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Abstract:

Carbamazepine (CBZ) is one of the main anti-epileptic drugs (AEDs) used to treat epilepsy,
neuralgia, alcohol withdrawal syndrome, schizophrenia, and bipolar disorder. Studies have shown
that long-term use of carbamazepine may cause various side effects such as hepatotoxicity, testicular
dysfunction, and metabolic disorders. This study was conducted on 60 female rats with an average
weight of 200-250 grams and ages ranging from 4—6 weeks. The rats were divided into 12 groups,
each consisting of 5 animals. The results showed an increase in antioxidant levels (glutathione GSH
and malondialdehyde MAD), as well as elevated levels of liver enzymes (AST and ALT) and im-
mune markers (CRP and HCY) in the group treated with carbamazepine at therapeutic, double, and
excessive doses compared to the control group. On the other hand, the group treated with pome-
granate juice and vitamin C alongside carbamazepine at various doses showed a significant decrease
in antioxidant levels, liver enzymes, and immune markers. The current study aims to understand
the effects of carbamazepine on experimental animals, specifically its impact on antioxidant lev-
els (GSH and MAD), liver enzymes (ALT and AST), C-reactive protein (CRP), and homocysteine
(HCY). Additionally, the study sought to investigate the role of vitamin C and pomegranate juice in
countering the harmful effects of the drug.

Keywords: Carbamazepine, Vitamin C, Pomegranate Juice, Oxidative Stress, Glutathione, Liv-
er Enzymes, C-Reactive Protein, Homocysteine.
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Introduction:

Carbamazepine (CBZ) is among
the most commonly used drugs for the
treatment of epilepsy and is also uti-
lized in managing several other condi-
tions, including nerve pain, schizophre-
nia, and manic depression (Osuntokun
et al., 2020). It is classified as a sed-
ative agent; however, its frequent use
without medical supervision poses a
significant risk, potentially leading to
drug dependence, similar to the misuse
of narcotics such as tramadol, which
adversely affects brain function and
behavior. Other notable antiepileptic
drugs (AEDs) include phenytoin, le-
vetiracetam, and valproate (Demirci et
al., 2021).

The prolonged use of medications is
often associated with toxic side effects,
which manifest in various tissues and
organs of the body. Several studies
have highlighted the adverse impacts
of CBZ; for instance, one study demon-
strated its teratogenic effects, showing
that exposure during pregnancy result-
ed in halted fetal growth, malforma-
tions, and reduced fetal weight (Jose
et al., 2017). Concerning its neurotoxic

effects, a study by Demirci et al. (2021)
reported the presence of edema be-
tween nerve cells and neuroglial cells,
indicative of central nervous system
damage. Moreover, renal toxicity was
observed, characterized by hypertro-
phy of epithelial cells lining the renal
tubules and an overall enlargement of
the kidneys (Elif et al., 2021).

Additionally, CBZ has been shown
to contribute to oxidative stress along-
side its therapeutic effects, as its me-
tabolite, arene oxide, is implicated in
cellular damage (Eghbal et al., 2013).
CBZ and its active metabolite disrupt
intracellular antioxidant defense sys-
tems, leading to oxidative injury and
cellular dysfunction. Furthermore,
CBZ has been associated with repro-
ductive toxicity, causing tissue damage
that results in reproductive disorders
(Akorede et al., 2020).

In recent years, research efforts
have focused on developing novel
therapeutic approaches with antioxi-
dant properties to mitigate oxidative
stress and neuronal damage in epilepsy.
Pomegranate (Punica granatum) has
emerged as a promising candidate due

to its high content of secondary me-
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tabolites, such as polyphenols, which
possess potent antioxidant activities.
These compounds may enhance epi-
lepsy management by reducing oxida-
tive damage, restoring mitochondrial
function, and protecting the brain from
hyperexcitability and neurodegenera-
tion associated with epilepsy (Sarmast
et al., 2020).

Vitamin C (ascorbic acid) is recog-
nized as a potent antioxidant, anti-in-
flammatory agent, and immunomod-
ulator. It functions as a cofactor for
essential monooxygenase and dioxy-
genase enzymes, thereby exerting di-
verse physiological effects (Carita et
al., 2020). Various studies have con-
firmed the hepatoprotective properties
of Vitamin C, attributing its effects to
its robust antioxidant capacity. Both in
vitro and in vivo studies have demon-
strated that Vitamin C normalizes lev-
els of key biomarkers, such as alanine
(ALT),
aminotransferase (AST), and malondi-
aldehyde (MDA), following liver inju-
ry (He et al., 2018).

aminotransferase aspartate

Materials and Methods:

Experimental Animals

A total of 60 healthy female albino
rats, aged between 4 to 6 weeks and
weighing between 200-250 grams,
were used in this experiment. The an-
imals were obtained from the Animal
House, College of Veterinary Medicine,
University of Tikrit. The animals were
housed and maintained under standard
laboratory conditions (proper ventila-
tion and controlled temperature) for a
period of 2 months. All animals were
confirmed to be free from any clinical
diseases, fed standard pellet diets, and
provided water ad libitum.

Experimental Design

The animals were randomly divid-
ed into 12 groups, with 5 rats in each
group, as shown in the table below:



Evaluation of the Protective Role of Vitamin C and Pomegranate Juice Against the Physiological Effects
of Carbamazepine on Certain Biochemical Variables in White Rats .......... Ulla Salam Dawood , Noor Ibrahim Hassan J { 248
No. Group Treatment

1 Control Group Distilled water only

2 Pomegranate Juice Group 1 ml

3 Vitamin C Group I ml

4 Therapeutic Dose of Carbamazepine I ml

5 Double Dose of Carbamazepine 2 ml

6 Overdose of Carbamazepine 4 ml

7 Therapeutic Dose of Carbamazepine + Pomegranate Juice I ml+1ml

8 Double Dose of Carbamazepine + Pomegranate Juice 2ml+1ml

9 Overdose of Carbamazepine + Pomegranate Juice 4ml+1ml

10 Therapeutic Dose of Carbamazepine + Vitamin C I ml+ 1 ml

11 Double Dose of Carbamazepine + Vitamin C 2ml+ 1 ml

12 Overdose of Carbamazepine + Vitamin C 4ml+1ml

Determination of Treatment Doses

The effective doses used in this
study were calculated based on the
method described by Nair and Jacob
(2016), adjusting the human equivalent
oral dose (200 mg) for rats. One carba-
mazepine tablet was dissolved in 67 ml
of distilled water, with the following
doses administered:

* 1 ml per rat for the therapeutic
dose.

* 2 ml for the double dose.

* 4 ml for the overdose.

Pomegranate juice was prepared by
cleaning the pomegranate fruits, sep-
arating the seeds from the peels, and
blending them using a manual mixer.

The fresh juice was immediately ad-

ministered orally. The effective dose
(1 ml per rat) was determined based on
the findings of Al-Hadidi et al. (2014).

Vitamin C was prepared according
to Hussein (2009) at a concentration
of 250 mg/kg body weight. It was dis-
solved in 5 ml of distilled water, and 1
ml was administered per rat. Vitamin
C was supplied by Arwa Medical Sup-
plies (ACS Chemicals, India).

Blood Sample Collection

At the end of the 60-day experimen-
tal period, rats were fasted for 24 hours,
weighed, and anesthetized using chlo-
roform. Blood samples were collected
via cardiac puncture using a 5 ml sy-
ringe, drawing approximately 4-5 ml
of blood per animal.
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Biochemical Assays

* Glutathione (GSH) levels in serum
were determined using Ellman’s re-
agent method (Ellman, 1959).

» Malondialdehyde (MDA) levels
were measured using a modified thio-
barbituric acid reactive substances
(TBARS) assay as described by Guidet
and Shah (1989).

 The activities of liver enzymes al-
anine aminotransferase (ALT) and as-
partate aminotransferase (AST) were
measured by the colorimetric method
using Biolabo (France) commercial di-
agnostic kits, following Tietz (1999).

* Serum levels of C-reactive protein
(CRP) and homocysteine (HCY) were
assessed using the sandwich ELISA
technique.

Statistical Analysis

The data obtained from biochemical
analyses were subjected to analysis of
variance (ANOVA) using SPSS soft-
ware version 10.0 (SPSS Inc., Chica-
go, USA). Mean comparisons between
groups were performed using Duncan’s
multiple range test, with statistical sig-
nificance considered at P < 0.05.

Results:

The results presented in Table 2
show a significant increase (P<0.05) in
antioxidant markers (GSH and MDA),
liver enzymes (AST and ALT), and
immune markers (CRP and HCY) in
the groups treated with carbamazepine
at therapeutic, double, and overdose
levels compared to the control group.
However, the groups co-treated with
pomegranate juice or vitamin C along-
side carbamazepine (at various doses)
demonstrated a significant reduction
in the levels of antioxidants, liver en-
zymes (ALT and AST), and immune
markers (CRP and HCY).

The study findings indicate that the
co-administration of pomegranate juice
and vitamin C effectively alleviated
the carbamazepine-induced increases
in oxidative stress, liver damage, and
immune response markers. This pro-
tective effect is attributed to the antiox-
idant properties of pomegranate juice

and vitamin C.



Evaluation of the Protective Role of Vitamin C and Pomegranate Juice Against the Physiological Effects

|| 250

, Noor Ibrahim Hassan

Ulla Salam Dawood

of Carbamazepine on Certain Biochemical Variables in White Rats ............

*¢ :dnoi3 1ad sye1 Jo OqUUINN .

"'S0°0 > d 18 SOoUIoPIp JuedYIUSIS 91edIpul (039 0 ‘q ‘B) s1019] 3dLIosIadns JUAIOPI(T .

"(dS) uoneIAOD pIepue)S F UBIW Sk PISSAIdXd oIe SonjeA

. . . . ) ) ) ) ) . D urweyp
QT20'TF9C0C [9e8TOTFvY'IT | 9Q6L9F 6569 PCI'SFECer | JOSERFHSYTE | BCITO F€9€+C | 9S0PIOAQ 78D
- . . e . . ) ) . . 5 5 ) ) O urwreyiA

000V F€1°€T 0C8TFPETI | AS6'CT FSTLY | Q6 9F TSV | JPVES FLI9CTE | PO EVO'TF 6SE'1T 4 250 A1qn0d Z))
5 0k . 5 ) ) N . e 40" . 5 . . D UIwenA
PI0OS6’T F8CTLI | 996690 F 8%°6 SLYF €V 08 Y9'L F0T9L | FJ8TOI FLL86T | 2P 06€°€ F0TO0C + onnadessy ] 790
5 . . e . . . . 5 /1 ) ° . . 20In[ 9jeurI3OWOJ
P 0S6'€ F9CTSI OIS EFLICI | QCI'8F69°79 LT'8 F99°G¢ P 656 T 86EHE | J €€9°0 F SSC8I 4 3S0PIOAQ 7€)
- . . 5 . . 5 . 2 Q0" . ) ) 2oIn[ 9jeurI3oWOg
qe Syy'T F8S°1T 0€TTFTES SO9FIIIS 89°CFECOLL | PTTOT FH9€SE | FS8L0F 89881 4 250 A1qn0d Z€))
04 721 T Y161 oqe OTLY F TS A8L°S T LS09 | 30 THET ¥ 0922 | 39 SS0°T T 03161 doIn[ djeurISAWOJ
LOETF900I 3 } + onnadelay ], Zd)D
P OOTEFLY'ST | 99088 CFEE6 | 96501 FS9CS | BSOSFO6TLL | JPTIVFTI6CE |99 vvT0F09L°CC 9SOpIAQ ZdD
PO6CCTFCEIL | 2Q00V'CFLY6 | 20€0I F06'SY | 8L TFO0L08 26LS F9596€ |9 669°0 F 6L0°EC | 9sod d[qnod ZdD

. . . . . . . . ) ) as0(d
SOPI'EFCSYEL | PQ0LI'CTF8Y'8 | A0S99F6L°69 | BCLLFOLITS | FJ888FF0890€ [ge €LL°0F S€0°€C onnadeIdy ] 7))
POISTFEHP Ol [ Q98°CF IV Ol | BOLOI FHCT I8 | 9€TOT FOLES [OPSIIECF09H8E | 98 LIL0F 880°€C D Uy
POV T TIPSl | P6I'CTFSYS B Iy S FT6'08 Q9L LFITY9 | BCITH FS6SLY | Q8 SvL'0 F SSS'€T | 9omf deueiowioq
POOCOY FCOLI | PTISOF VST POT'SFS6'CE POT8FI16CYy | QLESPY FCTITE |99 T66°0 F059°CC [onuo)
(T10wn) XoH | (T1/8w) 4AD (1/0) LSV (/) L1V (T/10ww) V@ | (T/10wn) HSO dnoin jusuneai],

*Sjed OUI(e d[ewd) ul sIdjowesed WNIdS PIIPNis 9Y) U0 SUONBUIQUIOD IRY) pue

“(STOAJ] 9s0PIA0 pue dqnop dnnadesdy) je) surddzewreq.ae)) <) UTWRIIA AN JjeULIZdIWOJ JO 1931 7 dAqeL




251 ||

dudlyell de olall - duy il duds - duodellg dugy il Sluwlyadl ddao
02025 il - 6Ll pgle - jue GWI alaall - ggpuiiellg guolBdl el

Discussion:

The results of this study are consis-
tent with previous research by Osun-
tokun et al. (2021) and Sabr (2023),
which showed that the administration
of carbamazepine leads to a signifi-
cant increase in antioxidant markers
(GSH and MDA). This increase may
be attributed to elevated levels of lip-
id peroxide in the plasma as a result
of secondary metabolic processes
triggered by carbamazepine. Carba-
mazepine stimulates the production of
large amounts of free radicals. In the
absence of an effective defense mech-
anism, free radicals oxidize unsaturat-
ed fatty acids, leading to the formation
of peroxyl radicals. These radicals can
extract a hydrogen ion (H*) from an-
other fatty acid, perpetuating the chain
reaction and thus raising lipid peroxide
levels (Santharani, 2012; Aliu et al.,
2017).

The notable efficacy of pomegran-
ate juice in reducing oxidative stress
markers in plasma could be due to its
phenolic compounds that inhibit ox-
idation. Pomegranate juice contains

anthocyanins, which enhance the an-

tioxidant capacity (increasing GSH
and reducing MDA), thereby preserv-
ing hepatic cell function and prevent-
ing leakage of these enzymes into the
bloodstream (Surai et al., 2019).
The study also showed a decrease in
GSH levels in the groups treated with
carbamazepine (therapeutic and dou-
ble doses) combined with Vitamin C,
compared to the groups treated with
carbamazepine alone. As illustrated in
Figure 2, Vitamin C plays a crucial role
in scavenging free radicals by inhibit-
ing lipid peroxidation and providing a
protective role against oxidative stress
by suppressing oxidation activities
(Masheswari et al., 2015).
Carbamazepine treatment also in-
duced biochemical changes at the he-
patic level, as evidenced by the sig-
nificant elevations of liver enzymes
AST and ALT compared to the control
group. These findings align with Akore-
de et al. (2023), suggesting that carba-
mazepine-induced hepatotoxicity may
result from the production of reactive
oxygen species (ROS), which attack
DNA and generate hydrogen peroxides
and highly reactive hydroxyl radicals
(OH"), causing cellular damage due to



Evaluation of the Protective Role of Vitamin C and Pomegranate Juice Against the Physiological Effects
............ Ulla Salam Dawood ,

of Carbamazepine on Certain Biochemical Variables in White Rats

|| 252

Noor Ibrahim Hassan

decreased antioxidant defenses.

The severity of hepatotoxicity due
to carbamazepine varies depending on
the dose and duration of administration.
Elevated AST and ALT levels could
be attributed to hepatocellular injury
caused by the accumulation of toxic
metabolites within hepatic cells, lead-
ing to direct or indirect cellular dam-
age (Chrismawan et al., 2020). The rise
in serum AST levels could reflect dam-
age to liver tissue, as also observed in
the current study. It has been reported
that daily consumption of pomegranate
juice can reduce liver enzyme levels,
lower lipid peroxide levels, and in-
crease antioxidant enzyme activity in
the liver (such as GSH), thereby pro-
tecting against liver damage, improv-
ing mitochondrial function, and miti-
gating oxidative stress (Hossein et al.,
2024).

Regarding the groups treated with
carbamazepine and Vitamin C, Vitamin
C appeared to alleviate the changes in
AST activity caused by carbamazepine,
particularly in the overdose group.
This protective effect is likely due to
Vitamin C’s ability to guard against
hepatic, muscular, and intestinal tis-

sue injuries induced by carbamaze-
pine (Akorede et al., 2023). Similarly,
Hadzagic et al. (2017) demonstrated
that co-administration of Vitamin C
with carbamazepine prevented the rise
in liver enzymes, supporting its hepa-
toprotective effect attributed to its anti-
oxidant properties.

The current study also showed a sig-
nificant increase in C-reactive protein
(CRP) levels in the serum of rats treat-
ed with carbamazepine at therapeutic,
double, and overdose doses, consistent
with findings by Dkv (2018). This in-
crease may be due to the drug’s im-
pact on the liver and immune system,
potentially triggering a transient in-
flammatory response or affecting liver
CYP450 enzymes, leading to mild in-
flammation.

C-reactive protein (CRP) is a
well-established inflammatory mark-
er used to assess inflammation levels
in the body. A significant elevation in
CRP during carbamazepine use could
suggest inflammation or an immune re-
action, such as the Drug Reaction with
Eosinophilia and Systemic Symptoms
(DRESS syndrome), which can be se-
rious. The rise in CRP may also reflect
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hepatitis or other side effects like vas-
culitis (Ishikawa et al., 2025), which
attributed the increase in CRP to the
contribution of inflammatory pathways
in epileptogenic tissue, leading to neu-
rodegeneration and refractory epilepsy.

Furthermore, the results demonstrat-
ed that pomegranate juice and Vitamin
C helped reduce CRP and HCY levels,
likely due to their content of bioactive
compounds with immunomodulatory
and anti-inflammatory properties (Pe-
tel et al., 2022).

Conclusions:

This study showed that carbamaze-
pine treatment at various doses caused
significant oxidative stress, liver dam-
age, and inflammation in rats. Co-ad-
ministration of pomegranate juice or
Vitamin C effectively reduced these
harmful effects by lowering oxidative
markers, liver enzymes, and inflamma-
tory proteins. These results highlight
the protective role of natural antioxi-
dants in reducing carbamazepine-in-
duced toxicity. Further research is rec-
ommended to confirm these findings

and explore their clinical applications.
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