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ABSTRACT

Effect of ginseng butanol fractions on the hepatic mitochondrial monoamine oxidase activity
with ethanol treatment was investigated in this experiment. Ethanol treatment, either acutely or
chronjcally, increased the hepatic mitochondrial monoamine oxidase activity compared to control
group. Whereas, treatment with ginseng butanol fractions lowered the ethaol-induced monoamine
oxidase activity. Acetaldehyde, the major metabolite of ethanol, significantly increased the hepatic
mitochondrial monoamine oxidase activity more than ethanol did. It was also observed that ginseng
butanol fractions reduced the-increase of the hepatic mitochondial monoamine oxidase activity by
acetaldehyde. From these results, it is suggested that ginseng butanol fractions may be associated
with the modulation of the hepatic mitochondrial monoamine oxidase activity in ethanol-treated

animals.
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INTRODUCTION

Ginseng has been utilized as a restorative and
tonic agent for thousand years. Recently, Ginseng
has been reported to have many pharmacological
actions: analgesic, anticonvulsant and central ner-
vous system (CNS)-depressant actions (Takagi et
al, 1972; Saito et al, 1973; Nabato et al, 1973).
The CNS is obviously affected by ethanol, and
ethanol is a depressant of the CNS (Klemm, 1979).
More recently, it is reported that ingestion of
ethanol, either acutely or chronically, causes in the
structure and function of hepatocellular organelles
(Schilling and Reitz, 1980; Teschke er al, 1981;
Chin and Goldstein. 1981; Prasad et al, 1985).
Moreover, acetaldehyde, the product of ethanol
oxidation, is considered to be toxic because of its
reactivity (Sakurai er al, 1980; Hagihara et al,
1981). Acetaldehyde could exacerbate the neur-
ologic, hepatic and cardiac complications of alco-
holism (Cohen et al, 1975; Pettersson et al., 1977;
Pikkarainen er al, 1981). These studies provide
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evidence that ingestion of ethanol may alter the
metabolism of biogenic amines. Monoamine
oxidase (MAO, EC 1.4.3.4) is tightly bound to the
outer membrane of mitochondria (Smith, 1980;
Fowler and Tipton, 1981), and plays a very impor-
tant role in the deamination of monoamine ana-
logues (Murphy, 1978; Yu et al, 1981; Benedette
et al, 1983). Although ginseng prevent the
ethanol-induced biological dysfunction (Huh and
Choi, 1979; Joo et al., 1979), effect of ginseng on
the ethanol-induced MAO activity has not been
completely elucidated yet.

Therefore, in this experiment concerned with
ethanol-monoamine interactions, it was under-
taken to study the effect of ginseng butanol fraction
on the hepatic mitochondrial MAO activity by
treatment with ethanol and acetaldehyde in mice.

MATERIALS AND METHODS
Chemicals

Pyrozole and bovine serum albumin were
purchased from Sigma Chemical Co., ethanol from
Fluka Chemical Co., acetaldehyde from Hayashi

Pure Chemical Co., tyramine hydrochloride from



Aldrich Chemical Co.. All other chemicals were of
analytical reagent grade if available.

Animals and treatment

Male mice (ICR, 20-25g) were used for all
studies, and were acclimatized in an 12hr light-
12hr dark cycle animal room for at least 2 weeks
prior to use. Animals were allowed free access to
food and water but were deprived of food for the
16hr prior to sacrifice. In these acute studies, mice
received ethanol (1 g/kg) i.p. 90 min before decap-
itation, and acetaldehyde (100 mg/kg) i.p. 30 min
before decapitation. Pyrazole (200mg/kg) was
injected i.p. to mice 2hr before ethanol treatment.
In the chronic studies, mice were fed 5% (v/v)
ethanol or water for 2 months. Ginseng butanol
fractions (4 mg/kg) was injected i.p. 3hr before
decapitation.

Preparation of mitochondrial fraction

Mice were killed and liver was perfused in situ
with cold 0.15M sodium chloride solution through
the portal vein and quickly removed. After
homogenizing, homogenate was centrifuged at
600 X g for 10min and the resulting supernatant
was centrifuged at 10,000Xg for 30 min. The
mitochondrial pellets obtained were suspended in
the 0.1M phosphate buffer (pH 7.5) and
centrifuged again for 30 min at 10,000Xg. The
pellets were resuspended in the same buffer and
used immediately.

Determination of monoamine oxidase activity

MAUO activity was measured by the amount of
ammonia formed according to Nagatsu and Yagi
(1966) with tyramine as substrate. Briefly, the
reaction was terminated by the addition of 0.767 N
H,SO, and 2 % (w/v)-Na,WO,, MAO activity
was expressed by the amount of ammonia formed,
which was measured by the reaction with phenol
reagent and hypochlorite “solution spectro-
photometrically at 625 nm. Protein was deter-
mined with bovine serum albumin as standard
(Lowry et al, 1951).

RESULTS

Effect of ginseng on the hepatic MAO activity in
acute ethanol-treated mice

Treatment with ginseng butanol fraction (4

mg/kg) alone did not influence the hepatic
mitochondrial MAO activity as compared to the
saline-treated controls (Table 1).

However, when ethanol was injected to mice, a
significant increase of hepatic mitochondrial MAO
activity was observed. The increase of hepatic
mitochondrial MAQ activity caused by ethanol
treatment was markedly reduced in the ginseng
butanol fraction-pretreated group.

Effect of ginseng on the hepatic MAO activity in
chronic ethanol-treated mice

Table 2 shows the effect of ginseng butanol

fraction on the hepatic mitochondrial MAO activ-

Table 1. Effect of ginseng butanol fraction on the
hepatic MAO activity in acute ethanol-

treated mice
Specific Activity
Treatment (n moles/mg protein/
min

Control 2.64+0.18
Ethanol 3.43+0.21*
Ginseng butanol fraction 2.58+0.20
Ethanol+ Ginseng 2.87+0.23

butanol fraction

Mice received ethanol(l g/kg) intraperitoneally 90
min before sacrifice. Ginseng butanol fraction (4
mg/kg) was injected 3 hr before sacrifice. The
assay procedure was described in the materials
and methods. Values are means+S.E. for 5 ani-
mals. Significantly different from control (*;p<0.
05).

Table 2. Effect of ginseng butanol fraction on the
hepatic MAO activity in chronic ethanol-
treated mice

Specific Activity

Treatment (n moles/mg protein/
min)

Control 2.64+0.18

Ethanol 3.57+0.23*

Ginseng butanol fraction 2.58+0.20

Ethanol+ Ginseng 3.08-+0.23

butanol fraction

Mice received ethanol (5%, v/v) orally for 2
months. The other conditions are the same as
described in Table 1. (*:p<0.05).
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Fig 1. Effect of pyrazole on the hepatic MAO activ-
ity in acute ethanol-treated mice.
Pyrazole (200 mg/kg) was injected i.p. 2 hr
before sacrifice. The other conditions are the
same as described in Table I. Control, C ;
ethanol, W ; pyrazole, @ ; ethanol+
pyrazole, m, (*; p<0.05).

ity in chronic ethanol-treated mice. The hepatic
mitochondrial MAQO activity was significantly
elevated as compared to control group when eth-
anol fed chronicaly to mice for 2 months, and the
result obtained was slightly increased than that of
acute-ethanol treated group. Whereas, in the gin-
seng butaiol fraction-treated group, it was obser-
ved that the hepatic MAO activity was similar to
that of control group.

Effect of pyrazole on the hepatic MAO activity
in acute ethanol-treated mice

Effect of pyrazole on the hepatic mitochondrial
MAO activity with ethanol treatment is shown in
Fig 1. It is well known that pyrazole inhibited the
alcohol dehydrogenase which catalyzes the oxida-
tion of ethanol to acetaldehyde (Krikum and
Cederbaum, 1984). When pyrazole was injected to
the control mice, the hepatic mitochondrial MAO
activity obtained was similar to that of control
group. Pretreatment with pyrazole has markedly
blocked the increase of the hepatic mitochondrial
MAO activity with ethanol treatment.

Effect of ginseng on the hepatic MAQ activity in
acetaldehyde-treated mice

Effect of ginseng butanol fraction on the he-
patic mitochondrial MAO activity in acetal-

Table 3. Effect of ginseng butanol fraction on the
hepatic MAQO activity in acetaldehyde-
treated mice

Specivic Activity

Treatment (n moles/mg protein/
min

Control 2.641+0.18

Acetaldehyde 3.824+0.36*

Ginseng butanol fraction 2.58+0.20

Acetaldehyde 4+ Ginseng 3274035

butanol fraction

Mice received acetaldehyde (100 mg/kg) i.p. 30 min
before sacrifice. The other conditions are the same
as described in Table 1. (*:p<0.05)

dehyde-treated mice is shown in Table 3. The
hepatic mitochondrial MAO activity of control
mice was 2.64n moles/mg protein/min. The
enzyme activity was significantly elevated as
compared to the control group when acetaldehyde
(100mg/kg) was injected to mice. However, when
ginseng butanol fraction was pretreated, a signifi-
cant decrease in the hepatic MAO activity was
observed.

DISCUSSION

The oxidative deamination of a number of
primary and secondary amines has been shown to
be catalyzed by monoamine oxidase (Murphy,
1978; Tabakoff ez al, 1985). Monoamine oxidase
is an intrinsic protein of the outer mitochondrial
membrane (Smith, 1980).

It is evident from the data presented here that
the ginseng butanol fraction may regulate the
ethanol-induced monoamine oxidase activity. In
the previous report, it is reported that acute treat-
ment with ethanol caused to increase the hepatic
mitochondrial MAO activities (Huh et al, 1988).
It was also observed that chronic ethanol treatment
increased the hepatic mitochondrial MAO activity
in mice. When ginseng butanol fracton was inject-
ed to the ethanol-treated mice, the increasing effect
caused by ethanol was markedly reduced.

But the increase of the hepatic mitochondrial
MAO activities can be either due to an action of
ethanol or due to an action of its metabolite,
acetaldehyde. It is well known that pyrazole is an



effective inhibitor of alcohol dehydrogenase and is
often used to assess the metabolic consequences
produced by oxidation of ethanol by alcohol
dehydrogenase (Krikum and Cederbaum, 1984).
Therefore, to differentiate between these possibil-
ities, we measured the hepatic mitochondrial MAO
activity after pyrazole pretreatment. It was obser-
ved that effect of ethanol on the hepatic mitochon-
drial MAO activity in mice was diminished with
pyrazole pretreatment. Thus, the characteristics of
the increase in the enzyme activity may result from
an action of acetaldehyde rather than an action of
ethanol. Since the pyrazole pretreatment in the
ethanol-treated mice reduced the hepatic
mitochondrial MAO activity. Acetaldehyde, the
intermediate of ethanol, was injected to ensure the
this possibility. Acetaldehyde treatment was more
significantly increased the hepatic MAO activity
than ethanol did.

This result indicated that the increase of the
hepatic MAO activity may be to an actaldehyde
rather than ethanol. Increasing effect of the hepatic
MAO activity caused by acetaldehyde treatment
was blocked by ginseng butanol fraction pretreat-
ment.

As we consider that pretreatment with ginseng
butanol fraction increased the activity of aldehyde
dehydrogenase which metabolized the acetalde-
hyde, and decreased the acetaldehyde level (Huh et
al., 1985) a possibility of prevention in ginseng
butanol fraction-pretreated mice may be also con-
siderable.

From the above results, it is supposed that
ginseng butanol fraction shows a preventive effect
against the hepatic MAO activity which were in-
duced by ethanol and acetaldehyde, but further
research in this field is needed.
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