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Quality, safety and efficacy of herbal drugs have to be ensured to provide
sound scientific footing to enhance consumer confidence and to improve
business prospects for herbal medicines globally. Therefore, very efficient
and selective methods, including the extraction techniques are required for
identification and quantitative analysis of the active compounds or drug
standardization. Chromatographic fingerprinting represents main technique
applied in this field due to their powerful separation efficiency combined
with sensitive detection.    2007 Trade Science Inc. - INDIA

INTRODUCTION

Herbal drugs have been used since ancient times as
medicines for the treatment of a range of diseases. Me-
dicinal plants have played a key role in world health. In
spite of the great advances observed in modern medi-
cine in recent decades, plants still make an important
contribution to health care[1]. Medicinal herbs are mov-
ing from fringe to mainstream use with a greater num-
ber of people seeking remedies and health approaches
free from side effects caused by synthetic chemicals.
Recently, considerable attention has been paid to utilize
eco-friendly and biofriendly plant based products for
the prevention and cure of different human diseases.
Considering the adverse effects of synthetic drugs, the
western population is looking for natural remedies, which
are safe and effective. It is documented that 80% of the
world�s population has faith in traditional medicine, par-
ticularly plant drugs for their primary healthcare.

India is sitting on a gold mine of well- recorded and
traditionally well- practiced knowledge of herbal medi-
cine. This country is perhaps the largest producer of

medicinal herbs and is rightly called the botanical gar-
den of the world[2]. Because of poverty and lack of
access to modern medicine, about 65-80% of the
world�s population which lives in developing countries
depends essentially on plants for primary health care.
Currently, the major pharmaceutical companies have
demonstrated renewed interest in investigating higher
plants as source for new lead structures and also for
the development of standardized phytotherapeutic agents
with proven efficacy, safety and quality[1].

With the widespread use of traditional medicine
(TM) as well as complementary/alternative medicine
(CAM) and the rapid expansion of international herbal
medicine markets, the development of national policies
and regulations on TM/CAM has become and impor-
tant concern for both health authorities and the public.
National policies and regulations on TM/CAM could
ensure the safety, quality and efficacy of herbal thera-
pies and products, and function as important steps to-
wards integrative health- care systems[3].

In order to promote global acceptance of herbal
drugs, there is an urgent need to evaluate the therapeu-
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tic potential of the drugs as per regulatory guidelines.
Ironically, not many herbal products are available in stan-
dardized form, which is the minimum requirement for
introducing a product in the global market[2].

The single and most important factor, which stands
in the way of wider acceptance of herbal drugs, is the
non-availability or inadequacy of standards of check-
ing and ensuring their quality. Quality is wholesome cov-
ering statutory requirements, technical experience and
market expectations. Technical experience ensures qual-
ity standardization, quality production, quality testing,
quality monitoring and quality assurance.

It is a misconception that all the naturals are safe as
there is a likelihood of innate toxicity, poor quality prod-
uct, mistaken use of wrong species, adulteration with
other medicines and even potent chemical substances.
There could be incorrect dosing, interaction with other
medicines and even misuse of herbal drugs by the health
care providers and consumers[4].

Ayurvedic therapy presents numerous potential
safety concerns. One serious problem is that many
ayurvedic herbs have never undergone a formal safety
evaluation and those that have been evaluated have not
necessarily proven harmless.

Botanical and herbal preparations are medicinal
preparations, containing a single plant or a mixture of
two or more different types of medicinal plants. For
botanicals and herbal preparations, there is a need to
approach scientific proof and clinical validation with
chemical standardization, biological assays, animal mod-
els and clinical trials. Quality assurance of botanicals
and herbal preparations is the prerequisite of credible
clinical trials. According to the draft guidelines stated
by the United states food and drug administration and
the European agency for the evaluation of medicinal
products, various aspects of analysis must be performed
for the purpose of certification of botanical drugs and
herbal preparations[5]. Currently, there is a common
practice among natural products analysis to select one
or more compounds as either active or markers for
purposes of identification and quality assessment. This
problem is compounded when one substance that con-
tains a specific class of compounds is combined with
others containing the same or different classes of com-
pounds. It is necessary to develop a type of quality
assessment system that adequately meets the complex

characteristics of herbals. Chromatographic fingerprint
analysis by which multiple compounds in single herbal
drugs and finished herbals can be identified represents
a rational approach for the quality assessment of herb-
als.

Major causes of inconsistency[2]

1. Adulteration in market samples due to regional lin-
guistic nomenclature for the plant collectors.

2. Improper harvesting of the plants could also affect
the quality. The medicinal properties of plants vary
with respect to different seasons.

3. Degradation of medicinally valuable secondary
metabolites of stored plant drugs due to fungal in-
festations has been reported.

4. The post harvesting practices such as the method
of drying, garbling, packing and storage conditions
influence the quality of raw material.

5. Lack of standardization and quality control of the
herbal drugs.

Challenges

Quality, safety and efficacy of herbal drugs have to
be ensured to provide sound scientific footings to en-
hance consumer confidence and to improve business
prospects for herbal medicines in India[6].

The demand for high quality, safe, effective, and
clean natural plant products and their formulations with
various substances have been growing significantly in
the industrial world. In the past, herbs and essential oil
bearing plants were largely harvested from the wild and
brought to the market without many questions asked
about their origin, method of cultivation, botanical iden-
tity, purity, safety, and efficacy. With further improve-
ment in communication and education, there has been a
growing consciousness in industrialized countries about
personal health, environmental safety, sustainable har-
vesting, and loss of genetic diversity[7].

Compared with well- defined synthetic drugs, herbal
medicines exhibit some marked differences, namely[4]:
 The active principles are frequently unknown;
 Standardization, stability and quality control are fea-

sible but not easy;
 The availability and quality of raw materials are fre-

quently problematic;
 Well controlled double- blind clinical and toxico-
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logical studies to prove their efficacy and safety are
rare;

 Empirical use in folk medicine is a very important
characteristics;

 They have a wide range of therapeutic use and are
suitable for chronic treatments;

 The occurrence of undesirable side effects seems
to be less frequent with herbal medicines, but well
controlled randomized clinical trials have revealed
that they also exist;
Technical experience ensures quality standardiza-

tion, quality production, quality testing, quality moni-
toring and quality assurance. The market expectations
are very important, more realistic deciding the fate of
the product and thus both the product and packaging
standards play an important role. Safety is a fundamen-
tal principal of herbal medicines in health care and a
critical component of their quality management[8].

Regulatory requirement for quality control of
herbals

From the regulatory point of view, uniform criteria
regarding the assessment of safety and efficacy do not
currently exist.

WHO, in its resolution of WHA42.43[9] of 1989,
urged member states to introduce measures for the
regulation and control of medicinal plant products and
for the establishment and maintenance of suitable stan-
dards.

WHO[10] drafted �Guidelines for the assessment of
herbal medicines� in Munich in June 1991, which were
adopted for general use by the 6th International confer-
ence of Drug Regulatory Authorities (ICDRA). The
objective of these guidelines was to define criteria for
the evaluation of quality, safety, and efficacy of herbal
medicines and thereby to assist national regulatory au-
thorities, scientific organization, and manufacturers.

In order to provide scientifically- based assistance
for a harmonized assessment of herbal medicinal prod-
ucts, the European Scientific Cooperative on
phytotherapy[11] (ESCOP) was founded in 1989 by six
national scientific associations. The main objectives of
this European scientific umbrella organization are to
establish harmonized criteria for the assessment of herbal
medicinal products, support scientific research, and
contribute to the acceptance of phytotherapy on a Eu-

ropean level.
European committee in its directive 2004/24/EC[12],

March 31, 2004, describe the tendency around the
world is the harmonization of basic concepts concern-
ing safety, firstly, and, later, the efficacy of a plethora of
products. The main points under discussion are:
1. The constant quality of botanicals to get a repro-

ducible safety and efficacy profile.
2. The strict standardization of the extracts and their

GMP production.
3. As the GMP is implemented, the local differences

in manufacturing process will disappear and a uni-
form quality control will be possible nation wide.
The GMP insists that the methods developed by
the manufacturer for quality testing as well as those
have mentioned in the ancient authoritative books
have to be maintained to ensure the quality of the
products.

4. Their genic safety and basic toxicity data.
5. Their reasonable tolerability based on safety infor-

mation and drug interaction studies.
The dietary supplement, health and educational act

(DSHEA) of United States[13] in its resolution in 1994,
requires manufacturers to ensure that products placed
on the market are safe.

To summarize the technical requirement for an ex-
tract of acceptable quality, we can say that the follow-
ing points are necessary:
 The plant has to be cultivated according to GAP.
 A chromatographic fingerprint has to be established

for vegetal material and extract.
 A quantitative ratio among the selected active prin-

ciples and markers has to be fixed.
 A spectroscopic technique has to be introduced for

the evaluation of unknown substances and stability.
 Solubility and bioavailability of the active principles

have to be studied.
 GMP has to be used at production level.

Ministry of health and family welfares, Department
of Indian systems of Medicines and Homeopathy[8], in
its Gazette under Part II section 3, sub-section iii, pub-
lished requirement of Good manufacturing practice for
traditional medicines to ensure:
 Raw material used in the manufacture of drugs is

authentic, of prescribed quality and free from con-
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tamination.
 The manufacturing process is as has been prescribed

to maintain the standards;
 Adequate quality control measures are adopted;
 The manufactured drug which is released for sale is

acceptable quality;
 To achieve the objectives listed above, each lic-

ensee shall evolve methodology and procedures for
following the prescribed process of manufacture of
drugs, which should be documented as a manual
and kept for reference and inspection.

Aspects of standardization of Herbal Drugs[14]

To standardize and control of herbal medicines, a
feasible approach and control system is necessary[15].
The establishment of perfect quality control profiles of
herbal medicines based on physical, chemical and bio-
logical evaluation, backed with their stability and
bioavailability parameters is the need to ensure the ac-
ceptance of phytopharmaceuticals as an integral part of
modern drug therapy[16].

Unlike the single chemical entity that forms the ba-
sis of modern pharmacology and drug development,
the paradigm of traditional herbal medicine views the
multi-compound, multi-ingredient preparations typical
of traditional herbal medicines as representing the ac-
tivity of the herbal drugs. Selection of individual analyti-
cal compounds for determining either efficacy or qual-
ity is contrary to traditional herbal medicine principles[17].
The common clinical use of traditional herbal medicines
requires the combination of two or more herbals based
on recipes and formulae derived from historical refer-
ences and empirical evidence of ayurvedic practitio-
ners. Herbal drugs, singularly or in combinations, con-
tain a myriad of compounds in complex matrices in which
no single active constituents is responsible for overall
efficacy. This creates a challenge in establishing quality
control standards for raw materials and the standard-
ization of finished herbal drugs. It is necessary to de-
velop a type of quality assessment system that ad-
equately meets the complex characteristic of traditional
herbal preparations[18].

It seems to be necessary to determine most of the
phyto- chemical constituents of herbal products in or-
der to ensure the reliability and repeatability of phar-
macological and clinical research, to understand their

bioactivities and possible side effects of active com-
pounds and to enhance product quality control[19].

Chromatographic fingerprint analysis by which mul-
tiple compounds in single herbal drugs and finished
herbal materials can be identified represents a rational
approach for the quality assessment of traditional herbal
preparations. It utilizes chromatographic techniques,
TLC, HPLC, HPTLC, and GC etc. to construct spe-
cific patterns of recognition for multiple compounds in
herbal drugs[20]. Chromatographic fingerprint analysis
of herbal drugs represents a comprehensive qualitative
approach for the purpose of species authentification,
evaluation of quality, and ensuring the consistency and
stability of herbal drugs and their related products[21].

By definition, a chromatographic fingerprint of a
HM is, in practice, a chromatographic pattern of the
extract of some common chemical components of phar-
macologically active and or chemically characteristics.
This chromatographic profile should be featured by the
fundamental attributions of �Integrity� and �Fuzziness�
or �Sameness� and �Differences� so as to chemically
represent the herbal medicines investigated[22].

For standardization of natural product drugs, single
chemical entities, �marker compounds� may be used
as potency standards in high performance liquid chro-
matography (HPLC) analysis. Using well-characterized
marker compounds, conventional pharmaceutical manu-
facturing criteria for assay and content uniformity may
be applied. These marker compounds may be used to
help identity herbal materials, set specifications for raw
materials, standardize botanical preparations during all
aspects of manufacturing processes, and obtain stabil-
ity profiles[23].

For the establishment of the quality and purity of
crude plant material and finished formulation the pro-
cedure should be as per GMP. Following protocols
should follow in addition of already described proce-
dures

1. Assessment of quality[24]

Crude plant material

The botanical definitions, including genus, species
and authority should be given to ensure correct identifi-
cation of a plant. A definition and description of the part
of the plant from which the medicine is made should be
provided. The active and characteristic constituents
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should be specified.
Foreign matter, impurities and microbial content

should be defined or limited.

Plant preparation

Plant preparations include comminuted or pow-
dered plant materials, extracts, tinctures, fatty or es-
sential oils, expressed juices and preparations whose
production involves fractionation, purification or con-
centration. The manufacturing procedure should be
described in detail.

If any other substances are added during the manu-
facture in order to adjust the plant preparation to a cer-
tain level of active or characteristic constituents or for
any other purpose.

A chromatographic fingerprint is necessary to en-
sure consistent quality of the preparation.

Finished products

Manufacturing procedure and formula, including the
amount of excipients, should be described in detail. A
finished product specification should be defined. A
method for identification, quantification of the plant
material in the finished product should be defined.

A chromatographic fingerprint is necessary to en-
sure consistent quality of the preparation. The finished
product should comply with general requirements for
particular dosage forms.

Stability

The physical and chemical stability of the product
in the container in which it is to be marketed should be
tested under defined storage conditions and the shelf
life should be established.

2. Assessment of safety

A review of the relevant literature should be pro-
vided with original articles or references to the original
article. Long-term use without any evidence of risks
may indicate that a medicine is harmless. Reported side
effects should be documented according to normal
pharmacovigilance practices.

Documentation of safety based on experience

Documentation of a long period of use should be
taken into consideration when assessing safety. When
there are no detailed toxicological studies, documented

experience of long-term use without evidence of safety
problems should form the basis of the risk assessment.

If any toxicological risk is known, toxicity data must
be submitted. The assessment of risk whether indepen-
dent of dose or related to dose, should be documented.

3. Assessment of efficacy

Activity

The pharmacological and clinical effects of the ac-
tive ingredients and, if known, their constituents with
therapeutic activity should be specified or described.

Evidence required supporting indications

In the case of traditional medicines, the require-
ments for proof of efficacy should depend on the kind
of indication.

Stability tests[25]

Since the herbal drug or herbal drug preparation in
its entirely is regarded as the active substance, a mere
determination of the stability of the constituents with known
therapeutic activity will not sufficient. It must also be
shown, by means of appropriate fingerprint chromato-
grams, that other substances present in the herbal drug
or in the herbal drug preparation are like wise stable and
that their proportional content remains constant.

Accelerated stability studies can be done for herbal
preparations as in allopathic dosage forms by using
appropriate fingerprint chromatogram (qualitative and
quantitative), appropriate overall methods of assay and
physical and sensory tests.

The performance of reported chromatographic fin-
gerprinting constructed by single chromatogram some-
times turns out to be inadequate for complex herbal
medicines, such as multi-herb botanical drug products.
Multi chromatographic fingerprinting, which consists of
more than one chromatographic fingerprint and repre-
sents the whole characteristics of chemical constituents
of the complex medicine, is proposed as a potential
strategy in these complicated cases[26].

Pretreatment of chromatographic fingerprints are
important for quality control of herbal medicines and
they include data correction and data transformation.
The data correction can reduce the variation of experi-
mental procedures, and data transformation can put
different weights on the different parts of the finger-



.116 Chromatographic fingerprint analysis-an approach for herbal medicines

Review
NPAIJ, 3(3) December 2007

An Indian Journal
Natural ProductsNatural Products

prints. A new target peak alignment(TPA) procedure
has been proposed to correct the retention time shifts,
multiplicative scattering correction (MSC) has been in-
troduced for response correction. Then the similarity of
the fingerprints with mean and median fingerprints is
used to evaluate the quality of herbal medicines27.

CONCLUSION

Chromatographic fingerprint analysis is a rational
and practical analytical strategy to assess the authentic-
ity, quality consistency, and stability of herbal medicines.
The information gathered from the fingerprint is more
comprehensive than that provided from the typical ap-
proach of only focusing on the quantitation of individual
markers or active constituents for identifying and quan-
titative assay. Chromatographic fingerprinting is gradu-
ally being applied in the quality assessment of tradi-
tional herbal medicines. It is currently required, by many
of drug regulatory authorities, to ensure the quality con-
trol of injectable herbal preparations and is promoted
for use in manufacture of oral preparations.

However, using the chemical fingerprints for the
purpose of quality control of herbal medicines can only
address to the problem of comparing the integrated
sameness and/ or difference and controlling their stabil-
ity of the available herbal products. The complex rela-
tionship between the chromatographic fingerprints and
efficacy of the herbal medicines is not taken into ac-
count yet, which seems to be the most important as-
pect for the quality control of herbal medicines. More
methodological validation work is required on more
botanicals and botanical products. The fundamental
requirement for developing a chromatographic finger-
print is specificity, reproducibility and applicability. Once
an official chromatographic fingerprint is established and
an acceptable allowance is given, all manufacturers
should require meeting these specifications.

Thus, the researchers concerning the relationship
between the chromatographic fingerprints and efficacy
of the herbal medicines are urgent requirement for the
quality control of herbal medicines. The work on pos-
sible contamination in herbal products, such as exces-
sive or banned pesticides, microbial contaminations,
heavy metals, chemical toxins, should be also conducted
concurrently.
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