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ABSTRACT

The established hepatotoxicity resulting from
diclofenac sodium administration in humans and
animals necessitates the exploration of potential
therapeutic interventions. Withania somnifera,
known for its hepatoprotective properties, was
investigated for its restorative effects on diclofenac
sodium-induced hepatotoxicity in Swiss albino
mice. Following diclofenac sodium induction,
significant elevation was observed in Aspartate
transaminase  (AST), 2.3 times; Alanine
aminotransferase (ALT), 2.6 times; Bilirubin 18.9
times and alkaline phosphatase (ALP) 2.27 times.
Conversely, serum globulin and albumin levels
decreased significantly 7.47 times and 13.18 times,
respectively. Upon treatment with W. somnifera, a
substantial hepatoprotective activity was also
evident, with notable reductions in AST, 2.06times;
ALT, 1.86times; bilirubin, 3.61times and ALP, 1.78
times. Additionally, a significant increase in serum
globulin, 10.36 times and albumin, 11.37 times was
observed post-treatment. W. somnifera
demonstrated a significant restoration of hepatic
function in diclofenac-induced hepatotoxicity. The
reparative effect of W. somnifera is attributed to its
intrinsic antioxidant and free radical scavenging
properties. Looking ahead, biologically active
compounds, specifically withanolides present in W.
somnifera, hold promise as novel therapeutic
molecules for addressing hepatic disorders. Further
exploration of these compounds may contribute to
the development of innovative treatments for
diclofenac-induced hepatotoxicity and related
hepatic complications. Similar hepatoprotective
role of Silymarin was also observed.
KEYWORDS: Diclofenac sodium, Hepato
protective, Hepato-toxicity, Silymarin, Withania
somnifera, Withanolides

l. INTRODUCTION

Diclofenac Sodium is a non-steroidal anti-
inflammatory drug that was developed in the late
1970s and has been clinically approved to treat a
range of rheumatic conditions;it also serves as an
analgesic and an anti-inflammatory agent . Like
other non-steroidal anti-inflammatory medicines,
diclofenac has also been associated with a modest
but considerable incidence of hepatotoxicity.
Hepatotoxicity can vary from jaundice and many
fatal cases of hepatitis ™ 2. The liver controls a
number of crucial metabolic processes. These
metabolic function distortions are related to hepatic
damage . Herbs are crucial in the treatment of a
variety of liver disorders " because allopathic
medicine  lacks effective liver  protecting
mechanism.Withania somnifera(Family
Solanaceae) commonly known as Ashwagandha is
an herb that has Hepatoprotectiveproperties *2.
Ayurveda traditional medicine claims that the root
of W. somnifera has strong aphrodisiac’®®, sedative
[l and energy-boosting tonic effects 7. Frequent
studies have revealed that W. somniferahas
anabolic, anti-serotonergicand anticancer properties
(19 Additionally, it is helpful in the management of
stress, geriatric issues, arthritis, and male sexual
dysfunctions . Additionally, it contains
anticoagulant ™ adaptogenic, cardiotropicand
cardio protectiveeffects PL1t has been demonstrated
that W. somnifera inhibits Lipid peroxidase (LP) in
mice exposed to stress “ZIt is well known
asadaptogenic ), anti-inflammatory ™ antioxidant
[ anti-platelet, anti-hypertensive, hypoglycemic
and hypolipidemic. ?2.W. somnifera may also play
a role in its cardio protectiveand Hepato protective
properties .
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1. MATERIALS AND METHODS

Preparation of Extract

W.somnifera roots were collected and
washed in running tap water and were allowed to
dry in the shade. The roots were finely grinded in
mortar and pestle and sieved twice. After that,
250ml of distilled water and 50 gm of dry powder
were boiled for 30 minutes. For 24 hours, this
solution was allowed to stand. The solution was
filtered and evaporated the following day to obtain
dry extract. This dried extract was further
pulverized and then kept at 25°C. To attain a
concentration of 1% as needed, the extract was
suspended in water ).
Test drug preparation

Diclofenac Sodium tablets was crushed to
fine powder and mixed in distilled water at a
concentration of 1 mg/ml. The LDsy of Diclofenac
Sodium in Mice was reported as 95 mg/kg B.W &I,

Positive Control treatment

Silymarin (Milk thistle) was used as
positive control, which was dissolved in distilled
water before administration ],
Experimental Protocol
Animals were divided into five groups having 5
mice in each group.
Group I: Untreated; Group Il -Induced diclofenac
sodium at a dose of 9.5 mg/kg B.Wfor
15 days;Group 11 -Administered 300mg/kg of W.
somniferato diclofenac sodium treated mice for 10
days;Group IV -Administered 600 mg/kg of W.
somnifera to diclofenac sodium treated mice for 10
days; Group \% -This group was

administeredSilymarin (1mg/kg/day) orally for 10
days, to diclofenac sodium treated mice.

In order to assure appropriate absorption
Diclofenac sodium and W. somnifera was given via
gavage to animals that had been fasting for two to
three hours before and one hour after receiving test
medications. At the end of experiments animals
from all groups were fasted for 12 hours before
sacrificing (only water was provided). After that,
animals were sacrificed while being given
intraperitoneally injection with ketamine (75
mg/kg) for anesthesia. The blood was drawn from
retro-orbital plexus to perform liver function tests
viz. total Bilirubin, Alanine transaminase (ALT),
Aspartate transaminase (AST) alkaline phosphatase
(ALP), Globulin and Albumin.

. STATISTICAL ANALYSIS
The data obtained from the control and
treated groups of mice were expressed in Meant
SE and further analyzed by ANOVA and t-test by
using SPSS software.

V. RESULTS AND DISCUSSION

Clinical Manifestation

In the course of the research study, mice
within the control group consistently exhibited
heightened levels of energy and a robust appetite
across the experimental duration. While the
administration of diclofenac sodium did not result
in fatality, salivation, or seizures among the
experimental  mice.  Howeverother  notable
symptoms were observed viz. reduced feed intake,
hind limb jerking, labored breathing, and a decline
in body weight (Table-1).

Table 1: Effect of drug Diclofenac sodium on the clinical manifestation of Mus musculus

Clinical signs Group | Group Il Group 11 Group IV Group V
[
Death X X X x x
Decrease feed intake X v v x x
Hind limb jerk x x X X X
Laboured breathing x v x X x
Salivation x x x X x
Seizures x x X X x
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Table 2: Effect of Withania somnifera on the liver function parameters of Mus musculus with Diclofenac
Sodium induced hepatic dysfunction

Parameters Group | Group 11 Group 11 Group IV Group V
AST (IU/L) 30.03+0.008 | 69.17 + 1.81** | 54.82 + 0.49** | 33.53 + 0.38** | 34.31 + 0.44
ALT (1U/L) 25.00+2.09 | 65.26+0.99%* | 54.81+0.51** | 35.05+ 0.53** | 34.37 + 0.48
Bilirubin 0.13+0.008 | 2.46+0.07** | 0.93+0.20** | 0.68+0.04** | 054+ 0.02*
(mg/dL)

g'/‘(’j?_‘;"” 2.84+0.19 0.38+0.05%* | 1.77+0.01** | 3.94+0.08** | 4.00+0.04
a'/?;l‘_r;“” 4.22 +0.02 0.32+0.05** | 2.05+0.01%* | 3.64+0.14* | 3.78+0.08
ALP (1U/L) 46.4 +0.67 105.4 +3.32%% | 842+037*% |59+151% | 49.4+156*

**_ highly significant by t-test (p < 0.001) *- not significant by t-test between Group IV and Group V (p
<0.01)

Figure 1: Effect of Withania somnifera on Diclofenac sodium induced changes in the liver parameters of
Swiss albino mice (Mus musculus)
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Figure 2: Effect of Withania somnifera on Diclofenac sodium induced changes in the liver parameters of
Swiss albino mice (Mus musculus)
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In our investigation, Group II, treated
exclusively with Diclofenac sodium, exhibited a
substantial increase in biochemical parameters
(AST, 2.3times ALT, 2.6timesALP, 2.27timesand
Bilirubin, 18.9 times) as compared to the control
group. However, few parameters depreciated
significantly (Serum Globulin, 7.47times; Serum
Albumin, 13.18 times) relative to the control
(Table-2). These alterations were statistically
significant (p < 0.001) and indicative of
pronounced hepatic damage, consistent with
previous findings ® . The observed rise in serum
transaminase (AST and ALT) levels signifies
hepatocellular damage, corroborated by structural
and morphometric changes within hepatocytes, as
reported . Elevation in AST and ALT levels is a
characteristic manifestation of liver disorders, with
a marked increase observed in conditions such as
jaundice and hepatitis ?.The elevation in Serum
Bilirubin and ALP levels observed in our study is
indicative of liver impairment, suggesting
cholestatic alterations in the liver biliary ducts,
possibly attributable to the toxic nature of
diclofenac sodium. The increase in ALP levels is
consistent with cholestasis or biliary obstruction,
commonly employed as a marker of liver health
291 Similar findings were also reported by several
workers in Swiss albino mice "™, The substantial
rise in serum Bilirubin in the treated groups may be
attributed to liver impairments resulting from
diclofenac sodium (DFS) toxicity. Serum Bilirubin
serves as a crucial marker for hepatic excretory
function, with its elevation indicative of liver
damage ™J.The elevation in bilirubin levels
observed in this study may be associated with an
excessive breakdown of erythrocytes, indicative of

hemolytic anemia, and potentially induced by the
toxic effects of diclofenac sodiumas reported I,
The marked decrease in both Serum Albumin and
Globulin levels suggests potential liver impairment.
Serum Albumin, being the predominant protein
synthesized by hepatocytes, serves as a quantitative
marker reflecting the functioning liver cell mass.[*!
Hepatocellular injury caused by diclofenac sodium
may disrupt protein synthesis pathways, leading to
diminished production and secretion of albumin
into the bloodstream!®®.Further investigation was
done with the diclofenac sodium treated mice by
administrating W. somnifera at a dose of 600 mg/kg
body weight. The treated group exhibited a
protective effect on hepatocellular integrity, as
evidenced by a substantial reduction inparameters
(AST, 2.06timesALT, 1.86 times). Additionally,
there was a marked decline in ALP (1.78 times),
indicating potential alleviation of cholestatic stress.
The considerable decrease in bilirubin (3.61times)
further supported the hepatoprotective role of W.
somnifera.Furthermore, W. somnifera
administration demonstrated a notable
improvement in serum albumin (11.37 times) and
globulin (10.36 times). The increase in albumin
levels suggested enhanced hepatic protein
synthesis, while the rise in globulin levels indicated
a positive modulation of immune and inflammatory
responses. The decrease in AST, ALT, Bilirubin,
ALP and increase in Albumin and Globulin are
highly significant statistically (p < 0.001, Table-2).
The Hepato-protection of W. somnifera was very
likely to Silymarin (Standard) which depicts
Hepato protective activity by ameliorating the
altered biochemical parameters (AST,
2.01times;ALT, 1.89times;ALP,
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2.13times;bilirubin, 4.55times;globulin, 10.52times
and albumin, 11.81times)..In conclusion, W.
somnifera, particularly at a dose of 600 mg/kg,
exhibited a significant remedial effect against
diclofenac sodium-induced hepatotoxicity in Mus
musculus. The marked decline in AST, ALT,
Bilirubin, ALP and increase in Albumin and
Globulin by treating W. somnifera and Silymarin
are not much significant statistically (Table-2).

Effect of Withania somnifera on Histo-
architecture of Liver in diclofenac sodium
challenged Mus musculus

Histological experiments conducted to
correlate the damaging effect of diclofenac sodium
as well as reparative effect of W. somnifera at two
consecutive doses for the same day length in
relative to a control group and a standard group
used as reference. The control group showed well
organized hepatocytes with well scattered bile
ducts, central vein without any congestion and
presence of few mononuclear inflammatory cells
(Plate-1). Diclofenac treated group showed

swelling of hepatocytes, constricted central vein
and slightly accumulation of bile duct (Plate-2).
Inter-hepatic space was also found to increase as
reported . Large number of mononuclear
inflammatory cells was also found. Massive
disorganization of hepatic cells showing inter
hepatic cellular space, aggregation of bhile ducts,
conjunction in central vein and large number of
mononuclear inflammatory cells were noticed
(Plate -2). In W. somnifera(at conc. of 300 mg/kg
B.W) treated test group mice, architecture of
hepatic cell was recovered as randomly dispersed
bile ducts, negligible appear of conjunction of
central vein, less intercellular space and a smaller
number of inflammatory mononuclear cells were
observed™ (Plate-3). The test group pretreated
with drug and later exposed to herbal extract
showed a remarkable recovery especially at higher
dose concentration of W. somnifera (600 mg/kg
B.W) was approximately very similar to the
positive control Silymarin acting as an Hepato-
protectant (Plate-4)%.

Figure 1: Histological changes exhibited by the administration of drug Diclofenac sodium and it’s
remedial by W. somnifera in relative to control (Plate 1-4).

"
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V.  CONCLUSION

In conclusion, our study investigated the
impact of diclofenac sodium-induced toxicity in
Swiss albino mice and explored the reparative
potential of W.somnifera. The administration of
diclofenac sodium at 9.5 mg/kg body weight
resulted in significant hepatotoxic effects, as
evidenced by elevated levels of hepatic markers
such as AST, ALT, ALP, bilirubin, and disrupted
levels of serum albumin and globulin. These
alterations indicated substantial hepatic impairment
and underscored the toxic nature of diclofenac
sodium.  W.somnifera, administered at two
consecutive doses of 300 mg/kg and 600 mg/kg for
10 days, exhibited a considerable reparative effect
against diclofenac sodium-induced toxicity. The
higher dose, 600 mg/kg, emerged as particularly
effective, comparable to the standard Silymarin at 1
mg/kg. This finding highlights the potential of W.
somnifera as a healing adjunct in mitigating the
adverse effects of diclofenac sodium on liver
function. The remedial action of W.somnifera was
evident in the normalization of biochemical
parameters, including AST, ALT, ALP, and bilirubin
levels, reflecting the restoration of hepatic integrity.
Furthermore, W. somnifera administration led to a
notable improvement in serum albumin and
globulin levels, suggesting enhanced hepatic
protein synthesis and positive modulation of
immune and inflammatory responses. Overall, the
findings  from this study support the
hepatoprotective properties of W. somniferaagainst
diclofenac sodium-induced toxicity in Swiss albino
mice. Further molecular and histopathological
investigations are recommended to elucidate the
underlying mechanisms of W.somnifera's reparative
effects, paving the way for potential therapeutic
interventions in diclofenac sodium-induced liver
injury.

Conflict of interest
We declare that there is no conflict of interest with
any other authors regarding the content of this

paper.

Acknowledgement

The authors express gratitude to the
Coordinator of the Post graduate Department of
Biotechnology and the Head of the Post graduate
Department of Zoology at T.M. Bhagalpur
University for providing the necessary facilities
that made this investigation possible.

[1].

12].

[3].

[4].

[5].

[6].

[7].

[8].

REFERENCES
Ahmed, 1., Qureshi, T., Khan, F. A. and
Hassan, Z. U. (2012). Evaluation of
biochemical effects of diclofenac sodium
in goats. The Journal of Animal and Plant
sciences. 22(2):1-4.
Alabi, Q. K. and Akomolafe, R.O. (2020):
Kolaviron Diminishes Diclofenac-Induced
Liver and Kidney Toxicity in Wistar Rats
Via Suppressing Inflammatory Events, Up
regulating Antioxidant Defenses, and
Improving Hematological Indices. Dose-
response: a publication of International
Hormesis Society, 18 (1): 1-12.
Basavraj S.B., Fefar D.T., PrajapatiK, S.,
Jivani B.M., Thakor K.B., Patel J.H.,
Ghodasara D.J., Joshi B.P. and Undhad
V.V. (2012): Haemato-biochemical
alterations induced by Diclofenac sodium
toxicity in Swiss albino mice. Vet World,
5(7): 417-419.
Bhattacharya, A., Ghosal, S.,, &
Bhattacharya, S. K. (2001). Anti-oxidant
effect of Withania
somniferaglycowithanolides in chronic
foot shock stress-induced perturbations of
oxidative free radical scavenging enzymes
and lipid peroxidation in rat frontal
cortetimesand striatum. Journal of
ethnopharmacology, 74(1): 1-6.
Bindu S, Mazumder  S. and
Bandyopadhyay U. (2020): Non-steroidal
anti-inflammatory drugs (NSAIDs) and
organ damage: A current
perspective. Biochemical
pharmacology, 180: 114147.
Chauhan S., Srivastava M. K. and Pathak
A. K. (2022): Effect of standardized root
extract of ashwagandha (Withania
somnifera) on well-being and sexual
performance in adult males: A randomized
controlled trial. Health science
reports, 5(4):741.
Cheah K. L., Norhayati M. N., Husniati-
Yaacob, L. and Abdul Rahman, R. (2021):
Effect of Ashwagandha (Withania
somnifera) extract on sleep: A systematic
review and meta-analysis. PloS
one, 16(9): e0257843.
Das K., Samanta T. T., Samanta P. and
Nandi D. K. (2010): Effect of extract of
Withania Somnifera on dehydration-
induced oxidative stress-related uremia in
male rats. Saudi journal of kidney diseases

DOI: 10.35629/7781-0901563570 | Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 568



International Journal of Pharmaceutical Research and Applications
Volume 9, Issue 1 Jan-Feb 2024, pp: 563-570www.ijprajournal.com

&N

1JPRA Journal

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

and transplantation: an official publication
of the Saudi Center for Organ
Transplantation, Saudi Arabia, 21 (1): 75—
80.

Dhuley J.N. (2000): Adaptogenic and
Cardio protective Action of Ashwagandha
in Rats and Frogs. Journal of
Ethnopharmacology, 70: 57-63.

Dutta R., Khalil R., Green R., Mohapatra
S. S. and Mohapatra S. (2019): Withania
Somnifera (Ashwagandha) and Withaferin
A Potential in Integrative
Oncology. International journal of
molecular sciences, 20(21): 5310.

El-Maddawy Z.K.H, El-Ashmawy |.M.
2013. Hepato-Renal and Hematological
effects of diclofenac sodium in Rats.
Global J. Pharmacol, 7(2): 123-132.
Gaurav H., Yadav D., Maurya A., Yadav
H., Yadav R., Shukla A. C. and Palazon J.
(2023): Biodiversity Biochemical
Profiling and  Pharmaco-Commercial
Applications of Withania somnifera: A
Review. Molecules, 28(3): 1208-1224.
Guerra Ruiz, A. R., Crespo, J,
LopezMartinez, R. M., lruzubieta, P,
Casals Mercadal, G., LalanaGarcés, M.,
Lavin, B., & Morales Ruiz, M. (2021).
Measurement and clinical usefulness of
bilirubin in liver disease. Advances in
laboratory medicine, 2(3): 352-372.
Iftkhar, A., Hasan, I. J., Sarfraz, M., Jafri,
L. and Ashraf, M. A. (2015):
Nephroprotective Effect of the Leaves
of Aloe barbadensis (Aloe Vera) against
Toxicity Induced by Diclofenac Sodium in
Albino Rabbits. The West Indian medical
journal, 64(5): 462-467.

Jadeja, R. N., Urrunaga, N. H., Dash, S.,
Khurana, S. and Saxena, N. K. (2015):
Withaferin-A  Reduces Acetaminophen-
Induced Liver Injury in
Mice. Biochemical pharmacology, 97(1):
122-132.

Karimi, G., Vahabzadeh, M., Lari, P,
Rashedinia, M., &Moshiri, M. (2011).
"Silymarin”, a promising pharmacological
agent for treatment of diseases. Iranian
journal of basic medical sciences, 14(4):
308-317.

KrishnaRaju, A. V., Somepalli, V.,
Thanawala, S., & Shah, R. (2023).
Efficacy and Anti-Inflammatory Activity

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

of  Ashwagandha  Sustained-Release
Formulation on Depression and Anxiety
Induced by Chronic Unpredictable Stress:
in vivo and in vitro Studies. Journal of
experimental pharmacology, 15: 291-

305.
Ku, S. K., and Bae, J. S. (2014).
Antiplatelet, anticoagulant, and

profibrinolytic activities of withaferin
A. Vascular pharmacology, 60(3): 120—
126.

Lee W. M. (2003): Drug-induced
hepatotoxicity. New England journal of
medicine, 349(5):474-485.

Mahl, M. A., von Schonfeld, J.,
Uppenkamp, M., and Breuer, N. (1996).
HamolytischeAnamiealsUrsacheeinesauff
élligenBilirubinanstiegesbeipriméarerbiliar
erZirrhose [Hemolytic anemia as cause of
a marked bilirubin increase in primary
biliary cirrhosis]. Deutsche
medizinischeWochenschrift, 121(40):
1226-1228.

Meunier L. and Larrey D. (2023):
Hepatotoxicity of Drugs Used in Multiple
Sclerosis, Diagnostic Challenge and the
Role of HLA Genotype
Susceptibility. International  Journal  of
Molecular Sciences, 24(1): 852-865.
Mikulska P., Malinowska M., Ignacyk M.,
Szustowski P., Nowak J., Pesta K., Szelag
M., Szklanny D., Judasz E., Kaczmarek G,
et al. (2023) : Ashwagandha (Withania
somnifera)- Current Research on the
Health-Promoting Activities: A Narrative
Review. Pharmaceutics, 15(4):1057.
Moman RN, Gupta N, Varacallo M.
Physiology, Albumin. [Updated 2022 Dec
26]. In: of diclofenac sodium in Rats.
Global J. Pharmacol, 7(2): 123-132.
Pandit A., Sachdeva T. and Bafna P.
(2012): Drug-induced hepatotoxicity a
review. Journal of Applied Pharmaceutical
Science. 30(5):233-243.

Parhar, M., &Bansal, P. (2023).
Development of a High Penetration Safe
Irrigant from Withania
somnifera. International journal of applied
& basic medical research, 13(3): 149-152.
Rawat N. and Roushan R. (2019):
Ashwagandha (Withania Somnifera); A
potential aphrodisiac drug in Ayurveda.
International journal of basic and applied
research: 1034-1041.

DOI: 10.35629/7781-0901563570

| Impact Factor value 7.429 | 1ISO 9001: 2008 Certified Journal Page 569



International Journal of Pharmaceutical Research and Applications
) Volume 9, Issue 1 Jan-Feb 2024, pp: 563-570www.ijprajournal.com

W

1JPRA Journal

[27].  Singh N., Bhalla M., de Jager P. and Gilca
M. (2011): An overview on ashwagandha:
a Rasayana (rejuvenator) of
Ayurveda. African journal of traditional,
complementary, and alternative medicines:
AJTCAM, 8(5): 208-213.

[28].  Vargas-Mendoza, N., Madrigal-Santillan,
E., Morales-Gonzalez, A., Esquivel-Soto,
J., Esquivel-Chirino, C., Garcia-Luna Y
Gonzalez-Rubio, M., Gayosso-de-Lucio,
J. A. and Morales-Gonzalez, J. A. (2014):
Hepatoprotective effect of
silymarin. World journal of
hepatology, 6(3): 144-149.

[29]. Vasudevan D.M, Sreekumari S.
2007.Textbook of  biochemistry  for

medicalstudents(5th edn).
JaypeeBrothers.Medical Publishers Ltd:
New Delhi.

DOI: 10.35629/7781-0901563570 | Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 570



