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About the Series

Nature abounds with a rich potential heritage of bioactive natural products
as that have been exploited for effective and beneficial use either as a
therapeutic resource against a human disease or as a chemopreventive,
antioxidant, nutraceutical or diet supplement. A natural product is a
substance or a chemical compound produced by a living organism found in
nature that usually has a pharmacological or biological activity. Some of
these agents are derived from terrestrial plants, whereas, others are obtained
from microorganisms, marine or freshwater organisms and even the higher
animals.

Past few decades have witnessed an unprecedented worldwide growth
in the interest of bioactive natural products based medicines, both in
developed and developing countries, and offer a resource-pool for lead
identification in drug discovery owing to the reason that isolation of a novel
molecule is easier than de novo synthesis, especially when the molecular
structure of the compound is very complex. On account of such advantages,
pharmaceutical companies are opting for bioactive natural products based
drugs. More than 20 new drugs, launched world over between 2000 and
2005, originate from natural products. Scrutiny of medical indications by
source of compounds has demonstrated that natural products and related
drugs are used to treat 87% of all categorized human diseases (infectious
and non-infectious). The development of new bioassay techniques,
biotechnology methods, screening and high performance analytical methods
have introduced new concepts and possibilities of rational drug design and
drug discovery.

Interest in bioactive natural products research is growing more strongly
and can be attributed to several factors, including remarkable diversity of
natural products, unmet therapeutic needs, the development of novel and
sensitive techniques to detect, isolate, purify and structurally characterize
these active constituents. This has opened opportunities for multidisciplinary
research that joins the forces of natural product chemistry, molecular and
cellular biology, synthetic and analytical chemistry, bio-chemistry, bio-
technology, general biology, and pharmacology to exploit the vast diversity
of bioactive natural products.

Taking cognizance of these facts, we have initiated efforts in editing
the present series “Comprehensive Bioactive Natural Products” and
brought eight volumes (1 to 8) providing edited information from over 139
original research and review articles by eminent scientists and researchers



from India and abroad, representing 40 countries of the world on wide range
of topics in the area of natural products categorized under the themes viz,,

Potential & Challenges

Efficacy, Safety & Clinical Evaluation I
Efficacy, Safety & Clinical Evaluation I1
Antioxidants & Nutraceuticals
Immune-modulation & Vaccine Adjuvants
Extraction, Isolation & Characterization
Structural Modifications & Drug Development
Quality Control & Standardization
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These volumes critically evaluate the present state-of-art, current
status and future prospects in a well-illustrated manner. It is hoped that
this series, which reflects the contributor’s research results as well as world
wide reviews will be widely read and used by all interested in these fields
and shall open new vistas of research and academic pursuits for those engaged
in the fields of bioactive natural products.

I would like to take this opportunity to thank each of the authors who
have contributed in the preparation of this book series.

Jammu, India
V.K. Gupta
Series Editor
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Foreword to the Series

Medicine among the ancient civilizations was a blend of Religion and Science.
Natural products played an important role throughout the world in the
prevention and treatment of diseases. These natural products originated
from varied sources such as plants, animals, micro-organisms, marine
organisms, terrestrial vertebrates and invertebrates. In man’s quest for
discovering new and potent remedies for diseases, he keenly observed his
immediate neighbourhood and experimented not only with organic substances
but also with in-organic materials such as metals, minerals, ores etc. Over
the years, the accumulated medical wisdom was compiled into excellent
treatises and these have later developed into the various classical systems
of medicine associated with the ancient civilizations and cultures of the world.
Apart from the classical systems of medicines, which by its nature and practice
had universal applications, there existed another stream of medicine in the
countryside, among the less privileged class of people, among the forest
dwellers and among the nomadic tribes which were location specific, confined
to small communities, tribes and families. These medical systems were mostly
perpetuated by oral traditions. Nevertheless, the value of the oral traditions
cannot be overlooked as these localized knowledge systems are veritable
treasures of invaluable information on the properties and uses of hundreds
of plant, animal and mineral products.

Ethno medical information is now increasingly being utilized in the
search for novel bioactive molecules from natural products. Several well
known plants such as Licorice (Glycyrrhiza glabra) myrrh (Commiphora
sps) and poppy capsule latex (Papaver somniferum) were mentioned in
the clay tablets dating back to 2600 B.C, obtained from Mesopotamia. These
plants and their derivatives are still used in various forms as herbal drugs
as well as pure isolates in different systems of medicine. For instance,



codeine, papaverine, morphine etc isolated from P. somniferum are still
used in modern medicine. Similarly hemisuccinate carbenoxolone sodium,
a semi synthetic derivative of glycyrrhetic acid isolated from licorice is used
for the treatment of gastric and duodenal ulcers. Plants, especially those
with ethno medical history have been the major source of bio active molecules.
According to a study by Fabricant and Famsworth (2001), out of 122 plant
derived drugs, 80% had their origin from plants with ethno medical use.
Since secondary metabolites from plants are products of biosynthetic reactions
occurring in living systems, bioactive molecules from natural sources are
excellent drug candidates as they are perceived to show more biological
friendliness than synthetic drugs.

The ever increasing popularity and acceptance of natural products have
evinced an extra ordinary interest and scope in the subject in recent years.
Compendium of Bioactive Natural Products- a series of eight books edited
by Dr. V.K. Gupta (Volumes 1,2,3 and 5) and Dr. V.K. Gupta, Dr. S.C. Taneja,
Dr. B.D. Gupta and Dr. A K.Verma (Volumes 4,6,7 and 8), published by M/S.
Studium press LL.C, U.S.A are an excellent compilation, giving comprehensive
and reliable data on the current development in the field of bioactive natural
products. This series contain 139 original research and review articles
contributed by a galaxy of eminent scientists and academicians from 40
countries around the world. The editors have taken care to invite eminent
scholars in the relevant areas to contribute each chapter in the series. The
series deals with wide ranging topics related to natural products such as
extraction, isolation and characterization, structural modifications and drug
development, quality control and standardization and, immune modulation
and vaccine adjuvants, antioxidants and nutraceuticals, efficacy, safety and
clinical evaluation (Parts-1 and 2) and potentials and challenges. The editors
of this series Dr. V.K. Gupta, Dr. S.C. Taneja, Dr. B.D. Gupta and Dr. Anil K.
Verma are known to me for more than three decades and they are all stalwarts
in natural products and related areas.

It is gratifying to know that this series is dedicated to the memory of Col.
Sir Ram Nath Chopra, the Founder Director of Regional Research Laboratory,
now known as Indian Institute of Integrative Medicine (IITM), Jammu.

Col. Sir R.N. Chopra (1882-1973) was a pioneer of systematic studies of
indigenous drugs, promoter of Indian Systems of Medicine and Patron of
Pharmacy in India. Most of the medicinal plants, he studied were in use, in
Ayurveda for thousands of years. The major fields of Cot. Chopra’s research
were general pharmacology, chemotherapy, indigenous drugs, drug addiction
and drug assays. At the Calcutta school of Tropical Medicine, he developed a
pattern of research in studying the action of medicinal plants which influenced
an entire generation of pharmacologists. Pharmacists and physiologists in
India. In the words of Dr. G.V. Satyawati, Former Director General of Indian
Council of Medical Research, the credit of kindling the interest of Indian
Chemists and Pharmacologists in Medicinal Plants should rightfully go to



Sir Ram Nath Chopra who, has been claimed as the Father of Indian
Pharmacology’.

I had the privilege and good fortune of meeting Col, Sir. Ram Nath
Chopra along with Prof. Dr. E.K. Janaky Ammal at his residence in 1969
immediately after my joining Regional Research Laboratory as a Scientific
Assistant. My meeting with Col. Sir R.N. Chopra had left a lasting impression
of a great scientist in my memory.

It is a fitting tribute to Col. Sir. R.N. Chopra that the editors have
decided to dedicate these eight volumes to his memory. I congratulate the
editors for bringing out this series which is timely, relevant and important
to all those who are engaged in the study of natural products and development
of therapeutically useful bioactive molecules. I am sanguine that these
volumes will receive wider acceptance among the scientific community,
especially among those engaged in Natural Product research.

(P. Pushpangadan)



About the Editors

Dr. Vijay Kumar Gupta

Dr. Vijay Kumar Gupta, Ph.D., FLS, London (born
1953-) Deputy Director & Head, Animal House,
Indian Institute of Integrative Medicine (CSIR),
Jammu, India. He did his M.Se. (1975) and Ph.D.
(1979) in Zoology both from University of Jammu,
Jammu-India. His research capabilities are

substantiated by his excellent work on
histopathology, ecology and reproductive biology of
fishes, turtles, birds and mammals, which has

already got recognition in India and abroad. Dr.
Gupta has to his credit more than 75 scientific publications and review
articles which have appeared in internationally recognized Indian and foreign
journals. Founder fellow, life member and office bearer of many national
societies, academies and associations. He has successfully completed a
number of research/consultancy projects funded by various governments,
private and multinational agencies. His current areas of interest are
histopathology, toxicology, pre-clinical safety pharmacology and reproductive
efficacy studies of laboratory animals. He is also Editor-in-chief of the books
1) Utilisation and Management of Medicinal Plants 2) Medicinal Plants:
Phytochemistry, Pharmacology and Therapeutics 3) Perspectives in Animal
Ecology and Reproduction (Vols.1-6). The Editor-in-chief of the American
Biographical Institute, USA, has appointed him as Consulting Editor of
The Contemporary Who’s Who. Dr. Gupta also appointed as Nominee for
the Committee for the Purpose of Control and Supervision of Experiments
on Animals (CPCSEA, Govt. of India). Recently the Linnaean Society of
London, U.K. has awarded fellowship to him in November 2009 in
recognition of his contribution towards the cultivation of knowledge in
Science of Natural History.

Dr. Subhash Chandra Taneja

Dr. Subhash Chandra Taneja (born 1950-) obtained his masters degree in
Organic Chemistry in 1971 and thereafter completed Ph.D. in Birla Institute
of Technology & Science, Pilani, India in 1975 under the guidance of Prof.




H.P. Tiwari. He is scientist of eminence and
presently working as Scientist ‘G’, Indian Institute
of Integrative Medicine (CSIR), Jammu. Dr. Taneja
has over 100 publications in international journals,
two book chapters and two review articles, 38
patents of which 14 are USP. He has also visited
Institute of Organic Chemistry, Warsaw, Poland
(1989-1990) under CSIR Scientist Exchange
Programme. His areas of interest are chemistry
and bioactivities of medicinal plants and generation
of semi-synthetic libraries based on natural product scaffolds; design and
synthesis of bioactive lead molecules in the area of inflammation, oncology,
infectious diseases, immunomodulation; exploitation of microbial biodiversity
for the identification newer sources of biocatalysts e.g. lipases, esterases,
glucosidases, nitrilases, oxido-reductases etc. and development of new
throughput screening techniques; synthesis and kinetic resolution of
important dugs/intermediates using chemo-enzymatic methods; development
of green methodologies for the synthesis of mono terpenes and perfumery
molecules; development of new glycosylation methodologies; C- and O-
glycosylation techniques; new synthetic protection-deprotection
methodologies for carbohydrates, and their conversion to bioactive molecules
and organic synthesis of natural products and bioactive molecules.

Dr. Bishan Datt Gupta

Dr. Bishan Datt Gupta (born 1951-) obtained his M.Sc.
in chemistry in 1973 from Jammu University and
then did his Ph.D. at Regional Research Laboratory,
Jammu (now IIIM, Jammu) under the guidance of
Dr. C. K. Atal. He is a well known scientist in the
area of natural product chemistry and is at present
working as Scientist ‘G’ at Indian Institute of
Integrative Medicine (CSIR), Jammu. Dr. Gupta has
more than sixty publications in international
journals, one book chapter and eighteen patents.
He has visited France under CSIR-CNRS Scientist Exchange Programme
and has also participated in two international conferences at Kuala Lumpur
and Hanoi. His areas of interest are natural product chemistry, especially
drug development based on natural products which includes activity guided
fractionation for isolation of pure biomolecules, their structure elucidation,




semi-synthesis as well as structure modifications. His work areas also include
standardization of herbal drugs/formulations using modern analytical
techniques (GC-MS, HPTLC, HPLC, LC-MS) on the basis of marker
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Preface

Through out human history people have relied on drugs derived from plants
to promote and maintain good health and to fight sickness, pain and disease.
Herbal drugs are having prolonged history of frequent use and documentation
in texts of established systems of medicine indigenous to a particular country.
While modern medicine has, in many parts of the world, replaced traditional
medical practices to the benefit of individual and public health, we are
becoming increasingly aware of its limitations in dealing with a large number
of conditions and diseases, the often unforeseen negative side effects of
synthetic drugs, and the ever-rising costs of medical treatment, including
pharmaceuticals. As a result, the public and an increasing number of
physicians and public health specialists throughout the world are taking a
second look at alternative or complementary medicine generally and
traditional plant based drugs in particular.

A number of diseases still have no satisfactory cure in modern medicine
and certain herbal formulations /traditional medicines are reported to have
effective treatment for these ailments. Unfortunately no serious efforts
have been made to verify these claims and to develop validated, standardized
herbal formulation(s) for the effective cure or management of these diseases.
Although there are many formulations available in the market but neither
they are scientifically evaluated nor authenticated or quality controlled.
Extremely limited knowledge about the ingredients in the herbal drug
formulations and their effects in humans, the lack of stringent quality control
and the heterogeneous nature of these preparations all necessitate the
continuous monitoring of the safety of the herbal products. Assessment of
safety and adverse effects of herbal preparations can be much more complex
than the modern pharmaceuticals.

Standardization of the herbal drugs by quantitative determination of
constituents has been made easy by recent developments in analytical
instrumentation. Advances in the isolation, purification, and structure
elucidation of naturally occurring metabolites have made it possible to
establish appropriate strategies for the determination and analysis of quality
and the process of standardization of herbal preparations. TLC, HPLC, GC,
quantitative TLC (QTLC), and high-performance TLC (HPTLC) can
determine the homogeneity of a plant extract/ formulation. Over-pressured
layer chromatography (OPLC), infrared and UV-VIS spectrometry, MS, GC,
liquid chromatography (L.C) used alone, or in combinations such as GC/MS,
LC/MS, and MS/MS, and nuclear magnetic resonance (NMR), are powerful
tools, often used for standardization and to control the quality of both the
raw material and the finished product.

In the present volume “Quality Control & Standardization® of
the book series *Comprehensive Bioactive Natural Products® an



attempt has been made to cover the recent progress in standardization of
the herbal/traditional drugs and strategies adopted for quality assurance of
such formulations. Applications of the recent analytical techniques in
standardization of these drugs on the bases of marker compounds have also
been widely covered. The topics have been contributed by the experts in
the fields with relevant and up to date information and studies included in
the volume are: Chromatographic techniques applied to the natural products
chemistry; Quality control of natural medicines by immunological assay
system; Comparison of HPLC and HPTLC methods for the determination
of rosmarinic acid; Quality control and standardization of medicinal and
aromatic plants; Quantification of podophyllotoxin in Podophyllum
hexandrum; Standardisation of polyherbal formulations using marker
compounds; Variation of lavender oil produced by different techniques;
Quality control methods for herbal medicines; Evaluation of biological
activity in quality control of herbal medicines; Chemical analysis and quality
control of essential oils; Ultraviolet spectrophotometric method for the
powdered Loranthus micranthus; Exploring pharmacovigilance for traditional
herbal medicines; HPLC for evaluation of herbal drugs and formulations;
Consumer protection and regulatory requirements for herbal drugs

We believe that the present volume will be a useful compendium of
knowledge for chemists, ethnobotanists, pharmacologists, pharmaceutical
scientists as well as other researchers in traditional medicines. It will also
be of relevance to the Herbal Drug industry.

Jammu, India

V.K. Gupta
S.C. Taneja
B.D. Gupta
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Chromatographic Techniques Applied to the
Natural Products Chemistry

MariA APArecIDA M. MacieL2*, VALDIR F. VEiGA JRr.2,
ANGELO DA CuNnHA PinT03, FaBiano E.S. GoMes! anp Tereza N.C. Danras!

ABSTRACT

Medicinal plant users from the entire world keep alive therapeutical
informations accumulated for centuries that have been in vogue to
research projects involving multidisciplinary fields such as
ecology, anthropology, botany, biochemistry, pharmacology and
phytochemistry. Both medicinal culture and multidisciplinary
investigations lead to the understanding of this inexhaustible natural
source: the world flora. In this context, this paper focuses on relevant
basic concepts for multidisciplinary researches on medicinal plants,
with the primary purpose of stimulate, actualize and instruct anyone
that have interest in chemical and pharmacological studies about
medicinal plants. Additionally, included general aspects of
chromatography and attention will be concentrated to Croton
cajucara Benth (Euphorbiaceae) and Copaifera L. (Leguminoseae—
Caesalpiniaceae) representing two of the most relevant medicinal
plants from Brazil. In order to emphasize basic concepts on classical
phytochemistry approaches, this paper shows the importance of such
investigation on multidisciplinary studies conducted with the
medicinal specie Croton cajucara widely used in the popular medicine
of Amazon region of Brazil, which actually represent significant

1. Universidade Federal do Rio Grande do Norte, Departamento de Quimica,
Campus Universitdrio, 59072-970, Natal, RN, Brazil.

2. Departamento de Quimica, Universidade Federal do Amazonas, 60077-000,
Manaus, AM, Brazil.

3. Instituto de Quimica, UFRJ, Centro de Tecnologia, 21945-970, Rio de Janeiro,

RJ, Brazil.

Corresponding author : E-mail : mammaciel@hotmail.com
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importance around the world and Copaifera L. which oil is popularly
known as “copaiba o0il”, will be focused upon, in those studies been
representative for HRGC-MS analyzes.

Key words : Botany, chromatography, phytochemistry, medicinal
plants, Croton cajucara Benth, Copaifera L.

INTRODUCTION

Scientific research concerning to natural products has displayed a
progressive technological evolution, which could lead to a drastic
reduction in the gap observed in the relationship: number of living
vegetable organisms versus number of species studied. This evolution
can be regarded in terms of new methods for selection and collection
of plant materials, new isolation techniques, improvement of
spectrometric apparatus and techniques, great amount of biological
evaluations, and several studies involving semisynthesis or
biosynthesis, which are widely reported in several scientific books
and papers. In this context, the development of multidisciplinary
researches is encouraged in order to optimize the use of natural
bioactive products. Examples of multidisciplinary researches are
(among a large amount of other examples) the works of Cechinel
Filho and Yunes (1998) who reviewed the strategies for obtaining
bioactive natural products from medicinal plants; Maciel et al. (2005,
2002a) in a work entitled “Medicinal plants: the need for
multidisciplinary scientific studies” emphasizing several botanical,
ethnobotanical, phytochemical, and pharmacological approaches in
the natural products field; Viegas Jr. et al. (2006) with the paper
“The natural products and the modern medicinal chemistry”, and
Albuquerque and Hanazaki (2006), in a work entitled “Ethnodirected
research in the discovery of new drugs of medical and pharmaceutical
interest: flaws and perspectives” also pointed the importance of natural
products as source of new drugs, and the technological advances
observed in the pharmaceutical field around the world.

The goal of this article is to emphasize the relevance of
medicinal plants investigations involving botany, ethnobotany and
phytochemistry. General chromatography aspects will be focused
for their applications in obtaining pure biologic compounds aiming
pharmacological evaluations. Two of the most relevant medicinal
plants from Brazil, Croton cajucara Benth and Copaifera L.
(Leguminoseae-Caesalpiniaceae) will be focused upon. Both of
these plants are largely used in the Amazon region of Brazil for
centuries and, more recently, since the 1900s, their use has spread
nationwide.
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Ethnobotany: An Interdisciplinary Science

Ethnobotany is an interdisciplinary science which needs a
multidisciplinary team to validate traditional uses of medicinal plants.
In this context, it is important to consider as a start point the
establishment of a minimum of three qualified professionals working
closely together: ethnobotanist, chemist and pharmacologist.

The term ethnobotany was first applied in 1895 by Harshberger,
who pointed out how useful it could be in the medicinal plants projects.
Since then, several definitions have been found for ethnobotany
(Maciel et al., 2005). Among them “scientific botany focusing upon
the habitat and use of a specific ethnic group, performed by a scientific
botany expert who would eventually associate the eastern scientific
classifications with the local one”. Ethnobotany applied to the study
of medicinal plants work hand in hand with ethnopharmacology,
which consists in the interdisciplinary scientific exploration of
biologically active agents, traditionally applied or observed by
determined human group (Bruhn & Holmstedt, 1982; Bruhn, 1989).
One of the pioneers in the study of ethnobotany who was dedicated
to the research of flora in Tropical America was Richard Evans
Schultes, who may be considered the father of modern ethnobotany.
Natural product research involving an ethnobotanical approach to
medicinal plants is cited in the literature as an alternative method,
which can provide both efficient and successful results contributing
to the discovery of new bioactive natural products (Gurib-Fakim,
2006; Gilani, 2005; Maciel, 2005, 2002a; Unander et al., 1995; Cox &
Balick, 1994; Cordell et al., 1995, 1991; King & Tempesta, 1994).
This field of research focuses on two fundamental factors: plant
collection and its medicinal uses. The first factor implies region,
time and stage of development favourable to the period of collection.
It also involves special proceedings such as the correct identification
of the species by a qualified professional, a botanist for example, and
a voucher specimen should be deposited in an authorized herbarium.

The selection of the specimen to be analyzed is one of the critical
points. An inappropriate choice can result in unsuccessful work.
Several approaches to the selection of the specimen have been shown,
among them randomized, chemotaxonomical (or philogenetical) and
ethnopharmacological collection. The ethnopharmacological selection,
however, favours the discovery of bioactive substances, in which the
selection of species is in accordance to the therapeutic evidence
based on experimental uses by an ethnic group. In this approach,
medicinal plants are not simply regarded as raw material. The
accounts of a plant’s background as a therapeutic resource in the
treatment and healing of diseases of a determined ethnic group must
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be interpreted as a monetary and time saving procedure, two of the
most sought after factors by eastern economies. In the other hand,
in the random collection, 10000 different types of plants may
represent 50000-100000 different natural products structures, whether
bioactive or not (Cordell, 1995; Malone, 1983).

Before starting any experimental work, the specimen must be
safely identified. At that point, another specialist is required: a
botanist or specialized professional. The lack of scientific identification
(or a mistaken identification) may deliberately cancel the whole
chemical or even a pharmacological investigation, making it practically
useless and impossible to be published. Taking into account this
possibility, the collection of the plant must occur in two stages: a
previous specimen may be collected for the identification of the
species, and then a definitive collection, which contains large amounts
of the material destined to the phytochemistry and pharmacological
investigations. On the previous stage, small branches with leaves,
flowers and fruits at different stages of growth are collected. The
samples must represent the general aspect of the plant; branches
damaged by insects or damage from handling must be avoided.
However, if the representative samples do have such flaws, they
should be collected just the same, as any factor is top priority. The
collected samples must be sent to a specific herbarium where they
are pressed and dried (if such procedures have not been performed
at the gathering site). After obtaining scientific identification (voucher
specimen), the plant is catalogued containing the followed items:
register number, seal of the institution, labelling, plant sample,
envelope with flowers and/or fruits; protective catalogued information
must be provided. Afterwards, a file must be made including:
1) scientific name of the specimen and its botanic family; 2) name of
whom has rated the species; 3) register number of the voucher
specimen, 4) location of herbarium in which the register is deposited;
5) location and date of the collection; 6) popular name of the plant;
7) accounts of the part of the plant being used in popular medicine
and its therapeutic indications; 8) notes about soil conditions where
the plant was collected, as well as type of local vegetation, type of
plant (bush or tree), time of the blossom (f it is in flower), time of
fruitage (if it bears fruits), colour and smell of several parts of the
plant. Finally, latitude and longitude information’s, as well as some
photographs of the collected plant must be taken in its natural habitat
(Maciel et al., 2005, 2002a).

The second stage of the collection destined for the phytochemistry
and/or pharmacological approaches consists of only one or several
collections. The latter may be done at different times of the year or
on different locations. Since different plants might be popularly known
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under the same name, the process of plant identification must be
taken into account in case the gathering occurs in different regions.
Upon the stage which determines the phytochemistry study, the total
amount of the material to be collected is defined as well as the part
of the plant that will be studied is picked out (roots, stem bark,
bark, branches, leaves, flowers, and fruits). In a project that links
phytochemistry and pharmacology professionals, the part of the plant
used in popular medicine must be chosen. In this case, the least
amount of vegetable material to be collected is 2 kg. However, once
working conditions in the lab are satisfactory, 3 to 6 kg of collected
material must be obtained in order to set apart great amounts of
major substances, then enabling pharmacological evaluations of
isolated drugs. During the collecting procedure the following steps
must be carefully monitored: separation and labelling of the collected
material, wrapping in plastic bags, transport of such material, weighing
of the dried material, storing, grinding, weighing of the triturated
material, obtaining extracts. The drying stage can be achieved in the
sun, in a shade or in greenhouse, as long as the temperature is
approximately 40°C. If research interest is only in the essential oil
of the plant, drying must be avoided. The storing of the dry material
must be done in plastic bags packed in cardboard boxes and kept in
safe locations of low humidity and temperature. This procedure avoids
oxidation and hydrolysis of the plant constituents, and also
prevents against attack by microorganisms, among other (Maciel et
al., 2005, 2002a).

Chromatography: A General Approach

The first liquid chromatographic separations using the preparative
layer technique were carried out in 1930s from vegetable metabolites
(pigments, like chlorophyll and carotenes). Chromatography work
was initially supported by the pioneering experiments carried out by
Tswett in 1906. The origin of chromatography is very well connected
to the study of natural products. This association continued to exist
during years, and would be inconceivable to imagine the actual
advances in the purification of biomolecules without considering the
classical chromatography, including the important contribution played
by Martin in the 1950s and the introduction of commercially-available
high-performance liquid chromatography (HPLC) equipment in the
1970s (Marston, 2007; Hostettmann et al., 2003).

Chromatography is defined as a separation process of components
from a mixture containing two or more substances. It depends on
the differential distribution of a solute between mobile and stationary
phases. Most of the chromatographic techniques work under the
same principle observed in solvent extraction. Thus, the separation
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results from differences in the distribution constants of the individual
sample components between two phases.

Concerning to the main phenomena responsible for the separation
of components, chromatographic techniques can be divided in several
types, including adsorption, partition, size exclusion, affinity, or ion
exchange. Chromatography can be also classified based on mobile
phase, in terms of liquid or gas chromatography. In the gas-liquid
chromatography, or simply gas chromatography, the mobile phase is
an inert carrier gas and the stationary phase is a microscopic layer
of liquid or polymer on a inert solid support, while in the liquid
chromatography, the mobile phase consist of a liquid, and the
stationary phase a packing solid material, usually silica. In general
manner, the system contains a stationary, which can be liquid or
solid, and a liquid or gas mobile phase, which continuously moves in
a definite direction through the stationary phase.

The adsorption of a given substance on solid surfaces is related to
the same forces that act in solubility behavior (electrostatic
interactions, hydrogen bonds, van der Waals interactions, among
other). It is important to emphasize that the acidity and the possibility
of formation of hydrogen bonds by silanol group make the silica
surface an excellent surface for adsorption. Thus, for determined
applications this physicochemical phenomenon may be irreversible,
or so strong that would be very difficult to liberate some components
from silica surface. The high degree of acidity may also act to promote
catalytic degradations, which in certain cases, are aided by the
presence of traces of metals in silica. Table 1 shows the increasing
order of adsorption in thin layer (TLC) and column chromatography
(CC) for compounds that present different polarities, as well as the
order of eluting power of some organic solvents in function of their
polarity. In general manner, the adsorption order for functionalized
compounds is CI', Br, I" < C=C < OCH4 < COR < CHO < SH < NH,
< OH < CO,H. The type of interaction involved in adsorption
phenomena depends on the nature of the sample and stationary phase.
Thus, for polar phases, the adsorption of functionalized compounds
increases with the degree of polarity of the several classes of organic
compounds. The most common solvents used in chromatographic
procedures are also listed in Table 1. Toluene and benzene are less
polar solvents than chloroform, but they should be avoided due to
their high toxicity. Acetone (Me,CO) is more polar than chloroform
(CHCly), but presents in its structure a reactive carbonyl group which
may react with plant metabolites producing artifacts, and should be
avoided. Water and organic acids are options for high-polar compounds,
but the difficult to remove them from sample, prevent their use in
chromatography. Thus, it was established the following order of
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Table 1. Adsorption and elution increasing order in TLC analyzes

Adsorption order for organic compounds Saturated hydrocarbons
Unsaturated or aromatic hydrocarbons
Ketones
Aldehydes
Esters; amides

Carboxylic acids

Elution polarity order for solvents Hexane
Carbon tetrachloride
Ethers
Dichloromethane
Chloroform
Adfadf
Alcohols

increasing polarity: cyclohexane (0.04), hexane (0.1), carbon
tetrachloride, toluene, benzene, diethyl ether (2.8), dichloromethane
(3.1), tetrahydrofuran (4.0), chloroform (4.1), acetone, ethyl acetate,
ethanol (4.3), methanol (5.1), water (10.5), and organic acids. The
separation efficiency among solutes depends also on the nature of
solvent (eluent or mobile phase), since it may compete with solute
molecules for surface adsorption sites (very polar solvents may be
easily adsorbed on stationary phase). Two or more solutes that present
different adsorption coefficient for a given stationary phase, for
example, silica gel, can be separated through liquid-liquid
chromatography. However, in order to have an efficient separation,
the solvent must be significantly less polar than the components of
the mixture and must be able to dissolve them appreciably. Table 2
shows different types of chromatographic techniques based on the
distribution of the analyte between mobile and stationary phases
(Marston, 2007; Costa-Neto, 2004; Neto & Nunes, 2003; Poole et al.,
1990; Zweig & Sherma, 1972).

Generally classical chromatographic separations are carried out
in open column using silica gel as stationary phase, and the fractions
obtained are monitored by thin layer chromatography. The fractions
that showed similar results in TLC analyzes (using several elution
systems and revealing reagents) must be pooled and purified. The
purity criteria adopted in TLC is characterized by the observation,
using several solvents, of a unique and uniform spot in the plate.
However, other procedures can be adopted, such as: fraction
monitoring by 1H nuclear magnetic resonance or fraction analyzes
by gas chromatography.
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Table 2. Analyte distribution system

Normal phase The solid phase is polar and the liquid
phase is less polar.

Reversed-phase The solid phase is non polar and the liquid
phase is more polar.

Ion-exchange The solid phase has attached ions, which
in turn, are able to retain counter ions.
Ions from sample (present in mobile phase)
could be displaced by the original counter
ions, and take their place.

Ion-pair Ion-pair formation, ion interaction.

Size exclusion The solid phase has pores of different sizes
that entrap small molecules and exclude
the large ones.

Association to a biological receptor  The solid phase incorporates biological

(affinity chromatography) receptors, which are able to interact and
retain analytes that shows affinity with
them.

Vegetal Material Extraction

The powdered material must be obtained by preparation of the
extracts, which could be performed by percolation (cold extraction
method), Soxhlet apparatus (hot extraction method) or acid/bases. In
the acid bases extraction process, the water-acidic or basic phase as
well as organic phase with solvents immiscible in water (Et,O, CHCl,
or EtOAc) is applied. Percolation extraction, also known as
maceration, is the most used procedure to obtain plant extracts, due
to the low risks to generate artifacts, since low temperatures is used
in this process.

For unique extraction (at room or higher temperatures) it is
common to use only one polar solvent as ethanol or methanol. For
multiple extractions, it could use three types of solvents in this
order: a non polar solvent (hexane or petroleum ether), a moderately
polar solvent (chloroform or dichloromethane), and then a polar
solvent. However, due to the high toxicity of chlorinated solvents,
their use in plant extraction must be avoided been in accordance to
the international protocols limiting the production of chlorinated
solvents. Thus, the most frequent technique used involves the
obtaining of the extract through a unique extraction using ethanol
or methanol, which allows to extract both polar and non polar
compounds. In this case, subsequent chromatographic fractionations
would be utilized in order to obtain up 40 fractions of distinct
polarities. For extraction using non polar solvent, only low-polar
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compounds will be obtained (Maciel et al., 2002a). The Table 3 shows
different extraction approaches that may be used in extraction of
natural products from plants.

Supercritical fluid extraction (SFE) is another technique that
has become very effective over the years. It is based upon the use
of supercritical fluids, usually carbon dioxide (CO,), sometimes
modified by co-solvents in low percentage such as water, methanol,
ethanol, propanol, acetonitrile, or dichloromethane. The use of co-
solvents allows the work optimization, as increasing the extraction
yvield and the possibility of extracting high-polar compounds (when
using polar solvents). The supercritical fluid used in extraction are
gaseous substances, which are usually inert, economic, and present
low viscosity and high diffusion rate when compared to liquids.
Moreover, this technique has also the advantage of reducing the
amount of organic solvents used in extraction when compared to
percolation or Soxhlet apparatus. The limitation of the use of SFE
consists in the reduced amount of sample that is used in each
extraction (usually 200 g). Even if one has extractors to work on a

Table 3. Extraction methods for natural products

Extraction methods Procedures

Room temperature Extraction a) Sample + Solvent + Manual stirring;
(percolation or maceration) b) Sample + Solvent + Mechanical stirring
¢) Sample + Solvent (24 h)*.

Hot extraction (Soxhlet) Sample + Solvent + Heating.

Acid-base extraction Based upon partition process between acidic or
basic aqueous solvents and water-immiscible
organic solvents (ether, chloroform, ethyl
acetate).

Solid-liquid extraction Performed at low pressure. The column is filled
with dried material and the extraction solvent
is pumped through the sample.

Steam extraction Applied for essential oils. Distillation is
performed through a water steam carrier and
may occur either for high- or low-volatile
compounds.

Supercritical fluid extraction Performed with the use of supercritical fluids
(carbon dioxide, nitrous oxide, among other).
This is a viable option for substitution of steam,
percolation, or Soxhlet extractions, since with
this technique it is obtained high- and low-
volatile compounds, as well as moderate polar
compounds.

*Also known as static maceration
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large scale, the typical volume in the extraction cell varies from 1
to 50 mL, with the usual volume being approximately 10 mL, which
limits to the use of small amounts of sample, even if interconnect
several cells. A large number of natural products have been actually
extracted through SFE such as hop, nicotine, and essential oils
with flavouring properties (Zacchi et al., 2006; Castioni et al., 1995;
King & Bott, 1993). Souza et al. (2006) obtained fixed oils (FO) from
the stem bark of Croton cajucara Benth through percolation and
supercritical fluid extractions (SFE, carried out with CO,), aiming
their phytochemical characterization and evaluation of antifungal
properties.

Experimental Chromatography: A General Comments

Column chromatography (CC) represents one of the most efficient
and employed method used to separate, and purify natural products.
Several types of CC methods can be found: the classical open glass
columns, low-, medium-, or high-pressure CC (flash chromatography),
and CC equipped with capillary columns and a gas as the mobile
phase. In any chromatographic process, the separation efficiency
depends directly on the time of contact between mobile and stationary
phases, as well onpartition coefficient. In other words: it depends on
the amount of silica, the ratio between column diameter and height,
and the elution system (solvent polarity).

The classical open glass column containing silica can be employed
in preliminary filtrations, chromatographic fractionation, or even in
long time chromatographic processes, aiming the immediate isolation
of a given compound. For extract filtration, it is recommended to
use as stationary phase silica gel having high granulometry (35-70
mesh, for example), and as mobile phase two or three solvents in an
ascending polarity gradient, such as:

a) hexane (for obtaining fraction F1), chloroform (F2) and
methanol (F3)

b) hexane (F1), chloroform (F2) and ethyl acetate (F3)
¢) chloroform (F1), ethyl acetate (F2) and methanol (F3)

d) ethyl acetate (F1), methanol (F2) and methanol: water
(7:3; F3)

The filtration procedure is specially used when working with a
unique polar extract obtained from methanol, ethanol or methanol-
water mixture (hydroalcoholic extract). This procedure is also
performed when one wishes to obtaining low polar fractions from a
polar extract using the liquid-liquid partition technique (with
chloroform or acetyl acetate).
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The volume of solvent and the amount of silica to be used in a
chromatographic filtration depend on the amount of extract. Usually,
for 1 g extract fractions of 200 mL are collected for each eluent.
However, the total volume of the eluent should be monitored by
TLC, so at the end of the elution process of each solvent, a TLC
analyzes is performed in order to verify if any compound remains to
be eluted in a given eluent before to move to the next more polar
solvent. If the fractioning works adequately, this procedure can be
reproduced in large scale for large amount of extracts, using higher
amounts of silica and eluent, but remaining the same number of
fractions to be collected.

If the distribution of a same compound occurs through several
fractions collected, this may be due to the inadequate ratio used
between amount of the extract and stationary phase. This ratio may
vary a lot, with proportions from 1:10-1:30 (wt extract/wt silica) up
to 1:50-1:100 in some cases. The choice of the most appropriate
ratio should be conducted in accordance with the chemical nature of
the extract (or unpurified fractions), the goal (compound which wants
to isolate) and the experimental planning for the next steps. In works
where all fractions to be collected will be analyzed in a later
chromatographic procedure, a higher ratio of extract/silica can be
applied. In this case, the compounds not eluted in a solvent would
be presented in the next eluent. On other hand, if the aim of the
work is to obtain only a specific fraction, the most non polar, for
example, it should use a lower ratio and/or increase significantly the
amount of eluent to ensure that all compounds soluble in low polar
solvents would be eluted.

For extract fractionation purposes it is recommended the use of
silica gel 70-230 mesh (in ratio 1:10-1:30), and pure or purified
solvents in an ascending polarity gradient, as shown below:

a) hexane: ethyl acetate (100:0-0:100), for obtaining up to 20
fractions. The increasing of the solvent mixture polarity should
obey the follow: F1 and F2 obtained from hexane 100%, F3 to
F16 from ethyl acetate 1, 2, 3, and 5%, F17, F18, F19 and F20
from ethyl acetate 10, 20, 50, and 100%, respectively;

b) hexane: ethyl acetate: methanol (100:0:0-0:100:0 and 0:90:10-
0:0:100), for obtaining up to 20 fractions, which should be
obtained as follow: F1 eluted with hexane 100%, F3 to F10
from mixtures of hexane: ethyl acetate at ratios 99:1, 97:3,
and 95:5, F11, F12, F13, and F14 obtained from 90:10, 80:20,
50:50, and 0:100, respectively; remained fractions should be
obtained from ethyl acetate: methanol mixtures at proportions
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90:10 (F15), 80:20 (F16), 70:30 (F17), 50:50 (F18), 30:70 (F19)
and 0:100 (F20);

c¢) in order to obtaining a small number of fractions: hexane
100% (F1), hexane:dichloro-methane 1:1 (F2), dichloromethane:
ethyl acetate 1:1 (F3), and ethyl acetate: methanol 1:1 (F4);

d) the elution process should also occur with a fast increasing of
the gradient polarity of the solvent, as in the example: F1
obtained from hexane or ethyl ether, F2 from dichloromethane
or chloroform, F3 from ethyl acetate, and F4 from methanol,
or in mild conditions by slightly increasing the solvent polarity
as in the use of hexane: ethyl ether: chloroform mixtures
where F1 would be eluted with 99.5:0.5:0; F2 (99:1:0); F3
(95:5:0); F4 (80:20:0); F5 (70:30:0); F6 (50:50:0) and then, the
third eluent more polar is added: F7 [50(hexane):50(ethyl
ether):10(chloroform), F8 (50:50:30), F9 (50:50:40), F10
(50:50:60), and finally F11 (0:0:100).

In the extract fractionation procedure the ratio between the
amount of extract and the volume of fractions obtained should also
be 1 g extract for 100-200 mL of each fraction collected. Similarly
for the filtration procedure, the volume of the fractions to be collected
may vary a lot, depending upon the nature of the compound that is
being eluted and the monitoring of the elution of a given compound,
which may be accompanied either through coloration changes in
silica or the formation of crystals at the bottom of the column. Thus,
the change of solvent should only be performed when no more
remained substances are being eluted.

For extract analyzes using a chemosystematic approach, the
chromatographic study can be conducted analyzing all fractions
obtained from a single chromatographic procedure, or obtaining new
fractions from the first ones through a new chromatographic
procedure. If the aim of the work is discovering new chemical entities
from plants, the analyzes would be carried out only in the fractions
that showed the most promising data spectra (NMR analyzes). When
the work aims to correlate phytochemical data to biological/
pharmacological properties of the plant, it is recommended the use
of a chemopharmacological approach for the analyzes of fractions
obtained from filtrations or pooled fractions (after TLC and GC
analyzes). For this purpose a new fractionation of the bioactive
fractions should be directed to the isolation of bioactive compound(s),
in a process known as bioassay-guided fractionation. Scheme 1 shows
a general procedure for isolation of terpenoid compounds and non
polar flavonoids (Maciel et al., 2005, 2002a, 2000). Scheme 1 integrates
both phytochemical and pharmacological approach, characterizing an
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interdisciplinary relationship. The pharmacological assessment of
crude extract, crude fractions, and isolated substances must rigorously
be oriented by the therapeutic benefits previously divulged for the
specimen. Adequate selection of the specific biological screen will
allow a general evaluation of the therapeutically potential of the
specimen in focus, as well as provide information about the toxicity
of the plant.

The chromatographic separations suggested in Scheme 1 is
performed on a column of silica gel and the similar fractions detected
by thin layer chromatography (TLC) analyzes must be brought together
and purified according to specific separation techniques. The adopted
criteria for purification are the one in which varying the eluted
solvent system, only one uniform dot is revealed in TLC by specific
reagents. Since the choice of methods for isolation of natural products
must be correlated with the polarity of the target substances, other
methods may be applied. Most of them involve high performance
liquid chromatography (HPLC) for isolation and purification of
substances, in addition to solid-phase extraction or solid-phase
purification procedures (Li et al., 2007; Tsai et al., 2007; Chafer et
al., 2005; Smith, 2003; Adlof & List, 2003; Daood et al., 2002; Poole
et al., 1990).

Finally, the identification of organic constituents must be based
on the following spectrum analyzes: 1) infrared spectroscopy analyzes
(IR), in which the spectrum is interpreted based on the presence or
absence of functional groups; 2) ultraviolet spectroscopy (UV), which
informs the presence of unsaturated compounds. In practice, it is for
the most part limited to conjugated systems; 3) spectroscopy of nuclear
magnetic resonance of hydrogen (H! NMR) and carbon (C13 NMR)
which determines the nature and chemical environment of hydrogen
and carbon, respectively, and has been the most relevant technique
to detailed molecular structures, 4) mass spectrometry (MS), which
offers data on the molecular weight and the molecular formula as
well as the identification of fragments characteristic to the molecule.

Maciel et al. (2003, 2002a, b, 2000, 1998a, b) show how this
methodology works for isolation of biocactive clerodane-type diterpenes
from Croton cajucara Benth (discussed herein later), as well as for
the separation of flavonoids compounds. The eluent system could be
changed to a mixtures of hexane: EtOAc in gradient of polarity giving
the same efficient results. Another example of a bioassay-guided
methodology in multidisciplinary works was applied by Veiga Jr. et
al. (2005a, b, 2001, 1997), in the studies of copaiba oils (discussed
herein later). In this late example, the aim of the work is to purify
specific fractions with low impurities or obtaining fractions to be
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analyzed in gas chromatography-mass spectrometry (GC-MS)
techniques. In this case, the proportion 1 g of sample per 50 g of
silica can be applied in order to obtain fractions of 50 mL each, using
several mixtures of solvents as eluent as shown in Table 4. The
application of this methodology gives fractions with distinct polarities,
easing the analyzes of the chemical structure, functional groups and
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Scheme 1. General phytochemical approach for isolation of bioactive compounds
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Table 4. An example of elution systems for column chromatography*

Eluent Volume eluted (mL)
Hexane 100% 100
Hexane: EtOAc 5% 100
Hexane: EtOAc 10% 100
Hexane: EtOAc 20% 100
Hexane: EtOAc 40% 50
hexane: EtOAc 50% 50
EtOAc 100% 50
EtOAc: MeOH 5% 50
EtOAc: MeOH 50% 50
MeOH 100% 50

*For 1 g of extract or fraction obtained through filtrations or chromatographic
fractionation

classes of natural compounds that would be obtained in each fraction.
For chromatographic resolution of polar extracts, it is common to
find in the two first fractions aliphatic, saturated and unsaturated
hydrocarbons, and fatty acids and alcohols, as well as phytol,
chlorophyll and steroids. Between the third and fifth fractions,
diterpenes and triterpenes less oxygenated may be found, if present
in the extract. These fractions may be analyzed by GC-MS, HRGC
(High Resolution Gas Chromatography), or HRGC-MS (High
Resolution Gas Chromatography-Mass Spectrometry). Additionally,
they may also be analyzed by Nuclear Magnetic Resonance (NMR) in
order to confirm the GC analyzes and point for the presence of
another molecule already reported in literature or not.

After performing a given chromatographic procedure, the semi-
purified fractions obtained should be re-fractionated through more
refined processes, using silica gel with low granulometry, usually
230-400 mesh in isolation or purification procedures. As this silica
possesses small diameter, it produces a very compact stationary phase
when packed, difficulting or slowing the flow of the eluent in the
column. The use of air pressure or pumps in open chromatographic
columns was initially idealized by Still et al. (1978) and has been
named “flash chromatography”, and constitutes a good technique to
speed up the chromatographic process and reducing its duration
(usually the time spent is about 2 h, including the time spent for
column preparation). Similarly to the classical open column
chromatography, it should perform initially a preliminary TLC
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Table &. Parameters for flash column chromatography

D \'4 v m
Inner diameter Volume of Volume of each Sample mass
column (cm) eluent (mL) fraction (mL) (mg)

AR; > 0.2 AR, > 0.1

1 100 5 100 40
2 200 10 400 160
3 400 20 900 360
4 600 30 1600 600
5 1000 50 2500 1000

analyzes in order to optimize the separation of the components
present in the sample. This separation observed in TLC (AR, higher
than 0.1 or higher than 0.2) as well as the amount of sample are
used as parameters for the choice of the column size (inner diameter)
and the total volume of solvent to be eluted in each fraction (in a
total of 20 fractions).

The use of silica gel 230-400 mesh in resolution procedures
through flash chromatography may reproduce the separation
obtained through TLC. Thus, it is possible to achieve a good
separation using the same elution systems if it is in accordance
with a proportion between the amounts of sample, the difference
observed in R; of the components in TLC analyzes, and the column
diameter, which is directly proportional to the amount of the used
silica gel. This relation is shown in Table 5 (Pinto et al., 2000; Still
et al., 1978). Another important property of this technique is related
to the dry-pack method used to fill the column with silica. In this
case, the pack of the column is performed without solvent, which
is added only after the silica is settled. The pressure is another
important parameter that must be controlled because too much
pressure may mix the components eluted, and low pressure may be
insufficient to elute the components at an acceptable rate. In Table
6 are presented some suggestions of flow rate commonly applied in
function of the column size and the amount of silica used (Pinto et
al., 2000; Still et al., 1978). Recently, Martins et al., (2006) employed

Table 6. Flow rates adopted in flash column chromatography

d Inner column diameter (cm) Flow rate (cm/min)

2.0 4-10
5.0 20-40
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this methodology (silica gel packed column using vacuum), where
the mobile phase was hexane, dichloromethane, ethyl acetate,
methanol, and water in polarity gradient, with analyzes of
obtained fractions through TLC using the Godin’s reagent as
revelator. This work resulted in the isolation of the flavonoids
quercetin and chrysosplenol, among other chemical constituents
from Acanthospermum australe.

In a wide context, other chromatographic techniques can be used
aiming the isolation and purification of natural products. Several
types of stationary phases can be used as well as those impregnated
with a specific reagent or solution. A common procedure for isomer
resolution (when the difference is due to the position of the
unsaturation) frequently used chromatography involves the use of
silica (70-230 mesh) containing 5% to 20% of silver nitrate, which is
heated up to 110°C during 3 h for dryness and activation (Adlof &
List, 2003; Williams & Mander, 2001; Pinto et al., 1997). Once dried
and activated, the silica impregnated with silver nitrate can be used
in a resolution chromatographic procedure in darkness or in low-
light ambiances to prevent the oxidation of silver. Despite the
darkening of the silver added to the silica affect little the
chromatographic resolution, is not affected. Silica impregnated with
silver nitrate can be also used in a similar manner in preparative
TLC (Pinto et al., 1997).

Another impregnation technique aims the resolution of specific
classes of compounds, like carboxylic acids, in a process similar to
ion-exchange chromatography. In this technique, the silica (70-230
mesh) is impregnated with a potassium hydroxide solution 10% in an
amount sufficient to humidify the silica. As observed previously in
the impregnation with silver nitrate, the silica impregnated with
potassium hydroxide must be heated up to 110°C during 3 h prior to
be used in chromatography, whose process is similar to filtration,
where hexane, chloroform, and methanol can be used as eluents.
The methanol fraction contains the carboxylic acid salts of potassium
presented in the mixture, which should be neutralized, as well as
some acids that are also eluted with chloroform. The hexane and
chloroform fractions would contain hydrocarbons and alcohols,
respectively, presented in the sample (Pinto et al., 2000).

Modern Techniques of Chromatography

The progress of the natural product chemistry has always been linked
to technological advancement of the analytical chemistry. The
characterization of complex mixtures of compounds often requires
the use of modern techniques which can improve significantly the
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sensitivity and selectivity of the structural analyzes of the compounds
studied. Thus, it is possible to detect accurately compounds of interest
and directing their isolation and purification for further
characterization. Exhaustive and preliminary chromatographic
procedure is avoided in modern approaches for isolation and
purification of natural products, which involves the use of high
performance liquid chromatography (HPLC) in conjunction with MS,
UV, IR and NMR (hyphenated techniques).

HPLC-based techniques require large volumes of solvents, and in
HPLC-NMR these solvents must be deuterated, further increasing
the costs. A single HPLC chromatograph coupled to all spectroscopy
techniques (HPLC/MS, HPLC/IR, HPLC/UV, HPLC/NMR) exists only
in a few research labs around world (Marston, 2007; Stoll et al.,
2007; Theunits et al., 2007; Henry & Yonker, 2006; Petrovic et al.,
2005; Wolfender et al., 2003; Dalliige & Brinkman, 2003; Queiroz et
al., 2002a, b; Grob, 2000; Poole, 2000; Albert, 1999; Smith, 1999).
Recently, Morston (2007) reported an extensive revision concerning
to the major chromatographic methods used in phytochemistry with
concentration to HPLC chromatographic application.

With the growing interest in the discovery of new metabolites
from marine or land microorganisms and superior organisms, the
need to separate mixtures in small or large scale, in an economic,
fast and efficacious manner is claimed. Because of these three
requisites it is very important to know and judge the best choice of
chromatographic technique to be applied in a given problem. When
aiming economic and time issues (avoiding the long and exhaustive
procedures of the open column techniques), the coupled techniques
like HPLC-UV, HPLC-IR, HPLC-MS, and HPLC-NMR are the best
options to be used in extracts and unpurified or semi-purified fractions.

In the last decade, HPLC was one of the most employed techniques
for isolation and analyzes of natural products from complex matrices,
like plant extracts. This technique was originally denominated as
High Pressure Liquid Chromatography, but this terminology was
swept away when it was noted that its differential in comparison
with other techniques lay in chromatographic performance and not
in the use of high pressure. Currently, HPLC is widely applied in
cosmetics, foods, pharmacy, chemistry, and biotechnology.

Concerning to gas chromatography (GC), we can say that it is a
physical method of separation of compounds from a mixture through
the passage of a mobile gas phase through a adsorbent phase. This
technique is employed for volatile compounds, so the compounds
found in the mixture should present a reasonable vapor pressure at
the separation temperature. One of the main disadvantages of GC
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lay in the fact that as the ionic nature of the compound increases
(and therefore its volatility reduces) the performance of resolution is
reduced. In counterpart, this is not observed in HPLC, which is able
to separate both polar and no polar compounds without any volatility
restrictions. Besides compound volatility, the GC technique is also
limited by the density of the pack column; so columns with more
than 3 meters length should be avoided due to the high pressure
existing in the injection chamber. Despite these limiting factors, the
conventional GC technique reigned absolute until the early of the
1980 decade, when it was replaced by HRGC, which provides best
results and sharp peaks. The HRGC technique must be operated
only with high resolution capillary columns (range from 30 to 50 cm
length) for samples that contain volatile compounds. In this
technique, the separation of the sample components is achieved in
a chromatographic column, where the tube material (metal, glass or
quartz), the adsorbent, the type and amount of liquid phase, the
coating procedures, the length and diameter of the column, and the
temperature are all important factors to be considered in order to
achieve a good resolution. Recent papers have examined some
problems and suggested modern solutions for sample preparation
and methods of purifications, concentration and extraction of solid
matrices (Smith, 2003).

Over the past twenty years, many types of columns have been
developed for GC, and according Neto and Nunes (2003) they can be
classified in two main groups: capillary and open tubular columns.
The tube materials are usually copper, stainless steel, aluminum, or
glass. Several types of porous polymers has been manufactured as
coating agents for capillary columns, as for example the Porapak
series (Waters Associates, USA) and the Chromosorb series (Johns
Manville, USA), which are modified styrene copolymers. The actual
capillary columns are made of glass or fused silica, with inner
diameter less than 0.3 mm and film thickness less than 0.5 mm,
which allows a good interaction between this film and the tube
surface.

For the analyzes of specific compounds, like essential oils, sterols,
or triterpenes, there are several temperature programmings that
match some characteristics of the sample and allow to evaluate the
degree of oxidation of the components. In this context, the following
works are representatives:

a) Patitucci et al. (1995) reported the use of HRGC for detection
of terpene compounds in crude plant extracts, where it was
possible to observe the existence of a common chromatographic
profile for species belongs to each genus or family studied.
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b) Veiga dJr. et al. (2005a, b, 2001, 1997) performed several
phytochemical studies with specific oven temperature
programming in HRGC aiming the identification and separation
of compounds present in several species of the genus Copaifera,
as well as in hundreds of commercial copaiba oils.

Generally it has been proved that the identification of molecules
may depend roughly on the analyzes of NMR spectra, since a large
number of isolated compounds from natural sources have molecular
weight above 200 g/mol, high population of isomers and several chiral
centers, which demand a lot of effort to identify accurately any
substance. Rigorously, to be proceeded to the identification of
compounds through HRGC techniques it should be necessary that a
substance has the same retention time in three different stationary
phases, in order to ensure the identification of this substance with
high reliability. Such analyzes finds little use in practice (Khoo et
al., 1973). In contrast, this procedure is very useful in HRGC coupled
to mass spectrometry (HRGC-MS) (Veiga Jr. et al., 2005a, b, 2001,
1997; Patitucci et al., 1995). However, the match of two mass spectra
solely is not sufficient to ensure accurately the identification of one
substance, even if the spectra is compared automatically through a
spectra library, like observed in many papers. A routine methodology
for HRGC-MS analyzes frequently used by researchers for
identification of compounds consists in the combined analyzes of the
retention time and mass spectra. Another approach is use is a co-
injection method or another (a second) capillary column containing
a different stationary phase. In complex mixtures, the combined use
of a co-injection method, at least two columns with different stationary
phases, and several mass spectrometry techniques, like ion trap mass
spectrometry, are useful tools for studying and identification of
compounds with high accuracy. The HRGC-MS is usually applied for
identification of compounds present in mixtures in which separation
is difficult or impracticable, like in cases that separation leads to
isomerization of compounds as observed in some essential oil samples.
For these samples, HRGC-MS is the major and the most used
technique, as evidenced by the main periodic title of this field, the
Journal of the Essential Oil Research (Veiga Jr. ef al., 1997; Patitucei
et al., 1995).

Chromatographic resolution leads to efficient separation of different
classes of compounds. Therefore, only the adjusting of the retention
time is not sufficient to determine if two distributions of molecules
was effectively separated. It is also necessary to introduce a second
effect: the enlargement of the peak along the column. The peak
width keeps a direct relationship with the separation efficiency of
the column, and this relationship result of the intrinsic characteristics
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of the chromatographic process. This peak enlargement is due to
scattering of the molecules by diffusion in the fluid media, either in
mobile or in stationary phase when in liquid state (Poole et al.,
1990). The sample (analyte) is carried by the carrier gas along the
column, and should have been instantly volatilized in column inlet
prior to enter in the column. So as it moves through the column, it
shall enter in successive equilibrium distribution between the two
phases (similar to plates of a typical distillation tower) represented
by the partition coefficient between the two phases (Poole et al.,
1990). The rate in which the components progress in the column
depends on the interactions between them and the stationary phase,
and on the mobile phase flow rate, which in turn are function of the
partition and distribution coefficient, which may be obtained using
the component concentration in mobile and stationary phases. Besides
the inherent aspects of the chromatographic system there are two
other important factors related to separation efficiency (generally
attributed, wrongly, only to the column efficiency) that should be
considered: the amount of sample and the nature of the stationary
phase. Mass overload may impair the performance of the column,
leading to peak broadening, with distortions in the peak shape at the
front of the peak.

Isolations of Terpenoids from Croton cajucara

Croton cajucara Benth (Euphorbiaceae) occurs widely in the
Amazonian region, where it is popularly known as ‘sacaca’ and has
a history of safe use in folk medicine. In this region, both stem bark
and leaves are marketed and indicated for health care and treatment
of several diseases, such as: diabetes, diarrhoea, malaria, fever,
stomachache, liver, kidney and vesicle disorders, and to lower blood
cholesterol. With the aiming to poll both phytochemistry and
pharmacological approaches, Maciel et al. (2003, 2002a, b, 2000, 1998a,
b) developed a methodology that could meet the needs of
pharmacological studies for this plant in order to confirm its empirical
therapeutic data. Therefore stem barks and leaves from trees aging
from 1% to 6 years were investigated, aiming at the isolation of
major compounds for pharmacological assays.

The classical phytochemical study of Croton cajucara carried out
with 6 kg of stem bark from plants with 4-6 years old, showed that
this part of the plant is rich in clerodane-type diterpenes (Maciel et
al., 2003, 1998a, b). From the stem bark the isolated and characterized
clerodanes are: trans-dehydrocrotonin (DCTN), trans-crotonin (CTN)
cis-cajucarin B, trans-cajucarin B, cajucarin A, cajucarinolide, and
isosacacarin (Fig 1, 2). The triterpene acetyl aleuritolic acid (AAA)
was also obtained (Fig 1). The 19-nor-clerodane-type diterpene DCTN
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Fig 1. Chemical structures of the bioactive terpenoides trans-dehydrocrotonin
(DCTN), trans-crotonin (CTN) and acetyl aleuritolic acid (AAA)

was the major component isolated from stem bark of trees with ages
ranging from 3 to 6 years-old, while in trees with 1% years old this
compound was absent. Meanwhile, the triterpene AAA was found to
be the major component isolated from trees aging 1% years-old
(Maciel et al., 2003, 2002a, b, 2000, 1998a, b).

The pharmacological properties of the terpenoids DCTN, CTN,
and AAA showed a striking correlation with the folk traditional
therapeutic use of Croton cajucara, in which among them we can
cite: anti-inflammatory and antinociceptive actions (for DCTN, CTN,
AAA - related to the use for inflammations in general); anti-tumor
activity (DCTN); hypoglycemic effect (DCTN — treatment of diabetes);
anti-spasmodic activity (DCTN, AAA - treatment of diarrhea); anti-
ulcer properties (DCTN, CTN - treatment of stomach disorders).
The cardiovascular benefit of trans-dehydrocrotonin was also
evidenced. The 19-nor-clerodane cajucarinolide and its diastereo-
isomer isocajucarinolide also presented anti-inflammatory properties
(Khan et al., 2009; Perazzo et al., 2007; Maciel et al., 2007a,
b, 2006a, b, 2002a, b, 2000; Silva et al., 2005, 2001a, b; Hiruma-
Lima et al., 2002, 1999; Agner et al., 2001; Grynberg et al., 1999;
Ichihara et al., 1992).
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trans-cajucarin B cajucarin A

isosacacarin cajucarinolide isocajucarinolide

Fig 2. Chemical structures of the clerodane-type diterpenes obtained from Croton
cajucara

Hexane and methanolic extracts obtained through Soxhlet
extraction of Croton cajucara (6 kg of stem bark of plants with age
ranging from 4 to 6 years-old) were submitted to chromatographic
fractionation using silica gel (35-70 and/or 70—230 mesh) as adsorbent.
TLC was carried out using silica gel 60 H and revelation were
employed upon with sulfuric acid:methanol (1:1) and Dragendorff ‘s
reagent. TLC also was revealed by UV radiation at wavelength of
254 and 360 nm. (Maciel et al., 2000, 1998a, b). Phytochemical
investigation performed with the hexane extract (471.8 g) gave, after
filtration in open column containing silica gel (35-70 mesh), the
Fractions A (eluted in hexane), B (eluted in dichloromethane) and C
(eluted in methanol).

Fraction B was submitted to a new filtration procedure in a open
column containing silica gel (35-70 mesh), eluted with mixtures of
hexane:dichloromethane:methanol in gradient of polarity, from which
53 fractions (500 mL each) were obtained. After evaluation by TLC
analyzes, 6 major fractions groups (7-21; 22-25; 26-29; 30-33; 34—41
and 42-53) were obtained. Schemes 2 and 3 show the purification
procedure for each group of fraction, leading to the isolation of the
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terpenoids DCTN, CTN, and AAA. The mother liquids derived from
crystallization of Fraction B (Scheme 1) were submitted to new
chromatographic fractionation described in Scheme 3, affording
additional amounts of AAA, CTN and DCTN, as well as the 19-nor-
clerodanes trans and cis-cajucarins B. These last two compounds are
diastereoisomers and were purified only using preparative
chromatography (silica gel PF 254). Therefore, each plate was eluted
three times with a mixture of hexane:acetyl acetate (8:2), and it was
observed upon UV radiation the presence of a spot with a minimal
color differentiation at the extremities. The resolution of the
cajucarins B was performed as follows: first, both extremes were
separated from the center of the spot. After extraction with solvent
and subsequent filtration, it was confirmed that the central region
of the spot corresponded to the stereoisomeric mixture of cajucarins
B, and the extremities of the spot corresponded separately to the
diastereoisomers cis- and trans-cajucarins B. Their purity was
assessed by high-resolution mass spectrometry (HRMS), their chemical
structures were determined by spectroscopic techniques, and their
stereochemistry was elucidated by 'H high-resolution NMR (Maciel
et al., 2003, 1998a).

Even using conventional chromatography procedure it was possible
to isolate and purify the diastereoisomeric cis- and trans-cajucarins
B (Scheme 4). Meanwhile, the isolation and purification of the
diastereoisomeric pair cajucarinolide and isocajucarinolide was only
possible with the use of modern chromatographic techniques (Ichihara
et al., 1992). Despite this evidence the diastereoisomeric cis- and
trans-cajucarins B, additionally to the minor constituents isosacacarin,
cajucarin A and cajucarinolide were isolated by a conventional
chromatograph methodology, as shown in the Schemes 4 and 5 (Maciel
et al., 2003, 2000, 1998a). The clerodane isosacacarin was target of
a total synthesis (Grossman & Rasne, 2001).

The Fraction C, after new filtration using open column containing
silica gel (70-230 mesh), gave 32 fractions (500 mL each fraction),
which after TLC analyzes afforded 5 groups of fractions (2-3; 4-10;
11-18; 19-24 and 25-30). Scheme 4 show isolation procedures for the
obtained clerodanes isosacacarin, cajucarinolide, and cajucarin A, in
addition to the terpenoids AAA and DCTN.

From the methanolic extract (202.0 g, Scheme 2) were obtained
AAA (0.3 g), DCTN (26.3 g) and isosacacarin (0.07 g) as shown in the
(Scheme 5).

The total amount of DCTN isolated from the hexane (Schemes
2—4) and methanolic extract (Scheme 5) was 85.9 g (1.4%) and 4.9 g
(0.08%) for AAA. NMR spectroscopy data of these terpenoids were
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obtained in low- and high-resolution (600 Mhz) equipments (San Gil
et al., 2008; Maciel et al., 2003, 1998a).

Ion-exchange chromatography was successfully applied in the
separation of the triterpene acetyl aleuritolic acid (AAA), with high
selectivity for acid.fractions (Barreto Jr. et al., 2005). This study
opens new perspectives for the utilization of this technique aiming
not only to obtain acid fractions present in low percentage in bioactive
extracts, but also to the isolation of acid compounds present in extracts
and oils.

For the characterization of non polar constituents present in oils
obtained from Croton cajucara, the use of GC-FID and GC-MS
techniques was sufficient to characterize chemically a fixed oil from
the methanolic extract (unique extraction) of the stem bark of this
Croton. In-this study, the presence of the bioactive clerodane CTN
and the diastereoisomeric cis- and trans-cajucarins B, as well as the
presence of the major sesquiterpenes o-copaene (20.1%) and ciperene
(21.8%) was confirmed (Souza et al., 2006). The anti-ulcer activity of
the oil essential oil obtained from the stem bark of Croton cajucara
was proved by Hiruma-Lima et al. (2000), and the anti-inflammatory
and antinociceptive properties by Bighetti et al. (1999).

Copaifera L.

The Copaiba trees of the Copaifera L. type (Leguminosae -
Caesalpinoideae) exude a resinous oil called Copaiba oil from its
trunk. This species is found in the northern South America, mainly
in both the Brazilian States Pard and Amazonas. Since the 16tk
century, its use as an anti-inflammatory and healing agent was
reported when the first settlers of the Americas divulged that female
Indians rubbed it on navels of newborn babies and the wounds of
warriors suffered after battles (Salvador, 1975). The knowledge of
the medicinal characteristics of the copaiba oil derives from an Indian
legend, telling the tale of wounded animals rubbing their wounds
against the copaiba trees to heal their injuries. Nowadays, the
medicinal use of the oil of copaiba has spread to all regions of Brazil.
It is taken orally, topically application and also as a cream. In the
northern States of Brazil, the practice of topically administration to
treat sore throats is pretty common. The copaiba oils have been
widely used as a relevant phytotherapic in traditional medicine being
indicated as a stimulant, diuretic, purgative, expectorant, healing,
antitetanic, antihemorrhagic, anti-inflammatory, antiulcerogenic,
antiseptic of the urinary system, treatment of bronchitis, syphilitic
illness, skin disorders, leucorrhoea, psoriasis, diarrhoea, urticaria,
dysentery, infections of the pulmonary and urinary systems and it
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Scheme 2. Chromatographic fractioning of Fraction B obtained from hexane
extract of Croton cajucara with isolation procedures for DCTN and
AAA. TLC = Thin-Layer Chromatography
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Scheme 3. Chromatographic fractioning of the polled fractions 22-41 from
Fraction B (Scheme 2) with isolation procedures for DCTN, CTN,
AAA, and trans-cajucarin B and cis-cajucarin B. TLC = Thin-Layer
Chromatography; PLC = Preparative Layer Chromatography
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even combats different types of cancer. Despite side-effects,
gastrointestinal irritation, diarrhoea, sialorrhoea, depression of the
central nervous system caused by high dosages of the oil, its
popular use has been intensified (Basile et al., 1988; Alencar, 1982;
Salvador, 1975).

Several techniques have been proposed to analyze the chemical
composition of the copaiba oils. High Resolution Gas Chromatography
is one of the most successful techniques, since it is cheap, sensitive
and able to inform the type of adulteration was performed. Coupled
with mass spectrometry detectors, gas chromatography becomes a
even more powerful way to analyze copaiba oils. Two examples can
be reported: the use of a “windows” system that delimit retention
times to detect classes of terpenoids; and the use of the selective ion
monitoring at mass spectrometry, capable to detect other classes of
compounds. At the first case, the retention time definition to
sesquiterpenes and diterpenes enable the quality control of the copaiba
oils, usually mixed with Eperua and Burseraceae oleoresins, species
that contain not only sesquiterpenes and diterpenes, but triterpenes
and monoterpenes too. The second methodology uses a selection of
some ions that are not usually observed at the sesquiterpenes and
diterpenes mass spectra of copaiba oils, but are very common (and
with high abundance) at some metabolites from the adulterated
material, e.g. fatty acids, from seed oils, and hydrocarbons, from
diesel oil.

Column open chromatography using silica impregnated with
potassium hydroxide is another chromatographic method used to
analyze copaiba oils. This modified silica works not only as a normal
phase but as a cation exchange process too. This silica enables the
elution of all the metabolites that are not carboxylic acids, which
could be eluted with using methanol and mobile phase. Since copaiba
oils have large amounts of diterpenic carboxilic acids, this kind of
pre-fractionation is very useful and helps the isolation of the two
classes of metabolites: sesquiterpenes and diterpenes.

Although numerous therapeutic uses of the copaiba oil are
mentioned, the pharmacological studies done on such oils are
minimum. Majority of these studies neither indicate the source of
the oil nor the time and location of the gathering. The lack of such
information opens gateways to doubts concerning the authenticity of
such oils, once studies on the authenticity of 16 different types of
commercial copaiba oils by means of high resolution gas
chromatography have proven that different copaiba oils are often
mixed. Falsifications with possible blends using soybean oils have
also been proved. In addition, ethnobotanic research related to copaiba
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oils mention that not all trees exude appropriate copaiba oils to
medicinal use (Basile et al., 1988). The chemical constituents of the
copaiba oil are not provided in much of printed research. The botanic
species have not even been identified for many. There is just a
simple mention on the commercial copaiba oil. Pharmacological
studies done with the Copaifera multijuga oil indicated that the
inhibition of oedema of the rat’s paw varies with the chemical
compound of the oils of this species gathered at different times (Veiga
Jr. et al., 2001, 1997).

Among the many medicinal virtues attributed to the copaiba oils
by most of the researched are anti-inflammatory and antitumoral.
Zanini and co-workers proved the anti-inflammatory efficiency of a
commercial oil of copaiba without any botanic identification (Basile
et al., 1988). Low toxicity was observed (LDg, 3.79 mL/kg) in
experiments done on mice. Recent studies with diverse commercial
copaiba (Fernandes et al., 1992; Gilbert et al., 1972) and Copaifera
multijuga oils (Veiga Jr. et al., 2001), the fragment rich in
hydrocarbons shows better anti-inflammatory activity than that of
the sesquiterpenic alcohols and diterpenic acids. Fernandes and co-
workers (Fernandes et al., 1992) researched on the anti-inflammatory
and analgesic activities of the Copaifera cearensis oil. They also
assessed the copalic acid, bisabolol and solidago acid methyl ester;
all present in copaiba oils. Results showed that the anti-inflammatory
and analgesic actions of the oil are higher than those pure terpenoids.
Different types of commercial oils proved protective against
penetrations of Schistosoma mansoni cercarie (Gilbert et al., 1972),
insect repellents (Lacey, 1981; Jones, 1983) and antibacterial activities
(Opdyke, 1976).

The chromatographic fractionating of the Copaifera langsdorfii
oils guided by bioassay against MIC carcinoma in mice, proved that
the diterpenes colavenol and hardwickiic acid are potent antitumoral
agents (Ohsaki, 1994).

Antioxidant characteristics are described in the methanolic extract
of rinds of C. reticulata., which proved to be active when tested
according to reductions of free radicals to induce DNA damage. It
showed ICy; 3 pg/ml, less than the standard used, catechin (IC, 5
pg/mL) (Desmarchelier et al., 1997a). The total reactive antioxidant
potential of this extract was also analyzed based on reduction of free
radicals in quimioluminescence analyzes showing an activity of 7500
mm in relative values to the standard, Trolox (Desmarchelier ef al.,
1997b). Extracts of seeds of Copaifera multijuga were analyzed for
haemolytic and agglutinating activities, while only the haemolytic
actions have been confirmed (Alves et al., 1995).
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As seen in the summarized description of the pharmacological
research cited above, except for the diterpenes kolavenol and
hardwickiic acid (Fig 3) there is no relationship between
pharmacological characteristics and isolated chemical substances of
copaiba oils (Ohsaki et al., 1994). However, many of the constituents
already isolated or detected in copaiba oils have already had
pharmacological characteristics described in literature. Among the
diterpenes, the kaurenoic acid is the most researched, having been
described as a trypanosomicide agent (Alves et al., 1995; Batista,
1999), bactericide, larvicide against Aedes aegypti, stimulant to
uterine contraction, antinociceptive and proved to be weakly active
against the biotype Bacillus subtilis (Velikova et al., 2000; Block et
al., 1998; Slimestad et al., 1995; Page et al., 1992; Oguntimein et al.,
1987; Lwande et al., 1985).

COH
COH
kaurenoic acid copalic acid hardwickiic acid
kolavenol curcumene
OH
bisabolene bisabolol elemene

Fig 3. Chemical structures of the chemical constituents obtained from
Copuaifera L.
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Some sesquiterpenes, such as o-curcumene and B-bisabolene
(Fig 3), have the antiulcerongenic and antiviral activities reported
(Yamahara et al., 1992; Denyer et al., 1992). P-bisabolene is also
reported as abortive (Pei-Gen & Nai-Gong, 1991). Bisabolol is known
as responsible for anti-inflammatory and analgesic characteristics of
the chamomile (Matricaria chamomilla) (Zekovic et al., 1994).
Sesquiterpenes B-elemen, caryophyllene and &8-cadinene (Fig 3) are
anticarcinogenics agents (Leewenberg, 1987; Kubo & Muroi, 1993).
Caryophyllene showed the following characteristics: antiedemic,
fagorrepelent, anti-inflammatory, antitumoral, bactericide, insecticide
and spasmolitic. Some of those activities were based on the oxide
caryophyllene (Bettarini & Borgonovi, 1993; Kang et al., 1992; Zheng
et al.,, 1992; Keeler & Tu, 1991; Shimizu, 1990).

CONCLUSIONS

The scientific progress of researches concerning medicinal plants is
evidenced by several works aiming the pharmacological validation of
a given specimen through chemical and pharmacological assays. An
example is the genus Croton (Euphorbiaceae; widely distributed
around the globe, with high prevalence in Africa, Brazil and Mexico),
which is internationally represented by the species Croton zambesicus
Muell Arg. (Africa), Croton lechleri Muell. Arg. (USA) and Croton
tiglium Klotzsch (Asia), which lead the documentation record of this
genus with 57 indexed-periodic papers. Among the Brazilian native
species Croton cajucara Benth, Croton zehntneri Pax e Hoffm. and
Croton sonderianus Miill Arg. are the most represented with 86 papers,
but Croton cajucara Benth solely contributes with 60 work inserted
in a multidisciplinary approach (Maciel et al., 2006a). Additionally,
the study of the specie Croton cajucara projected the bioactive
compound frans-dehydrocrotonin (DCTN-isolated from the stem bark
of this plant), which represents actually the most studied clerodane-
type diterpene around the world. Recently, Costa et al. 2007 described
in a review the extensive results of pharmacological studies of DCTN,
as well as its semi-synthetic derivatives, and also presented insights
into the use of DCTN as a therapeutic agent and some potential
advantages of its incorporation in drug delivery systems.

It is interesting to reinforce the importance of other Brazilian
medicinal plant Copaifera L. Copaiba oils at the brazilian traditional
medicine have been reported since the discovery of the country, at
the XV Century. The oils that receive this name are oleoresins exuded
from the trunk of the trees of some Copaifera species (Leguminoseae
— Caesalpiniaceae). Copaiba oils are composed of sesquiterpenes and
diterpenes that can differ qualitatively and quantitatively with several
biotic and abiotic aspects, as type of soil, Copaifera specie, season,
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among other. Their pharmacological activities have been shown to
change with this chemical variation. Since this oil has a great
commercial value, it is not uncommon to find it adulterated with
cheaper oils, soy seed oil, for example.
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ABSTRACT

We demonstrated the immunoblotting of glycyrrhizin (GC) on the
positive charged polyethersulphone (PES) membrane instead of a
polyvinylidene difluoride (PVDF) membrane. The membrane was
treated by NalO, solution to give cleavage of the sugar moiety in GC
and visualized using the eastern blotting technique. GC and the extract
of licorice roots could be developed by acetonitrile-water-formic acid
solvent system. We applied it to the quantitative immunoassay using
graphic analysis of NIH Image software. The immunochromatographic
strip test was developed based on a competitive immunoassay in which
the detector reagent consisted of colloidal gold particle coated with
the respective anti-GC monoclonal antibody (MAb). Detection limit
for the strip test was 250 ng/mL. The assay system can be used for
the analysis of GC in licorice roots and the traditional Chinese
medicines (TCM). Immunoaffinity column conjugated with anti-
ginsenoside Rb1 MAb can it possible to isolate the antigen molecule,
ginsenoside Rb1l from the ginseng crude extract by one-step
purification. On the other hand, the washing fraction contained all
other components except ginsenoside Rbl. We named its fraction as
the knockout extract which is important for the determination of
pharmacologically active compound in the natural medicines.
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INTRODUCTION

Licorice (Glycyrrhiza spp.) is one of the most important natural
medicines and has been used for medicinal purposes for at least
4,000 years. The major constituent of licorice is the triterpene
saponin, glycyrrhizin (GC) which have been widely applied in
pharmaceutical area and the food industry as flavoring and sweetening
additives (Tomoda et al., 1990). GC has many pharmacological
properties such as anti-viral (Sasaki et al., 2002), anti-mutagenic
(Zani et al., 1993), anti-tussive (Kamei et al., 2003), anti-inflammatory
(Kai et al., 2003), anti-microbial (Tanaka et al., 2001), and
hepatoprotective activities (Nose et al., 1994). Therefore, GC is used
as marker for a quality control of Glycyrrhiza species.

Ginseng, the natural medicine of Panax ginseng root is also the
most important component in traditional Chinese medicine (TCM).
Major active components are the ginsenosides, which consist of
protopanaxatriol and/or protopanaxadiol possessing a dammarane
skeleton in their molecules. It is well known that the concentration
of GC and ginsenosides are varying depending on the method of
extraction, subsequent treatment (Kitagawa et al., 1987), or even the
season of its collection (Shan et al., 2001).

Quality control and standardization of natural medicines are
necessary since as factors affecting the difference of chemical
constituent composition and concentration, many reasons such as
genetic distinction, botanical sources, production area, harvest time,
processing method, etc are considered. Qualitative and/or
guantitative analysis of natural medicines still mainly owe to HPLC
analysis until today. HPLC method is useful for the analysis of
natural medicines because it can survey different kind of components
once. However, since HPLC analysis often needs much time, pre-
treatment and organic solvent for good separation of components
contained in natural medicines. Recently organic solvents used for
HPLC become troublesome related to protection of environment.
From these reasons we are ongoing to open new assay systems
using monoclonal antibodies (MAbs) against naturally occurring
bioactive compounds. The first trial is setting up enzyme-linked
immunosorbent assay (ELISA) instead of HPLC (Shan et al., 2001;
Sakata et al., 1994; Shoyama et al., 1996; Tanaka et al., 1999; Fukuda
et al., 2000a; Zhu et al., 2004; Morinaga et al., 2000; Morinaga et
al., 2001; Kim et al., 2004; Xuan et al., 1999; Tanaka et al., 1996;
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Lu et al., 2003). The sensitivity is nearly many hundred times
rather than HPLC, and rapid, good reproducible without organic
solvent system.

A PVDF membrane is most widely used for the analysis of proteins
in western blotting experiments (Granger ef al., 1988; Reig & Klein,
1988; Towbin et al., 1979). Regarding small molecule compounds,
Towbin et al. (1984) reported immunostaining of glycosphingolipids
transferred from a thin-layer chromatography (TLC) plate to a
nitrocellulose membrane, however the transfer efficiency and the
reproducibility were low. The direct immunostainings of
glycosphingolipids on TLC plate were limitedly succeeded because
the other small molecule compounds are easily washed out by buffer
solution without fixing (Uemura et al., 1983; Kundu et al., 1983;
Suetake ef al., 2003; Meisen et al., 2004). Recently we also succeeded
to detect gangliosides by TLC immunostaining (Miyamoto et al.,
2006).

We have reached to a new methodology called eastern blotting
(Shan et al., 2001) which is a kind of immunostaining using blotting
system to PVDF membrane. Eastern blotting method clearly stained
an antigen component in the crude extract of natural medicine like
glucoalkaroids (Tanaka et al., 1997), ginsenoside Rbl (G-Rbl), G-Re,
G-Rd, G-Re and G-Rgl (Fukuda et al., 1999; Fukuda et al., 2000b;
Fukuda et al., 2001), glycyrrhizin (GC), (Shan et al., 2001) and
saikosaponin (Zhu et al., 2007). In order to develop a new eastern
blotting system available for quantitative and qualitative analysis of
natural medicines, we succeeded it by using PES membrane instead
of PVDF membrane (Morinaga et al., 2005). Therefore, the assay
system will be reviewed here.

Other application is carried out by a strip chromatographic assay
system. In order to screen large number of plant samples for the
presence of GC, a rapid sample assay system is required to be applied
to small quantities of test materials. Previously, we produced MAb
against GC and developed ELISA method for determination of GC in
licorice (Tanaka et al., 1998; Shan et al., 2001). Therefore, the
immunochromatographic assay using antibody conjugate with gold
particle for determination of antigen provides an accurate, easy to
use and rapid tool for detection of active compound in natural
medicines. The immunochromatographic strip test has been developed
based on a competitive immunoassay in which the detector
reagent consisted of colloidal gold particle coated with the respective
anti-GC MADb.

Immunoaffinity column conjugated with anti-ginsenoside MAb can
make it possible to isolate antigen molecule by single column. On
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the other hand we noticed the washing fraction contained all other
components except only antigen molecule which is resemble to a
knockout gene. Therefore, we named it a knockout extract (Fukuda
et al., 2000c; Wang & Shoyama, 2006; Fukuda et al., 2007). The
knockout extract can be used for the confirmation of real
pharmacologically active component in crude extract. These three
applications will be reviewed here.

MATERIALS AND METHODS

New Eastern Blotting Technique for GC

GC and the extracts of licorice roots and TCM were applied to a
PES membrane and developed by acetonitrile-water-formic acid
(45:55:2, by volume). The developed PES membrane was dried and
dipped into water containing NalO, and stirred at room temperature
for 1 h. After washing with water, 50 mM carbonate buffer solution
containing BSA was added, and stirred at room temperature for 3
h. After washing the PES membrane with phosphate buffered solution
(PBS), the membrane was treated with PBS containing skim-milk
for 2 h to reduce nonspecific adsorption. The PES membrane was
immersed in anti-GC MAb and stirred at room temperature for 3 h.
After washing the PES membrane twice with PBS containing Tween
20 (T-PBS) and water, a 1:1000 dilution of peroxidase-labeled goat
anti-mouse IgG in PBS containing gelatin was added, and the
mixture was stirred at room temperature for 1 h. The PES
membrane was washed twice with T-PBS and water and then exposed
to dimethylaminoazobenzene/4-chloro-1-naphthol mixture solution
for 15 min at room temperature. The reaction was stopped by
washing with water, and the immunostained PES membrane was
allowed to dry.

Immunochromatographic Strip Test
Preparation of Antibody-colloidal Gold

The colloidal gold solution was adjusted to pH 9.0 with 0.2 M potassium
carbonate solution. The MAb was added to the colloidal solution and
stirred gently at 4°C for 10 min. The conjugate was stabilized with
BSA in tris-HCIl and adjusted to a final concentration of 1%. The
mixture was incubated for 1 h at room temperature and centrifuged.
The supernatant was discarded and the pellet was resuspended in 1%
BSA. This step was repeated twice. The concentrated conjugate in
1% BSA was stored at 4°C until use. Each conjugate pad was loaded
with detector reagent mixture and dried for 2 h at room temperature.
The pads were assembled onto the strip test.
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Preparation of Chromatographic Strip

GC-HSA conjugates used as the test capture reagent were synthesized
as previously reported (Shan et al., 2001). Anti-mouse IgG was used
as the control capture reagent. Control and test capture reagents
were applied onto the nitrocellulose membrane. After drying the
membrane at room temperature for 1 h, the membrane was immersed
in PBS containing BSA and incubated with stirring at room
temperature for 2 h. The membrane was washed twice with PBS
containing Tween 20 (T-PBS) for 10 min. After drying, the membrane
was cut into single test strips (450 x 6 mm). Each test strip consisted
of the nitrocellulose membrane, absorbent pad, detector reagent in
conjugate pad and sample pad. The sample solution was transferred
to a tube into which the lower edge of the test strip was dipped.
The sample was migrated upwards and the results of test were read
after 10 min.

Preparation of Knockout Extract

Preparation of an Immunoaffinity Column for Ginsenoside Rb1
Using an Anti-ginsenoside Rb1 Monoclonal Antibody

Purified IgG in Bio-Rad Affi-Gel Hz coupling buffer diluted was dialyzed
against the coupling buffer two times. NalO, solution was added to
the IgG solution and stirred gently at room temperature in the dark
for 1 h. After the reaction, glycerol was added to the reaction mixture
and stirred for 10 min for the inactivation of NalO,, then dialyzed
against the coupling buffer. After the Affi-Gel Hz Hydrazied gel was
washed with the coupling buffer, the buffer was removed. IgG,
dissolved in the coupling buffer, was added to these gels and stirred
gently at room temperature for 24 h. The immunoaffinity gel was
packed into a plastic mini-column. Columns were washed with
phosphate buffer containing NaCl. The column was stored at 4°C in
PBS containing sodium aside.

Purification of Ginsenoside Rb1 from a Crude Extract of the
Roots of P. ginseng by Immunoaffinity Column Chromatography

An extract of ginseng roots was redissolved in PBS and then filtered
to remove insoluble portions. The filtrate was loaded on the
immunoaffinity column and allowed to stand overnight at 4°C. The
column was washed with the washing buffer solution, and then eluted
with HOAc buffer containing KSCN and MeOH. The ginsenoside Rb1-
containing fraction was concentrated and surveyed by TLC, developed
with n-BuOH-EtOA-H,0(15:1:4), followed by western blotting.

Washing fraction was freeze dried and redissolved in MeOH. MeOH
solution was analyzed by TLC.



46 Comp. Bio. Nat. Prod., Vol. 8 — Quality Control & Standardization

RESULTS AND DISCUSSION

New Eastern Blotting

Glycosides like GC and ginsenoside having sugar linkage in a
molecule are complicated and the structure elucidation of glycosides
needs much efforts. However, recently various kinds of plant
glycoside have been isolated due the developments of technology for
separation and analytical methodology for the structure elucidation.
Previously we succeeded in the eastern blotting of GC on a PVDF
membrane using anti-GC MAb (Tanaka et al., 1997, Shan et al.,
2001). In this methodology we separated the GC molecule into two
functional parts, the epitope part (mainly aglycone) and the sugar
part. The sugar part in GC was oxidatively cleavaged to release
aldehyde group which was conjugated with protein to fix on a PVDF
membrane. The aglycone part of GC was bound by the anti-GC MAb
as shown diagrammatically in Fig 1. However, since separation of
GC and staining on a TLC plate were impossible because GC is
easily washed out by buffer solution without fixing, we first separated
GC by TLC plate and transferred to PVDF membrane by blotting
procedure. After that, the membrane was treated by NalO, and
protein, and finally stained by anti-GC MAb. However, since the
transfer efficiency at blotting step was difficult to control, this method
could not be applied for the quantitative analysis system. Therefore,
we improved a new eastern blotting technique for GC in licorice
roots and TCM (Shan et al., 2001) applying a chromatographic
separation system utilizing a PES membrane, and evolve to the
quantitative analysis using NIH Imaging software for the estimation
of TCM containing licorice root.

Glycyrrhizin Anti-GC MAb

HOOC
o—aead o
BSA NH2
(pH 9 6)

MBSAW
membrane

Fig 1. Schematic diagram illustrating the eastern blotting of GC onto the
membrane
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In the case of new eastern blotting technique, we demonstrated
the immunoblotting of GC on the positive charged PES membrane
instead of a PVDF membrane. PES membranes are widely used for
the ultrafiltration system (Duarte et al., 2003) and enzyme
immobilization unit (Gomes et al., 2004). However, no success with
immunoblotting using a PES membrane has been reported yet.
Fortunately, we found a new fact that the positive charged PES
membrane was suitable for the immunoblotting of GC. We noticed
that its intrinsic hydrophilicity and strong physical property against
organic solvents may make it possible to separate GC
chromatographically on this membrane. GC and the crude extracts of
licorice roots were applied to a PES membrane and developed by
various ratio of methanol-water or acetonitrile-water containing various
ratio of acetic acid or formic acid. After drying, the membrane was
treated by NalO, solution to give cleavage of the sugar moiety in GC
and visualized using the eastern blotting technique. As shown in Fig
2, GC and that of licorice roots could be developed by acetonitrile-
water-formic acid (45:55:2, by volume). From these results we applied
it to the quantitative immunoassay using graphic analysis of NIH
Image software calculating the areas of coloring spots on membrane.
Standard curve of GC was prepared by plotting area (y) against the
logarithm of GC concentrations (x). The regression equation of the
standard curve of GC was y = 1549.7Log (x) + 573.0 (y* = 0.988) and
the full linear range of the assay was extended from 1.0 to 8.0 ng.
The detection limit of GC was 0.5 pg of direct applied amount.

Fig 2. New eastern blotting technique for GC utilizing a PES membrane. Lanes
I-IV indicated Seihoku licorice, Glycyrrhiza glabra, G. inflate and
G. uralensis, respectively. Lanes 1-4 indicated GC standard with the
loaded amount being 1.0, 2.0, 4.0 and 8.0 mg, respectively
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Fig 3 shows the immunodetection of GC in licorice roots and
TCM with and without licorice by using a new eastern blotting
technique. Lane 3 was Daisaiko-to extract, which does not contain
licorice, indicating no band by eastern blotting. On the other hand,
the band of GC in Syakuyakukanzou-to and Shousaiko-to extracts
(Fig 3, lanes 1 and 2), which contain licorice, and various licorice
root extracts clearly appeared (Fig 3, lanes 4-11). These areas of
coloring spots on this membrane were calculated using NIH Image
software and the GC concentrations were determined as indicated
in Table 1. These results were in a good agreement with those
from the HPLC analysis (Table 1). The advantages of the new eastern
blotting technique over the HPLC method are mainly its saving
cost-performance (e.g. organic solvents and analytical equipments),
speed and ease of use, which are useful if large numbers of smaller
samples are to be analyzed.

Immunochromatographic Strip Test

We previously reported that anti-GC MAb had high specificity with
GC (Shan et al., 2001). Furthermore, in the former section we
developed a new eastern blotting system available for quick,
reproducible, highly sensitive, quantitative and/or qualitative analysis
of natural medicines. Therefore, the other immunochromatographic
strip test based on an immunoassay system with MAb has been
introduced for GC analysis possessing high sensitivity and specificity.

Fig 3. Immunodetection of GC in licorice roots and traditional Chinese medicines
by using a new eastern blotting technique. Lanes I-V indicated GC standard
with the loaded amount being 0.5, 1.0, 2.0, 4.0 and 8.0 mg, respectively.
Lanes 1-3 were Syakuyakukanzou-to, Shousaiko-to and Daisaiko-to,
respectively. Lanes 4-11 were Seihoku, stir-baked Seihoku, stir-baked
Seihoku, Tohoku, Seihoku licorice, Glycyrrhiza glabra, G. inflata and G.
uralensis, respectively
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Table 1. GC concentration in licorice roots and traditional Chinese medicines
determined by NIH Image and HPLC analyzes

Concentration
(mg/g dry weight powder)

Sample NIH Image HPLC
Syakuyakukanzou-to 6.0 + 02 62 = 0.1
Shousaiko-to 25 = 04 19 £ 02
Daisaiko-to ND ND
Seihoku licorice 253 = 4.7 251 + 02
Stir-baked Seihoku licorice 245 = 2.7 263 = 0.2
Stir-baked Seihoku licorice 20.1 = 1.0 218 + 0.1
Tohoku licorice 26.1 + 23 233 + 04
Seihoku licorice 487 + 5.8 422 + 04
Glycyrrhiza glabra 362 + 34 374 =+ 0.1
G. inflata 259 + 23 220 = 0.7
G. uralensis 28.0 + 3.1 386 + 04

The data are the means of triplicate assays + the SD.
ND = not detectable.

The immunochromatographic strip test (Fig 4) was developed base
on a competitive immunoassay methodology using anti-GC MAb as a
detector antibody. A sample solution was applied to the sample pad,
and GC in the sample was bound by the detector reagent in the
conjugate pad. This pad contained anti-GC MADb detector reagents.
The GC was bound to the detector reagents, and free GC and detector
reagent migrated up the strip with the sample.

When the sample solution passed over the capture reagent (GC-
HSA), the detector reagent that was free of analyte bound the
capture reagent at capture spots, while the control capture reagent
(anti-mouse IgG) bound to the anti-GC MADb held to the detector
reagent at the control spot. When GC was contained in the sample,
they competed with the immobilized GC conjugate with HSA on the
membrane for the limited amount of antibody of the detector reagent.
Therefore, the immobilized capture reagent was prevented from
binding with detector reagent on the membrane when adequate
amount of GC was present in the sample. Thus, a positive sample
produced no visible test spot in the test capture zone and the control
test spot was always visible. Color appeared at both capture and
control spots if the sample contained no GC (negative sample, Fig
5 lane 1). On the other hand, no color developed on the capture
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Membrane
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pad pad -HSA mouse IgG pad
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B

Fig 4. Schematic of an immunochromatographic test strip. (A) Cross-section;
(B) Top view

spot when the sample contained GC (positive sample as shown in
Fig 5 lane 2). Detection limit for GC using the strip test was 250
ng/mL. The appropriate sample volume size was 200 pl, and the
assay can be performed in about 10 min. GC was detected by the
immunochromatographic strip test (Fig 6) when a sample were
analyzed. Fig 6 shows that G. glaba, G. uralensis, G. inflata, and
Licorice root no. 1-5 contained GC (lanes 1-8). On the other hand,
GC was below the detection limits in snack food and sauce (lanes
9-10). These results were confirmed by competitive ELISA using
anti-GC MADb (Shan et al., 2001). Glycyrrhiza species contained high
"levels of GC, 1.91 = 0.6 to 3.72 = 0.10% dry wt. (Table 2). Our

Anti-mouse IgG — &

Glycyrrhizin HSA —

Fig 5. Immunochromatographic strip test of glycyrrhizin. (1) Negative sample;
(2) Glycyrrhizin positive sample
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Fig 6. Immunochromatographic strip test of glycyrrhizin from Glycyrrhiza species.
(1) Glycyrrhiza glabra (2) G. uralensis (3) G. inflata (4) Licorice root no.
1 (5) Licorice root no. 2 (6) Licorice root no. 3 (7) Licorice root no. 4 (8)
Licorice root no. 5 (9) Snack food (10) Sauce

7 8 9

6

results indicated that immunochromatographic assay accelerated
the analytical procedure and did not require handling reagents.
Furthermore, the assay can be available when we need to analyze
in the field study. Therefore, the immunochromatographic strip
assay was suitable as a rapid and simple procedure for screening
GC concentrations in plants, biological fluid and food samples. From
above results the combination of immunochromatographic assay and

Table 2. Glycyrrhizin contents in Glycyrrhiza spp. and food samples determined
by ELISA and immunochromatographic strip test

Glycyrrhizin content

Sample Strip test ELISA (% dry wt)
Glycyrrhiza glaba - 3.49 £ 0.34

G. uralensis + 2.75 +0.13

G. inflata + 3.24 + 0.28
Licorice root no. 1 + 3.64 + 0.09
Licorice root no. 2 + 191 + 0.16
Licorice root no. 3 + 2.39 £0.21
Licorice root no. 4 + 3.49 +0.19
Licorice root no. 5 + 3.72 +0.10

Snack food - (3.20 £ 0.10) x 10*

Sauce - (11.20 + 0.10) x 104
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ELISA was useful methods for the qualitative and quantitative
analysis of GC.

Knockout Extract

A crude extract of P. ginseng roots was loaded onto the immunoaffinity
column and washed with the washing solvent. Fig 7 shows the
fractions 1-8 containing overcharged ginsenoside Rb1l, which was
determined by ELISA. Ginsenosides Rc, Rd, Re and Rgl were also
detected in these fractions by the eastern blotting procedure. A sharp
peak appeared around fractions 20-24, which contained ginsenoside
Rbl. Overcharged ginsenoside Rbl, eluted with washing solution,
was repeatedly loaded and finally isolated in pure form. The antibody
was stable when exposed to the eluent, and the immunoaffinity column
showed almost no decrease in capacity after repeated use more than
10 times under the same conditions, as was reported for a single-
step separation of forskolin from a crude extract of Coleus forskohlii
root (Yanagihara et al., 1996).

After washing fractions were deionized the solvent was lyophilized.
Fig 8 indicated the TLC profile of purification step. Line 1, 2 and 3
were the crude extract, the washing fraction and the eluted fraction,
respectively. Interestingly the washing fraction contained all of
compounds in the ginseng crude extract except ginsenoside-Rb1l. It
becomes evident that ginsenoside-Rb1 molecule can be eliminated by

1.4
1.2:
1.0:
0.8

0.6 |

Inhibition?

0.4

0.2

0.0 —_— - T —
0 20 40 60 80 100 (ml)

<> >
washing elution

Fig 7. Elution profile of Panax ginseng crude extract used immunoaffinity column
monitoring by ELISA using anti-G-Rb1 MAb
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washing buffer elution buffer

123

Fig 8. Preparation of knock-out extract eliminated G-Rb1l from Panax ginseng
crude extract using immunoaffinity column conjugated with anti-G-Rbl
MAb. (Lines 1,2 and 3 indicate crude extract, knock-out extract and purified
G-Rb1, respectively. Red spot shows G-Rb1l)

an immunoaffinity column conjugated with anti- ginsenoside-Rb1 MAb
and the washing fraction was knocked out only antigen molecule.
Therefore, we named this washing fraction as a knockout extract.
This knockout extract is important for the determination of real
pharmacologically active component in natural medicines.
Furthermore, when we need the related total saponins like
ginsenosides, saikosaponins and solasodine glycosides, a wide cross-
reactive MADb can be used for separation of total saponins and a
knockout extract as reported previously in the case of solasodine
glycosides (Putalun et al., 1999).
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Comparison of HPLC and HPTLC Methods for
the Determination of Rosmarinic Acid from
Orthosiphon stamineus

GABRIEL AKYIREM AKOWUAHL* AND IsMAIL ZHARIZ

ABSTRACT

A validated HPTLC and HPLC method with UV detection were
developed to determine the content of rosmarinic acid (RA) in
Orthosiphon stamineus leaf extract. Similar fingerprints and
quantitative data were obtained for leaf samples collected from different
locations. The methods give good accuracy, reproducibility and
selectivity for the quantitative analysis of rosmarinic acid.

Key words : Orthosiphon stamineus, rosmarinic acid, HPTLC, HPLC

INTRODUCTION

Rosmarinic acid (RA) is an ester of caffeic acid and 3,4-
dihydroxyphenylacetic acid (Fig 1), which are important natural
bioactive substances occurring widely in food plants (Ho, Lee &
Huang, 1992). It is a well known natural product extracted from
rosemary plant (Rosmarinus officinalis), and other members of
Labiatae, Boraginaceae, Lamiaceae, Zosteraceae families and in lower
plants such as the hornworts (Litvinenko et al., 2001). RA obtained
from plants is a multi-active substance used in cosmetics to maintain
healthy skin due to its antioxidant qualities which is superior to that
of vitamin E (Leung & Foster, 1996).
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Orthosiphon stamineus Benth. (Lamiaceae) is taken as beverage
to improve health and for treatment of kidney, bladder inflammation,
gout and diabetes in Southeast Asia (Hegnauer, 1966; Wagner, 1982).
The therapeutic effects of O. stamineus leaf extracts are ascribed
mainly to its polyphenol content. Qur previous report described
HPTLC and HPLC profiling of O. stamineus extracts using RA as
marker (Akowuah & Zhari, 2006). The present report describes a
validated HPTLC and HPLC method for quantification of RA from O.
stamineus leaf extract.

MATERIALS AND METHODS

Chemical and Reagents

Rosmarinic acid was purchased from Sigma Chemical Company (St.
Louis MO, USA). Acetic acid, dicloromethane, methanol, and water
were obtained from Merck (Darmstadt, Germany). Membrane filters
(0.45 pm pore size) from Millipore were used for filtration of the
mobile phase and the samples. All solvents were analytical or HPLC
grade.

Plant Samples

Plants were grown from cuttings using standard agronomic practices
at experimental farms in Malaysia. The cultivated leaves were
collected in late afternoon, from 30- to 45-day-old plants. Voucher
specimen of the plant material was deposited at Bilik Herba, School
of Pharmaceutical Sciences, Universiti Sains Malaysia.

Preparation of Extracts

One gram of dry leaf sample of O. stamineus was extracted with 10
mL of methanol for 4 h with continuous stirring with magnetic stirrer
at 40°C. The extracts were filtered (Whatman No. 1) with a Buchner
filter and concentrated under vacuum. The methanol extract was
redissolved in methanol to a total volume of 100 mL for HPTLC and
HPLC analyses.

HPTLC Analysis

Chromatography was performed on pre-activated (100°C) silica gel
60F 45, HPTLC plates (10 x 10 cm; 0.25 mm layer thickness; Merck).
The CAMAG densitometry (Camag Model-3 TLC scanner equipped
with Camag CATS 4 software), a reflectance spectrometer of
monitoring range 190-700 nm was employed for the analysis. The
slit was set to 8 x 0.4 mm and data acquisition and processing were
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performed using the software winCATS. Samples (10 pl) were applied
to the layers at 8 mm wide bands, positioned 10 mm from the bottom
of the plate, using a Camag (Mutten, Swizterland) Linomat IV
automated TLC applicator with nitrogen flow providing delivery from
the string at a speed of 10 uL/s was maintained for all analyses. TLC
plate development was performed using a Camag twin-trough glass
tank, which had been pre-saturated with mobile phase for 2 h. Solvent
was allowed to run up the plate to a height of 8 cm. TLC analyses
were made under room temperature. A mixture of acetic acid:
methanol: dichloromethane (5:15:35; v/v/v) was used as mobile phase.
After development, the layers were dried and the components were
visualized by UV light at 365 nm. The quantitative determination
was performed by winCATS software program.

The method was validated for linearity, limits of detection (LOD),
precision and accuracy. A stock solution of RA was prepared in
methanol at 1.0 mg/mL. Standard solutions were prepared by dilution
of the stock solution with methanol to give solutions containing the
RA in the concentration range of 1-100 pg/mL. The system suitability
of the HPTLC method were evaluated by the intra-day and inter-day
precision and accuracy of replicates. The precision and recovery
experiments were performed at three concentrations of standard
solutions of RA. The validated HPTLC method was used for
determination of RA from methanol extracts of O. stamineus leaf
samples collected from our experimental farms in Malaysia. The
concentration of RA was determined by external standard method.

HPLC Analysis

HPLC analysis was performed using an Agilent Technologies Series
1100 system equipped with an automatic injector, a column oven,
and UV detector. A LiChrosorb RP-18 (250 mm x 4.6 i.d. mm, 10 pm
particle size) (Merck Darmstadt, Germany) was used. The temperature
was maintained at 25°C, with injection volume of 20 uL and flow
rate of 1.3 mL/min. RA was separated by using reverse-phase
LiChrosorb C-18 column and detected at 340 nm. The separation was
achieved by applying a linear gradient from 100% A (water + 0.1%
acetic acid) to 100% B (methanol + 0.1% acetic acid) in 40 min followed
by 20 min isocratic at 100% B.

The HPLC method was validated for linearity, limits of detection
(LOD), precision and accuracy. A stock solution of RA was prepared
in methanol at 0.1 mg/mL. Standard solutions were prepared by
dilution of the stock solution with methanol to give solutions
containing RA in the concentration range of 0.1-100 pg/mL. The
precision and recovery experiments were performed at three
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concentrations (0.1, 5, and 100 pg/mL) of standard solutions of RA.
The validated HPLC method was used for determination of RA from
methanol extracts of O. stamineus leaf samples collected from our
experimental farms in Malaysia. The concentration of RA was
determined by external standard method.

Statistical Analysis

Results were analyzed by SPSS 11.5 (SPSS, USA). Correlations were
obtained by Pearson correlation coefficient in bivariate correlations.
P-values < 0.05 were considered statistically significant.

RESULTS AND DISCUSSION

HPTLC Analysis

A mixture of acetic acid: methanol: dichloromethane (5:15:35) used
as mobile phase gave a good resolution of the RA together with
symmetrical and reproducible peaks at R; 0.58. Fig 2A shows the 3-
dimensional HPTLC profiles of reference standards of RA and
methanol extracts of samples from the experimental farms. The
calibration curve for the RA was linear over the range of 1-100 ng/
mL with correlation coefficient greater than 0.9995 in all standard
curves. The limit of detection (LOD) of RA by HPTLC was determined
by repeated scanning of the lowest detectable standard prepared (1
pg/mL) six times, multiplying the standard deviation of the peak
area by three and converting from area to concentration (Merken &
Beecher, 2000). The limit of detection (LOD) of RA by HPTLC was
0.4 pg/mL.

Table 1 shows the precision and recovery at three concentrations
of standard solutions of RA. The precision of the HPTLC
instrumentation was checked by repeated scanning of the same spot
of RA seven times each on a same day (intra-day precision) and on
five consecutive days (inter-day precision) and the relative standard

OH
\)|\ OH
HO

OH

Fig 1. Structure of rosmarinic acid
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Table 1. Accuracy and analytical precision of rosmarinic acid by HPTLC and

HPLC
Concentration HPTLC Assay
added
(ng/mL) Precision (n=6) Accuracy (n=3)
Intra-day Inter-day Recovery? RSDP?
(RSD, %) (RSD, %) (%) (%)
1 1.81 1.86 96.47 1.85
10 1.25 1.26 96.12 1.27
100 1.08 1.15 99.63 112
Concentration HPLC Assay
added
(ng/mL) Precision (n=6) Accuracy (n=3)
Intra-day Inter-day Recovery? RSDP
(RSD, %) (RSD, %) (%) (%)
0.1 0.94 0.96 98.44 1.15
5 0.87 0.89 99.25 0.94
100 0.83 0.82 100.16 0.72

RSD: relative standard deviation in percentage
a Recovery = (calculated conc/spike conc) x 100
b RSD = (SD/conc) x 100

deviations values were calculated. The results showed acceptable
precision with the method as revealed by relative standard deviation
data. The RSD of the inter- and intra-day precisions of standard
solutions of RA were less than 2%. The recovery was determined by
spiking a sample of the extract with three different standard solutions
of RA and analyzed quantitatively in triplicate. The average recovery
of RA by HPTLC assay was found to be 97.41%. This indicates good
accuracy of the method.

The HPTLC method was used to determine the content of RA in
O. stamineus leaf samples collected from our experimental farms in
Malaysia. Qualitatively, similar HPTLC fingerprints were obtained
for all the extracts giving reliable indication of the same identity
(Fig 2A). RA was well separated in the extracts by the HPTLC method
and detected in all the samples at Ry 0.58. The UV-Vis absorption
spectra recorded on the CAMAG TLC scanner at the start, middle
and end position of the RA band were superimposable indicating the
purity of the peak (Fig 2B). Using the techniques of the HPTLC and
the UV-Vis spectra the amount of RA in the methanol extract of
the leaf samples were found to range from 0.61 to 1.90% dry weight
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Fig 2. HPTLC profile of Orthosiphon stamineus leaf extracts. (A) Three-
dimensional chromatogram and; (B) Peak purity spectra for RA recorded

at the

start, middle and end position of the spot (See the experimental

section for the analytical protocol)

(Fig 4). The

HPTLC procedure can be used as fast screening method

for O. stamineus leaf samples and herbal formulations.

HPLC Analysis

Fig 3 shows the chromatogram obtained for HPLC analysis of the
methanol extracts of O. stamineus. RA was determined by using the
chromatographic conditions described in the experimental section
and eluted at 15.23 min. The peak of RA was identified by comparison
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Fig 3. HPLC profile of Orthosiphon stamineus leaf extract (See the experimental
section for the analytical protocol)

of the retention time of reference standard of RA and extract in the
same chromatographic conditions. RA exhibited good linearity in the
range from 0.1-100 pg/mL with the square of correlation coefficient
(R?) greater than 0.9999 in all calibration curves. The limit of detection
was determined by injecting the lowest detectable standard prepared
(0.1 pg/mL) six times, multiplying the standard deviation of the peak
area by three and converting from area to concentration (Merken &
Beecher, 2000). The limit of detection (LOD) of RA by HPLC assay
was 0.05 pg/mL.

2 1 HPTLC mHPLC
|

124

Content (% dry weight)

| 1] m v v v v vil IXx X XIoXli
Sample

Fig 4. The content of rosmarinic acid in extracts of twelve Orthosiphon stamineus.
Leaf samples determined by HPTLC and HPLC method (n=3)
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Table 1 shows the precision and recovery at three concentrations
of standard solutions of RA. To assess the precision of the method,
standard solutions of RA were determined six times on the same day
and one time for five consecutive days using calibration curves
obtained daily. The precision of the method at three concentrations
of the standard solutions of RA was expressed as the relative standard
deviations (RSD) values by calculating the standard deviation (SD) as
percentage of the mean calculated concentration. The results showed
acceptable precision with the HPLC method as revealed by relative
standard deviation data shown in Table 1. The RSD of the intra-day
and inter-day variation studies were less than 1.0% for standard
solution of RA. The recovery was determined by spiking a sample of
the extract with three different standard solutions of RA and analyzed
quantitatively in triplicate. The average recovery of RA by HPLC
assay was found to be 99.28%, which indicates good accuracy of the
method.

The HPLC procedure was applied to determine the content of RA
in extracts for twelve batches of O. stamineus leave samples collected
from our experimental farms in Malaysia. The quantitative analysis
was performed under the described chromatographic conditions using
the external standard technique. Typical HPLC profile of the methanol
extracts of the leaf is shown in Fig 3. The HPLC assay gave a
separation sufficient for peak identification of RA which was eluted
at the retention time (R;) of 15.23 min. The amount of RA ranged
from 0.58 to 1.51% dry weight in the methanol extracts. The HPLC
method can be used to obtain quantitative data of herbal medicinal
products containing O. stamineus.

HPTLC method showed slightly higher values for the twelve
samples of O. stamineus leaf from our experimental farms but there
was no statistically significant difference (P>0.5) between the mean
values all the samples. When the content of the RA in the methanol
extracts of the twelve sample was analyzed by linear regression a
good relationship between HPTLC and HPLC methods was observed
for RA (ryy = 0.9992). This shows that the HPTLC method is reliable
for good estimation of RA, therefore the method could be used for
initial screening or semi-quantitative analyses since the method is
less time consuming, simple, and accurate.

CONCLUSIONS

RA content of methanolic leaf extract of O. stamineus was determined
by HPTLC and HPLC method. Qualitatively, similar HPTLC and
HPLC fingerprints were obtained for all the extracts giving reliable
indication of the same identity. The HPTLC method for the
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determination gave accurate results when compared to the HPLC
method. The methods may be of value in standardization of
preparations containing Orthosiphon stamineus leaves.
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Quality Control and Standardization of
Medicinal and Aromatic Plants
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ABSTRACT

In India, medicinal and aromatic plants have always been the principal
form of medicines and presently they are becoming popular throughout
the world. Medicinal and aromatic plants have curative properties
due to the presence of various active chemical constituents, viz.,
alkaloids, steroids, terpenoids, essential oil, glycosides, flavonoids
etc occurring in different parts of those plants. The different chemical
composition of active chemicals may also found as secondary plant
metabolites in one or more parts of these plants. Quantification of
active chemicals is the first step of standardization and the presence
and concentration of the same can be followed to decide the genuiness
of the drug or formulation. Even though quite a good number of
plant species under the group of medicinal and aromatic plants are
grown in our country under different agro-climatic condition, no
systematic investigations have so far been carried out for their active
chemical constituents and their variations under different condition.
Lack of standardization constitutes a major constraint to the
development and use of medicinal and aromatic plants. Under these
perspective quality control and standardization of important
medicinal and aromatic plants like Kalmegh (Andrographis paniculata),
Brahmi (Bacopa monnieri),Senna(Cassia anguistifolia), Ashwagandha
(Withania somnifera), Ghritakumari (Aloe vera), Haldhi (Curcuma
longa), Vasak (Adhatoda vasica), Lemon grass (Cymbopogan
winterianus Jowitt), Mentah (Menthae arvensis aeth) and Thymol
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(Ajowani fructus aeth) were carried out by sophisticated instrumental
techniques and also quantified and identified their active principles.

Key words : Quality control, standardization, medicinal and aromatic
plants, commercial formulation, analytical technique,
active chemicals

INTRODUCTION

India has a rich heritage of medicinal plant wealth. It has been
identified as one of the top twelve mega bio-diversity center of the
world with immensely rich in medicinal and aromatic plants with
diverse eco-systems. From the ancient times these plant resources
have been used as pharmaceutical and therapeutic agents. More over
risk of side effects of modern drugs, expensive treatments and
development of resistance in microbes to antibiotics and
chemotherapeutic agents are compelling people to adopt plant based
medicine, crude herbal drugs and other holistic health care
management approaches.

Medicinal plants are finding diverse use as raw materials not only
for medicine but also for articles of daily uses, cosmetics, nutrients
and pesticides. As a result, the demands for plant based raw materials
have increased enormously in both the national and international
markets. The effectiveness of these systems, in turn, mainly depends
upon the proper use and sustained availability of genuine raw
materials. In the present time people are more quality conscious and
demand stringent quality control to consumer products. The aspect
of assuring consistency and quality in herbal medicines has proved
a bottle-neck in expanding business opportunities and delivering drugs
from the developing countries to the world market. The inherent
problem of variation in the active content of plant drugs and the lack
of easily available standards for medicinal plants have complicated
the issue, which is on the top priority of all Governments in the
developing and emerging countries.

With an increasing global demand for medicinal plants, most of
the raw materials are being collected widely from forest & natural
habitat in an indiscriminate manner. This is posing serious threats
to the genetic stocks & diversity of medicinal plants. The present
trend demands increased emphasis on commercial cultivation as well
as quality standardization of these potential species to meet the
demand of the domestic industries and to exploit the bright prospect
for export.

In spite of tremendous development of modern medicine, plants
still remains as one of the major natural source of drugs in both
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modern as well as traditional systems of medicine through out the
world. WHO estimated that 80% of the populations of developing
countries rely on traditional medicine, for their primary health care
programme (Farnsworth et al., 1995). Modern medicines still contain
atleast 25% drugs derived from plants and many other synthetic
analogues. Many of the traditional drugs have also been the starting
point of the discovery of many important modern drugs.

In recent years indiscriminate use of synthetic drugs and
antibiotics in health care system has resulted in serious symptoms
and side-effects all over the world and the demand of plant based
raw materials for pharmaceuticals has increased enormously.
Recently, WHO has unequivocally stressed the need to strength the
use of traditional in health—care programmes to achieve the goal of
health for all. This factor has also collaborated to increase the market
potential of medicinal plants (Warrier ef al., 1996).

As a result, the demand for plant based raw material has increased
enormously in both the national and international markets. Due to
overexploitation, a serious threat to the existence of many valuable
species has emerged which has necessitated the urgent need of their
conservation and systematic cultivation for sustained supply to the
user industries (Akerele, 1991; Handa & Kaul, 1996).

The inherent problem of variation in the active content of plant
drugs and the lack of easily available standards for medicinal plants
have proved a bottle- neck in expanding business opportunities and
delivering drugs from developing countries to the world market
(Mukherjee, 2002).

Realizing the problems in the national perspective, the Government
of India is now paying attention to the conservation, popularization
and systematic cultivation as well as standardization of the national
wealth (Saraswathy et al., 2002). The regional analytical laboratory
at BCKV initiated the work for chemical standardization of important
medicinal plants to ensure quality control of crude materials by
HPTLC finger print techniques and clearly identify and quantify
the active principles through rapid chemical analysis (Wagner &
Bladt, 1996).

Medicinal plants have proved their efficacy and safety in
therapeutic treatment for alleviation or cure of human diseases since
time immemorial. The evidences for the therapeutic action of herbal
drugs are documented in Indian, Chinese, European and African
system of medicine. Medicinal plants are utilized in two distinct
areas of health management i.e. (1) Modern system of medicine and
(2) Traditional system of medicine. At present about 130 clinically
tested prescribed drugs are used in modern system of medicine and
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they are solely derived from about 100 spices of higher plants. The
traditional systems of medicine still continue to carter the primary
health care of 80% world populations. In India a number of Traditional
system of medicine are practiced such as Ayurveda, Siddha, Unani,
Homeopathy, Yoga and Naturopathy for the total health care. The
Global market for herbal products including medicines, health
supplements, herbal beauty and toiletry products, is estimated at
$62 billion and is growing at a rate of 7% annually. The WHO’s
forecast is that the global market for herbal products would be of the
order of $5 trillion by the year 2050. However India’s share in the
global export market of medicinal plants related trade is just 0.5%.
This is against India’s rich biodiversity of 45,000 plant species spread
across 16 Agro-climatic zones (Akerele, 2002; Farnsworth et al.,1995;
Handa & Kaul, 1996; Mukherjee, 2002).

The system of standardization (Saraswathy et al., 2002; Wagner,
1984; Warrier et al., 1996) should be established for every plant
medicine in the market because the scope of variation in different
batches of medicine is enormous. Knowledge of chemical components
of a plant is essential for quality control analysis of a plant, extract
or any formulation containing them. A compound or group of
compounds present can serve as a “biomarker” and the presence and
concentration of the same can be followed to decide on the geniuses
of the drug/formulations. Any component other than the biomarkers
present indicates adulteration. Not many plants are studied for these
markers. A knowledge of this compound and their specific analytical
methods will facilitate the herbal industry in checking adulteration
and thus raise its standard. Therefore, it is essential that such uses
of natural products be documented and studied for systematic
regulation and wide spread application. With this objective in view
a regional quality control laboratory in the department of agriculture
chemicals, BCKV have already standardized the valuable medicinal
plants grown in different agro climatic zones of West Bengal to ensure
quality of crude materials by HPTLC finger print techniques and
clearly identify and quantify the active principles through rapid
chemical analysis.

MATERIALS AND METHODS

HPTLC Finger Printing Technique Consists of the Following Steps:

Step-1: Extraction of Plant Material

The dried plant materials were extracted with suitable organic
solvents. The extract is then filtered, concentrated and made up to
20 mL volume.
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Step-2: Sample Application

Samples along with standards were applied on a HPTLC glass plate
coated with 60GF 254 silica gel (20 x 20; 300 pm layer thickness)
prepared by HPTLC auto coater (Camag). Samples and analytical
standards of known concentrations were applied on the glass plates
as 8 mm wide band, positioned 15 mm from the bottom and 20 mm
from the side of the plate, using an automated TLC applicator linomat
5 (Camag, Multenz; Switzerland) with nitrogen flow providing a
delivery speed 150 nl/s from the syringe.

Step-3: Chromatogram Development

After completion of sample application, the plate was developed in a
Camag twin trough chamber which was pre-saturated with the mobile
phase. Different compositions of the mobile phase for HPTLC analysis
were tested to obtain high resolution and reproducible peaks. The
TLC runs were performed under laboratory conditions of 25 + 5°C
and 50% relative humidity.

Step-4: Chromatogram evaluation

After development plates were taken off and dried by drier. The
plates were then scanned with Camag, TLCscanner-3 equipped with
wincats software (Camag) under the following conditions: slit width
6 x 0.45, absorption and reflection mode, lamps used deuterium and
tungsten. The details of HPTLC finger print technique for medicinal
and aromatic plants are stated in Table 14.

RESULTS AND DISCUSSION

The medicinal properties of Andrographis paniculata (Kalmegh) are
due to the presence of a diterpenoid andrographolide. Leaves of
Andrographis paniculata collected from different agroclimatic zones
of West Bengal were analyzed for andrographolide and two less
focused chemical actives deoxyandrographolide and dehydroandro-
grapholide (Figs la, 1b). The methanol extract of leaves along with
andrographolide solution was developed with chloroform: methanol
7:3 and scanned at Amax 230 nm. In HPTLC finger print of A. paniculata
(leaf) sample, six peaks were observed (Fig la). Compound with Rr
0.36 was in highest concentration and was found to be identical with
a diterpenoid andrographolide, the chemical active of A. paniculata.
Concentration of andrographolide was highest in Asanol zone
(Table 1). The results found comparable with earlier reports (Hu &
Zhou, 1982; Xiao et al., 2006).
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Fig 1. (a) Andrographolide and its two derivatives deoxyandrographolide and
dehydroandrographolide (b) Fingerprint of Andrographolide extract at 230 nm

Table 1. Percent of andrographolide and its derivative in leaves of kalmegh

Source % of chemical actives present
Androgra- Dehydroandro- Deoxyandro-
pholide grapholide grapholide
Mohanpur 1.98 0.984 0.52
Nawadeep 1.33 1.02 0.68
Tarokeswar 2.02 1.08 0.39
Canning 2.23 1.26 0.32
Asansol 2.49 2.11 0.52
Mecheda 2.18 1.38 0.54
Raghunathpur 211 1.45 0.49

Table 2. The percent of alkaloids and Withaferin A. content in roots of

Ashwagandha
Plants parts Alkaloid % Withanolide % Withaferin A %
Root 0.15 14 0.1
Stem 0.11 1.2 0.01

Leaves 061 2 0.53
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The finger print of Bacopa monnieri showed the presence of three
peaks. Peak with Rf 0.60 was in highest in concentration and was
found to be identical with Bacoside A, the active constituent of the
plant (Figs 2a, 2b). Matching of the UV spectra of Bacoside A with
that of the sample revealed that they are the same sample. The
contents of Bacoside A in different plant parts are shown in Table 10.
The results found comparable with earlier reports (Chakravarty et.
al., 2003; Bhattacharya et al., 2000).

Ashwagandha (Withania somnifera), roots are used in the
preparation of herbal formulation. Withaferin A., an unsaturated
steroidal lactone is the most important withanolide to which the
medicinal properties of the plant are attributed. The extraction of
roots was followed by approved method. Crude withanolide and the
standard Withaferin A was applied on a HPTLC plate, developed in
chloroform: methanol (9:1) and scanned at Amax 220 nm (Figs 4a, 4b
& 4c¢). In HPTLC finger print of Ashwagandha root samples, six peaks
were observed. Compounds with Rf 0.68 was found to be identical
with Withaferin A, confirmed by superimposing UV spectra of
Withaferin A with that of spot at Rf 0.68. The percent of alkaloids
and Withaferin content was shown in (Table 2). Extraction of total
alkaloids and withanolides in different plant parts like Leaves, roots
and stem of Withania sommnofera were done by methanol. The extract
was concentrated and defatted with hexane and then extracted with
1% H2SO4, basified with ammonia, extracted with chloroform,
evaporated and weighed for total alkaloids. The H2SO4 insoluble
fraction was extracted with diethyl ether, evaporated and weighed
for crude withanolides. The results found were comparable with
earlier report (Rekha et al., 2006).

Sennosides A and B, the two anthraquinones isolated from C.
angustifolia (Senna) have the strong laxative properties. A variety of
polyherbal ayurvedic preparations, commercially available in India
to relieve constipation were analyzed to quantify these two
anthraquinones. The methanol (70%) extract of the sample and
standard sennosides A & B were applied on a HPTLC plate, developed
in a mobile phase containing 2-propanol: ethyl acetate: water: Formic
acid (17:19:12:02.) and scanned at 350 nm (Figs 3a, 3b). Validity of
peak was confirmed by comparing UV spectra of standard and that
of the standard within the same R window. The result (Table 3 & 4)

Table 3. Content of sennoside A and sennoside B in Cassia angustifolia

Plant parts used % of Sennoside A % Sennoside B

Leaves 1.8 2.3
Pods 2.2 2.5
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Table 4. Concentration of sennoside A and sennoside B in different ayurvedic

formulations
Formulations Sennoside A [mg/g] Sennoside B [mg/g]
of the formulation of the formulation
Formulation 1 2.5 25.9
Formulation 2 2.3 12.70
Formulation 3 2.1 2.6
Formulation 4 1.8 1.87
Formulation 5 1.62 1.85
Formulation 6 1.58 1.72
Formulation 7 14 1.53
Formulation 8 1.2 1.5
Formulation 9 0.92 14
Formulation 10 0.91 14

Table 5. Aloin content (%) in leaf exudates of Aloe vera at different harvesting

stages
Harvesting time (%) Aloin content in Mean = S.D.
(months after planting) leaf exudate
R, R Rs

12 4.59 4.72 4.70 4.67 = 0.07
13 4.81 4.78 4.78 4.79 = 0.02
14 5.05 4.97 4.92 4.98 + 0.07
15 5.31 5.28 5.22 5.27 + 0.05
16 5.76 5.73 5.79 5.76 + 0.03
b 5.80 5.82 5.81 5.81 = 0.01
18 5.86 591 5.84 5.87 = 0.04

showed the wide variation of sennosides A and B in different herbal
formulations. The results found comparable with earlier reports (Bala
et al., 2000; Shah et al., 2000).

Aloe vera Linn. yields two major juice materials; a yellow exduate
which is used in traditional medicine as a cathartic agent and a
mucilaginous gel that is utilized as cosmetic and as dietary
supplement in beverages. A HPTLC method was developed and
validated to quantify the aloin content in leaves collected at different
time intervals and in different marketed formulations (Table 5 & 6.).
The methanol extract of sample and the standard Aloin was developed
in a mobile phase containing ethyl acetate: MeOH: H2O 200: 33: 27
at Amax: 370 nm. HPTLC finger print of Gritakumari showed five
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Table 6. Aloin content in different marketed formulations

Aloe gel supplied 3 mg/100 g of gel

Aloe gel + Na benzoate supplied 3.5 mg/100 g of gel

Gel collected from supplied leaf 4 mg/100 g of gel

Whole leaf juice 45 mg/100 g of whole leaf juice
Tonic 19.75

Capsules 9.75

Table 7. Percent content of vasicine

Plant parts Vasicine (%)
Leaves 0.65
Stem 0.31

Root 0.062

Table 8. The curcuminoids composition in Curcuma longa (collected from
medicinal garden, BCKV)

Curcumin % DMC % BDMC %

2.2 0.8 0.2

peaks (Figs 5a, 5b & 5¢). The major peak at Rr 0.27 was confirmed
as aloin by superimposing UV spectra of aloin with that of the spot
at Rf 0.27. The results found are comparable with earlier reports
(Leung et al., 2004; Shelton, 2007).

Adhatoda vasica (Vasak) is a well known plant drug used in the
treatment of various diseases and disorders particularly for the
respiratory track ailments. Vasicine, the main active quinazoline
alkaloid has been shown to posses bronchodilatory and potent
respiratory activities. Samples and standard were developed in MeOH:
Toluene: Dioxane: Ammonia 2:2:5:1 and scanned at Amax: 270 & 281
nm. HPTLC fingerprint of vasak showed the separation of five peaks
(Figs 7a, 7b). Peak at Rr0.61 was confirmed as vasicine by comprising
UV spectra of sample with that of the standard at the same R¢
window. Concentration of vasicine was maximum in leaves (Table 7).
The results found comparable with earlier reports (Claeson et al.,
2000; Shaifali et al., 2001).

Curcuma longa (turmeric), a yellow spice from the family
Zingiberaceae have long been used in Ayurvedic to treat a diverse
range of conditions. These actions are mainly due to the phenolic
fraction containing curcumin, demethoxycurcumin and bisdemethox-
ycurcumin, collectively known as curcuminoids. A HPTLC finger print
technique (Figs 6a, 6b) is developed to standardize the turmeric based



80 Comp. Bio. Nat. Prod., Vol. 8 — Quality Control & Standardization

Reserpine

Ajmaline

Fig 8. Structure of key alkaloids from Rauwolfia serpentina

CH,0H

Citral Citronellal Geraniol

Fig 9. Structure of citronellal, citral and geraniol from Cymbopogan sp.

OH OH

Menthol Thymol

Fig 10. Structure of menthol and thymol in plant spices

formulations (Table 8 & 9). Methanolic solutions of samples and
standards were developed in chloroform: methanol (48:2) and scanned
at 420 nm. The results found comparable with earlier reports
(Chattopadhyay et al., 2004; Schieffer, 2002).
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Table 9. The Curcuminoids compositin of some commercial samples of turmeric

Sample Curcumine % DMC % BDMC %
Source 1 70 25 8.5
Source 2 75 20 5.78
Source 3 79 16 3.9

Table 10. The Bacoside A content in Bacopa monnieri (collected from medicinal
garden, BCKV)

Plant Parts Bacoside A (%)
Leaves 1.13
Stem 0.86

Table 11. The Alkaloid contents in Sarpagandha (collected from medicinal garden,
BCKV)

Plant Reserpine % Ajmaline % Ajmalicine %

Sarpagandha 0.11 0.2 0.03
(Rauwolfia serpentine)

Table 12. The composition of Lemon grasses (collected from medicinal garden,

BCKV)
Plant source Essential oil Citral Citronellal  Geraniol
% % % %
Cymbopogan winterianus 1.5% 16 25 40
Cymbopogan flexuosus 1.2% 70 10 15

Table 13. The composition of Mentha and Ajwani (collected from medicinal
garden, BCKV)

Plant source Essential oil Menthol Thymol
% % %

Menthae arvensis aeth 1.8 - 50

Ajowani fructus aeth 5 42.8 -

The contents of different alkaloids (Fig 8) of Sarpagandha
(Rauwolfia serpentine) are measured by HPTLC (Table 11). The details
of HPTLC finger print technique is stated in Table 14. The results
found comparable with earlier report (Youngken, 1975).

The quantitative estimation of Citronellal, Citral and Geraniol
(Fig 9) in Cymbopogan sp. are done by HPTLC (Table 14) and
extraction was done by Steam distillation technique (Table 12). The



Table 14. Finger print profile of Some Medicinal and Aromatic plants

Sl. Common Scientific Family Active Chemical Chemical Solvent used Mobile Amax
no. name name constit- formula family for extraction phase (nm)
uent
1. Kalmegh Andrographis Acantha- Androgra- C20H3005 Diterpene Aq. Methanol CHCl3:MeOH 230
paniculata ceae pholide (7:3)
Deoxy C20H3004 Diterpene Aq. Methanol CHCl3:MeOH 230
androgra- (7:3)
pholide
Dehydro CooHog04 Diterpene Aq. Methanol CHCl3:MeOH 230
androgra- (7:3)
pholide
2. Brahmi Bacopa Scrophul- Bacoside C41Heg Triter- Aq. Methanol Ethyl acetate: 290
monnieri ariaceae A O134H20 penoid MeOH:H20
saponin (1:7:2)
3. Senna Cassia Caesalpini- Sennoside Ca2H3s020  Anthracene Ag. Methanol 2-propanol: 350
angusti- aceae A and glycosides ethyl acetate
folia Sennoside :water:formic
B acid
(17:19:12:02.)
4. Aswa- Withania Solanaceae Withaferin — Steroidal Aq. Methanol Chloroform: 219
gandha somnifera -A lactone ethanol (95:5)
5. Ghrita- Aloe vera Liliaceae Aloin Ca1H2209 Anthra- Aqg. Methanol Eyhyl acetate: 370
kumari quinone MeOH:H20
derivative (200:33:27)

c8

UONDZIPIDPUDIS 2P J043U0)) L11]ONY — 8 “]OA “podd DN *01g *dwio))



Table 14. Contd.

Sl. Common Scientific Family Active Chemical Chemical Solvent used Mobile Amax
no. name name constit- formula family for extraction phase (nm)
uent
6. Haldi Curcuma Zingibe- Curcumine  Co1Ho00¢ Diferuloyl- Aq. Methanol CHCl3:MeOH 420
longa raceae methane (48:2)
Demetho- C19H1804 Diferuloyl- Aq. Methanol CHCl3:MeOH 420
xycurcu- methane (48:2)
mine
Bisdemeth- CooHi60s5 Diferuloyl- Agq. Methanol CHCl3:MeOH 420
oxycurcu- methane (48:2)
mine
7. Vasak Adhatoda Acanth- Vasicine C11Hio Quanizoline Ammoniacal MeOH: 270
vasica aceae N20 alkaloid methanol toluene:
dioxane:
ammonia
(2:2:5:1)
Vasicinone  Ci1Hio Quanizoline Ammoniacal MeOH: 281
N202 alkaloid methanol toluene:
dioxane:
ammonia
(2:2:5:1)
8. Sarpa- Rauwolfia Apocyna- Reserpine CasHyp Alkaloid Aq. Methanol CHCls:MeOH 365
gandha serpentina ceae N209 (9:1)
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Table 14. Contd.

8

Sl. Common Scientific Family Active Chemical Chemical Solvent used Mobile Amax
no. name name constit- formula family for extraction phase (nm)
uent
Ajmaline C20Has Alkaloid Aq. Methanol CHCl3:MeOH 365
N20o 9:1)
Ajmalicine C21Hay Alkaloid Aq. Methanol CHCl3:MeOH 365
N2O3 (9:1)
9. Citronella Cymbo- Poaceae Citral C10H160 Terpene Steam Hexane:EA 220
+ Lemon pogan sp (18.6:1.4)
grass
Citronellal C10H180 Terpene Steam Hexane:EA 220
(18.6:1.4)
Gerianol C10H180 Terpene Steam Hexane:EA 220
(18.6:1.4)
10. Mentha Menthae - Menthol C10H200 Terpene Steam Toluene:EA
arvensis (93:7)
aeth
11. Ajowani Ajowani - Thymol C10H140 Phenyl- Steam Toluene:EA
fructus propane (93:7)
aeth
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results found comparable with earlier report (Suman et al., 2005).
The active constituents of Mentha and Ajwani (Fig 10) collected from
BCKYV farm is shown in Table 13. The results found comparable with
earlier reports (Ishikawa et al., 2001; Kukreja & Dhawan, 2000).

CONCLUSIONS

Medicinal plants play a vital role in traditional system of herbal
medicine as well as in the process of modern drug discovery and
economic development. As we have the tremendous potential in
respect of flora of medicinal plants which is unique in the World.
The system of standardization should be established for every plant
medicine in the market because the scope of variation in different
batches of medicine is enormous. Adding to this variability is the
fact that in herbal medicine several plants may be used together in
the same preparation. This means there should be a quality test for
the entire preparation to ensure quality of the preparation. Standard
procedure should be developed for getting the final product HPTLC
finger print techniques of plant materials would help in laying down
pharmacopoeia standards to check the identity of the medicinal plant
and hence to control the quality of herbal medicine.
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Development of a Thin-Layer
Chromatography-Densitometric Method for
the Quantification of Podophyllotoxin in
Podophyllum hexandrum

Arcuana PesHiN Rainal*, S K. Pareek! anp K.S. Neai!

ABSTRACT

Podophyllum hexandrum Royle (Syn. P. emodti) commonly known, as
Indian Podophyllum has become an endangered species due to extensive
exploitation of this plant by the pharmaceutical industry for the
synthesis of anticancer drugs. It is therefore, necessary that research
and development of this plant should be intensified to save the crop
from extinction. A prerequisite to this endeavor is the development of
a reliable procedure to determine rapidly the content of podophyllotoxin
in minimum possible amount of plant material. Therefore, a
quantitative high-performance thin-layer chromatographic method was
developed to quantify podophyllotoxin from Podophyllum hexandrum.
Separation was performed on precoated silica gel 60 Fo54 HPTLC
followed by scanning of the spots at 210 nm detection mode using a
Camag Scanner 3. The relation between the concentration of standard
podophyllotoxin and corresponding peak areas was found to be linear
within the range of 100 ng to 1000 ng/spot. The proposed TLC method
was found to be precise, specific, sensitive and accurate and can be
used for routine quality analysis. The range of variation in
podophyllotoxin content of the collections from different regions was
between 1.09% to 4.76%.

Key words : HPTLC, podophylloresin, Podophyllum hexandum,
podophyllotoxin
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INTRODUCTION

Indian Podophyllum (Podophyllum hexandrum Royle), a perennial
herb, grows wild in the forests of interior Himalayan ranges of India,
particularly Himachal Pradesh, Jammu and Kashmir and Sikkim
hills (Chatterjee, 1952). The roots and rhizomes of Podophyllum
hexandrum contain various lignans (Jackson & Dewick, 1984; Kamil
& Dewick, 1986). These lignans are used as important drugs in the
treatment of testicular and small—cell lung cancer (Uden et al., 1989).
Podophyllotoxin is the most important lignan present in this plant,
which serves as a starting material for the semisynthesis of the
anticancer drugs (Broomhead & Dewick, 1990; Canal et al., 2000;
Stahelin & Wartburg, 1991) namely etoposide (VP-16-213) and
teniposide (VM-26). Their cytotoxic action is based on inhibition of
topoisomerase II, while podophyllotoxin acts as an inhibitor of the
microtubule assembly (Imbart, 1998). Podophyllotoxin is also a
precursor for the new derivative CPH-82 (reumacon) being tested in
Europe in phase III clinical trials for arthritis. In addition,
podophyllotoxin and podophyllin (Podophyllum resin) are considered
as active constituent in dermatological products for therapy of genital
warts. The demand for plant material, however, has endangered the
common source of podophyllotoxin, P. hexandrum (Nayar, 1990). The
roots of Podophyllum hexandrum contain a high concentration (4 per
cent on dry weight basis) of podophyllotoxin (Jackson & Dewick,
1984) that is a dimerized product of two phenyl propane units linked
by p-carbon atoms of their side chains. American podophyllum
(Podophyllum peltatum) contain very low podophyllotoxin (0.25%)
compared to Indian Podophyllum.

Due to its medicinal value, Podophyllum hexandrum is in great
demand, resulting in reckless collection of roots and rhizomes of
Podophyllum hexandrum from natural habitats for podophyllotoxin
extraction. However, roots and rhizomes of Podophyllum hexandrum
from different locations have not been systematically evaluated for
the selection of high podophyllotoxin producing biotypes.
Podophyllotoxin is still extracted from the roots of P. hexandrum
and P. peltatum collected from the wild. Chemical synthesis is also
possible, but not economical. Therefore, there is an increasing interest
in additional sources for supply of podophyllotoxin and future
production of these drugs depends upon cultivation of P. hexandrum
or the use of tissue/cells culture techniques that provide only small
quantities of plant material for analysis. A prerequisite to this
endeavor is the development of a reliable procedure to determine
rapidly the content of podophyllotoxin in minimum possible amount
of plant material. Though HPLC method have been reported for
determination of podophyllotoxin (Purohit et al., 1999) but HPTLC
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has emerged as a versatile technique for the standardization of herbal
formulations. It is simple and economical and requires minimum
sample clean up. The objective of this study was to standardize a
method suitable for quantitative estimation of podophyllotoxin in
roots and rhizomes of Podophyllum hexandrum using High
performance Thin layer Chromatography (HPTLC) and to study
variation in podophyllotoxin content in Podophyllum hexandrum
collections from different geographical regions.

Distribution and Habitat

The herb is distributed from the Himalayas to South-west China,
(India, Bhutan, Pakistan, China). It is found in the interior range of
the Himalayas from Kashmir to Sikkim at altitudes of 3000 to 4200
m and thrives as undergrowth in the fir forests rich in humus and
decaying organic matter. It is generally associated with species of
Juniperus, Rhododendron, Salix and Viburnum. It also prevails in
open alpine meadows where it is less frequent. It is known locally
as ban-kakri, ban-wagan etc.

Parts Used

Whole plant, fruits, rhizomes and roots.

Therapeutic Uses

The resin of this species is used as hepatic stimulant, in constipation,
cold and bilary fever and anti cancer drugs.

Botanical Description

Podophyllum species are the perennial plants in the family
Berberidaceae and have the chromosome number 2n=12. Podophyllum
hexandrum Royle (P. emodi) is an erect glabrous succulent herb, 35
to 60 cm high, with creeping perennial rhizomes and bearing countless
roots, leaves 2 or 3, palmate, peltate, orbicular-reniform with lobed
segments. Flowers are solitary, cup shaped, white or pink. Flowering
time is May. Fruits are elliptic or oblong berry, orange or red, 2.5
to 5 cm diameter, containing several seeds embedded in the pulp.

MATERIALS AND METHODS

Plant Material

Mature individual plants, showing variability were collected during
May-June from Sikkim hills and Bhowali from altitudes ranging from
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1800 to 3500 m above sea level. Roots and rhizomes of individual
populations were washed with a fine jet of water till the soil was
completely removed. All the root samples were dried at 60°C for 24
h in an oven. Dried roots were ground to a powder in a pestle and
mortar.

Reagents and Solvents

All the solvents used were of analytical grade. Reference standard
podophyllotoxin was obtained from Across Organics.

Preparation of Standard Solution

Podophyllotoxin (10 mg) standard was weighed, transferred into a 10
mL standard volumetric flask, dissolved in methanol and final volume
was made 10 mL so that 1 ml of standard contains 1 mg of
podophyllotoxin.

Extraction

Dry root powder (2 g) of Podophyllum hexandrum was extracted with
ethanol in a soxhlet apparatus for 12 h on a boiling water bath. The
ethanol extract was distilled in vacuum to remove the solvent. The
residue obtained was dissolved in the minimum volume of absolute
ethanol and precipitated by ice cooled acidulated water at 4°C. The
resin obtained was filtered and washed with water to make it free
from acid. It was weighed for the total podophylloresin content. The
resin (1 mg) obtained was dissolved in 1 mL methanol for application
on silica gel HPTLC plates.

Chromatography

Chromatography was performed on 20 cm x 10 cm silica gel 60 Fasq
HPTLC plate, (E. Merck, Germany). Samples along with different
concentrations of standards (podophyllotoxin 1 mg/1 mL) prepared in
methanol, were applied to the plate as 6 mm wide bands with an
automatic TLC applicator Linomat V with Ny flow (CAMAG,
Switzerland), 10 mm from the bottom. The HPTLC plates were
developed to a distance of 80 mm in a 20 em x 10 cm CAMAG twin
trough glass tank. A combination of different mobile solvents of
varying polarity was used to optimize the composition of mobile
phase. A solvent combination of chloroform: methanol (9:1; v/v) was
found to give best TLC resolution with pre saturation for 15 min.
The HPTLC runs were made in the laboratory conditions of 25 £+ 5°C
and 50% relative humidity. After development the plates were
withdrawn and dried and spots were visualized in UV light (UV cabinet,
CAMAG, Switzerland).
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Densitometric evaluation was done using CAMAG TLC scanner 3
equipped with Wincat software under the following conditions: slit
width 5 x 0.45 mm, wavelength 210 nm UV (deuterium lamp)
absorption-reflection detection mode. Different amounts (0.1-1 ng) of
stock solution of standard podophyllotoxin were applied in duplicates
on HPTLC plate. The plate was developed as above and scanned at
210 nm. Peak areas were recorded for all the tracks. A calibration
curve was constructed by plotting concentration versus peak area of
the compound. A known amount of root extract was spotted on TLC
plate and concentration of podophyllotoxin in Podophyllum hexandrum
root extract was determined using above calibration curve.

Validation of the Method

For determining recovery of podophyllotoxin, known amount of stock
solution of pure podophyllotoxin was added to fixed amount of root
extract at three concentration levels and quantitative analysis was
repeated three times. The percentage recoveries were calculated
from the peak areas of podphyllotoxin in the samples.

The repeatability of the method was affirmed by applying 2 ul
aliquots of standard solution (10 pg/10 ul) of podophyllotoxin on a
TLC plate (n=5) and analyzing them as described in the preparation
of calibration plot. Repeatability was expressed as the RSD of the
peak areas.

RESULTS AND DISCUSSION

For the analysis of herbal raw materials and herbal preparations,
TLC is superior to other instrumental analytical techniques because
it is simple and economical and requires minimum sample clean up.
That is why TLC has emerged as an efficient tool for the
phytochemical evaluation of herbal drugs. A TLC densitometric
technique is therefore, suggested for the determination of
podophyllotoxin in Podophyllum hexandrum roots and<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>