovery. The 

clumping pattern of the plants used to treat similar medical 

conditions may indicate the possibility of sharing chemical 

properties. This approach could be used to find substitution 

alternative taxa to treat certain similar medical conditions 

when the supply or availability of the medicinal taxa is 

ecologically threatened [48]. To find the new antimalarial 

drug candidate, this finding may be used as a baseline for 

selecting the target plant group rather than making a random 

selection. The hot node group may be selected for further 

laboratory testing. However, because of the plant's ecological 
factors may affect the production of secondary metabolites 

responsible for its bioactivity, further laboratory testing is 

needed to investigate this finding.  

IV. CONCLUSION 

Ethnobotanical plants used for the treatment of malaria and 

fever were clumped mostly in Asteraceae family derived from 

various tribes. The interesting, clustered patterns of plants 
used for malaria were shown in the Asteroidea sub-family 

group, related to the antimalarial drug-producing species. 

Additionally, the tribe Heliantheae alliance showed a strong 

clumping pattern of a plant used for malaria, while plants used 

for fever showed clumped in the Carduoideae tribe. This 

finding may be used as a baseline for selecting the target plant 

for future bioprospecting to discover new antimalaria. At 

least, the phylogeny approach may become new interesting 

tools to predict the bioactivity of medicinal plants.   
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