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I . Introduction

Prenatal stress alters an individual’'s developmental
trajectory through altered early brain development'.
Previous studies reported that exposire to noise
during influenced  the
development of the fetus and neonate: increased
antepartum fetal death and congenital anomaly in
the central nervous

pregnancy  adversely

system, 1Impaired social

behavior in juvenile stage, and a long-term
In addition,
activation of the
pituitary-adrenal  (HPA)  axis.

Various stress related inputs converge upon the

alteration in the immune function” .
associated  with
hypothalamic-

stress 1S

neurons located in the periventricular nucleus
(PVN). In fact, this nucleus has a pivotal role in
the control of pituitary-adrenocortical activity in
response to stress’ .

The hippocampal formation is a brain region
crtically involved in
formation. In humans, hippocampal damage impairs
explicit memory, and in rodents, hippocampal
damage impairs spatial and contextual learning which
require the formation of relational representations
among multiple cues. In various studies, prenatal
stress by restrainG), aleohol” and noise” is known
to influence learning and memory capabilities of
the offspring by altering neuronal activity in the
hippocampus and related structures”.

Nitric oxide (NO), synthesized from L-arginine
by nitric oxide synthase (NOS), acts as a
neurotransmitter and a biological messenger molecule
in the central nervous system (CNS) and other
mammalian tissues. It has been reported that NOS

leaming and memory
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is constitutively expressed in PVNY and,
furthermore, NO is implicated in the regulation of
functions of PVN neurons, especially when the
internal environment is disturbed under stress
10 Nicotinamide adenine dinucleotide
phosphate-diaphorase (NADPH-d} is a histo-
chemical marker specific for NOS in the CNS.
Angelicae gigantis radix(AGE), which belongs
to the Umbelliferae family, is one of the best
known Oriental medicinal herbs, and have used for
circulation™”.  In  addition,

medications based on Angelicae gigantis radix

conditions

invigorating  blood

possesses a variety of pharmacological effects
including immunoregulation, anti-oxidation, anti-tumor,
anti-irradiation injury, promotion of hemawpoiesisls‘w).
In the present study, the influence of postnatal
Angelicae
treatment on neuronal activity, in particular with
respect to NOS expression in the each regions of

hippocampus and hypothalamus of offspring rats

gigantis  radix  herb-acupuncture

with prenatal noise stress during pregnancy was
investigated via NADPH-d histochemistry.

II. Materials & Methods

1. Animals and treatments

The experimental procedures were performed in
accordance with the guidelines of the National
Institute of Health {NIH) and the Korean Academny
of Medical Sciences. Male Sprague-Dawley rats
(250 + 10 g, 12 weeks old) and female Sprague-
Dawley rats (180 + 10 g, 8 weeks old) were used
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in this study. Female rats (n = 40) were allowed
to mate with male rats (n = 40) for 24 h. One day
later, female rats were separated from the male
rats and housed individually in a plastic home
cage at the controlled temperature (20 + 2 C) 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 randomly divided
into six groups (experimental 1) : the control group,
the 50 mg/kg Angelicwe gigantis radix-treated
group, the 100 mg/ke Angelicae gigantis radix-
treated group, the noise-treated group, the noise-
and 50 mg/kg Angelicae gigantis radix-treated
group, and the noise- and 100 mg/kg Angelicae
gigantis radix-treated group and divided into five
groups (experi- mental 2) : the control group, the
noise-treated group, the noise- and 10 mg/kg
Angelicae gigantis radix-treated group, and the
noise- and 50 mg/ke Angelicae gigantis radix-
treated group, and the noise- and 100 wg'kg
Angelicae gigantis radix-treated group (n = 5 for
each group). Starting on the 15th day of
pregnancy, rats of the prenatal noise-treated
groups were applied with the 95 decibel supersonic
machine sound for 1 h once a day until deliverym

After birth, the offspring in each group was left
undisturbed together with the respective mother
for 28 days, and then, offspring rats were
acupunctured with Angelicae gigantis  radix
herb-acupuncture at Chung-Wan (CV12) acupoint
once a day for 7 consecutive days at the
respective doses; they were sacrificed 6 weeks
after birth. To obtain the aqueous extract of
Angelicae  gigantis rtadix, 200 g of Angelicae
gigantis radix was added to distilled water, and
extraction was performed by heating at 80 C
concentrated with a rotary evaporator, and
lyophilized. The resulting powder, weighing 30 g
(a collection rate of 15 %), was diluted with saline.

2. Tissue preparation

For the - sacrificial process, animals were first
weighed arid overdosed with Zolctil 50 -(10 mg/ke,
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 phosphate buffer
(PB) at pH 74. The brains were dissected,
postfixed in the same fixative overnight, and
transferred into a 30 % sucrose solution for
cryoprotection. Serial coronal sections of 40 ym
thickness were made using a freezing microtome
(Leica, Nussloch, Germany).

3. NADPH-d histochemistry

Sections were then stained for NADPH-d

activity  according
18)

to a previously described
protocol In brief, free-floating sections were
incubated at 37 € for 1 h in 100 mM PB
containing 0.3% Triton X-100, 0.1 mg/ml nitroblue
and 01 mg/ml B-NADPH The
sections were then washed three times with PBS

tetrazolium,

and mounted onto gelatin-coated slides. The slides
were air dried overnight at room temperature, and
coverslips were mounted using Permount®.

4. Data analysis

To score the number of NADPH-d-positive
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 intensities of the processed sections
were assessed in a quantitative fashion according
to a micro- densitometrical method based on
opticval density wusing and image
(Multiscan, Fullerton, CA).

analvzer

5. Statistical analysis

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

[I. Results

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 + 125%mm’ in the
control group, 15833 + 1093/mnt in the 10 mg/kg
Angelicae gigantis radix-treated group, 12941 +
98%/mm’ in the 0 mgkg Angelicue gigantis
radix-treated group, and 13578 + 9.81/mm’ in the
100 mg’ke Angelicae gigontis radix-treated group.
The number of NADPH-d-positive cell under
normal conditions was not affected by administration
of Angelicae gigantis radix. This number was
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significantly increased to 231.86 + 2069/mm’ in the
noise-treated group, but was dose-dependently
decreased again to 19853 + 1305/mm’ in the
noise- and 10 mg/ke Angelicae giganfis radix-
treated group, 17647 + 1158/mm’ in the noise-
and 0 me/kg Angelicue gigantis radix-treated
group, and 16373 + 1703/mm’ in the noise~ and
100 mg/ks Angelicae gigantis radix-treated group
(Fig. 1, 2).

2. Number of NADPH-d-positive cells
in CA2 and CA3 regions of hippocampus

The number of NADPH-d-positive cells in the
CA2 and CA3 regions was about 3040 + 450/mm’
in the control group, 27.00 + 1.74/mm’ in the 10 mg
/kg Angelicae gigantis radix- treated group, 35.60
+ 378mm’ in the 50 mg’kg Angelicae gigantis
radix-treated groupand 3540 * 277/mm’ in the
100 mg’kg Angelicae gigantis radix-treated group.
The number of NADPH-d-positive cell under normal

. *
0 - I lll e i S H I
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Fig. 1. Mean number of NADPH-d~positive cells in the CAt region in each group

* represents p < 0.05 compared to the control group.

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

. the control group.

the 50 mg/kg AGR-treated group.

the 100 mg/kg AGR-treated group.

the noise-treated group.

the noise- and 10 mg/kg AGR-treated group.
: the noise- and 50 mg/kg AGR-treated group.
H: the noise~ and 100 mg’kg AGR-treated group.

LEEBEOwWe
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the 10 mg/kg Angelicae gigantis radix(AGR)-treated group.
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Fig. 2. Photography of NADPH-d~positive cells in
. the control group.

the 50 mg/kg AGR-treated group.

. the 100 mg/kg AGR-treated group.

. the noise—treated group.

. the noise- and 10 mg/kg AGR-treated group.
. the noise- and 50 mg/kg AGR-treated group.

QTEHESO®RE

the CA1 region in each group

. the 10 mg/kg Angelicae gigantis radix(AGR)-treated group.

H: the noise- and 100 mg/kg AGR-treated group. Scale bar represents 200um.

conditions was not affected by administration of
Angeliocne gigantis radix. This number was
significantly increased to 41.20 + 4.33/mm’ in the
noise- treated group, but was dose-dependently
decreased again to 46.00 + 5.35/mm’ in the noise-
and 10 mg’kes Angelicae gigantis radix— treated
group, 3500 *+ 2.81/mm’ in the noise- and 50 mg/
kg Angelicae gigantis radix-treated group, and
2620 + 208/mm’ in the noise- and 100 m&/ke
Angelicae gigantis radix-treated group (Fig. 3, 4).

3. Number of NADPH-d-positive cells
in the dentate gyrus region of hippo—
campus

The number of NADPH-d-positive cells in the
dentate gyrus region was about 5654 = 5.89/mm’”
in the control group, 54.19 * 448/mm” in the 10 mg

kg Angelicae gigantis radix-treated group, 52.09 *

521/mm’ in the 50 mg/kg Angelicae gigantis
radix-treated groupand 5707 + 277/mm’ in the
100 mg/kg Angelicae gigantis radix-treated group.
The number of NADPH-d-positive cell under normal
conditions was not affected by administration of
Angelicae gigantis radix. This number was
significantly increased to 91.88 * 9.23/mm’ in the
noise-treated group, but was dose- dependently
decreased again to 86.39 * 8.19/mm’ in the noise-
and 10 mg’kg Angelicae gigantis radix-treated
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group, 74.16 8.33/mm’ in the noise- and 50 mg/
kg Angelicoe gigontis radix-treated group and
7408 + 11.31/mm’ in the noise- and 100 mg/kg
Angelicae gigantis radix-treated group (Fig. 5, 6).

4. The densities 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
16061 + 060 in the noise stress—treated group
compared to the control group; but the densities
dropped to 15148 + 1.38 in the noise- and 10 mg/
ke Angelicne gigantis radix-treated group, to
139.92 + 1.63 in the noise- and 50 mg/kg Angelicae
gigantis radix- treated group, and to 12681 + 2.60

60
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<
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1

Number of NADPH-d-positive cells
in the CA2-CA3 regions (mm 2)
(]

in the noise- and 100 ng'ke Angelicae - gigantis

, radlx—treated group (F1g 7, 8).

5. The densities of NADPH-d—-positive
cells in ventromedial hypothalamic nucleus
(VMH) region of hypothalamus

The density of NADPH-d-positivity in the
hypothalamic VMH region was 12711 = 127 in
the control group. This was increased significantly
to 15547 + 131, in the noise stress-treated group
compared to the control group; but the densities
dropped to 14807 + 3.06 in the noise- and 10 mg/
kg Angelicae gigontis radix-treated group, to
13124 + 202 in the noise- and 50 mg’kg Angelicae
gigantis radix-treated group, and to 12271 = 2.38
in the noise- and 100 mg’kg Angelicae gigantis
radix- treated group (Fig. 9, 10).

*
I |
0 - I l — Il | l.
A B C D E F G H

Fig. 3. Mean number of NADPH-d-positive cells in the CA2 and CA3 regions in each group

* represents p < 0.05 compared to the control group.

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

: the control group.

the 50 mg’kg AGR-treated group.

: the 100 mg’kg AGR-treated group.

* the noise-treated group.

the noise- and 10 mg’kg AGR-treated group.
. the noise- and 50 mg/kg AGR-treated group.
. the noise- and 100 mg’kg AGR-treated group.

TOQTEOOWe
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Fig. 4. Photography of NADPH-d-positive cells in the CA2 and CA3 regions in each group
A the control group.
B: the 10 mg/kg Angelicae gigantis radix(AGR)-treated group.
C: the 50 mg/kg AGR-treated group.
D: the 100 mg’kg AGR-treated group.
E: the noise-treated group.
F: the noise- and 10 mg/kg AGR-treated group.
G: the noise- and 50 mg/kg AGR-treated group.
H: the noise- and 100 mg/kg AGR-treated group. Scale bar represents 200 um.
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Fig. 5. Mean number of NADPH~d-positive cells in the dentate gyrus region in each group
* represents p < 0.05 compared to the control group.
# represents p < 0.05 compared to the noise-treated group.
A: the control group.
B: the 10 mg/kg Angelicae gigantis radix(AGR)-treated group.
C: the 50 mg/kg AGR-treated group.
D: the 100 mg’kg AGR-treated group.
E: the noise-treated group.
F: the noise- and 10 mg/kg AGR-treated group.
G: the noise- and 50 mg/kg AGR-treated group.
H: the noise- and 100 mg/kg AGR-treated group.
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Fig. 6. Photography of NADPH-d-positive cells in the dentate gyrus region in each group
: the control group.

. the 10 mg/kg Angelicae gigantis radix(AGR)-treated group.

the 50 mg’kg AGR-treated group.

the 100 mg/ks AGR-treated group.

the noise-treated group.

the noise- and 10 mg/kg AGR-treated group.

. the noise~ and 50 mg’ks AGR-treated group.

H: the noise- and 100 mg/kg AGR-treated group. Scale bar represents 200 m.
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Fig. 7. Mean densities of NADPH-d-positive cells in the periventricular nucleus (PVN) region in each group
* represents p < 0.05 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 Angelicae gigantis radix (AGR)-treated group.
D: the noise- and 50 mg/kg AGR-treated group.
E: the noise- and 100 mg/kg AGR-treated group.

QEEBYORE

Expression of NADPH-d-positive cclls
in the PVN (OD)
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a . - 343 S o
Fig. 8. Photography of NADPH-d-positive cells in the periventricular nucleus (PVN) regions in each group

A the control group. k

B: the noise-treated group.

C: the noise- and 10 mg’kg Angelicae gigantis radix (AGR)-treated group.

D: the noise- and 50 mg/kg AGR-treated group.

E: the noise- and 100 mg/kg AGR-treated group.

F: the NADPH-dpositive neurons. Scale bar represents 100 im (A-E) and 25 m (F).

150

120

90

60

30

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

A B C D E

Fig. 9. Mean densities of NADPH-d-positive cells in the ventromedial hypothalamic nucleus (VMH) region
in each group
* represents p < 0.05 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 Angelicae gigantis radix (AGR)-treated group.
D: the noise- and 50 mg/kg AGR-treated group.
E: the noise- and 100 mg’kg AGR-treated group.
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Fig. 10. Photography of NADPH-d-positive cells in the ventimedial hypothalamic nucleus (VMH) regions
in each group
A: the control group.
B: the noise-treated group.
C: the noise- and 10 mg/kg Angelicae gigantis radix (AGR)-treated group.
D: the noise- and 50 mg'kg AGR-treated group.
E: the noise- and 100 mg’kg AGR-treated group.
F: the NADPH-d-positive neurons. Scale bar represents 100 ym (A-E) and 25 m (F).

*
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60
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A B D E

c
Fig. 11. Mean densities of NADPH-d-positive cells in the lateral hypothalamic area (LHA) region in each
group
* represents p < 0.05 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 Angelicae gigantis radix (AGR)-treated group.
D: the noise- and 50 mg/ke AGR-treated group.
E: the noise- and 100 mg’kg AGR-treated group.

Expression of NADPH-d-positive cell
in the LHA (OD)
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Fig. 12. Photography of NADPH-g-positive cells in the lateral hypothalamic area (LHA) regions in each group

Al the control group.
B: the noise-treated group.

C: the noise~ and 10 mg’kg Angelicae gigantis radix (AGR)-treated group.

D: the noise— and 50 mg’kg AGR-treated group.
E: the noise- and 100 mg/kg AGR-treated group.

F: the NADPH-d-positive neurons. Scale bar represents 100 um (A-E) and 25 @ (F).

6. The densities 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 12942190 in the
control group. This was increased significantly to
153776 £ 147, in the noise stress—treated group
compared to the control group; but the densities
dropped to 14979 + 261 in the noise- and 10 mg/
kg Angelicae gigantis radix-treated group, to
13205 £ 1.27 in the noise- and 50 mg/kg Angelicae
gigantis radix-treated group, and to 12203 = 261
in the noise- and 100 wg’kg Angelicae gigantis
radix-treated -group (Fig. 11, 12). '

IV. Discussion

The purposes of the present study were to
investigate whether postnatal Angelicae gigantis
radix (AGR) herb acupuncture alters NOS activity
in the each regions of hippocampus and hypothalarmus
of offspring rats with prenatal noise stress during
pregnancy. Recently, alternative and complementary
approaches such as natural, herbal, and nutritional
supplements, and physical manipulations have been
increasing popularity.

Angelicae gigantis radix was a medicinal herb
for treatment of various disease such as blood
marked by uregular
menstruation, amenorrhea, menorrhalgia, abdominal
pain due to cold of deficiency, pain due to blood

deficiency  syndromes

stasis, traumatic injuries, numbness, sores, carbuncles
and othe pyogenic skin infections, constipation, etc.
In addition, radix herb-
acupuncture was associated with improvement

Angelicge  gigantis

leaming and memory. Jin et al!” reported that
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Angelicae gigantis radix alleviates scopolamine-
induced learning disability and improves spatial
working memory in mice. Nishijo et a® suggested
that Angelicze gigontis radix ameliorates leaming
and memory deficits in an amnesia animal model.
Angelicae gigantis radix and its constituents are
known to possess anti~ neoplastic, anti-stress, and
anti-oxidant activities”. Evidence supporting the
medicinal efficacy of Angelime gigantis radix
based on its protective property against free
radical attack has been presented™ ' However, no
study on the effect of Angelicae gigantis radix
on the expression of hippocampal and hypothalamic
neurons containing NOS in the offspring rats with
prenatal noise stress during pregnancy has been
made vet.

Stressful experiences during the development
period may exert a long-term effect on the
hippocampal functions and may induce various
psychosomatic problems such as mental retardation
prenatal
stresses have been reported to induce structural
abnormality in the hippocampal formation. It was
reported that prenatal stress reduced the density of
decreased the total
hippocampal volume, and induced the synaptic loss
in the hippocampus'®. In addition, Coe et al?
suggested that prenatal environment can alter
behavior, dysregulate neuroendocrine systems, and
affect the hippocampal structure of primates in a
persistent through

and developmental disorders. Various

the pyramidal neurons,

manner suppression  of
neurogenesis.

NO is diffusible free radical that has recognized
as a biological messenger involved in several
physiological and pathological functions®. In the
CNS, NO has been implicated in various
neurophysiological functions including feeding, anxiety,
immune response, and synaptic plasticitymm.
Moreover, NO has also been implicated in the
physiological processes of learning and memory
formation and administration of NOS inhibitors
results in learning disability and memory
deficits™®. In the pathologic conditions, NO acts

as a major toxic mediator when over-
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produced®®. Sustained overproduction of NO is
known to induce neurodegenerative change®™ and
cell death™. Patients with Alzheimer disease
showed increased in INOS expression in the
hippocampus, frontal and entorhinal cortex™.
Traumatic brain injury showed transient increase
in NOS activity®. In the cerebral cortex of
epilepsy patients, particularly in those with a long
seizure history, the number and labeling intensity
of NOS-positive neurons was higher than
normal®. 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 offspring rat.

The present results demonstrated that postnatal
Angelicae  gigantis radix herb- acupuncture
shown to suppress increments of NOS in the
hippocampus and hypothalamus of offspring rats
with prenatal noise stress during pregnancy. Based
on the present study, Angelicae gigantis radix
may provide new therapeutic opportunities as an
agent to counteract the effects of prenatal noise
stress-induced  hippocampal and  hypothalamic
dysfunction through NOS change, and may be
useful in the treatment of psychiatric problems in
children of mothers who have experienced noise
stress during pregnancy.

V. Conclusion

In the present study, the effect of Angeliae
gigantis radix(AGR) herb-acupuncture on the
NOS-positive cells in the hippocampus and
hypothalamus of offspring rats with prenatal noise
stress during pregnancy was elucidated using
NADPH-d histochemistry assay.

The results are as follows:

1. In the CAl region, the noise- and 100 mg/kg

Angelicne  gigantis  radix-treated  group
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decreased significantly compared to the noise
treated group.

. In the CA2 and CAS3 regions, the noise~ and
Angelicae gigantis radix-treated groups are
no significant decrease to the noise treated
group.

., In the dentate gvrus regions, the noise- and
Angelicae gigantis radix-treated groups are
no significant decrease to the noise treated
group.

. In the PVN region, the noise- and Angelicae
ggmtis radix-treated groups decreased significantly
compared to the noise treated group.

. In the VMH region, the noise- and Angelicae
gigantis  radix-treated decreased
significantly compared to the noise treated
group.

groups

. In the LHA region, the noise~ and Angelicae
gigantis radix-treated groups decreased Significantly
compared to the noise treated group.
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