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	 The paper was aimed at exploring the role of various medicinal plant extracts in the 
androgenic pathways. The following search engines were used to obtain articles to use in the 
paper: “PubMed, Science direct, google scholar”. Terms such as “medicinal plant extracts”, 
“testosterone production”, “libido”, “male infertility” were used to search the literature. The 
findings of the search were that there was variety of plants belonging in different families that 
had an impact on the male fertility. Thirty (30) papers that reported indigenous plants to South 
Africa and known to exhibits androgenic effects were reviewed.  Some plants were reported to 
improve sexual desire (aphrodisiac), while others improved spermatogenesis as well as directly 
increasing male reproductive hormones. The action in which these medicinal plants target 
the infertility factor revolves around the phytochemicals they contain that signifies them as 
androgenic promoters. It enhances the expression of steroidogenic acute regulatory (StAR) gene 
responsible for cholesterol transportation and initiation of testosterone biosynthesis; alkaloids 
promote biosynthesis of cholesterol precursor needed for testosterone production and saponins 
up-regulate secretion of luteinising hormone (LH), a gonadotropin responsible for initiation of 
testosterone production. The insight of such mechanisms offers a breakthrough in discovery 
of drugs or concoctions that may help in alleviation of male infertility without expressing side 
effects on patients. 

Keywords: Androgenic pathways; Antioxidants; Erectile dysfunction;
Medicinal plant extracts; Testosterone.

	 The use of medicinal plants to treat 
various diseases continues to increase worldwide, 
especially in developing countries such as South 
Africa.1,2 Moreover, the modern medicines 
developed recently are mostly derived from 
medicinal plants.3 This increase in the use 
of medicinal plants is due to their low cost, 
accessibility and effectiveness in treating diseases 
with minor or no side effects.2 The therapeutic use 

of medicinal plants for various ailments has raised 
stakes in their scientific exploration to determine 
the extent of their capabilities and assessment of 
their toxicity. Plants used to treat infertility has 
been receiving massive attention; thus, intensive 
studies had been carried out on them to determine 
the pathways in which they explore to remedy the 
condition of infertility.4
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	 Infertility is defined as a state of 
childlessness of a couple following regular coitus 
without use of contraceptives, over a period of 
one year.5 This condition can be caused by both 
male and female factors. Even though progress has 
been made in respect to the female factor-related 
infertility, there are still gaps in terms of addressing 
the male factor-related infertility.1 In some of the 
progress made on the male factor-related infertility, 
most of the widely researched plants which 
have been identified to improve male fertility, 
focuses on treating erectile dysfunction (ED) and 
increasing male libido (serving as aphrodisiac).2 
These medicinal plants contain metabolites such 
as alkaloids, phenols, tannins, antioxidants and 
saponins which have been shown to improve 
male fertility by addressing ED or serving as 
aphrodisiacs when targeting various parts of the 
body. Antioxidants have been among the widely 
explored therapeutics for ED for their ability 
to combat oxidative stress which significantly 
impairs endothelial cell function and nitric oxide 
(NO) signalling, consequent in ED condition.6 
As such, these antioxidants counteract oxidative 
stress by improving vasodilation and smooth 
muscle relaxation in the erectile tissues, which is 
empirical for erectile response. Furthermore, their 
individual or synergistic response can scavenge 
the free radicals and impairing their formation 
pathways resulting in endothelial NO synthase 
uncoupling7 (Figure 1.). Medicinal plants have also 
been shown to possess metabolites that modulate 
fertility-related process, and these are listed in 
Table 1, adapted from Owaba et al3, showing their 
mode of action.
	 M a n y  f a c t o r s  c a u s e  E D  a n d /
or decreased libido, amongst those include 
hormonal abnormalities such as low testosterone.2 
Testosterone is a male androgenic hormone that is 
essential for spermatogenesis and development of 
male secondary characteristics.8 Testosterone is 
formed from a biological precursor cholesterol when 
there is stimulation from gonadotropins (LH and 
to some extent FSH) secreted from pituitary gland 
under the innervation of gonadotropin-releasing 
hormone (GnRH) from the hypothalamus.9 Once 
the LH binds on LHR found in the Leydig cells 
of the testis, the STAR gene is activated using 
the adenylyl cyclase pathway and the increase 
in cAMP as well as cAMP-dependent proteins. 

Hence, this allows mediated transportation of 
cholesterol across the cell membrane from the outer 
membrane of the mitochondria of Leydig cells and 
the outer membrane of the smooth endoplasmic 
reticulum. 10 Processing cholesterol to testosterone 
occurs in two ways, which are classic and non-
classic pathways.11  In the classic pathway, the 
progenenolone takes two sub-pathways, one it is 
hydrolyzed and oxidize to dehydroepindrosterone 
(DHEA) by the enzyme cytochrome P450 
17á-hydroxylase/C17-20 lyase (P450C17), 
followed by oxidation and tautomerisation of 
DHEA to anderosterediol by 17â-hydroxysteroid 
dehydrogenase (17â-HSD), the androsterediol is 
then metabolized to testosterone by the enzyme 
17â-hydroxysteroid dehydrogenase (17â-HSD).12 
The second sub-pathway involves pregnenolone 
being metabolized to progesterone by the enzyme 
3â-hydroxysteroid dehydrogenase (3â-HSD), 
followed by the metabolization of progesterone to 
androstenedione by the enzyme cytochrome P450 
17á-hydroxylase/C17-20 lyase (P450C17), the 
androstenedione is then metabolized to testosterone 
by enzyme 17â-hydroxysteroid dehydrogenase 
(17â-HSD).13 In all the sub-pathways, testosterone 
would be converted to dihydrotestosterone (DHT) 
which is the active form of testosterone. While in a 
non-classic pathway (also known as the “backdoor 
pathway”), there are series of metabolization of 
the molecule progesterone to dihydrotestosterone 
(DHT) rather than to testosterone first, and this 
conversion is made possible by action of various 
reductase enzymes such as 5á-reductase.9 (Figure 
2). 
	 Major gonadal pathways for testosterone 
biosynthesis. Gonadotropin-releasing hormone 
(GnRH) is produced by the hypothalamus and 
stimulates the secretion of the luteinizing hormone 
(LH) from the anterior pituitary gland. LH binds 
to LH receptors on the interstitial cells called the 
Leydig cells.  Stimulatory G proteins (Gs) will be 
stimulated and there is activation of the cAMP/
protein kinase A (PKA) pathway. PKA promotes 
the transportation of cholesterol into mitochondria 
and increases the transcription of genes responsible 
for testosterone biosynthesis. Cholesterol will be 
converted to pregnenolone, which diffuses into the 
endoplasmic reticulum for testosterone formation 
via two pathways. Testosterone is formed by 
17â-hydroxysteroid dehydrogenase 3 (HSD17â3) 
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in the first pathway and by 3â-hydroxysteroid 
dehydrogenase (HSD3â) in the second pathway. 
Testosterone is converted to dihydrotestosterone 
(DHT) by 5á-reductase, and other part of the 
hormone will be aromatized to 17ß-estradiol.
	 Low testosterone concentration levels 
are the leading cause of low sex drive (libido) and 
functioning (ED).15 Most of the medicinal plants 
may address the challenges of low sex drive and/
or functioning in the following mechanisms.
1. Providing nutritional values to improve sexual 
performance by promoting penile erection. 
Example of such nutritional values include 
potassium, calcium, zinc and magnesium.16

2. Affecting blood flow and increasing duration of 
sexual performance.17

3. Stimulating sexual arousal in the central nervous 
system.18

4. Increasing testicular cholesterol, serum 
cholesterol and testosterone level, which leads to 
increase in libido.19

Medicinal plants for the treatment of ED with 
no androgenic effect 
	 Various plants that have been reported to 
treat and manage ED condition are from different 
families such as: Zygophyllaceaeas, Polygalaceae, 

Amaryllidaceous, Cucurbifaceae, Ranunculaceae, 
Leguminasae,  Zingiberaceae,  Moraceae, 
Apocynaceae, Hyacinthaceae and Vitaceae.2,3 Such 
plants include: Tribulus terrestris L, Securidaca 
longipedunculata Fresen, Allium sativum L. 
(garlic), Citrullus lanatus (Thunb), Nigelle sativa 
L., Eriosema kraussianum Meissnar, Curcuma 
longa (Linn) (Tumeric), Ficus capensis (Thumb), 
Terminalia sambesiaca, Mondia whitei (Hook.f.), 
Drimia elata Jacq, and Eucomis pallidiflora 
Baker. ssp. pole-evansii (N.E.Br.) Reyneke ex 
J.C. Manning.3 These plants have commonalities 
of possessing similar phytochemicals such as 
saponins, gallic acids, alkaloids etc. However, 
each of these plants use has been reported to use 
different mechanisms in alleviating the lack of 
sexual function.  Some plants increase blood flow 
to the erectile tissues, while other enhances muscle 
relaxation in the erectile tissue to allow them to 
engorge with blood for erection to occur and others 
target the inhibition of oxidative stress that have 
impact on pathophysiology of ED. In increasing 
blood flow to the erectile tissues, these medicinal 
plants use the mechanism of NO. Nitric oxide is 
a vasodilator which when released it allows more 
blood to flow through the erectile tissues. In the 

Fig. 1. The non-androgenic effects of antioxidants in relieving ED
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Table 1. Some of the metabolites found in medicinal plants, plant sources, structural formulas and their modes of 
action

Metabolite(s) 	 Plant Source	 Structural formulas	 Mode of action(s)

Gallic acid	 Leaves and fruits		  Antioxidant activity

Ascorbic acid	 Citrus fruits and 		  Antioxidant activity
	 guavas

Glutathione 	 Fruits and vegetables		  Antioxidant activity

Sitosterol 	 Seeds and vegetables		  Prostate health

Protodioscin  	 Leaves and fruits		  Release nitric oxide in 
(saponin)			   corpus cavernosum 
			   tissue and increase levels 
			   of testosterone

Xathones 	 Fruits		  Stimulate relaxation 
			   of corpus cavernosum 
			   smooth muscles

Allicin 	 Garlic cloves		  Increase blood flow to 
			   sex organs through nitric 
			   oxide synthase

Citrulline 	 Melons		  Improve blood drive to 
			   the genital regions and 
			   plays a role in relaxation 
			   of blood vessels
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Thymoquinone 	 Seeds 		  Antioxidant activity

Alkaloids, phenols 	 Seeds		  Stimulate secretion of 
and nigellicine			   testosterone and FSH 
			   leading to the increase 
			   in sperm concentration

Berberine 	 Roots, barks, 		  Enhance endothelial 
	 stem, and leaves		  nitric oxide synthase, 
			   relaxation of corpus 
			   cavernosum and 
			   antioxidant effect

Fig. 2. Biosynthesis of testosterone stimulated by secretions from the hypothalamus and pituitary glands 
(Modified).14
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synthesis of NO, its synthase is saturated more in 
the brain portion that pertains to sexual behaviours 
(olfactory bulb, amygdala, septal structures, 
supraoptic and paraventricular nuclei, etc).20 Once 
there are stimuli processed in the above-mentioned 
parts of the brain, NO synthase is released from 
the brain and transported to the erectile tissues to 
initiate the release of NO in preparation of sexual 
act which means increase blood flow and cause 
the erectile tissue to fill with blood resulting in 
erection.21 However, in some instances too much 
secretion of NO can lead to the cause of  ED. 
Nitric oxide (NO) can combine with superoxide 
(O2") to form peroxynitrite: a cytotoxic compound 
that is  competent of inducing the formation of 
lipid peroxidation and nitration, resulting in the 
formation of malondialdehyde and hydroperoxides: 
denoting it as a risk factor of the development of 
ED.22 Hence, this study aims to review the roles 
of selected South African medicinal plants in 
androgenic pathways.

MATERIALS AND METHODS

	 The data was collected using various 
search engines which included Science direct, 
Google scholar, PubMed and Scifinder. Moreover, 
other information was gathered from books, reports 
and thesis published. For maximal results key 
words and key phrases used were: “aphrodisiacs”; 
“libido”; “male fertility”; “South African medicinal 
plants with androgenic properties”; and “erectile 
dysfunction”. A total of 17 articles were used in 
reviewing the medicinal plants of interest.
	 There are many plants used for treatment 
and management of male infertility in various 
ways. However, an exact number has not been 
established as many have been identified but not 
scientifically proven in their efficiency. This review 
documented 30 medicinal plants commonly used in 
South Africa to treat male infertility and the extent 
to which they have been investigated (Table 2). 

DISCUSSION

	 Male fertility revolves around the 
biosynthesis of testosterone and its sensitivity on 
the sex cells, as it is a crucial to the formation of 
sperm cells and maintenance of libido.3 Testosterone 
has androgenic activities (which includes the 

functioning of the system, the expression of male 
character and spermatogenesis) and anabolic 
activities (which includes growth of muscles and 
bone).38 For this review, the main focus was on the 
androgenic effects of medicinal plants extracts in 
treating male infertility.  With the understanding of 
the bio-synthetic mechanisms of testosterone, many 
studies explored various biomolecules that have 
the potential to treat male infertility by enhancing 
influential factors in the mechanisms, which 
include molecules such as phytochemicals which 
mostly occur naturally in plants. Flavonoids (such 
as quercetin, apigenin, chrysin and luteolin) had 
been identified to enhance the expression of STAR 
gene and production of testosterone by inhibiting 
COX2-depedent signaling which is known to 
suppress expression of STAR gene.39,40 While with 
other studies it was discovered that total tannins 
had the potential to up-regulate the expression of 
the genes STAR and P450scc.41 It was suggested 
that alkaloids and saponins have androgenic effects 
by increasing testicular cholesterol and raising 
secretion of LH or binding to enzymes involved 
in steroidogenesis, respectively.30 Though modern 
therapies are employed in treating most of these 
dysfunctions related to male infertility (including 
low testosterone secretion, down-regulation of 
androgenic/or gonadotropin receptors and more), 
mostly exhibit side effects.42 So medicinal plants 
with the benefits of phytochemicals have shown 
efficiency in treating many diseases (infertility 
included) and with low or absent side effects. These 
plants contain phytochemicals which grant them 
the ability of treating many ailments and have been 
investigated either in in vivo or in vitro experimental 
tests, while others have been documented on both 
tests (Table 1). Phytochemicals are secondary 
metabolites derived from primary metabolites in 
a plant.43 These phytochemicals include tannins, 
flavonoids, phenols, alkaloids, saponins and many 
more. Many of the intensively studied medicinal 
plants known to treat infertility in males contains 
tannins, phenols, flavonoids and alkaloids which 
are collectively known as polyphenols.2 These 
plants are diverse and not restricted to a specific 
family, genus or species, which broadens the 
arena of the exploration of medicinal plants in 
treating male factor infertility and understanding 
their pathways. Many of the plants documented in 
relation to treating male factor- related infertility 



1477Choma et al., Biomed. & Pharmacol. J,  Vol. 19(2), 1470-1480 (2026)

mainly outline the mechanisms pertaining to ED 
and aphrodisiac effect.2 The direct proportional 
relationship between the desire of sexual act 
(aphrodisiac)/ sexual functioning and testosterone 
is cemented by the outcomes of most investigations 
which shows that some of the plants that increases 
serum testosterone serves as sexual boosters 
(aphrodisiac) or improve blood flow to the erectile 
tissues (treating ED). 
Medicinal plants with aphrodisiac biological 
activity by utilizing androgenic effect
	 The medicinal plants that enhance desire 
for sexual act include those belonging to families 
such as Arecaceae, Asphodelaceae, Simoroubaceae, 
Meliceae, Olacaceae, Musaceae and Apocynaceae. 
Aphrodisiac agents known to boost and promote 
sexual desire release nitric oxide (NO) which 
causes muscle relaxation in the penile erectile tissue 
and leading to erection.44 While others directly 
influence levels of reproductive hormones, such 
as testosterone, which increases spermatogenesis. 
Plants such as Monsonia angustifolia E. Mey. Ex 
A. Rich., Bulbine natalensis (Baker), Eurycoma 
longifolia (Jack), Trichilla emetica (Vahl), Ximenia 
caffra, Tulbaghai violacea Harv., Carissa edulis 
(Vahl) and many more have been found to have 
aphrodisiac effect and studies undertaken reflected 
mainly on animals with no or few references 
of their effect on humans. Quercetin in Typha 
capensis was reported to be responsible for an 
increasing testosterone level in TM3 Leydig cell 
lines with maximal impact at 0.1mg/mL in a 
dose-dependent manner; with no cytotoxic effect 
revealed.36 While a study on administration of 
Withania somnifera (L.) extract indicated that the 
bioactive compounds withaferin-A, withanolide-D 
and withanone (terpenes) isolated from the extract 
accounted for the improved sperm quality, increase 
in antioxidants, reduction in ROS generation and 
reduction in serum cortisol which was found to be 
inversely proportional to the levels of testosterone. 
Nasimi et al45, reported that the treatment of the 
plant extracts improved sperm morphology by 
25.56%,45,46 progressive motility by 21.42% and 
mean sperm count by 12.5%.24 The androgenic 
effect of Bulbine natalesis was investigated in in 
vivo test using Wistar rats, and results indicated 
aqueous extract of the plant at doses 25 and 
50 mg/kg body weight the serum testosterone 
levels, and concentration of luteinizing hormone 

were increased significantly due to isolated 
saponins and alkaloids from the plant extract.36 
The eurycomanone from Moringa oleifera 
(Lam) inhibits phosphodiesterase and aromatase 
enzymes in steroidogenesis, thereby promoting 
an increase in testosterone levels, which resulted 
in enhanced spermatogenesis.28 While gingerol, 
a bioactive compound from Zingiber officinale, 
is known to directly increase the levels of FSH, 
LH and testosterone as well as sex hormone-
binding globulin, which result in increased 
spermatogenesis. However, their biochemical 
characterization showed similar occurrence of 
polyphenols which are beneficial on health in 
various ways.2 Many plants with aphrodisiac 
effects have exhibited abilities to increase 
testosterone level or gonadotropins level (more 
LH than FSH), production of NO and vasodilation 
at the penile tissues.47 This understanding of 
the mechanisms of aphrodisiacs establishes the 
relationship between them and treatment of male 
infertility. Majority of these medicinal plants are 
rich in bioactive compounds such as saponins, 
phenols, flavonoids, sterols, polyphenols and many 
more.24 These bioactive compounds are central to 
the androgenic pathway to which the plant extract 
alleviate the defect in the male reproductive 
functioning. Though in vitro and in vivo studies are 
ongoing pertaining to these medicinal plants, more 
validation studies are required to fully understand 
the intracellular signalling pathways involved and 
to provide clarity on how plant extracts improve 
male infertility at the cellular level.

CONCLUSION

	 In conclusion, our review indicated that 
most of these plants mentioned above contain 
diverse phytochemicals which include phenols, 
flavonoids, terpenoids, tannins, saponins, etc. 
Moreover, they act through various bioactive 
compounds such as eurycomanone, eurycomanol, 
gingerol, curcumin and many more. These 
bioactive compounds act directly by increasing 
reproductive hormones such as testosterone, 
which result in an increase in sperm production. 
Further research needs to be conducted and 
more plants to be investigated to understand the 
molecular pathways to which these plant extracts 
are used in treating male infertility by affecting 
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androgens such as testosterone. While clinical 
approach to investigating these plants should be 
considered to ensure exacts dosages and safety 
of use are eluded because individual response to 
the treatment may vary based on genetic makeup, 
environmental and lifestyle factors. As such an 
individual tailored approach to the use of these 
medicinal plants is recommended, which require 
a more high-quality trial investigations which are 
random and monitored to ensure all factors are 
accounted for which includes and is not limited 
to effects of synergism relationship with other 
medication patients may be taking. Therefore, the 
use of medicinal plants in treating male infertility 
is promising and require consult with healthcare 
professionals to ensure all cautions and care 
are taken into consideration in promoting these 
phytotherapeutic option. 
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