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Mechanism of primary graft non-function 
in a rat model for fatty liver transplantation 

Abstract We established a fatty li- 
ver model in rat suitable for the 
model of human liver with steatosis 
by cholesterol enriched chow, and 
investigated the mechanism of pri- 
mary graft non-function in fatty liver 
transplantation (LTx) using this 
model. Grafts with steatosis caused 
primary graft dysfunction after LTx 
following even short cold preserva- 
tion; however, no significant differ- 
ence was recognized in mitochon- 
drial function of the graft during 
preservation. Morphological find- 
ings were not different at 1 h after 
reperfusion between non-steatotic 

and steatotic livers. Focal necrosis of 
hepatocytes was seen and the sinu- 
soidal endothelial cells were injured 
24 h after reperfusion. In addition, 
the fluidity of the plasma membrane 
decreased in fatty liver. Our results 
indicate that deterioration of sinu- 
soidal endotheiial cells after reper- 
fusion causes graft dysfunction in 
LTx of steatotic liver. 
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Introduction 

It has been reported that the prevalence of fatty liver 
among the potential donor population is high, ranging 
from 13 to 26% [2,6], and it is well known that steatosis 
often leads to graft dysfunction after transplantation. 
However, only a few studies have been done to investi- 
gate the mechanism involved [8]. Clinically, fatty liver 
is caused by various conditions which include sustained 
alcohol intake, obesity, metabolic or endocrine disease 
or conditions such as diabetes mellitus, pregnancy, par- 
enteral hyperalimentation, the use of certain drugs, and 
hepatitisc. Despite various causes of fatty liver, in 
most experimental models of fatty liver in rats, hepatic 
steatosis was produced by choline and methionine defi- 
cient chow, or ethanol intake; in addition, obese Zucker 
rats were used which bear a genetic mutation. Fatty liver 
produced by choline and methionine deficient chow and 
obese Zucker rats are not suitable as models of human 
liver with steatosis because of malnutrition and the pre- 
sence of genetic mutation, respectively. Ethanol intake 

is only one reason out of many. No experimental trans- 
plantations of fatty liver induced by calorie overload 
has been done. 

The purposes of this study were to establish a fatty li- 
ver model in rats, which was similar to steatotic liver in 
humans, induced by cholesterol rich chow, and to inves- 
tigate the mechanism of graft dysfunction after fatty li- 
ver transplantation. 

Materials and methods 
Animals 

Male Wistar rats, 4 weeks of age, were used for donors. The ani- 
mals were devided into two groups. Rats were fed normal rat 
chow in the control group, and normal chow with 10% lard and 
2.5 % cholesterol in the fatty liver group for 4 weeks, respectively. 
Male Wistar rats, 8-9 weeks of age and weighing 250-350 g, were 
used as recipients. All animals were given free access to water. 
After liver transplantation, rats in both groups were fed normal 
rat chow. 
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Liver transplantation procedure 

The rats were anesthetized with ether, and liver transplantation 
was performed using the technique described by Zimmermann 
and Kamada with minor modification [22]. Briefly, heparin 
(300 IU) in 2 ml saline solution was injected into the penile vein, 
and a 4 mm long stent prepared from polyethylene tube was insert- 
ed into the common bile duct and secured with 6-0 sutures. Livers 
were flushed in situ with 5 ml saline solution at 4°C followed by 
10 ml of University of Wisconsin (UW) solution at 4°C. Venous 
cuffs prepared from 14 and 12 gauge intravenous catheters were 
placed in the portal vein and infrahepatic vena cava, respectively, 
and grafts were stored in UW solution at 4°C for 1, 6, 12, 18 and 
24 h. For transplantation, the liver of the recipient was removed 
after clamping the suprahepatic vena cava, the portal vein, and 
the infrahepatic vena cava, and grafts were transplanted by con- 
necting the suprahepatic vena cava with a running suture, then in- 
serting cuff into the appropriative vessels and securing them with 
6-0 sutures. The bile duct was anastomosed with an intraluminal 
stent. The transplantation procedure required less than 45 min, 
during which time the portal vein was clamped for 12-15 min. 
Five rats in each groups were transplanted and observed for 
7 days and survival rate was calculated. 

Examination items 

For evaluation of the graft viability before implantation, five rats 
were examined in each groups. Rats were anesthetized with ether, 
and livers were perfused through a cannula inserted in the Portal 
vein with 5 ml saline solution at 4°C followed by 10 ml UW S o h -  
tion at 4°C and removed. At laparotomy, a specimen was taken 
and fived by 10% formalin for hematoxylin and eosin stain. An- 
other specimen was removed to measure the lipid content of liver 
tissue. Liver specimens were removed and frozen in liquid nitrogen 
at laparotomy and then every 6 h up to 24 h during cold preserva- 
tion to measure the change of ATP and proton ATP ase activity 
of liver tissue. After liver transplantation following 1 and 6 h cold 
preservation, for evaluation of the function of sinusoidal endothe- 
lial cells, measurement of hyaluronic acid (HA) clearance and his- 
tological examination were camed out. 

Lipid content of liver tissue 

activity was measured by a Jasco FP-777 fluorometer (Jasco, 
Tokyo, Japan) at 23°C under stimng, with excitation of 625 nm 
and emission of 670 nm. A total of 100 pl mitochondria was added 
to 2 ml potassium buffer at pH 7.4 containing 225 mM potassium 
chloride, 5 mM magnesium chloride, 10 mM potassium dipho- 
sphate, and 2 mM triethanolamine. The fluorescence intensity of 
this mixture was regarded as baseline. Then, 100 pl of 50 mg/l dis- 
C3 in ethanol was added to the mixture. The difference between 
the fluorescence intensity of this mixture and the baseline was 
taken to represent a standard electric potential. Succinic acid 
9 pmol and 1.25 pg antimycin A were added to the mixture. ATP 
2 pmol was added to  this medium, and the change in the fluores- 
cence intensity was regarded as the ATPase activity. We con- 
firmed that the proton ATP ase activity measured in this procedure 
was inhibited by 25 pg oligomycin. ATP ase activity was calculated 
as follows: proton ATP ase activity (YO) = change in the fluores- 
cence intensity by ATPIstandard electric potential x 100. 

Plasma membrane preparation 

The membranes were isolated according to  the procedure of Fre- 
mont et al. [7], modified by Epping and Bygrave [3], using a dis- 
continuous Percoll density gradient (Phannacia Biotech AB, 
Uppsala, Sweden). The liver specimens were removed at laparot- 
omy, immersed in ice-cold N-[2-hydroxyethyl] piperazine-N’[2- 
ethanesulfonic acid] (HEPES) buffer, which contains 250 mM su- 
crose/ml and 0.5 mM ethylene glycol-bis (B-aminoethylether) - 
N,N,N’,N’-tetraacetic acid (EGTA)/L and adjusted by KOH at  
pH 7.4, and then cut into small fragments with scissors and homo- 
genized at 4°C with 15 up-and-down strokes a t  2001pm in the 
same buffer (~O%W/W). The crude suspension was filtered through 
nylon mesh, and the filtrate was centrifuged at loo00 g for 10 min 
at 4°C. The supernatant, designated as the homogenate, was re- 
covered after discarding floating lipids. Percoll solution was adjus- 
ted to pH 7.4 with HC1 at 4”C, and solution of Percoll(75 %, 30 %, 
25%, 18%. and 10%) were mixed with HEPES buffer. The liver 
plasma membrane-enriched fraction was obtained in the layer of 
10% Percoll with HEPES buffer after one centrifugation step at 
48000 g for 4 min at 4°C. Traces of remaining Percoll were elimi- 
nated by centrifugation (50000 g for 10 min at 4°C) in a large vol- 
ume of 10mM TRIS-HCVL buffer containing 150mM NaCl 
adjusted at pH 7.4. The pellet of membrane was washed in HEPES 
buffer without sucrose and stored at  -80°C. 

Lipid content of liver tissue was measured as described by Folch 
et al. [5].  The weights of tnglyceride, phospholipid, and cholesterol 
were measured by spectrophotometer using the commercial kit, 
triglyceride-Test-Wako, phospholipid-Test-Wako (Wako Pure 
Chemical Industries, Osaka, Japan), and F-kit-cholesterol (Roche 
Molecular Biochemicals, Tokyo, Japan), respectively. 

Measurement of ATP 

Tissue samples were freeze clamped and stored at -80°C before 
they were extracted in perchloric acid, and measured by high per- 
formance liquid chromatography. 

Lipid extraction and analysis 

Total lipid membrane was extracted with chloroform/methanol 
(2 : 1) containing 0.005 YO butylated hydroxytoluene, according to 
the method of Folch et al. [16]. Total membrane cholesterol, phos- 
pholipids, and triglycerides were determined by thin-layer chroma- 
tography and flame-ionization detector method (Iatroscan TH-10, 
Iatron Laboratories, Inc., Tokyo, Japan) in total lipid. Membra- 
nous phospholipids were eluted by aminopropyl column chroma- 
tography using methanol. After transmethylation, fatty acid com- 
ponents in the membranous phosphoIipids was determined by 
gas-liquid chromatography. 

Measurement of mitochondria1 proton ATF’ ase activity 

Mitochondria1 proton ATP ase activity was measured by the meth- 
od of Seya et al. [7]. In brief, mitochondria were isolated from the 
liver by the high-yield differential centrifugation method. ATP ase 

Measurement of hyaluronic acid (HA) clearance 

Rat was reanesthized with an intramuscular administration of ke- 
tamine (75 mg/kg), and an intravenous line was placed in the right 
jugular vein. A blood sample (200 fl) was taken for measurement 
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of serum HA at 1 h after reperfusion. Sodium hyaluronate (Sigma 
Chemical Co., St.Louis, Mo., USA) in sodium phosphate buffer 
(10 mglml) was then injected through the catheter (0.5 mglkg). At 
3 min and 30 min after injection, 200 pl of blood samples were col- 
lected, immediately followed by administration of 200 pl saline so- 
lution. HAwas measured by a commercial ELISA assay kit (Reads 
Medical Products, Inc., Westminster, UK). All samples were stored 
at -20°C until they were assayed. HA clearance was calculated as 
the ratio of the serum HA at 3 min to that at 30 min. 

Histological examination 

After liver transplantation followed by 1 and 6 h cold preservation, 
the recipient rats were anesthesized with ether, and 100 IU heparin 
in 0.5 mi of saline solution was injected into the penile vein and 
specimen of transplanted livers were taken 1 and 24 h after reper- 
fusion. A lobe was removed and a specimen was fixed by 10% for- 
malin for hematoxylin and eosin stain. Another lobe was removed 
from the livers and the specimens were fixed by perfusion through 
a cannula inserted in the portal vein of 2-3 mYmin of 2 % parafor- 
maldehyde and 2.5 % glutaraldehyde in 0.1 M sodium cacodylate 
buffer at pH7.3. The livers were cut into small cubes and im- 
mersed in the same fixatives used for perfusion-fixation and al- 
lowed to stand overnight. After postfixation in 1.0 YO osmium tetr- 
oxide, they were dehydrated by passing through a 5&100Y’ gradi- 
ent of ethanol, then passed through propylene oxide, and embed- 
ded in Epon 812. Ultrathin sections were counter stained with ura- 
nyl acetate and lead citrate, and observed under a transmission 
electronmicroscope (JEM-1010; Japan Electron Optics Laborator- 
ies, Tokyo, Japan). 

Statistical analysis 

All results were expressed as mean f standard deviation (SD). The 
statistical significance of differences were determined by Student’s 
t-test. A P-value of < 0.05 was considered statistically significant. 

Results 
Body weight, liver weight and lipid content of liver 
tissue 

Body weight of rats in each groups increased from about 
90 to 250 g over 4 weeks and there was no significant dif- 
ference. Liver weights of each group were 8.6 f 0.5 g 
and 10.9 k 0.4 g, respectively, and there was statistical 
significant (P c 0.05). The weights of triglyceride, cho- 
lesterol, and phospholipid of liver tissue in both groups 
were 17.7 k 3.3 mglg liver, 2.0 f 0.1 mg/g liver and 
23.7 f 1.1 mg/g liver in the control group, and 56.4 f 
2.5 mglg liver, 24.5 f 3.5 mg/g liver and 27.3 f 0.9 mglg 
liver in the fatty liver group, respectively. 

Survival after liver transplantation 

In the control group, all rats survived for 1 week after li- 
ver transplantation following cold preservation for 12 h. 

Table 1 Survival rate on postoperative day 7 after LTx 
Preservation time (h) 
1 6 12 18 24 

Control group 515 515 515 215 015 
Fatty liver group 515 315 015 015 015 

Table 2 Lipid content of liver plasma membrane in control and 
fatty liver groups. Data were presented as mean f SD. PUFA, 
polyunsaturated fatty acid 

Control group Fatty liver group 
(n = 5 )  (n = 5 )  

Triglyceride (mgig protein) 105.6 f 33.7 58.6 f 5.5” 
Cholesterol (mglg protein) 125.2 It 12.1 163.8 f 17Sb 
Phospholipid (mglg protein) 587.2 k 30.0 555.0 f 34.8 
PUFA (mglg protein) 318.8 f 41.9 274.7 f 17.8’ 

’ P < 0.05 vs control group; ’ P < 0.01 vs control group 

Table3 Major fatty acid composition of phospholipids in liver 
plasma membrane in control and fatty liver groups. Data were pre- 
sented as mean f SD 

Fatty acid 
(wt%) (n = 5 )  (n = 5 )  

Control group Fatty liver group 

16 : 0 17.0 f 3.1 14.8 f 0.7 
27.3 f 1.0’ 18:O 22.9 f 1.2 

18: 1 5.1 f 0.2 7.8 f 0.6’ 
18 :2  13.9 f 1.1 18.8 f 1.0’ 
20 : 4 29.1 f 3.5 19.8 f 0.9‘ 
20 : 5 0.1 f 0.1 1.0 f O.lb 

a P<O.OOI vs control group; ’ P<O.OOOI vs control group; 
P < 0.01 vs control group 

In contrast, in the fatty liver group, 40 % of rats died with- 
in 1 week after transplantation following cold preserva- 
tion for 6 h and all rats died within 2 days after transplan- 
tation following cold preservation for 12 h (Table 1). 

ATP and proton ATP ase activity during preservation 

At laparotomy, in fatty liver group, ATP was significant- 
ly lower compared with the control group, but for the 
other determination point, there was no significant dif- 
ference. ATP ase activity of both groups decreased in a 
time dependent manner and that of fatty liver group 
tended to fall; however, there was no significant differ- 
ence except at 18 h cold preservation (Fig. 1). 

Lipid composition of plasma membrane 

Total membrane lipid contents are shown in Table 2 and 
Table 3. In particular the polyunsaturated fatty acids 
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Fig.1 Change of AT" (A) and 
proton ATPase activity (B) 
during cold preservation. At la- 
parotomy, in fatty liver group, 
ATP is lower significantly com- 
pared with control group, but 
the other determination point, 
there was no significant differ- 
ence. Proton ATP ase activities 
of both groups decreased in 
time dependent manner and 
those of the fatty liver group 
were lower, compared with 
those of the control group; 
however, there was no signifi- 
cant difference except at 18 h 
(* P < 0.05) 

- 4  

Fig.2 The clearance of hya- 
luronic acid (HA) after trans- 
plantation. HA clearance was 
presented as the ratio of the 
serum HA at 3 min and that at 
30 min after injection of HA. In 
both groups, after transplanta- 
tion following 6-h cold preser- 
vation, the rate of serum HA 
level increased compared with 
that after 1-h cold preservation: 
however, no significant differ- 
ences were recognized between 
the steatotic and non-steatotic 
grafts (* P < 0.05) 
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(PUFA) and arachidonic acid decreased in fatty liver 
group. 

Hyaluronic acid (HA) clearance 

In both groups, after transplantation following 6 h cold 
preservation, the rate of serum HA level (3 mid30 min 
after injection of HA) increased compared with that 
after 1 h cold preservation (P < 0.05); however, there 
was no significant difference between control and fatty 
liver group (Fig. 2). 

Histological findings by light microscope 

In the control group, at laparotomy, hepatocytes con- 
tained few fat and sinusoidal lumens were widely 

opened. In fatty liver group, from zone 2 to zone 1, he- 
patocytes contained fat and fat droplets occupied most 
part of the cytosol and the sinusoidal lumens were re- 
markably narrow and irregular. In zone 3, hepatocytes 
contained few fat droplets and sinusoidal lumens were 
widely opened. Hepatocytes containing fat droplets 
were 3040% of the total (Fig. 3). 

At 1 h after reperfusion following cold preservation 
for 1 h, in the control group, sinusoidal lumens were 
widely opened and there was no degenerative change 
of hepatocytes (Fig. 4A). In the fatty liver group, from 
zone 2 to zone 1, sinusoidal lumens were narrowed by 
hepatocytes containing fat droplets. There was no de- 
generative change in hepatocytes (Fig.4B). At 1 h after 
reperfusion following cold preservation for 6 h, the light 
microscopical findings did not differ from that following 
cold preservation for 1 h in both groups. However, 24 h 
after reperfusion following cold preservation €or 6 h, in 
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Fig.3 LM findings of fatty liver 
produced by cholesterol rich 
chow. From zone 2 to zone 1, 
hepatocytes contained fatty de- 
posits and fat droplets occupied 
most of the cytosol and the si- 
nusoidal lumens were narrow 
and irregular remarkably. In 
zone 3, hepatocytes contained 
few fat droplets and sinusoidal 
lumens were wide. Hepatocytes 
containing fat droplets were 
3040% of the total 

the fatty liver group, there was focal necrosis of hepato- 
cytes in zone2. There was no degenerative change in 
the control group (Fig. 4 C, D). 

Histological findings by transmission electron 
microscope 

At 1 h after reperfusion following cold preservation for 
1 h, sinusoidal endothelial cells were well preserved in 
both groups (FigSA, B). 

At 1 h after reperfusion following cold preservation 
for 6 h, sinusoidal lining cells were well preserved in 
control group (Fig.5C); however, in the fatty liver 
group, there was discontinuity of the sinusoidal lining 
and destruction of sieve plates. Sinusoidal endothelial 
cells were round and irregular (Fig. 5 D). 

Dbcu#kn 
It is well known that severe fatty infiltration often cau- 
ses graft dysfunction after liver transplantation in hu- 
mans [21]. To investigate the mechanism of graft dys- 
function in fatty liver transplantation, we established a 
fatty liver model in rats by cholesterol-rich chow. In 
our established fatty liver model, livers showed moder- 
ate macrovesicular steatosis and were considered 
suitable for the LTx experiment because the degree of 
steatosis, i. e., moderate macrovesicular steatosis, is con- 
sidered to be the borderline for use of steatotic liver 
grafts in humans [4]. In this model, steatosis was located 
mainly in zone 2; however, steatosis is usually located in 
zone 3 in humans. Although there was a difference in lo- 

calization of the fatty deposits, we used this fatty liver 
model in rats for investigation of primary graft nonfunc- 
tion after transplantation. 

It was reported that the amount of ATP in liver 
graft was strongly associated with the results of liver 
transplantation [12]. Recently this concept was resised 
and it was necessary to measure the recovery rate of 
mitochondrial ATP synthesis pre- and post-reperfu- 
sion. We reported that proton ATP ase activity, the 
key enzyme of mitochondrial ATP synthesis, was use- 
ful for the evaluation of mitochondria1 energy produc- 
tive capacity [15]. In this study, there was no differ- 
ence in ATP of the graft except at laparotomy. Proton 
ATP ase activity of both groups decreased in a time 
dependent manner and that of the fatty liver group 
seemed to fall compared with that of the control 
group. There was no significant difference except at 
18 h cold preservation. These results indicated that 
mitochondrial function in the moderately steatotic 
liver was preserved during cold preservation for up 
to 12 h. 

In ischemia-reperfusion injury of the liver, the sinu- 
soidal endothelial cells are mainly injured and the de- 
gree of injury determine the graft viability [9,18]. Tera- 
mot0 et al. noted that sinusoidal microcirculatory disor- 
der and blood cell adhesion to the endothelial cells in- 
creased after transplantation using a model fed a diet 
deficient of choline and methionine [20]. Fukumon 
et al. reported that injury of sinusoidal endothelial cells 
during cold preservation markedly increased in fatty 
liver of Zucker rats [8]. In this study, transmission elec- 
tron microscopical findings indicated that the sinusoidal 
endothelial cells were injured not in cold preservation 
but mainly after reperfusion. 
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H A  was cleared by sinusoidal endothelial cells and  
the clearance of H A  reflected the function of sinusoidal 
endothelial cells [ l X ] .  In our study. there was no signifi- 
cant difference in H A  clearance 1 h after reperfusion 
between control and fatty liver group. One hour after 
reperfusion following 6-h preservation. H A  clearance 
decreased in both groups compared with that following 
cold preservation for 1 h. No definite injury was ob- 
served by transmission electron microscope in either 
group. These results indicated that no morphological in- 
jury of sinusoidal endothelial cells was recognized: how- 
ever, functional deterioration of these CCIIS seemed t o  
exist. The sinusoidal endothelial cells at 24 h after reper- 
fusion following cold preservation for 6 h were injured 
in the steatotic graft and 40% o f  animals died within 
7 days after transplantation in the fatty liver group. The  
cause of the high mortality rate was associated with the 
fact that the injury of sinusoidal endothelial cells pro- 
gressed aftcr reperfusion. probably because of an in- 
crease in free radicals and cytokincs from activated 
Kupffer cells and neutrophils [Ih. 17). 

Fluidity is one of most important physical properties 
of membranes, and the lipid content of the plasma mem- 
branes influences on the fluidity. The major factor influ- 
encing membrane fluidity is the degree of unsaturation 
of the acyl chain I l l .  14. 191. Fukumori et al. reported 
that the lipid contcnt of plasma membrane in steatotic 
liver differed from that of non-steatotic liver, and that 
polyunsaturated fatty acids decreascd in steatotic liver 
compared with non-steatotic liver in Zucker rats IS]. 
The stiffening effect on the membrane can be counter- 
acted in various ways [ 141. and polyunsaturated fatty 
acid in particular could play an important role in con- 
trolling the fluidity of membranes. In our studies, the 
amount of polyunsaturated fatty acids significantly de- 
creased in steatotic liver. The results indicated that stea- 
totic liver was susceptive to cold preservation-reperfu- 
sion injury because of the decreased fluidity of the 
membrane. In addition. Fukumori et al. reported that 
arachidonic acid (20 : 4) decreased in the plasma mem- 
brane in fatty liver [XI. On the other hand. Phinney 
et al. reported that the arachidonic acid was decreased 

Fig.4 LM findings of the transplanted graft. A Non-steatotic 
graft. I h after repcrfubion following I-h cold preservation. Sinu- 
soidal lumens were widely opened iind no degenerative change of 
hepalocvtes were chcrved. B Steatotic graft. 1 h after reperfusion 
following I-h cold preservation. From 7onc 2 to zone I .  sinusoidal 
lumens were narrowed hv hcpatocvtcc containing fa1 droplets. No 
degenerative change in hepat tqws  were ohsencd. C Non-stcato- 
tic graft. 24 h after rcpcrfusion following h-h cold prcsenation. Si- 
nusoidal hmcns were widely opened and no degenerative change 
of hepatocytec were ohscncd. D Stcatotic graft. 24 h after reper- 
fusion following 6-h cold prcscnation. In addition t o  the narrow- 
ing of the sinusoiclal lumen. focal necrosis of hcpatocvtes were oh- 
s e n d  in m n e  2 (arrowheads) 
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Fig3 Ultrastructical findings by transmission electron micro- 
scope. A Non-steatotic graft, 1 h after reperfusion following 1-h 
cold preservation. Sinusoidal endothelial cell was well preserved. 
B Steatotic graft, 1 h after reperfusion following 1-h cold preserva- 
tion. Sinusoidal endothelial cell and sinusoidal lining were well 
preserved. C Non-steatotic graft, 24 h after reperfusion following 
6-h cold preservation. Sinusoidal endothelial cell was still well pre- 
served. D Steatotic graft, 24 h after reperfusion following 6-h cold 
preservation. Discontinuity of the sinusoidal lining and destruction 
of sieve plates were observed. Sinusoidal endothelial cells were 
round and irregular. Each bar indicates 3 pm 

in the serum of obese humans [13]. Arachidonic acid is 
released from the plasma membrane by various stimuli 
and is a precursor of eicosanoids. Several studies have 
indicated that thromboxane A, synthetase inhibitor or 
prostaglandin I, analog, which are the metabolic pro- 
ducts from arachidonic acid, protected the liver from 

ischemia-reperfusion injury [l, 101. In our study, arachi- 
donic acid of plasma membrane decreased significantly 
in steatotic liver. Therefore, the abnormal low content 
of arachidonic acid in the plasma membrane is likely to 
be associated with the preservation-reperfusion injury 
of fatty livers after transplantation. 

In summary, we have established a fatty liver model 
in rats, which was suitable for the experiment to investi- 
gate the mechanism of primary graft non-function after 
steatotic liver transplantation. The steatotic liver was 
susceptible to graft dysfunction after transplantation 
even following short cold preservation. It was also clari- 
fied that narrowing of sinusoidal lumen and injury of si- 
nusoidal endothelial cells caused graft dysfunction after 
transplantation of a liver with steatosis. 
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