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Abstract

Objective: The primary objective of this study was to observe the impact of chronic sleep deprivation on the
histomorphological features of the rat prostate gland and to evaluate the potential protective effects of omega-3

fatty acid supplementation.

Materials & Methods: Thirty male Sprague-Dawley rats (200-300g) were randomly divided into three groups
(n=10 per group): Group A (control, maintained on a normal sleep-wake cycle), Group B (sleep deprivation,
subjected to 16 hours of sleep deprivation followed by an 8-hour sleep opportunity daily for 60 days), and Group
C (sleep deprivation + omega-3, subjected to the same sleep deprivation regimen as Group B, supplemented with
260 mg/kg/day omega-3 fatty acid via oral gavage). Post-euthanasia and after dissection, prostate tissues were
processed for histological observation using H&E and Masson's trichrome staining to assess epithelial apoptosis,
collagen deposition, and smooth muscle architecture. Statistical analyses were performed using SPSS software

version 21, with p<0.05 considered statistically significant.

Results: Group A (control) showed normal histological structure. Group B (sleep deprivation) exhibited a
significantly higher frequency of epithelial apoptosis (p<0.05), increased interacting collagen deposition
(p<0.001), and marked irregularities in the smooth muscle layer surrounding the acini (p=0.002). Group C (sleep
deprivation + omega-3) demonstrated reduced epithelial apoptosis, collagen deposition, and smooth muscle

distortion relative to Group B.

Conclusion: The present study observed that sleep deprivation caused significant changes in the histomorphology
of the rat prostate gland, including epithelial apoptosis, collagen fibre deposition in the interacting space, and
irregular arrangement of the smooth muscle fibres around the acini. Additionally, omega-3 fatty acid
supplementation had an ameliorative effect on these histomorphological alterations induced by sleep deprivation.

Keywords: Sleep Deprivation, Prostate, Histology, Omega-3 Fatty Acids, Apoptosis, Collagen,
Smooth Muscle.

Introduction

Sleep deprivation has emerged as the most commonly encountered cause of behavioural shifts and
oxidative stress. It imposes radical effects on various psychological and physiological systems.
Numerous researches have shown the damaging consequences of inadequate sleep, with the
earliest experiments dating back to the late 19th century.! Sleep deprivation causes
histomorphological changes in various organs and disrupts hormonal balance, including altering
male sex hormone levels.2 Remarkably, sleep disturbances in men have been strongly linked with
an augmented risk of prostatic cancer.? It is strongly associated with alteration in the male sex
hormone levels causing detrimental effects on the prostate gland and leading to cancer
(Sigurdardottir et al., 2013). This highlights the potential vulnerability of the prostate gland to
sleep disturbances. Chronic sleep deprivation can disturb the diurnal rhythm and decrease the
androgen levels leading to decreased prostate gland weight, signifying impaired steroidogenesis
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or diminished androgen expression in the target tissues.* In contrast, omega-3 fatty acids, a class of essential polyunsaturated fats,
are known to have anti-inflammatory and antioxidant benefits. This may help to alleviate the stress response on the body's organs.
It has been anticipated to reduce the levels of the stress hormone i.e. cortisol and has a protective role for the prostate.’ Omega-3
fatty acids, which include eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), significantly impact cell growth and
membrane integrity. These compounds bind to specific receptors in the prostate, which helps inhibit cancer cell proliferation and
lower the risk of prostate cancer.® Remarkably, omega-3 supplementation has also been implicated in extenuating inflammatory
responses.’ Given the adverse effects of sleep deprivation on the prostate and the potential protective role of omega-3 fatty acids,
investigating the relationship between these factors is of paramount importance.

To detect histomorphological aberrations, including epithelial apoptosis, interacting collagen deposition, and smooth muscle
architecture distortion, brought about by chronic sleep deprivation in the rat prostate gland was the main objective of this study.
Additionally, the study aims to evaluate the potential protective effects of omega-3 fatty acid supplementation on these histological
changes.

Materials And Methods

In this study, thirty adult male Sprague-Dawley rats, of 4 months of age, having 200-300g weight, were obtained from the National
Institute of Health (NIH), Islamabad, Pakistan. These rats were housed in the NIH animal facility under controlled conditions i.e.
temperature: 20-26°C, humidity: 50-60%, 12h light/dark cycle with ad /ibitum access to standard diet and water. All experimental
protocols were approved by the Ethical Committee on Animal Experiments at Army Medical College, Rawalpindi, Pakistan. A
randomized controlled trial was conducted. The rats were randomly divided into three groups (n=10 per group):

Group A (Control): Maintained on a normal 12h light/dark cycle and fed a standard rodent diet.

Group B (Sleep Deprivation): Subjected to 16 hours of sleep deprivation followed by an 8-hour sleep opportunity daily for 8 weeks,
fed a standard rodent diet.

Group C (Sleep Deprivation + Omega-3 supplementation): Subjected to the same sleep deprivation regimen as Group B, fed a
standard diet supplemented with omega-3 fatty acids (260 mg/kg body weight),® administered daily via oral gavage.

To ensure that any observed effects are due to the omega-3 fatty acids and not the gavage process itself, Groups A and B were
administered an equal volume of distilled water via oral gavage. This practice served as a control for the gavage procedure, ensuring
that the effects observed in Group C were specifically due to the omega-3 supplementation rather than the act of gavage itself.
Sleep deprivation was induced using the modified pendulum technique described by Hulzen et al.® Rats were placed in individual
compartments of a cage fitted with oscillating trays driven by a mechanical device. The trays oscillated at ~2-minute intervals to
disrupt sleep for 16h, followed by an 8h undisturbed sleep window. Uninterrupted power supply ensured continuous operation.
After 8 weeks, rats were anaesthetized with ether inhalation and euthanized. Prostate glands were excised, weighed, and fixed in
10% neutral buffered formalin. Tissues were processed, embedded in paraffin, sectioned at Spum thickness, and stained with
hematoxylin and eosin (H&E) and Masson's trichrome.

Epithelial apoptosis in prostatic acini was assessed by evaluating nuclear hyperchromasia and fragmentation in 10 random fields
per slide. Grading of apoptosis was performed on a number scale, where: 0= no lesion, 1= a mean of 1-5 apoptotic cells/field and
2= a mean of 5-10 apoptotic cells/field

Interacinar collagen deposition was evaluated using Masson's trichrome staining, comparing the presence or absence of collagen
fibres in the interacinar spaces of the experimental groups with the control group. Jones, M. L., Bancroft, J. and Gamble, M. (2008).
Connective Tissues and Stains. Theory and Practice of Histological Techniques. 6th ed, Churchill Livingstone Elsevier,
Nottingham. 135-160.The smooth muscles around the acini were stained with Masson’s Trichrome to determine whether they were
regularly or irregularly arranged.Data was analysed using IBM-SPSS version 21.

Apoptosis was semi-quantitatively scored on a 0-2 scale. Collagen deposition and smooth muscle morphology were qualitatively
assessed. Data was expressed as mean + standard deviation. Statistical comparisons between groups were made using ANOVA
followed by appropriate post-hoc tests. ANOVA test was applied for intergroup comparison of quantitative variables followed by
Post Hoc Tukey's Test which was taken as means and standard deviations (mean+=SD) with p<0.05 considered significant.

Results

Group A (Control): Epithelial apoptosis was absent in all prostatic acini. Interacinar collagen deposition was not observed. The
smooth muscle layer exhibited a regular, continuous arrangement surrounding the acini.

Group B (Sleep Deprivation): Epithelial apoptosis was evident, with grades of 0 (30%), 1 (60%), and 2 (10%), a significantly
higher frequency compared to Groups A and C (p=0.003). Interacinar collagen deposition was present in 70% of animals, a
significantly higher incidence than Group A (p=0.000) but comparable to Group C (p=0.074). Marked irregularities in the smooth
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muscle architecture surrounding acini were observed

in 70% of animals, a significantly higher proportion
than in Groups A (p=0.002) and C (p= 0.074).

Group C (Sleep Deprivation + Omega-3
Supplementation): Epithelial apoptosis was absent in
70% of animals, while 30% displayed Grade 1
apoptosis, a significantly lower frequency compared to
Groups A (p=0.001) and B (p=0.003). Interacinar
collagen deposition was present in 30% of animals, a
non-significant difference compared to Groups A
(p=0.074) and B (p=0.074). The smooth muscle layer ~ Figure 1: H&E stained histological image of rat prostate of
displayed a regular arrangement in 70% of animals, a group B, illustrating apoptosis. Hyperchromatic nuclei,

L. . . ked as A, B and C, indicate early apoptotic events.
ficantly high rtion than Group B (p=0.004) 1"~ ’ ’
significantly higher proportion than Group B (p ) Label D denotes the Fragmentation of Nuclei that denotes
but lower than Group A (p=0.004).

further progression of apoptosis.

L X
L -

Table 1: Percentage of apoptosis, collagen fibre deposition and smooth muscle cells around the acini among control group
A and experimental groups B and C

Group A Group B Group C p-value
(n =10) (n =10) (n=10)
Apoptosis 0 lesions 10 3 7
0-5 apoptotic cells 0 6 3
5-10 apoptotic cells 0 1 0
Present 0% 70% 30% .003
Absent 100% 30% 70%
Interacinar Collagen Fiber Present 0% 70% 30% .003
Deposition Absent 100% 30% 70%
Smooth Muscles Around Acini Irregular 0% 70% 30% .003
Regular 100% 30% 70%

Table 2: Intergroup comparison showing the difference in p- p-values of quantitative and qualitative parameters among
control group A and experimental groups B and C

Group A Group A Group B
Vs Vs Vs
Group B Group C Group C
p-value p-value p-value
Apoptosis 0.002* 0.156 0.022%*
Interacinar Collagen Fiber 0.000* 0.073 0.074
Deposition
Smooth Muscles Around 0.002* 0.073 0.074
Acini

The present study unveiled a marked increase in epithelial apoptosis within the prostatic acini of sleep-deprived rats, as evidenced
by nuclear fragmentation and hyperchromatism. The hyperpigmentation of nuclei in apoptosis is a result of a combination of factors,
including chromatin condensation, DNA fragmentation, altered staining affinity, and increased dye penetration. These changes
contribute to the enhanced staining intensity of the nucleus, making it a hallmark of apoptotic cells.

This observation aligns with previous reports implicating sleep deprivation in neuronal apoptosis and suggests a potential disruption
in androgen homeostasis, consequently triggering apoptotic cascades crucial for prostate survival and function.'®!" Corroborating
these findings, a study on rat brain tissue demonstrated that sleep loss induces neuronal damage and triggers apoptotic pathways.'?
The prostate gland's reliance on a continuous supply of androgens for cellular viability and functional integrity provides a plausible
explanation for the observed apoptotic response.
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Figure 2: Masson Trichrome stained image depicting Figure 3: H & E stained photomicrograph displaying
collagen fibre deposition in the interacting space (indicated distortion in the architecture of smooth muscle in the rat
by black arrowhead) of prostate glands in the sleep- prostate of group B, indicated by the arrowhead. This
deprived group B. The arrow indicates the presence of distortion suggests alterations in tissue integrity and
collagen accumulation, suggesting tissue remodelling function associated with sleep deprivation.

associated with sleep deprivation.

Discussion

A reduction in androgen levels activates programmed cell death mechanisms in the prostate, which manifests as condensed,
hyperchromatic nuclei and gradual cellular shrinkage.'® Notably, the administration of omega-3 fatty acids effectively attenuated
epithelial apoptosis in the present study, a finding consistent with reports of their anti-apoptotic effects in neuronal cell lines.''4
The histological analyses revealed a significant accumulation of collagen fibres within the inter-acinar spaces of the prostate glands
in sleep-deprived rats, a phenomenon largely absent in control animals and markedly reduced in the omega-3 supplementation
group. Sleep deprivation is associated with systemic inflammation. Chronic inflammation can stimulate fibroblast activity and
collagen production, leading to increased collagen deposition in the prostate. These observations corroborate existing evidence
linking inflammation to increased prostatic collagen content.!> Omega-3 fatty acids possess anti-inflammatory properties,
counteracting the inflammatory cascade and subsequent collagen fibre deposition in the prostate induced by the stress of sleep
deprivation. This finding aligns with a study conducted on rat liver tissue, where omega-3 supplementation exhibited a preemptive
role in mitigating fibrosis development.!® Numerous researches have demonstrated a positive correlation between prostate
inflammation and increased collagen content, with inflamed prostates exhibiting substantially higher collagen levels compared to
non-inflamed glands.!” Furthermore, previous research on the rat ventral prostate has implicated collagen fibre deposition as a
growth-limiting factor in prostate gland development.'8

A striking observation in the present study was the distortion and irregularities in the smooth muscle layer surrounding the prostatic
acini in 70% of unsupplemented sleep-deprived rats. These alterations manifested as detachment, increased intercellular spacing,
and multilayering of the smooth muscle cells, in contrast to the regular, single-layered arrangement observed in control animals. !
Remarkably, omega-3 supplementation mitigated these architectural disruptions, with only 30% of the supplemented group
exhibiting smooth muscle distortion. These findings align with previous reports linking decreased testosterone levels to an increased
fibromuscular content and epithelial degeneration in the prostate.?’ The androgen dysregulation induced by sleep deprivation may
underlie the observed smooth muscle distortion in the sleep-deprived group, while omega-3 supplementation potentially modulates
smooth muscle cell proliferation and maintains tissue homeostasis.?!

In summary, these compelling findings collectively suggest that chronic sleep deprivation adversely impacts prostate
histomorphology through multifaceted mechanisms involving androgen dysregulation, inflammation, consequent epithelial
apoptosis, collagen deposition, and smooth muscle architectural distortion. Conversely, omega-3 fatty acid supplementation
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exhibits ameliorative effects, potentially by modulating inflammatory, apoptotic, and proliferative pathways. These insights
underscore the critical importance of sleep homeostasis and dietary interventions in preserving prostate gland integrity and optimal
health.

Conclusions

This study observed that sleep deprivation caused significant changes in the histomorphology of the rat prostate gland. It was
also shown that omega-3 fatty acids had ameliorative effects on the histomorphology of the rat prostate gland. The prostate glands
of the rats in the sleep-deprived group showed detrimental effects on the prostate gland including apoptosis, collagen fibre
deposition in the interacinar space and irregular arrangement of the smooth muscle fibers around the acini. the prostate glands in
rats that received omega-3 supplementation, did not show such marked changes as compared to the sleep-deprived group,
supporting the protective role of omega-3 fatty acids.
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