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Abstract - During the screening for inhibitors of nitric oxide production in LPS-
activated macrophage, RAW 264.7 cells. Five coumarins were isolated from chloro-
form extract of the root of Peucedanum japonicurm. They were identified as
praeruptorin A (1), xanthotoxin (2), psoralen (3), isopimpinellin (4), bergapten (5)
on the basis of spectroscopic methods. The ICy, values for nitrite production by ac-
tivated macrophages were about 1.5 pg/ml (1), 0.3 pg/ml (2), 1.0 pg/ml (3), 25 nug/
ml (4), 25 ug/ml (5), respectively. However, the inducible nitric oxide synthase
(iNOS) was not inhibited by treatment with these compounds. Their inhibitory ef-
fect on nitric oxide production was resulted from the supperssion of iNOS ex-

pression
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lipopolysaccharide (LPS), iNOS.
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AEMRE, 717] Y AY-2 ARl AH8E A7
BYWE  (Peucedanum japonicum)® ¥el=
1997l thAA] &4 dAekFeA FABAT
wzazntenddE precoated TLC plate
silica gel 60F.,(Merck, Art. 5554)¢ RP-18F
ss(Merck) & o]-83le] AAEN 1 AYPAZME
a8 A ZE Kieselgel 60(70-230 mesh,
Merck), YMC-gel(ODS-A, 60-230 mesh), Se-
phadex LH-20(Pharmacia)-& A3l th. NMR
spectrum Varian Unity 300 spectrometer,
FAB-MS+ Kratos Concept-1S, EI-MS+ He-
wlett-Packard MS Engine 5989A mass spec-
trometer& A&t F4 31t

MIZH{F - Murine macrophage RAW 264.7
A ¥x+= 10% FBS(fetal bovine serum), 2 mM
L-arginine®} 100 pg/mle] penicilline, strep-
tomycine] 8% DMEM(Dulbecco’s modi-
fied Eagle’s medium)WA& 37C, 5% CO,
incubatorollA W F=EIATH. RAW 264.7 AIXE 1
X 10° cells/ml® %= s 96-multiwell
plates] ZF welloll 200 p1¥ E-F3}31 24)17F vl ks
o AEZE FHANL F NZE AR a3
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7zt welll 1pg/ml9] lipopolysaccharide(E.
coli serotype 055:B5, Sigma) 9} A5 8H 5
ulE A@risked 20413t B FsksiTt.

Nitrite assay — macrophageZ%& 344 Ni-
tric oxide (NO)2| &-& M EZA|FY Fo EAsH=
NO; & Fej2A Griess Al2FE o83l 4%}
Hek. S Alzxejok 25 100 pist GriessA ek (0.1
% N-(1-naphtyDethylenediamine - 2HCI, 1%
sulfanilamide in 5% conc. HsPO, in H,0J 100
e sk 96-multiwell platesollA 10+ &
¢t #2271 & 570 nmellA microplate reader
(Dynatech, MR 700) 2 E3%2 2434t

Western blot analysis—-RAW 264.7 AIXE
LPS(1 ug/ml) ¢} AR A R-E&HL Hrleted 20413t
St wjeFatch. MEES ice-cold PBS(Ca™,
Mg**~free phosphate buffered saline)@ A&
F YR e F5AE AA T, 400 ple) lysis
buffer(50 mM Tris-HC1, pH 7.6, 1% Noindet
P-40, 150 mM NaCl, 2mM EGTA, 1 mM Na,
VO, 10 pg/ml leupeptin and aprotinin, 1
mM phenylmethylsulfony! fluoride) 2 &34l
Ao}, o] AE fajd-Z 4E(10,000-15,000
rpm, 4C)38f] 45H-Z Ao] Bradford ¥H< A
f3to] dwiAg I F 8% SDS-PAGE(S0
ng/lane of protein)Z Al&sta, H7HE @&
nitrocellulose membrane® 2 °|EAIZ T} o]
membranes 5% skim milkE 1A%t &<} block-
ing8lx Tris buffered saline(10 mM Tris-
HCI, pH 7.4, 150 mM NaCl, 0.1% Tween 20) &
2 9X|7t B¢t AlA % anti-inducible NOS an-
tibody (rabbit, 1:2,000, Calbiochem)® blott-
ingdt9it}. Tris buffered saline® 2 1084
33, 2084 23] A3 F secondary antibody
(G a-Rb Ig G-HRP, 1:2,000, Pierce)® 30% &
¢t wre-AlAT. Immunoreactive bande ECL
(Amersharm, Buckinghamshire, UK)western
blotting system 2.2 &918t%i T},

& 9 B3|-7A249 Peucedanum japoni-
cum® g 1.2kgs ZH712 2A v Fd £
MeOH 10 L2 747 23] F2, #A%5S st 42
MeOH#ZE (111 @& CHCLZY E522 £
39}, CHCLF2E 50 g2 AytA Hdazn}
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E# 9 (hexane-EtOAc, 10:1—3:1)E AAJ3}
o 24 Fr. A (9.8 g 4il Al%eA Sephadex
LH-20 column chromatography(CHCl,-
MeOH, 1:D)E At 7 FE9 &4 Fr. B-1
¥ B-2%& 4. €4 Fr. B-13 B-2& RP
column chromatography(40% MeOH — 70%
MeOH)#} Prep. HPLC(column: J'sphere ODS-
H80, 4 pm, 804, 150x20 mm 1.D, flow rate;
7ml/min, UV detector; 254 nm)& A3l
Fr. B-1o14 33E 1 (34 mg) <, Fr. B-200A 3
FE 2 (18mg) ¢ sl3HE 3 (Tmg) S I3 A3
A recyclic Prep. HPLC(Japan Analytical
Industry, £7; 80% MeOH)E 2Alsta] 335
4 2mg) % FE 5 (4.2 mg)E 42 23t

EEE 1-CyuHuO0: FAB-MS, m/z 387(M" +
H), 379, 349, 287, 245, 229, 133, 115: 'H-
NMR(300 MHz, CDCl3} &: 6.22(1H, d, J=9.3
Hz, H-3), 7.59(1H, d, J=9.3Hz, H-4), 7.36
(1H, d, J=8.4Hz, H-5), 6.81(1H, d, J=8.4
Hz, H-6), 5.35(1H, d, J=4.8 Hz, H-3"), 6.63
(1H, d, J=4.8 Hz, H-4"), 1.43(3H, s, CHs2"),
1.46(3H, s, CHs2"): acetyl-2.09(3H, s, CHj):
angeloyl-6.03(1H, qq, J=6.9, 1.8Hz, B-H),
1.95(3H, s, CHj), 2.01(3H, s, CHy): “"C-NMR
(75 MHz, CDCly 8: 112.5(C, C-10), 156.6(C,
C-1, 107.3(C, C-8), 154.0(C, C-9), 77.3(C, C-
2'), 159.7(C=0, C-2), 113.3(CH, C-3), 1432
(CH, C-4), 129.3(CH, C-5), 114.4(CH, C-6),
70.5(CH, C-3"), 60.1(CH, C-4"), 25.3(CH3),
92.2(CHy): angeloyl-127.5(C, C-a), 137.8(C,
C-p), 169.8(C=0), 20.4(CHy, 15.6(CHy); acetyl-
166.9(C=0), 20.8(CHj)

BeE 2-C,HOy EIFMS, m/z 216(M"),
201, 173, 145, 108, 89, 63; 'H-NMR(300 MHz,
CDCly) 8: 7.76(1H, d, J=9.6, H-3), 6.38(1H,
d, J=9.6, H-4), 7.35(1H, s, H-5), 7.69(1H, d,
J=2.1, H-2"), 6.82(1H, d, J=2.1, H-3"), 4.25
(3H, s, OCHy-8): “C-NMR(75 MHz, CDCly) &:
160.4(C, C-2), 116.4(C, C-4a), 126.1(C, C-6),
147.7(C, C-1), 132.8(C, C-8), 143.0(C, C-8a),
114.7(CH, C-3), 144.3(CH, C-4), 112.9(CH, C-
5), 146.6(CH, C-2"), 106.7(C, C-3"), 61.3(OCH,)
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3182 3-CyHeO;: 'H-NMR(300 MHz, CDCly)
§: 7.80(1H, d, J=9.3, H-3), 6.38(1H, d. J=9.9,
H-4), 7.48(1H, s, H-5), 7.70(1H, s, H-8), 7.69
(1H, d, J=1.8, H-2). 6.83(1H, J=2.1, H-3")

888 4-CuHyOs EFMS, m/z 246(M"),
231, 203, 175, 147, 104, 66: 'H-NMR(300 MHz,
CDCly) &: 8.13(1H, d, J=9.9, H-3). 6.3(1H,
d, J=9.9, H-4), 7.63(1H, d. J=2.4, H-2"), 7.0
(1H, d, J=2.1, H-3"), 3.96(3H, s, OCH5), 4.17
(3H, s, OCHs-8)

8lgt8 5-CpH:0. 'H-NMR(300 MHz, CDCly)
& 8.15(1H, d, J=9.6, H-3), 6.27(1H, d, J=9.6,
H-4), 7.6(1H, d, J=2.7, H-2), 7.0(1H, d, J=
2.7, H-3), 7.26(1H, s, H-8), 4.27(3H. s, OCH;-
5): ®C-NMR(75 MHz, CDCly) &: 161.2(C, C-
2), 106.4(C, C-4a), 149.5(C, C-5), 112.6(C, C-
6), 158.3(C, C-7), 152.7(C, C-8a), 112.5(CH,
C-3), 139.2(CH, C-4), 93.8(CH, C-8), 144.7
(CH, C-27), 105.0(CH, C-3"), 60.0(0OCH;)

2 ¥ 1

LPSell 28] E45le RAW 264.7 Al 3E9] ulj
Zo A" NO; 9 %<& Griess Al %L A48}
NOAA AsEd & SAaAeh. 1509 Fo Aof
< ez NOBA AsAgde e8¢ 2%, 14
2 209 & MUY, 2 F Peucedanum
Jjaponicum™212] MeOHF&E°] 125 pg/mlel
A 84%9 ANBAEE Bxm, tAl CHCLZH
BuOHZo2 E33 A3 L oA 247
93%9} 47%<) B3L By 49] L CHCl
Yoz iE NOAAY AsiedS €8, ZAsH
5%9] coumarinAge] 4% AU} &9
'H-NMR 2 "“C-NMR spectrum%¢ 717184
data®} E3e] Z2#4E HnFOEMN praeru-
ptorin A (1), xanthotoxin (2), psoralen (3),
isopimpinellin (4), bergapten (522 &35
dom BT FEE] 2R E Fig 1904
Yehpgler

Fig. 2& #2l8 5%9] coumarinF oA &4l
%2 praeruptorin A (1), xanthotoxin (2), pso-
ralen (3)9 F%d ME NOAA A EHEZ et
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R Rz
praeruptorin A (1) xanthotoxin (2) H OMe
psoralen (3) H H

I
1=COCH; Ry=-C B isopimpinellin (4) OMe OMe

7% 7y bergapten (5) OMe H

Fig. 1. Chemical structures of coumarins iso-
lated from Peucedanum japonicum.
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Fig. 2. Dose dependent effects by compounds 1, 2
and 3 on NO production in LPS-activated RAW
264.7 cells. Conditioned media were collected aft-
er 20 hr activation and the NO, levels were
measured using Griess reagent. Each value is
the mean+SD of three experiments.

A Eolth, ¥4 ETE L-NMMA(N°-Mono-
methyl-L-arginine, Monoacetate)& AH&3}51
o ol L-arginine®s} 712730z <l3lo
242 Jehl= iNOSASIAR g2iA Ak o
EL sxoEHoz NONAE Aslder ICe
24z} 15pg/ml (1), 0.3 pg/ml (2), 1.0 pg/ml
(32 YEhsit}. o] % xanthotoxin (2)°] 713
A AfEYE Biom HHURTE AMSE L-
NMMA(ICs=1.0 pg/mD Bt @4o] Zgton 3}
FE 17 3¥E 39 A= 4 dzTe FAG
AA AL 2ot & Fig. 2904 JeRRA] &gt
gk, isopimpinellin (4)3} bergapten (5)& 7
7+ 25 ug/mlol Al 50%<] A& & e AT
Fig. 32 3}8& 1, 2, 389] A3t u}E NOYA
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Fig. 3. Time dependent effects by compounds 1, 2
and 3 (25ug/ml) on NO production in LPS-ac-
tivated RAW 264.7 cells. Test samples were add-
ed to RAW 264.7 cells at -2, 3, 6 and 18 hr re-
lative to the addition of LPS (0 hr). Each value
is the mean+SD of three experiments. *Samples
were treated at 2 hr before LPS-activation. bSam-
ples were treated at 2 hr before LPS-activation
and media was exchanged by fresh media.
cSamples were co-treated with LPS. ‘Samples
were treated at 3, 6 and 18 hr after LPS-ac-
tivation. After 20 hr LPS-activation. NO, levels
were measured using Griess reagent.
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F e (0A7HA 788 49 8L Him, &

& AAE (24129 Aoz FA] 27 84
Yehiglc. :LEM LPSg AEE 43 A7 =
de IFEES sl Algte] FHoldFE &4
o] e AL B & It 3, AFEES
2717t z%al?z A R 2 w3 A-(-2 hr+w)
de B840 YolA= AL £ & At} dukde
2 LPSE A7 F 243k AHHAYE | INOS
mRNAE ¢H3 g dgd] o] 2A 53 1 F2 NOA
Aol AAZ FFO 2 A LA 16-2043t A &H
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LPS 1L-NMMA

nitrite{uv

comp. I* 2

Fig. 4. Effects of compounds 1,2 and 3 (25 ug/ml).
aminoguanidine (AG, 307.5pg/ml), N°Mono-
methyl-L-arginine, Monoacetate (L-NMMA, 10
pg/mD and curcumin (22 ug/ml) on NO produc-
tion when RAW 264.7 cells were incubated with
effectors for 18 hr after 20 hr LPS-activation.
Each value is the mean=+SD of three experiments.
*Comp. 1 (praeruptorin A), 2 (xanthotoxin), 3 (pso-
ralen)

iNOS mRNA f=t%
T Uit

olol| W} 3714 FEE2 NOAA A3l7|=
o ApAE] Ldotr 7] A Fig. 49 2& Wi o
APE AAFHY. & LPSE 20417t B¢t Al
As] ZAd3lsle] INOSY REE 9EAR)
iNOSA 218 NOA8 Al &8 433t o7l
Ae HHETE L-NMMA(IC,=1.0 pug/ml),”
aminoguanidine(AG, [Cs=30.7 pg/ml),'”
curcumin(ICy=2.2 pg/ml) "<& AL&3t4ct. o=
< 25 INOS A#iAl = ¢ A e, [-NMMAE
FA M= AF39 %] L-argininedte] 712744
o 2 Qs 842 vEhH, AGE INOS i3t
S0l A& & Vebdth B curcumind
FAFZAZ INOSAHE Bt ol INOSHEZEA
ANE A8 B4 Bolthn LedA Yok Fig, 49]
Ao & & dxo] FEE 1, 2 3, 359 cou-
marin<- iNOSe] f=7} ¢53¥ Fol= NOA
A EAE YERA] Ferhe & ¢ F U
e FL3A X%E]ﬂ A HETE, L-NMMA,
AG, curcumin 52 INOSY #=71 5348 34
T A g & depld =, AGS 307.5 ug/miell
A 62%, L-NMMA® 10 pg/mlellA 36%. curcu-
ming 22 ug/mmw 20%9] B4e JEIQY.
Tzl o] Ao T3 A& B Ha)

dob o afo
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Praeruptorin A
Conc. (18/m¢) -~ — 25 125 25

LPS (1 wg/mey ~ + 4+ + o+

iNOS —»
(130kDa)

Fig. 5. Effect of praeruptorin A (1) on the ex-
pression of iNOS protein in LPS-activated RAW
264.7 cells. The cells were incubated with LPS (1
pg/ml) in the presence of praeruptorin A. 50 ug/
lane of protein was loaded.
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Fig. 5& iNOS western blotting®] 2#& 4
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oo Yot webs 99 RE dIHE FHE £
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cum®) ¥8¢] CHCLFZE 27 539 313&
< Bk L F2E rEeRt. 1 2F 1’2‘*‘
coumarinAlge] sFEEZA 2t} praerupto-
rin A (1), xanthotoxin (2), psoralen (3),
isopimpinellin (4), bergapten (5)°2 3
Aok, HelEl S3EEY RAW 264.7 Ao
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NOAA A& Al A& [Co 22 1.5 ng/ml
(1), 0.3ug/ml (2), 1.0 ug/ml (3), 25 ug/ml
(4), 25 pg/ml (5)°|At}. ol B2 BT ¥ o&H
oz AEA-E 1o, xanthotoxin (2)¢] 7
or FYNETE A48 L-NMMA(C5=1.0 pg/
mDETH 2 RSB L el dellA A4
B ARES £ £ o 840 A3 3% 3%
&, praeruptorin A (1), xanthotoxin (2), pso-
ralen (3)2 INOSE 23 Az|A] &1, LPS
213 Ao A3 dAdlA INOSY =& A
sle Aoz I

Al Ab
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