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a b s t r a c t

A lack of adequate or accepted research methodology has been a major obstacle to study herbal medicines.
In this study, instead of the prevalent hyphenated chromatographies, common high performance liquid
chromatography equipped with ultraviolet detector (HPLC-UV) and multivariate statistical analysis were
utilized to assess the qualities of total flavones of sea buckthorn (TFS), an 85% ethanol extract of the sea
buckthorn berries. Two complementary HPLC-UV methods were developed, validated and combined to
comprehensively determine the ingredients in TFS. Principal component analysis (PCA) and partial least
square-discriminant analysis (PLS-DA) of the combined analytical data showed that the six batches of TFS
erbal extract
uality control
PLC-UV

could be well differentiated. Hierarchical cluster analysis (HCA) using Ward’s minimum variance method
of the PLS-DA loading matrix demonstrated the known ingredients (quercetin, kaempferol, isorhamnetin,
oleanolic acid and ursolic acid) and three unknown ingredients in TFS significantly contributed to the
quality differences. A PLS regression model indicated that the results of the present method correlated
well with the content of total flavones, which is now the quality control approach of TFS. Results from
this study indicated that the proposed method is reliable for the quality reassessment of some widely

used herbal extracts.

. Introduction

Quality control of herbal medicines (HMs) is a big headache
ecause of the high complexity and sequential unknown mecha-
ism on disease treatment [1]. Leaving the facts alone, some herbal
roducts have been commercially used world wide, especially in
sian nations for decades. These products are commonly quality-
ontrolled by determining a total content of a group of ingredients
such as total flavones, total alkaloids and total saccharides), or
he contents of several pharmacologically active ingredients. These
pproaches are of course far from adequate. Lack of adequate or
ccepted research methodology for evaluating HMs has been a
ajor obstacle to the globalization of HMs.
Chromatographic fingerprint has been an acceptable tech-

ique for quality control of HMs both in theory and practice

1,2]. Metabolomics platform has also been recently introduced
nto the quality control of HMs [3–6]. These two techniques
ave different terms, but are nearly the same analytical pro-
ess. Metabolomics platform exhibits more powerful capability in
ultivariate statistical analysis than fingerprint technique does.
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Crown Copyright © 2009 Published by Elsevier B.V. All rights reserved.

Hyphenated chromatographies, such as UPLC-MS, LC-MS and GC-
MS are commonly recommended for the purpose of quality control
of HMs, since they may provide information about the chemi-
cal structures of the analytes [2]. However, their applications are
extremely hindered by the expensive instruments and highly spe-
cialized techniques. May commonly available analytical strategies,
such as high performance liquid chromatography equipped with
ultraviolet detector (HPLC-UV), be used for metabolomics based
quality assessment of HMs? This paper aimed to answer this ques-
tion.

Total flavone of sea buckthorn (TFS) is an 85% ethanol extract
of the sea buckthorn berries. TFS has been clinically used in China
since 1980, for treatments of cardiovascular disorders. TFS is now
quality-controlled by determining the content of total flavones
with spectrophotometry at 430 nm (isorhamnetin as reference)
after chromogenesis with aluminum trichloride. Our previous
study has identified several pharmacologically active ingredients in
TFS, such as flavonoids (quercetin, kaempferol and isorhamnetin)
and triterpenoids (oleanolic acid and ursolic acid) (published in
Chinese). How different are the qualities of batches of TFS? How

do these known and other unknown ingredients contribute to the
quality differences? In the present study, different batches of TFS
are employed to deliver the strategies and performance of HPLC-UV
based metabolomics approach in the quality assessment of herbal
extracts.

ghts reserved.
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. Materials and methods

.1. Chemicals, reagents, and standards

Methanol was purchased from Burdick & Jackson (SK Chemicals,
lsan, Korea). Formic acid (≥96% purity) and ammonium acetate

≥97% purity) were purchased from TEDIA (Fairfield, OH, USA).
uercetin (97.3%, CAS Registry No. 117-39-5) was obtained from
ational Institute for the Control of Pharmaceutical & Biological
roducts (Beijing, China). Isorhamnetin (99%, CAS Registry No. 480-
9-3), kaempferol (99%, CAS Registry No. 520-18-3), ursolic acid
>98%, CAS Registry No. 77-52-1) and oleanolic acid (>95%, CAS Reg-
stry No. 508-02-1) were obtained from TAUTO Biotech (Shanghai,
hina).

.2. Sample preparations

Six batches of finely powdered TFS (batch A–F) were kindly
ifted by Sichuan Chuanda West China Pharmaceutical Co. Ltd.
he content of total flavones was determined by the manufacturer
11.38%, 10.34%, 13.68%, 10.58%, 11.50% and 12.49% for batch A–F,
espectively). 20 ± 0.5 mg of the TFS powder was extracted with
0 mL of methanol using an ultrasonic bath for 20 min at 50 ◦C. One
olume of the solution was diluted with one volume of water, and
ltered with a 0.22-�m-porosity nylon syringe filter as sample I.
ample I was mainly used for analysis the flavonoids in TFS. The
olution was directly filtered without dilution as sample II. Sample
I was mainly used for analysis the triterpenoids and phytosterols.
00 �L aliquots from every sample I or sample II were combined

n a representative pool sample as QC sample I or QC sample II,
espectively [7–10]. An aliquot of 20 �L of each sample solution
as injected into the column for analysis.

.3. Chromatographic analysis

High performance liquid chromatography (HPLC) analyses were
erformed on an Agilent 1200 series HPLC-UV system. An Agilent
ORBAX Eclipse XDB C18 column (4.6 mm i.d. × 150 mm, parti-
le size 5 �m) was maintained at 35 ◦C. The aliquots of sample
were gradient-eluted at 1.000 mL/min using (A) 5 mM ammo-
ium acetate/0.2% formic acid in water and (B) methanol (35–45%
for 10 min, 45–50% B in 20 min, 35% B in 20 min), and detected

t 254 nm. The aliquots of sample II were isocratic-eluted at
.000 mL/min using 89% B for 15 min, and detected at 210 nm. In
he analytical run of sample I or sample II, QC sample I or QC sample
I was injected for three times at the beginning to pre-condition the
ystem, and inserted every 1–3 samples to monitor the potential
rift of chromatographic performance. The sequences of samples

njected in the analytical run of sample I and sample II were the
ame. The peaks of quercetin, kaempferol, isorhamnetin, ursolic
cid and oleanolic acid were identified with the corresponding ref-
rence standards.

.4. Data processing and multivariate analysis

The chromatographic data was analyzed by the Agilent Chem-
tation for LC systems (Revision B.04.01). Peak 10 (unknown)
nd peak 27 (isorhanmentin) were selected as references to align
he retention time (RT) of chromatograms of sample I. Peak 32
unknown) and peak 40 (ursolic acid) were used to align the chro-

atograms of sample II. The peaks integration threshold of the

ample II was set much higher than that of sample I, because of
high baseline noise. The parameters used for peaks integration of

he sample I and sample II were RT 3–30 min and 2–15 min, slope
ensitivity 1, width 0.01 min and 0.1 min, minimum area 5 and 100,
inimum height 0.3 and 10, advanced baseline calibration mode,
217 (2010) 1414–1418 1415

vertical shoulder peak mode. No specific peak was excluded. 28 and
12 peaks were identified in sample I and sample II and included in
the dataset I and dataset II, which were summarized in Table 1. Pro-
vided that the analytical run was validated by monitoring the QC
samples, dataset I and dataset II could be combined in sequence as
the combined dataset. The resulting datasets containing arbitrarily
assigned peak index, retention time, and peak area were further
exported to SIMCA-P+ software 12.0 (Umetrics, Umeå, Sweden) for
multivariate statistical analysis according to a recent report based
on ultra-performance LC/TOF MS analysis [3].

Previous to multivariate statistical analysis, procedures that can
be used for data pretreatment are scaling, centering and transfor-
mations. Centering converts all the variables to fluctuations around
zero instead of around their means, and thus focuses on the differ-
ences and not the similarities in the data [11]. Pareto scaling uses
square root of the standard deviation as the scaling factor. With
Pareto scaling, principal component analysis (PCA) amplifies the
contribution of lower concentration variables but not to such an
extent where noise produces a large contribution [3,11]. Centering
and Pareto scaling were performed to pre-treat the data sets result-
ing from the above samples. No specific data transformation was
used. PCA was initially used to visualize general clustering, trends,
and outliers among the observations. For further identifying the
peaks accountable for the separation between six batches of TFS,
partial least square-discriminant analysis (PLS-DA) and hierarchi-
cal cluster analysis (HCA) using Ward’s minimum variance method
were sequentially carried out.

3. Results and discussion

3.1. HPLC method development

Flavonoids exhibit strong UV absorbance at about 254 nm and
350–370 nm [12], while triterpenoids and phytosterols only exhibit
weak UV absorbance at 200–210 nm [13]. It is difficult to sepa-
rate them all in a single HPLC-UV method, due to the dramatic
baseline shift at low wavelength. Therefore, a gradient elution was
developed to separate the flavonoids in TFS at 254 nm, and another
isocratic elution was optimized to separate the triterpenoids and
phytosterols at 210 nm. The two methods were complementary and
their chromatograms may be combined. Fig. 1 clearly shows that
the chromatographic shift of the gradient elution of sample I was
more significant than the one of the isocratic elution of sample II,
indicating that the methods should be carefully validated with mul-
tivariate analysis of the data from QC samples. The developed HPLC
methods may also be applied to LC-MS analysis of TFS.

TFS is insoluble in water and soluble in methanol. In TFS,
flavonoids are more polar than triterpenoids and phytosterols.
Flavonoids were separated by gradient elution, with which samples
in pure methanol produced significant leading peaks in the prelimi-
nary test, while samples in 50% methanol demonstrated good peak
shapes. However, only small amount of flavonoids was dissolved
and detected if TFS was directly extracted with 50% methanol using
an ultrasonic bath for 20 min at 50 ◦C. Therefore, TFS was firstly
extracted with methanol and subsequently diluted with 1 volume
of water. Triterpenoids and phytosterols were separated at 210 nm,
at which a big baseline noise was detected. To ensure a higher sig-
nal/noise ratio, the methanol solution of TFS was analyzed without
dilution. Both sample preparations were validated to be efficient to
extract the analytes from TFS (data was no shown).
3.2. Validation of analytical run

The robustness of analytical method plays a key role in
metabolomics study. The results of multivariate statistical analysis
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Table 1
Summary of the 40 detected peaks in the six batches of total flavones of sea buckthorn (n = 12).

Peak index Retention time (mean ± sd, min) Peak area Substances Peak index Retention time (mean ± sd, min) Peak area Substances

Mean ± sd RSD Mean ± sd RSD

1 3.28 ± 0.06 9 ± 2 26% Unknown 21 18.90 ± 0.02 8 ± 2 21% Unknown
2 3.49 ± 0.06 17 ± 4 24% Unknown 22 19.70 ± 0.03 10 ± 2 17% Unknown
3 3.75 ± 0.06 35 ± 8 23% Unknown 23 20.44 ± 0.04 9 ± 2 20% Unknown
4 4.09 ± 0.03 6 ± 0 7% Unknown 24 21.88 ± 0.02 13 ± 5 38% Unknown
5 4.66 ± 0.04 30 ± 14 45% Unknown 25 23.50 ± 0.02 129 ± 28 21% Unknown
6 5.67 ± 0.03 40 ± 18 44% Unknown 26 24.38 ± 0.01 509 ± 65 13% Kaempferol
7 7.61 ± 0.01 14 ± 6 42% Unknown 27 26.95 ± 0.00 6013 ± 386 6% Isorhamnetin
8 8.21 ± 0.01 13 ± 5 40% Unknown 28 28.10 ± 0.01 178 ± 19 11% Unknown
9 8.91 ± 0.01 24 ± 7 28% Unknown 29 2.25 ± 0.00 291 ± 31 11% Unknown

10 9.33 ± 0.00 434 ± 345 79% Unknown 30 2.57 ± 0.00 684 ± 73 11% Unknown
11 9.81 ± 0.03 36 ± 3 7% Unknown 31 2.80 ± 0.00 951 ± 158 17% Unknown
12 10.45 ± 0.02 88 ± 11 13% Unknown 32 4.29 ± 0.00 353 ± 25 7% Unknown
13 11.18 ± 0.03 7 ± 2 23% Unknown 33 4.56 ± 0.00 702 ± 73 10% Unknown
14 11.53 ± 0.03 48 ± 16 32% Unknown 34 5.05 ± 0.00 203 ± 18 9% Unknown
15 11.89 ± 0.03 11 ± 5 44% Unknown 35 5.45 ± 0.00 172 ± 20 12% Unknown
16 13.14 ± 0.19 67 ± 31 46% Unknown 36 5.92 ± 0.02 232 ± 71 30% Unknown
17 13.51 ± 0.01 10 ± 4 44% Unknown 37 6.38 ± 0.00 205 ± 42 21% Unknown
18 14.75 ± 0.03 20 ± 6 30% Unknown 38 7.44 ± 0.00 650 ± 72 11% Oleanolic acid

39
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19 16.26 ± 0.02 2019 ± 210 10% Quercetin
20 17.99 ± 0.02 94 ± 8 9% Unknown

eaks 1–28 were detected in sample I by a gradient elution within 50 min run tim
5 min.

ay demonstrate the instrumental shifts rather than real differ-
nces of samples, if the analytical method was not well validated
7,14]. PCA scores plot of the dataset I and dataset II were illustrated
n Fig. 2a and b. Q2 (cumulative) of the PCA model of dataset I and
ataset II were 0.905 and 0.326, respectively. The PCA model of
ataset II was more robust if the dataset was only centered but not
areto scaled (Q2 = 0.791), while the clustering of samples did not
iffer much (PCA scores plot was not shown). Both PCA scores plot
emonstrated a clear separation of the six batches of TFS. However,
orresponding to the previous visual inspection of the chromato-
raphic shifts, it was clearly observed in Fig. 2a that QC09, QC10 and
C11 progressively left the clustering of the previous QC samples.
ll the QC samples in dataset II clustered well. Accordingly, only the
rst two samples of each batch of TFS, which were analyzed before
C09 in both analytical runs, were included in the final combined
ataset.
.3. Quality assessment of TFS

PCA scores plot of the final combined dataset was illustrated
n Fig. 3a, in which clear separation of the six batches of TFS was

ig. 1. Combined chromatograms of the QC sample I and QC sample II with the injection
ere cut.
7.76 ± 0.00 2829 ± 155 5% Ursolic acid
9.32 ± 0.01 371 ± 117 31% Unknown

peaks 29–40 were detected in sample II by an isocratic elution with a run time of

observed. R2 (cumulative) and Q2 (cumulative) of the PCA model
were 0.992 and 0.950, respectively. PLS-DA was then carried out to
cluster six batches of TFS (Q2 = 0.980). The six batches of TFS were
clearly clustered as four classes in the PLS-DA scores plot (Fig. 3b).
The corresponding PLS-DA loadings plot was illustrated in Fig. 3c.

Instead of commonly used visual inspections of the loadings
plot coupled with subsequent validation with representative inten-
sity plots [3,4,15], HCA using Ward’s minimum variance method
was applied to the loadings matrix to identify the differential vari-
ables. With HCA, variables accountable for the separation among
groups may be automatically clustered according to their contrib-
utory power to the principal components. The HCA results were
illustrated in the dendrogram (Fig. 3d), in which when the vertical
lines are tall the clusters are far apart (different), and when they are
short the clusters are close together (similar). The variables were
clustered at the loading level of 0.2 as five groups, whose cluster-

ing patterns could be simultaneously seen with the same colors on
the PLS-DA loadings plot (Fig. 3c). It was clearly shown that vari-
ables from group 1 (quercetin, kaempferol, isorhamnetin, unknown
ingredient of peaks 31 and 36), group 2 (unknown ingredient of
peak 10) and group 4 (oleanolic acid and ursolic acid) significantly

sequence in the analytical run. The peaks within the beginning 2 min of sample II
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Fig. 2. PCA scores plot of the samples in dataset I

ontributed to the classification of six batches of TFS. The chemical
tructures of the identified unknown ingredients require further
haracterizations.
The result became very interesting while comparing the content
f total flavones of samples to the results of PLS-DA classifications,
s illustrated in Fig. 4a. It seemed the classification correlated well
o the content of total flavones. This deduction was further val-
dated by a PLS regression model. R2X, R2Y and Q2 of the PLS

ig. 3. PCA scores plot (a), PLS-DA scores plot (b), PLS-DA loadings plot (c) of the comb
inimum variance method for the loadings matrix (d). Variables in the loadings plot (c) w
d PCA scores plot of the samples in dataset II (b).

model were 0.823, 0.991 and 0.974, respectively. The compar-
isons between PLS predicted data (YPred) and the determined
data (YVar) were illustrated in Fig. 4b. The present study based

on two complementary HPLC-UV analyses could well predict the
content of total flavones in TFS. On the other hand, this finding
also prompted the determination of the content of total flavones
potentially be a valid way to preliminarily control the quality of
TFS.

ined dataset and dendrogram of hierarchical cluster analysis (HCA) using Ward’s
ere colored according to the dendrogram of HCA (d).
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ig. 4. Comparisons between the content of total flavones and the classifications b
he determined data (YVar) of the content of total flavones (b).

. Conclusion

This study presented a good example on quality assessment of
erbal extracts using HPLC-UV coupled with multivariate statis-
ical analysis. Even though such a HPLC-UV based metabolomics
latform has clear disadvantages that HPLC-UV may not provide
he information of chemical structures of the ingredients deter-

ined, lack of sensitivity and fail to be a universal detector, as well
s evolve a much longer run time compared to UPLC technique, the
esults from this study indicate that the proposed method could
erve as a preliminary and cheap way to re-evaluate the quality of
ome widely used herbal extracts.
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