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Abstract

Different chromatographic and electrophoretic techniques commonly used in the instrumental inspection of herbal medicines (HM) are
first comprehensively reviewed. Chemical fingerprints obtained by chromatographic and electrophoretic techniques, especially by hyphenated
chromatographies, are strongly recommended for the purpose of quality control of herbal medicines, since they might represent appropriately
the “chemical integrities” of the herbal medicines and therefore be used for authentication and identification of the herbal products. Based on the
conception of phytoequivalence, the chromatographic fingerprints of herbal medicines could be utilized for addressing the problem of quality
control of herbal medicines. Several novel chemometric methods for evaluating the fingerprints of herbal products, such as the method based
on information theory, similarity estimation, chemical pattern recognition, spectral correlative chromatogram (SCC), multivariate resolution
etc. are discussed in detail with examples, which showed that the combination of chromatographic fingerprints of herbal medicines and the
chemometric evaluation might be a powerful tool for quality control of herbal products.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction such as high-performance liquid chromatography (HPLC),

gas chromatography (GC), capillary electrophoresis (CE) and

The traditional herbal medicines (HM) and their prepara- thin layer chromatography (TLC), can be applied for this kind
tions have been widely used for thousands of years in manyof documentation. In this way, the full herbal product could
oriental countries, such as in China, Korea, Japan, etc. How-be regarded as the active ‘compound’. The concept of phy-
ever, one of the characteristics of oriental herbal medicine toequivalence was developed in Germany in order to ensure
preparations is that all the herbal medicines, either present-consistency of herbal produdts. According to this concept,
ing as single herbs or as collections of herbs in composite a chemical profile, such as a chromatographic fingerprint, for
formulae, are extracted with boiling water during the decoc- a herbal product should be constructed and compared with
tion process. This may be the main reason why quality control the profile of a clinically proven reference product.
of oriental herbal drugs is more difficult than that of western In 2004, the Chinese State Food and Drug Administra-
drug. As pointed in “General Guidelines for Methodologies tion (SFDA) will regulate the compositions of liquid injec-
on Research and Evaluation of Traditional Medicines (World tion with HM ingredients using stringent quality procedures
Health Organization, 2000)1], “Despite its existence and  such as chemical assay and standardization. Fingerprints of
continued use over many centuries, and its popularity and HM liquid injections are compulsorily carried out for this
extensive use during the last decade, traditional medicinepurpose. In addition, among the various experimental tech-
has not been officially recognized in most countries. Conse- niques, chromatographic methods are highly recommended
quently, education, training and research in this area have noffor finding out the fingerprints of these produffis-12]
been accorded due attention and support. The quantity and By definition, a chromatographic fingerprint of a HM
quality of the safety and efficacy data on traditional medicine is, in practice, a chromatographic pattern of the extract of
are far from sufficient to meet the criteria needed to support some common chemical components of pharmacologically
its use world-wide. The reasons for the lack of research dataactive and or chemically characterist[6s-7,11] This chro-
are due to not only to health care policies, but also to a lack matographic profile should be featured by the fundamental
of adequate or accepted research methodology for evaluatingattributions of “integrity” and “fuzziness” or “sameness”
traditional medicine”. and “differences” so as to chemically represent the HM

In general, one or two markers or pharmacologically ac- investigated[11,13]. It is suggested that with the help of
tive components in herbs and or herbal mixtures were cur- chromatographic fingerprints obtained, the authentication
rently employed for evaluating the quality and authenticity and identification of herbal medicines can be accurately
of herbal medicines, in the identification of the single herb conducted (“integrity”) even if the amount and/or concen-
or HM preparations, and in assessing the quantitative herbaltration of the chemically characteristic constituents are not
composition of an herbal product. This kind of the determi- exactly the same for different samples of this HM (hence,
nation, however, does not give a complete picture of a herbal“fuzziness”) or, the chromatographic fingerprints could
product, because multiple constituents are usually respon-demonstrate both the “sameness” and “differences” between
sible for its therapeutic effects. These multiple constituents various samples successfullt1,14] Thus, we should
may work ‘synergistically’ and could hardly be separatedinto globally consider multiple constituents in the HM extracts,
active parts. Moreover, the chemical constituents in compo- and not individually consider only one and/or two marker
nent herbs in the HM products may vary depending on har- components for evaluating the quality of the HM products.
vestseasons, plantorigins, drying processes and other factors. However, in any HM and its extract, there are hundreds of
Thus, it seems to be necessary to determine most of the phytounknown components and many of them are in low amount.
chemical constituents of herbal products in order to ensure theMoreover, there usually exists variability within the same
reliability and repeatability of pharmacological and clinical herbal materialg4,15]. Consequently, to obtain reliable
research, to understand their bioactivities and possible sidechromatographic fingerprints that represent pharmacologi-
effects of active compounds and to enhance product qual-cally active and chemically characteristic components is not
ity control[2—4]. Thus, several chromatographic techniques, an easy or trivial work. Fortunately, chromatography offers
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very powerful separation ability, such that the complex copoeia (AHP) (Upton, Santa Cruz, US, 2002), Chinese drug
chemical components in HM extracts can be separatedmonographs and analysis (Wagneititing/Bayer, Wald,
into many relatively simple sub-fractions. Furthermore, Germany, 1997), Pharmacopoeia of the People’s Republic
the recent approaches of applying hyphenated chromatog-of China (Chemical Industry Press, Beijing, 1997), etc. still
raphy and spectrometry such as high-performance liquid use TLC to provide first characteristic fingerprints of herbs.
chromatography—diode array detection (HPLC-DAD), Rather, TLC is used as an easier method of initial screening
gas chromatography—mass spectroscopy (GC-MS), cap-with a semiquantitative evaluation together with other chro-
illary electrophoresis-diode array detection (CE-DAD), matographic techniques. As there is relatively less change
HPLC-MS and HPLC-NMR, could provide the additional in the simple TLC separation of herbal medicines than with
spectral information, which will be very helpful for the instrumental chromatography, only a brief summary is given
qualitative analysis and even for the on-line structural here, and for further details about TLC the readers could con-
elucidation. With the help of the spectral information the hy- sult referencef39—-40]
phenated instruments show greatly improved performances TLC has the advantages of many-fold possibilities of
in terms of the elimination of instrumental interferences, detection in analyzing herbal medicines. In addition, TLC
retention time shift correction, selectivity, chromatographic is rather simple and can be employed for multiple sample
separation abilities, measurement precisid6-18] If analysis. For each plate, more than 30 spots of samples
hyphenated chromatography is further combined with can be studied simultaneously in one time. Thus, the use
chemometric approaches, clear pictures might be developedf TLC to analyze the herbal medicines is still popular
for chromatographic fingerprints obtained. These excellent [41-50,221-224] With the help of the CAMAG video
properties are the so-called dimension advantages proposedtore system (CAMAG, Switerland) and TLCQA-UV
by Booksh and Kowalski[19]. A chemical fingerprint method§b1], it is possible to get useful qualitative and quan-
obtained by hyphenated chromatography, out of question,titative information from the developed TLC plate. One can
will become the primary tool for quality control of herbal observe that, in referen¢®l], the four samples aordyceps
medicineq13-15,20-37] sinensigrom the joint products of China and Japan cooper-
ation have more valuable medical effect compared to others
as they contained the most effective component cordycepin.

2. Chromatography and chemical fingerprints of Moreover, with the help of image analysis and digitized
herbal medicines technique developed in computer science, the evaluation of
similarity between different samples is also possible.
In general, the methods for quality control of herbal In summary, the advantages of using TLC to construct the

medicines involve sensory inspection (macroscopic and mi- fingerprints of herbal medicines are its simplicity, versatility,
croscopic examinations) and analytical inspection using in- high velocity, specific sensitivity and simple sample prepa-
strumental techniques such as thin layer chromatography,ration. Thus, TLC is a convenient method of determining the
HPLC, GC-MS, LC-MS, near infrared (NIR), and spec- quality and possible adulteration of herbal products.
trophotometer, etd38]. On the other hand, the methods of It is worth noting that the technique of TLC are also be-
extraction and sample preparation are also of great impor-ing updated in progress. A recent pafg2] gave a very
tance in preparing good fingerprints of herbal medicines. In good review on this respect. It summarized the progress
this review article, however, we shall only focus our attention in forced-flow planar chromatography (FFPC) and demon-
on how to construct reasonably the chromatographic finger- strated the importance of the different techniques like ro-
prints and their reasonable and efficient evaluation for the tation planar chromatography (RPC), overpressured-layer
purpose of quality control. As a single herbal medicine may chromatography (OPLC), and electroplanar chromatography
contain a great many natural constituents, and a combination(EPC). A simple, but powerful preparative forced-flow tech-
of several herbs might give rise to interactions with hundreds nique was also reported; in this technique hydrostatic pres-
of natural constituents during the preparation of extracts, the sure is used to increase mobile-phase velocity. Parallel- and
fingerprints produced by the chromatographic instruments, serially-coupled layers open up new vistas for the analysis
which may presentarelatively good integral representation of of a large number of samples (up to 216) for high through-
various chemical components of herbal medicines, are mainly put screening and for the analysis of very complex matrices.

concerned in this review. Some applications, relating to different classes of substances,
were given to demonstrate the versatility of the various FFPC
2.1. Thin layer chromatography techniqueg$52].

TLC was the common method of choice for herbal anal- 2.2. Gas chromatography and volatile components in
ysis before instrumental chromatography methods like GC herbal medicines
and HPLC were established. Even nowadays, TLC is still
frequently used for the analysis of herbal medicines since Itis well-known that many pharmacologically active com-
various pharmacopoeias such as American Herbal Pharmaponents in herbal medicines are volatile chemical com-
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pounds. Thus, the analysis of volatile compounds by gas HPLC (RP-IPC-HPLC]J79,80] and strong anion-exchange
chromatography is very important in the analysis of herbal HPLC (SAX-HPLC) [81]. They will provide new oppor-
medicines. The GC analysis of the volatile oils has a number tunities for good separation for some specific extracts of
of advantages. Firstly, the GC of the volatile oil gives a rea- some herbal medicines. On the other hand, the advantages
sonable “fingerprint” which can be used to identify the plant. of HPLC lie in its versatility for the analysis of the chemical
The composition and relative concentration of the organic compounds in herbal medicines, However, the commonly
compounds in the volatile oil are characteristic of the partic- used detector in HPLC, say single wavelength UV detector,
ular plant and the presence of impurities in the volatile oil can seems to be unable to fulfill the task, since lots of chemical
be readily detected. Secondly, the extraction of the volatile oil compounds in herbal medicines are non-chromophoric
is relatively straightforward and can be standardized and thecompounds. Consequently, a marked increase in the use of
components can be readily identified using GC-MS analysis. HPLC analysis coupled with evaporative light scattering
The relative quantities of the components can be used to mon-detection (ELSD) in a recent decade demonstrated that
itor or assess certain characteristics of the herbal medicinesELSD is an excellent detection method for the analysis of
Changes in composition of the volatile oil may also be used non-chromophoric compound82—84] This new detector
as indicators of oxidation, enzymatic changes or microbial provides a possibility for the direct HPLC analysis of many
fermentation. pharmacologically active components in herbal medicines,
The advantages of GC clearly lie in its high sensitiv- since the response of ELSD depends only on the size, shape,
ity of detection for almost all the volatile chemical com- and number of eluate particles rather than the analysis struc-
pounds. This is especially true for the usual FID detection ture and/or chromophore of analytes as UV detector does.
and GC-MS. Furthermore, the high selectivity of capillary Especially, this technique is quite suitable for the construc-
columns enables separation of many volatile compounds si-tion of the fingerprints of the herbal medicines. Moreover, the
multaneously within comparatively short times. Thus, over qualitative analysis or structure elucidation of the chemical
the past decades, GC is a popular and useful analytical toolcomponents in HM by simple HPLC is not possible, as
in the research field of herbal medicirj&8-62] Especially, they rely on the application of techniques using hyphenated
with the use of hyphenated GC-MS instrument, reliable in- HPLC, such as HPLC-MS, HPLC-NMR, for the analysis of
formation on the identity of the compounds is available as herbal medicines. This topic will be further discussed later on.
well (see next section for more detail). However, the most
serious disadvantage of GC is that it is not convenient for its 2.4. Electrophoretic methods
analysis of the samples of polar and non-volatile compounds.
For this, it is necessary to use tedious sample work-up which  Capillary electrophoresis was introduced in early 1980s
may include derivatization. Therefore, the liquid chromatog- as a powerful analytical and separation technifgtd and
raphy becomes an another necessary tool for us to apply thehas since been developed almost explosively. It allows an ef-

comprehensive analysis of the herbal medicines. ficient way to document the purity/complexity of a sample
and can handle virtually every kind of charged sample com-
2.3. High-performance liquid chromatography ponents ranging from simple inorganic ions to DNA. Thus,

there was an obvious increase of electrophoretic methods,

HPLC is a popular method for the analysis of herbal especially capillary electrophoresis, used in the analysis of
medicines because itis easy to learn and use and is not limitecherbal medicinef86—108]in last decades. The more or less
by the volatility or stability of the sample compound. In gen- explosive development of capillary electrophoresis since its
eral, HPLC can be used to analyze almost all the compoundsintroduction hasto a great extent paralleled that of liquid chro-
in the herbal medicines. Thus, over the past decades, HPLOmatography. Most of the used techniques are capillary zone
has received the most extensive application in the analysiselectrophoresis (CZE), capillary gel electrophoresis (CGE)
of herbal medicine§3-76] Reversed-phase (RP) columns and capillary isoelectric focusing (clEF). CE is promising
may be the most popular columns used in the analytical sep-for the separation and analysis of active ingredients in herbal
aration of herbal medicines. medicines, since it needs only small amounts of standards

Itis necessary to notice that the optimal separation condi- and can analyze samples rapidly with a very good separa-
tion for the HPLC involves many factors, such as the different tion ability. Also, it is a good tool for producing the chemi-
compositions of the mobile phases, their pH adjustment, cal fingerprints of the herbal medicines, since it has similar
pump pressures, etc. Thus, a good experimental design fotechnical characteristics of liquid chromatography. Recently,
the optimal separation seems in general neceq3&y6] several studies dealing with herbal medicines, have been re-
In order to obtain better separation, some new techniquesported and two kinds of medicinal compounds, i.e. alkaloids
have been recently developed in research field of liquid [95-102]and flavonoid4103-108] have been studied ex-
chromatography. These are micellar electrokinetic capillary tensively.
chromatography (MECC])77], high-speed counter-current In general, CE is a versatile and powerful separation
chromatography (HSCCC), low-pressure size-exclusion tool with a high separation efficiency and selectivity when
chromatography (SEC]78], reversed-phase ion-pairing analyzing mixtures of low-molecular-mass components.
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However, as Shibabi and Hinsd§®9] pointed out thatthe  3.1. GC-MS and herbal medicines
fast development in capillary electrophoresis has so far been
focused on the improvement of resolution and throughput Mass spectrometry is the most sensitive and selective
rather than reproducibility and absolute precision. One method for molecular analysis and can yield information on
successful approach to improve the reproducibility of the molecular weight as well as the structure of the molecule.
both mobility and integral data has been based on internal Combining chromatography with mass spectrometry pro-
standards[110]. Many papers were published on the vides the advantage of both chromatography as a separation
subject over the last years but unfortunately they often method and mass spectrometry as an identification method.
only give a limited image on the real possibilities of CE In mass spectrometry, there is a range of methods to ionize
in the field of fingerprinting herbal medicines. On the compounds and then separate the ions. Common methods
stony road to consistent results, not only the complexity, of ionization used in conjunction with gas chromatography
heterogeneity and polydispersity of herbal medicines may are electron impact (El) and electron capture ionization
limit straightforward conclusions, but also many artifacts (ECI). El is primarily configured to select positive ions,
can result from the chosen separation buffer chemistry whereas ECI is usually configured for negative ions (ECNI).
with hidden instrumental constraints. However, we believe El is particularly useful for routine analysis and provides
that CE and capillary electrochromatography approachesreproducible mass spectra with structural information which
would contribute to a better understanding of the solution allows library searching. GC-MS was the first successful
behavior of herbal medicines, especially when additionally online combination of chromatography with mass spectrom-
combined (offline or online) with the powerful spectrometric etry, and is widely used in the analysis of essential oil in
detectors. herbal medicinefl11-125]
With the GC-MS, people could produce not only
a chromatographic fingerprint of the essential oil of
3. Hyphenation procedures the herbal medicine but also the information related to
its most qualitative and relative quantitative composition
In the past two decades, combining a chromatographic [116-120,126,127] Used in the analysis of the herbal
separation system on-line with a spectroscopic detector inmedicines, there are at least two significant advantages for
order to obtain structural information on the analytes present GC-MS, that is: (1) with the capillary column, GC-MS has
in a sample has become the most important approach for thein general very good separation ability, which can produce
identification and/or confirmation of the identity of targetand a chemical fingerprint of high quality; (2) with the cou-
unknown chemical compounds. For most (trace-level) ana- pled mass spectroscopy and the corresponding mass spectral
lytical problems in the research field of herbal medicines, the database, the qualitative and relatively quantitative composi-
combination of column liquid chromatography or capillary tion information of the herb investigated could be provided
gas chromatography with a UV-vis or a mass spectrometerby GC-MS, which will be extremely useful for the further
(HPLC-DAD, CE-DAD, GC-MS and LC-MS, respectively) research for elucidating the relationship between chemical
becomes the preferred approach for the analysis of herbalconstituents in herbal medicine and its pharmacology in fur-
medicines. ther research. Thus, in our opinion, GC-MS should be the
It is also true that additional and/or complementary most preferable tool for the analysis of the volatile chemical
information is, in quite a number of cases, urgently required. compounds in herbal medicines.
This can be provided by, for example, atomic emission,
Fourier-transform infrared (FTIR), fluorescence emission 3.2. HPLC-DAD, HPLC-MS and others
(FE), or nuclear magnetic resonance (NMR) spectrometry.
It is demonstrated that, from a practical point of view, HPLC-DAD has become a common technique in most
rewarding results can be obtained, since we need muchanalytical laboratories in the world now. With the additional
more information to deal with the most complex analytical UV spectral information, the qualitative analysis of complex
systems such as those samples from herbal medicines. samples in herbal medicines turns out to be much easier than
Furthermore, the data obtained from such hyphenated in-before. For instance, checking peak purity and comparing
struments are the so-called two-way data, say one way forwith the available standard spectrum of the known compound
chromatogram and the other way for spectrum, which could to the one in the investigated sample. Especially, with the in-
provide much more information than the classic one-way troduction of electrospray mass spectrometry, the coupling
chromatography. With the help of chemometrics, a rather of liquid chromatography and mass spectrometry has opened
new discipline developed both in chemistry and statistics in the new way to widely and routinely applied to the analy-
the later part of the 1970s, we will definitely get more chance sis of herbal medicines. HPLC chromatographic fingerprints
to deal with the difficult problems in the analysis of herbal can be then applied for documentation of complete herbal ex-
medicines and also the problems in quality control of herbal tracts with more information and on-line qualitative analysis
medicines, which will be discussed in some detail in this re- becomes possible. Several valuable review articles dealing
view. with LC-MS and its application in the analysis of botanical
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extracts have been publishB®8-135] In last decades, the  methods developed in chemometrics, since one could use

increasing usage of LC-MS and HPLC-DAD in the analysis with the additional information from spectra to correct the

of herbal medicines is quite obvio[s36—146] Severalgood  artifacts from the chosen separation buffer chemistry or from

reviews have been published for the analysis of the bioactive hidden instrumental constraints (see later for more details).

chemical compoundsin plants and herbal medicines, inwhich  In sum, as the hyphenated techniques in chromatographic

the technique used most is HPLC, especially the hyphenatedand electrophoretic instruments develop, our ability of anal-

HPLC technique§l47,148] ysis of herbal medicines, both in qualitative and quantitative
Moreover, combined HPLC-DAD-MS techniques take respects, and our ability of quality control of herbal medicines

advantage of chromatography as a separation method anavill become stronger and stronger. We are quite sure that

both DAD and MS as an identification method. DAD and MS we will have a very prospective future for quality control of

can provide on-line UV and MS information for each indi- herbal medicines.

vidual peak in a chromatogram. With the help of this hyphen-

ation, in most cases, one could identify the chromatographic

peaks directly on-line by comparison with literature data or 4. Information features of chromatographic

with standard compounds, which made the LC-DAD-MS fingerprints of herbal medicines

becomes a powerful approach for the rapid identification of

phytochemical constituents in botanical extracts, and it can  From the discussion above, we can see clear that there are

be used to avoid the time-consuming isolation of all com- many chromatographic techniques, including the hyphenated

pounds to be identifie49]. Recently, the hyphenation be- chromatographies, available for us to do the instrumental

tween HPLC and NMR are also availaljles0—-154] which analysis of herbal medicines, and to construct further their

might become a vital and an attractive analytical tool for the fingerprinting. The problem here is that how could we effi-

analysis of drugs in biological fluids and for the analysis of ciently and reasonably evaluate such-obtained analytical re-

herbal medicine§l55]. In fact the tendency of the hyphen-  sults and/or the fingerprints of the herbal medicines and how

ation or multi-hyphenation of the chromatography with the could we use the information obtained from chromatographic

common used four spectroscopic detectors, say UV, Fourier-analysis to address further the problem of quality control for

transformation infrared spectrum, MS and NMR, for struc- herbal medicines, which are just the topic we will discuss in

ture elucidation of chemical compounds, is in progress. A the following sections.

recent papefl56] gave a good review on this. A “total anal-

ysis device” has been recently demonstrated in the case of4.1. Phytoequivalence and chromatographic

on-line HPLC-UV(DAD)-FT-IR-NMR-MS analyses. fingerprints of herbal medicines
It may be worth noting that the electrode array hyphen-
ated with HPLC is also in progre$$57]. As electrochem- In general, one could use the chromatographic techniques

ical detection was described to be superior to UV—vis and to obtain a relatively complete picture of an herbal, which
fluorescence spectroscopy for determination of some chem-is in common called chromatographic fingerprints of herbal
ical compound, like polyphenols in trace lev§l$8-160] medicines to represent the so-called phytoequivalence. The
very sensitive determination was achieved by using a multi following results shows some examples.

channel electrochemical detector (CoulArray). A two-way Fig. 1 shows the total ionic chromatograms (TIC) of es-
chromatogram is obtained, since the detector has 12 (orsential oils inCortex cinnamomirom four producing areas,
more) electrodes in series set incrementally to different po- say: (a) Zhaoging, Guangdong province, China; (b) Yulin,
tentials. Thus, similar to the UV-vis spectra, the hydrody- Guangxi province, China; (c) Yunnan province, China; and
namic voltammogram can be used for peak purity checking (d) Vietnam, by GC-M$17]. There are, of course, some dif-

and peak identification. ferences in the profiles. However, seen from these profiles,
phytoequivalence is obvious f@. cinnamomiThe other ex-
3.3. Hyphenation of CE ampleis shownifrig. 2, in which there are chromatograms of

methanol extracts dErigeron breviscapufrom 32 different

The situation of the CE analysis in hyphenation devel- producing places in the same province by HPLC detected at
opment is somewhat like HPLC analysis. The hyphenated wavelength 280 nm. The integrated feature of the chromato-
CE instruments, such as CE-DAD, CE-MS and CE-NMR, graphic fingerprints of herbal medicines can be clearly seen
all appeared in the past decades. The techniques have alstrom these examples.
quickly been used for the analysis of the samples from herbal  Obtaining a good chromatographic fingerprint represent-
medicines[161-167] On-line coupling of capillary elec- ing the phytoequivalence of a herb depends several factors,
trophoresis to mass spectrometry and other spectrometry alsuch as the extracting methods, measurement instruments,
lows both the efficient separation of CE and the specific and measurement conditions, etc. In fact, if we want to obtain an
sensitive detection to be achieved. Furthermore, the artifactsinformative fingerprint of a herbal medicine, we need to have
happened in CE measurements might be overcome with thea good extracting method, with which we could fortunately
help of some information handling technique, such as someobtain almost all the pharmaceutically active compounds to
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x 10° 4.2. Information contents of fingerprints of herbal
' ' ' ' ' ' medicines
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Itis obvious that a chromatographic fingerprint of a herbal
medicine is a multivariate system, since in general itembraces
I | most of the phytochemical constituents of herbal products.

y , . . From a point of view of multivariate, the information content
2 4 6 8 10 12 14 of a chromatogram with lots of peaks might be calculated
Betent'on' time(min) by means of various approacta§8—172] However, as for

(Q) | these methods, the signal intensity, retention time, peak area

and/or peak height of each independent peak without over-
lapping should be all taken into consideration, the calculation
I | burden is also rather heavy. Moreover, if a chromatographic
peakis overlapped with its adjacent peak(s), the calculation of
: : ' : : : : the information content will become complex. Vertical split-
2 4 6 8 10 12 14 ting is conventionally used for this situation and both peaks
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15| ones. Out of question, this approximate treatment on a chro-
> matogram with some overlapping peak clusters will cause
g o1 some errors on calculation of information content.
£ 5t In fact, a chromatographic fingerprint, which is a concen-
o , . / , , . tration distribution curve of several chromatographic peaks,
2 4 6 8 10 12 14 could be regarded as a continuous signal determined by
,x10 Retention time(min) its chromatographic shape. According to information theory
' ' ' ' ' ' d [173], the information content of a continuous signal might
Z | | v be simply expressed as the following formula:
g 1t .
E || I ®=-Y pilogpi 1)
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wherep; is the positive real numbers of probability property,
say>_ p; =1.Based on thisidea, we proposed recently a sim-
ple method173]to calculate the information conter) for

Fig. 1. Total ionic chromatograms of essential oilsQortex cinnamomi chromatographic fingerprints of herbal medicines as shown

from four different producing areas: (a) Zhaoging, Guangdong province, in the following equation, that is
China; (b) Yulin, Guangxi province, China; (c) Yunnan province, China;
) @

and (d) Vietnam. Xi Xi
D =— lo
2 ( S ( 2%

where x; is the real chromatographic response of the
represent the Integrlty of the herbal medicine. Furthermore, chemical Components involved in the Chromatographic
a chromatogram with good separation and a representativesingerprint under study. Here, the normalizatiorxodivided
concentration profile of the bioactive components detected py their sum is to make the chromatogram investigated be
by a proper detector are also required. Thus, how to ob- of probability property. In theory, if and only ¥; with un-
tain a high quality chromatographic fingerprint of as more changeable variance is characterized by normal distribution
as possible information of the herbal medicines is an impor- can its information content reach its maximun{174].
tant task for chemists and pharmacologists. Some researcheginder an ideal situation, all the chromatographic peaks from
have been done along with this directi@8-172] Inorder 3 chromatogram can be separated completely and each peak
to understand bioactivities and possible side effects of active confined to a narrow zone might correspond to a normal dis-
compounds of the herbal medicines and to enhance productripution profile[175]. A chromatographic fingerprint with
quality control, it seems that one needs to determine mosta|| of peaks just completely separated should be featured by
of the phytochemical constituents of herbal products so asmaximal information content. Further separation cannot pro-
to ensure the reliability and repeatability of pharmacological vide any more information and becomes unnecessary. On the
and clinical research. Suppose that we have obtained Soonntrary, if any of Chromatographic peaks is over]apped with
fingerprints, how to evaluate the information contents of the its adjacent One(s), this peak will Sure|y show non-Gaussian
chromatographic fingerprints of herbal medicines reasonably normal distribution and therefore undoubtedly cause a loss
and efficiently is the second step for the quality control pur- of the information content. There might be, at least, two
pose. advantages of the calculation of the information content

2 4 6 8 10 12 14
Retention time(min)
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Fig. 2. Original HPLC chromatograms of 33 herbal sampleSra@jeron breviscapuat wavelengtf. = 280 nm.

of complex chromatograms over the available approachesthe monochromator; (4) the column overloading on account
[168-172] First, the method uses the whole chromatogram of the great injected amount or some components with high
with a simple normalization, thus it is not necessary to concentration; (5) the possible interaction between analytes;
identify the retention time, peak intensity, peak width, peak (6) other unknown shifts in the instrument. If these disadvan-
area and/or peak height for all the peaks identified. The tageous cases are in existence during the chromatographic
calculation burden is reduced significantly. Moreover, the runs, the retention times will be subsequently shifted.
theoretic background of the method is simple and reasonable. When such retention time shifts occur in chromatographic

For more details, the readers can consult the referfd’&3. fingerprints, it is great difficult to conduct data processing,
for example, the construction of common chromatographic

4.3. Correction of retention time shift of fingerprints of models of all samples investigated, the similarity comparison

herbal medicines between chromatographic fingerprints and pattern recog-

nition based on principal component analysis (PCA) since

When one deals with several chromatographic fingerprints multivariate analysis with entire chromatographic profiles as
obtained from the same herbal medicine or from different input data is very sensitive to even minute variatiptey. As
sources, the first step of our task might be to evaluate theira result, in order to make up a consistent data, it is necessary
similarity and difference between them. However, correction to detect the retention time shifts of chromatographic
of retention time shift of the fingerprint of herbal medicines fingerprints and then the chromatographic profiles should
should be taken into consideration first, since some types ofbe adjusted along the retention time direction by means of
variation sources are inevitably encountered from one chro- Synchronizing the retention times of the chromatographic
matogram to anothdi7—13,166—182]Under this situation,  peaks from the same components.
some unacceptable results, one of which is imposed by the During the past decades, several kinds of useful ap-
retention time shifts, will be produced. Unfortunately, how proaches have been developed for peak synchronization in
the retention time shifts are caused by the variation sourceschromatographic profilg476-182] Some of them corrected
is very complex. It might be due to (1) the degradation of the retention time shifts by making internal standards added
the stationary phase, especially, the low stability of silica and or marker peaks coincide in all chromatograms under study
silica-based supports at high pH values and the collapse of C-[177-179] Among them, the technique in r¢L79] was re-
18 bonded phase because of a highly polar mobile phase; (2)cently developed. At its first step, chromatographic peaks
minor changes in mobile phase composition caused by tem-were identified by setting a retention time window in both of
perature and pressure fluctuations, variations in flow-rate andthe sample and target chromatograms, and then a list of their
gradient dispersion; (3) some problems involved in the detec- retention times was generated. Here, the window meant the
tors, for example, a wavelength shift in the UV spectrometer, maximum shift to be considered. Clearly, the choice of the
a spectroscopic intensity variation and the misalignment of window size was critical to this technique. However, if the re-
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tention time shifts are very serious for complex systems like course, the chromatographic profiles should properly aligned
herbal medicines, the selection of the optimal peak-matchingto compensate for minor drifts in retention times before one
windows might not be a trivial task. In refil.76,180-182] does the fingerprint evaluation and chemoemtric analysis for
some objective functions on the correlation between the tar- the purpose of quality control.
get and sample chromatograms were optimized and then the
sample chromatographic profiles were aligned with the tar- 5.1, Fingerprints and quality control in herbal medicines
get. Ingeneral, the methods must be very efficient and elegant
if the samples investigated are quite similar in the concentra-  As stated above, one or two markers or pharmacologically
tion profiles of the chemical components. However, if the active components were currently employed for evaluating
concentration profiles change greatly for the complex sam- the quality and authenticity of a herbal medicine. This kind of
ples such as herbal medicines from the different producing the determination, however, does not give a complete picture
places and/or from the various harvest seasons, wrong result®f an herbal product and therefore it will definitely fail to
might be obtained by simply seeking the optimal correlation do the identification of false and true plant extraction. In the
coefficient between the chromatograms. It is because that theollowing an example will be given to illustrate the situation.
correlation coefficient is influenced greatly by the big peaks  Fig. 3 shows 18 fingerprints oGinkgo bilobaextrac-
in the chromatographic profiles. In this case, the maximal tions, which were purchased from several pharmaceutical
correlation coefficient does not certainly represent the beststores, vendors/companies and collected from various pro-
correction for the retention time shifts83]. However, if the ducing areas in the mainland of PR China. All of these sam-
data from the hyphenated chromatographic instruments, suchples were supposed to meet the standard measured by UV
as HPLC-DAD, GC-MS, etc. the correction of retentiontime spectroscopy at wavelength of 318 nm with satisfactory ab-
shift of the fingerprint of herbal medicines will become much sorbance (old standard method for quality contréafiloba
clear and easy, which we will discuss later on. extraction in China), among which standard extract EGb761
was friendly donated to one of authors from Guangzhou In-
stitute for Drug Control, PR China by a Frenchman from
5. Evaluation of chemical fingerprints of herbal Beaufour-lpsen Company in France with a satisfactory fin-
medicines gerprint pattern. Analytical grade methanol and phosphoric
acid use for mobile phase were purchased from chemical
In the early chemometric research, chromatographic datareagents factory of Guangzhou, Guangdong, PR China. The
were commonly first transformed to retention time—peak area other involved reagents were also of analytical grade. Ultra-
data matricesincluding only selected peaks, whether the iden-pure water (18.2 &) was obtained by means of a Milli-Q
tity of the peaks are known or not. The data such obtained apparatus by Millipore Corporation (France) and was used
were then used to do the processing, that is, the calculationfor mobile phase preparation. The mobile phase was vacuum
of similarity or dissimilarity between the fingerprints and the filtered through a filter of 0.4phm pore size.
analysis of principal component analygl84—-186] From the plot, it is difficult to find some false one. But
However, as pointed by Niels¢h76], “The quality of the if we simply do the PCA upon the fingerprints, the results
data (including only retention time—peak area data) relies on are shown irFig. 4. It can be easily seen from the plot that
peak detection (integration) and on how the peaks are selectedamples marked by numbers 1-3 are clearly outliers. Thus,
for the data analysis. It can be very difficult to select an op- if we pick up the fingerprints of samples 2 and 3 (B&g 5C
timal set integration parameters for chromatograms obtainedand D) and comparing them with the fingerprints (&g 5A
from analysis of complex samples which easily contain more and B) of the standard extract EGb761 (number 1Fign 4)
than 100 peaks. Furthermore, the selection and extraction ofand the other sample (number &iy. 4), we can easily find
peaks to include in data analysis is difficult, partly subjective the difference between them. The peak in the fingerprints
and a large amount of the data in the chromatograms are dis-of samples 2 and 3 around the retention time of 10 min is
carded. The disadvantages of peak detection and integrationmuch higher than the one in the standard extract EGb761 and
and of the introduction of a subjective peak selection can be sample 8. This peak is rutin. In fact, rutin was added in the
avoided by using all collected data points in the chemometric three outlier samples, say samples 1-3, in order to meet the
analysis.” Thus, following the suggestion of Nielsen, the en- old standard of enough absorbance. They are quite different
tire chromatographic profiles were utilized to perform direct fromthe realG. bilobaextractions as shown Fig. 5A. From
chemometric analysis. The analysis can be easily done withthis example, we can see that the technique of fingerprint
the help of proper techniques of data compression, such as theould really identify the false herbal products.
technique of wavelet or Fourier transformat{@87-189] if
necessary. Furthermore, another advantage of taking the ens 2. Similarity of fingerprints
tire chromatographic profile to perform direct chemometric
analysis is that the peak shape can be included in data anal- The construction of chromatographic fingerprints aims at
ysis, which will make the pretreatment of overlapping peaks evaluating the quality of HMs. As discussed above, the funda-
much easier when one does evaluation of the fingerprints. Ofmental reason of quality control of herbal medicines is based
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Fig. 3. Ginkgo bilobaextractions were purchased from several pharmaceutical stores, vendors/companies and collected from various producing areas in the
mainland, PR China. Standard extract EGb761 (No.18) was friendly donated to one of authors from Guangzhou Institute for Drug Control, PR China by a
Frenchman from Beaufour-lpsen Company in France.

on the concept of phytoequivalence of herbs, and then to useence coefficient as expressed by the following two formulae

this conception to identify the real herbal medicine and the
false one, and further to do quality control. Thus, the intu-
itive evaluation method is to compare the similarities and/or
differences of the chromatographic fingerprints’ shape. As a
result, both the separation degrees and concentration distribu-
tion of components involved in a chromatographic fingerprint o
is also taken into consideration for this evaluation. The most congruence coefficient :
commonly used standards for evaluation of similarity of the

multivariate systems are correlation coefficient and congru- ”

correlation coefficient :
> —X)(yi — )
(X (i = 0200 - )

s (i=12....n) (3

, > xivi
(X )2 2 00)?)

wherey;, y; are thath elements in two different fingerprints,

—1,2,...,n) (4)

12

0.5 L sayxandy, respectively andis the number of the elementsin
04l | | the fingerprintsx andy are the mean values of thelements
' in fingerprintsx andy, respectively, that is,
0.3r b
Fo 2t (5)
0.2 . n
) — Vi
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Fig. 4. The score plot obtained by principal components analysis where PC1
means the scores coordinates of principal component 1 and PC2 the ones offlUM of the whole 17 samples. From the table, we can see that

principal component 2.

The relationship within a set of chromatographic fingerprints
could be currently analyzed through comparison in terms of
similarity or dissimilarity of the objects with a certain refer-
ence, presented as correlation coefficient or congruence co-
efficient. In order to illustrate the situation, the example used
in the above subsection is now applied to address such a prob-
lem. Table 1list the correlation coefficients and congruence
coefficients of the samples compared with the median spec-

the three false extractions have the smallest similarity values,



Y.-Z. Liang et al. / J. Chromatogr. B 812 (2004) 53-70

0.6 '
0.4 % (A)
o 021 -
£ 4 © |
= eqﬁ ®l5
02 /ﬂ 7 2
-0.4 1 L 1 1
04 -0.35 b3 -0.25 0.2 -0.15
PC (The 1st PC)
1000 - . = & . v : v Y
800} -
s
£ oot ! i
Q
2 400t .
<< 2
1 1]
2001 LU Mn | ]
Jlun,_ ,_J.'.-.ﬁjl\_;!hl A J';_.,||,_,,Jl_,_ . IL|, AaAan N,
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Retention Time / Scanning Points
0.6 T v v T
04 s ©)
o 02F 4
ok | € W5
02t o o7 ﬂﬂﬁ 6&1 s
04 1 L L L
0.4 -0.35 0.3 -0.25 0.2 -0.15
PC1(The 1st PC)
2000 - : —— y v , Y Y
1500 F A 1
15
g 1000 } -
g 500 | ' .
Bk aadhotbon K Ao ]
-500 i i i i i i i i i
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Retention Time / Scanning Points

63
06 T
B
- iy (B)
o2r 1
o
& g ¢ eef Mo
02t ol o7 ﬂ%l 24
0.4 L L Il L
0.4 -0.35 -0.3 -0.25 -0.2 -0.15
PC1(The 1st PC})
800 ey v v v ‘ v v !
= 600+ 4
2
€ 400 1
3
¥al
= 200} b b A |'; | | 4
Lo WAL L
0 LW S LAY LAY 'v.||.w.-|_. LR N
o] 200 400 600 800 1000 1200 1400 1600 1800 2000
Retention Time / Scanning Points
0.6
0.4
0.2 1
o
8]
g 5l € 1
-
02t o o7 % ‘1&1‘51
_04 1 1 L 1
-0.4 -0.35 -0.3 -0.25 -0.2 -0.15
PC1(The 1st PC)
2000 ¢ R v v " T L v T
1500 + | g
s
'ﬁ_ 1000 ¢ -
é 500 [ 4
% | I'! A A M
0 ,_.f__ M WY WA A AN A
500 L L L L L L L L L
Q 200 400 600 800 1000 1200 1400 1600 1800 2000

Retention Time / Scanning Points

Fig. 5. The relationship between the projection points of score plot of PCA and the corresponding original fingerprints for samples 17, 8, 2 atidedyrespe

Table 1

which seems to suggest that the similarity estimation may be
used as a standard together with the original fingerprint, even
this is very simple.

5.3. Chemical pattern recognition and classification

Correlation coefficients and congruence coefficients of the samples com- evaluation
pared with the median spectrum of the whole 17 samples

Sample no. Correlation coefficients Congruence coefficients
1 0.8795 0.8939
2 0.8795 0.8899
3 0.8935 0.9051
4 0.9349 0.9474
5 0.9511 0.9604
6 0.9469 0.9574
7 0.9552 0.9637
8 0.9779 0.9821
9 0.9524 0.9568

10 0.9158 0.9269

11 0.9869 0.9895

12 0.9506 0.9593

13 0.9753 0.9801

14 0.9479 0.9581

15 0.9590 0.9640

16 0.8979 0.9187

17 0.9436 0.9547

As discussed above, the relationship within a set of chro-
matographic fingerprints could be currently analyzed through
comparison in terms of similarity or dissimilarity of the ob-
jects with a certain reference, presented as correlation coeffi-
cientor congruence coefficient, etc. But, ithas been aware that
there are two problems for this comparison: how to achieve
the reasonable reference (comparing standard) and to what
extent the investigated object is similar with the reference.
Popularly, the reference may be derived either from stan-
dard extract of herbal medicine or proportioned mixture of
herbal medicine (e.g. EGb761) or from computation by some
mathematical methods (for the example above, the median
chromatographic fingerprint of whole samples is taken, since
there are three outliers in the samples investigated). How-
ever, it is well known that natural products derived from
herbal medicines with inherent “uncertainty” feature of its
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secondary metabolic substances, to define an absolute refei
ence fingerprint by simply calculating their mean or median
for one kind of herbal medicine seems somewhat subjective.
From this point of view, the conception of class of one herbal
medicine seems to be more reasonable. Thus, the chemice
pattern recognition methods, such as K-nearest neighbors
(KNN) [190,192]and soft independent modeling of class
analogy (SIMCA)[193], etc. should be taken into consid-
eration for reasonable definition of the class of the herbal
medicine[194-196] In fact, several researchers in China
had worked on the concepts of using chemical analytical and
chromatographical fingerprinting to measure the consistency
of raw Chinese medicinal herbs and composite formula with
the application of fuzzy clustering analysis of HPLC pattern
in the early 1990§225].

On the other hand, the (dis)similarities of herbal objects
with the reference often undertake themselves to a qualified
threshold[191], which is not so easy to define. Although
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T

Fig. 6. lllustration of two-dimensional data from hyphenated instruments.

matrix such-obtained is rather big, sometimes it can be more
than 40 megabytes. Thus, this is a really a new challenge

such a comparison attaches importance to the integral relafor modern analytical chemistry to deal with the chemical

tionship of the fingerprints, sometimes masking and swamp-
ing effects might occur either explicitly or implicitly. The

information embedded in it.
However, data derived from hyphenated analytical

masking effect is that an unexpected sample is undecided betechniques have several advantages over the classic one-way

cause of high similar value (e.g. the identification of three
species ofCoptis chinensisC. teet-Oides C. Y. Chengnd

C. deltoidea C. Y. Cheng et Hsidimm herbRhizoma cop-
tidis). The swamping effect encompasses wrongly discrimi-
nating a desirable sample illegal on account of low similarity
with the reference influenced by the diversity of chromato-
graphic compositional distribution (e.g. the determination of
herbHouttuynia cordatarhunb. from different sources). To
avoid these effects as much as possible, a method based o
PCA after necessary data transformatif#i®]. The method

chromatograms. Firstly, the two-way data matrix contains
both information from spectra and chromatograms, which
will make on-line structure identification of some interested
compounds possible; secondly, the two-way data has
so-called dimension advantages proposed by Booksh and
Kowalski [19], which will make on-line comparison of
overlapping chromatographic peaks possible; finally, the
hyphenated technique might enhance the chromatographic
Beparation ability by the additional spectral information,
since one could easily find some useful component selectivity

has been demonstrated that PCA with standard normal vari-with the help of chemometric local rank analysis methods,

ate transformation of data led to meaningful classification of
33 differentE. breviscapu$erbal samples (sdgg. 2). The

which can only be used for two-way chromatographic data
but never for one-way chromatographic data. For more

result was also corroborated by variance squares discriminantetail, the readers can consult referef&is].

method. The quality of herbal objects was further evaluated,

How to use these advantages from the two-way data to

and the causes of this fact have been explained from a chemi-address the problems in evaluation of the fingerprints of
cal point of view. The other methdd20]is based on secured herbal medicines and the problems in quality control of herbal
principal component regression (sSPCR) that was originally medicines, which is just the topic we want to discuss in the
developed for detecting and correcting uncalibrated spectralfollowing subsections. There are, to our best knowledge, still
features newly emerging in spectra after the PCR calibration many different kinds of difficult problems unsolved in the re-
[196,197] It can detect and consider unexpected chromato- search field of herbal medicines. For instance, there may be
graphic features for quality evaluation of herbal samples from no big problem for evaluating the fingerprints from the same
the point of view of analyzing fingerprint residual. instruments and/or with the same batch of the herbal products
as shown above in this review. However, if we get some finger-
prints from different laboratories and/or from the same kind
of column, say C-18 for example, but from different com-
panies. Could we still evaluate them reasonably? Moreover,
could we do the on-line comparison among the fingerprints of
In general, the data generated by the hyphenated instru-some overlapping chromatographic peaks and/or of big diver-
ments are matrices with every row being a spectrum and everysity? For instance, if we get some fingerprints from different
column a chromatogram at some wavelength, wavenumberextraction methods and/or from different herbal medicines,
or m/e unit as illustrated iRig. 6. The data obtained by such is it possible for us to see whether we have got the same phy-
hyphenated instruments in chemistry is generally called two- tochemical constituents or not in order to understand their
way or two-dimensional data. In common, the size of the data bioactivities and possible side effects of these herbal prod-

6. Qualityfication and validation of two-way data
from hyphenated chromatographies by chemometrics
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ucts and consequently to enhance product quality control?from HPLC—DAD through the column made in AngilentInc.)
With the help of the two-way data from the hyphenated chro- and X, (through the column made in Waters Inc.) at wave-

matographies and chemometric meth{33] recently de- length 260 nm, respectively. It can be intuitively seen that the

veloped, the answer is positive. retention time of eluting components of them shift rather se-
riously, which trouble right identification of them by directly

6.1. Spectral correlative chromatogram and its comparing their chromatographic fingerprints.

applications In order to deal with such a kind of problem a technique

named spectral correlative chromatogram (SCC) was devel-

As stated above, it is very important for assessment of 0ped[199]. The idea of SCC is quite simple, that is, the
the quality of various samples to determine the presence orsame chemical component should be of the same spectrum no
absence of interested components among the different chromatter what they are eluted through diverse chromatographic
matographic fingerprints. They may be obtained either from columns. Thus, one could use the spectral information to pick
same herbs or from different ones under the same or simi-up the interested compound from the other two-way chro-
lar chromatographic separated conditions. Moreover, anothermatograms. The whole procedure goes in the following steps:
problem is the shift of retention time of some interested peaks (1) assess peak purity of an interested compound and then ac-
of various fingerprints due to inevitable possibility in quality quire its spectrum; (2) identify correlative components in the
control, such as the fingerprints from different laboratories Other fingerprint by series correlation coefficients between
and the experimental columns from different vendors despite the spectrum obtained above and the spectra at every scan
the same type stationary-phase characteristics. This maybdooint for the other two-way chromatogram; (3) get a curve
lead to erroneous assess of quality of medical samples. Let(named SCC) of correlation coefficients at every scan point
us see an example shownFiy. 6. in the direction of retention time and further validate the re-

x1 andx, shown inFig. 7A are the chromatograms of two-  sult from the second step combining the information of local

dimensional data sets¥f (of theG. bilobasamplesobtained ~ chromatographic cluster where targets exist; (4) eventually
assess the similarity and/or difference of the chromatographic

fingerprints after correcting the time shift of correlative com-
ponentsin a piecewise way by using local least squ&igs8
shows an example of this procedure. Pure compoagin

X1 indicated inFig. 8 was taken as an example to illustrate
this procedure. The obtained SCC is showrfFig. 8B. As
could be seen frorfrig. 8 both the correlation coefficients
r(az, a2) andr(az, bp) corresponding to componerds and

b, of X2 were larger than others and quite close to 1 réay;
a2)=0.9998 and(a, bp)= 0.9940. Thus, componerdg and

ap were correlative, even though they were unknown and
there were some shift of their retention time. Furthermore,
spectrum-dependent principle of identification of substance
decided the resulfig. 7C and D (lower part) exhibits the
spectras,, , s, andsy,. It is obvious thak,, ands,, are en-
2000 , ' , - tirely consistent and factually identical, whersasands,

B) are something different. Similarly, other correlative compo-
1500 | nents could also be obtained, as listedrable 2 With the
correlative information available, the retention time shift can
be easily corrected by local least squares takings a target
referencg199], The results after shift correction are shown in
Fig. 7B. From this plot, we can see that the shift of retention
time can be corrected reasonably. Along with this direction,
the spectral correlative chromatogram for multi-components’

_J comparing could be also possible and condu§2€9).
0E ! 7 - f ;
’ i 0 t7 min " ® % 6.2. On-line comparison by chemometric methods
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Fig. 7. Comparison of chromatograiis andX, measure by the same kind In order to understand the bioactivities and possible side
of column but from different companieXy (Angilent Inc.) andx (Wa- effects of some herbal products and consequently to enhance

ters Inc.). (A) Original chromatograms of samplsandX; at wavelength . . .
260 nm, respectively. (B) Original chromatograms of sampgleand chro- product qua“ty control one mlght be asked to compare di-

matogramX’, of sampleX; after correction of retention time shifting by rectly some samples to see whether there are same phyto-
local least-squares technique. chemical constituents in the different samples. For instance,
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2 dra chinensisobtained by the six different extraction methods (1-6, from
3 top to bottom): (1) use of the Chinese Pharmacopoeia Committee (1995)

250 300 350 400 method for extracting essential oils from traditional Chinese medicines em-
Wavelength/nm ploying a standard essential oil extractor; (2) steam distillation; (3) solvent

extraction with petroleum ether using an ultrasonic extractor; (4) Soxhlet

Fig. 8. lllustration of the procedure of spectral correlative chromatogram. extraction with petroleum ether; (5) solvent extraction with diethyl ether

(A) Two original samples, sa); andXz, involved in comparison, in which using an ultrasonic extractor; and (6) Soxhlet extraction with diethyl ether.
a peak indicated bg; is the component spectrum to be searched by SCC.

(B) The spectral correlative chromatogram obtained for compaerfiC)  same compound in different extractions or whether there is
Enlarged part of spgctral correlative chroma}togram around retention time significant chromatographic drift between runs (see top part
range of 14-18.5min. (D) Spectral comparison of spegira, ands,, ) . . )
respectively. in Fig. 10for details); and (3) the chromatographic back-
ground makes MS matching difficult. In order to overcome
if the extraction method is changed the chemical composi- these problems, the mass spectral information together with
tions of the products will also changé®y. 9shows suchan  chemometric methods seems to be necessary to introduced.
example, in which the total ion current chromatograms of the ~ Subwindow factor analysis (SFA) is just such a chemo-
volatile fractions ofS. chinensiglerived from six different metric resolution methof201], which focus its attention of
extraction methods are presented. It may be observed thatomparing the spectra of two overlapping peak clusters to
the major section (retention time region from 15 to 35min) obtain the pure spectrum of the common component in the
is quite similar in each of the six chromatograms. In order to two overlapping peaks and further to resolve the whole over-
carry out a more detailed analysis, however, it is necessarylapping peak cluster. With the help of SFA, six common com-
to compare qualitatively the results from the six methods. ponents were extracted from the two peak clusters, assigned
There are three difficulties in comparing such results: (1) it B1-B6 in the sample from extraction method 1 and b1-b6 in
is difficult to conclude if the same compounds are present in the sample from extraction method Hi¢j. 10(medium part)
overlapping chromatographic peaks; (2) it is difficult to con- and (bottom part), respectively). For more detail, the reader
firm whether a peak with a given retention time represents the can consult referend202].

Table 2

Comparison of correlative components and their chromatographic eluting time (n@ikdo bilobasampleX; with those ofX,

Correlation Retention time Retention time At=t1x —tok Correlation Retention time Retention time At=t1x —tok
componentno.  (tg x) of Xg (t2,x) of X2 (min) componentno.  (t1 x) of X1 (t2,x) of Xz (min)

1 2.0820 1.7020 0.3800 7 4220 83353 1.0867

2 2.5287 2.1153 0.4134 8 187 92553 1.0934

3 2.9953 2.4753 0.5200 9 BB87 97287 1.1600

4 5.56287 4.7153 0.8134 10 PB20 100287 1.2533

5 6.9953 6.1020 0.8933 11 120 146420 1.0600

6 8.2620 7.2087 1.0533 12 %20 176020 1.1600
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is where biochemistry, molecular biology, and cell biology

=37 1 are invaluable in establishing quantifiable and reproducible
<2+ 8 . . . . .
Sl | assays[216]. Chemical fingerprints might be linked to
Fo these biological assays to provide assurance of efficacy and
25 . .
consistency. But the research work on this aspect, to our best
8l = . knowledge, is far from sufficient to meet the criteria needed.
T 6 rerlved ehromatogram of peak cluster B - 1 Thus, the researches concerning the relationship between
'g ‘21/5& . i the chromatographic fingerprints and efficacy of the herbal
053 255 522 556 528 56 medicines are urgent requirements for the quality control
e tR/min of herbal medicines. On the other hand, the works on pos-
Ag" oot chramatogram of poak dustor & ' Py 7 sible contaminations in herbal products, such as excessive
‘ ~ b6 ' .. . . .
Sg, } b2 63 o5 , or banne(_j pestlgldes, microbial contaminants, heavy met-
F 0/7(\ v . . 1 als, chemical toxins, should be also conducted concurrently
25 25.2 25.4 25.6 25.8 26 [217]. In fact, the research field of quality control of herbal

th/min medicines is really an interdisciplinary research. It needs

Fig. 10. Total ion current chromatograms of (top part) peak clusters B (bold Crossover of chemistry, pharmacology, medicine and even
dotted line) and b (thin continuous line) as marked in Fig. 9 and (medium part) Statistics to provide a platform for the quality control of tra-
and (bottom part) their corresponding resolved chromatograms, respectively.ditional herbal medicines and further to discover the novel
therapeutics composed of multiple chemical compounds.

In fact, there are lots of chemometric meth¢283-215]
developed recently to deal with the overlapping chromato-
graphic peaks with the help of the two-way data from hy- Acknowledgement
phenated chromatography. For more detail, the readers can
refer to a review paper by one of authors of this review and
the references therej98].
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