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Withania somnifera Ameliorates Aluminium
Chloride-induced Testicular Toxicity and Impaired
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P. KUMAR AND POONAM SINGH1*
Department of Zoology, Bihar National College, Patna University, Patna-800 004, 1Departments of Zoology, MMV, Banaras
Hindu University, Varanasi-221 005, India

Kumar and Singh: Role of Withania somnifera in AlCl3-induced reproductive toxicity
The present study was planned to evaluate the effectiveness of Withania somnifera against aluminium
chloride-induced testicular toxicity and impaired fertility. Swiss mice were divided into 6 groups of 12
each. Mice of group I served as control while that of group II were administered with AlCl3 (100 mg/kg/
day) for 30 consecutive days. Animals of group III were administered with AlCl3 (100 mg/kg/day) for 30
consecutive days followed by sacrificing the animals 42 days after withdrawal of the treatment. Mice of
groups IV, V and VI were administered with Withania somnifera (200 mg/kg/day) only, AlCl3 (100 mg/
kg/day) along with Withania somnifera (100 mg/kg/day) and AlCl3 (100 mg/kg/day) along with Withania
somnifera (200 mg/kg/day), respectively, for 30 consecutive days. AlCl3-induced noticeable alterations
in the body weight, testicular weight, histoarchitechture of the testis, aluminium accumulation, level of
LPO, activities of antioxidant enzymes, functional markers, concentration of cholesterol, level of serum
testosterone and mating ability were restored markedly in the mice co-administered with either 100 or 200
mg/kg/day AlCl3. These findings thus revealed the ameliorating potential of Withania somnifera against
aluminium chloride-induced testicular toxicity and impaired fertility.
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Infertility is a major health issue contributed equally
by the men and women of the reproductive age. There
are various factors causing infertility like genetic,
hormonal, anatomical and environmental that may result
in damage of the reproductive tissue and alterations in
the gamete quality in the males and as well as in the
females. Among the environmental factors, exposure
of certain metals to the men working in factories has
been reported to cause tremendous deterioration in their
reproductive health, resulting in the state of infertility[1-3].
Aluminium is an ubiquitous, most prevalent metal and
the third most important abundant element in the earth’s
crust after oxygen and silicon. Its exposure in excessive
amount leads to accumulation in target organs and
damage to various organs in both humans and animals.
Aluminium has been reported to cause neurotoxicity[4-6],
hematotoxicity[7], hepatotoxicity[8,9], nephrotoxicity[10]
and reproductive toxicity[11-14]. Several animal studies
have reported that administration of AlCl3 at various
doses and durations impaired the fertility in males
directly by inhibiting the sperm or testicular function

or indirectly by impairing the hypothalamic-pituitarytesticular axis resulting in low production of testosterone
and poor semen quality[11-19]. A previous study reported
marked alterations in the histoarchitecture of the testis
and seminal vesicle along with significant alterations
in the sperm parameters, serum testosterone, LPO,
antioxidant enzymes and fertility of the Swiss mice,
administered with AlCl3 at the dose of 100 mg/kg/d[20].
Earlier findings reported the marked increase in metal
accumulation and alterations in functional markers in
the testis of the mice administered with the same dose
of AlCl3[21].
Now a days, there has been a tremendous increase in
the awareness of medicinal plants, used as supplements
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or therapeutic agents against various health issues.
Since these are natural and relatively safe with
minimum or no side-effects, hence being preferred by
most of the people worldwide[22]. Withania somnifera,
family Solanaceae, is one of the important and popular
medicinal plant of geriatric tonics mentioned in Indian
systems of Ayurvedic medicine. In Ayurveda, this plant
is claimed to possess potent aphrodisiac, rejuvenative
and life prolonging properties[23]. It contains number
of phytoconstituents in which withanolide, a steroidal
saponin, is the major active component. W. somnifera
has also been known for its potent antioxidant and free
radical quenching properties because of the presence
of withaferin A, a glycowithanolide[24]. Steroidal and
antioxidant properties of W. somnifera raise the scope
for the use of various parts of this plant in infertility
therapy. Administration of root extract of W. somnifera
increased the levels of serum testosterone and LH
significantly in infertile men[25]. It also improved semen
quality in stress-induced male infertility[26]. Further, it
was reported to inhibit lipid peroxidation and to reduce
oxidative stress in rat[24], mouse[25] and man[27]. Efficacy
of W. somnifera has also been reported under certain
experimental conditions as it protected testicular injuries
from ROS and avoids infertility in galactose-stressed
mouse[28]. In addition, its root extract also protected the
testis from injury by reducing oxidative stress in the
rat, induced by cadmium[29], arsenic[30] and ethanol[31].
The ameliorating potential of W. somnifera has also
been reported against delayed response of epididymal
sperm characteristics and testicular oxidative stress
induced by ethylene glycol monomethyl ether (EGME)
in the mouse[32]. In view of beneficial properties of
W. somnifera, the present study was designed to evaluate
its effectiveness against AlCl3-induced testicular injury
and impaired fertility in the laboratory mouse.

MATERIALS AND METHODS
Plant, extract preparation and phytochemical
analysis:
Roots of W. somnifera were purchased from the local
market of Varanasi and verified from the Department
of Botany, Banaras Hindu University (Voucher
specimen no.Solana.2016/2). The ethanol root extract
was prepared using the protocol of Ansari et al.[33] with
some modifications. The roots of W. somnifera were
rinsed with water, air dried, powdered and extracted
with 70 % ethanol (1:10) in a Soxhlet apparatus and
evaporated to dryness in a rotary evaporator on a boiling
water bath at 60°. The extract was then stored at 4° in
399

air tight containers separately and a required amount
was dissolved in distilled water for the treatment as and
when necessary. Presence of saponin and flavonoids
were tested in the root extract of W. somnifera by
adapting the method of Edeoga et al.[34].
Experimental animals:
Healthy adult Swiss male mice (12 w old) obtained
from Animal House, IMS, BHU, Varanasi, weighing
20-30 g were used in the present study. The mice
were maintained and handled in animal house as per
the recommendation from Central Animal Ethical
Committee of the University (CAECU). Approval was
obtained from the Animal Ethical Committee, BHU,
Varanasi (F.Sc./IAEC/2014-15/0333). The animals
were housed in animal cages on paddy husk bedding,
in a room with controlled temperature (25±1°) and
lighting (12 h light and 12 h dark) and fed with standard
pelleted food and drinking water ad libitum.
Experimental design:
After acclimatization, the mice were randomly divided
into 6 groups of 12 each. Group I-vehicle-treated
control (distilled water); group II- administered
AlCl3 (100 mg/kg/d) for 30 consecutive days
(Al 100); group III- administered AlCl3 (100 mg/
kg/d) for 30 consecutive days followed by sacrificing
the animals 42 d after withdrawal of the treatment
(Al 100*); group IV- administered W. somnifera
(200 mg/kg/d) for 30 consecutive days (W. somnifera
200); group V- administered AlCl3 (100 mg/kg/d) and
W. somnifera (100 mg/kg/d) for 30 consecutive days
(Al 100+W. somnifera 100); group VI- administered
AlCl3 (100 mg/kg/d) and W. somnifera (200 mg/kg/d) for
30 consecutive days (Al 100+W. somnifera 200). Twenty
four hours after the last treatment, final body weights of
the animals were recorded followed by sacrificing them
by euthenization. Testes of both sides were dissected
out, washed in normal saline and processed. Testes of
one side were fixed in Bouin’s fluid for histological
study while that of another side were fixed at -80° for
biochemical studies.
Testicular weight and histology:
Wet weight of the testes from each group of the mice
was recorded to the nearest mg on a microbalance to
calculate the gonado-somatic index using the following
formula. Relative weight = gonad weight/total body
weight×100. Bouin’s fixed testis was dehydrated in
graded series of ethanol, absolute alcohol, 90, 70, 50,
30 % alcohol and water for 10 min in each, cleared
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in xylene and embedded in paraffin wax. Sections of
5 μm thickness were cut with the help of microtome
and stained with periodic-acid-Schiff (PAS) reagent
followed by counterstaining with Harris haematoxylin.
The stained sections were observed under light
microscope.
Metal estimation:
To determine the aluminium accumulation, testes were
weighed and then digested in an aqua regia, diluted with
distilled water, made the total volume to 10 ml and then
read by inductively coupled plasma mass spectrometer
(ICP-MS, model no. iCAP 6200, Thermo Fisher).
Oxidative stress and testicular functional markers:
The supernatants of 10 % testicular homogenates from
all groups were divided into 4 parts, as per requirement.
The supernatants were used for the estimation of the
level of malondialdehyde (MDA) and the activities
of superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GPx) following the methods
of Okhawa et al.[35], Marklund and Marklund[36],
Claiborne[37] and Flohe and Gunzler[38], respectively. The
activities of lactate dehydrogenase (LDH) and alkaline
phosphatase (ALP) were estimated in the testicular
supernatant using LDH (P-L) kit (Mod. IFCC method)
and Beacon kit (PNPP kinetic method), respectively.
Estimation of cholesterol and serum testosterone:
The level of cholesterol was estimated in the 10 %
homogenate of the testis by using commercial diagnostic
kit of Enzopak (Reckon Diagnostics Private Ltd.).
Blood was collected by cardiac puncture immediately
after sacrificing the animals. Serum was obtained
by centrifuging the blood at 4500 rpm for 20 min in
a cooling centrifuge and stored at -20° until utilized.
Level of serum testosterone was estimated by ELISA in
the extracted steroid using LDN Kit.
Mating ability and fertility:
Six males of each group were separately caged with two
virgin proestrus females for overnight. Mating ability of
the males were assessed by the presence of vaginal plug
in the female mice and the fertility of the same were
assessed by observing the number of pregnant females
on d 15 invaginal plug positive females.
Statistical analysis:
The values were represented as mean±SE in each group.
All data were analysed statistically by one way ANOVA
May-June 2020

followed by Newman-Keul’s test for comparison of
the groups. Body weight was analysed using Student’s
t- test. Values were considered significant at p<0.05.

RESULTS AND DISCUSSION
The qualitative tests performed on the root extract of
W. somnifera showed the formation of persistent froth
and emulsion, indicating the presence of saponin and
appearance of yellow colour, indicating the presence of
flavonoid (Table 1).
Oral administration of 100 mg/kg/day of AlCl3 alone
in the mice of group II caused significant decrease in
the final body weight, compared to their initial body
weight. Forty two days after withdrawal of treatment
in group III mice did not cause significant alteration in
the final body weight, compared to their initial body
weight, indicating reversal in the final body weight,
compared to those of group I that served as control.
The final body weight of the mice, administered with
200 mg/kg/day of W. somnifera to group IV mice
remained unaffected, compared with their initial body
weight. Co-administration of low dose (100 mg/kg/day)
of W. somnifera was not able to restore the final body
weight loss in the mice administered with 100 mg/
kg/day of AlCl3. However, the final body weight loss
was restored significantly to the control level in mice
administered with AlCl3 (100 mg/kg/day) and a high
dose (200 mg/kg/day) of W. somnifera (fig. 1).
Oral administration of only AlCl3 (100 mg/kg/d) to
the mice of group II, caused significant decline in the
weight of testis, compared to that of group I control.
However, 42 d after withdrawal of the treatment in the
mice of group III, caused a non-significant increase in
the weight of the testis, compared to that of group II,
administered with high dose (100 mg/kg/d) of AlCl3.
Administration of W. somnifera alone (200 mg/kg/d) in
the mice of group IV did not alter the testicular weight
compared with the control. Co-administrations of
100 mg/kg/d AlCl3 and 100 mg/kg/d of W. somnifera
to the mice of group V, did not restore the weight of
the testis, compared to the control. However, the
significantly reduced weight of the testis as noticed in
group II, was significantly restored to the control values
TABLE
1:
QUALITATIVE
PHYTOCHEMICALS
Sample
Ethanol root extract of Withania
somnifera

ANALYSIS

OF

Phytochemicals
Saponin Flavonoid
++

++

++Represents presence of phytochemicals
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in the mice of group VI, which received 100 mg/kg/d of
AlCl3 and 200 mg/kg/d of W. somnifera (fig. 2).
Testis of 100 mg/kg AlCl3-treated group II mice
exhibited noticeable degenerative changes (fig. 3) as
indicated by shrinkage of the seminiferous tubules
along with thinning of the tunica propria, vacuolization,
loosening and disorganization of the germ cells.
Lumina of majority of the seminiferous tubules in the
testis of the mouse treated with this dose, were either
devoid of spermatozoa or contained PAS stained cell
debris. Regression of the Leydig cells were also noticed
in the testis of such treated mice. Forty two days after
withdrawal of AlCl3 treatment in group III mice resulted
in partial recovery in majority of the seminiferous
tubules as indicated by the proliferation of germ cells
(fig. 3). However, few tubules still appeared regressed,
their lumina were devoid of spermatozoa or having
fewer spermatozoa. The regressed histoarchitecture of
the Leydig cells were also not fully restored compared

Fig. 1: Effects of treatments on the body weight of mice
Effects of oral administration of AlCl3, AlCl3*, W. somnifera
and administration of AlCl3 along with low and high doses of W.
somnifera on the body weight. (■) Initial body weight; (■) final
bodyweight. aSignificantly different from initial body weight at
p<0.05

Fig. 2: Effect of various treatments on the weight of testis
Effect of oral administration of AlCl3, AlCl3*, W. somnifera and
co-administration of AlCl3 along with low and high doses of W.
somnifera on the weight of testis aSignificantly different from
control, bsignificantly different from AlCl3 at p<0.05
401

to the control. Administration of 200 mg/kg/d of
W. somnifera to the mice of group IV did not cause
any alteration in the histological features of the testis
(fig. 3), comparable to that of the control. AlCl3-induced
regressive histological changes in the seminiferous
tubules and the Leydig cells, as noticed in the testis
of group II mice were still observed in some tubules of
the testis of group V mice, indicating partial recovery
(fig. 3). However, complete recovery was noticed in the
spermatogenic activity and morphology of the Leydig
cells, following co-administrations of AlCl3 and a high
dose of W. somnifera to group VI mice (fig. 3).
Administration of 100 mg/kg/d of AlCl3 to group II
mice caused a significant increase in the concentration
of testicular aluminium, compared to that of the control.
However, 42 d after withdrawal of AlCl3 treatment in
group III mice, a significant decrease in the concentration
of the testicular aluminium was observed compared to
that of the levels seen in group II administered with
100 mg/kg of AlCl3 for 30 d, although the concentration
of accumulated aluminium in the testis of the mice
of this group was still significantly higher than the
control. Administration of W. somnifera (200 mg/kg/d)
only did not affect the concentration of accumulated
aluminium in the testis and was similar to that of the
control. Co-administrations of AlCl3 with a low dose of
W. somnifera to group V mice, was effective in
decreasing the concentration of accumulated
aluminium in the testis, compared to that of the group II,
administered only with 100 mg/kg/d of AlCl3, though it
was still significantly higher than the control. However,
200 mg/kg of W. somnifera was more effective in
reducing the concentration of accumulated aluminium
in the testis in AlCl3-treated mice and showed
significant reduction compared to that of group II mice
administered only with AlCl3, hence attained the values
similar to the control (fig. 4).
Administration of AlCl3 to group II mice resulted in a
significant increase in the level of LPO, as indicated
by the increased level of testicular MDA compared
to that of the control of group I. Forty two days after
withdrawal of the treatment to group III mice, an
insignificant decrease in the level of LPO in the testis
was observed compared to group II mice administered
with 100 mg/kg/d of AlCl3. The level of testicular
LPO in group IV mice administered with 200 mg/kg
W. somnifera only, was similar to that of the control.
Group V mice co-administered with 100 mg/kg/d of
AlCl3 and 100 mg/kg/d of W. somnifera, exhibited nonsignificant restoration by showing partial reinstatement
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Fig. 3: Effects of AlCl3 and W. somnifera on testicular histology in mice
A. TS of the testis of a control mouse showing normal histological features. The seminiferous tubules exhibited full spermatogenic
activity and normal morphology of the Leydig cells. B. TS of the testis of a mouse of group II administered with 100mg/kg/d
of AlCl3 for 30 d. Noticeable degenerative changes in the seminiferous tubules as indicated by thinning of the tunica propria,
loosening and disorganization of the germ cells and lumen devoid of spermatozoa, along with regression of the Leydig cells. C. TS
of the testis of a mouse of group III, treated with 100 mg/kg/d of AlCl3 for 30 d and sacrificed 42 d after cessation of treatment.
Spermatogenic activity recovered in a few seminiferous tubules while other tubules still presented inhibited spermatogenesis.
Leydig cells are partially regressed. D. TS of the testis of a mouse of group IV, 200 mg/kg/d of the root extract of W. somnifera, for
30 d. Seminiferous tubules exhibited full spermatogenic activity with normal appearance of the Leydig cells. E. TS of the testis of a
mouse of group V, AlCl3 co-administered with low dose of W. somnifera for 30 d. Regressive changes in some seminiferous tubules
showed exfoliated germ cells in their lumina. Other tubules showed normal spermatogenic activity. Leydig cells also showed
regressed morphology. F. TS of the testis of a mouse of group VI, co-administered with AlCl3 and a high dose of W. somnifera
for 30 d. Complete recovery in spermatogenic activity indicated by well-organized and full population of the germ cells in the
seminiferous tubules, lumen filled with spermatozoa and normal appearance of the Leydig cells. Magnification X40.

reduction in the level of testicular LPO, compared to
AlCl3-treated mice, hence attained the values similar to
that of the control (Table 2).

Fig. 4: Effect of various treatments on testicular aluminium
accumulation
Effect of oral administration of AlCl3, AlCl3*, W. somnifera
and co-administration of AlCl3 along with low and high doses
of W. somnifera on the testicular aluminium accumulation.
a
Significantly different from control, bsignificantly different
from AlCl3-treated mice at p<0.05

in the level of testicular LPO, compared to group II
mice. However, co-administrations of AlCl3 with a high
dose of W. somnifera to group VI mice caused complete
restoration in the same by exhibiting significant
May-June 2020

Administration of AlCl3 caused significant decrease in
the activity of testicular SOD, CAT and GPx compared
to control. Treatment withdrawal (group III) did not
restore the activity of these enzymes, while the levels
increased slightly but not significantly compared
to those of group II, which received only AlCl3. The
activities of these antioxidant enzymes in the testis
of group IV mice administered with 200 mg/kg of
W. somnifera were also similar to those of the control.
The mice of group V, co-administered with 100 mg/kg
of AlCl3 and 100 mg/kg of W. somnifera, exhibited nonsignificant restoration by showing partially increased
activity of SOD, CAT and GPx compared to that of
group II mice. However, the altered activities of these
three antioxidant enzymes were completely restored to
the control values following co-administration of AlCl3
and 200 mg/kg of W. somnifera to the mice of group VI
(Table 2).
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TABLE 2: EFFECT OF VARIOUS TREATMENTS ON TESTICULAR ANTIOXIDANT MARKERS IN MICE
Groups and treatment
I: Control
II: Al100
III: Al100*
IV: W. somnifera 200
V: Al 100+ W. somnifera 100
VI: Al 100+ W. somnifera 200

MDA

SOD

(nmol/mg protein)

(Unit/mg protein)

0.258±0.038
0.518±0.026a
0.483±0.056a
0.262±0.025
0.449±0.033a
0.272±0.036b

1.638±0.141
0.957±0.204a
1.032±0.202a
1.590±0.089
1.182±0.142a
1.559±0.091b

CAT
(μmol/min/mg
protein)
18.918±2.609
7.788±0.097a
9.822±0.568a
18.031±1.513
10.669±1.547a
17.932±1.205b

GPx
(Unit/mg protein)
0.100±0.016
0.014±0.006a
0.032±0.006a
0.091±0.006
0.036±0.009a
0.114±0.019b

Effect of oral administration of AlCl3, AlCl3*, W. somnifera and co-administration of AlCl3 along with low and high doses of W. somnifera on
the testicular antioxidant markers. Values are mean±SE of 6 animals, asignificantly different from control, bsignificantly different from AlCl3
at p<0.05

The activities of LDH and ALP in the testis exhibited
significant increase in group II mice compared to
the control. Forty two days after withdrawal of the
treatment (group III) did not restore the activities
of LDH and ALP significantly to the control value,
compared to group II mice. The activities of these
enzymes in the testis of group IV administered with
200 mg/kg W. somnifera only, were similar to that of
the control. Co-administration of 100 mg/kg of AlCl3
and 100 mg/kg of W. somnifera (group V) exhibited
non-significant restoration by showing partial decline
in the activity of testicular LDH and ALP, compared
to that of group II mice. However, co-administrations
of 100 mg/kg of AlCl3 and 200 mg/kg of W. somnifera
to group VI mice resulted in complete restoration by
exhibiting significant reduction in the activities of these
two enzymes, compared only with mice of group II,
hence attained the values similar to that of the control
(fig. 5).
Level of cholesterol in the testis of in group II mice
was significantly increased, compared to the control.
Forty two days after withdrawal of AlCl3 treatment
caused an insignificant decrease in the level of
testicular cholesterol, compared to that of group II
mice. The level of testicular cholesterol in 200 mg/kg
of W. somnifera-treated group IV mice similar to that of
the control. Co-administrations of AlCl3 and 100 mg/
kg W. somnifera (group V) exhibited partially reduced
level of the cholesterol compared to that of group II
mice. However, complete restoration in the testicular
cholesterol level was noticed in group VI mice
co-administered with 100 mg/kg AlCl3 and 200 mg/kg
of W. somnifera, compared to group II mice (fig. 6).
Administration of AlCl3 to group II mice caused a
significant decrease in the level of serum testosterone
compared to the control. Forty two days after
withdrawal of the treatment in group III mice caused
an insignificant restoration in the level of serum
403
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Fig. 5: Effect of various treatments on testicular LDH and ALP
activities
Effect of oral administration of AlCl3, AlCl3*, W. somnifera and
co-administration of AlCl3 along with low and high doses of
W. somnifera on the activity of testicular A. LDH and B. ALP.
a
Significantly different from control, bsignificantly different
from AlCl3-treated mice at p<0.05

Fig. 6: Effects of various treatments on testicular cholesterol
levels
Effects of oral administration of AlCl3, AlCl3*, W. somnifera
and co-administration of AlCl3 along with low and high doses
of W. somnifera on the concentration of testicular cholesterol.
a
Significantly different from control, bsignificantly different
from AlCl3-treatmed mice at p<0.05
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testosterone. The level of serum testosterone was
unaltered by treatment with 200 mg/kg W. somnifera
to group IV mice. Co-administrations of AlCl3 and
100 mg/kg of W. somnifera (group V) produced only
an insignificant restoration, while complete restoration
of serum testosterone levels were produced by the
co-administration of 200 mg/kg of W. somnifera along
with AlCl3 to group IV mice (fig.7).
Mating ability and fertility of male mice of control
and 200 mg/kg W. somnifera -treated groups were not
altered. However, only two male mice from group
II (100 mg/kg of AlCl3) mated with two female in
respective cages and out of 12 females only these
2 mated females got impregnated. In the withdrawal
group (group III), out of twelve females, 5 mated
with 3 male mice in respective cages and out of these,
4 mice get impregnated. In group VI mice (AlCl3
+200 mg/kg of W. somnifera) mating ability and fertility
of male mice was found to be almost similar to that of
the control group. In this group all males were mated
with female in respective cages and out of 12 females,
10 were impregnated (Table 3).
In Ayurveda, W. somnifera is claimed to possess potent
aphrodisiac and antioxidant property, as it contains
saponin and several flavonoids, respectively[24]. These
phytochemicals may vary in the medicinal plants of
the same species collected from different regions and
also in different parts of the same plant[39,40]. Therefore,

Fig. 7: Effects of various treatments on serum testosterone levels
Effects of oral administration of AlCl3, AlCl3*, W. somnifera
and co-administration of AlCl3 along with low and high doses
of W. somnifera on the level of serum testosterone. aSignificantly
different from control, bsignificantly different from AlCl3treated mice at p<0.05

in the present study, quantitative analysis of the root
of W. somnifera available in Varanasi was carried out
after proper authentication and the analysis indicated
presence of medicinally-active constituents such as
saponins and flavonoids. Many authors have also
reported the presence of saponin and flavonoid in
W. somnifera[33,41,42]
Result of this investigation indicated that 200 mg/kg/
day of the root extract of W. somnifera was able to
significantly restore the final body weight of the mice
which was significantly decreased in AlCl3-treated
mice. This is in contrast to the finding of Singh et al.[43],
who reported the anabolic action of W. somnifera by
observing a significant increase in the body weight of
the W. somnifera-treated rat for the period of 3 mo.
In present study, extract of W. somnifera also showed
positive result toward saponin, possessing anabolic
action that might have restored the AlCl3-induced
reduction in the body weight.
Co-administration of 200 mg/kg of W. somnifera
along with 100 mg/kg of AlCl3 significantly
restored the relative weights of testis that were
reduced significantly after treatment with only
100 mg/kg of AlCl3. Similar results were reported by
Prithiviraj et al.[29], a significant improvement in the
weight of testis following administration of 100 mg/
kg of W. somnifera for 30 d in 2.5 mg/kg cadmium
chloride-treated rats. Significant improvement in
the weight of testis was also reported by Borde
et al.[44] in cadmium chloride (200 ppm/day) along with
W. somnifera (500 ppm)-exposed rat for 60 d, indicating
stimulatory effect of W. somnifera on the development
and functional activity of the male reproductive system.
Kumar and Singh[32] have also reported the recovery in
testicular weight of EGME (600 mg/kg)-treated mice
after administration of W. somnifera (100 mg/kg/d).
It also may be due to the presence of sitoindoside and
withanolides, steroid saponins in W. somnifera that
are responsible for restoration in the population of the
germ cells in the testis, leading to the recovery in the
weight of the testis[45]. Thus the existence of saponin,

TABLE 3: EFFECT OF VARIOUS TREATMENTS ON THE MATING ABILITY AND FERTILITY IN MICE
Groups
Gr.
Gr.
Gr.
Gr.
Gr.

I: Control
II: Al 100
III: Al 100*
IV: W. somnifera 200
VI: Al 100+ W. somnifera 200

Tested
6
6
6
6
6

Male
Mated
6
2
3
6
6

Fertile
12
2
3
6
5

Tested
12
12
12
12
12

Female
Mated
12
2
5
12
10

Pregnant
12
2
4
12
10

Effect of oral administration of AlCl3, AlCl3*, w. Somnifera and co- administration of AlCl3 and high dose of w. Somnifera on the mating ability
and fertility
May-June 2020
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proved through quantitative analysis of the root extract
of W. somnifera is probably involved in restoration
of testicular weight. In the present study, regressive
changes such as shrinkage of the seminiferous tubules
along with thinning of tunica propria, vacuolization,
loosening, disorganization and necrosis of the germ
cells with tubular lumina either devoid of spermatozoa
or contained PAS stained cell debris and atrophy in the
Leydig cells were observed in the testis of AlCl3-treated
mice, resulting in the suppression of spermatogenic
activity. Results of the study also indicated that
administration of 200 mg/kg of W. somnifera in
AlCl3-treated mice was effective enough to protect
the seminiferous tubules and the Leydig cells in the
testis. The protection of spermatogenic activity by
W. somnifera, might be due to androgenic and
antioxidative properties of this plant[46-49]. Histological
abnormalities observed in the seminiferous tubules and
the Leydig cells after treatment with sodium arsenite for
45 d have been reported to be ameliorated by treatment
with 100 mg/kg of W. somnifera for 30 d[50]. According
to these authors ameliorating properties of W. somnifera
might be due to the sitoindosides VII-X and withaferin,
which bear antioxidative properties and help to protect
the testicular tissues from free radicals. In present study
existence of saponin and flavonoids are noticed by
qualitative analysis of the root extract of W. somnifera.
The flavonoids act as scavengers of various oxidizing
species while the saponins maintain the normal level
of a hormone, testosterone, hence ameliorating AlCl3induced histopathological alterations in the testis. Oral
administration of AlCl3 at a dose of 100 mg/kg/d for
30 d resulted in significant increase in the concentration
of aluminium in the testis. Aluminium might have
entered in high concentration in the testis of the
treated mice by interrupting the blood-testis barrier.
Metal chelating properties and the presence of several
antioxidants in plants like vitamin E, vitamin C,
glutathione, coenzyme Q10 and natural polyphenols
such as flavonoids and phenolic acids provide strength to
the blood-testis barrier by reducing the damage caused
by the free radicals[51]. Presence of these antioxidants
in W. somnifera might have reduced the aluminium
accumulation in the testis of the mice co-administered
with AlCl3 and 200 mg/kg of W. somnifera. Alam et al.[52]
have also reported the binding capacity of W. somnifera
extract with metal ion and produce metal-chelator
complex and existence of flavonoids in extract bearing
antioxidant properties, which might have stabilized
the blood-testis barrier resulting in the reduction of the
metal entry into the testis. Normal level of testosterone,
405

reported in present study, may also protect the Sertoli
cells that play a crucial role in the regulation of Sertoli
cells tight junction-permeability barrier and reduces the
chances of metal entry in testis.
It has been reported previously that W. somnifera
possessed potent antioxidant activity and treatment
with this plant could counteract the formation of ROS
in infertile men[26]. It has also been shown that the active
principles of W. somnifera such as sitoindosides VII-X
and glycowithanolides (withaferin A) reactivate the
major free radical scavenging enzymes[46,53,54]. In the
present study, co- administration of 200 mg/kg of W.
somnifera with AlCl3 to mice for 30 d restored the level
of MDA and the activities of SOD, CAT and GPx to
their control values. Prithviraj et al.[29] have reported
similar finding in the testis of cadmium-treated rat,
supplemented with the root extract of W. somnifera
(100 mg/kg). Likewise Patil et al.[28] and Kumar et
al.[30] have reported the efficacy of ethanol extracts of
leaves and root of W. somnifera in reducing the level
of lipid peroxidation in D-galactose-treated mouse and
arsenic-treated rat, respectively. Even in infertile men
also, treatment with W. somnifera (5 g/d) improves the
activities of SOD, CAT and glutathione, eventually
by reducing the levels of LPO and protein carbonyl
groups. In this way the W. somnifera neutralizes the
free radical generation to reduce MDA formation,
as it contains many flavonoids, amino acids and
withanoloids[55]. Qualitative test performed in the
present study showed the existence of flavonoids in
the root extract of W. somnifera, which are reported
to possess high antioxidative and lipid peroxidation
inhibiting properties[52]. Hence, the protective effects
of this root extract on antioxidant system may be
attributed to the existence of flavonoids. The restored
activities of testicular LDH and ALP following
co-administrations of W. somnifera(200 mg/kg) withAlCl3
(100 mg/kg) to the control level indicated the
effectiveness of W. somnifera to prevent the damage
and to inhibit the leakage of the enzymes through the
cellular membrane. Surana et al.[56] have reported the
protective effect of root extract of W. somnifera (200
mg/kg/d for 15 d) against quinalphos (14 mg/kg/d)induced alterations in serum LDH and ALP in the
rat. According to Surana et al.[56], it could probably
be due to the presence of antioxidants in the extract
of W. somnifera. The significant restorations in the
activities of LDH and ALP as noticed in the present
study indicate the protective effects of 200 mg/kg/d
of the root extract of W. somnifera against AlCl3induced degeneration in the seminiferous tubules. This
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protective mechanism may be attributed to the presence
of flavonoids and other phytochemicals present in
the extract of W. somnifera which have antioxidant
property and having potential to scavenge the free
radicals. In the present study the significantly reduced
level of serum testosterone as noticed in AlCl3-treated
mice is restored to the control value in those animals
co-administered with 200 mg/kg of W. somnifera
with AlCl3. Consistent findings were reported by
Kumar et al.[30], indicating the restoration in the level
of serum testosterone in the rat co-administered with
100 mg/kg of W. somnifera extract and arsenic
(8 mg/kg/d) for 30 d. In a clinical study, consumption
of W. somnifera (5 g/d) for 3 mo significantly improved
the level of serum testosterone in infertile men[25]. In
the present study, existence of saponin, in the root
extract of W. somnifera, analysed qualitatively might
have increased the level of serum testosterone. The
restored level of serum testosterone, as noticed in the
co-administered mice (group VI), could be correlated
with the reduced level of testicular cholesterol that
is also reported in this study, as it is precursor of
testosterone. Traditionally, in Ayurveda, W. somnifera
is used as rejuvenative tonic[57,58] and male reproductive
health booster[26]. In the present study, restoration in the
mating ability of the male mice and fertility in female
mice, impregnated with co-administered male mice
suggest the beneficial properties of the root extract of
W. somnifera on the level of serum testosterone and
oxidative status. Beneficial effects of W. somnifera
in male infertility have been reported by several
authors[25,26,59]. According to these authors, it may be due
to improvement in semen quality and regulation in the
levels of reproductive hormones and oxidative stress
by W. somnifera. In present study improved libido,
sexual function and fertility in the mice may be due to
presence of saponins and flavonoids in the root extract,
implicated in restoring the level of serum testosterone
and oxidative status of the testis, respectively.
In the present study, root extract of W. somnifera reduced
the extent of aluminium chloride-induced testicular
injury by reducing the aluminium accumulation,
maintaining the activities of antioxidants in the testis
and restoring the level of serum testosterone, indicating
that W. somnifera has beneficial role in testicular
functions leading to enhance the male fertility in the
mice.
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