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Abstract

A fingerprint chromatogram of a standardiz8thkgo bilobaextract is developed on a monolithic silica column using a ternary gradient
containing waterjso-propanol and tetrahydrofuran. For the detection, UV and evaporative light scattering (ELS) detectors are used, the
latter allowing detection of the poor UV absorbing compounds as ginkgolides (A—C and J) and bilobalide in the extract. The complementary
information between the UV and ELS fingerprint is evaluated. The ELS detector used in this study can operate in an impactor ‘on’ or ‘off’
mode. For each mode, the operating conditions such as the nebulizing gas flow rate, the drift tube temperature and the gain are optimized |
use of three-level screening designs to obtain the best signal-to-noise (S/N) ratio in the final ELS fingerprint chromatogram. In both impactor
modes, very similar S/N ratios are obtained for the nominal levels of the design. However, optimization of the operating conditions resulted, for
both impactor modes, in a significant increase in S/N ratios compared to the initial evaluated conditions, obtained from the detector software
© 2005 Published by Elsevier B.V.
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1. Introduction in which as many compounds as possible are separated, and
to compare the fingerprint with that of a standardized extract
Phytopharmaceuticals containing tfnkgo biloba L. in order to achieve authentication, identification and quality
extract are worldwide used to treat cardiovascular and cere-control of the herbal medicin®,7,8].
brovascular diseases such as Alzheimer’s disgasd. The Often, HPLC-UV is used for the development of finger-

beneficial effects are due to the presence of ginkgolides prints. However, compounds with very few chromophore
(A—C and J) and bilobalide that represent together with groups, as for instance ginkgolides A—C and J and bilo-
the flavonoids the active constitueifd§. Besides these, the balide in theGinkgo bilobaextract, will poorly absorb UV
extract contains many other components of which we have radiation and are therefore difficult to detect with this type
only limited knowledge, making the evaluation of its qual- of detectorq1,2,4,9] The ELS detector is then an alterna-
ity and safety very difficul{5]. Because of the complexity tive detector{1,2] that can be connected in series with the
of the extract, a qualitative and quantitative analysis of each UV detector. The operation of the ELS detector is based
individual compound is almost impossible and therefore, fin- on a three-step process: mobile phase nebulization, evapo-
gerprinttechnology was introduced to achieve quality control ration and detection. It measures the amount of light scat-
of herbal medicinefb,6]. The idea is to develop a fingerprint  tered by sample components that do not evaporate during
chromatogram (or electropherogram) of the herbal medicine the mobile phase evaporation stage. Any compound having
a lower volatility than the mobile phase is detected and the
* Corresponding author. Tel.: +32 2 477 47 34; fax: +32 24774735, detector output reflects the quantity or mass of total analyte
E-mail addressyvanvdh@vub.ac.be (Y.V. Heyden). responsible for the light scatterif$0—13] The use of the
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ELS detector for the determination of ginkgolides3imkgo
bilobaleaf extracts was introduced by Camponovo dtla].
Today, several studies are published describing a HPLC-ELS
method for the analysis of ginkgolides and bilobaliti2,8].
These methods allow determination of these compounds after
extraction but do not provide information about otnkgo
bilobaextract constituents, which also contribute to the qual-
ity of the extract. Therefore, the goal of this paper is to
develop a ELS fingerprint chromatogram for a standardized
extract of the leaves db. biloba L Since the sensitivity of

the ELS detector is known to change in solvent gradients,
mainly due to changes in droplet sigg], a UV detector is
placed before the ELS detector for maximal sensitivity. The Fig. 1. Impactor of the ELSD in the on-mode. Figure adapted from ref.
information in, and the quality of the UV and ELS finger- [19]

print chromatograms is compared. The UV—ELS fingerprint
is developed on a monolithic silica column, which is chosen

for its lower column backpressures and faster separations, o .
. . unamplified signal and each other valuproduces a-fold
compared to conventional columjis, 16] In this study, two . e O L )
L ; . . signal amplification compared to the original sigfi].
monolithic columns are coupled in series to increase the sepa- . : o ; .
. L . . For inexperienced users it is not straightforward to define
ration efficiency, necessary for the separation of this complex L
the above parameters and most users use initial parameter

extract. Examples of the use of monolithic columns in phar- settings which can be computed with the ELSD software or

maceutical analysis can be found[irfb—17] The UV-ELS . )
fingerprint developed in this study, is obtained with a ternary by use offable 1 In.grad|ent elution m.e.thods, .they are com-
' puted for the mobile phase composition which is the least

gradient elution method. After method development, the four : o -
) - ) . volatile. However, these initial values need further optimiza-
ELSD operating conditions (the impactor mode, the nebuliz- . : : ! . .
ing gas flow rate, the drift tube temperature and the gain) tion to obtain the best s_lg_n_al-to-nmse ra_tlo.Therefore, during
' method development, initial values derived frdable lare

are optimized to reduce the signal-to-noise ratio in the ELS . ) ) : S
. . . . used, and for the final ELS fingerprint a screening design is
fingerprint. For that purpose, a three-level screening design -

performed to optimize these parameters.

is performed18]. Finally, a methodology for quality control
by use of the above-developed fingerprints is proposed.

amplification to ensure the detection of small peaks. It
can take values 1, 2, 4, 8 or 16. A gain of 1 produces an

2.2. Three-level screening design

2. Theory For the optimization of the ELSD parameters, two three-
level screening designs are performed, one for each impactor

2.1. Evaporative light scattering detector parametersto ~ Mode. In both screening designs, the influence of the NGF,

optimize the DTT and the gain is investigated on the S/N ratio of three
peaks from the final ELS fingerprint. Since the three-level

The ELS detector used in this study requires the optimiza- d€sign allows to screen four factors, one imaginary factor
tion of four parameters: the impactor mode, the nebulizing (dUMmY) is included, allowing to estimate the experimental
gas flow rate (NGF), the drift tube temperature (DTT) and
the gain. The impactor can be either in the on-mode, mean-;l;leilfi);dlrifttube temperature and nebulizing gas flow rate of the ELSD (in the
Ing that the teﬂ(.)n coated stainless steel plate (ImpaCtor) ISimpactor off-mode)pfor HPLC separationg %t 1.0 ml/min, using a standard
placed perpendicular to the flow path of the aerosol through 4 g ym 1.0. column, extracted frofa0]

the drift tube, or in the off-mode if it is placed paral[&éD].

. . . Solvent Drift tube Gas flow rate
In the latter case, it does not disturb the aerosol flow during temperature“C) (U/min)
its travel towards the detector cell, resulting into a maximal

L . Acetone 30 0.6
sensitivity. In the impactor on-mode, on the contrary, only acetonitrile 70 17
small droplets pass around the impactor to reach the detectochioroform 40 15
cell and large droplets will exit the system through the drain Heptane 50 15
tube (sedig. 1). HeX;‘”e | 40 i?
The nebulizing gas flow rate, the drift tube temperature 5% "0P<1° :g .
and the gain are chosen as a function of the impactor mode yetnylene chioride 50 16
In the impactor off-mode, the NGF and DTT are higher Tetrahydrofuran 60 1.7
to achieve adequate mobile phase evaporatl@). They Water 115 32
are chosen between 0 and 4.01/min, and between 25 andiethanol:water (90:10) 75 2.0
Acetonitrile:water (75:25) 80 2.0

120°C, respectively. The gain controls the detector signal
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Table 2
Three-level screening design for four factors
Experiment  Factors
Drift tube Gasflowrate  Gain  Dummy
temperature°C) (I/min)
Nominal 0 0 0 0
2 0 — 0 +
3 0 0 - 0
8 0 + + -
Nominal 0 0 0 0
1 - 0 + +
5 — + 0 0
9 — — —
Nominal 0 0 0 0
4 + 0 0 -
6 + — + 0
7 + + - +
Nominal 0 0 0 0

Four nominal experiments are included in the set-up. Experiments are sorted

by drift tube temperature.
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3. Experimental
3.1. Instruments, chemicals and mobile phases

3.1.1. Instruments

The high performance liquid chromatography (HPLC)
system consists of a L-7100 pump, L-7612 solvent degasser,
L-7250 autosampler, L-7360 column oven, L-7400 UV-
detector and a D-7000 interface from Merck-Hitachi (Tokyo,
Japan). This system is operated with the LaChrom D-7000
HPLC System Manager software (Merck-Hitachi). An All-
tech 2000 ELS detector (Alltech Associates, Deerfield, USA)
is also connected to the chromatograph, with pressurized air
(60 psi, 4.14 bar) as nebulizing gas. It is operated with the
ELSD 2000 Control software (Alltech).

The column temperature is kept constant at@Gbsthe
injection volume and mobile phase flow rate areplO
and 1ml/min, respectively. The UV detector measured
absorbance at 267 nm.

error[20]. Each factor is tested at three levels (level (0), the 3-1.2. Chemicals

nominal or central level, and levels-J and (+), the extreme

levels). The design contains nine experiments and is well-
balanced meaning that none of the main factor effects is con-

Ethanol (pro analyse quality) from Merck (Darmstadt,
Germany) is used to dissolve tlinkgo bilobaextract.

founded18]. Before and after the design and after each third 3.1.3. Mobile phases

experiment of the design a nominal experiment is performed,

The mobile phases for the separation of tBékgo

i.e. an experiment where all factors are at level 0. The latter biloba extract are prepared with methanol (MeOH), ace-

experiment is used to check for drift (time effects) during the

tonitrile (ACN) (both HPLC grade quality) from Fisher

execution of the design and to evaluate the repeatability of the Scientific (Leicestershire, UK)iso-propanol {-PrOH) or
fingerprint. For experimental convenience, the design exper-tetrahydrofuran (THF) (both HPLC gradient quality from
iments are sorted by drift tube temperature because adjustingvlerck) on the one hand and Milli-Q water (obtained with the

this factor requires a long equilibration of the ELS detector.
The design experiments are showrTable 2 The effect of

Milli-Q water purification system from Millipore, Molsheim,
France) containing 0.05% trifluoroacetic acid (TFA) from

the examined factors on the S/N ratios of the three peaksSigma—Aldrich (Steinheim, Germany) on the other.

is computed18] and at-test[20] is performed to evaluate

whether the effect is significant. A factor is concluded to have 3 1. 4. Column

a significant effect if the absolute value of its effect is larger
than the critical effedi20]. The algorithm of Dong is applied
to identify significant effect§20,21]

2.3. Measured response

Two Chromolith Performance (100 mr4.6 mm)
columns both RP-18e from Merck, which are coupled
in series with a column coupler (Merck), are used. A
Chromolith guard column RP-18e (5 m&.6 mm, Merck)
was placed before the analytical ones.

The response measured, is the signal-to-noise (S/N) ratiog o Preparation of the Ginkgo biloba extract and
of three peaks, computed with the equation of the Europeang;andards

Pharmacopoeif22]
S/N = 2H (1)
hn

whereH is the peak height ar}, is the absolute value of the

The Ginkgo bilobadry extract (GBE 20030106) was
provided by the TSI Natural products company (Xuzhou,
China). The extract solution is prepared as follows:
3.0026 g of dry extract was dissolved in 50.0 ml 80/20 (v/v)

largest baseline noise amplitude in the blank chromatogramethanol/water on a Branson 5210 ultrasonic bath (Branson

around the time where the peak appears irfGimkgo biloba
fingerprint. However, in this study the noise paramdter

Ultrasonic Corporation, Danbury, USA) and then filtered
through a 0.2um membrane filter (Pall Gelman Laboratory,

was not derived from a blank injection as prescribed by the Karlstein, Germany). The extract solution was stored in
European Pharmacopoeia, but from the baseline between 52jark glass recipients at°®. Standards of ginkgolides A

and 60 min of the&inkgo bilobaELS fingerprint.

(12.42 mg/ml), B (2.24 mg/ml) and C (1.97 mg/ml) from Fluka
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Chemie (Buchs, Switzerland) and bilobalide (2.20 mg/ml) conditions and only for the final ELS fingerprint, the ELSD
from Sigma—Aldrich Chemie were prepared in methanol.  conditions will be optimized.

The methodology to develop the UV-ELS fingerprint

is as follows. First simple binary gradients consisting of

4. Results and discussion water (with 0.05% TFA) and either methanol, acetonitrile,
iso-propanol or tetrahydrofuran are tested. The percentage

4.1. Development of a Ginkgo biloba fingerprint organic modifier is increased from 5 to 95% (vol.%) within

chromatogram 50 min and is kept constant at 95% till 60 min. Before injec-

tion, the columns are equilibrated during 25 min with the

The UV-ELS fingerprint chromatogram for tk& biloba 5% organic modifier mobile phase. From the obtained chro-
L. extract is developed on a stationary phase consisting of amatograms, the percentages organic modifier at the elution
Chromolith guard column and two Chromolith Performance of the first and the last peak is estimated for each binary gra-
columns, coupled in series. During method development, dient. These conditions will be used in the following run. The
the mobile phase flow rate is kept constant at 1 ml/min, the new start condition is the mobile phase composition at which
column temperature at 3& and the injection volume at the first peak elutes. The new end condition is the mobile
10pl. The UV detection wavelength is set at 267 nm, which phase composition at 5 min before the last peak elutes. The
is the experimentakmax Of the Ginkgo bilobaextract in four optimized binary gradients, obtained in this way, are (i)
organic solvents as MeOH and ACN. The ELS detector is 25-50% MeOH, (ii) 10—-25% ACN, (iii) 5-20%PrOH and
operated in the impactor off-mode for maximal sensitivity. (iv) 5-40% THF, all vol.%. The end of the gradient is reached
The gain parameter is set at 4, the maximum gain for which after 50 min and these conditions are kept constant till 60 min.
the peaks could be measured within scale. The other twoThe UV—ELS fingerprints obtained for these binary gradients
ELSD parameters (the drift tube temperature and nebulizing are shown irFig. 2 The ELSD operating conditions, used for
gas flow rate) are always adapted according to the leasteach gradient, are summarizedTiable 3 Two criteria, the
volatile mobile phase composition of the gradient. For each number of peaks in the UV and ELS signal, and the number
gradient, they are determined with the ELSD software, or by of additional peaks in the ELS signal evaluate the quality of
use ofTable 1 FromTable ] it follows that for instance, for ~ the fingerprints, obtained with these four gradients. In the UV
a 5/95 (v/v) MeOH/water ratio, one obtains a DTT equal to fingerprints, respectively 52, 75, 63 and 72 peaks are detected
112.25°C (60x 5% + 115x 95%) and a NGF of 3.12l/min  while in the ELS fingerprints, respectively 42, 61, 48 and 59
(1.6 x 5% + 3.2x 95%). These ELSD conditions are initial peaks are seen. The MeOH gradient results in a fingerprint
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Fig. 2. HPLC-UV-ELS profiles of &inkgo bilobaextract (60.05 g/l) separated on a monolithic silica column with a binary gradient of (a) 25-50% MeOH,
(b) 10-25% ACN, (c) 5-20%PrOH and (d) 5-40% THF. The ELSD operating conditions in impactor off-mode are givEabla 3 The arrows indicate
additional peaks seen in the ELS profile.
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Table 3 additional peaks in the ELS signal is important since the

Initial values for the drift tube temperature and the nebulizing gas flow rate Ginkgo bilobaextract contains ginkgolides and bilobalide

computed with the ELSD software for each binary gradient, consisting of . . .

Milli-Q water (+0.05% TFA) and organic modifier with low UV absorbance. Whlle the ELS signals of the

Gradiont (voL% Drift tube & X -~ - MeOH, ACN and THF gradients reveal only two or three
nt(vol.%)  Drifttube temperawred)  Gasflowrate (fmin) - yqitional peaks, four additional peaks are obtained with

g‘gng’ "A"CeSH 11112283 3311 theiso-propanol gradient. The additional peaks are indicated
5:95‘%‘;i—PrOH 112.0 31 with an arrow inFig. 2 Since both criteria, the total number of
5950 THE 112.3 3.1 peaI_<s and the nurr_1ber Qf za_dditiopal peal_<s in the ELS signal,
25-50% MeOH 101.3 2.8 are important quality criteria for fingerprint development, a
10-25% ACN 1105 31 ternary gradient is developed usiisg-propanol and tetrahy-
5-20%I-PrOH  112.0 3.1 drofuran as organic modifiersso-Propanol was selected
5-40% THF 112.3 3.1

since it reveals four additional peaks in its ELS fingerprint
The end goncen@ration of the gradient is reached after 50 min and is kept(Fig_ 2) and tetrahydrofuran since the highest number and
constant til 60 min. the narrowest peaks are obtained for this organic modifier (see
Fig. 2d). FromFigs. 2 and d, it can be seen that the addi-
with the lowest number of peaks in the UV and ELS sig- tional peaks for theso-propanol gradient elute within the first
nal. The highest number of peaks is obtained with the ACN 18 min, while for the tetrahydrofuran gradient the majority of
and THF gradients. Froifig. 2 it can be seen that the ELS the peaks elute after 18 min. A different selectivity between
profile always reveals fewer and smaller peaks than the UV both systems is observed. For this reason, a ternary gradient
profile. The higher detection limit of the ELS detector might of wateriso-propanol/tetrahydrofuran was composed, start-
explain this[11], but also the high drift tube temperature, ing with iso-propanol as organic modifier and increasing the
used in the impactor off-mode, can be the reason. Extracttetrahydrofuran fraction during the gradient. The gradient is
components might evaporate and will not be seen in the ELS shown inTable 4 The UV and ELS fingerprints obtained with
signal. However, the ELS signal has the advantage having athis ternary gradient, reveal 77 and 73 peaks, respectively, and
flatter baseline, while in the UV chromatogram baseline drift are shown irFig. 3. These fingerprints separate more peaks
can occur due to mobile phase UV absorption. The baselinethan those obtained for the binary gradients. Moreover, seven
driftis most pronounced inthe UV fingerprint obtained forthe additional peaks can be seen in the ELS fingerprint. They are
THF gradient (seEig. 2d). Besides the total number of peaks, indicated with a full arrow inFig. 3. Some of these addi-
seen in the UV and ELS fingerprints, also the number of tional peaks were identified, as for instance the ginkgolides

1 400 T T T T T T T T T T T T T T T T T T T T T T T T T

1200 [

1000

.._
ginkgolide B (GB)

800

<«— bilobalide (B)
«— ginkgolide A (GA)

600 l

Intensity (mV)

400

200

«+— ginkgolide C (GC)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1
0 2 4 6 810121416 182022 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Time (minutes)

-200

Fig. 3. HPLC-UV-ELS profiles of &inkgo bilobaextract (60.05 g/l) separated on a monolithic silica column witfPeOH/THF/water + 0.05%TFA gradient
(seeTable 4. ELSD operating conditions: impactor off-mode, DTT = 112X) NGF = 3.1 I/min and gain =4. Full arrows indicate additional peaks seen in the
ELS profile, dotted arrows indicate peaks only seen in the UV profile.
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Table 4 Table 5
Ternary gradient of the fingbinkgo bilobafingerpint Low (=), nominal (0) and high (+) levels used in the three-level screening
Time (min)  iso-Propanol  Tetrahydrofuran Milli-Q + 0.05% designs for the impactor on- and off-modes
(%) (%) TFA (%) Factors €) level (0) level (+) level
0 5 0 95 Impactor off
15 0 13 87 A TemperatureqC) 107 112 117
50 0 40 60 B Gas flow rate (I/min) 5 31 3.6
60 0 40 60 C Gain 1 2 4
Impactor on
A TemperatureqC) 40 55 70
A—C and the bilobalide peak. The UV fingerprintalsoreveals B Gasflowrate (I/min) 5 15 25

peaks which could not be detected in the ELS fingerprint. Gain 4 8 16

These peaks are indicated with a dotted arrow, for instance The ELSD conditions proposed by the ELSD software are underlined.

the peaks at 6.2, 8.4, 8.7, 10.7, 50.8, 52.2, 53.1 and 53.9 min

(Fig. 3). From this, it can be concluded that the UV and ELS  4ff-mode. The drift tube temperature, nebulizing gas flow rate

fingerprints contain complementary information. It is also gnqg gain setting were 122, 3.11/min and 4, respectively.

seen that the obtained ELS signal is rather noisy betweenThese operating conditions are now used as nominal levels

45 and 60 min. In the next section it is therefore examined i, the impactor-off design, except from the gain, for which

whether the S/N ratio in this ELS fingerprint chromatogram  the nominal level is chosen to be 2, which is one value lower

can be increased by optimization of the by the ELSD soft- tnan the highest value for which before the peaks were still

ware proposed input parameters. Furthermore, it is examinedyithin scale. The £) and (+) levels are chosen as.0°C

whether operating the ELS detector in the impactor on—mode(DTT)' +0.5I/min (NGF) anctt one gain settingTable 5

results in better S/N ratios than in the impactor off-mode.  gives an overview of the examined factors and their levels.
Three responses are measured, being the signal-to-noise

4.2. Optimization of the ELSD parameters ratios of the peaks with retention time 7.6, 19.0 and 37.1 min,
respectively Fig. 4). The first two peaks were identified
4.2.1. Design for the ELSD in impactor off-mode as bilobalide and ginkgolide A by use of standards. The
The ELS fingerprint developed in Sectidnl Fig. 3is peaks are selected because they are important components

obtained with the ELS detector operating in the impactor jn the extract and are situated at different locations in the

MO—Tr—T—T—T T T T T T T T T T T T T T T L L L B L S B B
B
a0l (1 ) (QGA) (GB) i
7001 4
(GC)
2 ©
= soof 3 Impactoron  (d) |
2
£ ) (GA)  (GB)
- 2
300 4
L (GC) -
h {0 SN
Impactor off (b)
_100 [l 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1
0 2 4 6 8 101214 1618202224 2628 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Time (minutes)

Fig. 4. HPLC-ELS profiles of &inkgo bilobaextract (60.05 g/l) separated on a monoalithic silica column witfPeOH/THF/water + 0.05%TFA gradient (see

Table 4 before (a and c) and after (b and d) optimization of the ELSD operating conditions in the impactor off- and on-modes, respectively. ELSD operating
conditions: (a) (hominal conditions): DTT =112, NGF =3.11/min, gain =2, (b) (conditions of experiment 7): DTT = 2€7 NGF = 3.6 l/min, gain=1, (c)

(nominal conditions): DTT =558C, NGF =1.5I/min, gain =8, (d) (conditions of experiment 8): DTT =85 NGF =2.5|/min, gain = 16.
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chromatogram. For experiments 4 and 7 of the design (whereTable 7

the drift tube temperature is at high level (s&able 2 Effectsofthe exa_lmined factors on the S/N ratio of peaks 1-3Rggd) for
the highest S/N ratios are obtaine@able §. At higher e ELSDin the impactor of-mode
temperatures, the aerosol droplets are obviously evaporatedactors E-o Eo+ B+
better. The S/N ratios for the first nominal level were Peak 1 Ecritical 5% = 25.67)
found surprisingly high compared to those in experiment (a) temperature<C) 3181 2273 5454
4. However, this is probably due to experimental errors (B) Gas flow rate (I/min) 109 1140 2219
since this was not seen for the following nominal levels. (C)Gain —356 474 117
Experiments 1 and 9 result in the lowest S/N ratios, which (D) Dummy —4.32 0z7 —4.04
is because the drift tube temperature is at thglével. At Peak 2 Ecritical 5% = 18.34)
low temperature, small mobile phase droplets might remain (A) Temperature C) 29.97 1219 4216
after the evaporation step, resulting in a higher noise level. () Gas flow rate (I/min) D3 1123 1715
When the ELS fingerprint chromatograms obtained for the (C) Gain —-153 547 394
nominal experimentKig. 4a) and experiment 7H{g. 4b) (D) Dummy —265 —146 —-411
are compared, it is seen that in the latter a signal with less Peak 3 Ecritical 5% = 33.03)
noise and baseline_drift is _obt_ained. The improvement in the (A) Temperature C) 3927 2701 6627
quality of the ELS fingerprint is clearly observed. (B) Gas flow rate (/min) 157 1727 2894
The factor effects computed for the three peaks are shown(c) Gain —6.41 810 168
in Table 7 From this Table, it can be seen that the effect of (D) Dummy —7.46 230 —-515

changing the temperature from the)(level to the (0) level The significant effects are bold and underlined.
and from the £) level to the (+) level is significant at the
5% level for the three peaks. The effect is positive meaning
that higher S/N ratios are obtained when the temperature of4.2.2. Design for the ELSD in impactor on-mode
the drift tube is at higher level. For the nebulizing gas flow Although the G. biloba L extract is not expected to
rate a positive effect on the S/N ratio, although not signif- contain volatile compounds and thus the use of the impactor
icant, is found. For the gain no significant effect is seen. It off-mode is preferred, itis examined whether better responses
can be concluded that when the temperature is choS€n 5 can be obtained by operating the ELSD in the impactor
higher than the nominal settings, clearly higher S/N ratios on-mode. The initial operating conditions in the impactor on-
are found. Gas flow changes£0.5I/min and changing the  mode, proposed by the ELSD software or manual, are a drift
gain setting into 1 higher or lower value does not statistic sig- tube temperature of 4@ and a gas flow rate of 1.5 I/min for
nificantly influence the S/N ratio. However, the latter factors separations with highly agueous mobile phases and/or steep
do influence the S/N ratios as can be seen by comparing thegradients at a mobile phase flow rate of 1 ml/min. Because
responses for experiments 4 andTalfle §. In experiment of the shielding effect of the impactor on the detection cell,
7, higher S/N ratios are found because the gas flow rate isthese values are fixed and irrespective of the mobile phase
at high level and the gain at low. It can be concluded that composition. Preliminary experiments showed that the drift
the optimal ELSD parameters in the impactor off-mode are tube temperature and the nebulizing gas flow rate may not be
DTT=117°C, NGF =3.6l/min and a gain =1 (s&&g. 4b). chosen below 40C and 0.5 I/min, respectively, for adequate
mobile phase evaporation. Therefore, these values were
selected as the respectively-)( levels. The highest gain
Table 6 . . . _setting for which the peaks still fall within the scale is equal
Responses (S/N ratios) measured for each experiment of the screening design . . .
with the ELSD in the impactor off-mode to 16 and is chosen as (+) level. Taking into account these
minimum and maximum values, the nominal levels of the

Experiment Peak 1 Peak 2 Peak 3 . .. .
, drift tube temperature, nebulizing gas flow rate and gain are

Nozm'”a' SZ% g;; iii chosen equal to 5%, 1.51/min and 8, respectively. The

3 458 412 599 extreme levels for the first two parameters are the nominal

8 627 590 863 value £15.0°C and+1.01/min, respectively. The-{) and
Nominal 487 480 723 (+) level for the gain is4 anq 16, respectively (Fedble 5. '

1 154 137 246 After performing the design experiments, the S/N ratios

5 218 209 315 are measured and the effects are computed. The highest S/N

9 7.5 7.9 164 ratios were found for experiments 7 and 8, where the gas flow
Nominal 538 484 719 rate is at (+) level, while the lowest S/N ratios were found for

4 693 545 880 experiments 2 and 9 which are performed at thelével gas

6 589 514 769 flow rate (seéfables 2 and 8 When a chromatogram of the

! 802 63l 1065 nominal level Fig. 4c) is compared to that of experiment 8
Nominal 517 448 722 (Fig. 4d), it is seen that the noise and baseline drift is reduced

Peaks 1-3 are the peaks with retention time 7.6, 19.0 and 37.1 ifig.id for the conditions in experiment 8.
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Table 8 and a gain of 4. Notice that our design does not contain an
Responses (S/N ratios) measured for each experiment of the screening deSigéxperiment under these conditions (Jeéle 9 and thus no

ith the ELSD in the i t -mod
with the n the impactor on-mode such chromatogram can be shown.

Experiment Peak 1 Peak 2 Peak 3 Comparing the results of both designs, itis seen that for the
Nominal 539 477 710 impactor off-mode, the drift tube temperature is the critical
; %gg 228 122-2 parameter, while for the impactor on-mode the nebulizing gas
8 731 693 1095 flow rate is more important. From the fingerprints obtained for
_ i the optimized ELSD parameters in the impactor dfig( 4b)
Nominal 533 491 735 and on-modeKig. 4d), itis seen that a better sensitivity (more
1 422 376 624 high ks) is found for the f : ded in th
5 443 360 526 _and igher peaks) is found for the fingerprint recorded in the
9 112 273 431 impactor on-mode. However, this signal shows more baseline
Nomi drift.
ominal - - -
4 510 427 688 . . N
6 196 262 506 4.3. Fingerprint repeatability
7 769 67.9 1015
Nominal 486 449 695 The day-to-day repeatability was tested by repeating the

No responses for the third nominal level due to data loss. Peaks 1-3 are the,sepa‘ratlf)n Ofth@'r_]kgo b”ObaBXtraCt_at nominal levell(nom'
peaks with retention time 7.6, 19.0 and 37.1 mitFig. 4. inal design experiments) for both impactor modegy. 5
shows four ELS fingerprints obtained in the impactor off-
Table 9shows the effects of changes in the three factors. mode; two recorded on day onkig. 5a and b) and two on
From this Table, it can be seen that the changes in the nebuthe following day Fig. 5c and d). The number of peaks and
lizing gas flow rate have the highest effect on the S/N ratio. the separation is repeatable, which is the main interest when
Changing the gas flow rate from 0.5 to 1.5 or 2.5 I/min results developing fingerprints. The day-to-day repeatability of the
in clearly higher S/N ratios for peaks 2 and 3 and a statistic ELS fingerprints in the impactor on-mode was also found to
significantly higher S/N ratio for peak 1. Frofable 9 it can be good (fingerprints not shown).
also be concluded that keeping the temperature at the 0O level
(55°C) results in the highest S/N ratio for the three peaks. It 4.4. Quality control of Ginkgo biloba extracts by use of
can thus be concluded that the initial drift tube temperature UV and ELS fingerprints
of 40°C (=(-) level), proposed by the user manual, is not
found the optimal value. The changes in gain were not found ~ Below we propose a methodology to estimate the quality
to have a statistic significant effect. However, frdable it of Ginkgo bilobaextracts by chemometric analysis of their
follows that low gain levels would result in higher S/N ratios. UV and ELS fingerprints. In order to allow such chemomet-
From this, it can be concluded that the optimal ELSD settings fical analysis, the fingerprints should be warped in order to
for the impactor on-mode are DTT =56, NGF =2.51/min align corresponding peaks. Alignment methods, which do
not require peak detection and identification, as for instance,
correlation optimized warping (COW23], parametric time
warping (PTW)24] or semi-parametric time warping (STW)
[25], can be used26]. Chemometric techniques such as
principal component analysj&7] or projection pursuif27]

Table 9
Effects of the examined factors on the S/N ratio of peaks 1-3Hised) for
the ELSD in impactor on-mode

Factors E-0 For E-v allow visualization of the variance betwe&inkgo biloba

Peak 1 Eeritical 5%= 25.34) fingerprints from different origin, based on differences in
(A) TemperatureqC) 2107 —4.46 1661 their peak profile. When standardized extracts are included
(B) Gas flow rate (I/min) 4085 9.07 49.92 in the data analysis, one can use the distance between the
(C) Gain —17.66 863  -903 objects of the standardized extracts and of the extracts under
(D) Dummy 085 -162 —-0.77 . . ) i .

evaluation to estimate how different their fingerprints are.

Peak 2 Eeritical 5% = 32.93) Extracts with large distance from the standardized extracts
(A) TemperatureC) 2018 ~-8.20 1197 have a more dissimilar fingerprint and most likely also their
(B) Gas flow rate (I/min) 252 871 3123 quality is different. Therefore, the quality of such extracts
(C) Gain —19.06 945 —9.61 is considered unacceptable unless the difference in their
(B) Dummy —342 089 —254 fingerprints can be explained. Initially, we would suggest

Peak 3 Ecritical 59 = 48.85) to use both UV and ELS fingerprints for chemometrical
(A) TemperatureiC) 2983 _8.89 2094 analysis to explore their complementary information. The
(B) Gas flow rate (I/min) 356 1054 4420 presence of ginkgolide peaks in the ELS profiles may reveal
(C) Gain —2891 2126 —7.65 to what extend the ginkgolides contribute to the quality of
(D) Dummy —582 095 677 the Ginkgo bilobaextracts. When, on the other hand, the

The significant effects are bold and underlined. guality of an extract can be quantified, it can be modeled
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Fig. 5. HPLC-ELS profiles of &inkgo bilobaextract (60.05 g/l) separated on a monolithic silica column witfPeOH/THF/water + 0.05%TFA gradient (see
Table 9, injections repeated on day 1 (a and b) and day 2 (c and d). ELSD operating conditions in impactor off-mode: DTT,-NGE = 3.1 /min, gain=2
(nominal conditions).

as a function of the fingerprint variables using multivariate used, the impactor on-mode is advised for a better detection
calibration methods such as partial least squares regressionf all components, in spite of the stronger baseline drift.
(PLS) or principal component regression (PQE].
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