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ABSTRACT 
 

Background and Objectives: Drugs hepatotoxicity is one of the most prevalent problems seen in 
medical practice. Many medications are linked to hepatotoxicity, including acetaminophen, 
tamoxifen and sodium valproate (VPA). The objective of this study is to investigate the preventive 
impact of silymarin (SIL) and /or vitamin C (Vit.C) on hepatotoxic Sodium Valproate in albino Rats.   
Methods: Thirty adult male albino rats were divided equally into six groups; group (I): normal 
control, group (II): VPA 700 mg/kg,  group (III): VPA + SIL 50 mg/kg, group (IV): VPA+ Vit.C 50 
mg/kg and group (VI): VPA + SIL +Vit.C, VPA. The animals were killed after 14 days, and livers 
were taken for histological and biochemical analysis.  
Results: After 14 days, animals were sacrificed, and livers were collected for histopathologic 
examination and biochemical assessment. VPA group exhibited a significant increase in serum 
alanine aminotransferase and aspartate aminotransferase. Liver sections showed loss of normal 
pattern of hepatocytes, inflammatory infiltration, congested central vein and fatty infiltration. Each of 
ascorbic acid and silymarin partially improved the histological pattern of the liver. When they were 
combined together, they depict marked improvement in the measured parameters and showed 
normal liver sections.  
Conclusion: silymarin (SIL) and /or vitamin C (Vit.C) has hepatoprotective effects against VPA 
induced toxicity on liver. 
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1. INTRODUCTION 
 
Within the human body, the liver is the largest 
organ. It supports nearly every other organ in the 
body by performing metabolic, synthetic, and 
excretory activities. The liver is responsible for a 
number of important metabolic activities, 
including the elimination of poisons and other 
xenobiotics [1,2]. The liver is vulnerable to a 
variety of injuries due to its strategic position and 
multifaceted roles, including acute liver damage, 
hepatitis, cholestasis, non-alcoholic fatty liver 
disease, fibrosis, and cirrhosis, and eventually 
hepatocellular cancer. The human body is 
incapable of coping with any changes in these 
critical processes that arise as a result of 
substantial liver damage [1,2]. 
 
Valproic acid (VPA) is a medication that can be 
used to treat epilepsy, migraines, and bipolar 
disorder. Although a powerful medication, it has 
significant adverse effects in animals and 
humans, including pancreatitis, 
thrombocytopenia and platelet aggregation [3–5]. 
VPA, like other xenobiotics, is metabolized in the 
liver and causes broad dose-independent 
hepatotoxicity, which can lead to permanent 
catastrophic liver failure [6]. While several 
research have attempted to discover the hidden 
mechanism of VPA's hepatotoxic action, it 
remains unknown. Mitochondrial fatty acid 
oxidation dysfunction and ATP depletion appear 
to be important contributors [6]. Furthermore, 
oxidative stress is considered to play a role in 
mediating VPA-induced hepatotoxicity by 
producing reactive oxygen species, increasing 
lipid peroxidation, and depleting antioxidant 
enzymes [7–9]. Because VPA is still widely used, 
finding novel treatments to prevent its 
hepatotoxic effects may be critical. 
 
Silymarin (SIL), an antioxidant flavonoid complex 
derived from the herb milk thistle (Silybum 
marianum). SIL is made up of four flavonolignan 
isomers: Silybin, Isosilybin, Silydianin, and 
Silychristin. It is taken orally and eliminated 
mostly as sulfates and conjugates in the bile 
[10,11]. Alcoholic liver illness, liver cirrhosis, viral 
hepatitis, drug-induced liver diseases, and 
diabetes have all been treated with silymarin 
[12]. It's believed to help with protein synthesis, 
liver tissue regeneration, inflammation reduction, 
glucuronidation improvement and glutathione 
protection [12]. Silymarin has been demonstrated 

in clinical and experimental investigations to 
have antioxidative, anti-lipid peroxidative, 
antifibrotic, anti-inflammatory, membrane 
stabilizing and immunomodulatory properties 
[13]. 
 
Ascorbic acid, often known as "vitamin C," is a 
well-known vitamin found in a variety of fruits and 
vegetables [14]. Ascorbic acid has an important 
physiological role in cells as a reducing agent, 
antioxidant and free radical scavenger [15]. 
Ascorbic acid supplementation improve liver 
function and prevent fibrosis in patients with non-
alcoholic steatohepatitis [16]. Furthermore, 
ascorbic acid reduces hepatic injury in an 
experimental model of acute ischemia in rats 
[17]. 
 
Because of there was no study examined the 
effect of silymarin and / or vitamin C on 
hepatotoxicity induced by Sodium Valproate, the 
objective of the current study is to investigate the 
preventive impact of silymarin and / or vitamin C 
on hepatotoxic of Sodium Valproate in albino 
Rats.   
 

2. MATERIALS AND METHODS 
 

2.1 Animals 
 
Adult male albino rats weighing 220 g n=30, 
were acclimated at conventional conditions under 
a 12 hrs light /dark cycle at 21 ºC room 
temperature at the animal facilities of King Fahd 
Medical Research Center's Animal House, 
Department of Medicine, Faculty of Medicine, 
King Abdul-Aziz University, Jeddah, Saudi 
Arabia. Rats have free access to rodent diet 
pellets and water. Cages were lined with sawdust 
and paper wool bedding material.  

 

2.2 Materials 
 
Sodium valproate (VPA), Silymarin (SIL), and 
diagnostic kits were purchased from Sigma 
Aldrich Chemicals, (St. Louis, Missouri, USA). 
For intraperitoneal (I.P.) injection, VPA was 
dissolved in 0.9 percent w/v saline. Vitamin C 
(Vit.C) was purchased from local pharmacy in 
Jeddah in the form of tablets, each containing 
500 mg of ascorbic acid. SIL was purchased in 
the form of sachets containing 140 mg of SIL. 
Each of SIL and  Vit. C  were suspended in 5.0 
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mL of distilled water and received orally once 
daily. 
 

2.3 Experimental Study 
 
30 adult male albino rats were weighed and 
placed into five groups (n = 6) at random. By 
injecting VPA (700 mg/kg, I.P.) twice daily for 14 
days, liver damage was produced as described 
by Nazmy et al [5]. Group I (Control) received 
0.5 ml of distilled water, once daily and twice 
daily I.P normal saline. Group II (VPA) rats 
received VPA [5].  Group III (VPA+ SIL) rats 
received VPA and SIL 50 mg/kg [18,19]. Group 
IV (VPA +Vit.C) rats received VPA and Vit.C 200 
mg/kg [19]. Group V (VPA + SIL +Vit.C) rats 
received VPA, Vit.C and SIL. All drugs were 
given for 14 days. One day after the previous 
treatment, the control and treated groups were 
fasted overnight before being killed under ether 
inhalation anesthesia. 
 

2.4 Methods 
 
2.4.1 Histological examination 
 
After being exposed to ether in a desiccator 
housed under a working hood, animals were 
decapitated and slaughtered. The livers were 
rinsed with ice cold saline then was fixed in 10% 
neutral buffered formalin, embedded in paraffin, 
sectioned (4 to 5 µm), and stained with 
hematoxylin and eosin (H&E) as well as Masson 
trichrome stain [20]. Slides were examined and 
taken images by using Olympus BX51 
microscope (Tokyo, Japan). 
 
2.4.2 Blood sampling 
 
Before they were culled, blood samples were 
extracted by cardiac puncture, centrifuged, and 
serum was collected for the assessment of 
hepatotoxicity markers. Blood samples tubes 
were centrifuged to extract serum samples (3000 
rpm for 10 minutes). Reitman and Frankel's 
technique [21] was used to measure serum 
alanine aminotransferase [ALT] (U/L) and 
aspartate aminotransferase [AST] (U/L). The 
amount of pyruvate or oxaloacetate generated by 
synthesizing 2, 4-dinitrophenylhydrazine was 
used to assess ALT or AST calorimetrically, 
which has a color wavelength of 546 nm. 
 

2.5 Statistical Analysis 
 
Data were expresses as mean +/- standard error 
of the mean (SEM) and were analyzed by IBM 

SPSS Statistics for Windows, version 26 (IBM 
SPSS, IBM Corp., Armonk, N.Y., USA) for 
comparative analysis between pairs of groups 
using ANOVA followed by Tukey’s multiple 
comparison test and with  software  GraphPad  
Prism  version 9. 
 

3. RESULTS 
 

3.1 Haematoxylin & Eosin (H&E) Staining 
 
Examination of H&E-stained sections of the liver 
collected from the control group revealed the 
normal histological architecture of the liver. The 
control liver was formed of classical hepatic 
lobules; each lobule was formed of a central vein 
with cords of hepatocytes radiating from the 
central vein towards the periphery of the lobule 
(Fig. 1A). The portal tracts appeared normal and 
contained branches of the hepatic artery, portal 
vein, and bile duct (Fig. 1B). Sections from the 
VPA group revealed many histopathological 
changes, such as hepatocellular damage that 
was clearly evident through the hepatic steatosis( 
macro and microvesicular) and inflammation. 
Mononuclear inflammatory cell infiltrate, enlarged 
kupffer cells, dilated and congested central veins 
with disarray of hepatocytes were also seen. 
There was marked dilatation and congestion of 
the central vein and blood sinusoids (Fig. 1C). 
The portal areas showed peri-portal cellular 
infiltration, dilated congested portal vein and 
hepatic artery branches and proliferation of bile 
duct (Fig. 1D). However, sections from VPA + 
SIL group (Figs. 1E &F) and VPA + Vit.C group 
(Figs. 1G & H) revealed less degenerative 
changes, compared to the VPA group. In 
particular, VPA + SIL + Vit.C group revealed 
marked improvement of the liver and appeared 
nearly as to the control rats (Figs. 1I &J). 
 

3.2 Masson’s Trichrome Staining 
 
Masson’s trichrome-stained sections of the 
control group I revealed few collagen fibers 
around the central veins, and in the portal tract 
area. (Figs. 2 A, B). The stained sections of the 
VPA group revealed marked increase of 
collagen fiber deposition around the central 
veins, in the portal tract areas, and in the 
perisinusoidal spaces (Figs. 2 C, D). Sections 
from VPA + SIL group (Figs.2E &F) and VPA + 
Vit.C group (Figs. 2G & H) showed a noticeable 
reduction in collagen fiber deposition compared 
with the VPA group, especially in VPA + SIL + 
Vit.C group, which showed presented as nearly 
similar to the control (Fig. 2 I &J). 
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Fig. 1. Photomicrograph of H&E-stained (original magnification X 400) liver sections in the pericentral and periportal area of the different groups 
(A & B) Control group showing normal hepatic architecture with the hepatic lobule formed of cords of hepatocytes (↑) some are binucleated (↑↑), Kupffer 

cells (red arrow), and sinusoids (s) lined with endothelial cells (dot arrow). Portal tract containing portal vein (V), hepatic artery (A), bile duct (B). (C & D) VPA group showing 

marked steatosis and inflammation. Dilated and congested central veins (CV) with disarray of hepatocytes with most of the hepatocytes with the presence of microvesicular 
and macrovesicular steatosis (↑).  Kupffer cells are increased in size (red arrow). Marked dilatation and congestion of portal vein (v) with massive periportal cellular infiltration 
(*). Note proliferation of bile duct (B). (E & F) VPA + SIL group and (G & H) VPA + Vit.C group showing near normal hepatic architecture with mild congestion of central vein 
(CV) and portal vein (v). Few hepatocytes show microvesicular and macrovesicular steatosis changes (↑) and apparent increase of binucleated cells (↑↑). Normal appearance 
of Kupffer cells (red arrow), and mild congestion of blood sinusoids (s) and inflammatory cells are few (*). Note proliferation of bile duct (B). (E & F) VPA + SIL + Vit.C group 

shows normal histological structure of central vain (CV) , portal area  and surrounding hepatocytes 
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Fig. 2. Photomicrograph of Masson’s Trichrome-stained (original magnification X 400) liver sections of the different groups 
(A &B) Control group showing minimal collagen fibers (↑) around the central vein and in the portal tract area. (C & D) VPA group showing extensive collagen fibers (↑) 

accumulation around a dilated central vein (CV), in the portal tract area and extending in the perisinusoidal spaces. (E & F) VPA + SIL group and (G & H) VPA + Vit.C group 
showing moderate amount of collagen fibers (↑) around the central vein (CV), in the portal tract area and extending in the perisinusoidal spaces (arrowhead). (E & F) VPA + 

SIL + Vit.C group appears  nearly as to the control group 
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Table 1. Serum liver function enzymes (serum alanine aminotransferase [ALT] (U/L) (A) and 
aspartate aminotransferase [AST] (U/L) (B) for control, VPA group, VPA + SIL group, VPA + 

Vit.C group and VPA + SIL + Vit.C group after 7 days (n=6 rat/group) 
 

Report 

Groups (N=6) Serum alanine aminotransferase 
[ALT] (U/L) 
Mean ±SEM 

Serum aspartate 
aminotransferase [AST] (U/L) 
Mean± SEM 

Control group 16.48± 1.010 17.85 ±.65 
VPA group 72.00±4.79 

$, # 
105.58 ±3.60 
$, # 

VPA+ SIL group 26.66±.88 
$, *, # 

27.16±1.75 
$, *, # 

VPA+ Vit.C group 26.58±.877 
$, *, # 

27.21±1.78 
$, *, # 

VPA+ SIL+ Vit.C group 18.31±.94 
* 

19.96±.82 
* 

Values are mean ± Std. Error of Mean (SEM); N = number of animals/group. VPA: Sodium valproate,  SIL: 
Silymarin , Vit.C: Vitamin C. One-way ANOVA followed by Tukey’s multiple comparison test. 

$ P <0.05 in comparison to control group. * P <0.05 in comparison to VPA group, and # P <0.05 in comparison to 
VPA+ SIL+ Vit.C group 

 

3.3 Effect on Serum Hepatotoxicity 
Parameters 

 
The serum enzyme markers of the liver as 
aspartate aminotransferase (AST),and alanine 
aminotransferase (ALT) for both control and 
experimental groups are presented in Table 1. 
There were significant increases in the AST and 
ALT in the serum of treated rats of VPA group, 
in contrast with the control rats. Moreover, there 
was a significant decrease in the serum activity 
of AST and ALT of those treated with VPA +SIL 
group,  treated with VPA + Vit.C, and treated 
with both  VPA + SIL + Vit.C as compared to 
VPA only. While there was no significant 
difference between VPA + SIL + Vit.C and 
control group. 
 

4. DISCUSSION 
 

The hepatoprotective effect of silymarin (SIL) 
and/or vitamin C (Vit.C) against SVP-induced 
liver damage was established in this 
investigation. As the therapeutic usage of SVP 
expanded as a result of its anticonvulsant 
efficacy, additional reports of hepatotoxicity 
emerged [22]. As a result, finding medications 
and hepatic supportive therapies that can help 
decrease VPA-induced hepatotoxicity and 
therefore enhance treatment outcomes is 
important. 
 

VPA is a simple fatty acid that interacts with the 
cell membrane to produce both beneficial and 
harmful effects. VPA is predominantly 

metabolized in the liver via three pathways: 
cytochrome P450, fatty acid and -oxidation, and 
conjugation to produce active and inactive 
metabolites [23]. Hypoglycin and Pantoic acid 
are the two primary hepatotoxic components of 
VPA. Pantoic acid is thought to impede -
oxidation, and -oxidation inhibition is thought to 
be closely linked to hepatotoxicity [24].  
 
In the present study, VPA causes degenerative 
changes in the liver cells with increase in 
infiltration of mononuclear cells, steatosis, and 
enlargement of Kupffer cells. Those changes 
were reported in other studies [25,25,26]. In 
VPA-treated rats, Nazmy et al. found comparable 
histological results, including a localized necrotic 
region [5]. They reported reduced hepatotoxicity, 
portal area infiltration with inflammatory cells, 
and localized necrosis after administering 
sulforaphane following VPA toxicity. Except for 
localized necrosis, our histopathologic findings 
are comparable to those of Nazmy and his 
colleagues [5]. The lack of localized necrosis 
after VPA administration might be related to the 
length of the VPA treatment and tissue 
harvesting time; however, in their results, they 
used short duration of VPA to induce toxicity. 
Fatty infiltration (micro and macrovesicular 
steatosis) was identified in liver sections in 
addition to these alterations, which is consistent 
with findings from previous research [25,27–29]. 
Fatty infiltration (steatosis) found in the current 
study has been proposed to be due to inhibition 
of some enzymes in β-oxidation cycle by VPA 
and its metabolites. This leads to interference 
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with oxidation of fatty acids ending up with 
accumulation of lipids inside hepatocytes. 
Additionally, VPA prolonged administration 
causes mobilization of fatty acids from their 
stores to the liver [19,30]. Enlarged Kupffer cells 
observed with VPA administration might be 
explained by both the accumulation of lipids and 
glycogen in their cytoplasm[28]. Vascular dilation 
was suggested to be a response to hypoxia and 
loss of ATP induced by VPA [25]. 
 

The serum aminotransferases ALT and AST are 
the most widely utilized serum indicators to 
diagnose liver disease [31]. Increased AST and 
ALT levels may indicate cellular leakage and a 
breakdown of the hepatocyte cell membrane's 
functional integrity. These enzymes leaked out of 
the liver into the circulation due to hepatocellular 
leakage. Serum ALT levels are thought to be 
more specific to the liver and a better indicator of 
the severity of liver damage [32,33]. Even though 
these enzymes have been studied as markers of 
liver injury in several experimental and clinical 
investigations [34,35], their specificity has been 
questioned. For example, whether or not there is 
an increase in the levels of these enzymes, liver 
necrosis can occur [36–38].  
 

We investigated these enzymes as markers of 
liver injury in the current study. The present study 
revealed significant elevation of liver enzymes 
AST and ALT in the group administered VPA. 
These results are in parallel with the results from 
other studies [28,31,39]. In rats treated with only 
300 mg/kg of VPA, Shaaban and his colleagues 
found that there was substantial increases in the 
levels of all of these enzymes [3]. Similarly, after 
treating rats with 700 mg/kg of VPA, Nazmy and 
his colleagues discovered elevated levels of ALT 
and AST [5]. Lee et al., on the other hand, found 
no significant changes in the levels of enzymes 
after giving 100-500 mg/kg of VPA [37]. They 
hypothesized an underlying explanation for their 
findings, such as the distribution of ALT and AST 
over the periportal region and its wide fluctuation. 
 

In the present study, each of SIL and Vit.C alone 
showed hepatoprotective effects; however they 
did not improve the condition completely. The 
AST and ALT levels of the VPA treated with SIL 
group were substantially higher in contrast with 
the control group and significantly lower versus 
to the VPA group. The group liver has a low 
degree of degradation and mild inflammation, 
according to histopathological testing. These 
findings are consistent with those of previous 
research [34,40–42]. The preclinical studies 
using different hepatotoxic substances showed 

that SIL has multiple actions as a 
hepatoprotective agent. Silybin; a major 
constituent of silymarin has been shown to 
decrease ALT, AST, as well as increase reduced 
glutathione and  superoxide dismutase levels. 
This was related to its ability to inhibit oxidative 
stress, to stabilize mitochondrial membrane and 
to inhibit insulin resistance [43]. Furthermore, the 
antioxidant property and cell-regenerating 
activities as a result of enhanced protein 
synthesis are thought to be the most significant. 
It adds a crucial layer of defense against 
oxidative damage. Silymarin contains a number 
of antioxidants that protect against disease-
causing oxidative damage [44]. 
 
In compared to the control group, VPA+ Vit.C 
treated rats had a highly significant rise in AST 
and ALT, while VPA treated rats had a 
substantial reduction. Histopathological 
evaluation of the livers reveals a little 
improvement. These results are in parallel with 
the results from other studies [45–47]. It was 
reported that vitamin C ameliorate the 
hepatotoxic effect of many chemicals and drugs. 
It was able to decrease liver enzymes (ALT and 
AST). It has also been able to improve 
antioxidant enzymes based on its antioxidant 
properties[46]. Moreover, Amel et al. reported the 
protective effect of vitamin C against VPA 
induced teratogenicity. They found that the group 
administered VPA and Vit.C  showed a 
significant decrease in lipid peroxidation products 
[47]. 
 
The hepatoprotective effect of both SIL and Vit. 
C on myoglobinuric liver in rats was assessed in 
Sabzevarizadeh and Najafzadeh study  where 
Vit. C and the combination of Vit. C and SIL 
lowered the liver enzymes significantly and 
improved histopathological findings. However, 
silymarin alone did not show any 
hepatoprotective effect; authors related that to 
the solvent used for silymarin (ethanol)[48]. This 
combination could also ameliorate the 
hepatotoxic effect due to acute lead toxicity[49]. 
Ibrahim et al. reported the ability of each of 
Vitamin C and SIL to reduce the levels of liver 
enzymes (ALT and AST ) and bilirubin, and to 
increase antioxidant enzymes  and protein levels 
in rats administered hepatotoxic doses of 
acetaminophen. They could also ameliorate the 
hepatotoxic histological changes in those rats. 
When combined together, a remarkable 
improvement in all measured parameters was 
detected suggesting the power of their 
synergistic antioxidant effect [19]. 
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5. CONCLUSION 
 
This study concluded that hepatotoxicity induced 
by VPA was associated with increased liver 
enzymes which indicated liver damage. Also, 
silymarin (SIL) and / or vitamin C (Vit.C) has 
hepatoprotective effects against VPA induced 
toxic effects on liver. 
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