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I. Introduction

Bee venom therapy is an acupuncture the-
rapy applying the pharmacological action of
stimulation and bee venom to the body. It is
executed by pricking disease associated sites
or particular acupuncture points with bee ve-
nom extracted with electricity or from ho-
neybee directly” ™.

Traditionally, bee venom has been used for
the relief of pain and the treatment of in-
flammatory diseases such as rheumatoid arth-
ritis?®.

Bee venom therapy has been processed and
reported in many experimental studies, with
regard to its effect in pain alleviation, anti
inflammation, removal of fever®, anti convul-
sion, suppression of tumor and immunity st-
rengthening effect ete.”.

Hippocampal neurogenesis has been obser-
ved in various adult animals, including hu-

mansB)'g)

. Newly generated cells are thought
to play a role in learning, memory, and brain
repair'®'?, however, the cellular mechanisms
underlying neurogenesis remain unknown. Pre-
vious studies have shown that several factors

such as glucocorticoids, estrogen, N methyl D

aspartate (NMDA) receptor antagonists, growth
factors, serotonin, aging, seizures, and envi-
ronmental stimuli influence the proliferation of
granule cell precursors and/or neurogenesis in
the adult dentate gyrus® V1319,
Cyclooxygenase{COX), an enzyme that ca-
talyzes the conversion of arachidonic acid to
prostaglandins, has two isoforms; COX 1 and
COX 2. While COX 1 is a constitutively ex-
pressed form required for normal physiologic
functions, COX 2 is inducible in response to
cytokines, growth factors, or other inflamma-
tory stimuli'® '”. Recently, Kumihashi et al.'®
reported that the level of COX has a bearing
on neurogenesis in ischemic gerbils, and it
has been showed that COX 2 may be involved
in neruodegenerative disorders such as Alzhei
mer’s disease and ischemic neuropathy'®?”,
Bee venom is known to possess anti in-
flammatory effects?” similar to those seen for
non steroidal anti inflammatory drugs(NSAID
s). However, the effects of bee venom at
jogsamni(ST36) in relation to cell prolifera-
tion and expression of COX 2 in the dentate
gyrus have not yet been reported. In the pre-
sent study, the effects of bee venom on new
cell formation and expression of COX 2 in the
dentate gyrus are investigated via immuno-
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histochemistry.

II. Materials and Methods

1. Animlas and Treatment

Male C57/B6 mice weighing 25g(correspon-
ding to 10 weeks of age) were used for the
experiment. The experimental procedures were
performed in accordance with the animal care
guidelines of NIH and the Korean Academy of
Medical Sciences. Each animal was housed at
a controlled temperature(20+27C) and mainta-
ined under light dark cycles, each consisting
of 12h of light and 12 h of darkness(lights on
from 07 : 00h to 19 :00h).

Animals were divided into four groups : the
control group, the acetic acid treated group,
the acetic acid and 0.1mg/kg bee venom tre-
ated group, and the acetic acid and lmg/kg
bee venom treated group(n=5 in each group).
Mice of the acetic acid treated groups were
injected intraperitoneally with acetic acid(0.5
ml of 1% solution of 100% acetic acid). The
numbers of abdominal stretches during two
consecutive periods of 30 min each were co-
unted by two experienced investigators unin-
formed of the experimental treatment given to
each rat. Mice of the bee venom treated
groups were injected with bee venom(Sigma
Chemical Co., St. Louis, MO, USA) at the res-
pective doses, 30 min before acetic acid injec-
tion. The Jogsamni acupoint(ST36)% %, lo-
cated 5mm lateral and distal to the anterior
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tubercle of the tibia, was chosen as the in-
jection site for bee venom due to the tradi-
tional use of the Jogsamni acupoint for the
relief of pain” . All mice received 50 mg/kg of
5 bromo 2’ deoxyuridine(BrdU ; Sigma Che-
mical Co., St. Louis, MO, USA) intraperitoneally
30min before acetic acid injection. Animals
were sacrificed immediately after counting the
number of stretches.

2. Tissue Preparation

For the sacrificial process, animals were
first fully anesthetized with Zoletil 50®(10mg
/kg, i.p. ; Vibac Laboratories, Carros, France),
transcardially perfused with 50 mM phosphate
buffered saline(PBS), and then fixed with a
freshly prepared solution consisting of 4% pa-
raformaldehyde in 100 mM 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 40mm thick-
ness were made with a freezing microtome
(Leica, Nussloch, Germany).

3. BrdU and COX 2 Immunohistoche-
mistry

For visualization of cell birth in the dentate
gyrus, BrdU specific
was performed%)

immunohistochemistry
. An average of eight sec-
tions within the dorsal hippocampal region sp-
anning from Bregma 3.30 mm to 4.16 mm were
selected from each brain. The sections were
first pretreated by incubating in 50% forma-



The Journal of Korean Acupuncture & Moxibustion Society Vol. 20. No. 1. February. 2003

mide 2x standard saline citrate at 65C for 2
h, denaturing in 2N HCl at 37C for 30 min,
and rinsing twice in 100 mM sodium borate
(pH 8.5). After the pretreatment, the sections
were incubated overnight at room temperature
with BrdU specific mouse monoclonal antibody
(1: 600) (Boehringer Mannheim, Mannheim, Ger-
many). The sections were washed three times
with PBS and incubated for 1h with a bio-
tinylated mouse secondary antibody(1 :100)
(Vector Laboratories, Burlingame, CA, USA).
The sections were then incubated for another
1h with an avidin biotin horseradish peroxi-
dase complex(1:100) (Vector Laboratories, Bur-
lingame, CA, USA). For staining, the sections
were incubated with 0.02% 3,3" diaminoben-
zidine containing nickel chloride (40 mg/ml)
(Nickel DAB) and 0.03% hydrogen peroxide
in 50mM Tris HCl(pH 7.6) for 5 min. Finally,
the sections were mounted onto gelatinized
glass slides. The slides were air dried over-
night at room temperature, and cover slides
were mounted using Permount®.

For visualization of COX 2 expression via
COX 2 immunohistochemistry, free floating tis-
sue sections were first washed twice in 50
mM PBS and were then permeabilized by
incubation in 0.2% Triton X100 for 30 min.
After washing twice with PBS, sections were
incubated overnight with goat anti COX 2 an-
tibody (DiaSorin, Stillwater, MN, USA) at a dilu-
tion of 1:1000. Sections were washed twice
in PBS and incubated for 1h with biotinylated
anti goat antibody(1:200). Bound secondary
antibody was then amplified with Vector Elite

ABC kit(Vector Laboratories, Burlingame, CA,
USA).

The antibody biotin avidin peroxidase com-
plexes were visualized using 0.05% diamino-
benzidine. The sections were mounted onto
gelatinized glass slides, air dried, and cover
slides were mounted using Permount®.

4. Data Analysis

The area of the dentate gyrus was mea-
sured using an image analyzer (Multiscan, Ful-
lerton, CA, USA). The numbers of BrdU posi-
tive and COX 2 positive cells were counted
hemilaterally as cells per mm? of cross sec-
tional area of the granular layer of the den-
tate gyrus. Data was analyzed using SPSS
(version 7.5) by one way analysis of vari-
ance (ANOVA) followed by Scheffe's Post hoc
test and results were expressed as meant
standard error mean(S.E.M.). The level of sta-
tistically significant differences was defined as
P<0.05.

[I. Results

1. Effect of bee venom on acetic acid
induced abdominal stretches

The numbers of abdominal stretches in the
experimental groups are summarized in <Table
1>. In the results, bee venom treatment in-
hibited acetic acid induced abdominal stretch
reflex significantly.
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Table 1. The total numbers of abdominal st-
retches of each group.

The number of The number of
abdominal abdominal

Group stretches during  stretches during
the first 30min. the latter 30min.
Control 0 0
Acetic 3 a
acid treated 33.00£5.05 7.05%+1.51
Acetic acid and
0.lmg/ml bee  19.00%3.84*®  2.50+0.81°
venom treated
Acetic acid and .
Img/ml bee  20.0010.74* 0
venom treated

Values represent mean+S.E.M.

* represents P<0.05 compared to the control group.

® represents P<0.05 compared to the acetic acid
treated group.

Data was analyzed using SPSS(version 7.5) by one
way analysis of variance(ANQOVA) followed by S

2. Effect of bee venom on cell proli-
feration in hippocampal dentate gyrus

The mean number of BrdU positive cells in
the dentate gyrus was 52.50%3.20/mm? in the
control group, 31.00%2.10/mm? in the acetic
acid treated group, 69.67+4.58/mm? in the
acetic acid and 0.1mg/kg bee venom treated
group and 73.00+7.08/mm? in the acetic acid
and 1mg/kg bee venom treated group<Fig. 1>.

3. Effect of bee venom on COX 2 ex-
pression in hippocampal dentate gyrus
The mean number of COX 2 positive cells
in the dentate gyrus was 41.00%2.34/mm?
inthe control group, 130.00£12.01/mm? in the
acetic acid treated group,61.41%5.73/mm’ in
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Fig. 1. Effect of bee venom on cell prolife-
ration.

Above : Photomicrographs of 5 bromo 2’ deoxyuri-
dine(Brdll) positive cells in each group. Sections were
stained for BrdU positive cells(black). Scale bar re-
presents 50.m.

Below : Mean number of BrdU positive cells in the
subgranular layer of the dentate gyrus in each group.
Values are represented as meantS.EM.

* represents P<0.05 compared to the control group.

® represents P<0.05 compared to the acetic acid
treated group.

A, Control group ;

B, Acetic acid treated group ;

C, Acetic acid and 0.1mg/kg bee venom treated
group ;

D, Acetic acid and 1mg/kg bee venom treated group.
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Fig. 2. Effect of bee venom on cyclooxyge-
nase(COX) 2 expressions.

Above : Photomicrographs of COX 2 positive cells
in each group. Sections were stained for COX 2
positive cells(reddish brown). Scale bar represents
25m.

Below : Mean number of COX 2 positive cells in
the granular layer of the dentate gyrus in each group.
Values are represented as mean=S.EM.

* represents P<0.05 compared to the control group.

® represents P<0.05 compared to the acetic acid
treated group.

A, Control group ;

B, Acetic acid treated group ;

C, Acetic acid and 0.1lmg/kg bee venom treated
group ;

D, Acetic acid and 1mg/kg bee venom treated group.

the acetic acid and 0.1mg/kg bee venom trea-
ted group and 49.25%3.89/mm” in the acetic
acid and 1mg/kg bee venom treated group
<Fig. 2>

IV. Discussion

Bee venom therapy is an acupoint injection
therapy that controls physical functions and
enhances the self recovering and the balance
of the body. It is achieved through mechanical
stimulation and specific bee venom impetus of
pricking directly with honeybee needles or in-
jecting bee venom extracted into abnormal
section or disease associated acupuncture po-
int ; namely acupoint, the extraordinary points,
new acupoint, pressure pain point and toucha-
ble skin positive response point. Bee venom
therapy might be a therapy that promotes the
normalization of an autonomic nerve and the
recuperation of health by pricking the region
of congestion and pain.

The effects of bee venom includes scien-
tific effects such as powerful sterilization, he-
molysis, subcutaneous permeation, promotion
of blood circulation, relief of pain, regulation
of the autonomic nervous system and its anti
inflammatory effects by applying sharp pain to
the congestion site, The acupuncture effects
and that of acupuncture and moxibustion is a
therapy acceleratig normalization of the auto-
nomic nervous system and recovery of health.

It has been suggested that the effect of
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bee venom therapy is superior to that of ge-
neral acupuncture therapy, in that it has not
only physical but also chemical actions®. It
might be said that these various effects and
indications for the use of bee venom originate
from the procedures of general acupuncture
therapy®?”®_ The four effects of bee venom
produce remarkable results. The first effect is
the acupuncture action of stimulating the ner-
ve by applying acupuncture to an acupoint.
Another is the continuous moxibustion opera-
tion by producing heat for several days there.
The third is the injection effect, which in-
cludes hemolysis, sterilization, anti inflamma-
tion and alleviation of pain action by pene-
trating into the interior of body. The fourth is
the edema effect, where the affected part be-
comes swollen, vessels get dilated and both
blood flow and blood cell increase rapidly'®.

Bee venom can be applied in cases of stiff
shoulders, frozen shoulders, back pain, sp-
rained back pain, myalgesia, migraine, numb-
ness, knee pain, the common cold, sty, as-
thenopia, neuralgia, trigeminal neuralgia, inter-
costal neuralgia, sprain, sciatic neuralgia, sto-
matitis, ophthalmaigia from stiff shoulders,
meralgia by a menopausal disorder, chill men-
strual pain, asthma, rheumatism, hay fever
(disorder of eye, nose, throat etc.), gastric
ulcers, hypertension, insomnia, diabetes melli-
tus etc.”.

Also, according to previous studies, the
components of bee venom’s lowers symptoms
of acute, chronic arthritis and edema followed

29),30)

by inflammation . Many studies investiga-
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ting bee venom’ s anti inflammatory mechani-
sms are currently underway®”*?. On the other
hand, there are few studies of its analgesic
effects and mechanisms.

Previous studies have reported that various
types of abdominal nociception induce abdomi-
nal pain by inducing COX 2 expression in the
central nervous system(CNS). It was also sh-
own that administration of COX 2 inhibitors
exerts systemic antinociceptive action against
neurogenic and inflammatory pain induced by
acetic acid, formalin, and capsaicinBB)'s“.

From the results, it was demonstrated that
administration of acetic acid increases COX 2
expression, while bee venom injection at the
Jogsamni acupoint was shown to suppress the
acetic acid induced increase in COX 2 ex-
pression in the dentate gyrus. In addition, bee
venom injection at the Jogsamni acupoint pro-
duced a time and dose dependent suppression
of the frequency of abdominal stretches in-
duced by acetic acid.

The Jogsamni acupoint used in this study is
the Hab To Acupoint of the Stomach Meridian
and has a “character of harmony of Gi Hyul,
run of meridian”. It shows analgesic effects
on various gastrointestinal and systemic disor-
ders and lower limbs diseases®™. Kwon et al.
reported that administration of bee venom at
the acupoints Jogsamni and Zhongwan produ-
ces a more potent antinociceptive effect than
at a non acupoint in mice with adjuvant in-
duced arthritis and acetic acid induced vis-
ceral pain®*?,

Also, in the treatment of knee arthritis, bee
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venom is more effective than general acu-
puncture®, while stimulating action shows that
injection into an acupoint is more effective
than a non acupoint®™.

In adult rats, neuronal precursors are known
to reside in the subgranular zone of the den-
tate gyrus, where they proliferate and migrate
continuously into the granular cell layer and
differentiate into mature neurons demonstra-
ting morphological and biochemical features
observed in the surrounding neurons'®. These
newly formed neurons have been shown to
perform an important role in memory forma-

tion'?

. The neurogenesis in the dentate gyrus
is known to be enhanced by environmental
factors and stimuli such as physical activity”,

) estrogen'¥’, and antidepressan-

serotonin'!
ts’®*", On the other hand, neurodegenerative
conditions and stressful experiences, including
physical and psychosocial stress, have been
shown to suppress the proliferation of hippo-
campal granule cells in the dentate gyrus of
mammals'®39,

It has been suggested that anti inflammatory
drugs such as NSAIDs possess protective ef-
fect in neurodegenerative disorders by inhibi-
ting COX 2 expression®”. Recently, Kumihashi
et al® reported that the level of COX 2 has
an effect on neurogenesis and that COX inhi-
bitor possesses a protective effect against is-
chemia induced cell death. In the present re-
sults, acetic acid administration decreased
new cell formation, while bee venom injection
at the Jogsamni acupoint increased new cell

formation in the dentate gyrus of mice signi-

ficantly. Also, Bee venom treatment was thus
shown to suppress the acetic acid induced
increase of COX 2 expression in the dentate
gyrus. Based on the results of the present
study, it can be suggested that expression of
COX 2 in the dentate gyrus has a negative
effect on cell proliferation and that bee venom
increases new cell formation in the dentate
gyrus via inhibition of COX 2 expression.

V. Conclusion

In this study, the effects of bee venom on
cell proliferation and expression of cyclooxy-
genase(COX) 2 in the dentate gyrus of mice
with acetic acid induced hyperalgesia were in-
vestigated. In the acetic acid treated group,
the number of 5 bromo 2’ deoxyuridine posi-
tive cells was shown to be decreased and the
expression of COX 2 in the dentate gyrus
enhanced compared to the control group. Bee
venom acupoint injection resulted in suppres-
sion of the frequency of acetic acid induced
abdominal stretches and COX 2 expression in
the dentate gyrus and an increase in cell pro-
liferation in the dentate gyrus. From the pre-
sent results, it can be suggested that COX 2
expression in the dentate gyrus is implicated
in inhibition of cell proliferation and that bee
venom increases new cell formation in the
dentate gyrus, probably by inhibition of COX
2 expression.
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