Ethnobotanical survey on plants used in the management of sickle cell disease in the Poro region (Northern Ivory Coast)
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Abstract
In Côte d'Ivoire, the population turns to traditional healers for their care with remedies or medicinal plants. Following an ethnobotanical survey on the medicinal plants used in the treatment of sickle cell disease in the traditional setting in the Poro region. After 10 days of investigation, we were able to record Rhynchospora corymbosa, Olax subscorpioidea, Citrus limon, Carapa procera, Ficus sur, Ceiba pentandra, Kigelia africana, Viscum album, Vitellaria paradoxa, Guiera senegalensis, Pericopsis laxiflora, Securidaca longipedunculata, Xylopia aethiopica, and Monodora mystica as plants used by practitioners of traditional medicine to fight against sickle cell disease. The importance of each plant depends on the part to be used. All remedies are used in decoction. 
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1. Introduction
Diseases that affect living organisms can be classified as infectious or non-infectious, chronic or acute, hereditary or acquired. An example of a hereditary and chronic non-infectious disease is sickle cell disease. It is the first genetic disease identified on a global scale. Sickle cell disease, also known as sickle cell anemia, results from a genetic disorder transmitted through an autosomal recessive mode [1]. This is caused by a point mutation in the gene for the beta chain of hemoglobin. This alteration leads to the production of an abnormal form of hemoglobin called hemoglobin S (HbS). During hypoxia, HbS molecules polymerize [2] and cause the transformation of red blood cells from their biconcave shape to a sickle shape. This transformation creates vaso-occlusive crises, hemolytic anemia, and makes affected individuals more vulnerable to infections. About five million people have the HbSS genotype, while about two hundred million, called heterozygous subjects, carry the sickle cell trait [3]. According to the LYA foundation [4], 12 % of the population in Côte d'Ivoire would carry hemoglobin 'S'.
In Côte d'Ivoire, traditional remedies have always been sought to treat diseases affecting communities. However, the abandonment of rural areas, the extinction of certain species, modernization, the disinterest of young people in traditional cultural practices, the oral transmission of knowledge, and the use of these medicinal herbs, passed down from generation to generation, pose a danger to traditional medicine in Africa. This risk could also impact the discovery of new active substances derived from plants. To preserve this heritage, numerous scientific studies have been conducted with traditional practitioners to inventory the medicinal plants used by the populations [5 ; 6 ; 7]. However, very few research efforts have been specifically carried out to catalog the plant species used in the traditional treatment of sickle cell disease. In particular, the northern areas remain less explored sectors [8].
This study was initiated to conduct an ethnobotanical research on plants used for the treatment of sickle cell disease by traditional medicine practitioners in the Korhogo region. To this end, we conducted a field survey by submitting a questionnaire to traditional practitioners to collect data on the plant species to consider and identify those to analyze
2. Material and Method
2.1. Study Area : The study area is the Poro region, located in the north of Côte d'Ivoire between 9°25' north latitude and 5°37' west longitude. This region covers a total area of 13,485 square kilometers, representing 4.16 % of the national territory. It is located in the extreme north of Côte d'Ivoire, bordered to the north by Mali, to the south by the Béré region, to the east by the Tchologo and Hambol regions, and to the west by the Bagoué region. The Poro region has an estimated population of about 1,040,461 inhabitants according to INS (National Institute of Statistics) in 2021. It consists of four (04) departments: Korhogo, Sinématiali, Dikodougou, and M'Bengué. The population is made up of indigenous Senoufo people, non-indigenous individuals from various regions of Côte d'Ivoire, and immigrants from ECOWAS countries, predominantly farmers. This poses a threat to the biodiversity of this area of grassy and wooded savannas.
2.2. Plant material: The plant material consists of all the plants recorded during the survey in the Poro region. 
2.3. Technical materials: The technical materials consist of all the materials used in the field during the survey. This equipment is made up of a survey form, a pen, a machete, a knife, a hoe, a plastic bag, boots, an Android mobile phone, and a digital camera. 
2.4. Study method: An ethnological survey was conducted from November to december in the Poro region, in the north of Côte d'Ivoire. This was done through direct questioning of practitioners of traditional medicine well-known for treating various diseases in the area. In total, 7 practitioners of traditional medicine were interviewed in the field; 1 in Pangarikaha; 2 in Karakoro; 1 in Nanbékaha; 1 in Guiémbé and 2 in Korhogo. This variability based on location reflects the duration of the survey and the traditional practitioners we encountered. The interviews were related to a questionnaire on medicinal plants used in the management of sickle cell disease. The recorded plants were photographed using a digital camera to be identified with the application called 'planet' and then collected to create a herbarium to be confirmed by the Agro-valorization laboratory of Agroforestry at Jean Lorougnon Guédé University in Daloa.
3. Results and Discussion 
In this study, information regarding the medicinal plants used in the treatment of sickle cell disease in the Poro region of Côte d'Ivoire is presented in Tables 1, 2, and 3. This research recorded 13 species of medicinal plants.
3.1. Overview of traditional healers interviewed by visited village
The ethnobotanical survey revealed that there are indeed medicinal plants used by practitioners of traditional medicine in the management of sickle cell disease and related crises in the Poro region. The overall analysis of the traditional healers interviewed shows that they have developed their skills through learning. The number of traditional medicine practitioners who agreed to share their knowledge about the plants used in our study is 7, and all are men (table 1), despite the insistence. It is difficult to face the refusal of some traditional practitioners or the time required (1 to 10 days) by others due to certain conditions to agree to share their knowledge about ethno-medicinal plants. Generally, in Africa, knowledge about traditional medicine is precious. Generally, in Africa, knowledge about traditional medicine is carefully kept secret by its holders [9]. This knowledge is usually accompanied by ritual and mystical practices, while the rest remains subject to the weight of oral traditions, kept secret, passed down from generation to generation within the family [10 ; 11]. The traditional healers we met come from various faiths (Christians, Muslims, fetishists) but are very attached to ancestral African customs. This is in line with the reports of Nacoulma [12] (table 1).

Table 1 : Overview of traditional healers interviewed by visited village
	[bookmark: _Hlk36461880]Villages
	Number of healers Traditional
	Sex
	Age
	Level of education
	Marital Status
	Occupation
	Knowledge acquisition

	
	
	Male
	Female
	
	
	
	
	

	Pangarikaha
Karakoro
Nanbékaha
Guiémbé
Korhogo
	1
2
1
1
2
	Yes
Yes
Yes
Yes
Yes
	No
No
No
No
No
	45
37
43
48
33 and 59
	00
CM2 Arabic)
Bac (Arabic)
CE2
00
	Married
Married
Married
Married
Married
	Planter ;
Healer ;
Healer ;
Healer ;
Healer ;
	Learning ; Learning ;
Learning ;
Learning ;
Learning

	Total
	07
	07
	00
	
	
	
	
	




3.2. Systematic Morphobiological Types and Chorological Affinities 
Traditional healers we met are from various faiths (Christians, Muslims, fetishists), but are very attached to ancestral African traditions. This corresponds to Nacoulma's studies [12] (table 1). Traditional Senoufo healers from the Poro region consider several families of plants to treat sickle cell disease. In the study, 13 medicinal plants were recorded by traditional healers for treating sickle cell disease. These plants belong to the mixed Guineo-Congolese, Soudano-Sahelian, and Soudano-Zambian zones (GC-SS-SZ). This could be justified by the fact that the Poro region is located in a transition between two phytogeographical zones : the Guineo-Congolese zone (GC) and the Soudano-Zambesian zone (SZ). (table 2).


Table 2 : Systematic morpho-biological types and chorological affinities
	Family
	Scientific name
	Good No (plant number)
	vernacular name (language)
	Ordre
	Classes
	Subclass
	Growth habit
	Biological types chronological
	Status
	Types affinities or Cultivation mode

	Cyperaceae
	Rhynchospora corymbosa
	INPN/446204
code Sandre/ 68243
	Lôgnonne (Senufo)
Ko mourouni (Dioula)
	Poales
	Horsetail
	Magnoliidae
	Herb
	Therophyte
	SG
	Wild

	Olacaceae
	Olax subscorpioidea
	UBHdt/SN/ 088 UBHdt/SN/016
	Gopilégnionri (Senufo)
Ninbôchi or korogbé (Dioula)
	Santalales
	Magnoliopsida
	Rosidae
	Climbing plant
	Hemicryptophyte
	SG
	Wild

	Rutacées
	Citrus limon
	INPN/91809
eFlore/18134
code SH/08055010
	Lémourou tanhani (Sénoufo)
Lémourou kouni (Dioula)
	Sapindales
	Magnoliopsida
	Rosidae
	Shrub
	Hemicryptophyte
	I
	Wild

	Méliacées
	Carapa procera
	INPN/447006
	Kobou (Senoufo)
Kobiyiri (Dioula)
	Sapindales
	Magnoliopsida
	Rosidae
	Tree
	Hemicryptophyte
	GC-SG
	Wild

	Moracées
	Ficus sur
	INPN/72782
	Toroyiri (Dioula)
	Urticales
	Magnoliopsida
	Hamamelones
	Tree
	Hemicryptophyte
	SZ
	Wild

	Bombacaceae
	Ceiba pentandra
	INPN/447007
	Bla-digue (Sénoufo)
Banayiri (Dioula)
	Malvales
	Magnoliopsida
	Dilleniidae
	Tree
	Hemicryptophyte
	GC-
	Wild

	Bignoniaceae
	Kigelia africana
	INPN/48289
	Sidjan (Dioula)
	scrophulariales
	Magnoliopsida
	Asteridae
	Tree
	Hemicryptophyte
	SZ
	Wild

	Santalaceae
	Viscum album de Vitellaria paradoxa
	INPN/72719
	Chi Ladon (Dioula)
Na-kindennou (Sénoufo)
	Santales
	Equisetopsida
	Rosidae
	Climbing plant
	Hemicryptophyte
	GC - SG
	Wild

	Combretaceae
	Guiera senegalensis
	INPN/1330
	Nanmourigue (Senufo)
Koûdjè (Dioula)
	Myrtales
	Magnoliopsida
	dialypétales
	Shrub
	Hemicryptophyte
	SS
	Wild

	Fabaceae
	Pericopsis laxiflora
	INPN/70526
	Korokoro ( Dioula)
	Fabales
	Magnoliopsida
	Rosidae
	Tree
	Hemicryptophyte
	-CN
	Wild

	Polygalaceae
	Securidaca longipedunculata
	INPN/11967
	Djoro (Dioula)
	Polygalales
	Magnoliopsida
	Rosidae
	Tree
	Phanérophyte
	SS
	Wild

	Annonaceae
	Xylopia eathiopica
	INPN/6515
	Gnamakou Para (Dioula)
	Magnoliales
	Magnoliopsida
	Magnoliidae
	Tree
	Phanérophyte;
	GC
	Wild

	Annonaceae
	Monodora mystica
	INPN/447006
	Sassalikoun (Fon)
	Magnoliales
	Magnoliopsida
	Magnoliidae
	Tree
	Phanérophyte
	GC
	Wild


Legend : I : Introduced; GC: Guineo-Congolese; SZ: Soudano-Zambian; SS: Soudano-Sahelian; GN: Guinean. SG : Soudano-Guinean

3.3. Indications on methods of preparation and administration of recipes 
[bookmark: _Hlk36462614]All the listed organs are prepared in the form of decoction. This could be explained partly by the fact that heat helps preserve the medication in good condition and partly by the fact that decoction allows for the extraction of the maximum amount of active principles and mitigates or cancels the toxic effects of certain recipes [13]. All these anti-sickle cell medicinal preparations are prescribed exclusively orally and in bath form in the Poro region. This could be explained by the fact that this pathology is related to hemoglobin, which is a component of blood. To reach it, all compounds must pass through the digestive system and/or ports to end up in the blood, facilitating its assimilation [14]. All the local plants mentioned by traditional medicine practitioners in the Poro region for the treatment of sickle cell disease are used in decoction according to different preparation methods and dosages. Rhynchospora corymbosa is the most frequently mentioned and used plant in the management of sickle cell disease by 3 of the 7 traditional practitioners consulted in the Poro region. Olax subscorpioidea is the most used for the treatment of other pathologies (table 3).

Table 3 : Instructions regarding the preparation and use of remedies
	Recipess
	Botanical name
	Local name
	Ethnic group
	Parts of plants used
	Preparation method
	Herbal preparation and dosage
	Diseases treated, therapeutic effects

	Recipe I
	Rhynchospora corymbosa
	Lô wonne ou tchang
Kô-mourouni
	Sénoufo

Bambara
	The whole plant
	Decoction
	The decoction is used in baths twice a day (in the morning and in the evening) and as a drink, 3 handshakes for men (right, left, and right) and 4 handshakes for women (right, left, right, and left) during each bath until complete healing.
	Sickle cell disease

	Recipe II
	d’Olax subscorpioïdea
	Gopilégnouonri
Ninbôchi ou korogbé
	Sénoufo

Bambara
	The whole plant
	Decoction
	Make a decoction of the whole plant of Olax subscorpioïdea. The decoction is used in baths twice a day and as a drink, two glasses at the table per day (morning and evening)..
	Sickle cell disease ; Malaria; Mouth sore

	Recipe III
	Citrus limon
	Lémourou tanhanni
Lemourou-koumni
	Sénoufo


Bambara
	Fruit
	Decoction
	This recipe is made with 100 lemons. However, all the lemons must be cut, squeezed, and washed successively 3 times to completely extract the juice, as their infinite presence causes the relocation of pain from sickle cell crises in the bones to the nerves. After this process, the lemons devoid of all juice are prepared as a decoction and then used in baths and drinks 2 times a day (morning and evening). However, the drink is taken with a glass of water.
	Sickle cell disease

	Recipe IV
	Carapace procerae
	Kobou-tique
	Sénoufo
	Bark of the trunk and roots
	Decoction
	The decoction is used in baths twice a day and as a drink, two glasses at the table per day (morning and evening).
	Sickle cell disease

	Recipe V
	Ficus sur
	Kassénawën
Séré-toro
	Sénoufo

Bambara
	Leaves
	Decoction
	The decoction is used in baths twice a day and as a drink, two glasses at the table per day (morning and evening).
	Sickle cell disease anemia

	Recipe VI
	Ceiba pentandra.
	Bla-tique
	Sénoufo
	Bark of the trunk
	Decoction
	The decoction is used in baths twice a day and as a drink, two glasses at the table per day (morning and evening).
	Sickle cell disease; Malaria

	Recipe VII
	Kigelia africana
	Sidjan-ba
	Bambara
	Bark of the trunk associated with iron rust
	Decoction
	For the preparation of this recipe, the iron rust is placed at the bottom of the jug. Then the roots of Kigelia africana are added with water. Finally, the mixture is brought to a boil to make the decoction. This decoction is used afterwards in baths and as a drink morning and evening. However, the drink is taken with a glass of water.
	Sickle cell disease

	Recipe VIII
	Guiera senegalensis
	Koündjè
	Bambara
	Bark of the trunk
	Decoction
	This recipe is made by decoction with the bark of the trunk of Guiera senegalensis and the whole plant of Viscum album taken from Vitellaria paradoxa. However, during the preparation, the only precaution to take is to prevent a fly from touching the bark of Guiera senegalensis from the harvest until its use. For this single action can inhibit the biological properties of this plant. This decoction is subsequently used in baths and as a drink morning and evening. However, the drink is taken with a glass of water.
	Sickle cell disease

	
	Viscum album of Vitellaria paradoxa
	Nafanlogué –nakändinnou
Chi Ladon
	Senoufo


Bambara
	The whole plant
	
	
	

	Recipe IX
	Pericopsis laxiflora
	Korokoro
	Bambara
	Bark of the trunk
	Decoction
	The decoction is used in baths twice a day and as a drink, two glasses at the table per day (morning and evening).
	Sickle cell disease

	Recipe X
	Securidaca longepedunculata
	Félîme
Djoro
	Senoufo
Bambara
	Bark of the roots
	Decoction
	The decoction is used in baths twice a day and as a drink, two glasses at the table per day (morning and evening).
	Sickle cell disease Anémia

	Recipe XI
	Xylopia eathiopica
	kaniffi
	Bambara
	The grains
	Decoction
	The decoction is used in baths twice a day and as a drink, two glasses at the table per day (morning and evening).
	Sickle cell disease

	Recipe XII
	Monodora mystica
	Sassalikoun
	Fon
	Fruit
	Decoction
	The decoction is used in baths twice a day and as a drink, two glasses at the table per day (morning and evening).
	Sickle cell disease




4. Conclusion 
The ethnobotanical survey recorded 13 medicinal plants from 7 traditional practitioners, all of whom are men. This shows that practitioners of medicine rely on plants for the management of sickle cell disease in the Poro region. Rhynchospora corymbosa is the most commonly used plant for managing sickle cell disease in the Poro region, and Olax subscorpioidea is the most frequently used in the treatment of other pathologies. A pharmacological study will evaluate the therapeutic efficacy, safety, and quality of these plants and investigate the molecules with anti-sickle cell effects.
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