ABSTRACT

Antiinflammatory Effect of Bioactive Compounds
from Geranium nepalense (Notes)

Bo-Mi Kim, Eui-Sung Kim', Young-Hang Lee, Byung-Soo Yu, Kyu-Yun Chai
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The Geranium nepalense has been used traditionally for treatment of various diseases. However,
the molecular studies on the effect of Geramium nepalense have not been carried out. In the present
study, Quercetin, quercitrin, and afzelin were isolated from the methanol extract of Geramium
nepalense were tested for their anti-inflammatory effect. The anti-inflammatory effect of the
compounds was studied in lipopolysaccharide(lps)-treated mouse macrophage cells, RAW 264.7.
RAW 264.7 cells were pre-incubated with isolated compounds(0, 5, 10, 20, 40, 50 ug/mé) for 4h
and treated with 1 pg/mf lps for 18h, and then the anti-inflammatory effects of compounds were
determined. The results are as follows: Quercetin at various concentration inhibited the viability
of Raw 264.7 from 7% to 45%, quercitrin from 25% to 80%, and afzelin from 13% to 52%.
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Isolated compounds showed a significant decrease in /NOS (inducible nitric oxide synthase) and

COX-2 (cyclooxygenase—2). These results suggest that these compounds can be used as stable

anti-inflammatory materials.

Key word - Quercetin, quercitrin, afzelin, Geranium nepalense, nitric oxide, prostaglandin E2,

inducible nitric oxide synthase, cyclooxygenase—2.
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%9 =% 9 open columm £ A AHEE
Sl A 15 AFS AHEseH, 249 £
o= 25 TLC plastic sheets (20 x 20 cm) silica gel
60 Foy (MERCK), 25 TLC plates 5 x 10 cm
RP-18 Fus(MERCK), silica gel 60 (0.01570.140
mm, MERCK), silica gel 60 (0.04070.063 mm
MERCK), octadecyl-functioalized silica gel (Aldrich),
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lipophilic sephadex LH-20 (SIGMA) & 7149} T3A F gule] = *011 ‘IJrFJr & 283t
Phenomenex A}¢] Luna 5u Cis (2) (250 x 21.20 mmb o 2% dog 33 FEHolo =29 i)
micron) HPLC column @} YMC A}¢] Hydrosphere ZZE (10800 g, 1685%)S Ao, 7o v
Cis 200 x 20 mm L D. S5 m, 12 mm) HPLC o2 g oMHCIE FEFE (8076 g, 12.60%),
column, EYELA rotary vacuum evaporator, vision 2% Bee 2EE (10915 g, 17 03%) 181
workstation perseptive biofsystems HPLC & B 2ZE (33200 g, 51.79%)& 4t} oY o}
AHESAT = E49 912 ESIF-MSE o NEO|E FEE (50 8= wﬂ%—% (5.0 mL)ell =
71913, Micromass Quatro LCE AH-3}%th NMR 9] & silica 60 (200 g) 2 @ flash column
spectrum JEOL Eclipse 500 FT-NMR Spectrometer o ¥of od olMEo|lE  XE 1 24 F
(500 MHz)E AHg-39em, NMR 8715 methanol-d (200 : 1 :1:3 Zdoz B &3 1
dimethyl-sulfoxide-dj, chloroform-d W3 ¥+E& (2000 mg), ¥ 2 (4200 mg), & 3 (3700
AL tetramethylsilane (TMS)E AHS-3}%th mg), ¥ 4 (1,3300 mg), ¥ 5 (560.0 mg), ¥

Aggde digt 2488 98, MTT (2-[45- g 6 (9000 mg)s AAK(Sche. 1). 1 7 AL
dimethylthiazol-2-yl]-25-dipheny! tetrazolium bromide) 3l 9= #8 1 &Sephadex LH-20& ]85t
9t DMSO (dimethyl sulfoxide), LPS (lipopoly- e 0 E 469 Wehgd] gujzdos B
sacchride)= Sigmartol A F918+3.0.1 Antibiotic gate] =& 14 quercetin (Fig. 8)(13.7 mg)&
antimyotic solution ¥ FBS (fetal bovine serum), A w8 45 94 HPLC = °l&3ted, 10 -
RPMI 1640 2Gibco/InvitrogenolAd 433t 55 % acetonitrile/H:09] SViEHCE 60 F<F
Anti-NOS, anti-COX-2, anti-tumor necrosis factor w2sted, quercitrin(Fig. 8) (HFEA1L, 465567,
~alpha (TNF-) antibodv= Santa Cruz Biotechnology 193 me)' "2 afzelin(Fig. 8) (178412 49545
INC. (California, USAZ38) 79819108, nitocllose & 271 m)” & 20 Fig. D).
membrane (NC membrane)> Amersharm Pharmacia
AznE Fsd AH8sarh SEE methano 4 AMEHS
(MeOH), ethanol (EtOH), chloroform (CHCI), AFe] A2 (Murine macrophage Raw

ethyl acetate (EA), z-butanol (7-BuOH), 7-hexane,
BAA ¢ AHESHTh FEEEY e
AAE2]7] (Hanil Industrial Company, Hm 150

A% A4 w5715 AHESGeH, §3%
ZA o= UV-Visible Spectrophotometer (Molecular
Devices Spectra Max 190)2FUV-Visible S-2100
(Scinco Co. Ltd.)& AH&-34ith

264.7 cell line)E 10% FBS (56 C heat inactivated),
1 % L-glutamine, nonessential amino acids %1
% antibiotic/antimycotic solution (100 U/mL of
penicillin, 25 g /mL of amphotericin D, and 100
g/mL of streptomycin), 2 % sodium bicarbonate
o] ZgE RPMI 1640 wjAlel ¥ 37C, 5 %
COsincubatoroll Al 24417+ B ¥s} it

AI—IZS% 7_|<I-I

5 M=
Quercetin, quercitrin %
AEF] AE AESS MIT W&
5ttt RAW 2647 AMEFE 96-Well plate

o 20 x 10° cellsy/mlL HEE seedingdt ThS,

1 afzelino] ojgk RAW 2647
HIH S O]_Q_ ]_ofl
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IFN-y/LPS 2 oS 24X7F Agsta =L
Aol 500 pg/mLe] ==, MTTE 7kt 2
- 4N 7 Bk wEEAIZ T MTTS AEA L2 R
AR B BE8A formazans DMSOE &3
atof, 540 nm gl FHEE A 2T
3} Hluske] WME-S (%)E AT

6. Nitric oxide(NO) 2| s=2| &1

Quercetin, quercitrin ¥ afzeling DMSO°] =
o AGEAS T3 om, sarcoma A4E NO9
G2 AT gl Fo EA8kE NO; 9 JH=E
A griess A1 % sulfanilamide, 0.1 % N-(1-
naphthyl)ethylenediamine dihydrochloride in 2.5
% phosphoric acid solution)2 ©]-&38l9 =734
o oJAE M3t HBELAE v T LPSE
1.0 pug/mLAZ sk, 18A)7F &3t v st et vl
H F 100 LE HAstal, 5FY griessAloFS ¥,
Ao 1027F 28 th2 ELISA plate reader
g o] &3l 540 nm oM FHEE AL
NO; & sodium nitrite® EFERo2 ZA5%
on, 7zt 24X 5 - 8 uM ¢ NO, & $Hrat
= cell-free WlFHe] FHEE o] &ato] HAFAT

7. Western Blotting

Quercetin, quercitrin & afzelin®} LPSol| 9J3f #}
=8 AEE PBSZ MES ths, cell lysis buffer
(50 mM Tris, pH 80, 110 mM NaCl, 5 mM EDTA,
1% Triton X-100, PMSF 100 pg/mL)Z 48271
o, dalie sto] Tid godls Al Bradford
A S o) gt gAs A o, &
9] sample buffer (125 mM Tris pH 68, 4 %
SDS, 20 % glycerol, 10 % mercaptoethano) S &
ot oy BCAA 57 5 7HEste] wuld i
S sk HAE 9 dS 12% acrylamide
gelol M A719%5-S 33+ TS, nitrocellulose membrane
(Amersharm Pharmacia)2 2 HAYA7|L, 5 %
skim milk/ TBS-T (20 mL)Z A& 1A%t

¢ WSAIA HISOH FANEES AAAA
o} COX-29F NOS % B-actinol| th3l 13} 3HA)
(primary antibody) £ 3 % skim milk/l1 x TBS-T
oA 1: 1,000 &2 343t membraned A&
|4 1A 308 B WREAIZIAL A T
anti-mouse, rabbit 2 goat IgG conjugated
Horseradish peroxidase 22} &4 (secondary antibody)
=1% skim milk/ TBS-TollA 1 : 50002.2 3]4
&tod, membrane® -4 1A1ZF F<F ¥EEAIZ
t}. TBS-TZ A3 thg, ECL reagent kit (ECL,
Amersham, Buckinghamshire, England)Z A A)7]
2, X-ray filmol 738l WHo g E4590.

8. Cyclooxygenase-2(COX-2) &2 &3

Quercetin, quercitrin ¥ afzeling S EHZ RAW
264.7 ME 1A7F AXFT T, LPSE A=3}
2 A Bl MAE gl AR T,
ELISA(enzyme linked immunosorbent assay, R&D
System)E °]-&3te] EAET BE BAAAL
R&D Systemell Al AlFH o] Fate] A3}
Aok

9. EHEM

Nz7y 72+ ARERRE de A9
mean + SD. FOE FAFPeH 2 A
ZHE ANOVA (analysis of variance)&
Duncan’s multiple range testZ o]-&3to 2 &
BEe oS ARG YukEoE p
°] 0.005 olatel A% TAHOR frefiel o
Aoz AFsA

EAlo Eghricol=s BRI EEH o
slow, P24 o4 F, pyroneils] A9 4
&, 7HE7), FsA =g TIdste, 4
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Hyol== A B C Axglz urH, Axg
proton®] Bagly Cig] protonkth AR A
Uehdtt Al oxygenated pattern 7H-HA]
74 o] Yehte 57-dihydroxy groupol A= 6
¥ proton®] 8Wproton®th A A UeRgTH?

11. Quercetin, quercitrin 2! afzelin®| M= A4
ZE0| 0[x[= g&

ol

Quercetin, quercitrin ¥ afzelin€540 nm3}3Ho]
FEEE 24T 23 dx2TS 100%2 oA
AF, LPSE A58 tixae 5% A A
&5 UEion, A@HE47 LPSE A

T AP EDEC] 7 & FE 500
IME A2 g oA 80% olde] AIE AEE]
SAEHAG. ol AFATE HRA High
AAHY  quercetin, quercitrin 2 afzelinE 50 -
50.0 pMolM = HE AEEo JEFs PR &
© EgRxoE AZY F=US A=A
(Fig. 1, 23} 3)".
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Fig. 1. Effects of quercetin on the cell viability of
in RAW 264.7 cells (2.0 x 10° cells/mL)

Cells were incubated with or without 1 g/mL LPS for
24 hrs in the presence or absence of quercetin at indicated
concentrations. The cell viability was determined by the
MTT method. One of three blots is shown and each
bar represents the mean = S.D. from three separate
experiments. Significantly different from the control
values. *p<0.005
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Fig. 2. Effects of quercitrin on the cell viability of
in RAW 2647 cells (2.0 x 10° cells/mL)

Cells were incubated with or without 1 g/mL LPS for
24 hrs in the presence or absence of quercitrin at indicated
concentrations. The cell viahility was determined by the
MTT method. One of three blots is shown and each
bar represents the mean = S.D. from three separate
experiments. Significantly different from the control
values. *p<0.005
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Fig. 3. Effects of afzelin on the cell viability of
in RAW 264.7 cells (2.0 x 105 cells/mL)

Cells were incubated with or without 1 g/mL LPS for
24 hrs in the presence or absence of afzelin at indicated
concentrations. The cell viability was determined by the
MTT method. One of three blots is shown and each
bar represents the mean * S.D. from three separate
experiments. Significantly different from the control
values. *p<0.005
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12. Quercetin, quercitrin %! afzelin0f| CHSH nitric
oxide?| s &4

Quercetin, quercitrin ¥ afzelin®] RAW 264.7
HEFo)M LPSY o 23 NO A4l m]X)
© Gl s golry] $lsted, RAW 264.7 Al
EF (1 x 10’ cells/mL)E 5417 ol 50 - 50.0
M AZEAHEZY FEZ 247 FoF AAT

+, 10 mg/mL LPSE AHg|ste] 18411t uj %3}
Aot 2 A A ELe] AHAYI LPS
2 AFe 2T 236 MY obEAES AAA)
Z1 ¥HE, 50 - 500 M AYEEEAS AEs A
P2 oF 30 - 160 M opAAEE APAAT
olggt AFAF | 9JEPH, quercetin, quercitrin 2
afzeline LPSE /49319 RAW 264.7 A4 NO
AAS JAskeE g3t A9 A FEEA
229 prunetin, sakuranetin, 2 dihydroquercetin®.
t} 50 £& Aog AAYUKFig. 4, 59

6)15,16)

13. Quercetin, quercitrin & afzelin0i| CH&F INOS

o & &4

Quercetin, quercitrin % afzelin® 10 g/mL
LPS7} #2]® RAW 2647 AEE &8jA17 3
BradfordH 0.2 48 Ao ofslH, s &
Ao ZHare @S #EY 7 dsloen,
olg AYEAEALe UxTH vud gl 500
Mol #ASH= NO9| 30% o] #rashe 2o
2 yeigth 2y Z39 dgs FEEA
229 prunetin, sakuranetin, @ dihydroquercetin
& 30 MollA #Ashs NO9| 50%0)14 #4aste
Aoz AAHJTE oY AT AI= quercetin,
quercitrin @ afzelin®] dA=A2A &g 71X
7k e Aoz AZAHTHFig. 4, 59 6)°1

14. Quercetin, quercitrin 2! afzelin0i| CHst
COX29 s &3

PGE2 AAd AR Ao 2 J&S = COX-2
9] W3S western immunoblot analysis %3
ELISA WHo 2 ZAlSHth COX-2 ©¥d id
o] T& YEHOE YJAHE S FHHACH,
LPSZ A58 t27S 7IF0=2 & W, 50 M A
YSHELS A o, 50%Y o] #F
HAok o]yd ArAde FF vk FEE9
A B89 prunetin, sakuranetin, 2 dihydroquercetin
& 30 MejlA s NOY 50%014 Hradte
Ao AL S co|= 33E2 quercetin,
quercitrin @ afzelin®] FLG=AZA 88 714
7} Qe Ao YzEthFig. 4, 59 6)™7.

15 42|gd =To| A Lo ojxls

o 9J8jA larginine2 ZHE] NOSo| 93+ o
AHRS Bl NO7F b AAtEW, ASHkeo
v LN, 4wl 2 AlFxAY
s oA AAld g A4S Uehe
o= ¢ Atk NO7F AA == tiAbA ol
o3l AlEFIGICZ &R INOS9 NOS9
Aol #oste 2EARE COX-29 4ds #5
sttt Fgk BE AE7E dASHAl 7R
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3z A|EFRS] @ HAr S
stod, A2 E4o] APETIRIS A S
= gelaigt. AxdA Ed Ak
S 50 - 500 M9 FEE A EF| A]s)
ZRE 9ds FE3te AVYTZAE
o 2R s 53 42 09 FAE
A3 A EAS] B-acting T o
A Aoz NOS ¢ COX-2 ¢
s+AthFig. 4, 59} 6)19.
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Fig. 4. Effects of quercetin on NO production and
NOS protein expression in RAW 264.7 Cells.

(A) cells (20 x 10/ ml) were incubated 24 h for Nitric
Oxide assay or (B) 18 h for NOS Western blot with
medium, Nitric Oxide concentration was determined by
Griess reagent For the determination of intracellular
INOS protein, Western immunoblot analysis was carried
out as described in materials and methods.
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0
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Fig. 5. Effects of quercitrin on NO production and
NOS protein expression in RAW 264.7 Cells.

(A) cells (2.0 x 10/ ml) were incubated 24 h for Nitric
Oxide assay or (B) 18 h for NOS Western blot with

medium, Nitric Oxide concentration was determined by
Griess reagent For the determination of intracellular
INOS protein, Western immunoblot analysis was carried
out as described in materials and methods.
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Fig. 6. Effects of afzelin on NO production and
NOS protein expression in RAW 264.7 Cells.

(A) cells (20 x 10/ ml) were incubated 24 h for Nitric
Oxide assay or (B) 18 h for NOS Western blot with
medium, Nitric Oxide concentration was determined by
Griess reagent For the determination of intracellular
INOS protein, Western immunoblot analysis was carried
out as described in materials and methods.

Ethyl aceate fraction from G. nepalense compound 3, 4

Compound 3
15,3 mg

46.556

Fig. 7. The HPLC chromatograms extracts of fraction

ethyl acetate in hydrosphere C18 HPLC column
(250 x 20 mm ID, particle S5 m).

HPLC conditions:

Linear gradient: 0 min: 10% acetinitrile in water ; 60
min - 55 % acetinitrile in water

Detection: 254, 280, 350, 370 nm, Flow rate: 3 mL/ min

2 =
$ Compound 4
2

—r

hs) 43.283
53.940
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Fig. 8 The structure of quercetin, quercitrin, afzelin.

Geranitim nepalense var thunbergii

Edracted with methanol
for extended peroic J Fiftration and evaparation
MeOH extract (641 g)

Re-dissolved in water, filtration and successive padition
with - hexane, ethyl acetate and butanol

v ¥ ¥ L4
Hexane extract EA extract BuOH extract Ag Residue
(108 g} {80.76 ) (10915 g) (3320 9)

Ethyl acetate extract (5g)

Sigel col.chrom. {100 g) Ethyl acetate acetic acid: formic acid water{ 200:1:1.3)

\ 2 v [2 2 v
Fr-1 Fr- 2 Fr-3 Fr-4 Fr-5 Fr-6
{200 mg} 420 mg} (370mg) (133g) (560 mg) (900 mg)
Sephadex | MeoH, water 46
LH-20
MNEA-1-2 (80 mg) HPLC| 10-55% ACH for 60 min

Sephadex IeaH
o i i l l

Compound 1 Compound 2 Compound 3 Compound4  Compound 4

(13.7 mo} (153 mg 271 mg
Scheme 1. The pathway on the extraction and fraction of Geranium nepafense subsp. thunbergi

n. &2 £ = A& FAsAY. o]yt AFATe] sy,
quercetin® quercitrin 18] 1, afzelin 3}5tE0] &

Az Wk FEEZREH 283 quercetin
Qlquercitrin 18], afzelin 3}gE0] HAGRS I
v X= Gkl tigk A7 Aol osiH, W
o 93t A5 A FB Boste AR &
27 HAAE 5 719 A AHIE RAW 2647 A%
TE AHgste St dAMNZERE ANEHE
Al EZRQL 9 NO9 A4, iINOSS 2, COX-2
o] el PGE2 Ao v& gEH R Adfs}

T ARAY 45 AAARA B ASS o)
At A8 7HsAE AAket gl
=

2o 2

B odA3E 200095 g3ty wHAE] A

ol ojgte] o]FojH o, ofd FA=HYL.
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