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Abstract: Objective: To investigate the protective effects of estrogen (E2) against cold ischemia-reperfusion (I/R) in-
jury in rat liver transplantation. Methods: The Sprague-Dawley male rats were randomly divided into Sham operation
group (Sham group), control group (I/R group) and experimental group (I/R+E2 group). The receptor of experimental
group received intraperitoneal injection of 17 B-estradiol at 500 ug/kg/day for 7 days, the sham operation group
and control group were injected with equal volume of saline. Both control and experimental groups used a modified
two-cuff technique of liver transplantation with 4 h for cold ischemia. After 6 h reperfusion, serum ALT, AST, LDH,
TNF-ac and liver tissue MDA, MPO, SOD, Bcl-2 were detected. Survival rate of each group were investigated. Results:
(1) Serum ALT, AST, LDH, TNF-a content in I/R+E2 group were significantly lower compared with those in I/R group
(P < 0.05). (2) Liver tissue MDA concentration, MPO activity in |/R+E2 group were significantly decreased than
those in I/R group (P < 0.05). (3) Liver tissue Bcl-2 expression and SOD activity in I/R+E2 group were higher than
those in I/R group (P < 0.05). (4) E2 pretreatment prolonged the survival time of hepatic graft after I/R. Conclusion:
Estrogen has significant protective effects against I/R injury during rat’s liver transplantation, and the mechanism
of this might be reducing the levels of inflammatory cytokines, improving tissue’s antioxidant capacity and slowing

down liver cell apoptosis.
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Introduction

Treatment of liver disease in the terminal stage
was once a challenge for the clinician, while the
survival time of those patients was short due to
the lack of effective treatment. Since success-
fully transferred from experiment to clinic, liv-
er transplantation has became the most ef-
fective treatment also the only way to cure the
liver disease in the terminal stage. But the cold
ischemia-reperfusion (I/R) injury, an inevitable
damaging process during liver resection and
transplantation [1], often influences the surgi-
cal outcome and causes many complications
[2] such as primary dysfunction of transplant-
ed liver, acute and chronic graft rejection. Pa-
rticularly, as shortage of organs, the uses of
marginal liver donors means higher risk of gr-
aft dysfunction [3]. Gender difference was
reported to affect the outcome of I/R injury,
Previous study demonstrated the protective
effect against I/R injury observed in females
was related with endogenous 17B-estradiol
(E2) [4, 5]. During the development of murine

model of reduced-size liver I/R, female mice
exhibited less hepatocellular injury and longer
survival time than male mice [4]. In addition,
female patients who taken hepatectomy be-
cause of liver tumor survive a significantly lon-
ger time than male patients [6]. Other resear-
ches also found that 17B-estradiol had protec-
tive effect against myocardial, cerebral I/R in-
jury [7, 8], and estrogen can accelerate recov-
ery of myocardial cell function after I/R [9].
Based on the above study, we hypothesize that
estrogen may play an important role as the pro-
tector against injury during liver transplanta-
tion. In this research we used the 17(3-estradiol
which has the strongest activity in the estrogen
family to study its protective effects on cold I/R
injury in rat liver transplantation and its related
mechanism.

Material and methods
Experimental animal and reagent

This experiment selected 36 healthy male SD
rats weighing 200~240 g for each and provid-
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Table 1. Comparison of serum concentration of ALT, AST,

LDH between every two groups (U/L, X £ s)

cage for each and supplied with
food. 10 rats in each group were

used for survival research.

Specimen collection

Group Sham I/R I/R+E2

ALT 81.36+12.67 1206.66+231.38" 513.39+98.17"#
AST 59.9849.16  2461.60+302.19" 1442.31+168.16"*
LDH 318.86+46.72 2939.82+418.26° 1813.47+268.89"*

The rats in I/R+E2 group and I/R

“P < 0.05 versus sham group; #P < 0.05 versus I/R group.

Table 2. Comparison of serum TNF-a content
between every two groups (pg/ml, X £ s)

Group Sham I/R I/R+E2

TNF-a 12.1+1.9 48.2+9.9" 21.6+4.6™*

“P < 0.05 versus sham group; #*P < 0.05 versus I/R group.

ed by Soochow University Animal Center wh-
ile the receptor’'s weight slightly heavier than
the donor’'s. MDA, MPO, SOD, TNF-a kit were
purchased from NanlJinglianCheng Bioen-
gineering Institute, Bcl-2 and GAPDH antibody
were purchased from Santa Cruz Company and
17B-estradiol were purchased from Sigma
company.

Experimental design and surgical procedure

The receptors fasted but drunk without restric-
tion, while donors didn’t fast and drunk freely
12 h before operation. The animals were ran-
domly divided into 3 groups with 12 for each. I/
R+E2 group received intraperitoneal injection
of 17 B-estradiol with 500 ug/kg/day for 7
days, while sham operation group and control
group were equally injected with the same vol-
ume of saline. Ketamine was intraperitoneal
injected at the dose of 80-100 mg/kg for anes-
thesia before surgery. Sham group only received
opening and closing abdomen operation to dis-
sect ligament around the liver. I/R+E2 group
used a two-cuff technique for orthotopic liver
transplantation referring to Kamada. Portal
vein and liver’s inferior vena cava were anasto-
mosed by using the self-made medical plas-
tic sleeve. Liver's superior vena cava was
closed by continuously suturing with 6/0 poly-
propylene sutures. Common bile duct was
anastomosed by inserting pediatric epidural
catheter stent, and hepatic artery was ligated.
Donor liver is preserved in sodium lactate
Ringer’s solution at 0~4°C for 4 h after remov-
al, and the receptor’'s anhepatic phase was
about 15 min. After the operation, receptors
were kept on electric blanket for insulation.
When awake, the rats were raised in a single
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group were executed 6h after portal

vein reperfusion and the same pro-

cedure was performed for sham
group 6 h after closing abdomen as described
below. 5~6 ml blood sample was drawed from
the inferior vena cava, one part of which was
put in anticoagulant tube for detection of liver
function, while another part was centrifuged at
4000 r/min for 10 min at 4°C, then kept at
-20°C for detection of TNF-a. 300 mg liver tis-
sues was added with tissue protein lysate and
protease inhibitor, then the total cellular pro-
tein was extracted and stored at -20°C for
detection of the expression of Bcl-2 by Western
blot. 2 g of liver tissues were made to be 10%
tissue homogenate and kept at-20°C for test of
MDA content, MPO and SOD activity.

Detection of liver enzyme level, antioxidant
capacity and apoptosis

1). Liver function test: Blood samples were sent
to the biochemistry laboratory of the institute
immediately and the level of alanine amino-
transferase (ALT), aspartate aminotransferase
(AST), lactate dehydrogenase (LDH) was deter-
mined by OLYMPUS-Au2700 full-automatic bio-
chemical analyzer.

2). Serum TNF-a test: Enzyme-linked immuno-
sorbent assay (ELISA) was performed accord-
ing to the instructions in the kit to measure the
absorbance values and standard curve to cal-
culate the content of TNF-a in the specimen.

3). Detection of MDA, MPO, SOD: Enzyme-lin-
ked immunosorbent assay (ELISA) was per-
formed according to the instructions in the kit
to test the MDA content, MPO and SOD activity
in the tissue.

4). Western blot analysis: To test the expression
of Bcl-2 in liver tissue, the protein of liver tissue
was extracted by lysis buffer, separated by 10%
polyacrylamide gel for electrophoresis, then
transfered to the polyvinylidene fluoride (PVDF)
membrane. The membrane was blocked by 5%
milk, then incubated with primary and second-
ary antibody, and the band density was ana-
lyzed by ImagJ.
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Table 3. Comparison of MDA content, MPO and SOD
activity in liver tissue between every two groups (X +
s)

E2 pretreatment reduced serum TNF-a
content after I/R

The serum TNF-a content in the I/R+E2

Group Sham I/R I/R+E2

MDA (nmol/mg)  0.28+0.04 0.71£0.05" 0.54+0.03"*
MPO (U/g) 0.26+0.04 0.64+0.03° 0.47+0.02"*
SOD (U/mg) 16.9+2.1  8.0+0.9°  12.2+1.8"*

group was significantly lower than that
in I/R group (P < 0.05). The serum TNF-
content in the I/R+E2 group and I/R group
was higher than that in sham group (P <

“P < 0.05 versus sham group; #P < 0.05 versus I/R group.

Sham I/R

I/R+E2

Bcl-2
GAPDH

Expression level of Bcl-2

I/IR+E2

Figure 1. Western blot analysis of Bcl-2 in liver tis-
sue in all groups. The Bcl-2 expression in liver tissue
in I/R+E2 group was significantly higher than that in
I/R group, while the Bcl-2 levels in |/R+E2 group was
lower than that in sham group.

Statistical analysis

All data are represented as the mean % stan-
dard deviation (X * s), the comparison between
every two groups were analyzed using Student’s
t-test. Graft survival among the groups was
evaluated using the log-rank test and Kaplan-
Meier survival curves. P < 0.05 was statistically
significant.

Results

E2 pretreatment protected liver function after

I/R

ALT, AST, LDH levels in I/R+E2 group were sig-
nificantly lower than those in I/R group after 6
hours of donor liver reperfusion (P < 0.05). ALT,
AST, LDH levels in the I/R+E2 and I/R groups
were higher than those in sham group (P <
0.05, Table 1).
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0.05, Table 2).

E2 pretreatment decreased lipid peroxi-
dation products while increased antioxidant
enzymes expression in liver tissue after I/R

The content of MDA, activity of MPO in liver tis-
sue in I/R+E2, I/R groups were higher than
those in sham group (P < 0.05), while MDA,
MPO in I/R+E2 group were lower than those in
I/R group (P < 0.05). The activity of SOD in liver
tissue in I/R+E2, I/R groups were lower than
that in sham group (P < 0.05), while the SOD
activity in I/R+E2 group was higher than that in
I/R group (P < 0.05, Table 3).

E2 pretreatment alleviate hepatic apoptosis
after I/R

The Bcl-2 expression in liver tissue in I/R+E2
group was higher than that in I/R group, while
the Bcl-2 levels in I/R+E2 group was lower than
that in sham group (Figure 1).

E2 pretreatment prolonged the survival time of
hepatic graft after I/R

Survival rate of all groups after operation was
assessed. 60% of the rats in IR+E2 group
survived at 21 days, while only 20% of the rats
in the I/R group survived at the same time
(Figure 2). All rats were alive at 21 days in sham
group.

Discussion

Ischemia-reperfusion injury is an important
non-immune factor which has significant influ-
ence on the result of liver transplantation [10].
This process is considered as the trigger of
acute inflammatory reaction, explosion of oxy-
gen radicals, apoptosis and necrosis of cells
which commonly cause the damage and dys-
function of transplanted liver [11, 12]. Res-
earches have be focused on how to minimize
the damage caused by I/R in order to protect
the transplanted liver function. It has been
reported that estrogen had significant protec-
tive effect on hepatic warm ischemia injury
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Figure 2. E2 pretreatment prolonged hepatic graft
survival after IR. In I/R+E2 group, rat survival rate
was significantly increased compared with that in the
I/R group. *P < 0.05 versus sham group; # P < 0.05
versus I/R group.

through activating mitogen-activated protein
kinase (MAPK) and nitric oxide synthase (eNOS)
[13, 14]. However there is few study about
the protective effect of estrogen on cold I/R
injury. In this study, by pretreatment with exog-
enous estrogen and usage of rat liver trans-
plantation model, we revealed estrogen could
protect transplanted liver function after cold
I/R injury.

Our results showed that administration of E2
significantly decrease the concentration of AST,
ALT, LDH after I/R, meanwhile, prolonged the
survival time of hepatic graft, compared with
I/R group without E2 treatment. Concerning
liver protection, E2 alleviate hepatic damage
through reduced neutrophil infiltration and oxi-
dative stress as decreased TNF-&, MDA, MPO,
enhanced antioxidant enzyme activities as
increased SOD, and reduced apoptosis and
necrosis as increased Bcl-2 in liver tissue.

The Kupffer cells in liver were activated and
release a large amount of TNF-a after I/R [15].
There is report showed that TNF-a cause liver
endothelial cells produce excessive adhesion
molecules and neutrophil accumulation in the
liver, which mediated hepatic cell apoptosis
and necrosis [16, 17]. Conversely, anti-TNF-a
monoclonal antibodies could reduce hepato-
cyte injury after I/R in an isolated rat liver I/R
model [18]. We found E2 pretreatment for rats
significantly decreased the expression of TNF-a
in transplanted liver after cold I/R and thus
attenuate liver injury.

Another possible mechanism to cause I/R inju-
ry is oxidative stress, referred as toxic effects
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through the generation of peroxides and oxy-
gen-derived free radicals, such as MDA, MPO,
the marker of oxidative stress and neutrophil
activation, could damage cell components and
cause disturbance to cell metabolism and func-
tion, eventually leading to cell death. SOD
serves key antioxidant enzymes which serves
as an oxygen radical scavenger produced by
body and provide protection from damage [19].
Treatment with SOD could reduce oxidative
stress thus attenuate hepatic I/R injury [20,
21]. We observed that estrogen pretreatment
can increase the SOD activity while reduce the
MDA content and MPO activity, which relieves
the degree of hepatic oxidative stress and
inhibits neutrophil infiltration, as a result, sig-
nificantly alleviates liver injury in cold I/R.

Bcl-2 protein is the founding member of Bcl-2
family and a primary anti-apoptotic protein.
Bcl-2 can prevent the releasing of cytochrome ¢
from mitochondria into the cytoplasm, which
contributes to the inhibition of cell apoptosis. In
this experiment, the Bcl-2 protein expression
level in I/R group was significantly decreased
compared with that in sham group, correspond-
ingly, liver injury in I/R group was more severe
than that in sham group. However, administra-
tion of E2 increased Bcl-2 expression com-
pared with I/R group, which partly eased the
hepatic injury during rat’s liver transplantation.

Above all, estrogen has a significant protective
effect against cold I/R injury and prolonged the
survival time of hepatic graft after rat’'s liver
transplantation, the mechanism might be due
to improvement of tissue’s antioxidant capaci-
ty, reduction of inflammatory cytokines and
inhibition of liver cell apoptosis.
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