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We used a herbal medicine, roots of Rhodiola sachalinensis (RS) to assess whether RS extract
can decrease blood ethanol concentrations in rats fed ethanol and if so, to elucidate the
mechanism by which RS extract reduces blood ethanol levels. Rats were fed ethanol orally 1
hr after the oral administration of various doses of RS extract. In another experiment, rats were
injected intraperitoneally with ethanol following the intake of RS extract via gastric catheter to
eliminate possible inhibition of ethanol absorption in the gastrointestine by RS extract. The ad-
ministration of RS extract remarkably lowered blood ethanol levels in a dose-dependent mann-
er in rats given ethanol orally. However, the intake of RS extract did not reduce ethanol levels
in rats injected with ethanol intraperitoneally. The activities of two main hepatic enzymes, al-
cohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH), involved in ethanol meta-
bolism, were not affected by the administration of RS extract in rats fed ethanol. In addition,
the intake of RS extract reduced serum triglyceride levels elevated by ethanol to the normal
level. We conclude that the administration of RS extract lowers blood ethanol concentrations

by inhibition of ethanol absorption in the gastrointestinal tracts of ethanol-fed animals.

Key words :
- dehydrogenase

INTRODUCTION

Ethanol is rapidly absorbed from the gastrointestinal
tracts of the animals after intake. Ethanol after absorp-
tion is principally metabolized in the liver. The liver
contains three different enzyme systems for ethanol
metabolism (Lieber, 1984 & 1985). They are alcohol
dehydrogenase (ADH) pathway, catalase, and the mi-
crosomal ethanol-oxidizing system. The ADH pathway
is the main one. The first step in the metabolism of
ethanol is its oxidation to acetaldehyde using NAD as
a cofactor by cytosolic ADH (Theorell and Bonnich-
sen, 1951; Theorell and Chance, 1951). The acetalde-
hyde is further oxidized by mitochondrial aldehyde de-
hydrogenase (ALDH) to acetate (Marjanen, 1972).

Biood ethanol concentrations in ethanol-fed animals
can be lowered either by promoting ethanol metabo-
lism or by inhibiting ethanol absorption in the gastroin-
testinal tract. Agents which can lower blood ethanol
concentrations rapidly and safely after ethanol intake
may alleviate symptoms of hangover. Many attempts
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have been made to lower blood ethanol concentra-
tions (Ylikahri et al, 1976; Khan et al, 1973; Tygstr-
up et al., 1965; Thieden et al., 1972; Damgaard et a/.,
1972; Muir et al, 1973; Kelly et al, 1971; Rawat,
1969 & 1977; Pawan, 1968; Rogers et al., 1987). Fru-
ctose has been intensively studied for this purpose.
Fructose has been shown to reduce blood ethanol lev-
els by accelerating ethanol metabolism in man and in
animals (Ylikahri et al, 1976; Tygstrup et al., 1965; Th-
ieden et al., 1972; Damgaard et a/., 1972; Rawat, 1969
& 1977; Rogers et al., 1987, Crownover et al., 1986;
Ylikahri et al, 1972; Mascord et al,, 1991; Brown et
al, 1972). The precise mechanisms by which fructose
affects ethanol metabolism are, however, not complete-
ly understood. Nevertheless, Keegan and Batey (1993)
reported that an increase in ethanol elimination in
fructose-fed female rats was not due to a change in
hepatic ADH activity. A few remedies composed of
traditional medicinal plants have been believed to be
effective for alleviating symptoms of hangover since an-
cient times (Huh, 1971). Recently, a few reports show-
ed that herbal extracts decreased blood ethanol con-
centrations by stimulating ethanol metabolism (Sakai
et al., 1987; Sakai et al, 1989; Kim et al., 1994). How-
ever, the herbal extracts blocking ethanol absorption
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have not been reported before.

Rhodiola sachalinensis (RS) grows in China at an
elevation of 1700~2500 m. The roots of RS are used,
according to the Chinese folkloric tradition, as tonic
and antiaging agent. Recently, Cheng et al. (1993) re-
ported the hypoglycemic effect of RS. However, little
work has previously been carried out on pharmacolo-
gical effects of RS.

[n the present study, we investigated the mechanism
by which RS extract affects blood ethanol levels in
ethanol-fed animals.

MATERIALS AND METHODS

Materials

Ethanol and perchloric acid were purchased from
Merck (Darmstadt, Germany). Acetaldehyde, glycine,
KOH, K,CO,, Tris, sucrose, pyrazole, bicinchoninic acid,
and pyrophosphate were obtained from Sigma Chem-
ical Co. (St. Louis, MO, U.S.A.). Ethanol assay kit and
NAD were purchased from Boehringer Mannheim
(Mannheim, Germany). Total cholesterol and triglyce-
ride assay kits were from Wako Pure Chemical (Osaka,
Japan). All other chemicals were reagent grade.

Preparation of RS extract

One hundred g of roots of RS were extracted with 1
| of water at 100°C for 3 hr. The extract was filtered
through a few layers of cheese cloth and then lyophi-
lized in a freeze-dryer. Usually, 35 g of dry extract
were obtained. The powdered extract was dissolved in
a proper amount of water for an administration into
animals.

Treatment of animals

Young male Sprague-Dawley rats were purchased
from Korea Research Institute of Chemical Toxicology
(Daejon, Korea), housed in individual cages, and ma-
intained on a chow diet until use. Rats had free ac-
cess to water. Rats, weighing 150 g to 200 g, were
fasted for 24 hr for the experiments.

For the time course experiment, various doses rang-
ing from 0.375 g to 3 g of RS extract/kg body weight
(bw) of rat, in a volume of 10 ml/kg bw, were admi-
nistered to 24 hr-fasted rats by gastric catheter. Eth-
anol (3 g/kg bw, as 30% w/v in H,0O) was fed orally 1
hr after the administration of RS extract. For rats fed
ethanol only (control), an equal volume of water in-
stead of RS extract was given 1 hr before the ethanol
treatment. Blood was collected from tail vein 1, 2, 4,
6, and 8 hr after the ethanol load.

For the experiment with ethanol-injected rats, 24 hr-
fasted rats were administered RS extract (2 g/kg bw)
and then injected with ethanol at a dose of 1.5 g/kg
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bw intraperitoneally. Blood was collected 1, 2, 4, and
6 hr from tail vein after the ethanol administration. As
a control, 24 hr-fasted rats were fed an equal volume
of water instead of RS extract.

For the measurement of activities of ADH and
ALDH, rats were fasted for 24 hr and fed RS extract
at a dose of 3 g/kg bw orally. Ethanol (3 gkg bw)
was administered 1 hr after the intake of RS extract.
Rats were then sacrificed 2 hr after the ethanol intake.
As a control, rats were fasted for 24 hr and fed an
equal volume of water instead of RS extract, and then
sacrificed 2 hr after the ethanol treatment. For normal
group, rats were fasted for 24 hr and then sacrificed.
Livers were removed right after sacrifice and frozen
in liquid nitrogen. For the determination of serum tri-
glyceride levels, blood was collected right before sa-
crifice.

Determination of blood ethanol levels

Blood ethanol concentration was determined as pre-
viously described (Kim et a/., 1993). Blood was depro-
teinized with an equal volume of chilled, 0.7 M per-
chloric acid right after collection and the supernatant
was obtained by centrifugation. A half volume of a
buffer solution containing 0.4 M KOH, 0.13 M K,CO,,
and 0.5 M Tris was added to the supernatant. After in-
cubation on ice for 30 min, the mixture was centri-
fuged. The supernatant was frozen and stored at -70
°C. The ethanol level in the supernatant was determin-
ed using an assay kit (Boehringer Mannheim, Mannhe-
im, Germany) by the method suggested by the manu-
facturer.

The area under the curve (AUC) was calculated from
each time course curve constructed with ethanol levels.
Percent reduction in ethanol levels of rats treated with
RS extract was determind by comparing AUC with that
of control.

Determination of specific activities of ADH and
ALDH

A piece of liver was accurately weighed and homo-
genized in a buffer solution containing 10 mM Tris-
HCI, 250 mM sucrose (pH 7.4) using a Potter-El-
vehjem type homogenizer. A 10% (w/v) homogenate
was obtained and centrifuged at 700xg for 10 min
followed by further centrifugation of the supernatant
at 10,000x g for 10 min. The supernatant was ultra-
centrifuged at 105,000x g for 1 hr to obtain the cy-
tosolic fraction for the ADH assay. The precipitate ob-
tained after centrifugation at 10,000xg was washed
twice with a homogenization buffer to obtain the mi-
tochondrial fraction for the ALDH assay. The precipi-
tate was frozen in liquid nitrogen and stored at -70°C
until use. All the experimental manipulations were car-
ried out at 4°C.
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Activities of ADH and ALDH were measured ac-
cording to Koivula and Koivusalo (1975). The ADH
activity was measured in 50 mM glycine (pH 9.6), 0.8
mM NAD, 3 mM ethanol and 50 pul of cytosolic frac-
tion in a final volume of 1.0 ml. ALDH activity was
measured in 100 mM pyrophosphate buffer (pH 8.0),
1 mM NAD, 2 mM pyrazole, 15 mM acetaldehyde,
and 50 ul of mitochondrial fraction in a final volume
of 1.0 ml. All assays were performed at room tem-
perature. Total protein concentration was determined
by the method described by Smith et al. (1985) using
bicinchoninic acid. Specific activity was expressed as
units of enzyme activity per mg of protein.

Determination of serum triglyceride and cholesterol
levels

Blood was centrifuged at 1,000x g for 10 min to ob-
tain serum. The levels of serum triglyceride and total
cholesterol were measured using assay kits (Wako Pure
Chemical, Osaka, Japan)) by the method suggested
by the manufacturer.

Statistics

All values are presented as the means+SE of 5 an-
imals. Statistical analysis was conducted by Student's
t-test.

RESULTS

The administration of various doses of RS extract
into rats fed ethanol by gavage markedly reduced
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Fig. 1. Effect of RS extract on blood ethano! concentrations
in rats fed ethanol orally. Rats were fasted for 24 hr and ad-
ministered various doses of RS extract (3 g, 1.5 g, 0.75 g, O.
375 g/kg bw) orally. Ethanol at a dose of 3 g/kg bw was fed
orally 1 hr after the treatment with RS extract. Blood was
collected from tail vein 1, 2, 4, 6, and 8 hr after the ethanol
treatment. As a control, rats were given an equal volume of
water instead of RS extract. Data are means £ SE from 5 rats.
* and **, Significantly different from the control with p<0.05
and p<0.01, respectively.
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Fig. 2. Reduction in blood ethanol concentrations by RS ex-
tract in rats given ethanol orally. Reduction in blood
ethanol concentrations by RS extract was expressed as per-
cent reduction in AUC, calculated from each time course
curve shown in Fig. 1, by comparing AUC's of RS-treated
groups with that of control. * and **, Significantly different
from the control with p<0.05 and p<0.01, respectively.

blood ethanol concentrations throughout 8 h period
after the ethanol intake (Fig. 1). The reduction in blood
ethanol levels by RS extract was dose-dependent. The
decrease was observed as early as 1 hr and the max-
imum decrease was 66% with 3 gkg bw of RS ex-
tract as calculated by the difference in AUC, a meas-
ure of bioavailability of ethanol (Fig. 2).

Blood ethanol concentrations can be reduced by
agents which are capable of blocking ethanol ab-
sorption or accelerating ethanol metabolism. To study
the mechanism by which RS extract lowered blood
ethanol levels, we tested the possibility that RS ex-
tract inhibits the absorption of ethanol given orally in
the gastrointestinal tract. For this purpose, ethanol
was injected intraperitoneally instead of an oral in-
take. The intake of RS extract did not affect blood
ethanol levels in rats injected with ethanol (Fig. 3).
This result suggests that the reduction in ethanol lev-
els observed in rats fed ethanol orally (Fig. 1) is due
to an inhibition of ethanol absorption in the gastroin-
testinal tracts of rats. It also implies that RS extract
may not stimulate ethanol metabolism.

To further provide the evidence that RS extract
does not stimulate ethanol metabolism, the activities
of two main enzymes involved in ethanol metabolism
in the liver were measured in rats treated with RS ex-
tract. The intake of RS extract did not affect the ac-
tivities of both ADH and ALDH in ethanol-fed rats
(Fig. 4), suggesting that the decrease in blood ethanol
levels by RS extract does not involve the stimulation
of ethanol metabolism.

The acute administration of ethanol causes an in-
crease in serum triglyceride levels (Lieber, 1985; Kim
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Fig. 3. Effect of RS extract on blood ethanol concentrations
in rats injected with ethanol intraperitoneally. Rats were fast-
ed for 24 hr and given RS extract (2 ghkg bw) orally.
Ethanol at a dose of 1.5 ghkg bw was injected intraperi-
toneally 1 hr after the intake of RS extract. As a control, rats
were given an equal volume of water instead of RS extract.
Data are means = SE from 5 rats.

and Kwon, 1992). To determine whether RS extract
can decrease the triglyceride level elevated by ethanol,
we measured serum triglyceride concentrations 2 h aft-
er ethanol intake. The intake of RS extract decreased
the serum triglyceride level by 57% to the normal lev-
el (Fig. 5). However, the serum cholesterol level was
not affected by ethanol or ethanol plus RS extract (Fig.
5).

DISCUSSION

This study shows that RS extract lowers blood etha-
nol concentrations by blocking ethanol absorption in
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Fig. 4. Effects of RS extract on hepatic ADH and ALDH ac-
tivities in rats fed ethanol orally. Rats were fasted for 24 hr
and fed 3 g/kg bw of RS extract orally. Ethanol at a dose of
3 g/kg bw was given 1 hr after the administration of RS ex-
tract. Rats were sacrificed 2 hr after the ethanol treatment.
As a control, rats were given an equal volume of water in-
stead of RS extract. For normal group, rats were fasted for
24 hr and then sacrificed. Data are means=SE of 5 rats.
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Fig. 5. Effects of RS extract on levels of triglyceride and cho-
lestercl in sera of rats fed ethanol. Rats were fasted for 24 hr
and given 3 g/kg bw of RS extract orally. Ethanol at a dose of
3 g/kg bw was administered 1 h after the intake of RS extract.
Blood was collected by heart puncture 2 hr after the ethanol
intake. As a control, rats were given an equal volume of wat-
er instead of RS extract. Data are means+SE of 5 rats. *Sig-
nificantly different from the control with p<0.05.

the gastrointestinal tracts of ethanol-fed rats, not by
stimulating ethanol metabolism. We found that RS ex-
tract decreased blood ethanol levels remarkably in a
dose-dependent manner in rats fed ethanol orally (Fig.
1 & 2) while such effect was not observed in rats in-
jected with ethanol intraperitoneally (Fig. 3). Further-
more, RS extract did not affect the activities of hepat-
ic ADH and ALDH involved in ethanol metabolism
(Fig. 4).

In contrast to our present report, a few other herbal
extracts have been shown to decrease blood ethanol
concentrations by preventing the reduction in ADH
activity caused by an acute administration of ethanol,
suggesting the stimulation of ethanol metabolism (Sakai
et al, 1987; Sakai et al, 1989; Kim et a/, 1994). Those
earlier studies report that the acute administration of
ethanol inhibited ADH enzyme 1 hr after the ethanol
intake and the inhibition of ADH was prevented by
herbal extracts. In the present investigation, ADH ac-
tivity was not inhibited by the ethanol intake 2 hr aft-
er the ethanol treatment (Fig. 4). It is assumed that RS
extract contafns the active ingredient(s), though not
determined, which strongly adsorbs ethanol, thus pre-
venting absorption of ethanol in the gastrointestine of
animals. Although RS extract seems to decrease blood
ethanol concentration by adsorbing specifically to eth-
anol, the possibility that the non specific binding of
high dose of RS extract to ethanol may in part con-
tribute to a reduction in ethanol level can't be ruled
out due to the bulky characteristic of RS extract espe-
cially at a high dose such as 3 g/kg bw.

The acute administration of ethanol increased the
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serum triglyceride level by 2.6 fold and this increase
was reduced to the normal level by RS extract (Fig. 5).
It is possible that RS extract inhibits the absorption of
ethanol, which provides a precursor for the synthesis
of fatty acid and triglyceride in the liver. The de-
creased supply of precursors, in turn, could decrease
the levels of hepatic and serum VLDL containing tri-
glycerides as a major lipid.

In conclusion, this study shows that RS extract re-
duces blood ethano!l levels and the blood ethanol-
lowering effect of RS extract is due to the inhibition
of ethanol absorption in the gastrointestine of rats, not
due to the stimulation of ethanol metabolism. These
findings imply that RS extract may be used to help al-
leviate hangover symptoms after the excessive intake
of alcohol by reducing blood alcohol levels.
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