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Abstract — Cassia tora L. have been used as a folk medicine in Korea. This study investigated anti-inflammatory effect of
aurantio-obtusin isolated from C. fora. We isolated aurantio-obtusin from 50% ethanol extracts of C. fora L. We investigated
the anti-inflammatory effects of aurantio-obtusin on the lipopolysaccharide (LPS)-stimulated inflammatory response in murine
macrophage cell line (Raw 264.7). To investigate the cytotoxicity of aurantio-obtusin on RAW 264.7 cells, MTS assay was per-
formed. RAW 264.7 cells were treated with aurantio-obtusin at different concentrations (12.5, 25, 50, 100 uM) for 30 h. The
result showed that aurantio-obtusin had no cytotoxic effect in a concentration range of 12.5 — 100 uM. To determine the effect
of aurantio-obtusin on LPS-induced NO production, the NO concentration measurement was performed. RAW 264.7 cells were
treated with aurantio-obtusin at 12.5, 25, 50 and 100 pM for 24 h, and the results showed that the NO production of aurantio-
obtusin-treated cells compared to LPS alone treated group was significantly decreased in a dose-dependent manner. Pre-
treatment of aurantio-obtusin inhibited LPS-induced NO production in a dose-dependent manner. To find out inhibitory mech-
anisms of aurantio-obtusin on inflammatory mediators, we examined the PGE, pathways. As a result, PGE, were decreased
in a dose-dependent manner by aurantio-obtusin. The release of interleukin-1f (IL-1f) and IL-6 were also reduced. Moreover,
aurantio-obtusin suppressed LPL-induced IkxB-a degradation. These results suggest that the down regulation of NO, PGE,, IL-
1B and IL-6 expression by aurantio-obtusin are achieved by the downregulation of NF-kB activity.

Keywords — Cassia tora L., Aurantio-obtusin, RAW 264.7, Anti-inflammatory effect.
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lipopolysaccharide(LPS), WA= 2 2 arachidonic acid B A E= dakeA A NO)9t interferon gamma(IFNy),
AR 52 F2 2 sto] AERHE Aazke, 95 tumor necrosis factor-a(TNF-a), interleukin-6(IL-6) 2
A AEZe] AFFREY ol W FAFUS] T T A interleukin-1B(IL-1B)2} -2 AZw7IAE Ale|EFIR] #H1E
Hguks-S o)A Hrp ZNA 27 Al 23 e r}?
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*These authors contributed equally to this work. Y Ao o 2HE 7 o)L %gu:], o= A

* WA ZHE-mail) : anbengl5@nikom. or kr - . . . o]
(Tel): +82-61-860-2811 1}7]' %‘ﬁ%%((ﬁﬂ?ﬁﬂa), 'Er%}%tﬂ(ﬁﬂ%@.@) '%:‘ 7':9] 'U’]

11



12

2o} 7HEg HEa, F34 WY 59 X8 o]& Hf
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Ego g wale wglsh el o e A
22,0 2+ 2%, WY F74e] o] a3yt BusAchY
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At % 7|7] - Aol 2% 9 AR el AleH
methanol, n-hexane, methylene chloride, ethyl acetate, n-
butanok> DAEJUNG(Korea)oll Xl 43t A& gels
8k vlE=a 2 ekE 7)) (TLC, Thin layer chromatography)
+ TLC plates(Silica gel 60 F254, Silica gel 60 RP-18
F2548)8 A&l o, AR EeE % 2473 silica
gel(70-230 mesh, Merck, Darmstadt, Germany)3 ODS gel
(50 um, 1.2 Kg YMC, Koyto, JapanyS -3l AH&-31S3Th
HPLC(Shimadzu, Kyoto, Japan)E ©|-83l] & »~32|dS
7135 o, LC-IT-TOF MS(Shimadzu, Kyoto, Japan)S
ol dEe] 4 2 el ARl 7 T4 AT B
I EA ZA o] o] FolH Tk LC LC-MS EA]oll=
Water, Acetonitrile(Phillipsburg, NJ, USA), Formic acid
(DAEJUNG Korea)s Y3l AM-3HATE. 28 i
Sigma aldrich Inc.(UK)2] DMSO-d,Z AH&al &-3]A1Z]
™, Varian 600 spectrometerS ©]-&3] NMR(Nuclear
magnetic resonance) spectrum= 574 3T Dulbecco's
modified eagle’s medium(DMEM)3} fetal bovine serum
(FBS), Penicillin-Streptomycine=  Gibco/BRL(Eggenstein-
Leopoldshafen, Germany)ollX 31932, 3-(4,5-dimethyl-
thiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfo—phenyl)-
2H-tetrazolium(MTS), inner salt; phenazine ethosulfate(PES)
7} 23+ The CellTiter 96° AQueous One Solution Cell
Proliferation Assay®} Griess reagent system<> Promega
(Madison, WI, USA)*| Al 3} T}, Lipopolysaccaride
(LPS), dimethyl sulfoxide(DMSO)+= Sigma Chemical Co.
(St. Lousi, MO, USA)°llA 1918133, PGE, ELISA kit
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Enzo Life Sciences Co.(Farmingdale, NY, USA)o Al G+
I, IL-1B, IL-6] enzyme-linked immunosorbent assay
(ELISA) Kit= R&D systems(DuoSet ELISA Development
Systems, MN, USA)°llA T35S th IkB-o antibody,
DAPI+= Cell Signaling Technology, Inc.(Danvers, MA,
USA)olA Y3l A T Anti-rabbit FITC conjugate
antibodiess= Thermo Fisher Scientific(Waltham, MA,
USA)lA Y st3dt.

XEER 22| - 294 5kgS 50% ethanol= 80°CollA]
3A7Y, 33 Wk 2hR @7h FF si8ien, o] 50°C ofst
o] THIA ZES3 358 g0 FEES ATE FEE
Z7oll dE A7) 5 ODS gel(50 um, 1.2 Kg YMC)
©]-8-3+ Open column chromatographyS %18} c}. 32
/421 ODS gel2 Glass Column(16 cmx60 cm)°ll %318}
water®} acetonitrileS )5S 2 A7)l o, 197119
35S AATHMIN-1~19). zHzte] BRI EL 1C IT-
MS(shimadzu, japan)E ©|-&3l 2=72d dFRom, &
A4S T ag=Y S 8T 24
o] T AR ES LOMS 2 TLCE o83
2l 271 2474 9 AAE J9 st AREE 164 175
Silica gel(70-230 mesh, Merck, Germany)g- ©|-8-3+ <=4 4
HAaZnlEa# 39S p-Hexane: FtOAc=2:1~1:19] H| &2
2A)3Fe] MI90-1617-1(Aurantio-obtusin )& 2]ttt

Aurantio-obtusin(MJ90-1617-1) — Yellow powder; 'H-
NMR (500 MHz, DMSO-d,) 13.25 (1H, s, 8-OH), 7.76
(1H, s, H-4), 7.16 (1H, s, H-5), 3.83 (3H, s, 7-OCH,),
3.80 (3H, s, 1-OCH,), 2.28 (3H, s, 3-CH,); BC-NMR
(125 MHz, DMSO-d,) 187.6 (C-9), 180.8 (C-10), 157.4
(C-8), 157.1 (C-6), 1559 (C-2), 147.6 (C-1), 139.8 (C-7),
1324 (C-3), 1289 (C-11), 1263 (C-4), 1253 (C-14),
124.1 (C-13), 111.5 (C-12), 108.1 (C-5), 61.6 (7-OCH),
60.4 (1-OCH,), 169 (3-CH,); LC ESHIT-TOF MS: m/
331.0716[M+H]".

MNZF A M=o - & dFlM AH-3 RAW 264.7
MAEFE  American Type Culture Collection(ATCC,
Virginia, USAPIA 24Tt Dulbecco's modified eagle's
medium(DMEM) v} =]l 10% fetal bovine serum(FBS),
100 pg/ml streptomycin, 100 units/ml penicillin 3 7}3}<]
CO,Hl ¥ 71(MCO-17A1, Sanyo, Osaka, Japan)o| A 2%
37°C, 5% CO 271004 w3ttt

M= SM "IKMTS 24) - Aurantio-obtusin®] A|*E =
go] de=A Elatr] Q18 MTS assays HAISIHAT 12
well platec]l 1x10° cells/mlE H3F3ake] 2441 7F v a1
FBS7} E91A] &2 DMEM Z7oA AlEE 125~
100 pM A ZJ3FATE 2 F 30A1ZF vlYF & MTS 83l ¢]
AR o] 1/10=1A] 471skAtt. 37°Collx] 4x17E u gt
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% ELISA $°4%2%7|(Infinite 200 pro, TECAN, Grodig,
Austria)S ©]-&31] 490 nmol|A] SFHEE =8I
Nitric Oxide(NO) s= &8 - Aurantio-obtusin®] NO A}
A AAE 243 Y8l AIRE 12.5~100 pM TE= AA
gatar, 2A17F Foll AISAA2] NOAAell F3e] J=A%
gelsz] 918 LPSE A2 (500 ng/ml) &2 7123 v
RAW 264.7 cells 24*]7F vl Faaitt. 2 o] Al zn) ey
100 l, griess A|9F(A+B) 100 piE E3sIATE 1052 F<t vt
& A2l $ ELISA ¥3%=37%7](Infinite 200 pro, TECAN,
Grodig, Austria)s ©]&3ke] 540 nmolX] SF =S =48}
At

Prostaglandin E2(PGE,) —LPS A}=of ¢J3to
RAW 264.7 cell25-H A== prostaglandin E2(PGE,)%F
©] aurantio-obtusin®l] ©]3l Hrh} FFAis=7HE S74517]
213l Nitric oxide(NO) SHHH I FAgH 7oA vj=
A2 wj e PGE, ELISA kits ©]8-3k] 24138180t Al
3 ikl U] EA)8k= PGE,2] FE(pg/mle X899
FEE 71FoE et Al AL kil e
T2 EIE FY3IT

Cytokines(IL-1B, IL-6) &8 - Aurantio-obtusin®] H54

A

= |
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AL E7IQ] A A EoE 24317 fl8iA RAW 264.7
cellS 6 cm HISF 8710 5x10° cells/mlZ F-F51] 2447}
HjFste] Al2E g3t ARl ol A5 12.5~100 uM A
28] gk 5 2A17F Fo]l LPSZ 500 ng/mlo] H== A 2]s}
Ak 2477 vt & e Fsiath AA A
e kitol] Y ZREEINE S

04 of & 224 M (Immunofluorescence) &4 — Aurantio-
obtusin®] €% MZA TG FHEE «kB-o2l degradation
A= 3elsl7] 9131ed immunofluorescence A WS o]
8319 IkB-ast g FAst] ERISKITE Cover slip Al
EE BTl 2407 v Foll AES 247 A 3 T
LPSE 500 ng/ml X|2]5}aL 30%0] At § 15 M= PBS
2 AFE 3818kaL, 3.7% formaldehyde® 2-20l4 20% &
oF IZAZTE T PBSE AlAL 33|5l, F4EHo] &
o7k 4= ALEE 0.5% triton X-100S 1587 A2k 5, 3%
BSAZ 4-&of|A 1A]7F 52t blocking 34 TE 1% BSA
o £ anti-IkB-o((1:100) 2|33 4°CollA] ¥kA] wkS-5}H
. 18 $of 23 anti-rabbit FITC conjugated(1:200)<}
DAPIE A 2|3l A-20l|A] 4A]7F RES3IA T, vixete =
PBSE 33 A¥ ¥

T
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Fig. 1. LC-MS chromatogram (A and B) and mass spectrum (C and D) of aurantio-obtusin from C. fora L. (A: LC chromatogram
by UV at 286 nm, B: Total ion chromatogram by TOF-MS, C: Positive mode, D: Negative mode).
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(DAKO cytomation, Carpinteria, CA)S.2 A A7l &
fluorescence microscope(Carl Zeiss, Oberkochen, Germany)
2 AT

SAHXME -2 AFolA 42 AFo thalA= SPSS
Statistics 25 Standard for Public Service T2 1302 FA|
EAL 1o, Hit| + FH X (mean + S.D.)Z LE}
AT a7t Adwe] Heto Aole Y &7
FHEX (one way analysis of variance)S 531 5315
3, #2942 Duncan’s multiple range testE ©]-& 3}
p<0.05 70l H7Fsk T

IRt

XEME 7= BM -MJ90-1617-12] LC/MS 24 A3}
m/z 331.0743 [M+H], 329.0673 [M-H]¢] EA = 2
C,,H,,0,2] BA2)L 18191k (Fig. 1). 'H-NMR spectrum
£ B3l 6 7.76(1H, s, H-4)3} 7.16(1H, s, H-5)°14] aromatic
proton peakE 2¢lat¥ o™, § 3.83(3H, s, 7-OCH;,)3
3.803H, s, 1-OCH,)oll A 7+ &AF€] methoxy protone, §
2.28(3H, s, 3-CH;)oIA] & #2}2] methyl protons 213}
It} PC-NMR spectrums £3 § 187.6(C-9), 180.8(C-10)
of| 4] 5 A9 ketone peakS 215112 ™, anthraquinone
Age] 3FEUS =319, 12712 benzenring carbon
S F71E Zglsn =3 § 61.6(C-7), 60.4(C-1)014 F
E-21¢] methoxy carboni & 16.9(C-3)o14 3 E=}¢]
methyl carbong g8t ol & 71E 313 B aws)
aurantio-obtusin® = 54 &} th(Fig. 2)."""?

RAW 264.7 MZF0|M Aurantio-obtusine| MIZ S
ol — g5 a9E Yol7] o aurantio-obtusin®] RAW
264.7 MEZANA MTS assays 53l 540 gl s=5 &

Qstlet. el AFPHHE +YT 23t BE FEoA
AZEAo] g A AL, o] F FUF 4G

12.5~100 uM == A8-S 3319 th(Fig. 3).
RAW 264.7 MZF0M Aurantio-obtusin®] NO 44
x| £3} — RAW 264.7 A|EZFA aurantio-obtusin®] NO

Fig. 2. The chemical structure of aurantio-obtusin
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M-S Asfsk=A] &2lsl7] ¢35 aurantio-obtusing 12.5~
100 pM T2 2 A=A 3kl 24]7F Fol LPS(500 ng/ml)=S
A =2 FAFsI 24417 vt 1§ ASas
F5to] griess A|9FE o83 NO A4S sk 2
A3} LPSE *2]3IA] %3 aurantio-obtusin 12.5~100 uM
A2 gk oM o)Al Zfol7t gl AW LPSE A
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Fig. 3. Effect of aurantio-obtusin on cell viability in RAW
264.7 cells. RAW 264.7 cells were incubated for 30 hours in
the presence or absence of aurantio-obtusin at indicated dose.
Cell viability was evaluated by MTS assay as described in
materials and methods. Data represent the meantS.D. of trip-
licate determinations from three separate experiments. Differ-
ent letters are significantly different at p<0.05 by Duncan’s
Multiple range test. NS: not significant.
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Fig. 4. Effect of aurantio-obtusin on LPS-induced NO produc-
tion in RAW 264.7 cells. RAW 264.7 cells were pretreated
with the indicated concentration of aurantio-obtusin for 2
hours before being incubated with LPS (500 ng/ml) for 24
hours. The culture supernatant was subsequently isolated and
analyzed for LPS treated group. Data represent the mean+S.D.
of triplicate determinations from three separate experiments.
Different letters are significantly different at p<0.05 by Dun-
can’s Multiple range test. CON: control, LPS: LPS treated.
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Fig. 5. Effect of aurantio-obtusin on LPS-induced PGE, pro-
duction in RAW 264.7 cells. RAW 264.7 cells were pretreated
with the indicated concentration of aurantio-obtusin for 2 hours
before being incubated with LPS (500 ng/ml) for 24 hours.
The culture supernatant was subsequently isolated and ana-
lyzed for LPS treated group. Data represent the mean+S.D. of
triplicate determinations from three separate experiments. Dif-
ferent letters are significantly different at p<0.05 by Duncan’s
Multiple range test. CON: control, LPS: LPS treated.
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23k oA E aurantio-obtusin 2] FE7} =713kl w2t
NO A o] Fashke AL 1T 4 UATh(Fig. 4).

E REE RAW 264.7 MZZF0|M aurantio-obtusin
2| Prostaglandin E2(PGE,) 44 M| §3} —RAW 264.7
A EZF|A aurantio-obtusin®] PGE, /432 #3l|sh=A] &+
Q13}7] $13ll aurantio-obtusinS 12.5~100 yM F =2 % 2]
Blal 2417050 LPS(500 ng/mlE #2|sle] 244)7F v ka}
ATk L & MxE 23N st PGE, A/d¢| aurantio-
obtusin®] 3l &= =A] ELISA kitS o]-&3l] £33t
LPSell 2Jall Raw 264.7 Al ZolA PGE, A4d¢] F 33u) o]
A Z7HEE Z1S $91319 37, aurantio-obtusing X 2] 3153,
S FEHEE Fo4d A PGE, o] HAEHAAL, ©]
= aurantio-obtusin®] PGE, 44 €4S UE02H dd5
T} UeS AAFSTHFig. 5).

Aurantio-obtusin®| ®{Z2H Cytokines2| M4 x| &
I} — Aurantio-obtusin®] RAW 264.7 cello| 4] LPSZ %=
He 2 A9 9 93549 cytokineE<] A3l digh
g2 ZAFE] 8t IL-69F IL-189] S AR
ME FS5HS ELISA Wi o2 =43 A3} aurantio-
obtusin 12.5~100 uM F=0lA] IL-6, IL-1pE T& °|E4]
o2 AAsk= A RIS, 25 uM FEo ol = Fo
Zo® are AS AEE = ASUTh(Fig. 6).

150 ~

IL-1p production (pg/ml)
g

50 A
cd

Aurantio obtusin (uM)

LPS (500 ng/ml)

Fig. 6. Effect of aurantio-obtusin on LPS-induced IL-6 (A), IL-1B (B) production in RAW 264.7 cells. Cells were pretreated with
the indicated concentrations of aurantio-obtusin for 2 hours before being incubated with LPS (500 ng/ml) for 24 hours. Production
of IL-6 and IL-1B were measured by ELISA. Data represent the mean+S.D. of triplicate determinations from three separate exper-
iments. Different letters are significantly different at p<0.05 by Duncan’s Multiple range test.
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Fig. 7. Effect of aurantio-obtusin on IkB-o. degradation in LPS-induced RAW 264.7 cells. Cells were pretreated with 100 pM of
aurantio-obtusin for 2 hours before being incubated with LPS (500 ng/ml) for 30 min. IxB-o. was visualized with immunofluo-
rescence staining with anti-IkB-o antibody. Green: IkB-a Blue: DAPI (nuclei).

Aurantio-obtusine| ®Z2H4 Cytokines2| M x| §
2t — B A= kB-or2 G5l F5RESl gt IkB-
o degradations 215l NF-kB W] ¢S M40z
FA3ITE. RAW 264.7 A2 LPS *2]A] IkB-a L& o]
ZH%%5, 100 pM aurantio-obtusing- 2] 38w LPS
o oJaf 7a® IkB-o HHS F7HAFTE. ©]= aurantio-
obtusin®] IkB-a2] phosphorylationoll 2]3} degradationg 7+
2~A)7]1 3L NF-xB9] Nuclear translocationg FeHshH, o]o]
gl G oJAleke AS FlsAthFig. 7).

4 =

o] AF= AYz2HE RydH anthraqumone?ﬂ st
=91 aurantio-obtusing colum chromatography® = ©]-8-3]|
2881913, 'H, °C NMR#} TOF-ESI MSZ Ol%oﬂ Tx
BsIom, Be@ gRe I9F Do) TP M
@ Relck 3UEE AAT A3 9, e A
& sz deas ¢
2 AR %mﬂ Relo] H 0L A
9] Weg S SN Aow Leld et
2 AN B S, L He
3< Uehls 5 044H9 9%
o Sl A%4el §2E 7 Lok Bl of
F AABe 9% VAR I3 4 =2 ABA,
#o] zslgel, HRwe 5 Hapgo] maHgle

SEY 5 UE FIF PIYLLS 2= AT} B

53 ek NO, PGE,, cytokine, chemokine 5 T}

o.?ir‘:_l

(o]
rﬁ it oX ol oo r|

iL
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3

foll ] ke, o4 ]-L/l FHel = 4:&%1101 TLR4

(degradation)¥] 2. NF-«xB7} & Qko &2 Zjol(translocation)E]
of FARIAZEA 75 A5 dA vyl £2o] P& £31
AAA A ol2)d Aol 71%sle] Arlelr] F& &
@)%} aurantio-obtusin®] FAF ATE 3+ A3} hA X
A LPSel| <J5l f=¥ NO, PGE,, ¥/ cytokine! IL-6
9} IL-1pE FEoEH o8 712EE A8 elsiiA vt
F7F 71 Al disiA e B2 d7sc] 28 7/4\23
AREET F7HQ] At e T ARl e B A
= ¥ 55 HETCEN FF VT8 AR o&
7Fs/dS AAgL

AR A
o] A7 201795 FFAFAIAN FaYt Ay
ade] MHdsdd 71e89s % 2 A IeAE
M AF[817034-319] 9151 ol 3%k Aafe] ol
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