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A reversed phase HPLC method permitting the determination of 5 terpenelactones in Ginkgo biloba, with-
out the need of any sample preparation is presented in this paper. The compounds were successfully separated
within 25 min by using a C-12 column, an evaporative light scattering (ELS) detector and a mobile phase com-
prising of ammonium acetate buffer, methanol and isobutanol. All terpenelactones were detectable at concentra-
tions as low as 20.3 pg/ml. The analysis of G. biloba market products showed remarkable variations in the lactone
content, and more than 2 fold differences in the suggested daily doses of the total lactones, from 8.84 mg to

18.28 mg, respectively.
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Ginkgo biloba L. (Ginkgoaceae), a 40 m high, monotypic
tree with broad, fan shaped leaves, has been valued for many
centuries in Asia. Chinese traditional medicine uses the
leaves (“bai guo ye”) and fruits (“baiguo”) of this plant to
treat a number of diseases such as asthma, tuberculosis and
arteriosclerosis. In western medicine, the leaves and prepara-
tions thereof are utilized against demential disorders (mem-
ory impairment and concentration difficulties), arterial occlu-
sive disease and vertigo." In the years 1998 and 1999
Ginkgo preparations were the top selling dietary supplements
on the U.S.A. market, with more than 20% of the total sales
in this segment.?

The monograph of the German Commission E lists ter-
penes and flavonoids as characteristic compounds of G.
biloba. Terpenelactones such as bilobalide (1) and the
ginkgolides A (4), B (5), C (3) and J (2) are not only struc-
turally unique compounds but also pharmacologically active.
They competitively inhibit the platelet-activating factor
(PAF), thus preventing thrombus formation, bronchoconstric-
tion and suppressing allergic reactions.*

Several analytical methods for the analysis of terpenelac-
tones in G. biloba by GC and HPLC (detection by UV, RI,
ELS or MS) are reported in literature, but all methods require
either complicated and time consuming sample preparation
procedures or the derivatization of the compounds of
interest.* ¥ No method allows the injection of a crude G.
biloba extract, resulting in the sensitive detection and base-
line separation of 1—S5. In this paper we present an HPLC
system permitting the separation of all main Ginkgo ter-
penelactones within 25 min, without the need of any sample
preparation.

Results and Discussion

By carefully assessing all analytical parameters, a determi-
nation of the terpenelactones in a crude Ginkgo extract is
possible. Initial experiments with a standard mixture of 1—5
showed that a separation is feasible only by a mobile phase
consisting of water and methanol (for structures of the lac-
tones see Fig. 1). Compounds 2—3 and 4—5 merge, if ace-
tonitrile is used instead of methanol. When a crude Ginkgo
extract is to be separated, the mobile phase has to be more re-
fined, as 4 and 5 normally co-elute with other compounds of
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similar polarity. This overlapping can be avoided if a 9:1
mixture of methanol and isobutanol is used. Isobutanol is es-
sential for this separation, and it cannot be replaced with iso-
propanol, ethanol or modifiers like MBE or THF. The right
stationary phase was crucial for a successful separation as
well, and best results were obtained with a Synergi Max-RP
80A from Phenomenex. For improved peak symmetry a
10 mm ammonium acetate buffer at pH 5.0 was used. Finally,
ELS was chosen as detection method. This technique is
based on light scattering and not absorption, thus allowing a
more sensitive determination of the compounds 1—S5, as
compared to UV detection (Fig. 2).

In order to validate the method, linearity, limit of detec-
tion, peak purity, accuracy and precision were determined.
The calibration curves for all five compounds were linear
from 500 to 31.2 ug/ml (see Table 1 for exact data); the limit
of detection for the terpenelactones was found to be
20.3 ug/ml or lower. Peak purity of 1—5 was confirmed by
studying the PDA and ELS-data; no indications of impurities
could be found. Accuracy of the method was confirmed by
performing a recovery experiment. Sample NPC-GB-2 was
spiked with a known amount of the standard compounds, ex-
tracted and analyzed. The recovery rates were between
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Fig. 1. Structures of Bilobalide (1), Ginkgolides J (2), C (3), A (4) and B
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98.26% for 2 and 100.10% for 1. Finally, all standards and
samples were injected three times. A standard deviation of
max. 3.07% confirmed the precision of the method.

Prior to the analysis of several market products the effi-
ciency of our extraction procedure was verified. One sample
(NPC-GB-1) was repeatedly extracted with 3 ml of methanol,
and each extract analyzed separately. After the second repeti-
tion no terpenelactones were detectable in the extracts any-

Fig. 2. Analysis of Terpenelactones 1—S5 in a Crude G. biloba Extract

Sample NPC-GB-5; column: Synergi Max-RP 80 A, 4 um particle size, 150X4.6
mm; mobile phase: 10mm ammonium acetate buffer, pH 5.0 (A), methanol/isobu-
tanol=9/1 (B); from 90A/10B to 80A/20B in 10 min, then in 15 min to 75A/25B; flow
rate: 1.0 ml/min; detection: UV at 205 nm and ELS; ELS parameters: 45 °C, 2.4 bar N,,
gain 9; injected sample volume: 10 ul; temperature ambient; peak assignment accord-
ing to Fig. 1.

Table 1. Calibration Data for Compounds 1—35, Including Correlation Co-
efficient (R?), Regression Equation and Limit of Detection (LOD)

Compounds R? Regression equation® LOD (ug/ml)
1 0.9990 y=1.54X+0.080 10.0
2 0.9988 y=1.61X—0.047 14.8
3 0.9993 y=1.59X-0.022 12.2
4 0.9993 y=1.63X—0.086 19.8
5 0.9994 y=1.52X-0.025 20.3

a) y reflects the peak area, X the amount of compound in ug/ml; the detector re-
sponse is logarithmic.
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more, therefore a three-fold extraction should guarantee an
exhaustive procedure.

Nine different Ginkgo products, all claiming the content of
60 mg standardized extract per unit (1 capsule or tablet),
were finally analyzed. Fig. 3 shows the separation of three
samples (NPC-GB-1, NPC-GB-2 and NPC-GB-4), and in
Table 2 the quantitative results of the study are combined; the
data includes the percentage (g/100 g) of each individual ter-
penelactone in a product as well as the total daily intake of
these compounds (these values allow a direct comparison of
the products). As it is evident from the results, the extracts
were of rather heterogeneous nature (see Fig. 4 for the rela-
tive composition of 1—S5 in the products). Whereas 2 was al-

1 sample NPC-GB-1

sample NPC-GB4

Fig. 3.

NPC-GB-1, NPC-GB-2 and NPC-GB-4; separation conditions same as in Fig. 1, for
peak assignment see Fig. 1.

Comparison of Different G. biloba Market Products

Table 2. Analysis of Different G. biloba Market Products (Values in g/100 g) and the Suggested Daily Dose of the Terpenelactones 1—5 in mg®

Sample 1 2 3 4 5 1—5/d
NPC-GB-1 0.39 (1.14) 0.07 (1.21) 0.27 (1.08) 0.16 (0.87) 0.10 (0.18) 9.24
NPC-GB-2 0.32(1.27) 0.07 (3.07) 0.24 (2.07) 0.37 (0.30) 0.24 (1.21) 9.39
NPC-GB-3 0.42 (0.44) 0.06 (0.45) 0.22 (1.00) 0.16 (2.42) 0.08 (0.52) 8.84
NPC-GB-4 0.13 (1.72) 0.11 (2.24) 0.34 (1.23) 0.46 (0.94) 0.32(1.07) 15.42
NPC-GB-5 1.16 (0.15) 0.21 (1.35) 0.67 (0.81) 0.73 (0.86) 0.49 (1.15) 15.13
NPC-GB-6 0.48 (0.46) 0.05 (0.68) 0.23 (0.63) 0.20 (1.85) 0.11 (1.29) 9.23
NPC-GB-7 0.28 (0.69) 0.05 (0.91) 0.18 (0.26) 0.14 (0.48) 0.07 (1.00) 8.91
NPC-GB-8 0.42 (0.56) 0.10 (1.15) 0.35(0.33) 0.57 (0.43) 0.42 (0.87) 18.28
NPC-GB-9 0.06 (0.40) 0.08 (0.82) 0.30 (0.19) 0.39 (0.16) 0.30 (0.32) 10.98

a) Relative standard deviations are given in parentheses (n=3).
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ways a minor compound, the most dominant lactones were
either 1 or 4, usually followed by 3. These variations are ei-
ther based on different manufacturing (extraction) procedures
or seasonal/geographical variations of the terpene content in
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Fig. 4. Relative Composition of the Terpenelactones 1—S5 in Nine Differ-
ent Market Products, Each Containing Standardized G. biloba Extract
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the leaf. The importance of the latter factor has been alluded
to in a previous publication, and will be studied as an ongo-
ing project by our group.'” Although the extracts were of di-
verse composition, the suggested total intake of 1—5 was
more uniform, ranging from 8.84 to 18.28 mg/d (2-fold vari-
ation).

Additionally, our system was successfully applied for the
LC-MS analysis of a G. biloba extract (Fig. 5). The ter-
penelactones 1—5 were readily assigned in sample NPC-
GB-5 with their molecular peak at [M—H] ", if detection was
performed in negative ESI mode, with source voltage set to
3.0kV, ionization voltage to 50.0V, probe temperature to
350 °C and sheath gas (N,) to 60 psi.

In conclusion, the method presented in this paper facili-
tates the analysis of terpenelactones in G. biloba signifi-
cantly. Because not only is no sample preparation required,
but also by the use of an ELS detector, a sensitive detection
and baseline separation of the compounds is feasible within
25 min. The accuracy of the results obtained, in combination
with high throughput possibilities should be desirable for sci-
entific and commercial applications.
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Fig. 5.

LC-MS Analysis of a G. biloba Extract (sample NPC-GB-5), Separated under Optimized Conditions

MS-parameters: ESI-mode, ionization voltage: 50 V, source voltage: 3.0 kV, probe temperature 350 °C. Assignment of peaks according to Fig. 1.
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Experimental

Materials For the isolation of standard compounds 1—5 a commercial
G. biloba extract, purchased from Nutra Source (1300 Industrial Road, San
Carlos, CA, U.S.A.; Lot No. UNGB-000506) was used. Identity and purity
of the isolated compounds were confirmed by chromatographic (TLC,
HPLC) and spectroscopic (IR, 1D- and 2D-NMR, HRESIMS) methods. The
market products analyzed in this study (NPC-GB-1 to NPC-GB-9) were pur-
chased in supermarkets in Mississippi and California. Voucher specimens of
all samples are deposited at the NCNPR/University of Mississippi.

Solvents and reagents used were of HPLC grade and were purchased from
Baxter (isobutanol; Muskegon, MI, U.S.A.) and Fisher Scientific (methanol,
water, glacial acetic acid and ammonium acetate; Fair Lawn, NJ, U.S.A.).

Sample Preparation Samples (500.0 mg) were extracted three times
with 3ml of methanol by sonication for 10 min. After centrifugation at
3000 rpm for 10 min, the supernatants were combined in a 10 ml volumetric
flask and adjusted to the final volume with methanol. Prior to use, all sam-
ples were filtered through a nylon membrane filter (0.45 um pore size) from
Gelman (Ann Arbor, MI, U.S.A.). Every sample solution was injected in
triplicate; relative standard deviations were below 3.07% for all experiments.

For recovery experiments, one sample (NPC-GB-2) was spiked with
1.00 ml of the standard stock solution, and extracted by the above-mentioned
procedure. The recovery rates obtained were 100.10% for 1, 98.26% for 2,
99.37% for 3, 98.33% for 4 and 99.31% for 5.

Calibration Each standard compound (5.00mg) was dissolved in
10.00ml of methanol (stock solution); further calibration levels were pre-
pared by diluting the stock solution with methanol. Within the range of con-
centrations injected (31.2 to 500.0 ng/ml) the detector response was linear
(see Table 1 for regression equation, correlation coefficient and limit of de-
tection). The response of an ELS detector is a function of the mass and fol-
lows an exponential relationship (log of response versus log of concentration
is linear).'

Analytical Methods HPLC experiments were performed on a Waters
Alliance 2690 HPLC system, equipped with a 996 photodiode array detector
(Waters, Milford, MA, U.S.A.) and a Sedex 55 ELS detector (SEDERE, Al-
fortville, France). A Synergi Max RP 80 A column (150X4.6 mm, 4 yim par-
ticle size) from Phenomenex (Torrance, CA, U.S.A.) was used as stationary
phase. The mobile phase consisted of 10 mm ammonium acetate buffer, ad-
justed to pH 5.0 with glacial acetic acid (A), and a 9 : 1 mixture of methanol
and isobutanol (B). Analysis was performed using the following gradient
elution: in 10 min from 90A/10B to 80A/20B, then to 75A/25B in 15 min.
Each run was followed by a 5 min wash with 100B and an equilibration pe-
riod of 10 min. All separations were performed at ambient temperature, with
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flow rate and detection wavelength set to 1.0 ml/min and 205 nm, respec-
tively. The ELS detector was set up to a probe temperature of 45 °C, at gain
9 and the nebulizer gas (N,) adjusted to 2.4 bar. Ten microliters of sample
were injected and peaks were assigned by spiking the samples with standard
compounds, and comparison of the UV-spectra (if applicable) and retention
times.

LC-MS analysis was performed on a Finnigan AQA system (Thermo-
quest, San Jose, CA, U.S.A.) and a Finnigan HPLC system (AS3000 au-
tosampler, P4000 pump and UV6000LP detector). Best results could be ob-
tained in negative ESI mode, with ionization voltage set to 50V, source volt-
age to 3.0kV, probe temperature to 350 °C and sheath gas set to 60 psi.
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