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Anti-inflammatory Effect of Indirubin-3'-Monoxime-5-Sulphonic Acid on
Lipopolysaccharide-stimulated Murine Macrophage
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Indirubin is the active ingredient of Danggui Longhui Wan, a mixture of plants that is used in traditional Chinese

medicine to treat chronic diseases. In this study we investigated the anti-inflammatory effects of an indirubin derivative,
indirubin-3'-monoxime-5-sulphonic acid (I3M-5S, C;sH;N3;05S). We found that [3M-5S inhibits the production of
various inflammatory mediators such as nitric oxide (NO) and prostaglandin E, (PGE,) as well as inflammatory cytokines,

tumor necrosis factor-a and interleukin-6 in lipopolysaccharide (LPS) stimulated murine macrophage, RAW264.7 cells.

In addition, the expression of inducible nitric oxide synthase and cyclooxygenase-2, which are essential enzymes to
produce NO and PGE,, respectively, was blocked by I3M-5S treatment in LPS-stimulated RAW264.7 cells. Present data
suggest that 3M-5S exhibits potent anti-inflammatory activity in cultured macrophages and merit further study as potential

therapeutic agents for inflammatory disorders.
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H& F2 2, NO synthase (NOS)oll 2]3)| L-arginine . 25
E] AAE T} (McCartney-Francis et al., 1993; Weisz et al.,
1996; Sharma et al., 2007). NOST neuronal NOS (nNOS),
inducible NOS (iNOS), endothelial NOS (eNOS)2| 3&/7}
EA$} (Sharma et al,, 2007). ©]5 INOSE ASHHe<
Zdste=d Tagh oshs "ekal glom, iNosel 9
3l S7ke NO= A &, = nhE] 2 7hd
& (theumatoid arthritis) 53} 22 sk 5

A=A 9] ot} (McCartney-Francis et al., 1993; Weisz
et al., 1996; Sharma et al., 2007). PG= XA o] EA4]sl=
ohFst AXEZHE cyclooxygenase (COX)EHE &4l 2
& A E T} (Ricciotti and FitzGerald, 2011). COXE F+ £
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et al,, 2006). °|¢} & A
4= nuclear factor-xB (NF«xB)2] &4d3}7} 4= o]t}
(Siebenlist et al, 1994). NF-kB¥= W3} dZuw-S-o o]
= §-AE] enhancer 7910l Ajtete] 1 frxte]
A& 243F= AAFolt) (Siebenlist et al,, 1994). A}=-%]A]
& A3 NF-kBE inhibitor kB (IkB)2} &=
A eh Aol AgE|o] Al o] EA)gt} (Baldwin,
1996). AE7} A=W kBE 5 2 el ¢kt #34S
AXA =3 o]oA proteosomes©l] 23] FA3] W3H
T} (Palombella et al., 1994; Baldwin, 1996). IkBol| 4] 2] ¥
NF+«BT & U2 o]&3] 32475342 promotor H-212]
EAA71M Dl Ajtete] iNOS, COX-2, TNF-0, IL-6 &
theFet dSviiEd ] JAME FxlskeE AoE A
ST} (Palombella et al., 1994; Baldwin, 1996).

B ALY L ZZ (Persicaria tinctoria)®] 2] E43A
Bo] el indirubin 2 1 §EAH 7} b= ksl AlE]
2ol gk AE MPstal vk HELS v ER
(polygonaceae)°l| &3t 1A Ax=, I G Tl
indicana 7F3] Al AbshiEES A A 3
indigo®} indirubin .= HEF T} (Christie, 2007). Indigo2}
indirubin> | ZHE] AAG=E AREH o] gon 53],
indirubine 3%, 37, DG T v oFgAgol
o] Wt A= g o R E o]y o] g} (Xiao et al,
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2 el FARcR BuEHA oo fEA g
of 3k A7} i3] [a= iz 9T} (Eisenbrand et al,
2004). 281} indirubin 83 =7} v~ wro} AujjellA]
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indirubin-3'-monoxime-5-sulphonic acid (3-[3-(Hydroxyimino)-
1,3-dihydro-2H-indol-2-ylidene]-2-0x0-2,3-dihydro- 1H-indole
-5-sulfonic acid, I3M-5S, Fig. 1)2] IAS TS ARy
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Fig. 1. The structure of indirubin-3'-monoxime-5-sulphonic acid
(I3M-5S).

LPS$} B-actin &A|i= Sigma-Aldrich (St. Louis, MO, USA)
oA T2 3}t Dulbecco's modified eagle's medium
(DMEM), fetal bovine serum (FBS), penicillin % strepto-
mycin< Hyclone (Logan, UT, USA)olA F-43}3itt.
CellTiter 96 AQueous One Solution®} Griess reagent system
< Promega (Madison, WI, USA)°A] T-$13}% 1, PGE,
enzyme-linked immunosorbent assay (ELISA) kit R&D
(Minneapolis, MI, USA)AI Al T-91&}31 2™, TNF-a.¢} IL-
6 ELISA kit eBioscience (San Diego, CA, USA)°l A -
J3te] ARREFITE INOS, COX-2 34|+ Cell signaling
(Danvers, MA, USA)ollA] +918}31t}. Pro-prep™+= iNERON
Biotechnology (Sungnam, Korea)ollX T913}3itl. BCA
protein assay kit<> Thermo (Waltham, MA. USA)ol|l A -
A3}tk PVDF Western blotting membranes< Roche
(Basel, Switzerland)oll 4] 43} th UVPE GelDoc-It™
TS Imaging System (Cambridge UK, USA)2] A& ©]-8-3}
ATk

MIZ i R MZSA 53

AlE B Fel> DMEM B kol 10% FBS2} 100 pg/
ml penicilling 77}k vjFdS A-8-813T) 13M-5S9] &
e 543171 9138 RAW264.7 AIEE 96 well plate©]]
well & 2x10* cells/wello] H%=Z 253 5 124]7F ul
Feiatk AE2E wlFEd HAE ofjgFHe] 13M-58S 7+
7} 0, 1.5625, 3.125, 6.25, 12.5, 25, 50, 100 yM =2 2]
Sho] 24A)7F wkSk & CellTiter 96AQueous One solution
assay S ©]-8-5}o] AEZFTA | WA= 13M-589] FETFS

ZASITY.
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NO, PGE:2| &3

RAW264.7 A 3EZ 48 well plateol] 2.5x10° cells/well©]
HEs 253 & 1247 wigEisith ot wwe
I3M-5SZ LPS (100 ng/ml)2} 37 2g]ate] 24417k Hj
Fet 5, AlE v S Aof g Fo FFEH NO

%2 Griess Reagent System2 ©]-&3}o] S743}% a1,

PGE,= PGE, ELISAkitS ©]|-83}o SA3}3Ith

lo

IL-6 % TNF-a2| &5

RAW264.7 A2 48 well plateol] 2.5%10° cells/well©]
HEE EFe & 12AIRF wjdeglth vhge wxe
I3M-5SE LPS (100 ng/ml)¢} $HA| A lste] 24A17F v
gk 9, Al S o wjkl Foll i TNF-at

IL-69] %S ELISALitS o]-&3to] 43t

Western blot assay

RAW264.7 A X9l Pro repTM lysis €98 ¥ & 45
ol A 4047t Aelstar ¥4l (12,000 pm, 54, 4T)3}
A

o] hulzo] Fhfr c}%—"—’i“&—% slgeetalnt. BAIg
1121 5 BCA protein assay kitS ©]-8-3Fo] A5t} 4
&gk T2 2 SPS-polyacrylamide geloll A #2]A]71 &
Eletroblot system (Bio Rad)S AF8-3}¢] 250 mA= 1A]3F
5+ PVDF membrane®l] 21t &A2] H] S04 A
AAA717] 93] membranes PBS-T (PBS, Tween-20)=
A2 3}aL, 3% skim milkZ 1A]7F 220 A blockingdt -,
iNOS¢t COX-29] &AIE o]&3dto] 4T 12413 v
SAIATE M3 $, horseradish peroxidase (HRP)7| &1
%+ secondary antibody® -0l 4 1A]7F WH3- S HRP
chromogenic substrateE ©]-§-3Fo] iNOS®} COX-2 Hd
&S I 1 FAE UVPE ERIska #4183 T

Xz SHzZ

AP A= H £ EFEAE BAEGoH, AR
2] GraphPad Prism 4.0 X 2713 (GraphPad software, San
Diego, CA, USA)& ©]-83}4], One-way analysis variance
(ANOVA)E w3tth P value?} 0.05 ]38t wivt FA14
frejidol v Ao= wasigint
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Fig. 2. Effects of I3M-5S on murine macrophage viability.
RAW264.7 cells were treated with indicated concentrations of
I3M-5S for 24 hr, and proliferation was determined as described
in Materials and Methods.

WA, AESARIAE, vlol 2 5o
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HAAE-S st M-S sk v
Laskin and Pendino, 1995). °]& &
AhatiAbbE, PGoF 22 A
T (Al ETRD B A RIS Fo] Ao
= A et o A7
S T Hrk mEbA 2 AT AFH ] giAA
FEFQ) RAW264.7 AEE o]85te] BM-589] 5218
= wEsiglth
WA, 3M-5S7F A3 2] th2] A3 RAW264.7 A|3E2] A
o JES 7|A=A] Lolrr] $3l CellTiter 96AQueous
One solution assay 5 ©|-8-3Fc] AEZZ2]e] 1 X|= I3M-58
o] Qe AP L A} Aol ARES Hals
%2l 100 pM O] FLOA A E A3Eo] FAlo FEFS 7]A]
2] Fgo] WA (Fig 2). o] Adbs £ AgA A
|5 BM-5S7F AF o] i AaEe] dial] =4S ER
A GeS AARg whebA o)ste] ARelA = 13M-58
o] HIFEE 100 M= st S st
Ysas2 2 43 LPSv 13eAdre] A2 oqt
of EAIshH, hAME e w3 Thel] EAskE A5l
MNeEdo) S S7A71= slo= dHA vt (Laskin
and Pendino 1995; Baldwin, 1996; Butchar et al., 2006). LPS
= dAAEe] EAISHE TLR4E SASIAA Alx U A4
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Fig. 3. Effects of I3M-5S on LPS-induced NO and PGE, production. RAW264.7 cells were treated with indicated concentrations of
I3M-5S in the presence of 100 ng/ml of LPS or with LPS alone for 24 hr, and NO (A) and PGE, (B) release were determined. The results
are reported as mean £ SE of three independent experiments in triplicate. Statistical significance is based on the difference when compared

stk

with LPS-stimulated cells ("P<0.05, “"P<0.01, " P<0.001).

L Z:;‘TJr Ao teFstiMe H53 45 3 U
e wE FAAEe] dAPE o] FoXt) (Laskin and

Pendino 1995; Baldwin, 1996; Butchar et al., 2006; Ricciotti
and FitzGerald, 2011). w2}q & AFoAE= LPSZ
RAW264.7 A5 A=538te] A5REeS Fiesi3ith
LPSol &) EA3lE RAW264.7 /‘ﬂi«] gl ol
A4E NO©| ol WA= BM-589] d3s waebast
RAW264.7 A ¥l LPS} I3BM-58Z ] &
wjfel Fo g HHlE NO$ PGE,2] 525 =
I3M-389] FEE 125 M2 2] 2|3 Z1Eol A
WEo 2 Adk 21FI] NO A 7%
= A 4= glYlon BM-5S9] FEE 25 uM ©
Z At a2Fol = LPS A=l 23 No2| A4
o]F o7 AATHS Bzt = gATH (Fig. 3A).
T3 BM-5SE A3 Z1FelA 9] PGE, RS
5 A3t BM-58¢] FEE2 25 uM oo = A3 1
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Fig. 4. Effects of I3M-5S on COX-2 and iNOS expression.
RAW264.7 cells were treated the same as in Fig. 3. Thirty pg of
protein obtained from each cell lysate was resolved on 10% SDS-
PAGE for iNOS and COX-2 determination. [3-actin expression is
shown as a loading control.

RAW264.7 AlEo] LPSE 9= P& o iNOSe}
COX-2 W o] welo] FE¥9)a, 13M-552] A7}
iINOS$} COX-29] whld whels FrojEx o7 o3t

S BET 5 AAT (Fig 4). 019} 22 A= BM-5S
o] Ao &3k iNOS9t COX-29] W& zke] 742471 NO
¢} PGE, 84S AN S AlAlskaL gl
LPSell oJal] A=H thAAMEE dSue
= O Abe|ETRRIS A4 - wH g
= T Axe hAEE 243 A

SEFIS] AL GEEe dEureSs Ezlsit)
(Parameswaran and Patial, 2010). IL-6= LPS2] A}=of 2]3]
TAAZAA Ealsie T 239 Aemdol
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Fig. 5. Effects of I3M-5S on LPS-induced IL-6 and TNF-o production. RAW264.7 cells were treated with indicated concentrations of
I3M-5S in the presence of 100 ng/ml of LPS or with LPS alone for 24 hr, and IL-6 (A) and TNF-a (B) release were determined. The
results are reported as mean £ SE of three independent experiments in triplicate. Statistical significance is based on the difference when

compared with LPS-stimulated cells (*P<0.05, “*P<0.001).

el Aol WA= GRS WEskaLR}, RAW264.7 Al
of LPSS} Al Ul s22] I3M-5SE A 2lsle] Al

weFe] S0 Rulg 16 % TNF-of & S4shgnh

LPSe] Ao 93] f=4% IL-69} TNF-a8 F%+ 7}
7} 561.8+59.2 pg/ml¥} 851.4+36.7 pg/mlo] St 50 uM
o] I3M-5SE LPS¢}t 3 Aglsk A3, IL-6% 92.4£40.9
pg/ml= TNF-o 135.1£33.18 pg/ml2 1 ¥H]&fo] 2]
Hom gt As %“‘"W AN (Fig. 5).

o7 7S NFE 5% ojefEe] Jel vigh A7}
shibs] o] Folx|aL vk AEA T HES I AR
o HAAE fuE ARl gt} E3 £E
, 737, A dAgo] Qlo] WiIZtellA ofgow o] 85
ka1, 53], %E 42 indirubin> WIS A
sh=d 2371 ot B uEAT} (Xiao et al., 2002;
Eisenbrand et al., 2004). ©]% indirubin-3"-oximeS &3k
o}k indirubin =37} 43 = 3 Ut} (Eisenbrand et
al., 2004). Indirubin-3'-oxime<> glycogen synthase kinase
(GSK)-3B2} cyclin-dependent kinases2] 23l A &A=
e dE Uehlle o2 HuEa Y} (Eisenbrand
et al, 2004). =3+ 2 AFES indirubin®] = THE &
Z91 indirubin-3'-monoxime©] A4S A gri= A
< 9t} (Kim et al, 2011). ©]¢} 7Ho] theks) indirubin
FEA7E doldk Ae]@ids Wolar glof o] tigh A}
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