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Abstract
An integrated and interdisciplinary research programme with native medicinal plants from tro-

pical forests has been performed in order to obtain new forest products for sustainable use in

regional markets vis-à-vis ecosystem conservation. For the success of this programme ethno-

pharmacological studies are very important with respect to (i) identification of useful plants

including medicinal and aromatic species; (ii) recuperation and preservation of traditional

knowledge about native plants; and (iii) identification of potential plants with economic

value. The plants are selected with a view to evaluate efficacy and safety (pharmacological

and toxicological studies), and phytochemical profile and quality control (phytochemical

and chromatographic characterization). These studies are very important to add value to

plant products and also to mitigate unscrupulous exploitation of medicinal plants by local com-

munities, since multiple use of plants represents an excellent strategy for sustaining the tropical

ecosystem through ex situ and in situ conservation. Thus, conservation of tropical resources is

possible in conjunction with improvements in the quality of life of the traditional communities

and production of new products with therapeutic, cosmetic and ‘cosmeceutic’ value.
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Introduction

In Brazil, like many other developing countries, a high

tropical biodiversity is related to the presence of several

human groups that live in tropical forests. These tra-

ditional or rural communities have a rich knowledge of

the medicinal value of tropical plants, but do not have

access to pharmaceuticals. Thus, in order to provide

increased access to pharmaceuticals for the local commu-

nities, it is very important that the industrial base to

produce modern medicines is developed locally at a

competitive cost commensurate with market price.

According to World Health Organization (WHO), 80%

of the population, especially in developing countries,

depend on medicinal plants for their primary health

care (Farnsworth and Morris, 1976). Several pharmaceuti-

cal industries and research institutions have mainly two

goals in using plants as sources of therapeutic agents:

(i) to isolate bioactive compounds for direct use as

drugs, e.g. morphine and digoxin; and (ii) to produce

bioactive compounds from novel or known structures

as lead compounds for semi-synthesis to produce

patentable entities of higher activity and/or lower

toxicity, e.g. taxotere and verapamil.

However, use of the whole plant or plant part(s) as a

herbal remedy is an important approach in providing

new therapeutic products. The development of standar-

dized phytomedicine products with proven efficacy,

safety and quality is an important strategy in providing

access to new medicinal products, because herbal medi-

cines usually cost less than synthetic drugs, standardization* Corresponding author. E-mail: ldistasi@ibb.unesp.br
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and quality control are feasible, and the occurrence of

undesirable side-effects seems to be less frequent

when compared to synthetic drugs. Standardization of

phytomedicines could be best realized by considering

three essential aspects: (i) selection of the plant species

for use and studies of new phytomedicines is based on

traditional knowledge and consequent benefit sharing;

(ii) pharmacological, toxicological and phytochemical

evaluation of the selectedmedicinal plants is appropriately

done to ascertain their efficacy, safety and quality control;

and (iii) strategic utilization of the biological material

for the sustainable use of multiple forest resources and

conservation of ecosystems.

The present paper highlights meaningful consider-

ations arising from the integrated medicinal plants

research performed in Brazil that may be useful to other

countries with tropical forest vegetation and traditional

communities. The integrated approach to medicinal

plant research (Fig. 1) includes a sequence for the study

of popular medicinal plants used in several Brazilian

regions with a view to providing better access to medi-

cines, standardization of phytomedicines and improve-

ment of the life quality of the forest people vis-à-vis

environmental conservation. Our experiences in the

Brazilian Amazon and Tropical Atlantic Rain Forests

(Mata Atlântica) underpin three main priority aspects:

(i) accomplishment of an ethnopharmacological survey

in order to support laboratory studies (pharmacological,

toxicological and phytochemical) to determine potential

forest species with economic value and to promote pres-

ervation of the traditional knowledge; (ii) sustainable

(ex situ and in situ conservation) raw material production

of the medicinal plants for quality control to realize

rational exploitation with environmental conservation;

and (iii) standardization of phytomedicines for pro-

duction of herbal remedies with efficacy, safety and

Fig. 1. Flow chart of sequence for the integrated approach research into medicinal plants.
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quality control for use both in primary health care and as

commercial products.

Ethnopharmacology

Ethnopharmacology—an old concept revisited

The popular knowledge about the medicinal value of

plant species has been the main goal of several disci-

plines such as ethnobotany, ethnomedicine, folk medi-

cine and ethnopharmacology. Despite the concept of

ethnopharmacology as a highly diversified approach to

drug discovery involving the observation, description

and experimental investigation of indigenous drugs and

their biological activities (Bruhn and Holmstedt, 1980),

and ethnobotany as the study of knowledge and con-

cepts developed by human groups about the plant

world (Posey, 1986; Prance, 1991), our research team

uses the term ‘ethnopharmacology’ as the identification

and registration of the different medicinal uses of plant

species by different human groups. This definition is, in

fact, an adaptation of an old concept of ethnopharma-

cology (Casamada, 1968), and is based on two practical

aspects: (i) ethnobotany is not only based on the

survey of medicinal uses of plant species in different

human groups, and (ii) pharmacology is usually referred

to as the studies performed to determine pharmacologi-

cal and toxicological effects of medicinal plants.

Ethnopharmacology as the main method of
medicinal plant selection

Several approaches for selecting plants for investigation

have been used. The most common strategies are random-

ized selection followed by chemical or pharmacological

screening; selection based on chemical composition,

i.e. chemotaxonomical approach; and selection based on

traditional usage, i.e. ethnopharmacology. However, a

combination of ethnopharmacological and chemotaxo-

nomic data may be more useful.

The value of plants used in traditional medicine for drug

discovery is uncontestable (Young, 1999; Fabricant and

Farnsworth, 2001; Rates, 2001). According to Farnsworth

et al. (1989), 88% of the 119 natural compounds used in

modern medicine have the same or related use described

in traditional medicine. Further, it was discovered that

these compounds were derived from only 94 species of

plants. Considering that the number of higher plant species

is estimated at approximately 250,000 (Cronquist, 1988;

Fabricant and Farnsworth, 2001), there is a great number

of plants that remain to be studied as a source of new

drugs or phytomedicines. It is estimated that only about

6% of these plants have been screened for biological

activity, and 15% have been evaluated phytochemically

(Verpoorte, 2000).

If traditional medicine is the main approach to selection

of medicinal plants, it is important to note that knowledge

heritage on medicinal plants is a dynamic concern in

human groups (Savastano and Di Stasi, 1996). Because of

this it is very important to perform new surveys for regis-

tration of the popular and traditional uses of tropical

forest species. In fact, the sum total of human knowledge

about the types, distribution, ecology,methods ofmanage-

ment and methods of extracting the useful properties of

medicinal plants is rapidly declining—a continuation of a

process of loss of local cultural diversity that has been

under way for hundreds of years (Hamilton, 2003).

Unlikemany tropical countries, where the use ofmedicinal

plants is well defined and distinctly organized in the tra-

ditional medicine systems, e.g. Ayurveda, Unani and Tra-

ditional Chinese Medicine, in Brazil studies on medicinal

plants are insufficient to support interdisciplinary research

(Brito and Brito, 1993). Therefore, new ethnopharmacolo-

gical studies are necessary to provide recuperation and

conservation of the knowledge about native medicinal

plants and to permit an adequate selection of medicinal

plants for pharmacological, toxicological and phytochem-

ical studies.

In Brazil, there are five important ecological regions,

Brazilian Amazon Forest, Tropical Atlantic Forest,

Pantanal, Cerrado and Caatinga, all of which have a rich

biodiversity and a great number of endemic medicinal

plants. Several ethnopharmacological and ethnobotanical

studies have been carried out in Brazil, particularly in the

Brazilian Amazon (see review by Brito and Brito, 1993),

but new studies are necessary for data accreditation/

actualization. Since 1989, our research group has been

involved in ethnopharmacological studies in the Brazilian

Amazon (Di Stasi et al., 1994) and Tropical Atlantic Forests

(Di Stasi et al., 2002). Several medicinal plants have since

been selected for pharmacological, toxicological and phy-

tochemical studies with a view to phytomedicine stan-

dardization. Criteria adopted by our research group to

select medicinal plants for further investigation were

based on: (i) availability of plant material for extraction

keeping in view the possibilities for cultivation or sustain-

able management; (ii) economic value of medicinal plants

in local or international markets; and (iii) availability of

pharmacological methods adequate for evaluation of the

traditional uses.

Sustainable raw material production

Since the demand for raw material from medicinal plants

has increased, both in developing and developed
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countries, due to the recognition that herbal remedies are

effective and safe to use, and with the international

market of medicinal plant products over US$19.4 billion

per year (Laird and Pierce, 2002), the production of raw

material from medicinal plants is a very important

aspect for sustainable development of phytomedicines

and new drugs. In fact, a wide range of products could

be obtained from medicinal plants (Fig. 2). Considering

that multiple use of forest resources is better for environ-

mental conditions, raw material from medicinal plants

could be used as the source of several forest products,

e.g. herbal teas, standardized phytomedicines, new

drugs, pharmaceutical auxiliary products, cosmetics,

‘cosmeceutics’ and nutraceutical dietary products.

Rational use of these forest resources improves the

economy and health conditions of forest people, while

providing development of a local pharmaceutical and

phytomedicine industry. Since medicinal plants are

potentially renewable natural resources, their conserva-

tion and sustainable use involves an integrated scientific

approach, particularly in respect to production of raw

material by natural and sustainable exploitation or con-

ventional cultivation. The production of raw material

from medicinal plants can be accomplished by ex situ

and in situ conservation. These two essential approaches

are very important to promote the sustainable use of

forest resources. Many medicinal plants in their natural

habitat are scattered so it is difficult to economically

collect and process them.

Ex situ conservation is defined as plant conservation out-

side natural habitats by cultivating and maintaining medic-

inal plants in botanic gardens or other suitable sites, and

through long-term preservation of plant propagules in

gene banks, plant tissue culture and standardized extracts

for further chemical and pharmacological studies. The cul-

tivation of medicinal plants includes several studies for

domestication of plant species, including propagation,

adaptation to cultivation, and other biological character-

istics such as growth and development, seed dispersion,

pollination and senescence. On the other hand, several

problems need to be addressed in order to obtain a good

economic yield of plant products. Some of these problems

are related to agro-climate and ecological conditions, soil,

incidence of pests and diseases, use of adequate propa-

gation methods for each plant species and proper con-

ditions for processing raw materials.

If the best way to provide raw material is to cultivate

the plants, it is important to note that cultivation is

Fig. 2. Main uses of raw materials from medicinal plants.
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possible for some medicinal plants, particularly those that

grow under direct sunlight conditions as occurs in dis-

turbed areas of tropical forest or those plants from sec-

ondary vegetation. On the other hand, medicinal plants

that live just in primary forests need special conditions

to grow and develop since their cultivation will be very

difficult. For such medicinal plants, the sustainable man-

agement in natural areas is more appropriate in order to

permit their exploitation with ecosystem conservation.

It is desirable that wherever possible it is always better

to have cultivation of medicinal plants rather than to col-

lect them from forest sites, since cultivation is the way to

provide raw material without further endangering the

survival of those species. Other advantages of organized

cultivation of medicinal plants is to ensure availability of

raw material of uniform quality and consistent chemical

composition by exercising control on genetic fidelity of

the plant material, climate/soil conditions of growing

areas, agrotechnological cultural practices, optimum

harvesting etc.

On the other hand, in situ conservation of medicinal

plants provides a sustainable use and extraction of med-

icinal plants from tropical forests and represents an

important approach to ecosystem conservation. It has

been well established that the best and most cost-

effective way of protecting biological and genetic

diversity is in situ conservation wherein native plant

species or stock of a biological community is protected

and preserved in its natural habitat. According to

Hamilton (2003), approaches and methods used to pro-

mote in situ conservation and sustainable production of

medicinal plants differ little, in principle, from those

used for other plants. The types and levels of activities

that are possible will vary greatly between projects,

depending on the resources of time and money available,

as well as the particular interests and competencies of the

research team involved.

In a recent study performed by our research team it

was suggested that sustainable management could be

an option for continuous exploitation if it is compatible

with conservation of the ecosystem (Mariot et al.,

2002). Sustainable management has, as a basic premise,

control over the process of exploitation, seeking to

meet social and economic needs but also seeking, more

importantly, the maintenance of the forest resource for

the continuity of its use and exploitation of raw material

(Reis, 1996). In addition, the guarantee of continuity of

any exploitative process is related to maintenance of

the genetic structure of natural species populations

under management (Mariot et al., 2002). Oyama (1993)

and Reis et al. (2000) emphasize the fact that effective

actions on conservation and management of tropical

forests are still limited, and two basic aspects of popu-

lation biology should be studied in order to provide a

basis for these actions: demography and genetics. Since

the study of genetic structure and diversity allows knowl-

edge about the organization and distribution of natural

populations (Bawa, 1992; Hamrick et al., 1992,

Reis et al., 2000), this understanding is indispensable

for determining strategies for conservation and exploita-

tion of natural populations in their natural habitats

when the objective is the maintenance of diversity and

guarantee of sustainability (Oyama, 1993; Nason and

Hamrick, 1997; Reis et al., 2000).

Phytotherapeutic standardization

In contrast to synthetic and pure isolated products from

plants, the beneficial effects of phytomedicines typically

result from the combinations of secondary metabolites

present in plants exerting their therapeutic effects

through the additive or synergistic action of several

chemical compounds acting at single or multiple target

sites associated with a physiological process (Briskin,

2000). In addition, these synergistic or additive pharma-

cological effects can be beneficial by eliminating the

side-effects associated with the predominance of

a single compound in the body (Tyler, 1999). Since

multiple chemicals could act in an additive or synergis-

tic manner, the active principles responsible for ben-

eficial effects of the phytomedicines, in general, are

not so well known. Considering that phytomedicines

are standardized herbal preparations containing as

active ingredients plant parts or plant materials in

crude or processed states, a complete documentation

of efficacy, safety and quality control should be

required for the registration, use and marketing of

herbal products.

Evaluation of the efficacy and safety of phytomedicines

depends on each country and their regulatory agencies,

but few programmes have been performed to guarantee

the efficacy and safety of phytomedicines. In Brazil, as in

other countries, evaluation of efficacy and safety of med-

icinal plants or phytomedicines is restricted to pre-clinical

studies, since few clinical trials have been carried out

with herbal medicines (Calixto, 2000).

Under Brazilian regulatory guidelines for herbal medi-

cines, our research team has performed pharmacological

and toxicological studies to determine pre-clinical efficacy

and safety of important herbal products used and commer-

cialized in Brazil as analgesic and/or antiulcerogenic,

i.e. Maytenus ilicifolia and their botanical adulterations,

Maytenus aquifolium, Sorocea bomplandii and Zollernia

ilicifolia (Gonzalez et al., 2001), Wilbrandia ebracteata,

a Brazilian pharmacopoeia drug (Gonzalez and Di Stasi,

2002), analgesic, antiulcerogenic and male contraceptive

effects of Austroplenckia populnea (Mazaro et al., 2000,
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2002; Seito et al., 2002), and anti-allergic effects of

Anchietia salutaris (Di Stasi et al., 1999). In addition, phy-

tochemical and chromatographic profiles were performed

to standardize plant extracts and phytomedicines. Several

pure compounds were also isolated from these medicinal

plants (Di Stasi et al., 1999, 2004; Coelho et al., 2003).

The results provided additional economic value to the

medicinal plants used andwere commercialized by several

traditional and rural communities aswell as generating very

important chemical and pharmacological data for future

isolation and chemical elucidation of new products with

efficacy and safety. Simultaneously, additional auto-

ecological studies are under development for sustainable

strategies determination for each medicinal plant (Mariot

et al., 2002). Our experiences have shown that integration

among pharmacological and toxicological researches and

phytochemistry and agronomic studies for sustainable

strategies determination guarantee economic gains and

social security for forest people, while new products are

generated for use in primary health care and commerciali-

zation, promoting development of phytopharmaceutical

markets and industries.

Concluding remarks

The considerations and conclusions inferred from our

studies may have wider applications even in other

countries rich in tropical forests. Medicinal plants rep-

resent a vast repertoire of undocumented and

unexploited important economic forest resources that

needs investment for appropriate use, in situ conserva-

tion, sustainable use, and cultivation harvesting strat-

egies, to meet low-cost and locally available

phytomedicines with proven efficacy, safety and quality

control. This could be best realized by systematic ethno-

pharmacological studies, documentation of the thera-

peutic potential of forest resources and organized

cultivation of medicinal plants for raw material pro-

duction. Further, in order to convert the potential of med-

icinal plants into economic wealth, it is essential to

perform further research to establish development pro-

grammes covering pharmacological, toxicological and

therapeutical parameters and necessary strategies to pro-

duce raw materials for trade and phytomedicine

standardization.

It is of the utmost importance that the traditional

knowledge base of the forest people is duly safeguarded

from capitalist systems. Considering the absence of an

internationally agreed methodology for sharing economic

benefits from the commercial exploitation of forest

products, several problems have occurred including

accusations of biopiracy by business and industry, par-

ticularly in developing countries that have high biological

diversity. It is very important that each country debates

this problem and creates regulatory guidelines to guaran-

tee the sharing of benefits for forest people, including

protection of traditional knowledge of medicinal plants

through patents, development of a database of medicinal

plants and determining traditional uses for endemic plant

species. It may be pertinent to mention here that the Con-

vention on Biological Diversity (CBD) takes a compre-

hensive approach for the conservation and sustainable

use of biological resources based on sharing benefits

between countries which supply and countries which

use biological resources, as well as between indigenous

or local communities and users in the modern sector.

Therefore, countries are expected to operationalize the

CBD principles regarding the conservation and use of

genetic resources and to define the conditions for

access to those resources. It is also necessary that medic-

inal plant researchers, who use medicinal plants on a

small scale, are not prejudiced by legislation implement-

ing the CBD.
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