a8 A A2d 322005 6Y)
The Journal of Korean Acupuncture & Moxibustion Society

S BREES diAeZ ¥ Cobrotoxin® RiE B#
Bl e

A% - $34

AR gl Prena

— Abstract }

The Study of anti-inflammatory mechanism with
Cobra Venom on Astrocytes of Rats

Yoo Jae-ryong and Song Ho-sueb

Department of Acupuncture & Moxibustion, College of Oriental Medicine,
' Kyung-Won University

Objectives . The purpose of this study was to investigate the anti—inﬂammatory effect of
Cobrotoxin on binding affinity of cobrotoxin with P30, IKKa and IKKB, activities of NF-kB, Cell
viability of astrocyte, expressions of protein molecules of NF-kB such as P50, P-1kB, 1kB and
inflammation related genes such as Cox-2, iNOS, cPLA2 in the SNP or LPS induced Inflammatory
pathway of Rats’ astrocytes. :

Methods : In this study, The expression of cytosolic phospholipase A2, Nitric oxcide,
Cyclooxygenase-2 and inducible nitrogen oxide synthase was determined by western blotting with
corresponding antibodies, and the generation of NF-xB was assayed by EMSA method in astrocytes
of rats. The Cell viability of astrocytes was determined by MTT assay, and Binding affinity of
Cobrotoxin with P50, IKKa and IKKB was assayed by Surface plasmon resonance analysis, and NF-x
B dependent luciferase activity was determined by luciferase analysjs, and Uptake' of cobrotoxin
in astrocytes was identified by Confocal laser scanmng microscope ‘

ResuZts DL Compared with control, LPS-induced NF-xB DNA binding acfivity was decreased
significantly by 0.1, 0.5ue/mé of Cobrotoxin in Astrocyte.
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05 and 1pg/mé of Cobrotoxin.
significantly by 0.5 and 1ug/mé of Cobrotoxin.

decreased significantly by 1ug/mé of Cobrotoxin.

05, 1ug/mé of Cobrotoxin.

5mVL

Conclusion
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4. Compared with control, LPS induced P30,

2. Compared with control, LPS-induced NF-KB dependent luciferase expression was decreased
significantly by 0.1, 05 and 1ug/mé of Cobrotoxin in Astrocyte.

3. Compared with control, SNP induced P50,
significantly by 0.1, 0.5 and lug/mé of Cobrotoxin and P-1kB expression was decreased significantly by

KB expressions in astrocyte were decreased

kB expressions in astrocyte were decreased
5. Compared with control, SNP induced Cox-2, iNOS, cPLAZ expressions in astrocyte were

6. Compared with control, LPS induced Cox-2, cPLAZ expressions in astrocyte were decreased
significantly by 0.1, 05, 1ug/mé of Cobrotoxin and iNOS expression was decreased significantly by

7. Compared with 05ug/m¢ of Cobrotoxin, SNP-induced NF-¥B DNA binding activity in astrocyte
was increased significantly by Cobrotoxin 0.5¢g/mé with DTT 1mM and Cobrotoxin 0.5¢g/mé with DTT

8. Compared with 0.5¢g/mé of Cobrotoxin, LPS-induced NF-kB DNA binding activity in astrocyte
was increased significantly by Cobrotoxin 0.5¢g/mé with DTT ImM , Cobrotoxin 05ug/mé with DTT
5mM, Cobrotoxin 0.5ug/mé with GSH 1mM and Cobrotoxin 0.5¢/mé with GSH 5mM.

9. Compared with 0.1ue/mé of cobrotoxin, SNP induced P50 expressions in astrocyte were increased
significantly by Cobrotoxin 05¢g/m¢ with DTT 1mM , Cobrotoxin 05¢g/mé with DTT 5mM,
Cobrotoxin 0.54¢/m¢ with GSH 1mM and Cobrotoxin 0.5ug/m¢ with GSH 5miVL

10. The uptake of the labeled cobrotoxin into the cells was shown under a confocal laser scanning
microscope. cobrotoxin was uptaken into the membrane and nucleus of astrocytes.

In summary, the present results demonstrate that cobrotoxin directly binds to
sulfhydryl group of po0 and IKKs resulting in the reduction of translocation of p50 and IkB release,
thereby inhibits activation of NF-kB, and suggest that pico to nanomolar range of cobrotoxin could
inhibit the expression of genes in the NF-kB signal pathway.
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Cobrotoxin(Vipera lebetina turanica)<
Turkmenistan® 22 FgolAjoledl] F=2 A28}
= W9 Fog 3 OFe 72 Helelmew
1271¢] o]&s}Adts 717l 2357 opn|idt EZ
T4E 5838 factor V activatorZ FA =] ¢
1:]_11).

factor V activatore 89-g10l| 23 93
g 3}, nicotinic acetylcholine receptore}e] 2
Fgol i sded eWAY 3
2AZAN G vRAL, cysteine F7E 717

& BASE 12 2¥¥S vEhie B3¢
AET2 &4 dgle J&S F F g Ao
2 B3l

olo] B <dollME AgdMate] SNPY LPS
ol 9 AFe] 2% Fnanott pico mole
Are] oA tdst FEE Cobrotoxing
Ag)ste] P50, Inhbitor of kB ¢ kinase
complex(IKK)¢] SH7]ol|l Z3sle] NF-kBe &
A& Adsh=A] iNos, Cox-2, cPLA29} 28 o
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1. M=z

1) A¢k

lipopolysaccharide 1pg/mi, sodium
nitroprusside 200um, 718} #fEREET western
blotting gL A78oll AFs REEL AHE3)
At

2) Als

i kK ZXEE{Russia Academy,
Tashkent in Uzbekistanl& Z&EK] 243}
AHE-BFAT.

3) 717

Liquid scintillation counter(model LS 3801,
USA), immage analyser (Mitsubushi electric
Co., Japan), FACS calibur flow
cytometer(Becton Dickinson, NJ), Delta Scan
System(Photon technology international;
Prinston, NJ, USA), ELISA(Sunrise, Austria),
Luminometer(LB  69P  WinGlow, Germany),
Spectrometry(Spectra MAX plus, CA USA),
Gel dryer(Model 583 Gel dryer, CA USA),
Centrifuge(HA-1000-3, KOREA), Co2
incubator(MCO-17AIC, JAPAN), BIACORE
2000and CMb  sensor chip BIACORE AB
(Uppsala, Sweden)ot}.

2. 2
1) AlE ZA

Cobrotoxing 32 /2 34sld 01, 05
D1.0pgml FEZ YFo] ARSIk

2) Alx3 wiek 2 AlxW 32 F4

AstrocytesE  2x106cells®  penicillin  (100U/
ml), streptomycin (100mg/m¢) % 10% heat
inactivated FBS7} X3+¥l DMEM =]l uf<k
Ak A7 90% ol wlR|o] ZFE AE
plasmidE lipofectamined ©]-§3to] AE W2
=9 AZIYt. Transfection® $38led DNA-
lipofectamine s 48]33t}

3) &+ ¥F%

(1) A/¢*(Normal group)

AT astrocytesoll oFF X% 1A &
kTt

(2) tZF(Control group)

&2 astrocytesol 2z LPS 1.0ug/md,
SNP 200uME A8kt

(3) ¥ (Treatment group)

AT astrocytesol]l LPS 1.0ug/ml, SNP
00uM= - T SR 05, 1.0 2 5.0ug/mé
& 47 Atk
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Western blottingS ©]83to] . HEE
Aslal, @AE filme] 8-S ASF R
TIE ol gsted MY WEE 77t A vlast
c}.

1) NsEH 2 HH5A

dsh= -] Aot #uYH scriper® A3
g Fom R HEE @7UW iR 84
1,000rpmell A A4 EE] st dEde Wi
2me2] cold PBSE + ¥ A3tk HEFE
Eo] thilzlokO Bio-rad protein assay kitZ A}
g3to] 4313k

(2) Electrophoresis % transfer

Aeko]l ¥ Aol Lysis Bufferst 60mM
Tris pH 6.8, 25% Glycerol, 2% SDS, 14.4mM
2-mercaptoethanol, 0.1% Bromophenol Blue=
ZA% 5x sample buffer

RTHFI

N

A

210] protein %

2A 8 & 100C heat blockolA 5% B¢t
boiling 3+ ¥, #7t FoF AR slo] A EE
ket

(3) Western Blotting ¥ ECL Detection

TBS-T gdoz 348 3% skim milkell 1
2 e ALEEZ o 200~1,0008 )4 5}e]
ghE glol| blocking ¥l membraneg H@7HFo]
Aol A 2/ BE wEAIZ & TBS-T &4
o 10%vftt A= TBS-T %91,]35—. ol
Al 1A F)E AlHEIAT Peroxydase?l
zhElo] glom 12k A9 vkg-abr]el A e 2
2 S AAEEE 9F 1,000~2,00000 ,]Mo}
o] 12} 39} Ae3 membraned WHA1Z] X
A-eo)A 1A AE wHEAF) S TBS-T %Qll‘
oF 1083 3~5H AHsTE HHE g ol v
2] wrape 49 =1, membrane?] 712 A
g 5 9 Yol & BCL £ 1(black),
2(white)E 1112 2 410 membraneo] ¥, &
nE fde B3 18 Ax ¥eAZl & ECL
GANE FH3] AASL T Hol wraps 2
t}. Flm& cassette] &v1% 3 membraneo] i1
4 #E dA ARt filmoll AL o
developerell &3kcl o= AZ filmel band”}
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5) Cobrotoxine] NEF-kBell v X] & < &
(D) A58 2 AgEA
x5 o Hiud WHE ot

o] wjE astrocytes MEE A&l &
tl HjokE AXEE PBSE 23] A &
A 10000g® 581 A4ldestel PBSE A7 8t
At AEE 10mM HEPES (pH 7.9), 10 mM
KCl, 15mM MgCl2, 05mM dithiothreitol
(DTT), 02mM phenymethylsufonyl fluoride
PMSPHZ A" 959 AE 400[1/8 Yo
vortex3til 10%7F iceolA] BAS F 4TolA]
25,000g = 6423+ A4 Ee stk

(2) Oligonucleotide Probe |3

E=ZE9 NF-KB oligoneucletide® ZA3$H4
TE dolny] $13 EMSAE 43315th. DNA

Agrolo] g NF-kB  oligonucleotide
(promega, catalog E3291)+= NF-kB DNAZ 3
2ol ok consensus sequence®]
-GGGGACTTTCC-7}  Xg=ole  olF7te
oligonuclectide2A4  Promegaol Al  T48kdd
AP-1 ¥ NF-kB oligonucleotide probeE W&7]
s 15m 2% A4EEE FRo oF7t
o oligonucleotide  (Gng) 3¢t 10x
polypolynucleotide kinase buffer 2.54¢, 1000Ci
V-32PIATPE &3 F F/HHor S/E
Hol FHF Rt B0t HEE kil o] E3j)
Hel 149] T4 kinase (bunit)& HFHo= ¥
oAFAa EFHo] e FRE WHEo]
ONUEE J7TCAA 4587 WASAH Wk
Azl & 50mM Tris/HCl (pH 75)& ¥olA
w8 F37} HE2 oligonucleotide”’} EoI%E
&3S 843199t} Sephadex G-50°0] 913
Nick column (Pharmacia Biotech)S 7}X]31
NF-kB oligonucleotide probeE <5 A A|&h=H)
AAHL o237 2ATh columndtel] e &
A& WY & equilibration buffer] 10mM
Tris-HCl (pH 752 31 A&3k columns
A ol] Fz2sk & ohEF 3mle]  equilibration

S
2 5}3d
4

l%mlomzoi
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bufferE ARESl]  gel& T3} Sth
Equilibration buffer?} gel bedel] €43 Fr¥
% NF-kB oligonucleotide ¥H&-&H S50uE
column®l] HolF 1 FIMHog 40048 buffer
LHE Yo TS gel bed  Eo7HA 3t
Oligonucleotide probe &5 27 938l column
ol H-&ol tubeE AX|T &, F7IE 400ulE
WolFo] WAL EA 9 oligonucleotide &4
AAsEIcE AAE oligonucleotide & 140
A" ste] 2mi scintillation cocktail-&4 o]
o vialoll & scintillation
counter(Packard Instrument Co., USA)E A&
3¢ oligonucleotide probe] radicactivity S &
A8}t

(3) PAGE #7]9d%

Oligonuclectide probed] AE--2 3171 ¢
stod  5mel  &E [10mM  Tris(pH 7.5),
100mM NaCl, ImM DTT, 1ImM EDTA,
10%(v/v) glycerol, 0.1ug/m¢ poly dI-dC, 0.1pg/
ml bovine serum albumin]¥} 5ug2] & FEES
E33E & o] EgtAg 1583 4ColA mlg vt

ty wo L

¢

SAHT 1 ool [v-32P] ATPE A€
100,000cpme]  oligonucleotide probeE golF3L
FHTE TP HFHuE BuE ¢ T A
2o A 204 Ft WAste] EFALE WAA
t}. NF-xBe A% ¥HE& YolEr] g
EMSAE ds5l7] A3t felr] 4
oligonucleotide ~ ¥Fg-Moll  2ul  0.1%(w/V)

bromophenol blue dyeE Eoi1A @795 A}
2313tk 10mee] polyacrylamiderbis (3096:0.8%
w/v)et BAnee] FHS 2Elal 5 TBE
(500mM Tris pH 80, 450mM borate, SmM
EDTA) 25mE &3 9o A|d3dd Ax=
10%(w/v)  ammonium  persulfate  0.5mé¥}
TEMED 25uE  B7F Efsted 6%
non-denaturing gel S ZA S o}-2, 7MITo] HF
3 3 ZHEE AV9T fEiEe] 9L o
gelE FAIE) @715 buffers 0.25%x TBE
buffer® AME3lE, A719E gele 150VE 14|
ZHE<k prerunningdt ¥, bromophenol blue dye
7b e WhSdm E3kEle]  loading3dhkar
10VE A7]9%s 86k Competition (specific

and non specific) assay®} NF-xB 74 unit$!
p65 2 ph0¢] antibodiesE ©]-&3}ed super shift
E9E EE NF-kB DNA-protein bandE
Sk =g

A71gEo] B gele 3M filter paperell
polyacrylamide gel& &o¥3  slab  gel
dryer(Hoffer Scientific Co. SE-1160)2 &)Cell
A AIZE AZAZ 3 -T0CAA AR 3
2 & 799 X-ray film (Kodak Bio-Max
film< A3l NF-kB 2359 E4=5 &
Ak

6) Luciferase Assay

1 volumes®] water& 1 volume of 5x lysis
buffed] Yol AMg A A2l equilibrate 1x lysis
bufferg RFEICE WGAEe WAE #Ix
PBSE AMa 1x lysis buffers ¥ ¥ (eg,
4001/60mm culture dish, 9001/100mm culture dish
or 201 per well of a 96-well plate) | & wo]Wl
o}, ¥&2:¢] microcentrifuge tubedll Al¥E YW1
12,000go1 A 15%37F 9AE2 3t & supernatant
EE cell lysate 2 70CAA BHsATE welld
201 9] cell lysateS %2 plate® injectors} 2]
luminometel] AX]38}3L  injector E3] well &
100 ¢ 9] luciferase assay reagent il 1037t &l

8 =g FA

7) Surface plasmon resonance analysis

BIACORE #AE 7 ¥ Control software®
ZHE A7l &, BIACORES] syringe ol 2o}
AE F 719 tubeE HBS buffer 7} 91 &
bottleo] @il Sensor chip case?] AFetol
Ae FaEe] wWeke B9 insert part o ¥
o] sensor chip (CM-dextran) < &3,
EDC (ethyl-N-{(dimethylaminopropyl) carbodii-

mide)?t NHS (N-hydroxysuccimide)S 1:1
EDC 501 ¢ NHS 50 I) & 4°{M sensor

chip o &5 3 BWE &43 At
sensor chip®] /437t =W Chip ol p50 &
coupling A|AFEH,L HBS bufferel] =AY
A7 Aol Fom, HFrEE 10-200
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g/m=E HFEE gy p30e] F9200 g/mle
AHE-8FR 2., injection 319 WRU #tol 2000
H= Z27PH binding ©] #€ zelzt & 3l
t}, 1M ethanolamine, pH 85& ©]-8-3}°] sensor
chip {WE A3} AjY|3l, cobrotoxin &
125-2000 nM (2000 nM, 1000 nM, 500 nM,
250125 nM) ¥ €17t HEE HBS buffer2 3)4]
3led sensor chip ¢oll &#Ft}. cobrotoxin
injection®| € ¥ A%E po0 9} cobrotoxing:
A¢H o2 Hashs AR olul: protein
o] Aol we} pHE 24ste] AMEElEH, 50
mM NaOH pHI2E AH&3I5ith AAdE dlo]E
T sensorgram®|EE HEZ FAIEY d9E
Resonanece Unit%-<2 Response Unit{tRU)E At
B3sk=], 1000RUS] ¥3te Ing/mm29] <]
WMelE onigltt The BIACORE 2000 system
& o]&3l%rh 18] 9] Kinetics analysis
BlAevaluation 30 software (BIACORE AB,
5-75450, Uppsala, Sweden)& ©]-&3}5ich

8) A=} cobrotoxing uptake A€

IM sodium bicarbonate 0.5 mL © 2 mg/mL
cobrotoxing ¥ ¥ 1M sodium bicarbonate
80 L & 37k pHE 49Eth Room
temperature®ll A reactive dye’} ] ¥ vial
o protein solution® ¥ &, vial¢loll £ 3}
¥ magnetic stir barZ o] &3l9 Room
temperature°l] ] 1AI1ZF FQF FE3I] =9It
Labeling ¥ protein < columnel E8z &
eluton bufferg E8j50] Eelsith. Raw 2647
(05x 106 cells/em2) & chamber slide
(Lab-Tak I chamber slider system, Nalge
Nunc Int, Naperville, IL, USA) °| 37C, 5%
CO2 oA 24 Azt wloF3t & Alexa Fluor 488
dye & E<l cobrotoxin® Z} chamberel 5, 10
mg/mEEHE M2 T 37C, 5% CO2 oA
24A1ZE EQt wiketh wixlE el 4%
paraformaldehyde 200 ml € 2t chamberol] %
of A2eA 1 Alzk B¢ 143 Azl F 360
oil & ©o]&3l9 Confocal laser scanning
microscope {(dual wavelength scan, MRC1024,
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Bio—Rad,
immunofluorescence images& ¢ stc},

USA)S-
ANOVA test ¥ OizTd A¥Fe Hlw
tukey testel 28] P<0.05% A$-2 H¢s

Hercules, CA, USA) =2

9) B4 A
RE AUFE JPFENNE BT, 5
Astd B4L sigma state program (SPSS,
olgsigith.  EASY  felx

worfr o

o8 HFIGL:
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1. NFxB2F DNA2| Agt

olxle g&

1) LPSE =
(1) Astrocyte W

120 |

80 ;-

Relative density

Normal Gon(LPS) LI  Apgémb L Spgiml)

fig.1. Inhibitory effect of cobrotoxin in NF-kB DNA binding activity
in astrocytes after treatment with LPS

Values are mean+SD of three experiment with duplicates

*: P<0.05, significant different from control group

2. Astrocyte®] NF-KB Dependent
Luciferase g+&io|| o|xj= d &k

Reativduciferasmctivity(RLU}

LPS
Cobretoxin jg/ml) 0 o 0.4 (X ] 1.0

fig. 2. Inhibitory eflect of cibrotoxin in NF-kB transcriptional activity
in astrocytes after treatment with LPS

Values are meanx S0 of three experiment with triplicates

*: p<0.05 | significant different from control group
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3. NFxB | cj c_}-—1 = I._I PSO, P |KB, A B c
HE&: | I * | - o4& 120 140 14
kB g+§i0f| o|X|l= ool: N Jy
I
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1) SNP ¥ LPS& #% .
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A B c 10
'”[ 40 1 ®Nor LPs 0.1 05 1 “Nor 1P 01 08 1 Nor LPS 0.1 05 1CTggmi)
| 5
1 | fig. 6. Inhibitory effect of cobrotoxin on the LPS-induced Cox~2 (A), INOS (8)
E“ €1°q and cPLAZ (C) expression in astrocytes
s 5 | Values are mean+SD of two experiments with triplicates
2 K] i *: P<0.05. significant different from control group
5 I
2 4 & ] %
0| | g |- ﬁ e .
& - ]+ L
20 ”T : . L #
oL N} l- ; m
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'mi_
fig. 3. Inhibitory effect of cobrotoxin on the SNP-induced p50 (A). p-1kB (B) "[
and kB (C) expression in astrocytes o
Values are mean+SD of two experiments with triplicates
= P<0.05. significant different from control group “©
20
A B c
¢ Nor SNP 01 05 05 05 05 0.5 CTiugmi)

140, 120,
. 5 1 5DTT(mM) 1 5 GSH(mM)

fig. 7. Reverse effect of DDT and GSH on the inhibitory effect of cobrotoxin
in NF-kB DNA binding activity in astrocytes after treatment with SNP
Values are mean+SD of two experiments with triplicates

#: P<0.05 Statistical Significance Compared with Normal

*: P<0.05 Statistical Significance Compared with Control

7: P<0.05 Statistical Significance Compared with 0.58/m¢ of cobrotoxin
treated group

.
Relative density

140 -

: i ¥ o N
Nor LPS 01 05 1 Nor LPS 0.1 05 1 Nor LPS 0.1 05 1 CTg/mi)

8
>

fig. 4. Inhibitory effect of cobrotoxin on the LPS-induced p50 (A). p-1kB (B)

100 ‘»
and IkB (C) expression in astrocytes £
Values are mean+SD of two experiments with triplicates i uL
*: P<0.05. significant different from control group g r

60
w0

”!‘

4, RAEEA EEFC! Cox-2, iNOS, B

CPLA2 HEF'é‘jO.” DliIE Oo:‘é'ok Nor LPS 01 05 05 05 0§ 05 Crogm

1 5DTT(mM) 1 5 GSH(mM)
fig. 8. Reverse effect of DTT and GSH on the inhibitory effect of cobrotoxin
) in NF-kB DNA binding activity in astrocytes after treatment with LPS
1 ) SNP ujl LP S i 1] -S:— Values are meanSD of two experiments with triplicates
#: significant different from normal group

*: significant different from control (LPS treated) group
A B c 7 significant different from cobrotoxin treated group

- . 6. GSH2t DTTZ  Sulf-hydryl?|
EAIEn gelAl NF-kB T4 chayalol
P50 wlof olxlE Hg

1) SNPE #x=

Nor SNP 0.1 05 1 Nor SNP O1 05 1

05 1cThgm) 07 5
?

fig. 5. Inhibitory effect of cobrotoxin on the SNP-induced Cox-2 (A). iNOS (B)
and cPLAZ (C) expression inastrocytes
Values are meantSD of two experiments with triplicates
=1 P<0.05. significant different from control group
5. GsH=} DIT= Sulf-hydrylZ|

sHAAl NF-xkB2F DNA2| Zgt

%2_1 O{l D | il —:- oo:l 3ok Nor LPS 01 05 0..6 “r:"lm G‘J '0;“"“.

fig. 9. Reverse effect of DTT and GSH on the inhibitory effect of cobrotoxin
in NF-k8 DNA binding activity in Raw264.7 cells after treatment with

LPS
1 ) Astrocyte"}] Values are mean+SD of two experiments with triplicates
#: significant different from normal group
*: significant different from control (LPS treated) group
(1) SNP 1:7:% LPSE ‘IOTE 7 significant different from cobrotoxin treated group
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7. Cobrotoxine| M= uf ¢ =kl

1) Astrocyte W

A

fig. 10. Uptake of cobrotoxin in Raw 264.7 cells
Figure representative from two experiments

Uptake of Cobrotoxin into cytosolic and nucleus of Raw 264.7 cells
demonstrated by confocal laser scanning microscope (x 360)
A: cells were treated with Cobrotoxin unlabelled.

B: cells were treated with Cobrotoxin labelled with Alexa Fluor 488 dye.
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TNF-q, IL-1, IL-6 55 EH]|5l=d] 0|52 = §
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o) 223

gurd o oejz HiEE dZo|) MEA
7] e Ao LPS, SNP =9
A=l )8l interleukin-1(I1.-1), tumor necrosis
factor(TNF), interleukin-6 (IL-6) &2 954

cytokine®] H|%o] neuclear factor kappa
B(NF-kB), inducible nitric oxide synthetase
(INOS), TNF-q, cyclooxygenase-2(COX-2)E°]

BFEF? o] F A dFurgdE TNF'G
Ea e 9= v/ 22 29 NF-xB9 2& z

f8k=  Nitric
oxide(NO) &S AAsh= INOS, Mo Ex)st
= phospholipid®] sn-2 acylester 2% 7F&
atod AlEZ el A COX<} lipooxygenase(LOX)

Z-8-5 whol PG, thromboxane, leukotrience
2 W3l AAES ¥3H3) free fatty acid9b
platelet-activating factor(PAF)2] il 47H<]
lysophospholipid& A/dsted HEIP, /i %o,
Bk B E (FH B2 XEske UYgd
A 7]4 E3], signal transduction” ol o]
3= WKl cPLAZY 9] wrdst Basm ok

NF-«B+ p6b, po0 2 pi3 €2 7A=Y 3

, A2 YelAe 7)o kBl A o
o] o Qo] A H ey, o]of| zp=Fo] FoiA]
W IKKa E= IKKB7F 2allas=2 28354 =
3l ubiquitination®©] {1A4Fst=H kB7F f-e2l
A NF-kB7A<R! pd0, p53 3 peoEel 3 <t
o2 B9t NF—KB7} ZdskE COX-2, iNOS,
cPLA2 9] fHAe] £o] o] FAAE WS
EE slo] d5S fdetA g Y,

s, TKKa, IKKB%} p50 subumtJJr e
NF-kB signal pathwavoﬂ FaEE EAE
cysteine 717} k= Aol ¥ M, 2E A
TP A NF-kBe] &44 2A5k7] 9184
A AsAY v & stA 7] Slo]

3
9
o

Rl

N

cysteine H71&



g BikAies e 2 T Cobrotoxin® #E Mo B A%

528 9gE ¥ Ao FAHs ATE Y}
ATk AE Y Ayt A3 Poos) Agksted A
gd o2 NF-kBe 84 A48 1 sglz,
the synthetic quinone derivative, (2E}-3-[5~(2,
3~dimethoxy-6-methyl-1, 4-benzoq-
uinoyl)]-2-nonyl-2-propenoic acid (E3330)¢] 2
A psost 2gstel DNASH 23S oAag®
2 sk om, Lol 2(Hg2+) ol ZE gt thiol HA|
A2A Po0% mercaptide ZAFTS A
NF-kBe] 4% Aaldti®x s, NF-kB
o &AL ARG Izl FAECIY  thiol
Z&o) KK Al 848 AAFe=Es
NF-kBe] #4<¢ Asjaa™™ ¥ sigen, A2
o= Beke B5Y 1 F8AARE F s
melittin®] % IKKa, IKKB 9 p50<] sulthydryl
groupell ZAste] MEF UlolA kBe F#E
uha, NF-kBe) &/8& Asfigozy d3uhgl
A oA FAAEY] GET I35 cytokine
o ARE JHFF 1 st
Cobrotoxin(Vipera  lebetina  turanica)<>
Turkmenistan®} -2 FYgolAlolel F2 A28t
v e 502 3 59 718 Helel=53
12702 ol&sAsts 71Xl 2367 ohu|xeil &
TAE 23 factor V activatorZ T3 =01 9L
Y. factor V activatores Hedgao] F83
8 3}, nicotinic acetyicholine receptorsk
Aggo) e a s @AY F
A7AN dee WAL, cysteine F71E 7L
NF-kB signal pathwayol] ##¥ Ex}1E53}9)
A%te ZA oA IKKa%}t 216 x 10-9 M, IKKDb
9} 324 x 10-8 M, Po0} 154-10M=Z ieht
=0 melittin®] po0ste] ZAFHel Az
46x10-6 M, 1.2x10-8 MZ 24x10-10 M<! pa0
o PooarA|elel AgEd vistd 1/500-1/50 F
ot} 3 to 54-8 M2 ph0 < DNAS ZAFH
oE g4 A0 de e o
cobrotoxin® NF-kB signal pathwayoll ###
BEAEHe] Ago] HEo|vt melittinErh 4
Zalthes Aol FEovt melittinB v ©f NF-kB
o] AASEE EE DNA ZA3Ee At
o AfH oz COX-2, INOS, cPLAZ, TNF-a,
and ILs(IL-1, IL-6 )& 22 NF-kB target

=i

& e o g

genes 9 THE AAlEn kB frel, po09
g Aeg B § AT & oz Als
Aok =3 A4S & F fAT cysteine
710 thiol groupe] 83+ 287} dvka 34

t v DTTY GSHSF 22 FdAE AME
3lo] cysteine A& FLUA I AL transfection
assay & cysteine 2719] opv]icAke T HE)
o] olu|wAtoZ wiE A9 Cobrotoxin®] 4
o] 7Z}A3te] NF-kB signal pathwayol| ##=
2AET Ao Ao JAoR AARHN:

ole] B @FolM AAAE SNPH LPS
S o8 d4Fo]l 2% Fnanott pico mole
Azol Eroi theksl :EEE  Cobrotoxing
Alste] P50, Inhbitor of kB ¢ kinase
complex(IKK)¢] SH7el A3l NF-kBe] &
A& Adsl=A] iNos, Cox-2, cPLA29} &
e 495 2 29 Faxe] $8eE gAs
o] NO, PGE2 59 % #AkgEdS Wiks
N F|EA cysteine?] SH7IE FAA7|IAY
transfection assay = cysteine Z7]¢] o}u]w=Ak
S e gel9 ofmx=Ako ® ulE 7§ NF-kB
signal pathwayolA NE-kBel w3} cobrotoxin
o] Zgo] iR sl |foldt AAg
AR7]o] Bispe npolrk

LPSE 94%& 2% F NF-kB9 DNAS
A 5E& #FF A3} Cobrotoxin 0.1ug/ml
A8, Astrocyte WollAM 2] Cobrotoxin 0.1, 0.5
pe/md AATlA BE thziol ulsle] Rl
AAg vedATE

LPSE 94%5E& #A43 & Astrocyte WellA
NF-kB Dependent Luciferase 23& A& 2
7} Cobrotoxin EE Aol thze] wlst
o fog AAE btk

SNPE d%& 2% & Cobrotoxin®] NF-
kB 74 ©del P30, P-kB, kB @] n|X|
= 9%e AdE 2 P50¢} kB Cobrotoxin
01, 05 ¥ lugmt BE Aol tiFare ¥
sle]  fojg dAE JEdy, P-kBe
Cobrotoxin 0.1ug/mé HelwellA] ool vlst
o] A, Cobrotoxin 05, lug/mé = z]olA]
74z} izl Hste] fosk JAE e
.

<
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ILPS®E 98 243 & Cobrotoxin®] NF-K

B 4 @Al P, P-kB, kB &&el] m|]
T g3s 43 23 P39 kBE Cobrotoxin
05, lug/me MTelA 27} izt vlste] &
g AAE eI

SNPZ %% fu3 & Cobrotoxin®] 454
A AT Cox-2, INOS, cPLA2 e vl
2GS 29 2 Cox-2, INOS, cPLA2
R Cobrotoxin 1ug/mt 2 2leollA thzel] ]
3t fFojgt AAE YERARICE

LPSZ 58 f2% & Cobrotoxin®| #IiE

TE EET) Cox-2, iNOS, cPLA2 2dd) 1
e GRS AnE 23 Cox—29 cPLA29| 73

$- Cobrotoxin 0.1, 05 2 lug/m¢ 5 AT
A, iNOS2] 7A-9- Cobrotoxin 05, lpg/mt 2]
ol A EHZ:TLOH Hjste] fofgk AAE HER
Ark.

Astrocytetol 4] SNPE d%& 43 &
GSH¢} DTT=Z Sulf-hydryl7| & $-d8ke] NF-«
B2} DNASl Ag T8s #FIS 2
Cobrotoxin 05pg/méx} DTT 1mM, Cobrotoxin
05ug/mext DTT 5mMe FAAETE 4z
Cobrotoxin 0.5ug/mé A2latol Blgt f2l3 &
7V HYeERATh

AstrocytetiollA] LPSE H%5S
GSHe} DTTE Sulf-hydryl”| 2 238le] NF-
kB2t DNAS ZF SHE Bt A
Cobrotoxin 05¢g/mé¥ DTT 1mM, Cobrotoxin
05ue/mé=t DTT  5mMe] EFAA T}
Cobrotoxin  0.5ug/mé3} GSH 1mM, Cobrotoxin
05ug/mi¥} GSH 5mMe] FAIXeElT FEFolA
Cobrotoxin 05ug/mé 2]l Hlste] Fojgt &
Ve VERRRIT

Astrocyte o4 SNPZ 95& #943 &
GSH¢} DTTZE Sulf-hydryl~] ﬁ&%f\l NF-kB
FA el py) W mx|E
3t A3} SNP, Cobrotoxin lpg/méet DIT 1 &
= 5mM FAIA BT} SNP, Cobrotoxin 1uxg/mé
9} GSH 1 ¥ 5mM SAHET EFolA
Cobrotoxin lug/mé *glutoll Hlsle] @& -9
g F7HE eI,

Cobrotoxin®] AFX W #% &<l

tjo

A E
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A3 Astrocyte HolA] Cobrotoxin®] X2
FoEE AeE Vet

wsq AxE Ko} Cobrotoxin Al A4+
AE E& S LPS ¥ SNPE =¥ NF-k
B T 93 71dT} iINOS, COX-2, cPLA29}
22 A5y fExe ¥ 9 NO, PGE2°]
HElAE, olg Hi=
Cobrotoxin®] &% &3 9 1 X &7[Hel o
sto] Qi o, T kA AFE HELe
2 QA A 2 A™EEA EAE
Ae&d F UAEE =28 B ol AEHHR
ATE 53k Cobrotoxin 2k 7} 2& ¥
21 &gl 7|Ech

V. R

Cobrotoxin®] g3 X5 7)ol digf d+
3l7] 98l AAbAEdl LPS 2 SNPE 43¢
=8 & NF-xBe} DNA9 23 53, NF«B
Dependent Luciferase &8, Astrocyte] A|¥&
43, NF-kxB 74 @<l P50, P-IkB, kB %
SAETE BT Cox-2, iINOS, cPLA29] 2y
3} GSHSF DTTZ Sulf-hydryl71& A NF-
kB¢ DNAS ¥ 58, NFxB 74 @9zl
Po0 el vXE 38k Cobrotoxing] AJ7dAl
¥ U §Y 5& B8t vy 22 48S
Ak

1. LPSE ¥d45& 523 & NF-«BS DNAS]
A% 782 B3 23 Cobrotoxin 0.1ug/
ml X, Astrocyte LH‘>I] ’12]  Cobrotoxin

0.1, 05pg/ml HABdolA BF )z 83}
o fog dAE JEhiSith

2. LPSE €35E& 3% & Astrocyte WellA]
NF-KB Dependent Luciferase W&S 4w
ZA3} Cobrotoxin 2E A g]arollA] gl

Hlgle] 7ok A& JEMIATH

3. SNPZ g%% fdet ¥ Cobrotoxin®] NF-k
B 74 wizlel P50, P-kB, kB &ef f]
Ae dge AuE Ad Pst kBE



s BikiIEE ddo= 3 Cobrotoxin® AhE vh#¢ #g Hige

Cobrotoxin 0.1, 05 2 lug/ml EE A&
Atz Hste] fofd JAE Jehi
A, P-IkB= Cobrotoxin 0.1ug/mé = &ldtolA]
2w vt A&, Cobrotoxin 0.5, 1ug/
e ATl A 42 gzt Hske] fojdh
AAE VeI
. LPSE d35S 23 & Cobrotoxin®] NF-K
B 74 @9l PO, P-1kB, kB &< n
Ae dEE A¥HE Ay P09 kBe
Cobrotoxin 05, 1ug/mé Aol 2+ iz
ol Bt folgk JAE VERTh
. SNPE d5& et § Cobrotoxin®] #4E
B 15@1’*?1 Cox-2, iINOS, cPLA2 8o
HXe d3e AHE Fd3 Cox-2, iNOS,
cPLA2 ®5 Cobrotoxin lug/ml 2Tl A
z=ol Bgte] Fojgk AAE e
. LPSZ d5& U3 ¥ Cobrotoxin®] #E
#HE BT Cox-2, iNOS, cPLA2 w9
X G AHE A3} Cox-29 cPLA2
9] 7% Cobrotoxin 0.1, 05 % 1pg/mé 5
HelTolA, INOS9 7% Cobrotoxin 05
lug/mé Aol tizaol viste] §-2%k
AAE HERAATE
. Astrocytetfoll ] SNPZ 938 Hu3l &
GSH®} DTTZ Sulf-hydryl71E 393}
NF-kB$t DNA¢] 2% & #2s 49
Cobrotoxin ~ 05¢g/mé¥  DTT  1mM,
Cobrotoxin 0.54¢/m=} DTT 5mMe] |4
g2 ZF7} Cobrotoxin 0.5ug/mé 2]l
Hgto] o)k S8 VERIIT.
. Astrocytetloll A LPSZ 45L& U3
GSHe} DITZ Sulf-hydryl7|S gdst
NF-kB¢t DNA® 2% s4& A3 4
Cobrotoxin ~ 05ug/mé3  DTT  1mM,
Cobrotoxin 0.5¢g/m® DTT 5mMe] EA1A
#]i¢# Cobrotoxin  05pg/mést GSH 1mM,
Cobrotoxin 05¢g/mé® GSH 5mMe] EA)A
2]t B5ollA Cobrotoxin 0.5ug/mé =)&)l
Hl&t ¥ S/ e
. Astrocyte oA SNPZ H5& 23l
GSHs} DTTZ Sulf-hydryl”] 24A] NF-
T4 ©@AQl PO L] wX e d3s &

&9

f
&

2% A3 SNP, Cobrotoxin 1pg/mé¢t DTT 1
L 5mM FAIXEE 3 SNP, Cobrotoxin l
pg/meet GSH 1 ¥ 5mM FAX T =
o)A Cobrotoxin lug/mé x]&]ol H]3}e ‘%
#o] Fogt T/ YeERIAT

10. Cobrotoxin®] ME W #<¢ &g AnE
A7 Astrocyte Woll4 Cobrotoxin®] AW

FHEE A2 vepdth

oldel A3E Hol Cobrotoxin H#E AA+
AX £ Y-S LPS 2 SNPE 5% NF-K
B #d 9% 7143 INOS, COX-2, cPLA2%}
2e deod fEAre 2d 9 NO, PGE2d)
T8 HFEE e, o AnEe
Cobrotoxin®] &¢dZF &3 2L I X87|d] o
gle] e slolH, % dA ATE wig e
2 ABA 2 AZEA dFAs L
2 AF3R &8o] Vgt
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