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ABSTRACT

Triacylglycerols of the seeds of Ginkgo biloba have been resolved by high-performace liquid
chromatography (HPLC) in the silver-ion and reverse-phase modes. The fatty acids were identified by
a combination of capillary gas chromatography and gas-chromatography /mass spectrometry as the
methyl and /or picolinyl ester. The main components are Cis:2.6(39.0mol%), Cis:ie7(asclepic acid
21.5mol%), and Cis:1s(0leic acid, 13.8mol%). Considerable amounts of unusual acid such as Cao:aA™ ™ ¥
(5.7mol%), Cus:2A> *(2.8mol%), and Cus:3A™ * “(1.6mol%), were checked. In addition, an ant-
eiso-branched fatty acid, 14-methylhexadecanoic acid, was also present as a minor component{(0.9
mol%). The triacylglycerols were separated into 17 fractions by reverse-phase HPLC, and the fraction-
ation was achieved according to the partition numnber(PN) in which a A’-non methylene interrupted
double bond(*~NMDB) showed different behaviour from a methylene interrupted double bond in a mol-
ecule with a given cahinlength. Silver-ion HPLC exhibited excellent resolution in which fractions(23
fractions) were resolved on the basis of the number and configuration of double bonds. In this instance,
the strength of interaction of a A’~-NMDB system with silver ions seemed to be weaker than a methyl-
ene interrupted double bond system. The principal triacylglycerol species are as follows ; (Cis:2ws)2 /Cis:
17, Cis:iws /Cis:107 /Cis:2ws, (Cis:17)2 /Cis:2a6, Cis:107 /Cis:109 /Co:34 MM 6107 /Cis:1w7 /Cao:3 4 > b

, Cis:10 /Cis:1a07 /Cis:2006, Cis:109 /Cis:z 4 9% /Coi3d > M M (Cis:107)2 /Cis:2a06 and (Cis:iws)z /Cis:2ws,
while simple triacylglycerols without Cis:2ax)s were not present, Stereospecific analysis showed that
fatty acids with A5~NMDB system and saturated chains were predominantly Iocated at the site of sn-3

carbon of glycerol backbones. It is evident that there is asymmetry in the distribution of fatty acids in
the TG molecules of Ginkgo nut oils.
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1 Essstel Emsigth. & DG-FEEE KRkl
Hypersil " (HiChromiit, Theale, Reading UK., 3
pm particles, 25cmX 4,.6mm) S 8 #E&3he] #H
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A2 EEshrl 9ty ¥ TGel FRiiEE-S picoliny-
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o] s m2sAch. &MY MEA, ECL=
16.209) x4} FRiiEE2] GC-mass spectrum(Fig.
1) o)A, m/z 3618 molecular iono]| 22 o] = 17482]
REZ B ENEDERS BRI, £ m/z 3049
m/z 332(28amu gap)-& anteiso methyl branch]
diagnostic peako]| 2.2, o] jElE:-S 14-methyl pal-
mitic acid(14-met-16:0) 2 BElIEHAUL, I TES
0.9mol%°] At}

Methyl branch& 7}3 fFIIEDRLS] HACE HIM
Fox= uf-e BElyol} Flacourtiaceaek} 1T
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tetracosanoic acid{Cai:0) % W& FASL AN
Monoene& Sl asclepic acid(st:wn)-Q} oleic
acid(Cis:109) 7} &% 21.5mol% 9} 13.8mol% =2 18
Aol 3L Cisnare 3.3mol% } A 0] Adgen,
Co:1007} Cooir’e 28 &5 o] U et Chisholm
3} Hopkins®& Asclepias  syriaca o] 11
-octdecaenoic acid(asclepic acid)$} oleic acid?}
&& ¥ 15% Hadgr #iEsigew, 1 L
Doxantha ungm’scatfm, Hic-ksheachia pinnatifoliam)
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acid®] #1E7t HZHAT. THE R JYUE
(Mallotus japonicus) ¥aTime] HRIEEig 9.1%
asclepic acid”7} ST 819 t). DieneB 22 wb
F%1<! linoleic acid7} 39.0mol% 2 felhEkil ks Al
< wtow, Cw:2m60] L&E(0.9mo0l%) FHFASIARLL,
non-methylene interrupted double bond(NMDB)
52 742 4 ™°-Cis:27} 2.8mol% A S o] AT
K&l triene®ol= 4 *""-Cx:3(5.7mol%) ¢t 4 **
¥-Cis:3(1.6mol%) &+ 7+e] NMDB#E 713 Helhigs
T AL T, ol 9 7te] —axfyRl BT dle &
31X & 4 5'9"(313:2, Y. | 5'9'12-(:13:39—]- 4 5'“'M—Czo:3-‘3"-]-
72 NMDBE 713 Helifel ¥ 10% #wiid AL
o ¢ #ek § T}

4°-NMDB felhgsS SRHaY #T-ol 3o
2 Fadgz 39,Y Ussr #(Podocarpus
nagi)mil- 2w (Biota orientalis),” RA33%te)

AT R - 19

B33 (Caltha plusttris L)™' kA# 9] Taxusbac-
cta ﬁ??ﬂ]m)wﬁii 4 5'“'“"(:20:3, A 5'“'“'17—(:20:49-]- 7
& 4°-NMDB fathsgol Fstt gk & Davi-
doff 3?’5:40)-9_- ¥t Fgole] —#EQ Dictyostelium
discoideum®] IRHEANSE 4>-Cis:29 4 “U_Cs:29)
IEbhEs o] AL E WA

&l oleic acidd] H3te] @RI (asclepic
acid /oleic acid=1.56)2.2 o] EHHe U=
asclepic acide] AfaNolA 2] f# mechanismo]l}
3 AEM EEdd #%8 Wre Y Y. o9
asclepic acid®] trans R®1:#82 vaccenic acid9] 1%
Hol| B3 FAFe A hepatoma cell & #4ESH 39 m
IR S vaccenic /oleic acid®] H7t BRI
0.829141 158 £@kd= 0.3622 23] B
the Jams" o] #4571 Q1S oo},

4°-NMDB#E 7H3 Jelhkeo] Bkl 9 #ir

Table 1. Fatty Acid Composition(mol2 of the Total Fatty Acids) and Proportions of Triacylglycerol Fractions
Obtained by Reverse—-Phase High-Performance Liquid Chromatography from the Seed Oil of Ginkgo

biloba
] Fraction
Fatty acid Total Check
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Cis:0 6.6 4.5 23.9 26.6 26.7 26.3 10.0 21.6
Ci6:107 3.3 3.5 10.5 11.8 23 9.4 162
14-met-Cis:0 0.9 0.6 36.3 30.2
Cis:0 1.0 0.7 5.0 12.7
Cis: 1009 13.8 14.1 3.5 1.1 15.3 25.8 4.0 16.1 30.3 5.9 26.4 28.7 32.5 67.8 26.2
Cis: 1007 21.5 23.6 5.4 33.4 18.6 182 1.3 58.2 24.0 24.5 15.9 67.5 32.2 22.8
Cis:24 > 2.8 3.2 5.8 25 3.0 14.8 7.4
Cis: 2006 39.0 38.4 -80.0 40.3 65.5 57.9 37.3 16.0 38.1 50.1 63.6 25.6 28.0 27.7 31.4 31.1 16.7
Cis:ad ™" 1.6 1.2 9.0 4.7 5.0
Cis:3m3 14 1.2 7.0 0.8 5.1
Cx:2 0.4 0.3 5.1
Coo:19 0.4 0.3 5.0
Cao: 1007 0.7 0.8 5.5 4.3
Ca0: 2006 0.9 0.9 6.0
Cm:ad '™ 57 54 95172 34.5 28109 90 6.9 23.3 4.3
Cz:o tr. ‘ |
Coa:0 tr.
mo1% 57 6.4 08233106 38 61 1.4 04110142 40 24 14 40 09 36
Partition
rurmber (PN) 42 42 42 44 44 44 44 45 46 46 46 46 47 48 48 48 48
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Fig. 1. GLC-~Mass Spectrum of Picolinyl Ester of 14-Methyt-Cis:0 Present in the Qil of Ginkgo biloba.
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Fig. 2. Fractionation of the Triacylglycerols from the Seed Oil of Ginkgo biloba by Reverse-Phase High-

Performace Liguid Chromatography.
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Fig. 3. Fractionation of the Triacylglycerols from the Seed Oil of Ginkgo biloba by Silver-lon High-Performance

Liguid Chromatography.
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TG4 F5ie] acylpsto]l # —EHEEABUF ZHY
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Ci6:0/Cis:1009 /Coo:1r = Cis:0/Crera7 /Coo: 1007
o]Q oY, Cis:0/Cis:109 /Co:1009 = Cis:0/Cis: 1007
/Canweet 74 TS mthiE ATt 4 359 fr.2
dl= 14-methyl-Cis:0 /Cis: 1098 /Cis:2062] 4 FFlio]
L8 HEIE AP, 1.3 Cisawr/Cs:iwe /Cus:
1078} Cis:iws /Cus:107 /C20i0r or Coniwe?b 18




Vol. 14. No. 1(1997)

$lon X i HPLCE FIRIS LI SUEIGH SHHro] )3

11

Table 3. The Main Molecular Species of Triacyiglycerols of the Seed Oil of Ginkgo biloba as Resolved by Re-
verse-Phase High Performace Liquid Chromatography (mol%s)

Fraction Partition

Species Amount
number number
1 42 (Cis:206)3, Cis:107 /Cis:26 /Ca:34 1M 57
2 42 (Cis:2w6)2 /Ca0:34 ™, (Cis:2w6)2 /Cis:ad > 6.4
Cis: 107 /Ci18:10w9 /Ci8: 3003, Ci6:107 /Ci8: 107 /Cis: 3003,
Cis:107 /Cis:34 > /Co0:34 > , Cis: m)g/
Cisizg 512  Ca:3d 51114
3 42 (clazm)z/cm; SH-u 0.8
4 44 (Cia:2w6)2 /Cis:107 /Ci6:107 /Cis: 1008 /Ca0:34 1 23.3
Cis:107 /C18: 1007 /C20:24 ™
5 44 (Ci8:208)2 / (Cis:1007, Cis:2m6)2 /Cis: 19 /Crs: 107 / 10.6
Cis:109 /Co:3 4 5'“'“, Cis:107 /Ci8:107 /Co0:34 5’“’“,
Cis:1007 /Cis:24 &9, /Cx:ad >"™
6 44 Cis:107 /Cis:206 /Cis:24 5'9, Cis:109 /Cis:2006 /Cis: 2.4 5'9, 3.8
Cis:107 /C13-1co9/C20- 4
7 44 Ci6:0/(Cis:2ws)2, /Ci6:0/Ci8:109 /Ci8:34 5912( ?) 6.1
8 44 Cis:0/ (Cis:26)2 /Cis:0/ (Coo:34 > 1.4
9 45 (Cig:2m6)2 /14—met -Cis:0 0.4
10 46 (Cis:107)2 /Ci8:206, (C18:109)2 /Cis: 206 11.0
il 46 Cis:1000 /C18:1w7 /Ci8: 208, Ci8:1008 /Cis:2 4 > /Co:ag M 14.2
12 46 Cis:0/Cis:107 /Ci18: 28, Cig:0/Cis:1ws /Cis:303 4.0
13 46 Cis:0/Ci8:1w9 /Ci8:2m6, Ci6:0/Cis: 107 /Cis: 2006, 2.4
14 47 14—met —Cis:0/Ci8:19 /Ci8: 206 1.4
15 48 (Cis:1007)2 /Cas: 1009 4.0
16 48 (Cis:109)2 /Cr18:1007 0.9
17 48 Cis:0 /Cis:109 /Cis: 107, Ci1s:0/(Cis:206)2 3.6

speciese] 21}, fr4o= 4 F8E Cis:0/Cuaiaws or
Cis:iw7 /Cis:2w6 ]9l Cis:107 /Cis: 206 B FFLES)
AL AAT 448 489 fractione® Yol H o
™, RAA fraction(fr.5)9] 4 F#-L 14-methyl-Cs:
0/(Cis:206)22.2 2 8L 1.3mol%olgoy, 5
fractionoll = KEbsro] (Cis:iwe /Cis:1w7 /Cis:2a%9]
FFHCE BTG 14.1%2 THAZE Bl 26
o] AU, P E Q) Cis:107/Cis: 109 /Cis: 2086 or Cis: 10
7/Cuiawr /Ce:2o6% FFTESH T Minor peakdl Al
= fraction(fr.7)2} + 9 5rF#-E Cis: 19 or Cis: 107
/Cis:206 /Ca0:1000 or Coo:1007°]1} fr.69] EAES 2
A3, A, fraction(fr.8)-& Cie:0(Cis:26)28 L &
Eo] 3.0mol%cldct. —HEFLAEUI F—sHT

14-methyl-Cis:0 / (Cis:206)20] Cis:0/(Cis:2a6)2 B

o @] BmisEe AL BARElES 14-methyl-Cie
02] IZA methyl# ot Cus:ews®] “EES S b
3} Ag'#e] complexity& Bt} B WO
AARAG®.

4588 79 fraction® 2 4#ista ey, fr.93
fr.109] 4FHE #& Cusawe/Cisawr /Cis:sws}
Cis:19 or Cisawr /Cis:z 4 > 9 /Cus:2060] O}, fr.
12& 2 5 FMe] o) 25.5mol% 2 Fi— Bk
5358 Cis: 17 / (Cis:2w6) 29} Cisawr / (Cis:2m6)27F
TRl AY #EeY Cw:awr /Ciawr /Co:206e #F
123l A, Fr. 119+= fr.129] g 72429 Cs:
107 /Cisawe or Cis:iar /Czo:aAs'u'Mﬂ Lw BRIEE] o]
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Table 4. Fatty Acid Compositions(mol%; of the Total) of Triacylglycerol of Ginkgo biloba Seed
and Palm Oil, and Positions sn-1, s»-2 and sn-3

Fatty acid Posttion a) b) c) @
TG sn—1 sn—2 sn—3 sn—2
Cis:o0 6.6 2.7 3.4 13.7 5.3
Ci6:107 3.3 6.5 2.1 1.3 1.0
14~met -Cie:0 0.9 0.0 0.0 2.7 0.0
Cis:o 1.0 0.5 0.6 1.9 0.8
Cis: 109 13.8 14.5 18.1 8.8 19.2
Cis: 107 21.5 21.6 23.2 13.6 22.8
Cis:2d ™ 28 0.2 0.3 7.9 0.4
Cis: 206 39.0 41.0 47 .4 28.5 44.8
Cis:ad ™" 1.6 0.2 0.1 4.4 0.2
Cis:303 1.4 2.5 1.5 0.2 1.1
Co:2 0.4 0.2 0.0 1.0 0.0
Cz0: 109 0.4 0.5 0.6 0.1 0.7
Coo: 207 0.7 0.8 1.0 0.3 1.0
C20: 206 0.9 0.9 1.4 0.4 2.0
Coo:3g """ 5.7 1.5 0.3 15.3 0.4
Cz:o tr. 0.3 0.0 0.1
Ca1:0 tr. 0.1 0.0 0.1
Cu:o 1.4 0.0 1.4 2.8 0.8
Cis:o 48.0 60.2 11.2 72.6 31.0
Cisiw7 0.2 0.4 0.0 0.2 —1.6
Cis:o 4.0 1.4 3.6 7.0 0.4
Cis: 109 35.6 30.6 63.0 13.2 52.2
Cis: 17 0.8 0.6 1.2 0.6 0.2
Cis: 206 10.0 0.8 19.6 3.6 17.0

a:3xTC—2x23—-DG, b:3xTC—(a+c), c:3xTC—-2%1,1-DG, d:3XTC~-2x%1,3-DG

Ak, Fr. 1334 fr. 149 - FHE-& & & Cis:0/Cus:
19 or Cis:1c07 /C20:3A” ”'MQ]- Cis: 107 /Cis: 1009 or Cas:
w7 /Cis:3an® 1 FE-S i Fsth

4 8BS AR 489 fractiono & AT F AN
. AR fr. 15004 Cis:ie /Cua:zd = /Crs: 206
o] kisres HBHUHUY, fr. 16(0.9mol%) & fr.
17(11.3mol%) ol &l TGY &&Zo] S AL
vy, ZoEl 259 Ciawe/Cis:2ws /C2:34 5'“'”9]-
Cus:iar /Cis:ows /Con:ad ") 53 FH60] &% St
Hgaow, fr.179s Cuis:ws /Cis:2mws /Cis:34 R =
S Rl AAH.

ojo}7yo] —HEFS UM BT AT e R

ke TG ¥Hio] A2 resolutiond v A2 FHEEHK
AP 9] o] obdrt Bar). Fr.18& Cuis:ws /Cus
w6 /Cis:3w38] S FHOE Ko AL, fr.19
of| = simple triacylglycerol?l (Cis:2ws)s 2 S ol
AU 2 B # 10mol%ol 1~E 8t

4THE 4E9 oz U¥o HAed, fr.2o0d
fr.2101e &% Cus:2d > /Cow:2006 /Co:34 SR Crs:
1?7 or Cis:iwse)s/Cis:ad SHME SCan:3d MMM LS
SHFHolAth Fr.220lE  (Cws:awe)z /Cao:ad ™7}
H—3)l rTFRICE 11 8BS 6.3mol%d ol 4
FHE(Cis:2w6)2 /Coo:3d ™19 SrAitbzAs (mol H) &
random combination® 2 3% 71 (2.6mol%, 39.
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Fig. 4—a. HPLC Resolution of (S)-(+1)-1-(1-Naphgthyl) Ethyt Urethane Derivatives of Diacyl-sxn-glycrols Pre-

pared from Total Triacyiglycerols in the Seed Oil of Ginkgo biloba.
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Fig. 4—b. HPLC Resolution of (S)-(+1)-1-(1-Naphthyi) Ethyl Urethane Derivatives of Diacyl-sn-glycerols Pre-
pared from Total Triacylglycerois from Palm Oil.
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