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Introduction
Stress impairs the physiological/psychological balance of the 

different body organs and activates the hypothalamic-pituitary-
adrenal (HPA) axis and induces the release of glucocorticoid hormones 
that exert widespread effects [1]. Acute restraint stress (ARS) is an 
unavoidable stress situation that causes autonomic and behavioral 
effects [2].

Ghrelin is a gut hormone (28 amino acids) firstly discovered as 
a potent growth hormone secretagogue. Moreover, it plays a major 
role in the regulation of food intake [3]. The primary site of ghrelin 
synthesis is the stomach, but ghrelin transcripts have been detected in 
many other organs, including the liver, pancreas, kidneys, and lungs [4]. 
Most ghrelin actions are mediated by growth hormone secretagogue 
receptor (GHS-R), [3] which is mainly expressed in the pituitary gland 
but also in other organs, including the pancreas, spleen, and adrenal 
gland. [4]. Ghrelin has protective effects in different organs and cell 
types [5]. In the current work we investigated the effect of ghrelin 
treatment on rats exposed to acute restraint stress.

Materials and Methods
Experimental animals and study design

The experimental steps, animal handling, sampling and scarification 
were approved by the scientific and Ethical Committee of Physiology 
department, Faculty of Medicine, Cairo University.

30 adult male albino rats, 4–5 months old, obtained from Kasr 
Al Ainy animal house, weighting 150-200 g. Rats were housed in a 
constant temperature (22°C–24°C) and light-controlled room on an 
alternating 12:12 h light–dark cycle and had free access to a standard 
diet and water. Rats were divided into the following groups (10 rats/
group):

Control: rats of this group were not exposed to any sort of stress 
and haven’t been treated with ghrelin.

ARS group: rats were immobilized for 2.5 hours by fixing the four 
limbs to a grid for one stress session [6].

ARS+Ghrelin group: rats exposed to the same pattern of stress 
described in the previous group and treated with ghrelin (Sigma, St. 
Louis, MO,USA ) as  single dose of 20 μg/kg, intraperitoneal for three 
consecutive days  [7]. 

Biochemical measurements

At the end of the experiments, rats were anesthetized by ether, blood 
samples were collected from retro-orbital venous sinus for measuring 
serum level of cortisol. Cortisol level was measured by enzyme-linked 
immunosorbent assay (ELISA) kit supplied by MyBioSource kit USA 
according to manufacturer's instruction. Activities of serum aspartate 
aminotransferase (AST) and serum alanine aminotransferase (ALT) 
were estimated by the method of Reitman and Frankel [8].

Histological evaluation

Rats were sacrificed by local anesthesia. Liver specimens were 
removed by a ventral midline incision and exposure of the liver. The 
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Abstract
Background: Stress exposure has negative impact on different body systems including the liver. Acute restraint 

stress has clinical implications in both medical and surgical practice. Ghrelin is the gut hormone has been shown to 
provide protection to different organs under various pathological conditions. In this work we evaluated the effect of 
ghrelin in animal models exposed to acute restraint stress.

Methods: Thirty male albino rats divided into three groups; control group, group exposed to acute restraint 
stress and group treated with ghrelin in addition to exposure to acute restraint stress. Serum levels of cortisol, 
aspartate aminotransferase and alanine aminotransferase. Histological evaluation of the liver samples was done by 
Hematoxylin and eosin stain, Masson's trichrome stain and morphometric measurement of connective tissue area.

Results: The group treated with ghrelin and exposed to acute restraint stress showed less injury on microscopic 
evaluation and less fibrosis compared to acute restraint stress group. However; serum cortisol, aspartate 
aminotransferase and alanine aminotransferase showed no significant difference.

Conclusion: Ghrelin offered hepatoprotective effect on the liver in rats exposed to acute restraint stress as it 
improved the microscopic picture and decreased the fibrosis. 
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removed liver specimens of the studied groups were fixed in 10% 
formaline for 48 hours. Paraffin blocks were prepared and 5 μm 
thick sections were subjected to Hematoxylin and eosin stain [9] for 
demonstration of the structure of the liver and Masson's trichrome 
stain [10] for demonstration of   the collagen content of the liver. 
Measurements of the connective tissue area in the histological sections 
were carried out using Leica Qwin 500 image analyzer computer 
system.  The image analyzer consists of a colored video camera, colored 
monitor and a hard disc of IBM personal computer connected to the 
microscope and controlled by Leica Qwin 500 software. The image 
analyzer was first calibrated automatically to convert the measurement 
units (pixels) produced by the image analyzer program into actual 
micrometer units. Using the measuring field menu; the area, area % 
and standard measuring frame of a standard area were chosen. In each 
chosen field liver tissue was enclosed inside the standard measuring 
frame and then the connective tissue area was masked by a blue 
binary color to be measured. These measurements were done under 
magnification of 200 (Figure 1).   The measurements were tabulated 
subjected for statistical analysis.

Statistical analysis

All statistical calculations were done using computer programs 
Microsoft Excel 2010 (Microsoft Corporation, NY, and USA) and 
SPSS 21(IBM SPSS Statistics 21; IBM Corporation, New York, USA) 
for Microsoft Windows. Data were analyzed and expressed as mean ± 
standard deviation (Mean ± SD). Comparison of quantitative variables 
between the studied groups was done using Kruskal–Wallis test 
with Wilcoxon signed-rank test. Correlations between the measured 
parameters have been calculated by Spearman’s correlation Results 
were considered statistically significant at p value ≤ 0.05 [11].

Results
The group exposed to ARS showed significant (p value ˂0.05) 

increase of serum cortisol, ALT and AST compared to control group. 
The group treated with ghrelin before ARS exposure didn’t show any 
significant difference in serum cortisol, ALT and AST compared to 
group exposed to ARS (Figures 2-4).

Histologic examination by H& E and Masson trichrome (Figures 
5-10) reveals normal liver tissue in control group showing liver lobules 

Figure 1: A copy of the image displayed on the monitor screen of a field 
of a section in the liver of a rat in control group showing the connective 
tissue areaX200. In each chosen field liver tissue was enclosed inside the 
standard measuring frame and then the connective tissue area was masked 
by a blue binary color to be measured.

Figure 2: Serum level of cortisol in the studied groups. .*: significant 
compared to control group at P<0.05. Data are presented as mean ± S.D.

Figure 3: Serum level of ALT in the studied groups.*: significant compared 
to control group at P<0.05. Data are presented as mean ± S.D.

Figure 4: Serum level of AST in the studied groups.*: significant compared 
to control group at P<0.05. Data are presented as mean ± S.D.
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with central vein and hepatocytes arranged in cords separated by 
blood sinusoids. The hepatocytes are polyhedral cells with acidophilic 
vacuolated cytoplasm and vesicular nuclei.

Liver of rats exposed to acute restraint stress showed marked 
central vein congestion and centrizonal necrosis of hepatocytes. 
Apoptotic cells and mononuclear inflammatory cellular infiltrates were 
observed. Also, sections showed apparent vacuolization of hepatocytes. 
Examination of sections stained with Masson’s trichrome revealed 
increased amount of collagen fibers in stroma.

Figure 5: Hematoxylin and eosin stain in control group (X400). Normal 
liver tissue showing central vein, polyhedral hepatocytes with acidophilic 
vacuolated cytoplasm and vesicular nuclei.

Figure 6: Masson's trichrome stain in control group (X100). Normal liver 
lobules showing central vein with cords of hepatocytes separated by blood 
sinusoids.

Figure 7: Hematoxylin and eosin stain in ARS group (X400). Marked 
congestion (C) of central vein and sinusoids. Some apoptotic cells (A) and 
mononuclear inflammatory cellular infiltrates were observed.

Figure 8: Masson's trichrome stain in ARS group (X100).There is increased 
amount of collagen fibers in stroma.

Figure 9: Hematoxylin and eosin stain in ARS+ ghrelin group(X 200).There 
is regularly arranged hepatocytes cords with fewer apoptotic changes.

Figure 10: Masson's trichrome stain in ARS +ghrelin group (X100). Normal 
amount of liver stroma.
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Examination of liver of rats treated with ghrelin showed marked 
improvement of liver histology with less vacuolization of hepatocytes 
and fewer apoptotic changes. Central vein and sinusoids showed less 
congestion. Examination of sections stained with Masson’s trichrome 
showed normal amount of liver stroma.  Morphometric study showed 
significant (p value ˂0.05) increase of CT area % in group exposed to 
ARS compared to control group and group treated with ghrelin prior 
to ARS exposure showed significant (p value ˂0.05) decrease compared 
to ARS group (Figure 11). Significant positive correlation (r=.72; p 
value ˂0.05) was seen between serum cortisol and CT area %.

Discussion
As shown in our results ARS caused significant increase in serum 

cortisol, ALT, AST compared to control group. Restraint stress plays 
a role in increasing oxidative stress as demonstrated by Mugbil and 
Banu [12] that increases the risk of many diseases [13] due to oxidative 
damage of DNA, proteins, and lipids, which are catalyzed by reactive 
oxygen species [14]. Furthermore; Stress can cause liver injury due to 
misalignments in HPA axis and change in the glucocorticoid plasma 
level. Also; acute stress increase the degradation of hepatic glycogen with 
or without hyperglycemia depending on the particular characteristics 
of the stressor,  disorganization of hepatic cord hepatocyte [15] and 
decrease in the level of triglycerides which is the most stored lipids in 
liver [16].

Ghrelin is as an acute-phase reactant [17], however; Otto et al. 
[18] found   both endogenous and exogenous glucocorticoids decrease 
plasma ghrelin in humans. In the current work ghrelin administration 
didn’t reveal any significant difference in serum levels of cortisol, ALT, 
AST. In contrast to our results; Leal-Cerro et al. [19] showed that 
ghrelin has stimulatory effect on ACTH and cortisol secretion.

The group exposed to stress developed liver fibrosis as indicated 
from significant increase of CT% in group exposed to ARS group 
compared to control. In liver fibrosis there is an increased deposition of 
collagen; specifically, the fibrillar collagens types I and III [20]. Insults 
on the liver including oxidative stress activates  wound healing process, 
resulting in progressive accumulation of extracellular matrix (ECM) in 
the subendothelial space of Disse, and distortion of the parenchymal 
and vascular liver architecture by scar tissue [21].

The group treated with ghrelin showed less fibrosis and 
improvement of microscopic picture. Ghrelin has antifibrotic effects 
in the liver [22]. Iseri et al., [23] suggested protective effects of 
ghrelin in a model of chronic liver injury. Different mechanisms may 
explain the antifibrotic effects of ghrelin in the injured liver. First, 
ghrelin seems to protect hepatocytes from cell death, as indicated by 
decreased necroinflammatory injury in rats subjected to both acute 
and chronic liver injury. This effect was related to a reduction in the 
number of infiltrating inflammatory cells as well as decreased apoptosis 
in hepatocytes in the model of acute liver injury [24]. Furthermore;   
ghrelin administration increases hepatic expression of hepatoprotective 
signaling pathways such as phospho-Akt and phospho-extracellular 
signal-regulated kinase [25]. Also, ghrelin decreases the extent of 
oxidative stress in the liver [26]. 

Moreover; ghrelin reduces the accumulation of activated hepatic 
stellate cells (HSCs) in the liver and reduces collagen synthesis 
by cultured HSCs and decreases transforming growth factor-β1 
expression, a major profibrogenic cytokine in the liver [22].

Conclusion
Ghrelin offered hepatoprotective effect on the liver in rats exposed 

to acute restraint stress as it improved the microscopic picture and 
decreased the fibrosis. This may have clinical application in patients 
indicated for acute restraint in different clinical situations especially if 
there is risk of liver diseases.
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