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Abstract

Background: Hypothalamus centrally modulates fertility by controlling the reproductive hormonal axis.
Objectives: To investigate the effect of thymoquinone on the hypothalamic-pituitary-gonadal (HPG) axis in
metronidazole-induced infertility in adult male Wistar rats.

Methods: Forty-nine male Wistar rats were divided into seven groups: group A (Control), Group B (Metronidazole
only), Group C (Metronidazole + Thymoquinone low dose), Group D (Metronidazole + Thymoquinone high dose),
Group E (Metronidazole + Recovery), Group F (Metronidazole + Thymoquinone low dose + Recovery), and Group
G (Metronidazole + Thymoquinone high dose + Recovery). Experimental animals received 500 mg/kg of
metronidazole, 200 mg/kg of thymoquinone, and 400 mg/kg of thymoquinone. Hormonal levels (GnRH, FSH,
LH, testosterone) and sperm parameters were assessed after specific treatment durations using enzyme-linked
immunosorbent assay (ELISA) and standard sperm analysis techniques.

Results: Metronidazole significantly decreased reproductive hormones: GnRH (71.11 + 0.78 pg/mL), FSH (24.12 +
0.60 mIU/mL), LH (4.87 £ 0.75 mIU/mL), and testosterone (2.13 + 0.54 ng/mL) compared to controls (GnRH: 94.44
+0.19, FSH: 36.41 +1.90, LH: 14.93 £ 0.05, testosterone: 6.84 + 0.13). Thymoquinone administration notably restored
hormone levels: Group C (GnRH: 99.50 + 0.29, FSH: 38.32 + 0.90, LH: 35.97 + 0.54, testosterone: 6.99 + 0.53) and
Group D (GnRH: 95.50 = 0.17, FSH: 40.18 + 0.63, LH: 31.43 + 1.10, testosterone: 6.89 * 0.42). Sperm parameters
improved significantly in treated groups, with viability at 75.00 + 0.04 %, count at 205.00 + 0.87 million/mL, motility
at77.00 + 0.40%, and morphology at 80.00 + 0.19%. Histological analysis revealed regeneration of testicular tissues.
Conclusion: Thymoquinone effectively ameliorates metronidazole-induced infertility by restoring the HPG axis
function, enhancing hormone levels, and improving sperm parameters.

Keywords: Hypothalamic-Pituitary-Gonadal Axis, Infertility, Luteinizing Hormone, Metronidazole,
Testosterone, Thymoquinone.
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Introduction

A clinical definition of infertility is a condition
of the reproductive system defined by the
failure to achieve a clinical pregnancy after 12
months or more of regular unprotected sexual
intercourse. ['1 The World Health Organisation
(WHO) defines infertility as a disease of the
male or female reproductive system
characterised by the failure to achieve a
pregnancy after 12 months or more of regular
unprotected sexual intercourse. 2 American
Society for Reproductive Medicine states that
infertility is a disease, condition, or status
characterised by the inability to achieve a
successful pregnancy based on a patient's
medical, sexual, and reproductive history, age,
physical findings, diagnostic testing, or any
combination of those factors. 4]

According to a study conducted in Nnewi,
Nigeria, the infertility prevalence rate of 26.8%
was observed, and the secondary infertility
(55%) was the predominant type of infertility
within the study population. In comparison,
the remaining (45%) had primary infertility. 1%
A cross-sectional survey conducted in North-
Western Nigeria found that about 62% of
women with infertility had received previous
hospital treatments, highlighting the varied
and often inadequate nature of fertility services
available. ] Many women also sought
traditional therapies, which had a success rate
of only 8.3% when used alone but were slightly
more effective when combined with other
methods. /I Furthermore, a comprehensive
analysis emphasises the psychological and
social burden of infertility on Nigerian women,
as many experience long durations of
infertility, with significant impacts on their
mental health and social status. [7]

The hypothalamus-pituitary-gonadal axis is
pivotal in the modulation of reproductive
activities and fertility. The hypothalamus
synthesises gonadotropin-releasing hormone
(GnRH), which is crucial for prompting the
anterior pituitary gland to secrete two principal
hormones: follicle-stimulating hormone (FSH)
and luteinising hormone (LH). B GnRH

initiates the release of FSH and LH, which
subsequently stimulate the testes to generate
testosterone. This mechanism is essential for
sexual maturation, reproductive cycles, and
overall fertility. FSH  facilitates  the
development and maturation of germ cells,
whereas LH triggers testosterone synthesis in
males. I The HPG axis functions through
intricate feedback mechanisms involving sex
steroids, which modulate GnRH release.
Testosterone is crucial for maintaining
qualitative spermatogenesis and plays a vital
role in the initiation of sperm production. The
presence of testosterone in the testes is
essential; without its receptor, spermatogenesis
cannot progress beyond the meiosis stage,
leading to infertility. [0 Perturbations in the
HPG axis may result in conditions such as
hypogonadism and infertility, underscoring its
critical importance in reproductive health. [®l
Thymoquinone, the main active compound in
Nigella sativa seeds, is best known for its
therapeutic benefits, such as antioxidant, anti-
inflammatory, anti-diabetic, and
hepatoprotective effects, and for its low risk of
side effects (some individuals may experience
skin rashes, occasional nausea, vomiting, etc.).
M1 Nigella sativa, commonly known as fennel
flower or black seed, has a good history in
traditional Middle Eastern medicine, where it is
known as 'blessed seed' and is referred to as
'Asofeyeje’ within the Yoruba community and
‘Habatu sauda' within the Hausa community in
Nigeria, West Africa. 12 It is known for
therapeutic benefits such as anti-inflammatory,
anti-diabetic, antioxidant, hepatoprotective
properties, etc and was used across various
places as a natural remedy to treat health
issues, which include asthma, bronchitis,
inflammatory conditions, hypertension,
diabetes mellitus, headaches, fevers, seizures,
gastrointestinal ~problems, and microbial
infections. 11, 13]

A popular antimicrobial drug for treating a
variety of anaerobic and protozoal diseases is
metronidazole (MTZ). 4 The anti-
spermatogenic effects of metronidazole have
been demonstrated in various studies. (11 The

©Annals of Health Research. Volume 11, Issue No. 3, 2025 292




Effect of Thymoquinone on Hypothalamus-Pituitary-Gonadal Axis Hormone

mechanism of metronidazole-induced
infertility arises from its impact on the capacity
of spermatozoa to generate ATP via the
glycolytic pathway, leading to impaired sperm
motility and hindering capacitation, which is
crucial for fertilisation. [16:17] There is a paucity
of research on the effects of thymoquinone on
the hypothalamic-pituitary-gonadal (HPG)
axis, with little to no existing studies
addressing this relationship. Therefore, this is a
novel study that investigated the role of
thymoquinone on the HPG axis in
metronidazole-induced infertility in adult male
Wistar rats and assessed its ameliorative
effects. The investigation focused on both the
brain and testes tissues of treated male rats. The
testes were selected for analysis to evaluate the
effects of thymoquinone treatment on sperm
parameters, including morphology, motility,
viability, and sperm cell count.

Methods

Experimental animals

In this study, forty-nine (49) male healthy
Wistar rats, of average weight, 150-160 g, were
obtained from Olabisi Onabanjo University
Animal House, located in Sagamu Campus,
Ogun State, Nigeria. The rats were kept for an
acclimatised period of 14 days on pelletised
rats' chow and water ad libitum in the
Physiology Department section of Animal
House at a room temperature of 27 - 30 °C, 12
hours' light and day cycle with well-defined
maintenance and care for animals in
compliance with ethical guidance of the
Animal House. Ethical approval to conduct the
study was obtained from the Olabisi Onabanjo
University Teaching Hospital Health Research
Ethics Committee (OOUTH HREC) [ID
OOUTH/HREC/864/2024AP], and  the
experimental  procedures followed the
Institutional Animal Care and Use Committee
(IACUC) Guidelines.

Experimental design

The animals were weighed and randomly
assigned to seven groups of seven animals
each. Control group A received 0.5 mL of
normal saline, group B received 500 mg/kg of
metronidazole (MTZ) for 14 days, group C
(Metronidazole + thymoquinone low dose):
Received 500 mg/kg of MTZ for 14 days,
followed by 50 mg/kg of thymoquinone for
another 14 days, group D (Metronidazole +
thymoquinone high dose): Received 500
mg/kg of MTZ for 14 days, followed by 100
mg/kg of thymoquinone for another 14 days,
group E ( Metronidazole + Recovery ):
Received 500 mg/kg of Metronidazole for 14
days and was allowed to recover for 14 days.
Group F (Metronidazole + thymoquinone low
dose + Recovery): Received 500 mg/kg of MTZ
for 14 days, followed by 50 mg/kg of
thymoquinone for another 14 days. They were
then allowed to recover without any
administration for another 14 days. Group G
(Metronidazole + thymoquinone high dose
Recovery): Received 500 mg/kg of MTZ for 14
days, followed by 100 mg/kg of thymoquinone
for another 14 days. They were then allowed to
recover without any administration for another
14 days. The dosage of metronidazole was in
accordance with the method of Abeer et al.
(2004) 08, while that of Thymoquinone
followed the technique of Bahaa et al. (2017) (1]

Sacrifice and sample collection

The rats were sacrificed on days 14, 28, and 32,
corresponding to distinct phases of the
experiment. On day 14, groups B and E, which
had received 14 days of metronidazole (with
group E allowed a subsequent 14-day recovery
period), were sacrificed. Groups C and D were
sacrificed on day 28, immediately after
completing 14 days of metronidazole followed
by 14 days of thymoquinone treatment at low
and high doses, respectively. Finally, groups F
and G, which underwent the same treatment as
groups C and D but were given an additional
14-day recovery period without treatment,
were sacrificed on day 32. Blood samples were
obtained from the orbital venous sinus of the
rats through ocular puncture using capillary
tubes. 1 The collected blood was then
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transferred into plain sample bottles and
centrifuged at 4000 revolutions per minute for
15 minutes. The bottles were labelled correctly,
and the serum was carefully collected using a
micropipette and corresponding tips, then
transferred into plain sample bottles.

Hormone assay

Enzyme-linked Immunosorbent Assay (ELISA)
Kits were used to determine the concentrations
of GnRH, testosterone, LH, and FSH in the
collected serum samples.

Sperm analysis

Sperm count

To count the sperm cells, a small amount of
prepared epididymal sperm suspension was
diluted with formaldehyde fixative (10%
formalin in phosphate-buffered saline). We
diluted 400 pL of the sperm suspension with
formaldehyde (Sigma, USA), and
approximately 10 pL from the diluted solution
was transferred into a Neubauer chamber
using a Pasteur pipette (Thoma, Assistant,
Sondheim/Rhon, Germany). The solution was
allowed to remain for 7 minutes. Then, the
sperm cells at the four corners of the central
square were counted. [20]

Sperm viability

Sperm viability was evaluated using eosin and
nigrosin staining (5% in saline). Fresh sperm
suspension (40 pL) was placed on a glass slide,
mixed with 1% eosin, and observed by a light
microscope (%400) after the smear was allowed
to air-dry on a glass slide. Live sperms
remained unstained following staining. At least
250 sperms were counted from each sample in
ten fields, and the ratio of live sperms was
verified [201.

Sperm motility

The percentage of motile sperm was evaluated
using a light microscope (Olympus Co., Tokyo,
Japan) at 400x magnification. For this process,
one drop of sperm suspension was placed on
the chamber. Sperm motility was divided into
four levels according to specific criteria: slowly
progressive  forward movement, rapid

progressive forward movement, residual
motion, and motionless. Sperm were counted
in several microscopic fields, and the
percentages of motile and immotile sperm cells
were obtained. Motility estimates were
obtained from five different fields in each
sample. The mean of the five successive

estimations was used as the final motility score.
20]

Sperm morphology

The sperm morphology was evaluated by
analysis of sperm smears made from the left
cauda epididymis. An aliquot of the sample
was used to prepare smears for assessing
spermatozoa deformities. The Papanicolaou
method was used to estimate spermatozoa
morphology. A total of 300 spermatozoa were
analysed per slide (3000 cells per group) for
abnormalities of the head and tail. 21l

Histological studies

Germinal layer thickness

After the hypothalamus, pituitary, and testes
were preserved in formalin, histological
processing, including dehydration, clearing,
and embedding, was performed. The
microscopic sections (5 pm) were prepared,
and the hematoxylin and eosin staining method
was used 2. The histological analysis was
performed at the histology laboratory in the
Anatomy Department of Olabisi Onabanjo
University, Sagamu Campus.

Statistical analysis

All measurements were analysed using SPSS
version 25. The results were presented as Mean
+ S.E.M. for comparative distinctions among all
groups through the implementation of One-
way ANOVA, and examination for multiple
comparisons using Turkey (HSD) Post HOC
analysis and Duncan tests. Values were
considered to be of statistical significance when
p<0.05.

Results
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Table I shows the hormone levels across all
groups. For GnRH, there was a significant
increase in Group C (MTZ + TQ Low Dose:
99.50+0.29) and Group D (MTZ + TQ High
Dose: 95.50+ 0.17) when compared to Group B
(MTZ: 7111+ 0.78) and a significant increase
when compared to Group F (MTZ + TQ Low
Dose + Recovery: 89.50+ 1.29) and Group G
(MTZ + TQ High Dose + Withdrawal: 85.11+
0.91). There was a significant decrease in Group
B (MTZ: 71.11 + 0.78) when compared to Group
A Control (94.44 = 0.19) and a significant
decrease when compared to Group E (MTZ +
Recovery: 79.78+ 1.08).

Concerning FSH, there was a significant
increase in Group C (MTZ + TQ Low Dose:
38.32+ 0.90) and Group D (MTZ + TQ High
Dose: 40.18+ 0.63) when compared to Group B
(MTZ: 24.12+ 0.60) and a significant increase
when compared to Group F (MTZ + TQ Low
Dose + Recovery: 34.12+ 0.11) and Group G
(MTZ + TQ High Dose + Recovery: 31.73+ 0.36).
There was a significant decrease in Group B
(MTZ: 24.12+ 0.60) when compared to Group A
Control (36.41+ 1.90) and a non-significant
decrease when compared to Group E (MTZ +
Recovery: 28.25+ 0.20).

For LH, there was a significant increase in
Group C (MTZ + TQ Low Dose: 35.97+ 0.54)
and Group D (MTZ + TQ High Dose:31.43+
1.10) when compared to Group B (MTZ: 4.87+
0.75) and a significant increase when compared
to Group F (MTZ + TQ Low Dose
+Withdrawal: 28.64+ 0.16) and Group G (MTZ
+TQ High Dose + Recovery: 11.97+ 0.47). There
was a significant decrease in Group B (MTZ
Only: 4.87+ 0.75) when compared to Group A
Control (14.93+ 0.05), and a significant decrease
when compared to Group E (MTZ
+Withdrawal: 8.98+ 0.42).

There was a significant increase in Testosterone
levels in Group C (MTZ + TQ Low Dose: 6.99+
0.53) and Group D (MTZ + TQ High Dose: 6.89+
0.42) when compared to Group B (MTZ: 2.13+
0.54) and a significant increase when compared
to Group F (MTZ + TQ Low Dose
+Withdrawal: 5.89+ 0.04) and Group G (MTZ +
TQ High Dose + Withdrawal: 5.15+ 0.48). There
was a significant decrease in Group B (MTZ
Only: 2.13+ 0.54) when compared to Group A
Control (6.84+ 0.13), and a significant decrease
when compared to Group E (MTZ + Recovery:
3.76x 0.09).

Table I: Effect of Thymoquinone on the Hypothalamic - Pituitary - Gonadal Axis Hormones

Groups GnRH (pg/mL)
A: Negative control 94.44 £0.19

B: Positive Control (MTZ Only) 7111+£0.78 a

C: MTZ + TQ Low Dose 99.50 £ 0.29 ab
D: MTZ + TQ High Dose 95.50£0.17®

E: MTZ +Withdrawal 79.78+1.08 b

F: MTZ + TQ Low Dose +Withdrawal = 89.50 £ 1.29 be
G: MTZ + TQ High Dose +Withdrawal 85.11 +0.91 be

FSH inIU/mL) LH (mIU/mL) T (ng/mL)

36.41 £1.90 14.93 £ 0.05 6.84 £0.13
2412 £0.602 4.87 £0.752 213 +£0.54a
38.32 £0.90 ab 35.97 £0.54a>  6.99 + (.53
40.18 £ 0.63 b 3143 £1.10a>  6.89 £(0.42b
28.25 £ 0.20P 8.98+ 0.42P 3.76x 0.09 b
34.12 £0.11be 28.64 £0.16e  5.89 £ (.04be

31.73 £0.36 be 11.97 £0.47be 515+ (.48 be

aStatistically significant compared to Control; "Statistically significant compared to the Metronidazole group. Statistically

significant compared to Metronidazole + Recovery group.

In Table II, there was significant increase in
sperm viability in Group C (MTZ + TQ Low
Dose 75.00 £ 0.04) and Group D (MTZ + TQ
High Dose: 75.00 = 0.00) when compared to
Group B (MTZ only: 43.00 = 0.75) and a
significant decrease when compared to Group
F (MTZ + TQ Low Dose + Recovery: 72.00 +
0.34) and Group G (MTZ + TQ High Dose +
Recovery: 73.00 £ 0.11). There was a significant
decrease in Group B (MTZ only: 43.00 + 0.75)

when compared to Group A Control (75.00 =
0.30) and a significant decrease when
compared to Group E (MTZ + Recovery: 54.00+
0.45).

Sperm count was significantly increased in
Group C (MTZ + TQ Low Dose: 205.00 + 0.87)
and Group D (MTZ + TQ High Dose: 199.00 £
0.63) when compared to Group B (MTZ only:
72.00 = 0.83) and a significant decrease when
compared to Group F (MTZ + TQ Low Dose +
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Recovery: 189.00 + 0.36) and Group G (MTZ +
TQ High Dose + Recovery: 188.00 * 0.20). There
was a significant decrease in Group B (MTZ
only: 72.00 £ 28.83) when compared to Group A
Control (207.00 £ 0.93) and a significant
decrease when compared to Group E (MTZ +
Recovery: 102.00x 0.65).

Sperm motility was significantly increased in
Group C (MTZ + TQ Low Dose: 77.00 + 0.40)
and Group D (MTZ + TQ High Dose: 74.00 =
0.97) when compared to Group B (MTZ only:
14.00 + 0.36) and a significant decrease when
compared to Group F (MTZ + TQ Low Dose +
Recovery: 70.00 £ 0.35) and Group G (MTZ +
TQ High Dose + Recovery: 68.00 = 0.51). There
was also a significant decrease in Group B
(MTZ only: 14.00 = 0.36) when compared to

Group A (Control): (75.00 + 0.00) and a
significant decrease when compared to Group
E (MTZ + Recovery: 40.00+ 0.78).

Sperm morphology was significantly increased
in Group C (MTZ + TQ Low Dose: 80.00 = 0.19)
and Group D (MTZ + TQ High Dose: 75.00 =
0.00) when compared to Group B (MTZ only:
40.00 £ 0.23) and a significant decrease when
compared to Group F (MTZ + TQ Low Dose +
Recovery: 73.00 £ 0.80) and Group G (MTZ +
TQ High Dose + Recovery: 76.00 £ 0.63). There
was also a significant decrease in Group B
(MTZ only: 40.00 £ 2.23) when compared to
Group A (Control): (78.00 + 0.32) and a
significant decrease when compared to Group
E (MTZ + Recovery: 40.00+ 0.23).

Table II: Effects of Thymoquinone on sperm parameters

Groups Sperm viability =~ Sperm Count Sperm motility =~ Sperm morphology
(%) (10%/ml) (%) (%)

A: Control 75.00 + 0 .30 207.00 + 0.93 75.00 + 0.00 78.00 + 0.32

B: MTZ only 43.00+£0.752 72.00+0.832 14.00 + 0.362 40.00 £0.23a

C: MTZ +TQ rLow dose 75.00+0.04 b 205.00 + 0.87 b 77.00 + 0.40 ab 80.00 £ 0.192b

D: MTZ + TQ High dose 75.00 + 0.00v 199.00 + 0.63b 74.00 + 0.97® 75.00 + 0.00b

E: MTZ + Recovery 54.00+ 045t 102.00£ 0.65 ® 40.00+£0.78 b 49.00+ 0.34 P

F: MTZ + TQ + Recovery 72.00 + 0.34 e 189.00 + 0.36 e 70.00 + 0.35 be 73.00 + 0.80 be

Low dose

G: MTZ + TQ + Recovery 73.00 + 0.11be 188.00 + 0.20 e 68.00 + 0.51be 76.00 + 0.63be

High dose

a Statistically significant compared to Control; b Statistically significant compared to Metronidazole group; ¢ Statistically

significant compared to Metronidazole + Recovery group.

Histological observations

Haematoxylin and Eosin stain X 400

Figure 1: Photomicrograph of hypothalamic tissue.

A: Control group, B: MTZ Only, C: MTZ +50 mg/kg Thymoquinone, D: MTZ+ 100 mg/kg Thymoquinone, E: MTZ
+ Recovery, F: MTZ+ 50 mg/kg Thymoquinone+ Recovery, G: MTZ+ 100 mg/kg Thymoquinone + Recovery.
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A - Control group showing well differentiated
and organised neurons (red circle), basophil
cells (black thin arrow), acidophil cells (blue
thin arrow) and chromophobes (yellow
arrowhead).

B - Induced with MTZ. The plate shows severe
distortion of the neurons (red circle), atrophy of
basophil cells (black thin arrow), acidophil cells
(red thin arrow) and chromophobe cells (black
arrowhead)

C - Induced MTZ and treated with TQ at a low
dose. The plate shows regenerated neurons
(vellow circle), chromophobe cells (black
arrowhead) and basophil cells (black thin
arrow).

D - Induced MTZ and treated with TQ at a high
dose. The plate shows regenerated neurons

Figure 2: Photomicrograph of the pituitary gland
Cresyl violet stain X 400

(red circle), chromophobe cells (black
arrowhead) and basophil cells (black thin
arrow)

E - Induced MTZ and Recovery. This shows
slight regeneration of neurons (yellow circle),
oligodendrocytes (black arrowhead), and
microglia cells (black thin arrow).

F - Induced MTZ and treated with TQ low dose
recovery. The plate shows regenerated neurons
(yellow circle), vacuolated chromophobe cells
(black arrowhead) and basophil cells (red thin
arrow).

G - Induced and treated with TQ at a high dose
and Recovery. The plate shows regenerated
neurons (red circle), chromophobe cells (black
arrowhead) and basophil cells (blue thin
arrow). H/E X 400

A - Control group, B - MTZ only, C - MTZ + 50 mg/kg Thymoquinone, D - MTZ+ 100 mg/kg Thymoquinone, E - MTZ +
Recovery, F - MTZ+ 50 mg/kg Thymoquinone+ Recovery, G - MTZ+ 100 mg/kg Thymoquinone + Recovery.

A - Control group. The plate shows
differentiated and organised neurons(red
circle), oligodendrocytes and microglia
cells(black thin arrow)

B - Induced with the MTZ group. This shows
severe necrotic distortion of neurons (red
circle), oligodendrocytes, and microglial cells

(black thin arrow).

C - Induced MTZ and treated with TQ at a low
dose. This shows a typical neuron (red circle)
and a microglial cell (black thin arrow).

D - Induced MTZ and treated with TQ at a high
dose. This shows regenerated neurons (red
circle), oligodendrocytes and microglia cells
(black thin arrow).

E - Induced with MTZ and the recovery group.
This plate shows slightly regenerated neurons
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(black circle), oligodendrocytes, and microglial
cells (black thin arrow).

F - Induced MTZ and treated with TQ low dose
recovery. This plate shows regenerated
neurons (red circle), oligodendrocytes and
microglia cells (black thin arrow).

G - Induced MTZ and treated with TQ high
dose recovery. This shows regenerated neurons
(red circle), oligodendrocytes, and slightly
vacuolated microglial cells (black thin arrow).
Cresyl violet X400.

Photomicrograph of testicular (Leydig cell) using Masson trichrome stain. X 400

A - Control group, B: 500 mg MTZ only, C: 500 mg MTZ +50 mg/kg Thymoquinone, D: 500 mg MTZ +100 mg/kg
Thymoquinone, E: 500 mg MTZ + Recovery, F: 500 mg MTZ +50 mg/kg Thymoquinone Recovery, G: 500 mg MTZ+ 100 mg/kg

Thymoquinone + Recovery

A - Control group showing well differentiated
and organised spermatogonia cells (red circle),
seminiferous tubules (black thick arrow), with
adequate sperm cells, and Leydig cells on the
interstitial layer (yellow thin arrow) with
adequate and well differentiated collagen fibre.
B - Induced with the MTZ group. This shows
severe distortion of the spermatogonia cells
(red circle), clear and distorted seminiferous
tubules with loss of spermatocytes (yellow
thick arrow), and a thickened interstitial layer
with loss of Leydig cells (black thin arrow) with
thickened collagen fibre.

C - Induced with MTZ and treated with TQ at
a low dose. This shows the regenerated and
normal distribution of collagen fibres (black
thin arrow), spermatogonia (red circle), and
seminiferous tubules with sperm cells (black
thick arrow).

D - Induced with MTZ and treated with TQ at
a high dose. This plate shows regenerated,

well-aligned collagen fibres (black thin arrow),
spermatogonia cells (red circle), and
seminiferous tubules containing sperm cells
(black thick arrow).

E - Induced with MTZ and Recovery. This
shows slightly regenerated, well-distributed
collagen  fibres  (black thin arrow),
spermatogonial cells (red circle), seminiferous
tubules (black thick arrow) with few sperm.

F - Induced with MTZ and treated with TQ at a
low dose and Recovery. This shows
regenerated, well-distributed collagen fibres
(yellow thin arrow) housing Leydig cells and
spermatogonia (red circle), and seminiferous
tubules (black thick arrow) containing sperm.
G - Induced with MTZ and treated with TQ at
a high dose and Recovery. This shows a
regenerated collagen fibre (blue thin arrow)
with Leydig cells, seminiferous tubules (black
thick arrow) with a slight loss of sperm cells,
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and spermatogonia cells (red circle) —Masson
Trichrome stain X40.

Discussion

In this study, metronidazole induction resulted
in a significant decrease in reproductive
hormones (gonadotropin-releasing hormone,
follicle-stimulating ~ hormone, luteinising
hormone, and testosterone) in adult male
Wistar rats. Low or disrupted levels of GnRH,
FSH, LH, and testosterone can cause male
infertility by impairing the hormonal
regulation essential for spermatogenesis,
testicular function and reduced sperm count,
contributing to infertility. [23- 2]

The mechanism involves the metabolism of
metronidazole (MTZ) into two primary
metabolites, 2-methyl-5-nitroimidazole-1-
acetic acid (AAM) and 1-(2-hydroxyethyl)-2-
hydroxy-5-nitroimidazole (HM). These
metabolites generate reactive oxygen species
(ROS) via nucleophilic substitution reactions,
disrupting DNA and causing oxidative
damage. [2027]

This oxidative damage leads to damage to cells
(of the hypothalamic nucleus that produces
GnRH, the pituitary gland that produces FSH
and LH, and the epithelial lining of the
seminiferous tubule of the testes). [28] The
decrease reported in this study agrees with
previous investigations on the suppressive and
anti-spermatogenic effects of metronidazole. [%
1] Reduction of these hormones leads to
infertility. Hassan et al. stated that regressive
histological changes in testicular and
epididymal  tissues  demonstrated  the
significant side effects of MTZ, including
decreased sperm count and per cent total
sperm motility, as well as significant reductions
in serum levels of free testosterone and FSH
levels. 4 Metronidazole has an excellent
central nervous system penetration. (28]
Furthermore, metronidazole can increase the
production of free radicals by activating lipid
peroxidation, thereby inhibiting antioxidant

enzymes and promoting the formation of
reactive oxygen species (ROS). [l These free
radicals cause impairment of the cell
membrane and DNA fragmentation. B0 It is
deduced  that

administration

imperative  to  have
thymoquinone (TQ)
ameliorated metronidazole effects and thereby
enhanced reproductive hormones. In this
study, there was a significant increase in the
levels of reproductive hormones, including
gonadotropin-releasing hormone, follicle-
stimulating hormone, luteinising hormone, and
testosterone, across all TQ-treated groups.
Previous  studies have shown  that
thymoquinone improves reproductive
hormones and  reproductive  success.
Gholamnezhad et al. (2016) reported that TQ
positively alters key fertility indices and, as a

result, improves reproductive success. [311

Gonadotropin-releasing hormone (GnRH) is a
crucial substance in the hypothalamic-
pituitary-gonadal (HPG) axis in humans.
Production of GnRH occurs in the neurons of
the hypothalamus and causes the downstream
production of sex hormones by the gonads. The
binding of GnRH to the gonadotropin-
releasing hormone receptor initiates the
downstream signalling of the primary
gonadotropins: follicle-stimulating hormone
(FSH) and luteinising hormone (LH). ¥ FSH
acts on the Sertoli cells, promoting their
proliferation and differentiation. Sertoli cells, in
turn, provide the necessary physical and
nutritional support to germ cells and help in
their transition to mature spermatozoa [32l. FSH
is involved in the regulation of
spermatogenesis by controlling the rate of germ
cell division and helps coordinate the stages of
spermatogenesis, ensuring the production of
mature and functional spermatozoa. 33 LH
induces the proliferation and maturation of
interstitial Leydig cells, and these cells end up
secreting testosterone [°. Testosterone is
essential for the maintenance of qualitative
spermatogenesis. It is the androgen in the testis
that is required for the initiation of
spermatogenesis, and the production of mature
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sperm is highly dependent on the action of the
androgen in the testes. So, in a case where there
is an absence of testosterone or its receptor,
spermatogenesis does not go beyond the
meiosis stage, and this ultimately results in
infertility. [0  Hence, in this study,
thymoquinone enhanced the hormones of the
hypothalamic-pituitary-gonadal axis through
its regulatory function, helping to cure the
infertility problem. Thymoquinone exerts
antioxidant activity by scavenging
metronidazole-induced  reactive = oxygen
species (ROS), thereby mitigating oxidative
stress. [3 This protective mechanism preserves
the structural and functional integrity of
hypothalamic-pituitary-testicular tissues,
which is critical for hormone regulation, as
demonstrated by histological improvements in
the HPG axis revealed in this study.

The findings from this study showed that
metronidazole significantly reduced sperm
count, sperm motility, sperm viability, and
sperm morphology, which leads to infertility
effects. The mechanism of metronidazole-
induced infertility arises from its impact on the
capacity of spermatozoa to generate ATP via
the glycolytic pathway ultimately. [€l
Spermatogenesis cells may be harmed by an
increase in alpha-glycosidase inhibition, as
indicated of increased malondialdehyde
(MDA). At the same time, sperm motility might
be diminished by the inhibition of energetic
transferase or non-protein substances in the
epididymis. In this study, after administration
of thymoquinone at the doses of 50 and 100
mg/kg for 14 days, there was a significant
increase in the level of sperm parameters
following the initial significant decrease
induced of metronidazole. This study shows
that thymoquinone is a promising agent to
counteract metronidazole-related infertility,
with important implications for reproductive
health and therapeutic strategies.

This result correlates with the report from
previous research. Several studies have
explored the impact of thymoquinone on male

infertility. It was found that TQ administration
in rodent models improved sperm count,
motility, and morphology, potentially by
reducing oxidative stress and enhancing the
testicular antioxidant defence system. [° This
was corroborated by a study by Khan et al.,
which demonstrated that TQ supplementation
reduced testicular damage in rats exposed to
toxins. B¢l Thymoquinone has been shown to
counter oxidative damage in the brain by
scavenging free radicals and enhancing the
activity of endogenous antioxidant enzymes
such as superoxide dismutase (SOD) and
glutathione peroxidase (GPx). It was found that
TQ enhanced the activity of these enzymes,
thereby reducing oxidative stress across

different tissues, including the brain and testes.
(34]

In this study, thymoquinone increased
antioxidant levels by scavenging ROS induced
by a high metronidazole dose (500 mg/kg/day
for 14 days). This effect obviously generated
reactive oxygen species (ROS) via nucleophilic
substitution reactions, disrupting DNA and
causing oxidative damage, thereby reducing
sperm parameters. This effect was neutralised
by thymoquinone, confirming its antioxidant
properties.

Testicular histology showed severe distortion
of the spermatogonia cells, clear and distorted
seminiferous  tubules  with  loss  of
spermatocytes, and a thickened interstitial
layer with loss of Leydig cells, with thickened
collagen fibres because of metronidazole
induction for 14 days, which leads to the
elevation of ROS. Metronidazole adversely
affected testicular cytoarchitecture, particularly
at high doses. In studies involving male rats,
administration  of  metronidazole (500
mg/kg/day) resulted in
degeneration of the seminiferous epithelium,

significant

leading to decreased testicular and epididymal
weights, reduced spermatid counts, and
abnormal sperm morphology. Histological
evaluations revealed severe damage to germ
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cells, with many tubules devoid of primary and
secondary spermatocytes.

After the administration of thymoquinone at
doses of 50 mg/kg and 100 mg/kg, testicular
cytoarchitecture revealed regenerated and
normal distribution of collagen fibres,
spermatogonia, seminiferous tubules with
sperm cells, and regenerated, well-aligned
collagen fibres, spermatogonia cells, and
seminiferous tubules with sperm cells,
respectively. This is because thymoquinone
(TQ) has been reported to have antioxidant
properties that combat oxidative stress in
several studies. Both the 50 mg/kg and 100
mg/kg administered doses of thymoquinone
significantly =~ mitigated  histopathological
damage caused by metronidazole in the
hypothalamic-pituitary axis and testes. The 100
mg/kg dosage showed enhanced regenerative
outcomes, characterised by improved neuronal
organisation, well-aligned collagen fibres, and
reduced cellular vacuolation compared with
the 50 mg/kg dosage. Chromophobe
vacuolation was noted in the 50 mg/kg
recovery cohort but was markedly less
pronounced at 100 mg/kg, suggesting
improved cellular protection at this higher
dosage. In summary, thymoquinone displayed
a dose-dependent protective and restorative
influence on metronidazole-induced
reproductive toxicity.

Conclusion

The findings of this study revealed the effect of
thymoquinone on the hypothalamic-pituitary
gonadal axis in metronidazole-induced
infertility in adult male Wistar rats.
Thymoquinone enhanced  hypothalamic-
pituitary gonadal axis hormones and sperm
parameters, confirming its antifertility
properties. Findings also revealed the
ameliorative and restorative effects of TQ, as
evidenced by its cytoprotective action on the
brain and testes.

Authors' Contributions: OBO, OIO, OAA and OB
conceived and designed the study. OBO, OIO, OAA,
EVB and ADB did the literature review. OBO, OIO,
and OAA analysed and interpreted the data, drafted
the manuscript and revised it for sound intellectual
content. All the authors approved the final version
of the manuscript.

Conflicts of Interest: None.

Funding: Self-funded.

Publication History: Submitted 03 February 2025;
Accepted 20 August 2025.

References.

1. Chambers GM, Dyer S, Zegers-Hochschild
F, de Mouzon J, Ishihara O, Banker M, et al.
Human reproduction. Hum Reprod.
2021;36:2921-2934.
https:/ /doi.org/10.1093 /humrep/deab19
8.

2. World Health Organisation (WHO).
Infertility (Fact Sheet) [Internet]. 2023 [cited
2025 16  June].  Available from:
https:/ /www.who.int/news-room/fact-
sheets/ detail / infertility

3. DPractice Committee of the American
Society for Reproductive Medicine. ASRM
publishes a new, more inclusive definition
of infertility [Internet]. 2023 [cited 2025 16
June]. Available from:

https:/ /asrmcongress.org/asrm-
publishes-a-new-more-inclusive-
definition-of-infertility /

4. Ilume Fertility. ASRM 2023 new infertility
definition [Internet]. 2023 [cited 2025 16
June]. Available from:
https:/ /www.illumefertility.com/fertility-
blog/asrm-2023-new-infertility-definition

5. Oguejiofor CB, Obi NC, Okafor OC, Eleje
GU, Okafor CG. A 5-year retrospective
cross-sectional study of the pattern of
infertility in Nnamdi Azikiwe University
Teaching Hospital, Nnewi, Nigeria.
Gynecol Obstet Open Acc 2023;7:166.
https:/ /doi.org/10.29011/2577-
2236.100166.

6. Mohammed-Durosinlorun A, Adze ],
Bature S, Abubakar A, Mohammed C,
Taingson M, et al. Use and pattern of
previous care received by infertile Nigerian
women. Fertil Res Pract 2019;5:14.

©Annals of Health Research. Volume 11, Issue No. 3, 2025 301




Okebule Babatunde O, et al

10.

11.

12.

13.

https:/ /doi.org/10.1186 /s40738-019-0068-
6.

Maternal Health Task Force (MHTEF). The
burden of infertility in Nigeria: raising

visibility to promote equitable access to
care [Internet]. 2024 [cited 2025 16 June].
Available from:
https:/ /www.mhtf.org/2017/04/06/ the-
burden-of-infertility-in-nigeria-raising-
visibility-to-promote-equitable-access-to-
care/ #:~:text=,0rg % E3%80%91

Casteel CO, Singh G. Physiology,
Gonadotropin-Releasing Hormone. In:
StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2024 Jan- [cited 2025
16 June].
https:/ /www.ncbi.nlm.nih.gov/books/N
BK558992/

Oduwole OO, Huhtaniemi IT, Misrahi M.
The roles of luteinising hormone, follicle-

Available from:

stimulating hormone and testosterone in
spermatogenesis and folliculogenesis
revisited. Int J Mol Sci 2021;22:12735.
https:/ /doi.org/10.3390/1jms222312735.

Grande G, Barrachina F, Soler-Ventura A,
Jodar M, Mancini F, Marana R, et al. The
role of testosterone in spermatogenesis:

lessons from proteome profiling of human
spermatozoa in testosterone deficiency.
Front Endocrinol
2022,;13:852661.

https:/ /doi.org/10.3389/fendo.2022.85266
1.

Tabassum S, Rosli N, Arief Ichwan S]J,
Mishra P.
pharmacological perspective: a review.
Pharmacol Res - Mod Chin Med.
2021,1:100020.
https://doi.org/10.1016/j.prmcm.2021.100
020.

Bawa SH. Health benefits and uses of black
seed and black seed oil [Internet]. 2020
[cited 2025 16 June]. Available from:
https:/ /nimedhealth.com.ng/2020/05/08
/health-benefits-and-uses-of-black-seed-
and-black-seed-oil/

Jakaria M, Azam S, Haque A, Jo SH, Uddin
MS, Kim IS, et al. Molecular insight into the
therapeutic potential of thymoquinone and

(Lausanne).

Thymoquinone and its

its future perspectives. Biomed
Pharmacother. 2018;107:1383-1394.
https://doi.org/10.1016/j.biopha.2018.08.

138.

14.

15.

16.

17.

18.

19.

20.

21.

Hassan MH, Awadalla EA, Ali RA, Fouad
SS, Abdel-Kahaar E. Thiamine deficiency
and oxidative stress induced by prolonged
metronidazole therapy can explain its side
effects of neurotoxicity and infertility in
experimental animals: effect of grapefruit
co-therapy. Hum Exp Toxicol 2020
39(6):834-847.

https:/ /doi.org/10.1177/096032711986775
5.

Oyedeji KO, Oshatimi A, Abidoye D,
Adeleke KO. Effect of metronidazole on
reproductive parameters in male Wistar
rats. Int ] Pharm Sci Rev Res 2015;35:186-
190.

Bone W, Jones NG, Kamp G, Yeung CH,
Cooper TG. Effect of ornidazole on fertility
of male rats: inhibition of a glycolysis-
related motility pattern and zona binding
required for fertilisation in vitro. ] Reprod
Fertil 2000,118:127-135.
https:/ /doi.org/10.1530/irf.0.1180127.
Osonuga 10, Edema VB, Okebule BO,
Ogunlade AO, Olukade BA, Osonuga O.
Aqueous seed extract of Nigella sativa

ameliorated metronidazole-induced
testicular damage via up-regulations of the
antioxidant system. Ann Health Res
2024;10:285-294.

El-Nahas AF, El-Ashmawy IM.
Reproductive and cytogenetic toxicity of

metronidazole in male mice. Basic Clin

Pharmacol Toxicol 2004;94:226-231.
https://doi.org/10.1111/j.1742-
7843.2004.pt0940505.x.

Jo EJ, Bae E, Yoon JH, Kim JY, Han JS, et al.
Comparison of murine retroorbital plexus
and facial vein blood collection to mitigate
animal ethics issues. Lab Anim Res
2021;37:12.

https://doi.org/10.1186 /s42826-021-
00090-4.

Osonuga OA, Osonuga IO, Osonuga AA.

Oral administration of leaf extracts of
Momordica charantia affect reproductive
hormones of adult female Wistar rats.
Asian Pac ] Trop Biomed 2014;4:5521-5524.
Jalili C, Salahshoor MR, Naderi T. The effect
of hydroalcoholic extract of P. crispum on
sperm parameters, testis tissue and serum
nitric oxide levels in mice. Adv Biomed Res
2015;4:40. https://doi.org/10.4103/2277-
9175.151249.

©Annals of Health Research. Volume 11, Issue No. 3, 2025 302




Effect of Thymoquinone on Hypothalamus-Pituitary-Gonadal Axis Hormone

22.

23.

24.

25.

26.

27.

28.

29.

Carey JC, Klebanoff MA. Is a change in the
vaginal flora associated with an increased
risk of preterm birth? Am ] Obstet Gynecol
2005;192:1341-1347.

https://doi.org/10.1016/j.ajog.2004.12.069

Foran D, Chen R, Jayasena CN, Minhas S,
Tharakan T. The wuse of hormone
stimulation in male infertility. Curr Opin
Pharmacol 2023;68:102333.
https:/ /doi.org/10.1016/j.coph.2022.10233
3.

Leslie SW, Soon-Sutton TL, Khan MAB.
Male infertility. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing;
2025 [cited 2025 16 June]. Available from:
https:/ /www.ncbi.nlm.nih.gov/books/N
BK562258

Marques P, De Sousa Lages A,
Skorupskaite K, Rozario KS, Anderson RA,
George JT. Physiology of GnRH and
gonadotrophin secretion. In: Feingold KR,
Ahmed SF, Anawalt B, et al. (editors).
Endotext [Internet]. South Dartmouth
(MA): MDText.com, Inc.; 2000- [cited 2025
16 June].
https:/ /www.ncbi.nlm.nih.gov/books/N
BK279070

Onopiuk B, Onopiuk P, Dabrowska Z,
Dabrowska E, Pietruska M, Car H. Effect of
metronidazole on the oxidoreductive

Available from:

processes in the submandibular and
parotid glands in experimental research.
Oxid Med Cell Longev 2018;2018:7083486.
https://doi.org/10.1155/2018 /7083486.
DrugBank. DB00916 [Internet]. 2024 [cited
2025 16  June]. Available from:
https:/ / go.drugbank.com/drugs/DB0091
6

Kumar P. Pharmacology of specific drug

groups. In: Dowd FJ, Johnson BS, Mariott
AJ, editors.
Therapeutics for Dentistry. 7th ed. Elsevier;
2017. p- 457-87.
https://doi.org/10.1016 /B978-0-323-
39307-2.00033-3.

Salahshoor MR, Khazaei M, Jalili C, Keivan
M. Crocin improves damage induced by

Pharmacology and

30.

31.

32.

33.

34.

35.

36.

nicotine on a number of reproductive
parameters in male mice. Int J Fertil Steril
2016;10:71-78.

https:/ /doi.org/10.22074 /ijfs.2016.4771.
Niki E, Yoshida Y, Saito Y, Noguchi N.
Lipid peroxidation:

mechanisms,
inhibition, and biological effects. Biochem
Biophys Res Commun 2005;338:668-676.
https://doi.org/10.1016/j.bbrc.2005.08.072

Gholamnezhad Z, Havakhah S, Boskabady
MH. Preclinical and clinical effects of

Nigella sativa and its constituent,
thymoquinone: a review. J
Ethnopharmacol. 2016;190:372-386.

https:/ /doi.org/10.1016/1.jep.2016.06.061.
Griswold MD. Cellular and molecular basis

for the action of retinoic acid in
spermatogenesis. ] Mol Endocrinol
2022;69:T51-T57.
https://doi.org/10.1530/IME-22-0067.
Oduwole OO, Peltoketo H, Huhtaniemi IT.

Role of follicle-stimulating hormone in

Endocrinol
(Lausanne) 2018;9:763.
https:/ /doi.org/10.3389/fendo.2018.00763

spermatogenesis. Front

Isaev NK, Genrikhs EE, Stelmashook EV.
Antioxidant Thymoquinone and Its
Potential in the Treatment of Neurological
Diseases. Antioxidants (Basel) 2023;12:433.
https:/ /doi.org/10.3390/antiox12020433.

Haq IU, Rehman A, Saleem U, Mahmood S,
Akhtar MF, Saleem A, et al. Thymoquinone

alleviates metronidazole-induced testicular

and epididymal toxicity in rats. Environ Sci
Pollut Res Int 2021;28:16326-16338.
https:/ /doi.org/10.1007 /s11356-020-
11736-4.

Khan A, Aldebasi YH, Alsuhaibani SA,
Khan MA. Thymoquinone augments

apoptosis and regulates Bcl-2 and Bax gene
expression in 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD)-induced toxicity in rat
spermatozoa. Environ Sci Pollut Res Int.
2020;27:15326-15336.

https:/ /doi.org/10.1007 /s11356-020-
11736-4.

[NoI)

This open-access document is licensed for distribution under the terms and conditions of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by-nc/4.0). This permits

source is adequately cited and credited.

unrestricted, non-commercial use, reproduction and distribution in any medium provided the original

©Annals of Health Research. Volume 11, Issue No. 3, 2025 303




