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ABSTRACT 

	Viral infections remain a major public health burden in Togo and globally, where limited access to healthcare and high treatment costs drive widespread reliance on traditional medicinal plants for management and care. The objective of this study was first to identify the medicinal plants used by traditional practitioners in the treatment of viral infections in Togo and then to characterize their phytochemical composition. The survey was conducted using a semi-structured questionnaire administered to 43 practitioners from December 2022 to February 2023 in the Golfe Prefecture in Southern Togo. The data were processed using Microsoft Excel 2013 software. At the end of the survey, 61 plant species belonging to 37 families were identified. The most represented families were Fabaceae and Euphorbiaceae. The most cited species were Abrus precatorius (FC = 14.78%), Momordica charantia (FC = 11.61%), Ocimum gratissimum (FC = 7.04%), Cajanus cajan (FC = 6.33%), and Dichrostachys cinerea (5.28%). Leaves (71.93%) were the most commonly used parts. The recipes were prepared in the form of decoctions (72.98%) and macerations (22.10%). Oral administration (89.12%) was the most commonly used method. The consensus factor for the use of the plants mentioned was high for the treatment of viral diseases such as chickenpox (ICF = 0.82), influenza (ICF = 0.68), colds (ICF = 0.65), and shingles (ICF = 0.57). Four (4) plants were selected for phytochemical compound research: Abrus precatorius, Momordica charantia, Cajanus cajan, and Dichrostachys cinerea. This analysis revealed the presence of compounds such as coumarins, tannins, reducing sugars, triterpenes, alkaloids, flavonoids, and saponosides with a significant antioxidant content in these plants. This study reveals the existence of knowledge about plants used in the treatment of viral infections in Togo. These results constitute a database that can be used later in biological screening to search for new plant-based antiviral molecules.
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1. INTRODUCTION 

For generations, the majority of the African population has relied on traditional medicine as the main source for meeting their healthcare needs (OMS, 2021). In Togo, approximately 60 to 80% of the population uses plants for medicinal purposes (Agody et al., 2019) due to the relatively high cost of pharmaceutical products and the population's lack of access to hospital services, but also for socio-cultural reasons among certain populations (Agban et al., 2013). These medicinal plants are used in the treatment of several conditions, including viral infections. Viral diseases have always been a worrying threat to humans, and many viral infections are reported worldwide, causing serious health problems (Zhang et al., 2020). Viral hepatitis, for example, affects millions of people worldwide, causing approximately 1.4 million deaths annually and placing a heavy burden on healthcare systems due to the costs of treating liver failure and chronic liver disease (Ezzikouri et al., 2013). Each year, more than 200,000 people die in Africa from complications related to viral hepatitis B and C (Doumbia et al., 2021). According to the WHO, 99.3% of countries worldwide have been affected by the COVID-19 pandemic, with more than 6 million deaths. Chickenpox causes a 20-30% mortality rate in pregnant women when treatment is ineffective. In Togo, there are several viral diseases, including HIV/AIDS with a prevalence of 1.61% (CNLS-IST-TOGO, 2024), hepatitis B (16.36%) and hepatitis C with a prevalence of 5.64% (Kolou et al., 2018). Other viral infections such as influenza, the common cold, chickenpox, shingles, measles, mumps, cytomegalovirus infections, and more recently, coronavirus infection are also encountered.
Due to the increasing incidence of viral infections, particularly resistant viral strains, the available therapeutic options must be improved and supplemented by the discovery of new antiviral agents to combat viral infections (Akram et al., 2018). Phytotherapy with effective antiviral potential may open up new opportunities in the fight against viral diseases, as medicinal plants are rich in various secondary metabolites, some of which can interrupt the activities of viral proteins and enzymes by binding to them, thereby preventing the virus from penetrating the host cell and replicating (Fakhri et al., 2021).
Several previous studies have focused on plants used in traditional medicine in Togo, particularly those involved in the treatment of malaria (Koudouvo et al., 2011), microbial infections (Hoekou et al., 2012), diabetes (Gbekley et al., 2015) and high blood pressure (Gbekley et al., 2018). However, research on medicinal plants used in the treatment of viral infections in Togo is virtually non-existent. The aim of this study was to identify the medicinal plants used in the treatment of viral infections by traditional practitioners in Togo and to highlight the phytochemical compounds present in the extracts of these plants.

2. methodology 

2.1 Study area
The survey was conducted in the Golfe Prefecture (Figure 1). It is located in the maritime region in Southern Togo. Togo is subdivided into five major regions: Savane, Kara, Centrale, Plateaux, and Maritime. The latter is further subdivided into eight (08) prefectures, including the Golfe Prefecture. This Prefecture is bordered to the north by the Agoè Nyivé Prefecture, to the south by the Atlantic Ocean, to the east by the Zio and Lacs Prefectures, and to the west by Ghana. It has a population of approximately 1,570,283 inhabitants and covers an area of 300 km². The population density of the Golfe Prefecture is 5,234.3 inhabitants per km². The average annual temperature is 27.2°C and average rainfall is 776.6 mm (INSEED, 2022).
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Figure 1: Map of the study area


2.2 Ethnobotanical survey
This is a descriptive study conducted in the Golfe Prefecture from December 2022 to February 2023. It took into account a total of 43 traditional practitioners (traditional healers and herbalists) after their informed consent. The traditional practitioners who treat viral infections were selected with the help of their association in the maritime region of Togo. The ethnobotanical survey was conducted through interviews using a semi-structured questionnaire. This questionnaire focused on key points such as: the practitioner's identity, the viral diseases treated, the local name and parts of the plants used, the method of preparation, and the route of administration of the recipes. 
2.3 Plant identification
Samples of the medicinal plants mentioned during the survey were collected and packaged for identification. This was carried out at the Botany and Plant Ecology Laboratory of the Faculty of Sciences at the University of Lomé.
2.4 Plant material and extraction
The organs of four selected plants (Abrus precatorius, Momordica charantia, Cajanus cajan, and Dichrostachys cinerea) were harvested in Assahoun in the Avé prefecture, then washed, cut into small pieces, and dried for two weeks at room temperature in the laboratory, away from light. These leaves were ground with an electric mill after drying to obtain fine powders. Each powder was extracted using the methods employed in previous studies (Hoekou et al., 2016). One hundred grams of powder were macerated in 1,000 mL of ethanol-water mixture (70/30) under continuous stirring for 48 hours. The mixture was filtered using Whatman No. 1 paper. The various filtrates obtained were evaporated using a Heidolph type 94200 rotary evaporator and then freeze-dried at the laboratory of the Regional Center of Excellence in Avian Sciences (CERSA)/University of Lomé.
2.5 Phytochemical study
This is a qualitative analysis based on coloration and/or precipitation tests. It was used to search for compounds such as: alkaloids, flavonoids, tannins, saponosides, coumarins, triterpenes, and reducing sugars, according to standard methods described by Harborne (1998) and Bushirat et al., (2025). 
2.5.1 Detection of alkaloids: To 2 mL of the stock solution of the extract contained in a test tube, add 2 mL of distilled water and then a few drops of Draggendorf's reagent. The resulting mixture is shaken well and the presence of alkaloids is indicated by the appearance of a red, orange, or red-orange precipitate.
2.5.2 Detection of flavonoids: Add 1 mL of concentrated hydrochloric acid and then 4 mL of methanol to 4 mL of the stock solution of the extract contained in a test tube. A few turns of magnesium are then added to the mixture and the appearance of a color ranging from yellow-orange to purple-red indicates the presence of flavonoids.
2.5.3 Revealing tannins: Add 2 mL of distilled water and then 50 µL of iron perchloride (FeCl3) to 2 mL of the stock solution of the extract contained in a test tube. The appearance of a blackish-brown color indicates the presence of tannins.
2.5.4 Saponosides: The test consists of adding 1 mL of distilled water to 2 mL of the stock solution of the extract contained in a test tube. The tube is then shaken vigorously for at least one minute. The appearance of persistent foam after five minutes of rest indicates the presence of saponosides in the extract.
2.5.5 Coumarin: To 4 mL of the stock solution of the extract contained in a test tube, add 2 mL of distilled water and 200 µL of an ammonia solution. The appearance of fluorescence after illuminating the tubes with ultraviolet light indicates the presence of coumarins in the extract.
2.5.6 Triterpene: Add 2.4 mL of sulfuric acid (H₂SO₄) and then 1.6 mL of chloroform to 4 mL of the stock solution of the extract contained in a test tube. Leave the tube to stand for 10 minutes. The appearance of a reddish-brown ring between two phases indicates the presence of triterpenes in the extract.
2.5.7 Reducing sugar: To 4 mL of the stock solution of the extract contained in a test tube, add 3 mL of solution A (copper sulfate) and 3 mL of solution B (5% NaOH + potassium and sodium tartrate). The mixture is placed in a boiling water bath for 15 minutes. The appearance of a brick-red precipitate indicates the presence of reducing sugars in the extract.
2.5.8 Evaluation of the antioxidant activity of extracts
Two methods were used to evaluate the antioxidant activity of plant extracts: the iron III reduction method or FRAP test and the phosphomolybdate ion reduction method, following the protocols described by Andzi-Barhé et al. (2015).
Iron reduction method (FRAP): The procedure consisted of adding 100 µL of plant extracts to 3 mL of freshly prepared reagent. The reagent was prepared by mixing 50 mL of acid buffer (at pH= 3.6), 5 mL of the 2,4,6-tripyridyl-s-triazine (TPTZ) solution and 5 mL of the iron III solution. The mixture was vortexed and the optical density was read at a wavelength of 593 nm using a spectrophotometer. The standard used was iron sulfate solution (FeSO₄, 7H₂O). The antioxidant capacity of the extracts is determined using the calibration curve with equation No. 1:
      Equation No.1

Where “X” is Antioxidant content of the extracts, expressed in μmol Eq FeS04/mg ES and “OD” is Optical density of the plant extracts, read using a spectrophotometer.

Phosphomolybdate ion reduction method: The procedure consisted of adding 1 mL of each plant extract solution at 1 mg/mL to 9 mL of the prepared test reagent contained. The mixture was incubated for 90 minutes at 95°C, then the absorbances of the different extracts were read on a spectrophotometer at a wavelength of 695 nm. Each test was repeated three times and the calibration curve was established using ascorbic acid as the standard. The antioxidant capacity was obtained using equation No. 2:

       Equation No.2

Where “Y” is Antioxidant content of the extracts, expressed in μgEqAcAs/mg ES.
All experiments were performed in triplicate and mean values are presented with standard deviation (mean ± SD).

2.6 Data analysis
Excel 2013 software was used for data processing. The Frequency of Citation (FC) for each species and the Informant Consensus Factor (ICF) for viral diseases were calculated using formulas 1 and 2, respectively:
               (Formula 1)

Where “M” is the number of citations of the plant and “N” is the total number of citations (Guinnin et al., 2015).
            (Formula 2)
Where “Nar” is the number of citations of the type of viral disease and “Na” is the total number of species cited for its treatment. The ICF was used to identify which type of viral disease was most important in the interviews. The maximum ICF value possible is 1, when there is a total consensus among the informants about the medicinal plants for a given viral disease (Hoekou et al., 2016).
3. results AND DISCUSSION 

3.1 Ethnobotanical study
3.1.1 Sociodemographic data of the informants
The results of the ethnobotanical survey are presented in Table 1. A total of 43 traditional practitioners were interviewed during the survey. Of these, 83.72% were female and 16.28% were male. The age range of the respondents was 24 to 91 years, with an average age of 46.86 years. Among the respondents, 34.88% had no school education, 25.58% had a primary school education, 34.88% had a secondary school education, and 4.65% had a university education. Regarding the origin of their knowledge, 62.79% of respondents inherited herbal medicine from their ancestors, 27.90% through divine revelation, and 9.30% through initiation by a healer.
This study highlights the different plant species used in the treatment of viral diseases in the Golfe Prefecture of Togo. Sociodemographic data from the respondents reveal that the majority are women. This profile is consistent with that reported by Dahounom et al. (2021) in their study on plants used in the management of infectious diseases in the Lomé-commune health region of Togo. The age range of the informants reveals that the profession of traditional healers is carried out by people of mature age. The majority of these practitioners inherited their knowledge from their ancestors. This was also reported in previous studies (Gbekley et al., 2015; Hoekou et al., 2016), according to whom knowledge of a traditional medicine recipe is primarily a family secret that is passed down from generation to generation through oral tradition.
Table 1: Sociodemographic data of respondents
	Parameters
	Number
	Percentage

	Age
	
	

	          ≤ 30
	6
	13.95

	          31-45
	15
	34.88

	          46-60
	14
	32.55

	          61-75
	6
	13.95

	          ≥ 76
	2
	4.65

	Sex
	
	

	          Male
	7
	16.28

	          Female
	36
	83.72

	Occupations
	
	

	          Healers
	35
	81.39

	          Herbalists
	6
	13.95

	          Others
	2
	4.65

	Origin of the knowledge
	
	

	          Familial heritage
	27
	62.80

	          Divine revelation
	12
	27.90

	          Initiation by a healer
	4
	9.30

	Education level
	
	

	         No school education
	15
	34.88

	         Primary
	11
	25.58

	         Secondary
	15
	34.88

	         University
	2
	4.65





3.1.2 Diversity of plants recorded 
A total of 61 plant species belonging to 37 families were recorded. The most represented family was Fabaceae with seven species, followed by Euphorbiaceae with five species, Asteraceae and Lamiaceae with four species each, then Rutaceae with three species, followed by Annonaceae, Rubiaceae, Verbenaceae, Amaranthaceae, Zingiberaceae, and Anacardiaceae with two species each. The others families are represented by one species each (Figure 2).
Among the 61 species recorded, the most frequently cited species were: Abrus precatorius (FC= 14.78%), Momordica charantia (FC=11.61%), Ocimum gratissimum (FC=7.04%), Cajanus cajan (FC=6.33%) and Dichrostachys cinerea (FC=5.28%). Species such as Aloe vera (FC=0.35%), Sida linofolia (FC=0.35%), and Chenopodium ambrosioides (FC=0.35%) were the least cited (Table 2).
Among the plant species collected, the most represented families (Fabaceae Euphorbiaceae and Asteraceae) were also reported by previous ethnobotanical studies on other diseases (Gbekley et al., 2015; Kpabi et al., 2020). Agody et al. (2013) studied on plants used in the treatment of infectious diseases and reported that Anonaceae and Fabaceae were the predominant families. The most frequently cited species reported in this study were also mentioned in previous studies on the antiviral activity. The extract of Cajanus cajan has been shown in vitro to inhibit the cytopathic effect caused by the measles virus at concentrations between 125 and 250 mg/mL (Nwodo et al., 2011). Dichrostachys cinerea extract at a concentration of 10.40 µg/mL showed significant antiviral activity against Herpes simplex type 2. Ethanolic and aqueous extracts of Momordica charantia, have also been shown to have antiviral activity by inhibiting the cytopathic effect induced by Herpes simplex virus type 3 (Angamuthu et al., 2019).


Table 2: Information on the plant species recorded in the treatment of viral diseases


	Botanical name
	Local name
	Plant parts used
	MP
	RA
	Viral diseases
	FC (%)

	Abrus precatorius Lin.
	Djindjinkoudjin
	Leaves
	Decoction
	Oral
	Influenza, Common cold
	14.78

	Acacia nilotica Lam
	Gatigbu
	Leaves
	Decoction
	Oral
	Tonsillitis, Common cold
	0.7

	Acanthospermum hispidum DC.
	Apegban
	Leaves
	Decoction
	Oral
	Hepatitis B
	0.7

	Aframomum melegueta Schum.
	Atakou
	Seeds
	Decoction
	Oral
	Tonsillitis, Shingles
	1.05

	Allium sativum Lin.
	Ayo
	Fruits
	Decoction, Maceration
	Oral
	Chickenpox, Shingles, Hepatitis B, Hepatitis C, Influenza, Common cold
	2.11

	Aloe vera (L.) Burm
	Adiadi
	Bulbs
	Maceration
	Oral
	HIV/AIDS
	0.35

	Anthocleista procera  Lepr. Bureau
	Gboloba
	Roots
	Decoction
	Oral
	Hepatitis B
	0.35

	Azadirachta indica A. Juss.
	Kiniti
	Leaves
	Decoction, Maceration
	Oral
	Chickenpox
	1.4

	Boerhavia erecta Lin.
	Hounzemeklo
	Leaves
	Decoction
	Oral
	HIV/AIDS
	0.35

	Bridelia ferruginea Benth.
	Akamati
	Stem bark, Roots
	Decoction, Maceration
	Oral
	Hepatitis B, Chickenpox, Influenza, Common cold
	1.4

	Caesalpinia pulcherrima L. Swartz
	Orgueil de Chine
	Leaves
	Decoction
	Oral
	Hepatitis B
	0.35

	Cajanus cajan (L.) Millsp.
	Eklui
	Leaves
	Decoction
	Oral
	Chickenpox, Influenza, Common cold
	6.33

	Carica papaya Lin.
	Adoubati
	Fruits
	Infusion
	Oral
	Hepatitis B, Hepatitis C
	0.7

	Chenopodium ambrosioides Lin.
	Magbezonde
	Leaves
	Maceration
	Topical
	Shingles
	0.35

	Citrus limon Burm. F.
	N’tissiti         
	Fruits
	Decoction, Maceration, Infusion
	Oral, Topical
	Hepatitis B, Hepatitis C, Chickenpox, Influenza, Common cold, Shingles
	2.11

	Clerodendrum capitatum Willd
	Zoplotsi
	Leaves
	Decoction
	Oral
	Influenza, Common cold
	1.4

	Cocos nucifera Lin.
	Neti
	Roots, Leaves
	Decoction, Maceration
	Oral
	Hepatitis B, HIV/AIDS
	0.7

	Cola acuminata (P.Beauv.) Schott & Endl.
	Goro
	Fruits
	Maceration
	Topical
	Shingles
	3.87

	Conysa aegyptiaca Lin.
	Danyigbe
	Leaves
	Decoction
	Oral
	Hepatitis B
	0.35

	Crateva adansonii DC.
	Wantinzan
	Leaves
	Maceration
	Topical
	Shingles
	0.35

	Croton zambesicus Muell Arg.
	Hedemadzi
	Leaves
	Decoction
	Oral
	Chickenpox
	0.7

	Cymbopogon citratus Stapf. Brunel.
	Tigbe
	Leaves
	Infusion
	Oral
	Hepatitis B, Hepatitis C
	0.7

	Dichrostachys cinerea Lin.
	Klikan
	Leaves
	Decoction
	Oral
	Chickenpox, Influenza, Common cold
	5.28

	Euphorbia hirta Lin.
	Anossika
	Leaves
	Decoction
	Oral
	Influenza, Common cold
	0.7

	Gomphrena celosioides Mart.
	Papatahe
	Leaves
	Maceration
	Topical
	Shingles
	0.35

	Hibiscus surattensis Lin.
	Kponde
	Leaves
	Decoction
	Oral
	Influenza, Common cold
	0.7

	Jatropha gossypiifolia Lin.
	Babatidjin
	Leaves
	Maceration
	Oral
	HIV/AIDS
	0.35

	Jatropha multifida Lin.
	Agbamaku
	Leaves
	Decoction
	Oral
	HIV/AIDS
	0.35

	Kalanchoe crenata Andr.
	Aflatogan
	Leaves
	Decoction, Maceration
	Oral
	Influenza, Common cold, Tonsillitis
	1.05

	Lippia multiflora Moldenke
	Avoudati
	Leaves
	Decoction
	Oral
	Hepatitis B
	0.35

	Mangifera indica Lin.
	Mangoti
	Stem bark, Leaves
	Decoction
	Oral
	Hepatitis B, Influenza, Common cold
	1.76

	Momordica charantia Lin.
	Agnagnran, Kaklè
	Leaves
	Maceration, Decoction
	Oral, Bath
	Chickenpox
	11.61

	Morinda lucida Benth
	Dadaklantsi
	Leaves
	Decoction
	Oral
	Hepatitis B
	0.35

	Moringa oleifera Lin.
	Yovoviti
	Leaves
	Maceration
	Oral
	HIV/AIDS
	0.35

	Nephrolepis biserrata Lin.
	Détima
	Leaves
	Maceration
	Topical
	Shingles
	0.35

	Newbouldia laevis P. Beauv.
	Kpatima 
	Leaves
	Calcination
	Topical
	Shingles
	0.35

	Ocimum basilicum Lin.
	Koklodama
	Leaves
	Maceration
	Oral
	Chickenpox
	0.35

	Ocimum canum Sims.
	Ahamè
	Leaves
	Decoction
	Oral
	Influenza, Common cold, Chickenpox
	1.05

	Ocimum gratissimum Lin.
	Esroun
	Leaves
	Decoction
	Oral
	Tonsillitis, Measles, Influenza, Common cold
	7.04

	Parkia biglobosa  (Jacq.) R.Br.
	Ewa
	Leaves
	Decoction, Maceration
	Oral, Topical
	Shingles
	2.11

	Passiflora foetida Lin.
	Gbantogbantoe
	Leaves
	Decocton
	Oral
	Chickenpox, Measles
	2.46

	Pavetta corymbosa (DC.)F.N.Williams.
	Siafa
	Leaves
	Decoction
	Oral
	Hepatitis B
	0.35

	Pergularia daemia Forsk
	Kpankeke
	Leaves
	Decoction
	Oral
	Influenza, Common cold
	3.52

	Phyllantus amarus Schum.
	Ahlinvi
	Leaves
	Decocton
	Oral
	Chickenpox, HIV/AIDS
	1.05

	Piper nigrum Lin.
	Atinkali
	Leaves
	Decocton
	Oral
	Tonsillitis
	0.35

	Pteleopsis suberosa Engl. et Diels
	Kotokolitikpa
	Stem bark
	Decoction
	Oral
	Chickenpox, Measles, Influenza, Common cold
	1.4

	Sansevieria liberica Ger and Lab
	Yodobo
	Roots
	Decoction
	Oral
	Hepatitis B
	0.7

	Sarcocephalus latifolius (Sm.) E. A. Bruce
	Nimon
	Roots
	Decoction
	Oral
	Hepatitis B, Hepatitis C, Tonsillitis
	1.05

	Schwenckia americana Lin.
	Djibigbe
	Leaves
	Decoction
	Oral
	Chickenpox
	0.35

	Senna alata Lin.
	Madonhome
	Leaves
	Maceration
	Topical, Oral
	Hepatitis B, Shingles
	0.7

	Senna siamea Lam
	Zangara
	Roots
	Decoction
	Oral
	Hepatitis B
	0.35

	Sida linifolia Juss. ex Cav.
	Odoémédio
	Leaves
	Decoction
	Oral
	Chickenpox
	0.35

	Spondias mombin Lin.
	Aklikonti 
	Leaves
	Maceration
	Oral
	Chickenpox
	0.35

	Syzygium aromaticum Lin.
	Plingota
	Fruits
	Decoction
	Oral
	Hepatitis B, Influenza, Common cold, Shingles
	2.11

	Tridax procumbens Lin.
	Djinkpakpagbe
	Leaves
	Maceration
	Oral
	Chickenpox
	0.35

	Uvaria chamae P. Beauv.
	Agbalan
	Roots
	Decoction, Infusion
	Oral
	Hepatitis B, Influenza, Common cold
	1.4

	Vernonia amygdalina Del.
	Aloma
	Leaves
	Decoction
	Oral
	Chickenpox
	0.35

	Vitex doniana Sweet
	Fongniti
	Stem bark
	Decoction
	Oral
	Shingles
	0.35

	Xylopia aethiopica (Dunal) A. Rich.
	Etso
	Fruits
	Decoction
	Oral
	Hepatitis B, Influenza, Common cold
	3.52

	Zanthoxylum xanthoxyloides Lam
	Xeti
	Stem bark
	Decoction, Calcination
	Oral
	Influenza, Common cold
	0.7

	Zingiber officinale Roscoe
	Dotè
	Rhizomes
	Decoction
	Oral
	Hepatitis B, Influenza, Shingles, Common cold, Tonsillitis
	2.46


             MP: Preparation methods, RA: Route of administration, FC:  Frequency of citation
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	Figure 2: Plant families recorded
3.1.3 Viral diseases treated and their Informant Consensus Factor (ICF)
The citation frequencies of viral diseases treated by the informants were mentioned in table 3. The most frequently cited viral disease was chickenpox (27.61%), while measles was the least frequently mentioned (0.76%). The other diseases cited were: influenza (22.38%), the common cold (21.64%), shingles (14.18%), hepatitis B (6.72%), tonsillitis (2.98%), HIV/AIDS (2.24%), and hepatitis C (1.49%). 
The Informant Consensus Factor values for the use of plants in the treatment of the viral diseases studied are presented in Table 3. The highest value was obtained for chickenpox (ICF = 0.82).  This was followed by influenza (ICF = 0.68), common cold (ICF = 0.65), shingles (ICF = 0.57), hepatitis B (ICF = 0.36), measles (ICF = 0.33), tonsillitis (ICF = 0.30) and HIV/AIDS (ICF = 0.25). The ICF obtained for hepatitis C was zero (ICF=00). 
These results show that the traditional healers interviewed during this study had a high consensus for the treatment of diseases such as chickenpox, influenza, the common cold and shingles. This indicates that there is a high degree of consistency in knowledge regarding the use of medicinal plants for the treatment of viral diseases such as chickenpox, influenza, common cold, and shingles. This also shows that there may be either a selection criterion for the plants used or an exchange of information between traditional healers for the treatment of these diseases, or that the plants used may have a certain efficacy in the treatment of these diseases. The sample size in this study is small due to the specific nature of the infections treated. This study should be expanded to other prefectures to obtain a much larger sample size, which would facilitate the extrapolation of the results. 
Table 3: Frequency of citations and Informant consensus factor for viral diseases treated with recorded plants
	Viral diseases
	Frequency of citations (FC)
	Number of uses
	Total number of species cited
	ICF

	Chickenpox
	27.61
	94
	18
	0.82

	Influenza
	22.38
	61
	20
	0.68

	Common cold
	21.64
	59
	21
	0.65

	Shingles
	14.18
	29
	13
	0.57

	Hepatitis B
	6.72
	34
	22
	0.36

	Measles
	0.76
	7
	5
	0.33

	Tonsillitis
	2.98
	11
	8
	0.30

	HIV/AIDS 
	2.24
	9
	7
	0.25

	Hepatitis C
	1.49
	6
	6
	0.00



3.1.4 Plant parts used, formulation methods, and routes of administration
According to the data shown in Figure 3, various parts of plants are used by traditional healers to prepare remedies. Leaves (71.93%) were the most commonly used part, followed by fruits (15.66%), roots (4.56%), stem bark (3.85%), seeds (1.75%), and rhizomes (1.85%). These different parts of the plants are mainly extracted in the form of decoctions (72.98%) and macerations (22.10%). Other formulations were infusion (3.51%) and calcination (1.05%), as shown in Figure 4. The remedies were mainly administered orally (89.12%). Local application (8.29%) and bathing (2.6%) were also used as other routes of administration (Figure 5).
Various parts of the plants are used in the preparation of remedies. Leaves were the most commonly used. This has also been reported by other authors in previous studies (Hoekou et al., 2016; Fingesi et al., 2018; Oladunmoye & Kehinde, 2019). This widespread use of leaves could be explained by the fact that they are easily accessible and their use should be encouraged as there will be no significant negative impact on biodiversity, especially with regard to the disappearance of plant species. Leaves are the site of photosynthesis and therefore of the synthesis of secondary metabolites that are of medical interest to humans (Kadir et al., 2013; Hoekou et al., 2016). Most plant organs were prepared as decoctions and administered mainly orally. These data are similar to those reported in previous studies by (Guinnin et al., 2015; Fingesi et al., 2018).  

Figure 3: Plants part used
	
Figure 4: Mode of preparation of the recipes
	
[bookmark: _GoBack]Figure 5: Route of administration



3.2 Phytochemical study
3.2.1 Qualitative analysis
The ethnobotanical study identified four plants among those most frequently mentioned by the respondents. These are Abrus precatorius, Cajanus cajan, Dichrostachys cinerea, and Momordica charantia. Hydroethanolic extracts from the leaves of these plants were evaluated for their phytochemical potential. The results of major groups of phytochemical compounds studied are presented in Table 4.
The tested extracts were analyzed for alkaloids, flavonoids, saponins, tannins, coumarins, triterpenes and reducing sugars. The leaf extract of D. cinerea contains all the compounds analysed. The leaf extract of C. cajan contains no alkaloids or saponins. The extract of A. precatorius contains alkaloids, coumarins, tannins and reducing sugars, while that of M. charantia contains alkaloids, coumarins, saponins and triterpenes. 
Table 4: Major groups of phytochemical compounds tested in the extracts
	Phytochemical compounds
	ApEF
	CcEF
	DcEF
	McEF

	Alkaloids
	+
	-
	+
	+

	Coumarins
	+
	+
	+
	+

	Flavonoids
	-
	+
	+
	-

	Saponosides
	-
	-
	+
	+

	Reducing sugars
	+
	+
	+
	-

	Triterpenes
	-
	+
	+
	+

	Tannins 
	+
	+
	+
	-


ApEF= Leaves extract of Abrus precatorius, CcEF= Leaves extract of Cajanus cajan, DcEF= Leaves extract of Dichrostachys cinerea, McEF= Leaves extract of Momordica charantia; - = Absent; += Present.
All the phytochemical compounds sought were found in the extract of D. cinerea. These results are similar to the data reported in the previous studies by Lavanya & Ambikapathy (2016). The extracts of C. cajan also contain all the compounds, with the exception of alkaloids and saponosides. These results are consistent with previous studies, which also reported the same compounds except for coumarins, which were not found in the tested extract (Koffi et al., 2018). The hydroethanolic extract of A. precatorius revealed compounds such as alkaloids, tannins, coumarins, and phenolic compounds with reducing sugars. These results do not agree with those by Lebri et al., (2015), who reported saponins, triterpenes, and flavonoids in the aqueous extract of the leaves in Burkina Faso. Analysis of the hydroethanolic extract of M. charantia leaves revealed the presence of alkaloids, coumarins, saponosides, and triterpenes. This result is in accordance to those reported by Mada et al., (2013), who also found tannins and flavonoids in the aqueous and ethanolic extracts. These discrepancies in the compounds identified in the extracts can be explained by the fact that the solvents used for extraction are not the same and also that the ecological areas where the plants are harvested differ from one study to another.
Previous studies have demonstrated the antiviral properties of certain compounds identified in our extracts. These include, for example alkaloids, which have shown antiviral activity by inhibiting viral gene replication and viral protein synthesis; coumarins, which are capable of blocking the penetration of viruses into the host cell; triterpenes, which are capable of preventing the fusion of viruses with cell membranes and also inhibiting viral replication and multiplication (Chattopadhyay & Naik, 2007). 
3.2.2 Antioxidant activity 
The different antioxidant capacities obtained using the FRAP and phosphomolybdate ion reduction methods for the four plant extracts are presented in Table 5.
Table 5: Antioxidant content of the extracts
	Extracts
	FRAP
(μmol Eq FeS04/mg ES)
	Phosphomolybdate
(μg Eq AcAs/mg ES)

	A. precatorius
	202.16 ± 17.55
	47.93 ± 2.19

	C. cajan
	428.83 ± 22.54
	172.67 ± 4.29

	D. cinerea
	307.16 ± 7.63
	87.17 ± 2.10

	M. charantia
	302.16 ± 7.63
	96.29 ± 7.36


Eq FeS04: iron sulfate equivalent, EqAcAs: ascorbic acid equivalent, ES: dry extract. 
The results showed that the hydroethanolic extracts of the 4 plants tested possess antioxidant properties. Wu et al. (2009) found an antioxidant value in aqueous extracts of C. cajan leaves similar to that obtained in this study using the FRAP method (404.91 µg/mL). Aworet Samseny et al. (2021) found an estimated antioxidant value of 49.72±0.55 mg EAG/g in dichloromethanolic extracts from D. cinerea leaves. These results are inconsistent with those obtained in this study and those reported by Gul et al., (2013) in extracts from A. precatorius leaves (13.34 ± 0.35 AAE mg/g). With regard to M. charantia, there is also a discrepancy between our results and those reported by Mbaiogaou et al. (2022), in the extracts of the plant. Free radicals are unpaired molecules derived from oxygen and nitrogen. Many viruses manipulate mitochondrial respiratory and apoptotic functions to ensure a successful intracellular life cycle, leading to increased production of reactive oxygen species (ROS). These virus-induced mitochondrial ROS contribute to viral replication through modulation of host pathways and covalent changes in viral components. Viruses thus control the oxidative state of the host cell during infection, which is an important viral strategy for optimal intracellular viral replication and rapid release of viral progeny (Foo et al., 2022). Antioxidant treatments may be a promising antiviral strategy, but it is essential to study the antiviral properties in vitro and in vivo and the toxicity of these plants in order to better utilize them in the fight against viral infections.

4. Conclusion

This study revealed that traditional healers of Golfe Prefecture (Togo) use various plants in the management of viral diseases and there was high diversity of traditional knowledge about the utilization, preparation, and administration of the plants recorded. The phytochemical results obtained with the leaves of these plants show that they are potential natural sources of antioxidants and could play an important role in antiviral control. The results obtained can serve as a scientific basis for further experimental research, in particular, studying the antiviral properties of representatives of the local flora, with the aim of their further implementation in pharmaceutical practice and the development of new drugs.
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