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Abstract

Flunitrazepam-induced impairment of male reproductive function is a significant
concern. This study evaluated its reproductive toxicity in male Wistar rats. Thirty-five
adult rats were assigned into seven groups. Group A (control) received 1 ml distilled
water. Groups B and C received 1 mg/kg and 2 mg/kg Flunitrazepam for 56 days, while
groups D and E received similar doses followed by a drug-free recovery period. Groups
F and G were co-treated with Flunitrazepam and Vitamin C. Reproductive hormones
(FSH, LH and testosterone), oxidative stress markers (GSH, MDA), semen parameters
and reproductive organ weights were assessed, alongside histological examination.
Data were analyzed using one-way ANOVA with turkey’s post hoc test (P < 0.05).
Results showed reduced body weight in groups B, C, F, and G. Sperm motility declined
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in all treated groups, while abnormalities increased in group F. Sperm viability remained
unchanged, but sperm counts decreased in groups B, C, F, and G. LH levels declined in
groups B, C, and F, and FSH decreased in group C, with no change in testosterone
levels. Glutathione levels decreased in groups B and C. Histological examinations
revealed structural testicular damage in the exposed group. In conclusion,

Flunitrazepam adversely affects male reproductive function in Wistar rats.
Keywords: Flunitrazepam, reproductive toxicity, hormones, glutathione and histology.
Introduction

Drug abuse remains a significant global health concern, particularly regarding its
negative effects on male reproductive health (Bakare and Isah, 2016). The United
Nations Office on Drugs and Crime (UNODC) 2019 World Drug Report highlights that
approximately 271 million individuals, or 5.5% of the global population aged 15 to 64,
engaged in drug use in the previous year. Furthermore, around 35 million people are
expected to suffer from drug use disorders. The Global Burden of Disease Study in
2016 indicated that drug use was responsible for approximately 585,000 deaths
worldwide, illustrating the profound impact of substance abuse on public health(Bakare
and Isah, 2016). The challenges associated with drug addiction—including
consumption, abuse, and trafficking—are linked to significant issues such as organized
crime, illicit financial flows, corruption, and terrorism. As noted by Canton (2021), these
challenges constitute a considerable burden on societies and necessitate global
attention. In Nigeria, a survey identified cannabis, opioids, and benzodiazepines like
flunitrazepam (commonly known as Rohypnol) as the most frequently abused
substances, raising concerns about their widespread use and implications for male
health (Bakare and Isah, 2016).

Male infertility is known as the inability of a male and female sexual intimacy failed to
archieve conception after at least one year of unprotected sexual intercourse (Agarwal
et al., 2021). Studies suggested that male infertility rates ranges from 2.5% to 12%,
accounting for 20% to 70% of infertility cases among couples (Agarwal et al., 2021).
The primary causes of male infertility include testicular diseases, endocrine disorders
and difficulties with erection and ejaculation. Notably, oxidative stress markers, such as

Glutathione (GSH) depletion, have also been implicated in male reproductive issues
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(Mieusset et al.,, 1992). Research indicates that drug misuse, including the use of
recreational substances, plays a substantial role in male infertility. Among individuals
seeking medical attention for reproductive health concerns, it is common to observe a
history of drug misuse, smoking, and alcohol consumption. These substances are well-
known for their detrimental effects on erectile function and ejaculation (Belladelli et al.,
2021). A large-scale retrospective study involving 7,447 males attending a urology and
andrology clinic revealed that male factor infertility, erectile dysfunction (ED), and lower
urinary tract symptoms (LUTS) were prevalent in 25.7%, 39.5%, and 34.8% of cases,
respectively (Belladelli et al., 2021).

The European Monitoring Centre for Drug and Drug Addiction (EMCDDA) reported that
the most widely abused recreational drugs include cannabinoids, opioids, stimulants like
cocaine and methamphetamines, and benzodiazepines. Notably, males tend to exhibit a
higher incidence of drug use compared to females, particularly in Europe, highlighting a
pressing public health issue that warrants attention. The relationship between drug
abuse and male reproductive health is further complicated by the role of the pituitary-
gonadal axis, which regulates reproductive functions. This axis controls the production
and secretion of critical reproductive hormones, including gonadotropin-releasing
hormone (GnRH), follicle-stimulating hormone (FSH), luteinizing hormone (LH), and
testosterone. GnRH, produced and released by the hypothalamus, stimulates the
secretion of FSH and LH from the anterior pituitary gland. These hormones act on the
testes to regulate spermatogenesis and testosterone production, which is vital for libido,

muscle mass, bone density, and overall reproductive health (Argente et al., 2023).

Benzodiazepines (BZDs) are a class of psychoactive drugs frequently prescribed to
alleviate symptoms of anxiety, insomnia, muscle spasms, and seizures. They exert their
effects by enhancing the activity of gamma-aminobutyric acid (GABA), an inhibitory
neurotransmitter that reduces neuronal excitability in the brain, leading to relaxation and
sedation. Flunitrazepam, a potent benzodiazepine, is known for its sedative, hypnotic,
anxiolytic, muscle relaxant, and anticonvulsant properties (Gautam et al., 2014). It
quickly crosses the blood-brain barrier, influencing GABA activity and producing
significant calming effects. The mechanism of action of benzodiazepines involves

binding to specific GABA-A receptor subunits, enhancing the frequency of chloride



channel opening. This results in increased membrane hyperpolarization and
amplification of GABA's inhibitory neurotransmission, leading to enhanced relaxation
and reduced anxiety (Bureau et al., 1991). Despite their therapeutic benefits, the high
potency and rapid onset of action of flunitrazepam raise concerns about its potential for
misuse, abuse, and dependence, posing challenges for healthcare providers and

regulatory agencies (Mattila et al., 2016).

Despite the increasing recognition of male reproductive health issues, significant gaps
remain in our understanding of how medications like flunitrazepam affect male
reproductive function. As medical professionals continue to prescribe these drugs for
various conditions, it is crucial to evaluate their potential implications on male fertility
and overall health. Addressing these knowledge gaps, it is essential to ensure the

safety and well-being of individuals administered flunitrazepam and similar substances.
Materials and Methods

Drugs
Flunitrazepam was produced by Fidson Healthcare Plc procured from a reputable pharmacy

with the aid of a medical Physician’s prescription.

Stock Solution Preparation
A stock solution of 1mg of Flunitrazepam was prepared in 33.33mls of distilled water and from
this a dosage of 1mg/kg and 2mg/kg were administered to rats in group 2, 3, 4, 5,6 and 7. A
stock solution of 200mg of Vitamin C was prepared in 35mls of distilled water and was given to

rats in group 6 and 7. All administration was done orally with the aid of an oral cannula.

Experimental Animal and Ethical Approval

In this study, thirty-five adult male Wistar rats weighing 150 g-180 g (7-8 weeks old) were
utilized. They were purchased from the animal holding unit, College of Health Sciences,
Obafemi Awolowo University, lle-Ife. The animals were acclimatized for one week at room
temperature with free access to feed and water, with a 12-h light/12-h dark cycle. This work
was approved by the Health Research Ethic Committee (HREC) of the Institute of Public

Health, College of Health Sciences, Obafemi Awolowo University, lle-Ife, Osun State Nigeria.



(HREC Assigned Number: IPH/OAU/12/2537) and was performed according to the

Committee’s ethical standards. Table 1: shows the animal experimental designs

Experimental Design

Table 1: This table shows the animal groupings, drug duration and administration

GROUP | No. OF ADMINISTRATION DURATION
RATS
A 5 1 ml of distilled 56 days
Water (control)
B 5 1 mg/kg b.w of Flunitrazepam (low dose) 56 days
C 2 mg/kg b.w Flunitrazepam (high dose) 56 days
D 1 mg/kg b.w of Flunitrazepam + free drug recovery period 56 days treatment
days Recovery
E 5 2 mg/kg b.w of Flunitrazepam + free drug recovery period 56 days treatment
days Recovery
F 1 mg/kg of Flunitrazepam + 200mg/kg of Vit. C 56 days
2 mg/kg of Flunitrazepam + 200mg/kg of Vit. C 56 days

Blood Collection

Twenty four hours after the last administration, rats from each group were weighed and

sacrificed by cervical dislocation. Blood samples were collected via cardiac puncture,

transferred into plain serum bottles using 2ml syringes. The blood samples were

centrifuged for five minutes at 3000 rpm using a cold centrifuge to obtain the serum.

Organs weight

The testes and epididymis were dissected out, trimmed off the attached fatty tissues

and weighed. Relative weight (Rw) of the organ was calculated at sacrifice as follows:

Relative organ weight = Organ Weight x 100 Body weight at sacrifice




Hormonal and antioxidant assay

Serum Luteinizing hormone (LH), follicle stimulating hormone (FSH) and testosterone
were quantified using Enzyme-linked Immunosorbent Assay (ELISA) method according
to the manufacturer guidelines. Glutathione was quantified by the method of Beutler and
Kelly (1963).

Sperm Analysis

WHO (2012) recommended standard procedure for sperm analysis was followed. The
right testis was carefully excised through pelvic incision, the surrounding fats was
carefully trimmed off. The caudal epididymis was removed and minced in 1.8 ml of
normal saline, a suspension was obtained and the sperm parameters namely; sperm
motility, sperm morphology, sperm count and sperm viability were measured. For the
sperm motility, one drop of the suspension was smeared on a microscope slide,
covered with a cover slip and viewed at a magnification of X40 and progressive motility
was scored. New slide was smeared and stained by Eosin-nigrosin stain to determine
the percentage of sperm cell viability (live-dead ratio). Morphological abnormalities were
estimated using Walls and Ewas stain. Abnormal head and tails were evaluated
accordingly. Sperm count was done with the aid of the improved Neubauer
haemocytometer. The suspension was diluted with sodium bicarbonate-formalin in ratio
1: 19 (1 in 20). The improved Neubauer haemocytometer chamber was filled with well
diluted sperm, and then the sperm cells were counted in 2 square mm of Neubauer
haemocytometer chamber. Sperm count was calculated in 1 ml of fluid by multiplying
the number counted by 1,000,000 (WHO 2012).

Histological Examination

Sections were taken from testis and epididymal tissues from rats in each group
immediately after sacrifice. The tissues were fixed in Bouin’s fluid for a period of at least
24 hours, dehydrated in different grades of alcohol, and processed for paraffin
embedding. Sections of 5 ym thickness were cut using a rotary microtome. The sections
were processed and passed through graded alcohol series, stained with Haematoxylin
and Eosin, cleared in xylene and examined microscopically and photomicrographs were

taken using Leica DM750 Camera Microscope.



Statistical analysis:

Data were analysed using one-way analysis of variance (ANOVA) and post hoc analysis
was carried out using Student Neuman-Keuls test on Graph Pad 5.03 (Graph Pad

Software Inc., CA, USA). P values less than 0.05 were considered to be significant.

Results

Effects of Flunitrazepam administration on body weight change in male Wistar
rats

Fig.1 showed a significant decrease in body weight change of rats in groups B, C, F and
G compared to group A. There was also a significant decrease in body weight change
in rats in group B when compared with groups D and E. A similar trend was observed
from rats in group C when compared with D, E, and G group. However, no significant

difference was observed between group A when compared with groups D and E.

Effects of Flunitrazepam administration on relative testicular weight in male
Wister rats
Fig.2 showed no significant difference in the relative testicular weight when compared to

the control and to the other groups.

Effects of Flunitrazepam on relative epididymal weight in male Wistar rats
Fig.3 showed no significant difference in the relative epididymal weight when compared

to the control and to the other groups.

Effects of Flunitazepam on Sperm morphology in male Wistar rats

Fig.4 showed a significant increase (p < 0.0001, F= 12.77) in the number of abnormal
sperm in group F (14.22 + 0.29) when compared with group A (12.21 + 0.10). There
was a significant increase in the number of abnormal sperm in group F (14.22 + 0.29)
when compared to rats in group D (12.12 £ 0.10). Conversely, there was no significant
increase in abnormal sperms in comparisons between Groups B, C, D, E and G when
compared with rats in group A. Additionally, no significant difference was observed from
Rats in groups C, E, F and G when compared with group B.



Effects of Flunitrazepam on Sperm motility in male Wistar rats

Fig.5 showed a significant decrease (p < 0.0001, F=25.17) in sperm motility in rats from
groups B, C, D, E, F and G (70.75 £ 0.75, 73.75 £ 2.39, 76.25 + 2.39, 76.25 + 2.39,
56.25 + 2.39, 77.50 + 2.50) compared to group A (92.50 * 1.44). A significant decrease
was also observed in rats in group F (56.25 £ 2.39) compared to group B (70.75 £ 0.75).
A similar trend was seen in group F (56.25 £ 2.39) when compared with rats in recovery
groups (76.25 + 2.39, 76.25 = 2.39). However, there was no significant decrease
between Groups C, D, E, and G when compared to group B. No significant decrease

was observed from rats in groups E and G when compared to group C

Effects of Flunitrazepam on Sperm Viability in male Wistar rats
Fig.6 showed no significant difference in sperm viability of rats in groups B, C, D, E, F
and G when compared to group A. Additionally; there was no significant difference in

the sperm viability of rats in groups C, D, E, F and G when compared to group B.

A: 1 ml/kg b.w Distilled water

B: 1 mg/kg b.w FLP

C: 2 mg/kg b.w FLP

D: 1 mg/kg b.w FLP + Recovery
E: 2 mg/kg b.w FLP + Recovery

F: 1 mg/kg b.w+200 mg/kg b.w
VitC

G: 2 mg/kg b.w + 200 mg/kg b.w
VitC
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Fig.1 Effects of Flunitrazepam administration on relative testicular weight in male

Wister rats
Data represents Mean + SEM, n =5 (p < 0.05)
a = significantly different from group A (p < 0.05)



B = significantly different from group B (p < 0.05)
* = significantly different from group C (p < 0.05)
FLP= Flunitrazepam

Vit C= Vitamin C
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Fig.2 Effects of Flunitrazepam administration on relative testicular weight in male
Wistar rats

Data represents Mean + SEM, n =5 (p < 0.05)

Flp= Flunitrazepam

Vit C= Vitamin C
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Fig.3 Effects of Flunitrazepam on relative epididymal weight in male Wistar rats
Data represents Mean + SEM, n=5 (p < 0.05)

Flp= Flunitrazepam

Vit C= Vitamin C
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A: 1 mi/kg b.w Distilled water

B: 1 mg/kg b.w FLP

C: 2 mg/kg b.w FLP

D: 1 mg/kg b.w FLP + Recovery

E: 2 mg/kg b.w FLP + Recovery

F: 1 mg/kg b.w+200 mg/kg b.w Vit C
G: 2 mg/kg b.w + 200 mg/kg b.w Vit C

DEBGE00A

ABNORMAL SPERM MORPHOLOGY (%)

Fig.4 Effects of Flunitrazepam on Sperm morphology in male Wistar rats
Data represents Mean + SEM, n =5 (p < 0.05)

a = significantly different from group A (p < 0.05)

y = significantly different from group D (p < 0.05)

Flp= Flunitrazepam

Vit C= Vitamin C
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Fig.5 Effects of Flunitrazepam on Sperm motility in male Wistar rats
Data represent Mean £ SEM, n =5 (p < 0.05)

a = significantly different from group A (p < 0.05)

B = significantly different from group B (p < 0.05)

* = significantly different from group C (p < 0.05)

Flp= Flunitrazepam

Vit C= Vitamin C
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Fig.6 Effects of Flunitrazepam on Sperm Viability in male Wistar rats
Data represent Mean £ SEM, n =5 (p < 0.05)

Flp= Flunitrazepam

Vit C= Vitamin C
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Effects of Flunitrazepam on Sperm Count in male Wistar rats

Fig.7 showed a significant decrease (p < 0.0001, F = 33.76) in total sperm counts in rats from
groups B, C, F and G (119.2 + 0.73, 118.8 + 0.49, 88.80 + 3.02, 123 + 2.93, 137 £ 3.34)
compared to group A (137.2 + 3.34). Also, a significant difference was also observed between
rats from groups D, E and F when compared to group B. However, there was no significant
decrease in groups D and E when compared to group A. there was a similar trend of no

significant difference in groups C and G when compared to group B.

Effects of Flunitrazepam on Follicle Stimulating Hormone (FSH) in male Wistar rats
Fig.8 showed a significant decrease (p < 0.0001, F = 35.47) in serum FSH levels in group C
(27.50 £ 0.86) when compared to group D (37.75 £ 1.65). However, there was no statistical

difference was obseerved in groups B, C, D, E, F and G when compared to the control group.

Effects of Flunitrazepam on Luteinizing Hormone (LH) of rats

Fig.9 showed a significant decrease (p < 0.0001, F = 28.87) in serum Luteinizing
hormone levels of rats in group B, C and F (20.25 + 0.32, 20.65 £ 0.20, 20.75 % 0.60)
when compared to group A (31.50 + 0.65). However, there was no statistical difference

in serum LH levels was observed in groups D, E and G when compared with group A.

Effects of Flunitrazepam on Testosterone level of rats

Fig.10 showed no significant difference in serum Testosterone levels of rats in groups
B, C, D, E, F and G when compared to rats in group A. Also, no statistical difference in
testosterone levels was found from Rats in groups C, D, E, F and G when compared

with Rats from group B.

Effects of Flunitrazepam on Glutathione Level of rats

Fig.11 showed a significant decrease (p < 0.0001, F = 13.81) in serum glutathione
concentration of rats in group B and C (0.28 £ 0.01, 0.27 + 0.01) when compared to A,
D, E, F and G (0.40 + 0.01, 0.50 + 0.01, 0.45 + 0.01, 0.33 = 0.01, 0.40 = 0.01).
However, there was no significant decrease were found in groups D, E, F and G when

compared with group A.
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Effects of Flunitrazepam on Malonaldehyde level of rats
Fig.12 showed no statistical difference in serum Malonaldehyde levels from Rats in

groups B, C, D, E, F and G when compared with the control group.
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Fig.7 Effects of Flunitrazepam on Sperm Count in male Wistar rats
Date represents Mean + SEM, n =5 (p < 0.05)

a = significantly different from group A (p < 0.05)

B = significantly different from group B (p < 0.05)

Flp= Flunitrazepam

Vit C= Vitamin C
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D: 1 mg/kg b.w FLP + Recovery

E: 2 mg/kg b.w FLP + Recovery

F: 1 mg/kg b.w+200 mg/kg b.w Vit C
G: 2 mg/kg b.w + 200 mg/kg b.w Vit C
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FOLLICLE STIMULATING HORMONE (mlIU/mL)

Fig.8 Effects of Flunitrazepam on Follicle Stimulating Hormone in male Wistar
rats

Data represents Mean + SEM, n=5

Flp= Flunitrazepam

Vit C= Vitamin C
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A: 1 mi/kg b.w Distilled water

B: 1 mg/kg b.w FLP

C: 2 mglkg b.w FLP

D: 1 mg/kg b.w FLP + Recovery

E: 2 mg/kg b.w FLP + Recovery

F: 1 mg/kg b.w+200 mg/kg b.w Vit C
G: 2 mg/kg b.w + 200 mg/kg b.w Vit C
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E F

Fig.9 Effects of Flunitrazepam on Luteinizing Hormone of rats
Results are given as Mean + SEM, n =5 (p < 0.05)

a = significantly different from group A (p < 0.05)

Flp= Flunitrazepam

Vit C= Vitamin C
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A: 1 mikg b.w Distilled water

B: 1 mg/kg b.w FLP

C: 2 mglkg b.w FLP

D: 1 mg/kg b.w FLP + Recovery
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F: 1 mg/kg b.w+200 mg/kg b.w Vit C
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Fig.10 Effects of Flunitrazepam on Testosterone level | n male Wistarrats
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Results are presented as Mean + SEM, n=5
Flp= Flunitrazepam
Vit C= Vitamin C
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Fig.11 Effects of Flunitrazepam on Glutathione Level of rats
Results are given as Mean + SEM, n =5 (p < 0.05)

a = significantly different from group A (p < 0.05)

y = significantly different from group D (p < 0.05)

Flp= Flunitrazepam

Vit C= Vitamin C
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Fig.12 Effects of Flunitrazepam on Malonaldehyde level of rats

Results are given as Mean + SEM, n =5 (p < 0.05)

Flp= Flunitrazepam
Vit C= Vitamin C
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Histology result

Photomicrograph sections of the Testis (X 400)

Groups A, D, E and G show normal histoarchitecture of Testis and interstitium is more
compact (green arrow) and the seminiferous tubules are normal (yellow arrow). Groups

B, C and F reveals wide interstitial space (green arrow) and abnormal seminiferous

tubules (yellow arrow).

GROUP B GROUP C

GROUP E GROUP F
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Photomicrograph sections of the Epididymis (X 400)
Groups A, B, C, F and G showed normal histoarchiteecture with healthy sperm within
the tubules(yellow arrow) and the epididymal lining of the ducts appears normal (green

arrow). Group D and E histoarchitecture reveals collapsed and degenerating epididymis

GROUP D GROUP E GROUP F

Discussion

Flunitrazepam (FLP), a potent benzodiazepine, is widely used for its sedative,
anxiolytic, muscle relaxant, and anticonvulsant properties. Benzodiazepines function
primarily by enhancing the effect of the neurotransmitter gamma-aminobutyric acid

(GABA) at the GABA_A receptor, which increases inhibitory neurotransmission in the
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brain, leading to the calming effects these drugs are known for (Riss et al., 2008). While
the central nervous system effects of benzodiazepines have been extensively studied,
their impact on the endocrine system, particularly the pituitary-gonadal axis, has
received comparatively less attention.

The pituitary-gonadal axis is a vital system that regulates reproductive function in males.
It involves a complex interaction between the hypothalamus, pituitary gland, and gonads
(testes). The hypothalamus secretes gonadotropin-releasing hormone (GnRH), which
prompts the anterior pituitary to release luteinizing hormone (LH) and follicle-stimulating
hormone (FSH). These hormones are crucial for the production of testosterone and the
regulation of spermatogenesis in the testes. Disruption of this axis can lead to
reproductive dysfunction, making it essential to understand how substances like FLP
influence these processes (Cunningham & Klein, 2007).

The analysis of body weight gives information about the effect of Flunitrazepam. The
study demonstrated a significant reduction in body weight change in groups B, C, F, and
G (p < 0.001, F = 37.08) compared to group A. This weight reduction could be due to
the central nervous system depressant effects of FLP, which might lead to decreased
physical activity and reduced food intake. Similar findings have been observed with
other benzodiazepines, such as diazepam, which has been reported to cause weight
loss in animal models (Nguyen & Kim, 2020). The decrease in body weight might also
be attributed to the effects of FLP on metabolic rate and energy expenditure, as
benzodiazepines have been shown to influence hypothalamic pathways that regulate
appetite and metabolism (Ren et al., 2022). Additionally, the significant differences in
body weight observed between groups B, D, and E, and between groups C, D, E, and
G, suggest that the dose and duration of FLP administration significantly affect body
weight. This finding aligns with previous studies on diazepam, which revealed that
chronic administration leads to significant alterations in body weight due to changes in
feeding behavior and metabolic processes (Ren et al., 2022).

There were no significant changes in relative testicular and epididymal weights in all
Rats treated with Flunitrazepam when compared with the control group. This suggests
that FLP does not directly affect the mass of these reproductive organs. This aligns with
previous studies on other benzodiazepines like alprazolam, which also showed no

significant changes in testicular weight despite its sedative effects (Ren et al., 2022).
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Sperm morphology can be used to determine reproductive activities in male. In this
study, a significant increase in abnormal sperm morphology was observed in group F
compared to groups A and D (p < 0.0024, F = 4.574). Abnormal sperm morphology is a
critical indicator of compromised fertility, as it can reduce the sperm's ability to fertilize
an egg.

The findings are consistent with other benzodiazepines like diazepam, which has been
shown to increase abnormal sperm morphology in rats, potentially through the induction
of oxidative stress (Samadi & Kamal, 2023). The generation of reactive oxygen species
(ROS) is a known mechanism through which benzodiazepines can cause cellular
damage, including DNA fragmentation in sperm cells, leading to abnormal morphology
(Argente et al., 2023). Also, the dose-dependent increase in abnormal sperm
morphology observed in group F may indicate that higher doses of FLP exacerbate its
detrimental effects on spermatogenesis. This is consistent with studies on
chlordiazepoxide, another benzodiazepine, which has been reported to cause dose-
dependent decreases in sperm count and increases in abnormal sperm forms in rats
(Villani et al., 2020).

Sperm motility is essential for successful fertilization, as motility defects can prevent
sperm from reaching and penetrating the egg. The significant decrease in sperm motility
observed in groups B, C, D, E, F, and G compared to group A (p < 0.0001, F = 25.17)
suggests that FLP significantly impairs sperm function. This reduction in motility might
be due to the sedative effects of FLP, which could impact the autonomic nervous
system, leading to impaired muscle contractions required for sperm movement. These
findings align with previous studies on diazepam, which have shown a reduction in
sperm motility in rats after chronic administration (Salas-Ramirez et al., 2010). The
observed effects might also involve the disruption of mitochondrial function in sperm
cells, as benzodiazepines have been reported to induce mitochondrial toxicity, leading
to decreased ATP production and, consequently, impaired sperm motility (Le Moal et
al., 2012).

Sperm viability, which refers to the proportion of live, healthy sperm, is a crucial factor in
determining male fertility. The absence of significant differences in sperm viability
across the groups suggests that FLP does not significantly impact the proportion of live

sperm. This contrasts with its effects on sperm morphology and motility, indicating that
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FLP might selectively affect certain aspects of sperm functions more than others. This
selective impact on sperm function is also seen with other benzodiazepines. For
example, clonazepam has been shown to affect sperm motility and morphology without
significantly altering sperm viability in animal studies (Bagheri and Jorsaraei 2014). This
indicates that while benzodiazepines can impair specific sperm parameters, they do not
uniformly reduce overall sperm viability.

A significant decrease in total sperm count was observed in groups B, C, F, and G
compared to group A (p < 0.4665, F = 0.9744). A reduced sperm count is a well-known
factor contributing to infertility and can result from impaired spermatogenesis. The
findings are consistent with previous research on diazepam, which demonstrated a
significant reduction in sperm count in rats following chronic exposure (Aghel et al.,
2014). This reduction may be due to FLP's effects on the hypothalamic-pituitary-gonadal
(HPG) axis, potentially leading to decreased secretion of gonadotropins and impaired
testicular function. The mechanisms by which FLP reduces sperm count may involve
the suppression of GnRH release from the hypothalamus, leading to a downstream
reduction in FSH and LH levels. These hormones are critical for the initiation and
maintenance of spermatogenesis, and their suppression can lead to decreased sperm
production (Grattan et al., 2007). Similar mechanisms have been proposed for other
benzodiazepines, such as diazepam, which has been shown to reduce gonadotropin
levels and impair spermatogenesis in animal models (Colombero et al., 2015).

FSH plays a pivotal role in spermatogenesis by stimulating the Sertoli cells, which
provide nutritional and structural support to developing sperm cells. The study found no
significant differences in serum FSH levels across most groups, except for a decrease
in FSH in group C compared to group D (p < 0.0232, F = 3.148). This finding suggests
that FLP might have a subtle effect on FSH secretion, which could contribute to the
observed impairments in sperm count and motility. Benzodiazepines like diazepam
have also been reported to influence FSH levels (Bisht & Dada, 2017). The observed
decrease in FSH levels in group C could be due to FLP's impact on the hypothalamic
regulation of GnRH, leading to a downstream reduction in FSH secretion from the
pituitary. Alternatively, FLP might directly affect the pituitary's responsiveness to GnRH,

further reducing FSH levels and contributing to impaired spermatogenesis.
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LH is essential for testosterone production by Leydig cells in the testes, which is crucial
for maintaining normal spermatogenesis. The significant decrease in serum LH levels
observed in groups B, C, and F compared to group A (p < 0.2655, F = 1.387) indicates
that FLP may impair Leydig cell function, potentially leading to reduced testosterone
levels and impaired sperm production. The mechanisms by which FLP reduces LH
levels may involve similar pathways to those affecting FSH, including the suppression of
GnRH release or reduced pituitary responsiveness to GnRH. This finding is consistent
with previous studies on other benzodiazepines, such as diazepam and alprazolam,
which have also been shown to reduce LH levels in animal models (Hess & Franca,
2008), chronic administration of alprazolam led to significant reductions in LH levels,
which correlated with decreased testosterone production. These findings support the
hypothesis that benzodiazepines, including FLP, may have a general suppressive effect
on the hypothalamic-pituitary-gonadal axis, leading to reduced LH secretion and
impaired reproductive function.

Testosterone is the primary androgen responsible for the development of male
reproductive tissues and secondary sexual characteristics, as well as the maintenance
of spermatogenesis. Interestingly, the study found no significant differences in serum
testosterone levels across all groups, despite the observed reductions in LH levels. This
lack of significant change in testosterone levels suggests that FLP may not directly
impair testosterone production. This can be as a result of the fact that the remaining LH
is sufficient to maintain testosterone production. Previous studies have shown that
benzodiazepines like diazepam can alter hee secretion of gonadotropins, leading to
disrupted spermatogenesis without significantly altering testosterone levels ( Yahav &
Choudhary, 2021; Nowak et al., 2022)

Oxidative stress plays a critical role in male reproductive dysfunction, as excessive ROS
can damage sperm DNA, proteins, and lipids, leading to impaired sperm function. The
study found a significant decrease in serum glutathione levels in groups B and C
compared to group A (p < 0.0045, F = 4.494). Glutathione is a major antioxidant that
protects cells from oxidative damage, and its depletion suggests that FLP may increase
oxidative stress in the testes, which has been linked to sperm dysfunction in various
studies (Khan & Khera, 2022; Igbal & Azhar, 2020)
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In contrast, the study did not find significant differences in malonaldehyde (MDA) levels,
a marker of lipid peroxidation, across the groups. This suggests that while FLP may
reduce antioxidant defenses, it does not necessarily increase lipid peroxidation to a
detectable extent. However, this finding may indicate that the primary effects of FLP on
oxidative stress involve protein or DNA damage rather than lipid peroxidation. Similar
effects have been observed with other benzodiazepines. For instance, diazepam has
been shown to reduce glutathione levels and increase oxidative stress markers in the
liver and brain of rats, leading to cellular damage (Bano et al., 2012). These findings
suggest that oxidative stress may be a common mechanism through which
benzodiazepines induce cellular damage, including in reproductive tissues.
Histopathological evaluation of animal reproductive tissue is useful in male reproductive
risk assessment. The Testis is regarded as the most sensitive end point in the
evaluation of male reproductive toxicity (Mayyas et al., 2005). In this study, histological
observation subjected to hemotoxylin and eosin stain in the rats subjected to
Flunitrazepam treatment groups showed alterations in the germinal epithelium,
seminiferous tubules and the depletion of spermatogonic cells, large interstitial, partial
depletion of elongated spermatids in the lumen when compared with the control. The
drug treatment was effective in the rats treated with low dose and high dose of
Flunitrazepam, however the alterations observed in histoarhitectural structure of the
testis was reversed in the recovery groups after the rats were allowed to recover for 56
days. However, empty tubules were visible in the histological section of Wistar rats from
group C, D and E, suggesting that Flunitrazepam affects the epididymis.

The results suggest that FLP adversely affects the reproductive axis in male Wistar rats,
primarily through mechanisms involving oxidative stress, altered sperm function, and
possibly HPG axis dysregulation. FLP's sedative effects might indirectly contribute to
reproductive toxicity by decreasing physical activity and altering energy balance,
impacting weight gain and metabolic processes crucial for maintaining reproductive
health.

In conclusion, this study showed that administration of Flunitrazepam has a deleterious
effect on the male reproductive functioning by down regulating the pituitary-gonadal
axis, oxidative stress pathways, Semen Quality, inflammation and consequently altering

the histo-architectural structures in male Wistar Rats.
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