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Abstract — Using the bioassay-guided fractionation and isolation technique, two PLCyl inhib-
itors were isolated from the sarcotestas of Ginkgo biloba (Ginkgoaceae). The structures of these
compounds were identified as (3R)-(-)-8- hydroxy-3-(6’-pentadecenyl)-3,4-dihydroisocoumarin
(1) and 3-heptadecen-2-one (2) by UV, IR, MS, 'H-NMR, *C-NMR and 'H-"*C COSY. Isolated co-
mpounds 1 and 2 have not been reported previously from the sarcotestas of G. biloba and Gink-

goaceae, respectively. In addition, these compounds showed significant PLCyl inhibitory effects

with the IC,, of the 9.7 (1) and 25.6 UM (2).

Key words — Phospholipase Cyl (PLCyl); Ginkgo biloba sarcotestas; Ginkgoaceae; (3R)-(—)-
8-hydroxy-3-(6'-pentadecenyi)-3,4-dihydroisocoumarin; 3-heptadecen-2-one.

Phosphatidylinositol specific phospholipase C
(PLCy= A2 Asdde)] F83F 48 AlEw
FEA)3}= minor phospholipid?! phosphatidylinosi-
tol(PI, PIB, PIP,)Z 7}-E-3l5ld inositol triphos-
phate(IP,)2} diacylglycerol(DAGYE BAA7)aL, o)
S d¥E) ANEVSE AR AEFHE EZAT
¥ PLCE BI, B2, 71, 12, 81, 82¢] <& isozy-
mel 2 o] 2P o]F epidermal growth fac-
tor(EGF), plateletderived growth factor (PDGF) %
o] AZAARIAN o3 s PLOyIS ) &
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long chain phenol®, ¥R (Selaginella tamariscin)2-
2R biflavone”, ¥ F75 (Uncaria rhynchophylla
hooks)C. 2 2E] 8Z9] triterpene ester™ F PI-
PLCyl A3 &4 &5 #e] HAsith A=A
228 PLCyl A8IAC] cis-hinokiresinol& ¥}t
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HEE Y e AAGAEAN o A3t AESFE
e, 233 Fololx) $el@ PLCyl A3l
¢l anacardic acids, cardanols @ bilobols ZHH
PLCyl & QAL AEolM A Al &4
Heem E3d] ARl e AR 2
AZAMET o 43 As B4 Jepiiet?
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ASME — 23] K (Ginkgo biloba sarcotestas)
© AU #el AHioM 19963 9¥el AP
sted ARSI

22 -PLCyl2 bovine cerebellumol A DE-52,
matrix green gel affinity, phenyl 5-PW, MONO O
column chromatographyE ©l-&sted AA| (95%°1
T A ARSI

Alek 9 7[7] - L-3-phosphatidylinositol (PI), HE-
PES, EGTA®} sodium deoxycholate (SDC)¥ Sig-
ma Co. (St. Louis, MO)llA F4st%, [PH]-PIt
cocktail solution Amersham (Buckinhamshire,
England)oll X -}13ted ARg-8Rdct.

HPLC= Hitachi 1.-6000 pump, Hitachi L-4000
UV detector 2 Hitachi D-2500 chromatointegrator
(Japan)E ©]8-3}9357, HPLC columne Econosil sil-
ica 10U (250 x 7.8 mm)®} Phenomenex ultracarb 5
ODS 30 (250 x 10.0 mm)2 ARSI} RS Perkin
Elmer 1710 spectrometer (UK)E, Mass&= VG
TRio-2 spectrometerd, NMR-2 JEOL GSX 400
spectrometer (400 MHz)®} Varian VXR 300 spec
trometer (300 MHz)E o] &3}t %3l §4 &4
=42 93 radioactivitys= Wallac 1409 liuid scin-
tillation counter(USAYE o]-&&le) &4 &5t}

In vitro PLCY1 Mall 84 =& —Rhee 59 W
W% o8} =38kt 50 mM HEPES/NaOH (pH
7.0), 3mM CaCl,, 1mM EGTAS T3 8489,
10nM cold PI®} 0.02uCie] [PH-inositol] PIZ $hr
§ 7128 HEPESNaOH (pH 7.0)¢] ¥:gole
DMSO09 =21 Alge}t 3 37°CollM 1087 wh-g-A
. CHCL-MeOH-conc. HCl (50:50:0.3)2 ¥
HEgsd 8ol A9l 1 N HCL, 5mM EGTAZS
V-SF A 89 BE YWol WS ARAY)Z, A8
ste] F FOo2 APFA S 58 FHalo] A"
PH-inositol] IP,9] radioactivityZ liquid scintillation
counterZ. &3t 42 YA ¥ A& back-
ground®, A 502l DMSORES: ¥e- 718 #7028
1532, positive controlZ2E ©o)n] & EIHE ame-
ntoflavone™ & AHESIT AlEgde DMSOd)
o] 5mg/mlgAog WY, GAEE 54k AR
SKATE. ZH2he triplicate 2 2 Adstgion 1C2
IEE 250 pg/ml, HAFE 3.09 ug/mlE 3he] least
square methodE ©)-83l 2785t
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A8 &%) = 1-[(*| & dpm-background dpm)/(th
Zt dpm-background dpm)] x 100

F& 3 22l -3 9 4kg& CHCLE 14
7 289 & T 19 WREk 3 vHE) 80g
o] A2F AUk CHCL, I&E silica gel col-

umn chromatography(CHCl,-MeOH=100: 1—>Me-
OIME AAlst /1o B8eg vhral 7t B8
iete] AsjEde S5 A 240 8o 95.2%
2 M 2L 84S U9, olZls vA
Sephadex H-20(n-hexane-CH,Cl-MeOH=6:6: 1—
MeOH)E A8t 2709 aidoz vl o]
Z 1H AEFo ts] HPLC (254nm, 2.0ml/
min, #-hexane-CHCl-i-PrOH=500:500: 1) 4
AlEted 3 1 Rt=16minyS AR, 28 273
o] ths] RP-HPLC (254nm, 2.0mlmin, CH,CN-
MeOH=10: 1T AAEl 39E 2 Rt=42min)E
&aJrt.

BEE 1-5F I B, (o, 227 ¢ 1.0 in
CHCL); UV A, MeOH) nm (oge); 216 (4.06),
245 (3.79), 313 (3.59); IRv,, (neat, cm™); 3040 (aro-
matic C-H), 2950 (aliphatic C-H), 1677 (C=0),
1620 (C=C), 1470, 1250; MS (EL 70 eV) m/z (rel.
int), 372 M", 25), 354 (M'-ILO, 20), 346(10),
328(5), 163(70), 67(100); 'H-NMR (300MHz, CD-
ClL) & 088 (3H, t, /=70 Hz, H-15), 1.25( 18H,
by, methylene H), 1.70 (1H, m, H-1}), 184 (1H,
m, H-I’), 202 (4H, g, /=65 Hz, allylic H), 2.90
(1H, d, /=53 Hz, H4,), 291 (1H, d, /=95 Hz,
H+4,), 458 (I1H, m, H-3), 535 (2H, m, olefinic
H), 668 (1H, d, =70 Hz, Hb5), 6838 (1H, d,
J=84 Hz, I-7), 740 (AH, dd, /=70, 84 Hz, H-6),
1103 (1H, s, -OH); “C-NMR (75 MHz, CDCL) &
1410 (C-15), 2265 (C-14), 2481 (C-2), 27.16
(@lylic C), 27.22 (allylic C), 2898 (methylene C),
29.16 (methylene C), 29.31 (methylene C), 29.35
(methylene C), 29.70 (methylene C), 29.72 (methyl-
ene (), 3177 (C-13), 3294 (C-4), 3479 (C-1),
79.73 (C-3), 10853 (C-9), 116.17 (C-7), 117.89 (C-
5), 129.74 (olefinic C), 130.02 (olefinic C), 136.06
(C-6), 139.51 (C-10), 16217 (C-8), 169.97 (C-1).

32 274 A4 BF; UV A, (n-hexane) nm
(log €), 228 (3.89); IR v, (neat, cm®), 2926 (aliphatic
C-H), 1680 (C=0), 1629 (C=C), 1467, 1253, 979;
MS [EL 70 V) m/z (rel. int), 252 M', 16), 237
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(M*-CH,, 10), 194(6), 125(10), 97(20), 55(100); 'H-
NMR (300 MHz, CDCL)) & 0.86 (3H, t, /=7.0Hz, H-
17), 124 (20H, by methylene H), 142 (2H, quintet,
J=70 Hz, H#6), 220 (H, m, alylic H), 223
@H, s, H-1), 6,04 (H, d, J=159, 1.5 Hz, olefinic
H), 6.78 (1H, dt, /=159, 7.0Hz, olefinic H); “C-
NMR (75 MHz, CDCL) &: 14.13 (C-17), 22.70 (C-
16), 26.83 (C-1), 2811 (C-6), 29.20 (methylene
0), 2936 (methylene C), 2940 (methylene C),
2953 (methylene C), 29.65 (methylene C), 31.93
(C-15), 3249 (allylic C), 131.29 (olefinic C), 148.
68 (olefinic C), 198.79 (C-2)

SIEIE 12| acetylation - 313 & 1(6.1 mg)<
pyridine 100 ol =20 ¥ acetic anhydride 100 ui&
ol 3l2d A AT TLCE whegbd e 3l
% CHCLSH H, 05 wol &mEdsisit). 35
#3} n-heptane 35F 718132, 553t acetate
A 3FE 1a (6.2 mg)E Aot

a3 3 af

28 3Zelo| CHCI, 22 1 F&o| PLCYl X
8 Y -3 Feje] CHCL, 92 disle] PLCyL
A3 E9-& 293 A7 89.8% (125 ug/ml)= 59149
e BEE JERIRAL, o] AXE sil- ica geb col-
umn chromatographysled &7l 2802 Pt} o]
59| PLCyl A3l 8498 &3k dzte) 84
S 35, 952, 88.0, 92.6, 91.9, 74.0%=Z AAsr}.

SIEIE 19| EEY - 3IFFE 12§ 9 23
22X 1% FeClell 94 9k vehjiglth IR spec-
trumoll A1 &= aromatic C-H (3040 cm™), alipha- tic
C-H(2950 cm™), carbonyl”] (1675cm™), C=C (16
20cm™M)E IS F 2Tk Mass spectrumdlA=

> NS '3

Compound 1 R=OH
Compound 1a R=0OCOCH3

Compound 2

Fig. 1. The structure of compounds 1, la and
2 from the sarcotestas of G. biloba.
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mjz 372004 FAlol2 peakE, m/z 35414 H,07}
g2E peakE, m/z 3289141 COOH} 2=+ peak
g 2 & U3, long chainoll &3 m/zgkol 14
A Zo]EE peak cluster® #FE + Uk 'H-
NMR spectrum EH™, § 6.68, 6.88, 740014 J
value7t 2zt 7.0, 84Hz2 1, 2, 3 A¥L & ben-
zen rings, § 1103914 AN #2723 E OHE
peakE, & 0.88, 1.25, 2.02, 5.359] peakold 2% Z
go] EAJ5= long chaing RISHATE webA 319}
E 12 Jong chain®] 21¥¥ isocoumarinA| ¥YE F
A9, 'HNMR=F “C-NMR spectrums E3}¢]
g8 ¢ YUt 'H-NMR spectrumelAE § 4.58
oA Ak&o)) ¢1&E H-3 peak, & 1.705} 1.84014] 2
A3 chiral centerel &3] ZEHz H-1' peak, &
2.90. 291914 chiral centerel] 2J3] zFz}h doublet®. 2
2@k H4,(J=53Hz), H4, (=95 Hz)9] peak
¢ #Fg 5 Atk "CNMR spectrumoliXe §
27.16, 27222] peak® long chain®| °|&F Ao cis
configuration®-2 1% & UAZ"Y, § 79.739) peak
£ Atad AFHI C3o 9§ peakolw, 'H-C
COSY spectrum®©2 § 34.79¢] C-I'#} § 32.949] C-
40l 23t peakE FRIBINT) 5, AB=r) 2272
R form¥E & F 3ilon, ool 2E F35hE
data7} 2309] Yo zRE) BHIH v} = side chain
0] 46-15:12) dihydroisocoumarin®] & x)¢} x|}
o 33 18 (3R)-(-)-8 hydroxy-3-(6™-pe-ntadece-
nyl)-3,4-dihydroisocoumarin® & 338152 o] 313}
EL EATE Bl 239 ool Aoz B
=

SIgE 29| 7= BM -3¥E 2e P I E
Az IR, MS, 'H-NMR, “C-NMR spectrumg +&
x|9} H|3Lsle] 3-heptadecen-2-one® & 31
&3 39k 2= 23HEF (Ginkgoaceae)oll A A
E2ZlRT Ao

3182 13} 29| in vitro PLCy X3l &M - 23
Z2le] CHCl, dl2olA 2§ 259 3tE st
& in vitro’dol A PLCyl A8 848 =43y, 3
&2 13 28 ICel 72t 97 B 256 uME BT
freld e PLCYL A8l &4 eI, AS71A
B A9} vlssh o) 48 YeER)I) o]
isocoumarinAl€ % long chain ketone A€ 3}%t
B9 tigk PLCyl A& BioA AgoE B
23} B3E 1S acetylationdlS WEEE 1a)
IC,°] 250 ug/ml ©]3}2 Aol GA3] Adsie R
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Table 1. PLCyl inhibitory activities of compounds 1,
laand 2

Inhibitiory activity on PLCyl

Compound (1C,,, UMD
1 9.7+ 0.5
2 256+ 1.8
la > 250
Amentoflavone® 29.0+ 1.5

% positive control

2 (Table D 813HE 19] PLCyIol theh Asf@/dollx
= Ot $2¢ AL sk= 2 & & I

g B

23 Z2]9] CHCl, 22258 PLCyl A8 24
RS FA3] 3RME 13 28 B9, sRtE
12 (3R)-(-)-8-hydroxy-3-(6’-pentadecenyl)-3,4-dihydr-
oisocoumarin® =2, 3}3E 2= 3-heptadecen-2-one®-
Z FAST 3RHE 12 285l xgoE B
&t ¥ 73 3{ME 2= Ginkgoaceaedl A X150
2 Rasld Busks AlEe|th 3, ©] isocou-
marinAl¥ 2 long chain ketone 3}&&E| st
PLCyL AsilE e &0 vysjs Aoz gfoz
Ao} ZIAATE Tt AER A TR
E4=9] 7isdE 7gE & Ak

A A

o] AT AeTEL st ste] AooREr LA
THEE Fole ARTAAL Ao o) ol
ol om, ol A=,
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