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The effects of the elimination
of Kupffer cells in the isolated perfused
liver from non-heart-beating rat

Abstract We examined the effect of
elimination of Kupffer cells on the
sinusoidal microcirculation in graft
harvested from non-heart-beating
donors (NHBD), focusing on the
arachidonic acid cascade and cytokines. Cardiac arrest was induced by
thoracotomy. Livers were harvested
30 min after thoracotomy and perfused by Krebs-Henseleit bicarbonate buffer for 60 min after 6 h cold
preservation. For the elimination of
Kupffer cells, rats were pretreated
liposome-encapsulated dichloromethylene diphosphonate (KE
group). Eicosanoids (TXB2,6-ketoPGF,,, LTB,) and cytokines (TNFs
IL-lP) in the perfusate were mea-

sured. Histological examination was
also carried out. In the KE group,
the value of TXB, was suppressed
completely and cytokines were reduced, and sinusoidal structures and
hepatocytes were well protected.
These results indicated that the
elimination of Kupffer cells improved sinusoidal microcirculation
in NHBD and liver transplantation
using grafts from NHBD could be
made to succeed by modulation of
Kupffer cells.
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Introduction

Materials and methods

The shortage of donors has become a serious problem in
liver transplantation (LTx). In recent years, to resolve
this problem, LTx of the graft from non-heart-beating
donors (NHBD) has become the object of attention all
over the world. But liver grafts from NHBD have been
considered unsuitable for LTx because the graft viability
is deteriorated by warm ischemia and severe reperfusion injury [l,21. Many studies have been carried out to
clarify the mechanisms of reperfusion injury. Recent
studies showed that Kupffer cells are activated at reperfusion [3] and that inactivation of Kupffer cells contributes to the prevention of reperfusion injury [l,2, 4-61.
We reported the success of LTx using grafts from agonal
NHBD by elimination of Kupffer cells 113. In this study,
we investigated the mechanism by which the elimination of Kupffer cells could prevent ischemidreperfusion
injury of grafts from NHBD, focusing on the production
of eicosanoids and cytokines.

Animals and operative procedure

4

Experiments were conducted according to the Guide for the
Care and Use of Laboratory Animals prepared by the National
Academy of Science and published by the National Institutes of
Health. Male Wistar rats weighing 240-3OOg were allocated to
four groups. In the control group (n = 6), livers were harvested
while the heart was still beating and were perfused without cold
preservation. In the HB group ( n = 6 ) , livers were harvested
while the heart was still beating and were perfused after 6 h
cold preservation in University of Wisconsin (UW) solution. In
the NHB group (n = 6), cardiac arrest was induced by thoracotomy through the diaphragm and 30 min after thoracotomy the livers were harvested and perfused after 6 h cold preservation in
UW solution. In the KE group (n = 6), rats were administered
2 mllbody (i. v.) liposome-encapsulated dichloromethylene diphosphonate (DMDP) to eliminated Kupffer cells 42 h before
the graftectomy.
Under anesthesia with pentobarbital sodium (50 mg/kg, intraperitoneally), the liver was flushed with 10ml 4°C saline and
20 ml 4 "C UW solution (DuPont Pharmaceuticals, Wilmington,
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Fig.1 Perfusion system ex
vivo. Liver was perfused for
60 min at a pressure of 10 cm
H,O with 100 ml Krebs-Henseleit bicarbonate buffer (37 "C,
pH 7.4) saturated with a 95 5%
0, and 5 Yo CO, mixture in a
blood free recirculating system

buffer

Del., USA) via the portal vein and in the HB, NHB, and KE
groups preserved in U W solution at 4°C for 6 h.

ly available enzyme-linked immunosorbent assay kits (Cayman
Chemical, Ann Arbor, Mich., USA).

Elimination of Kupffer cells

Cyrokines: rumor necrosis factora (TNFa)and interleukin-1p (IL-

Liposome-encapsulatedDMDP was prepared using a modification
of the methods of Van Rooijen [7]. Briefly, 75 mg phosphatidylcholine and 19 mg cholesterol (Sigma, St. Louis, Mo., USA) were dissolved in 20 ml of methanol-chloroform(1:l) in a round-bottomed
flask. The thin film coating the flask after low-vacuum rotary evaporation at 37 "C was dispersed in 10 ml phosphate-buffered saline
(PBS; pH 7.4) containing 1.89 g DMDP (Boehringer Mannheim,
Laval, Quebec, Canada) by shaking for 1 h in a water bath at
68°C. After 2 h incubation at room temperature, free DMDP was
removed by rinsing the liposomes with PBS and centrifuging them
for 30 min at 100,ooO g at 16°C. Liposomes were resuspended in
4 ml PBS and 2 mybody was injected intravenously 42 h before
graftectomy as described previously. Previous studies have described a maximal effect on depletion of Kupffer cells between
24 h and 48 h after injection of DMDP liposome.

1s)

Cytokines release from the perfused liver were assessed by measuring cytokine concentration in the perfusate using commercially
available enzyme-linked immunosorbent assay kits (Biosource International, Camarillo, Calif., USA).
Aspanate arninotransferase(AST) and lactate dehydrogenase

(LDW
AST and LDH release, markers of liver injury, of the perfusate
were assessed by measuring AST and LDH concentrations in the
perfusate using commercially available kits (Wako h u e Chemical
Industries, Tokyo, Japan).
Histological examination

Perfusion after cold preservation ex viva
Before perfusion, the liver was flushed with 10 ml cold saline to
wash out UW solution and transferred to the perfusion system
(Fig. 1) The liver was perfused for 60 min at a pressure of 10 cm
H 2 0 with 100 ml Krebs-Henseleit bicarbonate buffer (pH 7.4,
37 "c)saturated with 95 Yo O2and 5 % CO2mixture in a recirculating system as described previously (81. Flow rate of the portal was
measured every 15 min, and bile juice was collected.
Examination items
Eicosanoids: thrornboxane B, (TXB,), Gketoprostaglandina (6ketoPGF,,), and leukotriene B, (LTB,)

Eicosanoids release from the perfused liver were assessed by measuring eicosanoid concentration in the perfusate using commercial-

Light microscopic study was performed. Specimens were fixed in
10YO neutral-buffered formalin and subsequently processed in paraffin wax. Sections (5 pm) were stained with hematoxylin and e,-+
sin.
Statistical analysis
All values in the text and figures are the mean f SD. The difference between t W 0 groupswas analyzed statistically using Student's
r-test. P < 0.05 was considered statistically significant.
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Fig.2 The concentrations of
thromboxane B, (TXB,) in the
perfusate 60 min after reperfusion. Each value represents the
mean f SD. In the KE group,
production of the TXB, was
completely suppressed.
* P < 0.01, KE versus HB and
NHB groups. Control heartbeating donor without preservation, HB heart-beating donor
with 6 h cold preservation,
NHB non-heart-beating donor
with 6 h cold preservation, KE
non-heart-beating donor with
elimination of Kupffer cells and
6 h cold preservation

4500
4Ooo

3

2

W

&
9M
p”

3500
3000
2500
ZOO0

E

E

loo0
500

0

Control
Table 1 Portal venous flow and bile production 60 min after reperfusion. Values of aspartate aminotransferase (AST) and lactate dehydrogenase (LDH) in the perfusate. Each value represents the
mean f SD. Control Heart-beating donor without preservation,

HB

NHB

KE

H B heart-beating donor with 6 h cold preservation, N H B nonheart-beating donor with 6 h cold preservation, K E non-heartbeating donor with elimination of Kupffer cells and 6 h cold preservation

Groups

Portal venous flow
(mllkg body weight per h)

Bile production
(pl/kg body weight per h)

AST
(Karmen units)

LDH
(Wroblewski units)

Control
HB
NHB

4382 f 543
3277 548
3466 f 1213
4830 f 603*

1197 f 543
920 f 318
767 f 148
1124 f 143*

1.0 f 1.8
0.5 f 1.0
17.0 f 14.7
0.7 f 1.6*

6.7 f 2.7
13.7 f 10.8
163.7 f 154.4
12.4 f 7.9*

KE

*

* P < 0.05 vs NHB group

Results

6-Keto PGF,, in the perfusate

Portal venous flow

In the HB group, the concentration of 6-keto PGF,, was
significantly higher compared with the other groups. In
In the KE group, the portal venous flow was significant- the NHB group, the concentration was reduced to the
ly increased compared with those in the HB and NHB level in the control group (Fig. 3).
groups ( P c 0.05; Table 1).
Bile production

TXBi6-keto PGF,, ratio

In the NHB group, the ratio was significantly larger
In the KE group, the bile production was significantly compared with the other groups. In the KE group, the
increased compared with those in the HB and NHB ratio was completely suppressed (Fig. 4).
groups ( P c 0.01; Table 1).
LTB, in the perfusate

Eicosanoids
TXB, in the perfusate
In the NHB group, the concentration of TXB, was significantly higher compared with the other group. In the
KE group, the concentration of TXB, was completely
suppressed (Fig.2).

LTB, could not be detected in any group.
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Fig.3 The concentration of 6ketoprostaglandina (6-keto
PGF,,) in the perfusate 60 min
after reperfusion. Each value
remesents the mean SD. In
thk HB group, the concentration of 6-ketoPGF1, was significantly higher compared with
other groups. In the NHB
group, the concentration of 6ketoPGF,, was the same as that
in the control group. * P < 0.05,
HB versus control, NHB, and
KE
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Fig.4 Ratio of TXB2/6-ketoPGF,,. Each value represents
the mean i SD. In the NHB
group, the ratio was significantly higher compared with other
groups. In the KE group, the
ratio was completely suppressed. * P < 0.05, KE versus
HB; ** P < 0.01, KE versus
NHB. There was no significant
difference between HB and
NHB

Cytokines

AST and LDH release

In the NHB group, ASTand LDH release increased significantly more than those in the other groups. In the
In the NHB group, the concentration of IL-lB was sig- KE group, their release was suppressed to the same levnificantly higher compared with other groups. In the el as the control group (Table 1).
KE group, the production of IL-lB was suppressed to
the same level as the control group (Fig. 5).
Histological study

IL-lp in the perfusate

In the NHB group, the sinusoidal space became narrow,
and hydropic changes in hepatocytes were observed.
There was no significant difference between each group, But in the K E group, sinusoidal structures and hepatobut in the KE group, the production of TNFa was sup- cytes were as well preserved as in the control group
pressed to the same level as the control group (Fig. 6).
(Fig.7).

TNFa in the perfusate
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Fig.5 The concentrations of
interleukin lp (IL-1B) in the
perfusate 60 min after reperfusion. Each value represents the
mean rt SD. In the NHB group,
the concentration of IL-Ipa
was significantly higher compared with the other groups. In
the KE group, it was suppressed to the control level.
* P < 0.05, NHB versus KE;
** P < 0.01, NHB versus control and HB
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Fig.6 The concentration of tumor necrosis factora (TNFa)in
the perfusate 60 min after reperfusion. Each value represents the mean i SD. In the KE
group, the production of TNFa
was reduced to the same level
as in the control group but
there was no significant difference among the groups
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Discussion
The shortage of donors has become a serious problem in
LTx. It is generally accepted that liver can be transplanted only when harvested prior to cardiac arrest because
warm ischemia causes liver damage and eventually graft
failure. Recently it was reported that an increment of
20-25% in organ donors could be expected if NHBD
were used [9]. LTx from NHBD has three major obstacles, namely, injuries of warm ischemia, cold preservation, and reoxygenation. The biggest difference from
LTx from heart-beating donors is the existence of
warm ischemia. Clinical and experimental studies suggest that the liver can tolerate warm ischemia, even for
60 or 90min [lo]. However, in the LTx from agonal
NHBD, there are various unstable conditions of the do-

nor and many clinical courses leading to cardiac arrest.
It is still unclear why the usage of liver grafts from agonal NHBD has been unsuccessful. There are many studies about the mechanism of warm ischemic injury, and
many factors have been implicated, for example, ATP
depletion, increment in cytosolic calcium, mitochondria1 calcium accumulation, activation of phospholipase
A2, membrane phospholipid degradation, and free radical formation [ll-151. We hypothesized that the microcirculatory disturbance after LTx from agonal NHBD
was the main cause, following the deterioration of sinusoidal endothelial cells and hepatocytes caused by activated Kupffer cells. In our present study, elimination of
Kupffer cells suppressed the production of TXB, and
cytokines and prevented injury of the sinusoidal microcirculation and hepatocytes in NHBD. Therefore, these
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source of thromboxane production, as well as neutrophils, macrophages, Kupffer cells, and endothelial cells.
In the NHB group, the sinusoidal space became narrow, and hy- In the present study, the elimination of Kupffer cells
dropic changes in hepatocytes were observed. In the KE group, si- could suppressed the production of TXB, completely.
nusoidal structures and hepatocytes were well preserved, the These results suggest that Kupffer cells may be one of
same as in the control group
the main sources of thromboxane production in
NHBD.
Recent investigations suggest that TNFa and IL-1
are
key mediators in the early period of ischerniaheperresults indicate that Kupffer cells play an important role
in the mechanism of graft injury in LTx from NHBD fusion injury. Caughey et al. reported that TXA, was a
and that LTx using grafts from NHBD can be made to paracrine or autocrine facilitator of TNFa and IL-lfi
production in zymogen-stimulated human monocytes
succeed by modulation of Kupffer cells.
Thromboxane A2 (TXA,), one of the products of and suggested that the capability of TNFa and IL-lB
the arachidonic acid cascade, is a vasoconstrictor and synthesis were determined by the balance between
a stimulator of platelet aggregation [16]. Post et al. re- TXA, and PGE, production in human monocytes (191.
ported that concentrations of prostanoids of the hepat- In the present study, elimination of Kupffer cells comic vein including TXB, increased approximately 100- pletely suppressed the production of TXB,. The producto 500-fold in the early period after reperfusion 1171. tion of TNFa and IL-IP was reduced by eliminating
Soejima et al. reported that pretreatment of NHBD Kupffer cells to the control level. These results support
with the thromboxane synthetase inhibitor (OKY-046) the previous study and suggest that the suppression of
in rat liver transplantation ameliorated graft viability TXB, may induce the reduction of cytokine production.
by reducing the production of TXA, in the liver [18). As mentioned above, it is interesting to made the effect
In "
general. tbe olatelets are considered to be the main of eicosanoids as a signal transmission molecule and

Fig.7 Morphologicacal findingsof the livers 60 min after reperfusion (hematoxylin and eosin stain, original magnification x 100).
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the relation between eicosanoids and cytokines in the
mechanism of ischemidreperfusion injury.
Kupffer cells play an important role in warm ischemidcold preservatiodreperfusion injury. A possible
first step of ischemia/reperfusion injury is the production of reactive oxygen species in sinusoidal lining cells
including Kupffer cells. Shibuya et al. reported that superoxide anions are generated mainly by Kupffer cells
and that Kupffer cells modulate the injury in the initial
phase of reperfusion after cold preservation [4].In this
study, the elimination of Kupffer cells could preserve sinusoidal endothelial cells and hepatocytes could be well

preserved. These results indicated that the direct destruction of sinusoidal endothelial cells and hepatocytes
by reactive oxygen species might be suppressed by the
elimination of Kupffer cells.
In conclusion, elimination of Kupffer cells was
strongly associated with suppression of the production
of TXB, and cytokines and prevented disturbance of
the sinusoidal microcirculation and injury of hepatocytes in NHBD. The results of our study suggest that liver transplantation using grafts from NHBD can be made
to succeed by modulation of Kupffer cells.
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