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Research Article

Introduction
The liver is a large gland and the second largest organ 
in the body, weighing up to 1500 g. It is responsible 
for metabolism, and detoxification processes.1 Drug-
induced liver injury (DILI) is a severe complication and 
serious adverse effect caused by a wide range of drugs.2 
DILI management typically consists of immediate 
discontinuation of the treatment and early therapeutic 
intervention to prevent severe complications.3

Carbamazepine (CBZ) was first discovered and 
synthesized by the Swiss chemist Walter Schindler in 
1953. It is a white crystalline powder that is poorly soluble 
in water. Due to its lipophilic property, it crosses the 
blood brain barrier and affects the brain.4 It is widely 
prescribed for various medical conditions including 
epilepsy, neuropathic pain, schizophrenia, and bipolar 
disorder. CBZ is metabolized via oxidation mediated by 
enzymes like CYP3A4 and CYP2C8, which leads to the 
formation of CBZ-10,11-epoxide, an active metabolite 

associated with toxic effects. Its metabolic pathway 
includes hydroxylation of the 6-membered aromatic rings 
and N-glucuronidation of the carbamoyl side chain.5

CBZ acute intoxication at high doses is clinically rare. 
However, CBZ intoxication can occur in combination 
with other kinds of substances like benzodiazepines or 
alcohol.6 CBZ overdose can affect many systems, and the 
toxicity can range from mild to severe. Its intoxication 
presents with many clinical features such as neurotoxicity, 
ataxia, altered consciousness and coma. Cardiovascular 
toxicity includes tachycardia, myocardial depression, 
atrioventricular block, and severe hepatitis.7

Omega-3 fatty acids are found in a variety of food 
sources, and they are involved in regulating blood clotting 
and inflammation.8 They are typically absorbed in the 
human intestines and incorporated into cell membranes. 
Omega-3 fatty acids exhibit anti-inflammatory and 
antioxidant effects, reducing inflammatory responses. 
They help prevent cardiovascular conditions, reduces 
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ARTICLE INFO Abstract
Background: Drug-induced liver injury (DILI) is a significant public health problem. 
Carbamazepine (CBZ), an antiepileptic medicine used in the treatment of epilepsy, has been 
associated with the development of DILI, potentially progressing to liver failure. Previous studies 
suggested that omega-3 fatty acids and vitamin E possess antioxidant and anti-inflammatory 
characteristics. However, the protective roles of omega-3 fatty acids and vitamin E against CBZ-
induced toxicity remain controversial.
Methods: Thirty rats were randomly divided into five groups: group I (control), group II, 
(CBZ only), group III (CBZ + omega-3 fatty acids), group IV (CBZ + vitamin E), and group 
V (CBZ + omega-3 fatty acids and vitamin E). Liver enzymes, oxidative stress biomarkers 
(glutathione, malondialdehyde), proinflammatory cytokines, and cytokeratin 18 gene expression 
levels were assessed using standard techniques. 
Results: Liver enzymes, proinflammatory cytokines, malondialdehyde and cytokeratin 18 gene 
expressions reduced significantly (P < 0.01) in groups III, IV, and V in comparison to group II, 
while glutathione was higher than in the induction group II (P < 0.01).
Conclusion: These findings suggest that omega-3 fatty acids and vitamin E exert protective 
effects against CBZ-induced hepatotoxicity, likely through antioxidant and anti-inflammatory 
mechanisms.
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hypertension, and improves blood circulation and also 
possesses protective properties for the heart and kidneys 
through modification of the antioxidant, inflammatory, 
and apoptosis biomarkers.9,10 Omega-3 fatty acids have a 
preventive effect against liver disease.11

Vitamin E is a lipid-soluble substance with multiple 
functions, such as antioxidants, anti-inflammatory, 
and anticancer activities.12 Vitamin E deficiency causes 
neuromuscular impairments and inflammation.13 

Previous studies have demonstrated that omega-3 
fatty acids provide considerable protective effects 
against hepatotoxicity caused by various medications 
like methotrexate,14 doxorubicin,15 lead acetate,16 and 
mercury chloride.17 Vitamin E has also been shown to 
protect against liver damage induced by medications 
like doxorubicin15 and imidacloprid,18 both alone and in 
combination with omega-3. Nevertheless, the potential 
advantages of their individual or combined administration 
against CBZ-induced hepatotoxicity remain unexplored. 
According to their antioxidant and anti-inflammatory 
properties, it is possible that the two medications will 
give better protection when provided together, compared 
to each supplement individually, against CBZ-induced 
hepatotoxicity. The aim of this study is to investigate the 
potential protective effects of omega-3 fatty acids and 
vitamin E on CBZ-induced hepatotoxicity in rats. 

Methods
Materials
CBZ was obtained from Novartis (Switzerland) in 
suspension form containing 2%. Omega-3 fatty 
acids including eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA), at a dose of 400 mg, were 
sourced from Solgar (United States) and vitamin E 
(alpha-tocopherol) was purchased from Meryer (China). 
Ketamine (10%) and Xylazine (2%) were both purchased 
from Alfasan (Woerden, Netherlands).
 
Animals
Adult male albino Wistar rats weighing 180-200 g and 
aged 16–18 weeks were used. The animals were properly 
housed in cages in the animal facility of College of 
Pharmacy, Mustansiriyah University, under controlled 
temperature (25 ℃) and humidity 50-55% conditions.

Experimental Design
Thirty rats were divided into five groups, with six rats in 
each group:
•	 Group 1 (Control): received distilled water alone, 

orally once daily for 14 days. 
•	 Group 2 (CBZ): Treated with CBZ (100 mg/kg/day, 

orally) for 14 days.
•	 Group 3 (CBZ + omega-3): Treated with CBZ 

(100 mg/kg/day, orally) then followed by omega-3 
including EPA + DHA (400 mg/kg/day, orally) one 
hour later, for 14 days.

•	 Group 4 (CBZ + vitamin E): Treated with CBZ (100 

mg/kg/day, orally), followed by vitamin E (400 IU/
kg/day, orally) one hour later, for 14 days.

•	 Group 5 (CBZ + omega-3 fatty acids + vitamin E): 
Treated with CBZ (100 mg/kg/day, orally), followed 
by a combination of omega-3 fatty acids including 
EPA + DHA (400 mg/kg/day) and vitamin E (400 IU/
kg/day) one hour later, for 14 days.

After two weeks, the rats were anesthetized by 0.2 mL 
xylazine 2% and 0.1 mL ketamine 10%.

Blood Sample Collection and Liver Dissection
Three mL of blood were collected via cardiac puncture, 
allowed to clot at room temperature for 30 minutes, then 
centrifugated at 3000 rpm for 15 minutes. The serum was 
then stored at -80°C. The liver was dissected; the first 
portion homogenized for analysis of malondialdehyde 
(MDA) and glutathione (GSH), while the second portion 
was stored in Trizol for analysis of cytokeratin 18 (CK-18) 
gene expression.

Biochemical Analysis 
Biochemical analysis, serum samples were used to 
analyze liver function markers. Liver enzymes are 
crucial indicators for impaired liver function, and 
their marked elevation indicates severe liver injury. To 
assess liver enzyme activity, alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), and alkaline 
phosphatase (ALP) levels were measured according to the 
company’s protocols (Linear Chemicals, Spain). 

Assessment of Oxidative Stress Biomarkers 
The levels of oxidative stress biomarkers i.e., GSH and 
MDA were measured using MDA ELISA Kit (E-EL- 0060, 
USA), and GSH ELISA Kit (E-EL-0026, USA). These 
markers of oxidative stress are considered hallmarks for 
hepatotoxicity due to their presence in liver tissue. 

Assessment of Inflammatory Parameters 
The values of tumor necrosis factor-alpha (TNF-α) and 
interleukin 6 (IL-6) were quantified using ELISA. These 
inflammatory markers are pro-inflammatory cytokines 
commonly used to evaluate the toxic effect of drugs. 
Detection of these biomarkers was performed according 
to the manufacturer’s instructions (TNF- alpha kit: 
SEA133Ra, China; IL-6 kit: SEA079Ra, China). 

Molecular Approach
CK-18 gene expression is commonly used as a hallmark 
of drug-induced hepatotoxicity.19 CK-18 gene expression 
measured by using real-time (RT-PCR). For RNA 
extraction, TranZol Up Plus RNA reagent (China) was 
used. The extracted RNA was then used to synthesize 
complementary DNA (cDNA) using the EasyScript® 
First-Strand cDNA Synthesis SuperMix kit (Transgen, 
China). All primers were lyophilized and included both 
target and endogenous genes (HKG2), Primer sequence 
(5’-3’) were as follows:
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•	 CK-18: F: GGGGTCCAGACTGAGAAGGA; R: 
CTGAGCCCTCAGATCTTCGAT

•	 HKG2: F: GACAGCCGCATCTTCTTGTG; R: 
GATGGCATGGACTGTGGTCA.

Working primer concentration was prepared at 10 
pmol/µL for the qRT –PCR reaction mixture. The final 
reaction volume was 25 µL, containing: 8 µL cDNA, 1 
µL each of forward and reverse Primers, 8 µL of qPCR 
Master Mix (SYBR green), and 7 µL of double-distilled 
water (ddH2O). 

Amplification was performed by incubations of mixture 
to SaCycler_96 Real-Time PCR system under following 
conditions: 
•	 Enzyme activation: 94 °C for 30 seconds (for one cycle)
•	 Denaturation: 94 °C for 5 seconds
•	 Annealing and extension: 60 °C for 35 seconds (for 

45 cycles)
•	 High-resolution melting: 90 °C for 15 seconds (for 

100 cycles)
The expression of the target gene levels was assessed 

using the relative quantitative method for all groups, 
calculated as: Fold change = 2-∆∆Ct

 

Statistical Analysis 
The statistical analysis was performed using the Statistical 
Package for the Social Sciences (SPSS), version 2019. 
One-way ANOVA followed by the LSD post hoc test was 
used to compare significant differences between group 
means in the study. A P value of < 0.05 was considered 
statistically significant, while P < 0.01 was considered 
highly significant.

Results
Liver Function
ALT levels in group 2 (CBZ) (33.50 ± 2.54 U/L) were 
significantly higher compared to group 1 (control) 
(27.90 ± 1.36 U/L). When treated with omega-3 fatty 
acids, the mean serum ALT level was lower than group 
2, but without a significant difference (28.40 ± 1.63 U/L). 
Moreover, serum ALT levels were significantly reduced in 
groups treated with vitamin E alone and the combination 
of vitamin E and omega-3 fatty acids (27.20 ± 1.17 U/L and 
26.00 ± 1.04 U/L, respectively), with P < 0.05 compared to 
group 2. 

The mean serum level of AST was elevated in group 
2 (70.00 ± 3.51 U/L) compared to group 1 (42.01 ± 2.47 
U/L). There was a highly significant reduction in the AST 
levels in groups 3, 4, and 5, treated with omega-3 fatty 
acids, vitamin E, and their combination (47.90 ± 2.94 
U/L,56.50 ± 3.05 U/L, 45.15 ± 2.37 U/L, respectively), with 
P < 0.001. 

The mean serum ALP level in the induction group with 
CBZ (group 2) was significantly higher (48.17 ± 2.74 U/L) 
than in the control group (33.08 ± 2.19 U/L).While the 
treated groups with omega-3 and vitamin E (groups 3, 4 
and 5) showed a highly significant reduction in ALP levels 
(33.95 ± 2.07 U/L, 30.40 ± 1.69 U/L , and 29.48 ± 1.54 U/L, 

respectively), P < 0.01 versus the induction group (group 
2). The results are detailed in Table 1. 

Oxidative Stress Markers
The mean of GSH level in homogenized liver tissue of 
group 2 was significantly lower (5.52 ± 0.37 U/L) compared 
to group 1 (14.08 ± 0.64 U/L). Treatment with omega-3 
(group 3) showed no significant differences from group 
2. However, GSH levels were significantly increased in the 
groups treated with vitamin E alone (16.016 ± 0.89 U/L) 
and the combination of omega-3 and vitamin E group 
(19.345 ± 1.03 U/L), compared to group 2 (Figure 1). 

MDA levels in homogenized liver tissue were significantly 
higher in group 2 (232.38 ± 11.37 U/L) compared to group 
1 (120.98 ± 7.04 U/L). Treated groups (group 3, 4 and 5) 
showed a significant reduction in MDA levels (222.17 ± 8.75 
U/L, 172.62 ± 8.62 U/L, 138.45 ± 6.59 U/L, respectively), 
with P < 0.01 compared to group 2 (Figure 2).

Inflammatory Cytokines Markers
The mean serum TNF-α level in group 2 was significantly 
high (391.807 ± 23.44 U/L) than in the control group 
(269.336 ± 15.02 U/L). While treated groups (group 3, 4 
and 5) showed significant reductions (340.416 ± 19.52 U/L, 
335.565 ± 16.87 U/L, and 209.533 ± 12.63 U/L, respectively), 
with P ≤ 0.01 compared to group 2. Group 5 showed the 
greatest reduction in serum TNF-α level. (Figure 3).

Table 1. Effect of omega- 3 fatty acids and vitamin E on ALT, AST and ALP 
liver enzyme levels in carbamazepine-induced hepatotoxicity in rats

Group
ALT Mean ± SE 

(U/L)
AST Mean ± SE 

(U/L)
ALP Mean ± SE 

(IU/L)

Group 1 27.90 ± 1.36b 42.01 ± 2.47c 33.08 ± 2.19b

Group 2 33.50 ± 2.54a 70.00 ± 3.51a 48.17 ± 2.74a

Group 3 28.40 ± 1.63ab 47.90 ± 2.94c 33.95 ± 2.07b

Group 4 27.20 ± 1.17b 56.50 ± 3.05b 30.40 ± 1.69b

Group 5 26.00 ± 1.04b 45.15 ± 2.37c 29.48 ± 1.54b

Data were expressed as mean ± SE, mean superscript with different lowercase 
letters (a, b, c, d) differ statistically, LSD used to compare mean among 
groups, P value ≤ 0.05 * (significant difference), P-value ≤ 0.01 ** (highly 
significant difference).

Figure 1. Comparison between different groups regarding GSH levels. G1: 
Control group, G2: induction group with CBZ, G3: omega-3 fatty acids 
with induction, G4: Vitamin E with induction, and G5: Combination of 
omega-3 fatty acids and vitamin E with induction. Different letters (a, b and 
c) indicate statistically significant differences
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Serum of IL-6 levels were also significantly elevated 
in group 2 (468.388 ± 22.06 U/L) compared to group 1 
(268.16 ± 11.38 U/L). Regarding the treated groups (group 
3, 4 and 5) showed substantial reductions in the IL-6 levels, 
especially in Group 5, (287.46 ± 13.57 U/L, 282.934 ± 13.95 
U/L, and 160.706 ± 8.71 U/L, respectively), with P ≤ 0.01. 
There were no significant differences between the levels 
of IL-6 in groups 3 and 4 (Figure 4). 

CK-18 Gene Expression
CK-18 gene expression was detected in all groups as fold 
change, with the mean value of the control group (group 
1) considered as cut off. The induction group (group 
2) considered as the baseline for the comparison and 
exhibited the highest fold change (4.704 ± 0.51), which was 
approximately three times higher than the control group 
(1.057 ± 0.19). Groups treated with omega-3 and vitamin 
E (groups 3, 4 and 5) showed highly significant reductions 
in CK-18 expression compared to the induction group 
(2.511 ± 0.28, 2.782 ± 0.26, and 1.952 ± 0.17, respectively), 
with P < 0.01. No significant differences were observed 
among the treated groups (Figure 5).

Discussion
Omega-3 fatty acids and vitamin E had a potential effect 

on the liver; they are known for their anti-inflammatory 
and anti-apoptotic properties. This may offer a promising 
approach to protecting against liver damage during 
treatment with CBZ. In this study, group 2 (induced by 
CBZ) showed increase in all liver enzyme compared to 
control group, while group 3, group 4 and group 5, which 
included omega-3 fatty acids and vitamin E treatment, 
showed a significant reduction on liver enzyme levels 
within two weeks. In group 5, the combination of omega-3 
fatty acids and vitamin E had a highly protective effect on 
liver cells and helped prevent hepatotoxicity.

The study results showed higher levels of ALT and ALP 
in group 2 which induced by CBZ, than the control group. 
This was in line with findings from a previous study, 
where ALT increased two-to three- fold and the ALP levels 
increased 2 to 3.5 times compared to the control group.21 
The treatment groups i.e., group 3 (omega- 3 fatty acids), 
group 4 (vitamin E) and Group 5 (combination of omega-3 
fatty acids and vitamin E) showed reductions in ALT, AST 
and ALP levels, bringing them closer to the control group 
(group 1) than to CBZ-induced group (group 2). These 
findings indicate that treatment alone with omega-3 or 
vitamin E, or in combination may provide a protective 
effect against CBZ-induced hepatotoxicity.

Our findings were consistent with a previous study in 

Figure 2. Comparison between different groups regarding MDA levels. G1: 
Control group, G2: induction group with CBZ, G3: omega-3 fatty acids 
with induction, G4: vitamin E with induction, and G5: combination of 
omega-3 fatty acids and vitamin E with induction. Different letters (a, b and 
c) indicate statistically significant differences

Figure 3. Comparison between different groups regarding TNF- 
alpha levels. G1: control group, G2: induction group with CBZ, G3: 
omega-3 fatty acids with induction, G4: Vitamin E with induction, and 
G5: combination of omega-3 fatty acids and Vitamin E with induction. 
Different letters (a, b and c) indicate statistically significant differences

Figure 4. Comparison between different groups regarding IL-6 levels. G1: 
Control group, G2: induction group with CBZ, G3: omega-3 fatty acids 
with induction, G4: vitamin E with induction, and G5: combination of 
omega-3 fatty acids and vitamin E with induction. Different letters (a, b and 
c) indicate statistically significant differences

Figure 5. Comparison between different groups regarding the mean of 
cytokeratin 18 gene expression (fold changes). G1: control group, G2: 
induction group with CBZ, G3: omega-3 fatty acids with induction, G4: 
vitamin E with induction, G5: combination of omega-3 fatty acids and 
vitamin E with induction. Different letters (a, b and c) indicate statistically 
significant differences
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which treatment with omega-3 decreased ALT values 
in CBZ group within 1-2 weeks, approaching control 
group’s values.20 Recent data also indicated that omega- 
3 fatty acids have a protective effect against kidney and 
heart toxicity.9,10

Group 2 (CBZ group) showed an increase in MDA and 
a decrease in GSH compared to the control group, while 
group 3, group 4 and group 5, which received omega-3 
fatty acids and vitamin E, showed significant reductions in 
MDA and increases in GSH within two weeks. Especially 
in group 5, which combined omega-3 fatty acids and 
vitamin E, the effect was most highlighted. These findings 
aligned with those of a reported study, which noted 
that oxidative-stress marker MDA increased 3-fold in 
the CBZ group compared to the controls.20 Regarding 
inflammatory markers, the TNF-α level in group 2 (CBZ 
group) was higher than the control group. This finding 
is consistent with a previous study reported that CBZ 
treatment increased TNF-α expression.21 In our study, 
TNF-α levels in the treated groups (group 3, group 4) were 
lower than group 2 but remained slightly higher than in 
the control group. Meanwhile, TNF-α level in group 5 
was lower than in group 2 and the other treated groups. 
This suggests that combination of omega-3 fatty acids 
and vitamin E provides stronger protection against CBZ-
induced liver damage. These results align with former 
studies, which found that vitamin E and omega-3 fatty 
acids treatments reduced TNF-α expression compared to 
the induction group and brought levels closer to that of 
control.15 

CK-18 expression by ELISA found that it to be a 
biomarker for early detection and prognosis in liver 
injury patients.22 In this study, CK-18 gene expression 
in hepatotoxicity with CBZ was also detected. Group 
2 showed the highest expression, significantly greater 
than all other groups. In the treated groups group 3 and 
group 4, CK-18 expression was lower than group 2 but 
slightly higher than the control group. In group 5, CK-18 
expression was lower than group 2 and nearly equal to the 
control, suggesting that omega-3 fatty acids and vitamin 
E -alone or combination- provided protective effects 
against CBZ-induced liver injury. 

Conclusion
The investigation into the combination of omega-3 fatty 
acids and vitamin E demonstrated protective effects 
against CBZ-induced liver damage in rats. It revealed 
a multifaceted role in modulating liver enzyme levels, 
antioxidant status, inflammatory cytokine biomarkers, 
and gene expression of CK-18. These findings highlight 
the prophylactic potential of omega-3 fatty acids and 
vitamin E as a complementary therapeutic strategy to 
mitigate the toxic effects of CBZ treatment, promising an 
improvement in clinical outcomes in patients receiving 
this medication. Future research should explore optimal 
dosing, treatment duration, and potential synergistic 
mechanisms, as well as confirm these results through 

larger-scale in vivo and clinical studies.
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