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Effects of Bee-venom Treatment on the Monosodium
iodoacetate-induced Osteoarthritis in Rats

Yong Mun Kim*, Soon Joong Kim, Il Bok Seo'

Department of Oriental Rehabilitation Medicine, 1: Department of Anatomy, College of Oriental Medicine, Semyung University

This study was to investigate the effects of Bee-venom Treatment on the monosodium iodoacetate(MIA)- induced
osteoarthritis in rats. Arthritis was induced by injection of MIA(0.5 mg) into knee joints of rats. Arthritic rats were divided
into control(n=8) and treated(n=8) group. Control group was injected with normal saline once a day for 20 days, while
treated group was injected with Bee-venom extract once a day for same duration. Body weights were measured at 0,
5, 10, 15, 20 days after injection. At the end of experiment, gross and histopathological examination on the articular
cartilages of the knee joints were performed. Proteoglycan contents of articular cartilages were analysed by safranine
O staining method. The contents of TNF-a, IL-13 and IL-6 in synovial fluids were analysed by ELISA method. And
also, COX-2 and iNOS immunohistochemical examination on the knee joints were performed. Body weights of the
treated group were increased compared with control group at 20 days after injection. Grossly, the severity of
osteoarthritis in the treated group were alleviated compared with control group. PG contents in articular cartilages of
the treated group were significantly increased compared with control group. Histopathologically, degenerative and
necrotic lesion of articular cartilages in the treated group were alleviated compared with those of the control group.
TNF-a contents in synovial fluids of the treated group were decreased compared with control group. Positive reactions
of COX-2 in chondrocytes and synovial membranes of the treated group were decreased compared with the control
group. On the basis of these results, we concluded that Bee-venom treatment has anti-arthritic effects on the
monosodium iodoacetate-induced osteoarthritis in rats. And it's effects were related with reduced secretion of TNF-a
and COX-2 from osteoarthritic chondrocytes and synovial membranes.
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1. Hgss
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ol FAKSIIL 2027 1Y 13] saline 0.1 mE Y& &P v)6H(IE
£.5T35)0 FARl 2BEY BES FEE 25K
X R|:(Treated Group) : MIA 0.05 ME 5 &3E Zh
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A&l F1HE SBEE 20% formic acid Mol 3U7}
Al gRA17] & dubEol AR HEE AH £H8 &
thH g oheha EoislaLl 5 m FA S SEHEE AAGIACT

SWE9] BEAEU PGY HE S ERI5P] flokd BiEH
¥ EES Safranine O FABIICY. EE HHEHA DS 1008] A]
ol A BYSH & UTIHUEA 7} (Media Cybernetics, Image-Pro
Plus, USA)E ©|&3le] #EHBAY FALE FHNCE
YT £EE BT HEE 100%2 71F01L, 2T
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6) U tumor necrosis factor-a(TNF-0) E2t &4

gl TNF-a =2 Enzyme-Linked ImmunoSorbent
Assay (ELISA) kit(Endogen, USA)E Z&GI9CE &N W A
B2 14X} biotinylated antibody  reagents 2417,
streptavidin-HRP solution® 302%} 1241711, TMB substrate
solutionS 3027t HFSA1A 2REAIZ! & stop solutionS 2 12

€ FAAFII ELISA reader(Molecular Devices, E10514, USA)
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S interleukin-18(IL-18) BHk
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(ELISA) kit(Endogen, USA)Z ZH3ITEL EEH L AAE 24]
7}, biotinylated antibody reagentt= 3027}, streptavidin-HRP
solutione 3027} ¥SA)71 1L, TMB substrate solutionS 30827}
HRSAIA whR7] & stop solution®E HI2 S ARXAF|L
ELISA reader(Molecular Devices, E10514 , USA)E 450 nm2] it
oA EEEE SE5IICL
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gl IL-6 2
(ELISA) kit(Endogen, USA)Z HH3IFCE. T & ZHAEL 2
1411}, streptavidin-HRP

solution= 30E%t HFSA]7] 1L, TMB substrate solutionS 3027}
HESAIA BT & geg dXR1711
ELISA reader(Molecular Devices, E10514, USA)Z 450 nmoilA]

FELE FFsint

Enzyme-Linked Immunosorbent Assay
AlZ}, biotinylated antibody reagent=

stop solution© =

8HA19] IL-6 EF9H(2000, 1000, 500, 250, 125, 62, 31, 0 pg/
n)llA EEE EBEE B8 FJAYEA  ({IL6 &= = (5088
x B8T) + 121} € TolNerH, 2AY FHEE o] LEA
Hgdlo 162 555 FolMch
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H:0, 840l 3023 ATisld Woly 3k1s) v g A &
ABC kit(Vector Lab., USA)E 0|&3Kd COX-2 & iNOSo| thet
HARZ| B Halg MRS
180] B1gS dAs] aii ZAEHEES LA 7} Al
28 BB 84 €3(3% normal goat serum)2FE 3027} B1S
Al & 7PEA AESIL LA BAE ARSI 4ColA] 244174
HISAIAEL. YA E AHE®E rabbit polyclonal anti-COX-2

(Cayman Chemical Co.,, USA)¥= 1:300tH, rabbit polyclonal
anti-human-iNOS(Santa - Cruz Biotechnology INC., USA)=
1100812 2+ 3]4 0104 AFBTIATE

YAt A S F biotin0] FLAME anti-rabbit IgGE A2
ow 3027 UFSA1F| L ABC reagentE 1417} BISA1ZiTE 2

& Alolol = 0.05M PBS buffer(pH 7.5)E 1024 33 A& 5}
Mr/}. k2ol E7F @# & DAB(Roche, Germany)Z 587 gt
AR A s

AA17] 1L hematoxylin@ 2 th R H sl FJalgin|gdox Bzt

STt

6. EARAE

Z4% 8159 o] thE B student's t-testE HAIGH
o AZSICL FYLFES p 005 KA, BE FFA =
mean+S.D.E FAIGINCE

2 3

1. A5Y Hal

NETS Fahzol vlaix 48 578 48 20470 &
9d A& ABY A4E Hurk Xﬁli‘—i— AE 5¢ 2 AE 20
UZIA hEZo HsIA M B0l S7kokes d&e B 79

g UE Aol IATKTable 1).

Table 1. Effects of Bee-venom Treatment on the Body Weights of
Monosodium lodoacetate(MIA)-induced Osteoarthritic Rats

Body Weights(g)

Grow 5 5 10 i 20 days
lomal igsz2 25 26546 246 31447
Confol  f85:3  2ME0* 14T 275eiT* 2901E**
Teatd  ggaxg 217 25548 BT+ 2979
Normal : saline injected and treated with saline, Control : MIA Injected and treated with

saline, Treated : MIA injected and treated with bee-venom, “ : Statistically significant
compared with normal group(:p<0.05, Jede:p<0.01).

2. S0 &H

Ao 22 29 BEAEE |77 AL miES 838
Aol FHY FZRE VERICHFg. 1-A). tIRET2 QukEog @
HAZEHol AL |77 YA FTHY SdEE HAR
o AV FEoll weiMe THY Beto] AR UTHFig. 1-B).
RAZS thET Blol A THY 87171 71U CH HAE

BT ZolS0] UKCKFg 1-0).

31 Fig. 1. Photograph of tibial

platues Tibia surfaces of normal
O oroup(A) were smooth and glossy, control
A goup(®  were  discolored  and

coarsed(arrows), and treated  group(C)
were discolored and coarsed, but the
degrees were lesser than those of control,

. BEHAZ9] proteoglycan(PG) 7S
eI LRA7IE SolM SR 4 TN BEAZ
PG ERE2 tHETo| dadl vldiA /a8 e dXE #
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Table 2. Effects of Bee-venom Treatment on the Proteoglycan
Contents of Knee Joint Aricular Cartilages of Monosodium
lodoacetate(MIA)-induced Osteoarthritic Rats

Group Proteoglycan Contents(%)
Normal (n=8) 100+10
Control (n=8) 1g£3***
Treated (n=8) 304

Normial - saline injected and treated with saline, Control : MIA injected and treated with
saline, Treated © MIA injected and treated with bee-venom, % : Statistically significant
compared with normal group(¥e%4:p(0001), # : Statistically significant compared with
control group(###:p(0.001)
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A2 HEE0] HAT HENS UERI O (Fig. 2-B), HA 3 AN
HY] I Aoz o] 5PWE AIHEZ YRR AT
S E2 HRlolA Bye BEEIo] geinll 18I
ZE0] BEAOE LEH UATHFig. 2-C). BUIS Ul T
9] SA2F sl HlER o} JYACH VHHEEH T} LT
of UAATE HAIToNA Y] BEAZ 7| 2H9] HEl ZASHE A
AE NEZI FARBKIOU By Al 2971 BEeizo) ¥
A7 AaEo) JAAUL AFEY) ©eloR Q18 BHE T TH
Aol E£F oz BATA BRUTHFig. 2-D). Eulojxio] 712H
Ol He|ZASE AW ETH SARBIYCE

Fig. 2. Microphotograph of knee joint articular cartilages Nomal
group(A) © Articular cartilages of femur(F), tibla(T) and patella(P) are well developed. control
group(B) : Most of articular cartilages were degenerated, and appeared homogenously(*).
Note the degenerated articular cartilages exfoliated into joint cavity. Control group(C)
Subchondral bony tissue was exposured (arrows) due fo exfoliated articular cartilage.
Meniscal cartilage(m) was also degenerated. Treated group(D) : Most of articular cartifages
were degenerated, and appeared homogenously. But many chondrocytes(arrows) in
degenerated area remained, and exfoliation was not seen. H&E stain. bar = 150 .

5. 89N tumor necrosis factor-a(TNF-a) &H&f
ZETY TNF-a 2 HAkeol nlalil |94 YA S}

| Monosodium Iodoacetate =

2 S0 2BH A= FF

SIACt. AAEY TNF-o S thETol vlsia 24319 ou)
FOHE EOIEIX) GUTHTable 3).

Table 3. Effects of Bee-venom Treatment on the Tumor Necrosis
Factor-a Contents of Knee joint Synovial Fluids of Monosodium
lodoacetate (MIA)-induced Osteoarthritic Rats

Group Tumor Necrosis Factor-a (pg/ml)
Normal (n=8) 265+134
Control (n=8) 2006+124.7%%
Treated (n=8) 14342875

Normal : saline injected and treated with saline, Control : MIA injected and treated with
saline, Treated : MIA injected and treated with bee-venom, ¥ : Statistically significant
compared with normal group(%%:p<0.01).

6. A interleukin-18(IL-1B) &2}

AT H ARTA -1 F&e 25 Fazol v &7
Y A EZHEATE AR IL-18 S thEFo] BIaiA]
Ui damrle siRAE Fod Alole glArkTable 4).

Table 4. Effects of Bee-venom Treatment on the Interleukin-18
Contents of Knee joint Synovial Fluids of Monosodium
lodoacetate(MIA)-induced Osteoarthritic Rats

Group Interleukin-18 (pg/ml)
Normal (n=8) 28.1£9.1
Control (n=8) 913219 1%**
Treated (n=8) 87.4£236

Normal : saline injected and treated with saline, Control * MIA injected and treated with
saline, Treated © MIA injected and treated with bee-venom,  : Statistically significant
compared with normal group(xve%:p<0.001).

7. 8 interleukin-6(IL-6) EHLF

HETY L6 B2 Hawol vlaiM Tt E71=100}
FOE e AolE AT AT AR B4 plasHA
E715K3 T Table 5).

Table 5. Effects of Bee-venom Treatment on the Interleukin-6
Contents of Knee joint Synovial Fluids of Monosodium
lodoacetate(MIA)-induced Osteoarthritic Rats

Group Interleukin-6 (pg/ml)
Normal (n=8) 23998
Control (n=8) 336+11.9
Treated (n=8) 34.3+86

Normal : saline injected and treated with saline, Control : MIA injected and treated with
saline, Treated : MIA injected and treated with bee-venom,

8. COX-2 w+dd
HHToIA COX-2 IR tRES Hi BEAIAE
ollA] wekSHAl WIENt O (Fig. 3-A), EulojAle ekdulSo]
E A EUTE AT HdHAlEo] FES AEHE Hol o
olAle REEIEe] LERIA] 2Rkoul, HlZo) §30] do}
HEA ZoAE A8 YakEo] ek On, WA mAld
9 FHol WHE] e AFAToME Ao eute
ol HEFUCHFig. 3-B). LSt ST BoAE HETEY =R
9] dlofjA] TikSt B Lo epdutSo] BAE AT (Fig. 3-C).
AR TONAL] COX-2 FEHISES R FolA] 2gulgo] &
FE AlzollM 25 VERGOL QHIEESY] H T tiETo] H)
Al mlokstA HHEE ITHFig. 3-D)
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Fig. 3. COX-2 expression of knee joint articular -cartilages Normal
group(A) : Most of chondrocytes(arrows) of femur (F), tibia(T) and patella(P) are weakly
stained with COX-2. Control group(B) : Homogeneous necrotic areas were not stainted, but
the chondrocytes at periphery (arrow heads) and deep zone(arrows) of necrotic areas
reacted strongly. Control group(C) : COX-2 were also expressed in synovial cells(arrows) and

chondrocytes of meniscus (arrow heads). Treated group(D) : COX-2 expressions in the
chondrocytes at periphery (amow heads) and deep zone(arrow) of necrotic areas were lesser
than those of control group. Compare with B. COX-2 immunohistochemistry, bar = 150 .

Table 6. Effects of Bee-venom Treatment on the Expression of
COX-2 in Chondrocytes and Synovial Membrane of Monosodium
lodoacetate(MIA)-induced Osteoarthritic Rats

Chondrocytes

Group IdeNnmcbaet\ron within at Periphery of Mseynqg\r/ge
Necrotic Area  Necrotic Area
Ci ++ + 4+ +
Ce +4 + 4+ ++
C3 +4 4+ +4+ 4+ +4++
C4 + 4 + 4 +
Controf
C5 + 4 ++ +
C6 +4++ +4+ 4+
Cc7 + 4 ++ + 4
C8 ++ +4++ +
T1 + 4+ ++ -
I + + +
T3 ++ + +
Treated T t o o
T5 +4++ ++ +
T6 + +++ +
T7 ++ - + ++
T8 + + 4+ +
Normal : safine injected and treated with saline, Control @ MIA injected and treated with
saline, Treated : MIA injected and treated with bee-venom, - : negative , + : mild
positive, + 4 : moderate positive, ++ + : strong postive.
9. iNOS &
koA RS BEAZA| ZolAE INOS 2FEHE0]
VR Ukon, guloliEs kg0l YA K pjorst
HLE BEEUCHFig. 4-A).

HEZIAE WEIANE 29 B FH dAZH TN
INOS QHRES0] BEEIA QoL SubilEl i E S0k 2
£ ool BT oAk 23 HaRIS0] BRFUTHFg 4-B)

A7 TN INOS FYUSE HEToINSL Lol BE o
o) gHaTMESCIA BEE olal 23 eielSo] B
oa(plg 40) AR} HETDO) IS HEE a2
8015 R

2
=

{ Fig. 4. INOS expressnon of knee
 joint Normal group(A) : INOS expressed in
synovial cefistarrows) very weakly. Control
group® : INOS expressed in  synovial
cells(arrows) very strongly. treated group(C) :
INOS expressed in synovial cells(arrows) very
strongly. The intensity is similar with control
group. sm ; synovial membrane. INOS
mmunohistochemistry. bar = 30 .
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Aol thaiAe I G50l tigh @50l FEG] olFAXAL UA
o;mong) AERERY A= A7 B8A YAaEe 2E
25 ¥oz 27t Y1), glycosaminoglycan T EE 25/
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89 glyceraldehyde-3-phosphate dehydrogenase &84S 273
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LIERATHTable 1). ol ES0FH0] SHEHEOE QIS £5, &
=Y XI5k} 01 F QI A1 E8a B9 BUEES NHAILCEMHN
REHQ AES/E VA 2 A2E £ + Utk

2
Proteoglycan Et=3lE
g ogo) of BREA I 78848 ScHv SCIHEIE
I A e B eEA Y
&g 4T, AE7L 712
2RI} THE 88 EXRE0]
Agshe Ae Bske 9gg . 3] d39 718 &
MBI proteoglycan2 221 8ol e AFEA FHHT &
B4 Aelo] Hedl, @29 proteoglycans ETIHE| =0
NH” Y2 Eo]| hyaluronic acid 28E9E 71X Yo,

A
2 TEY TEOE  hyaluronic  acid®}  ZAEBHCY.

)

Proteoglycan-hyaluronic acid S&A= E2X19 thE gol2
3] BB HSAEOE UL E #IlE s, ddo] ¢

HE W, Fo] dIFEA M mFULeL T F740] glofx]
D] AHESET) olgish 1Al 43Rkg wi#ol, |3o)
dshL B4E Fdhe B 7L 8AE g5 50 38
9] A=AES 7Hso 5, BEEHO proteoglycan membrane

d0 2

23

o 2EOF WHEE YFUOE OF BEADY JUBF

Y BYE 4TS Sl BANE I o] 739
2

proteoglycan 2T & A Fol YUS BFTH BP,

A FAH QA E71 HUCKTable 2). ol BFLHR]0]
o Xgoll oA BEAZU proteoglycan®] THAE
ol Fat EE HoFE Holth

IL12 718 M 7158 cytockine®] SRAE IL-1a, IL-139}
IL-1 receptor antagonist®] 3557} JPY. 0] & IL-1pE= d2
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isoform0] U], COX-13} COX-2E FEREACEE= 40%0 EQ

71AL 71e2 #olglA tiEr) COX-1 —E’—_
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acid THALE: o] £712 ul prostaglandin®] 4 & iZlsH
o} ZTE A prostaglandm E29] 4ol Erisid
=0 B2 ¥¥ol AL, COX-2 A
}E}WD}E 2 AF AP,
a2t 23}, 2ol e
WL COX-2 &F4ut

ﬁ%miﬂ

A4

kine 41
2 4

e

g
o x
AU
O
i
)
k1
FEL

3-C). AR
HEE A= W EF UERE 2V
HlaiA BIOEHA Bakslo) (Fig, 3-D
7} dREe) BREEO SRS A8
ThL g & Ut
ol Ak 2

oAl S3HE & ‘%‘3—1
A]?:] ;Lj_].):—lO:l ]:IE/((:]:] ] 7

HJ

ol A7) MIA §2 2B

JZ2] TNF-a 3 COX-29] BH|E
12 PGYl IHE AT L
;c‘wrﬂ %82 o 4 AL o
%?9—} SEEEN o]

R gEet olldfoll 22

i

E=0H0] 879 MIAE fukg ZHEdd v

0I5 #olA 2 dATE FHoIHCh AE 185
R EF ol MIA 05 mg2 EJXE*@WOH

2 )7] AT, MIA FU3 HEo 8
(H&;ST35) FALSH AATLOE BF
g £E51en, 48 20¢0] BEsld £3d
ZASHE] BE, BEAEIU proteoglycan EHFE
TNF-q, IL-18 %! [L-6 812 &4, €#E9) COX-2 ¥ iN

x|

310 4y o
ol

0}93‘5}

AL

(e
A 2 0
12 £ ool

A8l 2020] AR)2(297£9)0]

. SUEOE MY SVUHEAY FrE thRTol
HIgiA eksl]o] ATt BEHSW proteoglycan EHR-E(%)=
AR TE(B30£4)0] HEZ(19:3)HE} §914(p<0.001) YA E71E
Q. WelZAEH O 2 HEAEIY WY, A R geld) 44
2 RRZo] iR BIEIA mokekd BEEIQCE o
TNF-a 82 (pg/ml)S XIX)7(143.4:87.5)0] THRF(200.6+124.7)
2o} ZAAECE FEEAW COX-2 YIS MR|To] thE
ol HIgHA BlaksiAl FEEACH

I E(290£15) 2t

- 1160 -



BEEY HoddoA AJAE L Uk
COX-2¢] Buls

B50F0] Monosodium Iodoacetate 2 2}

ol AnE

ool EH 50k

Fl‘Ll'

Zo} MIA St 2

o
>
o
o
2 H
)
T‘
fol
i)

AmMAAH 2BEY

7} ITHAL AlEETh

10.

11

12,

13.

14.

15.

16.
17.

18.

A5,
. DH‘@%%

. 3ol B3N B8y

L2935, oMY, ¢

A Es

SIENE. MBS Mg, FAEEY, pp 501-524, 2006.
9lels]. gdgelmel A&, KIS}, pp 195-
201, 2005.

A9 Ay A gt FoEIAGE R
7(3):205-211, 2000.

28, TEF, 28D 230 0 12 IR TN

11(1):159-171, 1994.

QIFA], 1T %Gl thsl shaldt A x9] &9 : vig

E[OA 9] B58Y 28] SR TSHEIA 15(1):143-147, 1998.
; 2

CHE, WG, BEY, AT, BS0H0] Collagen B2
2] nlAe ASAD U 1717 AT RS THIR

22(1):99-108, 2005.

AEE A oHSh Qs Bk ek -1Ek8)x] 8(3):35—47, 2001
S

ORHEE, WA, Zduls, £34. HIY PP Bt
ANEZ I B TFEH3) X 23(4):15-20, 2006.
al

Hofl it B5Y AE

oL

o

a3 Zofst

el it
4. BEOFE0] Monosodium Iodoacetate ™ FPabs S
THoA E34FU NOS, C-Hos, Serotonin,
Substance P 23lo] viXl= . AAusty ek, 2007.
Janusz, M.J., Hookfin, E.B., Heitmeyer, S.A., Woessner, J.F,,
Freemont, AJ, Hoyland, J.A., Brown, KK, Hsieh, L.C,
Almstead, N.G., De, B., Natchus, M.G., Pikul, S., Taiwo,
Y.O. Moderation of
osteoarthritis in rats by matrix metalloproteinase inhibitors.
Osteoarthritis and Cartilage. 9(8):751-760, 2001.
TP BFMG SR E T ASHY. kA Fe
3)A) 16(3):115-122, 1999.
Sl utsh AR #. uast AL, d9, pp 1821
1827, 1997.
gD als). He 7\‘]§, AL pp 1167-1169, 2003.
ZdE. & APt EAZ olale ) Aol tigh
AEH AT w@@ﬁﬂﬂmzsﬂ 23(2):619-628, 1988.

Z=
=8 oo

iodoacetate-induced  experimental

W, B71S, YRR, AFY, WET. oD 5 WA
¥ oo HAxAEE 9o 23 SEE R T

19.

20.

21.

22.

23.

24,

25.

26

27.

28.

29.
30.

31.

32.

33.

35.

36.

- 1161 -

o]Efg, Seu, 579, ABS. c2E HuY BEdd o

gt FEIAANRG G3} HSEBESIEIA 13(1):130-136, 2001.
A

UEY. 535) ok BaHRo=E BAEANED AT
A8 Z329]8, 10(2):190-199, 2003.

Huskisson, E.C., Berry, H., Gishen, P., Jubb, RW,, Whitehead,
J. Effects of antiinflammatory drugs on the progression of
osteoarthritis of the knee. LINK Study Group. Longitudinal
Investigation of Nonsteroidal Antiinflammatory Drugs in
Knee Osteoarthritis. ] Rheumatol. 22(10):1941-1946, 1995.
stetxjgolatiielsl. shmeolst Mg, FAEEAL pp
79-97, 2006.
AU, 5148, WIR. Ha8 SVER BE TH9BE
i AerEdalaed 7 =8, 4(1):711-722, 19%.
175, 4835 ¢ A BEH gt 1&. sk
,:‘%15494 A 15(2):493-509, 1998,
J7]§ O AFA) E%kalg_m ,(-‘

F, U8M. 5
=}, pp 105-162, 2003.

, &34, BEoRY) Melittind] RAW 264.74] £9] NO,
iNOS % MARKO wixle= ¥R hskFaEA] 21(3):
107-119, 2004.

Kikuchi, T., Sakuta, T., Yamaguchi, T. Intra-articular injection

g

, Bapsta g

osteoarthritis  in
mature rabbits. Osteoarthritis Cartilage. 6(3):177-186, 1998.
Guzman, RE., Evans, M.G., Bove, S., Morenko, B., Kilgore,

K. Mono-iodoacetate-induced  histologic

of collagenase induces experimental

changes in
subchondral bone and articular cartilage of rat femorotibial
joints: an animal model of osteoarthritis. Toxicol Pathol.
31(6):619-624, 2003.

AElek AN HERIAE]. ABlEh A8, HEZL pp 357-363, 2003,
ZAE. B8 AZ9) Proteoglycan M40l Q1oiA] oFo) 27}
nAE 9ak dpdishunish, 1990.

Dinarello, C.A. The interleukin-1 family: 10 years of discovery.
FASEB J. 8(15):1314-1325, 1994.
R4S, BY%, o158, Y47, B3

1ol \_E*@%Oﬂ/d matrix metalloprotelnase(I\/II\/IP)-l, MMP-3,

oY, oA FHd

Nitrotyrosine 2Fed ok Al ZAVHAL TSI BSI A 35(4):319-
329, 2001.
Ahmed, S.T. Ivashkiv, L.B. Inhibition of IL-6, IL-10

Signaling and Star Activation by Inflammatory and Stress
Pathways. J. Immunol. 165: 5227-5237, 2000.

. Jacqueline Uson, Alejiandro Balsa. Dorsa Pascal-Galcedo

Soluble IL-6 Receptor and differant Arthropathies, J.
Rheumatol. 24: 2069-2075, 1997.

Simi T. Ahmed, Lionel B. Ivashkiv. Inhibition of IL-6, IL-10
signaling and stat activation by inflammatory and stress
pathways. The Journal of Immunology. 165: 5227-5237, 2000.

Tracey, KJ., Cerami, A. Tumor necrosis factor in metabolism



HET - BELFE - AdS

=

of disease: hormonal actions versus local tissue effects. Shapiro, R.A., Wang, S.C, Simmons, RL., Billiar, TR

Nouv Rev Fr Hematol. 34 Suppl:S37-42, 1992. Cytokines, endotoxin, and glucocorticoids regulate the

37. Vilcek, J., Lee, TH. Tumor necrosis factor. New insights expression of inducible nitric oxide

synthase in
into the molecular mechanisms of its multiple actions. ] hepatocytes. Proc Natl Acad Sci USA. 90(2):522-526, 1993.
Biol Chem. 266(12):7313-7316, 1991. 40. Anguita, J., Samanta, S., Ananthanarayanan, SK., Revilla,

38. Nathan, C, Xie, Q.W. Nitric oxide synthases: roles, tolls B., Geba, G.P., Barthold, S.W., Fikrig, E. Cyclooxygenase 2

and controls. Cell. 78: 915-918, 1994. activity modulates the severity of murine Lyme arthritis.

39. Geller, D.A., Nussler, AK,, Di Silvio, M., Lowenstein, CJ., FEMS Immunol Med Microbiol. 34(3):187-191, 2002.

- 1162 -



