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Abstract

Alcohol toxicity effects in the liver regeneration process have been reported, but the effect of
alcohol toxicity on the residual liver after partial hepatectomy (PH) has not yet been elucidated.
We investigated whether or not the residual liver recovered to normal functional levels against the
toxicity of alcohol after hepatectomy during liver regeneration. The partial hepatectomy group (the
PH + C) showed increased cholesterol synthesis, but alcohol intake suppressed the increase. These
results suggest that even if the same level of total energy is obtained, the liver activity required
for its regeneration is suppressed by alcohol. The serum triglyceride concentrations of the alcohol-
administered rats that underwent the sham operation were significantly elevated at 12 and 24
postoperative weeks (p<0.05). In the PH + A group, each TG level was lower than that in the A
group. In addition, an indication of liver damage, serum AST, significantly increased 24 weeks
after hepatectomy. In conclusion, alcohol consumption after PH causes liver damage as indicated
by biochemical changes, and its long-term consumption can cause greater irreversible damage.
Therefore, alcohol administration after hepatectomy obstructed the return of the liver function to
its original level.

1. Introduction

In a nationwide survey of alcoholic liver disease (ALD) conducted in Japan, it was found that the
prevalence of ALD has been increasing despite a gradual reduction in alcohol intake in recent years'®. In
Japan, liver cirrhosis (LC) is the third most common cause of liver disease in patients who undergo liver
transplantation (LT) due to cholestatic or viral liver disease”. Alcoholic LC (Al-LC) is an indication for LT. Of
the patients with AI-LC who undergo LT, more than 20% start drinking again after surgery. Egawa et al.
reported that harmful postoperative effects on the liver were observed in nearly 70% of such re-drinkers”.

Some biochemical alterations have been reported as being caused by alcohol consumption. We quantified
serum metabolite modifications, which depend on the hepatic metabolism, such as total cholesterol (T-Chol)*?

and triglycerides (TG)*. The toxic effect of alcohol was evaluated through determining the activity of
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the alanine aminotransferase (ALT) and the aspartate aminotransferase (AST) because these enzymes

9 Furthermore, the final

classically reflect liver function that is dependent on morphofunctional integrity
liver / final body weight ratio was calculated as the liver regeneration index after hepatectomy®.

Although alcohol toxicity effects in the liver regeneration process have been reported, the effect of
alcohol toxicity on the residual liver after partial hepatectomy (PH) has not yet been elucidated. This may
expand our understanding in mechanisms explaining alcohol-induced inhibition of the residual liver after
PH in rats. Recovery of normal liver structure and function, along with strategies to optimize compensatory
liver regrowth are goals of treatment for hepatic disorders of various etiologies. These findings will lead
to understanding of patients in the future as one of the management strategies after treatment. In order
to clarify whether the liver recovers to its normal functional level after PH, we investigated the effects of

frequent alcohol administration after PH on residual liver function using rats.

2. Methods

2.1 Animals and chemicals

Experimental male Sprague-Dawley rats (CLEA Japan, Inc) with a mean initial body weight of 200 +
210 g were used throughout the study. The rats were housed at 22°C under a 12-h light-dark cycle and
allowed to consume standard rat pellet chow (Oriental Yeast Co., Ltd.,, Osaka, Japan) and water ad libitum.
The rats were randomly divided into two surgical groups: the sham operation group and PH group. After
a certain body weight (300 £ 10 g) had been achieved, two-thirds PH was performed according to the
technique devised by Higgins and Anderson”. It has been clarified that hepatic regeneration when resected
2/3 contributes to the same degree of hypertrophy and division of hepatocytes”. The day before surgery,
both surgical groups were held without food. The sham operation group underwent abdominal surgery
under anesthesia. The PH was carried out under pentobarbital anesthesia and involved the removal of the
medial and left lateral lobes of the liver. Both surgical groups were held without food for 48 hours after
the operation before being reared individually and allowed ad libitum access to rat pellet feed. The rats
were divided into four groups (see below), including two alcohol-administered groups and two non-alcohol
groups, and alcohol administration was started from the first week after surgery. Based on the results of
preliminary experiments, the alcohol-administered group had a 50-mL/L ethanol solution added to their
drink containers every day from 8 pm to 8 am the next morning.

The rats were divided into the following groups: (1) the control rats (C group: n=6), which received water
ad libitum after the sham operation; (2) the alcohol rats (A group: n=7), which received the alcohol solution
after the sham operation; (3) the PH + control rats (PH+C group: n=6), which received water ad libitum
after PH; and (4) the PH + alcohol rats (PH+A group: n=6), which received the alcohol solution after PH.

The body weight, food intake, and alcohol consumption were measured at the same time each day.
Alcohol-derived energy intake was calculated using the effective energy level of alcohol (7.1 kcal/g”'?) by
determining the amount of pure alcohol consumed each week from the average amount of alcoholic drinks
consumed per week. The total amount of energy intake (kcal/g/day) was calculated by adding the amount
of energy (kcal/g/day) derived from food intake to the alcohol-derived energy intake.

The animal experiment protocols were approved by the animal experimentation committee of Kawasaki
University of Medical Welfare, and the study was conducted in accordance with the animal experimentation
guidelines of Kawasaki University of Medical Welfare (10-012).

2.2 Biochemical assays

Blood was collected from the tail vein of each rat under pentobarbital-induced anesthesia after 18 hours
of fasting at 12 and 24 postoperative weeks. The collected blood was centrifuged (Himac CT 4D; Hitachi,
Ltd), and then serum was collected and stored at -40°C until it was analyzed. Regarding the tested
parameters, triglycerides (TG) and total cholesterol (T-Chol) were measured using enzymatic methods (Total
cholesterol E-Test Wako and Triglyceride E-Test Wako, Wako Pure Chemical, Osaka, Japan). Aspartate
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aminotransferase (AST) and alanine aminotransferase (ALT) activity were also measured using an assay kit
for each (Alanine Aminotransferase Activity Assay Kit Wako Pure Chemical, Osaka, Japan).

2.3 Statistical analysis

The experimental data are expressed as the mean * standard error (S.E.). For the statistical analyses,
we used the statistical software IBM SPSS Statistics 17 (IBM Japan, Ltd., Tokyo). To test the significance
of inter-group differences, Tukey’s multiple range test was performed after conducting one-way analysis of
variance. Differences between groups were considered significant at p<0.05.

3. Results

Body weight and food intake were measured at the same time during the experiment. The changes in
body weight during the experimental period are shown in Figure 1. The body weight changes observed in
each group did not differ significantly. However, food intake tended to be lower in the A and PH+A groups
(the alcohol-administered groups) than in the C and PH+C groups (the non-alcohol groups) , and there was
no difference in food intake between the A and PH+A groups (Figure 2). Also no changes in the amount of
drinking were seen between the two groups (Figure 3). The mean alcohol consumption in these two groups
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Figure 1 The effect of alcohol administration on body weight before and after partial hepatectomy
O, control (C) group; @, alcohol (A) group; £, partial hepatectomy+control (PH+C) group; A,
partial hepatectomy+alcohol (PH+A) group
Data represent mean £ S.E.
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Figure 2 The effect of alcohol on food intake in sham-operated and partially hepatectomized rats
O, control (C) group; @, alcohol (A) group; 2, partial hepatectomy+control (PH+C) group; A,
partial hepatectomy+alcohol (PH+A) group

Data represent mean £ S.E.
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was calculated to be 2.0 g/kg body weight per day. When the energy derived from alcohol (7.1 kcal/g) was
added to the energy derived from food, it was found that the total daily energy intake of the A and PH+A
groups were equivalent to those of the C and PH+C groups (Figure 4).

The data serum T-Chol concentrations are shown in Figure 5. While the level tended to increase by PH
operation, alcohol intake reduced it. The serum T-Chol concentration in the PH + C group significantly
increased at 12 weeks after pH compared with the alcohol administered group (p<0.05). The serum TG
concentrations are shown in Figure 6. At 12 and 24 postoperative weeks, only the A group demonstrated
significantly higher levels than the other groups (p<0.05). Alcohol increased the TG level significantly
both at 12 and 24 postoperative weeks (p<0.05), while the PH operation suppressed the alcohol effect.
The serum AST levels are shown in Figure 7. There was no significant difference among the four groups
at 12 postoperative weeks. On the contrary, at 24 postoperative weeks, only the PH+A group exhibited
significantly higher levels than the C group (p<0.05). On the other hand, the serum ALT levels showed no
difference among the four groups at 12 and 24 postoperative weeks (Figure 8). Final body weight, final liver
weight and liver/body ratio in the four groups were shown in Table 1. Each value showed no difference
among the four groups, suggesting that the operated on livers returned to control levels after 24 weeks.

4. Discussion

Hepatocytes have a reserve capacity and a special regenerative ability. The proliferation stops when
the liver volume reaches an appropriate size'’. The liver’s ability to renew itself is essential for survival
following liver damage caused by toxic substances, viral infections, metabolic or immune dysfunction, or the
surgical removal of parts of the liver'”®. Here, we examined the effect of frequent alcohol administration on
residual liver function in partially hepatectmized rats.

In groups A and PH+A, food consumption tended to be lower than in the other two groups. It was
presumed that the resultant energy shortage was compensated by the consumption of alcohol, so no weight
difference was observed between the alcohol-administered groups (the A and PH+A groups) and the non-
alcohol groups. In humans, daily alcohol intake should not exceed 30 g, which is consistent with our finding,
even if it is regarded as energy intake for weight maintenance™*'®. However, if we routinely ingest a large
amount of alcohol (96 g/day), it can lead to weight gain'”. In addition, the energy utilization efficiency of

419 alcohol metabolising ability''®, dietary

alcohol varies depending on conditions, such as alcohol intake
content'”, physical condition'®, etc. The liver has the ability to metabolize alcohol absorbed by the stomach
and small intestine. Alcohol is metabolized to acetaldehyde by alcohol dehydrogenase (ADH), following to
harmless acetic acid by acetaldehyde dehydrogenase type 2. Finally it is converted to carbon dioxide and
water, which are discharged from the body. In addition, enzymes, such as the microsomal ethanol oxidizing
system (MEOS"™) and catalase, help metabolise alcohol. There are various types of enzymes in the MEOS",
and they play an important role in alcohol metabolism. Cytochrome P450 2E1 is typical of such enzymes'.
ADH acts at low alcohol concentrations in blood, whereas the activity of the MEOS™ increases with the
blood alcohol level. The risk of liver cell damage has been reported to increase with the activity of the

 We did not examine MEOS activity in this study, and so we

MEOS"™ and increased alcohol tolerance
need to consider how particular MEOS™ enzymes, such as CYP2EL, influence the effects of alcohol in future
studies.

The cholesterol concentration of blood is affected by a feedback mechanism involving cholesterol
synthesis®”, which is mainly achieved in the liver®. Madrigal-Santillan E et al”. examined the effect of
Geranium Schiedeanum against EtOH toxicity during the hepatic regeneration process after partial
hepatectomy. The concentration of serum cholesterol in the PH-EtOH group (34 mg/dL) was statistically
significant compared with those obtained in the sham (57 mg/dL; p<0.05) and the PH (41 mg/dL; p<0.05)
groups”. These results agreed withthe findings. Although the partial hepatectomy group (the PH+C)
showed an increase in cholesterol synthesis, alcohol intake suppressed the production (Figure 5). These
results suggest that liver activity necessary for its regeneration is suppressed by alcohol, even if the same
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Figure 3 Change in the amount of alcohol drinking in sham-operated and partially hepatectomized rats
@, alcohol (A) group; A, partial hepatectomy-+alcohol (PH+A) group
Data represent mean = S.E.
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Figure 4 Food- and alcohol-derived energy intake in sham-operated and partially hepatectomized rats
C, control group; A, alcohol group; PH+C, partial hepatectomy+control group; PH+A, partial
hepatectomy+alcohol group
Data represent mean = S.E.
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Figure 5 Serum total cholesterol (T-Chol) levels of rats at 12 and 24 weeks after partial hepatectomy
C, control group; A, alcohol group; PH+C, partial hepatectomy+control group; PH+A, partial
hepatectomy+alcohol group

Data represent mean £ S.E. values; *p<0.05
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Figure 6 Serum triglyceride (TG) levels of rats at 12 and 24 weeks after partial hepatectomy
C, control group; A, alcohol group; PH+C, partial hepatectomy+control group; PH+A, partial
hepatectomy+alcohol group
Data represent mean =+ S.E. values; *p<0.05
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Figure 7 Serum aspartate aminotransferase (AST) levels of rats at 12 and 24 weeks after partial hepatectomy
C, control group; A, alcohol group; PH+C, partial hepatectomy+control group; PH+A, partial
hepatectomy+alcohol group
Data represent mean = S.E. values; *p<0.05
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Figure 8 Serum alanine aminotransferase (ALT) levels of rats at 12 and 24 weeks after partial hepatectomy
C, control group; A, alcohol group; PH+C, partial hepatectomy+control group; PH+A, partial
hepatectomy+alcohol group
Data represent mean £ S.E.
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Table 1 Final weight, final liver weight and liver/body ratio in the groups

Final body Final liver Liver/body
Group . . .
weight(g) weight(g) ratio(%)
C 789.1 = 16.3 343 =07 43 =05
A 751.1 £ 265 320 £ 1.1 42 £ 04
PH+C 779.7 = 315 324 = 1.3 43 =04
PH+A 760.6 = 189 331 =08 41 = 06

Data represent mean = S.E.

levels of total energy are acquired. This study suggested a cholesterol synthesis inhibitory action by alcohol
consumption in the residual liver after liver recovery.

In general, the serum TG level increases when alcohol is taken. NADH is produced during ethanol
metabolism by ADH, which results in excessive amounts of NADH accumulation in mitochondria. This
increase in the mitochondrial NADH concentration inhibits gluconeogenesis and the tricarboxylic acid
cycle, whereas it promotes ketone body and fatty acid synthesis from acetyl-CoA. In addition, since
NADH suppresses NAD-dependent dehydrogenase reactions, the level of glycerol triphosphate, which is
another substrate for TG production, increases®™. Fatty acids are B-oxidized in mitochondria, but chronic
ethanol intake downregulates carnitine palmitoyltransferase activity and reduces fatty acid uptake into
mitochondria, which suppresses fatty acid B-oxidation®”. In addition, fatty acid-metabolizing enzyme activity
is induced in peroxisomes via peroxisome proliferator-activated receptor (PPAR) a, which helps to regulate
fatty acid concentrations. However, acetaldehyde, which is a metabolite of ethanol, suppresses PPARa
» Therefore, the B-oxidation of fatty acids is inhibited
, and so dietary fatty acids cannot be used by the body. Therefore, TG accumulate,

expression and reduces the S-oxidation of fatty acids
by alcohol metabolism®**
and liver cells become fatty™. It was reported that acute treatment with ethanol in rats induced hepatic
steatosis accompanied by an increase in the production of neutral fats (TG). Thus, the serum levels of the
TG may not only reflect the production of the liver, but also the equilibrium between the production and
utilization of neutral fats”. The TG level in this experiment increased significantly in the A group (Figure
6). However, this increase by alcohol intake was suppressed by hepatectomy. These findings suggest that
a large quantity of TG by drinking may be unable to flow out, resulting in a fat liver. Alternatively, the
alcohol dose did not yet demonstrate the inhibiting effect of chylomicrons. The liver of PH+A group rats
looked like fatty liver at 24 postoperative weeks (data not shown).

We determined serum AST and ALT levels as indicators of liver damage. There was no difference of
ALT in the four groups. On the other hand, a significant increase of AST was observed in the PH+A
group at 24 postoperative weeks. This increase was not obtained in the PH+C group, suggesting that
simultaneous stress of alcohol and hepatectomy may inflict dangerous damage upon the PH+A group rats.
The enzymatic rise in the serum in the remaining liver when alcohol was administered daily for 24 weeks
can most likely be attributed to damage to the structural integrity of the liver cells. Ramirez-Farias et
al® reported an increase in the serum levels of the transaminases (AST and ALT) at one week after the
administration of ethanol to hepatectomized rats. This is presumed to be an alcohol toxic effect in the liver
regeneration process. And our study suggested a long-term alcohol toxicity effect on either of regeneration
processes.

On the other hand, compensatory liver regeneration proliferation after hepatectomy in this experiment
returned to the control level, and there was no difference among the 4 groups. Both hepatic resection and
alcohol influence was not observed among four the groups.

In summary, hepatic recovery was observed after hepatectomy. Cholesterol synthesis was driven by
the operation, while the synthesis was suppressed by alcohol intake. Alcohol derived increase in TG
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concentration was reduced by hepatectomy, suggesting that fat accumulation in the liver may be promoted

by

alcohol intake after the treatment. The risk of liver injury due to the influence of long-term drinking

on the residual liver after PH was also suggested. In conclusion, the results obtained herein provide solid

evidence that alcohol consumption after PH gives rise to liver damage, demonstrated by the biochemical

alterations, and their prolonged consumption can cause greater, irreversible damage. Therefore, it was

concluded that in alcohol administration after hepatectomy, the function in the remaining liver did not

return to the original level. However, the detailed mechanism of alcohol-induced fatty liver promoting action

in the residual liver by the PH rat has not been elucidated. We need to continue discussing this topic in the

future.
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