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Preface

Medicinal plants are plants whose extracts can be used
directly or indirectly for the treatment of different ailments.
The use of traditional medicine and medicinal plants in
most developing countries, as a basis for the maintenance
of good health, has been widely observed. In the world
more than 30 per cent of the pharmaceutical preparations
are based on plants. Scientists throughout the world are
trying to explore the precious assets of medicinal plants
to help the suffering humanity.

An increasing reliance on the use of medicinal plants
in the industrialised societies has been traced to the
extraction and development of several drugs and
chemotherapeutics from these plants. The medicinal values
of these plants are due to the presence of small doses of
active compounds which produces physiological actions
in the human and animal body. Some of the important
bioactive compounds found in medicinal plants are
alkaloids, glycosides, resins, gums, mucilages etc.

The present book explores the recent developments
in the field of botanical medicine. It provides vital
information on various bioactive compounds. present in
plants and their use in the synthesis of pharmaceuticals.
Educated readers, practitioners, and academics of natural
sciences will be benefited by the contents of this work.

Editor
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Therapeutic Value of Medicinal
Plants

Medicinal plants are an integral component of
ethnoveterinary medicine. Medicinal plants, since times
immemorial, have been used in virtually all cultures as a
source of medicine. The widespread use of herbal remedies
and healthcare preparations, as those described in ancient
texts such as the Vedas and the Bible, and obtained from
commonly used traditional herbs and medicinal plants, has
been traced to the occurrence of natural products with
medicinal properties. The use of traditional medicine and
medicinal plants in most developing countries, as a
normative basis for the maintenance of good health, has
been widely observed.

Furthermore, an increasing reliance on the use of
medicinal plants in the industrialised societies has been
traced to the extraction and development of several drugs
and chemotherapeutics from these plants as well as from
traditionally used rural herbal remedies. Moreover, in these
societies, herbal remedies have become more popular in
the treatment of minor ailments, and also on account of
the increasing costs of personal health maintenance.
Indeed, the market and public demand has been so great
that there is a great risk that many medicinal plants today,
face either extinction or loss of genetic diversity.
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As defined by WHO, health is a state of complete
physical, mental, and social well being and not merely the
absence of disease or infirmity. Medicine, in several
developing countries, using local traditions and beliefs, is
still the mainstay of health care. The practise of traditional
medicine is widespread in China, India, Japan, Pakistan,
Sri Lanka and Thailand. In China about 40% of the total
medicinal consumption is attributed to traditional tribal
medicines. In Thailand, herbal medicines make use of
legumes encountered in the Caesalpiniaceae, the Fabaceae,
and the Mimosaceae.

In the mid-90s, it is estimated that receipts of more
than US$2.5 billion have resulted from the sales of herbal
medicines. And, in Japan, herbal medicinal preparations
are more in demand than mainstream pharmaceutical
products. Africa is a rich source of medicinal plants.
Perhaps, the best known species is Phytolacca dodecandra.
Extracts of the plant, commonly known as endod, are used
as an_effective molluscicide to control schistosomiasis.
Other notable examples are Catharanthus roseus, which
yields anti-tumour agents such as vinblastine and
vincristine; and Ricinus communis, which yields the
laxative--castor oil.

In Botswana, Lesotho, Namibia and South Africa,
Harpagophytum procumbens is produced as a crude drug
for export. Similarly, Hibiscus sabdariffa is exported from
Sudan and Egypt. Other exports are Pausinystalia yohimbe
from Cameroon, Nigeria and Rwanda, which yields
yohimbine; and Rauwolfia vomitoria, from Madagascar,
Mozambique and Zaire, which is exploited to yield
reserpine and ajmaline. The use of medicinal plants like
Eupatorium perfoliatum (bonest), Podophyllum peltatum
(mayapple), and Panax quinquefolium (ginseng) has long
been associated with the American Indians. These plants
have also been appreciated and recognised for their
aesthetic and ornamental value.
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In Central America medicinal plants have been
widely used—by the Maya Indians in Mexico, the Miskitos
and Sumus in Honduras and Nicaragua, the Pech, Lencas,
and Xicaques in Honduras, the Pipiles in El Salvador, the
Talamancas in Costa Rica, and the Guaymis and Kunas in
Panama. In Europe, some 1500 species of medicinal and
aromatic plants are widely used in Albania, Bulgaria,
Croatia, France, Germany, Hungary, Poland, Spain,
Turkey, and the United Kingdom. The Maltese islands
constitute an apt example where medicinal plants are
widely used in every day life as part of folk medicinal
remedies.

Ethnobotanical information is leading to the discovery
of novel phytopharmaceuticals and other phytoproducts.
This trend has made their commercialisation a necessity.
Therefore, industries based on medicinal and aromatic
plants have been established all over the world with a
view to manufacture the so-called green products to satisfy
the growing demand.

The development of formulation of drugs of plant
origin involves botanical identification of the vegetable
drug, cultivation and post-harvest procedures, extraction
procedures, standardisation of extracts and pharmaceutical
formulation. This means that the phytotherapeutics are in
the hands of personnel from different disciplines. The
production of phytotherapeutics or drugs from plants
needs the co-operation of a big team of horticulturists,
botanists, ecologists, taxonomists, phyto-chemists,
pharmacists, pharmacologists, pharmaceutical specialists,
marketing and distribution specialists, etc.

The modern development of phytotherapy requires
the integration of scientific results of different disciplines,
namely, ethno-botanical, agro-technical, biomedical,
industrial, registration and marketing, and education and
dissemination Doubtless this puts the issue of medicinal
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plants and phytotherapeutics in a critical situation as the
synchronised cooperation among these specialists is not
an easy task.

The plant products available in the commercial
market still lack, to some extent, quality certificates that
inform us about the content of the active ingredients or
about a necessary standardisation procedure.
Standardisation is more difficult with drugs which active
principles are not well known. No one is prepared to take
plant products seriously unless certain elementary quality
control criteria have been fulfilled.

Also, physicians are not prepared to prescribe the raw
plant drugs. A full acceptance of phytopharmaceuticals
and the integration of phytotherapy into the concepts of
classical medicine can be achieved only if
phytopharmaceuticals meet the same criteria of quality as
synthetic pharmaceuticals. "

Adulterated phytopharmaceuticals have been put on
the market in different countries. Moreover, we should be
aware of the problems with contaminants like pesticides.
The safety and quality of phytopharmaceuticals must be
guaranteed, even if efficacy is already recognised and
traditionally accepted The development of medicinal and
aromatic plants is hindered by lack of technical and
economic data.

It is interesting to note that in many countries all over
the world the drugs are exhibited in the shops in a more
or less similar manner. Trade in the drugs obtained from
wild plants is very common everywhere. However, there
is no proper attention paid to its socio-economical aspects
in the developing countries.

History of Medicinal Plants

As early as 3000 B.C., the ancient Egyptians put much
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confidence in plants for curing many diseases. Up till now,
the same confidence is still existing among the
contemporary Egyptians and a “turn-back” to “remedy by
herbs” is now becoming a global rather than regional or
national request. This is strongly favoured, since the
natural drugs have little or no side effects as do the
chemically synthesised medications.

In view of the diversity of the habitats and the climate
of the country, the biota exhibits considerable diversity.
The plant resources, despite the climatic aridity, are diverse
and some of them could be unexpected food or remedy
for the natives. The medicinal plants growing in the
various habitats in Egypt represent a major and important
component of these plants, which are threatened and some
are on the brink of extinction.

Since times immemorial, the use of plants for curing
human diseases has been in practice everywhere. Such use
of plants is a part of the human history in Egypt as well
as in all the countries of N. Africa and the Middle East.
The people in the region depended mainly on traditional
medicine for their health care needs and the ailments of
their animals. The folk medicine in the region is full of
receipes for curing various diseases.

The term “Attar” in Egypt and “Herb’s seller” in
Tunisia denotes the persons who sell drugs and medicinal
plants for curing diseases or for health care. The shops of
attarin occur in the narrow lanes of the old part of the
city in any Arab country. It is the quarter of the city which
represented the core of the old city, with mosques. The
drugs and the medicinal plants, from every corner of the
world, are exhibited in a very attractive way. The beautiful
colours are attractive, and the odour is characteristic of
the whole quarter.

One smells cumin, cardamom, coriander, cinnamon,
pepper, liquorice, etc.; all mixed together with perfumes.



6 Bioactive Medicinal Plants

This is not in a particular city, but it observed in all the
cities of the Arab World. For instance, in Argentine, on
can see the same exhibition in the city of Mendoza. In
Egypt, the famous Ebers Papyrus, written in 1550 B.C.,
gives 842 prescriptions, that are not explicitly magical, they
are made of 328 different ingredients. Among them are
plant species growing in Egypt or other N. African
countries, e.g. Artemisia absinthium, Acacia spp., Balanites
aegyptiaca, Bryonia spp., Hyoscyamus muticus, Myrtus
communis, Onopordon spp., Ziziphus spp., etc.
Dioscorides, in his Materia Medica, gave the names of
many plants from Egypt (Acacia nilotica, the Egyptian
thorn) and Cyrenaica (Dorema ammoniacumy).

The Muslim herbalists wrote over centuries many
books and treatises on medicinal plants in the Islamic
World, including Egypt. In view of the vast area occupied
by the Islamic nation, the names of these plants were given
in Arabic, Amazighy (Berber), Greek, Persian, Hindi and
other languages. Writing about medicinal plants became
very common. Institutes, universities and research centres
hosted many studies on the medicinal plants of the
different countries in Egypt and other countries in the
Middle East and North Africa. Phytochemical screening
and search for active principles in wild plants represent
common projects in the different countries. Ecological,
taxonomic and floristic studies of medicinal plants took
place.

In 1960 a book on the medicinal plants in arid zones
was published by UNESCO. Both the botanical and
pharmacological aspects of medicinal plants growing in
the arid zones were presented in that book Later, in 1983,
Boulos wrote a book on the medicinal plants in North
Africa in which he gives information about these plants
and their therapeutic uses in folk medicine. Scientists from
the region wrote many books and articles about the
medicinal plants.
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Nevertheless, there are gaps of knowledge about the
medicinal plants in the region, e.g., their autecology,
distribution, productivity, possibility of cultivation. In view
of the rapid extensive exploitation of the wild medicinal
plants in the region. It is indispensable to undertake
studies on these plants and investigate methods and
measures of conservation.

Wild Medicinal Plants

The conspicuous habitat diversity in the country, as a
result of geographical, physiographic, edaphic and climatic
conditions, is reflected upon the plant life. More than two
thousand species grow wild in Egypt. Doubtless, man has
been using hundreds of these species for their therapeutic
value or as condiments. There is no complete inventory
of medicinal plants of the region.

Pharmacopoeial wild medicinal plants: These are plants
used in folk medicine since a long time ago. Recent and
modern studies on these plants proved the occurrence of
active principles in them. Their pharmacological activity
had been investigated. They are among the
pharmacopoeial drugs in different pharmacopoeias; either
in the Arab countries or abroad.

Plants used in folk medicine: There are numerous plant
species which are collected from the field to be sold in
the “Attarin” or the herb’s seller shops.

Plants of Potential Medicinal Value: Many plant species
were investigated for their active constituents. This has
been done depending on the information of the folk use
of these plants, or in species with relatives of species,
genera or he same family, known from other countries to
have active constituents.

The great surge of public interest in the use of plants,
as well as some animal products, as medicines is based
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on the assumption that the plants will be available on a
continuing basis. However, no concerted effort has been
made to ensure this, in the face of the threats posed by
increasing demand of vastly increasing human population
and extensive destruction of plant-rich habitats.

Drugs obtained from these plants are sold in the
markets all over the region. Shops selling these drugs,
either fresh or dried, are widespread in the main cities of
the country. Usually, these shops are found in the old part
of the city. All over the Arab, and also the Islamic World,
one finds that these shops are in the old part of the city.
These shops occur in narrow lanes and are full of drugs
obtained from the same country or imported from different
countries.

The fragrant odours of the powders of the drugs and
condiments can be smelled in the area where these shops
are located. The visitors to these shops are diverse, with
different educational backgrounds; everybody is asking the
help of the attar and his advice for the treatment of some
diseases, or for fattening or reducing weight. After birth,
the woman needs nutritive drinks, which can be obtained
by decoctions from compound drugs and materials mixed
by the attar.

The most famous prescriptions by the attar include
those drugs for cough, urinary stones, abdominal pains,
diabetes, rheumatism, spasms, aphrodisiac, constipation,
headache, liver problems, skin diseases, etc. The
continuous use of these plants impose a considerable
pressure on the naturally growing plants in the deserts
and semi-deserts of the region. In such habitats, the rate
of exploitation is more than the rate of establishment in
the harsh desert environment.

Value of Phytomedicines

The world-wide sales of over-the-counter phytomedicines



Therapeutic Value of Medicinal Plants 9

to be $ 10 billion, with an annual growth of 6.5%. The US
market for botanical medicine is estimatea to exceed $ 2
billion at retail sales in 1997. Due to this demand, both
universities and pharmaceutical companies devote
themselves to the research of medicinal plants.

The European market for Herbal Medicinal Products
(HMP) represents $7 billion of the $ 14 billion global retail
market. Based on thousands of years of herbal tradition,
business conditions in Europe are very favourable. There
are well established guidelines and regulations to register
HMP as drugs in many European countries. Germany is
the leading market with approx. 50% of the sales in
Europe, followed by France and Italy. In Germany still
50% of the HMP are prescribed by physicians and
reimbursed by the heath insurance system. '

Some multinational pharmaceutical companies like
Boehringer Ingelheim, Bayer, Novartis and Roche are
active in the field of HMP. On the other hand, in
developing countries, there are no reliable available data
on the economy of the medicinal plants. The problem is
more significant in the case of wild medicinal plants.
However, these are the plants subjected to degradation and
may be to extinction within a few years. In view of the
consequences of the GAAT, it is important to assess the
value of these plants as an important biological resource
and to document the intellectual property rights.

Medicinal plants are an important health and
economic component of the floras in developed as well as
developing countries. Increasing world-wide interest in
herbal remedies, expanding reliance of local health care
of traditional remedies, and a renewed interest in the
development of pharmaceuticals from plant sources have
greatly increased trade in medicinal plant materials.
Important populations of medicinal plants are found not
only in the regions and ecosystems with high biological
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diversity but also in less diverse floras and in floristic
communities that are not a common focus of conservation
efforts.

For instance, in the arid and semi-arid zones of the
Middle East, the floras comprise very important genetic
resources of crop and medicinal plants. The conservation
of medicinal plant species in the wild is indispensable.
While little is known about the population status of the
majority of medicinal plant species, it is clear that most
medicinal plants are collected from wild populations, and
many are seriously threatened with extinction by lack of
local harvest controls and habitat degradation.

The current focus of attention on biodiversity
prospecting has diverted attention from the more serious
environmental threat posed by large-scale harvest of
medicinal plants for phyto-medicine production. Efforts to
comprehend conservation needs and provide incentives for
long-term sustainable harvest of medicinal plants are few.
National and international regulation and protection may
have some effect, but the most important role and
responsibility for sustainable use belongs to industry and
consumer support for local conservation.

The great surge of public interest in the use of plants
as medicines is based on the assumption that the plants
will be available on a continuing basis. However, no
concerted effort has been made to ensure this, in the face
of threats posed by increasing demand of vastly increasing
human population and extensive destruction of plant rich
habitats.

The disappearance of the medicinal plants from their
natural habitats has an unseen consequence. This is the
knowledge of the medicinal healers. In some parts of
Egypt, as well as other Arab countries, this healer is
known as a “doctor” or hakim. Those traditional doctors



Therapeutic Value of Medicinal Plants 11

usually have a long and inherited experience. The erosion
of such important genetic resource and their deterioration
are accompanied with the disappearance of knowledge
and traditional experience.

Consequently, a loss of the intellectual property
rights. There is a great need to provide a framework for
the conservation and sustainable use of plants in medicine.
Ethnobotanical studies should be encouraged which
represent basic studies to help implementing conservation
programmes. Drugs obtained from these plants are sold
in the market, they are sold either fresh or dried. Shops
selling these drugs, either fresh or dried, are found in the
old part of the cities in the Arab region, and also in the
Islamic countries.

These shops are full of drugs obtained from the same
country or imported from different countries. All over the
Arab, and also the Islamic World, One finds that these
shops are in the old part of the city. These shops occur in
narrow lanes and are full of drugs, which may be obtained
from the same country or imported from different
countries. The continuous use of these plants impose a
considerable pressure on the naturally growing plants in
the deserts and semi-deserts of the region. In such habitats,
the rate of exploitation is more than the rate of
establishment of new stands of the collected plants.
Doubtless, this has consequences affecting the components
of the environment, including the biodiversity.

Production of Medicinal Plants

The production of medicinal and aromatic plants requires
an understandings of plant growth, ecology, business,
economics, law, conservation, and a lot of other subjects
related to tillage and gathering plants, While developments
such as machinery, fertilizers, and pesticides, have helped
farmers meet demands for quality materials at affordable
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prices, the balance with farming costs, and labour compels
society to set directions and establish limits.

The technology of producing plants continues to
evolve with the movement of laboratory and field
experiments to firms and forests with the expectation that
advancements create better farming. The current task is
to examine and measure farming methods according to
established principles in accordance with the common
needs of communities. By taking advantage of progress
in biology, engineering, and other disciplines, medicinal
and aromatic plant growers can undoubtedly continue to
harvest high-yielding crops.

Use of wild desert plants and their cultivation is not
a new practice. It has been common in many countries all
over the world. In U.S.A., Mexico, India and many other
countries, such plants have been cultivated over varied
areas and produced considerable economic return. The
wild medicinal plants growing in the desert region of
Egypt can be a good source for cultivating vast areas in
the desert with the least ecological consequences in
addition to the conservation of such resource.

Conservation of Water:

— Desert plants have low water consumption. The wild
medicinal plants, as other desert ones, are endowed
with characteristics and adaptations making them
drought resistant and/or drought tolerant.

— One can make use of seepage water along the margins
of the farms and irrigation canals. The yield can be a
reasonable cash crop for the farmers in the desert.

— The wild plants are able to tolerate the unavailability
of continuous exogenous water supply for reasonable
periods.
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Sustainable Development

— Cultivation of wild plants do not introduce new weeds
or other new pests to the ecosystem.

— Many wild plants do not need the use of pesticides.
This is a privilege of plants cultivated under desert
conditions, i.e. under almost their natural habitat
conditions.

— Minimal ecological consequences for the agro-
ecosystem o Minimal degradation, salinisation, soil
erosion, waterlogging, etc.

Improvement of the economy of wasteland:
a) Environmental protection

— Dune stabilisation

— Wildlife habitat

— Biodiversity conservation
b) Economical improvement:

— Fill a gap in the domestic needs such as folk
medicine and pharmaceutical industries.

— Potential for exports, especially pharmacoepial
drug plants o Potential for creation of small
industries in cutting, drying, grinding, extraction,
packing, etc..

— Provides cash (crop) income for settlers in newly
reclaimed land and desert areas.

Issues

Traditional and folklore medicine bequeathed from
generation to generation is rich in domestic recipes and
communal practice. Encompassing concepts and methods
for the protection and restoration of health, traditional



14 Bioactive Medicinal Plants

medicine has served as a fount of alternative medicine,
new pharmaceuticals, and healthcare products. The best
known examples of traditional medicine, differing in
concept and protocol, are well-developed systems such as
acupuncture and ayurvedic medicine that have been
widely used to conserve human health in China and India.

Developed countries, in recent times, are turning to
the use of traditional medicinal systems that involve the
use of herbal drugs and remedies. About 1400 herbal
preparations are used widely, according to a recent survey
in Member States of the European Union. Herbal
preparations are popular and are of significance in primary
healthcare in Belgium, France, Germany and the
Netherlands. Such popularity of healthcare plant-derived
products has been traced to their increasing acceptance and
use in the cosmetic industry as well as to increasing public
costs in the daily maintenance of personal health and well
being.

Examples of such beauty-oriented therapeuticals are
skin tissue regenerators, anti-wrinkling agents and anti-
age creams. Most dermaceuticals are derived from algal
extracts that are rich in minerals and the vitamin B group.
Skincare products such as skin creams, skin tonics, etc.
derived from medicinal plants are grouped together as
dermaceuticals. Also, amongst the poor, cures and drugs,
derived from plants, constitute the main source of
healthcare products.

Gorman drew attention to the power of Chinese folk
medicinal potions in treating maladies from eczema and
malaria to respiratory disorders. In the quest for new
medicines to treat old and emergent diseases such as
malaria and AIDS, attention is now being given to
discovering the active ingredients encountered in the
treasury of over 5,000 Chinese herbs, plants and roots that
have been used routinely and traditionally. Quinghaosu
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and Chaihu are two such examples. Whereas the former,
called artemisinin and obtained from Artemisia annua is
expected to yield, in the coming millennium, a potent new
class of antimalarials, the latter, obtained from Bupleurum
chinense and used as a popular remedy for hepatitis is
the focus of intense research by the Japanese
pharmaceutical industry. More recently, the biochemistry
of tianhuafen or cucumber is being studied in the USA to
decipher the identity of compound Q, an extract used in
China and credited with remedial and relief properties in
AIDS sufferers.

Farmers and pastoralists in several countries use
medicinal plants in the maintenance and conservation of
the healthcare of livestock. Intestinal disorders in cows,
in Mexico, are treated with herbal extracts of Polakowskia
tacacco. Dietary supplements such as vitamin A in poultry
feeds in Uganda are supplied through enrichments of
amaranth (Amaranthus sp.). It is estimated that medicinal
plants, for several centuries, have been widely used as a
primary source of prevention and control of livestock
diseases. In fact, interest of such use in the veterinary
sector has resulted primarily from the increasing cost of
livestock maintenance and the introduction of new
technology in the production of veterinary medicines and
vaccines.

Some of the researchers surveying the use of spice
and their medicinal properties around the world,
concluded that spices serve the adaptive purpose of
reducing food-borne disease. In reviewing relevant texts
ranging from the preservative properties of spices against
food spoilage to the presence of antimicrobial substances
that lay claim to the elimination of pathogenic organisms
in food preparations, the case is made for a more objective
analysis and study of the medicinal properties of spices
in victu rather than in victo. A whole range of plant-
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derived dietary supplements, phytochemicals and pro-
vitamins that assist in maintaining good health and
combating disease are now being described as functional
foods, nutriceuticals and nutraceuticals.

Despite the increasing use of medicinal plants, their
future, seemingly, is being threatened by complacency
concerning their conservation. Reserves of herbs and stocks
of medicinal plants in developing countries are
diminishing and in danger of extinction as a result of
growing trade demands for cheaper healthcare products
and new plant-based therapeutic markets in preference to
more expensive target-specific drugs and
biopharmaceuticals. Such concerns have stimulated
positive legal and economic interest.

Issues concerning intellectual property rights,
compensation for loss of finance-rich biodiversity
resources, and the acquisition and safeguarding of
traditional healthcare knowledge are no longer neglected.
Bioprospecting of new drugs from medicinal plants and
the exploitation of unprotected traditional knowledge in
starting-up potentially new bioindustries are the focus of
new monitoring measures. Indeed, programmes dealing
with medicinal plant conservation, cultivation, community
involvement and sustainable development being initiated
elsewhere, could benefit immensely from the Chinese and
Indian experiences.

Genetic biodiversity of traditional medicinal herbs
and plants is continuously under the threat of extinction
as a result of growth-exploitation, environment-unfriendly
harvesting techniques, loss of growth habitats and
unmonitored trade of medicinal plants. Medicinal herbs,
possessing penile potency properties and anti-cancer
principles are the focus of smuggling to import markets
in Germany, France, Switzerland, Japan, the UK., and the
US.A. The best known example, in recent times, is that

C ey
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of tetu lakda. Commonly encountered in southern India
and Sri Lanka, the herb is exploited as a source of anti-
cancer drugs.

The industrial uses of medicinal plants are many.
These range from traditional medicines, herbal teas, and
health foods such as nutriceuticals to galenicals,
phytopharmaceuticals and industrially produced
pharmaceuticals. Furthermore, medicinal plants constitute
a source of valuable foreign exchange for most developing
countries, as they are a ready source of drugs such as
quinine and reserpine; of galenicals like tinctures and of
intermediates (e.g. diosgenin from Discorea sp.) in the
production of semi-synthetic drugs. The world market for
plant-derived chemicals—pharmaceuticals, fragrances,
flavours, and colour ingredients, alone exceeds several
billion dollars per year.

Classic examples of phytochemicals in biology and
medicine include taxol, vincristine, vinblastine, colchicine
as well as the Chinese antimalarial—artemisinin, and the
Indian ayurdevic drug-forkolin. Trade in medicinal plants
is growing in volume and in exports. It is estimated that
the global trade in medicinal plants is US$800 million per
year. The botanical market, inclusive of herbs and
medicinal plants, in USA, is estimated, at retail, at
approximately US$1.6 billion p.a. China with exports of
over 120,000 tonnes p.a., and India with some 32,000
tonnes p.a. dominate the international markets. It is
estimated that Europe, annually, imports about 400,000 t
of medicinal plants with an average market value of US$
1 billion from Africa and Asia.

A growing awareness of this new contributor to the
foreign-exchange reserves of several national treasuries is
beginning to emerge. To satisfy growing market demands,
surveys are being conducted to unearth new plant sources
of herbal remedies and medicines. In several industrialised



18 Bioactive Medicinal Plants

societies, plant-derived prescription drugs constitute an
element in the maintenance of health. Medicinal plants are
an integral component of research developments in the
pharmaceutical industry. Such research focuses on the
isolation and direct use of active medicinal constituents,
or on the development of semi-synthetic drugs, or still
again on the active screening of natural products to yield
synthetic pharmacologically-active compounds.

For example, in Germany over 1500 plant species
encountered in some 200 families and 800 genera have
been processed into medicinal products. In South Africa,
likewise, some 500 species are commercialised trade
products. Today, Bulgaria, Germany and Poland are
recognised as major exporters of plant-based medicinal
products.

The development and commercialisation of medicinal
plant-based bioindustries in the developing countries is
dependent upon the availability of facilities and
information concerning upstream and downstream
bioprocessing, extraction, purification, and marketing of
the industrial potential of medicinal plants. Absence of
such infrastructure compounded by lack of governmental
interest and financial support restricts the evolution of
traditional herbal extracts into authenticated market
products. Furthermore the absence of modernised socio-
economic and public healthcare systems reinforces reliance
of rural and lower-income urban populations on the use
of traditional medicinal herbs and plants as
complementary aids to routine pharmaceutical market
products.

The prophylactic and therapeutic effects of plant
foods and extracts in reducing cardiovascular disease has
been reviewed. Non-nutrient phytochemicals are
increasingly being recognised as potential health promoters
in reducing the risks of cardiovascular disease and
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atherosclerosis. Prominent herbs identified were Achillea
millefolium (yarrow), Allium sativum (garlic), Convallaria
majalis (lily of the valley), Cratageus laevigata (hawthorn),
Cynara scolymus (globe artichoke), Gingko biloba (gingko)
and Viburnum opulus (cramp bark).

Medicinal plants can make an important contribution
to the WHO goal to ensure, by the year 2000, that all
peoples, worldwide, will lead a sustainable socio-economic
productive life. The Centre for Science and Technology of
the Non-Aligned and other Developing Countries in India
organised an international workshop on Tissue Culture of
Economic Plants in April, 1994, as a means of using
modern biotechnological techniques to nurture and
conserve medicinal plants. In late 1997, the World Bank,
within the framework of the Global Environmental Facility,
provided a US$ 4.5 million grant for the Sri Lanka
Conservation of Medicinal Plants Project which focuses on
the conservation of medicinal plant populations, their
habitats, and their sustainable use in Medicinal Plant
Conservation Areas (MPCAs).

Inventories with emphasis on the management,
research and conservation of rare and endangered species
of medicinal plants are the main programmes at MPCAs
at Ritigala, Naula, Rajawaka, Kanneliya, and Bibile.
Aspects of policy and research concerning the cultivation
of non-tropical and tropical medicinal plants and their
genetic improvement; their conservation in botanical
gardens; their storage in liquid nitrogen; their economic
potential in international pharmaceutical trade; and their
vulnerability to over-exploitation and extinction have been
dealt with authoritatively.

Moreover, such concerns and issues are addressed
through a variety of programme activities and projects
conducted, and promoted by several international,
regional, and non-governmental organisations. Recent and
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renewed interest in medicinal plants coupled to
developments in information technology has fuelled an
explosion in the range and content of electronic
information concerning medicinal plants as a re-emergent
health aid. Recently reviewed diverse sources of such
information in traditional abstracting services as well as
in a variety of online electronic databases. As a result of
such developments, access to indigenous peoples and
cultures concerning medicinal plants are greatly facilitated.



2
Plant-based Biopharmaceuticals

The term “biopharmaceutical” was originated in the 1980s,
when a general consensus evolved that it represented a
class of therapeutics produced by means of modern
biotechnologies. Biopharmaceuticals, which are large
molecules produced by living cells, are currently the
mainstay products of the biotechnology industry.

Indeed, biologics such as Genentech’s human growth
factor somatropin or Amgen’s recombinant erythropoietin
(EPO) have shown that biopharmaceuticals can benefit a
huge number of patients and also generate big profits for
these companies at the same time.

Biopharmaceuticals can benefit a huge number of
patients and also generate big profits for these companies
at the same time. The single most lucrative product is EPO
and combined sales of the recombinant EPO products
“Procrit” and “Epogen” have reportedly surpassed the $6.5
billion mark. The 10 monoclonal antibodies on the market
consume more than 75% of the industry’s manufacturing
capability.

And there are up to 60 more that are expected to
reach the market in the next six or seven years. Altogether,
there are about 1200 protein-based products in the pipeline
with a 20% growth rate and the market for current and
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late stage is estimated to be US$42 billion in 2005 and even
US$100 billion in 2010. But, there are obvious limitations
of large-scale manufacturing resources and production
capacities—and pharmaceutical companies are competing.
To circumvent this capacity crunch, it is necessary to look
into other technologies rather than the established: ones,
like, for example, Escherichia coli or CHO (Chinese
Hamster Ovary) cell expression.

One solution to avoid these limitations could be the
use of transgenic plants to express recombinant proteins
at low cost, in GMP (Good Manufacturing Practice) quality
greenhouses. Plants therefore provide an economically
sound source of recombinant proteins, such as industrial
enzymes, and biopharmaceuticals. Furthermore, using the
existing infrastructure for crop cultivation, processing, and
storage will reduce the amount of capital investment
required for commercial production.

The active pharmaceutical compounds have been
primarily small molecules, however. One of the most
popular examples is aspirin (acetylsalicylic acid) to relieve
pain and reduce fever. First isolated natural salicin (a
chemical relative of the compound used to make aspirin)
from white willow bark in 1829. Advances in genetic
engineering ‘are now allowing for the production of
therapeutic proteins (as opposed to small molecules) in
plant tissues.

Expression of recombinant proteins in plants has been
well documented since the 1970s and has slowly gained
credibility in the biotechnology industry and regulatory
agencies. The first proof of concept has been the
incorporation of insect and pest resistance into grains. For
example, Bt corn contains genes from Bacillus thuringensis
and is currently being grown commercially. Genetic
engineering techniques are now available for the
manipulation of almost all commercially valuable plants.
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Easy transformation and cultivation make plants suitable
for production of virtually any recombinant protein.

Plants have a number of advantages over microbial
expression systems, but one of them is of outmost
importance: they can produce eukaryotic proteins in their
native form, as they are capable of carrying out post
translational modifications required for the biological
activity of many such proteins. These modifications can
be acetylation, phosphorylation, and glycosylation, as well
as others. Per se, there is no restriction to the kind of
proteins that can be expressed in plants: vaccines (e.g.
pertussis or tetanus toxins), serum proteins (e.g. albumin),
growth factors (e.g. vascular endothelial growth factor
(VEGEF), erythropoietin), or enzymes (e.g. urokinase,
glucose oxidase, or glucocerebrosidase).

However, enzymes sometimes have very complex
cofactors, which are essential for their catalytic mode of
action, but cannot be supplied bymost expression systems.
This is why, for the expression of some enzymes,
expression systems with special features and characteristics
need to be developed. Another very important class of
proteins is the antibodies (e.g. scFv, Fab, IgG, or IgA).
More than 100 antibodies are currently used in clinical
trials as therapeutics, drug delivery vehicles, in diagnostics
and imaging, and in drug discovery research for both
screening and validation of targets. Again, plants are
considered as the system of choice for the production of
antibodies (plantibodies) in bulk amounts at low costs.

Since the initial demonstration that transgenic tobacco
(Nicotiana tabacum) is able to produce functional IgG1
from mouse, full-length antibodies, hybrid antibodies,
antibody fragments (Fab), and single-chain variable
fragments (scFv) have been expressed in higher plants for
a number of purposes. These antibodies can serve in health
care and medicinal applications, either directly by using
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the plant as a food ingredient or as a pharmaceutical or
diagnostic reagent after purification from the plantmaterial.
In addition, antibodiesmay improve plant performance, for
example, by controlling plant disease or by modifying
regulatory and metabolic pathways.

Plant Expression Systems

Chinese Hamster Ovary (CHO) cells are the most widely
used technology in biomanufacturing because they are
capable of expressing eukaryotic proteins (processing,
folding, and posttranslational modifications) that cannot
be provided by E. coli. A long track record exists for CHO
cells, but unfortunately they bring some problems along
when it comes to scaling up production.

Transport of oxygen (and other gases) and nutrients
is critical for the fermentation process, as well as the fact
that heat must diffuse evenly to all cultured cells.
According to the Michaelis-Menten equation, the growth
rate depends on the oxygen/nutrient supply; therefore,
good mixing and aeration are a prerequisite for the
biomanufacturing process and are usually achieved by
different fermentation modes. But the laws of physics set
strict limits on the size of bioreactors.

To compound the problem, regulators in the United
States and Europe demand that drugs have to be produced
for the market in the same system used to produce them
for the final round of clinical trials, in order to guarantee
bioequivalence (e.g. toxicity, bioavailability,
pharmacokinetics, and pharmacodynamics) of the
molecule. So, companies have to choose between launching
a product manufactured at a smaller development facility
or building larger, dedicated facilities for a drug that might
never be approved.

Therefore, alternative technologies are used for the
expression of biopharmaceuticals, some of them also at
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lower costs involved. One such alternative is the creation
of transgenic animals (“pharming”), but this suffers from
the disadvantage that it requires a long time to establish
such animals. In addition to that, some of the human
biopharmaceuticals could be detrimental to the mammal’s
health, when expressed in the mammary glands. This is
why ethical debates sometimes arise from the use of
transgenic mammals for production of biopharmaceuticals.

Although there are no ethical concerns involved with
plants, there are societal ones that will be addressed later.
Another expression system utilizes transgenic chicken. The
eggs, from which the proteins are harvested, are natural
protein-production systems. But production of transgenic
birds is still several years behind transgenic mammal
technology. Intensive animal housing constraints also make
them more susceptible to disease.

In the light of development time, experience, costs,
and ethical issues, plants are therefore the favoured
technology, since such systems usually have short gene-
to-protein times (weeks), some are already well
established, and as mentioned before, the involved costs
are comparatively low.

SWOT Analysis

The different expression systems regarding their strengths,
weaknesses, opportunities, and threats (SWOT), the
advantages of plants and their potential to circumvent the
worldwide capacity limitations for protein production
became quite obvious.

Comparison of transgenic animals, mammalian cell
culture, plant expression systems, yeast, and bacteria
shows certain advantages for each of the systems. In the
order in which the systems were just mentioned, we can
compare them in terms of their development time (speed).
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Transgenic animals have the longest cycle time (18 months
to develop a goat), followed by mammalian cell culture,
plants, yeast, and bacteria (one day to transform E. coli).

If one looks at operating and capital costs, safety, and
scalability, the data show that plants are beneficial:
therefore, in the comparison, they are shown on the right-
hand side already. But even for glycosylation, multimeric
assembly and folding (where plants are not shown on the
right-hand side, meaning other systems are advantageous),
some plant expression systems are moving in that
direction.

This system performs proper folding and assembly
of even such complex proteins like the homodimeric VEGF.
Even the sugar pattern could successfully be reengineered
from plant to human like glycosylation. In addition to the
potential of performing human glycosylation, plants also
enjoy the distinct advantage of not harboring any
pathogens, which are known to harm animal cells (as
opposed to animal cell cultures and products), nor do the
products contain any microbial toxins, TSE (Transmissible
Spongiform Encephalopathies), prions, or oncogenic
sequences.

In fact, humans are exposed to a large, constant dose
of living plant viruses in the diet without any known
effects/illnesses. Plant production of protein therapeutics
also has advantages with regard to their scale and speed
of production. Plants can be grown in ton quantities (using
existing plant/crop technology, like commercial
greenhouses), be extracted with industrial-scale equipment,
and produce kilogram-size yields from a single plot of
cultivation. These economies of scale are expected to
reduce the cost of production of pure pharmaceutical-grade
therapeutics by more than 2 orders of magnitude versus
current bacterial fermentation or cell culture reactor
systems.
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Heterologous proteins were successfully produced in
a number of plant expression systems with their manifold
advantages, there are also obvious downsides. The main
concerns of using plant expression systems are societal
ones about environmental impacts, segregation risk, and
contamination of the food chain. But these threats can be
dealt with, using nonedible plants (nonfood, nonfeed),
applying advanced containment technologies (GMP
greenhouses, bioreactors) and avoiding open-field
production. Owing to the obvious strengths of plant
expression systems, there has been explosive growth in
the number of start-up companies.

Since the 1990s, a number of promising plant
expression systems have been developed, and in response
to this blooming field big pharmaceutical companies have
become more interested. Now, the plant expression field
is ripe for strategic alliances, and, in fact, the last year has
seen several major biotech companies begin partnerships
with such plant companies.

Contingency Measures

For a number of reasons, including the knowledge base
developed on genetically modifying its genome, industrial
processes for extracting fractionated products and the
potential for large-scale production, the preferred plant
expression system has been corn. However, the use of corn
touches on a potential risk: some environmental activist
groups and trade associations are concerned about the
effect on the environment and possible contamination of
the food supply.

’ These issues are reflected in the regulatory guidelines
‘and have been the driving force to investigate other plants
as well. While many mature and larger companies have
been working in this area for many years, there are a
number of newcomers that are developing expertise as
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well. These smailer companies are reacting to the concerns
by looking at the use of nonedible plants that can be
readily raised in greenhouses.

All potential risks have to be assessed and
contingency measures need to be established.
Understanding the underlying issues is mandatory to
make sophisticated decisions about the science and
subsequently on the development of appropriate plant
expression systems for production of biopharmaceuticals.
Ongoing public fears from the food industry and the
public, particularly in Europe could have spillover effects
on plant-derived pharmaceuticals.

Mistakes and misunderstandings have already cost
the genetically enhanced grain industry hundreds of
millions of dollars. The only way to prevent plant
expression systems from suffering the same dilemma is
to provide the public with appropriate information on
emerging discoveries and newly developed production
systems for biopharmaceuticals.

Real and theoretical risks involve the spread of
engineered genes into wild plants, animals, and bacteria
(horizontal transmission). For example, if herbicide
resistance was transmitted to weeds, or antibiotic resistance
was to be transmitted to bacteria, superpathogens could
result. If these genetic alterations were transmitted to their
progeny (vertical transmission), an explosion of the
pathogens could cause extensive harm.

An example of this occurred several years ago, when
it was feared that pest-resistant genes had been transmitted
from Bt corn to milkweed—leading to the widespread
death of Monarch butterflies. Although this was eventually
not found to be the case, the public outcry over the
incident was a wake-up call to the possible dangers of
transgenic food technology.
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To avoid the same bad perception for
biopharmaceuticals expressed in plants, there is the need
for thorough risk assessment and contingency planning.
One method is the employment of all feasible safety
strategies to prevent spreading of engineered DNA (genetic
drift), like a basic containment in a greenhouse
environment.

Although no practical shelter can totally eradicate
insect and rodent intrusion, this type of isolation is very
effective for self-pollinators and those plants with small
pollen dispersal patterns. The use of species-specific,
fragile, or poorly transmissible viral vectors is another
strategy. Tobacco mosaic virus (TMV), for example, usually
only infects a tobacco host.

It requires an injury of the plant to gain entry and
cause infection. Destruction of a field of TMV-transformed
tobacco requires only plowing under or application of a
herbicide. These factors prevent both horizontal and
vertical transmission. In addition, there is no known
incidence of plant viruses infecting animal or bacterial
cells. Another approach is to avoid stable transgenic
germlines and therefore most uses of transforming viruses
do not involve the incorporation of genes into the plant
cell nucleus.

By definition, it is almost impossible for these genes
to be transmitted vertically through pollen or seed. The
engineered protein product is produced only by the
infected generation of plants. Another effective way to
reduce the risk of genetic drift is the use of plants that do
not reproduce without human aid. The modern corn plant
cannot reproduce without cultivation and the purposeful
planting of its seeds.

If a plant may sprout from grain, it still needs to
survive the wintering-over process and gain access to the
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proper planting depth. This extinction process is so rapid,
however, that the errant loss of an ear of corn is very
unlikely to grow a new plant. Another very well-known
example of self-limited reproduction is the modern banana.
It propagates almost exclusively through vegetative cloning
(i.e. via cuttings).

Pollination is the natural way for most plants to
spread their genetic information, make up new plants, and
to deliver their offspring in other locations. The use of
plants with limited range of pollen dispersal and limited
contact with compatible wild hosts therefore is also very
effective to prevent genetic drift. Corn, for example, has
pollen, which survives for only 10 to 30 min and, hence,
has an effective fertilizing radius of less than 500 m.

In North America, it has no wild-type relatives with
which it could cross-pollinate. In addition to being
spatially isolated from nearby cornfields, transgenic corn
can be temporally isolated by being planted at least 21
days earlier or 21 days later than the surrounding corn,
to ensure that the fields are not producing flowers at the
same time.

For soybeans, the situation is different, since they are
virtually 100% self-fertilizers and can be planted in very
close proximity to other plants without fear of horizontal
spread. Another option is the design of transgenic plants
that have only sterile pollen or—more or less only
applicable for greenhouses—completely prevent cross-
pollination by covering the individual plants. One public
fear regards spreading antibiotic resistance from one
(transgenic donor) plant to other wildtype plants or
bacteria in the environment.

Although prokaryotic promoters for antibiotic
resistance are sometimes used in the fabrication and
selection of transgenic constructs, once a transgene has
been stably incorporated into the plant genome, it is under
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the control of plant (eukaryotic) promoter elements. Hence,
antibiotic-resistance genes are unable to pass from
genetically altered plants into bacteria and remain
functional.

Another common fear is the creation of a super bug.
The chance of creating a supervirulent virus or bacterium
from genetic engineering is unlikely, because the
construction of expression cassettes from viral or bacterial
genomes involves the removal of the majority of genes
responsible for the normal function of these organisms.
Even if a resultant organism is somewhat functional, it
cannot compete for long in nature with normal, wild-type
bacteria of the same species.

As one can see from the aforementioned safety
strategies, considerable effort is put into the reduction of
any potential risk from the transgenic plant for the
environment. In general, the scientific risk can be kept at
a minimum, if common sense is applied—in accordance
that “Science is simply common sense at its best.” For
example, protein toxins (for vaccine production) should
never be grown in food plants. Additionally, the following
can be employed as a kind of risk management to prevent
the inappropriate or unsafe use of genetically engineered
plants: ¢

— An easily recognised phenotypic characteristic can be
coexpressed in an engineered product (e.g. tomatoes
that contain a therapeutic protein can be selected to
grow in a colourless variety of fruit).

— Protein expression can be induced only after
harvesting or fruit ripening. For example, CropTech’s
inducible expression system in tobacco, MeGA-PharM,
leads to very ef.cient induction upon leaf injury
(harvest) and needs no chemical inducers. This system
possesses a fast induction response and protein
synthesis rate, and thus leads to high expression levels
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with no aged product in the .eld (no environmental
damage accumulation).

— Potentially antigenic or immunomodulatory products
can be induced to grow in, or not to grow in, a certain
plant tissue (e.g. root, leaf/stem, seed, or pollen). In
this way, for example, farmers can be protected from
harmful airborne pollen or seed dusts.

— Although no absolute system can prevent vandalism
or theft of the transgenic plants, a very effective, cheap
solution has been used quietly for many years now
in the United States. Plots of these modified plants
are being grown with absolutely no indication that
they are different from a routine crop.

In the Midwest, for example, finding a transgenic corn plot
among the millions of acres of concurrently growing grain
is virtually impossible. The only question here is, if this
approach really helps facilitating a fair and an open
discussion with the public. Asking the same question for
the EU is not relevant: owing to labelling requirements,
this approach would not be feasible, as, in general, it is
much more difficult to perform open-field studies with
transgenic plants.

Plant production of therapeutic proteins has many
advantages over bacterial systems. One very important
feature of plant cells is their capability of carrying out post
translational modifications. Since they are eukaryotes (i.e.
have a nucleus), plants produce proteins through an ER
(endoplasmatic reticulum) pathway, adding sugar residues
also to the protein—a process called glycosylation. These
carbohydrates help determine the three-dimensional
structures of proteins, which are inherently linked to their
function and their efficacy as therapeutics.

This glycosylation also affects protein bioavailability
and breakdown of the biopharmaceutical; for example,
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proteins lacking terminalsialic acid residues on their sugar
groups are often targeted by the immune system and are
rapidly degraded. The glycosylation process begins by
targeting the protein to the ER. During translation of
mRNA (messenger RNA) into protein, the ribosome is
attached to the ER, and the nascent protein fed into the
lumen of the ER as translation proceeds.

This glycosylation process continues into the Golgi
apparatus, which sorts the new proteins, and distributes
them to their final destinations in the cell. Bacteria lack
this ability and therefore cannot be used to synthesise
proteins that require glycosylation for activity. Although
plants have a somewhat different system of protein
glycosylation from mammalian cells, the differences
usually prove not to be a problem.

Some proteins, however, require humanlike
glycosylation—they must have specific sugar structures
attached to the correct sites on the molecule to be
maximally effective. Therefore, some efforts are being
made in modifying host plants in such a way that they
provide the protein with human glycosylation patterns.

Tobacco and Moss

To further elaborate on improving glycosylation and
downstream processing, three interesting plant expression
systems. All systems share the advantage of utilizing
nonedible plants (nonfood and nonfeed) and can be kept
in either a greenhouse or a fermenter to avoid any
segregation risk. Another obvious advantage is secretion
of the protein into the medium so that no grinding or
extraction is required. This is very important in light of
downstream processing: protein purification is often as
2xpensive as the biomanufacturing and should never be
underestimated in the total COGS equation.
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Harnessing Tobacco Roots to Secrete Proteins

Phytomedics uses tobacco plants as an expression system
for biopharmaceuticals. Besides the advantage of being
well characterised and used in agriculture for some time,
tobacco has a stable genetic system, provides highdensity
tissue (high protein production), needs only simple
medium, and can be kept in a greenhouse.

Optimised antibody expression can be rapidly verified
using transient expression assays (short development time)
in the plants before creation of transgenic suspension cells
or stable plant lines (longer development time). Different
vector systems, harboring targeting signals for subcellular
compartments, are constructed in parallel and used for
transient expression. Applying this screening approach,
high expressing cell lines can rapidly be identified.

High Protein Yields Utilizing Viral Transfection ICON
Genetics (Halle, Germany) has developed a protein-
production system that relies on rapid multiplication of
viral vectors in an infected tobacco plant. Viral transfection
systems offer a number of advantages, such as very rapid
(1 to 2 week) expression time, possibility of generating
initial milligram quantities within weeks, high expression
levels, and so on.

However, the existing viral vectors, such as TMV-
based vectors used by, for example, Large Scale Biology
Corp for production of single-chain antibodies for
treatment of non-Hodgkin lymphoma, had numerous
shortcomings, such as inability to express genes larger than
1 kb, inability to coexpress two or more proteins (a
prerequisite for production of monoclonal antibodies,
because they consist of the light and heavy chains, which
are expressed independently and are subsequently
assembled), low expression level in systemically infected
leaves, and so on.
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ICON has solved many of these problems by
designing a process that starts with an assembly of one
or more viral vectors inside a plant after treating the leaves
with agrobacteria, which deliver the necessary viral vector
components. ICON'’s proviral vectors provide advantages
of fast and high-yield amplification processes in a plant
cell, simple and inexpensive assembly of expression
cassettes in planta, and full control of the process.

The robustness of highly standardised protocols
allows the use of inherently the same safe protocols for
both laboratory-scale as well as industrial production
processes. In this system, the plant is modified transiently
rather than genetically and reaches the speed and yield of
microbial systems while enjoying post translational
capabilities of plant cells.

De-and reconstructing of the virus adds some safety
features and also increases efficiency. There is no
physiology conflict, because the growth phase is separated
from the production phase, so that no competition occurs
for nutrients and other components required for growth
and also for expression of the biopharmaceutical at the
same time.

This transfection-based platform allows the
production of proteins in a plant host at a cost of US$1 to
10 per gram of crude protein. The platform is essentially
free from limitations (gene insert size limit, inability to
express more than one gene) of current viral vector-based
platforms. The expression levels reach 5 g per kilogram
of fresh leaf tissue (or some 50% of total cellular protein!)
in 5 to 14 days after inoculation.

Since the virus process (in addition to super high
production of its own proteins, including the protein of
interest) leads to the shutoff of the other cellular protein
synthesis, the amount of protein of interest in the initial
extract is extremely high. It thus results in reduced costs
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of downstream processing. Milligram quantities can be
produced within two weeks, gram quantities in 4 to 6
months, and the production system is inherently scalable.
Anumber of high-value proteins have been successfully
expressed, including antibodies, antigens, interferons,
hormones, and enzymes .

Simple Moss Performs Complex Glycosylation

An innovative production system for human proteins. The
system produces pharmacologically active proteins in a
bioreactor, utilizing a moss (Physcomitrella patens) cell
culture system with unique properties. It was stated before
that posttranslational modifications for some proteins are
crucial to gain complete pharmacological activity. -

Since moss is the only known plant system that shows
a high frequency of homologous recombination, this is a
highly attractive tool for production strain design. By
establishing stable integration of foreign genes (gene
knockout and new transgene insertion) into the plant
genome, it can be programmed to produce proteins with
modified glycosylation patterns that are identical to animal
cells.

The moss is photoautotrophic and therefore only
requires simple media for growth, which consist essentially
of water and minerals. This reduces costs and also
accounts for signi.cantly lower infectious and
contamination risks, but in addition to this, the system
has some more advantages:

— The transient system allows production of quantities
for a feasibility study within weeks—production of a
stable expression strain takes 4 to 6 months.

— On the basis of transient expression data, the yield of
stable production lines is expected to reach 30 mg
L* per day. This corresponds to the yield of a typical
fed-batch culture over 20 days of 600 mg L.
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— Bacterial fermentation usually requires addition of
antibiotics (serving as selection marker and to avoid
loss of the expression vector). Formoss cultivation, no
antibiotics are needed—this avoids the risk of traces
of antibiotics having a signi.cant allergenic potential
in the finished product.

— Genetic stability is provided by the fact that the moss
is grown in small plant fragments and not as
protoplasts or tissue cultures avoiding somaclonal
variation.

— As a contained system, the moss bioreactor can be
standardised and validated according to GMP
standards mandatory in the pharmaceutical industry.

— Excretion into the simple medium is anothermajor
feature of the moss bioreactor, which greatly facilitates
downstream processing.

The first step to get humanlike glycosylation in plants is
to eliminate the plant glycosylation, for example, the
attachment of B-1-2-linked xylosyl and a-1-3-linked fucosyl
sugars to the protein, because these two residues have
allergenic potential. Greenovation was able to knockout
the relevant glycosylation enzymes xylosyl transferase and
fucosyl transferase, which was confirmed by RT-PCR
(reverse transcriptase PCR).

And indeed, xylosyl and fucosyl residues were
completely removed from the glycosylation pattern of the
expressed protein as confirmed by MALDI-TOF (matrix
assisted laser desorption ionization time of fiight) mass
spectroscopy analysis. A very challenging protein to
express is VEGF because this homodimer consists of two
identical monomers linked via a disulfide bond. To
produce VEGF in an active form, the following need to
be provided:
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— Monomers need to be expressed to the right level.
— Monomers need to be correctly folded.

— Homodimer needs to be correctly assembled and
linked via a disulfide bond.

— Complex protein needs to be secreted in its active
form.

Other Systems Used for Plant Expression

Several different plants have been used for the expression
of proteins in plants. All these systems have certain
advantages regarding edibility, growth rate, scalability,
gene-to-protein time, yield, downstream processing, ease
of use, and so on. A selection of different expression
systems is listed:

Alfalfa Ethiopian Potatoes
mustard

Arabidopsis Lemna Rice

Banana Maize Soybean

Cauliflower Moss Tomatoes

Corn Qilseeds Wheat

Some of these systems have been used for research on the
basis of their ease of- transformation, well-known
characterisation, and ease to work with. However, they
are not necessarily appropriate for commercial production.
Which crop is ultimately used for full-scale commercial
production will depend on a number of factors including

— time to develop an appropriate system (gene-to-
protein);

— section of the plant expressing the product/possible
secretion;

— cost and potential waste products from extraction;

— aged product/ease of storage;
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— long-term stability of the storage tissue;
— quantities of protein needed (scale of production).

Depending on the genetic complexity and ease of
manipulation, the development time to produce an
appropriate transgenic plant for milligram production of
the desired protein can vary from 10 to 12 months in corn
as compared to only weeks in moss. Estimates for full
GMP production in corn are 30 to 36 months and
approximately 12 months for moss.

Expression of the protein in various tissues of the
plant can result in a great variationin yield. Expression in
the seed can often lead to higher yields than in the leafy
portion of the plant. This is another explanation for the
high interest in using corn, which has a relatively high
seed-to-leaf ratio.

Extraction from leaf can be costly as it contains a high
percentage of water, which could result in unavoidable
proteolysis during the process. Proteins stored in seeds can
be desiccated and remain intact for long periods of time.
The purification and extraction of the protein is likely to
be done by adaptations of current processes for the
extraction and/or fractionation.

For these reasons, it is anticipated that large-scale
commercial production of recombinant proteins will
involve grain and oilseed crops such as maize, rice, wheat,
and soybeans. In general, the use of smaller plants that
can be grown in greenhouses is an effective way of
producing the biopharmaceuticals and alleviating concerns
from environmental activist groups that the transgenic
plant might be harmful to the environment (food chain,
segregation risk, genétic drift, etc.).

Analytical Characterisation

Validated bioanalytical assays are essential and have to
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be developed to characterise the biopharmaceuticals during
the production process (e.g. in-process control) and to
release the final product for use as a drug in humans.
These assays are applied to determine characteristics such
as purity/impurities, identity, quantity, stability,
specificity, and potency of the recombinant protein during
drug development.

Since the very diverse functions of different proteins
heavily depend on their structure, one very valuable
parameter in protein characterisation is the elucidation of
their three-dimensional structure. Although over the last
couple of years a lot of effort was put into a method for
improving the elucidation of protein structures, it is still
very time consuming to solve the 3-D structure of larger
proteins.

This is why despite the high degree of information
that can be obtained from the protein structure, this
approach cannot be applied on a routine basis. Therefore,
tremendous efforts are put into the development of other
assays to guarantee that a potent biopharmaceutical drug
is indeed ready for use in humans.



3

Identification of Bioactive
Compounds in Plants

The biological diversity of our world is great. In some
areas diversity may be more valuable in its natural state
than when used for pasture or timber. For example, one
highly valued marketable commodity of tropical areas is
medicinal products. At the present time, half the drugs
on the market are derived from natural sources and 47
marketed drugs have been derived from 39 tropical. forest
plants. Clearly, bioactive molecules from botanicals can
continue to be derived from the tropics.

Methods to identify medicinal plant leads from
tropical areas include random screening, taxonomic
collecting (sampling by botanical family), or ethnobotanical
collecting. It has been shown that ethnobotanically-derived
compounds have greater activity than compounds derived
from random screening and therefore a greater potential
for product development.

Many issues have caused an erosion of the tropical
regions of our planet, but for many years only the
biological factors associated with this loss have received
investigation. Recently, it has been recognised that areas
of great biological diversity overlap with those of cultural
diversity; when either is disturbed the other is
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compromised. Some of the researchers established that the
conservation of plants alone was inadequate 0 maintain
an ecosystem because humans are a critical component.
Plants are nurtured and manipulated by their human co-
inhabitants and only when both are considered as an
integral functional group can preservation and
conscientious use of species occur.

Ethnobotany

Ethnobotany is a multidisciplinary science defined as the
interaction between plants and people. The relationship
between plants and human cultures is not limited to the
use of plants for food, clothing, and shelter but also
includes their use for religious ceremonies, ornamentation,
and health care. In the past, ethnobotanical research was
predominately a survey of the plants used by villagers. A
trained botanist identified the plants and recorded their
uses.

Sometimes an anthropologist was present to translate
the disease descriptions, but rarely was a physician
available to identify the disease. The results generated a
list of plants and their uses which was published in a
professional journal, usually in the country of the scientist.
Nothing was communicated or returned to the cultural
group in exchange for their participation in the survey,
nor was any environmental or cultural status or concerns
included in the survey.

Basic quantitative and experimental ethnobotany
includes basic documentation, quantitative evaluation of
use and management, and experimental assessment.
Today, ethnobotanical surveys include applied projects that
have the potential to ameliorate poverty levels of these
people, allowing them to make more educated decisions
about their future directions. These new approaches
enhance the quality of the science, provide compensation
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for the cultural groups, and take into account
environmental concerns. This modern approach is based
on an interdisciplinary team usually composed of an
ethnobotanist, an anthropologist, an ecologist, and a
physician. Some of these team members are in-country
colleagues who have arranged the details of the expedition
as well as the contractual agreements for reciprocal
programmes of the village or community.

Ethnobotanical Expedition Organisation

The initial steps to this approach are critical. Any errors
will jeopardise the entire project. To aggressively enter a
community or even a country and take out the information
is rarely a successful process. However, abiding by the
in-country federal requirements will support the goals of
a long-term, mutually productive relationship. The
negotiations can be done through a trusted colleague,
either a person who has worked within the country and
is familiar with these procedures or an in-country person.
All permits and permissions must be in order prior to the
expedition. This process can taken months or years, but
regardless of the time period, must be done properly.

Many countries are limiting their genetic resources
from scientists because of unhappy past experiences and
are slowly devising new guidelines. Some, such as the
Philippines, are initiating federal legislation which
incorporates reciprocity while most others negotiate on an
individual basis. Prior to the expedition, the in-country
collaborator can communicate with the village to find out
if they have any immediate needs. For example, a five-
member team entering a small village must either provide
its own food or shelter or provide funds for the villagers
to acquire these things. Sensitivity to the community’s
needs will lay the groundwork for a trusting relationship.

The process should be considered as the normal good
manners of invited guests. On a scientific level a sincere
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relationship is needed to ascertain the real data. A
superficial personal relationship will yield a superficial
scientific relationship. Many plants are used in village
pharmacopoeias, but only a few powerful ones will make
it as pharmaceuticals or powerful dietary supplements.
When a research team arrives at the village a customary
welcoming ceremony should occur. This is when
permission to work with the healers is requested from the
village leader or chief. It is most appropriate at this time
to demonstrate your support by offering reciprocity for
the information you are about to receive.

Reciprocity can be clean water systems, books for
their schools, health professionals to visit on a regular
basis, or any other programme they request. The key here
is that it be their request. Most of these requests are not
exorbitant, certainly not in excess of $5,000, but this is in
addition to payment for the herbs you will be collecting.
Be aware of the cultural requirements for payment of the
plant collections. Ask your in-country liaison because there
are some places where payments are unacceptable and
initiate divisiveness between community members.

How the ethnobotanical information is gathered is
often a pre-planned technique of the anthropologist or
ethnobotanist. The technique depends on whether you
want to concentrate on particular disease categories or a
general survey, have time for just an interview, or can
participate in the process for several months. Using signs
and symptoms to describe the disease allows for an equal
exchange of information. Titles and names can be
misleading and unknown. Some native people are often
~ eager to be helpful and may respond positively even if
the answer is incorrect. Visual aids are helpful vehicles.

As the healers identify the plants they use to treat
specific diseases, data is recorded, the plants are collected,
and voucher specimens are taken. Not all expeditions
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collect plants, but vouchers are always taken and
numbered correlations can be made to the collections. A
minimum of one of the collected vouchers needs to be
left within the country, another archived at an herbarium
for positive identification, and the final one stored under
appropriate conditions in the researcher’s laboratory.

The recording of detailed information during the
expedition is crucial for isolating the active molecule and
obtaining reliable and reproducible collections for a
potential product. No detail is expendable. All the data is
entered into a database for future and cor::nual use and
returned to all collaborators. After the plants have been
identified to genus, and hopefully species, it is extracted
and tested biologically for activity. The critical path is to
include the ethnobotanical data into these laboratory
processes. The natives are the ethnobotanical technicians
and translation of their technical knowledge is required
for the discovery of ethnobotanically derived medicines.

If there is a separation of the field data from the
chemistry and biological laboratory assays, the
ethnobotanically derived molecule may never be found,
or worse, activity could be null. From this point on the
process involves chemical and biological assays to isolate
the active molecule. This can take from one to nine months
or more depending upon the complexity of the molecule
and the efficiency and technical competence of the research
team. During this time you may need to be acquiring more
of the raw botanical material. This allows time to collect
more data and compare shipments.

When isolation and identification of the bioactive
molecule is completed and activity is demonstrated,
synthesis still may be infeasible or impractical,
necessitating further research. Plants have evolved
wondrous systems to protect themselves, and it is these
“secondary metabolites” that provide flavors and healing
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substances. However, many plant species have similar
metabolic pathways. Running searches to find plants
which contain the greatest amount of the same active
compound may offer you a choice of species to work with.
In some cases, this is very desirable because the plant may
be endangered or difficult to import from the country in
which it was first found. In these cases the compensation
package must reflect these situations.

Sustainable Crop Production

If you are to acquire more material of a plant already
researched, then the challenge begins. If the quality of
science was high in your original fieldwork then you have
all the details you need to expand the horticultural aspects
of the project. If not, collect the missing data on the return
to the field. This new data may not have been obvious to
the healers or yourself before, yet is important at this stage
of the project’s development. People have different
concepts of time and business so these differences need
to be taken into consideration in your scientific planning.

At this point, research funds are needed to determine
the factors that may enhance the yield of the bioactive
molecule. One needs to speak with the healers and
understand how, when, and where they harvest, details
about drying, and any other particulars about the plant’s
collection and use. The subtleties are important. We
assume or forget that most native peoples in the tropics
are excellent managers of their natural resources and the
best approach may be to observe and integrate their
traditional practices into your sustainable programme.

Additional studies on distribution and density
surveys, soil sampling, and multiple plant part sampling
are all needed parameters within the design of an
ecologically productive programme. A less obvious goal
for most agriculturists is a verification of a potential market
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for this commodity in-country. Many of the plants being
investigated may not yield the “pharmaceutical magical
bullet” that is desired and having alternative uses such as
dietary supplements may offer your collaborators a viable
commodity if your goals change.

Regardless of the product’s end point, the
ethnobotanical process can still enhance cultural values
and this can have a long-term consequence. This occurs
by expanding markets, initiating market economies for the
community, and demonstrating to the youth of the
community the validity of the elder’s plant knowledge.
Several options exist to proceed once the raw data about
the plant is compiled. Extractive reserves provide forest
dwelling peoples an ecologically managed decentralised
system of collection. The indigenous groups or
communities, if adequate lands are made available, can
grow or actively manage economically valuable plant
populations within this reserve.

Land can also be dedicated as an ecological buffer
zone and comparative study plots can be implemented.
These plots would demonstrate if the collections were
sustainable by comparing the populations in the buffer
preserved zone to the actively managed area. The effect
of increasing or decreasing a specific plant’s density and
diversity in secondary forests will be visible and cultural
methods that have little impact on the forest can be
designed from the data.

Another approach is to work with individual land
owners to grow or manage their lands to provide the
desired crop. Working with one person who has acquired
land allows for direct and responsive communication.
Compensation requirements are simplified. They include
paying land and community taxes, require participation
in community functions, and direct payment to individuals
for services or products rendered. The employment of the
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local community members offers physical protection for
the land and often others begin to request participation
onto their parcels. The pride and knowledge this creates
will assist you in protecting and developing the land, crop,
and future product. Another approach is to work within
a community to provide adequate raw botanicals.. Once
the community has been identified, an all inclusive
meeting needs to be convened through the governing
body.

Culturally sensitive and environmentally sensitive
programmes are required to successfully acquire data from
primitive tropical areas. Valid approaches will become
more evident as more collaborative attempts are
completed. However, at present, there are not enough data
to know which programmes are environmentally and
socially appropriate. Different programmes that are species
specific may be required for sustainable production. Very
little is known at present on how to even define
sustainability. However, we now know that there is a
potential for many natural products and that there are
many communities who are eager to open their lives to
market economies to provide more opportunities for
themselves.

Ethnobotanical expeditions can be conducted
anywhere that contacts are available and participants agree
to cooperate. However, ethnobotanical collecting is a
multidisciplinary effort that requires sensitivity to both
land and people. The discovery and exploitation of natural
products must be a shared programme for maximum
success. Agricultural programmes have other needs and
there are many complex decisions that must be analysed
before ascertaining the most appropriate and rewarding
approach.

Berberis Lyceum Royle Justicia Adhatodal

Berberis lyceum is locally known as simbuli or simbulu
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belonging to family Berberidaceae. It is about 4-6 feet in
height with thorny branches. The leaves are somewhat
obviate, with ciliated teeth on their margins. The flowers
are drooping racemes, with yellow petals. The berries
(fruit) grow in loose bunches. Recently, a study was
conducted by some researchers to find out the bioactive
compounds in Berberis Lyceum.

In the study, Berberis lyceum was valued mainly for
its fruits and roots, which contain alkaloids like berberine
and plamitine. These alkaloids are effective against eye
diseases, febrifuge, and piles. Whereas, an extract made
from its roots (known as ‘rasaunt’) which is being used
against many infections including eye’s disorders. Whereas
in some areas of India and Pakistan fruits are mostly used
as a tonic against liver and heart diseases. Furthermore it
showed antihistaminic activity, also possesses stomachic,
astringent, antipyretic and diaphoretic properties.

Justicia adhatoda is one of the most important specie
and dominant vegetation of hilly areas of Rawalpindi,
Islamabad and extended up to NWEFP. It belongs to family
Acanthaceae, subclass Asteridae and specie Adhatoda. It
is evergreen, gregarious shrub 3-6 m long, large leaves
lanceolate 10-20 by 4-8 cm.Whereas flowers are white or
purple in short, dense auxiliary pendunculate.

Chemical compounds found in leaves and roots of
this plant includes essential oils, fats, resins, sugar, gum,
amino acids, proteins and vitamin-C etc. The medicinal
properties of Adhatoda vasica Nees are well known in
India and several other countries for many years. The
leaves contained an essential oil and the alkaloids
quinazoline, vasicine, vasicinone and deoxyvasicine. The
roots contained vasicinolone, vasicol, peganine and 2'-
hydroxy-4-glucosyl-oxychalcone. The flowers contained -
D-glucoside, kaempferol and its glucosides, as well as the
bioflavonoid, namely quercetin.
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The leaves are mostly used in the treatment of
respiratory disorders in Ayurveda. The alkaloids, vasicine
and vasicinone present in the leaves, possess respiratory
stimulant activity. Whereas, vasicine, at low concentrations,
induced bronchodilation and relaxation of the tracheal
muscle. However, at high concentrations, vasicine offered
significant protection against histamine-induced
bronchospasm in guinea pigs. Vasicinone, the auto-
oxidation product of vasicine has been reported to cause
bronchodilatory effects both in vitro and in vivo.

Both roots and fruits samples were analyzed for
protein, carbohydrate, lipid, vitamins, and fibers. Sodium,
Potassium, Calcium, phosphorus.Sulphur, Iron and Zinc
by routine chemical analysis. Whereas alkaloids of these
valuable plants species were separated by chemical
extraction methods followed by Column and thin layer
chromatography.

In order to extract and purifying alkaloids from roots,
leaves and fruits samples, following procedure were
adopted.

Fifty grams (each of roots, fruits and leaves) samples
were soaked in the ethanol (80%) for 24 hours and filtered.
The ethanol was evaporated and half volume of NaOH
(3-4%) was added. The pH of the mixture was adjusted to
10 with NaOH. The mixture was run through a column
using silica gel to separate the alkaloids through column
chromatography, those were further identified on thin
layer chromatography using reference standards.

The concentration level of these alkaloids was
determined with the help of spectrophotometer at 650 nm
and that was compared with standard alkaloid
compounds. Finally the PH of alkaloids were obtained and
were compared with standard alkaloids.
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Structures of Alkaloids

Results of biochemical compounds found in roots, leaves
and fruits of Berberis lyceum and Justicia adhatoda is
given in tables 1-5 whereas comparison of these Bio active
compounds are given in Figure 1 and 2.

Higher concentration of alkaloids was found in roots
as compared to the fruits. Furthermore, high concentration
of proteins (4.5 % ), fat (2.6 %), fiber (2.5%),sodium (1.5%)
calcium (2.2%), sulphur (0.2%), iron (0.3% zinc (0.3%),
palmitine (3.1%) and berberine (4.5% were present in the
roots. However, the level of these chemicals was low in
fruits except sugar (4.5 %), and vitamin C (0.8%) was high
in fruits as compared to roots (Table 1, 2).

Table 1: Analysis of Bioactive compounds from roots of Berberis lyceum.

Constituent Percentage Constituent Percentage
Dry matter 61.2 Calcium 22
Moisture 205 Sodium 1.5
Protein 4.5 Sulphur 0.2
Fat 26 Iron 0.3
Sugar 35 Zinc 02
Fiber 25 Berberine 45
Palmatine 31 Vitamin C 0.3

Table 2. Analysis of bioactive compounds from fruits of Berberis lyceum.

Constituent Percentage Constituent  Percentage
Dry matter 62.5 Calcium 1.8
Moisture 125 Sodium 0.6
Protein 2.5 Sulphur 0.1
Fat 1.8 Iron 0.2
Sugar 4.5 Zinc 0.8

Fiber 1.5 Berberine 2.9
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Table 3: Analysis of Bioactive compounds from roots of Justicia adhatoda.

Constituent Percentage  Constituent Percentage
Dry matter 66.4 Calcium 3.1
Moisture 24.6 Sodium 24
Protein 8.5 Sulphur 1.2
Fat 25 Iron 0.7
Sugar 26 Zinc 0.5
Fiber 52 Berberine 0.3
Vasicine 7.5 Vitamin C 5.2

Table 4: Analysis of Bioactive compounds from leaves of Justicia adhatoda.

Constituent Percentage Constituent Percentage
Dry matter  50.4 Calcium 15
Moisture 15.3 Sodium 14
Protein 6.5 Sulphur 13
Fat 1.6 Iron 12
Sugar l6.4 Zinc 0.6
Fiber 6.4 Vasicinone 3.5
Vasicine 45 Vitamin C 15

Table 5: Spectrophotometric analysis of various alkaloids at 470nm and
their PH values.

Alkaloids Concenteration PH

1 0.724 7.8
2 0.668 7.9
3 0.716 77
4 0.163 6.9
5 0.113 70
6 0.097 6.9
7 0.58 7.2
8 0.51 6.7
9 0.95 7.6

The pH values and concentration level (mg/1) of various
bioactive compounds (Alkaloids) are given in table
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5.Which shows that bioactive compounds observed in
higher amount in these valuable plants and could be used
against various infections and diseases.
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Figure 1: Comparison of bioactive compounds in roots and fruits of
Berberis lyceum.

It was observed that roots of Justicia adhatoda contained
higher concentration of protein fat and alkaloids like
vasicine and vasicinone. The leaves of Justicia adhatoda
contained higher concentration of sugar and vitamin C. It
was observed that roots, leaves and fruit of both plant
species contained higher concentrations of chemicals those
can be used against various disorders in human
population.
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Figure 2: Comparison of bioactive compounds in roots and leaves of
Justicia adhatoda.
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The extract of roots and leaves of Justicia adhatoda are
commonly used by rural population against diabetes,
cough and certain liver disorders. The roots of Berberis
lyceum are commonly used by people for their body pain
to repair cut, wounds and also against high grade fever.
Similarly fruits of this plant also have various medicinal
values.



4
Plant-based Antimicrobials

Plants produce a diverse range of bioactive molecules,
making them a rich source of different types of medicines.
Higher plants, as sources of medicinal compounds, have
continued to play a dominant role in the maintenance of
human health since ancient times. Over 50% of all modern
clinical drugs are of natural product origin and natural
products play an important role in drug development
programmess in the pharmaceutical industry.

There has been a revival of interest in herbal
medicines. This is due to increased awareness of the
limited ability of synthetic pharmaceutical products to
control major diseases and the need to discover new
molecular structures as lead compounds from the plant
kingdom. Plants are the basic source of knowledge of
modern medicine. The basic molecular and active
structures for synthetic fields are provided by rich natural
sources. This burgeoning worldwide interest in medicinal
plants reflects a recognition of the validity of many
traditional claims regarding the value of natural products
in health care.

The relatively lower incidence of adverse reactions
to plant preparations compared to modern conventional
pharmaceuticals, coupled with their reduced cost, is
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encouraging both the consuming public and national
health care institutions to consider plant medicines as
alternatives to synthetic drugs. Plants with possible
antimicrobial activity should be tested against an
appropriate microbial model to confirm the activity and
to ascertain the parameters associated with it. The effects
of plant extracts on bacteria have been studied by a very
large number of researchers in different parts cf the world.
Much work has been done on ethnomedicinal plants in
India.

Interest in a large number of traditional natural
products has increased. It has been suggested that aqueous
and ethanolic extracts from plants used in allopathic
medicine are potential sources of antiviral, antitumoral and
antimicrobial agents. The selection of crude plant extracts
for screening programmess has the potential of being more
successful in initial steps than the screening of pure
compounds isolated from natural products.

Plants have forever been a catalyst for our healing.
In order to halt the trend of increased emerging and
resistant infectious disease, it will require a multi-pronged
approach that includes the development of new drugs.
Using plants as the inspiration for new drugs provides an
infusion of novel compounds or substances for healing
disease. Evaluating plants from the traditional system of
medicine, provides us with clues as to how these plants
can be used in the treatment of disease.

Infectious diseases account for approximetely one-half
of all deaths in tropical countries. In industrialised nations,
despite the progress made in the understanding of
microbiology and their control, incidents of epidemics due
to drug resistant microorganisms and the emergence of
hitherto unknown disease-causing microbes, pose
enormous public health concerns. Historically, plants have
provided a good source of antiinfective agents; emetine,
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quinine, and berberine remain highly effective instruments
in the fight against microbial infections. Phytomedicines
derived from plants have shown great promise in the
treatment of intractable infectious diseases including
opportunistic AIDS infections.

Plants containing protoberberines and related
~ alkaloids, picralima-type indole alkaloids and garcinia
biflavonones used in traditional system of medicine, have
been found to be active against a wide variety of micro-
organisms. The profile of known drugs like Hydrastis
canadensis (goldenseal), Garcinia kola (bitter kola),
Polygonum sp., Aframomum melegueta (grains of
paradise) will be used to illustrate the enormous potential
of antiinfective agents from higher plants. Newer drugs
such as Xylopia aethiopica, Araliopsis tabouensis,
Cryptolepis sanguinolenta, Chasmanthera dependens and
Nauclea species will be reviewed.

World wide, infectious disease is the number one
cause of death accounting for approximately one-half of
all deaths in tropical countries. Perhaps it is not surprising
to see these statistics in developing nations, but what may
be remarkable is that infectious disease mortality rates are
actually increasing in developed countries. The increases
are attributed to increases in respiratory tract infections
and HIV/AIDS. Other contributing factors are an increase
in antibiotic resistance in nosicomial and community
acquired infections.

Furthermore, the most dramatic increases are
occurring in the 25-44 ear old age group. These negative
health trends call for a renewed interest in infectious
disease in the medical and public health communities and
renewed strategies on treatment and prevention. Proposed
solutions are outlined as a multi-pronged approach that
includes: prevention, (such as vaccination); improved
monitoring; and the development of new treatments. It is
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this last solution that would encompass the development
of new antimicrobials.

Historically, plants have provided a source of
inspiration for novel drug compounds, as plant derived
medicines have made large contributions to human health
and well-being. Their role is two fold in the development
of new drugs: (1) they may become the base for the
development of a medicine, a natural blueprint for the
development of new drugs, or; (2) a phytomedicine to be
used for the treatment'of disease. There are numerous
illustrations of plant derived drugs. Some selected
examples, including those classified as antiinfective, are
presented below.

The isoquinoline alkaloid emetine obtained from the
underground part of Cephaelis ipecacuanha, and related
species, has been used for many years as and amoebicidal
drug as well as for the treatment of abscesses due to the
spread of Escherichia histolytica infections. Another
important drug of plant origin with a long history of use,
is quinine. This alkaloid occurs naturally in the bark of
Cinchona tree. Apart from its continiued usefulness in the
treatment of malaria, it can be also used to relieve
nocturnal leg cramps.

Currently, the widely prescribed drugs are analogs
of quinine such as chloroquine. Some strains of malarial
parasites have become resistant to the quinines, therefore
antimalarial drugs with novel mode of action are required.
Similarly, higher plants have made important contributions
in the areas beyond antiinfectives, such as cancer therapies.
Other cancer therapeutic agents include taxol,
homoharringtonine and several derivatives of camptothein.
For example, a well-known benzylisoquinoline alkaliod,
papaverine, has been shown to have a potent inhibitory
effect on the replication of several viruses including
cytomegalovirus, measles and HIV.
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Most recently, three new atropisomeric
naphthylisoquinoline alkaloid dimers, michellamines A, B,
and C were isolated from a newly described species
tropical liana Ancistrocladus korupensis from the rainforest
of Cameroon. The threé compounds showed potential anti-
HIV with michellamine B being the most potent and
abundant member of the series. These compounds were
capable of complete inhibition of the cytopathic effects of
HIV-1 and HIV-2 on human lymphoblastoid target cell in
vitro.

Phytomedicines Development

The first generation of plant drugs were usually simple
botanicals employed in more or less their crude form.
Several effective medicines used in their natural state such
as cinchona, opium, belladonna and aloe were selected as
therapeutics agents based on empirical evidence of their
clinical application by traditional societies from different
parts of the world. Following the industrial revolution, a
second generation of plant based drugs emerged based on
scientific processing of the plant extracts to isolate “their
active constituents.”

The second-generation phytopharmaceutical agents
were pure molecules and some of the compounds were
even more pharmacologically active than their synthetic
counterparts. Notable examples were quinine from
Cinchona, reserpine from Rauvolfia, and more recently
taxol from Taxus species. These compounds differed from
the synthetic therapeutic agents only in their origin. They
followed the same method of development and evaluation
as other pharmaceutical agents.

The sequence for development of pharmaceuticals
usually begins with the identification of active lead
molecules, detailed biological assays, and formulation of
dosage forms in that order, and followed by several phases
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of clinical studies designedto established safety, efficacy
and pharmacokinetic profile of the new drug. Possible
interaction with food and other medications may be
discerned from the clinical trials.

In the development of “Third Generation”
phytotherapeutic agents a top-bottom approach is usually
adopted. This consists of first conducting a clinical
evaluation of the treatment modalities and therapy as
administered by traditional doctors or as used by the
community as folk medicine. This evaluation is then
followed by acute and chronic toxicity studies in animals.
Studies should, when applicable, include cytotoxicity
studies. It is only if the substance has an acceptable safety
index would it be necessary to conduct detailed
pharmacological/ biochemical studies.

Formulation and trial production of the dosage forms
are structured to mimic the traditional use of the herb.
The stability of the finished product is given careful
attention during the formulation of the final dosage form.
This is a unique blend of the empiricism of the earlier
first generation botanicals with the experimental research
used to prove the efficacy and safety of second generation
isolated pure compounds. Several pharmaceuticals
companies are engaged in the development of natural
product drugs through the isolation of the so-called active
molecules from plant extracts.

Present Use of Plants

It is estimated that today, plant materials are present in,
or have provided the models for 50% Western drugs.
Many commercially proven drugs used in modern
medicine were initially used in crude form in traditional
or folk healing practices, or for other purposes that
suggested potentially useful biological activity. The
primary benefits of using plant derived medicines are that
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they are relatively safer than synthetic alternatives, offering
profound therapeutic benefits and more affordable
treatment.

Therapeutic benefit

Much of the exploration and utilisation of natural products
as antimicrobials arise from microbial sources. It was the
discovery of penicillin that led to later discoveries of
antibiotics such as streptomycin, aureomycin and
chloromycetin. Though most of the clinically used
antibiotics are produced by soil microorganisms or fungi,
higher plants have also been a source of antibiotics.
Examples of these are the bacteriostatic and antifugicidal
properties of Lichens, the antibiotic action of allinine in
Allium sativum, or the antimicrobial action berberines in
goldenseal.

Plant based antimicrobials represent a vast untapped
source for medicines. Continued and further exploration
of plant antimicrobials needs to occur. Plants based
antimicrobials have enormous therapeutic potential. They
are effective in the treatment of infectious diseases while
simultaneously mitigating many of the side effects that are
often associated with synthetic antimicrobials. They are
effective, yet gentle. Many plants have tropisms to specific
organs or systems in the body. Phytomedicines usually
have multiple effects on the body. Their actions often act
beyond the symptomatic treatment of disease. An example
of this is Hydrastis canadensis. Hydrastis not only has
antimicrobial activity, but also increases blood supply to
the spleen promoting optimal activity of the spleen to
release mediating compounds.

Economic benefit

World wide, there has been a renewed interest in natural
products. This interest is a result of factors such as:
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consumer’s belief that natural products are superior;
consumer’s dissatisfaction with conventional medicines;
changes in laws allowing structure-function claims which
results in more liberal advertising; aging baby boomers;
national concerns for health care cost. Sales of products
in this market have increased dramatically in the last
decade. Many plants that were previously wildcrafted will
need to be grown domestically to meet the demands of
the consumer. This represents many opportunities for the
cultivation of crops for this industry.

A market based illustration of the need for plant
based antimicrobials is demonstrated by the dissection of
the herbal products market. In reviewing the top botanicals
used as antiinfectives, the primary botanical used as an
antimicrobial is Hydrastis with sales of 4.7% in 1995. While
antiinfectives agents make up 24 % of the pharmaceutical
market. A similar, analysis of Hypericum (St. John's wort),
demonstrates the value of such an evaluation. Though
Hypericum is an antiviral, it is primarily used for its
antidepressant activity. In 1995 it was not among the top
selling herbs.

However, by 1997, it had become an overnight
success, with sales increasing over 20,000% in the mass
market sector. The meteoric increase in the sales of
Hypericum is multifactorial, but one factor in its in
popularity was the existence of an unexploited market
opportunity. In 1994 21% of pharmaceuticals sold were for
the conditions affecting the central nervous system. Most
of the drugs sold in this category are for depression.
During this period of time, none of the top selling herbs
sold had a primary indication for depression. This market
hole, coupled with the media exposure produced a market
success.

Many market holes exist. When using the same
strategy to look at antimicrobial agents there is a similar
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gap. If the market dissection for antiinfectives is viewed
in the same light as the Hypericum analogy, then perhaps
this market is prime for receiving new plant based
antimicrobials. The potential for developing antimicrobials
into medicines appears rewarding, from both the
perspective of drug development and the perspective of
phytomedicines. The immediate source of financial benefit
from plants based antimicrobials is from the herbal
products market. This market offers many opportunities
for those cultivating new crops, as many of the plants that
are wildcrafted today must be cultivated to match the
demands of this market.

Again Hydrastis, one of the top selling antimicrobials
in the herbal market, represents an example of a herb that
has undergone domestication. Originally this plant, native
to eastern North America, was wild crafted. Hydrastis, has
been used by Native Americans for many conditions,
including as an antimicrobial for infections. Efforts to
cultivate this plant were undertaken in order to supply
the demands of the herbal products market and to battle
it’s threatened extinction. It is vital to be in the position
to capitalise on the phytomedicine market, providing
environmentally responsible solutions to public health
concerns presented by new trends in infectious disease.
In order to be prepared, the industry must be able to
sustainably harvest and supply the herbal market. That
means we must be able to anticipate the market needs and
develop products to satisfy this market.

Plants containing protoberberines and related
biflavones used in traditional African system of medicine
have been found to be active against a wide variety of
micro-organisms. Many medicinal plants of Africa have
been investigated for their chemical components and some
of the isolated compounds have been shown to posses
interesting biological activity. Some of these plants are
discussed below.
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Garcinia kola, bitter kola (Guttiferae): Garcinia kola, is
found in moist forest and grows as a medium size tree,
up to 12 m high. It is cultivated and distributed throughout
west and central Africa. Medicinal uses include, purgative,
antiparasitic, antimicrobial. The seeds are used in the
treatment of bronchitis and throat infections. They are also
used to prevent and relieve colic, cure head or chest colds
and relieve cough. Also the plant is used for the treatment
of liver disorders and as a chewing stick.

The constituents include-biflavonoids, xanthones and
benzophenones. The antimicrobial properties of this plant
are attributed to the benzophenone, flavanones. This plant
has shown both anti-inflammatory, antimicrobial and
antiviral properties. Studies show very good antimicrobial
and antiviral properties. In addition, the plant possesses
antidiabetic, and antihepatotoxic activities.

Aframomum melegueta Grains of Paradise: This is a spicy
edible fruit that is cultivated and occurs throughout the
tropics. It is a perennial herb. The medicinal uses of
Aframomum include aphrodisiac, measles, and leprosy,
taken for excessive lactation and post partem hemorrhage,
purgative, galactogogue and anthelmintic, and hemostatic
agent. The constituents are essential oils-such as gingerol,
shagaol, paradol. Studies show antimicrobial and
antifungal activity and effective against schistosomes.

Xylopia aethiopica, Ethiopian Pepper (Abbibacceae): An
evergreen, aromatic tree growing up to 20 m high with
peppery fruit. It is native to the lowland rainforest and
moist fringe forest in the savanna zones of in Africa.
Medicinal uses of the plant are, as a carminative, as a
cough remedy, and as a post partum tonic and lactation
aid. Other uses are stomachache, bronchitis, biliousness
and dysentery. It is also used externally as a poultice for
headache and neuralgia. It is used with lemon grass for
female hygiene. It is high in copper, manganese, and zinc.
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Key constituents are diterpenic and xylopic acid. In
studies, the fruit as an extracts has been shown to be active
as an antimicrobial against gram positive and negative
bacteria. Though it has not been shown to be effective
against E. coli. Xylopic acid has also demonstrated activity
against Candida albicans.

Cryptolepis sanguinolenta Lindl. Schitr. (Periplocaceae): A
shrub that grows in the rainforest and the deciduous belt
forest, found in the west coast of Africa. Related species
appear in the east and southern regions of the continent.
Its main medicinal use is for the treatment of fevers. It is
used for urinary tract infections, especially Candida. Other
uses are inflammatory conditions, malaria, hypertension,
microbial infections and inflammatory conditions, stomach
aches colic.

Active principals identified are indo quinoline
alkaloids. Studies show inhibition against gram negative
bacteria and yeast. Additionally studies have shown this
plant to have bactericidal activity and extracts of the plant
were effective in parasitemia. Recent in vitro study shows
activity against bacteria specifically, enteric pathogens,
most notably E. coli (but also staphylococcus, C. coli, C.
jejuni, pseudomonous, salmonella, shigella, streptococcus,
and vibrio) and some activity against candida. It has
shown histamine antagonism, hypotensive, and
vasodilatory activities. In addition it has demonstrative
antihyperglcyemic properties.

Chasmanthera dependens Hoschst (Menispermaceae): A
woody climber that grows wild in forest margins and
- savanna. The plant is cultivated. It is used medicinally for
venereal disease, topically on sprained joints and bruises
and as a general tonic for physical and nervous debilities.
The constituents include berberine type alkaloids,
palmatine, colombamine, and jateorhizine. Studies show
that the berberine sulfate in the plant inhibits lieshmania.
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Nauclea Latifolia Smith (Rubiaceae): It is a shrub or small
spreading tree that is a widely distributed savanna plant.
It is found in the forest and fringe tropical forest. Medicinal
uses are as a tonic and fever medicine, chewing stick,
toothaches, dental caries, septic mouth and malaria.,
diarrhea and dysentery. Key constituents are indole-
quinolizidine alkaloids and glycoalkaloids and sapponins.
There are studies showing the root has antibacterial
activity against gram positive and negative bacteria and
antifungal activity. It is most effective against
Corynebacterium diphtheriae, Streptobacillis sp.,
Streptococcus sp., Neisseria sp., Pseudomonas aeruginosa,
Salmonella sp.

Araliopsis tabouensis (Rutaceae): It is a large evergreen
tree found throughout west tropical Africa. Its medicinal
use is for the treatment of sexually transmitted diseases.
The bark infusion is drunk for gonorrhea in the Ivory
Coast. Its major constituents are alkaloids. Seven alkaloids
have been isolated from the root and stem bark.

In a recent study on antibacterial activity of medicinal
plants, conducted by, R.Nair, T. Kalariya and Sumitra
Chandra, a few medicinal flora were screened for potential
antibacterial activity. Details of the study described below.

Sapindus Emarginatus: Sapindus emarginatusVahl.
belongs to the family Sapindaceae. This tree is 8 to 10 m
high and has many branches with leaves and leaflets. Its
flowers are white, and its fruits are round. It contains
saponin and glucose. The seed contains oil. Traditionally,
it is used as anti-inflammatory and antiprurutic. It is used
to purify the blood. The seed is in intoxicant and the fruit
rind has oxytropic action. Its powder is used as a nasal
insufflation.

Hibiscus rosa-sinensis: Hibiscus rosa-sinensis belongs
to the family Malvaceae. The roots are cylindrical, 5-15
cm in length and 2 cm in diameter, off white and with
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light brown transverse lenticles. The roots taste sweet and
are mucilaginous. The leaves are simple ovate or
ovatelancolate, and are entire at the base and coarsely
toothed at the apex. The flowers are pedicillate,
actinomorphic, pentamerous and complete. The corolla
consists of 5 petals, red and about 8 cm in diameter.
Traditionally this plant is used for the control of
dysfunctional uterine bleeding and as an. oral
contraceptive. Some of the chemical constituents isolated
from this plant are cyanidin, quercetin, hentriacontane,
calcium oxalate, thiamine, riboflavin, niacin and ascorbic
acid. Flavonoids are also present.

Mirabilis jalapa: Mirabilis jalapaLinn. belongs to the
family Nyctaginaceae. It is a large herbaceous plant grown
in gardens throughout India. This plant is 50-100 cm high.
It has antifungal, antimicrobial, antiviral, antispasmodic,
antibacterial, diuretic, carminative, cathartic, hydragogues,
purgative, stomachic, tonic and vermifuge properties This
plant contains alanine, alphaamyrins, arabinose, beta-
amyrins, campesterol, daucosterol and dopamine, and is
used to treat conjunctivitis, edema, fungal infections,
inflammation, pains and swellings.

Rheo discolorHance: Rheo discolor Hance belongs to the
family Commelinaceae. It is commonly grown in gardens,
and is usually known as Tradescantia. The leaves are large,
imbricated, green above and purple beneath.

Nyctanthes arbortristis: Nyctanthes arbortristis Linn.
belongs to the family Oleaceae. The tree measures up to
3-10 m in height. The leaves face forwards and are 10-
12.5 cm long. The leaf juice is used to treat loss of appetite,
piles, liver disorders, biliary disorders, intestinal worms,
chronic fever, obstinate sciatica, rheumatism and fever
with rigours. The seeds are used as anthelmintics and in
alopecia. It is antibilious and an expectorant, and is also
useful in bilious fevers.
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Colocasia esculenta: Colocasia esculenta Schott. belongs
to the family Araceae. The plant is a hearty succulent herb,
with clusters of long heart or arrowhead- shaped leaves
that point earthwards. It grows on erect stems that may
be green, red black or variegated. The stems are a few
meters high. The species is thought to be a native of India.
The young leaves are rich in Vitamin C, and the roots are
rich in starch. It contains thiamine, riboflavin, niacin, oxalic
acid, calcium oxalate and sapotoxin. The tubers contain
aminoacids and proteins. The corms contain the
anthocyanins perlargonidin 3-glucoside, cyaniding 3-
rhamnoside and cyaniding 3-glucoside. Traditionally it is
used to settle the stomach, to prevent swelling and pain
and to reduce fever. It is also used as a poultice on infected
sores.

Gracilaria corticata: Gracilaria corti~ata belongs to the
family Rhodophyceae. These algae are multicellular,
forming well-developed branched thalli.

Dictyotaspp: Dictyota spp. belong to the family
Phaeophyaceae. The brown algae vary in size from
microscopic plants with a few cells to very large plants
some 70 m in length. Most brown algae possess a holdfast,
stipe and blade.

Pulicaria wightiana: Pulicaria wightiana belongs to the
family Asteraceae. The leaves are sessile, and pubescent
on both sides.

Aqueous Extraction: Fresh plant materials were washed
under running tap water, air dried and then homogenised
to fine powder and stored in airtight bottles. For aqueous
extraction, 10 g of air-dried powder was placed in distilled
water and boiled for 6 h. At intervals of 2 h it was filtered
through 8 layers of muslin cloth and centrifuged at 5000
x g for 15 min. The supernatant was collected. After 6 h,
the supernatant was concentrated to make the final volume
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one-fourth of the original volume. Finally 10 g of material
was extracted in 25 ml of distilled water giving a
concentration of 40 mg/0.1 ml. It was then autoclaved at
121°C and 15 Ibs pressure and stored at 4°C.

Table 1: Screening of some medicinal plants for potential antibacterial

activity.
No. Botanical name Family = Vernacular name Parts used
1. Sapindus Sapindaceae Aritha Leaf
emarginatus .
2.  Hibiscus Malvaceae Jasud Leaf
rosa-sinensis
3.  Mirabilis jalapa Nyctaginaceae ~ Gulbas in toto
4. Rheo discolor Commelinaceae — Leaf
5.  Nyctanthes Oleaceae Parijatak Leaf
arbortristis
6. Colocasia esculenta Araceae Leaf
7.  Gracilaria corticata Rhodophyaceae — in toto
8.  Dictyota spp. Phaeophyaceae — in toto
9. Pulicaria wightiana Asteraceae Shinshoria  in toto’

Solvent extraction: Ten grams of air dried powder was
placed in 100 ml of organic solvent (methanol) in a conical
flask, plugged with cotton and then kept on a rotary
shaker at 190-220 rpm for 24 h. After 24 h, it was filtered
through 8 layers of muslin cloth and centrifuged at 5000
x g for 15 min. The supernatant was collected and the
solvent was evaporated to make the final volume one-
fourth of the original volume, giving a concentration of
40 mg/0.1 ml. It was stored at 4°C in airtight bottles for
further studies.

Test Microorganisms: The microbial strains are
identified strains and were obtained from the National
Chemical Laboratory (NCL), Pune, India. The bacterial
strains studied are Pseudomonas testosteroni NCIM 5098,
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Staphylococcus epidermidisATCC 12228, Proteus
morganiiNCIM 2040, Bacillus subtilis ATCC 6633,
Micrococcus flavus ATCC 10240 and Klebsiella
pneumoniaeNCIM 2719.

A loop full of the strain was inoculated in 30 ml of
nutrient broth in a conical flask and incubated on a rotary
shaker for 24 h to activate the strain. Mueller Hinton Agar
No. 2 was prepared for the study. The assay was
performed using 2 methods. Agar disk diffusion for
aqueous extract and Agar ditch diffusion for solvent
extract. The media and the test bacterial cultures were
poured into Petri dishes (Hi-Media).

The test strain (0.2 ml) was inoculated into the media
(inoculum size 108 cells/ml) when the temperature
reached 40-42°C. Care was taken to ensure proper
homogenisation. The experiment was performed under
strict aseptic conditions. For the Agar disk diffusion
method, the test compound (0.1 ml) was introduced onto
the disk (0.7 cm) (Hi-Media) and then allowed to dry. Thus
the disk was completely saturated with the test compound.
Then the disk was introduced onto the upper layer of the
medium with the bacteria. The plates were incubated
overnight at 37°C. For the Agar ditch diffusion method,
after the medium was solidified, a ditch was made in the
plates with the help of a cup-borer (0.85 cm). The test
compound was introduced into the well and the plates
were incubated overnight at 37°C.

Microbial growth was determined by measuring the
diameter of the zone of inhibition. Methanol and distilled
water were used as the control. The control activity was
deducted from the test and the result obtained was plotted.
The antibacterial activity of S. emarginatus leaf extract of
both solvents (aqueous and methanolic) against Ps.
testosteroni, K. pneumoniae, M. flavus, P. morganii, B.
subtilis and S. epidermidis is shown in Figure la. The
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methanolic extract showed considerably more activity than
the aqueous extract. Maximum antibacterial activity was
cshown against M. flavus, followed by S. epidermidis and
P. morganii. Neither of the extracts were able to inhibit
Ps. testosteroni or K. pneumoniae.

The antibacterial activities of H. rosa-sinensis and M.
jalapa are shown in Figure 1b and Figure 1c, respectively.
Neither aqueous non methanolic extracts were able to
inhibit any of the tested bacterial strains. In Figure 2a the
antibacterial activity of R. discolor against the tested
bacterial strains is shown. Neither of the extracts (aqueous
or methanolic) were able to inhibit any of the tested
bacterial strains. The antibacterial activity of N. arbortristis
against the tested strains is shown in Figure 2b. The
aqueous extract showed some activity against Ps.
testosteroni, but showed negligible activity against the
other bacterial strains.

This plant, i.e. N. arbortristis, extract (methanolic),
was unable to inhibit any of the bacterial strains studied.
The antibacterial activity of C. esculenta is shown in Figure
2c. The aqueous extract did not show any activity against
any of the bacterial strains. The methanolic extract showed
inhibitory activity against K. pneumoniae only, and none
of the other bacterial strains were affected. The
antibacterial activity of G. corticata is shown in Figure 3a.
Neither of the extracts were able to inhibit any of the
tested bacterial strains.

In Figure 3b, the antibacterial activity of Dictyota spp.
is shown. The aqueous extract showed slight activity
against S. epidermidis and B. subtilis, whereas methanolic
extract showed activity against B. subtilis only. Both the
extracts showed activity against B. subtilis. Neither of the
extracts were able to inhibit Ps. testosteroni, P. morganii,
M. flavus or K. pneumoniae. In Figure 3c the antibacterial
activity of P. wightiana is shown. The methanolic extract
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showed more activity than the aqueous extract. The
greatest activity of the methanolic extract was against B.
subtilis, followed by M. flavusand P. morganii. The other
2 bacteria were not affected. The aqueous extract showed
negligible activity.

The aqueous extract appears to have less antibacterial
activity than the methanolic extract. This is interesting in
that the traditional method of treating a bacterial infection
was by administering a decoction of the plant or a part
there of by boiling it in water, whereas according to the
researchers results an organic solvent is better; hence this
may be more beneficial. Amongst the 6 bacterial strains
investigated Ps. testosteroniand K. pneumoniaewere the
most resistant. It was also evident that Gram negative
bacteria were more resistant than Gram positive bacteria.
It can be concluded that plant extracts have great potential
as antimicrobial compounds against microorganisms and
that they can be used in the treatment of infectious
diseases caused by resistant microgrganisms.

S. emarginatus showed makimum antibacterial
activity and so this plant can be used to discover bioactive
natural products that may serve as leads for the
development of new pharmaceuticals that address hither
to unmet therapeutic needs. Such screening of various
natural organic compounds and identifying active agents
is the need of the hour, because successful prediction of
lead molecule and drug like properties at the onset of drug
discovery will pay off later in drug development.



5
Validity of Ethnomedicines

Fossil records date human use of plants as medicines at
least to the Middle Paleolithic age some 60,000 years ago.
From that point the development of traditional medical
systems incorporating plants as a means of therapy can
be traced back only as far as recorded documents of their
likeness.

Ethnomedicine is defined as the use of plants by
humans as medicines, is a highly diversified approach to
drug discovery that involves observation, description, and
experimental investigation (screening) for possible
biological /medicinal properties from indigenous drugs. It
is based on botany, chemistry, biochemistry,
pharmacology, physiology and other disciplines such as
anthropology, archaeology and history that contribute to
the discovery of natural products with medicinal activity.

According to the World Health Organisation, more
than 60 % of the world’s population use ethnomedicine
as part of their primary health care. Being given that plants
have been used by humans (often hundreds or thousands
of years), one could therefore expect any bioactive
compounds obtained from such plants to have low human
toxicity. Therefore the goals of using plants as possible
leads for therapeutic agents are four folds:
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— to isolate and characterise bioactive compounds for
possible use as drugs, e.g., the cardiac drug, digoxin,
as well as morphine andtaxol;

— to produce bioactive compounds of novel or known
structures as lead compounds for semisynthesis to
produce pharmaceuticals that may display lower
toxicity and for which patents can be acquired, e.g.,
metformin, verapamil, and amiodarone;

— to use agents as pharmacologic tools; and

— to use the whole plant or part of it as a herbal remedy,
e.g., garlic, bitter melon.

With the use of traditional plants as herbal remedies over
the centuries, some of these plants obviously may be toxic
within a given endemic culture that has no reporting
system to document these effects. It 1s unlikely, however,
that acute toxic effects following the use of a plant in these
cultures would go unnoticed or unreported. The plant
would then be used cautiously or even lose its importance
in the local usage. However it is worth mentioning that
in case of chronic toxic effects, the symptoms may be less
likely apparent at the early onset. Should be plant(s) prove
to possess such undesirable properties; its use should be
immediately discontinued.

In addition, many of the plants, which are use for
their medicinal properties, possess an array of chemical
diversity of secondary metabolites as a result of evolution.
These medicinal properties that the secondary metabolites
could possess may be equal or superior to that found in
synthetic combinatorial chemical libraries.

The development of traditional medical systems
incorporating plants as a means of therapy can be traced
back to the Middle Paleolithic age some 60,000 years ago.
Plants have long been a very important source of drugs
and many plant species (like microbes) have been screened
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to see if they contain substances with therapeutic activity.
Many plant drugs of long-standing were discovered by
investigating the scientific basis of old folk remedies to
determine the active ingredient in the concoction. The
discovery digoxin from foxgloves (an old discovery) used
to treat heart failure is a classical example whilst a recent
discovery in the form of paclitaxel (discovered in yew
leaves) has shown promising anti-cancerous properties.

In earlier times, all drugs and medicinal agents were
derived from natural substances, and most of these
remedies were obtained from higher plants. Drug
development is a complex process, and only companies
with a consequent investment in research and
development can afford to bring drugs from conception
to market. Today, many new chemotherapeutic agents are
obtained synthetically, based on “rational” drug design.
The study of natural products has many advantages over
synthetic drug design. The former leads to materials
having new structural features with novel biological
activity. Plants continue to serve as possible sources for
new drugs, but chemicals derived from the various parts
of these plants can also be extremely useful as lead
structures for synthetic modification and optimisation of
bioactivity.

The starting materials for about one-half of the
medicines we use today come from natural sources. There
is no doubt that the future of plants as sources of
medicinal agents for use in investigation, prevention, and
treatment of diseases is very promising. In the context of
isolation and screening for chemicals that may possess
medicinal properties from plants, different approaches can
be used. The following is a brief discription of the current
approaches being used by scientists to isolate and
characterise these agents.

Random selection followed by chemical screening: This
technique is also known as phytochemical screening
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approaches whereby the plants are analysed for alkaloids,
terpenes and flavonoids etc. This approach has been used
in the past and is still being used in the developing
countries. The tests are simple to perform, but false-
positive and false-negative tests often render results
difficult to assess. More important, it is usually impossible
to relate one class of phytochemicals to specific biological
targets; for example, the alkaloids or flavonoids produce
a vast array of biological effects that cannot be usually
predicted well in advance.

Random selection followed by one or more biological assays:
In the past, plant extracts were evaluated mainly in
experimental animals, primarily mice and rats. The most
extensive of these programmes were sponsored by the
National Cancer Institute (NCI) in the United States and
the Central Drug Research Institute (CDRI) in India. More
than 35,000 species have been screened in vitro primarily.
However between the period 1960-1981, the NCI has
sponsored in vivo screening for biological properties
emanating from these plants. Two major pharmaceutical
agents namely taxol and camptothecin were discovered
through the programme.

Several other plant-derived compounds has turned
out to unsuccessful in human studies. The above process
has been discontinued since 1986 onwards by the NCI who
has from then on embarked on to continue to collect and
screen plants using a battery of 60 human tumour cell lines
and also initiated a screening of plants for anti-HIV activity
in vitro. Calanolide A, has been discovered through this
programme and is currently in its Phase I clinical trials.

Follow-up of biological activity reports: These reports
showed that the plant extracts had interesting biologic
activity, but the extracts were not studied for their active
principles. The literature from the 1930s through the 1970s
contains these types of reports.
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Follow-up of ethnomedical (traditional medicine) uses of
plants: Several types of ethnomedical information are
available especially in the different cultures mainly in the
Asian and African continents. It is of no denying facts that
plants used in organised traditional medical systems.
Ayurveda and traditional Chinese medicine. have
flourished as systems of medicine in use for thousands of
years. These systems which include practice and theory
are still in place today because of their organisational
strengths, and they focus primarily on multicomponent
mixtures.

There are still certain beliefs in though Western
medical science that still view such systems as lacking
credibility and validity despite the fact that these plants
are undeniably still being widely used by a wide section
of the population of poorer countries on this planet. One
should however recegnise that adverse effects from those
widely used plants are not well documented, and efficacy
of these plants and plant mixtures is more difficult to
assess by Western scientific methods.

Importance of Ethnomedicine

At first interest in the western countries especially the
United States, was directed toward antifungal and of
antiviral agentsfrom traditional medicinal plants. The
approach was to send scientist including botanist as well
as physician teams to tropical areas to assess firsthand the
use of plants by traditional healers and to collect
interesting plants and assess them for validity in the
Shaman laboratories. It is extremely difficult to assess the
value of any approach to the use of higher plants to
develop new drugs. Several active compounds were
discovered. Unfortunately many failed to live up to the
promise.

Many plants/extracts were either toxic or failed in
the clinic. Priorities were then shifed or re-toward
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screening for possible antidiarrhoeal activity. A successful
candidate that emerged from such programmes is SP-303,
an oligomeric proanthocyanidin. SP-303 has proven to be
clinically efficacious and is currently marketed as a dietary
supplement for diarrhoea. In addition, a major effort has
also been directed toward discovery of novel antidiabetic
agents, which resulted in the discovery of several patented
compounds: cryptolepine, maprouneacin.

During the past decade, traditional systems of
medicine have become a topic of global importance.
Current estimates suggests that, in many developing
countries just like Mauritius, a large proportion of the
population relies heavily on traditional practitioners and
medicinal plants to meet primary health care needs.
Although modern medicine may be available in these
countries, herbal medicines (phyto-medicines) have often
maintained popularity for historical and cultural reasons.
Concurrently, many people in developed countries have
begun to turn to alternative or complementary therapies,
including medicinal herbs.

Even with this vast array of data, few medicinal plant
species have been scientifically evaluated for their possible
medical application. Safety and efficacy data are available
for even a few plants, their extracts and their active
ingredients, and the preparations containing them.
Furthermore, in most countries the herbal medicine market
is poorly regulated and herbal products are often neither
registered nor controlled. Assurance of safety, quality and
efficacy of medicinal plants and herbal products has now
become a key issue in industrialised and in developing
countries. Both the general consumer and health-care
professionals need up-to-date information on the safety
and efficacy of medicinal plants.

The goals of using plants as sources of therapeutic
agents are;
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a) to isolate bioactive compounds for direct use as drugs,
e.g., digoxin, digitoxin, morphine, reserpine, taxol,
vinblastine, vincristine;

b) to produce bioactive compounds of novel or known
structures as lead compounds for semisynthesis to
produce patentable entities of higher activity and/or
lower toxicity, e.g., metformin, nabilone, oxycodon
(and other narcotic analgesics), taxotere, teniposide,
verapamil, and amiodarone, which are based,
respectively, on galegine, A’-tetrahydrocannabinol,
morphine, taxol, podophyllotoxin, khellin, and khellin;

c) to use agents as pharmacologic tools, e.g., lysergic acid
diethylamide, mescaline, yohimbine; and

d) to use the whole plant or part of it as a herbal remedy,
e.g., cranberry, echinacea, feverfew, garlic, ginkgo
biloba, St. John's wort, saw palmetto.

The number of higher plant species (angiosperms and
gymnosperms) on this planet is estimated at 250,000 , with
a lower level at 215,000 and an upper level as high as
500,000. Of these, only about 6% have been screened for
biologic activity, and a reported 15% have been evaluated
phytochemically. With high throughput screening methods
becoming more advanced and available, these numbers
will change, but the primary discriminator in evaluating
one plant species versus another is the matter of approach
to finding leads.

There are some broad starting points to selecting and
obtaining plant material of potential therapeutic interest.
However, the goals of such an endeavor are
straightforward. Plants have an advantage in this area
based on their long-term use by humans (often hundreds
or thousands of years). One might expect any bioactive
compounds obtained from such plants to have low human
toxicity. Obviously, some of these plants may be toxic
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within a given endemic culture that has no reporting
system to document these effects. It is unlikely, however,
that acute toxic effects following the use of a plant in these
cultures would not be noticed, and the plant would then
be used cautiously or not at all.

In addition, chemical diversity of secondary plant
metabolites that results from plant evolution may be equal
or superior to that found in synthetic combinatorial
chemical libraries. It was estimated that in 1991 in the
United States, for every 10,000 pure compounds (most
likely those based on synthesis) that are biologically
evaluated (primarily in vitro), 20 would be tested in animal
models, and 10 of these would be clinically evaluated, and
only one would reach U.S. Food and Drug Administration
approval for marketing. The time required for this process
was estimated as 10 years at a cost of $231 million (U.S.).

Most large pharmaceutical manufacturers and some
small biotechnology firms have the ability to screen 1,000
or more substances per week using high throughput in
vitro assays. In addition to synthetic compounds from their
own programmes, some of these companies screen plant,
microbial, and marine organisms. Thus, the challenges
facing these companies in acquiring organisms and extracts
(vide infra) usually result in a failure to consider collection
of plants, especially if the acquisitions are based on
ethnomedical use. It is time-consuming to collect specific
plants having an ethnomedical history.

Despite these problems, one cannot discount the past
importance of plants as sources of structurally novel drugs.
Ethnomedicine may be defined broadly as the use of plants
by humans as medicines; but this use could be called more
accurately ethnobotanic medicine. Traditional medicine is
a broad term used to define any non-Western medical
practice. Ethnopharmacology is a highly diversified
approach to drug discovery involving the observation,



84 Bioactive Medicinal Plants

description, and experimental investigation of indigenous
drugs and their biologic activities. It is based on botany,
chemistry, biochemistry, pharmacology, and many other
disciplines (anthropology, archaeology, history, and
linguistics) that contribute to the discovery of natural
products with biologic activity.

Different Approaches to Drug Discovery

Several reviews pertaining to approaches for selecting
plants as candidates for drug discovery programmes have
been published; however, most concern screening plants
for anticancer or anti-HIV activity. Researchers outline
these approaches briefly before concentrating on the
ethnomedical approach.

Random selection followed by chemical screening. These
so-called phytochemical screening approaches have been
used in the past and are currently pursued mainly in the
developing countries. The tests are simple to perform, but
false-positive and false-negative tests often render results
difficult to assess. More important, it is usually impossible
to relate one class of phytochemicals to specific biologic
targets; for example, the alkaloids or flavonoids produce
a vast array of biologic effects that are usually not
predictable in advance.

Random selection followed by one or more biologic assays.
In the past, plant extracts were evaluated mainly in
experimental animals, primarily mice and rats. The most
extensive of these programmes were sponsored by the
National Cancer Institute (NCI) in the United States and
the Central Drug Research Institute (CDRI) in India. More
than 35,000 species were screened in vitro and later in vivo
at NCI from 1960 to 1981. Taxol and camptothecin were
discovered in this programme as well as several other
plant-derived compounds that were unsuccessful in
human studies. In 1986 the NCI programme abandoned
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this approach and continued to collect and screen plants
using a battery of 60 human tumour cell lines and also
initiated a screening of plants for anti-HIV activity in vitro.

The CDRI evaluated approximately 2,000 plant species
for several biologic activities, including antibacterial,
antidiabetic, antifertility, antifungal,
antihypercholesteremic, anti-inflammatory, antitumour,
cardiovascular, central nervous-system depressant,
cytotoxicity, diuretic, and others. To date no biologically
active drugs for human use have arisen from that
programme, even though a large number of known and
novel bioactive compounds were isolated from the active
plants.

Follow-up of ethnomedical (traditional medicine) uses
of plants. Several types of ethnomedical information are
available:

Plants used in organised traditional medical systems:
Ayurveda, Unani, Kampo, and traditional Chinese
medicine have flourished as systems of medicine in use
for thousands of years. Their individual arrangements all
emphasise education based on an established, frequently
revised body of written knowledge and theory. These
systems are still in place today because of their
organisational strengths, and they focus primarily on
multicomponent mixtures. Even though Western medical
science views such systems as lacking credibility,
undeniably they are used widely by most people on this
planet. Adverse effects from those widely used plarnts are
not well documented in the literature, and efficacy of these
plants and plant mixtures is more difficult to assess by
Western scientific methods.

Herbalism, folklore, and shamanism: These center on an
apprenticeship system of information passed to the next
generation through a shaman, curandero, traditional
healer, or herbalist. The plants that are used are often kept
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secret by the practitioner, so little information about them
is recorded; thus there is less dependence on scientific
evidence as in systems of traditional medicine that can be
subject to scrutiny. The shaman or herbalist combines the
roles of pharmacist and medical doctor with the cultural/
spiritual /religious beliefs of a region or people, which are
often regarded as magic or mysticism. This approach is
widely practiced in Africa and South America.



6
Evaluation of Plant Extracts

Plants contain thousands of constituents and are a valuable
source of new and biologically active molecules. For their
investigation, it is important to have the necessary tools
at hand. These include suitable biological assays and
chemical screening methods. Bioassays should be as simple
as possible and attempts should be made to have access
to a large number of different tests so that many biological
properties can be screened. The bioassays summarised here
involve antifungal, antibacterial and antioxidant/radical
scavenging activities. They are most effective when used
in conjunction with chemical screening methods so that
ubiquitous and unimportant compounds can be excluded.

When one considers that a single plant may contain
up to thousands of constituents, the possibilities of making
new discoveries become evident. The crucial factor for the
ultimate success of an investigation into bioactive plant
constituents is thus the selection of plant material.

Chemical Screening

Isolation of pure, pharmacologically active constituents
from plants remains a long and tedious process. For this
reason, it is necessary to have methods available which
eliminate unneccesary separation procedures. Chemical
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screening is thus performed to allow localisation and
targeted isolation of new or useful types of constituents
with potential activities. This procedure enables
recognition of known metabolites in extracts or at the
earliest stages of separation and is thus economically very
important.

Thin-layer chromatography (TLC) is the simplest and
cheapest method of detecting plant constituents because
the method is easy to run, reproducible and requires little
equipment. However, for efficient separation of
metabolites, good selectivity and sensitivity of detection,
together with the capability of providing on-line structural
information, hyphenated high performance liquid
chromatographic (HPLC) techniques are preferred. They
play an important role as an analytical support in the work
of phytochemists for the efficient localisation and rapid
characterisation of natural products.

HPLC coupled to a UV photodiode array detector
(LC/UV) has been widely used for the analysis of crude
plant extracts. The UV spectra of natural products obtained
on-line by LC/UV give useful information on the type of
constituents and in the case of certain classes of
compound, such as the polyphenols, indications of
oxidation patterns. HPLC coupled to mass spectrometry
(LC/MS) is a newer hyphenated technique. Mass
spectrometry is one of the most sensitive methods of
molecular analysis and yields information on the molecular
weight as well as on the structure of the analytes.

However, it has been difficult to achieve on-line
coupling of HPLC and MS. These problems have now been
overcome with the introduction of different LC/MS
interfaces. For the HPLC screening of crude plant extracts,
three interfaces have been used in our laboratory:
thermospray (TSP), continuous flow fast atom
bombardment (CF-FAB) and electrospray (ES). They cover
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the ionisation of relatively small non-polar products to
highly polar molecules. LC/TSP-MS allows satisfactory
ionisation of moderately polar constituents such as’
polyphenols or terpenoids in the mass range 200-800 amu.
For larger, polar molecules such as saponins, CF-FAB or
ES are the methods of choice.

HPLC coupled to a NMR spectrometer (LC/NMR)
has, until recently, been little used mainly because of its ’
lack of sensitivity. However, progress in pulse field
gradients and solvent suppression, together. with
improvements in probe technology and the construction
of high field magnets now allow many applications of the
technique. LC/NMR has important potential for online
structure identification of natural products. Indeed, NMR
spectroscopy is by far the most powerful spectroscopic
technique for obtaining detailed structural information
about organic compounds in solution. Coupling to a HPLC
instrument is straightforward and solvent suppression
techniques enable the use of non-deuterated solvents
(methanol or acetonitrile) under reversed-phase conditions.
Water is replaced by D,O.

Biological Screening

Screening programmes for biologically active natural
products require the right bioassays. Detection of
compourids with the desired activity in complex- plant
extracts depends on the reliability and sensitivity of the
test systems used. Bioassays are also essential for
monitoring the required effects throughout activity-guided
fractionation: all fractions are tested and those continuing
to exhibit activity are carried through further isolation and
purification until the active monosubstances are obtained.

The search for promising plant extracts and
subsequent activityguided isolation put specific
requirements on the bioassays to be used. They must be
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" simple, inexpensive and rapid in order to cope with the
large number of samples—including extracts from the
screening phase and all fractions obtained during the
isolation procedure. They must also be sensitive enough
to detect active principles which are generally present only
in small concentrations in crude extracts. Their selectivity
should be such that the number of false positives is
reasonably small.

Here emphasis will be placed on TLC autographic
assays, which combine TLC with a bioassay in situ and
allow localisation of active constituents in a complex
matrix. The number of available targets for biological
screening is limited. Furthermore, bioassays are often not
reliaby predictive for clinical efficiency. For these reasons,
it is extremely helpful to have chemical screening
techniques available as a complementary approach for the
discovery of new molecules which might serve as lead
compounds. Chemical screening also serves for
dereplication purposes.

TLC Screening

TLC screening for antifungal and antibacterial compounds: The
use of immunosuppressive drugs and the spread of AIDS
have resulted in an increasing occurrence of opportunistic
systemic mycoses. The infections commonly observed in
the immunecompromised host include candidiasis
(Candida albicans and related species) of the oesophagus
and mouth, cryptococcosis (Candida neoformans) and
aspergillosis.

As there are few really effective antifungal
preparations currently available for the treatment of
systemic mycoses and as the efficacy of existing drugs is
rather limited, it is important to find new sources of
antifungal agents. Plant-derived natural products may offer
potential leads for novel agents which act against these
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mycoses. There is also a need to screen plants for’
constituents which have activity against plant pathogenic
fungi: fungal attack can be economically devastating in
agriculture.

Bioautography is a very convenient and simple way
of testing plant extracts and pure substances for their
effects on both human pathogenic and plant pathogenic
microorganisms. It can be employed in the target-directed
isolation of active constituents. Three bioautographic
methods have been described : agar diffusion, direct TLC
bioautograpHtic detection and agar-overlay.

Direct bioautography is applicable to microorganisms
that can grow directly on the TLC plate. The agar-overlay
techhique is a hybrid of the two other methods and is
applicable to a broad spectrum of microorganisms. It
produces well defined zones of inhibition and is not
sensitive to contamination. Active compounds are
. transfefred from the stationary phase to the agar layer
(which contains the microorganism) by a diffusion