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Review Article
Phytochemical constituents and toxicity profile of medicinal plants used as galatagogues in Niger republic

ABSTRACT 

	The increasing popularity and use of medicinal plants by breastfeeding mothers to promote lactation continue to draw the attention of healthcare professionals and other scientists in knowing more about the composition, benefits, and potential adverse effects of these plants after consumption. The objectives of this review were to assess the chemical constituents and toxicity profile of medicinal plants used as galactagogues in Niger republic. 
Relevant data about the plant species used to promote lactation were extracted from published literatures which were searched through refutable scientific databases or platforms like PubMed, Scopus, CAS, AJOL, HINARI, AGORA and Google scholar.
Eighty two (82) out of One hundred and fifty three (153) published studies were selected and reviewed for the purpose. Evaluated plant species include Faidherbia albida, Acacia nilotica, Adansonia digitata, Balanites aegyptiaca, Boscia salicifolia, Cucumis ficifolius, Euphorbia aegyptiaca, Gisekia pharnacioides, Guiera senegalensis, Prosopis africana, Sclerocarya birrea, Tephrosia purpurea.
Several reports have emphasized the richness of these plants species in various chemical constituents with phenolic acids and flavonoids as the most representative. Slight to deleterious side effects that could arise after the ingestion of certain plant species in experimental animals were recorded. Only two plant species were reported to produce a positive effect on promoting milk producrion. None of the cited plants have been evaluated in clinical studies involving lactating women as subject of study.
Globally, the findings highlighted that there are some significant gaps in both preclinical and clinical studies to support the ethnopharmacological indication of these plant species. Locally-based clinical studies are urgently needed to identify and confirm the efficacy and safety of these plants for the benefit of lactating mothers.



Keywords: Breastfeeding, galactagogue, medicinal plant, phytochemicals, toxicity, Niger. 


1. INTRODUCTION 

Exclusive breastfeeding includes feeding the child with breast milk, without the addition of any liquid or solid substances. It remains the best source of the nutrients needed for the child's growth, harmonious development and health. That's why many of the worldwide non-governmental organizations working to promote maternal and child health continue to encourage most developing countries including Niger republic to promote breastfeeding, as it saves lives, prevents malnutrition and improves the health and long-term well-being of women and children (OMS, 2014). Draining breast milk, whether to relieve engorgement, empty the breast or stimulate lactation, is largely influenced by the frequency with which the baby teats, either manually or using an artificial breast pump (Brodribb, 2018). The flow rate of milk synthesis changes throughout the day and between mothers. Lactogenesis is characterized by a series of hormonal events which trigger the lactation process made up of three main stages. Prolactin as hormone regulates the amount of milk production through the stimulation of the breast alveoli, while the oxytocin induces the release of milk down the ducts to the nipples (Jack and Louis-Marie, 1993) (Fig.1). However, numerous factors such as hormonal levels and conditions, medications, undergoing radiation therapy, pains (including breast discomfort, sore nipples, mastitis, inverted nipples etc.), breast augmentation/reconstruction/surgeries, etc. are known as common conditions that could affect the ability to lactate (Ryan et al., 2023; Dadalto and Rosa, 2017; Babakazo et al., 2022). Several medically admitted approaches are encouraged to be prescribed by the health practitionners to the lactating mothers who are suffering from any of the enumerated health conditions in order to resolve any challenges related to milk production (Hussain, 2021; Amir, 2006; Academy Of Breastfeeding Medicine Protocol Committee, 2011). When physical or psychological interventions fail to satisfactorily relieve or manage the conditions involved in lactation insufficient milk production or the absence of milk production, galactagogues as synthetic drugs or natural products can be the next alternative to induce, to sustain or to increase milk production (Gabay, 2002; Penagos Tabares et al., 2014). Famous synthetic galactagogues such as sulpiride, metoclopramide and domperidone were known to be pharmacologically effective in increasing milk volume with adverse effects such as tiredness, nausea, headache and dry mouth (Foong et al., 2020). Potential side effects on central nervous system, cardiac arrhythmias and weight gain were also reported. Eventhough the efficacy of these drugs have been mentioned in several studies, their safety continues to raise concerns among healthcare professionals, scientists and even patients. In search for safer and efficacious alternatives, breastfeeding mothers are opting for traditional pharmacopaea which involve the use of herbal galactagogues to induse, to sustain and to increase milk production (Liao et al., 2024). This popularity of the natural options continue to draw the attention of healthcare professionals and other scientists in knowing more about the composition, benefits, and potential adverse effects of these plants after consumption. The objectives of this review were to assess the chemical and toxicity profile of the reported medicinal plants used as galactagogues in Niger republic. 
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Fig. 1. Hormonal control of milk secretion and release


2. methodology

The review and search strategies were conceptualized to provide an overview of scientific information about the chemical constituents and toxicity profile of reported plant species used as galactagogues by lactating Nigerien mothers.  Relevant data were extracted from published literatures which were searched through refutable scientific databases or platforms like PubMed, Scopus, CAS, AJOL, HINARI, AGORA and Google scholar. Full-text literatures written in French and English languages that reported the phytochemical constituents and toxicity profile of the selected medicinal plants were considered. A total of 82 published studies out of 153 initially screened were selected for the purpose of this review which addressed the phytochemical constituents and toxicity profile of the 12 medicinal plants reported as galactagogues in Niger republic (Lawaly et al., 2025).

3. results 

A total of twelve medicinal plant species that are used traditionally to promote lactation in breastfeeding Nigerien mothers were screened for literature review concerning their phytochemical constituents and toxicity profile. A summary concerning each plant species is presented below.  
3.1 Sclerocarya birrea (A.Rich.) Hochst
Sclerocarya birrea, commonly known as Marula tree (Dania in Haousa, Diney in Zarma or Edëy in Fulfuldé) is a widespread forest species in certain Sahelian and Sudanian areas of Africa. It is a tree with a height ranging from 7 meters to 18 meters (Mkungunugwa et al., 2021). Sclerocarya birrea is widely used by rural populations. The main organs used are the fruit, nuts/seeds, leaves, roots and bark, with uses varying according to the parts of the tree used (Lawaly et al., 2017). Methanol, ethanol and aqueous extracts of the barks of Sclerocarya birrea were reported to contain secondary metabolites such as tannins, flavonoids, saponins, steroids, terpenoids and phenols(Lawaly et al., 2017; Ojewole et al., 2010). Profiling of phytochemicals in tissues from Sclerocarya birrea by HPLC-MS have revealed the presence of phenolic compounds, namely, gallic acid, catechin, epicatechin, epicatechin-3-O-gallate, epigallocatechin-3-O-gallate, quercetin-3-O-arabinoside, quercetin-3-O-rhamno-side, quercetin-3-O-glucoside, and procyanidin B2 in the chloroform and methanol extracts of the leaves, bark and roots extracts of the plant (Russo et al., 2013). The presence of gallic acid and derivatives, monomers from (epi) catechin and derivatives, dimers from (epi) catechin and derivatives, flavonoids, and other compounds were also found in hydroethanolic extract of the stem bark of the plant (Cádiz-Gurrea et al., 2019). While Shoko et al., (2018) reported the presence of proanthocyanidin dimers, trimers and their flavonoid monomer catechin in several alcoholic extracts of stems, leaves and fruits of the plant. Muhammad et al., (2014) evaluated the acute and subchronic toxicity studies of the plant peels aqueous extract in albino rats. The extract was found relatively toxic at doses of 3000 and 4000 mg/kg body weight. Couldiaty et al., (2024) evaluated the acute and chronic oral toxicity of hydroethanolic extract of the plant leaves. The extract was found to produce no mortality indicating the LD50 is greater than 5000 mg/kg body weight. No significant change in body and organs weights. Biochemical, hematological and histo-pathological parameters did not vary significantly. Similarly, Sawadogo et al., (2020) found that the aqueous extract of the plant leaves in NMRI mice show no mortality and no behavioral changes up to a dose of 5000 mg/kg body weight. Another toxicological study which involve the use of acetone extract of the plant stem bark in Wistar rats show that the limit doses of 2000 mg/kg and 5000 mg/kg did not cause any mortality or signs of acute toxicity during the observation period. However, significant increase was observed in weights of the liver and kidney as well as AST and ALP levels indicative of hepatotoxicity (Balogun et al., 2020).
3.2 Boscia salicifolia Oliv.
Boscia salicifolia (Zuré en Haoussa; Shinkiliga in Zarma) is a medium-sized tree growing up to 15 meter in height (Alfred, 2019) and widespread in most countries from West Africa including Benin, Burkina faso, Ivory Coast, Mali, Niger, Nigeria, Senegal, etc. It is also found in countries from East tropical Africa, South tropical Africa and West central Africa (Rafaël, 2023). Numerous studies have reported the richness of Boscia salicifolia in several phytochemicals. Hassan and Barde (2020) in their study involving the leaves as the plant part under investigation found that its methanolic extract is constituted of secondary metabolites which are crucial for its interactions with the environment. These include alkaloids, anthraquinones, flavonoids, saponins and tannins. More specifically, other studies have moved through the isolation and characterization of mains constituents of different parts of Boscia salicifolia. Yakubu et al., (2014) reported the presence of nine phyto-components (1,2,3-propanetriol, 3,5-diterbutylphenol, 2-(2-hydroxy-2-phenylethoxy)phenol, methyl-12- methyltetradecanoate, n-Hexadecanioc acid, 13-octadecanoate, 9- Octadecanioc acid, n-Octadecanoic acid and 9- octadecenal) that were identified in methanol extract of Boscia salicifolia by GC-MC analysis. Pauli et al., (1990) isolated two new compounds (Boscialin and 4′‐O‐glucoside) from the methanol extract leaves which are mainly determined by NMR spectroscopy and by acid hydrolysis of the glycoside. While Angelika and Urs (1990) isolated new flavanol glycoside together with three other compounds (rhamnocitrin 3-O-β-neohesperidoside, rhamnetin 3-O-β-neohesperidoside, rhamnocitrin 3-O-β-glucopyranoside, and rhamnetin 3-O-β-glucopyranoside) from the dried leaves. In term of toxicity profile, Mailafiya et al., (2022) in their study aimed to evaluate the the in vivo and in vitro antidiarrheal effects of methanol leaf extracts of boscia salicifolia in mice and isolated rabbit jejunum, found that the extract is slightly toxic with LD50 value of 3800 mg/Kg. In another biological system which involves the use of brine shrimp, the ethanol extract of leaves was found toxic with LC50 value of 22.8 µg/ml (Moshi et al., 2006).
3.3 Guiera senegalensis J.F. Gmel.  
Guiera senegalensis (Sabara en Haoussa) is a shrub tree of about 1 to 5 meters height, easily recognizable by its small, light green leaves, which are more or less gray or bluish in color (Louppe, 1991). It is found from Senegal to Sudan, mainly in the Sahelo-Sudanese zone and grows on almost all types of soil (sandy, leached or depleted, fallow land, arid areas). It is a plant widely used for fire wood but also for many uses in pharmacopoeia. Indeed, Guiera senegalensis is one of the most prized medicinal plants in West Africa, used to treat a wide variety of diseases (REACA, 2016). Damo et al., (2022) in their study aimed to evaluate the neuroprotective potential of Guiera senegalensis leaf hydroethanolic extract have also considered investigating the phytochemical composition of the plant. Results showed that the leaves extract contains flavonoids and polyphenolic acids such as quercetin-3-O-arabinoside, catechin, luteolin-7-O-glucoside, rutoside, quercetin, apigenin, epigallocatechin, caffeic acid, chlorogenic acid, cinnamic acid, and ellagic acid. Umma et al., (2023) found that the ethylacetate fraction of the plant leaves contains Alkaloids, terpenoids, quinones, anthraquinones, flavonoids, tannins, saponins, phenols, steroids and cardiac glycosides. The same study reported that the leaves extract is practically non-toxic (oral LD50>5000mg/kg) when used for a short period of time and some signs of toxicity on heart in sub-chronic study (on long term of use). Similar results were reported by Aminatu et al., (2017), Yahaya et al., (2019) and Ahmed et al., (2022) with the use of methanol extract of the plant leaves in rats. On the other hand, Yahaya et al., (2022) in their study aimed to investigate the hematotoxicity and nephrotoxicity of long-term administration of Guiera senegalensis leaves obtained in Birnin Kebbi (Nigeria), found that the kidneys of the rats fed with plant extract showed vacuolation of cytoplasm and tubular degeneration. They concluded that constant administration of high doses of the extracts for a long time may cause health hazards. Guiera senegalensis is commonly used in promoting milk production in human and other lactating animals such as goat, camel, etc. Aminatu et al., (2017) investigated the effect of leaf aqueous extract of the plant for possible milk production in Wistar rats. Findings showed that the plant extract had significant effect in enhancing milk letdown in Wistar rats. Garba et al., (2015) investigated the effect of feeding Guiera senegalesis leaves on intake and milk yield of lactating goats. Results showed that the inclusion of the plant in the diet of lactating goat does at 30% maintained milk yield when compared to conventional diet (control) and also enhanced feed intake.
3.4 Cucumis ficifolius A. Rich.  
Cucumis ficifolius (Yamanya in Haoussa) also known as the fig-leaf gourd is a flowering plant growing up to 1 meter long. It is well represented in the moist and moderately dry tropics of the world, particularly in grass and bush land areas of Africa and make one the most important plant family in existence with global impact due to its vast medicinal usage (Olarewaju et al., 2021). The n-hexane, ethyl acetate and methanol extracts of the plant roots were reported to contain phytochemicals such as saponins, flavonoids, terpenoids, glycosides, steroids, phenols, and the absence of tannins, alkaloids reducing sugars, proteins, α-spinasterol, cucurbitacin, and cucurbitacin (Nigussie and Ashenef, 2020; Weletnsae, et al., 2019). Tamrat et al., (2021) investigated the chemical constituents of the dichloromethane extract of plant fruits and found to contain 2', 3'-dihydroxypropyl pentadecanoate, pentadecanoic acid and tetradecanoic acid. For its toxicity profile, Demsie et al., (2019) studied the acute toxicity of the plant root extract in Swiss albino mice. Findings showed that the extract (at a dose of 2,000 mg/kg) did not cause manifestations such as drowsiness, salivation, tremor, restlessness, convulsion, piloerection, diarrhea, nor caused mortality in the first 24 h observation as well as during the two-week follow up period. Araya et al., (2019) investigated the in vivo hepatoprotective activitiy of Cucumis ficifolius root extract. Acute toxicity results showed that the pre-treatment model with 125, 250, and 500 mg/kg doses presented a significant reduction of the serum level of carbon tetrachloride-induced liver enzyme markers at the highest tested dose (500 mg/kg).

3.5 Euphorbia aegyptiaca Boiss.
Euphorbia aegyptiaca (Nono'n Kurtchia in Haoussa) is a succulent plant species native to arid regions of Africa, Asia, and Europe. It grows up to 1 meter in height (Abo-Dola and Lutfi, 2016). Different botanical parts of Euphorbia aegyptiaca have been used in traditional medicine for the treatment of several health issues. Certainly their richness in many pharmacologically active chemical compounds could justify their uses. Euphorbia species were reported to contain phytochemical constituents like flavonoids, coumarins, triterpenoids, lignans and alkaloids (Liu et al., 2014; Benjamaa et al., 2022). Osman et al., (2020) conducted a cytotoxicity study through which Euphorbia aegyptiaca extracts were tested in brine shrimp eggs (Artemia Salina). Results show no toxicity in all extracts.

3.6 Faidherbia albida (Delile) 
Faidherbia albida also known as Acacia albida (Gao in Haoussa; Kokoy´e in Zarma) which under favorable conditions, can reach over 30 meter in height (Abasse et al., 2021). It is found throughout the arid and semi-arid areas of Africa and has the distinctive feature of losing its leaves at the beginning of the rainy season. Faidherbia albida plays an important agroecological and socioeconomic role in rural areas. Several ethnomedicinal studies have reported the use of its different parts for the prevention and treatment of most common diseases circulating among the community. Its botanical parts such as leaves, barks, roots, and stem bark were reported rich in secondary metabolites including tannins, saponins, alkaloids, flavonoids, phenols, coumarins, and glycosides (Mamat et al., 2023; Tukur et al., 2024). Tchoukoua et al., (2017) isolated chemical compound Bidesmosidic triterpenoid saponins named albidosides A–G from the methanol extract of the plant roots. Tchebemou et al., (2020) investigated the phytochemical composition of the dichloromethane/methanol extracts of the plant leaves and roots. Findings revealed the presence of 3β-Friedelinol, Friedelan-3-one, Heptadecanoic acid, Ergosterol-β-D-glucoside, (3R,4R,5S,6R)-2- (hydroxymethyl)-6-(4,4a,6b,8a,11,11,12b,14a-octamethyl-docosahydropicen-3-yloxy)-tetrahydro-2H-pyran-3,4,5-triol, Brassicasterol Benzoate, Lupeol, Betulin, Oleanolic acid, Maslinic acid, Apigenin, Kaempferol , Quercetin-3- O-α- rhamnoside and Trans-Tiliroside. A cytotoxicity study which involved the use of aqueous and hydroethanolic extracts of fruits, leaves and stem bark of the plant against Artemiasalina larvae was conducted by Ohouko et al., (2020). Findings show that the different plant extracts do not cause any toxicity on the tested larvae. Tijani et al., (2009) investigated the effect of hydroalcoholic extract of stem bark of Acacia albida on some biochemical parameters of studied Wistar rats. Findings show some behavioral signs of toxicity, no abnormality in all the internal organs examined and no death records. Similarly, Oluwakanyinsola et al., (2020) in their study aimed to evaluate the acute and subacute toxicity study of ethanolic extract of the stem bark of the plant reported the behavioral signs (salivation, rubbing of nose and mouth on the floor of the cage and restlessness) of toxicity observed in the rats at 2900 and 5000 mg extract/kg body weight. Gross pathological study showed no abnormality in all the organs examined. Absence of death at all doses up to 5000 mg extract/kg showed that the LD50 of the ethanolic stem bark of the plant is greater than 5000 mg extract/ kg body weight. Tukur et al., (2024) reported the safety of stem bark extracts in exposed Wistar albino rats through an acute toxicity study. Results show that the extract does not cause any evident toxicity or death in the animals throughout the observation period following the administration of 5000 mg/kg.
3.7 Acacia nilotica (L)
Acacia nilotica ommonly known as babul (Bagaruwa in Haoussa; Baani in Zarma) is a tree reaching 20 meter in height, with a straight, cylindrical bole reaching 60 centimeter in diameter, and a dense crown. It is a Sahelo-Sudanian species that thrives in heavy, poorly drained soils, flowering at the start of leafing (Luqman et al., 2015). The plant from its roots to its leaves and fruits, constitute a source of many pharmacologically active secondary metabolites. In their study aimed to determine the phytochemical constituents of the methanol extract of Acacia nilotica pods, Lawaly et al., (2022) found its richness in total phenolic, flavonoid and condensed tannins. Similar results were reported by Sabah et al., (2017). Sundarraj et al., (2012) used GC-MS and HPLC to determine the chemical constituents of the plant extract. Experimental results indicated the presence of ethyl gallate and γ -sitosterol, bioactive ingredients in the Acacia nilotica extract. Jigam et al., (2010) isolated 1,3,6-dilgalloyl-2,4-mono- galloyltannin and methyl gallate from the methanol extract of the roots of Acacia nilotica. Several other important compounds were recently isolated from the barks of the plant. These include catechin, epicatechin, quercetin gallic acid, umbelliferone, rutin, myricetin, Kaempferol, betulin and glycosides of favonols (Kaur et al., 2022). Some studies have evaluated the safety of different parts of Acacia nilotica in experimental animals. Umaru et al., (2015) studied the acute toxicity and effects of aqueous pod extract of Acacia nilotica on some haematological parameters and body weight in rats. Results show that the administration of the extract at 3000 mg/kg body weight did not produce any death in the treated rats, indicative of the low toxicity. Prolonged administration for 21 days did not significantly alter the levels of red blood cells, hemoglobin concentration and packed cell volume. While Lawaly et al., (2022) reported that the methanol pod extract of the plant produced no cytotoxicity against five different cell line models (human liver cancer cell line, human glioblastoma cell line, human breast adenocarcinoma, normal fibroblast cell line and Chinese hamster ovary cell line). Three other studies evaluated the toxicity of the plant leaves in experimental rats. Nikita et al., (2023) reported the safety of the methanol extract at the decided dose level of 100 & 200 mg/kg of body weight. Gabi et al., (2022) reported that the administration of the aqueous plant extract at 500 and 1000 mg/kg/day for an extended period could prompt hepatic and nephron toxicity. Mohan et al., (2014) reported that the ethanol plant extract does not appear to possess any toxicity in vivo as evidenced by zero mortality. Secondly, biochemical changes in the serum did not show any signs of toxicity, indicating their safety. Alli et al., (2015) studied the toxicity of aqueous extract of the plant roots in Swiss albino mice, and Wistar albino rats. Findings show that the aqueous extract was safe in single dose administration in mice but repeated administration of doses higher than 250 mg/kg b.w of the extract for 28 days in rats may cause hepatotoxicity. Acacia nilotica was significantly reported in most ethnobotanical studies to be recommended as galactagogue in breastfeeding mothers. Unfortunately, only one evidence-based pharmacological study from Burkina Faso (West African country) was found through the literature review to scientifically justify the traditional belief. In their study aimed to determine the effect of Acacia nilotica on milk production in rats, Lompo-Ouedraogo et al., (2004) found that the aqueous extract of the plant can stimulate milk production as well as prolactin synthesis and release in the female rat.

3.8 Tephrosia purpurea Linn. Pers.
Tephrosia purpurea (Margwa in Haoussa) is a species of flowering plant, sometimes bushy, 40-80 centimeter height, rarely up to 1.5 meter (Devprakash et al., 2012). The whole plant or its individual parts (roots, leaves, seeds and bark) have been reported rich in diverse phytochemical compounds proven to be to be pharmacological activities. The methylenechloride/methanol (1:1) extract of the aerial parts of Tephrosia purpurea was reported by Khalafalah et al., (2010) to contain important chemical compounds such as  tephrosin, pongaglabol, purpureamethide, pongamol, karanjin, lanceolatin B, (+)-tephrorins A, B, (+)-tephrosone, purpurenone, (+)-purpurin, purpuritenin, lanceolatin B, (+) purpurin, quercitin, (−)-purpurin dehydroisoderricin, (−)-maackiain pseudosemiglabrin, (−)-semiglabrin, terpurinflavone, (-)-isolonchocarpin, 7,4‘-dihydroxy3‘,5‘-dimethoxyisoflavone, (+)-tephropurpurin (−)-3-hydroxy-4-methoxy-8,9-methylenedioxypterocarpan (−)-medicarpin 3‘-methoxydaidzein desmoxyphyllin B, 3,9-Dihydroxy-8-methoxycoumestan, isoglabratephrin, tephropurpulin A, rutin, serratin 7-O-β-D-glucopyranosyl-(1→4)-O-βD-galoctopyranoside. While Youssef et al., (2023) reported the presence of Stigmasta-5,24(28)-dien3-ol, (3 β,24Z)-, 9,12,15-octadecatrienoic acid methyl ester, phytol, chlorogenic acid, and quercetin from the methanol and  n-hexane sub-fraction of the aerial parts of the plant. Abdel-Kader et al., (2021) reported 5-deoxyflavonoid derivatives identified as tephropurpugazanin, 4’’-hydroxyapollinin, epi-tephroapollin E, (-)-tephropurpulin A, 3,7-dihydroxy-8-methoxy-2-(4-methoxyphenyl)-4H-1-benzopyran-4-one, and tephroapollin E from the chloroform fraction of the aerial parts. Abdel-Kader et al., (2024) reported the presence of Epi-Tephroapollin G), Acetyltephroapollin C, 4′’-Dehydroxytephroapollin E, and epi-Tephroapollin F from the petroleum ether, chloroform and ethyl acetate fractions of the aerial parts. Chang et al., (1997) reported the presence of isoflavone, 7,4‘-dihydroxy-3‘,5‘-dimethoxyisoflavone, chalcone, (+)-tephropurpurin, (+)-purpurin, pongamol, lanceolatin B, (−)-maackiain, (−)-3-hydroxy-4-methoxy-8,9-methylenedioxypterocarpan, and (−)-medicarpin from the methanol extract of the flowering and fruiting parts of the plant. Concerning the toxicity profile of Tephrosia purpurea, Talib et al., (2012) evaluated the acute and subacute oral toxicity of the whole plant ethyl acetate   extract in Swiss albino rats. Findings show that the plant extract is well tolerated up to 2000 mg/kg, produced neither mortality nor changes in behavior in exposed mice. At dose level of 200 and 400 mg/kg did not produce any significant difference in their body weight, food and water intake when compared to vehicle treated rats. Asuntha et al., (2010) reported that the ethanolic extract of the whole plant did not exhibit any gross behavioral changes or manifestations of toxic symptoms such as weight loss, increased or decreased motor activity, tremors, convulsions, muscle spasm, spasticity, loss of right reflex, sedation, arching and rolling, lacrimation, diarrhea, and urination, in the exposed Wistar albino rats, over 24h, Non-lethal even at the maximum single dose of 4.0 g/kg, orally.

3.9 Gisekia pharnacioides L.
Gisekia pharnacioides (Gado'n mashijy in Haoussa; Takka chijla in Zarma) is a slightly succulent herbaceous plant, running, decumbent or prostrate stem up to 80 centimeter height, sometimes longer. It is aromatic and traditionally used to treat various diseases. Several chemical studies have emphasized its richness in certain secondary metabolites. Noreen et al., (2017) reported the presence of Alkaloids, anthraquinone glycosides, cardiac glycosides, flavonoids and terpenoids in dichloromethane extract of the whole plant. Arora and Saini (2017) examined the phytochemical constituents and GC-MC analysis of methanol and ethyl-acetate extract of root and stem of Gisekia Pharnaceoides. Findings revealed the presence of Cis-Vaccenic acid, 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione, inositol , 1-Tetradecene, Pentadecanoic acid, Decane,3,3,5-trimethyl, Tetracontane, Cyclopentane,1,1’-[4-(3-cyclopentylpropyl)-1,7-heptanediyl]bis. Results from a Thesis document titled ‘Phytochemical and pharmacological investigation of Gisekia pharnaceoides Linn., the author named Gandhimathi (2007) reported results about the acute toxicity study which involve the administration of diverse plant extracts in Wistar rats. Findings show no abnormality in the general behavior of the test rats either in the short term or long term, after administration of the plant extracts. Normal behavior as that of control group was observed. No death was observed in any of the group and all the rats lived up to 14 days. There was no body weight loss during the observation period.

3.10 Adansonia digitata L.
Adansonia digitata (Kuka in Haoussa; Koo Nya in Zarma) an imposing, very massive tree growing up to 20 meter height. Adansonia digitata is indigenous to the Sahelian steppes and Sudano-Sahelian savannahs. It is found in most semi-arid and sub-humid regions south of the Sahara (Aïda et al., 2006). The medicinal uses of the plant are many and varied. Phytochemical constituents of the fruit pulp, seeds and leaves have been discovered. In a study aimed to determine the phytochemical profile of the n-butanol/methanol extracts of the fruits and leaves of the plant, Braca et al., (2018) discovered the presence of procyanidins and flavonol glycosides, with tiliroside as the major constituent in the plant extract. The hydro-distilled essential oil from leaves of Adansonia digitata was found to contain several compounds including hydrocarbons, alkene alcohol, cyclic ketonic ether, terpenoids, amides, esters (Kayode et al., 2018). Suliman and El-Hddad (2023) characterized the chemical constituents of Adansoniadigitata using GC-MS and LC-MS/QTOF. Findings revealed the detection of rutin, quercetin-3-β-d-glucoside, gentisic acid, catechin, and diosmin in the ethanol extracts of different parts of the plant. Mahendra et al., (2024) through LC-MC profiling of Adansonia digitata determined the presence of catechin, vitexin, kaempherol glycoside, rutin, and other phytocompounds in aqueous extract of the plant leaves. In term of safety, acute and subacute toxicity studies of methanol extracts of both leaves and fruits of the plant species in rats revealed that the orally administered doses did not produce mortality or changes in general behavior of treated animals (Adebisi et al., 2022). Also, acute toxicity study of aqueous fruit pulp extract of the plant on alloxan induced diabetic rats indicated the safety of the extract (with LD50 of the extract greater than 5000mg/kg) (Muhammad et al., 2016). Rufa’I et al., (2006) reported that the ethanol leaf extract of the plant showed normal morphologies on tissue histology of organs at lower concentrations.

3.11 Prosopis africana (Guill et Perr) Taub
Prosopis africana (Kirya in Haoussa; Za, turi in Zarma) is a tree growing up to 4-20 meters tall, with a light crown and drooping foliage (Agboola, 2004). It is widespread from Senegal to Ethiopia in the area between the Sahel and the dry forest. The plant parts including leaves, roots, and stembark were reported to contain secondary metabolites such as alkaloid, saponin, quinones, anthocyanin, steroid, phenol, terpene, tannin, flavonoid, and phlobatannin (Obode et al., 2020). Yanda et al., (2022) isolated and characterized secondary metabolites from Prosopus Africana leaves. Results showed that the ethanol extract led to the isolation of seven compounds: (2E, 6E) farnesylamine, myricetin-3-O-rhamnoside, bis(2-ethylhexyl) benzene-1,2-dicarboxylate, lupeol (4), ß-sitosterol, stigmasterol glycoside, and a mixture of bis(2-ethylhexyl) benzene-1,2-dicarboxylate and bis(2-ethylhexyl) benzene-1,4-dicarboxylate. Ali et al., (2022) reported the isolation of a new sesquiterpene (Prosoterpene, 1) and eleven compounds of several classes, such as flavonoids, alkaloids, phenolic acids, and long-chain alcohols, from the butanol extract of Prosopis africana. Nganso et al., (2018) isolated heneicosanol, hexacosanol, nonacosanol, β-sitosterol, quercetin, β-sitosterol 3-O-β-D-glucopyranoside and quercitrin from the leaves of Prosopis africana. In term of toxicity profile, the administration of leaf ethanol extract of Prosopus Africana in albino rats showed no signs of toxicity in the acute toxicity study. No significant alteration of hematological parameters was observed. Liver and kidney function parameters were significantly reduced. Histological evaluations of the liver, kidney, heart and testicular tissues revealed normal sections in majority of the animals; however, mild vascular congestions were observed at random doses (Obode et al., 2020). Ezike et al., (2010) studied the acute toxicity of stem bark methanol extract in Swiss albino rats and mice. Results showed an LD50 of 774 mg/kg (i.p) in mice, suggesting that the plant possesses some degree of relative safety from acute intoxication. Gaetan et al., (2018) reported that oral administration of the plant total leaf extract caused no death at the single dose of 2000 mg/kg/bw of the NMRI mice during the 72 hours. Also, no toxic symptoms in terms of behavioral changes, skin effects, breathing, impairment in food intake and water consumption, postural abnormalities and hair loss were observed in any animals, up to 14 days after the administration of plant extracts. Bilyaminu et al., (2023) determined the toxicity profile (using established toxicity determination protocols) of methanol stem bark extract of Prosopis africana in albino Wistar rats. Findings showed that the administered extract did not affect food and water consumption or most hematological parameters, except for red and white blood cell counts. Histological examination of liver, kidney, and heart did not show any signs of malformation. 

3.12 Balanites aegyptiaca (L.) Del.
Balanites aegyptiaca (Aduwa in Haoussa; Garbey in Zarma) is a thorny tree that can grow up to 17 meter tall with a trunk diameter of up to 60 centimeter. It is a characteristic and emblematic species found in the Sahelian and Sudano-Sahelian zones of Africa, the Arabian Peninsula, India, and Pakistan.  It is one of the most preferred trees for rural communities in the West African Sahel with great socio-economic importance throughout its natural area of distribution (Dougabka et al., 2021). Secondary metabolites such as alkaloids, phenols, flavonoids, triterpene, tannins, and saponins were found present in fruits, leaves, and roots organic extracts of Balanites aegyptiaca (Richard and Anastasia, 2023). Mokhtar et al., (2021) reported the presence of (9Z,12Z)-octadeca-9,12-dienoic acid, hexadecanoic acid, (Z)-octadec-9-enoic acid, and (E)-octadec-6- enoic from seeds oil extracted by chloroform, hexane, and ethanol. Ezzat et al., (2017) reported the presence of sterol, stigmasterol-3-O-β-d-glucopyranoside, pregnane glucoside, and furostanol saponin in methanol fruit extract of the plant. In term of toxicity profile, Eyayu and Getahun (2019) evaluated the aqueous extract stem barks of Balanites aegyptiaca on adults of three different fish species. The plant extracts were found to produce symptoms of toxicity including darting, agitated swimming, air gulping, loss of sensitivity and knockdown before death. While Ugwah et al., (2016) reported that the aqueous extract stem barks of Balanites aegyptiaca in albino rats showed no mortality and no observed symptoms of toxicity at the limit dose of 3000 mg/kg. No significant weight gain and no behavioural effects. Liver enzymes, AST and ALT, were significantly increased at doses of 1500 and 2250 mg/kg. Urea level significantly increased at the dose of 750 mg/kg compared with control. Histopathological studies revealed evidence of microscopic lesions in the liver which correlated with biochemical disturbances. The n-hexane oil extract from the seeds/fruits of Balanites aegyptiaca showed no significant changes in AST and ALT, no significant changes in serum total protein, albumin, A/G ratio, serum urea, creatinine, mean final body weight, food consumption and relative liver and kidney weight were observed in the treated Wistar rats (Wilson et al., 2009). The aqueous, methanol, and ethanol extracts of both leaves and stem bark of Balanites aegyptiaca administered in albino rats were reported to produce no changes such as death, no changes in body weight, no changes in food and water consumption and no changes in liver function parameters of the exposed animals. Mohammed et al., (2023) investigated the toxicity of the plant leaf and fruit extracts in the larvae of Culex pipiens (Diptera: Culicidae). Findings showed that the plant extracts induced a biochemical and histological changes on the third instar treated larvae. The biochemical changes were presented by an increase in the levels of alpha Amylase, decrease in the levels of the total protein and the acid phosphatase, alkaline phosphatase and lactate dehydrogenase activity levels were disturbed. Histological studies revealed that the treated larvae had undergone obvious changes in the muscles, cuticle and midgut. Richard and Anastasia (2023) evaluated the acute oral toxicity of methanol extract of the plant in Wistar rats     (Rattus     norvergicus). Findings showed that there were no abnormalities observed in physiological parameters and no deaths recorded during the study period.
  

4. DISCUSSION

A galactagogue is a synthetic (such as chemical drugs) or natural substance (food or herbal supplement agents) that promotes lactation in breastfeeding mothers. Phytochemical compounds present in herbal galactagogue could impact the production of milk or its release. This literature review has explored twelve medicinal plants (Faidherbia albida, Acacia nilotica, Adansonia digitata, Balanites aegyptiaca, Boscia salicifolia, Cucumis ficifolius, Euphorbia aegyptiaca, Gisekia pharnacioides, Guiera senegalensis, Prosopis africana, Sclerocarya birrea, Tephrosia purpurea) that were reported to promote lactation in breastfeeding Nigerien mothers. These plant species were found to contain secondary metabolites such as saponins, tannins, alkaloids, flavonoids, terpenoids, and steroids which could be responsible for their biological activities as galactagogues. Several previous studies have reported that the presence of these phytochemicals could cause an increase in serum prolactin and induce the production of milk (Khairani et al., 2021; Turkyılmaz et al., 2011). For instance, the presence of flavonoids, steroids and tannins in aqueous extract of T. rhomboidea roots has influenced the production of milk in experimental rats (Sahoo et al., 2016). Isoflavones and their metabolites were found to influence the milk production mammary epithelial cells (MECs) through different interactions with prolactin/STAT5 signaling (Tsugami et al., 2017). Even though they are pharmacologically beneficial, secondary metabolites could also be toxic to body system when took without cautious (Lawaly et al., 2019). Numerous toxicological studies have reported adverse effects of herbal galactagogues. In this review, none or slight to deleterious side effects that could arise after the ingestion of certain plant species in experimental animals were recorded. Although the medicinal plants reported are widely used as galactagogues by the Nigerien breastfeeding mothers, this literature review found that the studied plants species have very limited reports regarding efficacy data in line with the lactogenic activity. Of the twelve plant species, only two (Guiera senegalesis and Acacia nilotica) were found with scientific evidences which could support their efficacy as galactagogues in experimental animals. Lompo-Ouedraogo et al., (2004) found that female rats that received oral doses of the extract of Acacia nilotica during their first lactation produced about 59% more milk with a pup weight gain to be significantly higher than that in the control group. Stimulation of the synthesis and release of prolactin, clear lobuloalveolar development with milk secretion in the mammary glands of oestrogen-primed treated rats were also recorded. Aminatu et al., (2017) found that the extract of Guiera senegalesis have significant effect in enhancing milk production in rats. However, the mecanisme of action through which the lactation was boosted remain unknown. Unfortunately, these reports which are essentially derived from laboratory-based studies involving experimental animals cannot be used as a reference for humans’ safety. Therefore, more preclinical and clinical studies are needed in order to best support their ethnopharmacological indication as natural galactagogues for the human consumption.

5. Conclusion

This study presented an overview of twelve (Faidherbia albida, Acacia nilotica, Adansonia digitata, Balanites aegyptiaca, Boscia salicifolia, Cucumis ficifolius, Euphorbia aegyptiaca, Gisekia pharnacioides, Guiera senegalensis, Prosopis africana, Sclerocarya birrea, Tephrosia purpurea) plant species traditionally used to promote lactation in Niger republic for their phytochemical constituents and toxicity profile. Globally, the review showed that there are very limited scientific data which could support their ethnopharmacological indication as natural galactagogues. Therefore, there is an urgent need to conduct more preclinical and clinical studies in order to best demonstrate their efficacy and safety to the consumers.
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