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Abstract: Introduction: Intercellular adhesion molecule-1 (ICAM-1), a member of the immunoglobulin-gene-
superfamily, is constitutively expressed on vascular endothelium and mediates leukocyte-endothelial cell interaction.
Lipopolysaccharides (LPS) or endotoxin activates complement and signalling mechanisms in both macrophages and
endothelial cells to produce inflammatory mediators. These mechanisms stimulate ICAM-1 induction. Ischaemia
reperfusion inury induces the same reaction like LPS. Objective: To investigate ICAM-1 expression on sinusoidal
endothelial cells (SEC’s) in normal rat liver after induction of sepsis, ischaemia (warm and cold), Ischaemia/reperfusion
injury on both ischaemic and non ischaemic liver lobes. Methodology: Male Sprague Dawley (SD) rats weighing 200-
250g were used in the experimental studies. All experiments were non recovery. We designed three experimental
models. Induction of sepsis model, in situ warm ischaemia reperfusion, and cold ischaemia models. Results &
conclusion: Treated animals with LPS had intense expression of ICAM-1 in both SEC's and hepatocytes. Warm
ischaemia over 45min produced marked ICAM-1 expression on SEC’s, this expression bacame more intense after a
different period of reperfusion. However, cold ischaemia up to 8hrs has no significant effect of ICAM-1 expression.
Reperfusion of the post cold ischemic liver resulted in significant upregulation of ICAM-1 expression. In conclusion,
according to the results in this study which showed the up regulation of ICAM-1 expression as a secondary to the
inflammatory process which strats immediately after the ischaemic injury and increased after ischaemia/reperfusion
injury.
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1. Introduction cellular compartments, both releasing and responding

Intercellular adhesion molecule-1 (ICAM-1), a to a variety of potent mediators, such as cytokines and
member of the immunoglobulin-gene-superfamily, is oxygen drived-free radicals.”'’ The understanding of
constitutively expressed on vascular endothelium and this complex interaction is of major interest not only
mediates leukocyte-endothelial cell interaction by to extend knowledge on the pathophysiology of
binding to the beta-integrins CD11a/CD18 (LFA-1) hepatic ischaemia/reperfusion injury but also to
and CD11b/CD18 (Mac-1) 2. establish novel therapeutic approaches counteracting

Inflammatory reaction results in a rapid the manifestation of tissue injury.®
upregulation in ICAM-1 expression on endothelial Lipopolysaccharides (LPS) or endotoxin has
cells.” The central event in the inflammation reaction been shown to be responsible for the pathophysiology
is the activation of circulating leukocytes which must associated with gram-negative sepsis.''® LPS
first adhere to endothelial cells, then migrate between activates complement and signalling mechanisms in
adjacent endothelial cells and finally move through the both macrophages and endothelial cells to produce
extra cellular matrix to perform effector functions inflammatory mediators.'*" The hepatic
(leukocyte-endothelial cell interaction.*’ macrophages, the Kupffer cells (Kc) release a large

Ischaemia and reperfusion of the liver is number of these inflammatory mediators and are
associated with transient hepatic dysfunction, considered the major source of circulating mediators
presumably due to the high susceptibility of the liver e.g. tumour necrosis factor (TNF-a), interleukins (IL-
to ischaemia and cell injury additionally induced by 1, IL-6 and IL-8) and reactive free radicals or their
reperfusion.’ The mechanism involved in the precursors.'® All of these substances may directly
development of ischaemia/reperfusion  hepatic and/or indirectly affect hepatic parenchymal and
disorders have to be considered as complex in nature sinusoidal endothelial cells (SEC's) as well as
based on the direct interaction of intravascular blood circulating blood elements resulting in an
cells, i.e. leukocytes and platelets, with non inflammatory response and tissue injury. The initial
parenchymal cells, i.e. endothelial and Kupffer cells, manifestation of this injury is characterised by

and indirect communication between the different
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endothelium with increased

11,16

activation of the
adhesiveness for leukocytes and platelets.

Oxidative stress is defined as an increase in the
production of reactive oxygen species which has been
related to ischaemia/reperfusion injury.'” It was shown
that reperfusion of the ischaemic isolated rat liver
produces sufficient quantities of reactive oxygen
species to produce structural cell damage.' This event
called a vascular oxidant stress, has been identified as
being generated by the resident macrophages of the
liver (Kc)."” Reactive oxygen species generated during
reperfusion has been implicated by numerous
pharmacological intervention studies to be involved in
hepatic reperfusion injury."®* Reduced glutathione
(GSH) is one of the components of the UW solution
and it is important in cellular defence against
oxidative stress.”' Induction of ischaemia of rat liver
for 90 min resulted in decrease of 18.3% of reduced

glutathione. Subsequent reperfusion for 60 min
resulted in marked decrease in  reduced
glutathione.”* Hypothermic preservation of rat

hepatocyte in modified UW solution (no GSH) for
24hrs resulted in more than 50% loss of intracellular
GSH. The addition of GSH (3 mmol/L) to the UW
solution improves the viability of hepatocytes stored
more than 48hrs, as was assessed by measuring ATP
content and cellular membrane integrity.*

The Objectives of this study are: To investigate
ICAM-1 expression on normal rat liver cells (SEC's
and hepatocytes) and after induction of sepsis.
Invetigate the effect of ischaemia (warm and cold) and
Ischaemia/reperfusion injury on ICAM-1 expression
on both ischaemic and non ischaemic liver lobes.

2.Methodology
Animals

Male Sprague Dawley (SD) rats weighing 200-
250g were used in the experimental studies. The
animals had free access to a standard diet and tap
water prior to the experiment. All experiments were
non recovery and were carried out at Experimental
Unit, Theodor Bilharz Reasearch Institute from
October 2010 — June 2011. Tissue biopsies were
analysed and processed for ICAM-1 assessment as
previously reported. '

Experimental groups
a) Induction of sepsis
Group1 : normal control
Group2 : saline group

Group3: treated group (injection of LPS
intraperitoneal)
b) In situ warm ischaemia and

ischaemia/reperfusion
Groupl :sham operation for two hours
Group2 : 30min. ischaemia
Group3 : 45min. ischaemia.
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Group4 : 60min. ischaemia.

Group5 : 90min. ischaemia.

Group6 : 105min. ischaemia.

Group?7 : 120min. ischaemia.

Group8 : 30min. ischaemia followed by 60min.
reperfusion.

Group9 : 45min. ischaemia followed by 60min.
reperfusion.

Group 10: 60min. ischaemia followed by 60min.
reperfusion.

¢) Cold ischaemia and cold ischaemia followed by
warm reperfusion.

Group 1 : Ohr cold storage time

Group 2 : 8hr cold ischaemia

Group 3 : 16hr cold ischaemia

Group 4 : 24hr cold ischaemia

Group 5 : Ohr cold ischaemia/60min reperfusion.
Group 6 : 8hr cold ischaemia/60min reperfusion.
Group 7 : 16hr cold ischaemia/60min reperfusion.
Group 8 : 24hr cold ischaemia/60min reperfusion.

Surgical procedures

Three different non-recovery animal models
were used in this study. Wedge liver biopsies were
taken in all models. Laparotomy was carried out via a
midline ventral abdominal skin incision. Blood supply
(portal and arterial) to the left and median hepatic
lobes were identified.

Animal body temperature (BT), heart rate
beat/min (HR, bpm) and tissue oxygen saturation (O,
sat.) were continuously monitored during the
experimental procedure.

a) Induction of septic shock model

Experiment conducted on 18 Sprague Dawley
(SD) male rats (200-250 g) in three groups of 6
animals each were used in this model. In the first
group (normal control group) animals underwent
laparotomy under general anaesthesia and liver
biopsies were taken. In the second group 5 ml/kg body
weight of normal saline was injected intraperitoneally.
In the third group 5 mlkg body weight of
lipopolysaccharides  (LPS) was  administered
intraperitoneally to induce sepsis like effect.'’ Saline
and LPS were injected without anaesthesia and there
was no mortality in either groups after the injection. In
the saline and the treated groups liver biopsies were
taken 3 hours after the administration of either LPS or
saline.

b) In situ warm
ischaemia/reperfusion (I/R)

In situ warm ischaemia was induced by complete
occlusion of the blood supply (arterial and portal) to
the left and median hepatic lobes using a vascular
clamp for different time periods. In the I/R groups
subsequent reperfusion was obtained by releasing the
clamp for 60 minutes. Liver biopsies were taken
immediately following laparotomy (baseline biopsy),

ischaemia and
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post-ischaemia and post-reperfusion from the
ischaemic lobe (left lobe). Additional post-reperfusion
biopsies were taken from the non-ischaemia lobe
(right lobe) to investigate the systemic effect of
reperfusion injury on ICAM-1 expression in this lobe.
¢) Isolated perfused rat liver (IPRL)

Livers were retrieved from rats. After
hepatectomy livers were stored in cold UW solution
for different periods (0, 8, 16 and 24 hours). At the
end of cold storage time, livers were perfused in non-
recirculating technique. Liver biopsies were taken on
laparotomy (baseline), after cold storage, and at the
end of reperfusion time.

Investigation of ICAM-1 expression

In all models liver biopsies were snap frozen in
liquid nitrogen and processed for ICAM-1 expression.
ICAM-1 expression on sinusoidal endothelial cells
(SEC's) and hepatocytes was assessed by light
microscopy without the knowledge of the treated
groups. The staining intensity on sinusoidal
endothelial cells (SEC's) and hepatocytes was scored
semiquantitatively as reported in previous studies.'>*"
* According to stain intensity ICAM-1 expression
was graded into four categories, no or faint stain of
ICAM-1, mild, moderate and intense ICAM-1
staining, these grades were scored from 0-3
respectively.”” Plates 1, 2, 3 and 4.

Plate 1. Faint ICAM-1 staining (light brown
pigmentation) on SEC’s in normal rat liver (X100).

Plate 2. Mild ICAM-1 staining (brown pigmentation)
on SEC’s (X100).
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Plate 3. Moderate ICAM-1 staining (brown
pigmentation) on SEC’s, no staining was observed on
hepatocytes (X100).

Plate 4. Intense ICAM-1 staining (brown
pigmentation) on SEC’s and hepatocytes (X100).

3. Results

In all experiments there was no animal death
during the experimental protocol. There were no
differences between groups in HR, BT and O, sat.
during the conduction of the experiments.

Effect of intraperitoneal injection of LPS toxin on
ICAM-1 expression

The results are summarised in table 1. Sections
from normal controls (group 1) showed that 67% of
the animals had no ICAM-1 expression. In 33% there
was mild ICAM-1 expression on sinusoidal
endothelial cells (SEC's), but no ICAM-1 expression
on hepatocytes was observed.

ICAM-1 expression was similar in the saline
treated group with 50% animals showing no ICAM-1
expression, and the other 50% mild expression on
SEC's. Again there was no hepatocyte expression of
ICAM-1.

In group 3 (LPS group) all treated animals
(100%) had an intense ICAM-1 expression on the
SEC's and hepatocytes. ICAM-1 expression had a
score of 3.
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There was a significant up regulation of ICAM-1
expression in group 3 when compared with groupl

and group 2, p<0.0001 (one way analysis of
variances).

Table 1. ICAM-1 expression in normal rat liver and after intraperitoneal injection of saline and LPS. Results are

expressed as Mean+SE.

Groups

ICAM-1 expression

Groupl (normal control)
Group2 (saline group)
Group3 (LPS group)

0.3310.21
0.510.22
2.83+0.17

Effect of warm ischaemia on ICAM-1 expression.

In between groups there were no differences on
ICAM-1 expression in baseline liver biopsies.

Warm ischaemia for 30 min did not induce
ICAM-1 expression on SEC's. However warm
ischaemia for 45 min or more did produce sufficient
induction of ICAM-1 on SEC's.

In these ischaemic groups ICAM-1 expression
was limited on the SEC's, no expression was observed
on the hepatocytes.

There was also significant difference in ICAM-1
expression in the post ischaemia groups 3,4, 5, 6 and 7
when compared with the expression in the sham
operated group, p<0.05 (one way analysis of
variances). Results summarised in Table 2.

Table 2. Baseline ICAM-1 expression and following warm ischaemia. Results are expressed as Mean£SE and P value.

Warm ischaemia period Base line Following warm ischaemia p value
Sham operated (group1) 0.17+0.17 0.50+0.22 ns (not significant)
30min 2) 0.17£0.17 0.50+0.34 ns

45min 3) 0.331£0.21 1.00£0.29 <0.05
50min “) 0.331£0.21 1.33+0.21 <0.05

J0min 5) 0.171£0.17 1.50+0.34 <0.05
105min (6) 0.17£0.17 1.50+0.22 <0.05
120min (7) 0.17+0.17 1.67+0.33 <0.05

Effect of warm ischaemia/reperfusion on ICAM-1
expression

a) Effect of ischaemia/reperfusion injury on the
ischaemic lobe (left hepatic lobe)

With 30min of warm ischaemia followed by 60min
reperfusion (group8), 45min I/R and 60min I/R (groups
9 & 10) there was a significant increase in ICAM-1
expression on SEC's when compared with baseline
biopsies in each group, p<0.05.

In these groups ICAM-1 expression was moderate-
intense on SEC's and hepatocytes.

There was a significant up regulation in SEC's
ICAM-1 expression in the post reperfusion groups when
compared with the sham operated group, p<0.0001 (one
way analysis of variances). The results are summarised
in table 3.

There was also significant difference in ICAM-1
expression after ischaemia/reperfusion when compared
with the expression after warm ischaemia only.

Table 3. ICAM-1 expression at baseline and post-reperfusion liver biopsies. Results are expressed as MeantSE and P value.

Ischaemia/reperfusion period Laparotomy Post reperfusion P value
Sham operation 0.17£0.17 0.50%0.22 ns
Group 8 (30min isch./6omin rep.) 0.17£0.17 1.30+0.21 <0.05
Group 9(45min isch./60min rep.) 0.33£0.21 2.50£0.22 <0.05
Group 10(60min isch./60min rep.) 0.17£0.17 2.80+0.17 <0.05

b) Effect of I/R on the non ischaemic lobe (right
hepatic lobe)

ICAM-1 expression in the non-ischaemic lobe
(right lobe) in group 8 which had 30min ischaemia
followed by 60min reperfusion was analysed. The result
was compared with ICAM-1 expression in the sham
operated group and there was no significant difference
between the two groups.
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In group 9 (45min ischaemia/60min reperfusion)
and group 10 (60min ischaemia/60min reperfusion)
there was significant ICAM-1 expression up- regulation
in the non ischaemic lobe when compared with the
expression in the sham operated group(p<0.05).
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Effect of cold ischaemia on ICAM-1 expression

There was no difference in ICAM-1 expression on
SEC's in livers who had 0 and 8 hours cold ischaemia
times. There was also no difference noted when
compared with the controls. With increasing the cold
ischaemia time to 16 hours and above there was up

regulation of ICAM-1 expression on the SEC's when
compared with the normal control group.

There was a statistical difference in ICAM-1
expression when the overall result for the cold
ischaemia groups was compared with the normal control
group, p <0.05 (one way analysis of variances). Results
are summarised in table 4.

Table 4. Effect of cold ischaemia on ICAM-1 expression. Results are expressed as Mean+SE and P value.

Cold ischaemia time Post isch. Normal control P value
(MeantSE)

0 h (in situ liver flush) 0.67 +£0.33 0.33+0.21 ns

8 h cold ischaemic time 0.83 £0.31 0.33+0.21 ns

16 h cold ischaemic time 1.17 £0.31 0.33+0.21 <0.05

24 h cold ischaemic time 1.83 £0.31 0.33+0.21 <0.05

Effect of on bench
expression

There was an up regulation of ICAM-1 expression
after cold ischaemia/warm reperfusion when compared
with the expression at the beginning of laparotomy
(baseline expression) in each group.

With the increase of cold ischaemia time to 16
hours or more and followed by 60min warm reperfusion,

reperfusion on ICAM-1

the ICAM-1 expression became more significant when
compared with groups with cold ischaemia less than 16
hours.

There was also a highly significant increase in
ICAM-1 in the post reperfusion biopsy when compared
with the expression in the control group, p<0.0001 (one
way analysis of variances). Results are summarized in
table 5.

Table 5. ICAM-1 expression at baseline biopsies and after ischaemia/reperfusion. Results are expressed as MeantSE and

P value.
Cold ischaemia/reperfusion time Baseline ICAM-1 Postreperfusion P value
expression ICAM-1
expression.
Group 5 (in situ liver flush./60min rep.) 0.174£0.17 1.50+0.34 <0.05
Group 6 (8h cold isch./60min rep.) 0.331£0.21 2.17£0.31 <0.05
Group 7 (16h cold isch./60min rep.) 0.17£0.17 2.67£0.21 <0.0001
Group 8 (24h cold isch./60min rep.) 0.17£0.17 2.98+0.02 <0.0001

4.Discussion

In this study three different animal models were
used to study interaction, features for liver ICAM-1
expression.

In the first model LPS endotoxin was injected into
the intraperitoneal cavity to induce a sepsis like effect.
The second model is the regional ischaemia/reperfusion
model in which blood flow to the left and median lobes
of the liver was occluded using a vascular clamp
whereas flow to the right lobes remained intact.
Reperfusion was obtained by removing the vascular
clamp. The third model was the isolated perfused rat
liver model. ICAM-1 is known to be modulated by
various inflammatory mediators such as interleukin-1
(IL-1), tumour necrotic factor-a. (TNF-a), interferon-y
and increased endotoxin level.*'

LPS is mainly cleared from the portal blood by the
liver (endothelial cells and macrophages) and causes the
same clinical features as can be observed in sepsis.*
Vollmar and colleagues reported accumulation of
leukocytes, interacting with the endothelial lining of
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both sinusoids and post sinusoidal venules in rat liver
exposed to LPS."

In this study ICAM-1 showed a weak staining or
no staining of the SEC's in normal rat liver and no
evidence of hepatocytes ICAM-1 expression. This result
confirms previous reports.”*?’** In another in vitro
study it was shown that there was weak staining of
ICAM-1 on the hepatocytes.”

In this study the treated animals with LPS had
intense expression of ICAM-1 in both SEC's and
hepatocytes 3 hours after LPS administration. On the
hepatocytes there was diffuse membranous and focal
cytoplasmic expression of ICAM-1. This up regulation
of ICAM-1 expression was observed previously on the
SEC and on the hepatocytes as well using same LPS
dose and same animal model."' Significant up regulation
of ICAM-1 expression in the different rat organs has
been reported after IP administration of S. abortus equi
to produce an endotoxemia that has the same
pathophysiology as LPS endotoxemia.”® ICAM-1

editor(@americanscience.org




Journal of American Science 2012;8(6)

http://www.americanscience.org

expression up regulation was reported 3-5 hours after
endotoxin administration.

This dramatic up regulation of ICAM-1 expression
could be explained by a direct effect of LPS on the Kc
and SEC's. LPS activates Kc and SEC's which
participate in the inflammatory response by releasing
reactive oxygen intermediates and a variety of cytokines
(IL-1, IL-8 and TNF-a). TNF-o levels increase
significantly 1 hour after LPS exposure and is followed
by PMN:s infiltration of the sinusoids which peaks after
the plasma TNF-o level.>”*

The pathophysiologic mechanism of cellular injury
that follows ischaemia and reperfusion is still
incompletely understood. I/R of the liver is associated
with transient hepatic dysfunction of the liver,
presumably due to the high susceptibility of the liver to
ischaemic cell injury additionally induced by
reperfusion.** The development of the post-ischaemic
hepatic inflammatory response is complex in nature,
involving leukocytic activation by potent chemotactic
mediators, cell adhesion to the endothelial lining via
distinct adhesion molecules and the action of additional
mediators released by the adherent leukocytes.***
Previous experimental studies have demonstrated that
leukocytes adhere to endothelial cells of both sinusoids
and postsinusoidal venules after warm as well as cold
ischaemia and ischaemia/reperfusion.'™*** ICAM-1
has been shown to be responsible to mediate adherence
between leukocytes and the endothelial cells.***

In this study 30 or 45min of warm ischaemia did
not induce ICAM-1 expression but 60-120min produced
marked SEC's ICAM-1 expression. The hepatocytes
exhibited no ICAM-1 expression. The mechanism of
ICAM-1 expression during warm ischaemia is mainly
due to Kc activation.*™' Activated Kc produce various
cytokines that lead to infiltration of polymorphonuclear
leukocytes (PMNs) into the post-ischemic liver.”” SEC's
is the first target of cytotoxic products released from Kc,
this is followed by transendothelial migration and
neutrophil accumulation at the site of inflammation
which  requires  Mac-1 (CD11b/CD)-ICAM-1
interaction.”*”*** This followed by up regulation of
ICAM-1 expression on the SEC's.

The duration of warm ischaemia affects survival.
In a study of hepatic ischaemia in rats, the extend of
warm ischaemia from 30min to 60min affect the
survival outcome, as all recipients of allografts with 30
min of warm ischaemia lived more than 22 days and all
recipient with 60 min warm ischaemia died within 2
days.”

The central role of ICAM-1 induction in warm
ischaemia injury to the liver has been demonstrated by
the survival improvement after the administration of
anti-ICAM-1 antibody after the onset of the ischaemia.’
In the present study it was shown that warm ischaemia
up to 45min did not induce significant ICAM-1
expression.
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Cold storage of transplanted organs reduces
metabolic pathways and delays pathological changes.**
Ultrastructure studies conducted on cold ischaemic rat
liver (after 2, 4, 6, 10, 16, 24 and 48 hours cold
ischaemia) have demonstrated that the first preservation
damage was in the SEC's which became rounded and
swollen after 16 hr of cold ischaemia. Loss of viability
of SEC's as determined by morphological criteria was
complete after 24 hrs or longer and Kc structure was
altered dramatically. However, after 24 hr there was no
significant change in the hepatocytes structure.”>’

In the present study up to 8 hrs cold ischaemia had
no influence on ICAM-1 expression on SEC's. With
cold ischaemia of 16-24 hrs there was significant
induction of ICAM-1 expression. Previous report has
shown no evident of ICAM-1 expression in rat livers
after 1 and 6 hr cold storage.® ICAM-1 expression in
the cold preserved liver in the current study confirms
the previous published data which shown that 0 hr
preserved liver released a negligible amount of TNF-a
whereas 24 hr preserved liver produced the highest
amount of TNF-o..”

Reperfusion of the post-ischemic liver resulted in
definable and quantifiable changes in leukocyte
kinetics. It has been shown that the number of
infiltrating PMNs is significantly increased by short
periods of ischaemia (20min) being followed by
reperfusion for 2, 12 and 24 hours.” These changes are
likely to be due to upregulation of endothelial cell
adhesion molecules.”” It was also previously reported
that I/R (60min ischaemia followed by 60min
reperfusion) induced rolling of leukocytes to the
endothelial lining of postsinusoidal venules. In addition,
leukocytes were found stagnant in hepatic sinusoids.®'

In the current study warm ischaemia for 30, 45
and 60min followed by 60min reperfusion resulted in a
highly significant ICAM-1 expression on both SEC's
and hepatocytes when compared with the control. This
ICAM-1 expression was intense on SEC's and
hepatocytes. There was also significant difference in
ICAM-1 expression after ischaemia/reperfusion when
compared with the expression after warm ischaemia
only.

Reperfusion following cold ischaemia has been
shown to activate Kc resulting in elevated levels of IL-1
and TNF-a..°*% In the current study cold ischaemia up
to 8 hr followed by warm reperfusion for 60min induced
intense ICAM-1 expression on both SEC's and
hepatocytes. With extended cold ischaemia time up to
16 and 24 hr as would be found with the liver
transplantation, this produced a highly significant up
regulation of ICAM-1 expression on the SEC's and
hepatocytes. These results are in agreement with the
previously published data which showed an early
induction of ICAM-1 expression on SEC's 15min post-
reperfusion in livers who subjected to 6hr cold.**
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In another experimental animal model, isolated rat
livers were stored for 8 or 24 hrs and this was followed
by 15 min of reperfusion.’® Nuclear trypan blue uptake
and lactate dehydrogenase release were used as indices
of hepatocyte and SEC's viability. Loss of hepatocyte
viability was nearly undetectable. SEC's loss of viability
averaged about 4% after 8 hrs and 30 % after 24hrs of
storage and brief reperfusion.”® This observation fits
with the results in the current study In livers stored for
16 hrs and 24 hrs and followed by 60min warm
reperfusion the ICAM-1 expression increased more than
in 0 hr and 8 hrs cold ischaemia followed by 60min
reperfusion. So, longer periods of cold storage (16 +
24hrs) are associated with SEC's ICAM-1 induction and
are known from previous studies to be associated with
loss of endothelial cell viability.*®

In the present study ICAM-1 expression was up-
regulated in the non-ischaemic lobe after 60min
ischaemia followed by 60min reperfusion. This ICAM-1
expression was intense on the SEC's and weak on the
hepatocyte. The ICAM-1 expression in the non-
ischaemic lobe would suggest that activate Kc and
SEC's during I/R produce a general inflammatory
response which in turn is responsible for the ICAM-1
induction of the non-ischaemic liver lobe.>

According to the results in this study which
showed the up regulation of ICAM-1 expression as a
secondary to the inflammatory process which strats
immediately after the ischaemic injury and increased
after ischaemia/reperfusion injury. This phenomenon
might be very important in the field of liver
transplantation as it could be used as an early signe of
the inflammatory cascad that startes in the transplanted
liver graft. Accordingly it would allow to start a new
regim of immunosuppresion to prevent the rejection at
the cellular level of the transplanted liver graft. This
needs more stduies using anti ICAM-1 for further
evaluation of its immunological impact.

Corresponding author

M El-Wahsh

Head of the Liver Unit. University Department of
Surgery. Zahraa University Hospital.Cairo, Egypt
elwahsh.m@gmail.com

5. References

1- Dustin ML, Staunton DE, Springer TA. (1988):
Supergene families meet in the immune system.
immunology today,;9:213-215.

2- Simmons D, Makgoba MW, Seed B. (1988): ICAM, an
adhesion ligand of LFA-1, is homologous to the neural
cell adhesion molecule NCAM. Nature,;331:624-627.

3- Dustin ML &  Springer TA. (1991): Role of
lymphocyte  adhesion  receptors in  transient
interactions and cell locomotion. Ann  Rev
Immunol.;9:27-66.

4- Mandrekar P, Ambade A, Lim A, Szabo G, Catalano D.
(2011):  An  essential role for monocyte

http://www.americanscience.org

201

chemoattractant protein-1 in alcoholic liver injury:
regulation of proinflammatory cytokines and hepatic
steatosis in mice. Hepatology.;54(6):2185-2197.

5- Heemann UW, Tullius SG, Azuma H, Kupiec-
Weglinsky J, Tilney NL. (1994): Adhesion molecules
and transplantation. Ann.Surg.;219:4-12.

6- Sorrentino D, Van Ness K, Ribeiro I, Miller CM.
(1991): Functional and morphological features of
isolated hepatocytes preserved in UW solution.
Hepatology;14:331-339.

7- Julie C, Astarcioglu I, Tricottet V, FabLani B,
Accordini C, Reynes M. (1994): Expression of donor
and recipient class I MHC antigens by Kupffer cells
after orthotopic rat liver transplantation. An
immunoelectron microscopic study. Transplantation
.;57:1525-1528.

8- Wang J, Kan Q, Li J, Zhang X, Qi Y. (2011): Effect of
neferine on liver ischemia-reperfusion injury in rats.
Transplant Proc.;43(7):2536-2539.

9- Howard TK, Klintmalm GB, Cofer JB, Husberg BS,
Goldstein RM, Gonwa TA. (1998): The influence of
preservation injury on rejection in the hepatic
transplant recipient. Transplantation;49:103-107.

10- Kim YI, Akizuki S, Kawano K, Goto S. (1994):
Intrahepatic neutrophil accumulation in
ischemia/reperfusion injury of pig liver. Transplant.
Proc.;26:2392-2394.

11- Van Oosten M, Van de Bilt E, De Vries HE, Van
Berkel TJ, Kuiper J. (1995): Vascular adhesion
molecule-1 and intercellular adhesion molecule-1
expression on rat liver cells after lipopolysaccharide
administration in vivo [see comments]. Hepatology
;22:1538-1546.

12- McCloskey TW, Todaro JA, Feder LS, Gardner CR,

Laskin D. (1991): Activation of liver macrophages and

endothelial cells following lipopolysaccharide

treatment of rats. cells of the hepatic sinusoid;3:112-

114.

Sun Y, Yin M, Zhang L, Pan J. (2012):
Characterization of the cytokine expression profiles of
the aorta and liver of young tumor necrosis factor
alpha mutant mice. Mol Cell Biochem.;34:247-251.

14- Vollmar B, Senkel A, Menger MD. (1995): In vivo
evidence that intercellular adhesion molecule-1 does
not mediate endotoxin-induced hepatic leukocyte-
endothelial cell interaction. J.Hepatol.;23:613-616.

15- Ohira H, Ueno T, Torimura T, Tanikawa K,
Kasukawa R. (1995): Leukocyte adhesion molecules
in the liver and plasma cytokine levels in endotoxin-
induced rat injury. Scand.J.Gastroenterol.;30:1027-
1035.

16- Deaciuc IV, Bagby GJ, Niesman MR, Skrepnik N,
Spitzer JJ. (1994): Modulation of hepatic sinusoidal
endothelial cell function by Kupffer cells: an example
of intercellular communication in the liver.
Hepatology;19:464-470.

17- Cicalese L, Caracen P, Nalesnik M, Borle AB, Schraut
WH. (1996): Oxygen free radical content and
neutrophil infiltration are importnat determinants in

13-

editor(@americanscience.org




Journal of American Science 2012;8(6)

http://www.americanscience.org

mucosal injury after rat small bowel transplantation.
Trnasplantation;62:161-166.

18- Jaeschke H, Smith CV, Mitchell JR. (1988): Reactive
oxygen species during ischemia-reflow injury in
isolated perfused rat liver. J.Clin.Invest.;81:1240-
1246.

19- Parks DA & Granger DN. (1986): Contribution of
ischaemia and reperfusion to mucosal lesion
formation. Am.J. Physiol .;250:G749-G753.

20- Boudjema K, Lindell SL, Southard JH, Belzer FO.
The effects of fasting on the quality of liver
preservation by simple cold storage. Transplantation.
1990;50:943-948.

21- Jamieson NV, Sundberg R, Lindell S, Claesson K,
Moen J, Vreugdenhil PK, Wight DG, Southard JH,
Belzer FO. (1988): Preservation of the canine liver for
24-48 hours using simple cold storage with UW
solution. Transplantation.;46:517-522.

22- Jamieson NV, Lindel S, Sundberg R, Southard JH,
Belzer FO. (1988): An analysis of the components in
UW solution using the isolated perfused rabbit liver.
Transplantation .;46:512-516.

23- Marubayashi S, Dohi K, Sumimoto K, Oku J, Ochi K,
Kawasaki T. (1989): Changes in activity of Oxygen
free radical scavengers and in levels of endogenous
antioxidants during hepatic ischaemia and subsequent
reperfusion. Transplant.Proc.;21:1317-1318.

24- Kerr-Conte J, Boudjema K, Southard J, Cinqualbre J.
(1991): Mechanism of hypothermic cell death:
Glutathione prevents injury in hepatocytes during
hypothermic (4°C) preservation. Transplant. Proc.;
23:2405-2406.

25- Fuggle SV, Sanderson JB, Gray DWR, Richardson A,
Morris PJ. (1993): Variation in expression of
endothelial adhesion molecules in pretransplant and
transplanted kidneys-correlation with intragraft events.
Transplantation.;55:117-124.

26- Eberl T, Hengster P, Trieb K, Salvenmoser W, Steurer
W, Weinand K, Weiss H, Gnaiger E, Margreiter R.
(1996): Expression of ICAM-1 by human endothelial
cells after storage in different organ preservation
solutions.  International  Society  for  Applied
Cardiovascula Biology;4-4.(Abstract)

27- Faull RJ & Russ GR. (1989): Tubular expression of

intercellular adhesion molecule-1 during renal
allograft  rejection. Transplantation; — 48:226-
230.(Abstract)

28- Mampaso F, Sanchez-Madrid F, Marcen R, Molina A,
Pascual J, Bricio T, Martin A, Alvarez V. (1993):
Expression of adhesion molecules in allograft renal
dysfunction. Transplantation .;56:687-691.(Abstract)

29- Farhood A, McGuire GM, Manning AM, Miyasaka
M, Smith CW, Jaeschke H. (1995): Intercellular
Adhesion Molecule-1 (ICAM-1) expression and its
role in neutrophil-induced ischemia-reperfusion injury
in rat liver. J.Leukoc.Biol.;57:368-374.

30 -Vivot C, Stump DD, Schwartz ME, Theise ND, Miller
CM. (1993): N-acetylcysteine attenuates cold
ischemia/reperfusion injury in the isolated perfused rat
liver. Transplant.Proc.;25:1983-1984.

http://www.americanscience.org

202

31- Jing H, Shen G, Wang G, Zhang F, Li Y, Luo F, Yao
J, Tian XF. (2011): MG132 Alleviates Liver Injury
Induced by Intestinal Ischemia/Reperfusion in Rats:
Involvement of the AhR and NFkB Pathways. J Surg
Res.;97:83-89.

32- Ikeda M, Ikeda U, Shimada K, Minota S, Kano S.
(1996): Regulation of ICAM-1 expression by
inflammatory cytokines in rat mesangial cells.
Cytokine .;8:109-114.

33- Nanji AA, Griniuviene B, Yacoub LK, Fogt F, Tahan
SR. (1995): Intercellular adhesion molecule-1
expression in experimental alcoholic liver disease:
relationship to endotoxemia and TNF messenger
RNA. experimental and molecular pathology .;62:42-
51.

34- Momsaki S, Yano H, Ogasawara S, Higaki K, Hisaka
T, Kojiro M. (1995): Expression of intercellular
adhesion molecule-1 in  human hepatocellular
carcinoma. Hepatology .;22:1708-1713.

35 - Rothlein R, Czajkowski M, O'neill MM, Marlin SD,
Mainl Ofi E, Merluzzi VJ. (1998): Induction of
intercellular adhesion molecule-1 on primary and
continuous cell lines by pro-inflammatory cytokines.
The Journal of Immunology.;141:1665-1669.

36- McCloskey TW, Todaro JA, Feder LS, Gardner CR,

Laskin D. (1991): Activation of liver macrophages and
endothelial cells following lipopolysaccharide
treatment of rats. cells of the hepatic sinusoid; 3:112-
114.
37- Huber AR, Kunkel SL, Todd RF, Weiss SJ.
(1991): Regulation of transendothelial neutrophil
migration by endogenous interleukin-8. Science;
254:99-102.

38- Panes J, Perry MA, Anderson DC, Manning A, Leone
B, Cepinskas G, Rosenbloom CL, Miyasaka M,
Kvietys PR, Granger DN. (1995): Regional
differences in constitutive and induced ICAM-I
expression in vivo. The American Physiological
Society; 67:-H1955-H1964.

39- Kimoto K, Toledo-Pereyra LH, Lopez-Neblina F,
Paez A. (1995): The role of leukocyte-endothelial cell
adhesion in liver transplantation: reperfusion injury
and graft rejection. Tramsplantology.;6:20-31.

40- Ohira H, Ueno T, Torimura T, Tanikawa K,
Kasukawa R. (1995): Leukocyte adhesion molecules
in the liver and plasma cytokine levels in endotoxin-
induced rat injury. Scand. J. Gastroenterol.;30:1027-
1035.

41- Pretto EA. (1991): Reperfusion injury of the liver.
(Review). Transplant.Proc.;23:1912-1914.

42- Brockmann JG, August C, Wolters HH, Homme R,
Palmes D, Baba H, Spiegel HU, Dietl KH. (2005):
Sequence of reperfusion influences
ischemia/reperfusion injury and primary graft function
following porcine liver transplantation. Liver Transpl.
;11(10):1214-1222

43- Nagano K, Gelman S, Bradley EL, Parks D. (1990):
Hypothermia, hepatic oxygen supply-demand, and
ischemia-reperfusion injury in pigs. Am.J.Physiol.;
258:G910-G918

editor(@americanscience.org




Journal of American Science 2012;8(6)

http://www.americanscience.org

44- Post S, Palma P, Gonzalez AP, Rentsch M, Otto G,
Menger MD. (1993): Role of eicosanoids in
reperfusion injury in rat liver transplantation.
Transplant. Proc.;25:2547-2551.

45- Jaeschke H. (1993): The therapeutic potential of
glutathione in hepatic ischemia-reperfusion injury
[letter; comment]. Transplantation.;56:256-257.

46 - Procheron J, Margonari J, Gorry F, Boillot O. (1998):
Activation of the endothelial cell in_rat liver during
preservation by cold storage. Transplant.Proc.;
27:1658-1658.

47-Li W, Meng Z, Liu Y, Patel RP, Lang JD. (2012): The
hepatoprotective effect of sodium nitrite on cold
ischemia-reperfusion injury. J Transplant.; 28:624-629

48- Camacho VR, Fraga RS, Souza GF, Cerski CT,
Oliveira JR, Oliveira MG, Alvares-Dasilva MR.
(2011): Relationship between ischemia/reperfusion
injury and the stimulus of fibrogenesis in an
experimental model: comparison among different
preservation solutions. Transplant Proc.;43(10):3634-
3637.

49- Shen XD, Gao F, Ke B, Zhai Y, Lassman CR,
Tsuchihashi S, Farmer DG, Busuttii RW, Kupiec-
Weglinski JW. (2005): Inflammatory responses in a
new mouse model of prolonged hepatic cold ischemia
followed by  arterialized  orthotopic  liver
transplantation. Liver Transpl.;11(10):1273-1281.

50- Ikeda T, Yanaga K, Kishikawa K, Kakizoe S,
Shimada M, Sugimachi K. (1992): Ischemic injury in
liver transplantation: difference in injury sites between
warm and cold ischemia in rats. Hepatology;16:454-
461.

51- Henry SD, Guarrera JV. Protective effects of
hypothermic ex vivo perfusion on
ischemia/reperfusion injury and transplant outcomes.
Transplant Rev . 2012;26(2):163-175.

52- Toledo-Pereyra L & suzuki S. (1998): Neutrophils,
cytokines, and adhesion molecules in hepatic
ischaemia and reperfusion injury. J.Am.Coll.Surg.;
179:758-762.

53- Wang CF, Wang ZY, Li JY. (2011): Dual protective
role of HO-1 in transplanted liver grafts: a review of
experimental and clinical studies. World J
Gastroenterol. ;17(26):3101- 3108.

54- Stansby G, Fuller B, Jeremy J, Cheetham K, Rolles K.
(1993):Endothelin release a facet of reperfusion injury
in clinical liver transplantation?. Transplantation,
56:239-240.

3/22/2012

http://www.americanscience.org

203

55- Caldwell-Kenkel JC, Currin RT, Tanaka Y, Thurman

RG, Lemasters JJ. (2000): Kupffer cell activation and
endothelial cell damage after storage of rat livers:
effects of reperfusion. Hepatology;13:83-95.
56- Caldwell-Kenkel JC, Currin RT, Tanaka Y,
Thurman RG, Lemasters JJ. (1989): Reperfusion
injury to endothelial cells following cold ischemic
storage of rat livers. Hepatology;10:292-299.

57- Fratte S, Gendrault JL, Steffan AM, Kirn A.
(1991):Comparative ultrastructural study of rat livers
preserved in  Euro-Collins or UW  solution.
Hepatology.; 13:1173 (page end) 5229

58- Takei Y, Nishimura Y, Kawano S, Nagai H, Ohmae
H, Fusamoto H, Kamada K, Takei Y, Nishimura Y,
Kawano S, Nagai H, Ohmae H, Fusamoto H, Kamada
K. (1998):Expression of ICAM-1 is involved in the
mechanism of liver injury during liver transplantation:
Therapeutic usefulness of the F (ab)2 fragment of an
anti-ICAM-1 monoclonal antibody. Transplant.Proc.;
28:1103-1105.

59- Rao PN, Liu T, Synder JT, Platt JL, Starzl TE.
(1991):Reperfusion injury following cold ischemia
activates rat liver Kupffer cells. Transplant.Proc.;
23:666-669.

60- Brown MF, Zibari G, Burney D, Granger DN,
McDonald JC. (1997):Hepatic ischemia/reperfusion
affects leukocyte rolling and velocity. Clin.
Transplant.; 11:511-515.

61- Vollmar B, Glasz J, Menger MD, Messmer K.
(1998):leukocytes contribute to hepatic
ischaemia/reperfusion injury via intercellular adhesion
molecule-1 mediated venular adherence. Surgery;
117:195-200.

62 -Rao PN, Walsh TR, Makowka L, Rubin RS, Weber T,
Snyder JT, Starzl TE. (1990): Purine nucleoside
phosphorylase: a new marker for free oxygen radical
injury to the endothelial cell. Hepatology;11:193-198.

63 —Guo JY, Yang T, Sun XG, Zhou NY, Li FS, Long D,
Lin T, Li PY, Feng L. (2011): Ischemic
postconditioning attenuates liver warm ischemia-
reperfusion injury through  Akt-eNOS-NO-HIF
pathway. J Biomed Sci.; 28:18:79.

64- Takei Y, Gao W, Hijioka T, Savier E, Lindert KA,
Lemasters JJ, Thurman RG. (1998): Increase in
survival of liver grafts after rinsing with warm ringer's
solution due to improvement of hepatic
microcirculation. Transplantation.;52:225-230.

editor(@americanscience.org




