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ABSTRACT

Background: Chronic partial sleep deprivation continues to be a global problem. Studies have
shown that oestrous cyclicity is disrupted by total sleep deprivation. The relationship between
partial sleep deprivation — the predominant form of sleep deprivation in the current global
society — and the oestrous pattern remains elusive. This study examined oestrous cycle patterns
of rats subjected to partial sleep deprivation. Methods: Thirty female Wistar rats were divided
into control and Sleep-Deprived (SD) groups of fifteen rats each. Oestrous patterns were
monitored for two weeks before sleep deprivation and throughout the study. Sleep deprivation
was induced using the modified multiple platform method. Five animals were sacrificed under
thiopental anaesthesia during proestrus on days 7, 14 and 21. The ovaries, uteri and adrenal
glands were examined. Data were compared using t-test at p<0.05. Results: Proestrus and
oestrus frequencies reduced in the SD groups; metestrus frequency increased in the 7 days and
14 days SD and diestrus frequency increased in 21 days SD group. Cycle lengths increased in
the 14 days and 21days SD groups. The SD groups had inflammation of ovary and uterus, as
well as adrenal medulla hyperplasia. Conclusion: Partial sleep deprivation reduces frequencies
of phases characterized by sexual activity and ovulation while increasing cycle lengths in

Wistar rats. Thus, adequate sleep is important for women who are trying to get pregnant.
© Copyright 2018 African Association of Physiological Sciences -ISSN: 2315-9987. All rights reserved

INTRODUCTION

Sleep is an age old behaviour that is exhibited by
everyone across the globe. Disruption in the normal
rhythm and pattern of sleep as well as shortening of
sleep duration are detrimental to well-being and body
homeostasis (Ezenwanne, 2011). The most common
causes of sleep deprivation are those associated with
modern-day lifestyle and work-related factors (Orzet-
Gryglewska, 2010). Majority of the global populace has
embraced the modern-day lifestyle such that a
considerable number of people are sleep deprived,
consequently increasing the number of people suffering
from adverse effects of sleep deprivation (Luyster et
al., 2012). One of such devastating effects of sleep
deprivation is its effect on the endocrine system (Tufik
et al., 2009).

There have been reports that sleep deprivation alters
circulating levels of testosterone consequently affecting
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fertility in apparently healthy men (Alvarenga et al.,
2015). Also, a study proposes that sleep deprivation
may be able to modulate levels of ovarian hormones
(Tufik et al., 2009), suggesting a possible negative
effect of sleep deprivation on reproductive cycle and
fertility.

Female infertility is a primitive problem which affects
the quality of life of its victim especially in the
developing countries where such infertile women are
stigmatized (Agarwal et al., 2015). Besides, regular and
normal length of ovarian/menstrual cycles are
considered an important indication of women’s
wellness (AAP et al.,, 2006). As such, factors that
modulate ovarian hormones and alter women’s
reproductive cycles may also affect their well-being.
Evidence suggests that sleep debt is more common in
women than in men (Hublin et al., 2001). Despite this,
75% of studies involving sleep deprivation have
focused on the male (Chang et al., 2011). For instance,
various studies reporting that sleep deprivation disrupts
hormone balance and affects reproductive functions
have been conducted in the male (Akindele et al., 2014;
Alvarenga et al., 2015). However, very few studies
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have considered the effects of sleep deprivation on
female reproductive functions. Even worse, these
studies examined the effects of total sleep deprivation
(Antunes et al., 2006; Tufik et al., 2009)]. Total sleep
deprivation is hardly obtainable in humans while
chronic partial sleep deprivation is a prevalent form of
sleep deprivation in the general global populace (Goel
et al., 2013). Therefore, there is dearth of knowledge on
the association between female reproductive cyclicity
(which is a determinant of female reproductive
functions) and partial sleep deprivation; a pattern of
sleep deprivation that is prevalent in the current
modern-day society. Thus, this study reports the
patterns of oestrous cycle of female Wistar rats
subjected to partial sleep deprivation.

MATERIALS AND METHODS

All procedures used in this study conformed to the
Guide for the Care and Use of Laboratory Animals,
NIH Publication revised 1996: No. 85-23 (NIH, 1996).

Sleep deprivation model

Rats were sleep deprived using the Modified Multiple
Platform Method of Nunes and Tufik in which rats
were placed in a water tank consisting of multiple
circular platforms of 6.5 cm in diameter (Nunes &
Tufik, 1994). The rats were placed on the narrow
platforms and the loss of muscle tone associated with
onset of Rapid Eye Movement (REM) sleep resulted
into arousal when the rats fell into the water. The cover
of the chamber was made of wire mesh to which
feeders and drinkers were attached. The control rats
were placed in tanks with similar features as the test
chamber; the difference being that it additionally
consisted of a glass barrier on which the animals could
sleep at will.

Animal grouping

Thirty mature nulliparous female Wistar rats (170 - 200
g) with normal oestrous cycle patterns were used for
the study. They were divided into control and Sleep-
Deprived (SD) groups; each group consisting of 3 sub-
groups; A, B & C (n=5). Sub-groups A, B & C were
placed in their respective chambers for 7 days, 14 days
and 21 days respectively. i.e. The control animals were
placed in a similar environment as the test group in
order to validate effects (if any) on oestrous cycle
which may be caused by being in an artificial
environment for a long duration of time.

Determination of oestrous pattern
Basal oestrous cycle patterns were studied and
established for two weeks before sleep deprivation was
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commenced. This served as the pre-SD data. The
determination of oestrous cycle pattern was carried out
using Marcondes’ technique (Marcondes et al., 2002).
Oestrous cycle pattern was studied by determining the
oestrous phase of each animal every morning between
7:00 am and 8:00 am throughout the study. Vaginal
content was collected with a Pasteur pipette containing
about 0.1 ml of physiological saline (0.9 % NaCl) by
gently inserting the tip of the pipette into the rat’s
vagina. The pipette was pressed to release and siphon
the fluid content 2 or 3 times in order to make a vaginal
lavage which contained some of the vaginal cells of the
rat. The pipette content was viewed using the x40
magnification objective lens of a light microscope
(Olympus, Japan). The cell types and the proportion
among them were used to identify the oestrous cycle
phase of the rat.

Sleep deprivation protocol

The control and test rats were placed in their respective
tanks daily from 2:00 pm of one day to 10:00 am of the
next day when they were returned to their home cages.
Five animals in each group were sacrificed during
proestrus on days 7, 14 and 21. Animals whose
proestrus did not fall within 7-10 days, 14-17 days or
21-24 days for 7 days, 14 days and 21 days groups
respectively, were removed from the study. Oestrous
cycles of all the animals were monitored throughout the
study.

Animal sacrifice

Rats were sacrificed under thiopental anaesthesia (50
mg/kg; i.p.) (Pereda et al., 2006). The ovaries, uteri and
adrenal glands were harvested and freed of adherent
tissues. All harvested organs were fixed in 10%
formalin for histological examination.

Statistical analysis

Data were expressed as mean + Standard Error of Mean
(SEM) and differences in means were compared with
paired and Student’s t-test where applicable. P<0.05
was considered statistically significant.

RESULTS

Frequency of oestrous phases

During the first week of sleep deprivation, proestrus
frequency was 10% lower (p<0.05) in the sleep-
deprived group relative to the pre-SD, but this
reduction was not statistically significant when
compared with the control group. However, there was a
statistically significant reduction in proestrus frequency
during the second and third week of sleep deprivation
compared with the pre-SD and the control group
(Figure 1a). Oestrus frequency in the sleep deprived
group significantly decreased at the end of first,
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Fig. 1. Proestrus phase frequency (a) and Oestrus phase frequency (b) of Control and Sleep Deprived (SD) female Wistar rats.
Points represent mean + SEM. n = 5. 2p<0.05 compared with the pre-SD group, ®p<0.05 compared with the respective control

group.
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Fig. 2: Metestrus phase frequency (a) and diestrus phase frequency (b) of Control and Sleep Deprived (SD) female Wistar rats.
Points represent mean + SEM. n = 5. p<0.05 compared with the pre-SD group, ®p<0.05 compared with the respective control

group.

second and third week of sleep deprivation compared
with the basal frequency (Figure 1b). Metestrus
frequency significantly increased in the SD at the end
of first and second week of sleep deprivation compared
with the basal metestrus frequency in the same group.
The increase in the frequency of metestrus in the SD at
the end of the first week (only) was also statistically
significant compared with the control group (Figure
2a). The frequency of diestrus was significantly
increased at the end of the third week in the SD
compared with the basal diestrus frequency in the same
group and the control group frequency (Figure 2b).

Oestrous cycle length

There was no significant difference in the oestrous
cycle length before sleep deprivation and at the end of
first week of sleep deprivation. However, the length of
oestrous cycle increased significantly (p<0.05) at the
end of the second and third week of sleep deprivation
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compared with the basal oestrous length and the control
group (Figure 3a).

Body weight

The control rats gained approximately 3% of their basal
body weight, while the sleep-deprived rats lost over 6%
of their body weight during the first two weeks of sleep
deprivation. However, at the end of the third week of
sleep deprivation, the SD group had about 0.4%
increase in body weight but this gain was significantly
lower (p<0.05) than the weight gained by the control
group (Figure 3b).

Histology of the ovary

Rats that were sleep-deprived for 7 days (7 days SD)
had ovarian vascular congestion. All sleep deprived
groups show infiltration by inflammatory cells within
the ovarian stroma (Figure 4).
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Fig. 3: Length of oestrous cycle (a) and Percentage body
weight difference (b) of Control and Sleep Deprived (SD)
Wistar rats. Columns represent mean + SEM. n = 5. #p<0.05
compared with the pre-SD group, °p<0.05 compared with the
respective control group.

Histology of the uterus

The uterus of rats deprived of sleep for 7 days (7 days
SD) had reduced surface epithelial cell proliferation.
Twenty-one days of sleep deprivation caused moderate
to severe vascular congestion and inflammation in the
uterus (Figure 5).

Histology of adrenal gland of Wistar rats

There was adrenal medulla hyperplasia in all groups
that were sleep deprived. Adrenal cortices of the sleep
deprived groups did not appear different from that of
the control groups (Figure 6).

DISCUSSION

The rat’s reproductive cycle known as the oestrous
cycle is characterized by proestrus, estrus, metestrus
and diestrus phases. Proestrus and oestrus are phases of
the reproductive cycle in the rat during which ovulation
occurs (Marcondes et al., 2002) and female animals are
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receptive to male animals (Hirshfield, 1985; Kim et al.,
2016). The events typical of these phases occur under

Control

o

14 days SD

Fig. 4: Photomicrographs of ovarian sections from Control
and Sleep Deprived (SD) rats showing: a follicle which just
expelled its ovum (white arrow) in control; vascular
congestion (yellow arrow) and inflammatory cell infiltration
(black arrow) in 7 days SD rats; tertiary follicle with reduced
antral cavity (blue arrow) and inflammatory cell-infiltrated
stroma (black arrow) in 14 days SD rats; primary follicle (red
arrow) and inflammatory cell-infiltrated stroma (black arrow)
in 21 days SD rats. Tissue sections were stained with H&E
and presented at x100 magnification.

the influence of FSH, LH and oestrogen (Plas-Roser et
al., 1977). Thus the reduction in proestrus and oestrus
frequencies of the sleep deprived animals may indicate
a sup-optimal production of FSH, LH and oestrogen as
estrogen and LH surge are requisites for ovulation
(Micevych et al., 2003). The predominating primary
follicles and antral follicle apparent in the ovaries of the
sleep-deprived rats also support the possible
involvement of sub-optimal production of these
hormones. This implies that chronic partial sleep
deprivation may cause anovulatory cycles and
ultimately, infertility.

Metestrus and diestrus phases are characterized by the
activities of the corpus luteum which produces the
predominating hormone; progesterone (Hirshfield,
1985). Sustained metestrus or diestrus in animals is

Imade et al.
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14 days SD 21 Days SD R s

Fig. 5: Photomicrographs of uterus sections from Control
and Sleep-deprived (SD) rats showing: proliferating surface
epithelial cells (blue arrow) in control; reduced surface
epithelial cell proliferation (blue arrow) in 7 days SD rats;
inflamed surface epithelial cell layers (blue arrow) in 14 days
SD rats; vascular congestion (yellow arrow) in 21 days SD
rats. Tissue sections were stained with H&E and presented at
x100 magnification.

associated with lack of receptive behaviour (Plas-Roser
etal., 1977). In this study, diestrus alone occupied more
than 75% of the cycles in the sleep-deprived groups.
The implication of this as far as reproduction is
concerned is that animals that exhibit this type of
oestrous cycle pattern are not likely to be fertile as they
tend to remain unreceptive to male animals for most
part of their cycles (Hamid & Zakaria, 2013).
Although, humans do not typically exhibit this type of
behaviour, it has been reported that women are less
interested in sexual relations during the luteal phase of
their ovarian cycles which is synonymous to the
diestrus phase in rats (Bullivant et al., 2004).

The sleep deprived animals also had lengthened cycles
in addition to the persisting diestrus phase. It has been
reported that when female rodents spend 50% or more
of their cycle on a phase or have an average cycle
length of 7 days or longer, they are considered to have
irregular oestrous patterns (Li et al., 2016). Irregular
reproductive cycles in humans and animals are
commonly caused by hormonal imbalance which is one
of the consequences of sleep deprivation (Tufik et al.,
2009). Additionally, longer duration of sleep
deprivation caused inflammation and vascular
congestion in the ovary. Aside from being a possible
cause of the oestrous cycle derangement, inflammation
of the reproductive organs has been implicated in the
aetiology of ovarian cancer (Deivendran et al., 2011).
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This suggests that chronic sleep deprivation may be an
indirect cause of this cancers.

There was loss of body weight in the sleep deprived
group which was attenuated during the third week of
sleep deprivation. This type of weight loss may be
likened to ‘involuntary weight loss’ in humans which is
a non-specific sign that is common in disorders with
chronic or sub-acute courses (Hernandez et al., 2003).
More frequently, involuntary weight loss is associated
with organ specific manifestation that serves as a key
pointer to the system affected (Herndndez et al.,
2003).The fact that the rats began to gain weight during
the third week of sleep deprivation suggests a form of
internal or external adaptation which may or may not
be related to the quantity of feed they consumed as
sleep deprivation progressed (Koban et al., 2008).
While some studies showed a positive association
between sleep deprivation and weight gain, others
reported a negative correlation between them. In this
study, weight loss; a non-specific sign and disruption of
female reproductive cycles; an organ-specific

manifestation was present in the sleep deprived rats.

W85 21 Days SD
Fig. 6: Photomicrographs of adrenal gland sections from
control and sleep deprived rats showing normal adrenal
medulla (black spanned arrow) in control and adrenal
medulla hyperplasia (black spanned arrow) in 7 days SD, 14
days SD and 21 days SD. Tissue sections were stained with
H&E and presented at x100 magnification.

Effects of sleep deprivation were already evident as
early as the 7th day. Contrary to the adaptation
exhibited towards weight loss in the sleep deprived
group, the disruption in pattern of oestrous cycles were
further intensified as the duration of sleep deprivation
extended. This suggests a possible lack of adaptation to
sleep deprivation by the physiological processes

Imade et al.
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associated with the control of reproductive functions.
Since reproductive cycles are under the regulation of
hormones of the hypothalamic-pituitary-gonadal axis,
further disruption of the cycles may signify persistent
alteration in any of these organs.

Sleep deprivation also caused adrenal medulla
hyperplasia known as pheochromocytoma in humans
and characterized by excessive production of
catecholamines (Pacak, 2011). The inference made
from this result is that sleep deprivation may cause an
increase in the production of catecholamines. This
corroborates the extrapolation made from a case report
in which obstructive sleep apnea caused pseudo-
pheochromocytoma and raised the level of
catecholamines (Wakil & Atkin, 2008; Marmouch, et
al., 2016). Additionally, cases of pheochromocytoma
co-existing with amenorrhoea (Wakil & Atkin, 2008)
or infertility have been reported. In the study by Wakil
and Atkin (2008), it was well elucidated that the
amenorrhoea developed secondary to the excessive
production of catecholamines (Wakil & Atkin, 2008).
Animal studies have shown that hypothalamic alpha
adrenergic receptors play a role in controlling
gonadotropin releasing hormone and luteinizing
hormone (DeGroot et al., 2001) and stimulation of the
ascending noradrenergic bundle partially or completely
inhibits luteinizing hormone pulse pattern (Wakil &
Atkin, 2008). Any obstruction in the secretion of these
hormones will adversely affect reproduction, as these
hormones control the female reproductive cycle.

CONCLUSION

The results of this study showed that partial sleep
deprivation reduces the frequencies of oestrous cycle
phases characterized by ovulation. Thus, adequate sleep
will be highly beneficial for women, especially those
seeking to get pregnant.
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