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1. Introduction

Ginseng radix, the root of Panax ginseng
C. A. Meyer (Araliaceae), is one of the most
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famous Oriental medical herbs and has several
therapeutic applications. It is well documented
that Ginseng radix possesses a number of
pharmacological effects including hypotensive,
cardiotonic, sedative, aphrodisiac, anti-aging,
and anti-oxidant actions’™®.

It was reported that exposure to prenatal
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stress alters an individual's developmental
trajectory  through altered early brain
development. Various physical and emotional
stresses applied during pregnancy result in
low birth-weight of the offspring, increased
risk of premature delivery, and a higher in-
cidence of neonatal abnormality‘“. Delayed
motor and cognition development was also
observed in the offspring of stressed pregnant
rats”. In late gestation, the fetus can hear
sound from the outside of the mother®.
Previous studies reported that exposure to
noise during pregnancy adversely influenced
the development of the fetus and neonate: in-
creased antepartum fetal death and congenital
anomaly in the central nervous system, im-
paired social behavior in juvenile stage, and a
long-term alteration in the immune function™®,
In addition, stress is associated with activa-
tion of the hypothalamic—pituitary—adrenal
(HPA) axis. Various stress related inputs
converge upon the neurons located in the par-
aventricular nucleus (PVN). In fact, this nu-
cleus has a pivotal role in the control of pitui-
tary-adrenocortical activity in response to
stress.

The hippocampal formation is a brain re-
gion critically involved in learning and memo-
ry formation. In humans, hippocampal damage
impairs explicit memory, and in rodents, hip-
pocampal damage impairs spatial and con-
textual learning which require the formation
of relational representations among multiple
cues. In various studies, prenatal stress by re-

.9 ) . 1D - .
stramtg, alcohol’® and noise' is known to in-

fluence learning and memory capabilities of
the offspring by altering neuronal activity in
the hippocampus and related structures™.
Nitric oxide (NO), endogenously gen-
erated from L-arginine by NO synthase
(NOS), is a free radical with signaling func-
tions in the central nervous system (CNS). It
has been known to play important roles im-
plicated in numerous physiological and patho-
logical processes in the brain®®. Nicotinamide
adenine dinucleotide
(NADPH-d) is a histochemical marker specific
for NOS in the CNS. Neurons containing
NADPH-d have been reported to be relatively

resistant to various toxic insults and neuro-

phosphate—diaphorase

degenerative disorders.

In the present study, the influence of
postnatal Ginseng radix herb-acupuncture on
neuronal development, in particular with re-
spect to NOS expression in the each regions
of hippocampus and hypothalamus of offspring
rats with prenatal noise stress during preg-
nancy was investigated via NADPH-d histo-
chemistry.

2. Materials & Methods

2.1. Animals and treatments

The experimental procedures were per-—
formed in accordance with the guidelines of
the National Institute of Health (NIH) and the
Korean Academy of Medical Sciences. Male
Sprague-Dawley rats (250 = 10 g, 12 weeks
old) and female Sprague-Dawley rats (180 =
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10g, 8 weeks old) were used in this study.
Female rats (n = 40) were allowed to mate
with male rats (n = 40) for 24 h. One day lat-
er, female rats were separated from the male
rats and housed individually in a plastic home
cage at the controlled temperature (20 + 2T)
and the light-dark cycle of 12 h of light and
12 h of darkness (light on from 07:00 h to
19:00 h). Food and water were made available
ad libitum.

After confirming of pregnancy on the
14th days after mating, female rats were ran-
domly divided into six groups (experimental 1)
. the control group, the 50 mg/kg Ginseng
radix-treated group, the 100 mg/kg Ginseng
radix-treated group, the noise-treated group,
the noise- and 50 mg/kg Ginseng rad-
ix-treated group, and the noise- and 100
mg/kg Ginseng radix-treated group and div-
ided into five groups (experimental 2) : the
control group, the noise—treated group, the
noise- and 10 mg/kg Ginseng radix-treated
group, and the noise-and 50 mg/kg Ginseng
radix-treated group, and the noise- and 100
mg/kg Ginseng radix-treated group (n = 5 for
each group). Starting on the 15th day of preg-
nancy, rats of the prenatal noise-treated
groups were applied with the 95 decibel su-
personic machine sound for 1 h once a day
until deliverym.

After birth, the offspring in each group
was left undisturbed together with the re-
spective mother for 28 days, and then, off-
spring rats were acupunctured at Chung-Wan
(CV12) acupoint once a day for 7 consecutive

days at the respective doses; they were sacri-
ficed 6 weeks after birth. To obtain the aque-
ous extract of Ginseng radix, 200 g of
Ginseng radix was added to distilled water,
and extraction was performed by heating at
80T concentrated with a rotary evaporator,
and lyophilized. The resulting powder, weigh-
ing 20 g (a collection rate of 10%), was di-
luted with saline,

2.2. Tissue preparation

For the sacrificial process, animals were
first weighed and overdosed with Zoletil 50(10
mg/kg, ip.; Vibac, Carros, France). After a
complete lack of response was observed, the
rats were transcardially perfused with 50 mM
phosphate-buffered saline (PBS) and then
with 4% paraformaldehyde in 100 mM phos-
phate buffer (PB) at pH 7.4. The brains were
dissected, postfixed in the same fixative over-
night, and transferred into a 3096 sucrose sol-
ution for cryoprotection. Serial coronal sec-—
tions of 40 um thickness were made using a
freezing microtome (Leica, Nussloch, Germa-

ny).

2.3. NADPH-d histochemistry

Sections were then stained for
NADPH-d activity according to a previously
described pro‘oocolla. In brief, free—floating
sections were incubated at 37°C for 1 h in 100
mM PB containing 0.3%6 Triton X-100, 0.1
mg/ml nitroblue tetrazolium, and 0.1 mg/ml 8
-NADPH. The sections were then washed
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Fig. 1. Mean number of NADPH-d-positive cells

in the CAl region in each group.

* represents P < 0056 compared to the control
group.

# represents P < 0.05 compared to the
noise-treated group.

A, the control group

B, the 50 mg/kg Ginseng radix-treated

group
C, the 100 mg/kg Ginseng radix-treated

group

D, the noise-treated group

E, the noise- and 50 mg/kg Ginseng rad-
ix-treated group

F, the noise- and 100 mg/kg Ginseng rad-
ix-treated group

three times with PBS and mounted onto gela-
tin-coated slides. The slides were air dried
overnight at room temperature, and coverslips

were mounted using Permount®.

2.4, Data analysis

To score the number of NADPH-d-pos-—
itive cells in each area of the hippocampus,
cell counting was performed using Image-
Pro®Plus computer-assisted image analysis
system (Media Cyberbetics Inc., Silver Spring,
MD, USA) attached to a light microscope
(Olympus, Tokyo, Japan). The staining in-

tensities of the processed sections were as-

sessed in a quantitative fashion according to a
microdensitometrical method based on opticval
density using and image analyzer (Multiscan,
Fullerton, CA).

2.5, Statistical analysis

Statistical analysis was performed by
Student’s t-test. The results were presented
as the mean #* standard error mean (S.E.M.).
Differences were considered significant for P
< 0.05.

3. Results

3.1. Number of NADPH-d-positive cells
in CA1 region of hippocampus

The number of NADPH-d-positive cells
in the CAl region was about 12892 =+
1259/mm® in the control group, 12304 *
754/mm° in the 50 mg/kg Ginseng rad-
ix-treated group, and 114.71 * 10.16/mm° in
the 100 mg/kg Ginseng radix-treated group.
This number was significantly increased to
231.86 + 20.69/mm” in the noise-treated group,
but was dose-dependently decreased again to
20637 + 1157/mm’ in the noise- and 50
mg/kg Ginseng radix-treated group, and
189.71 + 20.10/mm’ in the noise- and 100
mg/kg Ginseng radix-treated group (Fig. 1).

3.2. Number of NADPH-d-positive cells
in CA2 and CA3 regions of hippo-
campus

The number of NADPH-d-positive cells
in the CA2 and CA3 regions was about 30.40
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Fig. 2. Mean number of NADPH-d-positive cells
in the CA2 and CAS3 regions in each group.
* represents P < 0.06 compared to the control

group.
# represents P < 0.05 compared to the
noise-treated group.
A, the control group
B, the 50 mg/kg Ginseng radix-treated
group
C, the 100 mg/kg Ginseng radix-treated
group
D, the noise-treated group
E, the noise- and 50 mg/kg Ginseng rad-
ix~-treated group
F, the noise- and 100 mg/kg Ginseng rad-
ix-treated group

+ 450/mm® in the control group, 34.00 *
311/mm’ in the 50 mg/kg Ginseng rad-
ix-treated group, and 23.20 * 2.30/mm’ in the
100mg/kg Ginseng radix-treated group. This
number was significantly increased to 41.20 %
4.33/mm” in the noise-treated group, but was
dose-dependently decreased again to 38.00 +
3.13/mm? in the noise- and 50 mg/kg Ginseng
radix-treated group, and 3820 * 467/mm’ in
the noise- and 100 mg/kg Ginseng rad-
ix-treated group (Fig. 2).
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Fig. 3. Mean number of NADPH-d-positive cells
in the dentate gyrus region in each group.
* represents P < 005 compared to the control

group.
# represents P < 0.05 compared to the
noise-treated group.
A, the control group
B, the 50 mg/kg Ginseng radix-treated
group
C, the 100 mg/kg Ginseng radix-treated
group
D, the noise-treated group
E, the noise- and 50 mg/kg Ginseng rad-
ix-treated group
F, the noise- and 100 mg/kg Ginseng rad-
ix-treated group

3.3. Number of NADPH-d-positive cells in
the dentate gyrus region of hippoca-
mpus

The number of NADPH-d-positive cells
in the dentate gyrus region was about 5654 *
589mm’ in the control group, 54.19 *
371/mm’ in the 50 mg/kg Ginseng rad-
ix-treated group, and 50.79 * 5.90/mm? in the
100 mg/kg Ginseng radix-treated group. This
number was significantly increased to 91.88 +
9.23/mm® in the noise-treated group, but was
dose-dependently decreased again to 100.79 +
7.73/mm® in the noise- and 50 mg/kg Ginseng
radix~treated group, and 93.19 + 20.10/mm” in
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Expression of NADPH-d-positive cell
in the LHA (OD)
3

Fig. 4. Mean densities of NADPH-d-positive cells
in the lateral hypothalamic area (LHA) re-
gion in each group.

* represents P < 005 compared to the control
group.
# represents P < 0.05 compared to the
noise~treated group.
A, the control group
B, the noise—treated group
C, the noise- and 10 mg/kg Ginseng rad-
ix-treated group
D, the noise- and 50 mg/kg Ginseng rad-
ix-treated group
E, the noise- and 100 mg/kg Ginseng rad-
ix-treated group

and 100mg/kg
ix~treated group (Fig. 3).

the noise- Ginseng rad-

3.4. The density of NADPH-d-positive
cells in lateral hypothalamic area
(LHA) region of hypothalamus

The density of NADPH-d-positivity in
the hypothalamic LHA region was 12942 =
1.90 in the control group. This was increased
significantly to 153.76 * 1.47, in the noise
stress—-treated group compared to the control
group; but the densities dropped to 139.37 +
2.56 in the noise- and 10 mg/kg Ginseng rad-
ix—treated group, to 12484 * 186 in the
noise- and 50 mg/kg Ginseng radix-treated

Expression of NADPH-d-positive cell
in the VMH (OD)
o o
—2 )

Fig. 5. Mean densities of NADPH-d-positive cells
in the ventromedial hypothalamic nucleus
(VMH) region in each group.

* represents P < 005 compared to the control
group.

# represents P < 0.05 compared to the
noise—treated group.

A, the control group

B, the noise-treated group

C, the noise~ and 10 mg/kg Ginseng rad-
ix-treated group

D, the noise- and 50 mg/kg Ginseng rad-
ix-treated group

E, the noise- and 100 mg/kg Ginseng rad-
ix-treated group

group, and to 121.92 = 1.61 in the noise- and
100 mg/kg Ginseng radix-treated group (Fig.
4).

3.5. The density of NADPH-d-positive
cells in ventromedial hypothalamic
nucleus (VMH) region of hypotha-
lamus

The density of NADPH-d-positivity in
the hypothalamic VMH region was 127.11 +
1.27 in the control group. This was increased
significantly to 15547 + 1.31, in the noise
stress—-treated group compared to the control
group; but the densities dropped to 141.92 +
3.18 in the noise- and 10 mg/kg Ginseng rad-
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Expression of NADPH-d-positive cell

Fig. 6. Mean densities of NADPH-d-positive cells
in the periventricular nucleus (PVN) region
in each group.

* represents P < 005 compared to the control
group.

# represents P < 0.05 compared to the
noise~treated group.

A, the control group

B, the noise-treated group

C, the noise- and 10 mg/kg Ginseng rad-
ix-treated group

D, the noise- and 50 mg/kg Ginseng rad-
ix—treated group

E, the noise- and 100 mg/kg Ginseng rad-
ix-treated group

ix—treated group, to 13242 = 241 in the
noise- and 50 mg/kg Ginseng radix-treated
group, and to 12571 *+ 1.57 in the noise- and
100 mg/kg Ginseng radix-treated group (Fig.
5).

3.6. The density of NADPH-d-positive
cells in periventricular nucleus
(PVN) region of hypothalamus

The density of NADPH-d-positivity in
the hypothalamic PVN region was 12341 =
3.05 in the control group. This was increased
significantly, to 160.61 * 0.60, in the noise
stress—treated group compared to the control
group; but the densities dropped to 141.65 +

k

rr

¥

0o

4.06 in the noise- and 10 mg/kg Ginseng rad-
ix-treated group, to 12387 + 211 in the
noise- and 50 mg/kg Ginseng radix-treated
group, and to 11884 * 1.39 in the noise- and
100 mg/kg Ginseng radix-treated group (Fig.
6).

4. Discussion

Stressful experiences during the develop-
ment period may exert a long-term effect on
the hippocampal functions and may induce
various psychosomatic problems such as me-
ntal retardation and developmental disorders.
Various prenatal stresses have been reported
to induce structural abnormality in the hippo-
campal formation. It was reported that pre-
natal stress reduced the density of the pyr-
amidal neurons, decreased the total hippo-
campal volume, and induced the synaptic loss
in the hippocampus“‘g). In addition, Coe et al!
suggested that prenatal environment can alter
behavior, dysregulate neuroendocrine systems,
and affect the hippocampal structure of pri-
mates in a persistent manner through sup-
pression of neurogenesis.

NO is diffusible free radical that has rec-
ognized as a biological messenger involved in
several physiological and pathological func-
tions'. In the CNS, NO has been implicated
in various neurophysiological functions includ-
ing feeding, anxiety, immune response, and
synaptic plasticity”_m). Moreover, NO has also
been implicated in the physiological processes
of learning and memory formation and admin-
istration of NOS inhibitors results in learning
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In the

pathologic conditions, NO acts as a major

disability and memory deficits?®,

toxic mediator when overproduced23'24).
Sustained overproduction of NO is known to
induce neurodegenerative change%’ and cell
death®.

showed increased in iNOS expression in the

Patients with Alzheimer disease

hippocampus, frontal and entorhinal cortex
(Heneka et al., 2001). Traumatic brain injury
showed transient increase in NOS activitym).
In the cerebral cortex of epilepsy patients,
particularly in those with a long seizure his-
tory, the number and labeling intensity of
NOS-positive neurons was higher than nor-
mal®. The present results showed that the
exposure to the noise during pregnancy
caused the increase of the NOS expression in
the hippocampus and hypothalamus of off-
spring rat.

The aqueous extracts of Ginseng radix
are composed of a mixture, ginsenosides, trace
minerals, and a variety of complex carbohy-
drates as well as peptides. Ginsneg radix was
medicinal herb for treatment of various neuro—
degenerative disorders such as ischemias),
Alzheimer’s disease™, and Parkinson's dis-
ease®. In addition, Ginseng radix herb-acu-
puncture was associated with improvement of
learning and memory. Jin et al® reported that
Ginseng radix alleviates scopolamine-induced
learning disability and improves spatial work-
ing memory in mice. Nishijo et al® suggested
that Ginseng radix ameliorates learning and
memory deficits in an ammnesia animal model.
In addition, Ginseng radix and its constituents

are known to possess anti-neoplastic, an-
ti-stress, and anti-oxidant activities. Evidence
supporting the medicinal efficacy of Ginseng
radix based on its protective property against
free radical attack has been presented. Zhang
et al® reported that extracts of Ginseng radix
scavenge hydroxyl radicals and protect un-—
saturated fatty acids from decomposition cau-
sed by iron-mediated lipid peroxidation. How-
ever, no study on the effect of Ginseng radix
on the expression of hippocampal and hypo-
thalamic neurons containing NOS in the off-
spring rats with prenatal noise stress during
pregnancy has been made yet. The present
results demonstrated that postnatal Ginseng
radix herb~acupuncture showed to suppress
increments of NOS in the hippocampus and
hypothalamus of offspring rats with prenatal
noise stress during pregnancy. Based on the
present study, Ginseng radix may provide new
therapeutic opportunities as an agent to coun-
teract the effects of prenatal noise stress-in-
duced hippocampal and hypothalamic dysfunc-
tion through NOS change, and may be useful
in the treatment of psychiatric problems in
children of mothers who have experienced

noise stress during pregnancy.

5. Conclusion

In the present study, the effect of Gin-
seng radix herb-acupuncture on the NOS-po-
sitive cells in the hippocampus and hypothal-
amus of offspring rats with prenatal noise

stress during pregnancy was elucidated using
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NADPH-d histochemistry assay.

The results are as follows:

1. In the CAl region, the noise- and 100
mg/kg Ginseng radix-treated group
decreased significantly compared to
the noise treated group.

2. In the CA2 and CA3 regions, the
noise- and Ginseng radix-treated
groups are no significant decrease to
the noise treated group.

3. In the dentate gyrus regions, the
noise- and Ginseng radix-treated
groups are no significant decrease to
the noise treated group.

4. In the LHA region, the noise- and
Ginseng radix-treated groups de-
creased significantly compared to the
noise treated group.

5. In the VMH region, the noise- and
Ginseng radix-treated groups de-
creased significantly compared to the
noise treated group.

6. In the PVN region, the noise- and
Ginseng radix-treated groups de-
creased significantly compared to the

noise treated group.
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