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Bioactive molecules isolated from Phyllanthus amarus Schum & Thonn, Caesalpinia bonduc (L.) Roxb, Momordica charantia Linn and Xylopia aethiopica (Dunal) A. Rich used in the Diabeto-Dolvo® recipe in Togo: A review
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ABSTRACT 

	Introduction: For millennia, humans have relied on nature to meet their basic needs. The use of plants for therapeutic purposes dates back to prehistoric times, and this custom has been passed down from generation to generation. Thus, in Togo, a recipe commonly called Diabeto-Dolvo®, composed of four medicinal plants with hypoglycemic properties, is traditionally used to treat diabetes. These four plants used in the recipe are Phyllanthus amarus Schum & Thonn, Caesalpinia bonduc (L.) Roxb, Momordica charantia Linn, and Xylopia aethiopica (Dunal) A. Rich. The primary objective of this review is to verify the scientific scope of the empirical uses made by the population of these plants, to understand the isolated bioactive molecules and their biological activities to encourage their safe use
Method: Data on these plants were obtained from published literature through a systematic review.
Results: It appears that the majority of bioactive molecules isolated from these plant extracts belong to the families of triterpenoids, diterpenoids, flavonoids, fatty acids, tannins, alkaloids, Lignans and alkaloids. Most of these molecules have been shown to possess antidiabetic, antioxidant, anti-inflammatory, anticancer, and antimicrobial activities.
Conclusion: This review indicates that the biological activity of these isolated bioactive compounds could validate the traditional use of these plants by the population. These results would, in part, constitute an essential tool for the scientific validation of this traditional recipe used in Togo.
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1. INTRODUCTION 

For thousands of years, medicinal plants have played a crucial role in human and animal health[1]. Used by various societies around the world, plants represent a precious and essential resource for the treatment of a wide range of diseases. Some 66-85% of the world's population continues to rely on traditional medicines for their basic healthcare [1].  This use of medicinal plants is encouraged in developing countries because they are often less expensive and financially accessible than pharmaceutical products in rural areas where centres for conventional medical care are often limited or non-existent.
The diversity of medicinal plants is colossal, with thousands of species offering a multitude of palliative and curative virtues. It is important to note that each region of the world has its own medicinal flora, reflecting local traditions, needs and knowledge[1]. The majority of Togolese people, especially those living in rural areas, traditionally use plants on a daily basis, not only as food, but also for their medicinal properties [2]. They are used alone or in combination to enhance their virtues.  A recipe based on a combination of plants known as the Diabeto-Dolvo® recipe is used to treat diabetes in Togo [3]. This recipe is a blend of four anti-diabetic medicinal plants: Phyllanthus amarus Schum & Thonn, Caesalpinia bonduc (L.) Roxb, Momordica charantia Linn and Xylopia aethiopica (Dunal) A. Rich. In order to optimise the use of this recipe and guarantee effective health cover for the population, it is essential to know and understand the chemical, pharmacological and toxicological characterisation of the plants that make it up.

2. methodology 

A literature review was carried out on Phyllanthus amarus Schum & Thonn, Caesalpinia bonduc (L.) Roxb, Momordica charantia Linn and Xylopia aethiopica (Dunal) A. Rich, which make up the Diabeto-Dolvo® recipe. This review considered phytochemical characterisation, traditional uses and the isolation of bioactive compounds and their biological activities. The keywords ‘Diabeto-Dolvo® recipe, Togo, Hypoglycaemic and antidiabetic medicinal plants, Bioactive molecules’ are used alone or in combination to refine the list with the following search engines: Google, Google schoolar, Pubmed. The online ChemCalc tool was used to calculate the m/z ratio using the crude formulae of each bioactive compound isolated. Determining the m/z ratio involves entering the crude formulae of the isolated bioactive compounds into the online tool ChemCalc to obtain the result.

3. results and discussion

3.1. Phyllanthus amarus Schum & Thonn 

3.1.1.  Botanical description 

Phyllanthus amarus Schum & Thonn is an upright annual herbaceous shrub 10 to 60 cm tall. Its main stem is simple or branched. The leaves measure 3-11 × 1.5-6 mm and are oval, elliptical or oblong. Above their stalks are the flowers, followed by the fruit [4]. The seed capsules on the stems are 1 to 2 mm long, round, smooth and 2 mm wide, with an average of six seeds inside [6]. Phyllanthus amarus Schum & Thonn is a medicinal plant frequently found growing wild on islands in tropical and subtropical regions of the world (Figure 1).
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[bookmark: _Toc201675447]Figure 1: Photograph of Phyllanthus amarus Schum & Thonn
3.1.2. Taxonomy

Phyllanthus amarus Schum & Thonn belongs to the Phyllanthaceae family and is native to West Africa, a species that is now pantropically distributed [5]. The classification of Phullanthus amarus Schum & Thonn is:
	Kingdom                                         
	: Plantae

	Sub-kingdom
	: Viridaeplantae

	Division                                      
	: Tracheophyta

	Class                                          
	: Magnoliopsida

	Sub- class                                    
	: Malpighiales

	Order                                            
	: Malpighiales

	Family                                         
	: Phyllanthaceae

	Genus                                          
	: Phyllanthus

	[bookmark: RANGE!C12]Species                                           
	: amarus



3.1.3. Vernacular names
Phyllanthus amarus Schum & Thonn has many vernacular names, depending on the locality:
· In Togo: Tsekulemegbe/ hli (Ouatchi); Ahlivi (Mina); Owunudu (Akposso); Awassiafé (Adja)
·  In Benin: Hilinwè (Fon); Ahlinvi (Mina); Awasiafè (Adja)
· In Nigeria: Eyin olobe (Yoruba)
· In Burkina Faso: Womkuuidige (Morée)

         3.1.4. Traditional uses

Phyllanthus amarus Schum & Thonn is a medicinal plant traditionally used to treat various diseases around the world, either fresh or dried, by ingestion or topical application [5]. Different parts of this plant, such as the leaves, leafy stems, roots, and even the entire plant, are used for therapeutic purposes in the form of infusions (I), macerations (M) or decoctions (D) (Figure 2).
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[bookmark: _Toc201675448]Figure 2 :   Traditional therapeutic use and different methods of preparation of Phyllanthus amarus Schum & Thonn

Furthermore, other studies have revealed that a decoction made from the leafy branches or the whole plant, either fresh or dried, can be used to treat diabetes in Ivory Coast [6].
In Niger, a decoction of the leaves or aerial parts is used to treat diarrhoea, dysentery, stomach ache, urinary retention, syphilis, urogenital infection, constipation, nausea, snake bites, leprosy, chest pain, smallpox, cramps, kidney problems, heart problems, dizziness, high blood pressure, fever, haemorrhoids and diabetes [7].
In Togo, a decoction of the whole plant is used to treat palpitations and vomiting [8]; it is also used as an antidiabetic and hypotensive agent [9]. The powder or decoction of the leaves is used orally to treat diabetes in the maritime region of Togo [10]. 
In Guadeloupe , the infusion of the aerial parts or the whole plant is used to treat hepatitis, diabetes and digestive disorders [5].

3.1.5. Bioactive molecules isolated from Phyllanthus amarus Schum & Thonn

Phytochemical analyses have shown that Phyllanthus amarus Schum & Thonn leaves contain flavonoids, steroids, terpenes, alkaloids and saponosides [11]. Phytochemical screening of the aqueous extract of the leaves revealed the presence of tannins, flavonoids, alkaloids, and saponosides [12]. Based on these preliminary studies, numerous studies have been conducted on Phyllanthus amarus Schum & Thonn using chromatography, leading to the isolation and purification of various bioactive molecules (Table 1).
Table 1: Some molecules isolated from Phyllanthus amarus Schum & Thonn

	Class/Family
	Isolated molecules
	M.MI(M/Z)
	FB
	Reference

	Alkaloid
	Niruroidin
	221.10519
	C12H15NO3
	[13]

	Coumarin
	2-Coumaranone
	144.11503
	C8H16O2
	[14]

	Fatty acid
	Tetradecanoic acid
	228.20893
	C14H28O2
	[14]

	Fatty acid
	Hexadecanoic acid
	270.25588
	C17H34O2
	[14]

	Fatty acid
	Pentadecanoic acid
	242.22458
	C15H30O2
	[14]

	Fatty acid
	13-hexyloxacyclotridec-10-en-2-one
	280.24023
	C18H3202
	[14]

	Fatty acid
	9-octadecenoic acid
	296.27153
	C19H36O2
	[14]

	Fatty acid
	Methyl ester of octadecanoic acid
	298.28718
	C19H38O2
	[14]

	Fatty acid
	18-nonadecenoic acid
	296.27153
	C19H36O2
	[14]

	Fatty acid
	Ricinolic acid methyl ester
	296.27153
	C19H36O2
	[14]

	Fatty acid
	Oxacyclododecan-2-one
	184.14633
	C11H20O2
	[14]

	Fatty acid
	(E)-13-docosenoic acid
	338.31848
	C22H42O2
	[14]

	Fatty acid
	13-tetradecenal
	210.19837
	C14H26O
	[14]

	Fatty acid
	Di-n-octylphthalate
	390.27701
	C24H38O4
	[14]

	Fatty acid
	Phenylalanine
	248.03209
	C12H8O6
	[13]

	Fatty acid
	14-methyl-methyl pentadecanoic acid
	270.25588
	C17H34O2
	[14]

	Fatty acid
	8-Octadecenoic acid
	296.27153
	C19H36O2
	[14]

	Fatty acid
	6-Octadecenoic acid methylricinoleate
	300.26645
	C18H36O3
	[14]

	Fatty acid
	Methyl ricinoleate
	310.25079
	C19H34O3
	[14]

	Fatty acid
	Ricinoleic acid
	298.25079
	C18H34O3
	[14]

	Fatty acid
	9-Octadecenoic acid
	884.78329
	C57H104O6
	[14]

	Fatty acid
	Pyrrolidine-2-carboxylic acid, methyl-phenyl-amide
	440.18668
	C12H16N20
	[14]

	Fatty acid
	n-Hexadecanoic acid
	256.24023
	C16H32O2
	[14]

	Fatty acid
	Tetradecanoic acid
	228.20893
	C14H28O2
	[15]

	Fatty acid
	n-Hexadecanoic acid
	256.24023
	C16H32O2
	[15]

	Fatty acid
	9-Octadecenoic acid
	282.25588
	C18H34O2
	[15]

	Fatty acid
	n-Hexadecanoic acid
	256.24023
	C16H32O2
	[15]

	Fatty acid
	Dodecanoic acid
	200.17763
	C12H24O2
	[16]

	Fatty acid
	Methyl tetradecanoate
	242.22458
	C15H30O2
	[16]

	Fatty acid
	Methyl 10-trans,12-cis-octadecadienoate
	294.25588
	C19H34O2
	[16]

	Fatty acid
	Pentadecanoic acid
	242.22458
	C15H30O2
	[16]

	Fatty acid
	9,12-Octadecadienoic acid
	280.24023
	C18H32O2
	[16]

	Fatty acid
	11-Octadecenoic acid methyl ester
	310.28718
	C20H38O2
	[16]

	Fatty acid
	Heptadecanoic acid
	270.25588
	C17H34O2
	[16]

	Fatty acid
	9,12,15-Octadecatrienoic acid
	278.22458
	C18H30O2
	[16]

	Fatty acid
	Cycloeicosane 6, 9, 12-Octadecatrienoic acid
	278.22458
	C18H30O2
	[16]

	Fatty acid
	Cis-9-tetradecenoic acid
	240.20893
	C15H28O2
	[16]

	Fatty acid
	18-methylnonadecanoate methyl
	312.30283
	C20H40O2
	[16]

	Fatty acid
	Tetracosanoic acid
	368.36543
	C24H48O2
	[16]

	Fatty acid
	Docosanoic acid
	340.33413
	C22H44O2
	[16]

	Fatty alcohol
	Glycerin
	102.12559
	C3H18O3
	[14]

	Fatty alcohol
	11,13-dimethyl-12tetradecen-1-ol acetate
	282.25588
	C18H34O2
	[16]

	Flavonoid
	Brevifolin
	248.03209
	C12H8O6
	[13]

	Flavonoid
	Rutin
	610.15338
	C27H30O16
	[13] [17]  

	Flavonoid
	Gallocathechin
	270.07395
	C12H14O7
	[13]

	Flavonoid
	Epicatechin
	290.07904
	C15H14O6
	[13]

	Flavonoid
	Niruriflavone
	364.02613
	C16H12O8
	[13]

	Flavonoid
	Quercein- 3 -O- rutinoside
	610.15339
	C27H30O16
	[13]

	Flavonoid
	Narirutin
	580.17921
	C27H32O14
	[13]

	Flavonoid
	Quercetin-3-O-hexoside
	464.09548
	C21H20O12
	[13]

	Lignan
	Phyllanthin
	418.23554
	C24H34O6
	[13]

	Lignan
	Hypophyllanthin
	430.19915
	C24H30O7
	[13]

	Lignan
	Virgatusin
	416.18350
	C23H28O7
	[13]

	Lignan
	Niranthin
	432.21480
	C24H32O7
	[13]

	Lignan
	Phyllanthusiin U
	924.08688
	C40H28O26
	[13]

	Lignan
	Desmethylniranthine
	418.19915
	C23H30O7
	[13]

	Lignan
	Desmethyleneniranthine
	418.19915
	C23H30O7
	[13]

	Lignan
	Phyllanthusiin C
	926.10565
	C40H30O26
	[13]

	Lipid
	Octacosyl heptafluorobutyrate
	606.42468
	C32H57F7O2
	[16]

	Lipid
	Tetratriacontyl heptafluorobutyrate
	634.45598
	C34H61F7O2
	[16]

	Lipid
	Bis(2-ethylhexyl) phthalate)
	390.27701
	C24H38O4
	[16]

	Phenolic acid
	Gallic acid
	170.02152
	C7H6O5
	[13]

	Phenolic acid
	Caffeoylhexaric acid
	372.06926
	C15H16O11
	[13]

	Phenolic ester
	Caffeic acid-3-O-glucuronide
	356.07435
	C15H16O10
	[13]

	Polyphenols
	1,2,3-Benzenetriol
	126.03169
	C6H6O3
	[14]

	Tannins
	Monogalloyl hexoside
	332.07435
	C13H16O10
	[13]

	Tannins
	Ellagic acid
	302.00763
	C14H6O8
	[13]

	Tannins
	Corilagin
	634.08061
	C27H22O18
	[13]

	Tannins
	Brevifolin carboxylic acid
	292.02192
	C13H8O8
	[13]

	Tannins
	Geraniin
	952.08180
	C41H28O27
	[13]

	Tannins
	Aramiic acid
	970.09236
	C41H30O28
	[13]

	Tannins
	Syringin
	258.07395
	C₁₁H₁₄O₇
	[13]

	Tannins
	β-glucogallin
	332.07435
	C13H16O10
	[13]

	Tannins
	Emblicanin A
	782.06027
	C34H22O22
	[13]


Note: M.MI = Monoisotopic Mass; M/Z = Mass to Charge Ratio; FB = Molecular Formula 

The various molecules isolated from Phyllanthus amarus Schum & Thonn have been the subject of several biological studies. Studies carried out on certain molecules extracted from this plant have proven antibacterial, antifungal, anti-inflammatory, antioxidant, anticancer, antidiabetic and antitumor properties [16]. Quercetin is a flavonol found in a large number of fruits, vegetables, and plants. It is a polyphenol that has a large number of biological activities: antioxidant, anti-inflammatory, anticancer. This molecule has demonstrated an improvement in healing by promoting wound contraction through the activities of fibroblasts and the deposition of collagen in the wound bed. Other studies have proven several biological activities of this plant (Figure 3).


[image: ]
 
Figure 3: Graphics diagram showing different pharmacological effects of Phyllanthus amarus Schum & Thonn [5]

These results show that Phyllanthus amarus Schum & Thonn has multiple biological activities, which justifies its use in traditional medicine around the world to treat several conditions.

3.2. Caesalpinia bonduc (L.) Roxb

3.2.1. Botanical description

Caesalpinia bonduc (L.) Roxb is a climbing shrub about one meter high. It is entirely covered with short, very sharp, yellowish or brown, straight or curved thorns, 2 to 4 mm long. It has leaves about 30 to 70 mm long, bipinnate, a pubescent rachis armed with curved thorns, 3 to 8 pairs of opposite leaflets, each bearing 6 to 10 pairs of ovate to elliptical leaflets, often with a mucronate apex. This shrub often forms impenetrable thorny thickets. It is considered invasive and its compact presence also provides shelter for animals and encourages their nesting [18]. This perennial legume reproduces by seed but benefits from several vegetative reproduction strategies. The stems of this plant can be cloned by layering and by cuttings. The plant (Figure 4) flowers during August-October and fruits from December to April [19].

[image: C:\Users\Dr AMAVI\Downloads\IMAGES DES PLANTES\IMG_20211010_163906.jpg]
Figure 4: Photograph of the Caesalpinia bonduc (L.) Roxb plant

3.2.2. Taxonomy

Belonging to the Fabaceae family, Caesalpinia bonduc (L.) Roxb is a thorny species. It is widely distributed in tropical regions of the globe [20]. The white variety and the black variety are the two varieties of Caesalpinia bonduc (L.) Roxb [19].
	Kingdom                                       
	: Plantae

	Sub-kingdom
	: Tracheobionta

	Division                                      
	: Magnoliophyta

	Class                                          
	: Magnoliopsida

	Sub class                                    
	: Rosidae

	Order                                            
	: Fabales

	Family                                        
	: Fabaceae

	Sub-family 
	: Caesalpinioideae

	Genus                                           
	: Caesalpinia

	[bookmark: RANGE!C13]Species                                            
	: bonduc















3.2.3. Vernacular names

Depending on the country and language, various local names are given to Caesalpinia bonduc (L.) Roxb:
•	In Togo:  Adjikou (Ewe)
•	In Benin: Adjikountin (Mahi, Goun et Fon)
•	In India: Kantkarej, Kantikaranja (Hindi)
•	In Saudi Arabia: Bunduk, Akitamaket (Arabe)
•	In Pakistan: Akitmakit (Urdu)

3.2.4. Traditional uses

Caesalpinia bonduc (L.) Roxb is used for several therapeutic purposes worldwide. Thus, the seeds of Caesalpinia bonduc (L.) Roxb are used as a tonic, febrifuge, specific in the treatment of hydrocele as well as skin diseases [20]. The very aesthetic seeds are used in the Antilles and New Caledonia to make necklaces [18]. The young branches and leaves are traditionally used to treat malaria in Southwest Nigeria [21]. 
The maceration of the root is used in Benin to improve male sexual activity and treat prostatic hyperplasia [22]. It is used to treat infertility or sexual impotence in Togo [23]. 
Taking the juice of this plant for two weeks after a meal in traditional medicine can clear the throat in case of sore throats [24]. The powder of the seeds of this plant is used to treat diabetes [25].

3.2.5. Bioactive molecules isolated from Caesalpinia bonduc (L.) Roxb

A previous study showed that the hydro-ethanolic extract of Caesalpinia bonduc (L.) Roxb leaves contains major chemical groups of bioactive compounds such as terpenes and phenolic compounds [26]. Another study conducted on Caesalpinia bonduc (L.) Roxb seed revealed the presence of flavonoids, phenols and saponosides [27]. Various chemical compounds such as catechol tannins, gallic tannins, flavonoids, anthocyanins, saponosides and alkaloids were revealed from the aqueous and ethanolic extracts of Caesalpinia bonduc (L.) Roxb roots [28].
Several researches have been conducted on Caesalpinia bonduc (L.) Roxb, resulting in the isolation of some bioactive molecules (Table 2).
Table 2: Some bioactive molecules isolated from Caesalpinia bonduc (L.) Roxb
	[bookmark: _Hlk205198083]Class/Family
	Isolated bioactive molecules
	M.MI (M/Z)
	FB
	Reference

	Diterpenoid
	Caesaldekarin C
	346.21441
	C21H30O4
	[29]

	Diterpenoid
	5-hydroxyvihaticanal
	316.20384
	C20H28O3
	[29]

	Diterpenoid
	Cassabonducin A
	488.20463
	C26H32O9
	[30]

	Diterpenoid
	Cassabonducin B
	474.22537
	C26H34O8
	[30]

	Diterpenoid
	Cassabonducin C
	314.18819
	C20H26O3
	[30]

	Diterpenoid
	Cassabonducin D
	418.23554
	C24H34O6
	[30]

	Diterpenoid
	Cassabonducin E
	418.23554
	C24H34O6
	[30]

	Diterpenoid
	Cassabonducin F
	432.21480
	C24H 32O7
	[30]

	Diterpenoid
	Cassabonducin G
	448.20972
	C24H32O8
	[30]

	Diterpenoid
	Cassabonducin H
	422.23045
	 C23H34O7
	[30]

	Diterpenoid
	Cassabonducin I
	436.20972
	C23H32O8
	[30]

	Diterpenoid
	Cassabonducin J
	494.21520
	C25H34O10
	[30]

	Diterpenoid
	ε-Caesalpin-Ⅶ
	416.21989
	C24H32O6
	[30]

	Diterpenoid
	6-acetoxy-3desacetoxycaesaldekarin
	414.20424
	C24H30O6
	[30]

	Diterpenoid
	6 α -hydroxycaesalpinin P
	432.21480
	C24H32O7
	[31]

	Diterpenoid
	14- epi -caesalpinin E1
	374.20932
	C22H30O5
	[31]

	Diterpenoid
	6-deacetylcaesalmine Z
	408.21480
	C22H32O7
	[31]

	Diterpenoid
	14- epi -caesalmine Z
	466.22028
	C24H34O9
	[31]

	Diterpenoid
	Caesalpinolide I
	506.21520
	C26H34O10
	[31]

	Diterpenoid
	Caesalpinolide K
	552.22068
	C27H36O12
	[31]

	Diterpenoid
	Caesalpinolide L
	450.18898
	C23H30O9
	[31]

	Diterpenoid
	Caesalpinolide M
	508.23085
	C26H36O10
	[31]

	Diterpenoid
	Caesalpinolide N
	494.25158
	C26H38O9
	[31]

	Diterpenoid
	14- epi -neocaesalpin L
	524.22576
	C26H36O11
	[31]

	Diterpenoid
	Norcaesalpinin O
	360.19367
	  C21H28O5
	[32]

	Diterpenoid
	Norcaesalpinin P
	418.19915
	 C23H30O7
	[32]

	Diterpenoid
	Caesalpinin MQ
	474.22537
	 C26H34O8
	[32]

	Diterpenoid
	Caesall O
	374.20932
	C22H30O5
	[32]

	Diterpenoid
	Caesall P
	374.20932
	C22H30O5
	[32]

	Diterpenoid
	Caesaldekarin F
	344.19876
	C21H28O4  
	[33]

	Diterpenoid
	Caesaldekarin G
	364.22497
	   C21H32O5 
	[33]

	Diterpenoid
	Caesaldekarin C
	346.21441
	C21H30O4
	[33]

	Diterpenoid
	Neocaesalpin C
	468.23593
	C24H36O9
	[34]

	Diterpenoid
	Nocaesalpine D
	432.21480
	C24H32O7
	[34]

	Diterpenoid
	Caesalpinolide-C
	334.21441
	C20H30O4
	[35]

	Diterpenoid
	Caesalpinolide-D
	334.21441
	C20H30O4
	[35]

	Diterpenoid
	Caesalpinolide-E
	376.22497
	C22H32O5
	[35]

	Diterpenoid
	Cassane furanoditerpene
	358.21441
	C22H30O4
	[35]

	Diterpenoid
	Caesalpinin A
	421.23654
	C25H31N3O3
	[36]

	Diterpenoid
	β-amyrine
	426.38617
	C30H50O
	[36]

	Diterpenoid
	Bonducellpin H
	534.24650
	C28H38O10
	[37]

	Diterpenoid
	Bonducellpin I
	474.18898
	C25H30O9
	[37]

	Sterol
	Campesterol
	400.37052
	C28H48O
	[36]

	Sterol
	β-sitosterol
	414.38617
	C29H50O
	[36]

	Sterol
	Fucosterol
	412.37052
	C29H48O
	[36]

	Polysterol
	Stigmasteryl ester
	674.60018
	C47H78O2
	[38]

	Fatty acid
	n-Hexadecanoic acid
	256.24023
	C16H32O2
	[39]

	Fatty acid
	9,12-Octadecadienoic acid (z,z)- 
	294.25588
	C19H34O2
	[39]

	Lipid
	2-Benzenedicarboxylic acid
	278.15181
	C16H22O4
	[39]

	Ester
	1,2-Benzene dicarboxylic acid mono (2-ethylhexyl ester)
	278.15181
	C16H22O4
	[36]

	Ester
	Methyl (+) -7-isojasmonate
	224.14124
	C13H20O3
	[38]

	Flavonoid
	6- O -methylcesalpinianone
	316.09469
	C17H16O6
	[40]

	Flavonoid
	Caesalpinianone
	302.07904
	C16H14O6
	[40]

	Flavonoid
	Quercetin-3-methyl ether
	316.05830
	C16H12O7
	[40]

	Flavonoid
	Kaempferol-3-O-α-L-rhamnopyranosyl-1→2) -β-D-xylopyranoside
	564.14791
	C26H28O14
	[40]

	Flavonoid
	Kaempferol
	286.04774
	C15H10O6
	[40]

	Flavonoid
	Thro-2,3-bis(4-hydroxy-3-methoxyphenyl)-3-methoxy-propanol
	334.14164
	C18H22O6
	[41]

	Flavonoid
	Evofolin-B
	318.11034
	C17H18O6
	[41]

	Flavonoid
	Trans-linalool-3,6-oxide-β-D glucopyranoside
	332.18350
	C16H28O7
	[41]

	Flavonoid
	1-(2-methylbutyryl) phloroglucinolglucopyranoside
	372.14203
	C17H24O9
	[41]

	Flavonoid
	1-(3-methylbutyryl) phloroglucinolglucopyranoside
	372.14203
	C17H24O9
	[41]

	Lignan
	Isolariciresinol
	360.15729
	C20H24O6
	[41]

	Flavonoid
	Methyl gallate
	184.03717
	C8H8O
	[41]

	Flavonoid
	Acide protocatéchique
	154.02661
	C7H6O4
	[41]

	Flavonoid
	Neocesalpine P
	360.19367
	C21H28O5
	[42]

	Flavonoid
	7-acetoxycesalpinine P
	474.22537
	C26H34O8 
	[37]

	Flavonoid
	Kaempferol 7,4'-dimethyl ether
	314.07904
	C17H14O6
	[38]

	Flavonoid
	3’,4’-methylenedioxyether 5,7-dimethyl epicatechin
	330.11034
	C18H18O6
	[38]

	Flavonoid
	Myricetin 5-methyl ether
	332.05322
	C16H12O8
	[38]

	Flavonoid
	Catechin 5,7,4'-trimethyl ether
	332.12599
	C18H20O6
	[38]

	Flavonoid
	Epicatechin 5,7,3'-trimethyl ether
	332.12599
	C18H20O6
	[38]

	Flavonoid
	Kaempferol 3-(3’’,4’’-diacetylrhamnoside)
	516.12678
	C25H24O12
	[38]

	Flavonoid
	Myricetin 3-rutinoside
	626.14830
	C27H30O17
	[38]

	Flavonoid
	Quercetin 7,4’-diglucoside
	626.14830
	C27H30O17
	[38]

	Flavonoid
	6-hydroxykaempferol 7-(6’’-(E)-caffeylglucoside)
	626.12717
	C30H26O15
	[38]

	Flavonoid
	Chrysosplenol C 6,4’-diglucoside
	684.19016
	C30H36O18
	[38]

	Flavonoid
	8-Prenylquercetin 4’-methyl
	530.17881
	C27H30O11
	[38]

	Flavonoid
	Chrysosplenol D
	360.08452
	C18H16O8
	[38]

	Flavonoid
	Catechin 7-O-gallate
	442.09000
	C22H18O10
	[38]

	Flavonoid
	Acacetin 7-(4’’’-acetylrutinoside)
	634.18977
	C30H34O15 
	[38]

	Flavonoid
	Kaempferol 3-(4 diacetylglucoside) -7-rhamnoside
	678.17960
	C31H34O17
	[38]

	Flavonoid
	Quercetin 3-(2’’’-p coumarylsambubioside) -7-glucoside
	904.22734
	C41H44O23
	[38]

	Flavonoid
	Derriobtusone A
	292.07356
	C18H12O4 
	[38]

	Flavonoid
	6-methoxykaempferol
	316.05830
	C16H12O7
	[38]

	Aldehyde
	9,17-octadecadienal (z)-
	264.24532
	C18H32O
	[39]

	Carboxylic acid
	n-Hexanoic acid
	256.24023
	C16H32O2
	[36]


Note: M.MI = Monoisotopic Mass; M/Z = Mass to Charge Ratio; FB = Molecular Formula  
The various bioactive compounds isolated from Caesalpinia bonduc (L.) Roxb have been subjected to several biological tests. The majority of the biological activities demonstrated are: antioxidant, antidiabetic, antibacterial, anti-inflammatory, antifungal, antiviral, antiarthritic [39].

3.3.  Momordica charantia Linn

3.3.1. Botanical description

Momordica charantia Linn is a climbing and ground-covering annual plant that can reach a height of 5m, usually very branched. The stems are delicate and equipped with simple tendrils and the roots may have nodules (Figure 5) [43]. The alternate leaves are similar in shape to vine leaves, the blades have 3, 5 or 7 lobes with toothed or crenate edges. The leaves have a strong odor and a bitter taste. The flowers are small and yellowish, borne on slender peduncles. The male flowers have three stamens and the female flowers have a three-lobed stigma and an inferior ovary. Depending on the cultivar, the surface of the fruits is more or less tuberculate. The mature fruits are bright orange and divide from the bottom to the top into 2 or 3 segments which reveal the seeds in their red, transparent and gelatinous mucilage.
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Figure 5: Photograph de Momordica charantia Linn

This plant is cultivated in tropical and subtropical regions worldwide, mainly in Asia, India, China, South America and Brazil [44].

3.3.2. Taxonomy

Momordica charantia Linn is a climbing plant belonging to the Cucurbitaceae family according to the following classification:
	Kingdom                                         
	: Plantae

	Sub-kingdom
	: Tracheobionta

	Division                                      
	: Magnoliophyta

	Class                                          
	: Magnoliopsida

	Soub class                                    
	: Dilleniidae

	Order                                            
	: Violales

	Family                                       
	: Cucurbitaceae

	Genus                                           
	: Momordica

	Species                                           
	: charantia


3.3.3. Vernacular names

Many vernacular names are given to Momordica charantia Linn depending on the localities in different African countries:
•	In Togo: Aduka (Adja), Anyanyran (Ewé); Guèssikan (Mina) 
•	 In   Benin: Gninsikin (Fon); Djoukéassou (Adja); Aniagnaran (Mina)
•	In Ivory Coast: Adioukrou (Sing Biep) 
•	In Cameroon: Oyal-zom (Ewondo)
•	 In South Africa: Monamelala (Pedi)
•	In Nigeria: Ejinrin (Yoruba)
•	In Ghana: Nyanya (Akan); Daddagu (Hausa); Kakle (Ewé)

3.3. 4.	Traditional uses 

Momordica charantia Linn has several therapeutic properties. In addition to its therapeutic properties, it is also used in rituals. However, 75% of its use is for therapeutic purposes, while it is only used in 25% of cases for rituals [45].
In Togo, this plant is used by the Guin-Mina’s people of the southeast under the name Anyanran in the now famous traditional religious ceremonies of "Ekpe Soso" or "Lifting of the Stone," which are held in Glidji in September of each year, where it is worn as a necklace. In the maritime region of the country, the infusion, alcoholate, and decoction of this plant are used to treat diabetes orally or by bathing [1].
A decoction of the leafy branches of this plant is traditionally used to treat persistent fever orally or ocularly in Ivory Coast [46]. The leafy stems of this plant are used by traditional practitioners in Benin to treat sexually transmitted infections related to HIV-AIDS [26].
A decoction of the leafy branches or the whole plant in fresh or dried form of Momordica charantia Linn is used to treat diabetes in Ivory Coast [6].

3.3.5.	Bioactive molecules isolated from Momordica charantia Linn

Dwijayanti et al. (2019) proved that bitter melon contains triterpenoids, steroidal glycosides, flavonoids and alkaloids. Phytochemical studies revealed that the leaves of this plant contain flavones, leucoanthocyanins, steroids, alkaloids, tannins, free anthracene derivatives and reducing compounds [45]. Another study carried out on aqueous and ethanolic extracts of the leaves of Momordica charantia Linn revealed the presence of alkaloids and flavonoids [47].   This plant has been the subject of several studies leading to the isolation of several bioactive compounds (Table 3).
Table 3: Some molecules isolated from Momordica charantia Linn
	Class /Family
	Isolated bioactive molecules
	M.MI (M/Z)
	FB
	Reference

	Triterpenoid
	Momordicoside F2
	618.41317
	C36H58O8
	[48]

	Triterpenoid
	Goyaglycoside B
	648.42373
	C37H60O9
	[48]

	Triterpenoid
	Karaviloside III
	634.44447
	C37H62O8
	[48]

	Triterpenoid
	Charantoside VI
	632.42882
	C37H60O8
	[48]

	Triterpenoid
	Charantagenin E
	662.43938
	C38H62O9
	[48]

	Triterpenoid
	Charantoside II
	662.43938
	C38H62O9
	[48]

	Triterpenoid
	Momordicoside G
	632.42882
	C37H60O8
	[48]

	Triterpenoid
	Goyaglycoside D
	662.43938
	C38H62O9
	[48]

	Triterpenoid
	Charantoside I
	630.41317
	C37H58O8
	[49]

	Triterpenoid
	Charantoside II
	662.43938
	C38H62O9
	[49]

	Triterpenoid
	Charantoside III
	600.40260
	C36H56O7
	[49]

	Triterpenoid
	Charantoside IV
	600.40260
	C36H56O7
	[49]

	Triterpenoid
	Charantoside V
	632.42882
	C37H60O8
	[49]

	Triterpenoid
	Charantoside VI
	632.42882
	C37H60O8
	[49]

	Triterpenoid
	Charantoside VII
	614.38187
	C36H54O8
	[49]

	Triterpenoid
	Charantoside VIII
	662.43938
	C38H62O9
	[49]

	Triterpenoid
	Kuguaovin H
	748.43978
	C41H64O12
	[50]

	Triterpenoid
	Kaguaovin I
	748.43978
	C41H64O12
	[50]

	Triterpenoid
	Kaguaovin J
	662.43938
	C38H62O9
	[50]

	Triterpenoid
	Kaguaovin K
	702.43430
	C40H62O10
	[50]

	Triterpenoid
	Kaguaovin L
	678.43430
	C38H62O10
	[50]

	Triterpenoid
	Kaguaovin M
	502.36582
	C31H50O5
	[50]

	Triterpenoid
	Momordicoside K
	648.42373
	C37H60O9
	[50]

	Triterpenoid
	Kuguabitane A
	586.38695
	C35H54O7
	[51]

	Triterpenoid
	Kuguaovin B
	572.37130
	C34H52O7
	[51]

	Triterpenoid
	Kuguaovin C
	586.38695
	C35H54O7
	[51]

	Triterpenoid
	Kuguaovin D
	572.37130
	C34H52O7
	[51]

	Triterpenoid
	Kuguaovin E
	540.38147
	C34H52O5
	[51]

	Triterpenoid
	Kuguaovin F
	572.37130
	C34H52O7
	[51]

	Triterpenoid
	Kuguaovin G
	572.37130
	C34H52O7
	[51]

	Triterpenoid
	Momordicine
	470.37600
	C31H50O3
	[52]

	Triterpenoid
	Momordicinine
	438.34978
	C30H46O2
	[52]

	Triterpenoid
	Goyaglycoside-a
	648.42373
	C37H60O9
	[53]

	Triterpenoid
	Goyaglycoside-b
	648.42373
	C37H60O9
	[53]

	Triterpenoid
	Goyaglycoside-c
	662.43938
	C38H62O9
	[53]

	Triterpenoid
	Goyaglycoside-d
	662.43938
	C38H62O9
	[53]

	Triterpenoid
	Goyaglycoside-e
	780.46599
	C42H68O13
	[53]

	Triterpenoid
	Goyaglycoside-f
	780.46599
	C42H68O13
	[53]

	Triterpenoid
	Goyaglycoside-g
	810.47656
	C43H70O14
	[53]

	Triterpenoid
	Goyaglycoside-h
	814.47147
	C42H70O15
	[53]

	Triterpenoid
	Goyagenine A
	490.36582
	C30H50O5
	[53]

	Triterpenoid
	Goyasaponine I
	1378.64051
	C65H102O31
	[53]

	Triterpenoid
	Goyasaponine II
	1510.68277
	C70H110O35
	[53]

	Triterpenoid
	Goyasaponine III
	968.49808
	C49H76O19
	[53]

	Triterpenoid
	Desacyl-goyasaponine III
	926.48752
	C47H74O18
	[53]

	Triterpenoid
	Goyaprosaponine
	808.42452
	C42H64O15
	[53]

	Triterpenoid
	3β-hydroxy-7β,25-dimethoxycucurbita-5,23(E)-diene
	486.40730
	C32H54O3
	[54]

	Triterpenoid
	3-O-β-D-Allopyranosyl7β,25dihydroxycucurbita-5,23(E)-dien-19-al
	634.40808
	C36H58O9
	[54]

	Triterpenoid
	3β,25-Dihydroxy-7βmethoxycucurbita-5,23(E)-diene
	472.39165
	C31H52O3
	[54]

	Triterpenoid
	Charantadiol A
	454.34470
	C30H46O3
	[55]

	Triterpenoid
	Epicharantadiol A
	454.34470
	C30H46O3
	[55]

	Triterpenoid
	5β,19-epoxy-25-methoxy-cucurbita-6,23diene3β,19(R)-diol
	486.37091
	C31H50O4
	[55]

	Triterpenoid
	5β,19-epoxy-25-methoxy-cucurbita-6,23-diene-3b,19(S)-diol
	486.37091
	C31H50O4
	[55]

	Triterpenoid
	5β,19-Epoxy-23(R)-methoxycucurbita-6,24-dien-3β-ol
	470.37600
	C31H50O3
	[56]

	Triterpenoid
	5β,19-Epoxy-23(S)-methoxycucurbita-6,24-dien-3β-ol
	470.37600
	C31H50O3
	[56]

	Triterpenoid
	3β-Hydroxy-23(R)-methoxycucurbita-6,24-dien-5β,19-olide
	484.35526
	C31H48O4
	[56]

	Triterpenoid
	Charantoside H
	662.43938
	C38H62O9
	[57]

	Triterpenoid
	Charantoside J
	662.43938
	C38H62O9
	[57]

	Triterpenoid
	Charantoside K
	662.43938
	C38H62O9
	[57]

	Triterpenoid
	Momorcharacoside A
	600.40260
	C36H56O7
	[57]

	Triterpenoid
	Goyaglycoside-L
	648.42373
	C37H60O9
	[57]

	Triterpenoid
	Charantagenin D
	648.42373
	C37H60O9
	[58]

	Triterpenoid
	Charantagenine E
	662.43938
	C38H62O9
	[58]

	Triterpenoid
	7-oxostigmasta-5,25-dien-3-Oβ-D-glucopyranoside
	588.40260
	C35H56O7
	[58]

	Triterpenoid
	19(R)-n-Butanoxy-5β,19-epoxycucurbita-6,23-diene-3β,25-diol 3-O-β-glucopyranoside
	690.47068
	C40H66O9
	[59]

	Triterpenoid
	23-O-β-Allopyranosyle-cucurbita-5,24-dien 7α, 3β, 22(R) ,23(S)-tetraol-3-O-β-allopyranoside
	798.47656
	C42H70O14
	[59]

	Triterpenoid
	23(R),24(S),25-Trihydroxycucurbita-5-ene-3-O- {[β-glucopyranosyl (1→6)] -O-β-glucopyranosyl}-25- O-β-glucopyranoside
	962.54503
	C48H82O19
	[59]

	Triterpenoid
	24(R)-Stigmastan-3β,5α,6β-triol-25-ene 3-O-β-glucopyranoside
	608.42882
	C35H60O8
	[59]

	Triterpenoid
	Karavilagenin A
	486.40730
	C32H54O3
	[60]

	Triterpenoid
	Karavilagenin B
	472.39165
	C31H52O3
	[60]

	Triterpenoid
	Karavilagenin C
	472.39165
	C31H52O3
	[60]

	Triterpenoid
	Karaviloside I
	648.46012
	C38H64O8
	[60]

	Triterpenoid
	Karaviloside II
	648.46012
	C38H64O8
	[60]

	Triterpenoid
	Karaviloside III
	634.44447
	C37H62O8
	[60]

	Triterpenoid
	Karaviloside IV
	650.43938
	C37H62O9
	[60]

	Triterpenoid
	Karaviloside V
	812.49221
	C43H72O14
	[60]

	Triterpenoid
	7β,23(S)-dimethoxycucurbita-5,24-dien-3β-ol
	486.40730
	C32H54O3
	[61]

	Triterpenoid
	3β-hydroxycucurbita-6,23(E),25-trien-5β,19-olide
	452.32905
	C30H44O3
	[61]

	Triterpenoid
	Charantoside L
	648.42373
	C37H60O9
	[62]

	Triterpenoid
	Charantoside D
	648.42373
	C37H60O9
	[63]

	Triterpenoid
	Charantoside E
	648.42373
	C37H60O9
	[63]

	Triterpenoid
	Charantoside F
	616.43390
	C37H60O7
	[63]

	Triterpenoid
	Charantoside G
	616.39752
	C36H56O8
	[63]

	Triterpenoid
	Karaviloside XI
	652.41865
	C36H60O10
	[64]

	Triterpenoid
	Momordicoside Q
	652.41865
	C36H60O10
	[64]

	Triterpenoid
	Momordicoside R
	814.47147
	C42H70O15
	[64]

	Triterpenoid
	Momordicoside S
	978.53995
	C48H82O20
	[64]

	Triterpenoid
	Momordicoside T
	1110.58220
	C53H90O24
	[64]

	Triterpenoid
	Momorcharaside B
	654.43430
	C36H62O10
	[64]

	Triterpenoid
	Kuguacin F
	482.30322
	C30H42O5
	[65]

	Triterpenoid
	Kuguacin G
	500.31379
	C30H44O6
	[65]

	Triterpenoid
	Kuguacin H
	484.31887
	C30H44O5
	[65]

	Triterpenoid
	Kuguacin I
	498.33452
	C31H46O5
	[65]

	Triterpenoid
	Kuguacin J
	454.34470
	C30H46O3
	[65]

	Triterpenoid
	Kuguacin K
	430.23554
	C25H34O6
	[65]

	Triterpenoid
	Kuguacin L
	400.26136
	C25H36O4
	[65]

	Triterpenoid
	Kuguacin M
	356.19876
	C22H28O4
	[65]

	Triterpenoid
	Kuguacin N
	470.33961
	C30H46O4
	[65]

	Triterpenoid
	Kuguacin O
	466.30831
	C30H42O4
	[65]

	Triterpenoid
	Kuguacin P
	428.29266
	C27H40O4
	[65]

	Triterpenoid
	Kuguacin Q
	472.31887
	C29H44O5
	[65]

	Triterpenoid
	Kuguacin R
	472.35526
	C30H48O4
	[65]

	Triterpenoid
	Kuguacin S
	468.32396
	C30H44O4
	[65]

	Steroid
	Momordenol
	426.34978
	C29H46O2
	[52]

	Steroid
	Momordol
	440.35017
	C26H48O5
	[52]


Note: M.MI = Monoisotopic Mass; M/Z = Mass to Charge Ratio; FB = Molecular Formula  

Certain molecules such as charantin, vicine, glycosides, and plant insulin polypeptide-P isolated from Momordica charantia Linn have been shown to have hypoglycemic effects. They help regulate blood sugar by decreasing intestinal glucose absorption, enhancing blood glucose uptake, and stimulating glycogen production in the liver, muscles, and fat cells [44]. Another similar study demonstrated that Momordica charantia Linn improves insulin release from pancreatic beta cells and promotes the growth of insulin-secreting beta cells [44].
Momordicin I extracted from Momordica charantia Linn has been the subject of various studies due to its multiple biological activities. Results have shown that it has antihyperglycemic, anti-inflammatory, anticancer, antihypertensive, and antioxidant properties. It promotes insulin release and optimizes glucose uptake in peripheral tissues, then activates the AMPK (Adenosine monophosphate-activated protein kinase) pathway, which is crucial for the preservation of energy homeostasis [66].

3.4. Xylopia aethiopica (Dun al) A. Rich

3.4.1. Botanical description

Xylopia aethiopica (Dun al) A. Rich is a slender, evergreen aromatic tree, reaching 15-30 m in height and about 60-70 cm in diameter. The stem is erect, crowned with several branches. The leaves are simple, alternate, oblong, elliptical to ovate. The petiole is thick and dark in color. The flowers are bisexual, solitary or in fascicles. The fruits are small, carpels, forming a dense cluster, twisted pods resemble bean pods but small in scale, dark brown, cylindrical, 1.5-6 cm long and 4-7 mm thick. The seeds are black, 5-8 per pod, kidney-shaped seeds about 10 mm long with a papery yellow aril (Figure 6).
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Figure 6: Photograph of the fruits of Xylopia aethiopica (Dun al) A. Rich

3.4.2. Taxonomy

Xylopia aethiopica (Dun al) A. Rich, Guinea Pepper or Kili, is a species of evergreen trees according to the classification below:
	Kingdom                                         
	: Plantae

	Sub-kingdom
	: Tracheobionta

	Division                                      
	: Magnoliophyta

	Class                                        
	: Magnoliopsida 

	Sub class                                    
	: Magnoliidae

	Order                                            
	: Magnoliales  

	Family                                         
	: Annonaceae

	Gender                                          
	: Xylopia

	Species                                           
	: aethiopica



3.4.3.  Vernacular names

Xylopia aethiopica (Dun al) A. Rich has several local names across the African continent:
•	In Togo: Etso (Ewe); Esso (Mina); Sozé (Kabiyè)
•	In Niger: Kimba (Hausa) 
•	In Nigeria: Olorin (Ondo) 
•	In Cameroon: Akwi (Ewondo) 
•	In Ivory Coast: Evafé (Abouré)
•	In Benin: Kpejelekun (Fon); Eso (Gèn); Kpejele (Goun)

3.4.4.  Traditional uses

Traditionally, in Togo's maritime region, decoction, alcoholate, and powder of the fruits of Xylopia aethiopica (Dun al) A. Rich are used to treat diabetes by oral administration [10]. The fruit powder is used in the treatment of childhood constipation [46]. Its dried fruit is used as a spice and its medicinal properties are particularly used to treat influenza, bronchitis, and dysentery.
In Ivory Coast, decoction and maceration of the fruits are used against female infertility [67].

3.4.5.	Bioactive molecules isolated from Xylopia aethiopica (Dun al) A. Rich

A phytochemical study conducted on the ethanolic extract of Xylopia aethiopica (Dun al) A. Rich fruits revealed the presence of major families of secondary metabolites such as alkaloids, anthocyanins, cardiac glycosides, coumarins, flavonoids, saponosides, tannins and terpenes [68]. Some molecules were isolated from these families (Table 4).

Table 4: Some molecules isolated from Xylopia aethiopica (Dun al) A. Rich
	Class/Family
	Isolated molecules
	M.MI (M/Z)
	FB
	Reference

	Alkaloid
	Armepavin
	312.15997
	C₁₉H22NO₃
	[69]

	Alkaloid
	Xyloethiopine
	314.13923
	C18H20NO4
	[69]

	Alkaloid
	Coclaurine
	284.12867
	C17H18NO3
	[69]

	Alkaloid
	N-methylcoclaurine
	298.14432 
	C18H20NO3
	[69]

	Monoterpene
	Delta-3-carene
	136.12520
	C10H16
	[70]

	Monoterpene
	Alpha-pinene
	136.12520
	C10H16
	[70]

	Monoterpene
	Camphene
	136.12520
	C10H16
	[70]

	Monoterpene
	Beta-phellandrene
	136.12520
	C10H16
	[70]

	Monoterpene
	Alpha-terpinene
	136.12520
	C10H16
	[70]

	Monoterpene
	Cymene
	134.10955
	C10 H14
	[70]

	Monoterpene
	Cis-p-2-menthen-1-ol
	154.13577
	C10 H18O
	[70]

	Monoterpene
	Terpineol
	154.13578
	C10 H18O
	[70]

	Monoterpene
	Terpinen-4-ol
	154.13579
	C10 H18O
	[70]

	Monoterpene
	Alpha-cubebene
	204.18780
	C15H24
	[70]

	Monoterpene
	Pinocarvone
	150.10447
	C10H14O
	[70]

	Monoterpene
	Beta-caryophyllene
	204.18780
	C15 H24
	[70]

	Monoterpene
	β-pinene
	136.12520
	C10H16
	[70]

	Monoterpene
	Sabinene
	136.12520
	C10H16
	[70]

	Monoterpene
	Delta-Germacrene
	204.18780
	C15H24
	[70]

	Monoterpene
	α-pinene
	136.12520
	C10H16
	[70]

	Monoterpene
	1,8-cineole
	154.13577
	C10H18O
	[70]


Note: M.MI = Monoisotopic Mass; M/Z = Mass to Charge Ratio; FB = Molecular Formula

The various bioactive compounds isolated from Xylopia aethiopica (Dun al) A. Rich have been subjected to several biological tests. The majority of the biological activities demonstrated are: antioxidant, anti-inflammatory, antidiabetic, antibacterial, antifungal, antiviral, antiarthritic [1].

3. Conclusion

The use of medicinal plants to facilitate the treatment of diseases is widespread throughout the world. Recognizing that the therapeutic power of plants relies on the pharmacological properties of the bioactive compounds they contain, this article highlights information regarding the effectiveness of the four medicinal plants that make up the Diabeto-Dolvo® recipe in Togo. Although these plants are commonly used for their therapeutic properties, are easily accessible, and less expensive than conventional medications, they have limitations. These limitations primarily concern the justification of precise dosage and their long-term effects.
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