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LIVER

Role of non-parenchymal liver cells
in ischaemia-reperfusion liver injury:
protective effects of muramyl dipeptide

Abstract It has been suggested that
non-parenchymal liver cells play a
central role after ischaemia and
reperfusion of the liver. Male Lewis
rats were subjected to 90 min of
warm liver ischaemia. Four groups
were constituted: group 1, no
treatment; group 2, muramyl
dipeptide treatment, activation of
Kupffer cells; group 3, dextran
sulphate injection, Kupffer cell
blockade; and group 4, gadolinium
chloride administration, Kupffer
cell blockade. Dextran sulphate

(4 mg/100 g) and gadolinium
chloride (GdCl,, 0.7 mg/100 g)
were given intravenously on day 2.
MDP was injected intravenously
(500 mg/250 g) 24 h before and

10 min after the intervention.
Mortality rates were assessed and
serum transaminases, histology of
the liver and Kupffer cell phago-
cytic activity were evaluated 6 h
after the end of ischaemia. MDP
treatment significantly (P < 0.001)
reduced mortality (30%) in com-
parison with the non-treated group
(60%). The mortality rate was
significantly higher in the dextran
sulphate-treated (80%) and gado-
linium chloride-treated (90 %)
groups in comparison with group 1.
A significant reduction in trans-
aminase levels was observed after

MDP treatment, while blockade of
Kupffer cells resulted in higher
serum transaminase levels. The
extent of necrosis and congestion
was improved by MDP adminis-
tration, while disruption of the
vascular and sinusoidal integrity of
the liver and extensive areas of
necrosis were observed in dextran
sulphate and gadolinium chloride-
treated rats. Sheep red blood cell
51Cr liver uptake was deeply
depressed 6 h after the end of
ischaemia in group 1 (104+1.2 %/g
tissue). MDP injection restored

the Kupffer cell activity
(30.6+3.22 %/g tissue) while
dextran sulphate and gadolinium
chloride administration markedly
decreased SRBC *Cr liver uptake.
Our findings demonstrate that
MDP in able to protect thé liver
from ischaemic ssult while block-
ade of Kupffer cells was deleterious
in rats subjected to liver ischaemia.
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introduction

Organ injury after ischaemia and reperfusion (I/R) re-
mains one of the most important limiting factors in the
field of transplantation [1]. After liver I/R, both hepato-
cytes and non-parenchymal liver cells (NPLC) are in-
jured. Among NPLC, Kupffer cells (KC) may play a
major role in the lesions of I/R. Modifications in two of
their important functions, phagocytic activity and mono-
kine release, may have important consequences for liver
viability. It has been shown in baboons [2] and in dogs [3]
that hepatic ischaemia may lead to reticuloendothelial
system (RES) phagocytic dysfunction which may con-
tribute to systemic endotoxinaemia and death. We have
suggested that PgE, may act in ischaemia-induced hepat-
ic injury through their action on hepatic macrophages
[4]. Several experimental studies have demonstrated that
the immunoadjuvant muramy! dipeptide (MDP) has
stimulatory effects on the monocyte/macrophage axis[5-—-
7] while dextran sulphate (DS) and gadolinium chloride
(Gd) have a depressing effect on Kupffer cell function [8].
The aim of this study was to assess the role of fixed hepatic
macrophages during a 90-min segmental normothermic
liver ischaemia in rats.

Animals and methods

Animals

Male Lewis rats (LEW RT11), weighing 250-300 g, were purchased
from the CNRS-CNSEAL (Orléans La Source, France).

Experimental protocol

Rats were divided into four experimental groups of 30 animals:
group 1, hepatic ischaemia and ringer lactate administration; group
2, hepatic ischaemia and MDP treatment; group 3, hepatic
ischaemia and DS administration; group 4, liver ischaemia and Gd
administration.

Surgical procedures

A segmental normothermic ischaemia of the liver was induced as
follows. A clean but not sterile procedure was used. The abdomen
was entered through a midline incision under ether anaesthesia. The
liver was dissected from its peritoneal connections and the accessory
hepatic arteries were divided if present. The hilum of the median and
left lateral lobes was exposed and ischaemia induced by occluding
the blood vessels including the bile duct to the lobes with an
atraumatic vascular clamp, and then the abdomen was closed. This
technique enabled portal stasis, which may lead to fatal haemody-
namic instability [9], to be avoided. After 90 min of warm ischaemia
the vascular clamp was released and the non-ischaemic (right lateral
and caudate) lobes resected, leaving only the ischaemic anterior
tobes. In group 1, 1 ml of Ringer lactate was administrated i.v. 2 min

before clamping and 2 min before unclamping. The abdominal
incision was closed. After surgery the animals were kept in individual
cages and allowed food and water ad libitum. Mortality and survival
time were recorded every 6 h. Animals alive 7 days after surgery were
considered as permanent survivors. Necropsy was performed on all
animals to verify the absence of surgery-related complications.
Blood samples weere taken 6 h after the end of ischaemia from ten
rats to assay the aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) serum levels in each experimental group by
routine methods.

Kupffer cell blockade

DS (4 mg/100 g; Sigma and Gd (0.7 mg/100 g; Aldrich), a lanthan-
o0id known to inhibit the attachment phase of KC phagocytosis, were
dissolved in saline solution and given intravenously on day 2 to
treated rats {8—10].

Activation of Kupffer cells

MDP (N-acetylmuramyl-D-alanyl-p-isoglutamine, Sigma) was in-
jected intravenously (500 ug/250 g) 24 h before and 10 min after the
intervention.

Assessment of Kupffer cell phagocytic activity

The reticuloendothelial system (RES) phagocytic activity was tested
as previously described [11] measuring the hepatic uptake of *'Cr
labelled erythrocytes, in five normal rats and in groups 1, 2, 3 and 4
(ten rats for each group). Rats were intravenously injected 6 h after
the end of ischaemia with 5x 10® sheep red blood cells (SBRC)
prepared as follows. SRBC (5 ml) were washed twice with Hank’s
solution using centrifugation at 2500 r.p. m. for 10 min. The globu-
lar pellet was resuspended in 5 ml Hank’s solution and 200 pCi of
51Cr was added to the suspension. The mixture was incubated at
37°C for 45 min. The pellet was washed three times with Hank’s
solution to remove unfixed radioactivity. The pellet was diluted with
Hank’s solution to obtain a cellular suspension containing 10° *'Cr-
erythrocytes/ml. Each rat received 500 pl of this suspension. The rats
were sacrificed 3 h later and the liver and spleen removed and
weighed. Radioactivity of each organ was measured using a gamma
counter. Control measurement of the radioactivity injected was
made by counting the radioactivity of 500 ul of 3! Cr-erythrocytes.
Results are expressed as percentage of control for 14g of the organ.

Histology

Liver tissue was taken 6 h after the end of ischaemia from ten rats
from each group. Specimens were fixed in 10 % formalin and stained
with haematoxylin and eosin for light microscopic examination and
were evaluated blindly. Congestion and necrosis were considered as
parameters. Histological scoring for each specimen was done
according to the following criteria: no evidence (0); low intensity (1),

mild intensity (2), high intensity (3).

Statistical analysis

Results were expressed as means + SEM. Comparisons for statistical
significance were performed using Student’s #-test for ALT and AST
serum activities, percentage of >!Cr-labelled SRBC and histological
parameters. The generalized Wilcoxon’s test was used for comparing
survival rates.
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Results
Survival time and mortality rate

The mortality rates of the four experimental groups are
shown in Fig.1. MDP treatment led to a significant
(P <0.001) decrease in the mortality rate (30 %) while DS
and Gd administration significantly (P < 0.001) increased
the mortality rate (80 % in group 3, 90% in group 4) in
comparison with non-treated animals (60%). Rats still
alive 7 days after the end of liver ischaemia were
considered as survivors.

Serum biochemistry

In group 1 the mean AST level was 5882+ 656 Ul/l and
the mean ALT level 5964+ 693 Ul/1 6 h after the end of
the ischaemic period. In group 2 the mean AST level was
15154298 UI/l and the mean ALT level was
1921 + 684 UI/l. The differences between group 1 and
group 2 for both ALT and AST were significant
(P <0.005) (Fig. 2). In groups 3 and 4 the mean AST
levels were, respectively, 8963+307UI/1 and
9835+ 167 UI/l, and the mean ALT levels were
9176 +255 UI/l and 12283 11048 UI/l. The differences
between these two groups and group 1 were significant
(P < 0.005).
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Fig.1 Cumulative mortality rate after liver ischaemia in rats.
Blockade of Kupffer cells (groups 3 and 4) significantly increases
the mortality rate while MDP administration (group 2) signifi-
cantly increases the survival rate (O group 1, J group 2, A group 3,
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Fig. 2 Changes in serum activities of transaminases (ALT and
AST) 6 h after the end of liver ischaemia in non-treated rats (group
1), stimulated Kupffer cell rats (group 2) and previously blockaded
Kupffer cell rats (groups 3 and 4)
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Fig. 3 Percentage of SRBC 3'Cr liver uptake 6 h after the end of
ischaemia in normal rats (group 1, 90 min liver ischemia), in MDP-
treated rats (group 2) and previously blockaded Kupffer cell rats
(groups 3 and 4).

31Cr-SRBC uptake (Fig. 3)

*1Cr-SRBC uptake decreased signifigantly 6 h after the
end of liver ischaemia: 10+1.2%/g tissue in group 1
versus 40+4%/g tissue in normal rats (P <0.001). In
group 2, MDP treatment partially restored KC activity,
the 3'Cr-SRBC uptake was 30.6 +3.22%/g tissue (group
1 vs group 2, P < 0.0001; Fig. 3). In groups 3 and 4, DS
and Gd administration decreased activity, and the >!Cr-
SBRC uptake was respectively 4.6+ 5.8%/g tissue and
3.6+0.81%/g tissue (group 3 vs group 1, P <0.004;
group 4 vs group 1, P <0.006). The splenic uptake of
SRBC was 6+40.32%/g tissue in normal rats,
7.240.37%)/g tissue in group 1, 8.17 +0.48 %/g tissue in
the KC-activated group, and 3.33+0.42%/g tissue and
2.54+0.22%/g tissue in the DS- and Gd-treated groups.
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Fig. 4 Light microscopic scoring for congestion and hepatocellular
necorosis. 6 hours after the end of the ischemia, congestion and
hepatocellular necrosis were significantly lower in MDP-treated
rates (group 2) than in non-treated rats (group 1), dextran sulphate-
treated rats (group 3) and gadolinium chloride-treated rats (group 4)

Macroscopic appearance and histology (Fig. 4)

Immediately after occlusion of the hepatic vessels the
anterior lobes became pale. After releasing the clamp the
liver turned dark and quickly recovered its normal colour.
In group 1 6 h after the end of ischaemia histological
examination showed confluent areas of necrosis
(1.6 +0.24) and fresh haemorrhages (1.8 +0.2). Histolog-
ical examination of hepatic biopsy specimens showed
minimal pathological changes in group 2 (MDP-treated
rats) with less congestion (0.6 +0.24; group 1 vs group 2,
P <0.03) and necrosis (0.8+0.2; group 1 vs group 2,
P <0.05). In contrast, DS and Gd administration in-
creased the incidence of congestion (2.6+0.2 and
2.84+0.2; group 1 vs groups 3 and 4, P<0.05) and
necrosis (2.4+0.2 and 2.6 +0.2; group 1 vs groups 3 and
4, P <0.05).

Discussion

Recent studies have emphasized the role of NPLC in
hepatic injury after I/R. The following sequence of events
in reperfusion injury has been suggested. On re-entry of
blood into the organ, overproduction of toxic oxygen
radicals [12] followed by endothelial cell damage [13] and
KC activation [14] occurs and causes disturbances in the
microcirculation of the liver. Activation of KC after I/R
of the liver may have deleterious effects. Activated KC
may release a variety of toxic metabolites including
oxygen radicals, eicosanoids and various monokines (IL-
1, IL-6, TNFa, TNF ) [15] inducing local injuries to

endothelial cells and to hepatocytes [16] with expression
of adhesion molecules and subsequent infiltration with
the recipient’s monocytes and neutrophils. Activation of
KC is also associated with a reduced phagocytic activity
which may have important consequences. The inability of
KC to clear endotoxin from the portal venous blood may
lead to systemic endotoxinaemia [17] which has been
implicated in the pathogenesis of renal failure, intra-
vascular coagulation and gastric mucosal haemorrhages
in patients with hepatic failure [18, 19].

In this experimental study in inbred rats, we demon-
strated that treatment with MDP improved the survival
rate of animals after normothermic ischaemia of the liver,
whereas administration of DS and Gd reduced the survival
rate. These effects on survival were well correlated with
the extent of hepatic injury and necrosis as demonstrated
by the biological and histological findings. Moreover, the
marked decrease in RES phagocytic function observed
after normothermic ischaemia of the liver was partially
corrected by MDP, whereas KC blockade by DS and Gd
worsened the decrease in the KC phagocytic capacity
after normothermic liver ischaemia.

MDP, which has been demonstrated to have a non-
specific immunostimulating effect in various pathological
conditions such as septic shock and bacterial challenge
[20, 21], is a known activator of macrophages. In our
study, MDP restored the phagocytic capacity of KC after
I/R of the liver. This may reduce the systemic endotox-
inemia observed after liver ischacmia [22], and the
subsequent activation of KC with an overwhelming
release of biologically active mediators. In contrast,
previous blockade of KC (by DS or Gd) increased the
mortality rate observed after I/R of the liver. These results
are in line with previous studies showing that blockade
of KC induces severe liver damage in rats receiving galac-
tosamine [23], and increases mortality in an experimen-
tal model of peritonitis {24].

Our results confirm those of previous studies showing
a reduced hepatic RES phagocytic activity after liver I/R
in monkeys [2], dogs [3] and rats [4]. The precise
mechanisms of this reduction are unknown, but reduced
hepatic blood flow is probably not responsible [2]. A
decrease in serum opsonins (fibronectin, complement)
and/or uptake of hepatic cell debris by KC are probably
involved. Whatever the mechanism, our study demon-
strates that improvement in RES phagocytic activity by
MDP is associated with an increased survival, whereas
KC blockade increases mortality after I/R of the liver.
Control of macrophage activity may offer a new strategy
for reducing ischaemic injury to the liver.
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