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Inhibition of Nitric Oxide Synthesis by Coumarins from
Polygonum cuspidatum in LPS-Activated RAW 264.7 cells
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Bioscience and Biotechnology, P.O. Box 115, Yusong, Taejon 305-600,
"College of Pharmacy, Chungnam National University, Taejon 305-764, Korea

Abstract — During the screening for inhibitors of nitric oxide production in LPS-activated macrophage,
RAW 264.7 cells, two coumarins were isolated from chloroform extract of the root of Polygonum
cuspidatum. They were identified as decursin (1) and decursinol angelate (2) on the basis of
spectroscopic methods. The IC,, values of these compounds on NO production were 0.76 pM (1) and
2.6 UM (2), respectively. However, the iNOS activity was not inhibited by treatment with these
compounds. Their inhibitory effect on NO production seems to result from the suppression of iNOS
induction through the suppression of NF-kB activity.
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gin”°), Ginkgo biloba®%E EGb 761'°|, Cur-
cuma longa=5€] curcumin'’, Peucedanum Jjaponi-
cum®] Fe|2HE FuldA B4 F%) nase) 9l
o B AFHANNE Polygonum cuspidatum®) e
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X el NO A4 AsEAS Vel 259 Frld
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HEME, 7171 H Al - & AP AL 3%
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19980) thAA] &A] dAIRENA FYsIer S
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A, 60-230 mesh), Sephadex LH-20(Pharmacia)y2 A}
&ttt 2] & #YE 93 3 HPLC
(column; JFsphere ODS-H80, 150X20 mm, 4 pn,
80 A, SPD-10A UV detector, LC-6AD pump, Shi-
madzu)?} recycling HPLC(ILC-908, UV detector 310,
Japan Analytical Industry)S AME-8te] 218 3L,
E2X8 HPLC(column; Jsphere ODS-HR0, 250X
46mm, 4pum, 80 A, SPD-MI0A Diodearray de-
tector, CTO-10A column oven, LC-10AD pump,
Shimadzu)& AHE-3te] BEHEH ¢2& A3
T}, NMR+ Varian unity 300 spectrometer, EI-MS
+ Hewlett-Packard MS Engine 5989A mass spec-
trometerE o830} 22" ER| 72& G

Griess reagent® N-(1-naphthyl)ethylenediamine -
2HCI(Sigma)3} sulfanilamide(Sigma)S AF-&-314.%,
MEE BgFst7] $s FBS(fetal bovine serum)e}
DMEM(Gibco BRL)YE AHE-3HlaL, ¥4 tizT=
N®-Monomethyl-L-argine Monoacetate$}  curcumin
(Calbiochem)& AF&-31%%, Griess ¥H8 ¥ F4=2]
=732 MR 700 microplate reader(Dynatech Labora-
tories, Inc)Z PMS/MTS ¥hg ¥ FFEE Model
3550 microplate reader(Bio-Rad)E AR&-31t}
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ggo] 7 73%t CHCL, FEE(14 gyS EFE7
CHCL/MeOH(100:1-10:1)& ARS8l 13} A2)7H
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AL, 08 F 7P 840] Ae HE R 1% 28
Bo} 3¢9 BHEES 3t o] BYS 8N
hexane/EtOAC(20:1->5:1y& AHg-3te] 23} A7k
AYIAZvIEIYAE AAlste] EFE 700 mgS
Ao, ASEA Lobar ODS column chromato-
graphy(£7l; 80% MeOH)E ysl] EHEE e
ek aev E4FEE £48 HPLC(column;
T'sphere ODS-H80, 4 um, 80 A, 250X4.6mm, flow
rate; 1 mi/min, -89; 70% MeOH, SPD-M10A Dio-
de array detecton)® 13+ A3} 2F9] BHo] £F
o] AATk. WebA recyclic HPLC(column; T'sphere
ODS-H80, 4um, 80 A, 150X20 mm, flow rate; 5
m//min, §7; 80% MeOH, 254 nm)E A3k 2%
9] 3 decursin (1), decursinol angelate (2)8 7}
7} 28mg, 2mgl 2 £F £E T F AR

Decursin (1) -CH,O5; MS (EI, 70eV) m/fz
(rel. int): 328 (M", 3.4), 228 (29.1), 213 (100), 83
(84.3), 55 (58.2).

Decursinotl angelate (2) - C,;H,,O;; MS (EI
70eV) mz (rel. int): 328 M™ 3.8), 228 (31.2),
213 (92.6), 83 (56), 55 (100).

MZHH2F — Murine macrophage RAW 264.7 A3
+ 10% FBS(fetal bovine serum), 2mM L-arginine
I+ 100 ug/mle] peniciltin, streptomycin®] 3Z3HE
DMEM(Dulbecco's modified Eagle's medium)8l <] 2
37°C, 5% CO, incubatorollA] HJFEHATE RAW
2647 AEE 1X10°cellsyml®] FEZ 3lo] 96-mul-
tiwell ptate®] Z+ welloll 200 p8 B3k 2417k wl
Fold AEE FHAAN & M2 A2 L6
t} Zb wellol 1pg/mle lipopolysaccharide(E. coli
serotype 055:B5, Sigma)e} ZAAAIEEN 5wWE A7}
ed 202170 HheksIATE

Cell viability test— #2]¥ 84EZASC] A2EA
<2 PMS/MTS(phenazine methosulphate/3-(4,5-dime-
thylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium) el <J8] 2=,
LPSSt BHEAELS RAW 2647 AEo) A&l
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207M17F Bt wiet TS, PMS/MTS -84 50w
(25l of PMS for every 975ul MTS)E 715}
302 < 37°CelA ¥ ¥ 490 nm(using a refe-
rence wavelength of 655 nm)ellA] S4E=ZA] Ao
=48 2ASAT

Nitrite assay — macrophage 28 A1 ¥ Nitric
oxide(NO)®] %2 AX wjd Fof EA)3h= NO,
o] Fei=A Griess AloFE ol&ste] AT,
& Alzejek 45 100 st Griess A2k [0.1% N-
(1-naphthyl)ethylenediamine + 2HCI, 1% sulfanilamide
in 5% conc. H,PO, in H,0] 100pE &E¢3}to
96-multiwell platesollA] 108 F<F WReAIZl & 570
nm®A] microplate reader(Dynatech, MR 700)2 &
AEE ZA3I

Westemn blot analysis -RAW 2647 A%Z LPS
(Lug/mhet AN ELA-S 7ksle] 20A17F 52t v
FetHrt HIEZES icecold PBS(Ca™, Mg -free
phosphate buffered saline)® 1% 5 Y428}l
AeAg AA F, 400l lysis buffer(S0 mM Tris
-HCl, pH7.6, 1% Noindet P-40, 150 mM NaCl, 2
mM EGTA, 1mM Na,VO,, 10ug/m/ leupeptin and
aprotinin, 1 mM phenylmethylsulfonyl fluoride)2 -&
ALY o] AE gae AAIEE (15,000 pm, 4
‘O3t 4EUqE Lol Bradford S ARESHe] &
WS A & 8% SDS-PAGE(50 ug/lane of pro-
teinys A3}, A7RE WPES nitrocellulose mem-
brane 22 ©]FA| AT} ©] membraned 5% skim
milkZ 17} 59t blockingdtal Tris buffered saline
(10mM Tris-HCI, pH74, 150mM NaCl, 0.1%
Tween 20022 241ZF F<F A& 2 anti-inducible
NOS antibody(rabbit, 1:2,000, Calbiochem)Z blo-
ting3FATH Tris buffered saline®® 1054 33], 20
w4 23] AlEH F secondary antibody(Go-Rb Ig
G-HRP, 1:2,000, Pierce)® 30% &< ¥-3-A1Zch
Immunoreactive bandv ECL(Amersharm, Bucking-
hamshire, UK)western blotting system©.2 221319t}

LPSOl 23 RIS NF-AB &4 HFY-
Murine macrophage®] NF-kB receptor constructS
transfection A7 A X (0]3} RAW-NF-4B | )&
500 ug/mi®] G418¢] -8 DMEMe] Bl%Fsh 3 A
ZE FEE 96-well plaed] AFE & 5x10°
cells/m/o] =% DMEM(with penicillin-streptomy-
cin-glutamine, 0.5% FBS and 500 pg/ml G418)=
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3l 100 pug/welts: BF3ATE 3/ B9 ME
VAN & 7} welld LPS(1 pg/m)st a8 &
o] ¥ DMEMZ 100w¥ #7181, 5% CO,
izl 6r1ZF FRF 37°CellA wieFsiaL, =8 ulf
] 200 W W3 JF TR 484]7HE<t vkt vl
F FEel 100 WS MES 96 well plaes] &AM
65°CoA 587 7IEE & F, 28] FX=9] SEAP
(secreted alkaline phosphatase) buffer(2mM dietha-
nolamine, 1 mM MgCl,, 20mM L-homoatrinine)-2-
100 p F7ksle] 37°Cellx] 1082F vk, 7144
120mM PNPP(p-nitrophenylphosphateys 20 u#%
71k 37°Coll A 3A17E WHE-3FATE BES--S micro-
plate reader® 405 nmo| X E34%=2 2335} NF-AB
4L BEIHTP.
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9] FrolM 92%<] AHEAEL JepAITE SiEE
A3} CHCL #3o2 /o] ojg=gion o] £F
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prep HPLCS} recyclic HPLCE ©]4-3)d 259 F
e FEAS o5 223N thFg. D).

B4 13 2= ELMS9 "C-NMRER-H C,H,0;
(M": 328)9] TYUg A EXEE s B4R
us gt o] 2282 'H, “C-, 'H'H COsY,

Ry
o}
Ry
1: R,;=CHs, R,=H {decursin)
2: R;=H, R,=CHjg{decursinol angelate)

Fig. 1. The chemical structures of inhibitors on nitric
oxide synthesis in LPS-activated murine macrophage
from Polygonum cuspidatum.
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HMQCS} HMBCZ I &= NMR 23S 5351
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2 4873 N°-Monomethyl-L-arginine, Monoacetate
LNMMAYS 4 tiz1=2 ALt E2 154 2
£ LPse} BAlol A W T &2 A
o] #EFer] £ 154 29] IC,, 3 0.76 uM
(025 pg/mhz} 2.6 UM (0.85 pg/mhE FERATY. o1
EAEL positive conrolZ2 ARE-E L-NMMA(C,,;
1.0 pg/mbET} 73 A8 HATKFg. 2). B3
o]5& T Bl MES] WEG & Xo)E B
olx} e¥gkor E4 29 A9 25ug/mié] F=olA
AE) BEgo) T7HE B 4 IATHFig. 3). ©]
EREL AXS AEde 92 UAA ¥ NO
3L Asisigict.

S 12 29| Ajziol mE NOWY st -

30

Nitrite (uM)

0025 025 25 25

0025 025 25 26
Decursin(1) Decursinol angelate(2)
Conc. {ng/mi)

Fig. 2. The inhibitory effect for nitrite production by
decursin (1) and decursinol angelate (2) in LPS-activated
RAW 264.7 cells. Nitrite formation was measured in
RAW 264.7 cells which were cultured in 96-well plates
to confluence and incubated with LPS (1 pg/ml, for
20 hr). Depicted is nitrite formation by RAW 264.7 cells
incubated with culture medium alone (control, medium)
for 20 hr or cell treated with LPS alone (IPS) or with
LPS plus treatment with L-NMMA (1.0 pug/m/), curcu-
min (2.2 pg/ml), decursin (1) and decursinol angelate (2).
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Fig. 3. Cell viability of decursin (1) and decursinol
angelate (2). Conditioned media were collected after
20 hr LPS-activation and cell viability was measured by
PMS/MTS assay.
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Fig. 4. Time course for the inhibition of NO production
by decursin (1) and decursinol angelate (2) in LPS-
activated RAW 264.7 cells. Nitrite formation was
significantly increased in RAW 264.7 cells incubated
with LPS (1 pg/mi for 20h). In separate experiment,
decursin (25 ug/ml) and decursinol angelate (25 pwg/ml)
were given either together with LPS (time O h) or at 3, 6
or 18 h after LPS. After 20 h LPS-activation, nitrite assay
was performed. a Samples were co-treated with LPS. b
Samples were treated at 3, 6 and 18 hour after LPS-
activation.
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mRNA7} WEEE transcriptionthAlE AWbA ransla-
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2 A3 NOFAE dAlsheA] golrr] fAsiA
AT LPSE A3 A7k oMoz As)
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G Zofl MAHE nitrite™FS Griess ¥FE-0 2 =73}
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ZAPISTHEFE. 5). FANZT-Z LNMMAIC,=1.0
ug/ml)'”, aminoguanidine(AG, IC,,=30.7 pg/ml)*”,
curcumin(IC,=2.2 pg/ml)*"S& ARS-3t¥ ). LNMMA
< L-arginine?2] 7]27A0e] 2} iNOSel thal A
S HeRH, AGE iINOSO thale] Eo]Z<l
A S Yepdd T3 corcumin® INOS 3
Tk ofE} INOS FEdAME AHEAAL Bl
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Fig. 50lA HeF50] 4 ERAE %7} iNOSY
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St 28y FEA Mg FURTE, L-
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Fig. 5. Effects of decursin (25 pg/ml), decursinol angelate
(25 ug/ml), aminoguanidine (AG, 307 ug/ml), L-NMMA
(10 pg/ml), and curcumin (22 ug/ml) on nitrite produc-
tion when RAW 264.7 cells were incubated with
effectors for 20 hr after LPS-activation for 20 hr.

NMMA, AG, curcuming iNOS$] $=7) ¢485H &
A= A EA-S JeriR=H, AGS 307 pg/micf A
62%, L.NMMAE 10 ug/miol A 36%, curcumin-e
22 pg/mielA 20% EAS VRIS 28] of
AR E FHE ANEIS 1] F8iM 1G] &
THT 24 g2TES Ao, AAE AGe
A5 A3 BF 50% o5t AHEHE B
Aok WA sgeewRE Eold BHEL INOS
FE F wAlA Axdelx] $:3] 848l iNOS
o 2§ NOAAE AalekA] &L iNOS = A9
710Ede 2 JAE F Ak o] Aike A7
o] mE NOAA AN HBAxet A3
LPSE EAMSIEl RAW 264.70iAM2] iINOS L3
of cHst B3 12 &3 - 29 E4 ¥ decursin

(DZ LPS(1 pg/mlys -4 A28t 20417F Fo A

decursin
Cone, (48/mé&) - - 2.5 125 25
LPS (1 1g/me) — + + + +
iNOS —»
(130kDa)

Fig. 6. Effect of decursin (1) on the expression of iNOS
protein in LPS-stimulated of RAW 264.7 cells. The cells
were incubated with or without LPS (1 ug/m/) in the
presence of the indicated concentrations of decursin.
Cellular protein were collected after 20 hr stimulation and
then 6% SDS-PAGE was performed. The western blot
was probed with a monoclonal antibody to iNOS.
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J¥l INOSE western blotting® 2 21314} Fig.
614 HXo] decursin(1} 25 ug/miollA] iNOS 2&
< AL IS HAFIU) 2 A, decursin®]
NO A A& INOS 55 JAIslY Yeld
< EE 5 USHh '

2 Ay M= decursin()@} decursinl angelate(2)
o tigh AlZkel] WE NOAA AT S =He =
A}, LPS9t W88 Alo] 84o] &gtom, LPSE
A F A7ko] Aol EEE EAS AW
2 o] AlZte] AESFE AA3] phdhs AL
B & YAk E3INOSE ¢43) FEARl 3 NO
A RS S48 2 43, NO A4 AsigA
o] gle AL T F Ut o] AAEZHE o)
EZEL iNOS mRNA HAIRAA INOS F=s
AA st NOAE S AT ZReolm, 53] iNOS
mRNA®] HALE 7HAA7]1E NF-« B €45 oA
3led NOUAEE ANY AeE FZ2H)

Decursin(1)2t decursinol angelate(2)2] NF-kB
XolEY — FE EAE9] 28 7|=S doly] 9
3 INOS T o] Wie] Fa g XARIAL NF-4B2]
25l v X FFE BUTth NF-AB receptor
constructs ©] &3 assayA| 2E oA oy FE9
decursin(1)>} decursinol angelate(2)E A& 8}2L re-
porter genell SEAP(secreted alkakine phosphatase)
o] B4 WA= F HPES] 95 SHsAT-
Fig. 7914 Bz ulel o], LPSel o8 f=sHe

100 -
I decursin{1) .
L7 decursinol angeiate(Z)

Relative SEAP activity (%)
8 3 8

8

o
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Fig. 7. Effect of decursin (1) and decursinol angelate (2)
on the NF-kB mediated SEAP activity. Transfected RAW
264.7 cells with plasmids containing 8 copies of kB
elements linked to SEAP gene were treated with the
indicated concentrations. SEAP activity was measured
with replaced and additional 48 h incubated medium after
6h treatment with compounds. * weakly toxic effect
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SEAP 4% AHEH decursin 64%(10 pg/mi),
13%(2 ug/ml), 3%(0.4 ug/ml), decursinol angelate=
81%(10 pg/ml), 57%(2 pg/ml), 13%(0.4 pgmHe &
T & AfEAE RAT v F 2R
50 ug/mie] FxolA kel AlE=EA4E B 2
A% FE 1, 2= INOS FAF ©AIS] NF-ABE A
oz H NO BHANEA 0] vepds S
AT

NF-kBe 85 oA g 4L sk AlZ
9 F8A(SH2, SH3), FEEAHICAM-1, intrace-
Ilular adhesion molecule-1; E-selectiny VCAM-1,
vascular cell adhesion molecule-1) & cytokine(LPS,
IFN-y, TL-1, TNF), chemokine & ¥3&38l3h= &
A ol dolA FoAAeIL? AL iNOS
Fr= A 7F NF-kBo] E4& gt NOYAE-&
A ets AMdo]l BaH ded, 2 A2 29
2291 EGb761"7, BlZE|20)=A %A (aspirin,
ketoprofen, flurbiprofen, naproxen)™ 5°] It} H]
ZH|Zol=A YEFAE g5 AR F2AA 2
g A%3 9o F2 COX-1(cyclooxygenase-1)3
COX-29] B3¢ Ao zA F5/HL AR pro-
staglandins®] A4S ZAAT, a2Eg AxF
NOAGE COXel 8Ase 37122 NOWA
3 iNOS A#iAl= CoxXel E4L HAlsld HE5E
AAF & eeet ZIdiEct. oA INOse| 2
e JAEAE dorH, BATS AR g W
$4E& A3 Az ol Ade cGMPY ¢
3 4= L-NMMAY iNOS AsiAlEdl <Jal 2+
213, 3 LT (anaphylactic shock)E H.ol&=
uhe-2olx] iINOS WS A A3t Xrkgo] 44
A

NOAA ¥ INOS A3AlES I3 A4 NO
2 Yehte A2 SHES Ak HF5 # sepsis
£ AT F U= HEEA NEE 7 e 74
£ AABIA = Aot wEA iINOSol thisiA &
el oln &yo] 7 AsAES Hdsled 4
& FoloF & o= A7Igit)

2 =

A (Polygonum cuspidatum)2-Z5-E NO A4
A2 252 FvldA EZ, decursin(1)7} decur-
sinol angelate(2)S ¥2)3k NO A Asja& 714
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