PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World ] Gastroenterol 2006 August 14; 12(30): 4902-4905
World Journal of Gastroenterology ISSN 1007-9327
© 2006 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Dynamical changing patterns of histological structure and
ultrastructure of liver graft undergoing warm ischemia injury
from non-heart-beating donor in rats

Yi Ma, Guo-Dong Wang, Lin-Wei Wu, Rui-De Hu

Yi Ma, Guo-Dong Wang, Lin-Wei Wu, Organ Transplantation
Center, the First Affiliated Hospital, Sun Yat-Sen University,
Guangzhou 510080, Guangdong Province, China

Rui-De Hu, Department of Pathology, Sun Yat-Sen University,
Guangzhou 510080, Guangdong Province, China

Supported by the Key Clinical Project of Minister of Public
Health, No. 97040230

Correspondence to: Yi Ma, MD, Organ Transplantation Center,
the First Affiliated Hospital, Sun Yat-Sen University, Guangzhou
510080, Guangdong Province, China. anhuimayi2002@sohu.com
Telephone: +86-13112274921

Received: 2006-03-18 Accepted: 2006-04-21

Abstract

AIM: To investigate the histological and ultra-structural
characteristics of liver graft during different of warm
ischemia time (WIT) in rats and to predict the maximum
limitation of liver graft to warm ischemia.

METHODS: The rats were randomized into 7 groups
undergoing warm ischemia injury for 0, 10, 15, 20, 30,
45 and 60 min, respectively. All specimens having under-
gone warm ischemia injury were investigated dynamically
by light and electron microscopy, and histochemistry
staining. After orthotopic liver transplantation (OLT), the
recovery of morphology of liver grafts after 6, 24 and 48
h was observed.

RESULTS: The donor liver from non-heart-beating
donors (NHBD) underwent ischemia injury both in the
warm ischemia period and in the reperfusion period.
Morphological changes were positively related to warm
ischemia injury in a time-dependent manner during the
reperfusion period. The results demonstrated that dif-
ferent degrees of histocyte degeneration were observed
when WIT was within 30 min, and became more severe
with the prolongation of WIT, no obvious hepatocyte ne-
crosis was noted in any specimen. In the group undergo-
ing warm ischemia injury for 45 min, small focal necrosis
occurred in the central area of hepatic lobule first. In
the group undergoing warm ischemia injury for 60 min,
patchy or diffused necrosis was observed and the area
was gradually extended, while hepatic sinusoid endothe-
lial cells were obviously swollen. Hepatic sinusoid was
obstructed and microcirculation was in disorder.
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CONCLUSION: The rat liver graft undergoing warm
ischemia injury is in the reversible stage when the WIT is
within 30 min. The 45 min WIT may be a critical point of
rat liver graft to endure warm ischemia injury. When the
WIT is over 60 min, the damage is irreversible.
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INTRODUCTION

In the past 40 years, liver transplantation has achieved
a great success and has become the most effective
method to treat the end-stage hepatic diseases. Liver
transplantation is developing rapidly as a result of perfect
perioperative care and widespread applications of potent
immunosuppressants. However, there is an obvious
problem of donor organ shortage, especially in countries
where the “brain-death” cases have not been legitimated.
At present, a high percentage of liver grafts comes from
non-heart-beating donor (NHBD) in these countries.
Under these circumstances, liver grafts unavoidably
encounter a period of warm ischemia injury and undergo
further injuries in preservation and reperfusion process' .
Poor quality of liver grafts is considered an important
risk factor greatly reducing the liver transplantation
effectiveness™. Clinical practice suggests that the warm
ischemia time (WIT) should not be longer than 5 min'",
and 10 min of WIT may be the upper limit. According
to this, many donor livers are useless, thus aggravating
the problem of donor liver shortage. This study was to
observe the changing patterns of histological structure
and ultrastructure of liver graft undergoing warm ischemia
injury.
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MATERIALS AND METHODS

Animals and grouping

Two hundred and ten healthy male adult Sprague-Dawley
(SD) rats weighing 250-300g (Experimental Animal Center
at Sun Yat-Sen University) were used in the study. The
mean weight of recipient rats was slightly heavier than
that of donor rats. According to WIT, 210 SD rats were
randomly divided into seven groups. The duration of WIT
was 0, 10, 15, 20, 30, 45 and 60 min respectively. Forty-
two SD rats (6 each group) were used for the observation
of warm ischemia injury. The other 168 were divided into
7 subgroups. Orthotopic liver transplantation (OLT) was
performed in each group according to the predetermined
WIT, 12 as donors and 12 as recipients. Histological,
histochemical and ultrastructural changes were observed
6, 24 and 48 h respectively after reperfusion. Specimens
taken from the right hepatic lobe of rats were divided into
4 types, one for routine olefin sections after fixation in
formalin solution, one for glycogen staining after fixation
in Gendre solution, one for enzyme histochemical staining
after quick freezing in liquid nitrogen and one for ultrathin
sections.

Establishment of animal model

Warm ischemia injury was induced by clamping the basilar
part of the heart and blocking the thoracic aorta of the
donor animals after the donor rat received 0.2 mL heparin
sodium solution (1250 U heparin sodium) »iz dorsum
of penis vein to establish the non-heart-beating donor
model. Then the liver graft was dissected. The liver was
then perfused iz situ through the abdominal aorta with 20
mL chilled lactic acid Ringet’s solution (50 U/mL heparin
sodium) and stored in a bath of cold lactate Ringet’s
solution before transplantation. Immediately prior to the
portal vein clamping, orthotopic liver transplantation
was performed as previously described™ with minor
modifications”. The cold ischemia time (CIT) was 50 %+ 3.5
min and the anhepatic period was 20 £ 2.5 min.

Observation indexes and methods

Specimens were fixed in formalin solution, routine 4-6
pm paraffin sections were stained with HE for light
Mmicroscopy.

Specimens were disposed by the typical ultra-
histology methods, and the sections were observed under
transmission electron microscope and scanning electron
microscope.

Hepatic glycogen was stained by PAS reaction after
the fresh specimens were fixed in Gendre’s solution for 6
h. Tetrazolium blue, PPDA, magnesium activation were
respectively adopted to observe the activities of SDH, CO
and ATPase on 5-6 um thick cryo-sections.

RESULTS

Observation under light microscope

Histological structure changed slightly when WIT was
shorter than 30 min. Cytoplasm loosening, cell edema,
focal vacuole degeneration were noted when WIT was
over 30 min, especially in the lobule center area. Leukocyte

Figure 1 Cytoplasm loosening, cell edema, focal vacuole degeneration after
reperfusion (10 x 10) in the group undergoing warm ischemia injury for < 30 min
(A); obvious cell edema, ballooning-like degeneration after reperfusion (40 x 10) in
the group undergoing warm ischemia injury for 30 min (B); focal necrosis around
central lobule area after reperfusion (10 x 10) in the group undergoing warm
ischemia injury for 45 min (C); plaque-like area necrosis after reperfusion (40 x 10)
in the group undergoing warm ischemia injury for 60 min (D).

infiltration was noted in the portal area and acidophilus
was obvious in some hepatocytes. The above pathologic
changes aggravated when WIT was prolonged to 60 min.
Cell degeneration was diffuse or extended to a focal area,
even lipid degeneration could be seen. The degree of
degeneration was dependent on the duration of WIT, but
necrosis could hardly be observed under light microscope.
After 6 and 24 h reperfusion, injury to liver graft became
severer and hepatocytes presented with obvious edema and
some ballooning degeneration in the group undergoing
warm ischemia injury for 30 min (Figures 1A and B).
Focal like necrosis could be noted in the lobule center
area in the group undergoing warm ischemia injury for 45
min (Figure 1C), the change aggravated when WIT was
prolonged. Forty-eight hours after reperfusion, hepatic
injury resumed gradually in the group undergoing warm
ischemia injury for < 45 min. Hepatocytes presented with
plaque or diffused necrosis and the pathologic change was
irreversible in the group undergoing warm ischemia injury

for 50 min (Figure 1D).

Observation under electron microscope

The structure of mitochondria and endoresticule was
normal when WIT was shorter than 15 min (Figure 2A).
Mitochondria became swollen, density of basal plasma
was reduced, endoresticule was enlarged and glycogen
particles were reduced in the group undergoing warm
ischemia injury for 30 min. Mitochondria crista became
fuzzy and pale in the group undergoing warm ischemia
injury for 45 min. While fuzzy or ruptured mitochondria
crista, vacuole degeneration and broken endoresticule
were noted in the group undergoing warm ischemia
injury for 60 min. Six hours after reperfusion, damage
to liver graft became severer and 24 h after reperfusion,
mitochondria became swollen and basal density reduction
was aggravated, but glycogen particles increased in the
group undergoing warm ischemia injury for < 30 min
(Figure 2B). Mitochondria became swollen, vacuole was
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Figure 2 Swollen mitochondria, ruptured crista, rough endoplasmic reticulum
degranulation (x 15000) in the group undergoing warm ischemia injury for 30 min
(A); phanero-swollen mitochondria and nuclear chromosome margination, and
karyopyknosis after reperfusion (x 10000) in the group undergoing warm ischemia
injury for 45 min (B and C); significant swollen mitochondria, crista extinction,
nuclear membrane rupture, karyolysis and karyorrhexis after reperfusion (x 5000)
in the group undergoing warm ischemia injury for 60 min (D).

degenerated, and rough endoreticule was broken, apoptosis
of hepatic and endothelial cells was increased with
chromosome margination, karyopyknosis and karyorrhexis
in the group undergoing warm ischemia injury for > 30
min (Figures 2C and D). Endothelial gaps were enlarged,
the sieve plate was mingled, some endothelial cells broke
off, and therefore, some sinusoids were blocked with
cytoplasmic bleb accumulation in the groups undergoing
warm ischemia injury for 45 and 60 min (Figure 3A).
Forty-eight hours after reperfusion, swollen mitochondria
resumed gradually, glycogen particles increased obviously
in the group undergoing warm ischemia injury for < 45
min. Mitochondria were extended with crista turbulence,
vacuole, membrane rupture, and cell apoptosis and
necrosis (with karyopyknosis, karyorrhexis and karyolysis)
could be noted in the group undergoing warm ischemia
injury for 60 min. The above changes were irreversible
(Figure 3B). Most endothelial cells underwent necrosis and
shedding, many hepatic sinusoids were full of cytoplasmic
blebs, reticular fibrosis and hemocytes (Figure 3C). Under
scanning electron microscope, endothelial cells presented
with bleb or ballooning like degeneration, sinusoids were
blocked, thus the microcirculation underwent irreversible
disturbance (Figure 3D).

Histochemical observation

Our previous study has demonstrated that hepatic
glycogen begins to reduce when WIT is prolonged to 30
min and the activities of SDH, CO and ATPase begin to
decrease when WIT is longer than 45 min'. The above
changes were positively related to WIT in a time dependent
manner during reperfusion in this study. PAS reaction
and enzyme activities showed a recovering potency in the
groups undergoing warm ischemia injury for 15 and 30
min. The liver graft underwent an irreversible injury and
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Figure 3 Cytoplasmic blebs and irregular endothelial sieve plate in some
sinusoids after reperfusion (scanning electron microscope x 6000) in the group
undergoing warm ischemia injury for 45 min (A); apoptosis and necrosis of
hepatocytes after reperfusion (x 8000) in the group undergoing warm ischemia
injury for 60 min (B); cytoplamic blebs, reticular cellulose and hemocytes after
reperfusion (scanning electron microscope x 6000) in the group undergoing warm
ischemia injury for 60 min (C); bleb or ballooning like swollen endothelial cells,
blocked sinusoids and irreversible microcirculation disturbance after reperfusion (x
5000) in the group undergoing warm ischemia injury for 60 min (D).

no evident recovery potency was found after implantation
in the groups undergoing warm ischemia injury for 45 and
60 min.

DISCUSSION

How to evaluate the quality of liver grafts and how to
ascertain the safety time limit for warm ischemia of liver
grafts remain to be solved since warm ischemia injury
affects the outcome of liver transplantation. Western
transplantation community does not consider much of
warm ischemia injury because their liver grafts are mainly
taken from “brain-death” donors. Liver transplantation
has become an effective management in the treatment
of end-stage liver diseases, while the shortage of donor
liver is a critical limiting factor for liver transplantation,
thus people have begun to reconsider the marginal organ
source like NHBD since 1990s""". Some laboratory
studies support a controversial 60 min WIT limitation """,
but different experimental animals, warm ischemia models
and experiment conditions may cause arguments about the
WIT limitation. The argument about the WIT limitation
has led to a wotldwide investigation on warm ischemia-
reperfusion injury" """,

In the present study, we observed the changes of
histological structure and ultrastructure of liver grafts
during different WIT. Cellular edema and vacuole
degeneration could be noted in warm ischemia period. The
pathologic changes were aggravated with the prolongation
of WIT, but necrosis was absent. Hepatocyte vacuole
degeneration was due to swollen mitochondria and
outstretched endoresticule. Glycogen-absorbed vacuole
also could be seen. Under electron microscope, pathologic
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changes were reversible, only part of cells underwent
irreversible changes such as necrosis (with karyopyknosis,
karyorrhexis and karyolysis) and apoptosis. However, liver
grafts from NHBD underwent injuries both in the warm
ischemia petiod and in the reperfusion stage. The degree
of injury in the reperfusion stage was positively related to
the duration of WIT. Histochemical observations showed
that hepatic glycogen began to reduce when WIT was
prolonged to 30 min. The activities of SDH, CO and
ATPase began to decrease when WIT was longer than 45
min. The above changes were positively related to WIT in
a time-dependent manner during the reperfusion petiod.
PAS reaction and enzyme activities showed a recovering
potency in the groups undergoing warm ischemia injury
for 15 and 30 min. The liver graft underwent irreversible
injury and no evident recovery potency was found after
implantation in the groups undergoing warm ischemia
injury for 45 and 60 min.

In conclusion, the pathologic changes of liver grafts
undergoing only warm ischemia injury are reversible when
WIT is shorter than 60 min, but the damage to liver graft
would aggravate at the reperfusion stage, suggesting that
rat liver grafts undergoing warm ischemia injury are in the
reversible stage when WIT is within 30 min. The 45 min
of WIT may be a critical point of rat liver grafts to tolerate
warm ischemia injury and when WIT is prolonged to 60
min, the damage is irreversible.
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