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ginkgolic acids

Analysis of Ginkgolic Acids in Health Foods

Junichi NAKAJIMA |, Ichiro YASUDA , Tomoko HAMANO , Hiroko SHIODA , Sutemi SHIGEOKA ,
Keiko MINOWA , Kiyoko KISHIMOTO , Takako MORIYASU and Misako TAKAHASHI

Ginkgolic acids (GA) are the major components in the lipid fraction of the fruit pods of Ginkgo biloba L. These
substances are also present in ginkgo leaves, which are widely sold as health foods in Japan for improvement of
peripheral or cerebral circulatory disorders as well as vascular and Alzheimer-type dementia.

GA are said to be allergenic, so thereis afear of causing health damage by taking ginkgo health foods. According to
the regulation of the Commission E in Germany, the GA contents in ginkgo extract that is classified as medicine must
be below 5 ppm. To meet this severe level of GA contents, an analytical method using LC-MS has been reported in
some literatures. LC-MS is certainly very sensitive and accurate in analyzing GA, but it is too expensive and

troublesome for routine work.
To solve these problems, we isolated five kinds of GA, GA1 5, and developed a new method for the determination

of GA by HPLC-fluorescence detector. With this new method, we made an investigation of the total GA contents in
commercial samples, and discussed the quality of ginkgo health foods.
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Fig.1. Flow Diagram of Isolation for GA1 5
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Fig.2. Chemical Structures of GA1 5
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Table 1. Recorded 'H and 3C-NMR Data (ppm) of GA1 5in CDCl3

Compound COOH 1 2 30 4b 5¢ sidechains
Al 'H 11.0G = - 687 T.16 6,78 - 295 (2H, 1, 8.0Hz), 1.58 (2H,m), 1.24 (m), 0.86 (3H, 1, T.0H
L 176.3 114 1636 1159 1355 1228 1479 36,5,32.0, 31,9, 20,8, 29,7, 29.5, 204, 293 292 227 14,1
GAZ H 1098 - - 688 1.36 679 - 5.34 (2H, m, CH=CH}), 2.97 (2H. 1, 7.6Hz), 2.00 (4H, m),
1.59 (2H,m), 1.27 (m), 0.87 (3H, 1, 7.0Hz)
oe 176.3 104 1636 1159 135.5 1228 1478 129.9, 1298, 36.5, 32.0, 31.8, 29.7, 29.6, 29.5, 294, 29.2,
29.0, 27.2, 269,227, 22.3, 14.1
GAS 'H 1105 - - 687 T.36 6,78 - 5.36 (4H, m, CH=CH), 2.97(2H, 1, 8.0Hz), 2.77(2H, m) ,
205(4Hm) 1.59(2H,m), 1.32(m), .88 (3H, 1, T.4Hz)
Be 176.3 1103 1636 1158 135.3 1227 147.7 1302, 130,01, 1280, 127.9, 36,5, 320, 31.5, 0.8, 29,7, 29.3,
202 27 256,226, 14.1
GAd 'H 1.0 - - 687 1.36 6. 78 - 295 (2H, 1, 3.0Hz), 1.59 (2ZH,m}), 1.25 (m), 0.88 (3H, 1, 6.TH
BC 176.3 103 1636 1158 135.4 122.7 147.7  36.5,32.0,31.9, 29.8, 29.7, 29.5, 29.4, 22.7, 14.1
GAS 'H 11.01 - - 687 T.36 6,78 - 5.33 (ZH, m, CH=CH}, 2.97 (ZH. t, 7.9Hz), 2.00 (4H, m).
1.539 (ZH.m), 1.27 (m), O.87 (3H, t, 6.8Hz)
Le 1758 14 1636 159 1354 1228 1479 129.9, 129.8, 36,5, 320, 31.9, 31.8, 20.8, 29.7, 29.6, 29.5,

29.3, 2000, 27.2,22.7, 14.1

a‘dd with J=8.3 and 1.0Hz, b:dd with J=7.6 and 8.3Hz, c:dd with J=7.6 and 1.0Hz
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GA
GAl1 5 HPLC uv
FL ESI-MS S/N=3 Table 3. Determination Range and Linearity of
Fig.5 HPLC GA1l 5 byHPLC-FL
Table 2 FL
Compound Determination range  Calibration curve
ESI-MS 12 13 Uuv ing) [(Correlation coeificient)
100 GA 1 0.095 2370 y=7550.7Tx-686.1
{1.0001)
GA 2 0.105 - 262.5 y = 6856.9x-870.6
( 1.000)
GA 3 0. 166 -415.5 y = 4292 5x-1801.8
{1.000)
GA 4 0,137 - 3420 y = 3999 Tx-1551.1
{10007
GA S 0.128 - 3200 ¥ o= 3434 24482
(1.000)
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! ) by | | . Avera S.D. C.V.
. | AN Compound mg}.gﬁ? %)
——i e GA | 697 1.3 1.6
:| AN 2 GA2 2789 21.5 1.0
:u'lu- -. B :n - - . u_'lll:'_- --\‘ e GA 3 192 8.2 4.3
] 18 m mim. GA 4 244 13.0 53
GA S 4928 45.1 0.9
Fig.5. HPLC Chromatograms of GA1 5
by Different Detectors
1:GA1, 2:GA2, 3:GA3, 4:GA4, 5:GA5.
Detector:A;UV, B;FL, C;ESI-MS. !T"" l R
- |
||
Table 2. Detection Limits (ng, S/N=3) of GA1 5 ™| 5
by Different Detectors

Compound UV FL ESI-MS
GA 4.8 0.05 0,004
GA 2 52 0.05 0,004
GA S .4 .08 [N L
GA4 6. 0.07 0.006
GA S 32 (.06 0,004
Fig.6. HPLC-FL Chromatogram of Ginkgo Health
Food (No.16)
1:GA1, 2:GA2, 3:GA3, 4:GA4, 5:GAS5.
GA1l 5

Table 3
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Table 5. GA Contents (U g/day) in Commercial Health Foods (supplement type)

Sample No. GA GA 2 GA3 GA 4 GA5S  Total

1 t t t t t -
2 I 1 t t 1 -
3 t 1 t t 1 -
4 t t t t t —
3 t t t t 1 &S
4] t i t t t -
7 32 76 15 23 3 151
8 40 114 4 17 B8 263
9 11 B0 15 26 121 253
10 45 90 10 4 171 320
11 116 270 45 27 336 794
12 152 335 39 37 802 1365
t: less than detection limit, = : less than (.31 g g/ day

Sample No.1 and 11: tincture, No.2=~6, 9~ 10: tablet, No.7~8 and 12: capsule.

Table 6. GA Contents (mg/pack) in Commercial Health Foods (raw material type)

Sample No. GA | GA 2 GA 3 GAd GAS Total

13 0.01 0.08 0.01 0.03 0.13 0.26

14 0.20 2.50 0.15 0.28 5.58 8.73

15 0.40 4.60 0.65 055 1124 1746

16 2.09 8.37 058 0.73 1478 25.78

17 3.57 6.08 0.86 1.00 16.03  27.54

18 468 2236 3.01 298 3677 69.79
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