


Ethnopharmacological study of plants used against malaria by traditional healers in the district of Dikodougou, North Côte d'Ivoire



Abstract
Traditional medicine (TM) has been a cornerstone of healthcare in many cultures, particularly in Africa. TM has played an integral role in managing diseases such as malaria. In Côte d'Ivoire, limited access to medical facilities brought indigenous communities to use on herbal medicine to prevent and manage malaria. As part of the effort to discover new bioactive molecules from plants, a study was conducted on medicinal plants used to treat malaria in the Dikodougou district. The survey was based on questionnaires and interviews with fifteen traditional practitioners who had knowledge of antimalarial medicinal plants. A total of 24 species of medicinal plants were identified. The most representatives plants families were Fabaceae, Asteraceae, Rubiaceae, Meliaceae, and Phyllanthaceae. Cassia sieberiana DC (Fabaceae) was much more species cited, at 35.29%. Pericopsis laxiflora (Benth. ex Baker) Meeuwen (Fabaceae) followed with 23.53%, followed by Sarcocephalus latifolius Sin (Rubiaceae), Tamarindus indica L (Fabaceae), and Flueggea virosa (Roxb. ex Willd.) Royle (Phyllanthaceae). The parts of plants frequently used by traditional healers were leaves (51.11%), followed by roots (28.89%) and seeds (11.11%). The most preparation methods used by traditional healers was decoction (50%) and maceration (40%). Evaluating the antimalarial properties of the most commonly cited species would validate the knowledge and practices of traditional practitioners in the Dikodougou district.
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1. INTRODUCTION
Malaria remains a major public health concern due to its association with high rates of morbidity and mortality [1]. Medicinal plants have been used for centuries in traditional medicine to treat this disease. These plants are promising, sustainable alternative to synthetic drugs, especially given persistent treatment resistance and limited access to modern care [2]. The development of new drugs could be enhanced by using African medicinal plants with antimalarial properties, as highlighted by recent studies. [3, 4, 5, 6]. These plants have been used in traditional African medicine for long time so far [6, 7, 8, 9]. They are an important natural source of biomolecules that are likely to have a wide variety of pharmacological properties. These properties could cure or treat numerous human pathologies, including malaria. Over the past few decades, a significant number of studies have been conducted in Côte d'Ivoire, with a predominant focus on ethnobotanical surveys of medicinal plants. These studies have been carried out by researchers such as Rasmane et al, Koffi et al, Kipré et al, Sylla et al, Bla et al, N'Guessan, Zirihi and Koné [10, 11, 12, 13, 14, 15, 16, 17]. In Côte d'Ivoire, from 80% to 91% of the population relies on traditional medicine for primary health care [18, 19]. Medicinal plants are a valuable part of Africa's cultural heritage. Over time, they have proven effective in treating various diseases and continue to be a significant source for developing many modern medicines [10]. However, many of these plant studies have not been followed up on. Among the plants used to treat malaria in Côte d'Ivoire, some could be developed into effective malaria treatments [20]. This is evident with quinine and artemisinin, which are molecules derived from traditional medicine [21].
As part of the search for new natural molecules with anti-plasmodial effects to fight against malaria parasites, this study employs an ethnobotanical approach. The study was conducted in the Dikodougou health district to identify locally used plants for treating malaria. This is an area where malaria infections are associated with age and the rainy season [22].


2. MATERIALS AND METHODS 
2.1. Location
It is located in the Poro, region of the Savanes district in the north of Côte d'Ivoire. According to the 2021 General Census of Population and Housing, Dikodougou has a population of 102,115 inhabitants and a surface area approximately 2,472 km², resulting in an average density of 30 inhabitants per km² [18]. It is bordered by the Niakaramandougou department to the southeast, Mankono to the south, and the Korhogo department to the north and west. The population of Dikodougou consists of native Sénoufo (Koufoulo and Fodonon) and non-native people from various regions of Côte d'Ivoire, including the Malinké, Akan, and Wê. There are also non-native people from ECOWAS countries.
2.2. Collection method
The survey was conducted among fifteen traditional practitioners who had knowledge of antimalarial medicinal plants. The survey was conducted in 2021. The traditional healers were asked to complete a questionnaire including information on their profile (age, sex, ethnicity, level of education, profession, and marital status). Regarding the plant, the survey focused on which organs were used, how they were prepared, and their therapeutic and culinary uses.
2.3. Herbarium identification 
Plant identification was carried out at the Centre National de Floristique (CNF) of the Université Félix Houphouët-Boigny in Abidjan-Cocody. The APG IV (2016) nomenclature was used to update the names of plant species.
2.4. Calculation of Citation Frequency
The citation frequency for each of the plants surveyed was obtained using the formula described by Gbekley et al [19] and Orsot [23].
The Citation Frequency (CF) of a species = (number of citations of the species/total number of citations of all species) x (100).

                                          FC= 𝑛/𝑁 𝑥 100        

FC: Frequency of quotation; n: number of people who quoted the species; N: total number of people surveyed

2.5. Data analysis
The data collected was statistically analyzed and processed using EXCEL and GraphPad-Prism version 8.0.1 (GraphPad Software, Inc.).
3.RESULTS 
The survey was conducted with 15 traditional healers, most of whom were male. A total of 24 species, belonging to 14 families and two genera, were recorded. Figure 1 shows that the most represented families were Fabaceae, Asteraceae, Rubiaceae, Meliaceae, and Phyllanthaceae. The most cited species was Cassia sieberiana DC. (Fabaceae), at 35.29%. Following it were Pericopsis laxiflora (Benth. ex Baker) Meeuwen (Fabaceae), Sarcocephalus latifolius (Rubiaceae), Tamarindus indica (Fabaceae), and Flueggea virosa (Phyllanthaceae), with 23.53% (Table I).
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Figure 1 : Famillies cited
















Table I: Antimalarial plants used by Dikodougou traditional healers
	
	Taxa
	Famillies
	Vernacular names
	Number 
of 
citation
	Fréquency of citation
	N°d’herbier

	1
	Vitex madiensis oliv
	Lamiaceae
	Gnahamm
	3
	17,64
	UCJ017513

	2
	Senna occidentalis Link
	Fabaceae
	Badjangue
	1
	5,88
	UCJ009170

	3
	Sarcocephalus latifolius (Sm.) E.A.Bruce
	Rubiaceae
	Sehoundôlôgue ; N’zahom ; Zanvelem
	4
	23,53
	UCJ015407

	4
	Calotropis procera W. T. Aiton
	Apocynaceae
	Gnonpidjiha
	1
	5,88
	UCJ002511

	5
	Trichilia emetica
	Sapindaceae
	Korokoum
	2
	11,76
	UCJ012332

	6
	Senna allata (L) Roxb
	Fabaceae
	Lôhôpkanithonlom
	3
	17,64
	UCJ009126

	7
	Cassia sieberian DC
	Fabaceae
	Pongoule
	6
	35,29
	UJC009184

	8
	Vernonia amygdalena Delile
	Acteraceae
	Gnamsoro
	2
	11,76
	UCJ003893

	9
	Pseudocedrela kotschyi (Schweinf.)
	Meliaceae
	Soheome
	2
	11,76
	UCJ012320

	10
	Olax subscorpioides Oliv.
	Olacaceae
	Sissesgnonrigui
	2
	11,76
	UCJ013253

	11
	Pericopsis laxiflora (Benth.ex-Baker) Meeuwen
	Fabaceae
	Djim
	4
	23,53
	UCJ009931

	12
	Gymnanthemum amygdalinum (Delile) Sch.Bip. ex Walp.
	Asteraceae
	
	1
	5,88
	UCJ003893

	13
	Flueggea virosa (Roxb. ex Willd.)Royle
	Phyllanthaceae
	Gramadienne Môgôcolo‑calaman (Dioula); mokokoana, mokrodoma (Malinké)
	4
	23,53
	UCJ006375

	14
	Anthostema senegalense A.Juss.
	Euphorbiaceae
	Lôhôphanam
	2
	11,76
	UCJ005739

	15
	Acanthospermum hispidum DC.
	Asteraceae
	Nibon
	3
	17,64
	UCJ003383

	16
	Combretum molle R.Br. ex G.Don
	Combretaceae
	Mahadjam
	1
	5,88
	UCJ002995

	17
	Aspilia bussei O.Hoffm & Muschl.
	Asteraceae
	
	1
	5,88
	UCJ003451

	18
	Entada mannii (Oliv.) Tisser.
	Fabaceae
	Zananairai
	2
	11,76
	UCJ009707

	19
	Heliotropium indicum L.
	Heliotropiaceae
	Gernangue
	1
	5,88
	UCJ001745

	20
	Tamarindus indica L.
	Fabaceae
	Machinhan
	4
	23,53
	UCJ009522

	21
	Argemone mexicana L.
	Papaveraceae
	Winibgêni
	2
	11,76
	UCJ014170

	22
	Phyllanthus amarus Schumach. & Thonn.
	Phyllanthaceae
	Samanwarni
	3
	17,64
	UCJ006242

	23
	Opilia amentacea Roxb.
	Opiliaceae
	Mougouleouleou
	2
	11,76
	UCJ013379

	24
	Morinda lucida Benth
	Rubiaceae
	Chongolime
	2
	11,76
	CSRS005805






















3.1.Ethnobotanical characteristics
Parts of plants used
The survey revealed that Dikodougou traditional healers most frequently used leave (51.11%), followed by root (28.89%) and seed (11.11%) (Figure 2).
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Figure 2 : Parts of plants used



3.2. Plants preparation methods 
The figure 3 shows that a decoction (50%) is the most commonly used preparation method among traditional therapists, followed by maceration (40%).
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   Figure 3 : Plants preparation methods 




3.3. Method of administration
These recipes were consumed orally in the form of a drink (52.94%). In some cases, patients were asked to purge (Figure 4).
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                 Figure 4 : Administraction method




4. DISCUSSION
This study aimed to identify the antimalarial plants used by traditional healers in the Dikodougou department. Fifteen traditional healers participated in the study, all of whom were men. According to Gbekley et al. [19], knowledge of traditional medicine recipes is, first and foremost, a family secret passed down through custom and oral tradition from generation to generation. In some cultures, men are the guardians of tradition and bearers of knowledge, particularly in traditional medicine. This was the case for our respondents. Studies by Doumongue et al. [24] have shown that men represent 88% of the workforce, while women account for only 12%.
Analysis of data from an ethnobotanical survey of local populations revealed that the Fabaceae family is the most commonly cited for therapeutic uses. This predominance is not surprising, as it has been widely documented in numerous ethnobotanical studies in West Africa and globally in tropical regions [25, 26]. The Fabaceae family is characterized by its morphological diversity, including trees, shrubs, and herbaceous plants. This structural diversity makes them accessible and useful in a variety of contexts, including medicinal, culinary, and forage applications, as well as for improving soil fertility through biological nitrogen fixation. Fabaceae have a wide range of recognized pharmacological properties, including anti-inflammatory, antimicrobial, antiparasitic, antidiabetic, and wound-healing activities [27]. Certain species, such as Cassia sieberiana, Pterocarpus erinaceus, and Albizia lebbeck, are highly valued for their medicinal properties. The abundance of these leaves is widely reported in ethnobotanical literature from West Africa and other tropical regions [28, 10, 29]. There are several reasons for this preference. Leaves are easily accessible organs that are generally harvested without felling or destroying the plant. This harvesting method favors durability in their use [30]. They also contain numerous bioactive secondary metabolites, including alkaloids, flavonoids, tannins, terpenes, and saponins. These metabolites are recognized for their antimicrobial, anti-inflammatory, antimalarial, and antioxidant properties [31]. Decoction is the most common method for extracting active ingredients. It is typically used for woody or hard plant parts, such as roots and bark, and sometimes seeds, which require prolonged extraction to release their bioactive compounds. According to Hostettmann et al. [31], heat favors the extraction of certain water-soluble secondary metabolites, such as tannins, saponins, and alkaloids. This may explain why this method is popular for treating various ailments [32]. The preference for decoction and maceration aligns with the results of several ethnobotanical studies in West Africa. These studies also highlight the simplicity of implementing these techniques and their perceived efficacy among traditional practitioners [27, 33].
The survey data reveal a clear predominance of the oral route of administration, accounting for 52.94% of cases, typically in the form of a drink. This method is preferred for treating systemic or internal diseases, such as digestive disorders, infections, malaria, and metabolic disorders. It has also been noted that, in some cases, administration takes the form of purging via the rectal route. This method induces the elimination of toxins through the deliberate induction of diarrhea. This practice reflects the idea that illness is caused by an accumulation of harmful substances in the body that must be removed to restore balance. Several authors, including Kipré et al. [12], Sylla et al. [13], and Rasmane et al., have highlighted the oral route of administration, which is mainly used in malaria treatments. Several of the plants mentioned by traditional practitioners in this study have been previously reported by other authors in different ethnopharmacological studies conducted in Côte d'Ivoire and other African countries [10, 11, 12, 13, 14, 34, 35, 36]. This suggests that these plants are recognized as having therapeutic value for treating malaria, demonstrating a certain convergence of traditional knowledge. However, some plants remain poorly documented despite being frequently cited.

5.CONCLUSION
The ethnobotanical survey conducted among traditional healers in the Dikodougou region allowed us to document the local knowledge of using medicinal plants to treat various ailments, such as malaria. The results revealed a diverse array of plant species. This study underscores the abundance of local knowledge in herbal medicine and emphasizes the importance of promoting and preserving this intangible heritage, especially given the risks of losing this knowledge amid modernization and cultural erosion. To further this study, it would be useful to supplement the survey with phytochemical and pharmacological analyses of the most frequently cited plants. This would allow us to scientifically validate their efficacy and assess their safety. Additionally, raising awareness about good harvesting practices and the preparation of remedies could contribute to the more sustainable and safer use of local plant resources.

6. RECOMMENDATIONS 
It is important to set up routine tests (efficacy and toxicity) among traditional healers. 
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