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Abstract — Gold sodium thiomalate (GST, gold compound) is a widely used anti-arthritic, anti-rheumatic and
anti-inflammatory drug that is considered a good alternative to sodium salicylate (NaSA) for individuals who
cannot tolerate salicylates. Nitric oxide (NO) synthesized by inducible nitric oxide synthase (iNOS) has becn
implicated as a mediator of inflammation. Recent evidence suggests that anti-inflammatory effect of NaSA lies
in the inhibition of INOS, but nothing has been reported about the direct effect of iINOS expression by GST.
The present study was designed to elucidate sequentially the action mechanisms of GST and NaSA on
lipopolysaccharide (LPS) plus interferon-gamma (IFN-7) induced iNOS expression in RAW 264.7 macroph-
ages. Both GST and NaSA inhibited NO production and iNOS protein expression in a dosc dependent manner.
GST inhibited iINOS mRINA expression induced by LPS plus IFN-y, whereas NaSA did not. These findings
suggest that GST may exert anti-arthritic, anti-rheumatic and anti-inflammatory effect by inhibiting iNOS
expression induced by LPS plus TFN-¥ at transcriptional level, whereas NaSA exert its effect by inhibiting
iNOS expression at the translational or posttranslational level.
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NO (Nitric Oxide)= A}AA o] w)3a] da] Ez)sie T} Fube] ZA Ao BAE Y] ](washmgton et al.,
st EebAdE Aad glogd ol PR, in vive 1999, Veihelmann ez al., 1999). # o= NO7} cyclo-
=} in virosl A TRk e = W - A2A 71eE oxygenase-22} AFZA-E-ELIL, °] 2F BAHAA dF
feel= A0 72 IRl HEHOT AT RuHT 9wt £l prostaglandin®] FA-S F7)A|7]37, 2R o
(Schmidt e af, 1994). Lduld ez A4 LAFHE FHH-S ZATE 79 lﬂn—J—EH:lE}(Chen et al., 2001,
cNOS (constitutive Nitric Oxide Synthase)Z & Al ¥ Berg er al., 1999). LPS$} cytokines©] ©]3 @FHt-§-ol
NO+ A A2 3AA (homeostasis) 7] w]-% F2 o} Fagh wAtE L3l o|F2 FE NF-«BZ
AL = ALE U4 9, whhe) =4 iNOS A EFE AAEE JAES A3 NO A4aks 22
(inducible Nitric Oxide Synthase)Z%& AAE NOX < A AT dF5 S AR 49F St & o
Fubg A Y] B8] Fag JES s A= = AAFIALY] dHF 3= iINOS Gene| promoterel] 7 -3}
ab#l ] ghe}(Nathan e al, 1994). NO2] AAHE Foje] a7, iNOS m-RNA®S] AR A538te] A= NO2| YAlsk
2 FAZG, FEAY, A dAYE SolA GFe] 2 S 5T o] S YN FAld: g &

=2 e} (Jacobs ez al., 2001, Whan et al., 2001).
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AT | Fo] AR o] FE I £4A, Hg2A
A2 AEgg 7jdL 28 A oW T AREE #n,

' chrysotherapeutic agent2} sle] XA Fule|~
BJA ol who] ARE-FH I gloH(Dimartino et al., 1997). #
27} oga-];ﬂ 7] -2 lysosomal enzymesd] & =t
obr| A% < A A7k B 3l(Finkelstein et al.,
1997)2} EHW "Hﬁé-‘f WAz EEads 24
st A2924-E vty BIEe] YUi(Liu e al,
2000; Hirohata er al, 1999, Yanni e al, 1994). =3} &
o FEZEL Gl FECH TS Fol AGA

Hguh-$-S 2AITE dF% W (Friedman ef al,
1990, Honoki et al, 1998), A Z /A WANE 3
& F= ez Ba¥T kKim e al, 2001). F-
o= 7‘*— kAol A 24 A7} DNA, RNA, =
EL I B B E}J— ol 7}A] cytokines?] wAfe] 3
FS F= AR SHAT glori(Yamada el dal.,
1999), o}& -’E‘.Lzﬂxﬂf] 4G7] A e o) Fehst %{-
< 9= gH o))

# ol FA) A (auranofin)”} NF-xB2] A2 A,
cyclooxygenase-2 & o] A ST A= prostaglandin B
5 95 ATEAY FAde] EAEEM, o)Al Azt

£9] 73 o]a] Byrt 9l vi(Yamada et al, 1999).
NOS] o} o 5uhgo] Abwds] DAt A7) aldel o
T HuEm ,\1% gl A, A=t dEAl FAA)
9} INOS Gene®| #3d =l NO9| /‘3*1'01] e A= o
2 vbh gt 2efEe] 2dd] FEHe FAA Y
NO #=#HA 494 7132 doprux} °] AL-S A
o B A2 ou] NO #FHHA o] 3 el sodium
salicylate = H]ﬂtﬂig_i Blel(Ryu e al., 2000), oFH =
FrukEel = FAgd AF FAEIL 9l FAA9 GST
2 297" d¥-F stz A sk ek
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A=

Dulbceeo’s modified Eagle’s medium (DMEM), Fetal
bovine serum (FBS), trypsin-EDTA, penicillin-streptomycin
< GIBCO-BRL A}ollA], anti-mouse iNOS antibody,
anti-mouse HRP-conjugated secondary antibody+= Trans-
duction Lab. AFellA], recombinant mouse IFN-7=
Genzyme A}ell A, Poly (dI-dC), ECL western blotting re-
agent™ Amersham AlolA], TRIzol reagent: GIBCO-
BRL AleflA, RNazol B¥ BIOTECK A}¢l4], phenol,
chioroform, ethyl alcohol= Merck AFellA], PCR minic
contruction kit= Clontech A}ol A, protein assay kit,
acrylamide, bis-acrylamidet Bio-Rad Abel|A], agarose:

FMC AFell A, polyvinylidine difluoride (PVDF) membrane
2 Millipore Abel| A, oligo-dT, dNTP, Tag. Polymerase,
molony murine leukemia virus reverse transctiptase (M-
MLV RT) 52 Promega AFA, Lipopolysaccaride
(LPS), sodium dodecyl sulfate (SDS), Tris-Cl, Trizma-
base, Ethylenediamine tetraacetic acid (EDTA), Dimethyl
Sulfoxide (DMSO), DMSF, Leupeptin, DTT, Ethidium
bromide, sulfanilamide, Tween-20, HEPES, Bovine serum
albumin, sodium salicylate (NaSA) £-2 Sigma AfellA]
WG, Gold sodium thiomalate™ MerkAH2]
Myochrysine2- D10 (DMEM+10% FBS)ell o] AR4-3}
et o9 |2 Al FEL BFo] AT AREsku

M Z=uHeF

A HAXEF RAW 264.7 4 EE ®]F ATCC
(American Type Culture Collection)Z 78 T 5}¢ 2w,
A EA L 3TC, 5% CO, B 95% F7IE FAHE
incubator (Nuaire Co.)5 AH-38l99 27, sodium pyruvate
(1mM), proline (1 mM), insulin (107'M), penicillin G
(100 units/ml), streptomycin (100 units/ml)2 10% FBSZ}
*3% DMEM iAol A wokstsict.

Nitrate?| 3
RAW 264.7 A 3Ee| A LPS, cytokine, sodium salicylate
(NaSA), gold sodium thiomalate (GST) A %] 7— frel ==
NO2| oF2 2 ALEFE4] nitrite® Griess HH-2 ©] 83
colorimetric W] 2.2 &2 g}siv}. 2k FA ] 1243
Zr ok 100 ulel Griess £ (1%sulfanilamide,
0.1%naphthyl-ethylendiamine dihydrochloride) 100 plE 3
Blo] Aleoa] 1087 WH-EA)17] F E5453 A (ELISA
reader, Titertek Multiscan MCC/340, Finland)E- A}-$-5}e
o4 540 nmel| X FHEE FAsM S 47e] 2y
TR wE FHES BEFAHS &8
sk et.

sodium nitrite
o nitrite®] A S

Western blot analysis

LPS, cytokine, NaSA, GST (Gold sodium thiomalate)
He] F ol E FESo] RAW 264.7 Al Eel|M AHA L
2 iNOS Thile] MAe ejust 3L v|H= /1= &
o}: 7] £|%}te], Laemmli®] discontinuous buffer systemoi]
F3}e] SDS polyacryl amide gel electrophoresis (PAGE)
E AAZ ¥ westem blottingS AASE S F Fus
AEN A F 50ugs 100°C M SEZE b F
2o FYAA denaturation A|F] F o]E 8%
polyacrylamide gel Arel|lA #7]°§-§3 ¥ o]5 PVDF
membranel 2 A7 F AAALE AA sl & AFA =
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western blot chambertf ellA]  20% methanole] &%
0.025M Tris-Cl/0.192M glycine buffer (pH 8.3)F A&
3o 10 voltell Al 12412 o] A} AAbStE Tl AAF F
PVDF membraneﬂ- 5% skim millk/PBSell 4] 1A ZF
blocking 8 ¥ PBSE. 587t 33| et A 53ldc}, ofe]
PBST (PBS/0.02% Tween 20) 2ol A] iNOSe o 5
monoclonal antibody (12} &A])&} Al A 1A 2F HH-&-
AlFeh o]lea 22k A9 horseradish peroxidase
conjugation ¥|©] ¢J&= immunoglobulin Gell 1A]7F WH§-4]
7l % PRST 4oz 33 AFHg 5 ECL western
blotting detection kitE ©]£3}o] autoradiography 2 4l Al

araet.

MZL RNA 22|

MEAAM FE2] INOS mRNA &o] vX= of3ks-
#akslz] $13ke] WA total RNAS KarlinseyE2] Hh-&
Haggk wyloz Felaigtl & RAW 2647 AEE
LPS, cytokine, NaSA (sodium salicylate), GST (Gold
sodium thiomalate)2 2] 6417} ¥, 2}71$& PBSE 23]
A& 813L total RNA isolation reagent (GIBCO-BRL, 1V
10em dish)2 23] Az oF& 100w chloroform=
7yste] 1537F E5LR, A2l A 1527 BAG F
4°C, 12,000 rpm (Hanil, MICRO 17R)el|A4 20 £7F ¢
sl o2 AbAele]] FaE9] isopropranolold- 718} 4°C,
12,000 rpmefl A 152-7F €A stgeh. WA E pellet
DEPC7} &% 80% ethanol 1 mlS 7}5}ef RNAE A
ARAIZIE, o] & F7]5ellA =¥ w2 20ul2] RNase
free waterd] ¥FAZET HFUE B RNA £HE
spectrophotometer (Beckman, DU-650, 260 nm)ol A RNA
o) ¥ 8 24ele] Adol Agesich

RNA2| SFAHIE & FEE40 QS (RT-PCR)
LPS, cytokine, NaSA, GST (Gold sodium thiomalate)=.
A2 gk RAW 264.7 A Z)A 213 total RNAZ H-E
iNOS mRNA ##e] W55 #2sl7] 3le], 1A o
A AahS-(reverse transcription; RT)2 2 ¢cDNAE FHE3
ol & Fg T A A8 kS (polymerase chain reaction; PCR)
o8 FEANFAD F 472 2AA ¢l total RNA
Z 10ugs 75°ColAl 587} 7F4935le] denaturationA] 7] 2,
o]l & dol 27k FEAF F 4pl®] 10XRT buffer
(0.5M Tris/pH 8.0, 0.5M KCl, 0.1M DTT, 0.05M
MgCl), 4ul® 10XdNTP (2.5mM dATP, dCTP, dGTP,
dTTP), 1u1¥ oligo-dT,s (25 pmol), | W&} HAHALE A8
AM-MLV RT; 200 Uzt 7 s3h-&die] 4oull HE
2 Z/7E 715 5 37°CelAM 147 ¥3-A1H cDNAE
A9vh. cDNA AFE-Z 94ToA 5870 7hdsfe] A=A

T4F A AT v dgell 2rF SWEtTh

INOS & ZHcDNA)el gt F§ta4 dsukge 7t
zke] FAAMFS A L2 cDNA AFE- 5pulel], 412 10
XPCR buffer (100mM Tris/pH 8.0, 30mM MgCl,,
2.5ug/ml BSA), 4ul2] 2.5mM dNTP, 142 iNOS|
98t EolH el primer (10 pmolul), 1ul®] Tag DNA
polymerase (0.2 Uuhel g7 wb-gde] 40 HES
g 7hld fFEsiET SFH-E 98k PCR
(PCR thermal cycler; MJ research, Inc. PTC-100)2 303]
A A|5F 2, denaturation<- 94°Cell A 14, annealing-2
65°Cel| A 18- extension=- 72°Cel| A 287F Ald)atsdch
olw] AM-4-¥ primers mouse iNOS HHXL2] sense
primer ¥ antisensc primer (H}o] Sx]e}AhE R, Z}7te)
@71 gL 5-CAG AAG CAG AAT GTG ACC ATC-3'
(sense primer) ¥ 5-CTT CTG GTC GAT GTC ATG
AGC-3' (antisense primer)°|™, ©] primer”} ¥ 2.2 3}
+ DNA Z7]& 610bp Gt factin A 4L 9
3] AF2-8F sense primer: 5-TGG AGA AGA GCT ATG
AGC TGC CTG-3'e] 1L, anlisense primer:= 5-GTG CCA
CCA GAC AGC ACT GTG TTG-3'¢|™ °| primer’} &
o g 3= DNA F7)%= 290 bp 3=

o |AS| 2fst SEIG A MUEE ME(cDNA)S| ZHM

RNA®] Gk gl Fat84 gdifuksoz 535
cDNA AFZ-S #7149 Fez FAste] NOS mRNA 2
el HEL FFA3EH = 2 PCR ALE(20 uly&
10X gel loading buffer (0.25% bromphenol blue, 0.25%
xylene cyanol FF, 50% glycerol)9} 2 42~ w2 Tris-
acetate-EDTA bulfer (40 mM Tris-acetate, 1 mM EDTA)E-
@ 9l 1ug/ml? ethidium bromide”} EFEH 1.2%
agarose geloll Al A7) 9353l A7 FelM o] FH
DNA band: #19]4 FAF7] (ultraviolet trapsiltuminator) =

o] g-sted BABGTL

o]N
1M
B‘I

3.4y = ot
A7 AFAE] T AA Y £dFHEL] 1A o
2rolN BRdAD, 95 e} Beel A
27 NOste] FA) Hajol 7 W el U Gl
oh B A7 ME olEEl WA Y FHete o
= AFNE 44
Fig. 1= RAW 26474 L5 B3 7] = &S £
¢l LPS (Lipopolysaccharide)®} IFN-y (Interferon gamma)
o] 37 20 WE NO F22 2ejFvh LPSeh PNy
t UEezude Azt 7 AT2E 24 W, NO
2 Ao E A4 [EY F dsiw ¢
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Fig. 1. Synergic effects of LPS and IFN-y on NO synthesis. (A)
RAW 264.7 cells were cultured in the presence of differen
concentrations of TFN-y with or without 1 gg/ml of LPS. After
incubation for 12 h, the culture supernatants were collected anc
measured for nitrite concentration by Griess reaction. (B) RAW
264.7 cells were cultured in the presence of different concen
trations of LPS with or without 10Ul of IFN-y for 12 h, and
the nifrite concentration in the culture supcmatants wae
measured. The data represent the meantSE of four different
cultures.

Ag AR vlgoz B A LPS (1 ugm)e}
IFN-y (10 UmDyE o]®st 552 E3sle], RAW264.7
AEZZ AGIANZE 24 go)) BAFNO F2)AZ
nhy o2 ARgslednt, of2¥ F:2¢ LPS 9 [FNoE =
alo] Aelshd 2o wiste] NO2 #2171 &4 30
W oA} F7} sl of7] EgFoif) AR V) e
W aslA] g A A dabARE, HA M Ll RAW264.7
A ZA A NOY) #2817} LPSARN-12] £4F # sl 23}
folstA 2718 A 23 4 At Fig 1.

Fig. 2= LPSAFN-pll o8] 58 NO @] w5},
NSAIDs2] YF<) NaSA (sodium salicylate)} A A ¢l
GST (gold sodium thipmalate)?} S E-E Jebd & &
WelZdoh LPSIFN-@] 2o os) fx¥ NOF A2
kA GAst= NaSAY GSTY 2= As A} NaSA
= 5-10mM, GST= 520 ug/mi] F=7}F AAside). o
AL in vino AP o)1, A7)e] F FE RF ARH
TR R BA wo slomg A ddele
fd-& ek T Aoloh LPYIFNgEZ F AFE
RAW264.78] M ZEwoFl o] NaSA 2 GSTE Fofshed
YAHAIZE F kR ez e s NOY oS FAs)
91t NaSASl GST RF%=, LPSAFN-po 93 F71d
NO2l F2E HAAAZE e, 1HT XY o &9
o wlefatedch NaSA 10mMe) A% dzgel B3 o
2 50%2] HA7F 29T, GST 20 ug/mle) 73-9= e
25%9) AA7} A SHFig. 2).
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Fig, 2. Effects of sodium salicylate and gold sodium thiomalate
on LPS plus [FN<y-induced NO production in RAW 264.7 cells.
RAW 264.7 cells were activated with LPS (I1tig/ml) plus IFN~y
(10 U/m)) in the presence or absence of indicated concentrations
of sodium salicylate(NaSA) or gold sodium thiomalate(GST).
After 121 incubation, the concentrations of nitrite released into
media were measured by Griess reaction. Each value is shown
as mean=SE from four independent experiments.
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Fig. 3. Effects of sodium salicylate and gold sodium thiomalate
ort LPS plus IFN-pinduced iNOS protein in RAW 264.7 cells.
RAW 264.7 cells were activated with LPS (1ug/ml) plus IFN-y
(10 U/ml) in the presence or absence of indicated concentra
tions of sodium salicylate or GST. Western blotting: After 12h
incubation, cell lysate(50ug) was subjected to a SDS-polyacr
ylamide gel electrophoresis (8%), transferred to a PVDE menr
brane, and developed by enhanced chemiluminescence.

oE]sle] RAW264.7 A E W NOE =
NaSA =& GST9| oA a7} iNOS = g
o 2)g ZAYAE —ﬂ-ﬂfﬂ-ﬂ 2)5}ed, vpzlrEA] J’d %
LPSIFN-& A=A1712 o] & SFEES AX' F iNOS
o] o) 3} BAE o] —6]-04 western blot analysis® A
83519 chFig. 3). RS RAW264.7 H Eoj|A] a5
%) ok INOS %2 LPS/IFN-y X 2le] 2]&}e] Fels)
ttel band®] iNOS T 8- FFE = 9lgder, o
o] NaSA % GSTE 5F, LPS/AFN-pl 2]8le] Z71%
INOS wjo] W& #HA5| A= A 42T
AR EHFig. 3). IB| AL o|=Fl NaSA, GST Azl 2%
INOS ] Whale] o] AL o= AX 480 ¥
gled ERFA], NasA2l A5+ 72 Zde] 2 mMel A
B AAE7] AlEsted, 5, 10mMel A=A A E S
28T GSTY A 2pugmlol| Al Al&kEe] 5pg/ml )
20 ug/mief| A °51?< 8] A= SArt(Fig. 3). wEhA A
A Z A NaSA, GSTH &gk NO 82 oA &
iINOS whi g o] =3l 2|3t A2 ¢ 5 AUvt
LPS/IFN-E. A}5% RAW264.7 A Eo|A NaSA %
GST A Aol 2|3 iNOS =] & 9 NO =g F4
7 AL AARFEAAM dovbe A B Eelslr] 93]
% ol 5 HESS vHVIAIE A X3 F ol RNAE
ZZ3)o] RT-PCR 422 = iNOS mRNA_f] fgb
=75l oHFig. 4). °]™ NaSA: LPS/IFN-pl <
%715l INOS mRNA®] o wfiste] A3 6;}-%
17 Zgld ond, 0] 5A %= GSTE mRNAS] #a %
#8] QA B 183 GSTe ]38k )25t mRNA
He| A= vl L5k & 9] AR P
(Fig. 4). INOS mRNA stability analysis?} %13} o] o},
mRNAS} 7L ] oF& FA| o wjgt Fo] A sk $7b
& & 4 glon) NaSA 97 2FERyu e al., 2000) #

L 92, & dfe

g
o

— LPS+FN-y
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+— iNOS
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Fig. 4. Effects of sodium salicylate and gold sodium thiomalai
on LPS plus IFN-induced mRNA expression in RAW 264.7
cells. RAW 264.7 cells were activated with LPS(1pg/ml) plus
IFN-y (10U/ml) in the presence or absence of indicatec
concentrations of sodium salicylate (2, 5, 10mM) or GST (2, 5.
20 pg/ml) for 6h. Total RNA was prepared RT-PCR was carrie
out as described under Materials and methods. The PCF
products were scparated on a 1.2% agarose gel and stained witt
ethidium bromide. S-actin was used as an internal control.

z5e B, FAU) Ao AT 24l
Zrebst uf, iNOS mRNA®] stability:= F23] 7‘17—'}5] E}
ufehA] RAW 264.7 Al Zo)A NaSA® HAz HAF F
(translational or posttranslational) 7| of|A] iNOS =Y &
AL dAsl= b, GSTE: 3A A A}(transcﬁptional)
A el A INOS 2l HAS dAlsle AR 5
ol ke A= Z o FAA GS”I—"J AEst 9459
A) #-L-(anti-inflammatory, anti-arthritic, anti-rheumatic)®]
AT F5A S7ME= NO2l oA« 23 7ol
a5 4 qloh 28X o#g NO A4k oA7)A
o], NaSAZ U XX NSAIDs?| 7A-+83= o127
(Washington et al., 1999, Veithelmann et al., 1999), =)
Aol GSTE= F419A 2FAXNE {212 Ak whA o
A A EE = Ho] FEHvl(Jeon et al, 1998). 2|
2ol gy AMgEE ZE - A EAQl acetaminophen™
3R AP g o Z]%‘%} o] B3| (Ryu et al, 2000),
A WEEE 494 FET 2] NO e #3t 4
T7F 8RR dF Aol SAA7F AARlAlel NF-
kB A F(°]E)E FA|5ked cyclooygenase-2 mRNAZ
oA skaL, o]7le] prostaglandin ES] A2 GA|sle] A&
A ZA] ZFagol= B 37} 9lo](Yamada et al, 1999)
)7 ABYT FHAG. E AR S FrhEo
= BRG] w9 ST ok 2% FAS
2AA GST) F3Ad F H8% Fo s

A HDIE 2ASIA mRNAY U Sl 12
T AAZAAANERB F)o $FAA GSTS 4L
FA 8 gl
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