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Abstract
Given the increased use of traditional medicines, possibilities that would ensure its successful
integration into a public health framework should be explored. This paper discusses some of the
links between biodiversity and traditional medicine, and addresses their implications to public
health. We explore the importance of biodiversity and ecosystem services to global and human
health, the risks which human impacts on ecosystems and biodiversity present to human health and
welfare.

Background
Traditional medicine (TM) is a comprehensive term used
to refer both to systems such as traditional Chinese medicine, Indian ayurveda and Arabic unani medicine, and to
various forms of indigenous medicine. In countries where
the dominant health care system is based on allopathic
medicine, or where TM has not been incorporated into the
national health care system, TM is often termed "complementary", "alternative" or "non-conventional" medicine
[1]. The links between TM and biodiversity are exemplified by a long tradition of healing powers associated with
the earth's natural systems, whether this entails medicinal
plants and animal species, the ambient salubrious air,
spring water or the natural scenery. The pharmacopoeia of
folk seties as well as professional medical systems like
Chinese, Ayurvedic, Unani and biomedicine contain
thousands of medicines made from leaves, herbs, roots,
bark, animal, mineral substances and other materials
found in nature [2,3].
The interconnections between TM and the biotic environments may be seen in the health benefits derived from the

existence of a full complement of species, intact watersheds, climate regulation and genetic diversity, as well as
through our fundamental needs for food, water, clean air,
shelter and relative climatic constancy [4]. Discussions of
the links between TM and biodiversity therefore are
imperative [5], particularly when considering the importance of the importance of former as a source of primary
health care to 80 percent of the world's population [6].
Connections between environmental and human health
have been addressed by authors such as McMichael and
Beaglehole [7], who remarked that a) the sustained good
health of populations requires enlightened management
of our social resources, economic relations, and of the natural world, and b) that many of today's public-health
issues have their roots in the same socioeconomic inequalities and imprudent consumption patterns that jeopardize the future sustainability of health. In the same
context, Lebel [8] argued that the biomedical approach to
health is based on methods of diagnosing and treating
specific pathologies: one pathogen = one disease, an
approach that does not take into account the connections
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between disease and socioeconomic factors such as poverty and malnutrition, and even less of the connections
between disease and the environment in which sick people live.
Among several avenues to be explored on the links
between TM and biodiversity, this paper addresses the
importance of biodiversity and ecosystem services to global and human health, the risks which human impacts on
ecosystems and biodiversity present to human health and
welfare, and the need to stimulate greater awareness
among policy makers and the wider public.

Environmental Degradation and Human Health
The interrelationships between society and nature, and
the importance of environmental health to human health,
have recently become widely acknowledged [4], and have
drawn attention to the fact that biodiversity loss can have
indirect effects on human well-being as well. By disrupting ecosystem function, biodiversity loss leads to ecosystems that are less resilient, more vulnerable to shocks and
disturbances, and less able to supply humans with needed
services. The damage to coastal communities from floods
and storms, for example, increases dramatically following
conversion of wetland habitats, as the natural protection
offered by these ecosystems including regulation of water
run-off is compromised. Recent natural disasters in Asia
and North America serve to underline this reality [9].
Human health cannot be considered in isolation, for it
depends highly on the quality of the environment in
which people live: for people to be healthy, they need
healthy environments. Agenda 21, which the governments of 185 countries adopted at this conference in Brazil, clearly spelled out the close link between human
health and the environment; it also and highlighted the
connection between poverty and underdevelopment on
the one hand, and the connection between environmental
protection and natural resource management on the other
[8].
The implications of biodiversity loss for the global environment have been widely discussed, but only recently
has attention been paid to its direct and serious effects on
human health. Health risks are no longer merely a result
of localized exposures to "traditional" forms of pollution
– although these still certainly exist. They are also a result
of broader pressures on ecosystems, from depletion and
degradation of freshwater resources, to the impacts of global climate change on natural disasters and agricultural
production. Like more traditional risks, the harmful
effects of the degradation of ecosystem services are being
borne disproportionately by the poor. However, unlike
these more traditional hazards, the potential for unpleas-
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ant surprises, such as emergence and spread of new infectious diseases, is much greater [4].
Biodiversity loss diminishes the supplies of raw materials
for drug discovery and biotechnology, causes a loss of
medical models, affects the spread of human diseases, and
threatens food production and water quality [10]. Its
reduction has direct effects on the discovery of potential
medicines.
Two examples of recently developed drugs, one from a
plant and one from an animal, deserve mention. The story
of taxol and the Pacific yew illustrates how we may be losing new medicines before species have been analyzed for
their chemical content. The commercially useless Pacific
yew was routinely discarded as a trash tree during logging
of old growth forests in the Pacific northwest region of the
United States until it was found to contain the compound
taxol, a substance that kills cancer cells by a mechanism
unlike that of other known chemotherapeutic agents: it
prevents cell division by inhibiting the disassembly of the
mitotic spindle [11]. The discovery of the complex molecule taxol and its novel mechanism of action has led to the
synthesis of several taxol-like compounds that are even
more effective than the natural compound (11, 12),
which illustrates how a clue from nature can lead to the
discovery of a new class of drugs that would have been
extremely difficult to discover in the laboratory. Early clinical trials revealed that taxol was able to induce remission
in cases of advanced ovarian cancer unresponsive to other
treatments McGuire et al. [13], subsequent experience has
shown that taxol may be one of the most promising new
drugs available for the treatment of breast and ovarian
cancer [12].
The other example that deserves mention is the peptide
compounds in the venom of cone snails, a genus of predatory snails numbering about 500 species that inhabit
tropical coral reefs. The diversity of these compounds is so
great that it may rival that of alkaloids in higher plants
and secondary metabolites in microorganisms [14]. Some
of these peptide compounds, which have been shown to
block a wide variety of ion channels, receptors and pumps
in neuromuscular systems, have such selectivity that they
have become important tools in neurophysiological
research and may become invaluable to clinical medicine.
One voltage-sensitive calcium-channel blocker, omegaconotoxin, binds with enormous specificity to neuronal
calcium channels and has been found to have potent
activity in animals both as an analgesic [15] and as a
means of keeping nerve cells alive following ischemia
[16].
It is now being studied in advanced clinical trials in its
synthetic form (SNX-111, or ziconotide) for the preven-
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tion of nerve cell death following coronary artery bypass
surgery, head injury and stroke, and for the treatment of
chronic, intractable pain associated with cancer, AIDS and
peripheral neuropathies [17] SNX-111 has 1000 times the
analgesic potency of morphine but, unlike morphine,
does not lead to the development of tolerance or addiction or to a clouding of consciousness [18]. As coral reefs
are increasingly threatened in many parts of the world
[19], the existence of reef-dwelling organisms such as
cone snails is similarly threatened.
In addition to the role biodiversity plays in helping people recover from illness, it also makes a significant contribution in preventing disease and illness, since wellfunctioning ecosystems can help protect human health. It
is known that the poor suffer most from scarce or polluted
water and air, and from diseases associated with disrupted
ecosystems. One critically important service is the role
ecosystems play in controlling the emergence and spread
of infectious diseases by maintaining equilibria among
predators and prey, and among hosts, vectors and parasites in plants, animals and humans. This protective function of biodiversity has only recently begun to be
appreciated [20-23].
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breed in water in tree holes (e.g., the forest Aedes species
that transmit yellow fever) but provides favorable conditions for those that prefer temporary ground pools
exposed to full sunlight (e.g., many of the Anopheles species that transmit malaria). Drainage of wetlands eliminates the marshy pools exploited by many species but can
provide the open channels preferred by others (e.g., some
important European vectors of malaria, and Culex tarsalis,
a vector of St. Louis encephalitis) [29].
Bell et al. [30] remarked that one of the major lessons
from SARS is that the underlying roots of newly emergent
zoonotic diseases may lie in the parallel biodiversity crisis
of massive species loss as a result of overexploitation of
wild animal populations and the destruction of their natural habitats by increasing human populations. They also
pointed out that to address these dual threats to the longterm future of biodiversity, including man, a less anthropocentric and more interdisciplinary approach to problems which require the combined research expertise of
ecologists, conservation biologists, veterinarians, epidemiologists, virologists, as well as human health professionals is needed.

Biodiversity and TM
Examples of human infectious disease that can be affected
by upsetting these equilibria include malaria and leishmaniasis through deforestation [24]; Lyme disease through
changes in the number of acorns and in the populations
of black-legged ticks, white-footed mice and white-tailed
deer [25]; Argentine hemorrhagic fever through the
replacement of natural grasslands with corn monoculture
[26]; and cholera through increased algal blooms, secondary in part to warming seas and to fertilizer and sewage
discharge [27].
Issues involving the current scale of human-induced
changes to the biosphere and the risks of systemic dysfunction are not yet prominent or well understood within
population health research circles. Yet it is a reasonable
expectation that this ongoing impairment of Earth's lifesupport functions poses substantial risks to human health
[28]. Also, disturbances reduce the abundance of some
organisms, cause population growth in others, modify the
interactions among organisms, and between them and
their physical and chemical environments. The sheer
diversity of human infectious agents and resulting diseases makes it difficult to generalize about the ways in
which ecosystem disturbances and changes in biodiversity
may influence human health. Nevertheless, some common patterns exist, and some general principles are beginning to be identified [10].
Human activities are known to be crucial to transmission
of some diseases. Forest clearance eliminates species that

Wild populations of numerous species are overexploited
around the globe, the demand created by the traditional
medicine being one of the causes of the overexploitation.
In this context, research opportunities should focus both
on the documentation of the traditional uses of animal
and plants in TM and the cultural and ecological aspects
associated with such practices [6].
It is quite clear that the practice of TM is not immuned to
the current environmental crisis facing our planet. Significant changes in forests, savannas and other vegetational
types have impacted on the procurement and preparation,
as well as the cost of plant medicine. Desecration of spiritual spots, sacred spaces, and grooves has tended to
reduce the dignity of such 'landscapes' and to encourage
their abuse [5]. Over the last three decades, forest degradation in the Brazilian Amazon has diminished the availability of some widely used medicinal plant species.
Degradation of Amazonian forests may signify not only
the loss of potential pharmaceutical drugs for the developed world but also the erosion of the sole health care
option for many of Brazil's rural and urban poor [31].
Under the impact of industrialization and urbanization,
western medicine has displaced indigenous medical systems in many areas, in the process leaving many without
any health care. Traditional medicinal knowledge is rapidly disappearing, owing to cultural change and declining
access -in both urban and rural areas- to sources of natural
medicinal products. Most villages in the world are no
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longer surrounded by the natural habitat that formerly
served as a medicine cupboard, and bodies of folk knowledge that have accumulated and been honed for thousands of years are disappearing at an alarming rate. In
some cases this loss may actually confer net health benefits; but modern society will never know what effective
medicinal treatments are being lost [32]. In Latin America,
for example, despite the many individual efforts of the
governments to preserve the biodiversity for future generations, traditional knowledge, especially that of derived
from traditional medicine such as indigenous knowledge,
is also disappearing [33].
Transformation of local ecosystems wrought through
human economic activities has been exercising severe
constraints on the availability and accessibility of specific
types of plant and animal species used for medicinal purposes. As forests are degraded into savanna, savanna to
scrublands and bushes, and scrublands to desert characteristics in many parts of the Third world, certain species
of plants are disappearing altogether. Such a situation
poses problems for the future practice of indigenous medicine; with a few exceptions, all medicines are made from
concoctions prepared with plants, plant organs or their
secreted products [34].
The procurement of plant and animal species needed by
indigenous medical practitioners currently requires long
distance travel. This affects not only operational costs of
providing traditional medical services particularly in
urban areas, but also the forms of herbal medicine prepared. For example, freshly prepared herbal medicines are
increasingly being replaced by different concoctions, tinctures and powdered forms even in rural areas in order that
they can be stored for longer periods without losing their
potency or getting spoiled [35].
Despite the importance of TM for public health in many
parts of the world, like the current spasm of plant and animal species extinction, as remarked by [5], the practitioners of ethnomedicine (especially herbalists and cult
healers) appear to be at a greater risk of extinction than
even forests and other biomes. Knowledge of the use of
plants is disappearing faster than the plants themselves.
The destruction of tropical forests has meant, in many
parts of the tropical region, increasing disappearance of
native peoples who have been living in these areas and
who have accumulated a compendium of folk knowledge
about the usefulness of plants for curing various diseases.
On-site communities with extensive knowledge of local
environments which may be used towards collaborative
conservation and management. Examples of such practices can be found at the Mamirauá Sustainable Develop-
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ment Reserve, Brazil [36,37], in Zimbabwe [38], in the
Philippines [39], and in Pacific Islands [40].
Exclusion of local communities from the consultation/
decision processes, on the other hand, may lead to the
construction of public policies devoid of historical information, and without much social resonance.

Plants and Animals as Bioresources
Plants and animals have been used as a source of medicines from ancient times [41-43], and even in modern
times, animal and plant-based systems continue to play
an essential role in health care [10]. Wild and domestic
animals and their by-products (e.g., hooves, skins, bones,
feathers, tusks) form important ingredients in the preparation of curative, protective and preventive medicine
[44]. Additionally, a significant portion of the currently
available non-synthetic and/or semi-synthetic pharmaceuticals in clinical use is comprised of drugs derived from
higher plants [45,46], followed by microbial, animal and
mineral products, in that order [47].
The value of biodiversity to human health has been highlighted in literature [48], one of its most obvious benefit
being the large proportion of the pharmaceutical armamentarium that is derived from the natural world. Over
50% of commercially available drugs are based on bioactive compounds extracted (or patterned) from nonhuman species [49], including some lifesaving medicines
such as cytarabine, derived from a Caribbean sponge,
which is reputed as the single most effective agent for
inducing remission in acute myelocytic leukemia [50].
Other examples of drugs from biological sources include:
quinidine to treat cardiac arrhythmias, D-tubocurarine to
help induce deep muscle relaxation without general anesthetics, vinblastine to fight Hodgkin's disease, vincristine
for acute childhood leukemias, combadigitalis to treat
heart failure, ranitidine to fight ulcers, levothyroxine for
thyroid hormone replacement therapy, digoxin to treat
heart disease, enalapril maleate to reduce high blood pressure, and even aspirin [51,52].
A great number of these natural products have come to us
from the scientific study of remedies traditionally
employed by various cultures, most of them being plantderived [53]. It is widely accepted that folk or traditional
medicinal uses (ethnomedical information) of plants
indicate the presence of a biologically active constituent(s) in a plant. In other words, folk or traditional medicinal uses represent 'leads' that could shortcut the discovery
of modern medicines. In fact, the results presented in an
often cited work [54] revealed that from 119 known useful plant-derived drugs, 74% of the chemical compounds
used as drugs have the same or related use as the plants
from which they were derived. As pointed out by that
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same author, although the results do not mean that 74%
of all medical claims for plants are valid, they surely point
out that there is a significance to medicinal folklore that
was not previously documented. Other papers on this
subject [55-58] also attest to the important role of the traditional medicinal use of plants in modern drug discovery.
There has been increasing attention paid to animals, both
vertebrates and invertebrates, as sources for new medicines [10]. Animals have been methodically tested by
pharmaceutical companies as sources of drugs to the
modern medical science [59], and the current percentage
of animal sources for producing essential medicines is
quite significant. Of the 252 essential chemicals that have
been selected by the World Health Organization, 11.1%
come from plants, and 8.7% from animals [60]. Of the
150 prescription drugs currently in use in the United
States of America, 27 have animal origin [61].
One excellent example of successful drug development
from a component of snake venom (Bothrops jararaca
[Wied 1824]) is that of the inhibitors of angiotensin-converting enzyme (ACE). This enzyme is responsible for
converting an inactive precursor into the locally active
hormone angiotensin, which causes blood vessels to constrict and hence raises blood pressure [62]. Other excellent
example is the work initially conducted by Daly during
the 1960s of the skin secretions of dendrobatid frogs from
Ecuador, and of other "poison dart" frog species in Central and South America. This work has led to the identification of a number of alkaloid toxins that bind to
multiple receptors in the membranes of nerve and muscle
cells. One compound derived from these studies, which
binds to nicotinic acid receptors associated with pain
pathways, the synthetic ABT 594 (Abbott Laboratories), is
in Phase II clinical trials, and has generated a great deal of
interest, as it has been shown to be 30–100 times more
potent as an analgesic than morphine [10]. The marine
environment is a rich source of biologically active natural
products of diverse structural types, many of which have
not been found in terrestrial sources [63]. The sponge Luffariella variabilis (Poléjaeff, 1884) produces relatively large
amounts of a chemical with anti-inflammatory activity
known as monoalide. It was found that monoalide inhibits the action of an enzyme called phospholipase A2. The
powerful immunosuppressive agent discodermolide originates from another sponge, Discoderma sp. [64].
Ingredients sourced from wild plants and animals are not
only widely used in traditional medicines, but are also
increasingly valued as raw materials in the preparation of
modern medicines and herbal preparations. Greater
demand and increased human populations are leading to
increased and often unsustainable rates of exploitation of
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wild sourced ingredients, with some wild species already
threatened with extinction [65].
Commoditization of plant medicine and animal parts was
an insignificant aspect of the practice of TM. In the last few
decades, however, there has been a marked increase in the
sale of herbal remedies, precipitating large-scale harvesting of medicinal plants, factory-like production of herbal
drugs, and animal poaching in many parts of developing
countries. Most medicinal plants are gathered from the
wild, and countries like India and China reportedly harvest 90 per cent and 80 per cent of their medicinal plants
respectively from uncultivated sources [66]. A similar situation exists in Africa, where due to ever-expanding populations and the expansion of practices such as logging,
the biodiversity dependent communities are currently facing the degradation of the ecosystems on which they
depend [67]. Wild populations of species like the pygeum
(Prunus Africana) and the yohimbe (Pausinystalia yohimbe)
are currently harvested in unsustainable and destructive
ways in order to feed international markets. Around 200
medicinal plant species have been added to the Convention on International Trade in Endangered Species of Wild
Flora and Fauna (CITES) appendices [68]. A WWF (World
Wide Fund for Nature) report estimates that over two
thirds of the 50,000 medicinal plants in use today are still
harvested from the wild, from which 4,000–10,000 may
now be endangered [69].
In addition to the loss of medicinal plant species, the
worldwide market for animal parts and their medicinal
derivatives is contributing to loss of some species. The
increased use of medicinal animals has led to over-exploitation of species like rhinos, tigers, musk deer, bears,
monkeys and pangolins. In spite of international regulations and several national laws against poaching and
heavy penalties for culprits, the extremely high prices
offered for the parts of some species serve as strong incentives for illegal trade in animal parts to flourish.
Examples of unsustainable harvesting of biological
resources as remedies have prompted, among other
things, discussions about the use of native versus domestic
species, primary versus secondary forest. For instance,
results of studies conducted in tropical forested regions of
Brazil differ regarding the relative medicinal importance
of primary versus secondary forest and weeds. Indigenous
groups [70-72] use more primary forest species than do
non-indigenous rural Brazilian communities, which show
greater use of secondary vegetation, cultivated plants, and
weed species [73-75]. This difference may reflect environmental degradation, increased availability of secondary
and weed species, and inaccessibility of primary forests
[75]. It may also reflect the fact that weeds, for both biochemical and bioecological reasons, represent a signifi-
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cant part of traditional pharmacopoeias throughout the
world [76] and that disturbed vegetation may constitute a
preferred habitat for collectors and users of medicinal
plants [75].
Many medicinal plant species have spread globally both
via intentional and carefully planned transfers and as the
unintentional outcome of people's movements [77-79].
According to Voeks [79], the high proportion of medicinal
plant species with wide distributions can be interpreted as
the result of past and present plant movements resulting
in improved medicinal floras around the world. The use
of a different domestic animal species as remedies [41,80]
suggests that Voeks [79] interpretation is equally applicable to medicinal animals.
The therapeutic indications of wild animals and plants
and domestic or cultived species also overlapped in many
cases. This aspect opens a perspective of, where suitable,
replacing the use of threatened species with others in traditional medicine recipes. Such replacement of products
is of interest from a conservationist perspective, in the
context of reducing the pressure on overexploited populations, or legally protected species. However, replacement
of ingredients in remedies should be done with caution,
because as pointed by Sodeinde and Soewu [81], substitutes may not always be feasible because recipes using different species may not have the same efficacy, nor may it
be advisable without a thorough examination into the
sustainability of utilizing substitute species to ensure the
viability of any such exploitation. Additionally, consumers sometimes prefer wild versions. Precaution should
also be taken when suggesting the replacement of animal
products with plants to ensure the survival of the medicinal animal species. In Brazil, for example, state lists of
endangered plants include 54 medicinal species, of which
33 are commercialized [82]. Additionally, some botanical
species traditionally harvested in Brazil, such as Arnica
(Lychnophora ericoides Mart., 1982) and Jaborandi (genus
Pilocarpus) [83] figure on the National list of endangered
flora. Moreover, some species without official protection
are being subject to a strong harvesting pressure, as in the
case of the Espinheira-santa (Maytenus ilicifolia Mart.ex
Reiss.) [84].

Sanitary Concerns
Traditional drugs and traditional medicine in general represent a still poorly explored field of research in terms of
therapeutic potential or clinical evaluation. There is a current preoccupation about this, since it is well-established
that all sorts of vegetable, animal and mineral remedies
used in a traditional setting are capable of producing serious adverse reactions. It is essential, however, that traditional drug therapies be submitted to an appropriate
benefit/risk analysis [85].

http://www.ethnobiomed.com/content/3/1/14

Plants have an advantage in this area based on their longterm 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 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. Chronic toxic effects would be less
likely to signal that the plant should not be used. In addition, chemical diversity of secondary plant metabolites
resulting from plant evolution may be equal or superior to
that found in synthetic combinatorial chemical libraries
[86].
Numerous case reports and case series of heavy metal poisoning associated with the use of traditional Chinese
medicines (TCMs) have been published [87]. WHO has
emphasized the importance of scientific investigations
into indigenous herbal medicines [88], and many source
countries look upon native medicinal plants as possible
additions to the WHO list of "essential drugs", once their
value has been clinically proven.
It is known, however, that numerous infectious diseases
can be transmitted from animals to humans (i.e. zoonoses). In this context, the possibility of transmitting infections or ailments from animal preparations to the patient
should be seriously considered [89]. Several organs and
tissues including bones and bile can be a source of Salmonella infection causing chronic diarrhoea and endotoxic
shock. The possibility of transmission of other serious and
widespread zoonoses such as tuberculosis or rabies
should be considered whenever animal tissues from
unknown sources are handled and used as remedies [90].
The possibility of toxic or allergic reactions to animal
products should also be considered.
Nevertheless, a study conducted in NE Brazil has shown
that most users of animal products as medicines had a
perception that almost none of the remedies had adverse
side effects unless the dosage and administration were
inappropriate [80]. This example clearly illustrates the
need to further explore possibilities that would foster successful integration of TM into a public health framework.
Educational programs for stakeholders could maximize
benefits of TM, while reducing risks to users.

Conclusion
The interdependence between the sustainability of the
environment and the sustainability of the human species
needs full recognition and the development of new public
health practices [91], which can increasingly translate into
policies and actions the recognition that the sustainable
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use of finite natural resources is a major determinant of
health.
It is well established that TM plays a crucial role in health
care for a large part of the population living in developing
countries. In fact, for centuries, TM was the only health
care system available to the prevention and treatment of
diseases in different cultures. The interfaces among public
health, TM and biodiversity conservation encompass a
number of relevant and contemporary issues which are
becoming increasingly apparent, as exemplified by
WHO's goal in medicines: "to help save lives and improve
health by ensuring the quality, efficacy, safety and rational
use of medicines, including traditional medicines, and by
promoting equitable and sustainable access to essential
medicines, particularly for the poor and disadvantaged".
The formal recognition and respect that major traditional
medicinal systems around the world are gaining [92],
allied to the extensive practice of traditional medicine in
developing countries and the rapidly growing demand for
alternative and basic therapeutic means (also in industrialized countries) constitute the international relevancy of
research and development in the field of traditional drugs
[93]. Moreover, there is a growing recognition that knowledge of TM is important not only because of its potential
to discover new treatments, but also because of its socioeconomic, conservationist and cultural components. As
pointed out by Bodeker and Kronenberg [94], public
health researchers must lead the development of a
research agenda that considers social, cultural, political
and economic contexts, to maximize the potential contribution of TM to healthcare systems globally.
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address values (equity, ethics), sustainability (regulation,
financing, knowledge generation, knowledge management, capacity building), and the research environment
[94].
The construction of regulatory measures will increasingly
require the involvement of stakeholders, who must be
made aware of the need for the conservation of the natural
resource as a guarantee for its sustainable exploitation.
Such involvement, besides contributing to the construction of direct conservation measures and of the proposition of feasible management options, perhaps could
contribute to change the perception held by some that the
demands for regulation to protect endangered species represent a form of cultural imperialism.
In that same direction, informed participation of holders
of traditional medical knowledge in consultation/decision processes may further foster much needed co-operation to ensure the equitable sharing of the benefits arising
from the utilization of traditional knowledge, innovations and practices [94].
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