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The effects of Honey Bee Venom for Aqua-acupuncture on
Expression of Genes Related with Inflimmation and Pain

Hye-Yoon, Jeong - Hyung-Kyun, Koh

Department of Acupuncture & Moxibution,
College of Oriental Medicine, Kyun-Hee University

Objective : To study anti-inflammatory, analgesic effect and molecular biological mechanism of honey
bee venom for aqua-acupuncture, human mast cell line(HMC-1) and human glioma cell line(HS683)
were treated with bee venom.

Methods : Cell viability of bee venom was tested by 3- (4,5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT) asssay. To explore whether anti-inflammatory, analgesic effects of
bee venom are associated with the control of gene expression, quantitative RT-PCR analysis of
inflammation and pain related genes was performed.

Results : The MTT assay demonstrated that cell viability was not decreased by treatment with 10-9
ug/ml bee venom in comparison with 10-2, 10-3, 10-4, 10-5, 10-6, 10-7, 10-8, 10-9, 10-10 and 10-11
ug/ml. sSPLA2 and COX-1 were down-regulated by treatment with 10-9 ug/ml bee venom in HS683
Cell line in comparison with control. COX-2 was up-regulated by treatment with 10-9 ug/ml bee
venom in HS683 Cell line and HSP-2 was up-regulated by treatment with 10-9 ug/ml bee venom in
HMC-1 Cell line in comparison with control. sPLA2, COX-1 and COX-2 showed no significant
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regulation in HMC-1 Cell line and cPLA2 also showed no significant regulation in both HMC-1 and
HS683 Cell line between control and bee venom treated group.
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BEEHREOIH KRERY dd g B
B 3o ol BEFS FE, e ¥+ Ay
o fEs B 9@ }frel FHEoEM 2 5
o} ¥gol AsskA &\ (FHE FAl o3l
A G S s BYdHE ANANA KB
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1990F K Lk BAMolX BELEHEA M HE
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T7F wol 8H2gn sz Yok

ole Azl= BF FPdo] FFolY dF #A
Az mAle dE3E AEE7] dsoq AEF
APE Foto] #lgtua %t wepy B A
A 2788 MEFE, & human mast cell line
(HMC-1, v]2F Al¥3) 3} human glioma cell line
(HS683, uF HEF)E HAAse] B5 dAs
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WATete] MMNEMEES] BMEE BEI T, o8 7}
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1) AEF

A ¥ A}4-% human mast cell line(HMC-1)
& At Bigk A EFZ mast cell leukemia A2
2E f@Egoq, c—kit FEAE LH3y gE
of ¥ FceRI) 298 HEF2 E5% A
A8 F8% MEFo)}. T§ human glioma
cell line(HS683)2 A17#A A& & A7 9l
e 88 AEFOIY AMEgUstn MEF 2o
A 7elsk

2) Aok

#l AL Dulbecco's modified Eagle's medium
(DMEM), Iscove's modified Dulbecco's medium
(IMDM), fetal bovine serum(FBS) %&
GibcoBRL (USA)ellX  4l8tdem, 3-(4,5-
dimethylthiazol—2-yl) —2,5—diphenyltetrazolium
bromide MTT)2 Roche(Germany) ®lA], reverse
transcriptase< Promega(USA), RNAzol B=
Tel-Test(USA) oM #stlz, drE AJlekg
Sigma A& AL}

2. HEYY

1) AEujok

AEo] AMES HMC-1& 10% FBS7H g€
IMDM &9, HS6832 10% FBS7} ¥dd
DMEM §%o wjoksty F AEF 25 5% CO,
95% +71, 37C 57} FAHE AXE Y71

sloFstel e, wioele 2ttt maslT

2) AYE ¥59 A3

Aol A3 B-E2 crude honey bee venom
02 Sigma(USA)°llA T8t {ERsIAeH A
8 FHo] uet 3 GEgEd FTHFE v
HE  gYsto] Abgeilth WA Fehaae
50~60% HES AASEE MiEE srEsA

# dAFoME 4 HMC-13 HS683004 BE
o HE EAo] Qe FEE gotrua Zhzbe 4
d2AM B5E AF FTJ 1077 107 107
107°,107% 1077, 107, 107°, 107, 107" ug/ml
b HEE 24A2F B¢ HA L txroM s B
=& HA3HA oottt

3) MTT-based cytotoxicity assay

5 74 AXF oigt FRo] wWE HESA
£ F4st] fsto], Mxufokea st HE
FE A wxlor  doRleE AR
mitochodrial dehydrogenase’} 713 MTTE A¥
& 8729 formazanlE WA= AL o] &3
MTT A&£ 3t} ELISA reader® 595nmol| A
2233 &3 (optical density, ©|8F OD)9 #&
AolglE AESY & sy X S49 By
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MTT assay W42 34 protocold @it}
WwA Z AXE 96 well plate (Corning, USA) )
well?d 2x10%] HES7} g8 B3atn g
100 ulg H7belglet Aoz ¥5& 2441705
FEHE HAHUTN B5E XA Y2 HEF
2 dxvez stk I F 72 welldl MTT
labeling reagent §%& 10 ul 7}8to] Wo] w2
52 oA ¢FrE YR & F 4A0 F¢ 4
&3kt Solubilization solutiong 100 ul H7}&
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5 24 ANzt vwjek ¥ ELISA reader(Bio—Tek,
USA)Z 595 nmellA &3&%ich Wz Axg
AEe AMEAd 98 100%2 AH&Ea

4) RNA 3

HMC-13 HS683 A|¥:E homogenizationA|7]
7] 948t} 2k 107 A% RNAzol B 0.5 miE 3
7}ttt Chloroform®& 1/10 volume® 7131
15% ¢ 2 EES b deol 58 HAs
th 12,000 x gollM 15% Bt fdA¥sT 4%
Ag FHste 2 ¥9 isopropanolg 7HE F 4T
oAl 1587 WA BkATh 12,000 x golA 158 §
o AAET & F total RNAZ 333819tk RNA
+59 42 260/280 FREE Qs 99
& 3¢ DNAEZ A 8t DNase-1& A
23t

5) RT-PCR(reversetranscription—-polymerase

chain reaction)

A EZHE otal RNAE £2l3t1, #2]§ RNA
o reverse transcriptase (QHAIEAL)E $of
cDNAE THE ¥, 8% 37 cDNAY d7&#
g FE87) % primerg o3t PCRE A%
gto] cDNAQ 4F& diFoz FHUY. 48%

& total RNA 1 ug®l oligo dT primer &+
random hexamer& 2 ul ¥o] 65TA 1087
B AIZ) Foll, AMV J8AFEA 1 ul, RNasin 1
ul, 10 mM dNTP 5 ul, 10 x buffer 4 ul, 50
mM MgCl; @ go]&5 5 37iste] & §3FE 40
ul® 3to} 42TelA 1A2F ¥-EA1A cDNAE 34
Al &k PCRE PCR A5 87] Al (Perkin Elmer
9600) *1A template2 3% ¢cDNA 1 ul, Taq
polymerase 2 unit, 2.5 mM dNTP 1 ul, sense
primer 10 pmole 1 ul, antisense primer 10
pmole 1 ul, 10 x buffer 3 ul @ "ol&+E I

4

7ketel 3 30 ul2 e, 94ToM 583 138, 9
4TolA 30%, 54C—~ 63ToA 30%, 72TCoA
3024 wHEAlZla, 72Tl 587 13 Al
F 1-2% &4 AQAM A7) YFAt =¥ Fo
st 74 85TolA RNARE whgshe HeE o] &3t
mRNA Selective PCR kit (TaKaRa, Japan) & A}
£3589 1, PCRY #3 2x 21& AAs7] Hst
o gradient PCR system(Eppendorf, Germany)
£ o]#&% ) Internal standard(house keeping
gene) ¢ glycelaldehyde 3-phosphate de-
hydrogenase (GAPDH) %2} cDNAY Y4¥E 2
& e FEIGY 9F % §F o™ fux
+ 40-453] FE8% 08 GAPDH #3zs 248
FEsto] FHz FHAYTE HAAT T3 ge—
nomic DNAY & spliced mRNAV} $E5HE= &
A& 1A A%t FHol® 1709 introno] ¥§
AL &t

6) ¥% % ¥5 ¥ KM primer 1%

2 A¥eMe 95 % §F H¥ BEEAN
secretory phospholipase A2 (sPLA2), cytosolic
phospholipase A2 (cPLA2), cyclooxygenase—1
(COX~-1), cyclooxygenase—2 (COX~2), human
substance P—1 (HSP-1), human substance
P-2 (HSP-2) % 6%& wasleH Z7e
primer& Genbank®] &% @7IMEE #H1dhed
A2 At

7 ANE ¥4
TE AJ¥ge FAdg+ EF 92 2 (mean tstandard

error) 2 38li, FAEAH BAL SAS(Statistic
Analysis  System) programs o} £3}% 1,

Student's t—testE A3t} 2+ F719 FAEH

F94% BPsHaG
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1. MTT A E =S4 RS
1) Human mast cell line(HMC-1)¢jA4
59 AE 844 vz 53
HMC-1 MEFo] 24413 5t 358 ¥
A& A% 107 ug/mlolHE 88.7+3.5%, 107°
ug/miIME 84.5%4.7%, 107" ug/mielA = 87.8

+3.9%, 107° ug/mlME 81.6t4.1%, 107
ug/mlolA = 89.4£3.8%, 1077 ug/mlolA: 87.4
£52%, 107 ug/mleldE 91.8+4.9%, 1077

ug/miolAE 98.4+5.3%, 107" ug/midlM = 97.6
14.4%, 107" ug/mlXE 95.4+52%9 AX
=S Yehin

Cell Viabitity (¢
oRBBRER

OO‘\ /(L /Q’ /b‘ /cJ /b ;\ /% /Q /\0 ,\\

Concentration of Bee Venom (10% ug/m)

Figure 1. The Effect of Various Concentrations of
Crude Honey Bee Venom on Cell Viability of Human
Mast Cell Line(HMC—1) for 24 hours.

2) Human glioma cell line(HS683)¢)
A EEo AT ZAd vxle &
HS683 MEFo] 24217 Ht ¥EL FEdE
AAg A3 107 ug/mlelAE 89.7+2.4%, 107°
ug/miolA = 81.5%5.6%, 107" ug/midlAE 86.8
£4.2%, 107 ug/mlielME 86.7£2.8%, 107°
ug/mlo)ME 86.2+2.1%, 1077 ug/mlelAE 86.8

£5.9%, 107 ug/mioldE 90.7+3.8%, 107°
ug/mllME 99.514.1%, 1070 ug/miolAE=
100.5%£3.6%, 107" ug/mlolM: 89.4+4.9%9)

AXY BHEE el

°
’

Cell Viability (¢

) /{5 /b‘ /(3 /Q) /’\ /(b /g ,‘\0 ,’\\

Concentration of Bee Venom: (10% ug/ml)

Figure 2. The Effect of Various Concentrations of
Crude Honey Bee Venom on Cell Viability of Human
Glioma Cell Line(HS683) for 24 hows.

2. 9% % 5 ¥4 &MT mRNAS Wy
259 4% 3 £% ¥ A@ 1 g ane
2  IFMES F5& HAS F HA
B vAlE g8 By 859 5%
MTT d8da3d x5 st de 5
FEEE 1077 ugmlog s,

1) sPLA2, cPLA2 mRNA¢| 23

sPLA2¢] 7% human mast cell line(HMC—
Delde 27 E5HATE 25 484 23
Aot Fed eolE ¢tk Human glioma cell
line (HS683) el M= tiz el e BaiA 289
oy FEHATAME A Hd=EA 4L xR
A A = Ak (Figure 3).

HMC-1 HS683
oz 10? =z 10°
O it

"

Figure 3. Expression of sPLA2 mRNA in HMC—1
and HS683 cells,
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cPLA29] 73 HMC-19} HS683 2% diz¥
# FRAATAM A LHHA et

2) COX-1, COX-2 mRNA¢ #¥

COX-19 ZA$ HMC-19ME= thz 23 B=H
AL 2% wdgoy BEg ol At
HS683%4 & dizTolA FEEHP oY F5HAT
AME wado] At Figure 4).

HMC-1 HS683
txEZ 107 thxEZ 10°

Figure 4. Expression of COX—~1 mRNA in HMC-1
and HS683 cells.

COX-29 7% HMC-19ME iz BE4
AT 25 4EHA gttt HS683AME tixd
dMe FEHA Fhou FEHATAME @#d
€2 HFigure 5).

HMC-1 HS683
HEZ 107 xEz 10°

Figure 5. Expression of COX-2 mRNA in HMC-1
and HS683 cells.

3) HSP-1, HSP-2 mRNA¢] %d

HSP-19] 7% HMC-13 HS683 2% 23
o BEAHR A 7} isoformEo] v]ekstA HHE
Aoy 7} isoformES] HdE ulwsly] oz

HSP-29] 7$¢ HMC-19Me dizFeMe <
A BN oY BFEHATANE ddo| F}
5otk HS6834M = dixddy ¥EANAT EF
B g ot fost Aoz} Qdch(Figure 6).
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HMC-1 HS683
=2 10° oz 10°

Figure 6. Expression of HSP—-2 mRNA in HMC—1
and HS683 cells.

VI. & %

#dold 249 £/ Solfle # 409 714
o HREAHCE BHE WER KF 23X %%
Fshe fEMo] oy ERolM« SRE, W, 18
%, SEAC W i B RO MaEel v Ao ¢
#2A ot B&2 M5 FA peptide compo—
nents, non peptide components, enzymesS
WA=l Slth Peptide componentsi Freeze—
dried venom? # 50%% ST oH, k&
42 apamin, MCD peptide, melittin 5]
Atk

ole] ##+ human mast cell line(HMC—1, ¥
gt M) 3 human glioma cell line(HS683, i
F AEF)E MY BE BREES ENT &
MTT REESHE & 23 107 ug/ml $E550
A NEZEAES] Aot BEEA e HeE Y
Ebstth S8 §5 okilo] AFgel glofA od
FEE "Xe A 1 J1AE SFEMBENeE
e 45 9 FF godsdn 4R o
2 Bl B FS] mRNA S8 S BEs] 9
8] RT-PCRE FIH3t #7sksict,

F5o] doivke 4L AHY EA(infectious
agents), &8 (ischemia), -84 wg o =
T OE AAHQA A FF 2L £E2 AT
o3t} FEEHE ddY W3 Fibsin, dFul

o= Edk(erythema), ¥ % (edema), U¢%
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(tenderness), % 9 454l Uepe 7
Zte] o 71 A8 disE gEs A gz
dojubAl "ot A, Z2HY HHEA (vasodi—
latation) %} EZAEE 3G F7 5AA F4,
U4 Al (acute transient phase), 4, HYTF
(leukocytes) 8} MM XA A ¥ (phagocytic cells)
9 H&ol EAA AdA, o34 ©l(delayed,
subacute phase), A, ZAWA (tissue degen-
eration) # A1 3Hfibrosis) 7} doiukes w4, F4
43 ©HAl(chronic proliferative phase) 2 Yot}
1 9 B 9E 7)dEe] EF5uee Fgel Fut
9" 9% 2A % rednessS} heat: ¥Ho)
Z7F ol 1, swelling < vascular permeability
9 57} W&o, pain &
fibers® activation® sensitization W&o]c}.

F& S Bdstan AHQ ddeld. 509

FAol 1 FHAYU NYLR siFeln "P—‘i
¢l 27+ Al == Jukyl ZALEAE dEF
st 2=, AAF &4 BA A HislEE ‘i'}v

S primary afferent nerve

r

Yog TRAG o7k A, 4ed 200 §
Fo 93¢ A1 FF3%0l A FaHol
EE 94N $52 B 235 £ ¢
= i

537] i §F& vtz Fosr|# g
Yoot Algo] paine] ®HElE AEE wj$ gE
ot ol brain AAY pain control system
(analgesia system)©] pain signal input® sup-

pressdh= 58ol4 9 Rolr} !
% 9 T35 Fodga LA prosta-

glandino] A4 714E& AXY calcium® 57}
A]71% phospholipase A2E BA3AA Azt
1A (phospholipid) 2%F  arachidonic acid&
ABAkst o]eid MEY arachidonic acid® cy-—
clooxygenase (COX) ol 2J8te] prostaglanding A
A3t} Phospholipase A2% Q7oA d&A 2
HE FEAIIE B4R gEA Qo oY &3
?l AsAl= AEAZ g 5 Qi

Phospholipase ~ A2¥ membraned] &z}t
phospholipid®] sn—2 acyl ester &S 7} 4
8t} free fatty acid®} lysophospholipidE A§43 &}
T BELEA A dlA chekst ezl Bejs)
3. At} Phospholipase A28 ®&] AHEQl lyso—
phospholipid< platelet—activating factor (PAF)
8 AFEAolH, free fatty acidFolA arach—
idonic acide AEuUelA COX$} lipoxygenase
2+8-g W} prostaglandin, thromboxane, leuko—
trience 22 M o]2j3t eicosanoidES vl
a8 34, A% FEYY 9 2934 58 ¥
g ohoker Ae]7latel| geddit

Phospholipase A2% AAUelA A vy
(secretory form)® MEAH (cytosolic form) L.
E WroiAs, =3 calciumel 98 F2840] o
&S W= Ao wet calcium dependent phos—
pholipase A2$} calcium independent phospholi—
pase A2% rolAth cPLA2(cytosolic phos—
pholipase A2)+ 85-110 kD9 EAgg 7129
A3t oJste] gAstH T ATAY 2E 59
el web A xeo2RE] Babglo] arachidonic
acidg frE#d. cPLA2E sn—2 9] arach—
idonic acid& EFT 7144 108 AL o 2
1842 7H27] fEe prostaglandin BHE X
Fahe g EFAA g AT AL HHo] FQ
¢ A8e ¥ 208 AZstm Stk sPLA2(se-
cretory phospholipase A2)¥ 14-17 kD9 22

TAFE T ewN g48E Y8t mM &
T ZE FEE Q39 sn-2 A Hews

FEg cPLA29ME 28] sn-2 0|99 Yx)q A%
¥ arachidonic acidE f2A)7]& specific activ—
ity7b Bo} =8 isoformo]t}.

Prostaglandin® %3 ®Fo oo, A34#A
el MERS, A% 8529 715 4%, 2dx
A By fx) Foll e Fo8 Jee #p X
PGE2(prostaglandin E2) & COX Ao & ¢
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AEEAN 9% A, AHEGAE, a8 F9Y A
gol ol Fo8 A4S d, E3] 4F W&
9 208 u/iEEE FEH Y vAHR =Y
294 (nonsteroidal anti—inflammatory drugs, ©|3}
NSAIDs)& COXE AA@ 22N 297 1F &35
oty B o)F 7 A7) de] g W A+
7t ZAgs]o] gt COXe el
$t 7+ (intermediate) 1 PGG2(prostaglandin
G2)$} PGH2(prostaglandin H2)2 W§A|7]H,
o] A4y #A COX-13 COX-29 F 714 ¥
B2 EAsk= Aoz odexd b Cox-1
(cyclooxygenase type 1, constitutive form)-<
229 74 Qioly JABAS EFET x2
AAgt}, 2 Z2A oA 8 (vascular flow) S
A, MEE3(cell division), B (mucus) Fg
At (bicarbonate) & A4 Foll #Adhs T4
prostaglandin®] & ZAE3r} o] COX-19
¥4 & NSAIDs7t Asgozn F5& At
Agan AZg FEE 9 FPiw 2§
(antiplatelet activity)o] VEpdt} wide] COX-2
T 4 AN FE BAHY dF G54 AX
(inflammatory cells) A& BAHT, §3] GFF
Aeld fFxdd. 2 EFFHAM nEEe
prostaglanding ¥%3%4 $59 dE8dEA FQ
g d&e gt COX-1& 55 A &
2] ¢org COX-19 A28 A giv A
g3l COX-2 A#HAE 1dstA SNt a3
A COX-2 A#MAE BFH TF52 #2AME +
e W] COX-19le %S 7134 7] W&
o Ag@AE FHF Aoz ANELY @

arachidonic acid&

¢

AHEEE A iR NSAIDsy COX-13%
COX-28 wHgHoz oAy Ex P44
Ql COX-19) okzbe] MEAE 2 e AHSo|

0h.'¥ NSAIDs® 743 &3] A4 E A 59 8
tpo] x| gk o] NSAIDs] A28 Qldty .‘;'_xl%o]

NwsA gt wpebd, NSAIDsY #9% &
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I g AF AR vz A€ JHAEME ©
2|§ NSAIDselA &3] vehve 38 782
e A™EAC COX type 2 A3 A| (selective
inhibitors of COX-2)7} o]u] 7dslo} Qadel] At
453 9t

Substance P(SP)& 117]¢] ofujicAito 2 o]
ol EAZ o 7|H(EHA, 718A, oja}, A,
g, AP AAA e BEEY, e
#ols} 29 &7, 259 X]%’Z‘_’—‘M]*‘IE’J ol
8- & ¥t ohlet ARAY EAEA A4S
th. SPE FFAAA NN 8 "3312”—‘:] 715 8
© AZAM 2AEE, T2AFA A C-fiberd

F59 22 E7M BF "aﬁ%‘_‘:} 3 SPE =

R ELCER EOLER EEREE RIS
T FHEFIN 2ase m WE S
4, ol W SP waTe 3472 A3

o 459 WHEAE %ﬁlﬁ}ﬂl 3] Yehte

Hejol #AHU SPe Reils84d impulsed]
7Hﬂl°1ﬂi TE A5 Fo% AANWEo| =R 7
I 4% FUE€ Adke AANRIN 1EER

A9 F49UFE fEste faAAsed g8
o7k 3799} Qe Aoz ¢eA Qct ¥

Agiery Aol et SPrt Hag) w3y ‘?J_
F e QA AN EAE o) &
HATh E3 olE AR AFL HFRIH
SPe} & Uo7y o SPE VHHE W
THE AXE FF AL ASed g8 FEHe
BAXold FEHE AT FojHoE Fp
AR E %"*ﬁ}%‘"l A ot 13z %

rcwum&o

rO

S A2 el BeeE T4 ARRRAIA 5
SEEE L% wga«i #ol SPeka 4e1
k. ok WEol=k SPel g Y

o B4 AA F A8E Ao A% EAE
vEhdT),
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b KB RN 850 945 € 55 94
of ddelM F2 ARE vehlE AL oj9) #A
¥ sPLA2, COX-19 mRNAE &g A=
A #A¥EHY, FE9 JBF AFaTe o
A% 2 A BA dg Aoz s
oRt 354 #¥E HSP-2, COX-29 ¥4
o] F71d AL BF A& FYL o e 2
7] 5% #dg Aoz ®olu ¢ #L A7}
Festtn Absddh 1 9 sPLA2, COX-1 A
= HMC-1 AEF9 734, cPLA2 #fHAE
HMC-1, HS683 AIX7¢ 7%, COX-2 fAzE
HMC-1 AXF8 7%, HSP-2 f4a= HS683
AEZY A FAME d2TTH FEHAT Alo]
of dadu FIHE ol WHET £ YUL,
HSP-1 fAAls BE AEFY Ao 2l
o] F3iatx] gskr}.

az=2Eg  old ¥EF #Hukel HMC-17
HS683 oA & D f&E B BET FHol
njAs BEY A7 2 YA E5 FHAE
7 2 TF A AegozH X5E ¥E
F e 7123 A8E AFY Aotk =FH B
AE A7t 8= ¢ 224 559 354 %
72 Aol 71 dFe 7|27t 9 Rog Alg®nh

V. & #

HEEERC) 93 9 B3 2R 494 28
Sl3e 3E LohwuA HS683T HMC-12 #
BoZ @AY i MTT REK®S $3lol MiE
HEE MENND, 9% 3 35 MR AT
mRMA®] &8 RT-PCRE fifisled Thes 2
& e 29t

1. MTT %3438 23, XTI} 7HE 52

10%g/mle) 2= 58 AAs9).

2. sPLA2, COX-1 f3AR= HS683A L oA
2ol v]3] BEX AT Lol 74 i

3. COX~2 #3AE= HS683 A|EFolA], HSP
-2 FAARE HMC-1 AZ oA thzFel uls)
BEAATAA Edo] Fs
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