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Antioxidant activity was applied.

Some Mallotus species are used in traditional medicine in Vietnam. To use certain species in Western
medicines or as food supplements, they should be identified and quality control should be more strict, for
instance, to avoid the erroneous switching of species. In species with interesting activities, the compounds
responsible for them should be identified. For these identifications, HPLC fingerprint methodology can

In this paper, HPLC fingerprints of different lengths were developed for a number of Mallotus species.
Secondly, a multivariate regression model was constructed to model the antioxidant activity of the Mal-
lotus samples from the HPLC fingerprints with the aim to indicate peaks possibly responsible for this
activity. For this purpose, after data pretreatment, the calibration technique partial least squares (PLS)

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

The Mallotus genus, belonging to the Euphorbiaceae family, is
widely distributed in Vietnam and the south of China. In Vietnam,
roots, stem barks, leaves and fruits of Mallotus species are for hun-
dreds of years used in traditional medicine for the treatment of
chronic hepatitis and enteritis [1]. According to the World Health
Organization (WHO) [2,3], the use of herbal medicines is gaining
importance, even in Western medicines. A major problem is that the
quality of the herbs is not standardized. To avoid side/interaction
effects or the exchanges between herbs, it is extremely important
only to use medicines of which the quality is controlled. Until now
Mallotus traditional medicines are not officially recognized world-
wide because the quality, safety and efficacy are far from sufficient
to meet the criteria set by the authorities.

Several Mallotus species exist, which often exhibit different
pharmaceutical activities. In previous studies about the chemi-
cal components and pharmaceutical activities of Mallotus species,
many compounds were isolated and pharmacologically active con-
stituents were determined [4-12]. This was, for instance, the case
with Mallotus apelta, M. peltatus, M. japonicus, and M. roxburghianus.
Cytotoxic activity (M. apelta), antimicrobial activity (M. peltatus),
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anti-inflammatory activity (M. peltatus, M. japonicus), and antiox-
idant activity (M. japonicus, M. roxburghianus) have been reported
for given Mallotus species.

However, in any herbal medicine and its extracts, there are
tens of unknown components, which are often only present
in low amounts. Moreover, usually variability exists within the
same herbal material [13,14]. The chemical components may vary
depending on harvest seasons, plants origins, drying processes and
other factors [15], and it is difficult to determine and isolate the
whole of phytochemical constituents of herbal medicines[13,14,16].
Above all, identifying only one or some compounds hardly describes
the complex extracts, and will therefore not be reliable enough for
the quality control of these extracts. Moreover, extracts of the dif-
ferent species from a given genus, e.g. Mallotus, can have a very
different composition.

Recently, the chromatographic fingerprint technique was intro-
duced as a tool to evaluate the quality of herbal samples or their
derived products [16-23]. This technique has been accepted by the
WHO as a strategy for the quality assessment of herbal medicines
[2,3] and recently gained more and more attention because it
emphases on the characterization of the complete sample compo-
sition.

However, extracting information from a chromatographic fin-
gerprint with many peaks is not evident. The applied methods will
depend on the goal of the fingerprint analysis. Fingerprints might
be used for identification purposes, e.g. to identify, for instance,
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extracts sold as coming from a given plant, but in fact originating
from another. Other applications can be the identification of the
geographical origin of given plant samples, or the modeling of a
given activity.

The determination of standard compounds as markers in order
to understand bioactivities and possible side effects of active com-
pounds of the herbal medicines, and to enhance the product quality,
also occasionally is applied [24]. However, this kind of determina-
tion does not give a complete picture of a herbal product, because
multiple constituents are usually responsible for its therapeutic
effect(s). These multiple constituents may work synergistically and
could hardly be separated into active parts.

Nowadays, the combination of (hyphenated) chromatographic
instruments and chemometrical approaches for data (pre-
Jtreatment allows a fast investigation of the herbal samples
[21,25-35].

The goal of this paper is to develop chromatographic fingerprints
of aseries of Mallotus samples from different species, origins, and/or
collection times, and to indicate from them the compounds/peaks
responsible for the antioxidant activity of given species. For some
species, samples from different Vietnamese regions were collected,
allowing to evaluate similarities and differences in chemical com-
position and activity.

HPLC fingerprints of different lengths (60, 35, and 22.5min)
were developed for 26 Mallotus extracts from 17 identified and
4 unidentified species. For all extracts, the antioxidant activity
was determined with a 1,1-diphenyl-2-picrylhydrazyl (DPPH) rad-
ical scavenging activity test. These activities were measured in
two different laboratories, according to the methods described in
[36,37] and in [38], respectively. Secondly, it was tried to link the
observed antioxidant activity to given peaks in the HPLC finger-
prints.

2. Theory
2.1. Data preprocessing

The results of a chemometric technique are influenced by the
applied data preprocessing. In this paper, different methods to pre-
treat the data set, i.e. column centering, normalization and standard
normal variate (SNV), were evaluated [27,39].

Column centering removes the column mean from each cor-
responding column. Normalization of the chromatograms scales
the rows to a constant total. In our situation, normalization was
performed by dividing each row by its corresponding norm. The
standard normal variate (SNV) transformation corresponds to row
centering, followed by row scaling, where row centering removes
the row mean from each corresponding row and row scaling divides
each row by its corresponding row standard deviation.

2.2. Exploratory analysis: principal component analysis

Principal component analysis (PCA) is applied for data compres-
sion and visualization. PCA produces so-called latent variables, here
called principal components (PC’s), which are linear combinations
of the original manifest variables. The orthogonal PC’s are con-
structed in such way that they maximize the description of the data
variance in the n x p data matrix X. The projections of the objects
(Mallotus samples) on PC; are the scores on PC;, and the projections
of the variables (time points here) on PC; are the loadings on PC;.
Thus, score plots give information related to the (dis)similarity of
the objects, while on loading plots information about the contribu-
tion of the original variables to a given PC; can be found. For more
detailed information about PCA, we refer to [39].

2.3. Multivariate calibration: partial least squares

Partial least squares (PLS) [39-41] expresses the relation
between the n x p data matrix X and a dependent n x 1 vector y
as follows:

y=Xb+e (1)

where b is the p x 1 vector of PLS regression coefficients, and € the
n x 1 residual vector of y. PLS maximizes the covariance between X
and y, and the model can be written as follows:

X=TP' +E (2)
y=TP'b+e=Tq+e (3)

where T is the n x n score matrix, P the p x n loading matrix rep-
resenting the regression coefficients of X on T, E the n x p residual
matrix of X, and q the n x 1 loading vector representing the regres-
sion coefficients of y on T. The regression coefficients b can be used
to evaluate the contribution of the original variables to the (final)
model [39-41].

To predict the response for a new chromatogram, represented
by a 1 x p row vector x;, the following equation can be applied

Ji=y+xb=y+xPq 4)

where j; is the predicted response value, and y the mean response
value of all samples, used to build the model.

The optimal model complexity is determined by a leave-one-
out cross-validation (LOO-CV) procedure. The root mean squared
error of cross-validation (RMSECV) (Eq. (5)) is then calculated for
PLS models with different complexities, i.e. with different numbers
of PLS components

N . 2
RMSECV(f) = Gevi —¥i)° (5)

In Eq. (5), fis the number of PLS components, N the number of
calibration samples, y; the measured response of the ith sample,
and y.,; the corresponding response predicted from the calibra-
tion model obtained without the ith sample. The RMSECV is then
plotted as a function of the number of PLS components. The opti-
mal complexity usually corresponds to that number leading to the
(nearly) lowest RMSECV.

Afterwards, a PLS model can be validated with an independent
test set. The root mean squared error of prediction (RMSEP) is then
calculated for the elements of the test set [39]. However, in our
situation, no division of the data into model and test set was made,
since only 26 herbal samples were measured (rather small data set),
and since prediction of the antioxidant activity for new samples was
not our first concern. The indication of peaks responsible for this
activity was. Moreover, the actual data set is not very well suited
to build predictive models, since only few samples exhibited an
antioxidant activity and a majority did not.

3. Experimental
3.1. Herbs and preparation of the herbal extracts

26 Mallotus samples, belonging to 17 identified and 4 uniden-
tified species, were collected in different Vietnamese regions
(Table 1). To protect the forests, only the leaves were collected.
The samples were authenticated by Professor Nguyen Nghia Thin
(Hanoi National University, Vietnam). For some species, samples
were collected in different provinces of Vietnam and/or at different
collection times, in order to evaluate similarities and differences in
chemical composition and antioxidant activity.
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Table 1

Mallotus samples: species, origin, collection time, voucher number, and the DPPH scavenging activity results, i.e. (a) %SA results, and (b) ¥DPPH results. (c) Predicted ¥DPPH
values using the PLS model, built with the DPPH results from (b) as response and the 22.5 min HPLC fingerprint signals as independent variables, after normalization and

column centering.

Sample Species Origin Collection time Voucher (a) Average %SA s (b) Average %DPPH S (c) Predicted
number %DPPH
1 Mallotus luchenensis Son La July 2006 01 3.0 2.0 82.0 12.1 78.2
2 Mallotus microcarpus Son La July 2006 02 7.7 1.8 63.6 13.0 67.7
3 Mallotus barbatus Son La July 2006 03 86.1 1.1 79.4 9.7 74.7
4 Mallotus sp1 Van Hoa April 2006 MAO07 34 1.1 113.0 20.5 90.9
5 Mallotus barbatus Hagiang November 2006 NTO1 34.1 1.2 77.2 10.4 80.0
6 Mallotus paniculatus Hagiang November 2006 NTO02 35.1 1.3 82.2 5.5 83.3
7 Mallotus metcalfianus Hagiang November 2006 NTO3 75.7 1.3 51.1 14.6 73.2
8 Mallotus apelta Tam Dao July 2006 MAO1 25.0 1.0 94.5 0.4 94.8
9 Mallotus apelta Tam Dao December 2006 MAO02 27.5 13 92.5 33 99.3
10 Mallotus paniculatus Tam Dao April 2006 MAO3 46.5 2.2 58.4 54 52.1
11 Mallotus sp2 Langson March 2006 SP4 67.9 3.0 56.8 3.9 69.1
12 Mallotus philippinensis Langson March 2006 SP5 59.1 3.2 98.9 12.7 70.4
13 Mallotus macrostachyus Langson March 2006 MAT1 28.5 2.1 75.7 2.2 69.0
14 Mallotus microcarpus Quangbinh March 2006 MA12 10.1 2.1 83.1 2.0 87.5
15 Mallotus pallidus Quangbinh March 2006 MA13 18.6 23 65.3 1.9 53.6
16 Mallotus oblongifolius Quangtri March 2006 MA14 90.7 1.1 6.7 0.3 5.4
17 Mallotus floribundus Langson November 2006 MA15 91.7 2.1 6.4 0.2 24.1
18 Mallotus cuneatus Langson November 2006 MA16 14.8 22 86.9 3.2 90.3
19 Mallotus cuneatus Quangbinh December 2006 MA17 94.6 2.2 10.3 4.1 442
20 Mallotus sp3 Quang tri December 2006 MA18 -2.3 1.2 91.6 4.1 99.1
21 Mallotus yunnanensis Lang Son November 2006 MA19 4.6 13 91.6 6.6 83.2
22 Mallotus poilanei Ke Bang March 2006 MA20 0.7 3.1 90.5 7.0 92.4
23 Mallotus hookerianus Dakrong March 2006 MA22 92.1 2.1 50.0 4.6 45.8
24 Mallotus nanus Daclak March 2006 MA23 84.0 0.1 78.4 9.5 68.8
25 Mallotus sp4 Daclak March 2006 MA24 24.6 1.0 56.9 11.7 61.8
26 Mallotus oreophilus LaoCai June 2006 M25 9.1 1.8 88.8 10.5 91.8

To prepare the herbal extract, 2.5g plant sample (leaves)
was weighed and extracted three times with 25 mL methanol in
an ultrasonic bath (Branson Ultrasonic Corporation, Connecticut,
USA), each time at a temperature between 40 and 50°C dur-
ing 60 min. Then the combined extracts were filtered through a
240 nm pore size filter paper (Whatman, Hanoi, Vietnam) and evap-
orated at decreased pressure (60Pa) at a temperature of 50°C.
This crude extract was split into three parts, i.e. one was used
for the DPPH radical scavenging assay, one for the HPLC analysis,
and the last was kept as a library sample for reference pur-
poses.

3.2. DPPH radical scavenging assay

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
activity test can be performed in different ways. Once the method
described in [36,37] was used, and once that in [38]. The absorp-
tion of visible light by DPPH disappears when DPPH is reduced,
i.e. in the presence of an antioxidant. The antioxidant activity can
be expressed either as lost DPPH absorbance [36,37] or remaining
DPPH concentration [38].

According to [36,37], the free radical scavenging activity (%SA)
was evaluated by the decrease in the colorimetric absorbance of
DPPH, and expressed as follows:

Acontrol - Asample )

Acontrol

%SA = 100 x ( (6)

where Acontrol and Agample are the absorbances at A =517 nm of
the control (solvent dimethylsulfoxide (DMSO)) and the sample
(extract dissolved in DMSO), respectively, after 30 min reaction
time. The larger %SA of a sample is, the higher its antioxidant activ-
ity. The reported results (Table 1) were average values of three
measurements, average %SA, and their standard deviations, s. The
mean standard deviation for the 26 Mallotus samples was 1.7. How-
ever, it needs to be mentioned that this error only represents the
repeatability of the absorbance measurement, and not that of the

whole method. The method repeatability is higher, as can be seen
further.

According to [38], the free radical scavenging activity was
expressed as the percentage remaining DPPH concentration as fol-
lows:

[DPPHyo]
[DPPH, ]

where [DPPH,g] and [DPPHg]| are the DPPH concentrations of the
sample (extract dissolved in methanol) and the control (solvent
methanol), respectively, after 20 min reaction time. Measurements
are performed at A = 515 nm, and all DPPH concentrations were esti-
mated relative to a linear calibration line, i.e. 1.0, 2.5, 5.0, 10.0,
25.0 and 50.0 pg/mL DPPH in methanol. Contrary to the former
approach, in this situation, the smaller #DPPH emaining Of @ sample
is, the higher its antioxidant activity. The reported results (Table 1)
were average values of three independent measurements, average
%DPPH, and their standard deviations, s. Here, the mean standard
deviation, which represents method repeatability, was found to be
6.9.

%DPPH emaining = 100 x (7)

3.3. Development of HPLC fingerprints

3.3.1. Equipment, chemicals and reagents

An Agilent 1050 HPLC system (Waldbronn, Germany), consisting
of avacuum degasser, quaternary pump, autosampler and a variable
wavelength UV detector, was used. Chemstation for LC (Agilent)
acquired and processed the analytical data.

For the chromatographic analyses, either two coupled
Chromolith™ Performance RP-18e columns (100 mm x 4.6 mm
.D.) with a Chromolith guard column RP-18e (5 mm x 4.6 mm I.D.),
or a Lichrospher 100 RP-18 column (125 mm x 4 mm I.D., 5 wm)
with a guard column (5 mm x 4.6 mm L.D.), were used. All columns
and guard columns are from Merck (Darmstadt, Germany).

HPLC grade methanol, acetonitrile (both from Fisher Scientific,
Leicestershire, UK), trifluoroacetic acid (TFA) (Sigma-Aldrich, Stein-
heim, Germany), and MilliQ water (obtained from a MilliQ water
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Fig. 1. Chemical structures of two flavonoids, (a) myricetin and (b) quercetin.

purification system, Millipore, Bedford, MA) were used to pre-
pare the mobile phases. Besides with the applied online degassing
system, all solvents were degassed prior to HPLC analysis on an
ultrasonic bath (Branson Ultrasonic Corporation) during 15 min.

Injected standard compounds (Fig. 1) were myricetin (Sigma,
Steinheim, Germany) and quercetin (Merck). Both compounds are
flavonoids, which are known to possess antioxidant activity. They
were injected to verify their presence or absence in given Mallotus
samples.

3.3.2. Sample preparation for HPLC analysis

To prepare the samples for HPLC analysis, 50 mg crude extract
was weighed and diluted to volume with methanol in a 2.0 mL vol-
umetric flask. Then, the solution was mixed during 15min on a
shaking bath (Edmund Biihler shaking bath, Vel, Leuven, Belgium),
and filtered through a filter of Schleicher & Schuell (Dassel, Ger-
many) with a diameter of 125mm and a pore size smaller than
2 pm. This was followed by filtration through a 25 mm syringe fil-
ter (VWR International, Leuven, Belgium) having a polypropylene
membrane with 0.2 wm pore size.

To prepare the standard compound solutions, 1.0 mg standard
was weighed, dissolved, and brought to volume with methanol in a
10.0 mL volumetric flask. Then, the same procedure as for the crude
extracts, i.e. mixing and filtering, was followed.

3.3.3. Finally chosen chromatographic conditions

As stationary phase, the two coupled Chromolith™ Perfor-
mance RP-18e columns (100 mm x 4.6 mm [.D.) with a Chromolith
guard column RP-18e (5mm x 4.6 mm LD.) were selected. The
mobile phase consisted of (A) 0.05% TFA in ACN, and (B) 0.05% TFA
in MilliQ water. Gradient elution was applied. For the 60 min finger-
prints, the gradient program was 5-20% A in 0-25 min, 20-95% A

in 25-50 min, and 95% A in 50-60 min interval. For the 35 min fin-
gerprints, it was 5-25% A in 0-12.5 min, 25-95% A in 12.5-25 min,
and 95% A in 25-35 min interval, and for the 22.5 min fingerprints
10-30% A in 0-6.25 min, 30-95% A in 6.25-12.5 min, and 95% A in
12.5-22.5 min interval.

Furthermore, the column temperature was 25 °C, the flow rate
1.0mL/min, the injection volume 10 wL, and the detection wave-
length 254 nm.

3.4. LC-MS analyses

After the multivariate indication of the peaks potentially respon-
sible for the antioxidant activity, the substances composing these
peaks should be identified, isolated, and further examined. For
this purpose, some preliminary LC-MS analyses were performed in
order to obtain more information about the interesting components
in the (highly) active antioxidant samples.

LC-MS analyses were performed in both positive and negative
modes on three antioxidant samples: Mallotus oblongifolius (sample
16), Mallotus floribundus (sample 17), and Mallotus cuneatus (sample
19).

The LC-MS experiments were executed on an Alliance HPLC
(Waters, Milford, Massachusetts, USA) equipped with an auto sam-
pler and column oven. MS-detection was conducted using an ion
trap LCQ-advantage system (Thermo Fisher Scientific, Waltham,
Massachusetts, USA) equipped with an APCI interface. The mass
spectrometer was operated in both the positive and negative ion-
ization/detection modes. The following APCI inlet conditions were
used. Nitrogen was used both as a nebulising gas and as a drying
gas at a temperature of 450 °C. The capillary temperature was set at
200°C. In the positive mode, the capillary voltage was set to 26V,
the source voltage to 6 kV and the source current to 5 pA. In the neg-
ative mode, the capillary voltage was set to —4V, the source voltage
to 4.5kV and the source current to 80 pA. In the two modes 25V
of collision energy was applied. The system had a mass precision of
0.5 mass unit. Therefore, a difference of £0.5 mass units between
the value obtained and the real value is possible.

3.5. Data analysis

Computations were performed on a computer with an Intel
1.70GHz Pentium-IV processor and 256 MB RAM, running
Microsoft Windows XP and Matlab™ 6.5 (The MathWorks, Natick,
MA). All data (pre)processing methods (column centering, normal-
izing, SNV, and PLS) are performed using m-files, written in Matlab
version 6.5.

4. Results and discussion
4.1. DPPH radical scavenging assay

To compare both DPPH radical scavenging assays, the 100-
%DPPH results are plotted as a function of the %SA results (Fig. 2).
On the plot, the region where samples exhibit clear antioxidant
activity, i.e. when both 100-%DPPH and %SA are larger than 50%, is
indicated.

Fig. 2 shows that most Mallotus samples of the data set do
not possess antioxidant activity. Only three Mallotus samples were
considered to have a high antioxidant activity, i.e. M. oblongifolius
(sample 16), M. floribundus (sample 17), and M. cuneatus (sample
19). Mallotus hookerianus (sample 23) and Mallotus metcalfianus
(sample 7) were found to possess a moderate antioxidant effect.
Mallotus sp2 (sample 11) is indicated as being antioxidant active
from the %SA assay, and as borderline active from the ¥DPPH assay.

Sometimes both approaches lead to different conclusions con-
cerning the antioxidant activity. For example, Mallotus barbatus
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Fig. 2. 100-%DPPH results as a function of %SA results.

(sample 3), Mallotus nanus (sample 24), and Mallotus philippinen-
sis (sample 12) have contradictory results, i.e. they are considered
antioxidative from the %SA results, while from the %DPPH results,
these samples are not considered antioxidative at all.

4.2. Development of HPLC fingerprints

4.2.1. Preliminary experimental work

Initially, the methodology proposed in [42] was followed. It
consisted of a sample preparation procedure, followed by an exper-
imental design approach to evaluate two chromatographic columns
and two organic modifiers.

The herbal extract, chosen for the preliminary work, was the
one possessing the highest antioxidant activity, according to the
%SA results (Table 1), i.e. the extract of M. cuneatus (sample 19 in
Table 1).

In the proposed sample preparation [42], 1 g herb is extracted in
20.0 mL 65% ethanol during 15 min on a shaking bath, followed by
filtration. Because the actual samples were crude extracts, 50 mg
was weighed and dissolved in either 2.0 mL MeOH (sample A) or
2.0mL 65% ethanol (sample B), followed by mixing during 15 min
on a shaking bath and filtration. Both preparations were injected
under the four experimental conditions defined below.

Then, a 22 full factorial design was performed (Table 2). In four
experiments, two factors were varied. The first was the chromato-
graphic column (stationary phase) with as level (+1) two coupled
Chromolith™ Performance RP-18e columns (100 mm x 4.6 mm
.D.) with Chromolith guard column, and as level (—1) a Lichrospher
100 RP-18 column (125 mm x 4 mm L.D., 5 wm) with guard column.
The second factor was the type of organic modifier in the mobile
phase, with as level (+1) methanol and as level (—1) acetonitrile.
The mobile phase consisted of (A) 0.05% TFA in organic modifier,
and (B) 0.05% TFA in MilliQ water. The total run time was 60 min.
The initial gradient elution program was 5-95% A in 0-50 min, fol-
lowed by isocratic 95% A during 10 min. Further, the experimental
conditions described in Section 3.3.3 were applied.

It was found that the sample preparation in methanol (sample A)
was preferred, since more peaks were observed in the fingerprints.
From the four design experiments, it was decided to use the cou-
pled monolithic silica columns as stationary phase and acetonitrile

Table 2
22 full factorial design.

Experiment number Factor 1: column Factor 2: organic modifier

1 -1 -1
2 -1 +1
3 +1 -1
4 +1 +1

nm (DAGPTIMI 03.0)

(a) VDA,
mAU

6004
500
4004
300
2004
1004

04
0 10 20 30 40 50 min

(b) wmra
mAU

2004

nm (DAGPTIME- AD101.0)

150+

1504

507

(C) VD1 A
mAU

300

nm (DAGP TIMi 1.0

2504
2004
150
100

501
D_
0 10 20 30 40 50 min

Fig. 3. Gradient optimization of the 60 min fingerprint of Mallotus cuneatus (sample
19 in Table 1). Applied gradients are (a) 5-95% A in 0--50 min, and isocratic 95% A
in 50-60 min; (b) 5-15% A in 0-25 min, 15-95% A in 25-50 min, and isocratic 95% A
in 50-60 min; (c) 5-20% A in 0-25 min, 20-95% A in 25-50 min, and isocratic 95% A
in 50-60 min.

as modifier for further development. These conditions led to the
highest number of peaks observed and to a more stable baseline.
Further optimization was then performed, in which column
length and gradient program were examined. Both two and three
coupled monolithic columns were tested. The gradient described
above was used, and the other conditions were as in Section 3.3.3.
The pressure was exceeding the recommended values when cou-
pling three columns, which may damage them. Additionally, no or
only a small improvement in the fingerprints was obtained. There-
fore, it was chosen to use the two coupled Chromolith™ columns
with a Chromolith guard column for further experiments.
Secondly, the gradient was adapted. All other conditions
remained constant. The initial gradient results in the fingerprint,
shown in Fig. 3a, where mainly peaks were seen from 6 to 30 min,
and a considerable overlap occurred. Therefore the steepness of the
gradient was adapted. A second gradient was 5-15% A in 0-25 min,
15-95% A in 25-50 min, and 95% A in 50-60 min. In the new finger-
print (Fig. 3b), peaks were now found from 3 to 60 min. However,
there are still overlapping peaks in the region between 30 and
40 min. The third and finally selected gradient is described in Sec-
tion 3.3.3, and the thus obtained fingerprint shown in Fig. 3c. The
separation degree of the peaks was highest for the latter gradient.

4.2.2. Fingerprints of the Mallotus species
The experimental conditions for the 60 min HPLC fingerprints
are described in Sections 3.3.2 and 3.3.3. The fingerprints obtained
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Fig.4. Overlay of (a) 60 min, (b) 35 min, and (¢) 22.5 min HPLC fingerprints for the 26
Mallotus samples (black solid lines, —) and the two standard compounds myricetin
and quercetin (black dotted lines, ---).

for the 26 Mallotus samples are shown in Fig. 4a. Since the 26
examined Mallotus samples at least belong to 17 different species
(see Table 1), very divergent fingerprints were obtained (see also
Section 4.3.2), probably because the chemical constituents dif-
fer considerably between the species. Therefore, possibly different
pharmaceutical activities can be attributed to different species.
Since it is always desired to decrease analysis times, but main-
taining the information, a protocol for 35 min fingerprints was also
developed. When the peaks responsible for the antioxidant activ-
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Fig. 5. PC1-PC2 score plot for the 26 Mallotus samples, using the 60 min HPLC fin-
gerprint signals as independent variables and normalization followed by column
centering as preprocessing. The following groups are distinguished: (a) samples 16-
17-19 (black), (b) samples 3-7-25-26 (red), (c) samples 2-6-14-15-20-22-23 (cyano),
(d) samples 10-11-12 (magenta), (e) samples 1-5-13-18-21-24 (blue), and (f) sam-
ples 4-8-9 (green). (For interpretation of the references to color in this figure legend,
the reader is referred to the web version of the article.)

ity are still separated in the shorter fingerprints, this would lead
to a decrease in analysis time and costs (e.g. less mobile phase
consumption). The analysis time was reduced from 60 to 35 min
by changing the gradient elution program. Initially, only the slope
of the gradient was changed, resulting in 5-20% A in 0-12.5min,
20-95% A in 12.5-25min, and isocratic 95% A in 25-35 min. The
gradient was then further optimized, similarly as for the 60 min
fingerprints, and the finally chosen gradient is described in Sec-
tion 3.3.3. The other experimental conditions were the same as
for the 60 min fingerprints. The resulting 35 min fingerprints for
the 26 Mallotus samples are presented in Fig. 4b. Although analysis
times were reduced, similar profiles as in Fig. 4a are distinguished.
However, some peaks, that were baseline separated in the 60 min
fingerprints, are overlapping in the 35 min fingerprints.

Then it was tried to further reduce the analysis time to 22.5 min.
This was again achieved by changing the gradient similarly as above,
leading to 5-25% A in 0-6.25 min, 25-95% A in 6.25-12.5 min, and
isocratic 95% A in 12.5-22.5 min. Again the gradient was further
optimized, and the finally chosen gradient is described in Section
3.3.3. The other experimental conditions remained again the same
as for the 60 and 35 min fingerprints. The 22.5min fingerprints
are shown in Fig. 4c. The major peaks can still be distinguished.
However, as expected, more peaks are co-eluting or overlapping,
compared to the longer fingerprints. Nevertheless, most peaks
responsible for the antioxidant activity are still clearly visible and
indicated when evaluating the regression coefficients (see further).

It is also observed that the two standards myricetin and
quercetin were not or only in small amounts present in the sam-
ples. This implies that the antioxidant activity is probably due to
other flavonoids or to tannins in the herbal extracts. These other
compounds, responsible for the antioxidant activity, should thus
be indicated on the fingerprints by evaluating the regression coef-
ficients. In a later stage, these compounds should then be identified.

4.3. Data (pre-)treatment and multivariate data handling

4.3.1. Preprocessing
Prior to PCA analysis or to constructing a PLS calibration model,
the fingerprint data was preprocessed. Different preprocessing
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methods were evaluated, i.e. column centering, normalization fol-
lowed by column centering, and standard normal variate (SNV)
transformation followed by column centering.

Aligning the corresponding peaks is recommended, because
shifts in retention time are observed between chromatograms
(Fig. 4). For this purpose, a technique, called correlation optimized
warping (COW) [43-45], was applied. However, the aligned data
set lead to worse results than the non-aligned, probably because of
the large diversity in species, which makes it not evident to align
the chromatograms. Possibly peaks, considered as corresponding,
match different components since the Mallotus species had very
divergent fingerprints (see Fig. 4). For this particular data set, it
is rather difficult to know which peaks correspond and should be

aligned, since no diode array detector (DAD) or mass spectrometry
(MS) data for all samples was available. Thus, aligning peaks was not
evident, because peaks representing different components can be
forced to align. Therefore, in this study, it was decided to interpret
the non-aligned chromatograms.

4.3.2. Principal component analysis

Principal component analysis (PCA) was applied on the three
preprocessed data sets, to verify whether the extracts with high
antioxidant activity could be distinguished on the score plots. How-
ever, regardless the applied preprocessing, no group of extracts with
antioxidant activity could be clearly distinguished on any score plot.



760 N. Nguyen Hoai et al. / Journal of Pharmaceutical and Biomedical Analysis 50 (2009) 753-763

For example, when applying normalization followed by column
centering as preprocessing, i.e. the approach leading to the best
predictive PLS models (see Section 4.3.3), the PC1-PC2 score plot,
shown in Fig. 5, is obtained. Although the three samples with a
high antioxidant activity (a), i.e. M. oblongifolius (sample 16), M.
floribundus (sample 17), and M. cuneatus (sample 19), are situated
together, they are not clearly separated from group(s) containing
Mallotus samples without antioxidant activity.

Some groups can be distinguished on the PC1-PC2 score plot,
i.e. (a) with samples 16-17-19, (b) with samples 3-7-25-26, (c) with
samples 2-6-14-15-20-22-23, (d) with samples 10-11-12, (e) with
samples 1-5-13-18-21-24, and (f) with samples 4-8-9. In Fig. 6, the
fingerprints are presented per group. Each group contains similar
fingerprints, and between groups the fingerprints are clearly dif-
ferent. Thus, mainly the variation caused by the differences in the
fingerprints is revealed in the score plot. From the fingerprints of
group (f), it can be concluded that Mallotus sp1 (sample 4) probably
belongs to the species M. apelta, since exactly the same fingerprint
profile as for the two M. apelta samples in this group is obtained.
However, the goal of this paper is not identification or authen-
tification of the samples by means of the fingerprints. The above
assumption about Mallotus sp1 (sample 4) should be verified by a
botanical authentication of the sample.

Since in Fig. 5, the three samples of group (f) are located far from
all other groups along PC2, they were excluded from the data set X,
and the PCA was repeated. From the thus obtained PC1-PC2 score
plot (not shown), groups (b) and (d) are still clearly distinguished
and separated from the other samples. The antioxidant samples of
group (a) are now better separated from groups (c) and (e). How-
ever, an overlap occurred between the samples of groups (c) and

(e).

4.3.3. Partial least squares

As mentioned in Section 2, since the total number of samples
(26) is rather small and since prediction for new samples was not
our first concern, no division was made into a calibration set to build
a PLS model and a test set to validate the predictive properties. It
also should be noticed that the actual data set is not so well suited
to build models to predict the antioxidant activity, given the high
fraction of non-active samples. However, our main concern is to
focus on the indication of antioxidative peaks from the modeling
results.

PLS models were built from the data matrix X containing the 26
Mallotus fingerprints and the response vectory, i.e. either the %SA or
the %DPPH results. The optimal model complexity was determined
from the RMSECV calculated, for models with different numbers of
PLS components, by LOO-CV. In general, the simplest model with
(nearly) the lowest RMSECV was chosen. Both the influences of the
three preprocessing approaches and of the two series of antioxi-
dant test results on the predictive ability of the PLS model were
evaluated. The RMSECV’s of the different PLS models are given in
Table 3.

Generally, the RMSECV was smaller when using the %DPPH
results. Possibly, the replicated %¥DPPH results are more represen-
tative for the antioxidant test than those of %SA (see higher) where
the error of the method seems to be underestimated. Concern-
ing the preprocessing methods, in general, normalization followed
by column centering leads to PLS models with a (slightly) better
predictive ability. For the different fingerprint lengths, the one of
22.5 min had the best results.

In Table 1, the predicted DPPH values, obtained from the latter
fingerprints when using normalization followed by column cen-
tering as preprocessing, are given for the 26 Mallotus samples. It
can be concluded that some predictions are not very good (Fig. 7).
The reason is to be found in the small number of (intermediate)
antioxidative samples available, as already mentioned higher.

Table 3

Number of PLS components (#) and RMSECV for the PLS models, build based on
the 60, 35, and 22.5 min fingerprints. Both the influence of the three preprocessing
approaches and the two antioxidant tests on the predictive ability of the PLS model
was evaluated.

Fingerprint Preprocessing %SA %DPPH
length (min)
# RMSECV  # RMSECV
60 Column centering 4 27.8 4 153
Normalization and column 3 24.1 5 12.5
centering
SNV and column centering 4 23.7 3 13.9
35 Column centering 3 28.8 5 13.1
Normalization and column 3 253 6 9.9
centering
SNV and column centering 2 25.8 7 12.0
22.5 Column centering 3 26.5 5 12.3
Normalization and column 3 23.7 6 9.0
centering
SNV and column centering 3 24.0 4 11.7

To evaluate the contribution of the substances/peaks to the final
PLS model, the regression coefficients are plotted. These coeffi-
cients (black lines, —) are added in Fig. 6, to the HPLC fingerprints.
The peaks of the two standard compounds (dotted lines, ----),
myricetin (1st peak) and quercetin (2nd peak), also were. Although
the three antioxidant active samples (16, 17, 19) are not largely
separated from the other samples on the PC1-PC2 score plot, a
clear difference between the active and the non-active samples
was noticed when comparing the fingerprints and the regression
coefficients.

Peaks with major negative regression coefficients are indicated
in Fig. 6a—-d. They contribute largely to the PLS model [39-41]. They
correspond to compounds with either antioxidant activity or to
compounds for which the concentration has a similar behavior as
the antioxidant activity. The concentration of the latter compounds
increases with an increase of the antioxidant activity in the herbal
extract, i.e. when ZDPPH becomes smaller.

In Fig. 6a, the 60min fingerprints of group (a), containing
M. oblongifolius (sample 16), M. floribundus (sample 17), and M.
cuneatus (sample 19), are plotted together with the regression coef-
ficients. These samples have an antioxidant activity, and contain
compounds (indicated with | ) for which negative regression coef-
ficients are observed. In Fig. 6b, the fingerprints of group (b) are
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Fig. 7. Predicted %DPPH values as a function of the measured %DPPH values (see
Table 1). The samples are labeled as in Fig. 5.
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presented, which contains a sample with intermediate antioxidant
activity (M. metcalfianus (sample 7)), while in Fig. 6¢, those of group
(c) are shown, which contains another sample with intermediate
antioxidant activity (M. hookerianus (sample 23)). These two finger-
prints also have some peaks with negative regression coefficients
(see Fig. 6b and c), although those for sample 23 are quite small.
When looking more closely at Table 1, five other samples could also
be considered moderately active (50% < %DPPH < 65%), i.e. Mallotus
microcarpus (sample 2), Mallotus paniculatus (sample 10), Mallotus
sp2 (sample 11), Mallotus pallidus (sample 15), and Mallotus sp4
(sample 25). From Fig. 6b-d, it can be seen that their fingerprints
also contain some peaks with negative regression coefficients.

In the following, the fingerprints of samples from the same
species were compared. For both M. apelta samples (8, 9) (Fig. 6f),
both M. microcarpus samples (2, 14) (Fig. 8a), and both M. panicu-
latus samples (6, 10) (Fig. 8b), similar fingerprints were obtained.
Thus, these samples have a similar chemical composition. The two
M. apelta samples (8, 9) showed similar antioxidant activity results,
i.e. were non-active (Table 1). For the M. microcarpus samples (2,
14), differences in the antioxidant activity were observed. The com-
pound causing a negative regression coefficientis presentin alarger
amount in sample 2 than in sample 14, possibly explaining why
sample 2 has alower %DPPHemaining (Se€ Table 1 and Fig. 8a). A sim-
ilar observation was made for the two M. paniculatus samples (6,
10), possibly explaining why sample 10 has a lower ¥DPPH emaining
than sample 6 (see Table 1 and Fig. 8b).

However, for both M. barbatus samples (3, 5) (Fig. 8c) and both
M. cuneatus samples (18, 19) (Fig. 8d), dissimilar fingerprints were
obtained. This explains why these samples were not located in each
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others vicinity on the PC1-PC2 score plot. Their chemical compo-
sition is different. Possibly, this is caused by the different origin of
the samples. Both M. barbatus samples (3, 5) were considered non-
active, while the M. cuneatus samples (18, 19) exhibited a different
activity, i.e. sample 19 was highly active, while sample 18 was not
(Table 1). In the fingerprints, the compounds with negative regres-
sion coefficients are present in sample 19, but hardly in sample 18
(Fig. 8d).

In a search for interesting and possibly new antioxidant com-
pounds, in a next step, the substances from the relevant peaks
should be further identified, isolated, and examined. Preliminary
LC-MS experiments have been performed in both positive and neg-
ative modes on the three highly antioxidant active samples of group
(a): M. oblongifolius (sample 16), M. floribundus (sample 17), and M.
cuneatus (sample 19).

Most peaks were observed in the negative mode. In this mode,
the three samples show common peaks at about 16.8 and 24.5 min.
In the mass-spectra, three different components could be dis-
tinguished at 16.8 min, i.e. component A at 301 m/z [A—H]~ and
414 m|z [A—H-TFA]~, component B at 463 m/z [B—H]|~ and 576 m/z
[B—H-TFA]~, and component C at 633m/z [C—H]~ and 746m|z
[C—H-TFA]-, with TFA equal to 113 amu (atomic mass unit). For
these three samples, component A (301 m/z) could also be found
at 24.5 min. In Fig. 9, the MS-spectra obtained at 16.8 and 24.5 min
are presented for sample 17. Because of the difference of 162 amu in
mass between components A and B, which corresponds to a hexose,
component A at 24.5 min is most probably the eluting aglycon of
component B, while component A found at 16.8 min is the aglycon
formed by fragmentation of component B during MS analysis. Fur-
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Fig. 8. The PLS regression coefficients plotted together with the 60 min fingerprints of (a) Mallotus microcarpus samples (2,14), (b) Mallotus paniculatus samples (6,10), (c)
Mallotus barbatus samples (3,5), and (d) Mallotus cuneatus samples (18,19). Peaks with negative regression coefficients and occurring in different concentrations are indicated.
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Fig. 9. MS-spectra obtained in negative mode for the peaks in sample 17 at (a) 16.8 and (b) 24.5 min.

thermore, sample 16 shows one extra component at about 24.5 min
compared to the other two samples, i.e. component D at 211 m/z
[D—H]~ and 324 m/z [D—H-TFA]~. Sample 17 shows an extra com-
ponent at about 24.50 min compared to the other two samples, i.e.
component E at 395m/z [E-H]~ and 508 m/z [E-H-TFA]".

In positive mode, only for samples 16 and 19 peaks were
observed. For sample 16, a peak was detected in positive mode at
about 24.5 min, containing components F at 414 m/z [F+H|* and G at
397 m/z[G+H]* (Fig. 10). Since component F has an odd mass (413), it
is possible that a nitrogen atom (N) is present in the molecule. Com-
ponent G possibly is a fragmentation product of component F, since
successive losses of 17 amu, which may account for the loss of NH3,
18 amu, corresponding to the loss of H,0, and 15 amu, represent-
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ing the loss of CH3, were observed (Fig. 10). For sample 19, a peak
was detected in positive mode at about 31.5 min, corresponding to
component I at 373 m/z [I+H]*.

The compounds from the relevant peaks should be further iso-
lated, purified and identified. Identification of compounds can, for
example, be done by comparing the MS-spectra with those of stan-
dards, or by deducing the structure of the compounds by means
of MS/MS or nuclear magnetic resonance (NMR) analysis. Never-
theless, this involves future work for analysts with the necessary
required expertise.

On the other hand, peaks with positive regression coefficients
(Fig. 6f) possibly correspond to compounds reducing antiox-
idant activity, or more general to compounds for which the

39698

7
413786
2 398.03
15
36484 -18

34713
28908 e i

379.05
381.74

265.96 30509 315.13

280 300 320 340 360 380 400 420

Fig. 10. MS-spectrum obtained in positive mode for the peak in sample 16 at 24.5 min.
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concentration has an opposite behavior as the antioxidant activity.
The concentration of these compounds increases with a decrease
of the antioxidant activity in the herbal extract.

In Fig. 6f, the 60 min fingerprints for group (f), containing Mal-
lotus sp1 (sample 4), M. apelta (sample 8), M. apelta (sample 9),
are plotted. From earlier research, it is known that M. apelta has
cytotoxic activity [8,10,11]. The peaks with positive regression coef-
ficients are largely present in these three samples, possessing no
antioxidant activity. Possibly, these peaks have cytotoxic activity,
but this also needs further research.

5. Conclusions

In this study, HPLC fingerprints of Mallotus species were devel-
oped. A multivariate regression model was constructed to model
the antioxidant activity of the Mallotus species samples from the
HPLC fingerprints and to indicate peaks responsible for this activity.

The PLS model with the best predictive ability was obtained
from the 22.5 min fingerprints. From comparing the peaks in the
fingerprints with the regression coefficients of the model, peaks
probably responsible for antioxidant activity can be indicated. In
a next step, the substances from these relevant peaks should be
identified, isolated, and further examined.

Acknowledgements

The financial support from the DWTC Bilateral Project
(BIL/03/V09) between Belgium and Vietnam is greatly appreciated.

Bieke Dejaegher is a post-doctoral fellow of the Fund for Scien-
tific Research (FWO), Vlaanderen, Belgium.

References

[1] D.T. Loi (Ed.), Glossary of Vietnamese Medicinal Plants, Science & Technics
Publication, Hanoi, Vietnam, 2001.

[2] WHO, General Guidelines for Methodologies on Research and Evaluation of Tra-
ditional Medicines, WHO, Geneva, 2000, p. 1, http://www.who.int/ (accessed
on June 26, 2008).

[3] Guidelines for the Assessment of Herbal Medicine, World Health Organization,
Munich, Germany, 1991, http://www.who.int/en/ (accessed on June 26, 2008).

[4] X.-F. Cheng, Z.-M. Meng, Z.-L. Chen, A pyridine-type alkaloid from Mallotus
apelta, Phytochemistry 49 (1998) 2193-2194.

[5] T.-Y.An, L.-H. Hu, X.-F. Cheng, Z.-L. Chen, Benzopyran derivatives from Mallotus
apelta, Phytochemistry 57 (2001) 273-278.

[6] D.Chattopadhyay, G. Arunachalam, A.B. Mandal, T.K. Sur, S.C. Mandal, S.K. Bhat-
tacharya, Antimicrobial and anti-inflammatory activity of folklore: Mallotus
peltatus leaf extract, J. Ethnopharmacol. 82 (2002) 229-237.

[7] R. Ishii, M. Horie, K. Saito, M. Arisawa, S. Kitanaka, Inhibition of
lipopolysaccharide-induced pro-inflammatory cytokine expression via sup-
pression of nuclear factor-kB activation by Mallotus japonicus phloroglucinol
derivatives, Biochim. Biophys. Acta Gen. Subj. 1620 (2003) 108-118.

[8] K. Phan Van, M. Chau Van, H. Hoang Thanh, N. Nguyen Hoai, L. Jung Joon, K.
Young Ho, Pentacyclic triterpenoids from Mallotus apelta, Arch. Pharm. Res. 27
(2004) 1109-1113.

[9] V.S. Rana, M.S. Rawat, G. Pant, A. Nagatsu, Chemical constituents and antiox-
idant activity of Mallotus roxburghianus leaves, Chem. Biodivers. 2 (2005)
792-798.

[10] K. Phan Van, D. Nguyen Hai, B. Ha Viet, H. Hoang Thanh, M. Chau Van, H. Le
Mai, L. Jung Joon, K. Young Ho, New cytotoxic benzopyrans from the leaves of
Mallotus apelta, Arch. Pharm. Res. 28 (2005) 1131-1134.

[11] L. Chinh Van, M. Chau Van, L. Jung-Joon, J. Sang-Hun, Exploration of essential
structure of Malloapelta B for the inhibitory activity against TNF induced NF-«B
activation, Arch. Pharm. Res. 29 (2006) 840-844.

[12] H. Tabata, T. Katsube, T. Tsuma, Y. Ohta, N. Imawaka, T. Utsumi, Isolation and
evaluation of the radical-scavenging activity of the antioxidants in the leaves
of an edible plant, Mallotus japonicus, Food Chem. 109 (2008) 64-71.

[13] R. Bauer, Quality criteria and standardization of phytopharmaceuticals: can
acceptable drug standards be achieved? Drug Inf. J. 32 (1998) 101-110.

[14] V.E.Tyler, Phytomedicines: back to the future, J. Nat. Prod. 62 (1999) 1589-1592.

[15] G.B. Mahady, H.H.S. Fong, N.R. Farnsworth, Botanical Dietary Supplements:
Quality, Safety and Efficacy, Swets and Zeitlinger Publishers, Lisse, The Nether-
lands, 2001.

[16] Y.-Z. Liang, P. Xie, K. Chan, Quality control of herbal medicines, ]. Chromatogr.
B 812 (2004) 53-70.

[17] M. Gu, E. Ouyang, Z. Su, Comparison of high-speed counter-current chro-
matography and high-performance liquid chromatography on fingerprinting
of Chinese traditional medicine, ]. Chromatogr. A 1022 (2004) 139-144.

[18] L. Zhao, C. Huang, Z. Shan, B. Xiang, L. Mei, Fingerprint analysis of Psoralea
corylifolia L. by HPLC and LC-MS, J. Chromatogr. B 821 (2005) 67-74.

[19] Y.-B. Ji, Q.-S. Xu, Y.-Z. Hu, Y. Vander Heyden, Development, optimization and
validation of a fingerprint of Ginkgo biloba extracts by high-performance liquid
chromatography, J. Chromatogr. A 1066 (2005) 97-104.

[20] A.M. van Nederkassel, V. Vijverman, D.L. Massart, Y. Vander Heyden, Develop-
ment of a Ginkgo biloba fingerprint chromatogram with UV and evaporative
light scattering detection and optimization of the evaporative light scattering
detector operating conditions, ]. Chromatogr. A 1085 (2005) 230-239.

[21] AM. van Nederkassel, M. Daszykowski, D.L. Massart, Y. Vander Hey-
den, Prediction of total green tea antioxidant capacity from chro-
matograms by multivariate modeling, J. Chromatogr. A 1096 (2005) 177-
186.

[22] Y.-B. Ji, G. Alaerts, C.-J. Xu, Y.-Z. Hu, Y. Vander Heyden, Sequential uniform
designs for fingerprints development of Ginkgo biloba extracts by capillary
electrophoresis, J. Chromatogr. A 1128 (2006) 273-281.

[23] G.Alaerts, N. Matthijs, ]. Smeyers-Verbeke, Y. Vander Heyden, Chromatographic
fingerprint development for herbal extracts: a screening and optimization
methodology on monolithic columns, J. Chromatogr. A 1172 (2007) 1-8.

[24] R. Capasso, A.A. Izzo, L. Pinto, T. Bifulco, C. Vitobello, N. Mascolo, Phytotherapy
and quality of herbal medicines, Fitoterapia 71 (Suppl. 1) (2000) S58-S65.

[25] B.Lavine, J. Workman, Chemometrics, Anal. Chem. 78 (2006) 4137-4145.

[26] F.Gong,Y.-Z.Liang, Q.-S. Xu, E.-T. Chau, K.-M. Ng, Evaluation of separation quality
in two-dimensional hyphenated chromatography, Anal. Chim. Acta 450 (2001)
99-114.

[27] C.-J. Xu, Y.-Z. Liang, E-T. Chau, Y. Vander Heyden, Pretreatments of chromato-
graphic fingerprints for quality control of herbal medicines, J. Chromatogr. A
1134 (2006) 253-259.

[28] E-Q. Guo, Y.-Z. Liang, C.-J. Xu, L.-F. Huang, X.-N. Li, Comparison of the
volatile constituents of Artemisia capillaris from different locations by gas
chromatography-mass spectrometry and projection method, J. Chromatogr. A
1054 (2004) 73-79.

[29] M. Daszykowski, Y. Vander Heyden, B. Walczak, Robust partial least squares
model for prediction of green tea antioxidant capacity from chromatograms, J.
Chromatogr. A 1176 (2007) 12-18.

[30] A.M. van Nederkassel, CJ. Xu, P. Lancelin, M. Sarraf, D.A. MacKenzie, N..
Walton, F. Bensaid, M. Lees, G.J. Martin, ].R. Desmurs, D.L. Massart, J. Smeyers-
Verbeke, Y. Vander Heyden, Chemometric treatment of vanillin fingerprint
chromatograms: effect of different signal alignments on principal component
analysis plots, J. Chromatogr. A 1120 (2006) 291-298.

[31] K.M. Pierce, J.L. Hope, ]J.C. Hoggard, R.E. Synovec, A principal component
analysis based method to discover chemical differences in comprehensive
two-dimensional gas chromatography with time-of-flight mass spectrome-
try (GC x GC-TOFMS) separations of metabolites in plant samples, Talanta 70
(2006) 797-804.

[32] L.-Z. Yi, D.-L. Yuan, Y.-Z. Liang, P.-S. Xie, Y. Zhao, Quality control and discrim-
ination of Pericarpium Citri Reticulatae and Pericarpium Citri Reticulatae Viride
based on high-performance liquid chromatographic fingerprints and multivari-
ate statistical analysis, Anal. Chim. Acta 588 (2007) 207-215.

[33] Y.-X.Zeng, C.-X.Zhao, Y.-Z. Liang, H. Yang, H.-Z. Fang, L.-Z.Yi, Z.-D. Zeng, Compar-
ative analysis of volatile components from Clematis species growing in China,
Anal. Chim. Acta 595 (2007) 328-339.

[34] M.Dumarey, A.M.van Nederkassel, E. Deconinck, Y. Vander Heyden, Exploration
of linear multivariate calibration techniques to predict the total antioxidant
capacity of green tea from chromatographic fingerprints, J. Chromatogr. A 1192
(2008) 81-88.

[35] M.Daszykowski, R. Danielsson, B. Walczak, No-alignment-strategies for explor-
ing a set of two-way data tables obtained from capillary electrophoresis-mass
spectrometry, ]. Chromatogr. A 1192 (2008) 157-165.

[36] M.K. Na, R.B. An, S.M. Lee, B.S. Min, Y.H. Kim, K.H. Bae, S.S. Kang, Antioxidant
compounds from the stem bark of Sorbus commixta, Nat. Prod. Sci. 8 (2002)
26-29.

[37] M.K.Na,R.B.An, W.Y. Jin, B.S. Min, ].K. Yoo, Y.H. Kim, K.H. Bae, Antioxidant effects
of plant extracts on free radicals and lipid peroxidation, Nat. Prod. Sci. 9 (2003)
226-231.

[38] R. Aquino, S. Morelli, M.R. Lauro, S. Abdo, A. Saija, A. Tomaino, Phenolic con-
stituents and antioxidant activity of an extract of Anthurium versicolor leaves, J.
Nat. Prod. 64 (2001) 1019-1023.

[39] B.G.M. Vandeginste, D.L. Massart, LM.C. Buydens, S. de Jong, PJ. Lewi, J.
Smeyers-Verbeke, Handbook of Chemometrics and Qualimetrics Part B, Else-
vier, Amsterdam, 1998.

[40] H. Martens, T. Naes, Multivariate Calibration, Wiley, Chichester, 1989.

[41] H. Martens, M. Martens, Multivariate Analysis of Quality, An Introduction,
Wiley, Chichester, 2001.

[42] B. Dejaegher, G. Alaerts, N. Matthijs, Y. Vander Heyden, A methodology to
develop liquid chromatographic fingerprints for the quality control of herbal
medicines, J. Sep. Sci., submitted for publication.

[43] N.-P.V. Nielsen, J.M. Carstensen, J. Smedsgaard, Aligning of single and multi-
ple wavelength chromatographic profiles for chemometric data analysis using
correlation optimised warping, J. Chromatogr. A 805 (1998) 17-35.

[44] V. Pravdova, B. Walczak, D.L. Massart, A comparison of two algorithms for
warping of analytical signals, Anal. Chim. Acta 456 (2002) 77-92.

[45] G. Tomasi, F. van den Berg, C. Andersson, Correlation optimized warping and
dynamic time warping as preprocessing methods for chromatographic data, J.
Chemometr. 18 (2004) 231-241.


http://www.who.int/
http://www.who.int/en/

	Development of HPLC fingerprints for Mallotus species extracts and evaluation of the peaks responsible for their antioxidant activity
	Introduction
	Theory
	Data preprocessing
	Exploratory analysis: principal component analysis
	Multivariate calibration: partial least squares

	Experimental
	Herbs and preparation of the herbal extracts
	DPPH radical scavenging assay
	Development of HPLC fingerprints
	Equipment, chemicals and reagents
	Sample preparation for HPLC analysis
	Finally chosen chromatographic conditions

	LC-MS analyses
	Data analysis

	Results and discussion
	DPPH radical scavenging assay
	Development of HPLC fingerprints
	Preliminary experimental work
	Fingerprints of the Mallotus species

	Data (pre-)treatment and multivariate data handling
	Preprocessing
	Principal component analysis
	Partial least squares


	Conclusions
	Acknowledgements
	References


