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Abstract

The purpose of this study is to elucidate the molecular mechanism of anti-inflammatory effect of bee venom (BV), which has been used
for the treatment of various inflammatory diseases in oriental medicine. With this aim, we examined the effects of BV on the nitric oxide
(NO) production by lipopolysaccharide (LPS) or sodium nitroprusside in RAW264.7 macrophages. We further investigated the effects of BV
on the expression of inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), nucleakfa¢hiF-«B) and mitogen-activated
protein kinase (MAPK) with RT-PCR in LPS-stimulated RAW264.7 cells. BV suppressed the NO production and decreased the levels of
iINOS, COX-2, NFxkB and MAPK mRNA in a dose-dependent manner. These results suggest that BV has an anti-inflammatory effect by
inhibiting INOS and COX-2 expression, possibly through suppression ofBlend MAPK expression.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction et al., 200). Although adolapin and MCD peptide have anti-
inflammatory activities, these substances are present in very
Bee venom (BV) is the venom that bees store within small quantities in the whole BMWMartin and Hartter, 1980;
their venom sacs for self-defence, and has traditionally beenKoburova et al., 1985; Kwon et al., 2001t was reported
used in oriental medicine to relieve pain and treat inflam- that mellitin, a major component of BV, inhibits the enzy-
matory diseasesKvon et al., 2001 SinceBillingham et matic activity of phospholipase A2, an inflammatory trigger
al. (1973)first discovered the anti-inflammatory effects of (Saini et al., 199¥ On the other handdjartman et al. (1991)
BV, many studies have supported it using diverse method- reported that mellitin injection induced paw edema in mice.
ologies. BV contains various peptides including mellitin, In addition, whole BV into hind paw produces local inflam-
apamin, adolapin and mast cell degranulation (MCD) pep- mation (ariviere and Melzack, 1996 Therefore, it is nec-
tide. It also contains enzymes (e.g. phospholipase A2) andessary to investigate further the molecular mechanism of the
non-peptide components (e.g. histamine, lipids, carbohy- anti-inflammatory effects of whole BV.
drates) Habermann, 1971; Banks and Shipolini, 1986; Lee It has been reported that the excessive production of ni-
tric oxide (NO) and prostaglandin (PG) plays an important
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nine mainly by inducible nitric oxide synthase (iNOS), while plate, and treated with 50 of Greiss reagent solution. After
PGs are generated from arachidonic acid mostly by inducible having waited for its reaction at room temperature, the light
cyclooxygenase (COX-2). Recent studies have demonstratedabsorption was observed in 570 nm and standard solutions of
that eukaryotic transcription factor nuclear factor-kappa B 0, 1, 10, 20, 50, 100, 150M sodium nitrite were applied to
(NF-«B) is involved in the regulation of COX-2 and iINOS a chromophoric group and analyzed.
expression$urh et al., 20011 Accordingly, many candidate

. 2.4. RT-PCR
substances developed to date to prevent inflammatory dam-
age either suppress the activation of INOS or COX-2 directly,
or inhibit NF«B signalling, which regulates the transcrip-
tional stage @gden and Moore, 1995; Suh et al., 1998
Mitogen-activated protein kinase (MAPK) pathway is also
one of the most extensively studied intracellular signalling
cascades deemed to be pro-inflammatory respoaeh et
al., 200).

In the present study, we examined the effects of BV on
the NO generation by lipopolysaccharide (LPS) or sodium
nitroprusside (SNP) in RAW264.7 macrophages, a cell line
well known for being involved in the inflammation. We fur-
ther investigated the effects of BV on the expression of INOS,
COX-2, NFkB and MAPK with RT-PCR in LPS-stimulated
RAW?264.7 cells.

The cells were placed on a 6-well plate, divided to
10° cells/well and cultivated overnight. They were treated
with LPS 100 ng/ml and then with 0, 1, 5, and d§/ml BV.
After 5h, the cells were gathered into a 1.5ml eppendorf
tube, and were centrifuged at 15,000 rpm for 5min. RNA
was isolated using RNAzol, chloroform, followed by ethanol
precipitation. Total RNA (J.g) was reverse transcribed into
DNA in a total volume 2Qul using random primer and a first-
strand cDNA synthesis kit (Roche, Gipt-Oberfrick, Switzer-
land). PCR amplification was conducted in a total volume
of 50l of 1x PCR buffer containing 1.@l of the first-
strand cDNA, 0.2M of each dNTP. Two micromolar of
each primer and 245l of Tag DNA polymerase (Takara
Shuzo). The following oligonucleotides were used: MAPK
sense primer 'saaaatttcgaggttgagagt-=aVMAPK antisense
primer B-tattaaaggctctatttc-aNF-«x B sense primer’sggcct-
gcaaaggttatcgtt:3NF-«B antisense primer’8gtctgtgagtt-
gceggtctt-3, COX-2 sense primer’gatacgtgttgacgtccaga-
3; COX-2 antisense primer 'Htctgtctagagtttcaccg=3
iINOS sense primer 'Hcctcatgccttgattcat-3 INOS anti-
sense primer ‘s(gagggtgaattccagd:33-actin sense primer
5'-ccaaggccaaccgecgé:3 B-actin - antisense primer '5
agggtacatggtgccgcec-3Cycle parameters were: annealing
45s at 56, 57, 54, 55 and 5€ for MAPK, NF-«B, COX-2,
iINOS and-actin, respectively, elongation 1 min at &2,
and denaturation 1 min at 9€. Resulting PCR products
were separated in 1% agarose gel and visualized by ethidium
bromide staining. Sequence of the MAPK, NB; COX-2,
iINOS andB-actin (for standardization) were amplified out of
each cDNA batch with 30, 35, 35, 32, and 35 amplification
cycle, respectively.

2. Materials and methods
2.1. Cell culture

Mouse macrophage cell line RAW264.7 cells were
purchased from the American Type Culture Collection
(Rockville, MD). Cells were cultured in DMEM medium
with 5% fetal bovine serum, 100 U/ml penicilin G and
100p.g/ml streptomycin in a humidified atmosphere of 5%
CO; at 37°C.

2.2. Bee venom preparation

BV was obtained by provoking the bee sacAgfis mel-
lifera using a microchip-installed electromagnetic extractor.
Dried BV 0.1 g was diluted in 99.9 ml of distilled water to
make BV solution of 1 mg/ml. After sterilizing the BV so- 2.5. Statistical analysis
lution in an autoclave for 20 min at 12C, it was diluted to
1, 5, 10 and 2@.g/ml to be used in the experiments. Major MRNA expression analysis using RT-PCR was conducted
components of BV in this preparation are maintained after atleast three times to ensure that the same result was derived,

sterilizing (Lee et al., 200D and this study used the representative diagram. Other exper-
iments were also repeated at least three times and the results
2.3. NO generation analysis are indicated in meatt S.D. Statistical analysis comparing

each test group was done through Student&st verifica-

To examine the effects of BV on the NO formation, we tion. Significance in difference was recognized only when
measured the levels of nitrite, an index of NO formation, thep-value was below 0.05.
produced by LPS. Thereafter, a NO donor SNP was used to
confirm the results. The RAW264.7 cells were divided into
103 cells/well on a 96-well plate and incubated overnight.
Then they were stimulated with LPS 100 ng/well or SNP 3.1, NO generation analysis
500 M for 2h, and treated with 0, 1, 5, 10, andi2§ml
concentration levels of BV for 5h. One hundred microlitres In order to observe the effects of BV on the gener-
of the culture supernatants were transferred into new 96-well ation of NO, the RAW264.7 cells were stimulated with

3. Results
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Fig. 1. The effects of BV on the generation of NO by LPS (a) or SNP (b)
in RAW264.7 cells. Results are me#rs.D. of triplicate determination in a
typical experiment. Cells were sampled from three independent experiments.
“p<0.05;" p<0.01 and™ p<0.001 by Student’stest. NOR, normal, un-
stimulated RAW264.7 cells; CON: control, LPS only or SNP only.

LPS or SNP and then treated with BV. Thereafter, the
levels of nitrite, an index of NO formation, were mea-
sured. The effects of BV on the NO generation by LPS are
shown inFig. la. BV dose-dependently reduced the con-
centration of nitrite < 0.05). In the normal group, which
was not treated with LPS and BV, the nitrite level was
5.440.5pM, while that of the control group, which was
treated with LPS only, was #2.5uM. The nitrite lev-

els of the 1, 5, 10, and 30g/ml BV-treated groups, which
were treated with LPS and BV, were 65:4.0, 18.3+ 2.5,
3.8+£0.4 and 5.6t 2.6 .M, respectively Fig. 1a). The ef-
fects of BV on the NO generation by SNP are shown in
Fig. 1b. BV dose-dependently reduced the concentration
of nitrite (p<0.05). The nitrite level of the normal group
was about 4M, whereas that of the control group was
89+ 4 uM. The nitrite levels of 1, 5, 10, 2@g/ml BV-treated
groups were 6% 4.5, 22+ 3.5, 15+2.5, 6+ 1.5pM, re-
spectively Fig. 1b). These data suggested that BV has an anti-
inflammatory activity to inhibit the production of pathogen-
induced NO.

159
3.2. RT-PCR analysis

RT-PCR analysis was performed in order to examine the
effects of BV on the transcriptional expression of COX-2,
iINOS, NF«B and MAPK, which are index proteins in the
inflammatory reactions of RAW264.7 cells. All doses of BV
(1, 5, 10ug/ml) reduced the expression of COX-2 mRNA.
The expression of INOS, NkB, and MAPK mRNA was
not reduced by a jLg/ml dose of BV, but was reduced by
5 and 1Qug/ml. The B-actin employed in this experiment
was an internal controlFig. 2). This result indicated that
BV possesses an inhibitory effect on the expression of INOS,
COX-2, NF«B and MAPK in RAW264.7 macrophages.

4. Discussion and conclusions

Serious inflammation can cause septic shock, rheumatoid
arthritis or other diseases in which the excessive production of
NO and PG plays a pivotal rolel{ggs et al., 1981 Therefore,
it has been recognized that suppressing the excessive produc-
tion of NO and PG is a significant goal in the treatment of
inflammatory diseases. iINOS is induced rapidly and acutely
by stimulus such as LPS or cytokingsgng et al., 1999and
catalyzes the oxidative deaminationieérginine to produce
NO. COX-2 is barely detectable under normal physiologi-
cal condition, but can be induced rapidly and transiently by
pro-inflammatory mediators and mitogenic stimuli. COX-2
converts arachidonic acid via oxygenation to PG endoper-
oxide intermediatesSurh et al., 200 It has been known
that immune stimuli such as LPS activate cellular gene ex-
pressions through MAPK pathway and NB; a series of
activations. NF«B is a key transcription factor to regulate
the expression of COX-2 and iINOB'Acquisto et al. (1997)
showed that NR¢B is involved in COX-2 protein expression
in LPS-stimulated J774 macrophages, and suggested that the
inhibitors of NF«B activation may be a useful tool for the
pharmacological control of inflammation. The activation of

BV+LPS
CON 1 5 10 ug/mi
COX- I
iNOS
NF-xB
MAPK
B-actin

Fig. 2. RT-PCR analysis. PCR primers were located in exon 1 for COX-2,
exon 2 for iNOS, exon 3 for NikB, exon 4 for MAPK and exon 5 fo-
actin, resulting in the amplification of PCR products corresponding to 340,
289,300, 320, and 450 bp respectively. CON: control, LPS only.
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NF-kB has been reported to be the most essential process t@illingham, M.E., Morley, J., Hanson, J.M., Shipolini, R.A., Vernon, C.A.,
express iNOS by LPS. The MAPK pathway is known to be 1973. Letter: an anti-inflammatory peptide from bee venom. Nature

involved in COX-2 expression and regulate NB-activation 245, 163-164. . .
D'Acquisto, F., luvone, T., Rombola, L., Sautebin, L., Dirosa, M.,
(Surh et al., 20011

L. Carnuccio, R., 1997. Involvement of N&B in the regulation
The present study showed that the level of nitrite produced  of cyclooxygenase-2 protein expression in LPS-stimulated J774

by LPS or SNP in RAW264.7 macrophages was reduced by  macrophages. FEBS Letter 418, 175-178.

BV treatment in a dose-dependent manner. It indicates thatGhosh, S., May, M.J., Kopp, E.B., 1998. & and Rel proteins evolu-

BV directly or indirectly suppresses the formation of NO. It tionarily conserved mediaters of immune responses. Annual Review

was also demonstrated that BV decreased the levels of INOS of Immunology 16, 225-260.

COX-2 NF«B and MAPK MRNA. These results suggest Habermann, E., 1971. Chemistry, pharmacology and toxicology of bee,

4, K . wasp and hornet venoms. In: Bucherl, W., Buckley, E.E. (Eds.), Ven-

that the anti-inflammatory effects of BV are due to the inhi- omous Animals and Their Toxins: Venomous Invertebrates, vol. Ill.

bition of INOS and COX-2 expression, possibly through the  Academic Press, New York, pp. 61-93. _

suppression of NB and MAPK activation. Under normal ~ Hartman, D.A,, Tomchek, LA, Lugay, J.R., Lewin, A.C., Chau, T.T.,
diti NExB f ith the inhibit f NRB (i Carlson, R.P., 1991. Comparison of anti-inflammatory and antiallergic

condrtions, . K !’S_es wi € inhibitors o (I'e' drugs in the melittin- and D49 PLA2-induced mouse paw edema

IxB) and resides within the cytoplasm, but should there be @ models. Agents and Actions 34, 81-84.

stimulus such as LPSkB degrades due to the activation of Higgs, G.A., Moncada, S., Vane, J.R., 1984. Eicosanoids in inflammation.

various kinases and the NiB released thence moves into the Annals of Clinical Research 16, 287-299. '

nucleus to induce various enzyméaguerle, 1998; Ghosh Kobgroya, K.L., Mlchal!qva, S.G, Shkenderoy, S.V,, 1985. Further inves-

et al., 1998. Therefore, it is possible that anti-inflammator tigation on the anti-inflammatory properties of adolapin-bee venom

" : ' P 8 y polypeptide. Acta Physiologica et Pharmacologica Bulgarica 11,

effects of BV observed in the present study may be associated 5g_ s,

with suppression of the dissociation &l from NF«B. Kwon, Y.B., Lee, J.D., Lee, H.J., Han, H.J., Mar, W.C., Kang, S.K., Beitz,
BV is composed of various peptides, enzymes and non-  A.J., Lee, J.H., 2001. Bee venom injection into an acupuncture point

peptide components. Peptides are mainly composed of reduces arthritis associated edema and nociceptive responses. Pain 90,
X 271-280.

gpamln, melittin, _maSt cell degranubtlon peptlde (MCD pep- Lariviere, W.R., Melzack, R., 1996. The bee venom test: a new tonic-pain
tide) and adolapin. Enzymes consist of phospholipase A2,  test. pPain 66, 271-277.
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jor antl_-!nﬂammatory molecule has not yet been eIgmdated. macrophages. Carcinogenesis 20, 1945-1952.
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