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Abstract — Phospholipase A; (PLA,) is lipolytic enzyme that has known to be involved in inflamma-
tion. In the course of our screening for antiinflaimmatory compounds from natural products, a
compound having PLA, inhibitory activities was isolated from the methanol extract of Umbilicaria
esculenta. The compound was identified as lecanoric acid based on various NMR studies including
DEPT, HETERO-COSY and HMBC experiments. Lecanoric acid inhibited human rheumatoid syno-
vial PLA, activity with ICs of 0.17 mM and also exhibited antitumor activity (EDs=2.7 pg/mi)

against skin tumor cell line (LOX-IMVI).

Phospholipase Ax(PLA;; Phosphatide 2-acylhydro-
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Axet A AZHE PLA st AR arachi-
donic acid® 9%, A4, YAF 5& d27)+ eico-
sanoids A #ojshe= F23% EA |t} Arachi-
donic acid¥ cyclooxygenase$} 5-lipoxygenase®] 2}
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dins, leukotrienes, thromboxanes® & eicosano-
idsE AT o83 BASLS T H7|H] HAZ
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H-E| leteosporin(5), folipastatin(6), thielocin Al B(7),
Y EZHE] manoalide(8), 21 EAMZHE] ochnaf-
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o elsled Xo\(RH,; Umbilicaria esculenta)=. F7
stgdo) AR HolE A, AZRF F(AZ2FH 100
g Fel-AA LAY A-g-3Fdc)

4 2|7|

UV 29 E&2 vxtE-& §v]& Shimazu UV-260
spectrophotometer& o]%-3le] FA3lgioey, [R &
# & -2 Fourier-Transform Infrared(FT-IR) spect-
rophotometer{(Laser precision analect RFX-65s)%
Abgsted KBrf e 2 £33l 38 &4 MEL-
TEMP Il(Laboratory device)E o]&3s}e] 233}
t}. NMR spectrum2 Varian UNITY 300(300 MHz)
& ol &3l &g, SvlEE DMSO-ds, ¥
EEEA 2 tetramethylsilane$ ©]-&3}gic)

Phospholipase A, X3li# ZA}

Fae Fulelad 4 #ale] ey 35
A g e}q] I Phospholipase A& AF8-3loli 7]
1.8 1-palmitoyl-2-[ 1-*C]linoleoyl-L-3-phosphatidy-
lethanolamine(Amershame Co.)-& Ap&-8}gc}. A3
¥4 S o8- 2ok 1M Tris-HC 8h2-8-
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PLAS &% AA$H 200w yhg-84$ 37C
2ol A AerslHA] 208 Fot A IF] F A
AEl f2) xRS Doled] HPH(12)2.8 F-E3)3ir
Z ylgoe] Dole’s £HE Yo wk-s-E AXAZ
e, n-Pebd FH4E 7iEted EGS F AR
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gel& ‘o] n]ukg 7|Ag& FHAZ F n-YLFE
2 )3 N A A FA5E7)(liquid scintillation counter) =
fralsl [HC] Aupake] 8 SA 3G MR
714w 2el{ JE ol Hste] HE-E2 eR o)

MEEY ZA}

A EZEAL Monks 59 SRBZAH(13)el 23}
228ttt & FA] QHAEFE AA TR AT
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A2E 7} xwz DMSOH £3AA4 HW F
2, 6, 24, 48, 72, 96217} AL R o7t A
¥ FuEe FAANEEAAS FEstC 96417
vl e}3F A £Z Trichloroacetic acidE o] 83l 1A
A7l o}S- SRBE-H-E H7lsle] HEE G432 4
AL v 2718 1% AR AXste] v AT
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go2ae #a]-3A

A% 100 g2 A|BE AAste] 80% wet3 1/
ARt 253Ae A 6417 =&, I3k
o] AL 33 HFESl P e 5L Y
58] v'kE8 AAHJ F, E& 7}8ka pHE 90
° 8 ZAHZ F odolAyeo|leR FE31ic) &)
Z& Na,SOE 953 F 3553l 1.7g9 =
g4 23& A4l YL S2EXE oS
€ 89| &3} silica gel column chromatography(¢
3.5X50 cm)& AAlstd om, t}r] F&F Sephadex
LH-20 column chromatography(¢ 1.9X40 cm)& 3}
ate] WA Ratbe] 4 33E 152 mge de] Gl
shahEol=t sl ohFig. 1).

G1 3ghES] E2|3ety RN

Gl 33E9 §3L 175~178Co)|gd o, vetL-&
|of 2 3l UV 24 EFS A A3 300(loge=4.
68), 269(loge=4.27), 211(loge=4.02) nmN A F55
o Z2E vehliglc) IR 2HEFH] glojA] 3400,
1735 2 1600 cm™ sl Z}z} hydroxyl group, ester
group ¥ C=C stretchingel]l #-sls W=r} 23
E%tH14). TLC AelA chokgl iy x| efel] iy ut
L A& ZAFF A3} vanillin, I, vapor, sulfuric acid,
phosphomolybdic acid ¥ ferric chloride Sl %
Aoigl o1}, ninhydrin, Dragendorif's reagent, Rho-
damine B, 4-dimethylaminocinnamaldehydelj+ &

do2 vepygon o A2 Ne B 532 phe-
Dried Umbilicaria esculenta thailus (100g)
80%6 MeOH extraction
concentrated in vacuo

suspended in water and adjusted to pH 9.0
extracted with EtOAc

Organic layer

conhcentrated in vacuo

Silica gel column chromatography
1

eluted with CHCl3MeOH=10:1, 5:1, 211

Sephadex LH~20 column chromatography
eluted with MeQOH

Compound G1{152mg}

Fig. 1. Purification procedure of compound G1,
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Table 1. Physico-chemical properties of compound G1

Kor. J. Appl. Microbiwol. Biotechnol.

Table 2. *C and 'H NMR spectral data of compound
Gl in DMSO-d, (300 MHz)

rereree. ereerri, pverr— rerermree A

Appearance white powder

Molecular weight 318

Molecular formula CisH11 O,

Melting point 175~178C

UV A MR nmloge) 300(4.68), 269(4.27),
211(4.02)

IR v e ! 3400, 2930, 1735, 1670,
1660, 1600, 1290, 1140,
840

Solubility

soluble MeOH, EtOH, DMSO,

MEQCO

slightly soluble EtOAc, H,O, BuOH

insoluble CHCIl;, Benzene, Hexane
TLC* Rf

CHCl1-MeOH(2:1) 041

Benzen-EtOAc- 0.63

MeQOH(1:1:1)

EtOAc-Me,CO(1:2) 0.70
TLC color reactions

positive Vanilhin, I, vapor,
Sulfuric acid
Phosphomolybdic acid
Ferric chloride

negative Ninhydrin, Rhodamine B

4-Dimethylaminocin-
namaldehyde
Dragendorff’'s reagent

Position Oc Ox
1 10802 C
1-CO0O 16740 C
2 16108 C
2-OH 10.43
3 10041 CH 6.23
4 16037 C
4-OH 7.20
5 109.90 CH 6.23
6 14034 C
6-CHj; 2148  CH; 2.36
1 15160 C
2' 107.24 CH 6.41(d, 1.8)
3 16432 C
3-OH 10.43
4 11569 C
4'-COOH 172.48 C 10.07
5’ 14202 C
5 -CH; 22.74  CH; 2.55
g’ 11324 CH 6.35(d, 1.8)

*Silica gel TLC plate 60 Fauq (Merck).

nol F2F #43tn ASE F3T 5 UK.
Gl 3hEe olehe, ojgte, olHE, DMSO S
Sl A g=ht 22e2E WA, 4l
£-g-o]2)tHTable 1).

G1 ZE=EL +E=74

TE2EFAE 93l Gl 33E 11 mge DMSO-d;
0.6 miel] £ax171 F 'H-NMR, “C-NMR, DEPT,
HETERO-COSY, HMBC 58 7]7]#4& A&k
v} 2 A3} 'H-NMRel| 4= 2.36, 2.55 ppmol| 4] me-
thyl protone.& Heo)& 2712) signal, 6.23, 6.35, 6.41
ppmol[A] o]FHFA F-2 wlsEE methine proton
2.2 Hol& signalES X 3] 8712 signalEe)
&=t 2% 10.07 ppm-& carboxylic acidol] A,
1043 ppme T3 —OHel A F3= 5= signal
=& F3HrKTable 2).

BC-NMR ~¥e3-§ &g Ax F 16709 sig-

*Proton signal multiplicity and coupling constants (f
=Hz) in parentheses.

nalgel &= o, 7} signalel] & AEE Ta-
ble 20l} vlepllc} 2 5 21.483) 22.74 ppm-2 methyl
B2, 1004104 164.32 ppm7HA ] 12709] signal
2wk elh g Z12]3 167403 172.48 ppm-d- es-
ter group?| carbonyl ®t4 2 F# = glcl. DEPT spe-
ctrum®] 2443} 21.483% 22.74 ppm-2- methyl g4
2, 10041, 10724, 10990 % 113.24 ppm< H}EES
Bl 4 /-2 & methine &4 2 FA o0 1A
= 25 4gEAE et

=e|33td BA gl o|Ale] AES BEdiE #HaAj
74X BaEe gl A AR vlT, HER 3
£ 3352 depsidert depsidoned 23HEY 7V
o] & ALE ddsoizicl £3] Nicollier 5
(16, 17)e] H. 31§t lecanoric acid®] NMR data2l &
atej7h e =R Feigk #§E Glo] lecanoric
acide} 1} lecanoric acid 23 Y Jl4de] & #o
2 oghdEgn)k ek FEg] d4EAY] 254
£ 93l HETERO-COSY % HMBC A& AA]
&tedck. HETERO-COSY-E £A% A=} 236 2 255
ppm2] methyl protonS Z}7Z} 21483 22.74 ppm<)
methyl &r49} o125 g] o, 6.23 ppm(2H)S peak:
100415} 10990 ppm&] B4} AZ4-¢ B Frhg]
HFSFE protone] FHHUSE A3k £ 6.35
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{3 23) TN HMBC

Fig. 2. '"H-"C long range correlations of compound G1
observed by HMBC experiments.

2 641 ppm-S 77} 113.24¢} 107.24 ppme] Wp3=
ghael] FA<sE %t

Proton® &t471e] A A~d0 A4S delnr] ¢
&l HMBC(heteronuclear multiple bond correla-
tiomA YL HA[3H e 1 ZAFE Fig 20} ey
t} 2.36 ppm2] methyl proton2 109.90 ppm< me-
thine 84 2 140.34 ppm&] sp? 45540, = o} &
2.55 ppm2] methyl proton 11324 % 142.02 ppm
2] ®hio] HAYAHZARE Jebfo) =3 635
ppm2] methine protong 107.24 ppm<] methine &
42} 151.60 ppme] 4F%t4 o), 6.41 ppme] methine

proton-2 151.60 ppm2] &t4el WAl AH AL
et = 623 ppmS methine protonﬁ.iu‘?—ﬂ

16740 ppm®] carbonyl &tAel 4 Age] A=A
Age] #AHAY. °]F protone 2 NE] PR e+

522} chemical shiftx|7} lecanoric acidellx] =
&t 2] chemical shiftx]¢} & U x|g& & = 2l

o2 EF5tetd] 54 Y HMBCAR 3}
A%4 proton-carbon YA AAAYS £33 A
Gl 31352 depsided 3}3HE4l lecanoric acid®}
FUR HEgEold)

G13gHRe] PLA, & &N

Umbilicania esculenta 24%-¢] ¥-2])%F lecanoric acid
S ot A {AY #ate] G- dola] Eeld ely
[I PLAyol A zlslo] A&l &Ad-S FA13F A= Table
33 Zrt}, Lecanoric acid®] PLA,o} & IC, 3+
0.17 mMe|glem, AFAL FEIEFHSZ L]
Sl

Lecanoric acid ¥ Z %47} prostaglandin syn-
thetase ‘“%’ arachidonic acid release A3 BA]E L}

G1 =HEHES| UMY MEZFo| it NEZE=SY
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Table 3. PLA; inhibition activity of compound G1

Compound G1 Inhibition rate

(ng/mi) (%)
0.5 8.1
1.0 10.8
5.0 13.2

10.0 17.0
50.0 48.8
100.0 62.6

IC;y (mM) 0.17

Table 4. Cytotoxicity of compound G1 against various
human tumor cells

Human tumor cells EDs (ug/mf)

Breast

MCF-7 >25

MCF-7/ADR >25
Renal

ACHN >25

U0-31 >25
Central nervous system

SNB-75 >25

SNB-19 >25
Skin

CRL1579 >25

LOX-IMV1 2.7
Leukemia

MOLT-4F 17.0
Prostate

PC-3 >25
Lung

A549 >25

NCI-H522 >25
Colon

HT-29 >25

KM12 >25

3tH Umezawa 52 benzanilide +2& 7[R+
lecanoric acid #XA5°] mouse skin tumor pro-
moterel 12-O-tetradecanoylphorbol-13-acetate(TPA)
o] FofyAiates AAgcly Mg v gleng
(18,19) ¥ A&oA doJAl lecanoric acidol] A%
SetiAde] e ASE AZsla oA HAET
gl MESAL Ao 7 AE Table 40
JePlc) & 14709 SHAER 3 st META
LOX-IMVI¢e} W& shAl x5 MOLT-4Foﬂ 2
zZrzy 27 ug/mi, 170 uyg/mi2] EDyy #3HE 2 A E
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'%Aé% el om, B3] ¥l H ¥ Fql LOX-
IMVIel| 7}3E HEX5AE Jehigicth
2 of
Phospholipase A,(PLA))v= A& 2te] F8 FAA

o AAAY sn-2 HAANA acyl ester AjE 7}

FAlshe ane 53 A Aol glojA o5
%‘“ﬁf& QLS k= Aem oA sk £ -l
i ogked-s Andlel NNg SR PLAyS| 5elA
3] 6H75‘§._!.—?- st el & Umbilicaria esculenta(BH)
2 “ﬂ'ﬁ”’* —?%‘*%i‘f’*ﬁl PLA, Asigd5 2= &
Uoas elebedel He¥ shgHEe] 2w 'H, G-
NMR, DEPT, HETERO-COSY, HMBC €] NMR

Aol 28} lecanoric acid® EA =gl 2 313
E9| PLA;, Asi&Ad-2 ICs gte] 0.17 mMe]sich
gt 1452] Q1A tA|E ol 3l UGS TARE
A3} s)lRab AlEFel LOX-IMVIel il At EDs,
gtel 2.7 pyg/mig A=Al ¥ =448 Jeldlich
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