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ABSTRACT Purpose: This paper describes a vali-
dated high-performance liquid chromatographic
(HPLC) - photodiode array (PDA) detection method
to quantitate five flavonol components as markers;
rutin, quercitrin, quercetin, kaempferol and isorham-
netin for use in the quality control of Ginkgo biloba
dosage forms. Methods: Separation was achieved using
a minibore Phenomenex Luna 5um Cyg (2) column
with dimensions 250 x 2.00mm at 45°C with a one
step linear gradient using acetonitrile:formic acid
(0.3%) at a flow rate of 0.4ml/min. Results: The limits
of quantitation for the flavonols were 2.76, 0.77, 1.11,
1.55 and 1.03ug/ml for rutin, quercitrin, quercetin,
kaempferol and isorhamnetin, respectively. This
method is linear over concentration ranges of 3-26g/
ml for all flavonols. Recoveries for rutin, quercitrin
and kaempferol were above 94% while quercetin and
isorhamnetin had average recoveries of 83% and 76%,
respectively. Intraday precision did not exceed 6% and
with-in day precision was better than 12% for all com-
pounds. Conclusion: A suitable method was devel-
oped to identify and quantitate five relevant flavonol
marker compounds and was successfully used to assay
some commercially available solid oral dosage forms of

Ginkgo biloba.

INTRODUCTION

Annual sales of botanicals and herbal remedies have
been escalating universally with revenues in the USA
alone exceeding $4.2 billion (1). Ginkgo biloba, com-
monly marketed as leaf extracts in pharmaceutical dos-
age forms, is currently one of the top selling herbal
preparations with estimated worldwide sales in 1998
reaching a staggering $1 billion (2).
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Ginkgo biloba’s pharmacological activity has been
linked to two major groups of compounds, the fla-
vonoids and terpene trilactones (3-5). The flavonoids
comprise of a large group of polyphenols that occur
naturally in the plant kingdom (6,7) and include fla-
vone and flavonol glycosides, acylated flavonol glyco-
sides, biflavonoids, flavane-3-ols and proanthocyani-
dins (8). Of these, flavonol glycosides present in
Ginkgo biloba leaves are more abundant than the other
flavonoids. Numerous flavonol glycosides have been
identified in Ginkgo biloba leaf extracts (9) as deriva-
tives of the aglycones, quercetin, kaempferol and
isorhamnetin that are present in the leaves in relatively
small amounts (2). The flavonoids are collectively pur-
ported to be responsible for the free radical scavenging
and antioxidant activity of Ginkgo biloba preparations
(10-12). Recently, the flavonol glycosides have gained
renewed interest and it has been suggested that absorp-
tion of flavonoids is not limited to the aglycone form
(7,13). aglycones, quercetin,
kaempferol and isorhamnetin as well as 2 flavonol gly-
cosides, rutin and quercitrin, are depicted in Figure 1.

Structures of the

Flavonol R; R,
Rutin OH Rutinose
Quercitrin OH , Rhamnose
Quercetin OH H
Kaempferol H H
[sorhamnetin OCHj3; H

Figure 1: Chemical structures of selected flavonols.
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Another important group of Ginkgo components, the
ginkgolides, are terpene trilactones, which are 20-car-
bon diterpene compounds with cage-like structures,
only found in Ginkgo biloba. Five ginkgolides have
been found: A, B, C, ] and M as well as bilobalide, a 15-
carbon sesquiterpene with a similar structure and is
commonly grouped together with the terpenes. The
ginkgolides have been shown to inhibit platelet-activat-
ing factor (PAF), an inflammatory autocoid (14).

Traditionally, the Chinese used brewed leaf extracts of
Ginkgo biloba for the treatment of respiratory ailments
such as asthma and bronchitis as well as for cardiovas-
cular diseases (15). Additionally, extracts have been
purported to be clinically useful for the treatment of
various circulatory and demential disorders including
Alzheimer’s disease, depression, diabetic neuropathy,
impotency, memory impairment, peripheral vascular
disease, intermittent claudication, vertigo and tinnitus
(16). However, the Cochrane Reviews (17, 18) indicate
that such effectiveness is in doubt.

Currently, extracts are standardised to contain not less
than 22.0% and not more than 27.0% flavonoids, calcu-
lated as flavonol glycosides and not less than 5.0% and
not more than 7.0% terpene lactones (19).

In an effort to standardise Ginkgo preparations, vari-
ous analytical techniques have been employed usually
using various components as marker compounds. Fla-
vonoid and terpene lactone content in Ginkgo provide
useful criteria for product quality assessment (20).

Analysis of flavonoids with reversed phase HPLC was
reviewed by Daigle and Conkerton as early as 1988.
Ultraviolet (UV) detection was the most popular detec-
tion method due to the presence of strong flavonoid
chromophores and availability of UV detection sys-
tems (21). Pietta and co-workers developed a binary
HPLC gradient system applied to Ginkgo biloba for
separation of naturally occurring flavonoids in 1991
(22) and Hasler et al. separated 33 flavonol glycosides
found in Ginkgo leaves and extracts for fingerprinting
(9) as well as quantification of aglycones after acid
hydrolysis (23). In 1993, Sticher suggested using this
approach to standardise phytomedicines containing fla-
vonol components (24). Li and Fitzloff used HPLC
with photodiode array (PDA) detection to compare
flavonol aglycone content in various pharmaceutical

products (3) and published a method to simultaneously
determine terpene lactones and flavonol aglycones
using HPLC with evaporative light scattering detec-
tion (ELSD) (25). Kressmann et al. calculated total fla-
vonol glycoside content from hydrolysed flavonol
aglycones to determine the pharmaceutical quality of
several brands of Ginkgo biloba products available on
the US market (26).

This paper describes a simple, precise, rapid and repro-
ducible method to quantitate five relevant flavonol
marker compounds in Ginkgo biloba dosage forms
using HPLC. In addition to the usual markers, querce-
tin, kaempferol and isorhamnetin, separation and
quantitation of the flavonol glycosides rutin and quer-
citrin have also been included. A simple and rapid
extraction method using methanol deemed tedious
sample clean-up unnecessary.

METHODS

Chemicals and materials

Formic acid (analytical grade) was purchased from
Merck (Darmstadt, Germany) and acetonitrile (HPLC
grade) was obtained from BDH chemicals (Poole, UK).
Rutin (95%) and quercetin (95%) were purchased from
Sigma (Missouri, USA) and quercitrin = (85%),
kaempferol (90%) and isorhamnetin (99%) from Ind-
ofine Chemical Company (New Jersey, USA). The
purity of these flavonols was assumed as provided by
the suppliers and no adjustments were made in the
quantitative analysis of the commercially available
products. Water was purified in a Milli-Q system (Mil-
lipore, Bedford, MA, USA) and low protein binding
Durapore (PVDF) filters were purchased from the

same source.

Five Ginkgo biloba products (A, B, C, D and E) were
purchased from a local pharmacy in Grahamstown,
South Africa. Four of the products were solid oral dos-
age forms and one preparation contained herbal extract
in a gelatin capsule.

Instrumentation

A Waters 2690 Separations Module and 2996 Waters
Photodiode Array (Milford, MA, USA) equipped with
an auto sampler, online degasser and column heater was
used for HPLC analysis. Data were analysed and pro-
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cessed using the installed Empower Software. The fla-
vonols were separated at 45°C on a minibore
Phenomenex Luna 5um C;g (2) column with dimensions
250 x 2.00mm using a one step linear gradient. Mobile
phase A (acetonitrile) and B (0.3% formic acid) ratios
where changed after 15 minutes from 15:85 to 25:75 and
total run time was 33 minutes at a flow rate of 400ul/
min.

Preparation of standard solutions

Separate stock solutions of the reference compounds
were made by weighing the appropriate amounts of
reference standards into volumetric flasks and filling
them to volume using 50:50 methanol:water. Specific
volumes of each solution relating to the required con-
centrations were pipetted into a 10ml volumetric flask
and filled to volume with 50:50 methanol:water. This
solution was used as the highest concentration of each
component and serial dilution followed using 50:50
methanol:water for seven additional calibrators.

Sample Preparation and Extraction

Twenty five tablets of each solid oral dosage form were
weighed and powdered in a mortar and pestle. A mass
of powder equivalent to one tablet was weighed and 25
ml of methanol was added. The mixture was sonicated
for a period of 1 hour, agitating the mixture manually
after 30 minutes. The mixture was then centrifuged at
350 x g for 15 minutes and diluted with appropriate
amounts of methanol and water in order to maintain a
50:50 methanol:water solvent ratio in all samples. The
samples were then filtered through disposable 0.45um
PVDF filters before injection (5 pl).

Twenty five capsules (product C) were emptied and
weighed and a mass of powder equivalent to the con-
tents of a single capsule was extracted as previously

described.

METHOD VALIDATION
Calibration curves

Linear calibration curves were constructed on three
consecutive days by analysis of a mixture containing
each of the flavonols at four concentration levels and
plotting peak area against the concentration of each
reference standard. Calibration curves were con-
structed at the relevant wavelength of maximum

absorption of each reference compound. Specificity
was determined by calculation of peak purity facili-
tated by the photodiode array detector (PDA).

Precision and accuracy

The reproducibility of the assay was assessed by spik-
ing tablet extracts (product A) with high, medium and
low concentrations of each reference standard. Each
concentration was prepared in triplicate over 3 days to
determine both intra-assay and inter-assay precision.

Product A was chosen to perform recovery studies in
triplicate and three blank extracts were prepared to
determine the original concentration of chosen marker
compounds.

A mass of powder equivalent to the mass of one tablet
was spiked with low, medium and high concentrations
based on the suitable range for each reference standard
except for the low spike for rutin, since a significant
amount of rutin was found to be present in this prod-
uct.

Limits of detection (LOD) and quantitation (LOQ)

The limits of detection and quantitation were deter-
mined by means of serial dilution based on a signal to
noise ratio of 3:1 for the limit of detection and 10:1 for
the limit of quantitation.

RESULTS AND DISCUSSION

Although various methods have been developed and
published on the analysis of components in Ginkgo
biloba dosage forms such as the flavonols and
ginkgolides, those methods have either addressed the
aglycone flavonols, quercetin, kaempferol (7) and
isorhamnetin alone (2), ginkgolide components alone
such as gingkolides A, B, C, ] and bilobalide (15, 27,28)
and more recently, simultaneous determination of
some flavonol and ginkgolide components (25,29). Tra-
ditionally, the percentage of flavonol glycoside content
was calculated from the aglycone content after acid
hydrolysis. The total content of flavonol aglycones is
then converted back to flavonol glycosides using
molecular weight conversion factors. This approach
has been widely accepted in the quality control of
preparations containing flavonol components (2-4).
Although this procedure is relatively simple and refer-
ence materials for the aglycones are available, true fla-
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vonol glycoside content is exaggerated. This is due to
the intrinsic aglycones already present in Ginkgo biloba
and calculations based on the average glycoside mass
(2). In addition, glycosides are relatively stable com-
pounds that hydrolyse only under rigorous extraction
conditions and/or incorrect storage and are therefore
excellent quality control indicators. An increase in the
ratio of aglycones to glycosides in extracts signifies deg-
radation (4). Although reference standards for all
known flavonol glycosides are not available, relevant
active markers amongst the flavonols could be chosen
for analytical techniques to ensure comprehensive stan-
dardization.

Qualitative analysis of some flavonol glycosides in
ginkgo leaf extracts has previously been investigated by
both HPLC (2) and micellar electrokinetic capillary
(MEKC) chromatography (30). Data from those stud-
ies were found to provide fingerprints to indicate
adverse conditions of storage (2) since the presence/
absence of rutin and other related glycosides such as
quercitrin can serve as useful indicators of degradation
(4).Quantitative analysis of flavonol glycosides which
are relatively hydrophilic, have been largely over-
looked since such compounds are usually poorly
absorbed from the gastrointestinal tract following
administration and thus not considered to contribute
to clinical activity per se. Studies that are more recent
have, however, indicated that flavonol glycosides are
indeed more readily absorbed than their aglycone
counterparts are and thus their presence/absence
requires monitoring and assessment (31).

Linearity and range
Figure 2 shows a typical HPLC-UV (350nm) chro-

matogram of five flavonols, rutin, quercitrin, querce-
tin, kaempferol and isorhamnetin with retention times
8.7, 14.1, 19.8, 28.1 and 31.5 minutes respectively.

The peaks were monitored in the UV range from 200-
400nm. Quantitation was performed at 350nm for
rutin, quercitrin and quercetin and 365nm for isorham-
netin and kaempferol, respectively. Assessment of peak
purity showed peak homogeneity thereby excluding
the possibility of the presence of interfering compo-
nents and rendering the method specific. Linear ranges
and correlation co-efficients are depicted in Table 1.
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Figure 2: HPLC chromatogram of reference standards,
rutin, quercitrin, quercetin, kaempferol and isorhamnetin
with corresponding retention times at A = 350nm.
Separation of the flavonols was achieved at 45°C on a
minibore Phenomenex Luna 5um C;3 (2) column with
dimensions 250 x 2.00mm using a one step linear
gradient and flow rate of 400ul/min. Mobile phase A
(acetonitrile) and B (0.3% formic acid) ratios where
changed after 15 minutes from 15:85 to 25:75 and total
run time was 33 minutes.

Table 1: Linear ranges and correlation coefficients of
calibration curves (Day 1).

Constituents |{y=ax+b Regression Concentrations (x) (ug/ml) “‘
linear model” (RY)(n)° \
i Rutin y=1.94x+0.16 | 0.9997(12) 3.1 6.3 126 | 25.1
Quercitrin |y =2.06x + 0.46 | 0.9997(12) 32 6.1 12.9 25.7 ’
Quercetin y=3.72x-0.13 |0.9996(12) 3.1 6.3 12.5 25.0
Kaempferol |y=4.32x+0.64 |0.9999(12) 33 6.6 13.2 26.4
Isorhamnetin ‘ y =5.15x - 0.61 0.9997(12) 3.1 6.1 12.2 24.4 j

3y = peak area; x = concentration

b1 = number of points in the calibration curve, each concentra-
tion injected 3 times, one at the start of the analysis, one in the
middle and one injection after the tabler assay was completed.

Limits of detection (LOD) and limits of quantitation
(LOQ)

Product E contained the highest quantities of marker
compounds and was sequentially diluted to determine
the LOD and LOQ in the tablet matrix. The limits of
detection were 1.36, 0.34, 0.87, 0.90 and 0.75ug/ml for
rutin, quercitrin, quercetin, kaempferol and isorham-
netin, respectively. The limits of quantitation were
2.76ug/ml for rutin, 0.77ug/ml for quercitrin, 1.11ug/
ml for quercetin, 1.55ug/ml for kaempferol and
1.03ug/ml for isorhamnetin.

Precision and accuracy

The intra-assay precision represents data accumulated
in triplicate over the first day of analysis. The relative
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standard deviations (% RSD) were less than 3% for all
samples except for the
kaempferol (5.5%). The inter-day precision was calcu-
lated from nine determinations over 3 days for each
concentration and was all below 8% except for
1sorhamnetin at both low and medium concentrations,
which were 12.0% and 10.9%, respectively. Recovery
data obtained from product A are depicted in Table 2.

low concentration of

Table 2: Recoveries of flavonols from Ginkgo biloba extract
(product A).

Constituent Amount added Mean recovery * SD
(pg/500mg tablet) (%)
Rutin* )
3123 98.4+2.9
450.0 97.9+1.7
Quercitrin 131.3 94.9+0.7
287.5 102.4+1.2
425.0 101.9+1.7
Quercetin 143.8 89.6+1.2
3125 81.1£1.6
4375 79.5+1.0
Kaempferol 165.0 96.745.5
330.0 98.9+1.8
475.3 97.9+1.7
Isorhamnetin 157.3 78.5+0.6
3145 72.582.5
453.0 77.9+0.6

" Product A contained sufficient quantities of rutin to fall on the
lower linear calibration range and therefore a low spike was not
necessary.

Isorhamnetin showed consistent but somewhat lower
recoveries at all three spiking levels compared to the
other flavonols. Isorhamnetin has a methoxy func-
tional group at the R, position (Figure 1) and exhibits
lower polarity than the other marker compounds. A
solvent for the sample solutions, chosen after an in-
house investigation, proved that 50:50 methanol:water
was best suited for use with the mobile phase. Low
recoveries for isorhamnetin have been previously
reported in both gas chromatographic-mass spectro-
metric (29) and HPLC analysis (32).

Tablet assay

Sample preparation and extraction of the solid oral
dosage forms was simple and economical. Methanol
was chosen as the extraction solvent due to its high
polarity index, facilitating the extraction of both the
polar glycosides (4) as well as the aglycone compo-
nents, concurrently.

Since the flavonol glycosides, rutin and quercitrin were
also included in this analysis, sample hydrolysis was
not required, conserving time and enabling rapid sam-
ple preparation. HPLC analysis of 5 Ginkgo biloba
preparations gave remarkably similar fingerprint pro-
files (Figure 3) indicating higher amounts of rutin com-
pared to the other flavonols.
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Figure 3: Overlaid HPLC chromatograms of the reference
standards including the profiles of the analysed Ginkgo
biloba dosage forms (A = 350nm).

This is in agreement with the literature where it was
found that standardised leaf extracts contain only
0.39% (w/w) of kaempferol and 0.5% (w/w) quercetin
[7]. Rutin as well as quercitrin and other related fla-
vonol glycosides can serve as possible quality control
indicators in Ginkgo products since changes in the
ratio of rutin (and/or quercitrin etc.) to quercetin
would indicate chemical change/degradation in the
tablet matrix. Quantitative analysis of five Ginkgo
biloba dosage forms is shown in Table 3 over the 3 con-
secutive days.

Table 3: Flavonol marker content (per tablet) in 5 dosage
forms purchased at a local pharmacy.

’ﬁ)‘d‘uct N Rutin Quercitrin \ Quercetin ‘ Kaempferol l lsorhamnetﬂ
[TTA | 213.0x7.4pg | 384+22pg +

| B 1.2£0.01mg | 508.0 +9.5ug + - - |
\ C" | 354t22pg | 295+14pg | 494%28ug + + \,
| 293.2 £8.8ug + + - - ‘
‘ E 57+00Img | 3182+ l6.8pg‘ 4149 +8.6pg | 952+2.4pug sn.s&zE

An=9, analysis performed over 3 different days and all samples
were prepared in triplicate

b content expressed per two tablets

() indicates that the marker could be identified but was below
the LOQ

O indicates that the marker was not detected.
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Average marker content in each of the brands varied
markably. A 25-fold difference in the content of rutin
was found between products A and E. Product E was
the only product where all 5-marker compounds were
found to be present in significantly higher amounts.
Label claims gave no indication of individual marker
content. Product B gave detailed information regarding
amounts of total flavonol glycosides, ginkgolides and
bilobalide, the remaining products simply specified the
contents based on raw material incorporated into each
tablet/capsule.

CONCLUSIONS

To date, quantification of flavonol glycosides, rutin
and quercitrin in solid oral dosage forms have not been
investigated. This paper includes the analysis of the fla-
vonol glycosides, rutin and quercetrin as well as the
aglycones, quercetin, kaempferol and isorhamnetin. It
thus provides for the determination of rutin and quer-
citrin which can be useful indicators of stability and
which is circumvented when samples are hydrolyzed
to back calculate flavonol glycoside content. A simple,
precise, rapid and reproducible RP-HPLC method was
developed to quantitate these five flavonols as quality
marker compounds with successful application to
Ginkgo biloba dosage forms. Sample preparation was
simple and no tedious cleanup was necessary. Product
analysis showed similar qualitative profiles but remark-
ably different quantitative composition. These results
indicate that suitable quality control measures need to
be implemented to ensure the quality, safety and effi-
cacy of commercially available Ginkgo biloba products.
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