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We developed an analytical method using *H nuclear magnetic resonance (NMR) spectrometry to
resolve analytical problems with Ginkgo. After a simple hydrolysis step, an NMR analysis of the terpene
trilactone H-12 signals and the flavonol aglycone H-2' (or H-2'/6" for kaempferol) signals was
performed. By comparing the solvent effects on the resolution of these signals, methanol-d,—benzene-
ds (65:35) was selected as the optimal *H NMR solvent. The amounts of terpene lactones and flavonol
aglycones in various commercial Ginkgo products and Ginkgo leaves were determined. This newly
developed 'H NMR method enables the simultaneous analysis of terpene trilactones and flavonols
and allows simple, rapid quantification of these compounds in pharmaceutical Ginkgo preparations.
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INTRODUCTION

Ginkgo biloba one of the oldest known medicinal plants, o M
has been of great interest to mankind and used as a phytothera- " B
peutic agent since at least 1300 A.D. The use of Ginkgo oH c
preparations for the treatment of cough, bronchial asthma, ¢ " OH J

irritable bladder, and alcohol abuse can be traced back to the
origins of Chinese herbal medicing)( However, the modern
use of Ginkgo phytomedicines is not derived from the traditional
medicinal use. In 1965, Schwabe, a German pharmaceutical
company, launched the modern medicinal use of Ginkgo leaf
extracts for the treatment of circulatory diseases resulting from
older age 2). Numerous studies have shown that Ginkgo leaves HO
possess many pharmacological properties, including radical
scavenging, improvement of blood flow, vasoprotection, cogni-
tion enhancing, and anti-PAF (platelet activating factor) activities OH O

(2—4). Among the constituents @. bilobg terpene trilactones  Figure 1. Structures of bilobalide, ginkgolide A, ginkgolide B, ginkgolide
and flavonoids have been identified as the active constituentsC, ginkgolide J, and the major flavonol aglycones in Ginkgo leaves:
(4). However, according to the literature, the quantities of kaempferol, quercetin, and isorhamnetin.

terpene trilactones can vary greatly with small changes in such
parameters as collection site, harvest time, and plant growth
stage 5—7). Therefore, the quantity of these active ingredients

Bilobalide

Ry Compound

H Kaempferol
OH Quercetin
OCHj3; Isorhamnetin

to the lack of a good chromophore, relatively low concentrations
in leaves, difficult separation of some ginkgolides, and occur-
. : ) rence of many other ultraviolet (UV) active substances in high
must be carefully controlled in commercial preparations of . . . )

. . X o . concentrations in Ginkgo leaves. For the analysis of these
Ginkgo products, and reliable chemical analysis is crucial. - . . o

) ’ . bioactive compounds, various quantitative methods based on

_ Non_ethel_ess, _the chem_lcal a_naIyS|s of terpene t_”lacmnes’high-performance liquid chromatography (HPLC) with U8/ (
including bilobalide and ginkgolides A, B, C, and Bidure 9), refractive index (RI) 10), or ELSD (L1) detection and gas
1), has long been difficult because of poor UV absorption due chromatography (GC)-flame ionization detection (FIRP£
14) and GC-mass spectrometry (MS)5 16) methods after
* To whom correspondence should be addressed. ¥8B6-6-2757575 derivatization have been described. In addition, biological
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clean up or derivatization steps still remain problematic in the  Sample Preparation.For extraction1 g of dryGinkgo leaves was
reported methods. In addition, the above methods require pureextracted three times with 30 mL of 70% MeOH by sonication for 30
reference compounds of terpene trilactones, which are difficult Min. The three extracts were combined and evaporated to dryness using
to obtain commercially due to their limited purity and high price. @ rotary evaporator. The crude extract was dissolved in 30 mL of 5%
Consequently, Van Beek et al. established a more attractiveHCI‘ heated to reflux for 30 min2@), and then partitioned three times

rocedure for th ntitative determination of ternene tril with cyclohexane (30 mL). The remaining water layer was partitioned
procedure for the quantitative dete ation ot terpene trilac- by methylethyl ketone (30 mlx 3 times). The methylethyl ketone

tones US'“Q nuclear magnetlc resonance (NMR), after a Chro'fractions were evaporated and dissolved in 0.6 mL of a mixture of
matographic preparation stepgd]. methanolel; and benzeneks (65:35). All experiments were performed

The flavonoids of Ginkgo leaves include great varieties of in triplicate. The commercial Ginkgo extracts (50 mg) and Ginkgo
flavonol glycosides based on kaempferol, quercetin, and isorham-product (1 tablet, about 265 mg) were dissolved in 30 mL of 5% HCI
netin and are found as mono-, di-, and triglycosides as well as for hydrolysis and processed as described above.
their cinnamic acid esters. Thus, the flavonoid profile of Ginkgo ~ Recovery Test.The recovery test of reference compounds was
is very complex 19), and analysis during pharmaceutical quality acgord}ng to Choi’'s methodz_(l). One gram of filter paper disks (5892
control is rather tedious. In addition, most of the reference ite ribbon ashiess, Schieicher & Schuell, GmbH, Cassel, Germnay)
compounds are not commercially available. In the pharmaceuti- .+ cut into a 1 cndiameter and placed in the extraction vessel. Each

. . . standard of bilobalide; ginkgolides A, B, C, and J; kaempferol,

cal industry, Gl'nkgo eXtraCtS have long been standardlged anuercetin; and rutin (3.0 mg) was spiked into the filter paper disks.
flavonol glycosides. A simple HPLC method was established Then, the spiked samples were dried in a vacuum oven sE40r 24
for the analysis of flavonol aglycones after hydrolysis of the h. These cellulose papers were extracted, hydrolyzed, processed as
glycosides in Ginkgo and sample clean @@)( described above, and quantified by & NMR method.

There are two methods reported in the literature, which can
analyze terpene trilactones and flavonoids simultaneously. OneRESULTS AND DISCUSSION
is the GC-MS method1®), and the other is the HPLC-ELSD
method (1). The GC-MS method needs numerous preparation
and derivatization steps, and the chromatographic running time
was more than 40 min. The numerous steps and the poor
reproducibility due to the output of the light source and/or
detector response stability remain problematic in the HPLC-
ELSD method. At present, it appears that there is no suitable
method for the simultaneous analysis of both active components
of Ginkgo, terpene trilactones, and flavonols. Thus, to resolve
the analytical problems of Ginkgo terpene trilactones and
simultaneously analyze flavonol glycosides, we investigated a
reliable analytical method usingd NMR spectrometry after a
simple hydrolysis step as an alternative to the conventional
analyses. The method was applied to the quantitative analysis
of 10 commercial Ginkgo products containing terpene trilactones
and flavonols and three samples of Ginkgo leaves collected from
different regions.

In the 'H NMR quantification of terpene trilactones and
flavonol glycosides in Ginkgo leaves and commercial prepara-
tions, it would be desirable to quantify each individual terpene
trilactone and flavonol by means of the integral of a specific
proton signal. However, thtH NMR peaks of other Ginkgo
constituents may interfere with the target signals of the active
compounds. In previous studies, tedious cleaning or preparation
steps, changing NMR solvents, controlling the pH value, or the
addition of a shift reagent were evaluated to solve this problem.
Van Beek et al 18). reported a one column clean up method,
and Choi et al 24). changed the NMR solvents to determine
ginkgolide A, B, and C and bilobalide contents. Choi’s method
resolved the problems of low recoveries and time-consuming
column preparation steps. However, poor solubility in the
solvent system (acetordg—benzeneds 50:50) and degradation
of the internal standard (phloroglucinol) remained problematic.
To analyze terpene trilactones and flavonol glycosides efficiently
and simultaneously, we selected a suitable solvent system with

MATERIALS AND METHODS a high solubility and a more stable internal standard.
Chemicals and Instrument. HPLC grade methanol, cyclohexane, In p_reViOLfS reports1@g, 24), the H-12 prOtonS_Of biloba_lide_

and methylethyl ketone were purchased from E. Merck. Methenol- ~ and ginkgolides appeared as well-separated singlets with little

(99.8%), dimethylsufoxidels (99.9%), pyridineds (99.5%), acetone- interference. Because of these special characteristics, the H-12

ds (99.9%), benzenes (99.6%), and toluends (99.5%) were obtained  signal was selected as the target signal for determining terpene
from Aldrich. 1,3,5-Trimethoxybenzene was prepared by methylation trilactones in the present study. In the previous report, it was
of phioroglucinol (Sigma)Z1). The reference compounds (bilobalide; —found that these terpene trilactones were extraordinarily stable
ginkgolides A, B, C, and J; kaempferol; quercetin; and isorhamnetin) ayen in boiling HNQ (25). Utilizing this unique stability, we
were isolated fronG. bilobaleaves in a prior study2@). The purity can hydrolyze the Ginkgo extracts to simultaneously analyze

of all of these reference compounds was established by NMR and the flavonol aglvcones. The manv varieties of flavonol glveo-
HPLC.'H NMR spectra were recorded in various solvent systems using V' aly ’ y variet V! gly

a Varian UNITY plus 400 MHz spectrometer. For each sample, 100 Sides in Ginkgo can be reduced in number by hydrolysis to the
scans were recorded with the following parameters: 0.187 Hz/point; corresponding aglyconesigure 1). Each aglycone has its own
spectra width, 3600 Hz; pulse width, 4:8; relaxation delay, 1s; and  Characteristic H-2signal (or H-2/6' for kaempferol) in théH
acquiring time, 2.67%s. For quantitative analysis, the peak area was NMR spectrum due to the different substitution patterns. In
used and the start and end points of the integration of each peak wereaddition, this aglycone signal appears between 7.8 and 8.8 ppm,
selected manually. which generally is a noncrowded spectroscopic region and thus

Commercial Ginkgo Extracts, Ginkgo Products, and Ginkgo shows relatively little interference with other compounds.
Leaves.Ginkgo extracts were purchased from Ch_emax (Ellis Bridge, Therefore, the H-2signal (or H-2/6' for kaempferol) was
Ahmedabed, India), Chart (Paterson, NJ), Tokiwa PhytoChemical gg|ected to be the target signal to quantify the main aglycones:
(Sakura-shi, Chiba, Japan), YBS (Tokyo, Japan), CONBA (Lanxi, kaempferol, quercetin, and isorhamnetin.

Zhejiang, China), Indena (Milan, Italy) C Bright M. (Vancouver, . .
BC, Canada), Ningbo (Ningbo, Zhejiang, China), and USA NutraSource To improve solubility, polar deuterated solvents such as

(Eugene, OR). The Ginkgo product (Cebonin) was sold by Nang Kuang Méthanolel, dimethyl sulfoxideels, and pyridineels were used.

Pharmaceutical Company (Tainan, Taiwan). Two samples of Ginkgo T0 more readily resolve the target signals and reduce inter-
leaves were purchased from a Taiwan market, and one sample wagference from other Ginkgo constituents, the addition of benzene-
collected at Chi-Tou, Taiwan. ds or tolueneds to the selected high polar solvent was evaluated.
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Table 1. Contents of Bilobalide (BB), Ginkgolide A (gA), Ginkgolide B (gB), ginkgolide C (gC), Ginkgolide J (gJ), Kaempferol (K), Quercetin (Q), and
Isorhamnetin (1) Determined by an 'H NMR Spectrum in Commercial Ginkgo Products and Ginkgo Leaf Extracts and the Recoveries of BB, GA, GB,
GC, GJ, K, Q, and | after Hydrolysis and Partitioning with Cyclohexane and Methylethyl Ketone Followed by the 'H NMR Method?

sample BB gA gB gC gJ K Q |
sample 1° 2.84 (0.9 5.70 (0.7) 222 (1.7) 1.14(0.9) 0.56 (1.8) 5.88(0.9) 6.40 (2.1) 1.44 (2.4)
sample 2° 5.02 (1.3) 3.60 (1.4) 1.34(1.5) 1.32(L.3) 0.84 (1.6) 6.10 (0.6) 5.88 (1.9) 152 (1.3)
sample 3 3.06 (1.1 1.78 (1.5 0.80 (1.1 1.02 (1.6 0.68 (1.4 340 (1.1 3.34 (2.4 0.96 (1.6
ple 3° (L1) (15) (1.3) (1.6) (14) (1.1) (24) (1.6)
sample 4° 3.10(1.5) 1.34(1.1) 0.42(1.9) 1.22(0.8) 0.60 (1.3) 3.78(1.3) 476 (2.0) 1.04(2.7)
sample 5P 3.32(0.8) 2.70 (1.8) 0.94 (1.6) 1.42 (1.4) 0.88 (1.6) 3.42(1.1) 3.78 (1.5) 0.96 (1.6)
sample 6° 2.08(1.9) 2.52 (1.6) 1.16 (1.2) 1.44 (1.4) 0.68 (0.9) 3.12 (1.6) 5.36 (1.1) 1.16 (2.1)
sample 7° 2.62 (1.5) 6.24 (1.7) 2.66 (1.2) 2.18(1.9) 1.16 (1.5) 438 (1.4) 3.80 (1.7) 0.90 (2.7)
sample 8 2.16 (2.0 6.02 (1.0 256 (1.5 294 (11 130 (1.1 6.38 (1.3 4.36 (1.7 1.16 (2.8
le 8° (2.0) (L0) (1.5) (L1) (L1 13) (L7) (2.8)
sample 9 3.36 (L.7) 2.88(1.2) 0.76 (2.1) 1.46 (1.3) 0.76 (L.7) 3.68(1.9) 4.18 (1.6) 0.94 (1.8)

b

producte 1.76 (0.9) 0.82 (L.1) 0.40 (1.3) 0.77 (2.2) 0.58 (2.6) 2.48 (1.8) 2.10 (1.4) 0.55 (2.8)
leaves 1¢ 0.84 (1.6) 0.67 (L.7) 0.34 (1.4) 0.39(1.7) 0.31(L.7) 0.58 (1.9) 0.79(2.2) 0.22 (2.7)
leaves 2¢ 0.48 (2.2) 0.29 (2.8) 0.27 (2.2) 0.34(2.7) 0.07 (2.6) 0.22 (2.1) 0.31(3.0) 0.14 (2.9)
leaves 3¢ 0.07 (2.1) 0.02 (2.9) 0.10(3.2) 0.05 (2.8) Trace 0.36 (2.4) 0.90 (3.1) 0.13 (1.6)
recovery 103.0 (2.9 98.2 (2.2 102.3 (1.5 97.2(2.2 98.1(1.1 97.3(2.2 98.6 (2.9 96.8 (2.1
(2.9) (22) (1.5) (22) (L1) (22) (2.9) (2.3)

a Al experiments were based on triplicate measurements. ® In % of Ginkgo extracts.

¢In mg/1 tablet of Ginkgo product. ¢In mg/1 g of Ginkgo leaves. &% RSD.
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Figure 2. H NMR spectra of (A) bilobalide, (B) ginkgolide A, (C) ginkgolide
B, (D) ginkgolide C, (E) ginkgolide J, (F) kaempferol, (G) quercetin, and
(H) isorhamnetin in methanol-d,—benzene-ds (65:35) in the range of o
8.4-5.8. IS: internal standard (1,3,5-trimethoxybenzene).

Among the various combinations (methamnl)-methanold,—
benzenads, methanold,—tolueneds, dimethyl sulfoxideds—
benzeneds, dimethyl sulfoxideds—tolueneds, and pyridineds),
methanold,—benzeneds was found to be the optimal NMR
solvent system, as it showed a good separation of the H-12 peak
of biolbalide; ginkgolides A, B, C, and J; and H-geaks of
kaempferol, quercetin, and isorhamnetin. Accordingly, the effect
of the percentage of benzedgen the separation of these signals
was studied. A 65:35 mixture of methardbl-and benzenes
was found to give optimal separation of target peaks originating
from flavonols and terpenegigure 2).

In the previous study2d), phloroglucinol (1,3,5-trihydroxy-

B; gC, ginkgolide C; gJ, ginkgolide J; K, kaempferol; Q, quercetin; and I,
isorhamnetin.

proportional to the molar concentration of the corresponding
compound intH NMR.

Finally, nine commercial Ginkgo preparations, one Ginkgo
product, and three samples of Ginkgo leaves were analyzed for
biolbalide; ginkgolides A, B, C, and J; kaempferol; quercetin;
and isorhamnetin using the newly developeldNMR method.

¥or the samples evaluated in this study, the H-12 peak of each

Ginkgo terpene trilactone and the M{2ak of each flavonol
aglycone were well-separated from the remaining peaks, and
few interferences were observed in thé5.8—8.4 ppm range

in the 'TH NMR spectrum Figure 4). The repeatability of the

IH NMR method was found to be high with a maximum
standard deviation of 3.29% &ble 1). In the commercial Ginkgo

benzene) was used as an internal standard. Because phIorogILf?XtraCtS (samples-19), the terpene trilactone content varied

cinol was degraded in our experiment, 1,3,5-trimethoxybenzen

egreatly between samples. However, the total amounts exceeded

was used as a more appropriate internal standard. It was stabldN€ required, standard quantity for commercial Ginkgo extracts

and gave a sharp singlet in the same area as target signals b
remained well-separatedigure 2).

Using the ratio of the integrals of the compound and the
internal standard, calibration curves for each compound were

U-4—6.6%). Except for sample 3, the quantities of flavonol

aglycones in commercial Ginkgo extracts agreed well with the
standard quantity of flavonol aglycones [8.80.5%, equivalent
to 21.6-26.4% of flavonol glycosides2Q)] for commercial

determined over a large concentration range in order to evaluateGinkgo extracts. The flavonol aglycone content in sample 3 was
the accuracy of this method depending on the different somewhat less than in the other Ginkgo commercial extracts.
concentrations. The linearity of all curves was found to be In the Ginkgo leaf samples, the terpene trilactone content
greater than 0.99%(gure 3). Actually, these calibration curves showed much variation, in particular, the Ginkgo leaves
are not really necessary because the area of each signal igollected at Chi-Tou, Taiwan (leaves 3), contained only traces
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Figure 4. *H NMR spectra of commercial Ginkgo extracts in the range of
0 8.4-5.8. Sample numbers: (A) 1, (B) 2, (C) 3, (D) 4, (E) 5, (F) 6, (G)
7, (H) 8, and (I) 9. Peak numbers: 1, hilobalide; 2, ginkgolide A; 3,
ginkgolide B; 4, ginkgolide C; 5, ginkgolide J; 6, kaempferol; 7, quercetin;
8, isorhamnetin; and IS, internal standard (1,3,5-trimethoxybenzene).

of ginkgolides. The flavonol aglycone content in different
Ginkgo leaves also varied significantly, especially in leaf sample
2.

The results of recovery testdble 1) showed that hydrolysis
did not affect the quantity of flavonol aglycones or Ginkgo
terpene trilactones. Thisi NMR method allowed rapid, simple,
and selective quantification of underivatized terpene trilactones
and flavonol aglycones simultaneously, after a straightforward
hydrolysis process. Overall profiles of several commercial

preparations were successfully obtained using this method.

Therefore, théH NMR method developed satisfies the require-
ments for analysis of commercial Ginkgo extract products and
is reproducible for Ginkgo pharmaceutical preparations.
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