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Abstract Chronic ethanol consumption induces liver
diseases, such as alcoholic hepatitis and cirrhosis. The
enhancement of alcohol oxidation is important in the pre-
vention of these liver diseases. Chronic supplementation
with branched chain amino acids (BCAAs) prevents liver
cirrhosis. Therefore, BCAAs may be associated with
enhanced ethanol oxidation. To evaluate this hypothesis,
we investigated the effect of the administration of indi-
vidual BCAAs on ethanol oxidation and changes in alco-
hol-metabolizing enzyme activities following acute alcohol
intake in rats. Blood ethanol concentrations and the activ-
ities of alcohol-metabolizing enzymes, such as alcohol
dehydrogenase (ADH) and low and high Km aldehyde
dehydrogenase (ALDH), were measured in the liver fol-
lowing acute ethanol administration in rats; the ethanol was
administered 30 min after the treatment with amino acids
[such as leucine (Leu), isoleucine (Ile), valine (Val) or
alanine (Ala)]. Leu significantly decreased the blood eth-
anol concentration 1 h after ethanol administration com-
pared to the water-treated control (C) [C 0.46 + 0.09, Leu
0.18 £ 0.04, Ile 0.27 £0.09, Val 046 £ 0.1, Ala
0.43 + 0.06, mean = SEM (g/l), P < 0.05]. In addition,
leucine significantly stimulated ADH activity 30 min after
ethanol intake [C 0.042 £ 0.014, Leu 0.090 £ 0.016, Ile
0.042 + 0.008, Val 0.022 £+ 0.010, Ala 0.070 £ 0.016,
mean = SEM (unit/mg protein), P < 0.05] and low Km
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ALDH activity 15 min after ethanol intake [C 0.51 £ 0.63,
Leu 3.72 £0.66, Ile 1.26 &+ 0.89, Val: ND, Ala
1.86 £ 1.57, mean £ SEM (unit/mg protein), P < 0.05].
However, leucine and its metabolite a-keto-isocaproic acid
did not enhance ethanol clearance in isolated rat hepato-
cytes. These results indicate that leucine accelerates etha-
nol oxidation by indirectly enhancing ADH and low Km
ALDH activities in the liver.
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Abbreviations

BCAAs Branched-chain amino acids

Leu Leucine

Ile Isoleucine

Val Valine

Ala Alanine

KIC o-Keto-isocaproic acid

KMV o-Keto-f-methyl valeric acid

ADH Alcohol dehydrogenase

ALDH  Aldehyde dehydrogenase

GOT Glutamate oxaloacetate transaminase
IL-6 Interleukin-6

TNF-«  Tumor necrosis factor-o

mTOR  Mammalian target of rapamycin
SHRSP  Spontaneously hypertensive stroke prone
NAD Nicotinamide adenine dinucleotide
Introduction

Ethanol is metabolized to acetaldehyde by catalase and the
microsomal ethanol-oxidizing system, but it is primarily
metabolized by alcohol dehydrogenase (ADH). Acetaldehyde
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causes hangovers and flush, and it is detoxified by aldehyde
dehydrogenase (ALDH) in the liver. Ethanol exposure indu-
ces alcoholic liver diseases, such as hepatitis and liver cir-
rhosis. Ingested ethanol is a potent inhibitor of hepatic
regeneration (Wands et al. 1979) and growth hormone-med-
iated insulin-like growth factor 1 (IGF-1) expression
Xu et al. 1995). Acute ethanol administration induces
increased oxidative stress (Koch et al. 2004), impairs protein
metabolism by affecting the anabolic signaling pathway in
cardiac muscle (Vary et al. 2005) and affects energy and
hormone metabolism (Deaciuc et al. 1992). Therefore, the
acceleration of ethanol oxidation is very important to prevent
liver disease and the impairment of metabolic anabolism,
which are induced by alcohol intake.

The development of ethanol-induced fatty liver, alco-
holic hepatitis and cirrhosis has been partially attributed to
nutritional deficiencies in compounds such as amino acids,
lipids, and vitamins (Leevy and Moroianu 2005). Some
studies have indicated that amino acids reduce liver dam-
age and oxidative stress caused by chronic ethanol con-
sumption. Yang et al. (1993) demonstrated that a diet
supplemented with amino acids reduces plasma glutamate
oxaloacetate transaminase (GOT) levels in rats that
chronically consume ethanol. Glutamine pretreatment
suppresses plasma inflammation in chronic ethanol-fed rats
(Peng et al. 2011). Histidine or carnosine post-treatment
increases catalase mRNA expression level and downregu-
lates IL-6 and TNF-a« mRNA expression levels (Liu et al.
2008). Aspartate attenuates ethanol-induced oxidative
stress (Oh et al. 2002). Torii (1997) indicated that prefer-
ence for both L-alanine and L-glutamine was observed in
test preferences test when alcoholic rats fell in the hepatic
disorder, and supplementation with these amino acids
prevents the ethanol-induced inhibition of liver regenera-
tion (Tanaka et al. 1993, 1994).

Ethanol consumption alters plasma amino acid concen-
trations. Specifically, the concentrations of essential amino
acids decrease in fasting alcoholics, but they increase with
ethanol loading (Siegel et al. 1964). Chronic ethanol con-
sumption also increases the plasma and tissue concentra-
tions of branched chain amino acids (BCAAs), which may
be associated with protein turnover impairment (Bernal
et al. 1993). Plasma BCAAs are well known to reduce liver
cirrhosis (Morgan et al. 1982). Holecek et al. (1996) indi-
cated that the predominant mechanism that causes
decreased plasma leucine levels in cirrhotic rats is an
increase in the oxidized leucine fraction that is associated
with decreased leucine turnover. BCAA supplementation
improved the survival of rats with CCly-induced cirrhosis
by preventing hypoalbuminemia and hyperammonemia
(Kajiwara et al. 1998). The oral administration of BCAAs
activates anabolic signaling pathways, such as mTOR, in
cirrhotic rat livers (Matsumura et al. 2005). Therefore,
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BCAAs may contribute to the enhancement of ethanol
oxidation, resulting in reduced liver damage induced by
ethanol intake.

However, few studies have focused on the ability of
BCAAs to oxidize ethanol. This study was performed to
investigate whether BCAAs can accelerate ethanol elimi-
nation following acute ethanol intake in rats and in isolated
rat hepatocytes.

Materials and methods
Animals

This study was approved by the Animal Research-Animal
Care Committee of the Graduate School of Agricultural
Science, Tohoku University. Alcohol preference differs
among different rat strains, such as Spontaneously Hyper-
tensive Stroke Prone (SHRSP), Spontaneously Hyperten-
sive (SHR), Wistar-Kyoto, Sprague-Dawley or Wistar-slc
rats. Of these, an alcohol preference was high in the
SHRSP strain (Yang et al. 1994; Kimura et al. 1991);
therefore, SHRSP rats were used. The rats were received
from Shimane Medical University (Prof. Yukio Yamori)
and bred in our animal facility. The rats were housed in a
temperature-controlled room with a 12-h light and dark
cycle. The animals were 10 weeks old at the end of the
experiment. The rats were provided water ad libitum and a
15 % purified egg protein diet for 2 weeks prior to the
experiment.

Experimental design

The effects of orally administered amino acids, such as
leucine, isoleucine, valine and alanine, on ethanol oxida-
tion were investigated in SHRSP rats (Experiment 1). After
the rats fasted overnight, each amino acid (95 umol/100 g
BW) was orally administered via a gastric tube to groups of
4-6 rats; ethanol (100 mg/100 g BW anhydro-ethanol) was
administered 30 min later. Distilled water was also
administered to the control group. Blood was collected
from the tail vein under anesthesia at 0, 0.5, 1, 3,6, and 8 h
after ethanol administration. The plasma was separated by
centrifugation at 3,000xg for 15 min at 4 °C, and the
plasma was used for the ethanol measurements.

The effects of infused amino acids on blood ethanol
clearance were studied in groups of 5 rats (Experiment 2).
Each amino acid was infused for 15 min in the tail veins of
rats that were anesthetized with sodium pentobarbital (the
amino acid infusion rate was 4 umol/h). At the end of the
infusion, ethanol was orally administered via a gastric tube,
and blood was collected at 0, 0.5, 1, 2, 3, 4 and 5 h fol-
lowing ethanol administration. The plasma was separated
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by centrifugation at 3,000xg for 15 min at 4 °C and was
used for the ethanol measurements.

The effects of orally administered amino acids on
alcohol-oxidative enzyme activities were investigated in
the rat livers (Experiment 3). The appropriate amino acid
and ethanol were administered under the same conditions
as in Experiment 1 to groups of 4-6 rats. The rats were
euthanized by decapitation at 0, 15, 30 and 60 min
following ethanol administration, and the livers were
immediately removed, frozen in liquid nitrogen and stored
at —80 °C until the assay was performed.

The effects of leucine and its metabolite «-keto-iso-
caproic acid (KIC) on ethanol metabolism were investi-
gated in isolated rat hepatocytes (Experiment 4). SHRSP
rats were anesthetized with sodium pentobarbital, and
hepatocytes were isolated by the method of Cronholm
(1993). The isolated hepatocytes were diluted in a pre-
incubation medium composed of Krebes—Henseleit bicar-
bonate buffer, 10~° mol insulin, 5,000 KIU/l aprotinin,
107 mol dexamethasone and 1% albumin (Matsuzaki
et al. 1981; Cronholm 1993). The hepatocytes were diluted
to 5 x 10° cells/ml, and 1.5 ml of the cell suspension was
placed in a 20-ml conical flask with a silicon cap (Iwaki
Glass Co., Ltd., Japan). Each flask was saturated in
advance with 95:5 of 0,:CO, gas. The BCAAs, KIC,
o-Keto-f-methyl valeric acid (KMV) and alanine were
added to each flask (each at a final concentration of 1 mM).
Following 10 min of incubation, 0.5 ml of 24 mM ethanol
(final concentration of 4 mM) was injected into each flask.
A 100-ul sample of the medium was taken 90 min after the
ethanol injection and used for the ethanol measurement.

To determine whether leucine stimulates insulin secre-
tion under acute ethanol exposure, Experiment 5 was per-
formed. Leucine or alanine was administered with ethanol
to groups of 5 rats under the same conditions that were
described in Experiment 1. Blood was taken 0, 15, 30, 60,
90 and 120 min after ethanol was administered and used to
measure the plasma insulin concentrations. All of the
amino acids were purchased from Ajinomoto Co., Inc.,
Japan, and the other materials were provided by Wako Pure
Chemical Industry., Ltd., Japan.

Sample preparation

Samples of 1 g of frozen liver were powdered using a
Cryo-Press (Microtec Co., LTD., Japan) and homogenized
in a 10 mM sodium phosphate buffer that included 2 mM
sucrose, 2 mM mercaptoethanol and 0.1 mM EDTA for the
measurements of ADH and ALDH activities. The homog-
enate was centrifuged at 1,000x g for 10 min at +4 °C, and
the supernatant was centrifuged at 1,000x g for 30 min at
+4 °C. The supernatant was centrifuged at 18,000x g for
30 min at +4 °C and then used for the ADH enzyme

activity measurements. The pellet was suspended in the
homogenized buffer containing 1% deoxycholate, and the
suspension incubated on ice for 1 h before it was centri-
fuged at 18,000x g for 30 min at +4 °C. The supernatant
was used to perform low or high Km ALDH activity
measurements.

Analysis

The plasma and medium ethanol concentrations were mea-
sured using a commercial spectrophotometric kit (F-kit eth-
anol, Boehringer Mannheim, Germany). Plasma insulin level
was also measured using a commercial radioimmunoassay kit
(Shionogi insulin kit, Shionogi & Co., Ltd., Japan).

Liver ADH and ALDH activities were measured using a
modification of Koivisto’s method (Koivisto and Eriksson
1994). The enzyme assays were performed spectrophoto-
metrically by monitoring the formation of NADH or
NAD™ at 340 nm at 37 °C. ADH activity was assayed in a
mixture containing 0.1 ml of the homogenate supernatant
and 28 ml of 0.5mM NAD?' in 0.1 M potassium
diphosphate buffer (pH 9.0) with 1 mM rotenone; 0.1 ml of
40% ethanol was used as the substrate. ALDH activity was
assayed using a mixture including the homogenate sample
and 2.8 ml of reaction buffer (0.5 mM NAD™ in 0.1 M
potassium diphosphate buffer (pH 9.0) with 1 mM rote-
none and 30 mM pyrazole); 0.1 ml of 1.5 mM acetalde-
hyde was used as the substrate for the low Km ALDH
enzyme activity assay, and 150 mM acetaldehyde was used
for the high Km ALDH assay. After suspending the reac-
tion substrate, the spectrum was monitored. The results
were corrected based on the reaction lacking the homoge-
nate sample. The protein concentrations of the supernatants
for the ADH and ALDH measurements were determined by
the Lowry method.

Statistics

The values are presented as the mean == SEM. The statis-
tical significance among each diet group was evaluated
with Bonferroni’s post-test to compare with the control
group following a two-way ANOVA for multiple com-
parisons or Dunnett’s test following a one-way ANOVA
for multiple comparisons (Graph Pad Prism, Graph Pad
Software Inc., CA, USA). Values of P < 0.05 were con-
sidered to be significant.

Results
The effects of orally administered amino acids on ethanol

oxidation are shown in Fig. 1. Leucine significantly
decreased the blood ethanol levels 1 h after ethanol was
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Fig. 1 The effects of orally administered amino acids on blood
ethanol clearance in rats. Leucine significantly decreased the blood
ethanol concentration 1 h after ethanol administration, but the other
amino acids did not significantly decrease the blood ethanol values.
The values are presented as the mean &= SEM. Comparisons with the
control group at each time point were performed with a Bonferroni’s
post-test following a two-way ANOVA for multiple comparisons
(*P < 0.05)

administered (P < 0.05), and the isoleucine group tended
to have a reduced ethanol level (P = 0.056). In contrast,
alanine slightly decreased the ethanol concentrations 0.5 h
after administration, but this reduction was not significant.
Valine did not affect blood ethanol oxidation (Fig. 1).

Leucine also significantly decreased blood ethanol
concentration 1 h after ethanol intake in rats-infused amino
acid into tail vein (P < 0.05), and ethanol concentration in
leucine group was lower for 5 h after ethanol administra-
tion (Fig. 2). In addition, alanine significantly decreased
the blood ethanol levels 0.5 h after ethanol administration
(P < 0.05, Fig. 2). However, isoleucine and valine did not
decrease the blood ethanol concentrations (Fig. 2).

The changes in alcohol-metabolizing enzyme activities
following the administration of each amino acid and eth-
anol are shown in Table 1. Alanine significantly increased
ADH activity 15 min after ethanol administration
(P < 0.05), and ADH activity in the leucine-treated rats
increased 30 min after ethanol intake (P < 0.05). In con-
trast, ADH activity was lower in the valine group for
60 min after ethanol administration. The low Km ALDH
activity was significantly increased in the leucine group
15 min after ethanol administration (P < 0.05) and was
higher for 60 min after the leucine treatment. The high Km
ALDH activity levels did not differ between the groups
(Table 1).

Figure 3 shows the ethanol levels in the media of iso-
lated rat hepatocytes 90 min after incubation with ethanol.
Alanine significantly decreased the ethanol levels in the
media compared to the other amino acids and BCAA
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Fig. 2 The effects of amino acids infused into the tail vein on ethanol
oxidation in rats. Leucine significantly decreased the blood ethanol
concentration 1 h after ethanol administration, and the ethanol concen-
tration in the leucine group was lower for 5 h after the ethanol
administration. In addition, alanine significantly decreased the blood
ethanol level 0.5 h after acute ethanol administration. However,
isoleucine and valine did not decrease the blood ethanol concentra-
tions. The values are presented as the mean £ SEM. Comparisons
with the control group at each time point were performed with a
Bonferroni’s post-test after a two-way ANOVA for multiple com-
parisons (¥*P < 0.05)

metabolites. Meanwhile, the branched amino acids and
their metabolites did not affect ethanol clearance in the
isolated rat hepatocytes (Fig. 3). Changes in insulin levels
following leucine or alanine and ethanol intake are shown
in Fig. 4. Leucine significantly increased the insulin level
30 min after leucine administration, but alanine did not
display this effect.

Discussion

The objective of this study was to investigate the effects of
branched amino acids on ethanol clearance following acute
ethanol intake in rats. Leucine significantly decreased the
blood ethanol level after acute ethanol intake by enhancing
the liver enzymatic activities of ADH and low Km ALDH.
In contrast, leucine and its metabolite KIC did not decrease
the ethanol levels in the media of isolated rat hepatocytes.
This result suggests that leucine accelerates ethanol oxi-
dation by indirectly enhancing alcohol-metabolizing
enzyme activities in the liver.

Chronic ethanol ingestion impairs several metabolic
pathways, such as amino acid metabolism, liver regenera-
tion, and muscle protein metabolism, leading to severe
liver failure or muscle loss (Wands et al. 1979; Xu et al.
1995; Vary et al. 2005; Deaciuc et al. 1992). Therefore, it is
important to accelerate ethanol oxidation to prevent alco-
hol-induced tissue damage. First-pass ethanol metabolism
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Table 1 Change in alcoholic enzyme activities after each amino acid and ethanol administration

Unit/mg protein Control Leucine Isoleucine Valine Alanine
ADH
15 min 0.041 £ 0.015 0.095 £ 0.006 0.086 £+ 0.013 0.038 £ 0.026 0.120 £ 0.027*
30 min 0.042 £ 0.014 0.090 £ 0.016* 0.042 £+ 0.008 0.022 £+ 0.010 0.070 £+ 0.016
60 min 0.090 £+ 0.016 0.125 +£ 0.014 0.045 £+ 0.017 0.035 £+ 0.010 0.075 £+ 0.030
Low Km ALDH
15 min 0.511 £+ 0.626 3.719 + 0.657* 1.255 4+ 0.887 ND 1.859 + 1.573
30 min 0.945 £+ 0.672 5.249 £ 3.903 0.223 4+ 0.249 2.154 £ 1.544 2283 £ 2.184
60 min 0.772 £ 0.485 4.057 + 2.584 1.435 £+ 1.284 ND 0.801 £ 0.576
High Km ALDH
15 min 1.899 + 0.414 2.820 £ 0.651 2215 £ 0410 2.186 £+ 0.472 2.215 £ 0.338
30 min 0.732 £ 0.372 0.766 £+ 0.360 0.828 + 0.413 0.603 £+ 0.204 0.831 £+ 0.391
60 min 1.000 £ 0.380 0.926 + 0.264 0.978 £+ 0.357 0.923 £+ 0.404 0.942 £+ 0.351

Alanine significantly increased ADH activity 15 min after ethanol administration, and leucine increased 30 min after ethanol intake. Low Km
ALDH activity was significantly increased in the leucine group 15 min after ethanol administration and was higher for 60 min. High Km ALDH
activity was not different between the groups. The values are the mean = SEM. The comparisons with the DW group were determined by

Dunnet’s test after ANOVA for multiple comparisons (*P < 0.05)
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Fig. 3 The effects of amino acids on ethanol oxidation in isolated rat
hepatocytes. Alanine significantly decreased the ethanol concentra-
tion in the medium 90 min after ethanol injection. However, the
BCAAs and their metabolites did not decrease the ethanol concen-
trations in the isolated rat hepatocytes. The values are presented as the
mean + SEM. Comparisons of each group were performed with a
Bonferroni’s post-test after a two-way ANOVA for multiple com-
parisons (*P < 0.05)

in the stomach and the liver is important for alcohol
metabolism (Oneta et al. 1998). Ethanol absorption is pri-
marily controlled by gastric emptying because the primary
region of ethanol absorption is the small intestine, and
ethanol is absorbed via simple diffusion (Holt 1981). To
reduce the effects of amino acids in the digestive tract on
ethanol absorption, each amino acid (BCAAs or alanine)
was administered orally at the constant molar concentration
in the fasted state (Experiment 1). Leucine significantly
accelerated ethanol clearance in the blood, but the other
amino acids did not confer this effect (Fig. 1). In addition,

or —(— Control
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—@— Alanine

%3
=

Insulin (uU/ml)
s

0 1 1 1 1 J
-30 0 30 60 120 240
time (min)

Fig. 4 The effects of leucine or alanine on insulin secretion after
following the administration of each amino acid and ethanol. Leucine
significantly increased the insulin concentrations 30 min after leucine
administration, but alanine did not confer this effect. The values are
presented as the mean = SEM. Comparisons with the control group
at each time point were performed with a Bonferroni’s post-test after
a two-way ANOVA for multiple comparisons (*P < 0.05)

the ethanol metabolic enzyme ADH is found both in the
liver and in the stomach (Lieber et al. 1994). Thus, each
amino acid was infused into the tail vein to eliminate the
effect of digestive passage on alcohol metabolism
(Experiment 2). In this experiment, leucine and alanine, but
especially leucine, significantly accelerated ethanol clear-
ance, but isoleucine and valine did not confer this effect
(Fig. 2). Alanine has been reported to accelerate ethanol
oxidation (Tanaka et al. 1993, 1994). The amount of orally
administered alanine in Experiment 1 was extremely low
compared to the levels of previous studies (0.084 g vs.
1 g/kg BW). Therefore, the effect of orally administered
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alanine on ethanol clearance in rats may be weak in the
present study. Leucine was the only amino acid that accel-
erated ethanol oxidation in both experiments (Figs. 1, 2).

Acute leucine intake also enhanced the liver activities of
ADH and low Km ALDH (Table 1). Liver ADH is the
primary enzyme responsible for ethanol oxidation, and low
Km ALDH encodes the mitochondrial enzyme that is pri-
marily responsible for oxidizing the ethanol-derived acet-
aldehyde (Deitrich et al. 2007; Yin 1994; Ehrig et al.
1990). Impairment of the low Km ALDH results in the
impairment of the capacity for acetaldehyde metabolism,
which is one of the primary causes of the alcohol-flush
reactions that have been observed in Asian individuals
(Ehrig et al. 1990). Therefore, these results indicate that
leucine intake accelerates ethanol clearance and supports
acetaldehyde oxidation in the liver.

BCAAs are primarily metabolized in skeletal muscles
and the brain by BCAA aminotransferase; this process
produces branched chain o-keto acids, such as KIC and
KMYV. Branched chain o-keto acids are metabolized in the
liver. Some studies have demonstrated that leucine directly
affects hepatocytes. Leucine has been shown to inhibit
proteolysis in isolated rate hepatocytes (Venerando et al.
1994; Lardeux and Mortimore 1987) and stimulate hepatic
growth factor production in hepatic stellate cells (Tomiya
et al. 2007). Therefore, leucine or its metabolite KIC may
directly affect ethanol clearance in the liver. Experiment 4
was performed using isolated rat hepatocytes to investigate
this hypothesis. Interestingly, leucine, other branched
amino acids and a-keto acids did not accelerate ethanol
oxidation, but alanine increased ethanol oxidation (Fig. 3).
This result indicates that leucine and its metabolite do not
directly affect ethanol oxidation in the liver. Some articles
have reported that alanine can accelerate ethanol oxidation
and prevent the inhibition of liver regeneration by ethanol
consumption (Tanaka et al. 1993, 1994; Torii 1997).
NADH re-oxidation is believed to be the primary rate-
determining step in hepatic ethanol oxidation, and the
malate—aspartate shuttle is an important rate determinant in
hepatic ethanol oxidation (Sugano et al. 1990). Precursors
of malate—aspartate shuttle components, such as alanine,
increased ethanol metabolism in hepatocytes (Beauge et al.
1980). In addition, it has been suggested that alanine
stimulates the glucose—alanine cycle, improving the NADH
redox state, thus resulting in increased ethanol elimination
(Cunningham et al. 2001). Therefore, this result of
Experiment 4 suggests that the effect of leucine on ethanol
clearance may be not attributable to changes in the redox
state through leucine metabolism in the liver.

Alcohol-metabolizing enzymes are activated by hor-
monal and nutritional factors. ADH has been shown to be
increased by insulin in vivo and by IGF-1 and growth
hormone in hepatocytes (Lakshman et al. 1988; Mezey
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et al. 1986, 1990). Insulin also enhanced the effect of IGF-1
on ADH activation (Mezey et al. 1990). In addition, insulin
secretion has been shown to be stimulated by amino acids,
such as leucine (Milner 1969), but ethanol has been shown
to inhibit insulin secretion (Singh et al. 1980). In Experi-
ment 5, leucine significantly increased insulin secretion,
but alanine did not confer this effect (Fig. 4). This result
suggests that the stimulation of insulin secretion by leucine
contributes to enhanced alcohol-metabolizing enzyme
activities. The mechanism of the effect of leucine on eth-
anol clearance may be associated with the change in liquid
factors (such as insulin) induced by leucine administration.

In conclusion, leucine accelerated ethanol clearance
following acute ethanol administration by enhancing
alcohol-metabolizing enzyme activities such as alcohol and
ALDH in rats. The effect of leucine on these enzymatic
activities was not exerted directly in the liver. The increase
in ADH activity by leucine may be associated with the
induction of insulin secretion.

However, the mechanism of action of leucine on the
acceleration of ethanol clearance is unclear. Further studies
are required to investigate this mechanism.
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