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ABSTRACT
This study aimed to elucidate the promising potential of silymarin in
KEY WORDS: ameliorating the side effects associated with toxic pharmaceuticals. The study
Silymarin, Cisplatin, involved thirty female rats obtained, housed and maintained under requisite
Hepatotoxicity, Oxidative laboratory conditions in animal house unit in college of veterinary medicine,
stress, Antioxidant University of Tikrit. Rats distributed into six groups five rats per group to investigate

the effects of Cisplatin and silymarin on various biochemical markers over a 21-day
period. The groups included a control group, two induction groups receiving
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parameters in rats included Alanine transaminase ALT, Aspartate aminotransferase
AST, Glutathione peroxidase GPx, Glutathione GSH, Superoxide dismutase SOD,
Malondialdehyde MDA levels, and histological changes in liver tissue. Results
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INTRODUCTION

The use of medicinal herbs as adjuvant therapeutic agents to mitigate or prevent drug
toxicity has received increasing attention recently (Al-Obaidi,2022). This interest comes
from the rich cultural and historical tradition of folk medicine. The reason behind inclusion
medicinal herbs into traditional medicine lies in their diverse bioactive components show
antioxidants, anti-inflammatory, and cytoprotective properties. (Viktorova et al.,2019;
Chambers et al.,2017). Since pharmaceutical interventions, although effective, may lead to
unintended adverse effects and toxicity, silymarin represents a proactive approach to improve
therapeutic findings while decreasing adverse effects of drugs (Zaker-Esteghamati, et
al.,2020). Silmarin has complex chemical compounds that may work synergistically with
drugs, and modulates the cellular response to alleviate oxidative stress and inflammatory
pathways caused by drug use. (Gupta et al.,2000).

This study explores the use of silymarin as a preventive or therapeutic supplement to
prevent drug-induced toxicity. We aimed to elucidate the promising potential of herbal
interventions in improving cisplatin-related side effects
The increasing prevalence of cancer has led to increased dependence on chemotherapeutic
drugs, with cisplatin emerging as a prominent chemotherapeutic agent. (Choudhari et
al.,2020). However, its effectiveness is marred by severe side effects, necessitating the
exploration of alternative substances such as Silymarin. This study seeks to investigate the

multifaceted impact of Silymarin on Cisplatin-induced hepatotoxicity.
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METHODS AND MATERIAL

Experimental design

In this investigation, thirty female rats, weighing between 195 - 210 grams and aged
between 10 to 12 weeks, were obtained and housed in plastic cages within the animal
housing facilities at the Faculty of Veterinary Medicine, University of Tikrit, and maintained
under requisite laboratory conditions with a 12 h/12 h light—dark cycle at room temperature
(22-25 C) . Animals were given food and water ad libitum for a duration of 21 days. All the
experimental procedures were carried out in accordance with international guidelines for care
and use of laboratory.

The subjects were distributed into six distinct groups five rats per group, each
receiving specific treatments, as following: control group administrated orally with distilled
water 1 ml per rat, second and third group (induction group) administrated with a Single
intraperitoneal injection of Cisplatin Smg/kg (Hassan et al,2019) at day land day 21
respectively, fourth group intervened with silymarin 150 mg/kg per day (Amien et al, 2015),
fifth group (therapeutic group) administrated with single dose of Cisplatin Smg/kg at day 1
and silymarin 150 mg/kg per day for 21 days, and sixth group (protective group)
administrated with silymarin 150 mg/kg for 21 days and single dose of Cisplatin Smg/kg at
day 21
Serum preparation

At the end of the experimental period, the animals were starved for 24 hours.
Subsequently, the animals were anesthetized with chloroform, and blood samples were
collected from the jugular vein. The blood was placed in Gel tubes and maintained at room
temperature for 30 minutes. Afterward, a centrifuge was utilized at a speed of 3000 rpm for
15 minutes to obtain the serum. Sera then stored in a deep freeze at a temperature of -80
degrees Celsius.

Biochemical tests

In this study, the following biochemical tests were conducted:

Aspartate aminotransferase (AST) and alanine aminotransferase (ALT): The activity of the
ALT and AST in serum were measured using the colorimetric method. The colored oxalate
derivative was produced as a result of the reaction between oxalates and 2-4
dinitrophenylhydrazine 2-4-Dinitrophenylhydrazine (Guder.,2012).

Glutathione (GSH) estimation: The concentration of glutathione in the serum was determined
using the Ellman's reagent method (Ellman.,1959).

Superoxide dismutase (SOD) estimation: Enzyme activity estimated according to Modified
photochemical Nitro blue Tetra zolum method (Brown and Godstein.,1983).

Glutathione peroxidase (GPx) estimation: concentration estimation was based on (Baumber
and Ball.,2005).

Malondialdehyde (MDA) estimation : concentration estimation based on the reaction of
MDA with TBA in a medium influenced by the pH level, resulting in a pink-colored
compound absorbance read at a wavelength of 532 nm (Senthilkumar et al.,2021).
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Histological study preparation: The liver tissue was promptly fixed in 10% formalin for 24
hours. Subsequently, it underwent a water wash followed by dehydration using a series of
alcohol concentrations. The samples were then cleared, infiltrated, and embedded in paraftin.
The paraftin-embedded tissue was sectioned to a thickness of Sum using an electric rotary
microtome. The resulting sections were stained with hematoxylin and eosin and examined
under a light microscope (Bancroft and Gamble.,2002).

Statistical analysis

Data analyzed using SPSS version 2.0 and Microsoft Excel 2013, with results
expressed by means = SD. Results analyzed by One-way ANOVA and the significant
differences among means were estimated using Duncan multiple range tests. Significant
value was P<0.05 (Dawson and Trapp.,2001).

RESULTS AND DISCUSSION

The results showed that there were no significant differences in the group treated with
cisplatin on the first and last day in the level of ALT compared to the control, while there was
an increase in the level of ALT in the group treated with cisplatin on day 21 with silymarin.
Also, an increase in the level of AST was observed in the cisplatin group on day 21 and the
group. Cisplatin with silymarin on day 21 compared to control.

Administration with cisplatin on the first day led to a significant decrease in the level
of GPx, while no significant differences appeared in the cisplatin group on day 21 compared
to the control. Treatment with silymarin and cisplatin in both groups led to a significant
increase in the level of GPx compared to the group treated with cisplatin. Administration rats
with silymarin and cisplatin on day 21 increased level of GSH compared to group treated
with cisplatin on day 21, while other groups showed no significant difference. Cisplatin on
day 1 decreased of SOD and increased MDA levels while silymarin administration improved
its ability to enhance antioxidant activity via increase SOD level.
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Fig.(1) . Effect of treatments in ALT level. Fig.(2) . Effect of treatments in AST level.
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Fig.(5) . Level of GPx affected by cisplatin and Fig.(6) . Level of MDA during Cisplatin and
silymarin treatments. Silymarin treatments.

Chemotherapeutic agents such as cisplatin is an effective agents and its use limited by
its potential for cytotoxicity organs (Ozols et al.,2003; Kondagunta et al.,2005). Different
strategies proposed to mitigate the harmful effects of chemotherapeutic agents on healthy
tissues, included Antioxidants compounds and modification of drug delivery system (Ahmed
et al.,2019, Adejo et al,2016). Cisplatin demonstrated as hepatotoxic agent in
histopathological analysis including liver function profile, Oxidative stress and CYP2EL.
Cisplatin can induce alter in the structure and function of the cell membrane of liver cell
(Hamaya et al.,2023). Which makes a significant implications in cellular integrity and
function.

Free radicals accumulation in liver cell react with lipids in the cell membrane cause a
lipid peroxidation, this process lead to induce damage and alter in membrane structure and
function (Very.,2011; d'Ischia et al.,2011). Toxicity of cells is associated with imbalance
between antioxidant scavenging system and production of reactive oxygen species ROS
which reduce of cells to detoxify the free radicals (Yu et al.,2018; Sandulache et al.,2014).
Cisplatin has a high affinity to bind with a thiol group in protein structure like GSH, leads to
form a complexes (Florea and Busselberg.,2011). Glutathione is important endogenous

antioxidant and consider a key to neutralize ROS and protect the cells from oxidative damage
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(Conde et al.,2014; Ali & Khalaf and Ali., 2023). Increasing in MDA level (fig. 6) refer to
high lipid peroxidation (Gawel et al.,2004). caused by oxidative agents and reduction in
defense system (fig.6). The damages in liver cell observed in the experimental groups treated
with cisplatin ( image 7).

Results observed increasing in antioxidants in groups treated with silymarin and
subjected to cisplatin (fig. 3,4,5) which confirm the potential efficacy of silymarin in
augmenting antioxidants activity. Silymarin free radical scavenging properties regulating
glutathione (Pradhan and Girish.,2006). The regulatory function include stimulation of
glutathione transferase activity and promoting the binding of GSH with free radicals to
ameliorate their deleterious on cell structure (Vairetti et al.,2021).Resistance to cisplatin can
develop through diverse molecular and cellular processes. These encompass diminished
cisplatin accumulation within cells, achieved through alterations in intracellular drug influx
and efflux (Romani.,2022). Additionally, resistance may arise from heightened detoxification
mechanisms, such as elevated levels of intracellular thiols mediated by glutathione and
metallothionein. Moreover, increased DNA repair activity plays a crucial role in resistance
development. Furthermore, resistance may be fortified by the prevention of apoptosis
through signaling molecules, among other intricate mechanisms (Forgie.,2022).

However, the observed elevation in the malondialdehyde MDA level in both
therapeutic and preventive groups treated with cisplatin and silymarin prompts further
scrutiny (Fig.6). This increase is theorized from the formation of complexes within cellular
compartments, arising from the intricate interplay between cisplatin and silymarin. The
consequential impact on silymarin efficacy is notably confirmed by an augmented level of
(ALT) and (AST) enzyme activity in particular at the group exposed to cisplatin at day 21 of
the experiment (Fig.1,2) and this is evident tissue damage, as corroborated by histological
assessments (Image 9,10). While the therapeutic group and silymarin group showed normal
level of liver enzyme function and this is related to the antioxidant properties. This result
agreed with (Mohiuddin et al., 2023) who pointed to role of natural compound in protecting
liver tissue from damage.
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Image (1) of a liver section from the control Image (2) of a liver section from the group treated with the
group illustrating the central vein (CV), cisplatin at day 1 of the experiment, showing thickning of
hepatocytes (HC), and blood sinusoids (S). the blood vessel wall (TW) and infiltration of inflammatory
cells (IF) around the blood vessel and the bile duct (BD).
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cisplatin at day 1, illustrating vascular congestion
(CON) and infiltration of inflammatory cells (IF).

Image (5) of a liver section from the group
treated with the drug cisplatin at the beginning of
the experiment with silymarin extract, illustrating
Degeneration of hypatocyte (D) with the
observation of fatty degeneration (FD).

Image (7) of a liver section from the group
treated with cisplatin at the end of the
experiment, showing thickning of the blood
vessel wall (TW) and infiltration of inflammatory
cells (IF) around the blood vessel and the bile
duct (BD), accompanied by the presence of
necrosis (N) within the liver tissue.

PERL NG RN
Image (4) of a liver section from the group treated with
cisplatin at the beginning of the experiment with silymarin,
illustrating a nearly normal appearance of hepatocytes (HC)

and the central vein (CV).

/e Ny

silymarin, illustrating the central vein (CV), hepatocytes
(HC), blood sinusoids (S) and kupffer cell (KC).

Image (8) of a liver section from the group treated with
cisplatin at the end of the experiment, depicting focal
infiltration of inflammatory cells (IF).
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Image (&)} of a liver section from the group Image (10) from the group treated with c1splat1n at the end
treated with cisplatin at the end of the experiment of the experiment with silymarin, showing bile duct dilation
with silymarin, showing central vein congestion (DBD) with the observation of mucoid substance within the
(CON) with the observation of hemolysis (Hly). bile duct (MS).

Furthermore, the documented protective role of silymarin in liver tissue is expounded,
encompassing the regulation of liver cell membrane permeability, thereby affording
protection against the impact of pharmaceutical agents and toxic substances (Image. 4,6).
Antioxidants stabilize biological membranes, and increase cell viability (Sonter ef al.,2021).
Silymarin reduces cytosol (NADPH), glutathione depletion and nitric oxide production
thereby preventing oxidative stress and liver cell destruction (Khazaei ef a/.,2022). Silymarin
also stabilize cell membrane, boosts the activity of SOD and inhibit lipid peroxidation. (El-
Kot et al.,2023).

CONCLUSION

We concluded the bioactivity of silymarin in attenuate the damage of liver induced by
drug toxicity in particular the therapeutic group. Also These findings suggest a nuanced
interplay between cisplatin and silymarin, influencing the oxidative stress response and
subsequent cellular outcomes. The complexities of drug interactions and their impact on
therapeutic efficacy necessitate further investigation to delineate the underlying mechanisms
and optimize combinatorial therapeutic strategies for mitigating drug-induced hepatotoxicity
and enhancing antioxidant capacity.
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