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Abstract

Background: Epilepsy is a complex neurological disorder affecting millions worldwide and is the most common major neurological
complication during pregnancy. Carbamazepine, a widely used antiepileptic drug, has been associated with oxidative damage. Vitamin
C, a powerful antioxidant has shown potential in controlling seizures and improving fertility. This study aimed to evaluate the
protective effects of vitamin C against carbamazepine and pentylenegtetrazole-induced seizures on pre-implantation loss in pregnant
Wistar rats.

Methods: We randomly assigned Thirty pregnant rats into six groups of five animals each. Group received distilled water (2 ml/kg),
Group 2 was administered pentylenetetrazol (PTZ) at a dose of 60 mg/kg, Group 3 received vitamin C (100mg/kg) along with PTZ
(60 mg/kg), Group 4 was given carbamazepine (20 mg/kg), Group 5 received both carbamazepine (20 mg/kg) and PZT (60 mg/kg),
and Group 6 was pretreated with vitamin C, carbamazepine and PZT at doses of 100 mg/kg, 20 mg/kg and 60mg/kg, respectively.
Treatments were administered via gavage once daily for 11 consecutive days, while PTZ was administered intraperitoneally ones.
Oxidative stress parameters were assessed in the pituitary, ovary and uterine tissues alongside hematological parameters and sex
hormones concentrations. We also evaluated preimplantation loss.

Results: The results demonstrated that vitamin C effectively mitigated the adverse effects of oxidative stress, hormonal disruptions,
preimplantation loss, and hematological changes induced by seizure and carbamazepine.

Conclusion: The study concludes that antioxidant properties of vitamin C at gestation contribute to its protective effects against
seizures and carbamazepine-induced alterations in reproductive parameters. The findings may have implications for human exposure
to antiepileptics during pregnancy.
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INTRODUCTION ﬁf]tlformations, spontaneous abortions, and neonatal deaths
Epilepsy is a chronic neurological disorder characterized Pentylenetetrazol (PTZ) is a chemical compound used to
by recurrent unprovoked seizures [1] that affects individuals induce seizures in animal models of epilepsy [5]. It acts by
of all ages and both sexes and is prevalent worldwide [2]. The inhibiting the activity of gamma-aminobutyric acid (GABA),
disorder has substantial detrimental effects on animal and a key inhibitory neurotransmitter in the brain; PTZ causes
human health, significantly impacting the quality of life and hyperexcitability and seizures in the brain, making it a
imposing a heavy burden on society [3]. The occurrence of valuable tool for studying the mechanisms of epilepsy [6].
epileptic seizures during pregnancy has been associated with It is essential to treat epilepsy during pregnancy because
complications such as increased incidence of stillbirths, seizures can lead to falls, injury, miscarriage and physical
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stress that can endanger the health of the dam and fetus [7].
Treatment typically involves the use of anti-epileptic drugs
(AEDs), alongside the management of underlying conditions
that may contribute to the seizures [8].

Carbamazepine (CBZ) is an effective AED used for
treating epilepsy and neuropathic pain; it is also employed as
a second-line treatment for bipolar disorders and as an
adjuvant treatment for schizophrenia [9]. CBZ exerts its
effect via the reduction of sustained repetitive neuronal firing
by blocking voltage-gated sodium channels and, in turn,
inhibits repetitious brain neuronal activities [10]. CBZ and its
active metabolite (10, 11 -epoxycarbamazepine) also evoke
oxidative damage [11] by disrupting cellular antioxidant
systems, thus causing cellular injury. Additionally, CBZ
interacts with the reproductive system due to oxidative stress
induction [12, 13, 14]. As a lipid-soluble compound, CBZ can
cross the placenta barrier and other biological membranes,
resulting in malformations such as craniofacial defects, heart
defects, neural tube defects, growth retardation,
developmental delays, and fetal death [15]. Studies have
shown a higher incidence of spontaneous abortions in
pregnant individuals undergoing CBZ therapy [16].

Vitamin C is an essential water-soluble antioxidant in the
blood, lymph, cerebrospinal and other biological fluids that
plays a critical role in intracellular lipid peroxidation,
mitigating endothelial dysfunction, and replenishing vitamin
E within lipoproteins and cell membranes. This vital nutrient
protects cells and tissues from free radical production and
lipid damage [17]. Vitamin C has been beneficial for infertile
women with luteal phase defects and those experiencing
recurrent abortions, as it plays a significant role in
folliculogenesis, enhances fertility through pituitary
hormonal secretions, and improves endometrial thickness and
cervical receptivity [18].

This study aims to evaluate the protective effects of
vitamin C on carbamazepine and pentylenegtetrazole-
induced seizures on pre-implantation loss in pregnant Wistar
rats.

METHODS

Animals acquisitions and preparations

We obtained fifty sexually mature male Wistar rats and
fifty nulliparous female Wistar rats from the Department of
Veterinary Pharmacology and Toxicology, at the University
of Ilorin, Nigeria. The animals were kept housed separately
in plastic cages and fed with commercial grower pellets
(Chikun®, Nigeria). Water was available ad libitum.

Drugs/chemicals acquisition and preparations

Pentylenetetrazol (PTZ) was purchased from Sigma-
Aldrich (St. Louis, MO, USA), commercial grade
carbamazepine (Tegretol®) and vitamin C were obtained
from a reputable pharmaceutical store in Ilorin, Kwara State.

All other chemicals used, including phosphate buffer
solution, ammonium sulphide, cold saline, thiobarbaturic
acid, trichloroacetic acid and tris-buffered saline, were of
analytical grade and obtained and sourced from a reputable
chemical company.

Experimental design

Experimental protocol: Fifty sexually matured female
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nulliparous Wistar rats weighing between 150 and 180 grams
were bred with 50 adult males in a 1:1 mating scheme
overnight, following the on Organization for Economic
Cooperation and Development (OECD) guidelines (1995) for
reproductive toxicity studies. Evidence of mating was
confirmed by the presence of spermatozoa deposit in the
vagina or the presence of vaginal plug. Day 1 of gestation was
defined as the day on which a copulation plug or spermatozoa
were found in the vagina.

The thirty pregnant dams were randomly divided into six
groups, with five animals in each group. The treatment
regimens were as follows:

Group 1 received distilled water (2ml/kg); Group 2 was
administered pentylenetetrazol (60mg/kg); Group 3 was
exposed to vitamin C (100mg/kg) and pentylenetetrazol
(60mg/kg) respectively; Group 4 was exposed to
carbamazepine (20mg/kg) [19]; Group 5 was administered
carbamazepine (20 mg/kg) and pentylenetetrazol (60mg/kg)
respectively; while Group 6 was pretreated with vitamin C
(100mg/kg) and carbamazepine (20mg/kg) and later exposed
to pentylenetetrazol (60mg/kg) respectively.

The treatments were delivered via gavage once daily for
12 days consecutively, while pentylenetetrazol was
administered intraperitoneally (i.p.), ones. The rats were then
sacrificed via jugular venesection after being mildly
anesthesized with ether. Blood samples were collected into
sterile test tubes, containing anticoagulant, and stored in a
refrigerator for subsequent hematological evaluations.
Evaluation of treatment on serum hormonal concentration.

Blood samples were collected via the medial canthus of the
eyes into plain bottles and centrifuged at 1000 x g for 10
minutes. Serum were decanted into clean sample bottles and
used for the analysis of FSH, LH, progesterone and estradiol
concentrations using standard ELISA kits as described by the
manufacturers.

Evaluation of hematological parameters

For this purpose, blood parameters were analyzed, such as
packed cell volume (PCV), haemoglobin (Hb), red blood cell
(RBC) count, total differential leukocytes and platelets were
evaluated. The analyses were performed on an auto-analyzer
unit (Perlong HA6000 Auto Haematology Analyzer; China).

Evaluation of preimplantation loss

On day 12 day of pregnancy, the rats were anaesthetized
with ether for examination. After anesthesia, the uterine horns
were removed, and the number and distribution of
implantation sites were recorded. The ovaries were also
examined and the corpora lutea were counted. To confirm the
embryonic implantation sites, the uterine horns were placed
in Salewski reactive solution [20]. The percentage of
preimplantation loss was calculated using the following
formula:

%pre — implantation loss = (No. of corpura lutea —
No. of implantation sites)/(No. of corpura lutea) x 100

Tissue preparations

The pituitary gland, ovaries and uterus were weighed,
rinsed with cold saline to remove blood, and homogenized in
a known volume (5 mg/ml) of ice-cold phosphate buffer at a
1:5 w/v. The homogenates were then centrifuged at 2000 g
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for 10 minutes, and the supernatants were used to analyze of
the levels of malondialdehyde (MDA), superoxide dismutase
(SOD), and glutathione peroxidase (GPx).

Pituitary, ovarian and uterine tissues lipoperoxidation

The  Pituitary, ovarian and uterine  tissues
malondialdehyde (MDA) concentrations were evaluated
using the double heating method [21].

Pituitary, ovarian and uterine
dismutase activities

The superoxide dismutase activity was analyzed using
SOD Assay Kit-WST (SOD-19160  water-soluble
tetrazolium salt, Sigma-Aldrich, USA) as previously
described [22].

Pituitary, ovarian and uterine tissues glutathione
peroxidase activities

Glutathione peroxidase activity was assessed using the
Fortress Diagnostic Glutathione Peroxidase Assay Kits
Protocol (BXCO0551A, Antrim, UK) [23].

Statistical analysis

The values are expressed as mean + standard deviation
(SD). Differences within the groups were analysed using
Tukey post-hoc method following ANOVA, with statistical
analyses performed using Graph-pad Prism version 8.03
(San Diego, California, USA).

tissues superoxide

RESULTS

Clinical signs

Clinical signs observed in Groups II, III, IV, V and VI,
which were treated with pentylenetetrazol (PTZ) included,
anxiety, immobilization, head nodding, myoclonus of facial,
forelimb, or hind limb, continuous whole-body myoclonus,
myoclonic jerks, a stiffly held tail, rearing, tonic seizure,
falling on their sides, tonic-clonic seizures, falling on their
backs, and wild rushing and jumping.

Effect of Treatment on Hormonal Concentration

Effect of treatment on follicle stimulating hormone
concentration

Figure 1 shows no significant change in follicle-
stimulating hormone (FSH) concentration among the groups
(p > 0.05). However, the absolute mean FSH concentration
in the PTZ group was relatively lower when compared to that
of DW (40%), CBZ (67%), VC+PTZ (54%), CBZ+PTZ
(56%) and VC+CBZ+PTZ (56%) groups. Also, reduction of
FSH concentration when recorded in DW group when
compared with VC+PTZ (22%), CBZ (19%), CBZ+PTZ
(11%) and VC+CBZ+PTZ (11%) groups.

Effect of treatment on luteinizing hormone concentration

There was no significant (p > 0.05) change in the LH
concentration in all the groups. However, the absolute mean
LH concentration in DW group was relatively lower when
compared to that of VC+PTZ (22%), CBZ (14%), CBZ+PTZ
(14%) and VC+CBZA+PTZ (14%) groups (Figure 2).

Effect of treatment on progesterone concentration

There was significant (p < 0.05) reduction in progesterone
level in the PTZ group compared to the DW and
VC+CBZ+PTZ groups. Relative reductions were noted
when comparing PTZ to the VC+PTZ (62%), CBZ (43%),
CBZ+PTZ (32%) groups. Additionally, the CBZ group
showed a significant reduction (p < 0.05) in progesterone

compared to the VC+CBZ+PTZ group, with relative
reductions noted compared to PTZ (43%) and VC+PTZ
(55%) groups (Figure 3).

Effect of treatment on estradiol concentration

A significant (p < 0.05) decrease in estradiol
concentrations was observed in the PTZ group compared to
all other groups. A relative reduction (p > 0.05) in estradiol
was observed in the CBZ group when compared to VC+PTZ
(12%), CBZ+PTZ (21%) and VC+CBZ+PTZ (21%) groups
(Figure 4).
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Figure 1. The effect of vitamin C on follicle-stimulating hormone (FSH)
concentrations in pregnant Wistar rats exposed to carbamazepine and
pentylenetetrazole
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Figure 2. The ffect of vitamin C on luteinizing hormone (LH)
concentrations in pregnant Wistar rats exposed to carbamazepine and
pentylenetetrazole
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Figure 3. Th ffect of vitamin C on progesterone concentration in
pregnant Wistar rats exposed to carbamazepine and pentylenetetrazole.

a = (p < 0.05) significantly lower compared to the DW and VC+CBZ+PTZ
groups
b = (p < 0.05) significantly lower in the VC+CBZ+PTZ group.

Effect of Treatment on Activity of Pituitary, Ovarian and
Uterine Tissues Oxidative Stress Parameter

Effect of treatment on pituitary gland, ovarian and uterine
tissues malondialdehyde concentrations

The MDA concentration in the pituitary gland showed no
significant (p > 0.05) change within the groups. A relative
increment was observed in pituitary MDA concentration in
the PTZ group when compared to the DW (80%), VC+PTZ
(61%), CBZ (36%), CBZ+PTZ (48%) and VC+CBZ+PTZ
(58%) groups. Also, a relatively increase in pituitary MDA
concentrations in the CBZ group was observed when
compared to DW (68%), VC+PTZ (39%), CBZ+PTZ (19%)
and VC+CBZ+PTZ (34%) groups (Table 1).

There was a significant (p < 0.05) increase in ovarian
MDA concentration in the PTZ and CBZ groups when
compared to the DW group. A substantial increment in
ovarian MDA level was noticed in the PTZ group when
compared to DW (67%), VC+PTZ (33%) and VC+CBZ+PTZ
(28%) groups. A relatively increased ovarian MDA value was
recorded in the CBZ group as compared to the VC+PTZ
(29%) and VC+CBZ+PTZ (24%) groups (Table 1).

There was significant (p < 0.05) increase in uterine MDA
concentration in the PTZ group when compared to DW and
VC+PTZ groups, while relatively higher value was observed
when compared with CBZ (15%), CBZ+PTZ (16%) and
VC+CBZ+PTZ (38%) groups. The CBZ group showed an
increase in the ovarian MDA concentration when compared
with DW (47%), VC+PTZ (43%), VC+CBZ+PTZ (27%)
groups (Table 1).

Effect of treatment on pituitary gland, ovarian and uterine
tissues superoxide dismutase concentrations

As can be seen from Table 1, asignificantly (p <0.05) lower
pituitary SOD concentration in the DW group when compared
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Figure 4. The effect of vitamin C on estradiol concentrations in
pregnant  Wistar rats exposed to carbamazepine and
pentylenetetrazole.a = (p < 0.05) significantly lower compared to the
DW, CBZ, VC+PTZ, CBZ+PTZ and VC+CBZ+PTZ groups

to PTZ, CBZ, CBZ+PTZ and VC+CBZ+PTZ groups.

There was no significant (p > 0.05) change in the ovarian
SOD concentration in all the groups. A relative reduction was
observed in the PTZ group compared to DW (15%) and
VCHPTZ (23%) groups. A relatively decrease in ovarian
SOD level was noted in the CBZ group when compared to
DW (22%) and VC+PTZ (15%) groups (Table 1).

The uterine SOD concentration reduced significantly (p <
0.05) in PTZ group when compared with DW and VC+PTZ
groups, while relative reduction was reported when compared
with CBZ (45%), CBZ+PTZ (46%) and VC+CBZ+PTZ
(52%) groups. There was a significantly (p < 0.05) lower
uterine SOD level in the CBZ group when compared with
DW group, but a relative reduction was noticed when
compared with PTZ (45%), VC+PTZ (27%) and
VC+CBZ+PTZ (12%) groups (Table 1).

Effect of treatment on pituitary gland, ovarian and uterine
tissues glutathione peroxidase concentrations

There was a significant (p < 0.05) decrease in pituitary
gland GPx concentration in the PTZ group when compared to
VC+PTZ and VC+CBZ+PTZ groups, while relative
reduction was recorded with DW (30%), CBZ (22%) and
CBZ+PTZ (13%) groups. The pituitary GPx reduced (p <
0.05) significantly in the CBZ group when compared with the
VC+CBZ+PTZ group, while relative decreased value was
reported when compared with DW (10%), VC+PTZ (14%)
and CBZ+PTZ (10%) groups (Table 1).

There was a significant (p < 0.05) decrease in ovarian GPx
concentration in the PTZ group when compared to DW,
VC+PTZ and VC+CBZ+PTZ groups, while a relative
reduction was notice with CBZ (19%) and CBZ+PTZ (24%)
groups. The ovarian GPx level reduced (p < 0.05)
significantly in the CBZ group when compared to the
VC+PTZ group, but relative lower value was recorded when
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compared with the DW (19%) and VC+CBZ+PTZ (21%)
groups.

There was a significant (p < 0.05) decrease in uterine GPx
concentration in the PTZ group when compared to DW,
VC+PTZ and VC+CBZ+PTZ groups, while a relative
reduction was seen when compared to the CBZ (11%) and
CBZ+PTZ (19%) groups. There was significant (p < 0.05)
change in uterine GPx concentration in the CBZ group when
compared with DW, CBZ+PTZ and VC+CBZ+PTZ groups
(Table 1).

Effect of Treatment on Hematological Parameters

Effect on parked cell volume (PCV)

There was a no significant (p > 0.05) change in parked cell
volume in all the groups. There was relative decrease in PCV
level in the PTZ group when compared to DW (15%),

VC+PTZ (33%), CBZ (55%) and CBZ+PTZ (16%). A
relative reduction in PCV level was also observed in the CBZ
group when compared to DW (55%), VC+PTZ (17%),
CBZ+PTZ (55%) and VC+CBZ+PTZ (45%) (Table 2).

Effect red blood cell (RBC) count

Table 2 showed no significant (p > 0.05) change in red
blood cell (RBC) count in all the groups. There was a relative
decrease in RBC level in the PTZ group when compared to
the VC+PTZ (35%), CBZ (68%) and CBZ+PTZ (46%). A
relative reduction in RBC level was seen in the CBZ group
when compared to DW (74%), VC+PTZ (68%) and
CBZAPTZ (15%).

Effect on hemoglobin concentration (Hb)

No significant (p > 0.05) change in hemoglobin
concentration (Hg) was observed in any of the groups. There

Table 1. Effect of Vitamin C on MDA, SOD and GPx Activities in Pituitary Gland, Ovarian and Uterine Tissues nof Pregnant Wistar Rats Exposed

to Carbamazepine and Pentylenetetrazole

Parameters bW PTZ

Pituitary MDA (uMol/mg protein 1.02+0.94 4.98+0.86
Ovarian MDA (uMol/mg protein) 1.01+0.92 3.09+0.51°
Uterine MDA (uMol/mg protein) 1.55+0.15 3.44+0.81°¢

Pituitary SOD (U/L) 1.18+0.24¢ 0.84+0.03
Ovarian SOD (U/L) 0.65+0.08 0.74+0.36
Uterine SOD (U/L) 0.90+0.27 0.27+0.013¢
Pituitary GPx (U/L) 75.81+10.87 53.27+1.72¢
Ovarian GPx (U/L) 81.224+4.80 52.89+4.50¢
Uterine GPx (U/L) 80.50+2.10 56.27+5.16¢

VC+PTZ CBZ CBZ+PTZ VC+CBZA+PTZ
1.94+0.25 3.17+0.37 2.57+0.82 2.08+0.25
2.05+0.41 2.90+0.17* 2.79+0.21 2.21+0.64
1.64+0.67 2.91+0.26 2.90+0.51 2.11+0.15
0.91+0.09 0.84+0.03 0.85+0.01 0.88+0.03
0.91+0.08 0.79+0.07 0.81+0.05 0.81£0.07
0.67+0.03 0.49+0.09* 0.50+0.03 0.56+0.10
79.34+0.56 68.08+18.05° 61.224+8.55 95.77+1.56
87.26+9.61 65.69+£5.37" 69.68+3.00 82.9949.03
94.81+8.16 63.30+6.45' 69.86+2.15 83.13+2.82

Values are presented as mean + standard deviation (SD)
a = (p <0.05) significantly higher compared to the DW group.
b = (p < 0.05) significantly higher compared to the DW group.

¢ = (p <0.05) significantly higher compared to the DW and VC+PTZ groups.
d = (p < 0.05) significantly higher compared to the PTZ, CBZ, CBZ+PTZ and VC+CBZ+PTZ groups.
e = (p <0.05) significantly lower compared to the VC+PTZ and VC+CBZ+PTZ groups.

f=(p <0.05) significantly lower compared to the VC+CBZ+PTZ group.

g = (p <0.05) significantly lower compared to the DW, VC+PTZ and VC+CBZ+PTZ groups.

h = (p < 0.05) significantly lower compared to the VC+PTZ group.

i=(p <0.05) significantly lower compared to the DW, CBZ+PTZ and VC+CBZ+PTZ groups.

Table 2. Effect of Vitamin C on the Hematological Parameters in Pregnant Wistar Rats Exposed to Carbamazepine and Pentylenetetrazole

Parameters bW PTZ

PCV (%) 38.67+2.08 33.67 +2.08

RBC (mL/mm?) 6.32+£0.18 6.11+0.93

Hb (g/dL) 11.82+1.28 10.70 = 1.01

Total leukocytes (x10%/L) 5.76 £0.48 7.77+£0.67
Neutrophils (x10°/L) 30.33 +£3.06 41.00 + 1.00*
Lymphocytes (x10%L) 58.33+£2.89 67.00 + 2.65¢
Monocytes (x10%/L) 2.33+1.53 2.00 + 1.00
Platelets (x10%L) 198.0 £ 16.82 215.0£11.27

VC+PTZ CBZ CBZ+PTZ VC+CBZ+PTZ
25.33 £8.08 21.67 £10.02 44.67 £29.54 31.33+£4.16
4.16 £1.33 3.64+1.35 420+2.75 6.35+1.58
6.42 +1.53 747 +3.07 8.10+5.10 8.70 £3.17
6.80 +£2.31 6.96 +1.94 6.82 +1.60 5.93+1.67
33.67+5.51 39.33 +2.31° 39.00 £ 1.00 38.00 = 2.00
57.33+£1.16 63.67 +5.86 57.00 £ 3.61 56.33+£2.08
1.67+1.16 2.00 £ 1.00 2.00 + 1.00 1.33+1.53
202.3+£3.22 337.3 £37.29¢ 181.3 £45.32 225.7+7.02

Values are presented as mean + standard deviation (SD). a = (p < 0.05) significantly higher compared to the DW group.

b = (p < 0.05) significantly higher compared to the DW group.

¢ = (p <0.05) significantly higher compared to the VC+PTZ, CBZ+PTZ and VC+CBZ+PTZ groups.
d = (p < 0.05) significantly higher compared to the DW, PTZ, VC+PTZ and CBZ+PTZ groups.
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was a relative decrease in Hb level in the PTZ group when
compared to the DW (10%), VC+PTZ (40%), CBZ (30%),
CBZAPTZ (24%) and VC+CBZAPTZ (17%) groups. A
relatively reduced Hg level was recorded in the CBZ group
compared to DW (37%) and VC+CBZ+PTZ (17%) groups
(Table 2).

Effect on total leucocyte count

No significant (p > 0.05) change in total leucocyte count
was observed in any of the groups. There was a relative
increase in leucocyte count in the PTZ group compared to the
DW (35%), VC+PTZ (13%), CBZ (10%) and VC+CBZ+PTZ
(12%). A relative increment in leucocyte count was also
recorded in the CBZ group compared to DW (21%) and
VC+CBZAPTZ (17%)(Table 2).

Effect on neutrophil count

A significantly (p < 0.05) higher neutrophil count was
observed in the PTZ group when compared to the DW group,
while a relative increment was reported when compared to
VC+PTZ (18%) group. The neutrophil count in the CBZ
group increased (p < 0.05) significantly when compared to
DW group whereas, a relatively higher value was reported
when compare to VC+PTZ group (14%) (Table 2).

Effect on lymphocyte count

A significantly (p < 0.05) higher lymphocyte count was
observed in the PTZ group when compared to the VC+PTZ,
CBZ+PTZ and VC+CBZ+PTZ groups. The lymphocyte
counts in CBZ group showed a relative increased value when
compared to the VC+PTZ (10%), CBZ+PTZ (10%) and
VC+CBZA+PTZ (12%) groups (Table 2).

Effect on monocytes

There was no significant (p > 0.05) change in monocyte
count in the all the groups (Table 2).

Effect on platelets count

Table 2 revealed a significantly (p < 0.05) higher platelets
count in the CBZ group when compared to the DW, PTZ,
VC+PTZ and CBZ+PTZ groups, while a relative increment
to reported when compared with VC+CBZ+PTZ (49%)
group. A relatively high platelets count was noticed in the
PTZ group when compared to the CBZ+PTZ (19%) group
(Table 2).

Effect of treatment on preimplantation loss

There was a significant (p < 0.05) increase in
preimplantation loss in the PTZ group when compared to the
DW and VC+CBZ+PTZ groups, while a relative increased
value was recorded when compared with CBZ (12%),
VCH+PTZ (23%) and CBZ+PTZ (13%) groups. The CBZ
group showed a significantly (p < 0.05) higher percentage
preimplantation loss when compared to DW group, but a
relatively increased value was noticed when compared with
the VC+CBZ+PTZ group (Figure 5).

DISCUSSION

The convulsive behaviors observed in Group II (PTZ) rats
indicate the occurrence of epileptic seizures, which is
consistent with the results presented in a study by Feature
[24], who classified PTZ-induced epileptic behaviors into
freezing, myoclonic twitches, clonic seizures, and tonic-
clonic seizures [25].

Malondialdehyde (MDA), a by-product of lipoperoxidation,
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Figure 5. The effect of vitamin C on percentage preimplantation loss in
Wistar rats exposed to carbamazepine and pentylenetetrazole

a= (p < 0.05) significantly lower compared to the DW and VC+CBZ+PTZ
groups.
b= (p < 0.05) significantly higher compared to the DW group.
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is known to cause membrane damage by altering membrane
fluidity and structural integrity and inactivating membrane-
bound enzymes. The present study revealed significantly
elevated concentrations of MDA in the pituitary, ovarian, and
uterine tissues of the PTZ and CBZ groups, consistent with
previous research [14, 26].

Our findings suggest that both seizures and carbamazepine
administration contribute to oxidative stress, as evidenced by
elevated MDA levels. The increase in MDA levels likely
results from intensified oxidative challenges associated with
reactive oxygen species (ROS) activity in animals exposed to
PTZ and CBZ. Treatment with vitamin C has been shown to
decrease MDA concentrations in the tissues above. This is
likely due to its antioxidant properties, which reduce free
radical generation and consequently mitigate oxidative
damage [27].Moreover, the observed decrease in superoxide
dismutase (SOD) activity in the pituitary, ovarian, and uterine
tissues of the PTZ and CBZ exposed groups suggests that
seizures and CBZ administration during pregnancy may
contribute to reduced enzyme synthesis, increased
metabolism activity, or enzyme inactivation due to elevated
superoxide production. This supports previous findings. [28].

The magnified lipoperoxidation, indicated by the higher
MDA concentrations in the PTZ and CBZ groups, have
further diminished SOD activity, potentially due to the
increased demand to counteract the oxidative damage
resulting from PTZ and CBZ exposure, along with
subsequent metabolic breakdown. SOD serves as the first
line of defense against ROS catalytically converting
superoxide radicals (O*) into molecular oxygen (O;) and
hydrogen peroxide (H,0») [29].

Notably, the elevated SOD activities in the pituitary,
ovarian, and uterine tissues of vitamin C treated groups,
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which donates electrons to prevent the oxidation of other
compounds [30].

Our findings also highlight a substantial reduction in
glutathione peroxidase (GPx) concentration in the pituitary,
ovarian, and uterine tissues in the PTZ and CBZ groups,
corroborating previous research [14,28,31].

It is likely that the depletion of GPx is a direct result of
oxidative damage caused by CBZ and PTZ. As an essential
antioxidant enzyme, Glutathione peroxidase plays a critical
role in protecting the cytosol and plasma membrane from
lipid peroxidation by catalyzing the reduction of hydrogen
peroxide (H,0O») and organic hydroperoxides generated at the
membrane [32].

The low GPx activity recorded in our study indicates an
inadequate degradation of H,O, and lipid peroxide, could
form hydroxyl radicals (OH*) and lipid peroxyl radicals
through interaction with transition metals [33]. We also
showed vitamin C increased GPx activity, highlighting its
protective antioxidant effect against cellular damage induced
by PTZ and CBZ [14].

Blood profile provides important insights into the body’s
response to injury, lesion, deprivation and stress [34]. The
observed reduction in packed cell volume (PCV) indicates
that pregnant women with epilepsy undergoing CBZ therapy
may be at an increased risk of anemia. This risk is likely due
to the adverse effects of seizures and CBZ on the bone
marrow, and could be linked to the decrease in tissue iron
concentration caused by CBZ exposure, which impair
hemoglobin (Hb) production and shorten the red blood cell
(RBCQ) life cycle. The results align with earlier research [11].
Notably, the administration of vitamin C significantly
improved the PCV levels of the animals supporting the
beneficial effects of vitamin C on anemia [11,35].
Furthermore, this study provides experimental evidence that
PTZ and CBZ exposure decreases red blood cell count and
hemoglobin concentration. The observed decrease in
hemoglobin may be attributed to reduced iron levels in the
blood, stemming from seizures and carbamazepine, which
can deplete iron stores. The reductions in RBC count may
result from decreased production or pure red cell aplasia,
potentially due to the swelling of RBCs and increasing
oxygen demands in response to CBZ-induced hypoxia. Our
current findings corroborate other reports [11, 36].

Treatment with vitamin C tends to enhance the oxygen-
carrying capacity of RBCs reflected in increased Hb levels
and RBC counts suggesting that vitamin C may enhance
RBC survival by improving erythrocyte membrane stability
and osmotic resistance [37].

White blood cells (WBCs) perform important roles in
regulating the body’s immune defense. Alterations in WBC
counts may indicate a decline in nonspecific immunity [38].
The leukocytosis observed in the PTZ and CBZ treatment
groups could be attributed to increased neutrophil release
(neutrophilia), stimulating effects on the immune system,
and lymphocytosis driven by lymphoid and myeloid tissues.
Our data demonstrate that pretreatment with vitamin C
mitigates PTZ- and CBZ-induced leukocytosis. The
observed neutrophilia may partly result from the oxidative
stress challenge that triggers the production of inflammatory
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cytokines, leading to cellular damages [39].

Additionally, the lymphocytosis seen in the CBZ group
could be attributed to the formation of epoxides through the
cytochrome P450 metabolism [40], which is covalently bind
to macromolecules, acting as haptens that induce
immunological responses and cause lymphocytosis. Our
findings robustly indicate that vitamin C treatment effectively
normalizes the differential WBC counts altered by CBZ and
PTZ exposure, while enhancing leukocyte chemotaxis and
phagocytosis, promoting efficient removal of damaged cells
[36].

PTZ and CBZ groups exhibited thrombocytosis, reflecting
elevated platelet count, consistent with previous reports [11].
Thrombocytosis may occur due to the induction of oxidative
stress, which can lead to increased production of
erythropoietin and contribute to iron-depleted anemia [41].
The observed thrombocytosis in our study may represent a
reactive type induced by inflammatory responses with
increased serum interleukin-6  levels. Importantly,
pretreatment with vitamin C effectively normalized
PTZ/CBZ-induced thrombocytosis, showcasing its protective
properties on the hematopoietic system. Our results indicates
that the PTZ and CBZ groups showed decreased
concentrations of FSH and LH compared to the other groups.
Research has demonstrated the adverse effects of
antiepileptic drugs on the anterior pituitary, which secretes
FSH and LH hormones crucial for oogenesis [14, 31]. The
reduced FSH and LH levels in the PTZ and CBZ groups may
be attributed to the detrimental impact of these substances on
gonadotropin-releasing hormone (GnRH) secretion from the
hypothalamus, which is pivotal for gonadotropin release from
the anterior pituitary [42]. The observed increases in LH and
FSH concentrations in the vitamin C-treated groups clearly
demonstrate the protective effects of vitamin C on
gonadotropin levels.

Pregnancy loss occurs in approximately 15-25% of
pregnancies [43]. Low levels of estradiol and progesterone
indicate poor pregnancy outcome. Progesterone and estrogen
are essential for normal pregnancy; thus, low levels, may
compromise pregnancy viability. Estrogen stimulates
endometrial hyperplasia and myometrium thickness,
enhancing blood supply and uterine contractibility [44, 45].
Elevated estradiol levels during early pregnancy correlate
with the dominant follicle’s quality and the corpus Iuteum
optimal function, both crucial for maintaining a healthy
pregnancy [46].

Conversely, progesterone provides endocrine support,
promotes a calming effect, and reduces uterine contraction
intensity and frequency, extending the endometrial secretion
period and coordination [47]. The marked decrease in
estradiol and progesterone levels in the PTZ and CBZ groups
are directly linked to the reproductive impairments caused by
oxidative stress by these substances, supporting earlier
studies [43]. The observed rise in progesterone and estradiol
levels in the vitamin C treated groups demonstrates the
protective effect of antioxidant vitamin C on sex steroid
hormone concentrations, enhancing endometrial thickness
during the Iuteal phase and priming the uterus for
implantation. Furthermore, vitamin C boosts progesterone



secretion from corpus luteum tissues [18]. The substantial rise
in preimplantation loss percentages in rats exposed to PTZ
and CBZ provides compelling confirmation of our earlier
findings. The increased oxidative stress, changes in blood
composition, and reduced sex hormone levels in the PTZ and
CBZ groups may have adversely impacted the
preimplantation stage, resulting in higher preimplantation
loss rates. Consequently, this may influence overall
pregnancy rates. Conversely, the vitamin C treated group
exhibited lower percentages of preimplantation loss,
underscoring the protective and reproductive enhancement
properties of vitamin C as an antioxidant.

CONCLUSION

In conclusion, the findings of this study indicate that
seizures and the use of antiepileptic drugs, particularly
carbamazepine, may increase the risk of pregnancy loss in
individuals with epilepsy. This risk appears to be linked to
oxidative damage observed in pituitary, ovarian, and uterine
tissues.

Oxidative stress significantly impacts the levels of female
sex hormones, hematological parameters, and the rate of
preimplantation loss. Notably, Vitamin C has demonstrated
protective effects against the alterations in sex hormone
concentrations, oxidative stress markers, and hematological
indices, as well as preimplantation loss induced by
carbamazepine and seizures in Wistar rats. The incidence of
seizures and the use of antiepileptic drugs during pregnancy,
as well as the risk of overdose, represent important public
health issues. These conditions are often associated with
severe side effects, including hemorrhage, abortion, and
stillbirth. The results of this study elucidate the biological
pathways associated with these challenges [48,49].
Additionally, the protective effects of vitamin C identified in
our research could offer valuable insights for developing
strategies to mitigate the adverse effects of antiepileptic drugs
in pregnant women exposed to
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