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Abstract

AlM: Hepatic ischemia/reperfusion injury may cause acute
inflammatory, significant organ damage or dysfunction, and
remains an important problem for liver transplantation.
Our previous in vivo and in vitro studies demonstrated that
Yisheng injection (YS), a traditional Chinese medicine, had
protective effect on ischemia/reperfusion injury. In this
study, we examined whether YS had protective effect for
hepatic ischemia/reperfusion injury and explored its
protective mechanism.

METHODS: Hepatic warm ischemia/reperfusion was
induced in mice. YS at different doses (5, 10, 20 mg/kg)
was injected intraperitoneally 24 h and 1 h before ischemia
and a third dose was injected intravenously just before
reperfusion. The hepatocellular injury, oxidative stress,
neutrophil recruitment, proinflammatory mediators and
adhesion molecules associated with hepatic ischemia/
reperfusion injury were assayed by enzyme-linked
immunosorbent assay (ELISA), immunohistochemical assay
and reverse transcription polymerase chain reaction (RT-PCR).

RESULTS: Undergoing 90 min of ischemia and 6 h of
reperfusion caused dramatical injuries in mouse livers.
Administration of YS at doses of 5, 10 and 20 mg/kg
effectively reduced serum levels of alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and lactate
dehydrogenase (LDH), from 3 6701463 U/L, 2 362+323 U/L
and 12 752+1 455 U/L in I/R group to 1 172+257 U/L,
8451193 U/L and 2 8664427 U/L in YS (20 mg/kg) treated
group, respectively (P<0.01). The liver myeloperoxidase
(MPO) and malondialdehyde (MDA) contents were decreased
from 1.1+0.2 (U/mg protein) and 9.1+0.7 (nmol/mg
protein) in I/R group to 0.4+0.1 (U/mg protein) and
5.5+0.9 (nmol/mg protein) in YS (20 mg/kg) treated
group, respectively (P<0.01). Moreover, the serum levels
of tumor necrosis factor-alpha (TNF-a) were reduced from
5549.9 (pg/mL) in I/R group to 16+4.2 (pg/mL) (P<0.01).
Furthermore, the over-expressions of TNF-a and
intercellular adhesion molecule-1 (ICAM-1) were suppressed
by YS treatment in a dose-dependent manner.

CONCLUSION: YS attenuates hepatic warm ischemia/

reperfusion injury by reducing oxidative stress and suppressing
the over-expression of proinflammatory mediators and
adhesion molecules.
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INTRODUCTION

Clinical and experimental evidencessuggest that aninitia insult
to organ allografts may influence both early and late functional
survival. Thisinjury may be either immunologic or antigen
independent!™.

Hepatic ischemial/reperfusion injury is an important
nonimmunologic factor and remainsa significant problem and
limitation of liver transplantation and may resultin liver failure,
remote organ failure, and even death?3.

During the initial phase of hepatic ischemia-reperfusion
injury, Kupffer cells are activated and rel ease reactive oxygen
species (ROS)“ and proinflammatory cytokines®, especially
tumor necrosis factor-alpha (TNF-a)". The enhanced
production of TNF-a playsan important rolein theinitiation of
acascade of eventsthat causes significant liver injury mediated
by neutrophils. One of the main functions of TNF-a isto up-
regulate the expression of adhesion molecules, especially
intercellular adhesion molecule-1 (ICAM-1), and then mediate
the recruitment of neutrophilsinto the liver resulting in further
hepatic injury!®9.

Ischemia-reperfusion injury becomes significant through
rapid up-regulation and surface expression of adhesion
molecules, and activation of circulating host leukocytes and
their binding to the vascular endothelium®?. In addition, the
insult from ischemia/reperfusion surrounding engraftment may
trigger alloresponsiveness in the host, making it potentially
moreproneto rejection*Y, Furthermore, theinitia acuterejection
injury predisposes to chronic graft dysfunction early injuries
may also affect later events. For this reason, the protection of
liver against ischemia-reperfusion injury (IRI) remains one of
the major nonimmunologic problems of liver transplantationf*2.

Our previous studies demonstrate that Yisheng injection
(YS), aherbal preparation developed from traditional Chinese
medicine, can effectively protect endothelial cells against
hypoxialreoxygenation i njury*314; decrease the blood viscosity
in hypostasis rats*®; attenuate the sclerosis of transplanted
abdominal aortain rats by reducing the generation of free
radicals and down-regulating the expression of TGF-b!el;
protect isolated testes against cold preservation/reperfusion
injury through reducing lipid peroxidation, calcium
supercharge and damage to mitochondrial function!*”; and
protect kidney against ischemia/reperfusion injury in pigs by
reducing serum levels of TNF-a (unpublished results). Inthis
study, we examined whether Y S had protective effect for
hepatic ischemialreperfusion injury and explored its protective
mechanism.
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MATERIALS AND METHODS

Yisheng injection

Yisheng injection (Y'S, 20 mg/mL) was provided by Chengdu
Huayi Drug Co (Chengdu, China). Its effectiveingredientsare
alkaloids extracted from Corydalis thalictrifolia Franch. and
Schnabelia oligophylla Hand.-Mazz. In this study, Y S was
diluted with sterile saline.

Animals

Male C57BL/6 miceweighing 22 to 25 g were purchased from
Vital River Co, Beijing, China. All mice were provided with
standard laboratory chow and water and housed in accordance
with ingtitutional animal care policies.

Experimental design

The micewererandomly assigned into five experimental groups
asfollows: (1) sham operation group, (2) I/R group (treated
with saline), (3) small-dose (5 mg/kg of Y S) treated group, (4)
middle-dose (10 mg/kg of Y S) treated group, (5) large-dose
(20 mg/kg of Y'S) treated group.

The model of partial hepatic ischemiaand reperfusion was
performed with published method*®. Briefly, 24 hand 1 h before
theinduction of ischemia, the mice received intraperitoneally
two times either sterile saline or Y S (5, 10 or 20 mg/kg). They
were anesthetized with sodium pentobarbital (60 mg/kg
intraperitoneally), then a midline laparotomy was performed
and an atraumatic clip was used to interrupt the arterial and the
porta venousblood supply to theleft lob of theliver. After 90 min
of partial hepatic ischemia, the mice again received either sterile
salineor YS (5, 10 or 20 mg/kg) viathelateral tail vein, and the
clip wasremoved initiating hepatic reperfusion. Sham control
mice underwent the same protocol, but without vascular
occlusion. Abdomen was sutured by two layerswith 4.0 suture.

In order to determine the proper reperfusion time point, we
assayed the alanine transaminase (ALT) levelsin the blood
samples obtained at different timepointsof 2, 4,6, 10and 24 h
of reperfusion following 90 min of ischemia, and found that the
blood ALT level reached the pesk at the end of 6 h of reperfusion
(data not shown). So the time point of 6 h of reperfusion was
chosen in this study. Mice were killed after 6 h of reperfusion
following 90 min of ischemia, and liver tissue (from theischemic
lob) and blood samples were taken for analysis.

Blood assay

Blood was obtained at the time of sacrifice. The plasma
concentrations of alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and lactate dehydrogenase (LDH) were
measured inaclinical laboratory as markers of hepatic damage.
Theserum levelsof TNF-a weredetermined by usingan ELISA
Kit (Jingmei Biotech Co, Shengzheng, China) according to the
maneufactors instructions.

Liveredema

The extent of liver edema was measured by tissue wet-to-dry
weight ratios. After dissection, liver samples were weighed
and then placed inadrying oven at 55 “C until aconstant weight
was obtained!*®, In this determination, liver edema was
represented by an increase in the wet-to-dry weight ratios.

Myeloperoxidase, superoxide dismutase and malondialdehyde
assay

Liver sampleswere homogenizedin 100 mmol/L Tris-HCI buffer
and centrifuged at 10 000 g for 20 min, and then liver
myel operoxidase (MPO), superoxide dismutase (SOD) and
malondialdehyde (MDA) contents were assayed by using assay
kits (Jiancheng Biotech Ltd, Nanjing, China), and the protein
contents were assayed by using assay kits (Bio-Rad, USA)

according to the maneufactors’ instructions.

Immunohistochemicassay

Tissue sampleswere fixed in 40 mg/L buffered formaldehyde
and embedded in paraffin. For immunohistologic analysis, 5
mmsections of paraffin-embedded liver tissues were cut, and
stained with primary anti-mouse mAbsagainst TNF-a (diluted,
1:500, Santa Cruz Biotech Co, Santa Cruz, CA) or ICAM-1
(diluted, 1:400, Santa Cruz Biotech Co, SantaCruz, CA). After
incubation, the sections were incubated with peroxidase-
conjugated goat anti-mouse 1gG. The bound peroxidase was
detected using 3,3' -diaminobenzidine.

Reverse transcription-polymerase chain reaction

Total RNA was extracted from liver tissue using SV Total RNA
Isolation System (Promega Co, Madison, WI, USA), according
to the manufacturer’ s instructions, and was quantified by UV
spectrophotometer. RNA (1 ng) was reverse transcribed and
amplifiedusing TaKaRaOne-Step RT-PCRKit (TaKaRaBiotech
Co, Dalian, China) at following RT-PCR conditions. 50 ‘C for
30min; 30cyclesat 95 °C for 1 min, 59 °C for 90s and 72 °C for
2min. Primersused in PCR reactionswere asfollows*®: TNF-a
sense (5’ -AGCCCACGTAGCAAACCACCAA-3") and
antisense (5' -ACACCCATTCCCTTCACAGAGCAAT-3'),to
give a446-bp product; ICAM-1 sense (5’ -TGGAACTGCA
CGTGCTGTAT-3 ) and antisense (5’ -ACCATTCTGTTC
AAAAGCAG-3'), to give a513-bp product; and b-actin
sense (5’ -CTGAAGTACCCCATTGAACATGGC-3') and
antisense(5' -CAGAGCAGTAATCTCCTTCTGCAT-3' ), togive
a672-bp product. PCR productswere stained with SYBR green
dye, electrophoresed in a20 g/L agarose gel, and photographed.
Digital photographs were assessed with image-analysis
software (Image-Pro Plus System, MediaCybernetics Co, USA)
and mRNA expressions were evaluated by the band intensity
ratios of TNF-a and ICAM-1 to b-actin and presented as
percentage of b-actin.

Statistical analysis

All data were expressed as mean+SD. Statigtical analysis was
performed by analysis of variance (ANOVA), and Student’ s
t test was used to compare individual group means. P values
less than 0.05 were considered statistically significant.

RESULTS

YS suppressed hepatic injury

Hepatic injury was assessed by measuring serum levelsof ALT,
AST and LDH. Undergoing 90 min of hepatic ischemiaand 6 h
of reperfusion caused dramatical increasesin serum ALT levels
compared with sham controls, from 157+60 U/L to 3670+463 U/L
(Figure1A). Administration of Y S at adose of either 5, 10 or
20 mg/kg reduced the serum ALT levels by about 6.6%,
51.6% and 68.1% respectively, and Y S at middie and large
doses (10 and 20 mg/kg) showed significant effects (Figure
1A). Measurement of AST and LDH values reflected similar
differences among the groups (Figure 1A, B), further
demonstrating the dose-dependent protective effectsof YS.

YS suppressed hepatic neutrophil recruitment and liver edema
Hepatic neutrophil recruitment was determined by liver MPO
content and liver edema was determined by tissue wet-to-dry
weight ratio. Hepatic ischemiaand 6 h of reperfusion caused
marked increases in liver MPO content compared with sham
controls (Figure 2A). In the presence of Y S (5, 10, 20 mg/kg),
liver MPO content was significantly reduced by about 49.1%,
52.7% and 63.6% respectively (Figure 2A). In addition,
administration of Y S also reduced the liver edemain adose-
dependent manner (Figure 2B).
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Figure 1 Effects of YS on hepatocellular injury induced by hepatic ischemia and reperfusion. After 90 min of ischemia and 6 h of
reperfusion, serum levels of ALT, AST (A) and LDH (B) were determined. YS at different doses (5, 10, 20 mg/kg) was injected
intraperitoneally 24 h and 1 h before ischemia and a third dose was injected intravenously just before reperfusion. For all groups,
n=8. "P<0.01 compared with sham group; ?P<0.01 compared with I/R group.
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Figure 2 Effects of YS on neutrophil recruitment (A) and liver edema (B) induced by 90 min of ischemia and 6 h of reperfusion. MPO
contents in liver tissues were analyzed as the index of neutrophil recruitment. Liver edema was determined by tissue wet-to-dry
weight ratio. YS at different doses (5, 10, 20 mg/kg) was injected intraperitoneally 24 h and 1 h before ischemia and a third dose was
injected intravenously just before reperfusion. For all groups, n=8. °P<0.01 compared with sham group; °P<0.05, “P<0.01 compared

with 1I/R group.
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Figure 3 Effects of YS on SOD (A) and MDA (B) levels in liver tissues. After 90 min of ischemia and 6 h of reperfusion, liver tissues
were homogenized and assayed for SOD and MDA levels as the index of hepatic oxidative stress. YS with different dose (5, 10, 20 mg/kg)
was injected intraperitoneally 24 h and 1 h before ischemia and a third dose was injected intravenously just before reperfusion. For
all groups, n=8. "P<0.01 compared with sham group; °P<0.05, “P<0.01 compared with I/R group.
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YS reduced oxidative stress

Hepaticischemiaand 6 h of reperfusion caused marked decrease
in liver SOD activity (Figure3A) and resulted in remarkable
increasesin liver MDA content compared with sham controls
(Figure 3B). Inthe presence of Y Sat dosesof 5, 10 and 20 mg/kg,
theliver SOD activitieswere e evated by about 26.6%, 33.6% and
54.8% respectively, and liver MDA content reduced by 28.6%,
35.2% and 39.6% respectively, both in a dose-dependent manner.

YS reduced TNF-a in serum and ICAM-1 on liver tissues

Hepatic ischemiaand 6 h of reperfusion markedly increased the
levels of TNF-a in sera (Figure 4). Administration of YS at
different doses of 5, 10 and 20 mg/kg significantly reduced the
serum levels of TNF-a by about 48.2%, 57.3% and 70.9%
respectively (Figure 4). The over-expressions of TNF-a and
ICAM-1 on liver tissues after I/R were demonstrated by
immunohistochemical assay (Figure 5A, B; Figure 6A, B). In
the presence of Y S (20 mg/kg), hepatic ischemialreperfusion-

80 induced increasesin TNF-alphaand ICAM-1 expression were
b dramatically suppressed (Figure 5C; Figure 6C).
= 60
£ YS reduced hepatic mRNA expression of TNF-a and ICAM-1
& 40t c To determine the expressions of proinflammatory mediators
N and adhesion molecules, mRNA transcripts for TNF-a and
g 200 ICAM-1 were assessed. RNA extracts from livers undergoing
90 min of ischemia and 6 h of reperfusion were analyzed by
reverse transcription PCR. Furthermore, the band intensity
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Figure 4 Effects of YS on serum levels of TNF-a analyzed by
enzyme-linked immunosorbent assay. Mice were subjected to
90 min of ischemia and 6 h of reperfusion. Saline or YS with differ-
entdose (5, 10, 20 mg/kg) was injected intraperitoneally 24 h and
1 h before ischemia and a third dose was injected intravenously
just before reperfusion. For all groups, n=8. °P<0.01 compared
with sham group; °P<0.05, P<0.01 compared with I/R group.

ratios of TNF-a and ICAM-1 to b-actin were evaluated and
presented as percentage of b-actin, and were compared among
sham, I/R and Y S-treated groups. Hepatic ischemia and
reperfusion remarkably increased mMRNA expression of TNF-a
(Figure7A) and ICAM-1 (Figure 7B), repectively. Adminigiration
of YSat doses of 5, 10 and 20 mg/kg significantly abrogated
hepatic ischemialreperfusion-induced increasesin TNF-a and
ICAM-1 mRNA expression (Figure 7A, B). The comparison of
band intengity ratios of TNF-a and ICAM-1to b-actinin sham,
I/R and Y S-treated groups demonstrated that Y S treatment at
doses of 5,10 and 20 mg/kg effectively suppressed the
evaluation of TNF-a and ICAM-1 mRNA expressonin adose-
dependent manner (Figure 7C, D).
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Figure 5 Immunohistochemical assay of TNF-a on liver tissue. Compared with sham control (A), the expression of TNF-a was
highly up-regulated by 90 min of ischemia and 6 h of reperfusion (B), and the up-regulation of TNF-a expression was markedly
inhibited by YS (20 mg/kg) (C). Original magnification: x400.
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Figure 6 Immunohistochemical assay of ICAM-1 on liver tissue. Compared with sham control (A), the expression of ICAM-1 was
highly up-regulated by 90 min of ischemia and 6 h of reperfusion (B), and the increase of ICAM-1 expression was dramatically
inhibited by YS (20 mg/kg) (C). Original magnification: x400.
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Figure 7 RT-PCR analysis of TNF-a (A) and ICAM-1 (B) mRNA expression in the liver tissues. b-actin was used as control. Mice
were subjected to 90 min of ischemia and 6 h of reperfusion. Saline or YS with different dose (5, 10, 20 mg/kg) was injected
intraperitoneally 24 h and 1 h before ischemia and a third dose was injected intravenously just before reperfusion. Liver RNA
extracts were analyzed by reverse transcription PCR and stained with SYBR green dye. M: marker; Lain 1: sham control; Lain 2: I/R
group; Lain 3-5: 5, 10 and 20 mg/kg of YS treated groups. The band intensities of TNF-a (C) and ICAM-1 (D) in sham, I/R and YS-
treated groups were compared. One representative experiment from three performed is shown. °P<0.01 compared with sham

group; °P<0.05, P<0.01 compared with 1/R group.

DISCUSSION

Ischemia-reperfusion (I/R) is an unavoidable processin liver
transplantation. A major disadvantage of this event is an acute
inflammatory response that may cause significant organ damage
or dysfunction. Inflammatory organ injury isaprimary concern
after liver transplantation™. Previous studies have identified
many of the mediators involved in the pathogenesis of hepatic
ischemialreperfusion injury*®. Among them, ROS, TNF-a,
ICAM-1 and neutrophil are central to this process®*9.

After warm ischemia, ROS produced at the moment of
reperfusion activated and promoted the adhesion of leukocytes
to microvascular endothelium??, Previous studies suggest that
free radicals formed during reperfusion are involved in the
mechanism of graft failurefollowing liver transplantation in the
rat?. Moreover, oxidative stressis found to have sustained
for along time after clinical liver transplantation??, and linked
with primary graft nonfunction. Furthermore, studies of lung®
and renal® transpl ant recipients have suggested that oxidative
stress may predispose grafts to acute and chronic rejection. On
the other hand, treatment of ROS-scavenging enzymes, such as
SOD, can prevent the largeincreasein MPO activity (anindex of
tissue neutrophil count) associated with ischemia-reperfusion®,
reduce hepatic oxidative stress, and effectively protect liver againgt
ischemia-reperfusion injury and transplanted liver failure®2,

Resaultsin this sudy showed that treatment of Y Sat different
doses of 5, 10 and 20 mg/kg elevated the liver SOD activities
and reduced the hepatic MDA contents in a dose-dependent
manner (Figure3A, B), demongtratingY S effectsto reducethe
oxidative stress caused by hepatic warm ischemia/reperfusion
and attenuate subsequent organ damages (Figure 1A,B).

TNF-a produced by activated Kupffer cellsisthought to play
acentra roleintheinitial phase of ischemialreperfusion injury!™.
Previous studies have showed that TNF-a caused overexpresson
of adhesion molecules on both endothelid cells and leukocyted?!;

had multiple effects on neutrophil activity, including increased
ROS generation®¥; increased neutrophil aggregation and
adhesion to endothelial cellg®Y; and resulted in hepatocyte
necrosis® or apoptosig®*34, On the other hand, recent studies
have demonstrated that neutralization with specific monoclonal
antibodiesagaing TNF-a beforeischemiainduction canamdiorate
apoptosis and attenuate postischemic hepatic injury!™!.
Administration of Y Ssignificantly reduced the serum levels
of TNF-a (Figure4) and the TNF-a expression on liver tissues
(Figure 5), and this effect was confirmed by RT-PCR analysis
on TNF-a mRNA inliver tissues(Figure 7A, C). ThismeansY S
treatment can effectively reduce the release of TNF-a through
suppressing the overexpression of TNF-a mRNA caused by
hepatic ischemia/reperfusion, and attenuate subsequent insult
events mediated by overexpression of TNF-a, such as up-
regulation of adhesion molecules and neutrophil recruitment.
Normdly, ICAM-1isweekly expressed on portd and hepatic
endothelium, but in acute rejection and ischemia/reperfusion
thereisover-expression of ICAM-1 on bile ducts, endothelium,
and perivenular hepatocytes?®?”, ICAM-1 is found to be a
potent specific indicator of rejection and may be useful in
predicting which patient will progresstoirreversible rejection®?.
It has been found that TNF-a can directly up-regulate the
expression of ICAM-1 in both lung and liver after hepatic
ischemia/reperfusion injury!”, and the over-expression of ICAM-
1 may result in the adhesion and transmigration of neutrophils
from the vascular lumen into tissue parenchyma®, ultimately
leading to tissue injury and organ dysfunction!*®. Furthermore,
blockade of TNF-a decreases hepatic expression of the adhesion
molecule ICAM-1 aswell asliver neutrophil recruitment!™.
Treatment with Y S effectively suppressed the overexpression
of ICAM-1 on liver tissue (Figure 6) and abrogated hepatic
ischemia/reperfusion-induced increase in ICAM-1 mRNA
expression (Figure 7B). Asaresult, the neutrophil recruitment
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was effectively reduced by Y Streatment (Figure 2A) and the
liver edemawas attenuated aswell (Figure 2B).

Insummary, Y Streatment significantly reduced the oxidative
stress, the overexpression of TNF-a and ICAM-1, and the
neutrophil recruitment associated with hepatic ischemia/
reperfuson, andfindly effectively protected liver againg ischemia/
reperfusoninjury. Thisdrug would beauseful tool for preventing
liver dysfunction or failure caused by hepatic ischemialreperfusion
injury inliver surgery and liver transplantation.
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