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Abstract

Background: Hepatic ischemia/reperfusion injury (I/RI) is a multifactorial
pathophysiologic process which can lead to liver damage and dysfunction. This
study examined the protective effect of dexamethasone on the gene expression of
endothelial nitric oxide synthase (eNOS) and endothelin-1 (ET-1) and on the liver
tissue damage during warm hepatic I/R.

Materials and Methods: A total of 32 male Wistar rats was randomly divided
into four groups of eight: SHAM: the group receiving saline; DEX: the group
receiving dexamethasone (8 mg/kg); I/R: Ischemia-reperfusion insulted group; and
DEX + I/R: I/R group receiving dexamethasone. After 3 h of reperfusion followed
by 60 min of ischemia, serum and ischemic tissue were collected. Serum was used
to determine the hyaluronic acid (HA), aspartate and alanine aminotransferases
(AST and ALT). To evaluate the eNOS and ET-1 gene expression, the total RNA
was extracted from the liver tissue, cDNA was synthesized and real-time PCR was
performed. Tissue staining was performed by the Hematoxylin and Eosin stain.
Results: I/R increased serum AST, ALT and HA in I/R group compared with that
in the SHAM group (P < 0.001). Dexamethasone significantly reduced the
indicators in DEX + IR group (P < 0.001). In addition, the gene expression of the
eNOS and ET-1 increased during I/R. Dexamethasone could significantly decrease
the ET-1, but not eNOS gene expression in the DEX + IR group.

Conclusion: Dexamethasone can decline hepatic I/RI by protecting the sinusoidal
endothelial glycocalyx and modifying the expression of ET-1. Given that the
reactive oxygen species (ROS) are the main cause of glycocalyx degradation and
ET-1 is the regulator of hepatic perfusion, thus, dexamethasone has antioxidant
properties and helps proper hepatic perfusion after ischemia to maintain.
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Introduction

Hepatic ischemia/reperfusion injury (I/RI) s conditions. A delicate balance between the
Commonp|ace in liver transp|antati0n, resection, productlon of these two regulators in the I/R -insulted
infection, trauma, shock and haemorrhage. liver is disturbed, in a way that the gene expression of

Microcirculation failure is one of the main causes of
liver dysfunctions during I/R (1). It has been reported
that endothelin-1 (ET-1) and nitric oxide (NO) are the
two master regulators of the liver perfusion in normal
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ET-1 and endothelial NO synthase (eNOS) elevates
(2). On the other hand, during reperfusion, direct
cellular damages occur by reactive oxygen species
(ROS), which react with cellular components,
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stimulate the synthesis of pro-inflammatory
mediators and ultimately cause liver failure along
with other intricate mechanisms (3). One of the most
important targets of ROS is the endothelial cell
surface glycocalyx. In normal conditions, the
endothelial glycocalyx plays an active role in
maintaining the vascular homeostasis by preventing
the leakage of blood proteins and infiltration of cells
into the hepatic tissue (4). Dexamethasone, a member
of glucocorticoid anti-inflammatory drugs, has been
used to reduce various types of inflammations in
which the main known mechanism is the inhibition of
the phospholipase A2 and of the prostaglandin
pathway. Considering the complexity of I/RI
mechanism and the diversity of drug functions, the
aim of this study was to investigate the effect of
dexamethasone on the eNOS and ET-1 gene
expression and on the glycocalyx injury during warm
hepatic I/R.

Materials and methods

In total, 32 male Wistar rats, weighting 220-250 g,
were randomly selected from the animal studies
center in Mazandaran University of Medical
Sciences. The animals were housed at a temperature
of 25+1°C and humidity of 55+5%, with light and
dark cycle of 12 h. Ethical issues were considered
about the use of laboratory animals intraoperatively;
causing no pain and suffering to the animals was also
taken into account.

The rats were randomly divided into four groups of
eight:

1. The control group (SHAM) received 0.9% saline
with surgery.

2. The group that received dexamethasone (DEX)
with surgery.

3. The group of I/R, received saline (I/R).

4. The group of I/R, received dexamethasone (DEX +
I/R).

The rats were fasted for 18 h preoperatively but water

was available. The rats were anaesthetized with
Ketamine (60 mg/kg, i.p) and xylazine (10 mg/kg,
i.p). The left branches of the portal vein and the
hepatic artery were blocked with bulldog clamps for
full ischemia of the middle and left hepatic lobes; the
right lobe was not blocked to prevent intestinal
congestion (5). After 60 min of ischemia, clamp was
removed to restore blood flow. Through I/R, the liver
was kept with a moist saline gauze to prevent the
animal from dehydrating. After 1 h the clamp was
removed and the liver was transferred into the
abdominal cavity and the incision was sutured. The
control animals were prepared in a similar way
except for the clamp that was not used. After 3 h of
reperfusion, the rats were killed; serum and ischemic
tissue were collected, and at the time of testing, were
stored at -70 °C. Dexamethasone was injected
intraperitoneally twice at a dose of 8 mg/kg, exactly
60 min before ischemia and immediately after
reperfusion.

Extraction and Purification of RNA

Cellular RNA was isolated from liver tissues using
the RNeasy plus mini kit (Qiagen, Ger) as per the
manufacturer’s instructions. The concentration and
purity of RNA were determined by a UV
spectrophotometer (Biowave II WPA, biochrom,
England) at a wavelength of 260/280 nm ratio in
ng/uL. Quality of purified RNA was evaluated by
1.5% agarose gel electrophoresis with SYBR Green
to determine the integrity of RNA.

Relative expression of eNOS and ET-1 genes using
real-time PCR

To assess the relative gene expression, cDNA was
synthesized by extracted RNA (1 pg) and reverse
transcriptase enzyme (Qiagen, Ger). Real-time PCR
was performed to quantify the candidate mRNA
genes using the related kit (Qiagen, Ger) and specific
primers (Table 1).

Table 1. Specific primer sequences for eNOS, ET-1 and B-actin. The primers were designed and synthesized by software Allel ID7 according to

the related gene sequence

Gene Primer sequence 5'—3'

Product length (bp)

Sense  : AGCACATTGACTACAGAGC

Ednl Antisense: ACGAAGACAGGTTAGGGAA 212
Sense : CAGGCTCTCACTTACTTCC
Nos3 Antisense: AACCACTTCCATTCTTCGTA 149
) Sense  : 5'-CCCATCTATGAGGGTTACGC-3'
B-actin Antisense: 5'-TTTAATGTCACGCACGATTTC-3' 145

SYBR Green PCR Master Mix reagent (Qiagen,
Ger), approximately 50 ng of the cDNA and 10 uM
of each primer in a total volume of 20 pL were
subjected to real-time PCR. Step-One-PlusTM real-
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time (Rotor- Gene® Q) was used to perform the
reactions. Uracil-N-glycosylase (UNG) was used to
avoid contamination; UNG destroyed all of the
nonspecific PCR products that contained dUMP. The
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cycling conditions were set up as primary activation
and denaturation for 10 min at 95 °C and 40 cycles
for 15 s at 94 °C, 30 s at 70 °C, and 30 s at 72 °C.
The standard curves were used to monitor all assay
efficiencies. The B-actin housekeeper gene was used
to normalize the outcome threshold cycles (CTs) and
as an internal standardization control.

Measurement of Hyaluronic Acid

Measurement of HA (ng/ml) serum levels is a
suitable method to assess glycocalyx damages of the
liver tissue. HA was determined by an ELISA kit
according to the manufacturer’s protocol (R&D
systemsTM a bio-techno brand, USA).

Aspartate aminotransferase and alanine
aminotransferase activity

To determine the severity of liver parenchymal cell
damage, serum levels of ALT and AST activity (U/L)
were measured by the Pars azmoon kit (Karaj, Iran),
the manufacturer’s protocol was performed using an
automated chemical analyzer (BT-3000-plus,
Biotechnica, Italy).

Histopathological studies of liver tissue

Five micron slices of liver tissues were prepared by
microtome after being fixed in 10% formalin; the
sections’ staining was performed using the
Hematoxylin and Eosin stain.

Statistics analysis

All results of aminotransferases and HA are
expressed as mean + standard error of mean (mean %
S.E.M). The mean difference between groups was
determined by one-way ANOVA and Tukey multiple
comparison test using SPSS ver. 13; the level of P <
0.05 was considered as significant. Real-time PCR
results were analysed using Linreg and Rest-rg
software.

Results

Liver parenchymal cells damage

Increased levels of serum ALT and AST activities
reflect the destruction of liver parenchymal cells. The
mean values of ALT and AST in the SHAM group
were 67.33 £ 423 U/L and 245.6 = 23.61 U/L,
respectively (Figures 1 and 2).

Levels of this aminotransferases significantly
increased (P<0.001) in the I/R group to 633.42
+41.58 U/L and 983.7 = 66.42 U/L, respectively. A
noteworthy decrease of ALT and AST levels was
observed after the administration of dexamethasone
in DEX + IR, 274.55 +25.44 U/L for ALT and 257.5
+27.45 U/L for AST (P <0.001) compared with that
in the I/R group. No significant differences were
observed between DEX and SHAM groups (P> 0.05).
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Figure 1. The effect of dexamethasone on serum ALT activity
during I/R. The values are expressed by mean + SEM. The level of
significance was considered as less than 0.05 (P <0.05). +++
Significantly different from the control group (P < 0.001).
***Significantly different from the /R group (P < 0.001). SHAM:
the group receiving saline; DEX: the group receiving
dexamethasone; I/R: Ischemia-reperfusion insulted group; DEX +
I/R: I/R group receiving dexamethasone.

Damage of sinusoidal endothelial glycocalyx

As it can be seen in Figure 3, the levels of HA
significantly increased (P < 0.001) in I/R (55.61 +
5.23 ng/ml) compared with those in the SHAM and
DEX groups. After the injection of dexamethasone in
DEX + IR, HA levels significantly decreased to 13.45
*+1.44 ng/ml (P <0.001).
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Figure 2. The effect of dexamethasone on serum AST activity in
the studied groups. The values are expressed by mean + SEM. The
level of significance was considered as less than 0.05 (P < 0.05).
+++ Significantly different from the control group (P < 0.001). ***
Significantly different from the I/R group (P < 0.001). SHAM: the
group receiving saline; DEX: the group receiving dexamethasone;
I/R: Ischemia-reperfusion insulted group; DEX + I/R: I/R group
receiving dexamethasone.

eNOS gene expression

eNOS gene expression analysis is shown in Figure 4.
Compared with the SHAM and DEX groups, the
eNOS gene expression in the I/R group, showed a
significant increase (P<0.001). eNOS mRNA
expression in DEX+I/R did not significantly increase
as a result of treatment with dexamethasone (P
>0.05).
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Figure 3. Changes in mean serum HA in the four studied groups.
The values are expressed by mean * SEM. The level of
significance was considered as less than 0.05 (P < 0.05). +++
Significantly different from the control group (P < 0.001). ***
Significantly different from the /R group (P < 0.001). SHAM: the
group receiving saline; DEX: the group receiving dexamethasone;
I/R: Ischemia-reperfusion insulted group; DEX + I/R: I/R group
receiving dexamethasone.

Gene expression of ET-1

Changes in ET-1 gene expression are shown in
Figure 5. ET-1 expression in group I/R, in compared
with that in SHAM and DEX groups, showed a
significant increase (P <0.001). But ET-1 mRNA
expression in DEX + I/R significantly declined
(P<0.001).
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Figure 4. Comparisons of relative eNOS gene expression between
the four groups studied. The values are expressed by mean + SEM.
The level of significance was considered as less than 0.05 (P <
0.05). +++ Significantly different from the control group (P <
0.001). SHAM: the group receiving saline; DEX: the group
receiving dexamethasone; I/R: Ischemia-reperfusion insulted
group; DEX + I/R: I/R group receiving dexamethasone.

Liver Histopathology

Liver cells with round, bright nuclei and clear
nucleoli were observed as cell cords in the SHAM
group. Hepatic sinusoids, the lining of the liver
central venous endothelium and the Kupffer cell
(white arrows) density were normal.

Sinusoidal endothelium (tetramerous stars) and the
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central veins of lobules (pentagram) were also clearly
seen. Cells in area 3 of the liver’s classic lobule
(close to the central vein), known as ischemic area
and as a marker of liver healthiness, were highly
healthy. In zone 1, hepatocytes mainly with darker
nuclei and more colorable cytoplasm were visible
(Figure 6 A).
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Figure 5. Comparisons of relative ET-1 gene expression between
the four groups studied. The values are expressed by mean + SEM.
+++ Significantly different from the control group (P <0.001). The
level of significance was considered as less than 0.05 (P < 0.05).
***Sjonificantly different from the /R group (P < 0.001). SHAM:
the group receiving saline; DEX: the group receiving
dexamethasone; I/R: Ischemia-reperfusion insulted group; DEX +
I/R: I/R group receiving dexamethasone

In the DEX (dexamethasone without ischemia)
group, hepatocytes with clear nuclei and bright
nucleoli were observed, particularly in area 3. Liver
sinusoids were clear and a large number of Kupffer
cells (containing swallowed dark granules) were
observed in sinusoidal spaces (SP) with more density
than the control group. Vascular endothelial often
showed arterial loss or its damage, whether in
sinusoidal spaces or in central vein (pentagram)
(Figure 6 B).

In the third group (I/R, receiving saline with
ischemia), hepatic cords in many sectors were
discrete in all three zones. With higher magnification,
hepatocytes atrophy could be clearly seen in regions
1 and 3, which indicates the destruction of liver
tissues in each area. The wide activities of Kupffer
cells (white arrows) were impressive to swallow and
digest damaged cells. The vascular endothelium was
often injured. Leukocyte infiltration and Kupffer cells
swallowing with a large number of dark pigments
were visible in the liver sinusoids. Sombrous giant
cells (diamond) with red cytoplasmic and spherical
nucleus were observed out of the centre in the
sinusoidal space and also in lobular central veins
(Figure 6 C).

In the fourth group (DEX + |I/R, receiving
dexamethasone with ischemia), hepatocytes were
seen in zone 1, indicating that the liver classic lobule
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was almost injured and nuclei was pushed to the side,
but all nuclei with obvious nucleoli were round and
clear. In zone 3 close to the central vein, the cells
showed healthy morphology. However, in zone 2 of
the classic lobules, symptoms of irritation could be
seen as a hepatocytes vacuolization and the loss of
some cell boundaries. A pink cerevisiae secrete could
be visualized in the vascular spaces of the central
vein  (pentagram).  Leukocytes  (granulocytes)
infiltration (dark triangle) with a large number of
activated Kupffer cells (white arrows) were observed
in the SP (Fig. 6 D).

Figure 6. Comparison of the liver histological sections in the four
studied groups (H & E, magnification 400X). CV: Central venule;
white arrow: Kupffer cell; sinusoidal endothelium: tetramerous
stars; central veins: pentagram; SP: sinusoidal space; granulocytes:
dark triangle.

Discussion

I/R-induced liver injury is the main complication of
liver transplantation, trauma, shock, and resection.
Interruption of blood flow, oxygen deprivation in the
phase of ischemia and complicated molecular
changes start with ischemia and continue during
reperfusion, finally destroying the hepatocytes (4). In
early stages of I/R (< 2 h after reperfusion), Kupffer
cells and damaged hepatocytes release ROS and
cause limited damage. However, as a result of
oxidative stress during reperfusion, the production of
several pro-inflammatory cytokines such as TNF-a,
IL-12, and IL-1pB, which are triggered in the ischemic
phase, increases drastically (3, 6, 7). At this stage of
inflammatory reaction, activated neutrophils enter the
liver tissue, release more ROS and inflammatory
factors and cause further damage to hepatocytes (8).
Therefore, the presence and the key role of ROS and
inflammatory markers have been demonstrated in
numerous studies (9).

Furthermore, disruption of the sinusoidal blood flow
is another reason for the I/RI. Liver microcirculation
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is normally set by the careful balance between
vasoconstrictors (particularly ET-1) and vasodilators
(NO and CO); however, in the I/R-insulted liver, this
balance is disturbed and hepatic perfusion is
impaired. ET-1 is a potent vasoconstrictor peptide
that binds to ETA receptor (10). ETA receptors are
present in all cells, but their presence in liver stellate
cells is more than other sinusoidal cells and
hepatocytes. The contraction of stellate cells regulates
the dilation of sinusoids (10). ET-1 reduces the
microscopic blood flow of liver by binding to this
type of a receptor and can consequently cause I/RI
(11). Tt is evident that the ET-1 increases portal vein
pressure, liver glycogenolysis and changes the
oxygen consumption. Zhang et al studied the human
trabecular mesh-work cells and found that
dexamethasone reduced ETB and ET-1 receptor
protein expression and simultaneously increased the
level of NO (12). Our results showed that I/R
elevated ET-1 gene expression and caused the
destruction of liver tissue. This harmful change, in
addition to the increasing levels of ALT and AST,
was confirmed by the elevated levels of HA. The
release of HA indicated that the glycocalyx of
sinusoidal endothelial surface was destroyed by
oxidative stress during reperfusion. Dexamethasone
could significantly reduce the expression of ET-1
during I/R and through the inhibition of the sinusoids
contraction and improvement of hepatic perfusion,
decrease liver I/RI. As it could be seen in histological
pictures, dexamethasone had protective effects on
liver tissue. Ghobadi et al. also observed that
dexamethasone, in addition to ALT and AST,
significantly reduced iNOS gene expression during
liver /R (13). In a similar study, Amr et al.
demonstrated that dexamethasone significantly
decreased the TNF-a gene expression (14).

On the other hand, as a biological signaling molecule,
NO is mainly considered as a vasodilatory and
endothelium-dependent relaxing factor (15). It is
essential to maintain normal perfusion of sinusoids
and the low amounts produced by eNOS will suffice
for ensuring a normal perfusion in healthy liver. Its
production by eNOS plays a key role in the
alleviation of severity of cell damage during I/R (16).
Typically, eNOS is considered as a housekeeping
enzyme that is regulated by post-translational
modifications; calcium/calmodulin and the amount of
its protein can also be increasingly set by stimulants
such as shear stress (17). Rats treated with the
inhibitors of eNOS have the liver damage speed up
by stresses such as endotoxin injection (18, 19).
During I/R, activated endothelial and Kupffer cells
and infiltrated neutrophils produce large amount of
ROS that can inhibit NO synthesis and generate
several active radicals, named RNS, through reaction
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with NO, reducing the accessibility to NO (20).
Numerous studies confirmed the protective role of
eNOS-derived NO against I/R injury (21-23). Some
studies showed that due to the low concentration of
eNOS, stable levels of NO are reduced during I/R
(24-26), which subsequently increase in the oxidative
stress, apoptosis, adhesion of leukocytes and the
occurrence of mitochondrial dysfunctions (27).
Therefore, eNOS-derived NO is required to maintain
hepatic normal perfusion (28). Current study
suggested that dexamethasone injection increased
expression of eNOS gene and its protective role
against hepatic I/R. These effects occur in three ways:
1) Countering the vasoconstrictory effect of ET-1; 2)
inhibiting the neutrophil adhesion or migration; and
3) inhibiting the platelet aggregation. Bobadilla et al.
showed the effect of dexamethasone on the increased
production of NO resulted from eNOS gene
expression in preventing renal vasoconstriction
caused by cyclosporin A (29). Ali et al. also noted the
protective effect of corticosteroid drugs, such as
dexamethasone, in acute cardiovascular disease
through the activation and elevation of eNOS gene
expression (28).

Rubio-Gayoso et al. showed that ROS production at a
high speed is the main cause of glycocalyx damage
during I/R. In addition, the glycocalyx components
not only have a protective role on endothelial cells
but also a central duty in the damage of small blood
vessels in I/R. HA plays a key role in the structure of
sinusoidal endothelial surface glycocalyx, which is
released as a result of its destruction by ROS (30). As
it was shown in our results, serum hyaluronic acid
increased during I/R, so it can be concluded that the
sinusoidal glycocalyx was damaged and the
hyaluronan was released into the blood.
Glucocorticoids can limit the inflammatory damage
to the glycocalyx by suppressing the production of
cytokines and chemokines and also through
preventing the infiltration of inflammatory cells into
tissues and mast cell degranulation. In a sample of
isolated heart, hydrocortisone was able to
significantly inhibit destruction of the endothelial
surface layer after ischemia and during reperfusion
and reduce TNF-a induction (31). In this study, we
demonstrated that dexamethasone reduced
parenchymal cell injury (reduction of ALT and AST)
and also significantly ameliorated the glycocalyx
damage in the group DEX + IR. Thus, it can be
concluded that dexamethasone can prevent the
destruction of glycocalyx probably by indirect
antioxidative role and consequently prevents
sinusoidal endothelial cell damage and penetration of
the proteins and neutrophils out of the sinusoid.
Greenwald et al. found that neutrophils destroyed the
hyaluronic acid of synovial fluid by producing ROS
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(30). Taghizadieh et al. also showed that
dexamethasone reduced the production of MDA and
maintained the level of the antioxidant enzyme in
liver during I/R (31). Dexamethasone ameliorates
MDA, so it indirectly exerts an antioxidative effect,
which can be confirmed by our results.

In this study, histological analyses showed that
dexamethasone significantly reduced the amount of
tissue damage, which was consistent with the reduced
levels of serum aminotransferases and HA. Also,
treatment with dexamethasone could reduce tissue
damage during I/R on rat liver (14).

Finally, it can be concluded that dexamethasone
reduces the I/RIl through different mechanisms,
including the prevention of the damage of liver
sinusoidal endothelial glycocalyx and parenchymal
cell by inhibiting ROS production. In addition,
reduction in the ET-1 and increment in the eNOS
gene expression helps the liver to establish proper
blood flow during reperfusion.
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