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Abstract

Tropical plants are producing a vast diversity of secondary metabolites as a result of evolutionary
adaptations to highly diverse tropical ecosystems. These molecules have been exploited throughout
history to formulate traditional and modern medicines. However, most plant-derived
pharmaceuticals are currently derived from phytochemicals found in temperate species. Based on the
results of systematic analysis of literature, review clearly illustrates the value of tropical plants as
sources of bioactive secondary metabolites and shows their potential in the development of industrial
products. Findings also highlight the importance of secondary metabolites in ecological interactions
in tropical ecosystems, justify the importance of plant-derived products of tropical origin in drugs
discovery and discuss opportunities and limitations of bioprospecting for novel phytochemicals in
tropics. Furthermore, the paper emphasizes the need for conservation of quickly disappearing
phytochemical diversity and related indigenous knowledge in tropical regions. Based on the
findings, future bioprospecting success in tropical plants needs investment in research infrastructure,
high-tech drug discovery methods, and international biodiversity law harmonization. Furthermore,
intensifying conservation efforts in tropical areas will be crucial for preserving phytochemical
diversity and indigenous knowledge of plant uses.

Keywords: bioactive natural products; bioprospecting; secondary metabolites; traditional
knowledge; tropical plants

1. Introduction

The tropics, also referred as the tropical or the torrid zone, are the regions lying between the
Tropics of Cancer and Capricorn that constitute about 34.4% of Earth’s land surface [1]. In terms of
climate, these zones receive more direct solar radiation and are generally hotter and wetter than other
climatic regions [2]. Although the tropical zone includes also arid and cold regions such as deserts
and snow-capped mountains, where only certain plant and animal species can survive, there are often
areas of rich biodiversity, particularly in rainforests and seasonal forests. Though in perpetual
regression, tropical rainforests are the most biologically diverse terrestrial ecosystems, which harbor
half of all the living animal and plant species on the globe and two-thirds of all flowering plants [3].
The classic explanation for so many species is that the tropics have optimal climatic conditions and
thus high productivity supporting their time, spatial, and resource partitioning, mutualism, and co-
evolution [4]. Recent studies emphasize that other factors such as habitat specificity and dispersal
limitation significantly contribute to the maintaining diversity of tropical plant species [5].

Due to their geographical, social, and political isolation, certain tropical regions remain home to
some of the best-preserved ecosystems on the planet. Correspondingly, most biodiversity hotspots
characterized by high level of vascular plant endemism and relative abundance of primary vegetation
are still occurring in the tropics [6,7]. As a typical example of tropical biodiversity hotspot, New
Guinea has recently been suggested as the most floristically diverse island in the world with 68% of
endemic species [8]. In such hyperdiverse areas, new families and genera of angiosperms are still
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discovered today [9,10]. It is estimated that in the least studied tropical moist forests some 19 of each
20 species would be unknown to science [11]. Nevertheless, despite the long-term systematic effort
of botanists working in Central and South Americas, West and Central Africa, and South and South-
East Asia, the tropical flora remains severely undercollected and poorly studied [12].

Besides microorganisms, marine organisms and animals, plants remain one of the best reservoirs
of novel biologically active secondary metabolites for drug development and an essential source of
chemicals for the pharmaceutical industry [13]. Since these compounds are involved in the ecological
relationships of the plant organism with both abiotic and biotic factors, plants grown in the areas
where interactions between organisms and environment are extremely complex (such as in tropical
rainforests) are characterized by great variation of secondary metabolites [14,15]. Therefore, tropical
plants are thought to be more prospective sources for discovery of highly biologically effective
compounds than temperate species. Despite this fact, tropical flora has been less phytochemically
and pharmacologically explored then plants grown in temperate climate regions and only few studies
have resulted in the development of new drugs based on compounds derived from plants of tropical
origin until now [16]. Therefore, most drugs used in therapeutic areas in which natural compounds
have had a major impact (e.g. antibiotics, immunosuppressants and anticancer drugs) originate from
temperate climates [17]. With aim to illustrate the importance of tropical plants as sources of
biologically active secondary metabolites and show their future potential in the drug discovery, the
review summarizes data on diversity of secondary metabolites in tropical plants, justifies the value
of bioactive plant-derived products of tropical origin and discusses opportunities and limitations of
bioprospecting for novel compounds in tropics.

2. Diversity of Secondary Metabolites in Tropical Plants

The plant kingdom produces hundreds of thousands of low molecular weight organic
compounds that are commonly classified based on the assumed functions into primary and
secondary (also called specialized metabolites or natural products) metabolites [18]. Contrary to well
established knowledge on physiological role of primary metabolites that are essential energy sources
and structural components of plant bodies required for their normal growth, development and
reproduction, there was much confusion over what the exact function and usefulness of secondary
metabolites. By now, it is very well known that they are low-molecular-mass products of secondary
metabolism that mediate a broad spectrum of interactions (e.g. antagonism, mutualism, parasitism,
and symbiosis) between plant and its environment. More specifically, they protect plants against
abiotic (e.g. heavy metals toxicity, cold and high temperatures, flooding, drought, salinity, and
excessive radiation) and biotic (pests, diseases, parasites, and competitors) stress factors and play
important roles in the plant reproduction (attraction of pollinators and seed distributors), growth and
development [19-21].

Since the beginning, the study of tropical flora was crucial for uncovering of the role of
secondary metabolites in plants. In one of the first comprehensive theories on plant chemical
defenses, Ehrlich and Raven [22] proposed that responses of herbivorous organisms to the presence
of secondary metabolites in tropical plants have been the dominant factors in their co-evolution.
Following studies confirmed that the specific climatic conditions of tropical regions and huge genetic
diversity of tropical ecosystems have created the high pressure of abiotic and biotic factors on plants,
which has led to the synthesis of greater diversity of more biologically active compounds in tropical
species, as compared to temperate ones (Figure 1). For example, it has been observed that various
classes of secondary metabolites (e.g. alkaloids) are more common and more toxic in tropical plants
[23]. Allelochemicals are another group of compounds present in tropical plants in a high number of
chemical forms (e.g. tannins and terpenes) as evolutionary adaption to survive in strong competition
with other plant species for sunlight, nutrients and water [24]. The great diversity and high contents
of bioactive secondary metabolites make therefore tropical plants promising industrial sources of
novel chemical agents. A duplication of phytochemical analogs in single species, which provides
analog synergism and reduces the rate of herbivore adaptation to plant defenses, is a typical feature
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of chemical defense contributing to the high variability of secondary metabolites present in tropical
plants [25]. Therefore, the species growing in tropical regions should also be considered as sources of
synergistic and resistance-reducing agents.
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Figure 1. The complex system of environmental factors and ecological processes determining the high diversity

of bioactive secondary metabolites in tropical plants.

Although tropical species are producing large amounts of secondary metabolites, their
distribution in plant bodies varies during the process of growth and development. Especially young
leaves, which are exposed to extremely high attack of herbivores all year round in the humid tropics,
developed numerous anti-herbivore defenses, including investments in secondary metabolites. For
example, concentrations of terpenes and alkaloids are significantly higher in young leaves of tropical
plants as compared to mature ones [23]. In addition, the young leaves of slowly expanding tropical
plants can synthesize more secondary metabolites than those of fast-expanding species [26].
However, in response to the low light, some tropical plants tend to accumulate more compounds
(e.g. cyanogenic glycosides) in older leaves [27]. Based on the above-mentioned data, young leaves
of slowly expanding tropical plants and shaded older leaves seem to be promising sources of highly
concentrated bioactive secondary metabolites. Nevertheless, more data on accumulation and
distribution of biologically active compounds in commonly harvested parts such as roots, bark, fruits
and seeds are necessary before the status of plant organs as sources of secondary metabolites can be
determined.

Furter study will be necessary for full understanding of the ecological, physiological and
biochemical aspects determining the diversity of secondary metabolites in tropical plants.
Unfortunately, huge areas of diverse tropical forest are lost or degraded every year with dramatic
consequences for biodiversity. Deforestation and fragmentation, over-exploitation, invasive species
and climate change are the main drivers of tropical forest diversity loss [28]. Recently, the extinction
risk related to climate change has been demonstrated for epiphytes in tropical montane ecosystems
[29]. Regarding the plant secondary metabolites, it must be emphasized that the disappearance of
tropical flora leads also to the erosion of phytochemical diversity and, subsequently, to loss of
possible benefits that phytochemicals have for humankind. The accelerating loss of chemical
diversity is therefore an important stimulus for intensifying research of natural products in tropical
regions [30].
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3. Value of Bioactive Plant-Derived Products of Tropical Origin

Since tropical plants produce a great diversity of biologically active compounds, many species
growing or collecting for their secondary metabolites are originating in tropical regions. Aromas,
dyes, exudates, medicines, pesticides, spices, stimulants and tannins producing plants are the most
important categories of secondary metabolites-bearing crops of tropical origin (known also as special
crops). Historically, spices, aromatic and medicinal plants of tropical origin have played a pivotal
role in the development of many aspects of modern civilization, including laying the foundation for
the conventional healthcare systems, key sectors of industry, and international trade. Until now,
many tropical stimulants (e.g. Coffea spp. and Theobroma cacao L.), exudates producing plants [e.g.
Hevea brasiliensis (Willd. ex A.Juss.) Miill. Arg.], and spices (e.g. Piper nigrum L. and Capsicum spp.),
are agricultural and industrial commodities of worldwide importance. Among all categories of
tropical secondary metabolites-bearing crops, medicinal plants are providing greatest diversity of
biologically active compounds. Since the early times of the development of pharmaceutical drugs,
tropical flora has served as a vital source of bioactive secondary metabolites. For example, the history
of antimalarial and local anesthetic drug discovery started with isolation of quinine (Cinchona spp.)
and cocaine (Erythroxylum spp.) in the 19th century [31,32]. In the modern era of pharmacy and
pharmacology, the tropical medicinal plants continue to provide natural product chemists with
invaluable compounds for development of new drugs. In 80s of the last century, 20% of drugs used
in US were originated in tropical rain forest [33]. According to the more recent data, at least 25 % of
all modern drugs originally came from rainforests [34]. Examples of pharmaceuticals derived from
tropical plants, which are currently available on the international market, are provided in Table 1.

The huge number of unexplored bioactive secondary metabolites produced by tropical plant
species provides also great potential for the development of new drugs in the future. Nevertheless,
less than 1 % of the world’s tropical forest plants have been tested for pharmaceutical properties until
now [34,35]. In the 90s, it was estimated that more than 87% of the total number of pharmaceuticals,
which can potentially be derived from higher plants growing in the world’s tropical forests are
remaining undiscovered [36]. Nowadays, tropical plants remain one of the most important
unexplored reservoirs of new chemical entities (lead molecules) for the development of drugs against
deadly and difficult-to-treat diseases such as diabetes, dementia, cancers, and tuberculosis. For
example, Tripterygium wilfordii Hook.f, a scandent shrub or vine naturally occurring at the
intersection of the tropical and subtropical zones of southeast China, Myanmar and Vietnam [37], is
containing triptolide which has previously been found to be very effective against pancreatic cancer
in various types of preclinical studies [38]. Its water-soluble pro-drug minnelide has recently entered
phase II of clinical trial with patients with adenosquamous carcinoma of the pancreas [39]. Despite
the clear potential of tropical plants in drug discovery, a number of new drugs based on their
secondary metabolites being currently in clinical trials or in process of registration remains limited
[40].
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Species

Origin

Compound

Product

Use

Capsicum annuum L.

Mexico, Guatemala

Capsaicin

Qutenza patch (Averitas Pharma,
Morristown, USA)

Hansaplast, heat plaster, pads or

cream (Beiersdorf, Hamburg,

Germany)

Treatment of neuropathic pain associated with
postherpetic neuralgia or with diabetic peripheral
neuropathy of the feet.

Muscle pain relief.

Catharanthus roseus (L.) G.Don

Madagascar

Vincristine

Vinblastine

Cytocristin, vincristine sulphate

injection (Cipla, Mumbai, India)

Cytoblastin, vinblastine sulphate

injection (Cipla, Mumbai, India)

Treatment of leukaemias, malignant lymphomas,
multiple myeloma, solid tumours and idiopathic
thrombocytopenic purpura.

Treatment of Hodgkin’s disease, lymphocytic and
histiocytic lymphoma, mycosis fungoides, advanced
carcinoma of the testis, Kaposi’s sarcoma and

Letterer-Siwe disease.

Cinchona officinalis L.

Ecuador

Quinidine

Quinine

Quinidine sulfate tablet (Sandoz,

Princeton, USA)

Qualaquin, quinine sulfate (Sun
Pharmaceutical Industries,

Mumbai, India)

Conversion and reduction of frequency of relapse
into atrial fibrillation/flutter, suppression of
ventricular arrhythmias and treatment of malaria.

Treatment of uncomplicated Plasmodium falciparum

malaria.

Coffea arabica L.

Ethiopia,

Sudan

Kenya,

Caffeine

Coffekapton (Strallhofer Pharma,
Siegendorf, Austria)

Coldrex tablets (Omega Pharma,
UK) containing paracetamol,

phenylephrine hydrdochloride,

Stimulation and increase performance in cases of
mental and physical fatigue. Analgesic effect on
headaches (e.g. migraine).

Relief of the symptoms of influenza and colds.,

caffeine is present as a mild stimulant.
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Treatment of primary apnea of premature newborns.

Erythroxylum coca Lam.

Bolivia, Brazil North, Cocaine

Colombia, Ecuador,

Peru

Numbrino, cocaine
hydrochloride (Lannett
Company, Philadelphia, USA)

Induction of local anesthesia of the mucous
membranes when performing diagnostic procedures
and surgeries on or through the nasal cavities in

adults.

Myroxylon balsamum (L.) Harms From Mexico to from Benzyl benzoate Ascabiol, topical lotion Treatment of scabies. Also proposed in the fall
northern South containing benzyl benzoate and trombiculosis (mullet or chiggers).
America sulfirame (Laboratories FRILAB
SA, Geneva, Switzerland)
Nicotiana tabacum L. Bolivia Nicotine Nicorette, nicotine lozenge, gum, Help relieve cigarette cravings and nicotine
inhalator, nasal spray, tablet and withdrawal symptoms.
patch (GlaxoSmithKline,
Brentford, Middlesex, UK)
Physostigma venenosum Balf. West Africa Physostigmine Anticholium, physostigmine For the treatment of postoperative disorders and as
salicylate injection (Dr. Franz antidote and/or antagonist in case of intoxication.
Kohler Chemie, Bensheim,
Germany)
Pilocarpus jaborandi Holmes Northeast Brazil Pilocarpine Pilocarpine hydrochloride Reduction of elevated intraocular pressure in
ophthalmic solution (Akorn, Lake patients with open-angle glaucoma or ocular
Forest, US) hypertension, management of acute angle-closure
glaucoma, prevention of postoperative elevated
intraocular pressure associated with laser surgery
and induction of miosis.
Rauvolfia serpentina (L.) Benth. ex Kurz  India, Sri Lanka, Reserpine Reserpine  tablets  (Sandoz, Treatment of mild to moderate hypertension. Relief
Thailand, Indonesia, Princeton, USA) of symptoms in agitated psychotic states (e.g.,

Burma

schizophrenia).
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Senna alexandrina Mill. Sahara & Sahel to Sennoside A & B Pursennide (Novartis Symptomatic treatment of constipation.
Indian subcontinent International, Basel, Switzerland)

Styrax benzoin Dryand. Bangladesh, Benzoic acid Whitfield’s ointment containing Topical treatment of dermatophyte infections. Also
Cambodia, benzoic and salicylic acids used to treat skin conditions such as eczema,
Indonesia, Laos, (Lambsmead, Richmond, UK) psoriasis and skin inflammation and irritations
Malaysia, Myanmar, caused by burns and insect bites.
Philippines,

Thailand, Vietnam
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3. Potential of Bioprospecting for Novel Compounds in Tropics

Since the early times of commercial exploration and utilization of biodiversity, industrial
corporations and companies have led expeditions into tropical regions and scoured forests in search
of valuable chemicals from plant, animal and microbial species for development of new
pharmaceutical, cosmetic, food and agricultural products [41]. As a result of this effort, a number of
secondary metabolites of industrial importance such as anticancer drugs camptothecin, vinblastine
and vincristine have been discovered in (sub)tropical species [42]. Ethnodirected (ethnobotanical and
ethnopharmacological) research has always played key role in the discovery of new drugs from
tropical plants [16]. Several cases, however, raised issues related to ethical principles of the tropical
biodiversity use for commercial purposes. For example, vincristine has been debated as a case of
unethical pharmaceutical bioprospecting. Although Catharanthus roseus (L.) G.Don, a plant from
which vincristine is derived, has not been used as folk remedy to treat cancer, but diabetes, some
consider it as a case of biopiracy because local peoples in Madagascar were denied royalties from
vincristine sales [34].

Since its adoption in 2010, the Nagoya Protocol sets out rules for the fair and equitable sharing
of benefits arising out of the utilization of genetic resources with aim to prevent biopiracy and
support good bioprospecting practice. Nevertheless, there are still many impediments and challenges
towards the successful and efficient bioprospecting of biologically active secondary plant metabolites
in tropical regions. Together with specific geoclimatic conditions and political instability in certain
regions, the lack the scientific expertise and technology in developing countries geographically
localized in tropics and high expenses and failure risk of research companies and institutions from
developed countries working in tropical regions are main reasons for low progress in the discovery
of new tropical plant-derived drugs [44]. The strategies for the future success of bioprospecting-
oriented research and innovations should therefore involve direct foreign investment of
industrialized nations in research infrastructure and scientific community in the low-income tropical
regions. In order to increase efficiency of bioprospecting studies in tropics, multi-informational-based
profiling and artificial intelligence assisted analysis of data from multiple sources, such as the results
of ethnobotanical and ethnopharmacological inventories of plants used in traditional medicine in
tropical regions, pharmacological evaluation of chemical leads previously isolated from tropical
plants, phytochemical analyses of tropical flora and chemoecological data on interactions of plants
with other organisms in tropical ecosystems should be combined together with modern methods and
approaches used in drug discovery, including omics technologies, chemical and systems biology,
chemometrics, virtual screening of compound libraries, combinatorial chemistry and structure-based
drug design [45-47]. Because certain countries have a highly complex and fragmented national
permitting system, making the acquisition of the requisite documents (e.g. collection permits) very
challenging, the international harmonization of biodiversity and nature conservation law and policy
would be helpful for fieldwork of bioprospectors in tropical regions. Especially studies carried out in
protected conservation areas, which have been suggested as the most promising locations for
bioprospecting in tropics, will require clarification of sensitive legal and ethical issues [48]. According
to opinions of certain experts, specific aspects of international treaties, such as Nagoya Protocol also
pose challenges for biological collections [49].

Similarly to distribution of diversity hotspots of flora, the most culturally diverse geographical
regions (except for northern parts of North America), including areas with the richest traditional
knowledge on the medicinal use of the plants, lie in the tropical zone [50]. The localization of
geographical regions with the most cultural and highest floral diversity is shown in Figure 2. Since
the areas of the highest biological and cultural diversities overlap in Central America, Western South
America, Western Africa, Southeast Asia and South Pacific islands, these geographical regions seem
to be the most promising for ethnobotanical and ethnopharmacological bioprospecting of biologically
active compounds from plants traditionally used by local communities. Unfortunately, the massive
destruction of forests in many parts of the tropics is accelerating the disappearance of native peoples
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who have been living in these areas and who have accumulated a compendium of folk knowledge
about the traditional uses of the plants [51]. The knowledge on medicinal properties of plants
obtained by the traditional healers using the method of trial and error during the administration of
the herbal therapies across generations of patients provides undoubtedly relevant data for the
identification of the effective plant-derived products for the treatment of specific health disorders
[52]. Therefore, a gradual erosion of knowledge related to the traditional use of plants in tropical
regions represents significant economic losses to both local and global economies (Figure 3). This
situation calls for more intensive research and conservation activities related to indigenous
knowledge on medicinal uses of plants of tropical origin.

Tropic of Capricomn

Regions with the most cultural
diversity

Y Regions with the highest
diversity of flora

Regions with the most cultural
and highest floral diversity

Figure 2. World map of geographical regions with the most cultural and highest floral diversity.
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NS
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& GLOBAL ECONOMIES

Figure 3. Fundamental conflict of bioprospecting process between diversity and technology nations.

3. Conclusion and Future Perspectives

The effects of global population growth and climate change on the decline of biodiversity are
anticipated to intensify in the forthcoming years, with tropical forests being among the ecosystems
most severely impacted. The loss of tropical plant species will result in the disappearance of unique
biodegradable chemical structures that can be sustainably produced and processed through
environmentally friendly approaches and methods. At the same time, the gradual vanishing of
traditional knowledge on tropical plants utilized in traditional medicine will result in losses of
bioactive compounds and their complex mixtures, which will have negative impact on development
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of new drugs and multi-target (or multi-functional) therapeutics. These developments will have
detrimental consequences for global health and the environment, as well as significant economic
losses for the agriculture, food, and pharmaceutical sectors. Future bioprospecting success will
require investment in infrastructure of research institutions in low-income tropical areas, application
of high-tech methods and approaches used in drug discovery and the international harmonization of
biodiversity and nature conservation law and policy. Furthermore, more intensive efforts focused on
conservation of tropical flora and cultural richness tropical regions will be necessary for stopping
losses of phytochemical diversity and indigenous knowledge related to traditional uses of tropical
plants.
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