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Abstract

B2 : 9713 3ol ¢I L oHM FER Sprague-Dawley(S-D)A 8F 9 sinl A 4E M H2&
AZAE A4 g NOsEHd miie 988 =AU
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I. INTRODUCTION

Alcohol consumption is known to cause
substantial neuronal loss in several regions
of the brain'®. It has been reported that
alcohol induces death in a variety of cells
and neuroblastoma

including  astroglia
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cells” in vitro and that it triggers apoptotic
neurodegeneration in the developing rat
brain in vivo”. In addition, alcohol intake
during the developmental stage has been
correlated with deficits in learning and
memory®,

Loss of neurons is thought to be
irreversible

in the adult human brain,

because dying neurons cannot be replaced.
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This inability to generate replacement cells
is thought to be an important cause of
neurological disease and impairment. In most
brain regions, the generation of neurons is
generally confined to a discrete develop-
mental period. Exceptions are found in the
dentate gyrus and the subventricular zone of
several species that have been shown to
generate new neurons well into the postnatal
and adult period®'®. Granule neurons are
generated throughout life from a population
of continuously dividing progenitor cells
residing in the subgranular zone of the
dentate gyrus in the rodent brain®.
‘Newborn’ neurons generated from these
progenitor cells migrate into the granule cell
layer, differentiate, extend axons and express
neuronal marker pxjoteins”'m. It has been
demonstrated that the process of neuroge-
nesis, the birth of new neurons, occurs in the
hippocampal dentate gyrus in a variety of

1618 Several

mammals, including humans
factors, including glucocorticoids, estrogen,
N-methyl-D-aspartate

ischemia, seizures, and environmental stim-

receptor, serotonin,
uli are known to influence the proliferation
of granule cell precursors in the adult den-
tate gyrusls'”’.
effect of alcohol on cell proliferation has been
published to date.

Nitric oxide (NO), synthesized from
(NOS),

is a free radical molecule with signaling

However, no study on the

L-arginine by nitric oxide synthase

functions; it has been implicated in numer-

ous physiological and pathological processes

in the brain'®.

dinucleotide phosphate-diaphorase (NADPH
-d) is a histochemical marker specific for
NOS in the central nervous system (CNS)?.
Neurons containing NADPH-d have been

reported to be relatively resistant to various

Nicotinamide adenine

toxic insults and neurodegenerative disea-
ses”. It has been shown that alcohol inhibits
NO production in vivo, and thus it may be
suggested that NO is of relevance in the
pathogenesis of alcohol-induced brain dama-
ge™. Moreno- Lopez et al.? suggested that
NOS may play an important role during
neurogenesis in the subventricular zone of
adult mice, and the expression of neuronal-
NOS or epidermal- NOS was observed to
have increased during the differentiation of
cells?®, Traditionally, Acanthopanax senti-
cosus (AS), a member of the araliaceae
family, is a herb which has been used tradi-
ischemic

tionally for improvement from

injury, rheumatism, weakened physical sta-
tus, and for its hypoglycemic action®?®.

In the present study, the effects of AS
on cell proliferation and NOS expression in
the dentate gyrus of rats in the process of
growing up which had been acutely intoxi-
cated with alcohol were investigated via
(BrdU)

5-bromo-2’-deoxyuridine immuno-

‘histochemistry and NADPH-d histochemistry,

respectively.

II. MATERIAL AND METHODS

1. Animals
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Male Sprague-Dawley rats weighing
90£10 g were used in the present study. The
experimental procedures were conducted in
accordance with the Guiding Principles for
the Care and Use of Laboratory Animals
approved by the Korean Academy of Medical
Sciences. Each animal was housed at a

(202 T) eand
light-dark cycles,
consisting of 12 h of light and 12 h of
darkness (lights on from 07:00 h to 19:00 h),
with food and water made available ad

controlled temperature

maintained under

libitum. Animals were divided into four
groups: the control group, the AS-treated
group, the alcohol-treated group, and the
aleohol- and AS-treated group (n = 6 for each
group). Rats of the control group were
injected intraperitoneally with BrdU (50
mg/kg; Sigma, St. Louis, MO, USA) for 3
of the
AS-treated group were injected with an
equivalent dose of BrdU and 30 mg/kg of AS

extracts for the same duration of time. In

consecutive days, while animals

the alcohol-treated group, each animal was
injected with 50 mg/kg of BrdU and 2 g/kg of
alcohol for the same duration of time.
Animals of the AS- and alcohol-treated group
were injected with BrdU, alcohol, and AS
extracts in doses used on animals of other

groups for 3 days.

2. Reagents

To obtain extracts of AS, 200 g of AS
was added to distilled water, heat-extracted,

concentrated with a rotary evaporator and

lyophilized. The resulting powder, weighing
35 g (a collection rate of 17.5 %) was diluted

with saline solution.

3. Tissue preparation

Blood was collected from animals via
cardiac puncture 2 h after the last injection,
and serum alcohol concentration was
measured using a Sigma Diagnostics Kit (St.
Louis, MO, USA). For the sacrificial process,
animals were first fully anesthetized with
Zoletil (10 mg/kg, i.p.; Vibac, Carros, France),
then transcardially perfused with 50 mM
phosphate-buffered saline (PBS), and then
fixed with a freshly prepared solution
consisting of 4 % paraformaldehyde in 0.1 M
phosphate buffer (PB, pH 7.4). The brains
were then removed, postfixed in the same
fixative overnight, and transferred into a 30
% sucrose solution for cryoprotection. Coronal
sections of 40 ym thickness were made with a

freezing microtome (Leica, Nuloch, Germany).

4. BrdU immunohistochemisty

For detection of newly generated cells
in the dentate gyrus, the associated BrdU
incorporation was visualized via a previously
described method

(15,16). First, ten sections on average were

immunohistochemical

collected from each brain within the dorsal
hippocampal region spanning from Bregma
3.30 mm to 4.16 mm. Sections were permea-
bilized by incubation in 0.5% Triton X-100 in
PBS for 20 min; then pretreated in 50%
formamide-2X standard saline citrate (SSC)
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at 65 C for 2 h, denaturated in 2 N HCI at
37 T for 30 min, and rinsed twice in 0.1 M
sodium borate (pH 8.5). Afterwards, the
sections were incubated overnight at 4 T
with a BrdU-specific mouse monoclonal anti-
body (1:600; Boehringer Mannheim, Mann-
heim, Germany). The sections were washed
three times with PBS and incubated for 1 h
with a biotinylated mouse secondary anti-
body (1:200; Vector Laboratories, Burlin-
game, CA, USA). The sections were incubat-
ed for another 1 h with VECTASTAIN Elite
ABC Kit (1:100; Vector Laboratories, Burlin-
game, CA, USA).

For immunostaining, the sections were
incubated in 0.02 % 3,3-diaminobenzidine
(DAB) containing nickel chloride (40 mg/ml)
and 0.03 % hydrogen peroxide -in 50 mM
Tris;HCl (PH 7.6) for 5 min. Following
BrdU-specific staining, counter-staining was
performed on the same sections using a
mouse anti-neuronal nuclei antibody (1;300;
Chemicon International, Temecula, CA,
USA). The sections were then washed three
times with PBS, incubated for 1 h with a
biotinylated mouse secondary antibody, and
processed with VECTASTAIN ABC Kit. For
immunostaining, the sections were incubated
in 002 % DAB (40 mg/ml) and 0.03 %
hydrogen peroxide in 50 mM Tris-HCI for 5
min, and then washed with PBS and

mounted onto gelatin-coated slides.

5. NADPH-d immunohistochemistry

Sections were stained for NADPH-d

activity according to a previously described
protocol®. In brief, free-floating sections
were incubated at 37 C for 60 min in 0.1 M
PB containing 0.3 % Triton X-100, 0.1 mg/ml
nitroblue tetrazolium and 0.1 mg/ml B
-NADPH. The sections were then washed
three times with PBS and mounted onto
gelatine-coated slides. The slides were air
dried overnight at room temperature, and

coverslips were mounted using Permount.

6. Statistical analysis

The area of the dentate gyrus region
was measured hemilaterally in each of the
selected sections using an image analyzer
(Multiscan, Fullerton, CA, USA). The total
numbers of BrdU-positive and NADPH-d-
positive cells were obtained, and the results
were expressed as number of cells per mm?
of cross-sectional area of the granular layer
of the dentate gyrus'®?®. Statistical differen-
ces were determined using Student’s t-test,
and results were expressed as mean =+
S.E.M. Differences were considered signifi-

cant for P < 0.05.

II. RESULTS

1. The number of BrdU-positive cells in the
dentate gyrus

The number of BrdU-positive cells in
the dentate gyrus was about 29280+
10.88/mm? in the control group, 133.43%
12.77/mm’® in the
310.80+11.36/mm” in the AS-treated group,

alcohol-treated group,

- 70 -



IR RE0| LTE FF EF @wRECAM WITMMEEK X NOS HEE0 0[X|= R

Table I. Effect of Acanthopanax senticosus on
cell proliferation in dentate gyrus of
alcohol-intoxicated rats

No. of
animals

Duncan
Grouping

BrdU-positive
cells (No/mm?)

292.80 + 10.88" AY

Control

Alcohol 13343 +£ 1277 B

31080 + 11.36 A
301.33 + 8.74 A

1) Mean * Standard error of 6 rats

2) The same letter are not significantly different at
the a=0.05 level by Duncan test.
Control : Untreated group.
Alcohol : Alcohol treated group
Sample A Acanthopanax
(AS)-treated group
Sample B : Alcohol- and AS-treated group

6
6
Sample A 6
6

Sample B

senticosus

and 301.33:8.74/mm’ in the alcohol- and
AS-treated group (Table I).

2. The number of NADPH-d-positive cells in
the dentate gyrus

The number of NADPH-d-positive cells
in the gyrus  was
177.16+10.88/mm> in the group,
117.60+6.7/mm® in the alcohol-treated
group, 189.44+6.63mm® in the AS-treated
group, and 189.00+6.79%mm?® in the alcohol-
and AS-treated group (Table II).

dentate about

control

IV. DISCUSSION

Ethanol consumption leads to neuronal
death and causes devastating pathologies
within the central nervous system®™. In spite
of over 20 years of experimental and clinical

efforts the mechanism by which ethanol

Table I. Effect of Acanthopanax senticosuson
NADPH-d-positive expression in
dentate gyrus of alcohol-intoxicat-

ed rats
No. of BrdU-positive Duncan
animals  cells No/mm®) Grouping
Control 6 177.16+10.88"  A?
Alcohol 6 117.6026.70 B
Semple g 180.44:663 A
Sample g 180.00:679 A

1) Mean + Standard error of 6 rats

2) The same letter are not significantly different at
the a=0.05 level by Duncan test.
Control : Untreated group.
Alcohol : Alecohol-treated group
Sample A Acanthopanax
(AS)-treated group
Sample B : Alecohol- and AS-treated group

senticosus

causes neuronal ‘death is not entirely clear.
Some of these pathologies has been linked to
thiamine deficiency which often accompanies

)

chronic ethanol consumptionzg. However,

recent electrophysiological, neurochemical
and behavioral studies provided evidence
that several ligand-gated ion channels are
These
ethanol-sensitive ion channels include NMDA
and GABAa receptors®. Ethanol, when
administrated inhibits NMDA-

) and reduces

especially sensitive to ethanol.

acutely,
induced ion currents in -vivo
NMDA-evoked neurotoxicity’®. In contrast,
chronic exposure to ethanol enhances NMDA
receptor function®® and therefore potentiates
NMDA-induced neurotoxicity®”. Consequen-
tly, circadian variations in ethanol concentra-
tion may result in ethanol mini-withdrawals

with subsequent NMDA-receptor overstimu-
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Fig. 1. Effect of Acanthopanax senticosus
(AS) on cell proliferation. A; control
group, B; AS-treated group, C; alcohol-
treated group, D; alcohol-and AS-treat-
ed group. Scale bar represents 100 m.

lation®™ resulting in neuronal death and
subsequent cognitive impairments.

One of the putative mechanisms for
central nervous system to regenerate 'is a
production of new neurons. In almost all
regions of the mammalian brain neuroge-
nesis occurs only during the prenatal period.
However, in the dentate gyrus of several
species, including niice and humans, the
granyule cells are generated postnatalas’37).
The newborn neurons are capable of
extending their axons and reach the CA3
area of the hippocampus, therefore they seem
to be functionally active®®.

Nitric o_xide_ (NO) is a free radical
molecule with signaling fuﬁctions in the
central nervous system. In the brain
parenchyma, NO is synthesized by widely
distributed specific neurons that express the
neuronal isoform of NO synthase (NOS 1.
The transient expression of NOS I in

different neural structures during develop-

Fig. 2. Effect of Acanthopanax senticosus (AS) on
nitric oxide synthase expression. A;
control group, B; AS-treated group, C;
alcohol-treated group, D; alcohol-and
AS-treated group. Scale bar represents
100 m.

ment suggests that NO plays a role in
embryonic neurogenesis. The participation of

NO in the formation of the nervous system

‘may be related to its involvement in

neuronal programmed cell death, in the
organization of axonal projection patterns, or
in the control of cell proliferation22). In
neuronal cell lines, NOS I and II isoforms
are induced by differentiating agents and, in
some cases, the NO antiproliferative action
was shown to be a prerequisite for differen-
tiation. Concerning neurogenesis in the SVZ,
NO is an antimitotic agent in primary
cultures of proliferating cells isolated from
this region4°’.

In the present study, it was demon-
strated that AS increases BrdU- positive and
NADPH-d-positive  cells
conditions, with statistical insignificance,
while these
significantly by alcohol administration. The

under normal

numbers were decreased
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alcohol-induced inhibition of new cell
formation in the dentate gyrus seen in the
present results points at a probable reduction
in newly formed granule neurons. It may be
suggested that the decrease in learning
capability and memory function induced by
alcohol is related to the inhibitory action of
alcohol on cell proliferation. It has been
suggested that NO plays a critical role in the
formation of new neurons after birth and
that it regulates neurogenesis in the adult
CNS®. Increasing evidence shows that
alcohol inhibits NO production in vivo®.
AS, one of the most commonly encountered
Oriental herbs in the treatment of alcohol-
related problems, is known to inhibit mito-
chondrial aldehyde dehydrogenase and to
suppress ethanol intake in Syrian golden
hamsters®. In the present results, AS treat-
ment was shown to increase the numbers of
both BrdU-positive and NADPH-d-positive
cells in the dentate gyrus of alcohol-intoxicat-

ed rats.

V. CONCLUSION

In the present study, it was demons-
trated that aqueous extracts of AS exert
protective effect against alcohol-induced de-
crease in new cell formation, and it is
possible that NO, which might play an
important role in the regulation of cell
proliferation, is a major target of the toxic
effects of alcohol.
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