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Chinese medicines (CM) have been attracting interest and acceptance in many countries. Quality control
is vital for ensuring the safety and efficacy of CM. Usually, CM are used as whole plant and/or combination
of several herbs, and multiple constituents are responsible for the therapeutic effects. Therefore, quality
control of CM is very difficult. To date, the valid method for quantitatively evaluating the quality of CM
is poor. In this article, the strategies for quantification, related to the markers, reference compounds and
approaches, in quality control of CM were reviewed and discussed.
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1. Introduction

Chinese medicines (CM) have been attracting interest and
acceptance in many countries. An estimated 1.5 billion people
now use these preparations worldwide [1]. This may be primarily
because of the general belief that herbal drugs are without any side
effect besides being cheap and locally available [2]. However, as
more people are using CM products, there are increased reports on
their adverse reactions [3]. “The biggest trouble with herbals ‘is that
manufacturers don’t have to show how much of the active chemi-
calisin a pill'. A bigger dose can mean a dangerous interaction” [4].
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Therefore, quality control is crucial for ensuring the safety and effi-
cacy of CM. However, CM are usually used as whole plant and/or
combination of several herbs, which contains more than tens to
hundreds or even thousands of components. Especially, effective
components in most CM are unknown, which greatly increases the
difficulties of quality control. Therefore, a rational and valid qual-
ity control method for CM is poor. In this article, the strategies for
quantification, including the markers, reference compounds and
approaches, in quality control of CM were reviewed and discussed.

2. Selection of markers for quality control of CM

The purpose of quality control is to ensure the safety and effi-
cacy of CM. Therefore, the markers for quality control should
be strongly correlated to their safety and efficacy. Actually,
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multiple components are frequently considered to be responsible
for the therapeutic effects, which may work ‘synergistically’ and
could hardly be separated. For well understanding the selection
of markers for quality control of CM, some terminology should be
carefully defined. Effective components, including active and relative
components, are defined as the chemical compounds which can
characterize the therapeutic effects of CM. Active components mean
the chemical compounds with specific biological activity related to
the therapeutic effects of CM. Relative components mean the com-
pounds which may have no specific action related to the efficacy of
CM but can definitely affect the therapeutic effects of active com-
ponents through enhancing the solubility, improving the stability
and/or increasing the bioavailability and so on of active compo-
nents. Ideally, the rational markers for quality control of CM should
include both active and relative components, i.e. effective com-
ponents. Conventionally, systematic chemical separation followed
by pharmacological activity assay or bioassay guided chemical
separation are widely used for discovering active components in
CM. However, chemicals in CM are complicated, which makes
separation and screening extremely difficult. Over the years, the
techniques for screening and identification of active components
in CM have been developed considerably. High-content screening
(HCS) technology has now expanded throughout all the different
stages of the drug development process and is today considered a
mainstream technology in drug discovery [5,6]. Nevertheless, the
identification of effective components has always been the bottle-
neck in CM research due to the diversity of the components in CM
and the complexity of their mechanism.

2.1. HPLC separation coupled with on-line bioassay

Chromatographic methods coupled with biochemical detection
have been widely used for screening active components [7,8], espe-
cially antioxidants, in CM [9]. Thin layer chromatography (TLC)
[10], high performance liquid chromatography (HPLC) [11,12] and
high performance capillary electrophoresis (HPCE) [13-15] are the
currently available techniques, and HPLC is the most commonly
used. A method using HPLC coupled with DAD-MS and ABTS-based
assay was employed for identification of antioxidants in essen-
tial oil of Angelica sinensis (AS oil) [16]. The sample mixture was
injected into HPLC system for separation and the eluent from DAD
was split into two streams. The minor stream was introduced into
MS for structure elucidation, and the major one was used for ABTS
assay, where the continuous flow of free radical (e.g. ABTS**) solu-
tion was introduced into the reaction coil and interacted with
the eluent. Any bleaching of the initial color was detected as a
negative peak, antioxidants were easily identified based on the
chromatograms and MS data. The application of this method has
been well reviewed [9,11,12]. It is worth noting that the effect of
CM may be the integrating action of multiple components with
weak pharmacological activity. So HPLC, which could completely
separate individual component in some cases, may be not avail-
able to find the active components of trace amount and/or weak
activity. Indeed, the essential oil of Curcuma wenyujin has antioxi-
dant activities in vitro [17], but no obvious antioxidant was found
in the oil using HPLC separation coupled with ABTS-based assay.
However, when the high-resolution method of HPLC was replaced
with low-resolution technique of TLC, an obvious band with signif-
icant antioxidant activity was investigated. Finally, four peaks were
found in the TLC band based on GC-MS analysis, and two of them
were identified as curzerene and furanodiene, both were confirmed
as antioxidants [9,18].

In fact, most drugs exert their effects through enzymes, recep-
tors or channels rather than direct chemical reactions such as free
radical scavenging. Enzymes contributed to about half of marketed
small-molecule drug targets by biochemical class [19]. Therefore,
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Fig. 1. Diagrammatic scheme of HPLC-DAD-MS-BCD for rapid screening and iden-
tification of a-glucosidase inhibitors from herbal extracts (modified from Ref. [19]
with permission).

it is very important and useful to develop a method for online
screening of the components, which can interact with enzymes
and receptors, from CM. Recently, an online method for screening
a-glucosidase inhibitors, one of major oral hypoglycemia agents
in China, from CM was developed. Fig. 1 illustrates the scheme of
an HPLC-DAD-MS-BCD method for rapid screening and identifica-
tion of a-glucosidase inhibitors from herbal extracts. As a result,
two compounds namely (—)-epigallocatechingallate (EGCG) and
(—)-epicatechingallate (ECG) from Pu-erh tea were easily detected
as a-glucosidase inhibitors. In vitro assay showed that EGCG and
ECG were non-competitive inhibitors, which are different from
acarbose, a commercial a-glucosidase inhibitor in the market for
treatment of diabetes [20].

2.2. Biospecific extraction and HPLC analysis

Receptor and enzyme models, as the main method for high
throughput screening, are applied for identifying active compo-
nents aiming at specific target sites. Unfortunately, the components
of CM are complicated and their targets are usually unknown.
Actually, the effect of CM is a result from multi-target functions.
Therefore, the disadvantages for screening active components from
CM based on a specific target include low efficiency, single purpose
and high cost, etc. Theoretically, modern pharmacological studies
have shown that combining with some receptors or channels on
cell membrane is the first step of drug action. Indeed, the abil-
ity of a drug to interact with cell membranes is very important
for the behavior of drug. The same kind receptor density of cell
membrane can reach 103 x 10% per cell, so cell material is an ideal
matrix with multiple drug targets. In order to study the component
binding with cell membranes, a method called retardation chro-
matography was introduced by Bobinski and Stein [21]. However,
the cell materials are not stable and the entrapment or immobiliza-
tion procedure must be adapted to the kind of material that is to be
analyzed and to the kind of gel matrix used [22]. Moreover, the con-
ditions for interaction of components in CM with biomembrane is
rarely compatible to their separation on chromatography. Thus, cell
materials biospecific extraction followed by HPLC analysis has been
explored for screening bioactive compounds in CM [23-25]. In this
method, the sample and target cells/membrane are incubated in
binding buffer, the unbound components will be washed off by the
same buffer. After denaturalization under suitable environment,
the bound components and receptors dissociated and the former
will be washed off into eluent. By using HPLC, chemical components
in the eluent before and after the binding occurred are compared,
and the quasi active components can be identified (Fig. 2). With
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Fig. 2. Flow scheme of cell materials biospecific extraction used for screening active components in traditional Chinese medicines (from Ref. [9] with permission).

the obvious advantages, this method has been widely used for
screening active components from herbal medicines, which has
been reviewed recently [9,26].

2.3. Integrating method based on holistic effect of CM

The focus of the screening based on both chemical character-
istics and targets properties is only the pharmacological active
components. However, relative components of CM may contribute
a vital role in the efficacy of active components. The main anti-
depressed components of Hypericum perforatum are hypericin
and hyperforin, but their function is closely related with the
presence of rutin, a compound without anti-depressant activ-
ity, and its concentration (>3% in the extract) [27]. Similarly, the
antimicrobial action of berberine could be greatly potentiated by

5’-methoxyhydnocarpin, a multidrug pump inhibitor which has no
antimicrobial activity [28]. Based on the medicinal characteristics,
a Chinese herb is very similar to a western medicine formulation.
The difference is that the active components are well known in
the western medicine formulation, and functions of the excipients
are well defined. The synergist, absorption enhancer, solubilizer,
stabilizer, and coloring agent correspond to individual compo-
nent. Nevertheless, the components contribute to these effects,
and hence in collaboration with active components in CM are
unknown, which limits the characterization of CM. Therefore, mod-
ernresearch should reveal not only the active components, but also
the relative components, which affect the efficacy of active compo-
nents. Only in this way, the overall knowledge and scientificness of
CM can be improved and the efficacy of medication is guaranteed.
Although the holistic function of CM has been widely known, the
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poor discovery approaches of the relative components are the bot-
tleneck in modern research on quality control of CM, which eagerly
await to be solved.

The component-effect correlation analysis, combination of com-
parative chemistry and comparative pharmacology, is a helpful
method. It can possibly identify the effective compounds of CM as a
whole. The strategy is by comparing the chemical components and
pharmacological activities of extracts from the same CM extracted
with different method or similar species of CM extracted with the
same method to unravel their relationship. Based on this, the key
components that influence the effects of CM could be identified
[9,27,29]. However, the work poses a challenge. Up to date, the
effective compounds in most CM are still unknown. Hence only
one or few markers are widely employed to evaluate the quality of
CM. Among 195 raw materials of CM, recorded in Chinese Pharma-
copoeia (2005), with quantitative assay of specific component, the
quality of 154 herbs is evaluated using a single marker, which is
usually not strongly indicative of the safety and efficacy of CM. For
example, Cordyceps sinensis, one of the valued CM, is commonly
used in China because of its multiple biological activities [30].
Adenosine has been used as a marker for quality control of natural
C. sinensis in Chinese Pharmacopoeia [31]. However, fresh natural
C. sinensis contains very little amount of adenosine, as compared to
dry and processed one [32], and more interesting is that cultured
Cordyceps mycelium contains high level of adenosine [33]. Actu-
ally, inosine, the major biochemical metabolite of adenosine due
to oxidative deamination, can stimulate axon growth in vitro and
in the adult central nerve system [33]. Natural Cordyceps contain
much higher amount of inosine than the cultured ones, including
C. sinensis and C. militaris [21], due to their production pathway
was different [34]. Therefore, having adenosine as a sole marker
for good quality of Cordyceps may not be indicative. In order to
present the holistic effect of CM, chromatographic fingerprinting is
considered as a powerful alternative strategy for quality control of
CM [35,36], which is already being used in China [36-39]. Compul-
sory fingerprint analysis was proposed, by the Chinese State Food
and Drug Administration (SFDA), to control the quality of Chinese
medicine injections in 2004. In last years, among 109 injections
made from CM, the fingerprints of 72 injections were developed
[40], but none have been compulsorily implemented. Actually, this
mode only could be feasible for real quality control of CM until
the blending method is permitted by SFDA in production of final
products of CM.

3. Reference compounds for quality control of CM

Quality control of CM includes qualitative and quantitative
analysis, while quantitative determination is usually not available
without reference compound as standard. However, the shortage
of reference compounds or chemical standards is the bottleneck for
quality control of CM. In last decades, a great effort has been made
in this area in China. However, the supply of reference compounds
is far from the requirement for quality control of CM. Up to date,
there are only about 400 reference compounds supplied for CM.
Especially, some pure chemical compounds are difficult to obtain
or store because of their instability and/or trace amount, which
hinders the development of quality control of CM. Therefore, some
alternative methods were developed.

Gas chromatography-mass spectrometry (GC-MS) offers a
powerful tool for identification of chemical components in essen-
tial oil. Using chemical analogues as standards of analytes, an
alternative method was developed to determine or estimate the
contents of identified components in essential oils [41,42]. The
results can be used for evaluating the quality of different samples
or batches of essential oils from CM [41-44], though the quan-

tification might be with great error. Actually, this method can be
easily and accurately used for controlling the real quality of CM if
the clinical dosage is calculated based on their quantification. Van
Beek et al. first successfully determined ginkgolides and bilobalide
in Ginkgo extracts using benzyl alcohol as the internal standard to
solve the poor availability of reference substances [45]. The relative
response factors of the three ginkgolides and bilobalide changed
from 1.11/1.12/1.61/1.26 to 1.20/1.22/1.19/1.27 within 15 years,
and this simple method was accepted in Ginkgo extracts mono-
graph in 2006 edition of European Pharmacopoeia [46]. Recently,
the strategy for resolving the shortage of reference compounds in
quantitative analysis has attracted more attention [46-51]. Dan-
shen, the rhizome of Salvia miltiorrhiza Bunge, is one of the most
important ancient Chinese herbal drugs. More than 20 phenolic
acids of water soluble constituents, which have antioxidant, anti-
blood coagulation and cell protection activities, have been isolated
from this plant since 1980s [52]. Salvianolic acid B, one of phenolic
acids, has been used as the marker for quality control of S. miltior-
rhiza because it not only has the actions described above, but also
is the characteristic constituent of S. miltiorrhiza [31]. However,
the preparation and purification of salvianolic acid B is difficult
because of its poor stability, and the high cost for daily control
work. Therefore, methylparaben was used as a reference substance
of salvianolic acid B for determination of Radix Salviae Miltiorrhizae
and compound Danshen tablets [47]. The assay demonstrates that
methylparaben instead of salvianolic acid B is feasible for quality
control of S. miltiorrhiz and its products. It was also reported that
the contents of arctiin, arctigenin, lappaol C and lappaol H were
determined using arctiin as the reference compound with corrected
factor method [48].

In addition, standard extract has also been proposed as reference
components for measuring each component in herbal products
[53]. Silymarin, widely used for the treatment of toxic liver damage,
hepatitis and cirrhosis, primarily consists of an isomeric mix-
ture of active flavonolignans: silychristin (Sc), silydianin (Sd), and
two groups of diastereoisomeric flavonolignans, silybin A (Sb A)
and silybin B (Sb B), and isosilybin A (ISb A) and isosilybin B
(ISb B) [54-56]. The different isomers of silymarin have been
reported having different biological activities [57-59]. Currently,
all six individual purified standards are not available for the quan-
tification of silymarin although there is a wealth of literature
available. The lack of standards available for the quantification
of Sb A, Sb B, ISb A and ISb B leads the search of alternative
reference materials. Lee et al. [53] proposed using a commercial
standard silymarin extracts, with high purity of silymarin and
the similar ratio profile of all six components, as the reference
compounds to evaluate each active constituent in seven commer-
cial products from different brands. Especially, a new method for
quantitative analysis performed without any standard using an
evaporative light-scattering detector (ELSD) is also proposed [60].
However, the peak identification is a problem without matching
reference compound in these cases. Mass spectrometry plays an
important role for the identification of analytes [41-44,61-63].
LC-MS was also applied for the identification of 23 flavonoids
in the extract of Mexican oregano (Lippia graveolens H.B.K.),
and ten flavonoids without matching standards among them
were quantitatively estimated using eriodictyol 7-O-glucoside (for
determination of three pentahydroxyflavanone monoglycosides),
luteolin (for determination of 6-hydroxyluteolin), luteolin 7-O-
glucoside (for determination of two 6-hydroxyluteolin glycosides
and scutallarein 7-O-hexoside), scutellarein (for determination
of 6-methoylscutallarein and 6,7-dimethoylscutallarein), galangin
(for determination of methylgalangin), and phloridzin (for deter-
mination of 6-hydroxyphloretin 6”-0-hexoside), respectively [64].
Using substitute and/or extract as reference are currently a practi-
cal and available strategy for resolving the shortage of standards for
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quality control of CM, the interest is how to improve the accuracy
of quantification, and resolve the problem of peak identification.

Volatile components in CM usually contain heat labile sub-
stances, which may degrade and result in wrong results during
GC analysis [65-68]. Therefore, optimization of GC conditions for
analysis of volatile compounds should be based on not only the res-
olution but also stability of analytes [68]. However, in most cases,
chemical properties of the components were unknown, so pure
compounds are always, at least for first time, necessary. Alterna-
tively, it is considered to develop a method for evaluating the heat
stability of components in extracts of CM so as to determine the
appropriate temperature in GC analysis.

4. Approaches for quality control of CM
4.1. Sample preparation

Sample preparation is one of the key steps which greatly influ-
ences the repeatability and accuracy of quantitative analysis. It is
reported that 70-80% of analysis time is spent on sample prepara-
tion and more than 60% of analysis error derived from nonstandard
sample pretreatment. Therefore, a proper sample preparation
approach is very important for quality control of CM. Recent years,
considerable efforts have been made to develop improved meth-
ods of extraction, and to make them commercially available. The
technological development for sample preparation of CM has been
reviewed [69-71]. Herein, our interest is focus on the solvent effect
during sample preparation on the quantification of analytes in CM.

Currently, using organic solvent is the main trend of sam-
ple preparation for quality control of CM. Actually, decoction,
which has been approved its efficacy with a long history, is the
major administration form in clinical use of traditional CM. Due
to the difference of organic solvent and water in soluble ability
and extraction efficiency to components in CM, the quantifi-
cation of analytes are certainly affected by different extraction
solvent, so misleading information may hinder the unraveling of
CM if no evidence for their efficacy. Therefore, sample prepa-
ration using organic solvent may be not available and rational
for quality control of CM. Five methods, namely sonication (SE),
pressurized liquid extraction (PLE), supercritical fluid extraction
(SFE), hydrodistillation (HD) and decoction (DC), for extraction of
coniferyl ferulate, as well as ferulic acid, Z/E-ligustilide and Z/E-
butylidenephthalide, from Angelica sinensis were optimized and
compared [72]. The results showed that the order of extraction
efficiency was PLE~ SE>SFE>>HD, DC. The compositions of the
SE, PLE and SFE extracts, which had a high ratio of coniferyl fer-
ulate, were very similar, while coniferyl ferulate was not obtained
by HD and DC, though they had high selectivity for the extrac-
tion of ligustilide and ferulic acid, respectively. Three extraction
methods, including organic solvent (methanol) pressurized liquid
extraction (OSPLE), boiling water extraction (BWE) and ambient
temperature water extraction (ATWE), were also optimized and
compared for sample preparation in determination of five nucleo-
sides, i.e. uridine, inosine, guanosine, adenosine and cordycepin,
from natural and cultured C. sinensis [73]. The results showed
that the peak areas of uridine, inosine and guanosine in natural
Cordyceps increased with the extraction time extension, and the
maximum value reached at 18 h using ATWE and then decreased
with the time extra increase. However, adenosine decreased with
extraction time prolonged, and even disappeared when the extrac-
tion time was more than 8 h. These changes were not investigated
using OSPLE and BWE. Thus ATWE, compared with OSPLE and BWE,
could greatly increase the contents of uridine, guanosine and ino-
sine but decreased and even eliminated adenosine in natural C.
sinensis. These phenomena are attribute to that natural Cordyceps

contains some enzymes, denatured in OSPLE and BWE, can transfer
UMP, AMP and GMP into uridine, adenosine and guanosine, respec-
tively, as well as adenosine to inosine [34,73]. In addition, analytes
in CM may react with extraction solvent during sample prepara-
tion, such as alcohol solvents are not available for the extraction of
cinnamaldehyde and 2-methoxycimnamaldehyde in Cinnamomum
cassia due to aldol reaction [ 74]. However, alcohols are usually used
as extraction solvents and/or mobile phase in most cases of chro-
matographic analysis [75-79], which might result in wrong results.
Besides, sample solvent is one of the possible reasons for anomalous
peak shapes, certainly contribute even more to peak broadening, of
analytes during liquid chromatography analysis [80].

4.2. Analytical techniques

Chinese medicine is gaining popularity worldwide for health
care and adjuvant therapy. However, “the quantity and quality
of the safety and efficacy data on traditional medicine are far
from sufficient to meet the criteria needed to support its use
world-wide. The reasons for the lack of research data are due
to not only to health care policies, but also to a lack of ade-
quate or accepted research methodology for evaluating traditional
medicine” [81]. According to Chinese Pharmacopoeia [31], there
are more than 500 crude drugs widely used. Each of these herbs
usually contains hundreds of chemical constituents but only a
few components are responsible for the beneficial and/or haz-
ardous effects. Therefore, the efficient and selective methods are
required for qualitative and quantitative analysis of their effective
components. In last decades, chromatography and its hyphenated
techniques, such as high performance thin layer chromatogra-
phy (HPTLC), gas chromatography (GC)/GC-MS, high performance
liquid chromatography (HPLC)/LC-MS, as well as capillary elec-
trophoresis (CE)/CE-MS have been extensively applied for quality
control of CM, which have been well reviewed [39,82-94]. Gen-
erally, an ideal quality control method should be simple, rapid,
specific and accurate. However, due to the chemical complexity
of CM, an appropriate technique should be carefully investigated
and optimized based on the analytical purpose and instrumental
feasibility. Saponins are major components in Panax ginseng, Panax
notoginseng and Panax quinquefolius, and usually used as markers
for quality control of these three medicinal plants. Conventional
HPLC is widely used for separation of these saponins, but about
60 min of analytical time is necessary so as to obtain good reso-
lution between ginsenoside Rg1 and Re [95-106]. The advantage
of mass spectrometer is that precursors and ion products of ana-
lytes can be used as a discriminating feature, and this may allow
quantitative measurements of unresolved components on chro-
matogram. Therefore, individually quantitative determination of
ginsenoside Rg1 and Re was available though they were not sep-
arated by HPLC, and finally, the analytical time could be greatly
shorten [107]. With the development of UPLC, rapid quantitative
analysis of saponins in Panax species was also available by using
UV detection [108]. The appropriate analytical technique for qual-
ity control of individual CM may be varied based on the chemical
properties of analytes. The genus Epimedium, which belongs to
the family Berberidaceae, comprises about 50 species widespread
in the world, and among about 40 species found in China, a few
have been used as traditional Chinese medicine for a long time.
It is recorded in Chinese Pharmacopoeia (2010) that the dried
aerial parts of Epimedium brevicornu Maxim., Epimedium sagittatum
(Sieb. et Zucc.) Maxim., Epimedium pubescens Maxim., Epimedium
wushanense T.S.Ying, and Epimedium koreanum Nakai are used as
Yinyanghuo. They contain a particularly high content of flavonoids
which have been reported to possess multiple biological activi-
ties such as antiosteoporosis, immunomodulation, antitumor and
antidepressant [109-113]. Therefore, flavonoids, considered as the
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Fig. 3. HPLC (A), UPLC (B) and CZE (C) profiles of mixed 15 flavonoids from
Epimedium. 1, hexandraside E; 2, kaempferol-3-O-rhamnoside; 3, hexandraside F;
4, epimedin A; 5, epimedin B; 6, epimedin C; 7, icariin; 8, epimedoside C; 9, baohu-
oside II; 10, caohuoside C; 11, baohuoside VII; 12, sagittatoside A; 13, sagittatoside
B; 14, 2”-0-rhamnosyl icariside II; 15, baohuoside I; IS, internal standard.

major active components, are usually used as the markers for qual-
ity control of Epimedium. HPLC [114], UPLC [115] and CZE [116]
have been, respectively, developed for simultaneously determina-
tion of 15 flavonoids in Epimedium in our lab. The results showed
that different separation methods had its characters. The investi-
gated flavonoids in Epimedium were well separated by HPLC except
baohuoside VII and sagittatoside A, as well as sagittatoside B and
2”-0-rhamnosyl icariside II. UPLC could greatly improve the res-
olution though complete separation between baohuoside VII and
sagittatoside A was not obtained. It is interesting that poor resolu-
tion between hexandraside F and epimedin A, as well as baohuoside
VII and baohuoside I were found using CZE analysis (Fig. 3). There-
fore, the separation method should be carefully selected based on
the analytes.

5. Conclusion

For the strategy for quality control of CM, three aspects should be
considered. They are quality markers, standard substances, as well
as technical approaches including sample preparation and analy-
sis. Among them, quality markers are basis, which should be closely
correlated with the safety and efficacy of CM, while the components
without therapeutic activity but necessary for the efficacy of a herb
also should be considered as quality marker. Standard substances
are the key, and their sustainable supply is very important. Sam-
ple preparation is crucial and appropriate analysis method should
be carefully considered to obtain accurate results. Some alterna-
tive methods could be employed before these problems are well
resolved.
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