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Abstract:

Background: Carbamazepine has been utilized
to treat epilepsy and neuralgic conditions.
Drug-induced liver injury triggered by
Carbamazepine. Drug-induced liver injury
from Carbamazepine consequently leads to
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liver failure. Existing research found that
Omega-3 fatty acids and vitamin E known for
their cytoprotective properties, and anti-
inflammatory  characteristics  but  their
protective role against Carbamazepine induced
liver injury yield inconclusive results.

Objective: To investigate closely omega-3 and vitamin E potential protective effect against
carbamazepine hepatoxicity in rats.

Materials & Methods: Group 1: control received distilled water alone; Group 2: Treated with
carbamazepine; Group 3: Treated with carbamazepine then followed by omega-3; Group 4: Treated
with carbamazepine then followed by vitamin E; Group 5: Treated with carbamazepine then followed
by a combination of omega-3 plus vitamin E experimental period lasted for fourteen days, at the end of
the study all rats anesthetized. The liver tissue was dissected from each rat, part of liver tissue was
used to evaluate Nuclear Factor Erythroid 2-Related Factor 2 gene expression and histological
analysis using H&E stain was performed on the other part of liver tissue after formalin fixation (10%).

Results: The Nuclear Factor Erythroid 2-Related Factor 2 gene expression showed significant
increase in treated groups 3,4,5 versus Carbamazepine group which indicate protective cellular
response to restore redox balance. Histopathological evaluations were conducted that liver tissue
architecture and cellular integrity showed normal liver appearance, the hepatocytes and sinusoids
looked normal in Group 3,4,5 in comparison to Carbamazepine group that showed severe congestion
of sinusoids, and signs of liver damage indicate that liver tissue changes had occurred.

Conclusion: Omega -3 and vitamin E alleviated Carbamazepine hepatoxicity through elevation
antioxidant Nuclear Factor Erythroid 2-Related Factor 2 gene expression and maintenance integrity
of liver tissue.
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Introduction type of powder that has poor aqueous
Carbamazepine was synthesized in (1953) by solubility. CBZ is lipophilic in nature and can
Swiss chemist Walter Schindler to treat cross-over the brain barrier and exerts their
trigeminal neuralgia. CBZ had been endorsed effects on the central nervous system.
for use as an antiepileptic drug in UK and Carbamazepine is employed in managing
Switzerland in 1963. Carbamazepine structure seizure disorders and treated neuropathic pain
(Ci s Hi2N20), is typically a white crystalline and psychiatric disorder (1,2). Carbamazepine

was-recommended to be taken with meals, it
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was undergone extensive metabolism by
multiple pathways, with CBZ epoxide—diol
pathway being the primary way. This pathway
involves enzymes that convert Carbamazepine
to active metabolite Carbamazepine 10,11
epoxide (3). CBZ metabolized to form radicals
and releases reactive oxygen species (ROS)
lead to production of protein adducts,
carbamazepine -2,3 epoxide which is
intermediate metabolite of CBZ was found to
be hepatotoxic and lead to mitochondrial
dysfunction (4). It was a drug known to be
involved in causing Drug-Induced Liver Injury
(DILI). Drug-Induced Liver Injury represents
a health problem, tied with substantial rates of
morbidity and mortality. DILI first described
by Popper and Schaffner in1965. DILI typically
occurs when the drug metabolism is modified
and leads to liver injury attributed to
inflammation, oxidative stress, necrosis and
organ dysfunction (5). DILI is a significant
serious concern faced by clinicians, medical
practice, and pharmaceutical companies. It is
considered a substantial challenge due to its
high frequency and potential liver damage
severity (6). DILI is categorized into two
primary types: intrinsic and idiosyncratic.
Intrinsic DILI is known as a dose dependent
liver damage results from drug itself. On the
other hand, idiosyncratic DILI (iDILI) is
known as unpredictable, not strongly dose-
related, and its onset is influenced by
individual  susceptibility (7). DILI is
recognized as one major cause leading to acute
liver  failure  worldwide  (8). DILI
approximately accounts for (20-40%) of the
liver transplantation cases in United States (9).
Numerous drugs can be hepatotoxic like herbal
and dietary supplements (10) DILI cases
resulting from antibiotics uses is declining,
while treatment with antineoplastic agents is
increasing (11). The mortality rate of DILI
may reach 507 (12) and might developed into
liver fibrosis, liver failure and loss of life (13).
DILI treatment includes ceasing the medicine
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because it is great strategy to avoid liver injury,
and it must be immediately done to prevent the
disease from turning into cirrhosis and acute
liver failure. Corticosteroids are considered a
standard therapeutic method for treating
immune mediated DILI by decreasing
inflammation (14). There are 3 types of omega-
3 obtained from different types of foods
resources and supplements. First type Alpha-
Linolenic Acid (ALA), the second type
Eicosapentaenoic Acid (EPA) and the third
type Docosahexaenoic Acid (DHA). It
possesses  protective  activities  against
rheumatoid arthritis, eczema, heart disorders,
stroke and cancer (15). Omega-3 fatty acids
had demonstrated protective effect on liver,
heart, and kidney tissue (16,17,18). Studies on
animal and human research stated that omega 3
fatty acids might reduce liver fat (19, 20).
Vitamin E was discovered in green leafy
vegetables in 1922, and it composed of two
major groups, including tocopherols and
tocotrienols (21). High diet with vitamin E
intakes has beneficial effects on microbiome
were associated with high bacterial diversity
(22). Vitamin E deficiency causes placentation
failure, neuromuscular impairments,
retinopathy, reduced immunity (23). Vitamin
E protect the body against oxidative stress
which is named reactive oxygen species and
provide protection against oxidative damage,
lipid peroxidation and reduce liver toxicity
(24). A previous study stated that omega-3 and
vitamin E showed protective effect against
Carbamazepine hepatoxicity in rats by
conducting many vital tests the liver enzyme
functions found normal, glutathione was
elevated, while malondialdehyde was
declined, inflammatory cytokines were
decreased, and cytokeratin 18 gene expression
was decline (25).The nuclear factor erythroid 2
related factor 2 (Nrf2) plays a crucial protective
role within the cells such as defense against
oxidative stress, detoxification, and promoting
cell proliferation. During drug induce injury
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consequently leads to excessive production of
reactive  metabolite  that—Ileading to
hepatoxicity. Under normal condition Nrf2
binds to Keapl and found inactive in the
cytoplasm. Upon oxidative or electrophilic
stress, Nrf2 dissociates from Keapl,
accumulates and moves to nucleus and bind to
antioxidant response elements (ARE) to
produce cytoprotective gene (26). This study
was designed to evaluate omega-3 fatty acid
and Vitamin E both separately and in
combination  protective  effect  against
Carbamazepine hepatoxicity in rats. The
evaluation had involved assessing NRF-2 gene
expression and examining histopathological
alteration of liver tissue through Hematoxylin
& Eosin stains.

Materials &Methods

CBZ induced hepatotoxicity

Twelve albino Westar rats with weight 180-200
gram under normal condition dividing into four
groups each groups contain 3 rats, Groupsl
received distilled water, Groups 2 received
CBZ 50 mg /kg/day, Groups 3 received CBZ
100 mg/kg/day, Groups 4 received 150
mg/kg/day. all were given orally for 14 days.
Blood sample were collected and serum were
separated by centrifugation at 3000 rpm for 15
min, liver enzymes like ALT.AST and ALP
were measured using enzymatic colorimetric
methods.

Carbamazepine dose and Administration
(Pilot Study)

In this pilot study Carbamazepine at dose 50
mg/kg/day for 14 days showed minimal
toxicity on liver enzymes function. While 150
mg/kg per day lead to death of one of the rats
with severe liver enzymes elevation. Both
doses 100 mg and 150mg presented severe
toxicity and elevation of liver enzymes.
without significant differences between them
regarding to ALT and ALP. So, 100 mg/kg per
day was chosen for the induction of liver
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toxicity and it was associated with previous
study (27).

Experimental Study

Ethical approval was obtained from the
research committee, College of Pharmacy,
Mustansiriyah University, research number 52
and approval number 52, the date 1/10/2024.
Adult male albino rats Wistar weighing 180-
200 gm, aged 16—18 weeks from animal house
were included used-in this study. Thirty rats
were divided into 5 groups (6 rats for each).
Group 1: control received distilled water alone;
Group 2: Treated with carbamazepine (100
mg/kg/day, orally); Group 3: Treated with
carbamazepine (100 mg/kg/day, orally) then
followed by omega-3 (400 mg/kg/day, orally)
one hour later; Group 4: Treated with
carbamazepine (100 mg/kg/day, orally) then
followed by vitamin E (400 [U/kg/day, orally)
one hour later ; Group 5: Treated with
carbamazepine (100 mg/kg/day, orally) then
followed by a combination of omega-3 (400
mg/kg/day) plus vitamin E (400 IU/kg/day)
one hour later. The experiments were last done
for 14 days (25).

Sample Collections

After fourteen days, the rats were dissected to
collect liver tissae: Collected liver was then
rinsed with normal saline, 50mg of lver the
tissue was placed in Eppendorf with one ml
TRizol and stored at -20°C for gene
expression. The rest of liver tissue from each
rat was washed by tap water then stored in 10%
formalin for 24-48 hours for histopathology
study (18).

NRF2 Gene Expression by RT-PCR

RNA was extracted by tranZol up plus RNA
reagent made in (China). Then RNA was
converted to complementary DNA by
EasyScript® First Strand cDNA Synthesis Mix
kit (China). Primers sequences were used for
target and endogenous genes (HKG2) as
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follow.

e NRF2:F:
CACATCCAGACAGACACCAGT; R:
CTACAAATGGGAATGTCTCTGC

e HKG2:F:
GACAGCCGCATCTTCTTGTG; R:
GATGGCATGGACTGTGGTCA

Conversion of RNA to ¢ DNA this procedure
was done according to manufacturing kit
procedure, about 20 pl final volume of reaction
was needed including many components. All
primers were lyophilized and included target

(Research article)

genes and endogenous genes they were
dissolved in free ddH20 to get final
concentration 100 pmol/ul as stock solution.
Then prepare 10 pmol/ul. After that, the final
mix reaction in volume 25 pl was prepared for
each sample including all components which
are listed in Table (1) to amplified target gene
by RT-PCR regarding to the program in Table
(2). Finally, target gene expressions were
evaluated by using relative quantitative
method and calculated as Fold change ( 2744Y),

Table 1: Reaction components for each sample

Compound 'Volume
qPCR Master Mix (sypergreen) 8 ul
Primer forward 1 ul
Primer reverse 1 ul
DNA 8 ul

dd H20 7 ul
Total volume 25 ul

The reaction mixture was incubated in the SaCycler 96 Real Time PCR SYSTEM under the following

program
Table 2: RT-PCR amplification program
Steps Temperature Time Cycle
Enzyme activation 94 °C 30 second 1
Denaturation 94 °C 5 second 45
Annealing and Extension 60 °C 35 second 45
High resolution melting 90 °C 15 second 100
AJPS (2026) 183
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Histopathological Study

The liver tissue was fixed in 10% formalin and
dehydrated through graded ethanol, cleared in
xylene, and embedded in paraffin wax.
Sections the livers of approximately 5 pm
thickness were cut using a microtome,
mounted on glass slides, and stained with
hematoxylin and eosin (H&E).
Histopathological alterations were evaluated
under a light microscope by a specialized
histopathologist (28,29,30).

Statistical Analysis

Data was analyzed by using SPSS, version
2019. One-way ANOVA, LSD post hoc
analysis and Chi- square test was carried out.

(Research article)

significant, while p <0.01 would be considered
as high significant.

Results

NRF- 2 Gene Expression

The Fold change of nuclear factor erythroid 2-
related factor 2 (Nrf-2) target gene and
housekeeping gene (HKG2), had been
determined. Amplification plots represent
fluorescent signals of each sample across the
PCR cycles were generated, In G2 the fold was
lower than control (0.898 +0.12) while the
expression showed significant increased
expression in all treated groups 3,4,5 with P-
value <0.01 **, as shown in Table (3) &Figure

(1).

p- value < 0.05 would be considered
Table 3: Comparison between different groups in VNRF2 fold change
INRF?2 relative Gl G2 G3 G4 G5
index
Mean + SD 1.049 +0.07 0.898 +0.12 3.507 +0.24 3.993 +0.19 6.569 +0.34
c c b b a
L.S.D. 1.065 **
(P-value) (0.0001)

Data were presented as mean + SE, mean with different lowercase letters (a, b, ¢) denote differ statistically, LSD
analysis was carried out to compare mean among groups, P value < 0.05 * represent significant difference and P-
value < 0.01 ** represent high significant difference.

N
NRF2 fold change
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Figure 1: NRF2 gene expression in different study groups
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Histopathological Changes in All Study appearance of sinusoids and hepatocytes,
Groups cytoarchitecture of the portal triad exhibited
G1 (Control Group): Liver showed normal normal portal vein, bile duct and arteriole, as
appearance of central veins with normal shown in Figure 2 (A, B, C, D).

arrangement of the hepatic cords, normal

7~V ey T ey o ARy’ =
Figure 2: Section of liver (G1). A: it exhibited normal central vein (V) & normally arranged
hepatic cords and sinusoids (arrows), portal area (p) .HE 100x. B: liver showed normal central
vein (V) & normally arranged hepatocytes (h) and sinusoids (S) HE 400x. C: section of portal
triad shows: normal portal vein (V) and normal hepatocytes (h) and bile duct (b) & arteriole
(a). 400x. D: liver showed normal central vein (v) normal hepatocytes (h) and sinusoids (S),HE

400x.

G2 (Induction Group with Carbamazepine): mononuclear leukocytes with severe sinusoidal
liver exhibited moderate congestion of central congestion and mild periportal fibrosis, as
veins and portal veins with many hemorrhagic illustrated in Figure 3 (E, F, G, H, I).

foci that revealed mild aggregation of
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Figure 3: Section of liver (G2), E: liver exhibited congestion of central vein (v) with many
hemorrhagic foci and aggregation of leukocytes (arrows) & severe sinusoidal congestion (S). HE
100x. F: exhibited severe congestion of central vein (Black arrow) with sinusoidal congestion
(red arrow) & periportal fibrosis (f). HE 100x. G: showed hemorrhagic focus with aggregation
of leukocytes (arrows) & sinusoidal congestion (S). 400x. H: showed focal aggregation of
leukocytes (Arrow) & sinusoidal congestion. H&E.400x. I: showed congestion of portal vein (p)
with mild periportal fibroplasia (Arrows) & sinusoidal congestion (S),HE 400x.

G3 (Carbamazepine + Omega 3): Liver
exhibited mild congestion of the portal veins
with few hemorrhagic foci and sinusoidal
congestion and the hepatocytes showed normal
appearance,
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the portal triad showed congestion of portal
veins and obvious  hyperplasia  of
cholangiocytes. Few figures showed general
swelling of hepatocytes, as shown in Figure 4
(J,K,L)

AJPS is licensed under a Creative Commons Attribution 4.0 International License [



https://creativecommons.org/licenses/by/4.0/

(Research article)

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2026, Vol. 26, No.2

Figure 4: Section of liver (G3) J: congestion of portal vein (p) any hemorrhagic
(Arrows) & sinusoidal congestion. HE 100x. K: showed congestion of portal vein (p) with obvious
hyperplasia of cholangiocytes (Arrows) with sinusoidal congestion.HE 400x. L: showed
congestion of central vein (v) with generalized swelling of hepatocytes (arrow), HE 400x.

G4 (Carbamazepine+ Vit E): The liver of portal vein and obvious hyperplasia of
exhibited mild congestion of the portal cholangiocytes, as shown in Figure 5
veins with normal arrangement and (M,N,O,P).

appearance of the hepatocyte’s normal

appearance sinusoids. Few figures

showed sinusoidal congestion,

Figure 5: Section of liver (G4) M: showed mild congestion of central vein (v) with normal hepatocytes
(arrow). HE 100x. N: showed mild congestion of central vein (C) with normal hepatocytes (h) &
sinusoid (Arrow). HE 100x. O: congestion of portal vein (C) & sinusoidal congestion (arrow).HE
100x. P: congestion of portal vein (P), hyperplasia of cholangiocytes & sinusoidal congestion, HE

400x.
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G5 (Carbamazepine + Omega 3+ Vit E): The liver showed mild congestion of the portal veins with
normal arrangement and appearance of the hepatocyte’s normal appearance sinusoids, as illustrate in
Figure 6 (Q, R, S).

QL

Fiure 6: Sctions

& hepatocytes. HE 100x.
R: congestion of portal vein (p), normal sinusoids (s), hepatocytes (h), bile duct (b) & arteriole (a).

HE 400x. S: show normal sinusoids (s), hepatocytes (h), bile canaliculi (arrow),

Table (4) summarized the changes of all
pathological parameters in liver tissue. The
modification and reversible changes to the

normal in tissue had appeared clearly in the

Table 4: Pathological parameters assessing liver injury

groups received Omega-
combination in versus to the group induced by
CBZ.

liver (G5) Q: congestion of portal vein () & arteriole (a), normal sinusoids

3 plus Vit-E

Chi- - Chi- P-value of
. Parameter [core |Group 1 roup2 |Group 3 |Group 4 |Group 5 [squar evalue square of [paramete r
of f paramete
score  score |r
0 S 0 4 5 6 0.70
83.30% [0.00% [66.70% 83.30% [100.00 [5.500 3
%o
1 1 5 2 1 0 0.41
inflammator y 16.70% [83.30 [33.30% [16.70% (0.00% 8220 2
infiltration and %
aggregation [ 0 1 0 0 0 0.85 |17.72 0.0234 *
0.00% [16.70 0.00% [0.00%  0.00% K.000 5
%
3 0 0 0 0 0 0.000 |1.00
0.00%  10.00% 10.00%  0.00%  0.00% 0 NS
0 S 0 1 1 5 9.670 (0.65
83.33% 10.00% [16.67% [16.67% 83.33% 0
1 1 0 5 S 1 9.670 (0.65
Blood vessels 16.67% 10.00% [83.33% 83.33% [16.67% 0
dilationand P 0 1 0 0 0 0.97
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congestion 0.00% 16.67 0.00%  0.00%  0.00% @4.000 5 43.34 0.000001
% e ke
3 0 5 0 0 0 0.06

0.00%  83.33  0.00%  0.00%  0.00%  [20.000 |6
%

0 6 1 1 3 6 0.49
100.00 [16.70  |16.70% [50.00% [100.00 [7.412 2
% % %o

1 0 3 S 3 0 0.38

0.00%  [50.00 [83.30% [50.00% [0.00% B.545 P
%
Hemorrhage p 0 D 0 0 0 0.43 [23.957 0.0023 **
0.00% [33.30 0.00% 0.00% [0.00% [8.000 3
%

3 0 0 0 0 0
0.00% 10.00% [0.00% 0.00% 0.00% 0.000 1.00
0 NS
heratio n 0 5 1 1 5 5 0.68

83.30% [16.70 [16.70% 83.30% [83.30% [5.647 [7 19.465 0.0126 *
%

1 1 3 5 1 1 .66
16.70% [50.00  [83.30% [16.70% [16.70% [5.818 [
%

D 0 2 0 0 0 0.43
0.00%  B3.30 [0.00%  [0.00%  0.00%  [8.000
%
3 0 0 0 0 0 0.000  [1.00
0.00%  0.00% [0.00%  0.00%  0.00% 0 NS
0 6 0 4 6 6 0.90
100.00  [0.00% [66.70% [100.00  [100.00  6.282 |1
% % %
1 0 0 2 0 0 8.000 [0.78
0.00%  0.00% [33.30% 0.00%  0.00% ]
Necrosis D 0 5 0 0 0 20.00  {0.06 0.0001
0.00%  [83.30  0.00%  0.00%  [0.00% 0 5 38.182 ok
%
3 0 1 0 0 0 1.00
0.00% (16,70  0.00%  [0.00%  0.00%  [0.000 NS
%
0 6 0 1 6 6 0.28
100.00  [0.00% [16.70% [100.00  [100.00 [0.6.84
% % %
1 0 5 5 0 0 15.00 0.05
0.00%  [83.30  [83.30% [0.00%  0.00% 0 0
%
eri portal fibrosis 0 1 0 0 0 0.85 0.0004
0.00%  [16.70  0.00%  0.00%  0.00%  K.000 (7 28.684 ok
%
3 0 0 0 0 0
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1.00
0.00%  0.00% [0.00%  0.00%  0.00%  [0.000
NS
0 6 5 0 1 6 0.05
100.00  [83.30  [0.00%  [16.70% [100.00 0.222 |6
% % %%
1 0 1 6 5 0 13.83  0.00
Cellular 0.00%  [16.70  [100.00  83.30% 0.00% P ]
lhyperplasia % % 23.056 0.0001
D 0 0 0 0 0 0.000  [1.00 ok
0.00%  0.00% [0.00%  0.00%  0.00% 0 NS
3 0 0 0 0 0 0.000 [1.00
0.00%  0.00% [0.00%  0.00%  0.00% 0 NS

Note: 0, none, 1 mild, 2 moderate, 3 severe (31).

Discussion

In the present study (published data), liver
injury consequences lead to release of liver
enzymes in blood stream. Group 2 showed
marked elevation of liver enzymes (ALT and
ALP) whereas Group 3, Group 4, Group 5 that
administered omega-3 fatty acids and vitamin
E showed reduction after two weeks. Group 5,
that was treated by in combination of omega-3
and Vit E had exhibited potential protective
effect. Also antioxidant GSH levels were
significantly increased while significant
reduction in MDA levels in the groups treated
with alone or combination of omega-3 and
vitamin E groups compared to group received
CBZ (25).

Carbamazepine (CBZ) successfully induced
hepatic injury in the experimental model as
demonstrated suppression of Nuclear factor
erythroids-2 related factors-2 expression in
CBZ-treated groups , the

Nuclear Factor erythroid factor 2 cause
reduction in oxidative stress, suppresses pro
inflammation pathways signals, protects from
necrosis and contributes to liver injury repair by
activation of ARE-responsive genes like
hemeoxygenase-1 and glutathione-S-
transferases (32).

The results from gene expression of this factor
in  Group 2 showed decrease of NRF2
expression , and Group 3 and Group 5
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combination shows significant increase of
NRF2  which aligned with omega-3
(EPA,DHA), had considerable impacts on
activity of Nrf2, Omega-3 and their by-
products may regulate carbohydrate like
protein (Keap1) ,regulate Nrf2 activation under
some condition upon oxidative stress, Nrf2
would be phosphorylated causing dissociation
from Keapl and translocation to nucleus and
enhance antioxidant that cause reduce
oxidative stress and cell injury (33).

The result of Group 4 and Group 5 when
administered Vit E showed a significant
increase of NRF2 gene expression which
aligned with the study that showed Vit E
supplementation may reduce the liver's burden,
mitigate hepatic damage, and enhance liver
function in rats exposed to damage by
encouraging the expression of Nrf2 pathway to
reduce oxidative damage (34).

In current histopathology study, Group 2
outcome was consistent with previous studies,
they stated that treatment of CBZ caused
severe liver damage including hepatic tissue
inflammation,  degeneration,  vacuolated
hepatocytes , hemorrhage foci, aggregation of
leukocyte , sinusoidal congestion and showing
hepatic damage.(27,35) In the present study
the results in Group3 treated with omega -3
showed mild portal vein congestion with few
hemorrhagic foci, were consistent with El -

(%)
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Mowafy et al. Omega-3 treatment exhibited
minimal portal inflammation and some
degenerative changes (27). In recent data, it was
indicated that omega-3 had protective effect
against liver, heart and kidney toxicity (17,18,
19). This study was consistent with previous
study; it showed treatment with different doses
of vitamin E had provided protection against
liver damage and all hepatocytes appeared
healthy (36). In the present histopathological
finding in Group 4 had mild congestion of the
central vein with normally hepatocyte and
preserved sinusoidal architecture indicate
antioxidant effect with hepatoprotection.
Group5, omega- 3 and vitamin E combination,
showed mild portal veins congestion with
normal arrangement of hepatocytes and
normal appearance of sinusoids.
Histopathology findings of Group 5 aligned
with the existing study indicating that
combined administration of omega-3 and Vit E
exerts ameliorating effects (37).

Conclusion
Carbamazepine induced marked hepatic
injury, demonstrated by severe

histopathological alterations and down
regulation of Nrf2, indicating impaired
antioxidant defense. Omega-3 and Vitamin E
improved liver structure and partially restored
Nrf2  activity, while their combined
administration produced normal histology and
the greatest Nrf2 up regulation. These findings
confirm that activation of the Nrf2 pathway is
central to protection against CBZ-induced
hepatotoxicity. The combination of (Omega3
and Vit E) antioxidant therapy maintained the
integrity and architecture of hepatic tissues in
rats.
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