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Abstract— Present study was aimed to examine whether indomethacin affected the production of NO
in the rat paw exudate by carrageenin. Paw edema and nitrite/nitrate levels in the paw exudate were
maximal after 4 h and remained elevated up to 10 h, whereas indomethacin (10 mg/kg, po) sig-
nificantly inhibited the carrageenin-induced paw edema and levels of nitrite/nitrate in the paw exudate.
However, paw edema and nitrite/nitrate levels were increased thereafter for 10 h. Indomethacin also
enhanced the expression of iNOS mRNA and protein 4 h after carrageenin injection. Indomethacin in-
hibited the level of PGE; in the paw exudate in a time-dependent manner. These results suggest the
possibility that indomethacin may potentiate expression of iNOS and subsequently increase nitrite/ni-
trate level in the late phase of carrageenin-induced rat paw inflammation possibly by suppressing cy-
cloxygenase activity.

Keywords [_] Nitric oxide, inducible nitric oxide synthase, indomethacin, prostaglandin E,, carrageenin,

paw edema.

& dF e NOSol= F 74  isoformo]

glor FHH

AR A FHt
A BEANE S48t

o gEukgol o3 PZujAp % nitric oxide
(NO)¢} prostaglandin®-7F B3k Aoz A&
o}, v HolEA Y= carrageenin—r5=4 7 F9
4, carrageenin—<TA #F WH-F T o] FFA
ol 4% WNEAE BAdske £ nitric oxide
synthase(NOS)# cyclooxygenase(COX)7+ 2@ =
%I;}_.féi)

|= =3 = O
BE 558
4

g Eele o] AAAR
(H22) 02-872-1795

i

214

cNOSE YHAE 9 &y 7EA vehs 1 848
98} Ca®/Calmoduline] B8} Cytokineoltd
lipopolysaccharideel 93 F=== ©]A4d#9] indu-
cible nitric oxide synthase(iNOS)& WM X
HJEZAE, HfotHE SolM BdA® INOSE o
ZFo] NOE AAlste] 4 A, ojFolA At AT
Wse) v PR s AEahe-S vehhe
wgk A8y 3, AF L AGEE a]lo) oF Aoy
s} ¥ carrageenindll 93 FAolA AMEE

o]

NO= 83 53§ 571 1A H58 ek 58

3 9ES 38, NOS A N%nitro-L-arginine
methyl ester(L-NAME), N°-Monomethyl-I-argini-



Indomethacin®] 9|3t iNOS @& 215

ne(L-NMMA). aminoguanidine, N-iminoethyl ly-
sines-& o] FEF Al &7} ek

Prostaglandinf+= arachidonic acid2%€ cyclo-
oxygenase(COX)oll 2J3] A== e dAF ui7j
E&o|t} Arachidonic acidi= prostaglandin G,
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Biotinylated gout anti-rabbit IgGE Gibco BRLAMI
A Y43y 228, anti-INOS pAb, BCIP/
NBT phosphatase substrate= Z}2} Difco, Trans-
duction laboratory , Kirkegaard & PerryAlellA
dsle] ALR3lHT. PGE; ELISA kit Oxford
biochemical researchAtoll A Fstsi e},

Carrageenin0f| 2|5t & £F &3 - % Sprague-
Dawley 33 (170~180 g, N+ HE5EAE])E eth-
erZ 7P w7 F 9% sidbe dulg b))
carrageenin(0.85% saline®] @&3 1% <4 0.1 ml)
£ Fo3lcHWinter, 1966). E%3E plethy-
smometer(Ugo Basil, Italy)& ©]83%} carrage-
ening Fo3l7] A, B F AR Az}
10717k A3t 582 7+ FBA carra-
geening FANE Z7)eh & B2 (m])-g FAHA 1)
e o2 Jehhslel. Indomethacin(0.15M pho-
sphate buffer (pH 8.0) <ol HEr3t o & A|F kg
2.5 m!I(10 mg/kg #%F)S carrageening F4438}7] 14]
7+4 13 3+ 5o 399tk Aminoguanidine(INOS ¢
AA, 300 mg/kg AF)E FAHE AelaGSol S35t
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oo FAE FA3AEY o] 4L 1,000 MWCO filt-
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nitrite/nitrate A ol AH&-3HA T -5 5 nitrite/
nitrate@& NO analyzer(ANTEK model 745)& A}
|3t Z2As9 o™ sodium nitriteZ2RE AL
standard curve2 28 FEF #itetol 25 F
PGE;#2 PGE A %8 kit(Oxford biochemical re-
search, USA) & AM&-8te] A ek3)aic,

Western blot £240f] 2|8t iNOS tHlY &XN - Car-
rageening T3l FFo] fidw &S calcaneus
levelol| A Zehflo] 1 FAE 4% & 28 Hgs 2
712 stz @ #4129 2,599 lysis bufferE 7}8laL
Ultra-Torax T25(Janke & Kunkel) & o]-&3} 72
et wA8812,000 gollM 1717 AR & &
(4°C) “d5d& 3t B4 HA7HA] - 70°Cell Raksks
o} A o] Aeke Bradford Wl &3tget
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43ted SDS-PAGERME At dhuag
7.5% SDS-PAGE=Z #el3ln H7] 9& 2= nitro-
cellurose#|oll ]3]t} Rabbit anti=macropha-
ge iNOS antibody(1:1000)2 immunoblotdich.
Alkaline phosphatase-conjugated goat anti-rab-
bit immunoglobulin G& ©¢]x} A= ALt 5-
bromo-4chloro-3-indolyl-phosphate/nitroblue te-
trazolium(BCIP/NBT) 2 a5ttt

iNOS mRNA =7 : Reverse-transcriptase-polymera-
se chain reaction(RT-PCR) — Carrageenin® %}
3Fe] ¥ zxo2RE F RNAZ guanidine-iso-
thiocyanate HHo2 A9t Random 6 mers}
M-MLV 9#A 4 (Promega, Madison, WDZ o|-&
ate] 2 ugel ¥ RNARFE Z4H A DNAE E48H3
t}. INOS9] primeres 5-ATGTCCGAAGCAA A-
CAAACATCAC-3'¢} 5-TAATGTCCAGGAAGTA-
GGTG-3'¢19l2H PCR ¥ 449 bp9] A ES ATt
GAPDHY primers 5-ACCTCAACTACA TGGT-
CTAC-3'¢} 5-TTGTCATTGAGAGCAATGCC-3
oo PCR ¥ 801 bpe] AAE-& AUt ¢DNA(
ng)S 94°CellM 30%, 54°ColA 30%, 72°CollA 184
PCR 9700 thermo cycler(Perkin Elmer Cetus,
Norwalk, CT)E o83l 403 FZ&9r: RT-
PCR% #3-E3E 8 ug 1.2% agarose gel®ll load-
ing8lx ethidium bromide= 943+t

A 2o - J4¥EAE meantSEMOE FA
3k .o zt 7ke] HF A+ unpaired Student’s t-
test= H| w3t

A

Carrageenin @8 RT&t £F - Carrageenin&
Fo A BE FJH A FFo] F-24 A FrstAT.
HZ2 carrageenin $9% 3A13WHA] SA3) S} &
921 (1.34+0.08 ml), 3MZIo1F 6AIZH7LR] 2Bk 7
2For} FFo] FAFHAH(Fig. 1). 10A7tlE=
AR A 9] RFol BIsAE Aot carra-

geenin 7o ol HlEM = Fo4%E= FFe S7t
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Fig. 1 — Effect of indomethacin (10 mg/kg, p.o.. (O) and
indomethacin+aminoguanidine (300 mg/kg, i.v.,
V) on time-dependent increase (0 to 10 h) in rat
paw volume following carrageenin administra-
tion (@), The results are expressed as meanst
SEM, n=10~20. ****** Significantly different
from carrageenin-treated groups. *** Significan-
tly different from indomethacin-treated groups
(P£0.05, P<0.01, P<0.001).

(0.97£0.1 m))7t FAEAHFig. 1). Indometha-
cin(10 mg/kg) & carrageenin ¥ 1A17F Aol A+
2 593198 o, ¥FL& carageenin® 593k Fol
H13}e] 6A17E 7R F9A A AAE AN Fig. 1. 1
) carrageenin®g Foidt A= € RELS
A% F71el 28 10417 Foll& carrageenin?he &
o3t dF et FAME £35S UERATHFig. 1). Indo-
methacin® A3 carrageening ¥4% ¥
3A7tell  aminoguanidine® ¥I§9&wW carra-
geenin Fo ¥ 5, 6 2 10 Azt 2HELS indo-
methacineFoiatell vlgte] FoAA A=At
(p<0.05) (Fig. 1).

PGEMEF — CarrageeninFol#9| 4, 6, 10 A7+
HZdo| A PGE,& 626.9+99.7, 685.8+59.3, 524.8
+77.4 pg/paw ©IAt} Indomethacin A X]A] 4,
6, 10A17re] HFdollM PGE,= Z+Zt 57.8+20.1,
132.9+39.8, 156.8442.8 pg/paw® F4 A o
A= Ak (72 PC0.001, P<0.01, P<0.001) (Fig. 2).
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Fig. 2 — Effect of indomethacin (10 mg/kg, p.o.) on pros-
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taglandin E2 production in rat paw exudate fol-
lowing carrageenin administration. Data are
expressed as meanst=SEM., n=7~8. *™ Sig-
nificantly different from carrageenin-treated
groups (P<0.001).

—@— Carrageenin
—O— + Indomethacin

"

12 4 6 10

Time after carrageenin (h)
Effect of indomethacin (10 mg/kg, p.o. ® on
nitrite/nitrate levels in rat paw exudate following
carrageenin administration. (O). The results are
expressed as meanstSEM., n=10~20. ***** Sig-
nificantly different from carrageenin-treated
groups (X0.01, PX0.001).

o] ¥l nitrite/nitrate®& A&H o2 Frlsted 10
A 7ol = 888.9+76.3 ng/paw® carrageenin 9% %
oAl B} @A5] F7HE ATHPC 0.001) (Fig. 3). Car-
rageenin¥<]#°| aminoguanidine® < 3918 o
10417 A nitrite/nitrate®o] F24d A 2HAEA]
el o} indomethacin* @l 9Js)A] Z7}4 nitrite/
nitrate(888.9+76.3 ng/paw)s= aminoguanidinel]
sl G QA AA(321.6+27.7 ng/paw) HAUTH
(P<0.001).
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Effects of indomethacin (10 mg/kg. p.o.) and
aminoguanidine (300 mg/kg, i.v.) on nitrite/ni-
trate levels in rat paw exudate 10 h after car-
rageenin administration. The results are ex-
pressed as means+SEM. n=7~8. ** Signifi-
cantly different from carrageenin-treated rats
(P{0.01), ™ Significantly different from indo-
methacin-treated rats (P¢0.001).
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Fig. 5— Immunoblot analysis of iNOS protein in rat paw

tissues. (A) Effect of indomethacin (10 mg/kg)
on the expression of iINOS protein in paw tis-
sues obtained from rats treated with 0.1 mi of 1%
carrageenin. (lane 1-2, carrageenin at 4 h: lane 3-
4, carrageenin+indomethacin at 4 h: lane 546,
carrageenin at 6 h: lane 7-8, carrageenin-+in-
domethacin at 6 h: lane 9-10. carrageenin at 10
h: lane 11-12. carrageenin+indomethacin at 10
h). (B) Cumulative data obtained from 3 dif-
ferent experiments. The level of INOS protein
was quantified by densitometry. Each bar rep-
resents meant+SEM. *Significantly different
from carrageenin-treated rats (P<0.05).
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+ Indomethacin

Fig. 6 —RT-PCR analysis of INOS mRNA in rat paw
tissues. Effect of indomethacin on the expre-
ssion of INOS mRNA rat paw tissue at 4 h aft-
er carrageenin injection. RNA was subjected to
RT-PCR analysis using specific primers for
mouse macrophage iNOS and GAPDH, n=3.

iNOS ds0f| CHet indomethacin®] F3} — Carra-
geenin® 2 FFo] fE FFH 9 & A A INOS
G2 AR E] WA E Y] AlRSle 6AIZH H2
o] & e eH 1047kl E tha Ade A
32 W HTHFig. 5A & B). Carrageenin 434 in-
domethacin® AAz|3t FA 10417kl 187.3+
14.2% =2 ¥do] F715 UM (Fig. 5A & B). Carra-
geenin F¢1 & 447k ¥ 23] F9] iINOS mRNAE
Zvatd ot indomethacing AF-d3h oA dA
3] Z713tArHFig. 6).
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Indomethacin® tEZAQI v~ o=y A9 7
EAZA COXel €42 JATt FI528-S e
ddn dexoh ¥ d7dAM® indomethacing
carrageenin ¢ 1A1ZF Aol ZA42 FoJsld e of
10A17k71A] Rz Z0] PGE, AA0] A48z &
A3 A= Ach ey G2 F7191 10417kl indo-
methacin® 2§t BHFL carrageenin¥ FJA|
o] 223 §-AF8t indomethacin¢] PGE,2] AAS
AABI} AREF S A A B B3

Carrageenin F¢& Z7]%1 44|17t HEFH 9
nitrite/nitrate %< F713I¥ ot o|F 43T
Indomethacing AA2)gt oA nitrite/nitratew
4N A carrageeninF Aol Hlgte] {4 A

AAH o ol F N EHH oz el on H5F7

¢l 10A)7tol) = carrageenin®t o1k 1} ¥ d o)
A A 71519l Indomethacing *2]3 &
32170 INOS A #191 aminoguanidine <
31995 indomethacin¥t Fo 3t ol B15ke] 10417t
o indomethacin®4 2 %7} ¥ nitrite/nitrate¥4&
o4 A At e 2 ¥E % indomethacin
A2 2ol vlste] FAA YA AAHAATE B o=
indomethacin AXE2 F7He %719 nitrite/ni-
trate®™ F=3< INOSY w3 2f3n ez F3HF
Aok AAE, carrageenin F o]% 4x 74 RE W
X 7] A1 Z3HINOS T " 2 6 AlZHRol F o] Brd
£ HAI o]F 10A17R & tha 743t nitrite/
nitrate A4} HaPFH oz INOS willdo] Ld =
o1 indomethacin & A2 g A A& 64t o] F
carrageenin%t F-o 3 7ol H]8ted INOS a2l ag
o] Z713kR e 10417kl INOS &ha o] f#
JAUA F71E A 44 HAtE? Carrageenin £
T 4ANZE] B 2 Ao A INOS mRNAE RT-PCRY
Hog Algd A3} indomthacin®] AA A2 INOS
mRNAYe] A3 Z7HEASS FASHAT. 0]
A2 Ho} A7he] ZE indomethacin®] ¥ &
A A7t A= AL INOS mRNA ¥ o
de] F7hek 12 4% NO A 7 #Asil S 7t
S5 A

B AP A= carrageenin & S 2 H GF R oA
indomethacin 3127} PGE,2] A& A5l iNOS
4 3719 NO A4 37He F=3is 202 31
t}. Prostaglandin® 7} NOS 7 2ol n|x]& dgke)] &
g A2 FF U AAEA J774914 prostaglandin E,
% iloprost(PGL2l <Fd% analogue)7t LPSel <)%
INOSZEE AAeth= B17t glom® £3t indo-
methacin® monocytedl ¥l PGE,AAE F3lo IL-
1B 43S 271 NZtke Ravb Jub® dia A ZoA)
IL-1B A4 L 91 2oX PGE4} PGLE 71 ) &A=
T COXZA2E s S749tL.% PGE, ik A
A2 M EAA cytokine A=Fo2 <13 INOS L&
down regulationdtdth.” webA prostaglandin®-]
A= positive feedbacko®  2HE3le]  x]£F¢)
INOSHEE Z718 7FeAdo] uk” ool A3} in-
domethacine carrageenin® & =% 33 & RE
B 27| EPGEE AAlsle 542 oAlsht &
719 =INOS mRNA A 2 o {ie & S7Al7| 3
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