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epatic ischemia/reperfusion injury (IRI) is a com鄄

nisms of liver injury caused by I/R resemble those ob鄄

mon pathological process of traumatic surgical

served in other organs that are transiently deprived of

diseases in the liver, such as severe liver trauma, ex鄄

oxygen. These mechanisms involve a series of events

tensive hepatic lobus excision,

liver transplantation,

that include Kupffer cells (KCs) activation, cytokine

shock and infection . It can cause a series of injuries

release, neutrophil activation, increased expression of

on metabolism, structure, and function in hepatic tis鄄
sues and cells, and even liver function failure. It is al鄄

adhesion molecules, sinusoidal endothelial cell death,
and hepatocyte injury [2]. Among these, the activation

so one of the major factors influencing the prognosis,

and the excessive release of cytokine in KCs play a

operative success and survival of patients. The mecha鄄

major role.

[1]

Prostaglandin E1 (PGE1) is a pulmonary and sys鄄

temic vasodilator with anti-inflammatory properties [3].
Studies
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show that PGE1 have beneficial effects on

liver injury after ischemia/reperfusion and can depress
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[4,5]

of the rats during the liver transplantation.

But the

complex mechanisms are unclear until now. We postu鄄
late that PGE1 might have beneficial effects on inflam鄄
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matory responses through restraining the KCs activa鄄
tion. In order to test this hypothesis, we establish a

Male Sprague Dawley rats weighing 250 ~300g

model of rat hepatic ischemia/reperfusion injury at the

were used in the study. They were obtained from the

room temperature, isolate the KCs at different times,

Experimental Animal Center of the Xi鸳an Jiaotong U鄄

that is, 1h, 6h, 12h and 24h after the onset of reperfu鄄
sion, to evaluate whether PGE1 attenuates the release

niversity. All animals were housed in a macroion cage

of some cytokines (TNF-琢, IL-1茁 and MCP-1) from

dark cycle.

KCs,

protection mechanism against ischemia/reperfusion in鄄

chow and fasted over night before the experiment with
Care was provided in ac鄄
water allowed

jury.

cordance with the procedure outlined in the "Guide for

which is probably an important factor in the

in rooms maintained at 22~24益 using a 12/12-h light/
The animals were given a standard rat

the care and use of Laboratory Animals" (NIH publi鄄
cation No.85-23, revised 1996). The study was ap鄄
proved by the subcommittee on research animal care
Prostaglandin E1 was obtained from Harbin White

at our institution.

Swan Pharmaceutical Co., Ltd (China). Type 郁 colla鄄

genase, percoll and MCP-1 polyclonal antibody were
purchased from Sigma, Inc (America). Triozol was
from Invitrogen, Inc (America). RNA PCR Kit and
DNA Maker were purchased from TaKaRa Biotech鄄
nology (Dalian) Co., Ltd (China). Lysozyme polyclon鄄
al antibody and SABC kit were produced by Wuhan
Boshide Biological Engineering Co.,Ltd, (China).
TNF -琢 and IL -1茁 ELISA kit was obtained from
Shanghai Sengxiong Biotech Industry Co.,Ltd,(China).

Comparison of TNF -琢 production in supernatant of

Seventy-two SD rats were divided at random into
three groups:
group),

the sham operation group (control

the ischemia/reperfusion injury group (IRI

group) and the PGE1 treatment group (PGE1 group).

The trial rats were starved for 12 h but were allowed
water.

The model of the partial warm hepatic

ischemia/reperfusion was based on the Nauta et al
method [6]. In the experiment, the rats were anesthetized
with aether. For the control group and the IRI group,

Comparison of IL -1茁 production in supernatant of

KCs. (n=6, mean依S.E)

KCs. (n=6, mean依S.E)

In the IRI group, the TNF-琢 level in the supernatant was in鄄

The concentrations of IL -1茁 were significantly increased with

creased with time, and reached the maximum (230.6依26.3 滋g/L)

time, reaching its maximum (189.8依13.13滋g/L) at 6h following

at 6 h following reperfusion ( <0.01). But in the PGE1 group,

reperfusion ( <0.01). Significant decreases were observed in the

the production of TNF -琢 was obviously inhibited compared

PGE1 group when compared to the IRI group ( <0.01)

with that in the IRI group ( <0.01).
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3mL saline containing heparinate (125U/mL) were in鄄
jected through the penile vein.
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read by an ELISA reader (EL800) at 450 nm.

The rats in the PGE1

group were injected with 3mL saline containing PGE1

(50滋g/kg) and heparinate (125U/mL). The liver was
exposed by a midline incision.

The left lateral and

Immunohistochemical staining of KCs was per鄄

median hepatic lobes were occluded with a microvas鄄

formed with the strept- avidin-biotin-peroxidase com鄄

cular clamp for 45 min.

After 45 min of ischemia,

plex (SABC) method. PBS takes the place of MCP-1

reperfusion was induced by removing the vascular

anti-body as the negative staining control. By using an

clamp.

image analysis system, the values of the mean optical

The sham control rats underwent the same

density were measured under the same magnification

treatment, but without vascular occlusion.

(original magnification伊400).
KCs were isolated 1h, 6h, 12h and 24h after the
reperfusion by a collagenase perfusion technique de鄄
scribed by Knittel et al [7]. Briefly speaking, the liver
was perfused for 30 min with D -Hanks containing
0.01%EDTA and removed to smash by scissors. The
resulted stuff was digested for 45 min in a solution of
0.5g/L type 郁 collagenase and was filtered through

Total RNA was isolated from rat KCs by using Tri鄄
zol reagent. One microgram of RNA was reverse-tran鄄
scribed to complementary DNA by using RNA PCR
Kit according to the manufacturer鸳s instructions. The

200-mesh strainer. The filtrate was washed thoroughly
and suspended in 3mL PBS, layered on 3mL 25% per鄄
coll solution and 3mL 50% percoll solution,

cen鄄

trifuged at 2500r/min for 25 min to pellet the cells.
The freshly isolated cells were suspended in DMEM~
medium supplemented with 25mM HEPES, 10% fetal
bovine serum,

penicillin (100U/mL),

streptomycin

(100滋g/mL), and L -glutamine (2mM). Cell suspen鄄
sions (4mL, 8伊106cells) were plated on 60-mm culture
dishes and maintained in an incubator at 37益 in a hu鄄
midified atmosphere of 90% air-10% CO2 for 1h. The

supernatants were discarded and the adherent cells
were incubated for 4h. The cellular components of ad鄄

Immunohistochemical staining of MCP-1 in KCs in
IRI group at 12h interval (SP伊400)

herent cells were examined by Lysozyme immunohis鄄
tochemical staining to determine the percentage of
KCs. The percentage of KCs in the adherent cells was
over 90%. The cells were counted after the trypan blue
exclusion. The viability of the cells was over 90% in
the adherent cells. The KCs and supernatants in all the
groups were collected and stored in the refrigeration at
-70益 for subsequent analysis.

TNF-琢 and IL-1茁 in the supernatants were mea鄄
sured by ELISA kits.

The concentrations of TNF -琢

and IL-1茁 were estimated,

based on the absorbance

The synthesis of MCP-1 protein in KCs tested by
immunohistochemical(n=6, mean依S.E)
** <0.01 as compared with IRI group
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an initial denaturation step at 94益 for 3 min, and a fi鄄
nal extension at 72益 for 5 min by using PTC -100
(MJ Research, Inc. U.S.A.).The PCR amplification cy鄄
cling conditions were 94益 30s, 55益 30s, 72益 30s, 40
cycles for MCP-1; 94益 30s, 53益 30s, 72益 30s, 35

cycles for GAPDH. Following RT-PCR, 5 滋L samples
of amplified products were resolved by electrophoresis

Expression of MCP-1 mRNA in KCs tested by RTPCR
PCR products were electrophoresed on agarosegels and pho鄄
tographed. The track numbered 1 is for the control group, num鄄

in 1.5% agarose gel, and stained with ethidium bro鄄
mide.

The intensity of each PCR product was semi鄄

quantitatively evaluated by using the labworks analysis
software (UVP, Inc, Upland, CA, U.S.A.).

bered 2 for the IRI group and 3 for the PGE1 group.

Results are expressed as mean依S.E. Statistical cal鄄
culations were done by using the SPSS10.0 software
package. One-factor analysis of variance was applied
in order to establish whether the differences among the
three groups were statistically significant. In all the
< 0.05 were considered to be statistically sig鄄
cases,
nificant.

Quantitative date of MCP -1mRNA levels (n =6,
mean依S.E)
* <0.05 as compared with IRI group, ** <0.01 as compared
with IRI group.
Quantitative data of MCP -1mRNA levels were represented
by the ratio of relative absorbance and expressed as mean依SD.
The expression of MCP-1 mRNA significantly increased in the
IRI group compared with that in the control group ( <0.01), and

As shown in the Figure 1 and Figure 2, the con鄄
centrations of TNF-琢, IL-1茁 were significantly in鄄
creased with time, reaching its maximum at 6 h fol鄄
lowing reperfusion

( <0.01).

Significant decreases

were observed in the PGE1 group when compared to
the IRI group ( <0.01)

in the PGE1 group it slightly declined compared with the IRI
group ( <0.05), but was still significantly higher than that in the
control group ( <0.01).

Immunohistochemical studies (Figure 3) showed
MCP -1 did not or weakly expressed in the control

PCR primers were synthesized on the basis of Gen鄄
Bank data. The primers were chemically synthesized
by using DNA synthesizer (Tiangen Biotech Co., Ltd,
Beijing China). Their sequences were 5 -CCAAT鄄
GAGTCGGCTGGAGAA -3,
5 -GCTTGAGGTG鄄
GTTGTGGAAA-3 for MCP-1,

and 5 - CATAGA鄄

CAAGATGGTGAAGG -3 ,5 - TCCACAGTCTTCT鄄
GAGTGGC -3for GAPDH. All the PCR reactions had

group. Its expressions in the IRI group had a signifi鄄
cant increase at 6h, 12h and 24h interval ( <0.01),
which were contrary to the control group,

but there

were no difference at 1h interval ( >0.05). The levels
of MCP-1 protein lessened in the PGE1 group at 6h,

12h and 24h intervals when compared with the IRI

group渊 <0.01冤, but there was no difference at 1h in鄄
terval ( >0.05).
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Kupffer cells are both a target and a source of
showed that KCs

chemokines. Therefore, we examined the expression of

from the control group had low but detectable levels

MCP -1 in Kupffer cells following ischemia/reperfu鄄

of MCP-1 mRNA. The mRNA level was significantly

sion injury. The MCP-1 proteins were not detected by

increased with time, reaching its maximum at 6 h fol鄄

immunohistochemical staining in the cells of the con鄄

lowing IR, and slightly declined 24 h after I/R, but

trol group and the cells at 1 h following reperfusion.

was still significantly higher than that in the control
group ( <0.01). However, in the PGE1 group, these

Likewise, synthesizing of MCP-1 mRNA in the cells

changes were significantly inhibited by the treatment

sion injury, expression of MCP-1 protein and mRNA

of PGE1 ( <0.01).

significantly increased.

RT -PCR analysis (Figure 4)

of the control group was not active. Following reperfu鄄
This may indicate that the

genes MCP-1 are inactive in unactivated Kupffer cell.
Some inflammatory factors stimulate MCP-1 gene in
Kupffer cells during the reperfusion injury. This find鄄

Kupffer cells,

the most multitude resident

macrophage in corpora,

play a central role in

mediating liver after ischemia/reperfusion. Being their
topological localization within the liver sinusoids, they
represent the first line of defense against viruses
entering the liver through the portal circulation.

The

functions of Kupffer cells are activated by a variety of
particles and substances, including viruses, bacterial,
lipopolysaccharide (LPS), muramyl dipeptide, gamma
interferon, and tumor necrosis factor alpha (TNF-琢).
The phagocytosis of parasites by Kupffer cells is
accompanied by the release of proinflammatory
cytokines that act primarily as a paracrine signal on
neighboring hepatocytes and induce chemotaxis and
aggregation of neutrophils. Furthermore, Kupffer cells
express class II major histocompatibility complex
molecules,

as well as processing and presenting
Therefore, Kupffer cells are the main

antigens. [8]
sources of cytokine and chemokine formation during

ing is in agreement with that of the research by
Bukara M et al [15]. The roles of MCP-1 in the patho鄄
logical process of hepatic ischemia/reperfusion injury
are not well known.

But previous study has proved

MCP -1 can induce mononuclear macrophage to se鄄
crete TNF -琢 and IL -1茁

.

[16]

Therefore we suppose

MCP-1 may play a negative role in the Kupffer cell
activation following hepatic ischemia/reperfusion in鄄
jury.
In the present study we find that hepatic ischemia/
reperfusion injury is related with the increased toxic
amounts of TNF-琢 and IL-1茁 released from activated
Kupffer cells. Each of these inflammatory factors is in鄄
volved in the pathogenesis of liver injury. TNF-琢 and
IL-1茁 appear to be a key mediator of the inflammato鄄
ry response in Kupffer cells, and it functions as a sur鄄
vival factor in hepatocytes under certain physiological
conditions, for example, liver regeneration. Conse鄄
quently, suppression of TNF-琢 and IL-1茁 activity can

the reperfusion period.

have beneficial or deleterious effects depending on the

Chemokines are members of a large and expanding
family of proteins that interfere with normal (leuko鄄

dence that activated Kupffer cells produce toxic medi鄄

condition being studied. Our study has presented evi鄄

cyte homing, hematopoiesis, angiogenesis) and patho鄄

ators during the process of hepatic ischemia/reperfu鄄

logical (inflammation, HIV-1 infection, atherosclero鄄
sis) processes [9~13]. Depending on the positioning of the

and IL -1茁 bioactivity after hepatic ischemia/reperfu鄄

cysteine residues, chemokines are classified as C, CC,
CXC and CX3C chemokines. MCP-1 is from the CC
(cysteinecysteine) chemokine subfamily. These soluble
factors are involved in the regulation of cell-mediated
immunity [14]. MCP -1 is produced by monocytes,
macrophages,

lymphocytes,

and other cell types.

sion injury.

The mechanism of induction of TNF -琢

sion is complex.

To make the most of its function,

TNF-琢 needs the participation of other inflammatory
cytokine including IL-1 and IL-12. Likewise, TNF-琢
can evoke the release of IL-1 from Kupffer cells and
vice versa.[17] Studies show that LPS, IL-1茁 and TNF琢 can induce the expression of MCP-1

. On the

[18,19]
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the high expression of MCP -1 activates

mononuclear macrophage to release superoxide anion
and lysosomal enzyme, and to produce TNF-琢, IL-1茁
and other inflammatory factors

. Therefore, TNF-琢尧

[16]

IL -1茁尧MCP -1 and other inflammatory factors com鄄
pose a complicated cytokine network and the hepatic
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