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Abstract: The holistic system of traditional Chinese medicine (TCM) is reflected by the integrity of the ingredients
contained in herbal medicines, which creates a challenge in establishing quality control standards for raw
materials and the standardization of finished herbal drugs because no single component contributes to the
total efficacy. Thus, the chromatographic fingerprinting technique of TCM has proved to be a comprehensive
strategy for assessing the intact quality of herbal medicine, since the origin of the herbal medicines could be
identified and classified based on so-called phytoequivalence. On the other hand, chromatographic fingerprinting
is essentially a high-throughput technique and an integral tool to explore the complexity of herbal medicines. In
order to further control the comprehensive quality of TCMs, some strategies are proposed to trace the chemical
changes of chromatographic fingerprints both in product processing and/or after their administration by modern
chromatographic techniques and chemometrics. Combined with the techniques developed in systems biology,
it seems also possible to reveal the working mechanism of TCMs and to further control their intrinsic quality.
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1. Introduction

Western and traditional ~Chinese
medical practices represent completely
different  philosophies.']  In  short,
traditional Chinese medicine (TCM)
focuses on the diseased person instead of
the person’s disease, which is the main
concern of typical western medicine.?!
TCMs usually contain multiple botanicals,
each of which contains many compounds
that may be relevant to the medicine’s
putative activity. However, research on the
efficacy and quality control of TCMs is
far from the standards of modern science.
Thus, it is a big challenge for us to find
a way to effectively control the quality
of TCMs and to efficiently explore the
working mechanisms of TCMs.Bl These
are both the theoretical and practical

questions to be answered by research on
the modernization of TCM.

A western scientist, analyzing western
and Chinese medicine, reflects that “the
two approaches boil down to a simple
question: is it better to attack disease as
the western world does, with a silver bul-
let — the one substance whose potency has
been pinpointed? Or should treatment be
administered, as the Chinese method dic-
tates, by aiming a group of agents at the
problem — the shotgun approach”? In fact,
which one is better depends on the view-
point. In general, from the point of view
of science, the western medical system,
especially at the theoretical level, has a
much stricter and more comprehensive
basis, compared with traditional medi-
cine, which is mainly based on long ex-
perience. However, a number of studies
have supported the efficacy and safety of
some TCM herbal formulas. For instance,
a randomized, non-blind, controlled clini-
cal trial conducted in Japan showed that
sho-saiko-to, an extract of seven Chinese
herbs, helps prevent liver cancer in pa-
tients with cirrhosis.l4! Also, two double-
blind, placebo-controlled clinical trials
were performed in Britain to evaluate the
effect of Zemaphyte, a preparation of ten
herbs used by TCM practitioners for treat-
ing certain kinds of skin disease. In both
studies, the formula produced impressive
responses in treating severe, widespread
atopic eczema that was resistant to con-
ventional steroid therapies.[>¢ Thus, some
western-trained scientists have long ex-
pressed the view that the benefits of TCM
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drugs often come as a result of synergistic
interactions of multiple ingredients.[’-%1 It
follows that the reductionist approach of
isolation of a single bioactive compound
is not always appropriate for TCM. More
recently, Simon Frantz, a news editor for
Nature Reviews Drug Discovery, said,
“Forget drugs carefully designed to hit
one particular molecule — a better way
of treating complex diseases such as can-
cer may be to aim for several targets at
once” .19 The reason for this is that comm-
on disorders such as cancer, cardiovascu-
lar disease, and depression tend to result
from multiple molecular abnormalities,
not from a single defect. What’s more,
pinpointing a single target is unlikely to
help in many cases because cells can of-
ten find ways to compensate for a protein
whose activity is affected by a drug, a
phenomenon known as redundancy. Using
so-called ‘magic shotguns’ to target multi-
ple points in these complex systems, could
reap bigger therapeutic rewards than fully
blocking one target. The idea of the magic
bullet continues to be a great idea, but in
practice it’s probably not going to be the
right approach for complex diseases.!!0]
A number of companies and research
groups are now screening compounds that
stick to several targets, or are even trying
to engineer promiscuous drugs. Arguably,
the biggest area for promiscuous drugs
at the moment is cancer.l!!! Furthermore,
Kitano, a Japanese scientist, even proposed
systems-oriented drug design. He pointed
out that Chinese medicine can be an inspi-
ration to create a drug discovery strategy
that uses large numbers of components to
systematically control a complex network
system.!l'2I Given that robustness is a fun-
damental property of biological systems,
systems-based approaches to future drug
design should consider robustness as the
central framework. He said, “a new way of
controlling complex and robust biological
systems through higher-complexity drugs
will need to be established, as complex-
ity has to be controlled by complexity, but
addressing these challenges and making
robustness based approaches to drug de-
sign a reality could cause a fundamental
transformation in the drug industry and in
medical practice”.

Anyway, regardless of the type of med-
ical system, quality-consistent medication
is the prerequisite for efficacy assurance.
Referring to the above mentioned, let us
take the symbolized ‘silver bullet’ or ‘shot-
gun’ description to discuss how to properly
assess the quality of Chinese herbal medi-
cines. The conventional purpose is to iden-
tify false from true, test for impurities and
determine the content of the selected single
chemical entity by appropriate analytical
technologies. But in recent years, qual-
ity judgment by determining one or two

markers and ignoring the complexity of the
herbal medications is no longer the central
consideration, and there is now consensus
that a comprehensive strategy for assess-
ing the intact quality of herbal medicine is
necessary. Consequently, chromatographic
fingerprinting (CF) and simultaneous de-
termination of multiple components are
the current trends.[!3-15] Moreover, in or-
der to reveal the working mechanisms of
TCMs and to further explore the features
in the chromatographic profile responsible
for bioactivity, it is necessary for tech-
niques developed recently in systems biol-
ogy, such as metabolomics and proteomics
to be introduced into the research field of
modernization of TCMs. Of course, the
techniques developed in both chemomet-
rics and bioinformatics dealing with the
complex data from TCMs and biological
measurements will also be necessary for
this purpose.

2. Quality Control of TCMs based
on Chromatographic Fingerprinting
and Chemical Pattern Recognition

The quality control of TCMs has been
a challenge in TCM research because of
their great variety and the most complex
pharmacokinetics. Many factors, such
as time of harvest, weather conditions,
locations, quality of soil and genetic factor,
will influence the quality of the herbal
medicines. At the same time, techniques
used for treating and processing Chinese
herbal medicines, such as drying, cutting,
extracting efc., have also a great influence
upon the quality of the intermediate
products and final products of TCMs. By
definition, chromatographic fingerprinting
of TCMs is a comprehensive, quantifiable
tool for phytochemical identification
with its basic attributes of ‘integrity’
and ‘fuzziness’.['6-181 Thus, with the
help of multivariate pattern analysis
methods developed in chemometrics,
chromatographic fingerprinting can be
used as a technique for the authentication
of species and evaluation of the stability
and consistency of the raw materials, semi-
products and final products of TCMs.[19-33]

Let us consider a concrete example.
Epimediumherb (Yinyang huoin Chinese),
a popular Chinese herb, derives from a
multiple species colony belonging to the
family Berberidaceae. Most of the species
are distributed in various provinces in
China. There are five species of Epimedium
adopted in the Chinese pharmacopoeia: E.
brevicornu Maxim., E. koreanum Nakai,
E. sagittatum (Sieb. et Zucc.) Maxim., E.
pubescens Maxim., and E. wushanense T.
S. Ying. A survey of resources indicated that
Epimedium pubescens, E. brevicornum,
and E. koreanum are in the commercial

mainstream of the CMM market. Beyond
the five official species, E. acuminatum,
E. leptorrhizum and others are also
distributed in local markets and could
be mixed in with the first ones. Official
Epimedium species have commonly C-8-
prenylated flavonol glycosides, which
show an immunomodulatory effect,
osteoblastic proliferative activity, and sex
hormone activities as reported elsewhere.
Therefore icariin, epimedin A, epimedin
B, and epimedin C are unanimously
used as bioactive marker compounds for
quality control. Hence, selecting the high-
content prenylated flavonoids as specific
ingredients in the Epimedium herb to
identify species and assess the inherent
quality is a rational choice when carrying
out chromatographic fingerprint analysis.
The HPLC profiles of the extracts of leaves
of the five official Epimedium species,
namely E. koreanum, E. brevicornu,
E. pubescence, E. wushenense, and E.
sagigattum showed a common specific
region between retention times of about
37 to 50 min, which consisted of 5 to 7
peaks involving the most important four
prenylated flavonoids, i.e. epimedin A
(peak 2), epimedin B (peak 3), epimedin
C (peak 4), and icariin (peak 6) as well
as 1 to 3 minor unknown flavonoids
peaks (see Fig. 1). The above-mentioned
fingerprint region of HPLC profiles of
Epimedium spp. represents the specificity
for authentication and quality assessment.
Different ratios between the peaks in
this region constitute the independent
characteristics of the five official species.
Briefly, the dominant epimedin C peak
(peak 4) in the region is characteristic
of E. wushanense (E.w. pattern), icariin
(peak 6) is the strongest peak found in E.
koeanum (E.k. pattern) extract, epimedin
B (peak 3) together with icariin (peak 6)
is the defining feature of E. brevicornum
(E.b. pattern), and E. pubescens (E.p.
pattern) and E. sagittatum (E.s. pattern)
are identified by their prevailing peaks of
epimedin C (peak 4) and icariin (peak 6)
in the region whereas peak 4 is generally
higher than peak 6 in the ‘E. s. pattern’
and peak 6 is often stronger than peak 4
in the ‘E. p. pattern’, respectively. Using
principle component analysis (PCA),
analysis of 46 samples of Epimedium
species, and taking the HPLC profile of E.
koreanum as a reference, five patterns were
categorized clearly. The first principle
component (PC1) is epimedin C (score
0.68), and the second (PC2) is epimedin
B and icariin (scores 0.70 and 0.69,
respectively), this indicates that the most
influential factors for Epimedium spp. are
concentrated in this region. It appears that
in spite of the E.b. pattern, the epimedin C
(peak 4) declines from dominance in the
E.w. pattern in the order of E.w. pattern
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Fig. 1. HPLC profiles of the leaves of the

five official Epimedium species, namely E.
brevicornu, E. koreanum, E. wushenense, E.
pubescence, E. sagigattum (from top left to
bottom right). In the specific region between
retention times 37-50 min (marked by the
frames), there are 5-7 peaks involving the most
important four prenylated flavonoids, epimedin
A (peak 2), epimedin B (peak 3), epimedin C
(peak 4), and icariin (peak 6), respectively.

< E.s. pattern < E.p. pattern < E.k.
pattern (see Fig. 2 for details). Previous
papers published on HPLC fingerprinting
analysis3¢-39 of the Epimedium species
focused on this region as the characteristic
HPLC profile of Epimedium herbs for
phytotaxonomy and quality analysis. For
example, Guo and coworkers*7! attempted
to delineate the subtle variation of this
region of 35 species of Epimedium to
differentiate the species more strictly. All
the samples tested were divided into four
main types and nine subtypes to comply
with the complex morphological taxon-
omic system devised by W.T. Stearn.[4041]
Plant taxonomy needs a divergence
strategy to distinguish the visual variance
of the appearance in a subtle way to define
the uniqueness of species. The complex
classification verified the diversity of the
botanical kingdom. However, to solve the
practical difficulties caused by multiple
species coexisting on the CMM market
as herbal medicine commodities, the

a » Ll " -,

50 E. sagittatum

divergence approach is obviously not the
right choice. To converge the different
species that possess the same HPLC
fingerprint pattern towards one group will
facilitate the efficacious use of multiple
species of CMM such as the Epimedium
species. Convergence or divergence
obviously depends on the final purpose.#2]

In fact, the chromatographic finger-
prints of Chinese herbal medicines focus
mainly on the secondary metabolites of the
plants. Thus, even the influence of cultiva-
tion of the plants, including time of har-
vest, weather conditions, location, quality
of soil, can also be described. Fig. 3 shows
such an example. GC-MS fingerprints of
24 volatile constituents of Pericarpium
Citri Reticulatae and Pericarpium Citri
Reticulatae Viride collected at different
harvesting periods are shown in Fig. 3(A).
They are quite similar but with some mi-
nor differences. Is there some relationship
among them? The result of pattern analy-
sis based on principal component analysis
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Fig. 2. The score
plot of principle
component analysis
of 46 samples of
Epimedium spp.
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(PCA) answers the question. Fig. 3(B)
shows the result, which looks like their
footprint at different growing periods.
Furthermore, a compound medicine
of Dangguibuxuetang and its two
involved single medicines of Danggui
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Fig. 3. lllustration of the influence of

harvest time on Chinese herbal medicines
through chromatographic fingerprints. (A)
24 chromatographic fingerprints of volatile
constituents of Pericarpium Citri Reticulatae
and Pericarpium Citri Reticulatae Viride
collected at different harvesting periods
obtained by GC-MS. (B) Analysis results of
the 24 chromatographic fingerprints of volatile
constituents of Pericarpium Citri Reticulatae
and Pericarpium Citri Reticulatae Viride.
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Fig. 4. Chromatographic fingerprints of Dangguibuxuetang (DBT), Danggui (DG (Radix Angelica

sinensis)) and Huangqi (HQ, (Radix Astragali)) at

the wavelength of 280 nm. The peaks marked

by numbers with and without primes indicate the same chemical compounds in HQ, DG and
DBT, respectively. Measurement conditions of chromatography: Hypersil ODS column: 415 pum,
416 mm i.d.x250 mm (Bellefonte, PA, USA); mobile phase: A (H,0) and B (CH,OH); Graduated
program: 1%~25% of phase B in phase A during the period of 0~10 min; 25%~50% during the
period of 10~20 min; 50%~70% during the period of 20~30 min; 70%~90% during the period of

30~50 min.

(Radix Angelica sinensis) and Huangqi
(Radix Astragali) were compared for
their relevant constituents (Fig. 4). It can
be seen from the plot that of twenty-one
strong peaks in Dangguibuxuetang, eight
originate from Radix Angelica sinensis,
six from Radix Astragali, and seven from
both Radix Angelica sinensis and Radix
Astragali. Also, some new chemical
ingredients appeared in fingerprints of
Dangguibuxuetang and some existing in
the fingerprint of the single medicines
contrarily disappeared after formulation. 43
This seems to suggest that there might
be certain interactions of the chemical
ingredients in compound medicine in
addition to the total sum effect of the single
medicines.

Using the technique of chromatograph-
ic fingerprinting, the analysis of the prod-
ucts of roots of Semiaquilegia adoxoides at
different locations was conducted.[25] Also,
the quality control for Cordyceps mili-
taris with different genera was studied.[27]
With the help of GC-MS techniques, the
chromatographic fingerprints of fresh and
dry heartleaf houttuynia herbs were ana-
lyzed. The results showed that not only
the fresh and dry heartleaf houttuynia
herbs but also the different parts of the
heartleaf houttuynia herbs could be suc-
cessfully identified.?) By combining
HPLC and chemometric methods, such
as principal component analysis (PCA)
and partial least squares-linear discrimi-
nation analysis (PLS-LDA), Pericarpium
Citri Reticulatae and Pericarpium Citri
Reticulatae Viride could also be success-
fully pattern-analyzed and identified.[35]

TCM products are often made up
of several herbs. The chromatographic
fingerprints could also be used to address
their quality stability and consistency. A
simple and reproducible method based on
HPLC was also developed to develop the
chromatographic fingerprint of a complex
herbal medicine, Shuang-Huang-Lian

(SHL) oral liquid. Ten batches of SHL
obtained from different pharmaceutical
factories were used to establish the
fingerprint.[26]

In order to provide more information
for complex TCM preparation, a two-
dimensional fingerprint (2D fingerprint)
was established for various Qingkailing
injections, which were produced by
different manufacturers and procedures.33!
PCA of the 2D fingerprint data was
performed in this study, and it led to an
accurate classification of various samples
with respect to their manufacturers and
procedures. The quality of Qingkailing
samples was further evaluated by
similarity measures and the same results
were achieved.[30-33]

3. Simultaneously Qualitative
and Quantitative analysis of TCM
Fingerprints with the Help of
Hyphenated Chromatographic
Techniques and Chemometrics

To understand bioactivities and
possible side effects of active compounds
and to enhance quality control of TCMs,
it seems necessary to determine most
of the phytochemical constituents of
herbal products. With the development
of analytical instruments, especially
with the development of the hyphenated
chromatographic instruments, such as
GC-MS, HPLC-DAD, HPLC-DAD-MS",
HPLC-NMR, CE-DAD, and CE-MS, the
qualitative and quantitative ability has
been enhanced significantly, since such
instruments provide not only separation
ability but also qualitative ability with
spectroscopic profiles. This provides the
chemical foundation for the explanation
of the mechanism of pharmacological
activity. Justas in metabolomics, as pointed
out by Van de Greef, “the comprehensive
identification of metabolites remains

a key challenge”.1*41 Based on the CFs
obtained, comprehensive identification of
secondary metabolites of the TCMs should
be very momentous, and the assistance
of chemometric measurement is also
indispensable.

In general, the data generated by
hyphenated instruments are matrices with
every row being a spectrum and every col-
umn a chromatogram at some wavelength,
wave number or m/e unit. Commonly, the
size of the data matrix obtained is rather
large. However, the matrix data obtained by
hyphenated chromatography has so-called
dimension advantages as proposed by
Booksh and Kowalski,*5! which will make
resolution of overlapping chromatographic
peaks  possible.  Furthermore, the
hyphenated technique might enhance
the chromatographic separation ability
by means of the additional spectral
information, since one could easily find
some useful component selectivity with
the help of chemometric local rank analysis
methods.[6l Chromatography is a powerful
tool for analyzing complicated systems
such as TCM. However, as pointed out by
Giddings, relative to the maximum peak
content or peak capacity for closely spaced
peaks, a random chromatogram will never
contain more than about 37% of its potential
peaks. Thus, the number of observed peaks
is not the same as the number of distinct
chemical components.#”l On the other
hand, a Chinese herbal formula for treating
the common cold contains hundreds
of chemical components, and it seems
impossible to get a baseline separation
with hundreds of analytes. As a result,
identification of the purity of a target peak
cluster followed by resolution into pure
chromatograms and/or spectra is of great
significance for complex systems like
TCMs. Fortunately, the recently developed
chemometrics resolution methods provide
powerful tools to accomplish this job.[48-57]
With the help of chemometric resolution
methods, the qualitative and relatively
quantitative analysis for some CFs of
volatile components in TCMs obtained
from GC-MS were also reported.[6.7.58-60]
When the boiling points of compounds are
close to each other, co-elution of two or
more different compounds is very possible
although the chromatographic conditions
are optimized. In such a case, by direct
similarity searchesinthe MS database alone
it is difficult to identify the compounds,
which could even result in wrong
conclusions. Therefore, it is extremely
necessary to resolve the overlapping peaks
by means of chemometric techniques.
With the help of chemometric resolution
methods, such as heuristic evolving latent
projections and subwindow factor analysis,
determination of volatile components
in Cortex Cinnamomi,l®) Notoptergium
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incium,59  Artemisia capillaris,/® and
peptic powder!”l were conducted by GCMS.
Tentative identifications were performed
by comparing the retention time and mass
spectra of samples with standards or/and
earlier publications.

Over the last decades, many chemomet-
ric techniques!®'-72I have been successfully
applied to solve the problems arising
from metabolic analysis, qualitative and
quantitative analysis of herbal medicines
(HM), and others.[65-701 In addition the SIM
technique was developed for the analysis
of complex chromatographic systems.[7!-721
But the identification and quantification
of all chemical components in a complex
system is far from satisfactory.73

Fortunately, in some cases, it is not
necessary to resolve all the ingredients in
complex systems, but only to identify parts
of them or find the difference and similari-
ties of components between two datasets
of target samples for purpose of quality
control of TCMs. It is obvious that the in-
tegrated investigation must be time-saving
and effective for obtaining the valuable in-
formation. In the relationship between the
two chromatographic fingerprints (CF),
five possible relationships of the chemi-
cal components between two different and
complex systems are illustrated in Fig. 5.
To analyze the five possible relationships,
a novel chemometric method was devel-
oped. The method, named alternative mov-
ing window factor analysis (AMWFA),
could utilize the cross information hidden
in the two systems to determine the number
of common components between them and
even to identify their corresponding spec-
tra semi-automatically. The selective infor-
mation in matrices X and/or Y can alterna-
tively be employed for the identification of
their common components. Using compo-
nent information in one system to deduce
the spectrum in the other related system
is the main advantage of AMWFA, since
the same component should have the same
spectrum even if they exist in different fin-
gerprints. When no or only weak selective
information exists in them, the strategy of
sub-matrices extraction from data X and/
or Y can be used for identification with the
moving window technique. The working
procedure of AMWEFA is illustrated in Fig.
6. From the results of comparative analysis
of volatile chemical components in “TCM
drugs pair’ Rhizoma ligustici chuanxiong—
Radix paeoniae rubra and the involved two
single HMs and Angelica oral solution and
its plasma sample after oral intake by rab-
bit, the powerful ability of the method is
shown.[7 Also, with the help of AMWFA,
the volatile components between stems
and roots and also among five Clematis
species from China were studied and ana-
lyzed by GC-MS. Tentative identification
of the compounds was assisted by compar-
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Fig. 5. Schematic illustration of the five possible relationships of chemical components contained
in two different complex chromatographic systems X and Y. The overstriking maculae in X and Y

denote different components.
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Fig. 6. lllustration of working procedure of AMWEFA for defining the target and base matrices. Top
part: X as the target matrix and Y as the base matrix; bottom part: Y as the target matrix and X as

the base matrix alternatively.

ison of temperature-programmed retention
indices with authentic samples.[73]

In addition, the similarities and
differences of essential oil components in
pCRV and pCR were investigated by GC-
MS combined with the help of AMWEFA.
The essential oils from pCRV and pCR
differed significantly both qualitatively

and quantitatively. The main compound
in the essential oils from pCRV and pCR
was D-limonene accounting for 65-83%.
Essential oils from four samples of
Rhododendron were analyzed by GC-MS.
A total of 128 volatile components were
identified temporarily with the help of
retention indices and the chemometrics



CHEMISTRY IN CHINA

949

CHIMIA 2011, 65, No. 12

resolution method.[’ A compound
medicine of Dangguibuxuetang and its
two involved single medicines of Danggui
(Radix Angelica sinensis) and Huangqi
(Radix Astragali) were compared for
their relevant constituents. It was found
that of twenty-one strong peaks in
Dangguibuxuetang, eight originate from
Radix Angelica sinensis, six from Radix
Astragali, and seven from both Radix
Angelica sinensis and Radix Astragali.
Some new chemical ingredients appeared
in fingerprints of Dangguibuxuetang, and
some existing in those of single medicines
contrarily disappeared after formulation.
It is suggested that there might be certain
interactions of the chemical ingredients
in compound medicine besides their total
sum effect of single medicines.[7”]

It is worth noting that the comparison
analysis of CFs could be used to trace the
metabolic situation of TCMs. From the
point of view of exploring the mechanism
of why TCM works, this kind of research
might be of great importance. If one
could trace the metabolic changes of the
TCMs when they are taken into the body
of an animal/human being, it would be
very helpful to screen active components
and/or the pharmacokinetics. Based on
the metabolic fingerprinting technique
and LC/DAD-MS, a rapid screening and
analysis of the multiple absorbed bioactive
components and metabolites of an oral
solution of Danggui and the Dangguibuxue
decoction (DD) in rabbit plasma after oral
administration were developed.[78-801 The
results obtained from a comprehensive
comparative analysis of the fingerprints
of the DD and its metabolic fingerprints
in rabbit plasma indicated that 46
components in the DD were absorbed into
the rabbit’s body. Of them, ten components
were tentatively identified from their MS
and UV spectra and retention behaviors
by comparing the results with the reported
literature were assessed. In addition, 21
components were found in the metabolic
fingerprints only, which suggested that they
might be metabolites of some components
in the DD. This might be, in our opinion,
important not only for the pharmaceutical
discovery process and the quality control
of crude drugs, but also could be a helpful
aid in discovering the curative mechanism
of TCMs.

4. Exploration of the Relationship
between Bioactivity and
Composition of TCM and Validation
of their Bioactive Modes with the
Help of Chemometrics

With the chemical composition of
TCMs at hand, the exploration of the re-
lationship between the CFs and efficacy

of the HMs seems thus to be the impor-
tant aspect for the quality control of HMs.
However, evaluating reasonably their re-
lationship is obviously not a trivial task.
Recently, some work has been done along
this direction with the help of chemomet-
rics.[81-86]

The quantitative relationship between
chemical composition and cholesterol-
lowering effect of Qi-Xue-Bing-Zhi-
Fang, a widely used HM in China, was
investigated. Quantitative composition—
activity relationship models generated
by multiple linear regression, artificial
neural networks, and support vector
regression exhibited different capabilities
of predictive accuracy. Moreover, the
proportion of two active components of
Qi-Xue-Bing-Zhi-Fang was optimized
based on the quantitative composition—
activity relationship model to obtain a
new formulation. Validation experiments
showed that the optimized HM has greater
activity.[83]

Many herbal products are claimed to
have healing or protective effects, though
often these activities are neither evaluated
nor quantified. For instance, it was shown
that green tea exhibits protective effects
againstseveral cancers introduced by chem-
ical carcinogens as well as against ather-
osclerosis and coronary heart diseases.8!
These positive actions of green tea are
related to its antioxidant capacity and
therefore an attempt was made to predict
the total antioxidant capacity of green tea
from CFs by linear multivariate calibration
techniques.[®71 The predicted antioxidant
capacities can then be a measure for the
protective effects and for the quality of the
tea. However, for chromatographic data,
e.g. fingerprints, only a few multivariate
calibration applications are described.
Recently, Dumarey et al. explored linear
multivariate calibration techniques to
predict the total antioxidant capacity of
green tea from CFs. Also, van Nederkassel
et al!#3] predicted the total antioxidant
capacity of green tea from their CFs by the
use of PLSI#7:881 and uninformative variable
elimination PLS.[8]

More recently, using whole chromato-
graphic profiles and measurements of total
bioactivity as input, a quantitative pattern—
activity relationship approach®! was
proposed as a general method for providing
two pieces of crucial information about
complex bioactive mixtures available: 1)
a model for predicting total bioactivity
from the CF and ii) the features in the
chromatographic profile responsible for
the bioactivity. The targeted approach
makes information about Dbioactivity
available at the molecular level and
provides possibilities for assessment of
HMs possible beyond just authentication
and total bioactivity. As an example, the

antioxidant property of the HM Radix
Puerariae lobatae was measured for
its reducing power toward a ferric ion
complex. A PLS model was created to
predict the antioxidant activity from the
CF. Using the antioxidant activity as a
target, the most discriminatory projection
in the multivariate space spanned by the
chromatographic profiles was revealed.

On the other hand, the mechanism of
action of TCMs is usually unknown, which
also poses challenges to the pharmaceutical
and agrochemical industries.[®1-931 The
metabolic profile is a very sensitive
indicator of environmental influences and
might be used to detect and analyze changes
of the total metabolic state of microbes due
to pathophysiological stimuli,[®¥ which
makes it an attractive candidate for mode
of action studies.[5] Metabolic profiling is
being used to evaluate the pharmacological
mechanism of the drugs or drug candidates.
The method is particularly useful when a
moderate number of different outcomes
(e.g. modes-of-action, disease states) can
be pre-defined. 0]

Using the metabolomic profile and
nine antibacterial substances with known
modes of action, the antibacterial mode
of berberine on Staphylococcus aureus
was recently investigated.l°”! The working
procedure is elucidated briefly in Fig. 7.
With the help of HPLC/ESI-MS, metabolic
profiles of S. aureus treated by berberine
and nine antibacterial substances with
known modes of action (see Table 1) were
first acquired. After data pretreatment,
the acquired profiles were reduced into
several MS vectors containing 900 m/z
values. Then, PCA was carried out upon
those metabolic profiles in order to classify
those drugs according to their mechanisms.
From the result obtained by PCA, the
possible antibacterial mode of berberine
was explored. Also the antimicrobial roles
of dihydrocucurbitacin F-25-O-acetate,
one of the major components in Hemsleya
pengxianensis, on S. aureus were also
explored with the similar approach.[®81 The
result obtained showed the mechanism may
be to inhibit cell wall synthesis. Another
example of score plot from PCA (the
variance of the first two PC being 89.5%
of total variance of the data) for exploring
the antibacterial mode of TCM Agquilegia
oxysepala is shown in Fig. 8. From Fig. 8,
one can see clearly that 90 samples treated
with different drugs and controls are well-
separated. Cefataxime, whose target is
on transpeptidases and carboxpeptidases,
formed a distinct cluster separate from the
other antibiotics based onits different mode
of action. Acheomycin, lincolmensin,
erythromycin, chloromycetin, and
streptomycin cluster together. As known
from Table 1, lincolmensin, erythromycin,
and chloromycetin have effects on the
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Fig. 7. Working
procedure of
validation of anti-
bacterial mode of
traditional Chinese
medicine by meta-

bolomics and PCA.
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of metabolic profiles
of controls and
cultures treated with
Aquilegia oxysepala,
genkwanin, apigenin,
maguoflorine, berber-
ine, and nine anti-
biotics. Controls (®),
acheomycin (A),
lincolmensin (x),
erythromycin (A),
chloromycetin (%),
streptomycin (%),
cefataxime (<€),
vancomycin (@),

rifampicin (H),
norfloxacin ((J),

50S ribosomal subunit; streptomycin and
acheomycin act on the 30S ribosomal
subunit. In other words, the mode of
action of those five drugs is to inhibit
protein synthesis. In addition, the points of
rifampicin and norfloxacin, whose targets
are on RNA polymerase, gyrase, and
topoisomerase IV, are gathered together.
The points of berberine, genkwanin,
apigenin, rifampicin, and norfloxacin are
clustered together. That means the targets
of berberine, genkwanin, and apigenin are
possibly on nucleic acid as well. More
on the mechanism of action of berberine
is documented by other work.[%-1051 The

A. oxysepala (<),
genkwanin (O),
maguoflorine (V),
apigenin (>), and
berberine ().

PCA results supported the hypothesis
that modes of actions of a drug could
be identified by the metabolic profiles
acquired. The data points of maguoflorine
and Aquilegia oxysepala are clustered with
acheomycin, lincolmensin, erythromycin,
chloromycetin, and streptomycin. This may
imply that the target of maguoflorine and A.
oxysepala on S. aureus is possibly similar
to that of lincolmensin, erythromycin,
chloromycetin, streptomycin, and
acheomycin, whose targets are protein.
With almost the same idea, several other
HMs and their corresponding active
components were also investigated.[106-108]

Table 1. Modes of actions of selected known antibiotics

Drug/class Function inhibited Molecular target
Chloromycetin Protein synthesis 50S ribosomal subunit

Streptomycin  Protein synthesis 30S ribosomal subunit

Acheomycin  Protein synthesis 30S ribosomal subunit

Erythromycin Protein synthesis 50S ribosomal subunit

Lincolmensin  Protein synthesis 50S ribosomal subunit

Norfloxacin DNA replication/transcription Gyrase and topoisomerase IV
Rifampicin Transcription RNA polymerase

Cefataxime Peptidoglycan synthesis Transpeptidases and carboxypeptidases
Vancomycin  Peptidoglycan synthesis Cell wall peptidoglycan

5. Conclusion

The parameters relevant to the quality
of Chinese herbal medicines acquired from
chromatographic fingerprinting certainly
form a large dataset, which can only be
processed sufficiently and systematically
through chemometric calculation. The inte-
grated quality information can be explored
thoroughly as a whole to extract logical
conclusions from the empirical evidence,
particularly when the compound data de-
rived from a macro amount of samples are
subjected to a series analysis by means of
chromatography hyphenated with various
detective measurements. Furthermore, the
quality information serves as a ‘quality da-
tabank’ in order to incorporate phytochem-
ical information with biological activity of
the herbals so as to seek the relationship
between the CF and the synergic efficacy
of the TCMs.109-1111 Basically, chemical
fingerprint analysis aided by chemomet-
rics can ensure the maintenance of the
consistent quality of samples for biologi-
cal and pharmacological research.
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