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Abstract : Attention deficit hyperactivity disorder (ADHD) affects 4-12% of chool-age children worldwide and is char-
acterized by three core symptoms: hyperactivity, inattention, and impulsivity. Although standard pharmacological treat-
ments, such as methylphenidate and atomoxetine, are available, concerns about drug-induced psychological and
cardiovascular problems, as well as growth retardation and sleep disturbances, highlight the continuing need for new ther-
apeutic interventions. Using a neonatal hypoxia-induced hyperactivity model in rats, the potential positive role that oral
administration of red ginseng extract may have in relation to the hyperactive phenotype was investigated. Hypoxia was
induced in 2-day-old male Sprague-Dawley (SD) rat pups by placing them in a nitrogen chamber for 15 min. The neonatal
hypoxia-induced rats showed a significant increase in hyperactivity phenotype, such as increased movement duration,
movement distance, and rearing frequency, which was determined by monitoring their spontaneous locomotor activity
using the Ethovision video tracking system. One week of oral treatment with red ginseng extract decreased the hyper-
activity phenotype of the neonatal hypoxia-induced rats and increased the locomotor activity of the control rats. In the neo-
natal hypoxia-induced rats, expression of the norepinephrine transporter in the forebrain was increased, and red ginseng
treatment partially prevented its up-regulation, while increasing its level in the control rats. Taken together, these results
suggest that red ginseng extract decreased the neonatal hypoxia-induced hyperactivity phenotype, although it increased
locomotor activity in normal animals.

Key words : hyperactivity, inattention, impulsivity, norepinephrine transporter, hypoxia

INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is a
neurobehavioral developmental disorder, primarily char-
acterized by hyperactivity, inattention, and impulsivity.
Recently, ADHD has become a major social issue, because
its symptoms severely interfere with one's ability to get
the most out of education and maintain a generally posi-
tive sense of self in the family.

ADHD affects 4-12% of school-age children, and about
three times more boys (9.2%) than girls (2.9%) are diag-
nosed with ADHD (statistics from the American Academy
of Pediatrics, http://www.aap.org/healthtopics/adhd.cfm).

ADHD patients often have such associated psychiatric
comorbidities, such as a learning disability, depression, or
a sleep disorder, and are more readily exposed to traffic

accidents, alcoholism, and substance abuse.
The specific cause of ADHD is as yet unknown. There

are, however, a number of known genetic and environmen-
tal factors that may contribute to ADHD. A large majority
of ADHD cases arise from a combination of various
genes, many of which affect the transport of norepineph-
rine, dopamine, and/or serotonin. Environmental factors
include cigarette smoking, alcohol use, infection and
stress during pregnancy, brain injury, environmental expo-
sure to lead, and endocrine disruption in very early life.

Among the factors affecting ADHD, abnormalities of
catecholamines in the sympathetic nervous system have
been primarily focused upon. Most ADHD therapeutics in
the clinic affect the sympathetic nervous system, and it
has been reported that norepinephrine and dopamine have
critical roles in control of “executive function,” a loosely-
defined collection of brain processes that are responsible
for planning, cognitive flexibility, abstract thinking, rule* Corresponding author. E-mail: chanyshin@kku.ac.kr
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acquisition, initiating appropriate actions and inhibiting
inappropriate actions, and selecting relevant sensory
information [1]. These facts reflect the importance of cat-
echolamines in the sympathetic nervous system. Further-
more, recent studies have shown that ADHD symptoms
increase the basal level of homovanilic acid (HVA), a
major catecholamine metabolite in cerebrospinal fluid
(CSF), while treatment with a stimulant drug decreases
HVA in CSF.

Recent advanced technologies in molecular genetics
make it possible to produce rats with either typical recep-
tors or receptor-deficient rats [2]. Both tyrosine hydroxy-
lase- and dopamine receptor (D1, D2, D4)-deficient mice
showed alterations in locomotor activity, and abnormal
catecholaminergic nervous system function have been
monitored in both neonatal hypoxia-induced and sponta-
neously hypertensive rats (SHR) [3-6].

Various animal models for ADHD have been produced
by genetic manipulation, neurotoxin treatment, neuronal
development retardation, and crossbreeding [7-11]. Among
the animal models for ADHD, neonatal hypoxia-induced
rats showed an alteration in monoaminergic nervous func-
tion, leading to hyperactivity and memory deficiency [12-13].

ADHD was first reported in 1902 by the English pedi-
atrician G.F. Still. However, medical trials to treat it
started in the 1960s. The most commonly prescribed med-
ications for ADHD are methylphenidate, dextroamphet-
amine, and atomoxetine. Methylphenidate and atomoxetine
raise extracellular concentrations of dopamine and norepi-
nephrine, which causes an increase in neurotransmission
[14]. Total saponin in red ginseng potentiates central nore-
pinephrine neuron activity [15], suggesting that red gin-
seng extract may have therapeutic effects in ADHD. In
fact, Lyon and coworkers reported that American ginseng
extracts may improve symptoms of ADHD [16]. Neverthe-
less, undesirable side effects of the medications currently
used for ADHD have been reported, including sleep dis-
orders, developmental problems, and serious problems
involving the cardiovascular and central nervous systems.
Thus, there is a continuing need for the development of
new therapies for ADHD with better side effect profiles.
The present study, using neonatal hypoxia-induced hyper-
activity phenotype rats, investigated whether red ginseng
extracts have an effect on ADHD-like hyperactivity.

MATERIALS AND METHODS

Animals
Sprague-Dawley (SD) rats were obtained from Orient,

Korea, and were housed under a 12/12-h light/dark cycle
at a constant temperature and humidity. All animal
procedures were conducted in accordance with the Konkuk
University Guide for the Care and Use of Laboratory
Animals. Korean red ginseng extract (Hongsamjung) was
provided by Korea Ginseng Corp. Antibodies against the
norepinephrine transporter (NET), 5-HT transporter (SET),
and actin were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA), and all other chemicals were from
Sigma-Aldrich (St. Louis, MO).

Inducing hypoxia in neonatal rats
Hypoxia was induced by placing 2-day-old SD rat pups

in a 30×40×20 cm airtight plastic chamber and flushing
for 20 min with 100% nitrogen. The pups then recovered
at 37oC for 1 h and were returned to their dams. Hypoxia-
inducing conditions did not cause significant weight
changes. Three weeks after hypoxic exposure, locomotor
activity was monitored using the Ethovision video track-
ing system (Noldus Information Technology, Wagenin-
gen, The Netherlands). Rat brains were then analyzed by
Western blotting or immunohistochemistry.

Locomotor activity
Locomotor activity was recorded using an open-field

test apparatus. The apparatus consisted of black plastic cages
(42 × 41 × 47 cm) fixed in the floor and center square
(15 × 15 cm). Under low light (30 lux), an open field test
was performed by placing the rat in the center square and
monitoring its movements using automated video tracking
software (EthoVision 3.1, Noldus). The apparatus was
wiped clean after each experiment using 70% ethanol.
Basal locomotor activity was determined twice daily
(9 am and 5 pm) by measuring the distance (cm) traveled,
the number of rearings, and the total angle of head bend-
ing for 20 min. Locomotor responses in the center square
were used as an index for exploration or anxiety. The rota-
rod test was used to evaluate motor coordination and bal-
ance in the rats, and the Y-maze test was performed to
assess the navigation behaviors of the rats.

Western blotting
After all tests had been performed and all rat brains had

been removed, the forebrains were separated for deter-
mining the levels of NET and SET. Brain tissues were
homogenized in lysis buffer and centrifuged (1,000 × g,
10 min) to remove nuclei and unlysed cells. To isolate the
membrane fraction, the supernatants were centrifuged
(16,000 × g, 15 min). After adding an equal volume of
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SDS sample buffer (2×), the membrane fractions were
boiled for 5 min and subjected to SDS-PAGE. Following
electrophoresis, proteins were transferred to a nitrocellu-
lose membrane, which was blocked by incubation in poly-
vinyl alcohol. The membranes were washed and incubated
with horseradish peroxidase (HRP)-conjugated secondary
antibody for 2 h at room temperature. This was followed
by washing, incubation with the enhanced chemilumines-
cent reagent (Amersham), and exposure an Image J soft-
ware (NIH, USA)-equipped image analyzer (LAS3000,
Fuji) to determine the levels of immunoreactive signals.

Immunohistochemistry
Rats were anesthetized and the removed brain was fixed

in 4% paraformaldehyde in PBS. Post-fixation was per-
formed by incubating each fixed brain in a sucrose-con-
taining solution. The brain tissues were embedded in
paraffin. The paraffin-embedded tissues were then sec-
tioned and deparaffinized by xylene. Tissue sections were
stained with cresyl violet to confirm the number and dis-
tribution pattern of neuronal cells. Each tissue section was
incubated in 10% normal goat serum to block non-spe-
cific binding of primary antibodies, and permeabilized by
treatment with 0.1% Triton X-100 solution. Tissue sec-
tions were then incubated for 16 h at 4oC with primary
antibodies, washed three times, and incubated again with
HRP-conjugated secondary antibody for 2 h at room tem-

perature. After secondary antibody incubation, tissue sec-
tions were washed and immune reactions were visualized
using diaminobenzidine. Conventional protocols of immu-
nofluorescent staining were also employed. The outcomes
were evaluated by microscopy.

RESULTS

Effects of neonatal hypoxia on locomotor activity in
rats

Hypoxia was achieved by placing 2-day-old SD rat pups
in a plastic chamber and flushing with 100% nitrogen.
Three weeks after this hypoxic exposure, locomotor activ-
ity was monitored. SD rats exposed to hypoxic conditions
showed a low death rate (< 5%) and a significant increase
in total movement distance, movement duration, and rear-
ing frequency, compared with controls (Fig. 1). However,
they did not show a significant difference in total turn
angle. The locomotor activity of neonatal hypoxia-
induced SD rats was markedly increased in the center
arena of the open-field test apparatus, which suggests the
possibility that they are more inattentive and impulsive
and feel less anxiety in certain environments, compared
with the controls (Fig. 2). These findings clarified that the
animal model used here displayed ADHD-like hyperac-
tivity. Long-term (90 min) hypoxic condition, induced by
8% oxygen, also caused hyperactivity in SD rats; how-

Fig. 1. Effects of neonatal hypoxia on locomotor activity in rats. Hypoxia was induced in P2 neonatal SD rats as described in the
Materials and Methods. The locomotor activity of the rats was determined at 3 weeks of age as described in the Materials and
Methods. A significant increase in total movement distance, movement duration, and rearing frequency was observed in
neonatal hypoxia-induced rats. *Significant difference compared with controls (p<0.05, n = 8).
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ever, its effect was significantly less compared than that
with 100% nitrogen (data not shown).

Effects of red ginseng extracts on locomotor activity
in neonatal hypoxia-induced rats

To investigate the effect of red ginseng extracts on loco-
motor activity, 3-week-old rats were treated orally with
200 mg/kg red ginseng extracts once daily for 7 days.
Total movement time, movement distance, movement
duration, and rearing frequency of neonatal hypoxia-
induced rats were significantly reduced by treatment with
red ginseng extract (Fig. 3). As the low dose (< 200 mg/kg)
showed no significant effect (data not shown), the dose
was fixed at 200 mg/kg in subsequent experiments. Inter-
estingly, the administration of 200 mg/kg red ginseng
extracts increased locomotor activity, even in the controls
(Fig. 3). This may have been caused by the effect of gin-
seng on physical strength. Increased locomotor activity
after treatment with red ginseng extract in the controls
was also observed in the center arena of the open-field test
apparatus (Fig. 4). In the rota-rod test, hypoxic animals
showed a significantly higher fall time and frequency,
compared with the controls (Fig. 5). Hypoxic conditions
led to deficiencies in motor balance and endurance, but
such detrimental effects were improved by treatment with

red ginseng extracts (Fig. 5). Y-maze performance results
showed that neither red ginseng extracts nor hypoxic expo-
sure affected the navigation behavior of the rats (Fig. 5).

Effects of red ginseng extracts on the expression of
NET

To clarify whether hypoxic exposure caused damage in
neuronal cells, the brains of neonatal hypoxia-induced rats
were stained with cresyl violet. However, there was no
evidence suggesting an alteration in the number or distri-
bution pattern of neuronal cells (Fig. 6A-a). These find-
ings indicate that neonatal hypoxic exposure may cause
neurochemical changes leading to abnormal behaviors,
rather than the death of large numbers of neuronal cell or
overgrowth. As neurotransmitter receptors play a pivotal
role in controlling behavior and attention, we determined
the expression of those receptors in the brain of neonatal
hypoxia-induced rats. Neonatal hypoxic exposure signifi-
cantly up-regulated the expression of NET (Fig. 6A-b),
but not SET (data not shown; we were unable to deter-
mine the expression of the dopamine receptor). Interest-
ingly, increased NET expression in the brains of neonatal
hypoxia-induced rats was significantly down-regulated by
long-term treatment with red ginseng extracts (Fig. 6B).
Like the findings in the locomotor activity tests, the

Fig. 2. Effects of neonatal hypoxia on locomotor activity in rats in the center arena of the locomotor field. Hypoxia was induced in P2
neonatal SD rats as described in the Materials and Methods. Locomotor activity of the rats in the center arena was determined
at 3 weeks of age. A significant increase in total movement distance, movement duration, turn angle, and rearing frequency was
observed in neonatal hypoxia-induced rats. *Significant difference compared with controls (p<0.05, n = 8).
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Fig. 3. Effects of red ginseng extracts on locomotor activity in neonatal hypoxia-induced rats. Hypoxia was induced in P2 neonatal SD
rats as described in the Materials and Methods. At 3 weeks of age, the rats were treated orally with 200 mg/kg red ginseng
extracts once daily for 7 days, and the locomotor activity of the rats was determined as described in the Materials and Methods.
A significant improvement in the hyperactivity of the hypoxic animals was observed with the red ginseng treatment. *Significant
difference compared with controls. #Significant difference as compared with the distilled water (DW)-treated hypoxic group
(p<0.05, n = 8). Hatched bar: DW-treated group. Gray bar: Red ginseng-treated group. 

Fig. 4. Effects of red ginseng extracts on locomotor activity in neonatal hypoxia-induced rats in the center arena of the locomotor field.
Hypoxia was induced in P2 neonatal SD rats as described in the Materials and Methods. At 3 weeks of age, rats were treated
orally with 200 mg/kg red ginseng extracts once daily for 7 days, and the locomotor activity of the rats was determined as
described in the Materials and Methods. A more significant improvement in the hyperactivity of the hypoxic animals was
observed with red ginseng treatment in the center arena of the locomotor field. *Significant difference compared with controls.
#Significant difference compared with the DW-treated hypoxic group (p<0.05, n = 8). Hatched bar: DW-treated group. Gray bar:
Red ginseng-treated group.
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administration of red ginseng extracts increased NET
expression, even in the controls (Fig. 6B). Overall, these
findings suggest that the abnormal alteration of NET
expression was linked to the hyperactivity of neonatal
hypoxia-induced rats, and could be normalized by treat-
ment with red ginseng extract.

DISCUSSION

ADHD, characterized by hyperactivity, inattention, and
impulsivity affects 4-12% of school-age children. The
medications used to treat ADHD enhance alertness and
social adjustment, and reduce hyperactivity and impulsiv-
ity. D-amphetamine and methylphenidate are the most com-
mon stimulants for ADHD. Pemoline, clonidine, and tricyclic
antidepressants, such as imipramine and desipramine, are
also often prescribed for ADHD. As a non-stimulant, ato-
moxetine has been approved for the treatment of ADHD
because it can selectively inhibit norepinephrine reuptake.
In general, undesirable side effects of stimulants include
insomnia, loss of appetite, weight loss, abnormal heart
rate and blood pressure, liver toxicity, and rebound phe-
nomenon. Furthermore, long-term treatment with stimu-
lants has become a social and ethical issue, because it can

lead to habitual drug dependence. Complementary and
alternative treatments for ADHD often include speech
therapy, recreation, specialized diets, deleading, herbal
treatment, and acupuncture. As opposed to stimulant med-
ication, such treatments have a much lower incidence of
side effects. There is a need for stable and effective alter-
native medicines for ADHD. Currently, central nervous
system stimulants are used as first-line drugs in ADHD
care. If the first trial is ineffective or causes undesirable
side effects, the non-stimulant atomoxetine can be used as
a second-line drug. However, much concern is being
voiced about serious psychological problems, including
suicide attempts, in addition to the side effects of the
ADHD medications described above. In addition to
improving drug delivery systems, such as the use of trans-
dermal patches, recent studies on ADHD have focused on
the development of new medicines that inhibit norepi-
nephrine and dopamine transport, or block other abnormal
neurotransmission events in ADHD. Considering all the
potential problems caused by habitual dependence on the
antipsychotic drugs currently used, such a new medicine
will provide additional benefits to patients with ADHD.

In the present study, we investigated the therapeutic
effects of red ginseng extracts on ADHD. Ginsenosides

Fig. 5. The effects of red ginseng extracts on Rota-rod and Y-Maze performances of neonatal hypoxia-induced rats. Hypoxia was
induced in P2 neonatal SD rats as described in the Materials and Methods. At 3 weeks of age, rats were treated orally with
200 mg/kg red ginseng extracts once daily for 7 days, and rota-rod and Y-maze performances were evaluated as described in the
Materials and Methods. Improvement in the rota-rod performance of the hypoxic animals was observed with red ginseng
treatment. Neither hypoxia nor red ginseng treatment showed a significant effect in Y-maze performance. *Significant difference
as compared with controls (p<0.05, n = 8). Hatched bar: DW-treated group. Gray bar: Red ginseng-treated group.
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are the active compounds behind the claims of ginseng’s
efficacy. Ginsenosides are classified as saponins; how-
ever, their chemical structures and therapeutic effects dif-

fer from those of saponins found in many plants. Thus far,
approximately 30 differential chemical structures of saponins
in ginseng have been analyzed, and depending on their
structure, they are divided into three types: protopanaxa-
diol (PD)-type, protopamazatriol (PT)-type, and oleanane-
type saponins. Red ginseng showed a variety of effects on
the activity of the central nervous system, promoting
stimulation and inhibition of the cortical activity. Intrana-
sal treatment with total saponins also effectively improved
pentylentetrazole-induced amnesia, and simultaneously
protected the brain, by decreasing the severity of motor
epileptic seizures. Intraperitoneal administration of the
polysaccharide fraction of red ginseng improved avoid-
ance behavior (number of total escapes) in the active-
avoidance test. Additionally, local changes in skin temper-
ature and resistance observed after Rb administration pro-
vided evidence of sympathetic nerve action [17]. The results
of the present study suggest that long-term administration
of red ginseng extracts may reduce locomotor activity that
has been increased by neonatal hypoxic exposure. How-
ever, locomotor activity was also increased in the controls
by treatment with red ginseng extracts. The adaptogen in
red ginseng appears to be the cause. Further study is
needed to clarify whether a mild case of ADHD would be
adversely affected by red ginseng extracts. Lyon et al.
tested whether a combination herbal product, containing
American ginseng extract and Ginkgo biloba extract, could
improve symptoms in ADHD. After 2 weeks of treatment,
the proportion of the subjects exhibiting improvement
ranged from 31% for the anxious-shy attribute to 67% for
the psychosomatic attribute [16]. Like these findings, our
results suggest that red ginseng extracts, or certain com-
pounds in the extracts, may improve ADHD symptoms.
However, the effects of the red ginseng extracts on atten-
tion and impulsivity still need to be validated. Further-
more, the individual effects of ginsenosides need to be
evaluated as the effect of red ginseng extracts is based
upon long-term treatment, and is weak compared with
that of the stimulants. In Y-maze performances, red gin-
seng extracts did not affect the memory or navigation
behaviors of the rats. It seems that the animal model used
in the present study was not appropriate for monitoring
memory or concentration. To study concentration and
impulsivity, spontaneously hypertensive rats (SHR) or
dopamine transporter knockout mice (DAT-KO mice)
may need to be employed. Our preliminary study showed
no effect of red ginseng in reducing hyperactivity of SHR
(data not shown), suggesting that there are many varia-
tions between animal models in interpreting the effects of

Fig. 6. Effects of red ginseng extracts on the expression of the
norepinephrine transporter in the brain of neonatal
hypoxia-induced rats. Hypoxia was induced in P2 neonatal
SD rats as described in the Materials and Methods.
After induction of hypoxia, the rats were sacrificed and
stained with cresyl violet to examine the overall number
of cells in the brain; no difference was apparent (A,
upper panel). Shown here is a representative picture of
the caudate nucleus 15 days after induction of hypoxia.
The brain was also immunostained for NET as described
in the Materials and Methods. Hypoxia increased the
expression of NET in the striatum of 3-week-old rats
(A, lower panel). To examine the effect of red ginseng,
rats were treated orally with 200 mg/kg red ginseng
extracts once daily for 7 days at 3 weeks of age, and the
expression of NET was determined by Western blotting
(B). CD (control treated with DW), CR (control treated
with red ginseng), ND (hypoxia treated with DW), NR
(hypoxia treated with red ginseng). *Significant difference
from controls. #Significant difference from DW-treated
hypoxic animals (P<0.05, n = 6).
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red ginseng on hyperactivity.
Recent pharmacological studies have shown that behav-

ioral changes can be induced by neonatal hypoxic expo-
sure. However, there are minor differences between the
reports. Casolini et al. reported that rats subjected to sub-
neurotoxic doses of anoxia during early postnatal life
developed behavioral symptoms of ADHD. They con-
cluded that decreased expression of group-I mGlu recep-
tors may be involved in the pathophysiology of these
symptoms [18]. However, they could not find an expres-
sion change in the NR1 subunit of NMDA receptors or
the GluR1 subunit of alpha-amino-3-hydroxy-5-methyl-
isoxazole-4-propionate (AMPA) receptors. Interestingly,
Tang and Nakazawa showed that emotional reactivity can
be elevated in rats exposed to 100% nitrogen for 25 min
on the first postnatal day, but can also be reduced by neo-
natal novelty exposure [19]. Oorschot et al. also reported
ADHD-like hyperactivity in adult rats after repeated
hypoxia during the equivalent of extreme prematurity
[20]. However, recent reports have shown that behavioral
changes due to neonatal hypoxic exposure can be highly
variable, depending on experimental factors, such as age
of the animal, type, and concentration of gas used in
inducing hypoxia, and the duration of hypoxic exposure.
Thus, more than one animal model is likely required for
investigating all aspects of ADHD.

The present study confirmed that NET was up-regulated
in the brains of neonatal hypoxia-induced rats, and that it
could be normalized by treatment with red ginseng
extracts. However, hypoxia did not cause an alteration in
the expression of SET. These findings suggest that NET
may be a target molecule affected by treatment with red
ginseng extracts and hypoxic exposure. Consistent with
our findings, it has been reported that neonatal hypoxic
exposure can lead to an increase in striatal expression of
vesicular monoamine transporter and dopamine D1 recep-
tor proteins in rats [21], consistent with dopamine hypo-
function [21, 22]. This dopamine hypofunction has been
likened to hypoxia-induced ADHD-like behavioral changes.
Although we have no direct evidence, our findings sug-
gest that dysregulation of NET may also result in dys-
function in catecholaminergic nervous function, leading to
ADHD-like symptoms. Interestingly, treatment with red
ginseng extracts lessened these symptoms, but up-regu-
lated NET expression and locomotor activity in the con-
trols. These unexpected findings in the controls indicate
that treatment with red ginseng extracts is only useful in
normalizing the excessively altered NET in the brain of
neonatal hypoxia-induced rats, and further study must be

followed to ensuer the therapeutic usefulness of red gin-
seng extracts on ADHD. Additionally, as NET has been
studied as a therapeutic target for various psychological
symptoms, such as depression, further evaluation of
whether red ginseng extracts can relieve such psycholog-
ical symptoms is also needed.

In conclusion, neonatal hypoxic exposure caused an
increase in locomotor activity in the rats, but this pheno-
type was lessened by long-term oral treatment with red
ginseng extracts. The expression of NET in the forebrain
of the neonatal hypoxia-induced rats was increased, but
this was partially prevented by the red ginseng treatment.
However, treatment with red ginseng extracts also
increased locomotor activity and NET expression in the
controls. Overall, these findings suggest the need for fur-
ther studies using more than one animal model for inves-
tigating the therapeutic effects of red ginseng on ADHD.
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