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A B S T R A C T

Sexual dysfunction in the epileptic patient is difficult to confirm whether it is ailment or therapy related.
Antiepileptic drugs often use in reproductive age, through reproductive progress and maturation. On the other
side, cold-pressed oils are rich in bioactive phytochemicals with health-promoting traits. The target of this work
was to appraise the sexual dysfunction of antiepileptic Topiramate (TPM) and cold pressed ginger oil (CPGO) as
antiepileptic alternative medicine in male mice. Fifty-four adult male albino mice were divided into nine groups
(n=6 mice). One group given saline and used as negative control; another one was given corn oil as vehicle. Six
groups administered orally with TPM or CPGO at 100, 200 and 400mg/kg. Moreover, group of animals co-
administrated orally CPGO with TPM (400mg/kg) to study their interaction. Fatty acid profile and tocols
composition of CPGO were determined. in vitro assays were undertaken to evaluate radical scavenging traits of
CPGO utilizing sable 1,1-diphenyl-2-picrylhydrazyl (DPPH·) and galvinoxyl radicals. The study investigated
antioxidant and oxidative stress markers, sexual hormones levels, mRNA levels of vascular endothelial growth
factor (Vegfa), synaptonemal complex protein (Sycp3), Wilms tumor gene (Wt1) as well as histopathological and
immunohistochemical examination. Strong radical scavenging potential of CPGO against stable DPPH· and
galvinoxyl radicals was recorded. The results revealed that TPM caused a dose-dependent reduction in the an-
tioxidant activities and testosterone content, while, malonaldehyde (MDA) and nitric oxide (NO) as oxidative
stress markers were elevated. Vegfa and Sycp3 mRNA expression down-regulated at all Topiramate tested doses,
but Wt1 up-regulated at 400mg/kg. TPM (400mg/kg) revealed histological alterations associated with strong
positive Bax immune reactive spermatogoneal and Leydig cells. Ginger oil elevated the CAT and SOD (anti-
oxidant enzymes), serum testosterone and diminished the oxidative stress, up regulated the expression of Vegfa
and Sycp3 and down-regulated the Wt1 expression. Meanwhile, CPGO revealed no histopathological alterations
and no Bax immune-reactive cells. CPGO co-administration with TPM (400mg/kg) attenuated the TPM toxicity.
High doses of TPM may exhibit sexual dysfunction but CPGO is safe and has androgenic property. CPGO co-
administration could protect the antiepileptic patient from the TPM sexual dysfunction.

1. Introduction

Epilepsy is a central nervous system disorder characterized by a
repeated transient attack of disturbed brain function that results in
convulsive and seizure episodes [1]. Reproductive toxicity occurs in
epilepsy patients due to the drugs used in treatment, as well as the

disease itself. It is recommended that seizures and antiepileptic drugs
alter hormone levels and cause reproductive dysfunction by affecting
the hypothalamic-pituitary-gonadal axis. Epilepsy affects approxi-
mately 50 million people worldwide [2]. Antiepileptic drugs (AEDs) are
a diverse group of medications that progressively used for disorders
other than epilepsy, such as migraine prophylaxis, and neuropathic
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pain [3]. Antiepileptic drug adverse effects stay a leading reason for
treatment failure and the main determinant of an impaired health-re-
lated feature of epileptic people life. Adverse effects could develop
acutely after beginning handling and could affect the body organ.
Several efforts carried out to minimize the onus of AEDs toxicity [4].

Topiramate (TPM) is a psychotropic drug that used as an anti-
epileptic drug and now used for many indications, including migraine
prophylaxis [5]. TPM is synthesized from D-fructose and contains a
sulfamate moiety that is crucial for its pharmacological action [6].
Tauboll et al. [7] showed that many AEDs affect reproductive function.
The TPM side effects for pregnant women are a permanent concern,
since epileptic women often require continuing use of the drug during
pregnancy for seizure control [8]. Teratogenic impacts and hazard of
inborn malformations promoted by TPM are reported. Literature con-
firmed that TPM causes skeletal anomalies [9], pathological neuro-
toxicity in the cerebral cortex [10], birth weight decrease and increase
in spontaneous abortion rate [11].

Alternative medicine plays a vital function in the epilepsy cure and
it is a centuries-old practiced medical type in various cultures [12]. The
herbal medical mores are time-honored and based on complicated
medical theories undergo long-term repetitive confirmation. Herbal
medications are the most customary approach to alternative medica-
tions, which participate in the therapy to control AEDs complications
[13].

Alternative medicine plays a vital function in the epilepsy cure and
it is a centuries-old practiced medical type in various cultures [12]. The
herbal medical mores are time-honored and based on complicated
medical theories undergo long-term repetitive confirmation. Herbal
medications are now the most customary approach to alternative
medications, which participate in the therapy to control AEDs compli-
cations [13].

Ginger, the rhizome of Zingiber officinale Roscoe (family,
Zingiberaceae), is a crop widely used as a dietary supplement with
human health benefits [14]. The interest in ginger is endorsed to its
several biologically active compounds content such as gingerol, sho-
gaols, gingerdiol, gingerdione, α-zingiberene, curcumin, and β-sesqui-
phellandrene [15]. Zingiber officinale used as a condiment in several
countries but also it acts as a treatment for ailments; for instance,
gastrointestinal disorders, colds, arthritis, hypertension and migraines
[16–18]. Ginger was found to be effective in antioxidant, anti-in-
flammatory and antimicrobial activities [19–21]. Maghbooli et al. [22]
confirmed the efficiency of ginger powder in the therapy of common
migraine attacks and its similarity to the antiepileptic drug. The bulk of
the studies highlight ginger antioxidant activity due to their ability to
inhibit the oxidation of free radicals [20,23,24], were associated to the
prevention of many diseases [25–27].

It is therefore very imperative to find out the testicular effects of
TPM ingestion and CPGO as alternative medicine as well as their in-
teraction. Thus, the objective of in-progress study was to estimate the
impact of TPM and CPGO in male mice. The study was conducted using
the expression pattern of some testicular genes, biochemical assessment
of testicular antioxidant enzymes, oxidative stress markers and sexual
hormones. In addition, histological and immunohistochemical studies
were carried out to check the changes in mice testes.

2. Materials and methods

2.1. Chemicals

Topiramate tablet (100mg) was purchased from Kahira pharma-
ceutical company (Cairo, Egypt). Each tablet contains 100mg of TPM.
CPGO was purchased from EL-Captain Company, Egypt. ELISA kits for
testosterone, follicle stimulating hormone (FSH) and Leutinizing hor-
mone (LH) were purchased from Sunlong Biotech Co (Zhejiang, China).
Antioxidant parameters kits were purchased from Bio diagnostic
(Egypt). All chemicals and reagents used were of analytical grade.

2.2. Gas chromatography (GC) of fatty acids methyl esters (FAME) in
CPGO

Fatty acids in CPGO were transesterified to FAME by N-tri-
methylsulfoniumhydroxide (Macherey-Nagel, Germany) according to
Arens et al. [28]. Shimadzu GC-14 A equipped with flame ionization
detector (FID) and C-R4 AX chromatopac integrator (Kyoto, Japan) was
used. The flow rate of the carrier gas helium was 0.6mL/min and the
split value with a ratio of 1:40. A sample of 1 μL was injected on a
30m x 0.25mm x 0.2 μm film thickness Supelco SPTM-2380 (Belle-
fonte, PA, USA) capillary column. The injector and FID temperature
was set at 250 °C. The initial column temperature was 100 °C pro-
grammed by 5 °C/min until 175 °C and kept 10min at 175 °C, then 8 °C/
min until 220 °C and kept 10min at 220 °C. A comparison between the
retention times of the samples with those of an authentic standard
mixture(Sigma, St. Louis, MO, USA; 99% purity specific for GC), run on
the same column under the same conditions, was made to facilitate
identification.

2.3. High-performance liquid chromatography (HPLC) of tocols in CPGO

A solution of 250mg of CPGO in 25mL n-heptane was directly used
for the HPLC [29]. The HPLC analysis was conducted using a Merck
Hitachi low-pressure gradient system, fitted with an L-6000 pump, a
Merck-Hitachi F-1000 Fluorescence Spectrophotometer (The detector
wavelength was set at 295 nm for excitation, and at 330 nm for emis-
sion) and a D-2500 integration system; 20 μL of the samples were in-
jected by a Merck 655-A40 Autosampler onto a Diol phase HPLC
column 25 cm 94.6mm ID (Merck, Darmstadt, Germany) using a flow
rate of 1.3mL/min. The mobile phase used was n-heptane/tert-butyl
methyl ether (99:1, v/v).

2.4. Radical scavenging activity (RSA) of CPGO toward DPPH·

RSA of CPGO was assayed with DPPH˙ radical dissolved in toluene
according to [30]. Toluene solution of DPPH˙ radicals was prepared at a
concentration of 10−4 M. Ten mg of CPO (in 100 μL toluene) was mixed
with 390 μL toluene solution of DPPH˙ radicals, and vortexed for 20 s at
ambient temperature. Against a blank of toluene (without DPPH˙), the
decrease in absorption at 515 nm was measured in 1-cm quartz cells
after 1, 30, and 60min of mixing using a UV-260 visible recording
spectrophotometer (Shimadzu, Kyoto, Japan). RSA toward DPPH˙ ra-
dicals was estimated from the differences in absorbance of the DPPH˙
solution with or without sample (control) and the inhibition percent
was calculated from the following equation:

% Inhibition= [(absorbance of control – absorbance of test sample)/
absorbance of control]× 100.

2.5. Radical scavenging activity of CPGO toward galvinoxyl radical

A miniscope MS 100 ESR spectrometer (Magnettech GmbH; Berlin,
Germany) was used according to [30]. Conditions of the experiment
were: microwave power, 6 db; measurement at room temperature; cen-
terfield, 3397 G, receiver gain 10, sweep width 83G, and modulation
amplitude 2000mG. Ten mg of CPGO (in 100 μL toluene) was reacted
with 100 μL of a toluene solution of galvioxyl (0.125mM). The mixture
was stirred for 20 s then transferred into a 50 μLmicro-pipette. The
amount of galvinoxyl radical inhibited was measured after 60min of the
addition of the galvinoxyl radical solution. Signal intensities were eval-
uated by the peak height of galvinoxyl signals against a control. Esti-
mation of the radical concentration was calculated by evaluating the
decrease of the ESR signals in arbitrary units after 60min incubation
using the Kinetik Show 1.06 Software program (Magnettech GmbH,
Germany). Reproducibility was ca. 5% as usual for kinetic parameters.
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2.6. Animals

Adult male Swiss albino mice (5–6 weeks of age and 20–25 g
weight) used in this experiment, were obtained from the animal
breeding house of the National Research Centre (Dokki, Egypt). The
animals were maintained at a constant temperature (22 ± 2 °C) on a
12 h light/dark cycle with free access to food and water. All animals
received humane care in compliance with the guidelines of the Animal
Care and Use Committee of the National Research Centre and the
National Institutes of Health (NIH publication 86-23 revised 1985). The
Ethics Committee of the National Research Centre (Approval No.
18039) and Institutional Animal Care and Use Committee, Cairo
University (CU-IACUC) (Approval No. CU/II/F/51/18), approved the
research

2.7. Experimental design

Fifty-four adult male albino mice were divided into nine groups
(n=6 mice). Group 1 of animals was given saline solution (0.25mg/
mice/day) via oral gavages and used as negative control. Group 2 were
given corn oil (0.25mg/mice/day) and used as a vehicle for CPGO.
Groups 3, 4 and 5 were orally gavaged by TPM doses (100, 200 and
400mg/kg/mice/day) for four weeks. Groups 6, 7 and 8 were orally
gavaged by CPGO at the same doses and period of administration,
which selected according to Rashidian et al. [31]. Group 9 were ad-
ministrated orally with the high dose of both TPM and CPGO (400mg/
kg/mice/day) for the same period.

2.8. Biochemical analysis

2.8.1. Blood samples
At the end of the experimental period, the animals were lightly

anesthetized for blood sample collection from the orbital sinus in clean
dry tubes and left to clot, then centrifuged at 4000 rpm for 10min at
4 °C (Sigma Laborzentifugen, 2K15, Germany, GmbH) to separate sera.
Sera aliquots were frozen at −80 °C for analysis of sexual hormones.

2.8.2. Testes tissue collection
The animals of each treated group were sacrificed by neck vertebra

luxation. Testes tissues were isolated and washed with ice-cold saline to
carry out the gene expression, biochemical analysis and histopathology
studies. The right testis from each animal was collected and kept frozen
at −80 °C for gene expression analysis. One g of testes were homo-
genized in 9 volumes of phosphate buffer saline then centrifuged at
4000 rpm for 15min. The supernatant was separated off and used for
assessment of antioxidant enzymes and oxidative stress biomarkers.

2.8.3. Testicular antioxidant enzymes, oxidative stress markers and sexual
hormones

Protein concentration was measured as described by Sedlack and
Lindsay [32]. Superoxide dismutase (SOD) was measured at 560 nm [33]
as the reduction suppression rate of nitrotetrazolium blue and for 1 unit of
activity. The amount of protein was taken which provided 50% inhibition
of nitrotetrazolium blue reduction under standard conditions. Catalase

(CAT) activity was measured spectrophotometrically at room temperature
by monitoring the decrease in absorbance at 240 nm resulting from the
decomposition of H2O2 according to the method of Aebi [34]. Mal-
ondialdehyde levels in testes tissue were assayed using the thiobarbituric
acid reaction method [35]. Quantification of the thiobarbituric acid re-
active substances was determined at 532 nm by comparing the absorption
to the standard curve of MDA equivalents generated by acid-catalyzed
hydrolysis of 1,1,3,3-tetramethoxypropane. Nitric oxide (NO) concentra-
tion was determined using an indirect method based on the measurement
of nitrite concentration in testes tissue according to Montgomery and
Dymock [36]. Follicle stimulating hormone (FSH), luteinizing hormone
(LH) and testosterone levels were determined using competitive im-
munoassay technique [37].

2.9. Testicular genes expression analysis

Total RNA was isolated from the right testis of experimental animals
using Easy red total RNA extraction kit (Intronbio, Korea) according to
the manufacturer’s instructions. Isolated RNA was stored at −80 °C.
The purity and quality were measured with a NanoDrop™ 1000
Spectrophotometer (Thermo Fisher Scientific, USA). One μg of RNA was
treated with DNase kit (Thermo Fisher Scientific, USA) then cDNA was
synthesized using a RevertAid First Strand cDNA Synthesis kit (Thermo
Fisher Scientific, USA) according to the manufacturer’s instructions.
The obtained cDNA was stored at −20 °C. cDNA (1 μL)was mixed with
1 μL of 10 pM/μL forward primer, 1 μL of 10 pM/μL reverse primer, 2 μL
dNTPs, 0.5U Go Taq Polymerase (Promega, USA), 5 μL 10X buffer and
14.8 μL H2O. PCR conditions were 95 °C for 2min, 35 cycles of 95 °C for
15 s, 63 °C for 15 s, and 72 °C for 15 s. RT-PCR reactions were performed
in triplicate and glyceraldehyde-3-phosphate dehydrogenase (GADPH)
used as an internal standard of mRNA expression. Primers used are
shown in Table 1. An aliquot of the RT-PCR products (7mL) was se-
parated on a 1.2% ethidium bromide stained agarose gel and visualized
under UV light. The density of each PCR product was measured using
Quantity One software. The ratio between the levels of the target gene
amplification product was calculated by normalizing against GAPDH.

2.10. Histopathological studies

At the end of the experimental period, specimens from testes of all
animals were collected and fixed in formalin buffered saline (10%),
washed, dehydrated, cleared and embedded in paraffin. Paraffin blocks
were sectioned at 4–5micron thickness and stained with Haematoxylin
and Eosin for histopathological examination [38]. Ten microscopic
fields per section/mice (n=6) were examined by a light microscope
(Olympus BX50, Japan) under high power magnification (x 400).
Spermatogenesis was measured on histologic sections using modified
Johnsen’s score. This method applies a score from 1 (no seminiferous
epithelium) to 10 (full spermatogenesis recorded) for each seminiferous
tubule cross-section [39]. The germinal epithelium of at least 50 tubules
was assessed for each testis and the mean Johnsen’s score per mouse
was calculated. An experienced investigator blinded to treatments
performed the histologic evaluation.

Table 1
Primers used for RT-PCR.

Gene Accession no. Nucleotide sequence 5′–3′ Size of PCR product (bp)

Sycp3 NM_011517.2 GACAGCGACAGCTCACCGG
GGTGGCTTCCCAGATTTCCCAGA

90

Vegfa NM_001025257.3 TGCTCTCTTGGGTGCACTGGAC GACGGCAGTAGCTTCGCTGGT 147
Wtl NM_144783.2 GGCGCTTTGAGGGGTCCGAC

AAAGTGGGCGGAGCACCGAC
205

GAPDH NT_166349.1 CAAGGTCATCCATGACAACTTTG
GTCCACCACCCTGTTGCTGTAG

469
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2.11. Immunohistochemical staining and evaluation of apoptosis through
Bax expression

Bax protein products were detected by specific monoclonal antibodies.
From each testes block, 4-pm-thick sections were cut for im-
munohistochemical (Bax) staining. Bax expression level in testes was ex-
amined according to Martín-Burriel et al. [40]. Sections were incubated
with primary antibodies against Bax (1:100 dilution) (Santa Cruz Bio-
technology Inc., Dallas, TX, USA). The immune reaction was visualized
using diaminobenzidine tetrachloride (DAB, Sigma, St. Louis, MO, USA).
The positive immune reactive cells showed brown-stained cytoplasm.
Staining intensity and its distribution were graded as negative (no
staining), weak, moderate, or strong intensity. Quantification of Bax
apoptotic protein was estimated by measuring the area % expression from
5 randomly chosen fields in each section and averaged using image ana-
lysis software (Image J, version 1.46a, NIH, Bethesda, MD, USA).

2.12. Statistical analysis

The results were expressed as mean ± SE of different groups. The
differences between the mean values were evaluated by one-way ana-
lysis of variance (ANOVA) using Statistical Package for the Social
Sciences (SPSS version 16). Duncan′s Post-Hoc test was performed to
determine significant differences between groups. Correlations were
done to test for linear relations between variables using Pearson cor-
relation test. Values of p≤0.05 were considered statistically significant.

3. Results

3.1. Fatty acids composition, tocols profile and antiradical traits of CPGO

Ginger, a medicinal herb rich in bioactive components, is widely
used. This study reports for the first time on the bioactive components
in CPGO. Fig. 1A presents the relative percentages of fatty acids in
CPGO. Linoleic and oleic acids were the major fatty acids accounting
for almost 81% of total identified FAME, wherein palmitic and stearic
were the major saturated fatty acids (SFA), accounting for almost 14%
of total identified FAME. The amounts of C16:0, C18:0, C18:1n-9, C18:2
and C18:3 were 8.81%, 5.40%, 39.5%, 42.6%, 0.45%, respectively.
CPGO contained high amounts of monounsaturated fatty acids (MUFA,
41.0% of the total identified FAME) and polyunsaturated fatty acids
(PUFA, 43.1% of the total identified FAME). A striking feature of CPGO
was the high levels of PUFA and MUFA.

Fig. 1B presents the percentages of tocols in CPGO under study. In
general, CPGO contained high levels of unsaponifiable (3.2 g/kg oil).
The amounts of α-, γ- and δ-tocopherols were 3.87, 500.8 and 13.7mg/
kg oil, respectively. In our study β- tocopherol was not detected. Fur-
thermore, the levels of α-, β-, γ- and δ-tocotrienols were 167.4, 9.11,
3.87 and 190.9mg/kg oil, respectively. In CPGO, 56.2% of the total
tocols amount was as γ-tocopherol followed by δ-tocotrienol (ca.
21.4%) and α-tocotrienol (ca. 18.8%). Other tocols were measured in
lower amounts.

Antiradical traits of the CPGO were compared using stable DPPH·
and galvinoxyl radicals. Fig. 1C showed that CPGO had high RSA
against DPPH·. After 1min, 30min and 60min of incubation with
DPPH· radicals, 13%, 17% and 28% of DPPH· radicals were quenched
by CPGO, respectively. ESR measurements showed the same pattern.
After 1min, 30min and 60min of incubation with galvinoxyl radicals,
9%, 14%, and 19% of galvinoxyl radicals were quenched by CPGO,
respectively (Fig. 1C).

3.2. Testicular antioxidant enzymes and oxidative stress markers

The measured SOD and CAT activities as well as MDA and NO levels
in the mice testes are illustrated in Table 2. SOD and CAT levels of TPM
group showed a dose-dependent significant decrease (p ≤0.05), while

CPGO significantly elevated their levels in a dose-dependent manner.
Co-administration of TPM and CPGO (400mg/kg) attenuated the SOD
and CAT approximately to control. However, TPM significantly ele-
vated the MDA and NO in a dose-dependent pattern compared with
control. Meanwhile, CPGO showed a dose-dependent decrease (p
≤0.05) in their levels than control. As regards to TPM and CPGO co-
administration, the MDA and NO levels were reduced significantly than
those of TPM-treated animals (Table 2).

3.3. Sexual hormones analysis

The results of testosterone, FSH and LH are presented in Fig. 2.
Testosterone data analysis revealed that TPM exhibited a significantly
dose-dependent decrease in serum testosterone (p ≤0.05) than control.
CPGO bring about significantly dose-dependent increased (p ≤0.05) in
testosterone. In the interim, no significant differences were found in the
serum FSH, LH levels of three-doses TPM-treated animals and control.
However, CPGO (200 and 400mg/kg) significantly raised the serum
FSH and LH (p ≤0.05) over the control. The co-administration of TPM
and CPGO (400mg/kg) significantly raised the testosterone level
(p≤0.05) but the rise in the FSH and LH was not significant.

3.4. Gene expression analysis

Results showed that TPM decreased the mRNA expression level of
germinal cell linked genes; Vegfa gene that expressed in spermatogonial
cells and synaptonemal complex protein (Sycp3) gene that expressed in
spermatocytes. Mainly, significantly downregulation of Vegfa gene ex-
pression was observed in all TPM treated groups, while, Sycp3 ex-
pression was down-regulated significantly in animals exposed to a dose
of 200 and 400mg/kg bw. In meantime, the expression change of Sycp3
in animals exposed to the dose of 100mg/kg was not significant.
Regarding to CPGO, data revealed that it up regulated the Vegfa gene
expression. The upregulation was none significant in 100 and 200mg/
kg doses but significant in 400mg/kg compared to control. Meanwhile,
CPGO up regulated the Sycp3 gene expression in dose-dependent pat-
tern as in Fig. 3. In the case of the Wt1 gene that expressed in Sertoli
cells, results pointed out that TPM caused expression down-regulation
in testes of 100 and 200mg/kg groups and up-regulation in 400mg/kg
group than control. However, CPGO showed down-regulation in the
Wt1 expression in animals of 200 and 400mg/kg treated groups com-
pare to TPM and control. While ginger oil 100mg/kg showed non-
significant change. Moreover, CPGO decreased the mRNA expression as
compared to TPM. Regarding the interaction between TPM and CPGO
400mg/kg, results revealed that ginger oil modulated the expression of
three tested genes than in TPM group as shown in Fig. 3.

3.5. Histopathology

Results of modified Johnson scoring are shown in Table 3. Ac-
cording to the histological grading of spermatogenesis, there was a
significant histopathologic decrease in Johnsen’s score (p≤0.05) of the
testes of 200 and 400 mg/kg TPM-treated groups with a mean values
7.50±0.223 and 5.16± 0.477, respectively as compared to control
group (mean value, 10.00±0.00). On the other hand, the groups
treated with three doses of CPGO and the group of CPGO and TPM
showed normal score (10.00± 0.00) as control.

Moreover, microscopically, testes from the negative control group
and corn oil vehicle group revealed the seminiferous tubules normal
histological structure with normal spermatogonial cells and complete
spermatogenesis with sperm production (Fig. 4A). Testes of TPM
(100mg/kg) group revealed no histopathological alterations (Fig. 4B).
Conversely, mild histopathological changes were noticed in examined
sections from 200mg/kg group. These changes described as small
diameter seminiferous tubules with spermatogonial cells in semi-
niferous tubules degeneration (Fig. 4C). Necrosis and desquamation of
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spermatogonial cells lining seminiferous tubules were observed in most
examined sections. Moreover, severe histopathological alterations were
recorded in examined sections from mice administered a high dose of
TPM (400mg/kg). All examined sections from this group revealed

atrophy of seminiferous tubules, marked degeneration of spermatogo-
nial cells with formation of spermatid giant cells, interstitial edema and
Leydig cells necrosis (Fig. 4D). Marked necrosis and the entire absence
of germinal cells inside the seminiferous tubules was noticed in some

Fig. 1. (A) Fatty acids profile (%), (B) tocols composition (mg/kg oil), and (C) antiradical activities of CPGO. Error bars show the variations of determinations in
terms of standard deviation.
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examined sections (Fig. 4E). In contrary, testes of mice gavage CPGO (at
three doses) revealed no histopathological alterations with complete
spermatogenesis (Figs. 4F, G and H). Testes of co-administered orally
with the high dose of TPM and CPGO group revealed normal diameter
seminiferous tubules, normal spermatogonial cells and complete
spermatogenesis with sperm production (Fig. 4I).

3.6. Immunohistochemistry

Different degrees of the apoptotic index in testes were recorded
using Bax as an indicator. Immunohistochemistry revealed no Bax im-
mune-reactive cells in the testes of control, corn oil vehicle and low-
dose TPM (100mg/kg bw) groups (Fig. 5A & B). Testes of TPM
(200mg/kg bw) group showed weak Bax immune-reactive spermato-
gonial cells (Fig. 5C). In contrary, the strong positive immune reaction
of spermatogonealand Leydig cells was observed in mice administered
400mg TPM (Fig. 5D & E). In contrast, examined sections from mice
administered three doses of CPGO revealed no Bax immune-reactive
cells (Fig. 5F–H). Moreover, testes of mice co-administered orally with
the high dose of TPM and CPGO (400mg) group revealed no Bax im-
mune-reactive cells (Fig. 5I). Fig. 5J revealed the evaluation of im-
munostaining expression of Bax % (apoptotic indicator) in the mice
from different experimental groups.

4. Discussion

The epileptic sexual dysfunction is often difficult to verify whether
the dysfunction is ailment or treatment correlated. There is a scarcity of
data on the incidence of sexual dysfunction between the population as a
whole and among those handling AEDs [41]. Sexual dysfunction linked
to AEDs is common. Case reports of gabapentin-induced sexual dys-
function suggest that the minimum total daily dose required for sexual
dysfunction is 900mg [42]. Gabapentin-induced total sexual dysfunc-
tion (loss of libido, anejaculation, anorgasmia, and impotence) at a total
daily dose of only 300mg [43]. Valproate may produce high incidences
of decreased libido. Topiramate, pregabalin and gabapentin may cause
sexual dysfunction [44]. Therefore, the target of the study was to in-
spect the testicular dysfunction of TPM, CPGO and their interaction.

Oxidative stress is essentially an imbalance between the production
of free radicals and the ability of the body to counteract or detoxify
their harmful effects through neutralization by antioxidants [45]. The
present study indicated that TPM appears to cause an oxidative status
alteration in testis tissue of mice. Growing evidence indicated that AEDs
therapy could cause an increase in oxidant markers. Valproate (VPA)
has been estimated in several studies. Sobaniec et al. [46] found ele-
vations of MDA concentrations in patients treated with VPA. Karabiber
et al. [47] reported that antiepileptic efficiency of VPA may work

Table 2
Effect of TPM, CPGO and their interaction on antioxidant status in mice testes.

GR Control 100mg/kg 200mg/kg 400mg/kg 400mg/kg TPM &
CPGO

-ve control Corn oil TPM CPGO TPM CPGO TPM CPGO

SOD (U/min/mg
protein)

20.58+ 0.25d 20.27+0.27d 13.92+ 0.18f 24.79+0.49c 7.85+0.15g 32.85+ 0.48b 4.58+0.25h 43.68+ 0.42a 15.89+0.06e

CAT (U/min/mg
protein)

35.92+ 0.16d 36.06+0.14d 22.05+ 0.27f 40.96+0.12c 12.15+ 0.36g 51.25+ 0.26b 7.26+0.12h 74.59+ 0.36a 30.55+0.50e

MDA (mmol/g
tissue)

8.84+0.03e 8.41+ 0.07f 16.21+ 0.12c 7.29+ 0.09g 28.25+ 0.14b 5.43+0.08h 39.98+ 0.12a 4.22+ 0.09i 12.20+0.11d

Nitric oxide
(μmol/g tissue)

40.41+ .0.43e 34.35+0.08f 168.90+06c 34.51+0.62f 207.29+ 0.15b 31.49+ 0.38g 242.66+ 0.19a 28.12+ 0.21h 70.14+0.44d

Results are expressed as the mean ± SEM.
Different superscripts within the same row designate significant differences (p ≤0.05).
SOD=Superoxide dismutase activity, CAT=Catalase activity, MDA=Lipid peroxidation.

Fig. 2. Effect of TPM, CPGO and their interaction as antiepileptic drugs on (A) testosterone (ng/mL), (B) FSH, and (C) LH hormones (mIU/mL) in testes. Data shown
as mean±SEM; error bars show the variations of determinations in terms of standard deviation. One−way analysis of variance was used for data analysis (n=6),
mean values with unlike superscript letters were significantly different (p ≤ 0.05).
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through its ability to release NO. Peker et al. [48] confirmed elevation
in serum NO in children receiving VPA. The oxidative stress caused
sperm abnormality proposed to be an important contributing factor in
most cases of infertility [49]. Cold pressed ginger oil improved the
oxidative status of testes cells, wherein it increased the SOD and CAT
activities and minimized the MDA and NO. Ghasemzadeh et al. [50]
reported that ginger contains high phenolics and flavonoids content,
dependable for its high antioxidant traits. The antioxidant activity of
ginger was due to its major bioactive compounds namely zingerone,
zingiberene, gingerdiol, gingerols, and shogoals [51]. Herve et al. [52]
discovered that ginger oil could be used in quails to diminish the re-
productive cells lipid peroxidation and enhance fertility with no ad-
verse effects on growth performances. The antioxidant trait of ginger
has been endorsed to the protective actions of ginger bioactive sub-
stances against free radical attack [53]. Herve et al. [52] reported that
the antioxidant action of ginger essential oil subsequently reduced the

lipid peroxidation responsible for apoptosis in spermatogenic cells. The
testicular histology in ginger oil treated quails revealed structural im-
provements compare to control birds that showed mild necrosis. Ghlissi
et al. [54] indicated that dietary ginger decreased levels of MDA and
testosterone, enhanced semen count and motility, and modulated the
SOD, and CAT activities.

Sex hormones levels contribute to sexual dysfunction as well as
other reproductive disorders and these levels could be changed due to
the consumption of AEDs [55]. The male sexual hormones (FSH, LH,
and testosterone) have a task in the maintenance of reproductive
functions. It recognized that LH and FSH are outflows under the hy-
pothalamic gonadotropin-releasing hormone control. LH stimulates the
testosterone inflow from Leydig cells, and testosterone is required for
the secondary sexual characteristics growth, spermatogenesis, and the
storage of spermatozoa in the epididymis. FSH regulates the sperma-
tozoa production in Sertoli cells [56]. It has been shown that

Fig. 3. Semi−quantitative PCR analysis of Vegfa, Sycp3 and Wt1 genes expressed in testis tissue. Data shown as mean±SEM; error bars show the variations of
determinations in terms of standard deviation. One−way analysis of variance was used for data analysis (n=6), mean values with unlike superscript letters were
significantly different (p ≤ 0.05).

Table 3
The histological grading of spermatogenesis according to Johnsen’s score.

GR Control 100mg/kg 200mg/kg 400mg/kg 400mg/kg TPM & CPGO

-ve control Corn oil TPM CPGO TPM CPGO TPM CPGO

Johnsen’s score 10.00a±0.00 10.00a± 0.0 10.00a± 0.00 10.00a± 0.00 7.50b±0.223 10.00a± 0.00 5.16c±0.477 10.00a± 0.00 10.00a 0.00

Values are expressed as means ± SEM. n=6 in each group.
Means carrying different superscripts (a, b, c) are significantly different at (p≤ 0.05).
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antiepileptic drugs influence hypothalamic-pituitary gonadal axis and
cause reproductive dysfunction [57]. In our study, TPM decreased the
testosterone with the dose-dependent pattern, while the decrease in
FSH and LH was non-significant. This result was in concord with several
studies performed using different AEDs to search their effects on sex
hormones. Najaf et al. [58] epileptic patients received carbamazepine
(CBZ), sodium valproate (VPA) and lamotrigine (LTG) had significantly
reduced testosterone than the control. Baysal et al. [2] reported that
Levetiracetam (LEV, 300mg/kg) significantly decreased testosterone,
FSH, and LH levels. Osuntokun et al. [59] confirmed that Gabapentin or
carbamazepine male rat’s chronic administration for 28 days exhibited
a significant reduction in testosterone. In the meantime, the result of
the testis histopathological examination revealed high dose of TPM
showed marked atrophy of seminiferous tubules, seminiferous tubules
spermatogonial cells degeneration with spermatid giant cells, inter-
stitial edema and necrotic Leydig cells. These interpret the minimiza-
tion in sex hormone levels, where the population of Leydig cells
maintains levels of testosterone under luteinizing hormone control
[60]. Svalheim et al. [61] reported that AEDs handling could change
the levels of different sex hormones. TPM lift up the hepatic synthesis of
sex hormone binding globulin (SHBG) that lessens the accessibility of
bioactive testosterone that may cause sexual troubles and weak down
the fertility.

In contrary, results clarified that CPGO causes a significant increase
in the testosterone, FSH and LH hormones. Meanwhile, testes of CPGO
treated groups revealed no histopathological alterations with complete
spermatogenesis. This finding was in accordance with Memudu et al.
[62], who demonstrated that administration of 200mg/kg ginger

increased testosterone level. In addition, in the ginger-treated group,
testis histological architecture appears normal with the presence of
spermatids and spermatozoa. This follow assume that ginger has strong
antioxidant and androgenic potentials at a dose of 200mg/kg. It also
has no harmful effects on spermatogenesis in the testis and hence has a
strong fertility property. Morakinyo et al. [63] indicated that Zingiber
Officinale extract possesses pro-fertility properties in male rats that
might be the product of its powerful antioxidant and androgenic ac-
tivities. Mohammadi et al. [64] indicated that ginger could cause a
significant increase in testosterone, germ cells numbers and Sertoli cells
in seminiferous tubules that might be reasons for the significant boost
of spermatogenesis.

Vegfa is the first tissue-specific angiogenic molecule that selectively
induces the proliferation and survival of endothelial cells of testes and it
might favor the entry of hormones in the vascular system [65]. Mice
that are deficient in Sycp3 fail to establish synapsis, resulting in meiotic
arrest during spermatogenesis in male [66]. In our study, TPM down
regulated the Vegfa and Sycp3 expression at all tested doses. Wt1 ex-
pression in testes of 100 and 200mg/kg was down regulated, while in
400mg/kg was up regulated. In addition, histological examination of
testes administered TPM (400mg/kg) revealed atrophy of seminiferous
tubules, marked degeneration of spermatogonial cells inside the semi-
niferous tubules with the formation of spermatid giant cells, interstitial
edema and necrosis of Leydig cells. The Vegfa isoforms secreted
by Sertoli cells and germ cells are needed for the preservation of
spermatogonium, sperm counts, and normal fertility [67]. These clarify
the link between TPM histological alteration in testes tissue and the
down-regulation of Vegfa and Sycp3 expression. The Vegfa also affects

Fig. 4. Testis of mice (H & E scale bar 25 um), A) from control, untreated group showing the normal histological structure of seminiferous tubules with normal
spermatogoneal cells and complete spermatogenesis with sperm production, B) treated with TPM (100mg/kg b.w.) showing no histopathological alterations, C)
treated with TPM (200mg/kg b.w.) showing small diameter seminiferous tubules with degeneration of spermatogoneal cells lining seminiferous tubules (arrow), D &
E treated with TPM (400mg/kg b.w.), D) showing marked degeneration of spermatogoneal cells lining seminiferous tubules (short arrow) with formation of
spermatid giant cells (long arrow), interstitial oedema and necrosis of leydig cells (arrow head), E) showing marked necrosis and complete absence of germinal cells
lining seminiferous tubules (short arrow) and interstitial oedema (long arrow). F, G & H treated with CPGO (100mg, 200mg and 400mg, respectively) showing no
histopathological alterations. I) Co-treated with TPM 400mg and CPGO 400mg showing normal diameter seminiferous tubules, normal spermatogoneal cells and
complete spermatogenesis with sperm production.
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the balance between proapoptotic and antiapoptotic proteins, and it has
up-regulated the BcL2 compare to Bax, implicating their function in
germ cell survival. Thus, regulation of apoptosis alteration might be
related to impaired spermatogenesis, leading to infertility [68]. This
finding supported our immunohistochemistry results, since strong po-
sitive immune reactive spermatogonial and Leydig cells were observed
in testes for 400mg/kg TPM group. Owing to somatic and germ cells
complex nature, the interaction required for germ cell differentiation,
alteration of numerous cell types’ activity might lead to changes in
germ cell production. Also, the role of Wt1 in murine testes differ-
entiation is confirmed by the distraction of seminiferous tubules and the

absence of germ cells upon conditional Wt1 deletion in Sertoli cells,
where it is crucial for the maintenance of Sertoli cells and seminiferous
tubules in the developing testes [69].

Regarding CPGO administration to male mice, results revealed that
CPGO up-regulated the mRNA expression of tested genes compare to
TPM. Histological and immunohistochemical analyses indicated that
there were no histopathological alterations and no Bax immune-re-
active cells in testes of animals treated with the three doses of CPGO.
This finding was in agreement with several studies on ginger. Arash
et al. [70] found the testes of ginger treated groups showed normal
seminiferous tubule with normal germinal epithelium morphology.

Fig. 5. Immunostaining for Bax protein in the testes (scale bar 25 um). A) Control mice showing no Bax immune-reactive cells, B) mice treated with TPM (100mg/
kg b.w.) showing no Bax immune-reactive cells, C) mice treated with TPM (200mg/kg b.w.) showing weak Bax immune-reactive spermatogoneal cells (arrow). D &
E) mice treated with TPM (400mg/kg b.w.) showing strong positive immune reaction of spermatogoneal cells (short arrow) and leydig cells (long arrow). F, G & H)
mice treated with CPGO (100mg, 200mg and 400mg, respectively) showing no Bax immune-reactive cells. I) mice co-treated with TPM 400mg and CPGO 400mg
showing no Bax immune-reactive cells. J) immunostaining area (%) of Bax expression. Data shown as mean±SE; error bars show the variations of determinations in
terms of standard deviation. One−way analysis of variance was used for data analysis (n=6), mean values with unlike superscript letters were significantly different
(p ≤ 0.05).
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Memudu et al. [62] confirmed that in animals administered ginger
(200mg/kg), the testicular histology showed no abnormality and
spermatogenic cell lineage is normal containing all cells.

Finally, CPGO co-administration with TPM (400mg/kg) improved
the antioxidant activities, oxidative stress parameters, sexual hormones
levels, mRNA expression of Vegfa, Sycp3 and Wt1, histological as well
as the immunohistochemical alterations induced by TPM. Arash et al.
[70] reported that ginger significantly increased the sperm physical
characters and serum total testosterone in rats. Ginger rhizome found to
beat the reproductive toxicity of gentamicin through the elevation of
testosterone levels [71]. The histopathology of our study agreed with
Nashwa et al. [72], where testis showed marked necrosis of sperma-
togonial cells, seminiferous tubules germ cells degeneration due to the
administration of Ciprofloxacin, while ginger co-administration showed
normal seminiferous tubules. Sakr and Shalaby [73] demonstrated that
co-administration of ginger aqueous extract enhanced the histological
and histochemical alterations induced by fungicide metalaxyl in mice
testes. In addition, ginger extract co-administration with arsenite was
found to defend against undesirable change in the reproductive organ,
attenuate the decline in sperm functions, and improve the level of the
reproductive hormone with increased antioxidants actions and perox-
idation reduction [74]. Hosseini et al. [75] verified that ginger was
effective in decreasing the sperm DNA fragmentation percentage in
infertile men. It was established that the mechanism of ginger protec-
tion is related to its antioxidant activity [73].

5. Conclusion

From the above-mentioned results, we could concluded that the
antiepileptic drug TPM caused male sexual dysfunction in mice. TPM
caused reduction in sexual hormones content, alteration in testes genes
mRNA expression and spermatogoneal and leydig cells as well as his-
tological and immunohistochemical changes. On the other hand, CPGO
improved the androgenic property and sexuality. In addition, CPGO co-
administration with TPM could attenuate or protect from the sexual
dysfunction that may harm the epilepsy patients as a result of con-
suming the antiepileptic drugs. It could be recommended adherence to
therapeutic doses antiepileptic drugs, where the excessive doses con-
sumption could lead to weak sexuality. In addition, it is recommended
that epilepsy men could use ginger through antiepileptic medications to
minimize the impact of these medications on their fertility.
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