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1. ABSTRACT

Male infertility, apart from being a multi-
factorial disorder, has no defined etiology in almost half of
the infertile men. The complex etiology demands a
complex remedy which can heal several ailments together.
Currently available specific treatments are largely
inefficient in infertility treatment. Medicinal plants present
a repertoire capable of providing varied constituents which
could be helpful in infertility management. However, the
literature on the same is scanty and we have not explored
even 1% of the available plant resources. Herein, we
present a systematic review of clinical and experimental
data on the use of Indian medicinal herbs in the treatment of
male infertility. Literature suggests that most of the
medicinal herbs exhibit a three dimensional effect of
reducing oxidative/psychological stress, fatigue and
promoting libido. This review is oriented to identify and
highlight aphrodisiac, adaptogenic, anti-oxidant and
nutritional properties of these plants and aims at promoting
exploration of these valuable medicinal resources.
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2. INTRODUCTION

Traditional medicine is defined by the World
Health Organization (WHO) as the sum total of all
knowledge and practices, whether explicable or not, used in
diagnosing, preventing and eliminating physical, mental or
societal imbalances. The traditional medicine mainly
depends on prevention of illnesses and development of
natural resistance to diseases, and thus believes in
promotion of general well-being (1). It is documented that
80% of the world’s population has faith in traditional
medicine, particularly plant drugs for primary healthcare
(1). Traditional medicine was in existence long before
Western medicine came into practice and is based mainly
on the practical experience and observation handed down
generation to generation, verbally or in writing (2). India
has over 6000 plants used in traditional systems of
medicine with 3000 of these recognized officially for their
properties. Medicinal herbs have been in use in one form or
the other, under indigenous systems of medicine like
Ayurveda, Sidha and Unani. The research into safety and
efficacy of medicinal plants is mainly done in vitro or on
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animal models. The inability to identify the active principle
and its isolation in most of these plants has hampered
clinical trials even after activity was reported in animal
models. Despite lack of sufficient data from animal studies,
few plants have been systematically tested for management
of infertility in human subjects. The promising results
obtained in these trials should also promote evaluation of
other herbs in animal models followed by human subjects.

Approximately, 15% of human couples are
infertile, and almost 50% of these are because of male
factors (3). Although overall human fertility does not
appear to have declined, there is evidence for a decline in
sperm quality (4) and a simultaneous increase in the
number of infertile couples for the last few decades.
Infertility is defined as the inability to conceive after 1 year
of unprotected intercourse (5). The malignancy may be
caused by low sperm production (oligozoospermia), poor
sperm motility (asthenozoospermia) or abnormal sperm
morphology (teratozoospermia); however, generally a
combination of these is considered to be the most common
cause of male sub-fertility (6). A multitude of factors, such
as physical obstruction to sperm release, reduced sperm
count or motility, altered sperm morphology, infections and
hormonal imbalances have been identified as contributors
to male infertility (7). Anatomic defects, endocrinopathies,
immunologic  problems, ejaculatory  failures and
environmental exposures are significant causes of infertility
(7). Extra-testicular causes of male infertility are less
common (5) and specific therapies are readily available for
such cases.

Direct testicular injury to male germ cells, Sertoli
cells, and Leydig cells is one of the major causes of
infertility (5). It is assumed that in about 30% of the cases,
male infertility is caused by chromosome aberrations or
mutations in genes functioning in male germ line (8). In
most of the infertile patients, levels of LH, FSH, T and
prolactin  hormones are imbalanced (9). Despite
identification of the above factors, the etiology of infertility
remains unexplained in almost 50% of individuals. Because
of etiological heterogeneity, the treatment of male infertility
is not straight-forward. The variety of causes discussed
above makes the diagnosis difficult and so is the case with
treatment. We have earlier reviewed that a little percentage
of cases receives specific therapy upon presumptive
diagnosis, a good percentage receives empirical therapy
and a significant percentage receives trial therapy, adding
up to a success rate of not more than 10% (5). Various
possible causes and treatment modalities of male infertility
are listed in our earlier review (5).

In addition to specific causes of infertility,
general causes such as nutritional deficiency, in particular,
the deficiency of antioxidants, vitamins, coenzymes and
stimulants, lifestyle factors such as type of job, smoking,
and exposure to pollutants may also impair male potency or
fertility. One common element in most of these is oxidative
stress. Recently, several reports have pointed out oxidative
stress (OS) as a major cause for infertility in up to 30-80%
of the unexplained cases (10). These claims are getting
stronger both by the findings of elevated ROS levels in
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seminal plasma of infertile patients (11) and their good
response to antioxidant therapies (12), (13), (14). Oxidative
stress is a condition that occurs when the production of
ROS overwhelms the antioxidant defense produced against
them. In male reproductive pathological conditions,
oxidative stress significantly impairs spermatogenesis and
sperm function, which may lead to infertility (15). ROS are
generated by sperm and seminal leukocytes within semen
which may cause infertility by two key mechanisms; i)
damaging the sperm membrane, decreasing sperm motility
and its ability to fuse with the oocyte and ii) altering sperm
DNA by inducing cross-links, resulting in passage of
defective paternal DNA on to the conceptus (16).

Though specific antioxidants,
stimulants and nutrients such as vitamins are available in
the modern medicinal systems, none of them provides as
varied constituents as may be required to combat the multi-
factorial condition of male infertility. Plant products are the
best known alternatives when general and varied effects are
desired. A good number of plants are known to be
adaptogens (relatively non-toxic substance that acts by
increasing resistance of the organism to a broad spectrum
of adverse biological, chemical and physical factors, and
helps regulate or normalize organ and system function
within the organism), are rich in essential nutrients such as
vitamins and antioxidants, and may contain several other
active ingredients unknown till today. Few recent studies,
including ours (13, 14, 17), have shown tremendous
potential of plant products in management of male
infertility. Several other studies have focused only on
selected plants with superficial exploration in most of the
cases. We have taken up a review of literature to bring
forward the known facts about certain plants with particular
emphasis on their aphrodisiac, adaptogenic, anti-oxidant
and nutritional properties, and highlight several others
bearing promise for use in male infertility management.

3. MEDICINAL PLANTS

3.1. Asparagus racemosus (Family: Solanceae, Sanskrit
Name: Satavari)

Asparagus racemosus Willd is an important
medicinal plant of tropical and subtropical India. Its
medicinal usage has been reported in the Indian and British
Pharmacopoeias and in traditional systems of medicine
such as Ayurveda, Unani and Siddha. The plant is mainly
distributed throughout the tropical and subtropical parts of
India up to an altitude of 1500 m. The genus Asparagus
includes about 300 species around the world. The genus is
considered to be medicinally important because of the
presence of steroidal saponins and sapogenins in various
parts of the plant. Out of 22 species of Asparagus recorded
in India; Asparagus racemosus is the one most commonly
used in traditional medicine. The root is the part that finds
use in various medicinal preparations (18). 4. racemosus is
one of the most commonly used medicinal herb in
Ayurveda (more than 60 formulations) since time
immemorial (19).

Male rats fed with 4. racemosus root powder
(0.5 g/kg rat feed) for 21 consecutive days exhibited
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significantly higher testes weights as compared to
untreated controls. This, however, is an isolated report
and can be investigated further to broaden our
understanding regarding the effect of 4. racemosus on
the male reproductive system (20). A single study
conducted on  oligozoospermic men  (n=100)
administered a combination of A. recemosus, W.
somnifere and Tribulus terrestris (4gm/day). In
comparison to allopathic treatment (Testosterone
undecanoate—40 mg t.i.d, Clomiphene citrate—25 mg
per day, Tamoxifen Citrate) a significant improvement
in sperm count, motility and morphology was reported
210).

A. racemosus has been reported to protect
from oxidative stress induced by gamma-radiation in rat
liver mitochondria in vitro (22) and also possesses
aphrodisiac activity (23). The root extracts of A.
racemosus were effective in providing protection
against abdominal sepsis (24), intraperitoneal adhesions
(25), ochratoxin A (26) and improving both humoral and
cell mediated immunity (24), proving its adaptogenic
properties. In Ayurveda, it has been described as
absolutely safe for long term use, even during pregnancy
and lactation. Both acute and chronic toxicity studies
conducted in rat have established the safety of A4.
racemosus (27).

3.2. Asteracantha longifolia (Family: Acanthaceae,
Sanskrit name: Kokilaksa)

Asteracantha longifolia Nees is a robust, erect,
annual herb distributed throughout India. The roots, leaves
and seeds have been used in Indian systems of medicine for
management of various disorders. Seeds are used
traditionally to treat sexual debility, premature ejaculation,
erectile dysfunction and oligozoospermia (29).

Studies done in rat using ethanolic extract of
seeds at 100, 150 and 200 mg/kg for a period of 28 days
increased the rate of gain in body and reproductive organ
weight with significant increase in sperm count as well as
fructose level of seminal vesicle (28). The same study also
reported a pronounced aphrodisiac effect. A. longifolia has
hepatoprotective ability and potent in vitro antioxidant
property (assessed by Ferric thiocynate [FTC] method and
Thiobarbituric acid [TBA] method) (29). The latter may be
the property helping improve fertility.

3.3. Chlorophytum borivilianum (Family: Liliaceae,
Common name: Safed musli)

Chlorophytum  borivilianum Santa Pau and
Fernandes is a tiny annual herb that grows well in tropical
and sub-tropical climates with altitudes up to 1500 meters
and is distributed in northern and western India. This is a
very popular herb in traditional Indian medicine and
constitutes a group of herbs used as ‘Rasayan’ or
adaptogen. C. borivilianum has been described in
ancient Indian literature as 'Vajikaran' or aphrodisiac
which is a special type of immunomodulator (30-32).
Root tubers are used in Ayurvedic system as aphrodisiac
and claimed to increase sperm count (33). The roots of
the plant contain steroidal saponins, namely neotigogenin,

1003

neohecogenin, stigmasterol and tokorogenin, as secondary
metabolites (33).

A study designed to evaluate aphrodisiac and
spermatogenic potential of the aqueous extract of dried
roots of this plant in rat at 125 and 250 mg/kg/day reported
a marked increase in sperm count at day 60™ in both the
groups, in a dose dependent manner. The same dose also
produced significant aphrodisiac action, increased libido,
sexual vigor and sexual arousal after 14-28 days. Both the
doses were equally effective with 250 mg/kg/day producing
saturation effect after day 14 (34). A comparative study on
aphrodisiac activity of this plant reported a significant
variation in the sexual behavior of animals as reflected by
reduction of mount latency, ejaculation latency, post
ejaculatory latency, intromission latency, and an increase of
mount frequency and penile erection in rat (35). Studies
conducted in hyperlipidaemic rats, streptozotocin-induced
diabetic animals and ulcer-models have confirmed potent
antioxidant and adaptogenic properties of C. borivilianum
(36-38).

3.4. Clerodendrum serratum (Family: Verbaneceae,
Sanskrit Name: Bharangi)

Clerodendron  serratum Linn  known as
‘Bharangi’ in Ayurveda and ‘Sirutekku’ in Siddha system
of medicine, is claimed to be useful in treating
inflammatory disorders (39). It is a perennial shrub found
throughout India up to 1500 meters height and abundantly
in Eastern Himalayas, Nepal, Kumao, Bengal and Bihar.
Root of this plant were claimed to be very effective in
treatment of male infertility associated with chronic chest
infection like pulmonary tuberculosis (29). However, there
are no experimental studies supporting these claims.

3.5. Dioscorea bulbifera (Family: Dioscoreacea, Sanskrit
Name: Varahikanda, Varahi)

Dioscorea bulbifera Linn is native to South Asia
and it is cultivated to a limited extent in tropical and
subtropical areas of East Africa to Polynesia. According to
the Ayurveda, the tuber of D. bulbifera is considered bitter,
pungent, tonic, alterative, aphrodisiac, stomachic and
anthelmintic. Its activity has been associated with the
presence of diosgenin, which is similar in structure to the
adrenal hormone dehydroepiandrosterone (DHEA) (29).
However there are no experimental studies to prove these
claims. A single study designed to investigate the possible
antioxidative effect of diosgenin on rat fed with a high-
cholesterol diet showed that SOD in plasma and liver,
glutathione peroxidase in erythrocytes, and catalase in
erythrocytes and liver were significantly increased by
diosgenin feeding (40).

3.6. Morinda citrifolia (Family: Ruiaceae, Sanskrit
name: Ayushka)

Morinda citrifolia Linn is an evergreen tree or
shrub that is distributed across India through Southeast
Asia and Australia to Eastern Polynesia and Hawaii (41).
The fruit juice is in high demand in alternative medicine
for various ailments such as inflammatory conditions,
infections, cancers and drug addictions; however, there
are no scientific studies to prove these benefits
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conclusively (41). Fruits, leaves and roots are used to increase
the general and sexual strength in men i.e., to treat impotence,
premature ejaculation and infertility
(http://www .nutritionalwellness.com/nutrition/herbs/m/morind
a_root.php, http://www.drshen.com/herbsforenergy.htm). The
main areas of focus on research on M. citrifolia are in the field
of cancer, imflammation and metabolic diseases (42).

An in vivo study conducted to investigate
protective effects of M. officinalis (other species of the
same genus) against oxidative injury in human sperm
membrane reported that the extracts improved superoxide
dismutase (SOD), vitality of sperm suspension, reduced the
content of malondialdehyde (MDA), intervened in the
injury of sperm membrane by ROS to some extent and
protected some functions of sperm membrane. The
extract also reduced lipid peroxidation in sperm
membrane by guarding it against oxidation, thus
protecting its structure and function (43).

Studies on human volunteers aimed at
determining the effects of a poly-herbal formulation
containing M. citrifolia fruit juice and seven other herbs
on perceptions of stress showed it to be potential as an
effective ‘adaptogenic’ aid in dealing with stress (44).
Though the traditional literature suggests it to be useful
for treatment of impotence, there are no scientific
studies demonstrating its libido enhancing properties. M.
citrifolia fruit juice has been approved as a safe food in
many nations. /n vitro hepatotoxicity tests conducted on
human liver cells and a subchronic oral toxicity test
performed in rat reported no histopathological changes
or evidence of dose-responses in hematological and
clinical chemistry measurements, including liver
function tests. The no-observed-adverse-effect level
(NOAEL) for freeze-dried noni fruit puree is greater
than 6.86 g/kg body weight, equivalent to approximately
90 ml of fruit juice/kg. These findings establish M.
citrifolia fruit juice to be absolutely safe for human
consumption (45).

3.7. Moringa oleifera (Family: Moringaceae, Sanskrit
name: Shobhanjana)

Moringa oleifera Lam (syn. M. ptreygosperma
Gaertn.) is one of the best known and most widely
distributed and naturalized species of a monogeneric
family Moringaceae (39). M. oleifera, native of the
western and sub-Himalayan tracts, India, Pakistan, Asia
Minor, Africa and Arabia is now distributed in the
Philippines, Cambodia, Central America, North and
South America and the Caribbean Islands (46). The
Moringa plant provides a rich and rare combination of
zeatin, quercetin, B-sitosterol, caffeoylquinic acid and
kaempferol. Leaves, root, seed, bark, fruit, flowers and
immature pods are used extensively in management of
different ailments in the indigenous system of medicine,
particularly in South Asia (46). Flowers have been
traditionally used to treat impotence; however there are
no scientific studies to confirm these benefits (46). M.
oleifera extracts have potent in vitro and in vivo
antioxidant properties (47) (48).
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3.8. Mucuna pruriens (Family: Fabaceae, Sanskrit
name: Kapikachhu)

Mucuna pruriens Linn is a tropical legume
cultivated in India, Sri Lanka, South East Asia and
Malaysia (49). It is commonly used in the management of
parkinsonism as it is rich in 1-3,4 dihydroxyphenyl alanine
(I-DOPA) (50). M. pruriens seed extract is also widely
used to manage free radical-mediated diseases, such as
rheumatoid arthritis, diabetes, atherosclerosis, neuronal
disorders and male infertility (51) (52). M. pruriens

contains wide range of medicinal and nutritional
constituents like alkaloids, mucunine, mucunadine,
mucunadinine, prurienidine and nicotine, besides b-

sitosterol, glutathione, lecithin, vernolic acid, gallic acid
and other bioactive substances like; tryptamine,
alkylamines, steroids, flavonoids, coumarins, cardenolides
and metals like magnesium, copper, zinc, manganese and
iron (53) and oleic acid, linoleic acid and palmitic acid
(54). These constituents make it an excellent combination
of ingredients capable of healing several disorders.

Study conducted to evaluate protective efficacy
of M. pruriens on reactive oxygen species (ROS)-induced
pathophysiological alterations in structural and functional
integrity of epididymal sperm in aged Wister albino rat
(characterized by significant reduction in sperm count,
viability and motility, increased morphological damage and
an increase in the number of sperm with cytoplasmic
remnant), reported reversal of age related changes in
spermatozoa after administration of M. pruriens ethanolic
seed extract (200mg/kg b.w). M. pruriens administration
also significantly reduced ROS and LPO production and
increased both enzymatic and non-enzymatic antioxidant
levels. Spermatozoal DNA integrity, chromosomal integrity
and mitochondrial membrane permeability were also
restored after treatment. This study showed potent
antioxidant property, free radical quenching ability and
spermatogenic efficacy of M. pruriens. (55). Our previous
studies conducted to investigate the impact of Mucuna
pruriens seeds on infertile men have shown that treatment
with M. pruriens significantly inhibited lipid peroxidation,
elevated spermatogenesis, improved sperm motility,
recovered the levels of total lipids, triglycerides,
cholesterol, phospho-lipids, and vitaminA, C, and E,
corrected fructose in seminal plasma of infertile men (13).
The treatment with M. pruriens significantly improved T,
LH, dopamine, adrenaline, and noradrenaline levels in
infertile men and reduced levels of FSH and PRL in serum
of infertile men (56).

Further investigation undertaken on infertile men
with psychological stress showed treatment with M.
pruriens significantly ameliorated psychological stress and
reduced seminal plasma lipid peroxide levels along with
improved sperm count and motility. This demonstrates that
M. pruriens not only reactivates the anti-oxidant defense
system of infertile men but it also helps in the management
of stress and improves semen quality (14). Therefore both
animal and human studies reported effects of M. pruriens
on sperm count where as motility was only slightly
improved. The fertility restoring ability of this plant was
attributed to its potent anti-stress and adaptogenic
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properties (14). Restorative and invigorating effects of its
seeds were reported to increase semen volume and act as
aphrodisiac in rat (57, 58). A study conducted in on rat
showed that ethanolic extract of M. pruriens (200 mg/kg)
was very effective in increasing mounting frequency,
intromission frequency and ejaculation latency, and
decreasing mounting latency, intromission latency, post-
ejaculatory interval and inter-intromission interval. Further,
the potency test significantly increased erections, quick
flips, long flips and total reflex (58).

3.9. Plumbago zeylanica (Family:
Sanskrit Name: Chitrak)

Plumbago zeylanica Linn is a useful Indian
medicinal plant found wild in peninsular India and also
cultivated as ornament. The root of the plant and its
constituents are credited with potential therapeutic
properties  including  anti-atherogenic,  cardiotonic,
hepatoprotective and neuroprotective. It is also used in
traditional Chinese medicine as anti-inflammatory agent.

Plumbaginaceae,

The plant has been claimed to improve fertility in
men by regulating seminal fluid and prostatic secretions
(29). However, there are no scientific studies supporting
these claims. Traditional literature of Ayurveda has been
prescribing P. zeylanica as aphrodisiac. Significant
antioxidant properties have been reported for plumbagin
(principle active ingredient) by ferric reducing/antioxidant
power (FRAP), radical scavenging of 1,1-diphenyl-2-picryl
hydrazyl (DPPH) and 2,2'-azobis-3-ethylbenzthiazoline-6-
sulfonic acid (ABTS) tests in rat liver mitochondria
induced by different agents (59). Seselin was demonstrated
to be the principal immunomodulatory component of P.
zeylanica (60).

3.10. Semecarpus anacardium (Family: Anacardiaceae,
Sanskrit Name: Ballataka)

Semecarpus anacardium Linn is one of the best,
versatile, most commonly used herbs as a household
remedy in India since centuries. Varieties of medicinal
properties have been confirmed by experiments on nuts of
this herb (61). S. anacardium nut contains biflavanones
including semecarpuflavanone, jeediflavanone,
galluflavanone, nalluflavanone, semecarpetin and
anacardiflavanone (62).

It has been mentioned as a rejuvenative and
aphrodisiac, especially beneficial in the erectile dysfunction
and sexual debility (29). However, there are no scientific
studies supporting these claims. Study designed to
investigate antioxidant activity of the aqueous extract of S.
anacardium mnut in AKR mouse liver during the
development of lymphoma, reported an increase in the
activities of antioxidant enzymes (63).

3.11. Solanum surratense & Solanum Xanthocarpum
(Family: Solanceae, Sanskrit Name: Kantakari)
Solanum surratense and Solanum Xanthocarpum
are found in Southeast Asia, Malaya and tropical Australia.
The plant is very commonly found throughout India in
plains from seashore to hills up to 1000 m high. Stem,
flowers and fruits have been used for management of
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various ailments. These herbs are claimed to be useful in
patients with idiopathic infertility (29); however, there are
no scientific studies validating the fertility enhancing
effects.

3.12. Tribulus terrestris
Sanskrit name: Gokshru)

Tribulus terrestris Linn is a flowering plant,
native to warm temperate and tropical regions of the Old
World in southern Europe, southern Asia, throughout
Africa, and in northern Australia. This plant or its products
have been extensively used both in the Chinese and Indian
traditional medicine as a health tonic for management of
several disorders (64, 65). T. terrestris is beneficial alone
and in combination with Satavari and Ashwagandha in
idiopathic male infertility (29).

(Family: Zygophilliceae,

Studies in rat reported higher weight gain and
improvement in sexual behavior parameters upon
administration of T. ferrestris extract (2.5, 5 and 10 mg/kg
body weight) (66). Similar study designed to investigate the
influence of T terrestris extract on androgen metabolism in
young males reported that 7. terrestris steroid saponins
possess neither direct nor indirect androgen-increasing
properties  (67).The protodioscin gets converted to
dehydroepiandrosterone (DHEA) inside the body, which
enhances the sexual function in males (68). Study on diet-
induced hyperlipidemic mice model has reported increase
in the activities of superoxide-dismutase (SOD) in liver on
administration of saponin from 7. terrestris (69).

3.13. Trichopus zeylanicus (Family: Trichopodaceae,
Common name: Ginseng of Kerala, Arogyapacha)
Trichopus zeylanicus Gaerten is an endemic herb
found in the Southwestern mountain ranges of India, Sri
Lanka and Malaysia. Fruits were consumed by South

Indian tribes to rejuvenate from fatigue. The plant
possesses many  pharmacological activities  like
antihepatotoxic, antiulcer and antifatigue (70). T.

zeylanicus contains NADH, polyphenols and sulthydryl
compounds, which have the ability to scavenge ROS,
suggesting that the antioxidant activity may be an important
mechanism of action of T. zeylanicus to combat fatigue
(71). Leaf (ethanol extract) extract has proven aphrodisiac
properties as evidenced by an increase in the number of
mounts and mating performance in mice (72). A glyco-
peptido lipid fraction ("AF") from the alcoholic extract of
T. zeylanicus exhibited significant antistress activity in a
dose dependent manner to induce non-specific stress (73)
(74).

3.14. Withania somnifera (Family: Solanceae, Sanskrit
name: Ashwagandha)

Withania somnifera Dunal is popularly known as
Ashwagandha or Winter Cherry. It is a green shrub (75)
found throughout the drier parts of India, Baluchistan,
Pakistan, Afghanistan, Sri Lanka, Congo, South Africa,
Egypt, Morocco and Jordan. In India, it is widely grown in
the provinces of Madhya Pradesh, Uttar Pradesh, plains of
Punjab and northwestern parts of India like Gujarat and
Rajasthan (76). The practitioners of the traditional system
of medicine in India regard W. somnifera as the “Indian
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Ginseng” (77). Various parts of the plant have been used
for centuries to treat variety of ailments (78).

Many pharmacological studies have reported
anti-inflammatory (79), anticancer (80, 81), antistress,
immunomodulatory (82-84), adaptogenic (85), central
nervous system rejuvenating (86), endocrine (87) and
cardiovascular (88) activities of this plant. Its effects on
central nervous system mainly operate through the
modulation of GABAergic [(gamma-amino-butyric acid
(GABA)] (89) and cholinergic (90) neurotransmission. The
major biochemical constituents of W. somnifera are
steroidal alkaloids and lactones, a class of constituents
together known as withanolides (steroidal lactones with
ergostane skeleton) (91). So far 12 alkaloids, 35
withanoloids and several sitoindosides have been isolated
and their structures elucidated (88). Various alkaloids
include withanine, somniferine, somnine, somniferinine,
withananine, psuedo-withanine, tropine, psuedotropine, 3-
a-gloyloxytropane, choline, cuscohygrine, isopelletierine,
anaferine and anahydrine. Two acyl steryl glucoside viz.
sitoindoside =~ VII  and  sitoindoside  VIII, two
glycowithanoloids viz. sitoindoside IX and sitoindoside X
have been isolated from the root. Withanolides structurally
resemble ginsenosides found in Panax ginseng; hence W.
somnifera is regarded as the Indian Ginseng (92).

Study on 20 days old immature male Wistar rat
administered W. somnifera root extract reported increase in
testicular weight, diameter of seminiferous tubules (ST),
seminiferous epithelial cell layers (CL) and serum levels of
Interstitial Cell Stimulating Hormone (ICSH)  with
concurrent reduction in serum Testosterone and FSH levels
(93). Human trials were conducted in India to asses the
benefits of W. somnifera root in the management of
idiopathic male infertility (17). In this study 75 men
undergoing infertility screening were prescribed W.
somnifera root powder. The treatment reduced lipid
peroxidation and protein carbonyl content and improved
sperm count and motility. Treatment also restored the
seminal plasma levels of antioxidant enzymes and vitamins
A, C, and E and corrected fructose. Moreover, treatment
also significantly improved serum T and LH and reduced
the levels of FSH and PRL.

W. somnifera has been described in folk
medicine as an aphrodisiac and geriatric tonic (94). W.
somnifera root extract has shown beneficial effects in
reducing lipid peroxidation (95) and increasing the
superoxide dismutase (SOD) and catalase activity (96) in
rabbit and mice models. Withania has strong adaptogenic
activity as proven by various animal model studies (85, 92,
95, 84, 97, 98, 74 and 99). Both acute and chronic toxicity
profile studies have reported no adverse effects of W.
somnifera (76). Hence the traditional name “Indian
Ginseng” cannot be an exaggeration.

3.15. Herbal Formulations

Each herb discussed above has some unique
medicinal property or active ingredient. Based on these
facts, combinations of several herbs are being used
traditionally in Ayurvedic system as well as newer
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formulations are available in market designed based on
scientific evidence. The Ayurvedic system of medicine has
prescribed a formulation (Rasayana) consisting of 8 herbs
in specific concentrations for treatment of male infertility.
The recipe consists of Withania somnifera (roots) - 15%,
Mucuna pruriens (seeds) - 25%, Tribulus terrestris (fruits)
- 20%, Glycyrrhiza glabra (roots) - 10%, Terminalia
arjuna (bark) - 10%, Phyllanthus emblica (fruits) - 10%,
Zingiber officinale (roots) - 5% and Piper longum (fruits) -
5% (100).

Another commonly used herbal formulation
(Speman®) for male infertility treatment is manufactured

by Himalaya herbal healthcare, Bangalore, India.
Speman® consists of Orchis mascula - 25%,

Asteracantha longifolia — 12%, Lactuca scariola - 6%,
Mucuna pruriens - 6%, Mosaic gold - 6%, Argyreia
speciosa - 12%, Tribulus terrestris - 12%, Leptadenia
reticulate - 12%, Parmelia  perlata - 6%.
(http://www.himalayahealthcare.com/products/speman.h
tm). Speman® has been tested widely in human patients
and has been found to be very effective in the
managemanet of idiopathic infertility (101, 102) (find
list of all the publications at
http://www.himalayahealthcare.com/researchpaper/spem
an.htm).

These two formulations are essentially mixtures
of  antioxidants, anti-stress, adaptogenic and
immunomodulatory principles which act together to
reinvigorate the reproductive system and stimulate the
spermatogenesis and glandular secretions (100).

4. DISCUSSION

The floral diversity in India is very high due to availability
of different soil types, varying altitudes and climatic
conditions. The country notes very high rainfall in the
North-East region, endures dry conditions in the West,
exhibits severe cold to severe hot seasons in upper north
and north region and engulfs south with temperate weather
with high rainfall and humidity. The varied climatic
conditions are the reason behind the high number of
medicinal plant varieties (approximately 20,000 species)
found in India. Apart from highly manipulated Gangatic
plains, there is naturally preserved large ‘Himalayan’
stretch. The long term exploration of the natural resources
for their medicinal properties has given India an edge in
natural medicine over several other countries. The same is
evident by the fact that traditional Indian systems of herbal
medicines are one of the oldest in the world. Major
medicinal systems such as ‘Ayurveda’ are based on the
philosophy of rational enquiry into the nature of the truth.
The principle basis for these traditional medicines dates
back from 1000 BC (Charak Samhita) to 100 AD (Sushrut
Samhita) and the Materia medica give detailed description
of over 1500 herbs and 10,000 formulations. Further, till
very recent, modern medicinal practices were uncommon in
India and people used to believe and practice natural
therapies. The common man in rural areas still practice
natural therapies using traditional knowledge. The best
example of the same are the tribal populations spread all
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Table 1. Promising medicinal plants and their properties in management of male infertility

across the country who do not believe in modern medicinal
system and use home-made herbal formulations to treat all
their ailments, many of which are even in clinical practice
by the name of ‘Ayurvedic’ or ‘desi’ medicines.

The 14 Indian medicinal herbs mentioned above
are in use for management of male infertility since time
immemorial in various parts of India, based on their
distribution and availability (100). The reported success of
herbal medicines is largely based on opinions and
anectodes. As mentioned above, a significant number of
these plants have been tested on animal models (Table
1). Since there is no good experimental infertility animal
model to study fertility enhancing effects, in vivo tests
are conducted either on normal or fertility compromised
animals (using endocrine disruptors such as estrogen).
However, nothing mimics the condition of infertility as
in human patients. Therefore, human trials are necessary
before we can accept the claimed benefits of these
herbs. Only few of these have been tested in human
subjects (13, 17, 103), of which, two (Mucuna pruriens
and Withania somnifera) were tested by our group and
collaborators (13, 17). There is a long list of herbs
awaiting evaluation in human trials.

Almost half of the infertile males presenting with
no detectable underlying pathology may have oxidative
stress as the underlying cause (16). ROS is largely
produced by macrophages and neutrophils, but
spermatozoa can also generate large amounts in
pathological conditions (104). Oxidative stress results from
an imbalance between production of ROS and its efficient
removal by the antioxidant system. Oxidative stress can
damage all membrane lipids, cellular proteins and
macromolecules including DNA and RNA (105). Testis,
due to its very high metabolic rate, stands prone to
damage by oxidative stress. The major antioxidant
enzyme system in testis is superoxide dismutase,
catalase and glutathione peroxidase whereas non-
enzymatic antioxidant defense is constituted by Vitamin
C, Vitamin E and melatonin (106). It has already been
proven that these antioxidants and resveratrol (a
botanical antioxidant) are very effective in reducing
testicular oxidative stress (107-110).
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Plant Part(s) used Activity Experimental Reference
species
Antioxidant | Aphrodisiac | Adaptogenic
Asparagus recemosus Root v v v Human, rat 19, 20-26
Asteracantha longifolia Seeds v v v Rat 27,28
Chlorophytum borivilianum Roots v v v Rat 33-37
Clerodendrum serratum Roots NA NA NA NA -
Dioscorea bulbifera Tubers 4 NA NA Rat 39
Morinda Citrifolia Fruits v NA v Human 42,43
Moringa oleifera Flowers v NA NA Rat 46,47
Mucuna pruriens Seeds v v v Human, Rat 13, 14, 54-57
Plumbago zeylanica Roots v NA NA Rat 58,59
Semecarpus anacardium Nuts v NA NA Mouse 62
Solanum  surratense & | Stem, flowers NA NA NA NA -
Solanum Xanthocarpum and fruits
Tribulus terrestris Whole plant v v NA Human, Rat, Mouse 29, 68
Trichopus zeylanicus Leaves NA v v Mice 70-73
Withania somnifera Roots v v v Human, Rat 16,93, 95,91, 94, 96, 97
Environmental  toxicants like  pesticides,

industrial pollutants, xenobiotics (estrogenic) and high
concentration of certain metals (iron, lead, cadmium etc)
severely compromise male fertility by increasing oxidative
stress (111). Lifestyle factors such as excessive alcohol
consumption or cigarette smoking increases free radical
production in testis and compromise fertility (112, 113).
Most of the common causes of male infertility like
vericocele, cryptorchidism, ageing and testicular torsion are
associated with elevated ROS levels (111). Chemotherapy,
ionizing radiations and localized/systemic inflammations
lead to transient or permanent damage to testis due to high
ROS generation (114, 115). Research focused on change of
sperm quality in men exposed to stress like war (116) and
carthquake (117) has reported significant reduction in
sperm count, which may impact the marital life of the
couple. Amongst several factors affecting male fertility in
emotional stress conditions, oxidative stress was also
reported to be important (118). All the above emphasizes
the role of oxidative stress in male infertility.

Most of the plants discussed in this review are
good source of antioxidants (Table 1). It is possible that
pro-fertility activities of these are due to their ability to
alleviate oxidative stress. However, only few studies have
monitored the antioxidant/oxidant levels with treatment.
We have previously shown that infertility in a large number
of patients could be attributed to oxidative stress and that
M. pruriens and W. somnifera are very effective in
improving male fertility due to their ability to combat
oxidative stress (13, 14 and 16). Most of the animal studies
till date have focused on the effects of plants on sperm
count and motility and have not explored the concept of
oxidative stress as a cause and antioxidant therapy (of plant
material) as the treatment. Based on our observations and
well known anti-oxidant properties of several plants, we
recommend the analysis of oxidative stress parameters in
all the studies evaluating plant products in infertility
management.

Another treatable impairment which may lead to
infertility is erectile dysfunction (ED). ED is the inability to
achieve or maintain erection sufficient enough for sexual
intercourse (119). Normal erectile function depends on



Medicinal plants for management of male infertility
Antioxidant

L 4
Improved

semen quality

Y

Sperm-oocyte fusion —

/7

T,LH,FSH,PRL balance

/

GnRH Regulation

Increased sperm count
Increased sperm motility
Reduced sperm damage

Normal
Fertility

Neurotransmitters

Adaptogen

Aphrodisiac
Incrj>edT Level Nitric Oxide l
Sexual arousal cGMP

e

<— Penile erection «— Corporal smooth

muscle Relaxation

Optimal metabolism

N\

Vitamins, minerals (Mg, Fe, Zn, Mg, Cu
etc.) and other bicactive substances

AN

Nutrient Value

Figure 1. Possible mechanism of action of promising medicinal plants for male infertility treatment

psychological, hormonal, neurological, vascular and
cavernosal factors and alteration of their precise balance
may lead to ED (120). Recently, oxidative stress has been
repeatedly implicated as one of underlying factors for ED
(120). Though there is no concrete evidence of this
association; reports from in vitro and in vivo experiments
have shown ROS to be one of the major causes of ED
(120). Population studies have shown diabetes,
hypertension and cigarette smoking, which grossly elevate
the ROS levels, as risk factors for ED (121, 122). Since
most of the studies till date have been carried out on
rat/mice models, the effect of herbal treatments on ED is
largely unclear. However, aphrodisiac activity in many
studies has been reported, which may be extrapolated to
state that herbal treatments can be effective in the treatment
of ED. The later effect may be the mechanism of action in
several cases or may supplement antioxidant effects to help
recover from infertility. Our studies on human subjects also
did not investigate ED parameters, since individual
criterion to define normal erection varies and the
information from patients was thought to be unreliable.
Nevertheless, the improvement in testosterone levels in
most of the patients could be thought to cure ED, if any.
Studies in future should investigate if reduction in ED is
one of the important mediators of pro-fertility activity of
these herbs.

The wuse of hormonal therapies, which is
presently the most researched and commonly practiced
treatment option for management of male infertility, has
very low success rate as suggested by our analysis of the
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published literature (5). The wuse of complimentary
medicine (both single and multiple preparations) with
multiple benefits is definitely a better option compared to
targeted therapies in the treatment of idiopathic male
infertility. There are several reasons why we should think
of and explore herbal medicines against hormonal therapies
or other modern methods in male infertility treatment. First,
most of the hormone based/other modern drugs have one or
few targets and the outcome of treatment would depend if
these targets were the underlying cause. Herbal medicines,
on the other hand, act on multiple targets, thereby
increasing the likelihood of success. Second, the herbal
medications also contain many important trace nutrients in
addition to known active compounds, which make them
excellent combination in single form. Third, herbal
treatments are very less likely to cause side effects, if any
however, modern medicines including hormonal therapies
are well known for their adverse side effects. Hormonal
therapies often lead to severe consequences like endocrine
cancers and tissue over-growth.

Several medicinal plants, traditionally used for
thousands of years, are present in a group of herbal
preparations of the Indian traditional health care system
named Rasayana. These plants are interesting because of
their antioxidant activities, and some of these namely
Emblica officinalis, Curcuma longa, Mangifera indica,
Momordica charantia, Santalum album, Swertia chirata,
and Withania somnifera have been thoroughly investigated
for their antioxidant properties. These plants contain
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medicinal properties like resistance building,
immunomodulation, cardioprotective, neuroprotective,
hepatoprotective and are helpful in management of geriatric
and chronic disorders. These effects are mediated by
reduction of oxidative stress (123). Given significant
correlation of oxidative stress with male infertility, many
more plants than listed in this review deserve screening for
their fertility enhancing propertiecs. We have established
cause and effect relationship between oxidative stress and
male subfertility in our previous studies done by measuring
oxidative stress biomarker levels in normozoospermic
(n=40), oligozoospermic (n=40) and asthenozoospermic
(n=40) individuals (13, 17). The relationship was further
confirmed by alleviation of oxidative stress and
improvement of fertility on prescription of natural
antioxidants, Withania somnifera and Mucuna pruriens.
The time is now ripe to investigate the importance of each
constituent of these Rasayanas and work out to design
superior formulations based on experimental evidence.

Similarly, the adaptogenic properties of Panax
ginseng, Eleutherococcus senticosis, Glycyrrhiza glabra,
Withania somnifera, Ocimum sanctum, Rhodiola rosea,
Emblica officinalis, Tinospora cordifolia etc, have been
established as the basis for their antifatigue,
antiinflammatory, antioxidant, anxiolytic, antidepressant,
nervine, and amphoteric effects, which are utilized in the
treatment of numerous disorders (87, 99) (Table 1). These
medicinal herbs need to be evaluated extensively in animal
models and if found promising, can be tested in human
trials. The traditional medicinal preparations are complex
mix of several active ingredients; hence the effects may be
synergistic results of these principles ultimately leading to
overall desired response (Figure 1, Table 1). The
identification of effects of individual components in these
preparations is arduos task. To enter the mainstream
western medicinal practice, the active ingredients of these
preparations need to be identified, but that will be equal to
impossible. Unbiased evaluation in the natural form to
establish safety and dose of these preparations, rather than
spending time and capital in identifying active ingredients
should be the way forward to exploit the tremendous
promise these plants bear. However, identification of active
ingredients may be warranted to avoid pressure on natural
resources for medcinal purposes.

5. CONCLUSION

Research in past years has established the
claimed benefits of some of these herbs in management of
male infertility. Since most of these plants have been part
of human diet in some or other form since ages, side effects
of these, if any, might have lead to general disapproval and
discontinuation of their use. However, studies investigating
safety aspects should be encouraged to expose unknown
short or long-term effects. Once, these parameters are
established along with suitable dose, commercial use can
be achieved even if the active ingredients are unknown. As
mentioned in our studies above, some of the herbs like
Mucuna pruriens and Withania somnifera have been very
effective in treatment of idiopathic male infertility in
human patients. Since these trials were conducted mainly
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on the basis of traditional knowledge; even without
extensive toxicological testing, other plant preparations can
be evaluated similarly. As seen in this review, not very
extensive literature exists on medicinal values of plants
especially for management of reproductive disorders. With
this compilation we want to encourage the exploration of
several wonder drug plants for their medicinal uses, which
could either be used as such or could lay foundation to the
identification of many important drug molecules.
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