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Abstract

Sleep deprivation induces oxidative stress, resulting in histoarchitectural alterations. Cannabidiol
(CBD) possesses antioxidant properties that may help mitigate this oxidative stress and support cellular
repair. Sleep recovery enhances the body’s restorative processes, improving antioxidant defenses and
reducing the accumulation of reactive oxygen species. This study aimed to examine the effects of
cannabidiol and recovery sleep on the testes of adult male Wistar rats. Thirty adult male Wistar rats
were divided into five groups of six and treated for 21 days as follows: the control group received 1
ml/kg of distilled water; group II received 1 ml/kg of distilled water with 18 hours of sleep deprivation
(SD); group III received 10 mg/kg of cannabidiol (CBD) with 18 hours of SD; group 1V received 10
mg/kg of CBD with 18 hours of SD; and group V received 1 ml/kg of distilled water with 7 days of sleep
recovery (SR). Sleep deprivation was induced using a modified multiple-platform method. The rats'
weights were taken before the commencement of the experiment and on the last day of the experiment.
Homogenate was prepared from testis tissue for oxidative stress analysis. The testicles were harvested,
processed, and stained with haematoxylin & eosin for general histoarchitecture. Results from the study
indicated a significant increase (p < 0.05) when comparing the initial body weight of the rats to their
final weight, except in the recovery group. There was no significant difference (p > 0.05) in final body
weight across the groups. Additionally, no significant differences (p > 0.05) were observed in the
concentrations of malondialdehyde (MDA), nitric oxide, and peroxynitrite. However, testicular
histoarchitecture showed improvement in the cannabidiol and sleep recovery groups. This study's
findings indicate that seven days of sleep recovery and CBD treatment have beneficial effects on the
testes of Wistar rats exposed to chronic sleep deprivation.
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INTRODUCTION

Sleep deprivation has emerged as a significant public health issue in contemporary society,
primarily driven by factors such as unhealthy lifestyle choices and sleep disorders, including
insomnia and sleep-related breathing disorders (Tobaldini et al., 2017; Chen et al., 2024).
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Modern lifestyles have exacerbated the prevalence of sleep deprivation, making it a critical
health concern today (Tobaldini et al., 2017; Chen et al., 2024). The National Sleep Foundation
reports a notable increase in sleep deprivation incidents in recent years, particularly affecting
vulnerable populations like night shift workers and individuals experiencing psychosocial
disturbances (Ayas et al., 2003). Sleep deprivation disrupts normal physiological functions and
is linked to a range of health problems (Chattu et al., 2018). Sleep is a vital physiological state
of rest, associated with changes in neuro-endocrine and immune systems (Siegel, 2005).

Sleep deprivation elevates the production of reactive oxygen species (ROS), leading to
oxidative stress that can impair organ function (Periasamy et al., 2015). Oxidative stress arises
when the levels of prooxidants, such as ROS, surpass the body's antioxidant defenses.
Literature indicates that this imbalance may stem from increased prooxidant levels,
diminished antioxidant capacity, or a combination of both (Betteridge, 2000). Such oxidative
stress can damage lipids, proteins, and DNA, contributing to age-related conditions like
cancer and neurodegenerative diseases (Noguti et al., 2013). The interplay between sleep
deprivation and oxidative stress is intricate, involving mechanisms such as mitochondrial
dysfunction and inflammatory responses that elevate ROS levels (Atrooz & Salim, 2020).

Sleep deprivation has profound negative effects on various bodily functions, resulting in
cardiovascular issues, immune disturbances, and neuro-endocrine changes (Choi et al., 2016).
Additionally, it alters the activity of the hypothalamic-pituitary-adrenal (HPA) axis and the
sympathetic nervous system, adversely affecting sexual health and fertility (Goldstein &
Smith, 2016). Inadequate sleep has been associated with decreased semen quality (Jensen et
al., 2013), and a bidirectional relationship between sleep deprivation and oxidative stress has
been established (Noguti et al., 2013; Hill et al., 2018). Oxidative stress is considered a
significant factor negatively impacting male fertility (Sharlip et al., 2002).

The negative effects of sleep deprivation on the male reproductive system are further
corroborated by testicular histology findings, which showed significant alterations in
testicular architecture, with reduced numbers of spermatogonia, spermatids, and Sertoli cells,
along with patches of cellular degeneration in irregular seminiferous tubules (Muhammad et
al., 2023).

Recovery sleep plays a vital role in restoring functions impaired by sleep deprivation, aiding
metabolic regulation and normalizing hormone levels (Akerstedt et al., 2009; Kim et al., 2015).
It also enhances immune function, bolstering defenses against infections (Walsh et al., 2011;
Desai et al., 2024).

Additionally, cannabidiol (CBD) has shown promise in alleviating oxidative stress associated
with sleep deprivation through its antioxidant properties, which help mitigate ROS
production during insufficient sleep. Research indicates that CBD protects against cellular
damage by improving mitochondrial function and reducing inflammation, both crucial for
countering oxidative stress (Pagano et al., 2023). Furthermore, CBD may help restore
hormonal balance disrupted by sleep loss, thereby supporting reproductive health and overall
well-being (Bonanni et al., 2024). By targeting these mechanisms, CBD presents a promising
therapeutic option for addressing the adverse effects of sleep deprivation on oxidative stress
(Bonanni et al., 2024). Consequently, incorporating CBD into treatment strategies could offer
substantial benefits for individuals affected by the effects of inadequate sleep.
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Hence, this study aims to examine the protective effects of CBD and recovery sleep on
oxidative stress and testicular tissue histoarchitecture in sleep-deprived adult male rats.

MATERIALS AND METHODS

Ethical clearance

Ethical approval for this research was obtained from the Ethics Committee on Animal Use
and Care at Ahmadu Bello University in Zaria, Nigeria, with the approval number
ABUCAUC/2024/006. The study followed the guidelines for the care and use of laboratory
animals set forth by the National Research Council (Clark et al., 1997).

Drugs and Reagents

Crystalline cannabidiol, comprising 75% full spectrum and designated Lot No: FSO75900-
221103-A1, was sourced from Eurofins Scientific located in Luxembourg. It was then dissolved
in a 1% solution of Polysorbate 80 (Sigma-Aldrich, Steinheim, Germany).

Experimental design

Thirty male Wistar rats, each weighing between 160 and 180 grams, were used in this study.
These rats were sourced from the animal facility of the Department of Human Anatomy at
Ahmadu Bello University in Zaria. They had continuous access to a standard rat pellet diet
and fresh drinking water. The animals were randomly divided into five groups, with six rats
in each group. Group I served as the control, received 1 ml/kg of distilled water. Group Il was
subjected to 18 hours of sleep deprivation (SD) and also received 1 ml/kg of distilled water.
Group III was administered 10 mg/kg of cannabidiol (CBD) along with 18 hours of SD, while
Group IV received 20 mg/kg of CBD and underwent the same duration of sleep deprivation.
Group V received 1 ml/kg of distilled water, subjected to 18 hours of SD, and was allowed a
sleep recovery (SR) period of 7 days. All treatments were given orally once daily using an
oropharyngeal cannula and a calibrated 1 ml hypodermic syringe.

The rats were subjected to sleep deprivation daily for 18 hours (from 1 pm to 7 am) over a
span of 21 days, with a recovery sleep period of 6 hours each day (from 7 am to 1 pm) (da
Silva Rocha-Lopes et al., 2018). Cannabidiol was administered orally just prior to placing the
rats in the sleep deprivation tank. After the 21-day sleep deprivation period, the rats in Group
V were given a recovery time of 7 days in their home cage (Hipdlide et al., 2006).

Induction of sleep deprivation

The Modified Multiple Platform (MMP) method was employed to induce REM sleep
deprivation (REM-SD) as outlined by Machado et al. (2004). The sleep deprivation apparatus,
measuring 120 x 46.5 x 44.5 cm, was made of plastic and included ten circular platforms stuck
to the bottom. Each platform was 6.5 cm in height and 8 cm in diameter, with horizontal
spacing of 13 cm and vertical spacing of 10 cm. To prevent the Wistar rats from escaping, the
tank was covered with wire mesh. Water was filled to within 1 cm of the top of the platforms,
enabling the rats to move by jumping between them. The loss of muscle tone associated with
REM sleep would cause the rats to awaken immediately upon making contact with the water.
Rats within the same group were placed in the sleep deprivation tank for 18 hours, during
which they had unrestricted access to standard rat chow and water, provided through
hanging food troughs and water bottles at the top of the wire mesh. The water in the tank was
replaced daily after the rats were taken out. After each 18-hour sleep deprivation session, the
rats were returned to their home cages for 6 hours of restorative sleep. The modified multiple
platforms were used for this study to minimize psychosocial stress, immobilization, and
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separation stress (Suchecki & Tufik, 2000; Machado et al., 2004). Prior to the sleep deprivation
phase, the rats were acclimatized to the modified platforms for 2 days, spending one hour
each day on them.

Animal Sacrifice and sample collection

At the end of the 21-day experiment, Wistar rats from groups 1 to 4 were euthanized, while
group 5 was allowed a 7-day period for sleep recovery. The animals were euthanized using
cervical dislocation. Their thoracic cavities were subsequently opened. The testes were
carefully removed and preserved in 10% formol saline for histological examination. These
analyses were performed in the Neuroscience and Bioinformatics laboratory within the
Department of Human Anatomy at Ahmadu Bello University, Zaria.

Measurement of body weight

The weights of the rats were recorded with a digital weighing balance prior to the start of the
experiment and again on the final day. At the end of the experiment, the data were analyzed
to assess changes in body weight.

Estimation of oxidative stress biomarkers

Oxidative stress biomarkers were evaluated using testes tissue homogenate.
Malondialdehyde (MDA), Nitric Oxide, and Peroxynitrite levels were measured following the
methodology outlined by Okey and Ayo (2015).

Histopathological evaluation

Fixed testis tissues were prepared using conventional histological methods, which involved
fixation, dehydration, clearing, infiltration, and embedding in paraffin wax. Hematoxylin and
eosin staining was used to assess the overall histology, and photomicrographs were taken
with an AmScope MD 900 digital microscope camera at a magnification of 250X. A
pathologist, independent of the research team, examined the stained sections under a light
microscope.

Data Analysis

The data obtained at the end of the experiment were expressed as mean + SEM (Standard
Error of Mean). A one-way analysis of variance (ANOVA) was used to compare the mean
differences, followed by a Tukey post-hoc test, with a significance level set at a P-value of <
0.05.
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Figure 1: Weight of Wistar rats following chronic sleep deprivation and treatment with CBD. (A) Initial & Final
body weight (B) Final Body weight. n=6, mean + SEM, one-way ANOVA, p< 0.05. SD=Sleep Deprivation; CBD=
Cannabidiol; SR= Sleep Recovery.
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Figure 2: Oxidative stress biomarkers concentrations following chronic sleep deprivation and treatment with CBD.
(A) Peroxynitrite (B) Malondialdehyde (MDA) (C) Nitric oxide. n= 6, mean + SEM, one-way ANOVA, a=p< 0.05.
SD= Sleep Deprivation; CBD= Cannabidiol; SR= Sleep Recovery.
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Figure 3: Photomicrograph of the testis section. (A) Control group (1 ml/kg H»0) showing normal histoarchitecture.
(B) Group II (18 hours of Sleep Deprivation) showing distortions of the histoarchitecture. (C) Group III (10 mg/kg
CBD +18 hours of Sleep Deprivation) showing mild improvement of the histoarchitecture. (D) group IV (20 mg/kg
CBD +18 hours of Sleep Deprivation) showing improvement of the histoarchitecture. (E) Group V (SD + SR)
showing restoration of the histoarchitecture. H and E x250. Control group (CTL); Type A spermatogonia (AS);
Type B spermatogonia (BS); Leydig cell (LC); Primary spermatocytes (PS); Secondary spermatocytes (SS);
Seminiferous tubules (ST); Lumen (L); Interstitial space (IS); Sertoli cell (SC). widened lumen (WL); degenerated
sperms (DSp); widened interstitial space (WIS); degenerated Sertoli cells (arrows).

Body weight assessment

The body weight results showed a significant increase (p < 0.05) when comparing the initial
body weight of the rats to their final weight, with the exception of the recovery group (Figure
1A). Additionally, there were no significant differences (p > 0.05) in final body weight across
the groups (Figure 1B).

Oxidative stress biomarkers assessment
No notable differences (p > 0.05) were observed in the concentrations of malondialdehyde
(MDA), nitric oxide, and peroxynitrite (Figure 2A, B, & C).

Histopathological assessment

Normal histoarchitecture was observed in the testis tissue sections of the control group (1
ml/kg H>O), demonstrating a typical structure of seminiferous tubules, spermatogonia,
Sertoli cells, primary spermatocytes, secondary spermatocytes, spermatids, and normal
spermatozoa (Figure 3A).

In contrast, the testis sections from Wistar rats subjected to 18 hours of sleep deprivation
exhibited distorted histoarchitecture, characterized by widened lumens in the seminiferous
tubules containing degenerated sperm (DSp), increased interstitial space, and degeneration of
Sertoli cells, spermatogonia, and spermatocytes (Figure 3B).
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The testis sections from rats that received 10 mg/kg CBD with 18 hours of sleep deprivation
showed some mild improvement in histoarchitecture, with distortions, such as widened
lumens in the seminiferous tubules with degenerated sperm (DSp), as well as degenerated
Sertoli cells, spermatogonia, and spermatocytes (Figure 3C).

In the sections from rats treated with 20 mg/kg CBD and subjected to 18 hours of sleep
deprivation, there was improvement in histoarchitecture, showing better-defined structures
of seminiferous tubules, spermatogonia, Sertoli cells, primary spermatocytes, secondary
spermatocytes, spermatids, and spermatozoa (Figure 3D).

Finally, the testis sections from the sleep recovery group demonstrated a restoration of
histoarchitecture, exhibiting normal structures of seminiferous tubules, spermatogonia,
Sertoli cells, primary spermatocytes, secondary spermatocytes, spermatids, and normal
spermatozoa (Figure 3E).

DISCUSSION

Sleep deprivation is increasingly recognized as a significant public health concern, affecting
various physiological functions and contributing to numerous health issues, including
metabolic dysregulation and oxidative stress (Villafuerte ef al., 2024). This study evaluated the
effects of cannabidiol (CBD) and sleep recovery on oxidative stress biomarkers and testicular
histoarchitecture in chronic sleep-deprived male Wistar rats, providing important insights
into this interplay.

The significant increase in body weight post-sleep deprivation, except in the recovery group,
suggests metabolic changes influenced by altered energy regulation. This finding aligns with
research indicating that sleep deprivation can lead to increased appetite and weight gain due
to hormonal imbalances, particularly in leptin and ghrelin levels (Spiegel et al., 1999;
Copinschi, 2005). Interestingly, the lack of significant differences in final body weight across
the experimental groups may indicate that while sleep deprivation initially affected body
weight, recovery or treatment with CBD stabilized these effects, corroborating findings by
Briancon-Marjollet et al. (2015), which highlighted metabolic normalization achieved through
sleep recovery.

In terms of oxidative stress biomarkers, the study found no significant differences in
malondialdehyde (MDA), nitric oxide, and peroxynitrite levels among the groups. This
finding is somewhat unexpected, as many studies reported elevated oxidative stress in sleep-
deprived individuals (Neculicioiu et al., 2023; Villafuerte et al., 2024). The absence of
significant changes may be attributed to the specific dosage of CBD or the duration of sleep
deprivation employed. Previous research has shown that CBD can exert antioxidative effects,
helping to reduce reactive oxygen species (ROS) levels and cellular damage (Pereira et al.,
2021). Mechoulam & Parker (2013) noted that cannabinoids can mitigate oxidative stress in
various tissues, suggesting that CBD may have protective effects not sufficiently captured by
the biomarkers used in this study.

Histopathological analysis revealed severe distortions in testicular architecture in the sleep-
deprived group, consistent with studies linking sleep deprivation to impaired
spermatogenesis. Zhong et al. (2022) reported that sleep deprivation leads to increased
apoptosis of germ cells and altered testicular morphology, emphasizing the detrimental
impact of sleep deprivation on reproductive health and the need for protective strategies.
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Conversely, the testis sections from rats treated with CBD showed varying degrees of
improvement, particularly at the higher dose (20 mg/kg). This suggests a dose-dependent
effect on testicular histoarchitecture. The mild improvement observed at the lower dose (10
mg/kg) indicates that while CBD has potential therapeutic benefits, optimal dosing is critical
for achieving significant histological restoration. These findings align with research by
Aychman et al. (2023), which demonstrated that CBD can promote cellular health and reduce
damage in various tissues through its anti-inflammatory and antioxidative properties.
Additionally, studies by Atalay et al. (2021) have shown that higher doses of CBD are more
effective in reducing oxidative stress and improving tissue morphology, reinforcing the
importance of dosage in therapeutic applications.

The restoration of normal histoarchitecture in the sleep recovery group underscores the
importance of adequate sleep for reproductive health. Walker (2017) emphasized that
sufficient sleep is critical for hormonal regulation and cellular repair processes essential for
normal testicular function. This study's results resonate with findings from a meta-analysis
by Schlesinger et al. (2022), which concluded that sleep recovery can significantly restore
hormonal balance and improve reproductive health outcomes.

Overall, this study highlights the complex relationship between sleep deprivation, oxidative
stress, and reproductive health. While CBD shows promise as a therapeutic agent, further
research is necessary to elucidate its mechanisms of action and optimize treatment protocols.
Continued exploration into the effects of sleep recovery and CBD could provide vital insights
into improving health outcomes for individuals affected by sleep deprivation.

CONSLUSION

The findings from this study demonstrated the attenuative potential of cannabidiol (CBD) and
sleep recovery in alleviating oxidative stress and restoring alterations in the histoarchitecture
of the testes in sleep-deprived male Wistar rats.
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