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Abstract

Effects of single and repeated administration of red ginseng total saponins (ROTS) and nootropic drugs were

examined on impairment of acquisition induced by single oral administration of 3 g/kg ethanol (EtOH) in a step

through test. The inhibitory effect of EtOH on acquisition was significantly reduced following single or repeated

RGTS administration. The nootropic drugs, piracetam and N-methyl-D-glucamine, given orally significantly reduced

impairment of acquisition induced by EtOH. On the other hand, the inhibitory effect of repeated RGTS on the

EtOH-induced amnesia was blocked by the pretreatment of a-methyl-r-tyrosine (a-MT), an inhibitor of cate-

cholamine synthesis, in a dose-dependent manner but not r-chlorophenylalanine (PCPA), an inhibitor of serotonin

synthesis, whereas the inhibitory effect of repeated N-methyl-D-glucamine on the EtOH-induced amnesia was blocked

neither by a-MT nor PCPA. These results suggest that repeated RGTS and N-methyl-D-glucamine ameliorate the

impairing effect of EtOH on acquisition, and the effect of RGTS on EtOH-induced amnesia is dependent on the

catecholaminergic but not serotonergic neuronal activity, while RGTS and N-methyl-D-glucamine seem to have a

different mechanism on EtOH-induced amnesia. © 2000 Published by Elsevier Science Ireland Ltd. All rights

reserved.
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1. Introduction

Korean red ginseng, well known as a herbal

medicine, has been used for treatment and preven-

tion of many diseases for thousands of years

(Park et al., 1984). In recent years, numerous

studies have been done on saponins isolated from

Korean red ginseng. These studies have demon-

strated that Korean red ginseng saponins possess

various effects on the spatial memory (Buresova

and Bures, 1982; Jaenicke et al., 1991; Park et al.,

1994), electric shock (Oh et al., 1969) and intoxi-

cation (Kim et al., 1996). Studies from our labora-

tory have demonstrated the effects of ginseng

saponins on catecholaminergic neuronal activity
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in modulation of motor activity by studying the

spontaneous locomotor activity (Kim et al.,

1992) and apomorphine-induced stereotyped be-

havior (Lee et al., 1995a,b) in normal rat or in

6-hydroxydopamine (6-OHDA)-treated rats (Lee

et al., 1993). The study of Benishim (1992) re-

ported the effects of red ginseng saponins on the

spatial memory and suggested the involvement

of the cholinergic system. The studies on the

effect of red ginseng saponins on the cate-

cholaminergic system in modulation of memory

are lacking.

Nootropic drugs, including piracetam, N-

methyl-D-glucamine, centrofenoxine and pyriti-

nol, enhance learning ability and memory

consolidation (Mouravieff-Lesuisse and Giurger,

1968; Wolthuis, 1971), increase the resistance of

brain cells to hypoxia and intoxication (Sara

and Lefever, 1972; Giurgen, 1973). Many studies

have been directed toward the development of

drugs for the treatment of dementia and for the

understanding of the neurological basis of

nootropic drugs (Schmidt, 1990; Yamamoto et

al., 1990). Although the mechanism is not yet

clear, some reports have suggested that the ame-

liorating effects of nootropic drugs on amnesia

experimentally induced by administration of sco-

polamine and by lesion of the dorsal hippocam-

pus is mediated by cholinergic activation, but

that on amnesia produced by ischemia is not

solely related to the cholinergic system (Kabuta

et al., 1982; Yamamoto et al., 1990). There are

few studies indicating the ameliorating effects of

nootropic drugs on ethanol-induced amnesia re-

lating to the central catecholaminergic system

modulating learning and memory (Corrodi et

al., 1966; Wise, 1978; Tabakoff and Hoffman,

1979).

The purpose of this study is to investigate the

effects of single or repeated administration of

the RGTS and nootropic drugs on impairment

of acquisition induced by single oral administra-

tion of ethanol (EtOH). Furthermore, functional

difference between RGTS and nootropic drugs

on central catecholaminergic processes in the

modulation of EtOH amnesia was also exam-

ined.

2. Materials and methods

2.1. Animals

Male Sprague–Dawley rats, 6–8 weeks of age

were used throughout the study. All animals

were housed in cages having four rats in a case

and under temperature- and humidity-controlled

(2291°C, 5592%) conditions with a 12-h

dark/light cycle (light at 07:00 h), and were al-

lowed free access to food and water.

2.2. Drug preparation and administration

Ethanol (EtOH, Ducsan Pharmaceutical), N-

methyl-D-glucamine (Sigma), piracetam (Sigma),

a-methyl-r-tyrosine (a-MT, Sigma), r-

chlorophenylalanine (PCPA, Sigma), and red

ginseng total saponin (RGTS, characterized the

saponin mixture quantitatively containing at

least 11 glycosides; Rb1 (18.26%), Rb2 (9.07%),

Rc (9.65%), Rd (8.24%), Re (9.28%), Rf

(3.48%), Rg1 (6.42%), Rg2 (3.62%), Rg3

(4.70%), Ro (3.82%), Ra (2.91%) and other mi-

nor ginsenosides and components (20.55%),

from Panax ginseng, extracted and purified by

Namba et al. (1974) method and supplied by

Korea Ginseng and Tobacco Research Institute,

Taejon, Korea).

EtOH was given to the rats in a single oral

administration at a dose of 3.0 g/kg body

weight as a 50% (w/v) solution in physiological

saline. N-Methyl-D-glucamine, piracetam and

RGTS were dissolved in physiological saline and

were administered orally either singly or in re-

peated doses on 7 consecutive days (0.1 ml/100

g body weight). a-MT and PCPA were dissolved

in 0.5% carboxymethylcellulose (CMC) solution

and were injected intraperitoneally.

2.3. Passi6e a6oidance performance test; step

through test

The step through test was performed accord-

ing to the modified method of Casamenti et al.

(1993). The apparatus (PACS-30, Columbus,

OH, USA; 54.5×33.0×48.3 cm) consisted of

two compartments separated by a wall with a
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hole in the lower middle part. One of the two

chambers was illuminated and the other was

dark. The test was conducted on 2 consecutive

days at the same time of day. On the first day

(learning trial), each rat was placed in the illu-

minated compartment of the apparatus. After 30

s the guillotine door was raised, allowing access

to the dark chamber. Rats preferred the dark

compartment and, when placed in the illumi-

nated chamber, rapidly move to the dark cham-

ber. Once the rat enters the dark compartment,

it receives an electric shock on the feet (0.6 mA,

5 s) through the stainless steel grid floor. The

time when the mouse entered the dark chamber

was recorded automatically and described as la-

tency. On the second day (testing trial), the

same test procedure was followed: rats were ex-

posed in the light compartment for 60 s in the

learning trail and 300 s in the testing trail. The

latency and the number of rats which did not

enter the dark compartment were recorded in

the testing trail.

2.3.1. Effects of single EtOH, RGTS and

nootropic drugs on acquisition of normal rats in

the step through test

EtOH (50%, w/v, 0.6 ml/100 g, p.o.), RGTS

(100, 200 mg/kg, p.o.), N-methyl-glucamine (500

mg/kg, p.o.), piracetam (500 mg/kg, p.o.) were

given 60 min before the learning trial to cause

impairment of acquisition, respectively. The

dosage and the time of administration of drugs

used were chosen on the basis of a preliminary

experiments (data not shown).

2.3.2. Effects of acute RGTS and nootropic drugs

on impaired acquisition of EtOH-treated rats in

the step through test

In acute drug studies on impairment of acqui-

sition of ethanol-treated rats, RGTS (100, 200

mg/kg, p.o.), N-methyl-D-glucamine (500 mg/kg,

p.o.) and piracetam (500 mg/kg, p.o.) were given

30 min before EtOH administration in separate

animal groups. The control animals given only

normal saline without drug following ethanol

treatment.

2.3.3. Effects of repeated RGTS and nootropic

drugs on impaired of acquisition induced by

EtOH in the step through test

In repeated drugs studies on impairment of

acquisition of ethanol-treated rats, rats were ad-

ministered RGTS (200 mg/kg, p.o.), N-methyl-

D-glucamine (500 mg/kg, p.o.) and piracetam

(500 mg/kg, p.o.) for 7 consecutive days, and

EtOH was administered 30 min after the last

treatment of drugs to each animal group. The

control animals were given only normal saline

without drugs following ethanol treatment. In

repeated drug studies on impairment of acquisi-

tion of ethanol-treated rats, a-MT or PCPA

were given 24 and 48 h before EtOH adminis-

tration in individual animal groups, respectively.

2.4. Statistics

The data were expressed as the mean9

S.E.M. The latency in the step through test was

analyzed using Student’s t-test, and the data on

the number of rats which did not make errors

in the step through test was analyzed using the

x
2-test.

3. Results

3.1. Effects of EtOH, RGTS and nootropic drugs

on acquisition of rats in the step through test

Latency and the incidence of error were re-

markably changed, but there were no differences

between control and RGTS- or nootropic drugs-

treated groups in the step through test (data not

shown). Latency was significantly shortened and

the incidence of error was scarcely shown by

EtOH.

3.2. Effects of acute RGTS and nootropic drugs

on impaired acquisition of EtOH-treated rats in

the step through test

The shortening of latency induced by ethanol

were significantly prolonged by acute RGTS

(100, 200 mg/kg) and piracetam (500 mg/kg),

but not by N-methyl-D-glucamine (500 mg/kg)
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(Fig. 1), while there were no differences between

control and acute RGTS, piracetam or N-methyl-

D-glucamine on the number of successful rats

decreased by EtOH (Fig. 3).

3.3. Effects of repeated RGTS and nootropic drugs

on impaired acquisition of EtOH-treated rats in the

step through test

In repeated administration for 7 consecutive

days, the acute ameliorative effect of RGTS (200

mg/kg) still persisted and showed longer latency

than acute administration, but the acute ameliora-

tive effect of piracetam (500 mg/kg) disappeared

and did not show any significant difference as

compared with control groups. In contrast to

piracetam, N-methyl-glucamine (500 mg/kg)

showed significant ameliorative effect on latency

by repeated administration for 7 consecutive days

(Fig. 2). On the other hand, the number of suc-

Fig. 2. Effects of repeated administration of red ginseng total

saponin (RGTS), N-methyl-D-glucamine (GLU) and pirac-

etam (PIR) on impaired acquisition of EtOH-treated rats in

the step through test. Rats were administered RGTS (200

mg/kg, p.o.), GLU (500 mg/kg, p.o.) and PIR (500 mg/kg,

p.o.) for 7 consecutive days and EtOH was injected 30 min

after the last treatment of drugs in individual animal groups.

The control animal were given only normal saline without

drug for 7 consecutive days. Latency indicates the time the rat

entered the dark compartment. Values represent the mean9

S.E.M. of three to 11 rats. c cPB0.01 when compared with

vehicle; **PB0.01 when compared with control.

Fig. 1. Effects of a single dose of red ginseng total saponin

(RGTS), N-methyl-D-glucamine (GLU) and piracetam (PIR)

on impaired acquisition of EtOH-treated rats in the step

through test. RGTS (100, 200 mg/kg, p.o.), GLU (500 mg/kg,

p.o.) and PIR (500 mg/kg, p.o.) were given 30 min before

EtOH injection in individual animal groups. Latency indicates

the time the rat entered the dark compartment. Values repre-

sent the mean9S.E.M. of three to 11 rats. c cPB0.01

when compared with vehicle; *PB0.05 when compared with

control.

cessful rats inhibited by ethanol significantly in-

creased following repeated administration of

RGTS and N-methyl-glucamine, but not pirac-

etam (Fig. 3).

3.4. Effects of a-MT or PCPA on the ameliorati6e

effects of repeated RGTS and N-methyl-glucamine

on impaired acquisition of EtOH-treated rats in the

step through test

Ameliorative effects of repeated RGTS (200

mg/kg) on latency of acquisition (Fig. 4) and on

the number of successful rats in EtOH-treated rats

were remarkably blocked by pretreatment with

300 mg/kg of a-MT but not by 100 mg/kg of

PCPA (Fig. 5). On the other hand, ameliorative

effects of repeated N-methyl-glucamine (500 mg/

kg) on latency and on the number of successful
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rats in EtOH-treated rats were inhibited neither

by pretreatment of a-MT nor PCPA treatment

(Fig. 5).

4. Discussion

In normal rats, single oral EtOH administration

impaired the acquisition of memory, whereas

RGTS and nootropic drugs did not have any

effect on the acquisition of memory. In this study,

acquisition for short-term memory among the

step through test processes, acquisition, consoli-

dation and retrieval were assessed. In our previ-

ous studies, oral administration of 2, 3, 4 and 5

mg/kg of EtOH to rats impaired acquisition in

passive avoidance performances. EtOH (5 mg/kg)

showed significant influences on the motor activ-

Fig. 4. Effects of a-methyl-r-tyrosine (a-MT) or r-

chlorophenylalanine (PCPA) on ameliorative effect induced by

repeated administration of red ginseng total saponin (RGTS)

and N-methyl-D-glucamine (GLU) on impaired acquisition of

EtOH-treated rats in the step through test. Rats were adminis-

tered RGTS (200 mg/kg, p.o.) and GLU (500 mg/kg, p.o.) for

7 consecutive days and EtOH was injected 30 min after the last

treatment of drugs in individual animal groups. The control

animal given only normal saline without drug for 7 consecu-

tive days. a-MT and PCPA were injected 24 and 48 h before

EtOH treatment, respectively. Values represent the mean9

S.E.M. of three to 11 rats. c cPB0.01 when compared with

vehicle.

Fig. 3. Effects of single or repeated administration of red

ginseng total saponin (RGTS), N-methyl-D-glucamine (GLU)

and piracetam (PIR) on impaired acquisition of EtOH-treated

rats in the step through test. Rats were administered RGTS

(200 mg/kg, p.o.), GLU (500 mg/kg, p.o.) and PIR (500

mg/kg, p.o.) for 1 day or 7 consecutive days, and EtOH was

injected 30 min after the last treatment of drugs in individual

animal groups. The number of successful rats indicates the rats

that did not enter the dark compartment within 300 s. Values

represent the mean9S.E.M. of three to 11 rats. cPB0.05

when compared with vehicle; *PB0.05 when compared with

control.

ity and motor coordination. Results from this

investigation are in agreement with those of a

number of previous investigations (Myers, 1978;

Hornykiewicz, 1979; Claudio and Roberta, 1990)

showing impairment of acquisition following

EtOH administration. The studies on the effect of

RGTS and nootropic drugs on the modulation of

memory of ethanol-treated rats are lacking. A

single oral administration of RGTS significantly

increased the latency of acquisition induced by

EtOH, but did not affect the incidence of success-

ful rats which did not enter the dark compart-

ment. Furthermore, impaired acquisition of

EtOH-treated rats was recovered to almost the

control level for both the latency and the inci-

dence of successful rats by repeated oral RGTS

administration during 7 consecutive days. On the
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other hand, the ameliorative effect of RGTS on

acquisition of EtOH-treated rats was significantly

blocked by pretreatment with a-MT, a cate-

cholamine synthesis inhibitor, but not signifi-

cantly affected by pretreatment with PCPA, a

serotonin synthesis inhibitor. In our previous

studies, RGTS (50–200 mg/kg) changed sponta-

neous motor activity and increased apomorphine-

induced stereotyped behaviour in normal rats,

and hyperactivity induced by RGTS was blocked

by pretreatment with 6-OHDA, a neurotoxin. Al-

though the mechanism is speculative, the present

results suggest that RGTS might be effective on

EtOH-induced amnesia by specific stimulation of

the catecholaminergic system and might be related

by some other nonspecific effects, in addition to

its effects on learning and memory abilities. The

present results show that some difference of func-

tional mechanism between nootropic drugs could

be caused by time-course, that is, the ameliorative

effect of piracetam on acquisition in EtOH-

treated rats was significantly increased by single

administration but was not shown to be signifi-

cantly different by repeated administration as

compared with control, while N-methyl-glu-

camine showed a significant increase on acquisi-

tion by repeated administration, although it did

not produce significant effect by single adminis-

tration. It has been reported that EtOH can cause

severe memory deficiency in human beings (Gold-

berg, 1993), although the mechanism is not yet

clear. Recent studies (Di Chiara et al., 1981; Dar

and Wooles, 1984; Zhang et al., 1994) in animals

have demonstrated that EtOH selectively affects

several functional processes related to learning

and memory in the central nervous system. It

affects both the central cholinergic and adrenergic

systems (Carlsson et al., 1972; Littleton, 1978;

Signs et al., 1987). Many studies have reported

that piracetam, a typical nootropic drug, showed

an effect on impairment of memory, using the

spinal cord fixation model, Y maze model, scopo-

lamine-induced amnesia model and antihypoxia,

but without sedation and stimulation in CNS, and

the combination of choline/piracetam exhibited a

synergistic effect of senile dementia (Ferris et al.,

1982). Schmidt (1990) reported that some of the

nootropics, especially after long-term treatment,

enhance the K+-stimulated dopamine release

from striatum slices of rats. Typical representa-

tives of nootropic drugs, N-methyl-glucamine and

vinpocetin, enhance the apomorphine-induced

stereotyped behaviour in rats without triggering

the behaviour itself, but piracetam is ineffective.

Therefore, piracetam and N-methyl-glucamine

may seem to have a different mechanism, al-

though it is not yet clear how piracetam and

N-methyl-glucamine produced ameliorative ef-

fects on amnesia induced by EtOH. On the other

hand, the ameliorative effect of repeated N-

methyl-glucamine on acquisition of EtOH-treated

rats was significantly blocked neither by pretreat-

ment of a-MT nor PCPA. These results suggested

Fig. 5. Effects of a-methyl-r-tyrosine (a-MT) or r-

chlorophenylalanine (PCPA) on ameliorative effect induced by

repeated administration of red ginseng total saponin (RGTS)

and N-methyl-D-glucamine (GLU) on impaired acquisition of

EtOH-treated rats in the step through test. Rats were adminis-

tered RGTS (200 mg/kg, p.o.) and GLU (500 mg/kg, p.o.) for

7 consecutive days and EtOH was injected 30 min after the last

treatment of drugs in individual animal groups. The control

animals were given only normal saline without drug for 7

consecutive days. a-MT and PCPA were injected 24 and 48 h

before EtOH treatment, respectively. The number of successful

rats indicates the rats that did not enter the dark compartment

within 300 s. Values represent the mean9S.E.M. of three to

11 rats. cPB0.05 when compared with vehicle; *PB0.05

when compared with control.
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that repeated RGTS and N-methyl-D-glucamine

ameliorate the impairing effect of EtOH on acqui-

sition, and the effect of RGTS on EtOH-induced

amnesia is dependent on the catecholaminergic

but not serotonergic neuronal activity, while

RGTS and N-methyl-D-glucamine seem to have a

different mechanism on EtOH-induced amnesia.
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