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ABSTRACT concluded that Withania somnifera root holds potential to ameliorate anabolic
Background: Despite the beneficial effects of anabolic-androgenic steroid-induced hepatorenal toxicity.

steroids in the treatment of osteoporosis, hypogonadism, bone
mineralization, and some muscle-wasting disorders, its misuse by athletes
and non-athletes causes hepatorenal toxicity. Withania somnifera (NS) is
a very important herb in Ayurveda and has adaptogenic, anticonvulsant,
cytoprotective, and antioxidant properties. Objectives: The main
objective of the study is to investigate the protective effect of WS also
known as Ashwagandha on nandrolone decanoate (ND)-induced liver A ;
and kidney injury in Wistar rats using biochemical and histopathological Withania somnifera plant and its dried roots W. somnifera root extract, Nandrdone
assessment. Materials and Methods: Group 1 — control rats received decanoate ampuole(decadurabolin)
corn oil intramuscularly, Group 2 — ND group received 16 mg/kg of ND
intramuscularly, Group 3 (ND+WS100), Group 4 (ND+WS200), and
Group 5 (ND+WS400) were treated with water emulsion of WS root
powder (100 mg/kg, 200 mg/kg, and 400 mg/kg) along with ND (16 mg/kg).
AlI'ND treatments were given twice weekly for 4 weeks. WS was diluted in
distilled water and administered orally once daily for 30 days. Liver marker 2 — "’-u-**-w‘”
enzymes alanine aminotransferase, aspartate aminotransferase and
alkaline phosphatase, total protein (TP), creatinine, and urea levels were e Se'umB'OC':mlstfv T— w‘\{xaerum&ochem'strv )
evaluated followed by histopathological assessment of liver and kidney. B AN i 3
Results: ND group showed elevated levels of liver enzymes, TR, creatinine,
urea, and severe alterations in the hepatic and renal histology as compared
with control. Drug treatments with WS to ND group considerably reversed
liver marker enzymes, TR creatinine, urea levels, and pathological damage
caused to liver and renal tissue. Conclusion: The study findings reveal the
protective role of WS on ND-induced hepatorenal toxicity implicating its
antioxidant and therapeutic functions.

Key words: Hepatotoxicity, nandrolone decanoate, necrosis,
nephrotoxicity, rats, Withania somnifera, therapeutic agent
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Abbreviations used: \WS: Withania somnifera; ND: Nandrolone decanoate;
AAS: Anabolic-androgenic steroid; ANOVA: Analysis of variance; ALT: Alanine
aminotransferase; AST. Aspartate aminotransferase; ALP: Alkaline
SUMMARY phosphatase; TP: Total protein; Creat: Creatinine; SEM: Standard Error of
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Anabolic-androgenic steroids (AASs) are synthetic derivatives of male pprop g
hormone testosterone which are used clinically and illegally.’! They

are used in the treatment of hypogonadism, burns, surgery, trauma,

For reprints contact: reprints@medknow.com

osteoporosis, anemia, HIV, and metastatic breast tumors.”) However, due | cite this article as: Vasavan SS, Jagadesan V, Sivanesan S, Rajagopalan V.

to its beneficial properties such as tissue building booster, maintenance Protective effect of Withania somnifera on nandrolone decanoate-induced biochemical
alterations and hepatorenal toxicity in wistar rats. Phcog Mag 2020;16:5S218-23.

of muscle mass, strength and bone health, it has been widely used by
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the adults, adolescents, and athletes in their attempt to increase their
strength for athletic performance and bodybuilding, to accelerate muscle
development, and to promote recovery.”! The recommended therapeutic
dose of AAS, nandrolone decanoate (ND) in humans varies from a dose
of 50-100 mg/week for women and 100-200 mg/week for men.*/ When
an individual intends to take 10-100 folds higher than the therapeutic
dose which is a misuse, it can cause many adverse effects such as
myocardial infarction, cholestasis, adenoma, hepatocellular carcinoma,
and nephrotoxicity.*®! ND, also called as Deca-durabolin, is considered
Worldwide as one of the most widely abused AAS.” In an animal study,
it was clearly depicted that administration of anabolic steroid, ND in rats
affected the cellular redox homeostasis in tissues such as liver, kidney,
and heart leading to oxidative stress.!®!

Withania somnifera (WS), commonly known as “Ashwagandha” or
Indian ginseng, is a well-known medicinal plant from Solanaceae family
and has a major role in the treatment of liver diseases.”) WS is one of the
important medicinal plants in the Ayurvedic system of Medicine.""? WS is
asmall erect evergreen shrub of four to five feet in height and is cultivated
in different parts of India, Nepal, and Africa. WS has anti-inflammatory,
immunomodulatory, antiarthritic, and antiapoptotic functions.'"! It has
proven its antioxidant and free-radical scavenging activity in various
disease models."?! Its hepatoprotective effect in paracetamol-induced
liver injury was also reported."” Evidences support hepatoprotective
and nephroprotective functions of WS root extract against various
chemical agents by inhibition of oxidative stress and cytoprotective
mechanisms.*!* Withanolide-rich fraction has proven hepatoprotective
effect in acetaminophen toxicity in rats via inhibition of tumor necrosis
factor-alpha (TNF-0), interleukin-1-beta (IL-1-f), cyclooxygenase-II,
and inducible nitric oxide synthase (iNOS), thereby implicating its
anti-inflammatory and antioxidant potentials.'® Several studies have
shown that WS root extract reversed heavy metal-induced oxidative
stress complications.!'”'®! Neuroprotective and immunomodulatory role
of WS roots could also be witnessed through many published works. 12!
However, there are no studies to report the effect of WS in ND-induced
biochemical and histopathological alterations. Hence, in the present
study using Wistar rats, the beneficial effect of WS was explored in
ND-induced biochemical alterations, as well as liver and kidney injury.

MATERIALS AND METHODS

Drugs and reagents

ND  (Deca-Durabolin,  4-oestren-17  [-ol-3-one-17-decanoate)
was purchased from Cadila Healthcare Ltd., India (100 mg/mL
ampuoles), corn oil was purchased from local pharmacy, Chennai, WS
tablet (Ashwagandha) was purchased from Himalaya Drug Company,
India. Other chemicals of analytical grade were purchased commercially.

Animals

Thirty-six male Wistar rats weighing 180-250g, procured from Biogen
Laboratory Animal Facility (Registered Lab Animal Breeders), Bangalore,
and maintained in Centre for Laboratory Animal Research, Saveetha
Institute of Medical and Technical Sciences, Chennai, were used. The
animals were housed three per cage in a controlled environment with free
access to food and water ad libitum, room temperature of 25°C + 2°C,
humidity 40%-60%, and natural light/dark cycles. All animal procedures
were approved by the Institutional Animal Ethics Committee of Saveetha
Medical College, Chennai (IAEC-SU/CLAR/RD/004/2018), and
animal experiments were performed in accordance with the guidelines
of Committee for Control and Supervision of Experimentation on
Animals (CPCSEA, New Delhi, India).

The animals were randomly divided into five groups (n = 6 each for
ND+WS100 and ND+WS400 groups; others 8 each per group).
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o Group I: Control[C] - Rats received 1 mL/kg body weight of corn oil
intramuscularly (i. m) in the thigh region twice weekly for 4 weeks
as vehicle

o Group 2: ND group - Rats received intramuscular (i. m) injection
of ND (16 mg/kg) in the thigh region in a volume of 1 mL/kg body
weight twice weekly for 4 weeks

e Group 3: ND+WS100 mg/kg treated group (ND+WS100) - Rats
received i. m injection of ND (16 mg/kg) in a volume of 1 mL/kg
body weight twice weekly for 4 weeks and WS drug-treated orally
(100 mg/kg body weight) once daily for 30 days

e Group 4: ND+WS200 mg/kg treated group (ND+WS200) - Rats
received i. m injection of ND (16 mg/kg) in a volume of 1 mL/kg
body weight twice weekly for 4 weeks and WS drug-treated orally
(200 mg/kg body weight) once daily for 30 days

o Group 5: ND+WS400 mg/kg treated group (ND+WS400) - Rats
received i. m injection of ND (16 mg/kg) in a volume of 1 mL/kg
body weight twice weekly for 4 weeks and WS drug-treated orally
(400 mg/kg) once daily for 30 days. ND was diluted in corn oil. WS
tablets were used in this study, and each tablet contained 250 mg
extract of WS root dissolved in distilled water.

The animals were weighed before the start of the experiment and on days
11, 21, and 31 during the experimental period. The animals were given
ND by intramuscular (i.m) injections every Monday and Wednesday
and four days after the last doses of injection, all groups of animals were
anesthetized by isofluorane, and blood was collected by retroorbital
plexus and then sacrificed by cervical dislocation. After allowing the
blood to clot for 30 min at room temperature, it was centrifuged (1000 g,
10 min), and serum was collected and stored at —20°C for biochemical
analysis. Liver and kidney were excised and washed in ice-cold saline,
weighed, and fixed in 10% phosphate-buffered formalin (pH 7.4) for
histopathological examination.

Biochemical analysis

The levels of serum enzyme activities of alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and alkaline phosphatase (ALP), total
protein (TP), creatinine, and urea levels were estimated. All the above
estimations were carried out using semi-autoanalyzer (Robonik Prietest)
as per the standard protocols.

Histopathological assessment

Liver and kidney tissues were fixed in 10% phosphate-buffered
formalin (pH 7.4) and processed by routine histological methods and
embedded in paraffin blocks. Five micrometer thick sections were cut
coronally. All sections were stained with hematoxylin and eosin and
examined under light microscope (Olympus iNEA).

Statistical analysis

All data were analyzed by one-way ANOVA. The values are presented as
mean * Standard error of mean. The mean value differences between the
groups were analyzed by Student-Newman-Keuls method. P <0.05 was
considered as statistically significant. Sigma plot 13 (Systat software) was
used for the statistical analysis.

RESULTS

The ND+WS100 group rats showed significant increase in the body
weight at the end of the experiment [Table 1]. This indicates that there
was a significant increase of body weight (146.63 + 7.00 g; P = 0.001)
in the ND+WS100 treatment group in comparison with control, ND,
ND+WS200, and ND+WS400 groups which is quite interesting. The
comparison between ND and control group did not reveal any significant
difference with the body weight despite a marginal decrease of body
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weight seen in ND (108.00 + 4.27; P = 0.084). The ND+WS200 and
ND+WS400 treatment groups did not reveal any significant difference
in the body weight [122.68 + 8.10 g, 109.43 + 7.03 g; P = 0.531; Table 1]
when compared with control and ND groups [Table 1].

There were no significant changes noticed in the liver and kidney weight
of rats between the control and treated groups (ND, ND+WS100,
ND+WS200, ND+WS400) in this study [Table 2, P = 0.862, P = 0.077].
Biochemical studies showed significant increase in liver enzymes,
e.g., AST, ALT, ALP as well as creatinine, urea, and significant decrease
in TP levels in ND group when compared to the control group.
However in WS-treated groups, ND induced changes of all liver marker
enzyme levels as well as TP, creatinine, and urea were significantly
reversed [Figures 1 and 2, P < 0.001].

Table 1: The effect of nandrolone decanoate on body weight (%) in male
Wistar rats

Group Days Mean=SEM Statistical analysis

Control 1 100+0.00 F=3.131
11 103.78+2.15 P=0.041
21 108.98+3.35
31 119.76+8.85

ND 1 100+0.00 F=2.453
11 102.76+1.87 P=0.084
21 107.57£2.69
31 108.00+4.27

ND+WS100 1 100+0.000 F=17.194
11 129.36+4.33* P=0.001
21 141.18+5.75*
31 146.63+7.00*

ND+WS200 1 100+0.00 F=3.421
11 108.62+3.59 P=0.031
21 117.79£6.28
31 122.68£8.10

ND+WS§400 1 100+0.00 F=0.757
11 106.51+3.91 P=0.531
21 109.69£6.53
31 109.43£7.03

Values are expressed as mean+SE. Based on the one-way ANOVA, there is a
*Statistically significant difference from the respective control group (P<0.05).
ND: Nandrolone decanoate; WS: Withania somnifera; SE: Standard error;
SEM: Standard error of mean

Table 2: The effect of nandrolone decanoate on liver and kidney weight in
male Wistar rats

Parameter Group Mean+SEM Statistical analysis
Liver weight Control 3.80+0.49 F=0.321
ND 3.68+0.35

ND+WS100 3.87+0.16 P=0.862
ND+WS200 3.77+0.23
ND+WS400 4.402+0.92

Kidney weight Control 1.45+0.13 F=2.349
ND 1.94+0.15
ND+WS100 1.78+0.13 P=0.077
ND+WS200 1.98+0.15
ND+WS400 1.84+0.16

Values are expressed as mean+SE. Based on one-way ANOVA with Student-
Newman-Keul’s multiple comparison test, there is not a statistically significant
difference (P=0.862, P=0.077) for liver and kidney weight between the control
and all treatment groups. ND: Nandrolone decanoate; WS: Withania somnifera;
SE: Standard error; SEM: Standard error of mean
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The AST levels of control, ND, ND+WS100, ND+WS200, and
ND+WS400 are 28.4 + 1.8, 50.9 + 0.98, 39.6 + 2.8, 24.06 + 1.2, and
43.6 £ 03.14 TU/L, respectively. The AST levels of ND group increased
by 78.8% as compared with control, and these changes are beyond the
reference range of rat species. However, in ND+WS-treated groups, the
increase in the AST level was lesser than the ND group. In comparison
with ND group, there was 22.13%, 52.7% and 14.26% decrease of
AST levels in ND+WS100, ND+WS200, and ND+WS400 group,
respectively. This shows there was significant decrease of AST levels in
the drug-treated groups (ND+WS100, ND+WS200, and ND+WS400) in
comparison with ND (P < 0.001). For the comparisons between various
WS-treated groups, ND+ WS200 group showed more protection than
ND+WS100 and ND+WS400 group (P < 0.001).

The ALT levels of control, ND, ND+WS100, ND+WS200, and
ND+WS400 are 53.6 + 5.1, 81.9 + 0.58, 59.2 + 5.3, 51.3 *+ 5.7, and
69.1 £ 1.7 TU/L, respectively. The ALT levels of ND group increased
by 52.6% as compared with control, and these changes are beyond the
reference range of rat species. However, in ND+WS-treated groups, the
increase in the ALT level was lesser than the ND group. In comparison
with ND group, there was 42.3%, 56.9%, and 23.8% decrease of ALT
levels in ND+WS100, ND+WS200, and ND+WS400 groups, respectively.
This shows that there was significant decrease of ALT levels in the
drug-treated groups (ND+WS100, ND+WS200, and ND+WS400) in
comparison with ND (P < 0.001). For the comparisons between various
WS-treated groups, ND+ WS200 group showed more protection than
ND+WS100 and ND+WS400 groups (P < 0.001).

The ALP levels of control, ND, ND+WS100, ND+WS200, and
ND+WS400 are 42.4 + 3.8, 66.9 + 1.6, 49.5 + 6.9, 29.1 + 1.3, and
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Figure 1: protective effect of Withania somnifera,
100 mg/kg (Withania somnifera 100), 200 mg/kg
(Withania somnifera 200), and 400 mg/kg (Withania somnifera 400)
against nandrolone decanoate-induced changes in serum aspartate
aminotransferase, alanine aminotransferase, and alkaline phosphatase.
Values are mean + Standard error (n = 6 each for Withania somnifera
100 and Withania somnifera 400; others 8 each). The “F” and “P” values are
by one-way ANOVA with Student-Newman-Keul’s multiple comparison
test, 2Significantly different from control group, Significantly different
from nandrolone decanoate group
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Figure 2: The protective effect of Withania somnifera,
100 mg/kg (Withania somnifera 100), 200 mg/kg

(Withania somnifera 200), and 400 mg/kg (Withania somnifera 400)
against nandrolone decanoate-induced changes in serum total
protein, creatinine (creat), and urea. Values are mean + Standard
error (n = 6 each for Withania somnifera 100 and Withania somnifera
400; others 8 each). The “F” and “P" values are by one-way ANOVA with
Student-Newman-Keul’s multiple comparison test, 2Significantly
different from control group, *Significantly different from nandrolone
decanoate group

51.9 + 0.8 IU/L, respectively. The ALP levels of ND group increased
by 57.8% as compared with control, and these changes are beyond the
reference range of rat species. However, in ND+WS-treated groups, the
increase in the ALP level was lesser than the ND group. In comparison
with ND group, there was 40.9%, 89.3%, and 35.5% decrease of ALP levels
in ND+WS100, ND+WS200, and ND+WS400 groups, respectively. This
shows there was significant decrease of ALP levels in the drug-treated
groups (ND+WS100, ND+WS200, and ND+WS400) in comparison with
ND (P < 0.05). For the comparisons between the WS-treated groups,
the ND+WS200 group showed more protection than ND+WS100 and
ND+WS400 groups (P < 0.001).

The TP levels of control, ND, ND+WS100, ND+WS200, and
ND+WS400 are 7.4 + 0.06, 6.3 £ 0.09, 5.06 = 0.037, 6.6 + 0.04, and
6.9 + 0.04 g/dL, respectively. The TP levels of ND group decreased by
15.1% as compared with control, but it was within the normal reference
range of rat species. However, in ND+WS200 and ND+WS400-treated
groups, the decrease in the TP level was lesser than the ND group. In
comparison with ND group, there was 5.19%, 8.08% increase of TP
levels in ND+WS200 group and ND+WS400 groups, respectively.
This shows that there was significant increase of TP levels in the
drug-treated groups (ND+WS200 and ND+WS400) in comparison
with ND (P < 0.001). The TP level of ND+WS100 group decreased
by 16.6% when compared to control, but it was within the normal
reference range of rat species.

The creatinine levels of control, ND, ND+WS100, ND+WS200, and
ND+WS400 are 22.4 + 0.65, 43.5 + 1.7, 33.2 £ 3.39, 20.6 + 0.61, and
30.9 + 6.03 mg/dL, respectively. The creatinine levels of ND group
increased by 93.9% as compared with control, and these changes are
beyond the reference range of rat species. However, in ND+WS treated
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groups, the increase in the creatinine content level was lesser than the
ND group. In comparison with ND group, there was 46.2%, 100%, and
56.29% decrease of creatinine levels in ND+WS100, ND+WS200 group,
and ND+WS400 groups, respectively (P < 0.001). For the comparisons
between various WS-treated groups, ND+ WS200 group showed more
protection than ND+WS100 and ND+WS400 groups (P < 0.001).

The urea levels of control, ND, ND+WS100, ND+WS200, and
ND+WS$400 are 0.69+0.08, 1.3 + 0.13, 0.63 + 0.08, 0.72 + 0.07, and
0.77 £ 0.18 mg/dL, respectively. The urea levels of ND group increased
by 86.2% as compared with control and such changes are beyond
the reference range of rat species. However, in ND+WS treated
groups, the increase in the urea levels was lesser than the ND group.
In comparison with ND group, there was 95%, 82.7%, and 75.8%
decrease of urea among ND+WS100, ND+WS200, and ND+WS400
groups, respectively (P < 0.001). This shows that there was significant
decrease in the levels of urea in the drug-treated groups (ND+WS100,
ND+WS200, and ND+WS400) in comparison with ND (P < 0.001). For
the comparisons between various WS treatment groups, it did not reveal
any significant difference with the urea levels (P = 0.860, P = 0.77).

Histopathological evaluation of liver of control group rats showed normal
hepatic cellular architecture, whereas ND group showed congestion in
blood vessels and sinusoids, cytoplasmic changes, pyknotic nucleus,
inflammatory cells, karyolysis, necrosis, and massive damage of hepatic
tissue. ND+WS100 group showed few necrotic cells and pyknotic
nucleus compared to ND group. ND+WS200 group showed mild hepatic
sinusoidal congestion with few pyknotic cells. ND+WS400 group also
showed mild hepatic sinusoidal congestion with almost normal cellular
architecture similar to control group [Figure 3].

Kidney of control group rats showed parenchyma with well-defined
glomerulus and tubules. ND group showed marked congestion in
capillaries and atrophy of glomerulus, focal cytoplasmic congestion, and
degenerative changes in the proximal convoluted tubules. ND+WS100
showed mild degenerative changes in glomerulus with normal renal
architecture, ND+WS200 group showed mild congestion, and ND+WS
400 group also showed mild cytoplasmic changes with normal renal
architecture [Figure 4].

DISCUSSION

The side effects caused by AAS such as ND are shown in many convincing
works.?#?*! Evidence supports that ND could easily interrupt the redox
homeostasis of the liver, heart, and kidney tissues of Wistar rats.* To
date, there are no convincing therapeutic agents that would ameliorate
the ND-induced complications, and hence, the present work tested the
efficacy of WS in ND-induced complications using rat model. The key
findings revealed elevation of serum levels of liver marker enzymes,
namely, ALT, AST, ALP, as well as the serum levels of TP, creatinine, and
urea in ND group as compared with control. Regarding the body weight,
the ND group showed a marginal reduction in body weight compared
to control group and such reductions in body weight may be related with
the reduction in food ingestion, since the rats treated with different doses
of ND (5, 15, and 45 mg/kg) presented lower weight gain.?”?*! The present
findings are in agreement with the earlier works.! that showed increased
serum levels of the AST and ALT after ND administration to rats. The
serum level changes discussed above are indications of abrupt changes in
the liver and kidney functions.***!! WS drug treatment (WS100, WS200,
and WS400 mg/kg) to ND-induced rats significantly reversed the marker
enzymes and the biochemical parameters to almost near-normal levels.

It was shown that elevated activities of cytochrome p-450 in the liver
and kidney tissues of ND-induced mice could be indications for the
tissue level alterations caused by anabolic steroids.*? In the present
work, histopathology data revealed severe alterations in the architecture

$221



SMITHA SYAMALA VASAVAN, et al.: Withania somnifera Ameliorates Nandrolone Decanoate-Induced Damage in Rats

Figure 3: Representative images of hepatic tissue stained with
H and E (x40). (a) Control group showed normal hepatic architecture.

(b) nandrolone decanoate group showed congestion in blood
vessels and sinusoids, necrosis (green arrow), karyolysis (blue arrow),
pyknotic nucleus (black arrow), (c) nandrolone decanoate+Withania
somnifera 100 group showed mild congestion with few pyknotic
nucleus (black arrow) and necrosis (green arrow), (d) nandrolone
decanoate+Withania somnifera 200 group showed mild congestion with
few pyknotic nucleus (black arrow), (e) nandrolone decanoate+Withania
somnifera 400 group showed mild cytoplasmic changes with normal
hepatic architecture. Central vein-black arrow

of liver and kidney of ND-induced rats. The histopathological
assessment clearly indicates the cellular damages such as necrosis,
karyolysis, congestion of blood vessels and sinusoids in ND group®!
and degenerative changes in kidney,"**! and such cellular damages
may be due to decreased total antioxidant capacity.®® Moreover, it
was reported that the thickness of renal parenchyma and renal volume
were drastically increased in bodybuilders after anabolic steroid usage
implicating kidney dysfunctions.”” After treatment with WS, the
number of necrotic cells, nuclear and cytoplasmic changes, as well as
congestion was significantly reduced in ND+WS100, ND+WS200,
and ND+WS400 groups. The root powder of WS has various bioactive
ingredients including bioflavonoids with potential antioxidant functions
that might have rendered cellular protection from oxidative stress and
free radical-mediated complications.”** WS root showed the potential to
reverse the liver and kidney tissue damage caused by cadmium toxicity,
evidenced through assessment of liver enzyme (ALT) and kidney
(creatinine and blood urea) markers, and those findings are indicative of
hepatorenal protection offered by WS root against ND toxicity."*!

Withanolide-rich fractions extracted from WS roots have also rendered
hepatoprotective functions through anti-inflammatory and antioxidative
stress mechanisms by inhibition of TNF-a, IL-1f, and iNOS expression
levels."! Nrf2-dependent protection against liver injury was also
seen in withanolides isolated from WS.[*! It is also evident that oral
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Figure 4: Representative images of kidney tissue stained with
H and E (x40). (a) Control group showed normal renal architecture
(b) nandrolone decanoate group showed marked congestion in
capillaries, atrophy of glomerulus (black arrow), PCT degenerative

changes (c) nandrolone decanoate+Withania somnifera
100 showed mild degenerative changes of glomerulus (d) nandrolone
decanoate+Withania somnifera 200 group showed mild congestion
(e) nandrolone decanoate+Withania somnifera 400 group showed mild
cytoplasmic changes with normal renal architecture. GL: Glomerulus,
BC: Bowman'’s capsule, PCT: Proximal convoluted tubule, DCT: Distal
convoluted tubule

administration of WS (250 and 500 mg/kg) reduced the nephrotoxicity
and protected the kidneys from bromobenzene-induced renal damage
and mitochondrial dysfunction in rats.*!! The same group had shown
that the elevated kidney function markers such as urea and creatinine
were controlled after WS drug treatment.

Other works support the nephroprotective functions of WS in
gentamicin-/cisplatin-induced kidney injury in rats that could be
attributed due toits enhanced antioxidant capacity and anti-inflammatory
functions.[?%! The present work seeks insight for the first time into
the hepatoprotective and nephroprotective functions of WS extract in
ND-induced complications using rat model. Hence, WS holds potential
as a phytotherapeutic agent to reduce the complications and side effects
caused by anabolic steroids.

CONCLUSION

The present study findings indicate that water emulsion of WS root
powder has shown a considerable protective effect against ND-induced
complications in Wistar rats through evaluation of serum biochemical
and tissue histopathological alterations. Further detailed investigations
are, however, warranted to explore in-depth, the efficacy of WS drug
against ND-induced complications at the molecular level. Therefore, our
preliminary research findings are interesting, first of its kind, and thereby
suggest that WS drug could be a viable and promising agent to overcome
the complications associated with anabolic steroid usage.
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