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Histological study and immunohistochemical expression of StAR protein in 
the suprarenal cortex of adult male rats associated with sleep disturbance
Haneen A. Mohammed1*, Huda R. Kamoona1, Ahmed Mahmood Khudhur2

Abstract: The present study was designed to investigate the effects of sleep disturbance on histological features and 
evaluates the expression of StAR protein in the cortex of the adrenal gland of adult male rats. The suprarenal glands are 
endocrine organs that are directly affected by sleep deprivation. Sleep disturbance is a stress factor affecting steroidogenesis 
since it is regulated by the hypothalamic-pituitary axis (HPA). Its hormones are cholesterol-derived, and they use the Acut 
regulating protein of steroidogenesis StAR protein that plays an essential critical role in mediating cholesterol transfer 
to the inner mitochondrial membrane and the cholesterol side chain cleavage enzyme system. This research aims to 
investigate the effects of sleep disturbance (sleep disruption and deprivation) on the histological features and changes 
in StAR expression in the cortex of the adrenal glands of rats. Comparing experimental groups to controls, histological 
alterations such as cellular hypertrophy and vascular dilatation in the cortical zones of the adrenal cortex were found mainly 
in the Zona fasculata Zf. Immunohistochemistry was used to identify significant changes in the level of StAR, which showed 
a higher value in the sleep interruption group compared to the control and sleep deprivation groups at p-value ≤ 0.001. This 
indicates that sleep interruption has a more significant impact on steroidogenesis than sleep deprivation, which increases 
the level of StAR in the suprarenal gland.
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Introduction
Modern societies are characterized by widespread 

problems with sleep and sleep loss, which interact with the 
hypothalamic-pituitary-adrenal axis (HPA) to cause undesi-
rable changes in the neuroendocrine system. Sleep also 
has a bidirectional relationship with the central nervous sys-
tem, which can result in metabolic disorders1. The HPA axis, 
crucial for regulating alertness and rest, is supported by the 
sleep-wake cycle, also known as the circadian rhythm. The 
Circadian rhythms are responsible for the hormonal osci-
llation of steroid hormones within 24-h periods; it begins 
from an innate and genetically operated timekeeping sys-
tem referred to as a "biological clock"2,3. The anterior hypo-
thalamus's suprachiasmatic nucleus (SCN) is the master 
circadian pacemaker4. Sleep disturbance can change the 
activities of peripheral organs; substantial general evidence 
has already been introduced for the possible role of sleep in 
the modulation of adrenocortical and gonadal functions5-12. 
In the case of adrenal steroids, the StAR protein is crucial in 
regulating steroid hormones necessary for life itself13. The 
transport of cholesterol, the building block of all steroid hor-
mones, from the outer to the inner mitochondrial membra-
ne, which is the rate-limiting step in steroid biosynthesis, 
is primarily mediated by the steroidogenic acute regulatory 
protein (STAR). The first steroid, pregnenolone, is created 
at the inner membrane by the cytochrome P450 choleste-
rol side chain cleavage enzyme, cleaving the side chain of 
cholesterol. A series of enzymes then convert pregnenolo-
ne to numerous steroid hormones in different regions within 

the adrenal cortex s. The critical role of the STAR protein in 
regulating steroid production has been shown by scientific 
and clinical evidence14. Adrenal steroid hormones (gluco-
corticoid GC) play an important role in the adaptive respon-
ses to different kinds of stress, and it's controlled by the 
hypothalamus–pituitary–adrenal gland (HPA) axis. Notably, 
disruption of the local adrenal clock influenced the daily 
steroid profiles15,16, reflecting the importance of the adre-
nal peripheral clock of the steroid hormone in the circadian 
rhythm. This paper aims to investigate the effects of sleep 
disturbance on the histological features and changes in 
StAR expression in the cortex of the adrenal glands of rats.

Materials and methods 
Thirty males (Rattus Norvagicus albinae) were selected 

for the present study with weights ranging from (200-250g). 
Rats are divided into three groups (10 animals per group).

Group A
Animals in (GA) (sleep interruption group) were housed 

in conditions of 12 hours of light and 12 hours of darkness, 
with the creation of flashlights at three intervals of 2 hours 
each throughout their specified sleep period before the ex-
periment.
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Group B
In (GB) (Group for Sleep Reduction), animals were sub-

jected to continuous flashlight stimulation for seven hours 
daily during the 14-day trial. The control group received no 
such treatment.

Group C
Animals in (GC) were kept at a regular sleep rhythm of 

twelve hours in light and twelve hours in the dark.
All animals were treated following National Institute of 

Health (NIH) standards. The animal was euthanized with 
chloroform in a closed chamber, and the glands were dis-
sected and removed from the abdominal cavity; then sam-
ples were fixed in 10% formaldehyde, and the tissue was 
prepared following the (Suvarna et al., 2018)17, and exami-
ned under the light microscope for general histology. With 
StAR (polyclonal antibody) from abcam (ab203193), immu-
nohistochemical evaluation for StAR was done by Aperio 
scope image analysis VII, total positivity was measured, 
and statistical analysis was done with SPSS software.

Results

General Histological Features
In the control group, the three cortical zones are clearly 

defined, and each zone has the distinctive cellular pattern 
of the glands that make up the zona glomerulosa ZG, zona 
fasciculate ZF, and zona reticularis Zr, as shown in figure 1.

In group A, there is cortical vascular dilatation and en-
gorgement with blood as well as an increase in the area of 
the spongeocyte's cytoplasm, which indicates an increase 
in its synthetic activity and cholesterol uptake, the zona fas-
ciculate's relative thickness was found to have increased in 
comparison to other cortical layers, as shown in figure 2.

While in group B, there is a significant capsular hemorr-
hage, an increase in lipid material buildup in the cytoplasm 
of hypertrophied spongiocytes figure 3, and the presence of 
dilated blood vessels mostly in the Zf, as shown in figure 4.

Immunohistochemical Evaluation of StAR Protein in 
Suprarenal Gland Cortex in Control and Test Groups

Weak patching distribution of the StAR protein in the 
three cortical zones of the suprarenal gland (Figure 5) with 
total positivity 0.160±0.008 pixel / micrometer² (Table 1), 
with different significance between the control group and 
group A in (p≤0.001) (Table 2).

Immunohistochemical expression of StAR protein in 
group A show wide strong distribution in all three zones of 
the suprarenal gland (Figure 5).

The total positivity was (0.715±0.018) pixel / microme-
ter² (Table 1), and the differences were found to be signi-
ficant at (p≤0.001) between (GA vs. Control) and (GA vs. 
GB) (Table 2).

Immunohistochemical expression of StAR protein in 
group B shows strong wide distribution in all three zones of 
the suprarenal gland (Figure 5).

The total positivity was (0.598±0.026) pixel / microme-
ter² (Table 1), the differences was found to be significant 
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Figure 1. A cross-section in the suprarenal gland (control group) shows the capsule, adipose tissue (AT), zona glomeru-
lusa (zg), zona sasiculata (zf), zona reticularis (zr) and medulla (M). (H&E, X4).
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Figure 2. Cross section in suprarenal cortical group A showed a relative increase in the relative thickness of Zona fasicu-
lata compared to other zones (H&E, X 10).

Figure 3. Cross section in suprarenal gland cortex of group B show capsular hemorrhage (H&E, X40).
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Figure 4. Cross section in suprarenal gland cortex of group B show hypertophy in Zf cells with vessels dilation (H&E X10).

Table 1. Total positivity comparison of StAR Antibody in suprarenal cortex by Aperio scope image among groups by 
ANOVA.

Table 2. The relationship between StAR Antibody in suprarenal cortex among groups using unpaired T-Test.
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Figure 5. Immunohistochemical reaction of StAR of adrenal cortex in control and test group with their markup images by 
Aperio scope image analysis software. IHC.StAR.X10.
(p≤0.001) between (GB vs Control) and (GA vs GB) (Table 2).

Immunohistochemical Mean ± SE evaluation of cortical 
StAR antibody with their significance between control and 
test groups that repressed in Figure 6. 

Discussion
Circadian rhythm plays important role in supporting 

sleep –wake cycle, the HPA axis play important role in alert-
ness and modulating sleep. Dysfunction in this axis level, 
meditate by the SCN which regulates the daily rhythm of the 
(HPA) axis. Cortisol, as well as a glucocorticoid, serves as 
a supplementary messenger between the central clock and 
peripheral tissues. since the sleep and the stress response 
share the same pathway on (the HPA axis) so when some-
thing disburses (like the light, as seen in this present study) 
the function of this axis, this will result in sleep disturbance 
and stress response18,19. Light remarkably influences the 
adrenal gland; exposure to light causes corticosterone to be 
secreted via the SCN stimulation route20. The hypothalamic 
link between the retina and descending automatic circuits 
to peripheral organs, such as the adrenal gland is assumed 
to be the SNC clock cell network21. The primary associa-
tion between stress and slow wave of sleep SWS has been 
discovered in recent studies as they reset the responses 
of HPA and its effect on peripheral organs. This explains 
the findings of this study, which indicated that sleep disrup-
tion could directly impact the adrenal cortical layers. The 
cross-histological features of the adrenal gland showed pro-
gressive changes, including a marked increase in cellular 
size with an increase in the thickness of the entire cortical 
layers, especially the ZF layer of the adrenal cortex, indica-
ting the stimulatory effect of light on the adrenal gland com-
bined with the increase in StAR protein expression in sleep 
interruption group, confirmed by the findings by Vgontzas 
et al.;(2001) who discovered the presence of intrinsic circa-
dian oscillators in the adrenal gland served as clock genes 
to cause an oscillation in glucocorticoid secretion22. We can 
therefore conclude that StAR protein is one of the proteins 
that undergoes diurnal oscillation in response to sleep dis-
turbance as tested in GA while the sleep deprivation as in 

GB show a Significant reduction in the immunohistochemi-
cal expression of StAR protein compared to group A; this 
reduction is caused by the effect of sleep deprivation on 
HPA, which initially activates steroid synthesis and increa-
ses cholesterol uptake by spongeocytes, but eventually 
causes desensitizing of HPA to stress due to loss of SWS 
pattern responsible for resting of the HPA  which results in 
a loss of steroidogenic activity as expressed by a significant 
reduction in StAR protein in GB this due to lack of SWS 
which has an inhibitory role on HPA23, that associated with 
an increase in intracellular cholesterol deposition leads to 
mitochondrial injury and further reduction in StAR depen-
dent steroidogenesis24.

Conclusions
A stress factor that affects the secretory activity of the 

adrenal glands through the hypothalamic-pituitary axis is 
light-induced sleep disruption. As the secretion of HPA-de-
pendent steroid hormones increases, as well as cortical 
vascular supply, vascular dilatation, and capsular hemo-
rrhage. Interruptions in sleep have a stimulatory effect on 
HPA, which is transported to the adrenal cortex and increa-
ses synthetic steroid activity and spongiocyte hypertrophy. 
Interruption occurs at varying intervals and further stimu-
lates the production of steroid hormones in the adrenal 
cortex. At the same time, sleeplessness due to prolonged 
exposure to light had a desensitizing effect on the HPA, 
which decreased the production of adrenal cortical steroids 
due to a defect in StAR protein and intracellular cholesterol 
deposition, which increased the size of spongiocytes and 
severely damaged their organelles. We can conclude that 
StAR protein in group B showed that significant reduction in 
immunohistochemical expression compared with group A.
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