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Introduction

Total interruption of the hepatic blood flow is often
necessary during hepatic surgery. Complicated resec-
tions of liver and operation for major liver trauma
may require hepatic blood in-flow control. Especially,
hepatic transplantation is inevitably subjected to is-
chemia followed by reperfusion, and then normoth-

ermic ischemia is a major obstacle to successful liver

transplantation”.

The liver is highly susceptible to ischemia. The
mechanisms of hepatic ischemia and following re-
perfusion injury are multfactorial, and a great deal of
effort has gone into attempts to elucidate its patho-
physiology in variable animals. However it is well-
known in experimental pathology that complete is-
chemia of organs is often difficult to standardize for
different reasons”. In particular, very little attention
has been paid to the hepatic injury of mouse as-
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sociated with ischemia and subsequent reperfusion
since the mouse is intolerable to hepatic ischemia to
venous congestion of the splanchnic and systemic sys-
tems. Moreover, the experimental surgery in the mo-
use is very difficult technically even under surgical mi-
croscope. There are, however, many advantages to us-
ing the mouse for immunologic research attended
with transplantation

This experiment was designed to determine the op-
timal hepatic ischemia period of mouse under the nor-
mothermia in order to develop the standardized mo-
use model for the critical liver ischemia/reperfusion(I1/
R) injury attended with liver transplant biology.

Material and Methods

1. Experimental Protocol

All experiments were conducted with the prior ap-
proval of the JACUC(Institutional Animal Care and
Use Commitee of Children’s Hospital Research Foun-
dation, Cincinnati, Ohio). Pathogen free adult male
ICR mice(Hardan Teklad, Medision, WI) weighing
25- 30g were used in this study after all mice were ac-
climated to new circumstances for 4-5 days. Mice
were maintained on normal diet and tap water. The
experimental animals were divided into the following
six groups.

Group [ -5 min clamp of portal triad

Group I - 10 min clamp of portal triad

Group II - 15 min clamp of portal triad

Group [V — 20 min clamp of portal triad

Group V - 25 min clamp of portal triad

Group VI - 30 min clamp of portal triad

Anesthesia was induced and maintained by Iso-
fulorane(1.5— 2.0 vol%) inhalation during all surgical

procedure.

2. Surgical procedure

To develop the hepatic ischemia and reperfusion
the anesthesia-induced mouse was placed individually
on the 35C warm pad of operating table. And then
the mouse head was put into the anesthetic pipe with
1.5-2.0 vol% Isofiloranc flow for maintaining an-

esthesia invariably during procedure, and the legs
were fixed with plaster. After shaving and cleansing ab-
domen with 10% betadine solution, a 1.5 centimeters
long midline abdominal incision was made, and the
falciform ligament was divided, and then the portal
vein, hepatic artery and common bile duct were freed
from the surrounding structures and clamped to-
gether by placing atraumatic microancurysm clip
(Heifitz) during 5 min to 30 minutes of the desired
period of ischemia under an operating microscope
(Storz Urban, Model US-1) wth 10-12x mag-
nification. Following declamping the clip immediately
after the desired periods and observing the circulation
being restored into liver, the abdominal incision was
closed by running suture with 50 polyglycolic acid
(Dexon) for musclar layer and 4 -0 silk for skin. No
intravenous fluid was given during surgery. But a
small amount(0.2 ml) of normal saline was spreaded
on top of the intraabdominal viscera to keep the or-
gans moist.

For determination of survival rate the mice were al-
lowed to recover from the anesthesia in the incubator
with 33 air. And then the mice were caged in-
dividually and fed the commercial regular chow and
tapwater.

3. Survival rates

Survival rate of each group was determined as co-
unting the number of survivors over 48 hours after
surgery. Dara was expressed as the proportion of sur-
vivors to the experimented animals in each group. In
this study, the number of the experimented animals
did not include the mice died from bleeding(it is de-
fined that 2 and more cotton sticks, Q-tips get wet
with blood) or died before releasing the clamps.

Results

Normothermic ischemia was induced in 63 mice of
which each 6 were used for Group 1, I & VI, 12
for Group I, 18 for Group IV, and 15 for Group V
respectively. The survival rates in each clamping
period of protal triad are summarized in Table 1 &
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Table 1. Summary of this experiment according to hepatic sichemic period

Group tschemia period(min)  No of animal*  No of Survival  Survival rate(%)  Death time
I 5 6 6 100
I 10 6 6 100
il 15 12 11 92 2hr after op
1Y 20 18 9 50 2 : not awaken
3 : 1hr after op
4 ; less than 24hr after op
A\ 25 15 5 33 5 : not awaken
3 ; less than Thr after op
2 1hr after op
vl 30 6 0 0 5 ; not awaken
1:90 min after op
Total 63 37

*not include to mice died from bleeding(2 and more Q-tips get wet with blood) or died before releasing the clamps

Fig. 1. Within an ischemic period of 10 min, no
death was observed during 48 hr after I/R inuslt of
liver. Longer periods of sichemia, however, gave rise
to decreasing rate of survival. The survival in group II
animals clamped for 15 min was 92%. The survival for
group IV animals clamped for 20 min was 50%. The
survival for group V animals clamped for 25 min was
33%, and all group VI animals clamped for 30 min
died within 2 hr after I/R inuslt.

Although the time of death after ischemic inuslt
was variable, it occurred mostly within 2 hr after
ischemia and subsequent reperfusion of liver. And
twenty min may be suggested as the 50% lethal
ischemic time in this experimental condition.

Discussion

Portal triad occlusion results in adverse hemo-
dyamic effects on one hand and liver ischemia on the
other hand. The major cause of death with acute oc-
clusion of the portal triad is the reduction of the cir-
culating blood volume due to pooling of blood in the
splanchnic bed®. However, the most critical tissue in-
jury associated with ischemia-reperfusion is precipit-
ated immediately after reperfsuion, and splanchnic co-
ngestion on portal occlusion and reperfusion results in
disturbances of hepatic microcirculation and increased
endotoxin levels in the portal vein with activation of

hepatic macrophages®. The molecular mechanism as-

100 - B o survival
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Ischemic time

Fig. 1. Survival rate according to hepatic ischemia period.
sociated with hepatic I/R injury are still unknown al-
though the various mechanism for the damage oc-
curing after hepatic I/R injury have been suggested®.

Although the operation technique the author has
used does not differ essentially from those used in
literature®”, the author has described it in detail in the
materials and methods section. The microsurgical clip
under surgical microscopy in this experiment has been
used to guarantee a complete closure of the vessels
with minimal damage to the vessel wall, which should
be considered important for a prompt restoration of
the bloo flow after clamping for a certain period.

The anesthesia is also of importance. The zuthor
has chosen isofluorane which is known to have no
direct harmful effect on the liver like nembutal or
halothane®. In unpublished out experimental results,
most of the mice died often even 5 min clamp of por-
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tal triad with intramusclar injection of ketamin.

The duration of critical ischemia varies within the
animals and the organs. Most laboratory animals have
very few spontancous portosystemic collateral veins.
In dog, occlusion of the whole portal triad produces
the same dramatic cardiovascular consequences as por-
tal occlusion, and forty minutes of normothermic
ischemia is close to a maximum tolerable duration for
the liver”. While in rats, occlusion of the portal vein
for 30 min and 50 min was lethal to about 50% and
100% of the animals respectively”.

The mortality of mice in this experiment after 5
min and 10 min of clamping was nil or very low,
whereas longer periods of ischemia entailed a linear
decrease of survival rate(Fig. 1). This means that in
our experimental sct-up 50% mortality is around 20
min of clamping. And this result shows that most of
mice with complete hepatic sichemia for less than 15
minutes can be alive under this experimental con-
dition, and that the portal triad occlusion duration as-
sociated with 100% mortality was at least 30 minutes
in mice, although the mouse is not only one-tenth
the size of the rat, but is also much more intolerable
to hepatic sichemia and venous congestion of the
splanchnic and systemic systems.

With a solid evidence that the liver is highly sus-
ceptible to ischemia, a most important problem in liv-
er transplantation is prevention of ischemic damage
and an early diagnosis of primary graft failure based
on ischemia. Hepatic transplantation is inevitably sub-
jected to a variety of insults as a results of ischemia ex-
perienced during the organ harvest and reperfusion at
the time of organ engrafiment. The mechanism of
hepatic I/R injury are mulifactorical and the role of
cytokines, polymorphonuclear neutrophiles(PMN), cel-
lular adhesion molecules, and oxygen free radicals
have not been studied fully yet in I/R injury’™™. So
this results that the clamping duration of portal triad
less than 15 min have 92% survival rate and over 30
min of clamping, 100% of animals had mortality, im-
plys that the ischemic period betwem these two
points is the optimal range for studying the patho-
physiological alterations associated with hepatic I/R

injury in mice.

Now the author feels that the standardized opera-
tion technique applied in this experiment can con-
tribute to the predictability of the results in the
research of hepatic I/R injury in mice. This experi-
mental model may be useful in the future to develop
live transplantation immunology since numerous gen-
etically defined inbred mouse strains-including congen-
ic strains-are available. Morcover, there are many ad-
vantages to using the mouse for immunologic res-
earch associated with transplantation, because the mo-
use genome has been more thoroughly characterized
than the rat or any other species of mammals, and the
mouse H-2 system also bears a striking resemblance
to human HLA system.
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