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Protective effect of Vitamin C against valproic acid 
on liver: Histological and biochemical changes on  
local rabbits
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Objective: This research was designed to examine the impact of vitamin C on valproic acid-induced hepatotoxicity. 
Methods: Male rabbits were separated into three groups, each with five animals. Control group: no treatment was provided. The valproic 
acid group received a dose of 400 mg/kg, while the valproic acid with vitamin C group received 400 mg/kg/day plus 10 mg/kg of vitamin C.
Results: The results showed the extent of the effect of valproic acid alone and with vitamin C alone on the levels of the liver enzymes AST 
(aspartate aminotransferase) and ALT (alanine aminotransferase) compared to the control group. The results of the AST levels showed a 
significant increase in the valproic acid group compared with the rest of the groups, while the group treated with vitamin C with valproic acid 
showed a significant decrease compared with the valproic acid group alone. Microscopic examination of liver tissue from the valproic group 
exhibited serious vacuolar degeneration with necrosis of hepatocytes, inflammatory cell infiltration in the portal area, recent thrombus, and 
congestion of the central vein. Liver samples from the valproic group displayed mild vacuolar degeneration of hepatocytes. Liver sections from 
the valproic + Vitamin C group showed a restoration of normal hepatocyte architecture. 
Conclusion: Vitamin C can lessen the harmful oxidative effects of valproic acid in liver cells by acting as an antioxidant agent.
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Introduction
Valproic acid is a medicine used to treat depression, mental 
diseases, epilepsy, and bipolar disorder [1, 2]. Valproic acid 
works to prevent and lessen epileptic seizures by deliver-
ing gamma aminobutyric acid, which aids in the reduc-
tion of seizures [3]. Valproic acid induces oxidative stress 
by altering cell membranes, resulting in the depletion of 
antioxidants in the body. These processes typically produce 
hepatotoxicity by harming liver cells [4]. Its adverse effects 
extend to the kidneys, resulting in nephrotoxicity, lower 
fertility [5], and some teratogenic alterations [6]. Previous 
studies have revealed that therapeutic levels of valproic acid 
cause a minor rise in liver function enzymes, as well as a 
unique type of hepatotoxicity in fetuses that presents as 
mild hepatic steatosis and necrosis [6]. The specific mecha-
nism by which VPA produces hepatotoxicity is not well 
understood. According to Tony et al. (2002) [7]. VPA-
induced hepatotoxicity is attributed to the oxidative stress 
resulted by increasing reactive oxygen species and free radi-
cal production [8]. This was attributed to the occurrence 
of glutathione depletion, as a study conducted on rabbits 
showed that valproic acid caused a significant depletion of 
the level of glutathione in the body [9, 10]. Vitamin C is 
considered a water-soluble vitamin and is one of the effec-
tive antioxidants in ridding the body of free radicals. Natu-
ral sources of vitamins include citrus fruits and green leafy 
vegetables [9]. Studies have indicated that vitamin C can 
protect against oxidative stress caused by acetaminophen 

[11], isoniazid, and fluorouracil [8]. This study was de-
signed to examine the effect of vitamin C on valproic acid-
induced hepatotoxicity. 

Materials and methods

Medications 
Valproic acid and ascorbic acid from Pioneer Company, 
Sulaymaniyah, Iraq were used. The purity analytical grade 
(p.a. or pro-analysis). The doses used were calculated ac-
cording to the weights of the animals used in the experi-
ment.

Ethical approval
Ethical approval Ethical approval number M.K. / 3818 F 
3/7/2023 from Basic Dental Sciences Department / Den-
tistry College / Mosul University.

Animals 
The study used healthy male rabbits (local rabbits) weigh-
ing 1–1.5 kg and aged 10–12 months. They were raised 
in the college’s animal house, in the laboratory of animals, 
where the standard rearing conditions were taken into ac-
count in terms of lighting, humidity, and the provision of 
water and food necessary throughout the study period. 

Experiment design 
The 15 male rabbits were separated into three groups, each 
with five animals. Daily treatment lasted 14 days. They 
were given orally and sacrificed on the 14th day. Con-
trol group: No treatment was provided. The valproic acid 
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group received a dose of 400 mg/kg, while the valproic 
acid with vitamin C group received 400 mg/kg/day plus 
10 mg/kg of vitamin C. 

After the 14-day treatment period, blood specimens 
were collected from rabbits, and the animals were sacri-
ficed humanely with minimal suffering by decapitation 
under ether anesthesia, depending on the ethical guide-
lines. To collect organs for the study, which were cleaned 
and washed from the blood before being placed in neutral 
formalin until histopathological sections were performed 
on the samples. 

Statistically analysis
Average values were used in addition to standard deviations 
(SD). The ANOVA test was used to conduct statistical 
analysis. The Tukey’s Honest Significant Difference (HSD) 
test was used as a post hoc test following the ANOVA. In 
addition, the significant values were at the p level of less 
than 0.05. 

Results 
Statistical Analysis of table 1:
 – Sum of Squares:

 – Between Groups: The total variability in   AST levels 
explained by the differences between the experimen-
tal groups is 213.733.

 – Within Groups: The variability in   AST levels within 
each group is 171.600.

 – Total: The overall variability in   AST levels is 385.333.
 – Degrees of Freedom (df ):

 – Between Groups: The number of groups minus one 
(3 - 1) is 2.

 – Within Groups: The total number of observations 
minus the number of groups (15 - 3) is 12.

 – Total: The total degrees of freedom is 14.
 – Mean Square:

 – Between Groups: The mean variability between 

groups (213.733 / 2) is 106.867.
 – Within Groups: The mean variability within groups 
(171.600 / 12) is 14.300.

 – F-Value: The F-value (106.867 / 14.300) is 7.473.This 
value constitute proportion of variation among groups 
to the variance within the groups.

 – Significance (Sig): The p-value is 0.008, indicating that 
the results are highly substantial at the 0.01 level. This 
means there is a statistically substantial differentiate in   
AST levels between the experimental groups.
The analysis exhibit that there are substantial differenti-

ate in the   AST levels between the experimental groups, 
suggesting that the treatment or condition applied to the 
groups had a substantial effect (Table 1). 

The valproic Acid group shows a substantial increasing 
in AST levels comparing to other groups. The group of val-
proic Acid + Vitamin C shows a substantial decreasing in 
AST levels comparing to the valproic Acid alone (Table 2).

The results of the ANOVA test show the differences in 
ALT levels between the different groups. If the probabil-
ity is lower than the specified importance level (0.05), this 
point out that there are substantial differences between the 
groups. In this case, the p-value is 0.020, which is less than 
0.05 (Table 3) and (Figure 1). 

ANOVA analysis shows that are substantial statistical 
differentiate between the average levels of ALT among the 
different treatment groups.

Since the p< 0.05, the alternative hypothesis is that 
there is a substantial difference among the group means at 
the ALT level.

The results also show that vitamin C caused a decrease 
in the level of   ALT compared to the group treated with 
valproic acid alone (Table 4, Figure 2).

Microscopic examination of liver tissue from the control 
group rabbits revealed typical histological features, includ-
ing a central vein, sinusoids, hepatic cords, and Kupffer 
cells, observed at 100X magnification (Figure 3). In con-

Table 1. Statistical Analysis of   AST Levels between and Within Experimental Groups

Source of Variation Squares Sum  df Mean Square F Sign.

Between Groups 213.733 2 106.867 7.473 0.008*

Within Groups 171.600 12 14.300

Total 385.333 14
* Highly Significant at P – value 0.01

Table 2. Statistical Analysis of   AST Levels among Experimental Groups

Groups   N
  Subset for alpha = 0.05 

1 2

Control 5 30.8000

 Valproic  Acid + VITC 5 31.2000

Valprioc Acid 5 39.0000

Sig. 0.870     1.000

Table 3.  statistically analysis between and within groups of experimental groups 

ALT Groups Sum of Squares df Mean Square F Sig

Between Groups  247.600 2 123.800 1.838 0.020*

Within Groups 808.400 12 67.367

Total 1056.000 14
* Substantial at P ≤ 0.05
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Fig. 1. Level of   AST in different groups of treatment

Table 4.  statistically analysis of   ALT level between groups of experiment 

Groups   N  
  Subset for alpha = 0.05  

1  2

Control 5 72.0000   72.0000  

Valproic  Acid + VITC 5 68.6000

Valprioc Acid 5 78.4000 

Sig. 0.097      0.099

Fig. 2. Level of   ALT in different groups of treatment

Fig. 3. Microphotograph showing a section of the liver tissue of the control group rabbits,  
note the hepatocytes (A), central vein (2), and portal area (C).   100 X.
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trast, liver sections from the valproic group exhibited se-
vere vacuolar degeneration (D) and necrosis (N) of hepato-
cytes, inflammatory cells infiltration in the portal area (i), 
recent thrombus (T), and congestion of the central vein 
(C) at 100X magnification (Figure 4), with similar findings 
observed at 400X magnification (Figure 5). Liver samples 
from the valproic group displayed mild vacuolar degen-
eration of hepatocytes (D), an intact central vein (C.V), 
and portal area (P) at 100X magnification (Figure 6), with 
preserved sinusoidal structures observed at 400X magni-
fication (Figure 7). Notably, liver sections from the   val-
proic + Vitamin C group showed a restoration of normal 
hepatocyte architecture (H), central vein (C.V), and portal 
area (P) at both 100X and 400X magnifications (Figure 8) 
and (Figure 9).

Discussion
This study used a high dose of 400 mg/kg of valproic 
acid in an animal model (rabbits) to replicate effects over 
a short period. Higher doses are used in animal research 
to ensure detectable and significant effects, to evaluate the 
substance’s effects intensively on biological functions, and 
to simulate long-term effects to determine body tolerance 
and potential adverse effects. Valproic acid works in a way 
by affecting various aspects of brain function. It hinders 
voltage-gated sodium channels to stop the flow of sodi-
um ions into neurons and ultimately regulates abnormal 
electrical activity to manage seizures effectively [10]. By 
boosting the levels of GABA (gamma-aminobutyric acid), 
it increases its presence in the brain, which helps decrease 
heightened activity and produces anti-seizure benefits [11]. 

Fig. 4. Liver section of the  valproic group viewing severe vacuolar degeneration (D) and necrosis (N) of the hepatocytes, inflammatory 
cells infiltration in portal area (i), recent thrombus (T) and congestion of the central vein (C). H&E stain, 100X.

Fig. 5. Liver tissue of the valproic group animal exhibition severe vacuolar degenerate (D) necrosis (N) for hepatocyte, inflammatory cells 
infiltration in portal zone (i), and congestion of the central vein (C).   400 X
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Fig. 6. Liver section of the valproic group viewing mild vacuolar degenerate of hepatocyte (D),  
intact central vein (C.V) and portal zone (P). 100 X.

Fig. 7. Liver section of the valproic group showing mild vacuolar degeneration of the hepatocyte (D),  
intact central vein (C.V) with sinusoids (S). 400 X.

Fig. 8.  Liver section of the valproic + vitamin C group showing ordinary structure of the  
hepatocytes (H), central vein (C.V) and portal zone (P).   100 X.
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Valproic acid works with voltage-gated calcium channels 
and alters how neurons function to impact neurotrans-
mission [12]. It impacts how genes are expressed by block-
ing histone deacetylases, which results in changes in gene 
expression linked to seizures and inflammation [12]. The 
liver mainly breaks down acid using pathways, like the cy-
tochrome P450 pathway which creates reactive compounds 
such as 4-en-VPA and free radicals causing oxidative stress 
[13]. A specific metabolite called 4 -en-VPA prevents the 
breakdown of fatty acids in mitochondria leading to build 
up, in liver cells. Raised levels of triglycerides termed as 
fatty liver disease [14] High levels of oxygen species (ROS) 
are produced during the metabolism of acid, in the body 
and can cause harm to proteins, DNA and fats in liver cells 
leading to an increased risk of cell death [15]. Moreover 
toxic byproducts like 2-en-VPA and DHP also play a role 
in liver damage by blocking enzymes in mitochondria such 
as aspartate transaminase. Valproic acid and its breakdown 
products also reduce levels of antioxidants, in the liver, 
glutathione (GSH) which worsens the damage caused by 
ROS [16]. The current study demonstrated that liver tissue 
showed a clear effect in groups treated with valproic acid; 
this effect was accompanied by an increase in liver func-
tion enzymes, namely AST and ALT, and these enzymes 
are among the indicators of liver cell damage [17]. These 
consequences are coherent with prior studies that recorded 
such effects [17, 18]. One study discovered that valproic 
acid leads to a reduction in glutathione levels in liver cells, 
and this decrease is linked to the metabolism of the sub-
stance in the liver as well as its toxic effects on the liver cells. 
The onset of toxicity is seen with decreased glutathione lev-
els, which suggests that low glutathione levels contribute 
significantly to valproic acid’s harmful effects on the liver 
[19]. The metabolism of valproic acid by cytochrome p 
450 leads to the formation of many toxic metabolites and 
free radicals that cause an increase in the harmful effects 

on the liver. Valproic acid is extensively processed in the 
liver by cytochrome P450 enzymes. In the metabolic phase 
of valproic acid 4-en-VPA, and other reactive intermedi-
ates are produced. These metabolites have the potential to 
disrupt function by blocking β oxidation, which results in 
the buildup of fatty acids and the creation of reactive oxy-
gen species (ROS). The body counters these effects with 
glutathione, which causes its depletion and deficiency in 
the body [14]. Depletion of glutathione from hepatocytes 
has a severe toxic effect on liver cells, as has been proven in 
many studies. The buildup of oxygen species (ROS) causes 
oxidative stress. A state in which the equilibrium between 
ROS generation and antioxidant protection is disturbed. 
This oxidative stress results in harm to cells by means of 
lipid peroxidation, oxidation, and DNA impairment. Glu-
tathione (known as GSH), an antioxidant compound, is 
depleted when ROS levels rise, consequently worsening 
the damage to the liver [8, 13, 18]. Several research studies 
have discussed the impact of valproic acid on different cel-
lular activities like oxidative stress levels and mitochondrial 
function, as well as cell survival rates [20]. They emphasize 
how valproic acid can be harmful by impeding biological 
processes such as mitochondrial functioning and cellular 
energy generation. This interference can result in height-
ened stress and disturb the metabolic equilibrium within 
cells. These discoveries provide insights into the influence 
of acid on cells, which can help evaluate its possible risks 
and ensure its safe application in therapy [21-23]. Valproic 
acid has the ability to cause stress by changing the proper-
ties of cell membranes. This results in a rise in the genera-
tion of radicals and superoxide anions that can result in 
harm to cells [24]. When there are more free radicals in 
the body’s system than usual levels can handle effectively 
and antioxidants like Vitamin C get used up to fight them 
off, it can lead to a drop in the body’s antioxidant levels. 
Antioxidants are important for shielding cells from oxida-

Fig. 9. Histological section of liver of the valproic + vitamin C group viewing normal architecture of the  
hepatocytes (H), central vein (C.V) and sinusoids (S). H&E stain, 400X.



7Acta Marisiensis - Seria Medica 2025;71(1)

tive effects, so when they run low, cells could be more vul-
nerable to oxidative harm [25]. The current study showed 
liver histological effects represented by inflammatory infil-
tration, liver cell degeneration, and central vein dilatation. 
These effects agreed with previous studies that showed such 
effects [26]. It has been proven that valproic acid has the 
effect of causing damage to mitochondria and damage to 
the plasma membrane, which causes energy deficiency in 
cells and a decrease in the level of ATP in particular in 
hepatic cells and in the body in general, as well as caus-
ing an unprecedented increase in free radicals that assault 
cell membranes and cause oxidative damage, which has a 
prominent role in causing degeneration and cellular necro-
sis, as shown by a previous study in 2015 [13], Hamza et 
al. According to prior research, the usage of antioxidants 
and radical scavengers, which are considered preventive 
chemicals, prevents and decreases oxidative stress while 
also protecting against its adverse effects [8, 27]. A study 
found that ascorbic acid has antioxidant effects and is a 
potent (reactive oxygen species) ROS scavenger. It reduces 
lipid peroxidation by donating electrons [15, 28]. Accord-
ing to Adikwu and Deo (2013) [16, 29],  the importance 
of Vitamin C is evident in its ability to combat the ef-
fects caused by valproic acid by restoring GSH levels and 
actively eliminating ROS to minimize cellular harm. This 
antioxidant property of Vitamin C may help alleviate the 
liver damage caused by valproic acid and be an element 
in safeguarding liver health during treatment with valp-
roic acid. Vitamin C can boost antioxidant status while 
decreasing MAD lipid peroxidation. These findings are 
consistent with our previous findings, which showed that 
vitamin C plays a beneficial function in counteracting the 
detrimental effects of valproic acid on liver cells [30]. Fi-
nally, the effect of ascorbic acid is due to its contact with 
oxidizing chemicals via a redox reaction, which reduces the 
oxidative effect of hazardous compounds on cells [31, 32]. 

Conclusion
The research shows that valproic acid has an impact on 
liver enzymes AST and ALT, pointing to liver stress or in-
jury. Interestingly, when Vitamin C is taken together with 
valproic acid, the heightened enzyme levels decrease sig-
nificantly, hinting at Vitamin C’s role against valproic ac-
id-related liver damage. The statistical evaluations, such as 
the ANOVA, test up the variations in enzyme levels across 
various treatment groups.

Acknowledgments
The researchers are grateful to all who contributed to the 
participation and support of this research. 

Conflicted interest
None to declare.

References
1. Ibrahim MA, Abdel-Karim RI, Tamam HG. Protective effect of Silymarin 

and ascorbic acid in valproic acid-induced hepatic toxicity in male albino 
rats. Mansoura J Forens Med Clin Toxicol. 2017;25(2).

2. Omidipour R, Zarei L, Boroujeni MB, Rajabzadeh A. Protective effect 
of Thyme Honey against valproic acid hepatotoxicity in Wistar rats. 
Biomed Res Int. 2021;11.

3. Anguissola G, Leu D, Simoetti GD. Kidney tubular injury induced by 
valproic acid: systemic literature review. Pediatr Nephrol. 2023;38:1725-
1731.

4. Perucca E. Pharmacological and therapeutic properties of valproate. 
CNS Drugs. 2002;16(10):695-714.

5. Khan S, Ahmed T, Parekh CV. Investigation on sodium valproate induced 
germ cell damage, oxidative stress and genotoxicity in male Swiss mice. 
Reprod Toxicol. 2011;32(4):385-394.

6. Tong V, Teng XW, Chang TKH, Abbott FS. Valproic acid I: time course of 
lipid peroxidation biomarkers, liver toxicity, and valproic acid metabolite 
levels in rats. Toxicol Sci. 2005;86(2):427-435.

7. AL-Rouby N, Gawish S. Histological study on the possible protective 
effect of Nigella sativa oil on experimentally induced hepatotoxicity in 
albino rats treated with sodium valproate. Global Adv Res J Med Med 
Sci. 2013;2(4):90-99.

8. Pourahmad J, Eskandari MR, Kaghazi A. A new approach on valproic 
acid induced hepatotoxicity: involvement of lysosomal membrane 
leakiness and cellular proteolysis. Toxicol In Vitro. 2012;26(4):545-551.

9. Sokmen BB, Tunali S, Yanardag R. Effect of vitamin U (S-methyl 
methionine sulphonium chloride) on valproic acid induced liver injury in 
rats. Food Chem Toxicol. 2012;50(10):3562-3566.

10. Pal R, Kumar B, Akhtar MJ, Chawla PA. Voltage gated sodium channel 
inhibitors as anticonvulsant drugs: A systematic review on recent 
developments and structure activity relationship studies. Bioorg Chem. 
2021;115:105230.

11. Sarlo GL, Holton KF. Brain concentrations of glutamate and GABA in 
human epilepsy: A review. Seizure. 2021;91:213-227.

12. Safdar A, Ismail F. A comprehensive review on pharmacological 
applications and drug-induced toxicity of valproic acid. Saudi Pharm J. 
2023;31(2):265-278.

13. Hamza AA, El Hodairy, Badawi AM. Safranal ameliorates Sodium 
Valproate-induced liver toxicity in rats by targeting gene expression, 
oxidative stress and apoptosis. J Biomed Pharm Res. 2015;4(6):46-60.

14. Akula B, Uduman MSTS, Chakka G. A comprehensive review on 
valproic acid induced liver injury. Int J Rev Life Sci. 2016;6(1):1-4.

15. Knapp AC, Todesco L, Beier K. Toxicity of valproic acid in mice with 
decreased plasma and tissue Carnitine Stores. J Pharmacol Exp Ther. 
2018;324(2):568-575.

16. Shnayder, N.A.; Grechkina, V.V.; Khasanova, A.K.; Bochanova, 
E.N.; Dontceva, E.A.; Petrova, M.M.; Asadullin, A.R.; Shipulin, G.A.; 
Altynbekov, K.S.; Al-Zamil, M.; et al. Therapeutic and Toxic Effects of 
Valproic Acid Metabolites. Metabolites 2023

17. Kesterson JW, Granneman GR, Machinist JM. The hepatotoxicity of 
valproic acid and its metabolites in rats. I. Toxicologic, biochemical and 
histopathologic studies. Hepatology. 1984;4(6):1143-1152.

18. Amrani A, Benaissa O, Boubekri N, et al. Impact of Chrysanthemum 
fontanesii extract on sodium valproate-mediated oxidative damage in 
mice kidney. J Appl Pharm Sci. 2016;6(4):67-71.

19. Kiang TK, Teng XW, Surendradoss J, Karagiozov S, Abbott FS, Chang 
TKH. Glutathione depletion by valproic acid in sandwich-cultured rat 
hepatocytes: Role of biotransformation and temporal relationship with 
onset of toxicity. Toxicol Appl Pharmacol. 2011;252(3):318-324.

20. Hansen JM, Lucas SM, Ramos CD et al., Valproic acid promotes SOD2 
acetylation: A potential mechanism of valproic acid-induced oxidative 
stress in developing systems. Free Radic Res. 2021;55(11-12):1130-
1144.

21. Tong V, Teng XW, Chang TKH, Abbott FS. Valproic Acid II: Effects on 
Oxidative Stress, Mitochondrial Membrane Potential, and Cytotoxicity 
in Glutathione-Depleted Rat Hepatocytes. Toxicol Sci. 2005;86(2):436-
443.

22. Salsaa M, Pereira B, Liu J, et al. Valproate inhibits mitochondrial 
bioenergetics and increases glycolysis in Saccharomyces cerevisiae. 
Sci Rep. 2020;10:11785.

23. Shnayder NA, Grechkina VV, Khasanova AK et al., Therapeutic and 
Toxic Effects of Valproic Acid Metabolites. Metabolites. 2023;13(1):134.

24. Hansen JM, Lucas SM, Ramos CD, Green EJ, Nuttall DJ, Clark DS, et 
al. Valproic acid promotes SOD2 acetylation: A potential mechanism 
of valproic acid-induced oxidative stress in developing systems. Free 
Radic Res. 2021;55(11-12):1130-1144.

25. Patel N. The glutathione revolution: fight disease, slow aging, and 
increase energy with the master antioxidant. Hachette UK; 2020.

26. Tung EW, Winn LM. Valproic acid increases formation of reactive oxygen 



8 Acta Marisiensis - Seria Medica 2024;71(1)

species and induces apoptosis in postimplantation embryos: A role 
for oxidative stress in valproic acid induced neural tube defects. Mol 
Pharmacol. 2011;80:979-987.

27. Juriam-Romet M, Abbott FS, Tang W, Huang HS. Cytotoxicity of 
unsaturated metabolites of valproic acid and protection by vitamins 
C and E in glutathione depleted rat hepatocytes. Toxicology. 
1996;112(1):69-85.

28. Ibrahim M, Hassan W, Saeed MG. Nephrotoxicity Evaluation of Captopril 
and Enalapril in Rats: Comparative Study. Egyptian Journal of Veterinary 
Sciences. 2024;55(1):69-81.

29. Adikwu E, Deo O. Hepatoprotective effect of vitamin C (ascorbic acid). 
Pharmacol Pharm. 2013;4(1):84-92.

30. Ergul Y, Erkan T, Uzun H, et al. Effect of vitamin C on oxidative liver injury 
due to isoniazid in rats. Pediatr Int. 2010;52(1):69-74.

31. Gupta M, Gupta YK, Agarwal S. A randomized, double-blind, placebo-
controlled trial of melatonin add-on therapy in epileptic children on 
valproate monotherapy: effect on glutathione peroxidase and glutathione 
reductase enzymes. Br J Clin Pharmacol. 2004;58(5):542-547.

32. Faehaa AA. Oxidative stress and Antioxidant defense Mechanisms in 
Dentistry: A Literature Review. Al-Rafidain Dent J. 2022;22(2):323-331.


