[bookmark: _Hlk212509090]Original Research Article


The Role of Medicinal Plants in Controlling Diabetes among Teachers and Students in Secondary Schools in Adzopé, Ivory Coast 


Abstract
Background: Diabetes is a major global public health challenge. This chronic disease can lead to a range of serious complications, including metabolic disorders such as ketoacidosis, degenerative renal and ocular complications, increased susceptibility to infections, and cardiovascular diseases. In Côte d’Ivoire, medicinal plants are commonly used to treat various ailments due to their accessibility, relatively low cost, and the richness of the local pharmacopoeia. 
Aim: This study aimed to identify plant species traditionally used for the treatment of diabetes in the city of Adzopé, Côte d’Ivoire.
Materials and Methods: An ethnobotanical survey was conducted among teachers and students in secondary schools in Adzopé. The target population consisted of students and teachers from Lycée Moderne 1 and Lycée Moderne 2 in Adzopé. Surveys were conducted with 80 teachers and 120 students. Participants were selected using a simple random sampling method, and data were collected through semi-structured interviews. Information regarding the respondents of profiles and the characteristics of the medicinal plants used was gathered using a structured questionnaire. The results were presented in tables and pie charts. Data analysis was performed using Microsoft Word 2010 and Excel 2010.
Results: A total of 12 plant species belonging to 10 botanical families were recorded. The most represented families were Anacardiaceae and Meliaceae. Mangifera indica was the most commonly used species. Leaves were the most frequently used plant parts (70.49%). Decoction (66%) was the predominant method of preparation, and oral administration was the only mode of use. Nearly half (46%) of the remedies were administered once daily. As for the route of administration, oral intake was predominant (over 90% of cases), with a daily frequency of one to two doses. This method is easily accessible, suitable for self-medication, and allows for repeated dosing. The majority of respondents rated the effectiveness of these plants as moderate (49.23%). Only 48% of participants preferred using medicinal plants over conventional medicine. Side effects were reported by 23% of users following the use of these remedies.
Conclusion:
This study highlights the diversity of medicinal plants traditionally used by school personnel in Adzopé for the treatment of diabetes. The findings provide a foundation for further phytochemical and pharmacological investigations to scientifically validate the traditional therapeutic uses of the identified species.
Keywords: Ethnobotany, Secondary Schools, Teachers, Antidiabetic Plants, Adzopé 

1. INTRODUCTION
Diabetes is a chronic metabolic disease characterised by hyperglycemia resulting from defects in insulin secretion or action (WHO, 2022). It represents a major global public health challenge (Belhaj et al., 2021). Its incidence and prevalence continue to rise, affecting millions of individuals and leading to severe microvascular and macrovascular complications (Danaei et al., 2011). According to estimates by the International Diabetes Federation, 537 million people worldwide are currently living with diabetes, with approximately half unaware of their condition due to its "silent" nature. This number is projected to reach 622 million by 2030. The World Health Organisation (WHO) reports that since 1980, the global age-standardised prevalence of diabetes has nearly doubled, increasing from 4.7% to 8.5% among adults. Projections indicate that by 2030, diabetes will be the seventh leading cause of death globally (Kaouadji, 2019). Diabetes is one of the major causes of morbidity and mortality worldwide, and therefore, there is a great interest towards finding a remedy (Ogunjinmi et al., 2023). 
This chronic disease can lead to a range of serious complications, including metabolic disorders such as ketoacidosis, degenerative renal and ocular complications, increased susceptibility to infections, and cardiovascular diseases (Benali, 2024).
The clinical progression of diabetes necessitates lifelong treatment and regular self-monitoring, often involving high costs and the combination of multiple therapies. In low-income countries, the prohibitive cost and limited accessibility of modern medications drive many individuals to seek traditional remedies (Boston et al., 2019). For centuries and across all continents, plants have been humanity’s primary and most essential source of medicine (Benali, 2024). This therapeutic use has transcended civilisations, shaping the history of traditional medicine (Hachi, 2015). According to the WHO, approximately 80% of the global population relies on herbal products for primary healthcare (Farnsworth, 1986). (WHO, 2002). A possible synergistic work of different phytochemicals present in plant extract attracts public interest in herbal medicines. More than 1200 plant species are reported as antidiabetic potent and are the promising reservoirs of structurally diverse bioactive compounds (Adhikari, 2021).
Therefore, it is urgent to initiate research aimed at developing scientifically validated medicines derived from local medicinal plants.
In Côte d’Ivoire, medicinal plants are commonly used to treat various ailments due to their accessibility, relatively low cost, and the richness of the local pharmacopoeia (kouadio et al., 2015).
In this context, our research focuses on the ethnobotanical study of antidiabetic medicinal plants used by teachers and students in secondary schools in Adzopé.
This raises the question: Which plants are traditionally used for the treatment of diabetes?
The objective of this study is to identify and document the plants commonly used to effectively manage diabetes.


2. METHODOLOGY
2.1 Study Area
2.1.1 Geographical Context
This study was conducted in the city of Adzopé, located in the Mé Region in southeastern Côte d’Ivoire (Ouattara, 2017). The region is bordered to the north by Indénié-Djuablin, to the northwest by Moronou, to the southwest by Agnéby-Tiassa and the Abidjan District, and to the southeast by Sud-Comoé. It covers an area of approximately 8,000 km² and is part of the Lagunes District, along with the Agnéby-Tiassa and Grands Ponts regions. The Mé Region comprises four departments: Adzopé (the departmental capital), Akoupé, Alépé, and Yakassé-Attobrou (Ouattara, 2017). According to the 2021 General Population and Housing Census (RGPH), the region had a population of 726,665. The dominant ethnic group is the Akyé, with significant populations of non-native groups (Malinké, Abron, Agni, Baoulé, Koulango, etc.) and foreign nationals (Burkinabé, Malians, Nigeriens, Mauritanians, etc.) attracted by commercial and agricultural activities (RGPH, 2021).
2.1.2 Relief and Soil
Adzopé is characterised by gently undulating plateaus with altitudes ranging from 50 to 100 meters. The landscape includes shallow valleys and low hills formed by the erosion of ancient geological formations (Kouamé et al., 2015). Fertile lowlands and plains dominate the area, supporting agricultural activities. Watercourses, particularly the Comoé River and its tributaries, shape the terrain and create depressions suitable for rice and other food crops. The soils are primarily ferralitic, derived from the decomposition of crystalline and metamorphic rocks. Two main soil types are found in the region (Yao et al., 2018):
· Ferralitic soils: red, sandy-clay in texture, rich in iron and aluminium oxides.
· Hydromorphic soils: found in lowlands and valleys, these are more humid and favourable for crops such as cassava, plantain, and rice.
Agriculture in Adzopé relies heavily on these soils, particularly for cocoa, coffee, and vegetable production. However, erosion and land overuse threaten long-term soil fertility (Ouattara et al., 2020).
2.1.3 Vegetation
The Adzopé region lies in a transitional zone between the humid evergreen forest of southern Côte d’Ivoire and the wooded savannah formations extending northward. The dominant vegetation is semi-deciduous moist dense forest, composed of species such as Triplochiton scleroxylon (African whitewood), Khaya ivorensis (African mahogany), Terminalia superba (limba), and Nauclea diderrichii (bilinga). This forest is rapidly declining due to agricultural and logging activities (Chatelain et al., 2017).
· Wooded savannah and forest-savannah mosaic: In degraded areas, especially around urban centres, forest has been replaced by savannah vegetation with species like Daniellia oliveri and Lophira lanceolata (Gnahoua et al., 2020).
· Secondary forests and agroforests: Due to deforestation, secondary forests have emerged, dominated by pioneer species such as Musanga cecropioides and Alchornea cordifolia. Additionally, plantation agriculture (cocoa, coffee, oil palm, rubber) has significantly altered the vegetation landscape (Assi-Kaudjhis et al., 2020).
2.1.4 Climate
The Mé Region, located in southeastern Côte d’Ivoire, experiences a sub-equatorial climate characterised by four distinct seasons:
· A long dry season (January to February)
· A long rainy season (March to July)
· A short dry season (mid-July to mid-September)
· A short rainy season (mid-September to November)

2.2 Materials
The technical materials used in this study included survey forms, a camera for photographs and recordings, plastic bags for storing collected plant samples, labels for numbering plant specimens, a pen, and a notebook for note-taking.

2.3 Plant Material
The plant material consisted of medicinal plants used in the treatment of diabetes by teachers and students in secondary schools in Adzopé, who formed the study population. These plants were selected based on their traditional use and availability in the region.

2.4 Data Collection
2.4.1 Ethnobotanical Surveys
The plant species studied were identified through ethnobotanical surveys conducted among teachers and students in secondary schools in Adzopé. Participants were selected using a simple random sampling method. The target population for this study consisted of students and teachers from Lycée Moderne 1 and Lycée Moderne 2 in Adzopé. Surveys were conducted with 80 teachers and 120 students. A structured questionnaire was developed to collect information on five key aspects:
1. General information about the respondent
2. Knowledge and use of medicinal plants
3. Methods of preparation and administration
4. Perception of efficacy and side effects
5. Comparison with modern medicine
The questionnaires were administered to students in classrooms at Lycée Moderne 1 and Lycée Moderne 2 in Adzopé between January and February 2025. Each student and teacher received a copy of the questionnaire and the survey form. Instructions were provided to ensure proper completion, and the purpose of the study was explained. Participants were given three (3) days to complete and return the forms.
2.4.2 Botanical Identification of Species
Some of the cited plants were identified in the field based on the researchers’ knowledge. Others were identified by botanist Ambe from the École Normale Supérieure (ENS) of Côte d’Ivoire and by comparison with reference specimens preserved at the Herbarium of the National Floristic Centre (CNF) of the UFR Biosciences, Félix Houphouet-Boigny University. The nomenclature used for species and families follows the APG II classification system (2003).
2.4.3 Data Analysis
To determine the most frequently cited species, citation frequencies were calculated
using the following formula (Ogni et al., 2014): Fc = (Number of citations for a given species / Total number of citations for all species) × 100

Data collected from individual survey forms were entered and processed using the Sphinx software. This tool enabled the calculation of percentages for species usage, frequency of medicinal plant use, perceived efficacy, and the complementarity between modern and traditional medicine. The results were presented in tables and pie charts. Data entry was performed using Microsoft Word 2010 and Excel 2010.
3. RESULTS AND DISCUSSION
3.1 Study Population
The surveyed population consisted of students and teachers from Lycée Moderne 1 and Lycée Moderne 2 in Adzopé. In total, the survey included 200 participants, comprising 80 teachers and 120 students (Table 1).
Table 1: Surveyed School Staff
	Schools
	Students - Female
	Students - Male
	Teachers - Female
	Teachers - Male
	Total

	Lycée Moderne 1 Adzopé
	40
	38
	15
	35
	128

	Lycée Moderne 2 Adzopé
	19
	23
	8
	22
	72

















3.2. Characteristics of Medicinal Plants
3.2.1. Inventory of Medicinal Plants Used
The survey identified 12 plant species belonging to 12 genera and 12 botanical families, traditionally used in the treatment of diabetes. Table 2 presents all the recorded plants, including their scientific names, parts used, methods of preparation, frequency of administration, and modes of administration.


Table 2: List of Plants Used for the Treatment of Diabetes

	Scientific Name
	Vernacular Name
	Plant Part Used
	Preparation Method
	Frequency of Use
	Mode of Administration

	Anacardium occidentale
	Anacardier
	Leaves
	Decoction
	2 times/day
	Oral (drink)

	Annona muricata L.
	Corossolier
	Leaves / Fruits / Bark / Roots
	Infusion / Decoction
	2 times/day
	Oral (herbal tea)

	Azadirachta indica
	Akyé: Djindé baté
	Leaves
	Infusion / Decoction
	1 time/day
	Oral (drink)

	Carica papaya
	Papayer
	Leaves / Roots
	Decoction
	2 times/day
	Oral (drink)

	Mangifera indica L.
	Manguier
	Leaves, Bark, and Stems
	Infusion / Decoction
	1 time/day
	Oral (drink)

	Moringa oleifera Lam
	Kpatè: Agni
	Leaves / Seeds / Bark / Roots
	Infusion / Decoction
	1 time/day
	Oral (drink)

	Nauclea latifolia
	Abôh: Akyé
	Leaves / Roots
	Decoction
	2 times/day
	Oral (drink)

	Ocimum gratissimum L.
	Atchikoumié: Akyé
	Leaves / Stem
	Decoction
	1 time/day
	Oral (drink)

	Swietenia macrophylla
	Acajou
	Leaves
	Decoction
	2 times/day
	Oral (drink)

	Syzygium aromaticum
	Giroflier
	Fruits
	Infusion / Decoction
	2 times/day
	Oral (herbal tea)

	Trigonella foenum-graecum
	Fenugrec
	Seeds
	Infusion
	1 time/day
	Oral (herbal tea)

	Zingiber officinale
	Nyan-nan: Akyé
	Rhizome
	Infusion / Decoction
	1 time/day
	Oral (drink)









3.2.2. Frequency of species citation
The results of the ethnobotanical survey reveal a high diversity of plant species used by teachers and students for the treatment of diabetes. Among these, Mangifera indica was the most frequently cited species, with a citation frequency of 26.15% (Table 3).
Table 3: Frequency of citation of plant species
	Scientific Name
	Number of Citations
	Citation Frequency (%)

	Mangifera indica
	17
	26.15%

	Annona muricata
	12
	18.46%

	Carica papaya
	10
	15.38%

	Anacardium occidentale
	5
	7.69%

	Swietenia macrophylla
	4
	6.15%

	Trigonella Foenumgreacum
	4
	6.15%

	Moringa oleifera Lam.
	3
	4.62%

	Azadirachta indica
	3
	4.62%

	Nauclea latifolia
	2
	3.08%

	Syzygium aromaticum
	2
	3.08%

	Ocimum gratissimum L.
	2
	3.08%

	Zingiber officinale
	1
	1.54%















3.2.3. Plant Families Used
The most represented families in terms of the number of species are Anacardiaceae and Meliaceae, each with two species, accounting for 16.67% (Figure 1).
[image: ]
Figure 1: Botanical Families of Antidiabetic Plant Species

3.2.4. Plant Parts Used
Leaves were the most commonly used plant parts among the cited remedies, accounting for 70.49% of usage (Figure 2).
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Figure 2: Plant Parts Used in Antidiabetic Remedies


3.2.5. Methods of Remedy Preparation
Among the various methods of remedy preparation identified were infusion, decoction, maceration, and direct consumption of plant materials. Decoction was the most commonly used method, accounting for 66% of the preparations (Figure 3).
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Figure 3: Spectrum of the different methods of remedy preparation

3.2.6. Frequency of Remedy Administration
Remedies were administered based on the number of times per day. A single daily administration accounted for nearly half of the reported frequencies (Figure 4).
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Figure 4: Frequency of Remedy Administration

3.2.7. Perception of the Effectiveness of Medicinal Plants
The majority of respondents (50%) considered medicinal plants to be moderately effective (Figure 5).
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Figure 5: Perceived Therapeutic Effectiveness of Documented Medicinal Plants

3.2.8. Side Effects of Preparations
Regarding side effects, the majority of respondents reported that no adverse effects were observed following the use of the preparations (Figure 6).
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Figure 6: Distribution of side effects reported by participants





3.2.9. Preferences Between Medicinal Plants and Conventional Medicines
Regarding preferences between medicinal plants and pharmaceutical drugs, approximately half of the users (48%) reported favouring the use of medicinal plants over conventional medicines (Figure 7).
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Figure 7: Distribution of Preferences Between Medicinal Plants and Conventional Medicines

4. DISCUSSION
The high citation rate of Mangifera indica (26.15%) may be attributed to its proven hypoglycemic activity. This finding aligns with the study by Upadhyaya et al. (2010), which demonstrated the hypoglycemic effect of an aqueous leaf extract of Mangifera indica in streptozotocin-induced diabetic rats. Similarly, Muruganandan et al. (2005) reported antihyperglycemic effects and improvements in lipid profiles in diabetic rats treated with mango leaf extract. According to Rao et al. (2001), mango leaf extract also influences blood glucose levels and liver enzymes in diabetic rats.
Ranked second in citation frequency (18.46%), Annona muricata is believed to possess antidiabetic properties. This is supported by Juárez-Rojop et al. (2014), who showed that an aqueous leaf extract of Annona muricata reduced intestinal glucose absorption and improved glucose tolerance in both normal and diabetic rats. Airaodion et al. (2019) also reported significant hypoglycemic effects of the leaf extract in alloxan-induced diabetic rats.
Carica papaya, cited by respondents as an antidiabetic plant, is recognized by several authors for its hypoglycemic properties. Juárez-Rojop et al. (2014) demonstrated the hypoglycemic effect of its leaves in mice, and Airaodion et al. (2019) reported similar results in alloxan-induced diabetic mice. According to Roy (2022), Carica papaya leaf extract may reduce insulin resistance in the muscles of type 2 diabetic rats, involving insulin signaling pathways and the glucose transporter GLUT4.
Although less frequently cited, other plants such as Anacardium occidentale, Azadirachta indica, Moringa oleifera, Nauclea latifolia, Ocimum gratissimum, Swietenia macrophylla, Syzygium aromaticum, Trigonella foenum-graecum, and Zingiber officinale have been reported in the literature to possess potential hypoglycemic effects.
Regarding the plant parts used, the predominance of leaves confirms findings from previous studies. According to Sofowora (1993), leaves are the most accessible plant organs and are rich in active compounds (flavonoids, alkaloids, tannins, etc.). Their ease of harvesting and preparation (infusions, decoctions) makes them a preferred choice for traditional practitioners.
Decoction was the dominant preparation method. These results are consistent with those of Jiofack et al. (2008) in Cameroon, who reported widespread use of decoction in the treatment of chronic diseases. Burkill (1985) also noted that boiling can transform certain chemical compounds into more active metabolites, thereby enhancing therapeutic efficacy.
Once prepared, remedies were administered exclusively in liquid form. Bla (2015) indicated that decoctions containing bioactive compounds, when ingested orally, undergo a faster and more efficient metabolic process than other techniques.
As for the route of administration, oral intake was predominant (over 90% of cases), with a daily frequency of one to two doses. This method is easily accessible, suitable for self-medication, and allows for repeated dosing. Ngbolua et al. (2013) added that oral administration is preferred in chronic conditions due to its systemic absorption of active compounds.
Among those who responded to questions about side effects, only 23.2% acknowledged the presence of adverse effects. These results suggest that the majority perceive medicinal plants as safe, although a minority is aware of potential risks.
This observation is consistent with Jiofack et al. (2008), who emphasized that although plants are natural, their use is not without danger, especially in cases of incorrect dosage or improper preparation. Furthermore, Adebayo et al. (2008) demonstrated that certain plants, such as Moringa oleifera, while effective, may exhibit toxicity at high doses or with prolonged use.
Regarding preferences between medicinal plants and pharmaceutical drugs, 48% of participants expressed a preference for medicinal plants. This nearly equal distribution reflects a therapeutic ambivalence in communities where multiple medical systems coexist.
According to Ake Assi (2002), this coexistence is deeply rooted in African societies, where plants often serve as the first line of treatment before biomedical intervention. Koffi et al. (2010) confirmed this trend in their study in Adzopé, where many individuals combine or alternate between traditional and modern treatments.
Moreover, modern medicine is sometimes perceived as faster but more expensive, while herbal medicine is considered more accessible and culturally relevant. This duality is well summarised by Tra Bi et al. (2008), who noted that the choice often depends on the perceived severity of the illness, economic resources, and family influence.

5. CONCLUSION
This study focused on the use of medicinal plants, particularly those employed by diabetic individuals, their indications, and modes of use. Among the 200 respondents, 65% reported knowledge of medicinal plants. These practices and knowledge were primarily inherited from family traditions (38%), which may explain why most of the documented plants are part of the local traditional pharmacopoeia. Mango, soursop, and papaya were the most commonly used plants in this study.
The fact that most of the cited species are well-known locally and not considered toxic is reassuring. However, it remains difficult to confirm their safety or efficacy without thorough scientific investigation.
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