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Isolation of the Constituent Inhibiting Nitric Oxide formation from
Lycopus lucidus in LPS-induced Macrophage Cells

Hee-Juhn Park*

Professor, Department of Pharmaceutical Engineering, Sangji University, Wonju 26339, Korea

Abstract - This research was performed to identify the anti-inflammatory constituent from the herb of Lycorus lucidus
(Lamiaceae). The MeOH extract of this plant material and its two fractions, the lipophilic- (CHCI; fraction) and the
hydrophilic fraction (BuOH fraction), were prepared to test anti-inflammatory activity. For this purpose, the inhibition rate
on inducible nitric oxide synthase (iNOS) activity was assessed by determining nitric oxide (NO) formation in lipo-
polysaccharide (LPS)-induced macrophage 264.7 cells. The CHCI; fraction that greatly inhibited nitric NO formation was
chromatographed to lead the isolation of ursolic acid. Since ursolic acid inhibited NO formation dose dependently in this
study, this compound was considered as one of the active constituent responsible for anti-inflammation. However, the
activity of rosmarinic acid isolated from the BuOH fraction was weak.
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Fig. 1. Structure of compounds 1 (ursolic acid) and 2 (rosmarinic
acid) isolated from L. lucidus.
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IR spectrum< JASCO 4200 FT-IR spectrometerS AR2-5}
o] KBr disk H2.& =439t} 'H 2 ®C-NMR spectrum
Bruker AM—600 spectrometero]|A] tetramethylsilane (TMS)
£ UREEEHER sto] SH5I0IHE 22 E Sl ARt silica
gel columnS Y& YamazenAl2] A& (particle size, 30 um)<
ARESIIT} 18] AL, diaion HP—20 column®] A ARS Mitsu—
bishi ChemicalAFQ] A Z-& AF&-51ITH Ae|ehA A58 9l
ARE3E caffeic acid= SigmaAl Al &2 AR89 1L, salvianolic
acid= WA Salvia milthorrhiza) oA E2]3t SFHE-2- A8}
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CHCl; 31E(10,0 g 2HE 3RHE-2 E2J5l7] 95} silica
gel column (p5.2 X 23.0 cm, 200 g)o|A A7)-&0f CHCls—
MeOH- H,0 (8:1.2:1, 515%) £olo @ Asfateic}. Lajole 50
mLA £=315}6] 550 - 859 mL2] retention volume?] 3gsl=
252 YA 55T $ MeOHOA] JAgH SHE 15 &
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3HE 1 (Ursolic acid)

White powder, Mp 282—283, IR vy (KBr) cm ™ 3400 (OH),
1690(CO0H), 'H-NMR (600 MHz, pyridine—d): 0,90 (3H, s,
CHs), 0.96 (3H, d, J=5,7 Hz, sec—CHs), 1,01 (3H, d, J=6.5
Hz, sec—CHs), 1,02 (3H, s, CHs), 1,06 (3H, s, CH), 1,24 (6H,
s, 2x CHy), 2.62 (1H, d, J=11,0 Hz, H-18), 3.45 (1H, t, J=
6.9 Hz, H-3), 5.48 (1H, t, J = 3.4 Hz, H-12); “C-NMR (150
MHz, pyridine—d): 39,4 (C-1)*, 23,7 (C-2), 78.2 (C-3), 40.1
(C—4), 53.6 (C-5), 16,6 (C-6), 33.0 (C-7), 39.6 (C-8), 48.1
(C-9), 39.2 (C-10)*, 23,9 (C-11), 125,7 (C-12), 139,3 (C-13),
42.6 (C-14), 28.2 (C-15), 21.4 (C-16), 48.2 (C-17), 55.9
(C-18), 37.4 (C-19)** 37,5 (C-20)** 31.1 (C-21), 39.4
(C-22), 28.8 (C-23), 17.5 (C—24), 17,5 (C-25), 15.7 (C-26
24,0 (C-27), 179.8 (C-28), 18,9 (C-29), 25.0 (C-30),
“Values may be interconvertible; EIMS m/z (rel, int., %):
456 M' (13,3), 438 [M—H,0]" (1.1), 410 [M—HCOOH]" (13,5
248 (100), 207 (15), 203 (33), 189 (8.6).
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H,0% £-2|3} 3 250 MeOH 1, 0LE 22|31t} 25% MeOHZ
B2t -golS 155310] 25% MeOH H21E(5.4 g)& At ©]

25% MeOH H-38E-23 Sephadex LH-20 column®]| 4] MeOH=
|=dto] £ 32 compound 2& AT

3L 2 (rosmarinic acid)

Yellowish powder, [a]p® + 780 (¢ 0,40, MeOH); IR Vi
(KBr) em™": 3176 (broad, OH), 2913 (CH), 1709 (COOH) 1645
(a,f—unsaturated ester), 1617, 1517 (aromatic C=C), 1397,
1348 (C—H), 1285, 1260, 1232, 1201 (C=0); 'H-NMR (600
MHz, CD,OD): 7.05 (1H, d, J=1.8 Hz, H-2)), 6,80 (1H, d, JJ
=7.8Hz, H-5), 6,94 (1H, dd, J=7.8, 1.8 Hz, H-6), 7.53 (1H,
dd, J=15.6 Hz, H-T), 6.29 (1H, d, J = 15.6 Hz, H-8), 6.80
(1H, d, J=1.8 Hz, H-9), 6,70 (1H, d, J=17.8 Hz, H-5), 6.66
(1H, dd, J = 8.4 and 1.8 Hiz, H-6), 3.13 (1H, dd, J=14.4 and
3.6 Hz, H,—7), 2.96 (1H, dd, /= 14.4 9.6 Hz, Hy—7), 5.10 (1H,
dd, /= 9.6, 3.6 Hz, H-8); "C—NMR (150 MHz, CDsOD): 128.6
(C-1), 15,7 (C-2), 147.0 (C—3), 149.8 (C-4)), 117.0 (C-5),
123.0 (C—6), 147.2 (C—T7), 116.3 (C-8), 170.0 (C-9), 131.8
(C-1), 18,0 (C—2), 146.4 (C—3), 145.3 (C—4), 116.7 (C-5),
122.3 (C—6), 38.0 (C-7), 77.5 (C—8), 178.1 (C-9); FAB-MS
m/z 361 [M + H]",

A =Zuj

American Type Culutre Collection (ATCC, Rockville, MD,
USA) oAl F+)3F mouse macrophage RAW 264.7 cell-2 10%
heat—inactivated fetal bovine serum (FBS)Q} antibiotics—
antimycotics (PSF; 100 units/mL penicillin G sodium, 100
ng/mL streptomycin, 250 ng/mL amphotericin B)S 7|5t
DMEM Hj2]o]| 4] vjekatiTt, 5% CO,S Edkal= 53t 37 &
ol 3TTE frAI5H3it.

Cell viability assay

Z} wellof] MTT solution (ZZ5% 500 ug/mL)< 7}5}aL 3
TCoA 4AZE &< Qlstalo]AstSiTt, viAlE AlATT &
dimethyl sulfoxide (DMSO)E & 7}5F3it}, 570 oAl T-4=
£ 245}t0] M| 3ZEAYE-8(%)E control group (LPS+) 2} H] w5}
o] A5t Adlof ARESH A 5= MeOH 25, CHCl; &
3&, BuOH 235, 181 E&|5t ursolic acid®} rosmarinic
acido| %It} 18]l caffeic acid®] dimer?l rosmarinic acid 7+

15} caffeic acid®} trimer L&
bkl Aol Ak

¢] salvianolic acid&

—N l-N

iNOS assay

RAW 264.7 cell-S 10% FBS—DMEMO]A] BJoF3HTL 24—well
plate (2 X 10° cells/mL)ol| FZE5}5ict thad viA| S 1% FBS—
DMEMO. 2 W53 A 22 Aef3Hc), No KRS §=51]
218} 1A]7F 5 control group (LPS—)WF A28}l 1 ug/mLe]
LPSE 7o}t AlZE F271 18417 59t vl ofstaL vl <] ] NO
AIAES- Griess HFS-0 &2 AASIY T Q9F510], 180 yL Griess
reagent {0,1% N—(1—naphtyl) ethylenediamine dihydrochloride
in H,09} 1% sulfanilamide in 5% H;PO}2 H)%] 100 xLo] 713
o}, o] I AZ] F nitrite Fe= 540 im FFES S5t
sodium nitrite] AL o] 8-35to] AASITH [1-(NO level
of test samples/NO levels of vehicle—treated control) X 100
O] FAE o]-g3to] e E ALFstSiTt, NO Ak 50%
2GRt S CoA R ST o] Table Curve 2D
v5,01 (Systat Software Inc,, San Jose, CA, USA)E 0]-8-5}o]

non—linear regression #4123 £3| AT

3 @r‘ﬁ &, 121l 5‘“‘3 —E—Q%"ﬂ
Sslos oje} 7k B

42| MeOH ZZEHLJ 2l CH
29188 AR 2 o}8510] AAIE} S NO A o
Alghe Aol w3t AelS sto] I ATE Fig, 29 ‘%EHH‘”
o}, LPS+= thAIA| 2 9] NO AAkE: AA] S7HAZ 04 40 ug/mlL
f57.0] MeOH F222 o}2 fols gl Zich 1 132
o] a5 ¥ 40 pg/mL 59| CHCL; #2852 vi-$- 8 #]3]
GAAZAON BuOH HE12E nhe of ATk Uehjeltt
CHCl; w852 F=0E4 02 NO A4S dA8] AAlsh=
S FRIHITE $HH 22 oAl o] Aol ARSE AR
S MlRAES 2 st flslch

CHCl; £-312 silica gel column chromatography = 2|5}
o] =2 IRI=ES IRHE 15 Ee & Ak o] IHES

Liebermann—Burchard ¥F-of|4] 9F4Jo]9] 0 P& triterpene
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Fig. 2. Effect of the MeOH extract of L. lucidus and its two fractions (CHCls- and BuOH fraction) on NO formation [(A) and (B)] and
on cell viability (C) in LPS-activated macrophage 264.7 cells. The data are presented as the means + SD. *P < (.05, **P<0.01, ***P
< 0.005 by #-test. The amount of nitrate was measured by Griess reaction. The cell viability was measured using MTT. Cells were
pretreated with different concentrations of ursolic acid and stimulated with LPS (1 ug/mL).

e %Ak, IR spectrumoi|A] o] S3E=5E 3400
cn ol 4] OH7 9] 222} 1690 cn'ol| 4] COOH7| S 2He1k 4= 9l
it '"H-NMR spectrumol|4] & 0,969} 6 101014 T 7]
doublet® UEI= secondary methyl”]2} singlet®] 57J|
methyl 7|7} UFERSIT 1] 8He] B4 Shb= IR spectrumof| A
2RIt COOHo|| whe AU e o= Atk &, o] Bae
BC—NMR spectrum®] 8¢ 179.82] w|3 25 E & = 9t} I8
B2 o] 3RHE-2 ursaneA| 2] triterpenel AL 2 oAFE| QT
1231 H-39] triplet®] T30 w2 § 5,483} o] 5 A g o] k2
H-129] 6 5.489)4 337} el 2 A —ursene—3—0l—28—
oic acid®] F%Z 7} ursolic acid® 4 =9It} ®C-NMR
spectrum®] GloJEE o4 E= a2 ursolic acid?] #314]
(Seebacher et al , 2003)2} v 03t A} UX|5IH o1& SISHE

1-& ursolic acid= FA515t) o] 3RME-S A4 FFE ursolic

acid®} co-TLCE & e A= A5kt

BuOH #8527 H Fo&549 3Rk 25 £81%th IR
spectrum®]|A] OH7|(broad, 3400 cm™), carbonyl7](1709 em™),
a,—unsaturated carbonyl 7] (1645 cm ™), aromatic C=C(1617,
1517 em ™) 2] 2A4E = 900 o] SEL HEA
o132 oA 9lth "H-NMR spectrumol|A] trans—olefinic
proton®] I3t = 7§ 9] T A7} A= J=15.6 a2 AET 5]
6 7.531} & 6,29914 UeRgth 183 'H-'H COSY NMR
spectrumof| A 2151 gt 7]9] catechol ring®]l 7]%1gt 7=
3702] proton®] 6 7.05 (d, J=1.8 Hz), § 6,94 (dd, /=7.8, 1.8
Hz), § 6.80 (d, J = 7.8 W)ollA 22 Yepden, ® g
catechol ring®] 2J3}F 3719] 537} 6 6.80 (d, J=1.8 Hz), O
6.70 (d, J="7.8 Hz), 6 6.66 (dd, J= 8.4, 1.8 Hz)o| L}ER} 0]

SIBHE-2 caffeic acid S+ HA7} 288t rosmarinic acid2 ¢
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Fig. 3. Effect of compound ursolic acid, rosmarinic acid, caffeic acid and salvianolic acid on NO formation in LPS-activated

macrophage 264.7 cells.

A= 2Tt B20] rosmarinic acidol] YER= H =73} Hy—79]]
71Q1%E = 709 1=27t 6 3,137 62,9604 LrERLH, H-89]
doublet of doublet® HZ%3}](/= 9.6, 3.6 Hz) § 5.100]|A]
UreRsteh. 122] 31 *C-NMR spectrum©lA] 6 178, 107141 LR
L 9|3 COOH7|o = AL o 4= ) © B & rosmarinic
acid2 AT} ¥C-NMR spectrum®] H]o]E]7} rosma—
rinic acid®] £&X](Woo and Piao, 2004)9} ¥x|5}9 o=
SJ3E 23 rosmarinic acidd-S & 4= ATk 2H BEE}
co—TLCLS W= Y A]8}% 0 B 7 335 25 rosmarinic acid
= Sl

CHCl; 2850l 4] B-2]3} ursolic acid, BuOH 22| &o] 4] &1
& rosmarinic acid”} NO AJ4to]| | X|= B35 Z4517] $sf
Al 52 ARESFITE Rosmarinic acid+= caffeic acid 5 247}
23131 dimer?] gejo|th 18|10 caffeic acid®] trimer=
salvinolic acid7} It} A& & A4 A= Zn)et
TH4)o) @} rosmarinic acid ©]2]9] caffeic acid, salvianolic
acidE Aol ARSI, ©] F caffeic acid= Sigmail Al
<, salvianolic acids= Tl A] F-2|oto] 2 dtaof|A] B
9 SRekES ARESISITh L AT Fig, 3of L Biel o]
caffeic acid, rosmarinic acid, salvianolic acid= 72| 23}=
LR A] ekttt Z12jut ursolic acidi= Fig, 3¢lA] U Hf
9} Z+o] 10 ug/mL, 20 ug/mL, 40 ug/mL EEo|4 LPSE 4=
3 AN NO Ak oA o 2 Asfighe: & 4= Qlrh
TejuE gE]of] EA5h= ursolic acid7F NO AJARS: A|afigt
Ato] wpe} Rzt A A= gite o] FHS Bk= o] 3t

o] wE AdE & AT

N Q

(L, lucidus)7} 7HA= 859 P e A%
ato] B EES wets)| 9fste] & A4S sk &
A8 3= LPSE ZAISKSE macrophage 264, 70] A= NO
o Aamas Ssko = Brisilet. dnte] FEEclA
A2 ]34 F-8E<] CHCl; 23 E-2 o220 2 A3
NO Aike A7, ofef Hls =/ #-2&<] BuOH #2&
pe R e |
©J8fl o] CHCl; Z-8= 258 =2 1ha¢] ursolic acid S +¢]

sk BYSH PoR B4 4+ Yotk Tt Rl

t} Silica gel column chromatography]|

BuOH 2352 2 ¥ diaion HP-20 column chromatography
9} sephadex LH—20 column chromatography 2 ©] -8 9] &
2 3ME9] rosmarinic acidE F2|5}1l GA|] Eg5HA] v o
2 54313t} Ursolic acide= §E2E24 0 2 NO A4k o
A8} 2 rosmarinic acidv 1 &7} At o & oFske)
o, olefet AP 4142)e] B AR 2 ursolic acid
o) ) RS 2 % 513

= 2 T MM .

AL AL
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O] =2 20181 = AFA ek aufj dte] 2] o] 2Rt A
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