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Abstract: Objective: To investigate the mechanism of the protective effect of 17β-Estradiol (E2) on warm ischemiareperfusion (IR) injury in rat model. Methods: 24 Sprague-Dawley (SD) male and 12 SD female rats were randomized into six groups. Sham group (Male, Female, Male+17β-E2), IR group (Male, Female, Male+17β-E2), 6 per group.
E2 (4 mg/kg) was used by peritoneal injection in Male+17β-E2 groups 1 h before IR injury. Male and female group
received same quantity of saline. The rats were sacrificed at 6 h after I/R, concentration of serum alanine aminotransferase (ALT), histomorphology of liver tissue, apoptotic ratio of hepatic cells, expression level of of p-Akt and
p-glycogen synthase kinase-3β (p-GSK-3β) were detected. Results: (1) 6 h after IR injury, the concentration of ALT
and apoptotic ratio of hepatic cells in Female and Male+17β-E2 group was significantly lower than in Male group.
(2) The degree of hepatic injury in Female and Male+17β-E2 group was lower than in Male group. (3) The activation
of p-Akt and p-GSK-3β in Female and Male+17β-E2 group was higher than in Male group. Conclusion: E2 protects
the liver against warm IR injury through the Akt/GSK-3β kinase pathway. Estrogen therapy might be a “promising
treatment” in clinical settings associated with warm IR injury during hepatectomy.
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Introduction
Ischemia-reperfusion (IR) injury is one of the
common clinical pathophysiology processes,
which also occurs during trauma, hemorrhagic
shock, solid organ transplantation, liver resection, etc [1, 2]. The mechanism of IR injury
directly linked to liver cells’ injury that was
induced by aseptic inflammation and Toll-like
receptor’s activations. In the previous study,
we discovered that females recovered better
than males when suffered clinical hemorrhagic
shock, liver surgery and organ transplantation.
It was firmly proved that male rats had better
cardiac function after IR injury by using estrogen in experiments [3, 4]. In our study, we tried
to investigate the role of 17β-Estradiol (E2) in
the protection of hepatic IR injury in rats and
explore its possible mechanism.
Akt is a serine/threonine protein kinase, as well
as an critical signal transduction enzyme in-

volved in cell survival and apoptosis [5-7], which can inactivate specific molecules, such as
glycogen synthase kinase-3β (GSK-3β) and Bcl2-associated death promoter (BAD) to improved cell survival rate [8, 9]. Activation of Akt
inhibits cell necrosis and apoptosis by regulating its various downstream molecules such as
GSK-3β and BAD [10-15].
GSK-3β, a serine/threonine protein kinase and
the downstream protein of Akt, is a multifunctional kinase that inhibits multiple signaling
pathways by its activity [16]. It can promote systemic inflammatory response and increase
release of pro-inflammatory, inducing apoptosis, and cell proliferation [17-19]. It has recently
been reported that GSK-3β involved many diseases, including type 2 diabetes, Alzheimer’s
disease, cancer, ect [20-23].
BAD, one of the BH3 domain protein, is a member of the proapoptotic Bcl-2 family with BH3-
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only. It is capable of inactivating antiapoptotic
Bcl-2 proteins by linking the upstream cell survival signaling pathways and downstream pathways [24]. BAD plays a role as a mediator
between the Bcl-2 family proteins and a variety
of different kinase signaling pathways [25].
Some present study have shown that Akt kinase pathway activation play a important role in
the protection against IR injury [26, 27]. To sum
up, this study was to investigate the role of E2
in protection of warm IR injury in rat liver and
search its relationship with Akt/GSK-3β signaling pathway.
Materials and methods
Rats and reagents
In this study, 24 Sprague-Dawley (SD) male rats
and 12 SD female rats were selected according
to body weight of 200-220 g. Rats were fed in
cage in an air-conditioned room with controlled
12 h light and dark cycles. And they were
allowed free access to food and water. We conducted this experiment in accordance with the
Guide for the Care and Use of Laboratory
Animals. The in situ cell death detection kits
were purchased from the Roche Chemical,
Indianapolis, IN. The polyvinylidene difluoride
membranes were purchased from the Amersham Pharmacia, Piscataway, NJ. The horseradish peroxidase-conjugated second antibodies were purchased from the Santa Cruz
Biotechnology, Santa Cruz, CA. The SuperSignal
West Dura Extended Duration substrate was
purchased from Pierce Biotechnology, Rockford, IL. And the E2 was purchased from the
Sigma Chemical, St Louis, MO.
Experimental design and operation
24 male SD rats were randomly divided into
four groups. 12 female SD rats were randomly
divided into two groups. Thus, every group contained 6 SD rats. Sham group (Male group,
Female group, Male+17β-E2 group), IR group
(Male group, Female group, Male+17β-E2 group). E2 (4 mg/kg) was used by intraperitoneal
injection in Male+17β-E2 group’s rats 1 h
before IR injury. Male and female group received same quantity of saline. Before operation, the rats were fasted for 12 h and were only
allowed free access to water. The rats were
anesthetized with an intraperitoneal injection
of ketamine at 100 mg/kg. The epigastrium
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was opened by a midline incision. Then, the first
porta hepatis was fully exposed. Hepatic warm
ischemia was induced by occlusions (using the
non-invasive vascular clamps) of the hepatic
hilar vessels connected to the left, middle and
caudate lobe of liver, guaranting the model of
hepatic warm IR injury at 70%. After 60 min, the
non invasive vascular clamps were released.
Saline (1 ml) was used by injection from the
vena dorsalis penis after IR injury. In the sham
group, the rats were laparotomized and the
wound closed without IR injury. Rats were sacrificed at 6 h after reperfusion, and samples
were taken.
Testing index
Testing hepatic functions: Blood samples were
drawn from the IVC of the rats. Each rat was
drawn about 3-4 ml blood, which was centrifuged and serum was extracted. Then, serum
alanine aminotransferase (ALT) levels were
measured using an automatic biochemical
analyzer.
Hematoxylin-eosin (H/E) staining: Liver tissues
were gotten from the liver’s left lobe. The liver
tissues were fixed in 10% formalin solution,
dehydrated through graded alcohol series and
embedded in paraffin. The tissues were observed under the microscope once we stained
them with hematoxylin and eosin solutions.
Detection of apoptosis with terminal deoxynucleotidyl transferase dUTP nick-end labeling
(TUNEL) assay: We detected of apoptosis with
TUNEL assay using the in situ cell death detection kit (Roche Diagnostics, Indianapolis, IN).
The paraffin-embedded sections were deparaffinized and then incubated to proteinase K
working solution (20 mg/mL) for 30 min at
room temperature. The liver sections were incubated with terminal deoxynucleotidyl transferase buffer at 37°C for 1 h and then transferred
to stop buffer for 5 min at room temperature.
The tissue sections were incubated in antifluorescein antibody conjugated with alkaline phosphatase and visualized with substrate solution
after being washed in phosphate-buffered
saline. The tissue sections were counterstained with hematoxylin and observed under light
microscopy. The percentage of apoptotic cells
was calculated by counting approximated 500
cells at least five randomly chosen microscopic
fields. The apoptotic index was defined as the
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with Tris-buffered saline-Tween 20 for 15 min,
the membrane was incubated for 60 min with
horseradish peroxidase-conjugated second
antibody (1:5000; Santa Cruz Biotechnology,
Santa Cruz, CA). The membrane was washed
again three times with Tris-buffered salineTween 20 before being exposed to the SuperSignal West Dura Extended Duration substrate (Pierce Biotechnology, Rockford, IL). The
band intensity was quantified by densitometric
analysis using a densitometer.
Statistical analysis

Figure 1. Changes in liver function. 6 h after IR injury,
the serum ALT levels in the Female and Male+17β-E2
group were significantly lower than those in the
Male group. There was no statistically significant
compared the Male+17β-E2 group with the Female
group. (*P < 0.05, Male group vs Female group and
Male+17β-E2 group. P > 0.05, Female group vs
Male+17β-E2 group.)

percentage of the number of apoptotic cells to
the total number of cells. The paraffin-embedded liver sections were deparaffinized, hydrated and permeated. In brief, the liver sections
were incubated with terminal deoxynucleotidyl
transferase by TUNEL assay. Then, we counterstained the liver sections with hematoxylin,
observed and calculated the apoptotic cells
under light microscopy.
Western blot analysis
Protein expression of p-Akt and p-GSK-3β in rat
livers was investigated by Western blot analysis. The protein of the hepatic tissue was
extracted by lysis buffer and then separated by
sodium dodecylsulfate polyacrylamide gel electrophoresis and transferred onto polyvinylidene
difluoride membranes (Amersham Pharmacia,
Piscataway, NJ). The polyvinylidene difluoride
membrane was incubated at room temperature
in a blocking solution composed of 5% skim
milk powder dissolved in 1× Tris-buffered
saline-Tween 20 (10 mM Tris, pH 8.0, 140 mM
Nacl, and 0.1% Tween 20) for 60 min. The membrane was then incubated with the following
primary antibodies: anti-Akt, anti-phospho-Akt,
anti-GSK-3b, anti-phospho-GSK-3b, anti-total
caspase-3, anti-cleaved caspase-3 (diluted
1:1000; Cell Signaling Technology, Beverly, MA)
overnight at 4°C. After washing three times
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Data are expressed as the mean ± standard ( x
± s), using one-way analysis of variance by the
statistical software SPSS 11.5. P value less
than 0.05 was considered statistically significant.
Results
Change in liver function
ALT is hepatocyte enzyme that is regarded as a
mark of hepatocellular injury. The serum ALT
levels in the Female and Male+17β-E2 group
were significantly lower than those in the Male
group at 6 h after IR. P value less than 0.05
wasconsideredstatisticallysignificant.What’smore, we compared the Male+17β-E2 group with
the Female group, there was no statistically significant (Figure 1).
Histological changes in liver tissue
The liver histopathology change happen during
trauma, shock, organ transplant, liver surgery,
etc. The HE staining of liver in the male group
showed a large number of hepatocellular necrosis at 6 h after IR and the hepatic cords had
disintegrated, the sinusoids were filled with
erythrocytes, the hepatis lobules and portal
areas were infiltrated by neutrophils. In the
female group and the Male+17β-E2 group, the
severity of liver cells injury decreased compared with the Male group. They showed a
small amount of hepatocellular necrosis, the
hepatic cords were basically normal, only a little sinusoids were filled with erythrocytes
(Figure 2).
Impact of IR injury on liver apoptosis
The TUNEL assay was used to detect liver’s
apoptosis caused by IR injury. There was a significant difference between the Male group, the
Int J Clin Exp Med 2019;12(1):625-631
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yet by us. There are some
methods to prevent and treat
it, such as ischemic preconditioning and the use of various
drugs, but the efficacy is not
effective [28]. We discovered
that female patients recover
better than males after surgery. Many studies reported
that estrogen is capable of
fighting against IR injury when
its specific mechanisms are
not clear [29-34]. The results
of this study showed that the
level of serum ALT in female
rats was significantly lower
than that in male rats after IR
injury, and the damage of liver
tissue, as same as the apoptosis of liver cells, was lighter
than that of male rats. In addiFigure 2. Histological changes in liver tissue (×200). 6 h after IR injury, optition. The level of serum ALT,
cal microscopy analysis after the HE staining demonstrated that the liver
liver injury and hepatocyte
cells were injured seriously in Male group. On the contrary, in the Female
apoptosis were greatly degroup and the Male+17β-E2 group, the severity of liver cells injury was decreased after operation when
creased.
the male rats were pretreated with E2 although a small
Female group and the Male+17β-E2 group. 6 h
amounts of liver injury and hepatocyte apoptoafter IR injury, TUNEL showed a large number of
sis were observed. This suggested that estrohepatocyte apoptosis in Male group. However,
gen has a protective effect on IR injury in rats
the apoptotic ratios of hepatic cells in Female
liver.
and Male+17β-E2 group were significantly
lower than in Male group. P value less than
Some previous studies reveal the mechanism
0.05 was considered statistically significant.
about the protective effect of estrogen. Arturo
Then, we compared the Male+17β-E2 group
reported that estrogen can reduce the IR injury
with the Female group, there was no statistiof the heart by activating the Protein Kinase C
cally significant (Figure 3).
(PKC) and Akt signaling pathways. Akt, also
known as Protein Kinase B (PKB), is a kind of
Expression of p-Akt and p-GSK-3β after IR
serine/threonine protein kinase. The Akt signalinjury in rats’s hepatocytes
ing pathway plays a important role in cell survival, proliferation and apoptosis [35]. When
Western blot was used to detect the expression
the specific ligand activates the cell surface
of p-Akt and p-GSK-3β in hepatocytes. The
receptor, Akt is recruited into the inner surface
expression of p-Akt in Sham group was lower
after IR injury. The activity of p-Akt in Female
of the cell membrane. Activated by phosphorygroup and Male+17β-E2 group was significantly
lation of pyruvate dehydrogenase kinase 1
higher than that in Male group after IR injury
(PDK1), Akt leave the cell membrane into the
(Figure 4A). Moreover, the activity of p-GSK-3β
cytoplasm to play a role. Activation of Akt is
in Female group and Male+17β-E2 group was
able to inhibit cell apoptosis through a variety
significantly higher than that in Male group
of ways, such as phosphorylating Bcl-2 family
after IR injury (Figure 4B).
members BAD and inhibiting GSK-3β’s activity.
Activated Akt not only can inhibit cell apoptosis
Discussion
by inactivating BAD or GSK-3β and preventing
the release of Mitochondrial cytochrome C [36],
IR injury is a serious clinical problem. However,
but also directly affect the transcription factor
the mechanisms have not been fully elucidated
628
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Figure 3. Impact of IR injury on liver apoptosis (×200). 6 h after IR injury, TUNEL showed a large number of hepatocyte apoptosis in Male group. However, the apoptotic ratios of hepatic cells in Female and Male+17β-E2 group were
significantly lower than in Male group. What’s more, compared the Male+17β-E2 group with the Female group, there
was no statistically significant. *P < 0.05, Male group vs Female group and Male+17β-E2 group. P > 0.05, Female
group vs Male+17β-E2 group.

phenomenon indicated that E2
could exert its ability to protect
hepatic IR injury by activating
Akt and inactivating GSK-3β.
In summary, in this study, we
found that estrogen play a protective role in rats liver warm
IR injury by regulate Akt/GSK3β signaling pathway. Estrogen
therapy might be a “promising
treatment” in clinical settings
associated with warm IR injury
during hepatectomy.
Figure 4. Expression of p-Akt after IR injury in rats’s hepatocytes. Western
blot was used to detect the expression of p-Akt in hepatocytes. The expression of p-Akt in Sham group was low after IR injury. The activity of p-Akt in
Female group and Male+17β-E2 group was significantly higher than that in
Male group after IR injury. What’s more, the activity of p-GSK-3β in Female
group and Male+17β-E2 group was significantly higher than that in Male
group after IR injury.

to promote cell survival rate [37, 38]. GSK-3β is
a downstream signaling molecule of Akt. It is a
kind of serine/threonine protein kinase which
is a vital influence factor in cell proliferation,
cell differentiation and cell apoptosis. What’s
more, GSK-3β is a continuously activated protein kinase which can promote cell apoptosis.
Once Akt is activated, it will cause GSK-3β to
be phosphorylated followed by inactivation of
GSK-3β. In this trial, we observed that the activity of p-Akt and p-GSK-3β in the Female and
Male+17β-E2 group was significantly higher
than that in the Male group after IR injury. This
629
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