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Abstract

A four-step development, optimization and validation strategy for high-performance liquid chromatography (HPLC) fingerprints ofGinkgo
biloba extract is described. A suitable chromatographic system was selected first. The following step was performing a screening design
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o select important parameters. After selecting some controllable parameters and their range to further optimize, gradient optimi
niform design was done. At last, method validation including determination of injection precision, repeatability, and a sample sta
as performed. Through this effective and integrated four-step method, a feasible and reliable HPLC fingerprint to identify and
inkgo bilobaquality can easily be established using a linear gradient elution with acetonitrile/0.1% phosphoric acid (from 14/86
/v, in 40 min) as mobile phase, a column temperature of 30◦C and a detection wavelength of 350 nm. The strategy can also be appl
he development of fingerprints in the quality control of other herbal medicines.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Herbal medicines have been widely used for health needs
ver many centuries, and become more and more popular
orldwide during the last decade[1]. However, due to the

act that in those herbs there may be hundreds of complex
ctive components of which we have limited knowledge, it

s almost impossible to identify all these substances and to
arry on quantitative analysis. Generally, only a few effec-
ive components are determined by high-performance liquid
hromatography (HPLC) or capillary electrophoresis (CE)
or evaluating the quality of herbal medicines[2–5]. Accord-
ng to the theory of traditional Chinese medicine (TCM), the
herapeutic actions of herbal medicines are based on integral
nteraction of many kinds of ingredients combined rationally.
he fingerprint chromatographic technology was introduced

∗ Corresponding author. Tel.: +32 2 477 47 34; fax: +32 2 477 47 35.
E-mail address:yvanvdh@vub.ac.be (Y. Vander Heyden).

and accepted by the WHO as a strategy for identifica
and quality evaluation of herbal medicine[6]. In 2000, the
State Drug Administration (SDA) of China began to deve
the fingerprints of TCM as the standard of quality control[7].
Chromatographic methods were highly recommended fo
veloping fingerprints of TCMs and their preparations. S
then, increasing interest in HPLC fingerprint analysis ca
observed, not only in China but also in other countries
over the world[8–11]. Moreover, CE also seemed to b
potential technique in the analysis of herbal drugs[12,13].

The obtained fingerprints are usually complex ch
matograms (or electropherograms), and their applicatio
lies on a comparison of profiles. Hence, fingerprint deve
ment has a stringent demand on resolution and peak ca
in the separation process. However, it is really difficult to s
arate all active components of herbal medicines in a s
chromatographic run. Therefore, the development and
mization of a methodology to create fingerprints seem
be very important. It should be pointed out that the obta
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chromatographic fingerprints would be used to authenticate
and identify herbal medicines by the verification institute or
by quality control laboratories. Hence, the developed finger-
print should feature good selectivity, reproducibility and fea-
sibility.

The extracts ofGinkgo biloba, which is among the top
10 of sold plant products in the world, possess antioxidant,
anti-ischemia, cardiovascular and cerebrovascular activities
[14]. The preparation process of the extracts fromGinkgo
bilobaleaves may vary among different manufacturers. How-
ever, almost all of the final extracts contain flavonoids and
terpene trilactones, which are considered the two pharma-
cologically most important groups[15]. According to the
present knowledge, in the Ginkgo extract there are more than
30 different flavonoids, which can chemically represent the
character of theGinkgo bilobaleaves. Hasler et al.[16] re-
ported the reversed-phase separation of 33 flavonol glyco-
sides, flavonols and biflavones using a complex ternary gra-
dient elution. A similar but binary gradient HPLC separation
method for fifteen Ginkgo flavonoids was reported by Pietta
et al.[17]. You et al.[18] published a multi-step binary gra-
dient HPLC method for a fingerprint of the Ginkgo injection.

However, among the published methods to separate and
identify flavonoids, there are no integrated experimental de-
sign based fingerprint development studies, which include de-
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Table 1
Two-level fractional factorial design for 7 factors (27−4

III )

No.
Factors

X1 X2 X3 X4 X5 X6 X7

1 −1 −1 −1 +1 +1 +1 −1
2 +1 −1 −1 −1 −1 +1 +1
3 −1 +1 −1 −1 +1 −1 −1
4 +1 +1 −1 +1 −1 −1 −1
5 −1 −1 +1 +1 −1 −1 +1
6 +1 −1 +1 −1 +1 −1 −1
7 −1 +1 +1 −1 −1 +1 −1
8 +1 +1 +1 +1 +1 +1 +1

−1 and +1 represent the factor levels.

a list of many potential ones[20]. The common families of
screening designs are the Plackett-Burman designs, named
after their inventors, and fractional factorial design with res-
olution three (sometimes four), which permit to explore the
effects of many factors in a limited number of runs. A frac-
tional factorial design was used in this study. The specifica-
tion of this design can be seen inTable 1.

The main effect plot, used to provide insight into the data,
is a visual approach to analyze the data from a designed ex-
periment[20]. The vertical axis of such a plot represents the
mean response for a given setting of the factor, while the hor-
izontal axis represents the factor levels examined. A factor
when varied from one to the other level can be important if it
leads to a significant change in the response. A large differ-
ence in the two means implies the factor is important while
a small difference indicates the factor is not. A factor setting
is best (in average) if it results in a response that is closest in
location to the desired response.

2.2. Uniform design

Too many experimental runs are needed using factorial
design when the number of factors or the number of levels
increases. Therefore, factorial design is generally used for
two or three levels. On the other hand, in chemical experi-
m than
2 oice.
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elopment, optimization and validation of the method. In
ition, for the purpose of improving resolution, too comp
PLC gradient methods were used in the literature menti
bove, which might affect the feasibility and reproducib
f the fingerprints. It thus is necessary to establish a univ
nd systematized approach to conveniently develop re
hromatographic fingerprints of herbal medicines.

In this paper, we describe a four-step strategy for me
evelopment, optimization and validation of an HPLC
erprint ofGinkgo bilobaextracts. A relatively simple an

easible system, including separation mode, stationary p
nd mobile phase, was selected first. Then, using a fac
creening design and main effect plots, some control
arameters and the range of the factors, which need

urther optimized, can be selected. Thirdly, further grad
ptimization was performed using a uniform design, whic
ery useful when a large number of levels is evaluated[19].
n effective linear gradient elution method was obtain
he last step was method validation consisting of injec
recision, repeatability, reproducibility and a sample stab

est. The aim of this study was to create a universal proce
stablish HPLC fingerprints, which is applicable on dive
erbal medicines.

. Theory

.1. Screening design and main effect plot

Screening design refers to an experimental plan th
ntended to find the relatively few significant factors fr
ents, the number of levels for a factor is often more
or 3. In these cases, uniform design can be a good ch
niform design is an experimental design, which alloc
xperimental points uniformly scattered on the domain,
osed by K.T. Fang and Y. Wang in 1980s, based on q
onte Carlo method or number-theoretic method[21,22]. It
ecomes more popular recently because of some the
al and application reports[23–25]. The key idea of uniform
esign is to choose the most representative points in th
erimental domain to obtain as much information as pos
y relatively few experiments.

The most widely used structure, the U-type design, w
rovides ann-run experimental design forsfactors, each hav

ng n levels, is denoted asUn (ns) [23]. Like other experimen
al designs, uniform designs offer lots of experimental
ibilities [26]. For instance,U7 (72) andU8 (86) are shown
n Tables 2 and 3. One can see that a large number of
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Table 2
Uniform design with seven experiments for two factors at seven levels,U7

(72)

No.
Factor

X1 X2

1 4 4
2 3 7
3 5 1
4 2 2
5 1 5
6 7 3
7 6 6

Table 3
Uniform design with eight experiments for six factors at eight levels,U8 (86)

No.
Factor

X1 X2 X3 X4 X5 X6

1 4 6 7 3 7 1
2 8 2 5 7 6 3
3 3 4 2 6 1 2
4 1 1 4 1 5 5
5 5 5 1 5 8 8
6 7 8 3 2 3 4
7 2 7 6 8 4 6
8 6 3 8 4 2 7

els, which is equal to the number of experimental runs, are
allowed in the uniform design. TheU7 (72) design ofTable 2
was used in this study.

Compared to factorial designs, an outstanding advantage
of uniform design is that it offers as many levels as one needs
for the factors within a small number of experiments. For ex-
ample, suppose the experimenter wants to consider two fac-
tors and choose seven levels for each factor. The total number
of level-combinations is 72 = 49, which is usually experimen-
tally not feasible. However, according to the application table
U7 (72) (Table 2), only 7 runs are needed using the uniform
design method.

3. Experimental

3.1. Instrumentation

Experiments were performed on a D-7000 Merck-Hitachi
system (Hitachi Instruments, Tokyo, Japan) equipped with a
low pressure L-7100 HPLC pump, an L-7612 degasser, an
L-7400 UV detector, an L-7250 autosampler and a Model
7956 column oven (Jones chromatography, Mid Glamorgan,
UK), operated with the Merk-Hitachi D-7000 HPLC data
station software. Peak purity determination was operated on
t 00
I rray
U zu,
J

3.2. HPLC columns

An Alltima C18, 150 mm× 4.6 mm i.d., 5�m (Alltech,
Lokeren, Belgium), a Nucleosil C18, 150 mm× 4.6 mm i.d.,
3�m (Alltech), and a Lichrosorb® RP-18, 250× 4.6 mm i.d.,
5�m (Merck, Darmstadt, Germany) columns were used.

3.3. Chemicals and reagents

A Ginkgo bilobaextract (GBE 20030106) was provided
by the TSI Natural products company (Xuzhou, China).
Another standardGinkgo bilobaextract GK501 was pur-
chased from Finzelberg Company (Andernach, Germany).
The standards, including 3-O-(6-O-(�-l-rhamnosyl)-�-d-
glucosyl)quercertin (rutin) and quercetin, were from SIGMA
(St. Louis, USA), 3-O-(�-d-glucoside)kaempferol, 3-O-(6-
O-(�-l-rhamnosyl)-�-d-glucosyl)kaempferol and 3-O-(�-l-
rhamnosyl)quercetin from Extrasynthese (Genay Cedex,
France) were used. The mobile phases were prepared us-
ing acetonitrile (ACN) and methanol, both HPLC grade
(Fisher scientific, Leicester, UK). Tetrahydrofuran (THF),
isopropanol, phosphoric acid, all pro analysis quality, were
from Merck. Milli-Q water was obtained with the Milli-Q wa-
ter purification system (Millipore, Molsheim, France). Baker-
bond C18 (500 mg) disposable extraction columns (Mallinck-
r ple
c

3
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side
d n of
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l and
he HPLC instrument combining a Merck Hitachi L-62
ntelligent pump (Hitachi, Japan), a SPD-M10A diode-a
V detector and a CLASS-LC10A workstation (Shimad
apan).
odt Baker, Phillipsburg, NJ, USA) were used for sam
lean-up.

.4. Sample preparation

The dried extracts were exactly weighed (ca. 0.5 g)
100 ml-flask, 50 ml 80% ethanol was added, the mix
as shaken for a while, sonicated at room temperatur
0 min, and then diluted to 100 ml with 80% ethanol i
olumetric flask. A 5 ml volume of this solution was filter
hrough a Bakerbond C18 cartridge equilibrated with 8
thanol. The cartridge was then eluted with 3 ml 80% eth
nd the solution was diluted to 10 ml with 80% ethanol
olumetric flask.

.5. Chromatographic conditions

At general conditions, the chromatographic runs were
ormed at a flow rate of 1 ml/min, a column temperatur
0◦C, a detection wavelength of 350 nm, and an injec
olume of 10�l, unless specified in the text.

. Results and discussion

.1. Selection of a suitable chromatographic system

In this study, most compounds of interest are glyco
erivatives of quercetin, kaempferol and isorhamneti
hich the structures are given inFig. 1. Reversed-phas

iquid chromatography methods with ODS columns
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Fig. 1. The structures of the three aglycones, quercetin, kaempferol and
isorhamnetin.

acetonitrile–water mobile phases are recommended to sep-
arate this kind of substances[15]. A low concentration phos-
phoric acid is added to restrain ionization of flavonoids and
other carboxylic acids. Three columns were screened with
acetonitrile/0.1% phosphoric acid (B/A) as mobile phase.
Considering the complexity of the Ginkgo extract, a 30 min-
linear gradient elution, where the initial and the final B% are
15 and 30%, respectively, was run for each column.Fig. 2
illustrates the chromatograms of sample solution using three
different columns. The best selectivity and resolution can
be observed on the Alltima C18 column (C). Over 30 sharp
and symmetrical peaks were obtained. Therefore, this column
was selected. It was suggested that isopropanol and tetrahy-
drofuran could be used as organic modifier to improve the
selectivity[16]. A mobile phase including methanol was also
examined. However, no progress in resolution using these
organic solvents was observed. Additionally, it is beneficial

F mns.
(
1 i-
m

for the robustness of the method to use a relatively simple
mobile phase. Thus, it was decided to use the chromato-
graphic system consisting of the Alltima C18 column and
an acetonitrile–0.1%phosphoric acid mobile phase combina-
tion, to proceed to the next optimization step.

4.2. Screening design

It is not likely that a satisfactory separation can be ob-
tained only through multiple-column/mobile phase screen-
ing, due to the fact there are too many components present
in herbal medicines. Some critical experimental settings, in-
cluding controllable factors such as column temperature, de-
tection wavelength, injection volume, and gradient elution
parameters, e.g. initial organic solvent concentration and gra-
dient slope should be considered prior to further optimization.
Frequently, the choice of the proper parameter levels is a time-
consuming process through trail-and-error experiments, from
which the optimal parameter setting possibly is not obtained.

We selected a fractional factorial design as screening de-
sign since its primary purpose is to identify significant main
effects. In the study of fingerprints, more information can be
collected when more peaks are observed in the output chro-
matogram. Therefore, the peak number was used as response
and seven factors were examined (Table 4). A feasible wide
r ctor.
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ig. 2. Chromatograms of Ginkgo sample on three different colu
A) Lichrosorb RPC18, 5�, 250 mm× 4.6 mm, (B) Nucleosil C18, 3�,
50 mm× 4.6 mm, (C) Alltima C18, 5�, 150 mm× 4.6 mm. Other exper
ental conditions as in text.
ange of experimental conditions was chosen for each fa
olumn temperature is recognized as an important para

or its influence on retention, selectivity, system pressure
olumn stability[27]. However, it is possible that some lab
atories lack temperature control. On the other hand, und
cidic conditions and high temperatures, Ginkgo flavon
ossibly hydrolyze to the aglycones[15]. Therefore, a rang

ust above room temperature (30–50◦C) was chosen to e
ablish fingerprints method that can be transferable from
aboratory to another. Maximum absorbance values ar
he wavelengths of 260 and 350 nm were observed o
V spectra of Ginkgo extract and the flavonoid standa
omparing the chromatograms detected at these two w

engths, more peaks could be obtained at 350 nm. More
he wavelength of 350 or 370 nm was selected in the
rences[16–18]. Hence, the wavelength range from 350
70 nm was examined. According to similar practical con
rations, the ranges of the other parameters were also se

able 4
actors and levels investigated in the screening design

actor Units Level (−1) Level (+1)

1: concentration of phosphoric
acid

% 0.1 0.5

2: detector wavelength nm 350 370
3: column temperature ◦C 30 50
4: initial concentration of
acetonitrile (B%)

% 12 18

5: gradient time min 30 50
6: injection volume �l 5 10
7: concentration of isopropanol
in mobile phase

% 0 10
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Fig. 3. Main effect plots from the screening design.

(Table 4). A schedule of 8 runs was carried out according to
the 27−4

III fractional factorial design (Table 1). Instead of tra-
ditional statistical effect evaluation, the main effect plot was
applied as tool for determining the important factors and the
best factor setting[20].

The main effect plots (Fig. 3) revealed that detection wave-
length and column temperature have significant effects on the
peak capacity (the total number of peaks observed). Most of
flavonoids in Ginkgo have maximum UV absorbance around
350 nm at which the better characterization can be attributed
[17]. Fig. 3also illustrated that both higher temperature and
acid concentration were not beneficial for the separation and
thus the number of peaks observed. Neither the longer gradi-
ent time nor using isopropanol as organic additive improved
the separation. Finally, it is reasonable that more information
can be obtained using a higher injection volume.

According to the screening result, the values of some im-
portant controllable parameters can be selected. Detection
wavelength, column temperature, acid concentration and in-
jection volume were set at 350 nm, 30◦C, 0.1% and 10�l,
respectively, while no isopropanol was needed in the mobile
phase. Comparing to the separation of the previous step, a
higher total peak number (39 versus 36) was observed from
the chromatogram of a screening run. However, the separa-
tions in the fingerprint still might to be improved by further
o ents,
t and
t r, as
m ntifi-
c tion
e le for
t ation

can be considered as a point of a general strategy to improve
the HPLC separation[28–30]. Therefore, it was selected in
the next step.

4.3. Gradient optimization

HPLC Gradient optimization methods, which usually in-
clude two steps, modeling of retention and optimization, have
been discussed in the literature[28–30]. In order to simulate
the chromatographic process, the retention time and peak
shape of every solute must be determined by running sev-
eral isocratic or linear gradient experiments. Some computer
software packages, such as Drylab[31], ChromSword[32],
and Osiris[33] include gradient optimization facilities. How-
ever, it is difficult to separate and track every compound of
a complex herbal extract in which too many compounds are
unknown and reference standards are unavailable. Addition-
ally, it is not necessary (nor practically feasible) to baseline
separate all components in one run, due to the identification
objectives of fingerprints of herbal medicines. Therefore, we
prefer an optimization approach without modelling[26]. Uni-
form design can be a good choice for this purpose.

In the performance of gradient optimization, gradient
time, gradient shape and initial composition of the mobile
phase can be considered[34]. As mentioned above, the fea-
s ry
i e, a
l am-
e time
( gin-
n ted
w he
ptimization. From the results of the screening experim
wo factors, the initial concentration of organic solvent
he gradient time did not seem very important. Howeve
entioned above, a screening design is mainly for ide

ation of significant main effects, rather than of interac
ffects. The later can not always be considered negligib

hese two parameters. Moreover, the gradient optimiz
ibility and reproducibility of the final fingerprints is ve
mportant for the method development. For this purpos
inear gradient shape was applied in this work. Two par
ters were chosen as optimization factors, the gradient
tG) and the concentration of organic solvent at the be
ing of the gradient (B%). The optimization region selec
as 28–52 min fortG and 11 to 17% for B% considering t
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Fig. 4. Uniform design setting of the seven experimental runs in aU7 (72)
design.

result of the screening experiment of step two. The final con-
centration of B was set at 30% to ensure that every solute
can elute in one run. Using the uniform table U7 (72), seven
experiments were designed. As shown inFig. 4, the designed
points are scattered uniformly in the variables region.

Another point to be considered in the optimization, is the
chromatographic criterion that can evaluate the quality of fin-
gerprints. The selection of suitable criteria to achieve an op-
timal conclusion can vary according to the different goals of
an optimization process. Some evaluation parameters based
on Rs, the resolution between two neighboring peaks, such
as the sum of all resolutions

(∑
Rs

)
, is sometimes used as

criteria to evaluate the separation quality[35]. A normalized
resolution factor was defined as:

r∗ =
n−1∏
i=0

(
Rsi,i+1

Rs

)
(1)

to gain uniform distribution of detected peaks. However,(∑
Rs

)
is usually determined by the largest resolution val-

ues, which probably are less relevant for the total quality of
fingerprints. As forr* , due to normalization, a very short chro-
matogram with all components evenly distributed will still be
heavily favored, even if the maximum observed resolution is
small [36]. Information theory was applied to evaluate the
p
f

φ

w ical
c um
w com-
p

phic
fi aco-
l nal-

Table 5
The result of the uniform design

No. B0 (%) tG (min) r* (×10−3)
∑

Rs φ HCRF

1 14 40 8.80 67.10 8.127 43,068,057
2 13 52 2.62 65.25 8.008 41,068,045
3 15 28 9.02 55.54 7.893 39,056,069
4 12 32 5.92 52.67 7.635 39,034,066
5 11 44 4.78 58.37 7.720 40,067,053
6 17 36 5.02 60.95 7.916 41,080,057
7 16 48 6.16 65.79 8.075 46,068,049

ysis time, will be preferred over less well-separated or longer
ones. Therefore, it is necessary to consider simultaneously
the number of peaks that may be detected, the resolution and
time of analysis. A hierarchical chromatographic response
function (HCRF) can fit for this purpose[38],

HCRF= 1, 000, 000n + 100, 000Rmin + (tm − tl ) (3)

wheren is the number of peaks in the chromatogram,Rmin
is the resolution of the least separated pair of peaks,tm and
tl are the maximum acceptable analysis time (100 min can
be accepted in this study) and the retention time of the last
peak, respectively. From the output value of HCRF, the num-
ber of peaks, the worst resolution and time of analysis are
immediately apparent. For example, from the HCRF value
10,120,066.35, one sees from the first two digits that the
number of peaks is 10. The 3–5th digits represent the res-
olution factor while the resolution of the least-separated pair
of peaks being 1.20. And the last four digits represent the time
factor while the analysis time being 100− 66.35 = 33.65 min.
The values of

(∑
Rs

)
, r* , φ and HCRF of the uniform de-

sign results are shown inTable 5. The values of these criteria
are not consistent with each other due to the different objec-
tives mentioned above. In our opinion, HCRF, which is con-
veniently acquired from the chromatogram, is a reasonable
c rint
c -
d
b ery
s d in
F bet-
t was
p .1%
p bile
p th
o s
o

esign
( was
o
T nec-
e gra-
d sol-
v tors
f

erformance of the chromatographic fingerprint[37]. An in-
ormation contentφ, which is calculated based on:

= −
∫

px

sum(px)

log px

sum(px)
dx (2)

herepxis the real chromatographic response of all chem
omponents involved in the fingerprint, reaches its maxim
hen all the peaks of the fingerprints were separated
letely and distributed equally in the chromatogram.

It is considered most important that the chromatogra
ngerprints selected, which contain more peaks of pharm
ogically active components and have relatively shorter a
riterion for evaluating the separation quality in fingerp
hromatograms. According to the results ofTable 5, the con
itions of Experiment Nos.1 and 7 were selected (Fig. 5a and
). As seen fromFig. 5, these two chromatograms are v
imilar. However, shorter analysis time can be obtaine
ig. 5a, and the resolution of the peaks around 10 min is

er. Therefore, the conditions of Experiment No. 1, which
erformed at a linear gradient elution with acetonitrile/0
hosphoric acid (from 14/86 to 30/70 in 40 min) as mo
hase, a column temperature of 30◦C, a detection waveleng
f 350 nm, and an injection volume of 10�l, were chosen a
ptimized method conditions.

Compared to the best separation after the screening d
HCRF is 39070047), the separation of the fingerprint
bviously improved after gradient optimization (Table 5).
herefore, this step was considered and demonstrated
ssary in developing a fingerprint even though the two
ient elution parameters, initial concentration of organic
ent and gradient time, were not found very important fac
rom the two-level screening design.
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Fig. 5. HPLC fingerprints of Ginkgo extract in two different experiment
conditions. (A) No. 1 (B) No. 7 experimental runs in aU7 (72) design,
HPLC conditions as in text.

4.4. Methodology validation

HPLC fingerprint determination is not a quantitative
method. The parameters evaluated and validation aspects are
different from general assaying methods. The authentication
and identification of a herbal medicine can be accurately
carried out using the chromatographic fingerprints obtained,
even if the batches or the concentrations are not the same in
different samples of this drug[37]. Considering these charac-
teristics of fingerprints, the relative retention time (the ratio of
retention time of sample constituents to an internal standard)
and the relative peak area (the ratio of peak area of sample
constituents to an internal standard) of main peaks (>1% of
total peak area) detected were used to evaluate the quality of
fingerprints.

4.4.1. Identification and purity determination of
chromatographic peaks

The identification of the peaks was carried out using the
standards and a diode-array detector. The highest peak in
the chromatogram is belonging to rutin (Fig. 5), which was
used as internal standard for method validation. With a diode-
array detector and the corresponding computer software, the

evaluation of peak purity allows checking the singularity of
the peak component. The characteristic used is that the ab-
sorption spectrum of a single component remains invariable
at each time point in one peak. In the chromatographic fin-
gerprint ofGinkgo bilobaextract, the peaks with larger area
(>5% of total area) have high purity according to the nor-
malized match factor value (>0.99). However, the normalized
match factors sometimes give an imprecise result for the peak
purity estimation because the UV spectra of components are
too similar, and it will be dealt with further later.

4.4.2. Injection precision
The injection precision was determined by replicate injec-

tion of the same sample solution for six times in a day. The
relative standard deviation (RSD) of relative retention time
and relative peak area found were not exceeding 0.27 and
4.96%, respectively.

4.4.3. Repeatability
The repeatability was assessed by analyzing six indepen-

dently prepared samples of Ginkgo extract. The relative stan-
dard deviation of relative retention time and relative peak area
were below 0.39 and 5.75%, respectively.

4.4.4. Sample stability test
The sample stability test precision was determined with
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s t op-
t rsal
H rac-
t tion
s f the
fi ion,
b ntion
t r-step
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ne sample during 6 days. During this period, the solu
as stored at room temperature. The RSD of relative rete

ime and relative peak area found were less than 0.40
.89% respectively. The similarity of these results with th

rom the repeatability and the injection precision indicate
he sample remained stable during this period.

. Conclusion

The process of development, optimization and valida
f HPLC fingerprints ofGinkgobilobaextract was introduce

n detail. From the selection of a suitable chromatogra
ystem, the screening for important parameters, gradien
imization to method validation, an integrated and unive
PLC fingerprint approach was performed using both f

ional factorial and uniform designs. With each optimiza
tep, except for the validation, the separation quality o
ngerprint improved. The results of the method validat
ased on the relative standard deviation of relative rete

imes and relative peak areas, were acceptable. This fou
trategy can not only be utilized for theGinkgo bilobaextract
ut also for other herbal medicines to identify and assess
uality.
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