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Inhibitory Effect of Coumarins on Nitric Oxide Production in
LPS-Activated Murine Macrophages
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Abstract — During the screening for inhibitors on nitric oxide (NO) production in LPS-activated
murine macrophage, RAW 264.7 cells, two coumarins were isolated from chloroform extract of
Ponciri Fructus. They were identified as imperatorin (10), phellopterin (11) on the basis of spec-
troscopic methods. The IC,, values for NO formatiom were about 5.4 uM and 35.0 uM, respec-
tively, and then eleven coumarins were tested for the inhibitory effects on NO production in
activated macrophages. All the test coumarins inhibited NO production in concentration-dependent
manner and furanocoumarins (6-11) showed much more potent inhibitory effect than simple cou-
marins. Among the compounds examined xanthotoxin (8) was the most potent inhibitors of NO
production (IC;,=1.4 UM). Analysis of the structure-activity relationship among these coumarins
led to the conclusion that the substitution of C-5 position in furanocoumarins reduces greatly their
inhibitory potency although the substitution of C-8 does not almost affect it.

Key words — Ponciri Fructus; coumarins; nitric oxide; RAW 264.7 cells; lipopolysaccharide
(LPS).
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evodiamine®} dehydroevodiamine (Evodia rutaecar-
pa),” yomogin (Artemisia princeps),” EGb 761 (Gi-
nhkgo biloba),” curcumin (Curcuma longa)” 3+ sco-
poletin (Artemisia feddi) " 5°] B2Eo] T},
AR5 A4 (Poncir Fructus) E2FH LPSZE
E4351E RAW 264.7 AlEFFolAe] NOABA Asig
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A& vehils 259 oA B2 2o,
o|Z9] -FZ9 1159 coumarinF EAQ Fx9}
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Mz W Gy

HEXZE, 717] R AeF - 2 Aol AMESH com-
pound 1-5& SigmaclA] FY3ld AM-3FAL, com-
pound 6-9% Peucedanum japonicum (FA7)2E)%]
walol 2alste] AMR3IE? compound 10, 11
< ALESE FHsgen olg9] Rel9 72
£ 49 el &k

Y32 rlE 7] pre-coated TLC plate silica
gel 60F,,, (Merck, Art. 5554)¢} RP-18F,,s (Mer-
ck)E ©]8-3t] AAEIL HHaEnETYuE T
AZ= Kieselgel 60 (70-230 mesh, Merck), YMC-
gel (ODS-A, 60-230 mesh), Sephadex LH-20 (Phar-
macia) AHE-319tk. NMR spectrume Varian Uni-
ty 300 spectrometer; EI-MS+= Hewlett-Packard MS
Engine 5989A mass spectrometerE ARl &9
St} GriessA|2F9 2 AMS-#l N-(1-naphtyl) ethy-
lenediamine - 2HCI, sulfanilamided Sigma, tIZFE2
AH2-E  LNMMANC-monomethyl-L-arginine, mono-
acetate)2 Calbiochem.© 258 78} A3t}

MIZi¥ — Murine macrophage RAW 264.7 A%
+ 10% FBS (fetal bovine serum), 2mM L-argin-
ine? 100 pg/mie] penicilline, streptomycino] ¥3Hgl
DMEM (Dulbecco's modified Eagle's medium)#d] <]
2 37C, 5% CO, incubatorolA] wjd=AT:, RAW
264.7 AZE 1x10°cellymle) FEE 3] 96-mul-
tiwell plate®] Z+ wello] 200 w2 EF3}3 24|7¢
WiFEl} AEZE RN F AEL uR R H3s)
Atk 7+ welloll 1ug/mle] lipopolysaccharide (E. coli
serotype 055:B5, Sigma)?} 7AAAIZEN 5 weE 3
7¥ake] 20417 w ekt

Nitrite assay — macrophage= %6 B2 Nitric
oxide NO)9] 4 AlxujgFel] EAJ31= NO, <]
Hel=A Griess AoRE 018319 S5tk & A
el 45 100 wet GriessAl<F [0.1% N-(1-na-
phtyDethylenediamine - 2HCl, 1% sulfanilamide in
5% conc. H,PO, in H,0] 100 wE £33k 96-
multiwell platesollA] 108 F<t whaAl7l &, 570
nm®| A microplate reader (Dynatech, MR 700)=
FE=g 24sign?
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XA Z5E nitric oxide MAXER, com-
pound 10 112 £&| — =4 Ponciri Fructus)
600 g2 kA3 5 MeOH 6LE A2or 397} 23]
FZ, deEsld de MeOHFEE (1309
CHCLE% E202 ¥33l CHCFEE #4g9
Addet. o] CHCLFZEE (3598 H7M A=vE
2189 (CHClyMeOH, 30: 1-10: 1) AAlst] &
AEE 72g2 47 AEA hexane/EtOA¢/MeOH
@ 1: 05) £F80lE SvlE 23 APkl ==}
Ea9E AR EHEY 50mgs Ak ©
E38& 0DS AgazvlE1d]s](50% MeOH—~90%
MeOH)ZEA] 2709] B3 Fr A%} Fr B2 JrleH,
Fr AZY¥E 50% MeOH¢| 8w} semi-prep. HP
LC(column; J'sphere ODS-H80, 4um, 80A, 20x
150mm LD., flow rate: 7ml/min., UV detector;
254 nm)E ©|-8-3}] compound 102 mg)E V%loH,
Fr. B2%¥ 55% CH,CN¢] §wi& AM-3l] Com-
pound 113 mgye E&lslgich

Imperatorin (10)—C,;H,,0,; EL-MS(70eV), m/z
(rel. int) 270(M", missing), 202(100), 174(35), 145
(10), 89(48.5), 63(45.6); 'H-NMR(300MHz, CDCL)
$ : 7.76(1H, d, J=9.6Hz), 7.69(1H, d, /= 2.3Hz),
7.36(1H, s), 6.81(1H, d, /=2.3Hz), 6.37(1H, d, /=
9.6Hz), 5.61(1H, t-like, J=7.2Hz), 5.012H, d, /=
72Hz), 174GH, s), 1.72@3H, s); “C-NMR(75MHz,
CDCL) 6 : 181, 258, 70.2, 106.7, 113.1, 114.7,
1165, 1198, 1259, 131.6, 139.8, 143.8, 144.3,
146.6, 148.6, 160.5.

Phellopterin (11)-CH,0,; EI-MS(70eV), m/z
(rel. int) 300(M*, missing), 232(100), 217(87.8), 189
(17.3), 1619.6), 8%119), 694.2); 'HNMR (300
MHz, CDCl) 8 : 812(1H, d, /=9.6Hz), 7.62 (1H,
d, /=24Hz), 699(1H, d, /=2.3Hz), 6.28(1H, d,
J=9.6Hz), 5.60(1H, t-like, /=7.2Hz), 4.85(2H, d,
J=72Hz), 4173H, s), 1.74(3H, s), 1.70(3H, s):
BC-NMR(75MHz, CDCL) & : 181, 258, 60.8, 704,
105.1, 1076, 112.8, 114.6, 119.8, 126.8, 1394,
139.7, 144.4, 145.1, 150.8, 160.5.

Zn g nE
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7 118 #Elagion, o189 MS, 'H- "C-NMR
spectrum=2} 717184 data%} B840 AE wln
o ZM imperatorin (10)3} phellopterin (11)©=
A

Fig. 1% compound 103} 11¢] F=eo] w& NO
A AL JeER) Folt), o] BRAEL &
JEAoE NOBAS AHslger IC, = 154g/ml
(6.4 uM)3 105 ug/ml (35.0 uM)E LERT) )
ZO2& L-argininezte] 712734000 ojsl] 84S
UeR)IE INOS AsjAl= 2@ LNMMA (C, =4
uM, N°-monomethyl-L-arginine, monoacetate)$} i
NOS mRNA®| ¥&S A3l NOAA Asads
YEPNE curcumin (IC,,=6 pM)yS- AHg-8k3 e} o0

AR} TE Ao zYE NO A4 AsgAE
2e] Sad F A7V BNE Peucedanum japonicum)
o] #g|o} A HERE coumarind] EAL AL F
7} Ao, coumarinAl BAE2] T2 NO A4
A Eg7re] AAE AWRI) s 559 simple
coumarin® = coumarin (1), 4-hydroxycoumarin (2),
6-methoxycoumarin (3), 7-hydroxycoumarin (@), 7-
methylcoumarin (5)7} 6-2] furanocoumarin® &, psor-
alen (6), bergapten (7), xanthotoxin (8), isopimpinel-
lin (9), imperatorin (10), phellopterin (11)o] th &t

Nitrite (uM)

0025 025 28 28

0026 028 25 2§

§&§
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Fig. 1. The inhibitory effect of imperatorin (10) and phel-
lopterin (11) on nitrite production in LPS-activated RAW
264.7 cells. Cells were cultured with test samples and
LPS (1 ug/ml) for 20h, and NO, content in the culture
supernatants was measured using Griess method. Re-
sults are indicated as mean of three experiments. L-NM
MA (4 uM) and curcumin (6 pM) were used as positive
control.
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T-29F NOAAAS] A38S sl 2 4745 Table |
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Xanthotoxin ®)¢] IC,= L4pME A8 AgE
7P 73 AsEAE BT 1o, inducible
NOS (nitric oxide synthase) AsA=Z U= LN
MMARTE © 733t Asi8de HeFa ok &gt
54uMe] IC,F ¥F+ compound 63 102 TH
Zwo g AMEH curcumindg FAREE NO A3 A3
e Hoj FU

AA Aoz E ul simple coumarin®] IC &= 200
pMolg o= w9 v AaEAE RS e vt
™, furanocoumarin®] 73-$- simple coumarin®th=

Rq
Ry
A
Rs O (o]

simple cournarin

furanocoumarin

Table 1. Inhibitory activity of 1~11 on nitric oxide forma-
tion in murine macrophage, RAW 264.7 cells stimulated
by LPS

Compound R, R, R, 1C,,(uM)
Simple coumarins
1 H H H >200030%)"
2 OH H H  >20030%)
3 H OCH, H >200(45%)
4 H H OH >200(40%)
5 H H CH, >200(38%)
Furanocoumarins
6 H H 54
7 OCH, H 115.7
8 H OCH, 14
9 OCH, OCH, 101.6
10 H OCH,CHC 5.4
(CHp),
11 OCH, OCH,CHC 35.0
(CH,),
L-NMMA 4.0
Curcumin 6.0

IC;, values in table show the 50% inhibition concentration
of NO production measured as amount of nitrite by the
Griess method.

? inhibition % at the final concentration of 100 uM
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