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Abstract

AIM: To investigate ethanol-induced hepatic steatosis
after liver resection and the mechanisms behind it.

METHODS: First, the preliminary examination was
performed on 6 sham-operated (Sham) and 30 partial
hepatectomy (PH) male Wistar rats (8-wk-old) to
evaluate the recovery of the liver weight and liver
function after liver resection. PH rats were sacrificed at
the indicated time points (4, 8, and 12 h; 1, 3, and 7
d) after PH. Second, the time point for the beginning
of the chronic ethanol exposure (1 wk after sham- or
PH-operation) was determined based on the results
of the preliminary examination. Finally, pair-feeding
was performed with a controlled diet or with a 5-g/dL
ethanol liquid diet for 28 d in another 35 age-matched
male Wistar rats with a one-week recovery after
undergoing a sham- (7 = 15) or PH-operation (n = 20)
to evaluate the ethanol-induced liver injury after liver
resection. Hepatic steatosis, liver function, fatty acid
synthase (/a@s) gene expression level, the expression
of lipid metabolism-associated enzyme regulator genes
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[sterol regulatory element binding protein (Srebp)-1
and peroxisome proliferator-activated receptor
(Ppar)-a], the mediators that alter lipid metabolism
[plasminogen activator (Pa/i)-1 gene expression
level and tumor necrosis factor (77f)-o. production],
and hepatic class-1 alcohol dehydrogenase (4dh1)-
associated ethanol elimination were investigated in the
4 groups based on histological, immunohistochemical,
biochemical, Western blotting, reverse transcriptase
chain reaction, and blood ethanol concentration
analyses. The relevant gene expression levels, liver
weight, and liver function were assessed before and 1
wk after surgery to determine the subject’s recovery
from the liver resection using the rats that had been
subjected to the preliminary examination.

RESULTS: In the PH rats, ethanol induced marked
hepatic steatosis with impaired liver functioning, as
evidenced by the accumulation of fatty droplets within
the hepatocytes, the higher increases in their hepatic
triglyceride and blood alanine aminotransferase and
blood aspartate aminotransferase levels after the 28-d
pair-feeding period. The Sham-ethanol rats, not the
PH-ethanol rats, demonstrated the up-regulation of
Srebp-1 and the down-regulation of Apar-a mRNA
expression levels after the 28-d pair-feeding period.
The 28-d ethanol administration induced the up-
regulation of Pa/-1 gene expression level and an
overproduction of TNF-o in the Sham and the PH
rats; however, the effect was more significant in the
PH rats. The PH-ethanol rats (n = 4) showed higher
residual blood ethanol concentrations than did the
Sham-ethanol rats (7 = 6) after a 5-h fast (0.66 +
0.4 mg/mL vs 0.2 £ 0.1 mg/mL, P < 0.05); these
effects manifested without up-regulation of Adh gene
expression, which was present in the Sham-ethanol
group after the 28-d pair-feeding period. One week
after the liver resection, the liver weight, function,
the gene expression levels of fas, Srebp-1, Ppar-o.,
Paj-1 and Tnf-a recovered; however, the Adhl gene
expression did not recover in rats.
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CONCLUSION: Desensitization to post-hepatectomy
ethanol treatment and slow recovery from PH in Adht
gene expression enhanced the susceptibility to ethanol-
induced hepatic steatosis after PH in rats.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Pair-feeding was performed with control or
ethanol liquid diet for 28 d in sham-operated (Sham)
and partial hepatectomy (PH) rats. In PH rats, ethanol
induced hepatic steatosis with liver dysfunction and
higher residual blood ethanol concentrations without
up-regulation of hepatic class-1 alcohol dehydrogenase
(Adh1) gene expression, which was present in the
Sham-ethanol rats. One week after PH, liver weight,
function, and lipid metabolism-related gene expressions
recovered; but Adhl gene expression did not.
Desensitization to post-hepatectomy ethanol treatment
and the slow recovery of Adhi expression from PH
enhanced the susceptibility to ethanol-induced hepatic
steatosis in the rats post PH.
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INTRODUCTION

Hepatic surgery is the curative treatment for patients
. . . . 1-3
with primary or secondary malignant liver tumors' ™,

and the procedure is performed in living donor liver

transplantations (LDLT) to overcome the shortage
45]

of cadaver organ donations, particularly in Asia'
The benefit of a LDLT for the recipient could not be
achieved without exposing the living donor to some
degree of risk. Few studies have investigated the effects
of LDLT on the living donor. A global systematic review
showed that living liver donor morbidity ranged from 0%
to 100%, with a median of 16.1%; the living liver donor
death rate was 0.1%-0.3%"". Despite intensive care
treatment, extended liver resections induce a high risk of
liver failure, particularly in patients with parenchymal liver
disease such as hepatic steatosis'”.

Hepatic steatosis increases the risk of postoperative
mortality and morbidity by affecting liver regeneration
and recovery”™'”. Patients with steatosis had up to a two-
fold increased risk of postoperative complicationsm.
The prevalence rates of alcohol abuse, obesity, diabetes
mellitus, and metabolic syndrome are reaching epidemic

proportions globally, and the effect of hepatic steatosis,
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which frequently accompanies these conditions, on
postoperative outcomes is not well understood. Hepatic
steatosis, particularly alcoholic fatty liver disease (AFLD),
after hepatic surgery in patients and living donors is
uncleat.

The consumption of alcohol is extensive, and alcohol
1s a well-known hepatotoxin. Alcohol abstention is
difficult for some individuals. One mechanism by which
ethanol induces fatty liver is that hepatic class-1 alcohol
dehydrogenase (ADHT1)-related ethanol metabolism
induces the reduction of NAD+ to NADH, which could
inhibit the NAD+-requiring tricarboxylic acid cycle and
the B-oxidation of fatty acids"". ADHI1 is required for
the oxidization of excess retinol to retinoic acid and is
down-regulated to prevent apoptosis by increased retinol
levels during the eatly stages of liver regeneration after a
partial hepatectomy (PH) u,

The PH procedure was first described by Higgins
and Anderson and was developed as a useful model
for studying liver regenerationm]. In this study, PH rats
were used in a liver resection animal model to assess
the effects of liver resection and post-hepatectomy
ethanol treatment on the gene expression of Adh7, the
key ethanol-metabolizing enzyme, and to determine
the contribution of the PH to the delayed ethanol
climination, the enhanced susceptibility to AFLD, and
the impaired liver function found after hepatic surgery.
The liver weight, liver function, and the relevant gene
expression levels were evaluated before and 1 wk after
the PH to describe the subject’s recovery from the liver
resection in the rats.

MATERIALS AND METHODS

Surgical procedures for PH

In the 1" stage of the present study, 8-wk-old male
Wistar rats from Charles River Japan, Inc. (Tokyo)
were randomly assigned to either the PH- or the sham-
operation (Sham) group for a better chance at detecting
if the observed changes were due to chance or due to the
PH.

The rats were anesthetized with 1%-2% isoflurane
in oxygen, and the PH was performed according to the
technique described by Higgins and Anderson'”, with
some adaptations. The abdomen was opened through
a midline laparotomy, and the left, middle, and caudate
lobes were ligated and resected. The abdomen was
closed with a silk running suture. With the exception of
the liver excision, the identical surgical procedures were
performed on the rats in the Sham group. The operations
were performed between 9:00 am and 12:00 pm to
minimize potential variability in the progression of liver
regeneration associated with the surgery time and the
circadian clock.

Time point for the beginning of the chronic ethanol
exposure
In the 2™ stage of the present study, the time point for
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Figure 1 Seven days after the operation, the liver weight and function had recovered. A: Liver weight; B: Liver function. All of the values shown are the mean +
SD. *P < 0.05 vs the Sham group using ANOVA; °P < 0.05 vs the before PH by 2-tailed Student  test. PH: Partial hepatectomy.
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Figure 2 Chronic ethanol treatment protocol. PH: Partial hepatectomy.

the beginning of the chronic ethanol exposure (1 wk
after sham- or PH-operation) was determined based on
the results of the preliminary examination (Figure 1).
Six Sham and 30 PH rats were used to determine the
recovery of the liver weight and function. PH rats were
sacrificed at the indicated time points (4, 8, and 12 h; 1,
3, and 7 d) after the PH; their livers were excised and
weighed, and their liver tissues were snap-frozen in liquid
nitrogen and stored at -80 ‘C until further analysis.

The blood samples collected from the rat tails before
the PH (before PH) and at the indicated time points
after the PH were used to measure the blood alanine
aminotransferase levels (ALT, U/L) as the indicator of
the liver function.

Two PH rats, died from PH operation, were discarded
from the preliminary examination. The results showed
that the liver weight recovered to the level of the Sham
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rats (Figure 1A), and the liver function recovered to the
level of the before PH (Figure 1B) 7 d after the liver
resection for all of the PH rats.

Chronic ethanol exposure

In the 3" stage of the present study, another 35 age-
matched male Wistar rats were housed individually with
a 12-h light/12-h dark cycle and were fed a nutritionally
adequate control diet or a 5-g/dL ethanol liquid diet
(Oriental Yeast Co., Ltd., Tokyo, Japan) after a 1-wk
recovery from the surgery at the Institute of Laboratory
Animals, Yamaguchi University. The chronic ethanol
exposure protocol was similatr to the procedure used in
our previous studyml; there were 28 d of overall ethanol
exposure (Figure 2). The groups were divided as follows:
Sham rats given a controlled liquid diet (Sham-control, #»
= 7); Sham rats given a 5-g/dL ethanol liquid diet (Sham-
ethanol, » = 8); PH rats given a controlled liquid diet
(PH-control, » = 10); and PH rats given a 5-g/dL ethanol
liquid diet (PH-ethanol, » = 10). At the end of the pair-
feeding, the rats were anesthetized, and blood samples
were collected from the tails of the rats. The liver samples
were harvested, and the liver weights were measured;
the samples were fixed in 4% paraformaldehyde in 0.1
M phosphate buffered saline (PBS) at 4 C and/or snap-
frozen in liquid nitrogen. The liver samples were stored
at -80 ‘C until further analysis.

All of the experimental protocol on animal protection
and welfare satisfied the guidelines of our Institutional
Animal Care Committee and the guidelines of the
National Institutes of Health. Anesthesia consisted of
the spontaneous inhalation of 1%-2% isoflurane in
oxygen was performed when necessary.

Histopathological and fluorescence
immunohistochemical examinations
Sections (5-pum thick) of the paraformaldehyde/PBS-
fixed rat livers harvested at the end of the pair-feeding
period were frozen and sliced in a cryostat for Oil red
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O staining. Oil red O staining was used to quantitatively
evaluate the hepatic steatosis using a computerized
microscope system (BZ-1I VIEWER and BZ-II
ANALYZER 2007; KEYENCE Corporation, Osaka,
Japan) at 10 X magnification. Three randomly selected
areas in each specimen were analyzed. The ratio of
each value was calculated as the percentage of Oil red
O positive-stained areas and was expressed as the fold
change from the Sham-control value.

For the immunofluorescence staining, 8-um thick
sections of the paraformaldehyde/PBS-fixed rat
livers harvested at the end of the pair-feeding period
were frozen and sliced in a cryostat (Leica CM1850).
The sections were incubated with a tumor necrosis
factor-o. (TNF-a; N-19, goat polyclonal; Santa Cruz
Biotechnology) primary antibody (1:100 dilution)
and then incubated with a Cy3-labeled anti-goat IgG
(Chemicon, Temecula, CA) diluted to 1:1000. The
nuclei were stained with TO-PRO"-3 iodide (Molecular
Probes, Carlsbad, CA), and the sections were observed
under a confocal laser-scanning microscope (LSM5
Pascal/Version 3.2, Catl Zeiss Microlmaging Co. Ltd.,
Zeiss, Germany). The total number of non-parenchymal
cells around the hepatocytes (the number of nuclei) and
the total number of TNF-q positive cells in the non-
parenchymal cells (immunofluorescence-expressing cells
that had nuclei) were counted in 25 consecutive regions
with a confocal microscope under a 63 X objective. The
ratio of each value was calculated as the percentage of
TNF-a positive cell and was expressed as the fold change
from the Sham-control value.

Real-time reverse transcriptase polymerase chain
reaction

The total RNA was extracted from the liver tissue using
the RNeasy® Mini Kit (Qiagen, Tokyo, Japan) and was
reverse-transcribed using the High Capacity RNA-to-
cDNA Kit (Applied Biosystems, Tokyo, Japan). Reverse
transcriptase polymerase chain reaction (RT-PCR) was
performed for the quantitative assessment of mRNA
expression using an Applied Biosystems StepOneTM
system (Applied Biosystems). The following were
purchased from Applied Biosystems: gene expression
assays for fatty acid synthase (Fas; ID: Rn01645297_g1);
sterol regulatory element binding protein-1 (Srebp-T;
ID: Rn01446560_m1), which is a gene that plays an
important role in the regulation of the transcription of
genes involved in hepatic triglyceride synthesis, such as
FAS™ peroxisome proliferator-activated receptor-o
(Ppar-a, ID: Rn00566193_m1), which is a member of the
nuclear hormone receptor superfamily that coordinates
a number of metabolic pathways to dispose of excess
fatty acids"”; plasminogen activator-1 (Pa7-7, ID: Rn
01481341_m1), which is a major inhibitor of tissue-type
and urokinase-type plasminogen activators involved in
fatty livers"”; Tufa (ID: Rn99999017_m1); and Adh1 (ID:
Rn00570670_m1), which is the key alcohol-metabolizing
enzyme to detoxify incoming ethanol by converting it into
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acetaldehyde'"”. The relative expression of the target gene
mRNA was normalized to the amount of the Gapdh (ID:
Rn99999916_s1) mRNA in an identical cDNA sample,
using the comparative quantitative method recommended
by the manufacturer; the relative expression was expressed
as the fold change from the Sham-control value or the
fold change from before PH value.

Total liver protein extraction and Western blotting
analysis

The liver tissues harvested at the end of the pair-feeding
period were homogenized with Extraction Buffer 1 of
the ProteinExtract Transmembrane Protein Extraction
Kit (Novagen®, Merck KGaA, Darmstadt, Germany)
and centrifuged at 1000 g for 5 min at 4 ‘C. The resultant
supernatants were used for the total hepatic cytosolic
proteins and subjected to Western blotting analysis and
hepatic triglyceride concentration measurement. The
protein concentrations were determined using Bradford’s
method.

The total hepatic cytosolic protein was separated by
sodium dodecyl sulfate polyacrylamide gel electrophoresis
using a 4-20% (w/v) gel; the proteins were then
transferred to a polyvinyl difluoride membrane. Each blot
was incubated with an anti-beta-actin antibody (B-actin
1:5000; A2228, mouse monoclonal, Sigma-Aldrich, St.
Louis, MO) or an ADH1 antibody (1:5000; rabbit, kindly
provided by Dr. Takeshi Haseba, Tokyo, Japan); the blots
were then incubated with the appropriate secondary
horseradish peroxidase-conjugated anti-mouse or anti-
rabbit IgG antibodies. Finally, the Western blotting bands
were analyzed using Quantity One software (Bio-Rad
Laboratories, Inc., CA). The ADH1 reaction products
were normalized to B-actin and expressed as fold change
from the Sham-control value.

Biochemical analysis

The blood samples collected from the tails of the rats
were centrifuged at 3000 g for 10 min, and the resultant
supernatants were used to measure the ALT and blood
aspartate aminotransferase (AST) levels (U/L). The
total hepatic cytosolic proteins were used to measure
the hepatic triglyceride concentrations (mg/g total
liver protein, the fold change from the Sham-control
value). The levels of blood ALT, AST, and the hepatic
triglycerides were measured using an automatic analyzer
(FDC4000; Fuji Medical Systems, Tokyo, Japan).

Blood ethanol concentration analysis for ethanol
elimination

The blood samples (0.1 mL), collected at 08:30-09:00 and
after a 5-h fast (13:30-14:00) at the end of the pair-feeding
period, were mixed with 1.0 mL of 0.6-N cold perchloric
acid and centrifuged at 3000 g for 5 min at 4 ‘C. The
ethanol concentration in the supernatant was determined
by headspace gas chromatography (GC-14B and HSS-
2A, C-R6A; Shimadzu Co., Kyoto, Japan), as previously
described”.
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Table 1 Body weight and liver function before and 1 wk

after the sham- or partial hepatectomy-operation

Sham PH
Control Ethanol Control  Ethanol
(n=7) (n=8) (nm=10) (n = 10)

Body weight (g)
Before operation 264+7 259+£8 24720 246%26
1 wk after operation 274+28 276+15 257+22 260+25
ALT (U/L)
Before operation 27 +2 29+2 29+5 29+6
1 wk after operation 26+3 28+3 28+4 27 +5

All values shown are mean + SD. ALT: Blood alanine aminotransferase
level; PH: Partial hepatectomy.

Statistical analysis

Continuous data was expressed as the mean £ SD.
Extreme value was excluded by Smirnov - Grubbs
test when necessary. The statistical significances of the
continuous variables were assessed by 1-way analysis
of variance (ANOVA) using Statcel2 for Windows
software (OMS Publishing, Inc., Saitama, Japan). When
an F-value was found to be significant by the ANOVA, a
Bonferroni/Dunn post hoc test was used for the multiple
comparisons. For the comparison of the means between
two groups the 2-tailed Student # test was used. Values of
P < 0.05 were considered statistically significant.

RESULTS

Body weight and liver function recovered 1 wk after
sham- or PH-operation

Body weight and liver function before and 1 wk after
the sham- or PH-operation among the 4 groups were
compared (Table 1). No significant differences were
shown in the body weight and ALT among the 4 groups
both before and 1 wk after the sham- or PH-operation.
The data suggested that the body weight and liver function
recovered from the PH operation at the beginning of
the pair-feeding, which be performed for the ethanol
treatment in the rats that had been subjected to PH.

Rats had enhanced susceptibility to ethanol
hepatotoxicity, which induced marked hepatic steatosis
and impaired liver function after liver resection

Similar amounts of total ethanol were consumed in the
Sham-ethanol and the PH-ethanol group rats (85 £ 5
g vs 85X 6 g, P> 0.05) during the 28-d pair-feeding
period. The rats that had been subjected to PH showed
significant signs of hepatic steatosis and impaired liver
function, as evidenced by the Oil red O staining analyses
(Figure 3A and B), marked elevations in the hepatic
triglyceride levels (Figure 3C) and their blood ALT
and AST levels (Figure 4A and B). Moreover, the PH-
ethanol rats showed the more significant upward intend
(the statistical analysis found no differences from Sham-
ethanol group) levels in their Fas gene expression (Figure
3D), liver function (Figure 4A and B), and liver weights
(Figure 4C) after the 28-d pair-feeding period.
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Chronic ethanol consumption modified the expression
of lipid metabolism-related enzyme regulators’ genes
and up-regulated the expression of the mediators’ genes
that alter lipid metabolism

Up-regulation of Srebp-1 and down-regulation of Pparc
gene expression levels have been shown to accompany
ethanol-induced fatty liver". In this study, the Sham-
ethanol rats, and not the PH-ethanol rats, demonstrated
up-regulation of Srebp-1 (Figure 5A) and the down-
regulation of the Pparac mRNA expression levels (Figure
5B) after the 28-d pair-feeding period. Those discrepant
results led us to assess the other mediators that alter lipid
metabolism such as PAI-1 and TNF-q.

PAI-1, an acute-phase protein, showed an important
role in liver dysfunction after PH in a rat model", and
alcohol-induced hepatic steatosis was accompanied by a
significant up-regulation of hepatic PAI-1 expression in
mice™. TNF-q overproduction was responsible for the
ethanol-induced hepatic steatosis' "%, Consistent with
this previous report, we observed that the 28-d ethanol
administration induced the up-regulation of Pai-7 gene
expression and TNF-q overproduction in the Sham and
the PH rats; however, the effect was shown the mote
significant upward intend (the statistical analysis found
no differences) in the PH rats (Figure 5C and D).

Rats had an ADH1-associated ethanol elimination delay
after liver resection

ADHI1 is the major enzyme involved in ethanol
oxidation™. Treatment of male Sprague-Dawley rats
with a 5-g/dL ethanol liquid diet for 4 wk significantly
increased the mRNA levels of Adh7 in the liver™. In
this study, no significant difference was found in the
blood ethanol concentrations before fasting (Figure
6A); however, the PH-ethanol rats showed a higher
residual blood ethanol concentration compared with the
Sham-ethanol rats after a 5-h fast at the end of the pair-
feeding period (Figure 6A), suggesting delayed ethanol
elimination after liver resection. In the Sham-ethanol
group, the mRNA (Figure 6B) and protein expression
levels (Figure 6C) of ADHI1 were found to be up-
regulated by the chronic ethanol treatment; the .A4dh7
gene (Figure 6B) and protein (Figure 6C) expression
levels fully recovered at the end of the 28-d pair-feeding
period in the PH-control rats. The PH-ethanol rats
showed significantly reduced Adh7 mRNA and protein
expression levels compared with those of Sham-ethanol
rats (Figure 6B and C). These results suggest that the
28-d post-hepatectomy ethanol treatment induced the
desensitization of the ADH1 expression in the rats that
had been subjected to liver resection.

Recovery of relevant gene expression after liver
resection

To clarify the roles of specific genes in the PH-ethanol
rats, the expression levels of several key genes were
assessed before and 1 wk after surgery to determine the
subject’s recovery from the liver resection using the rats
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that had been subjected to the preliminary examination.
The mRNA expression levels of Fas, the lipid DISCUSSION

metabolism-associated transcription factors (Srebp-1 and Using PH rats in a liver resection animal model, we
Pparar), the mediators that alter lipid metabolism (Paz-7 identified enhanced susceptibility to ethanol-induced
and Trnfar) showed full recovery; however, the levels of hepatic steatosis and liver function impairment after
Adp1 did not show full recovery (Table 2). liver resection. The incomplete recovery of hepatic
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Figure 6 Rats had an alcohol dehydrogenase ethanol elimination delay after their liver resections. A: The blood ethanol concentrations before and after a 5-h
fast; B: ADH1 mRNA expression; C: ADH1 protein expression. The open bar corresponds to the rats fed the control liquid diet, and the closed bar corresponds to the
rats fed the ethanol liquid diet. All of the values are shown as the mean + SD. °P < 0.05 vs the Sham-control group, °P < 0.05 vs the Sham-ethanol group by ANOVA.

PH: Partial hepatectomy.

Table 2 Recovery of gene expression from the liver

resections

Before PH 1 wk after PH
Fas (fold change from before PH) 1.0+ 0.34 0.6+0.22
Srebp-1 (fold change from before PH) 1.0+ 0.26 1.03 £0.20
Ppar-o. (fold change from before PH) 1.0+043 1.04 £0.29
Pai-1 (fold change from before PH) 1.0+0.27 0.87 £0.33
Tnf-a (fold change from before PH) 1.0£0.20 0.99 +£0.11
Adh1 (fold change from before PH) 1.0+0.30 0.40 £ 0.06°

The values from the before PH were normalized to 1-fold. All values
shown are mean + SD (n = 4). ‘P < 0.05 vs the before PH using 2-tailed
Student # test. PH: Partial hepatectomy.

Adh1 gene expression at 1 wk after liver resection and
the desensitization of AdhT gene expression because of
post-hepatectomy ethanol treatment might play roles in
the enhanced susceptibility to ethanol hepatotoxicity after
liver resection. Lower Adh1 gene expression levels after
PH resulted in a delay in ethanol elimination and higher
residual blood ethanol concentrations, leading to ethanol-
induced hepatic steatosis and liver function impairment.
These findings clucidate a basic pathogenic mechanism
of ethanol-induced hepatic steatosis after liver resection
in rats and might be valuable for individuals considering
hepatic surgery and/or liver resection as living donors in
LDLT.

Developments in sutgical techniques and postoperative
care have enabled more extended anatomic and non-
anatomic resections. LDLT could shorten the waiting
time and lower the dropout rate, particularly in patients
with hepatocellular carcinoma™. LDLT involves two
patients, the recipient and the living donor. Despite
the gravity of the procedure for LDLT donors, few
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studies have investigated the effect of LDLT on the
subsequent quality of life of the donors™. Hepatic
steatosis increases the risk of primary dysfunction after
liver transplantation'’, and liver resection includes
amplified postoperative morbidity and mortality®*.
Lipid accumulation interferes with hepatic energy
homeostasis and induces hepatocellular damage, affecting
hepatocellular recovery after liver resection”™. Evolving
knowledge regarding hepatic steatosis combined with
its increasing prevalence emphasizes the critical need
to understand the implications of liver resection in the
development of steatosis. The basic pathogenesis of
hepatic steatosis, particularly ethanol-induced hepatic
steatosis and the mechanisms behind it after liver
resection, are being elucidated. In this study, the 28-d
ethanol treatment induced severe ethanol-induced
hepatic steatosis and liver function impairment in rats;
these effects were compared to those in the rats without
liver resection, and the results suggested an enhanced
susceptibility to ethanol-induced hepatic steatosis and
liver dysfunction after liver resection in rats.

Chronic alcohol consumption is a major risk factor
for the development of liver disease, and ethanol-
induced hepatic steatosis occurs in 90% of those who
consume alcohol in excess of 60 g/ d®. The metabolism
of ethanol by hepatocytes initiates a pathogenic process
involving the production of protein-aldehyde adducts,
lipid peroxidation, immunologic activity, and cytokine
release™. Ethanol-induced hepatic steatosis has been
regarded as entirely benign; however, as occurs in the
spectrum of non-alcoholic steatohepatitis disorders,
certain pathological features such as giant mitochondria,
perivenular fibrosis, and microvesicular fat might
be associated with progressive liver injury"**. The
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mechanisms by which ethanol induces fatty liver are
extremely complex and not completely understood.
Ethanol is a direct hepatotoxin, and ADH1-related
ethanol metabolism by hepatocytes induces the reduction
of NAD+ to NADH, which could inhibit the NAD+-
requiring tricarboxylic acid cycle and B-oxidation of fatty
acid"". The ADH family consists of numerous enzymes
that are able to catalyze the reversible oxidation of a wide
variety of xenobiotics and endogenous ethanol to their
corresponding aldehydesm]. ADHI1, the key alcohol-
metabolizing enzyme in the conversion of ethanol to
its metabolite, acetaldehyde, particularly during the
elimination phase, is expressed predominantly in the
liver ™" s gene expression is strongly induced by
cthanol treatment”!. Our results showed that the 28-d
ethanol treatment induced hepatic steatosis accompanied
by the desensitization of .4dh7 gene expression because
of the post-hepatectomy ethanol treatment and a higher
residual blood ethanol concentration in the PH-ethanol
rats. No residual blood ethanol was detected after a
5-h fast, and the up-regulation of the Adh7 gene and
protein expressions was demonstrated at the end of
the 28-d pair-feeding period in the Sham-ethanol rats.
Collectively, these results might suggest that ethanol
hepatotoxicity directly induced fatty livers in the PH-
ethanol rats, whereas alterations of ethanol metabolism
related to ADH1 induced fatty liver in the rats without
liver resection.

To determine the effects of PH on ethanol-induced
hepatic steatosis after liver resection, the gene expressions
of Fas, Srebp-1, Ppar-a, Pai-1, Tuf-a and Adh1 were
assessed before and 1 wk after liver resection in the rats
that had been subjected to the preliminary examination
in this study. The results showed that the post-resection
recovery of the Adh7 gene expression was more sluggish
than for the other relevant genes, liver weight (Figure 1A),
and liver function (Figure 1B). The incomplete recovery
of ADHI1 from liver resection might be responsible for
the down-regulation of the Adh7 gene expression after
hepatic surgery that induced the ethanol elimination delays
and the higher residual blood ethanol concentrations,
resulting in the increase in direct hepatotoxicity of the
liquid ethanol diet. In a mouse model of PH, a protein
expression study showed that ADH1 slowly decreased
after PH and was significantly down-regulated in the
late stages of regeneration (7., 72 h after PH)™. In this
study, the Adh7 gene (Figure 6B) and protein (Figure 6C)
expressions were fully recovered at the end of the 28-d
pair-feeding period in the control-liquid-diet fed rats that
had undergone liver resection. Further study is required
to clarify when the .4dh7 gene and/or protein expression
recovers fully from liver resection.

Ethanol-induced fatty liver is accompanied by a
substantial increase of the mature SREBP-1 protein levels
as well as the activation of the SREBP-1 target hepatic
lipogenic genes, such as Fad"*. Ethanol-induced PPAR-o
inhibition could lead to acetyl-CoA catboxylase induction
and malonyl-CoA decarboxylase suppression, followed by
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the elevation of the malonyl-CoA level and the inhibition
of carnitine acyltransferase 1 activity, resulting in the
reduction of fatty acid oxidation™*”. Consistent with
these previous reports, we observed that 28-d ethanol
administration induced hepatic steatosis associated with
the up-regulation of Srebp-1 (Figure 5A) and the down-
regulation of Ppar-o (Figure 5B) in the Sham-ethanol rats
and not in the PH-ethanol rats (Figure 5A and B). Liver
resection likely plays a major role in these discrepant
results; however, further study is required. Those
discrepant results led us to assess a separate mechanism
by which alcohol might cause fatty liver under conditions
of PH-related injury and/or inflammation, namely,
via the increased release of mediators that alter lipid
metabolism such as TNF-q and PAI-1. The results
showed that chronic ethanol consumption induced
significant up-regulation of the Pz-7 mRNA expression
(Figure 5C) and TNF-a overproduction (Figure
5D), especially in the PH group rats. TNF-q, a pro-
inflammatory cytokine, potentially plays a major role in
causing steatosis after alcohol exposure by increasing the
hepatic lipid synthesis, decreasing the lipoprotein lipase
activity, and/or inhibiting the fatty acid oxidation in rat
hepatocytes[%’m. One mechanism by which TNF-a could
mediate this effect is by inducing PAI-1 expression[38].
PAI-1 is an acute-phase protein that is typically expressed
only in adipocytes and endothelial cells; it could be
highly expressed by most cells in response to stress””
and plasma PAI-1 levels have been shown to be strongly
related to liver steatosis'”. Our results indicated that
AFLD is involved in the progression of alcoholic liver
disease via the up-regulation of hepatic Pai-7 mRNA
expression and TNF-o overproduction in rats with liver
resections. Evaluation of the mechanisms underlying
PAI-1 gene up-regulation and TNF-o overproduction
as possible therapeutic targets, particularly for subjects
having undergone hepatic surgery, is important.

Our data suggest that the incomplete recovery of
hepatic AdhT gene expression after liver resection and
the desensitization of 4dh7 expression because of post-
hepatectomy ethanol treatment likely played roles in the
delayed ethanol elimination, leading to the enhanced
susceptibility to ethanol-induced hepatic steatosis and
liver function impairment in the rats that underwent
liver resection. Pre-surgical counseling of patients
and living liver donors regarding the enhanced risk of
liver dysfunction after liver resection, particularly in
conjunction with alcohol consumption, and the use
of evidenced-based medical care after liver resection
should be prioritized as medical and surgical advances
in facilitating effective hepatic surgery and liver
transplantation.
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COMMENTS

Background

Hepatic surgery is the curative treatment for patients with primary or secondary
malignant liver tumors, and the procedure is performed in living donor liver
transplantations to overcome the shortage of cadaver organ donations,
particularly in Asia. The prevalence rates of alcohol abuse and obesity are
reaching epidemic proportions globally, and the effect of fatty liver, which
frequently accompanies these conditions, on postoperative outcomes is not well
understood.

Research frontiers

The consumption of alcohol is extensive, and alcohol is a well-known
hepatotoxin. Alcohol abstention is difficult for some individuals. One
mechanism by which ethanol induces fatty liver is that hepatic class-1 alcohol
dehydrogenase (ADH1)-related ethanol metabolism. In this study, the authors
demonstrate that the desensitization to post-hepatectomy ethanol treatment
and slow recovery from liver surgery in ADH1 gene expression could enhance
the susceptibility to ethanol-induced fatty liver after liver resection in rats.

Innovations and breakthroughs

Recent reports have highlighted the effects of fatty liver on the postoperative
complications, mortality, and morbidity in patients with liver surgery. This is the
first study to report that the recovery of ADH1 gene fall behind other genes in
rats had been performed liver resection. Furthermore, desensitization to post-
hepatectomy ethanol treatment in ADH1 gene could enhance the susceptibility
to ethanol-induced fatty liver after liver surgery in rats.

Applications

By understanding the basic pathogenic mechanism of ethanol-induced fatty
liver after liver resection in rats, this study may represent a future strategy
for the individuals considering hepatic surgery and/or liver resection as living
donors in living donor liver transplantation.

Terminology

ADH1-related ethanol metabolism induces the reduction of NAD+ to NADH,
which could inhibit the NAD+-requiring tricarboxylic acid cycle and the
jB-oxidation of fatty acids. Such a mechanism is thought to be the important in
ethanol-induced fatty liver.

Peer review

The authors examined the fatty liver, liver function, lipid metabolism-related
regulators’ genes, and the major enzyme gene (ADH1) for ethanol metabolism
in rats treated ethanol after liver resection. It revealed that the desensitization
to post-hepatectomy ethanol treatment and slow recovery from liver surgery in
ADH1 gene expression could enhance the susceptibility to ethanol-induced fatty
liver after liver resection in rats. The results are interesting and may represent
the cell biology and molecular mechanisms of ethanol-induced fatty liver in
subjects that had been conducted into liver resection.
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