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Abstract: The development of our society has been based on the use of biodiversity, especially for

nutrition, medicines and beauty. Brazil is the nation with the largest biodiversity in the world, with a rich

chemical diversity, which is a potential source for bioeconomy. Considering the chemical and biological

diversity of the Brazilian territory, we would like to highlight the value of secondary metabolites from

Brazilian biodiversity with potential application for new products and technologies and the importance of

scientific programs to support the sustainable use of biodiversity.
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INTRODUCTION

Biodiversity has been the basis for the development
and growth of our society. Plant species, were
essential for human survival, particularly those
having nutrition and medicinal uses. Ancient
populations around the planet established a set of
useful plant species by a long experienced selection.
According to the World Health Organization, the
use of traditional medicine is growing in developed
countries as a complimentary use and reaches 80%
in Africa, that depends essentially on plants for
primary health care (WHO 2017). Pharmaceutical
companies are interested in investigating plants
as source for new lead structures and also for the
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development of standardized herbal agents with
proved efficacy, safety and quality (Calixto 2000).
The medicinal properties of plants have been the
focus of scientific researches in the field of natural
products, and great advances were achieved in the
last centuries (Valli et al. 2012). The determination
of the molecular structure of morphine was the
first documented structural elucidation, and since
then many natural products medicines or synthetic
derived were launched. A glance in the past has
shown that the traditional knowledge was the basis
of some of the most important medicines that
changed the history of humankind health, Figure 1.
Nature continues to be extraordinarily generous in
providing the most sophisticated natural products,
with an incredible variety of complicated structures,
so far, very important as models for the production
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Figure 1 - A few natural products used as medicines identified in the last century.

of medicine, cosmetics, food supplements, and
other bioproducts.

Given the number of plant species on Earth
and the several biosynthetic pathways capable
of producing extraordinary chemical diversity,
biodiversity in tropical and equatorial environments
offers a particularly rich potential in biologically
active compounds that can be used as models for
medicinal chemistry and drug discovery (Bolzani
et al. 2012). The biosynthetic pathways of several
classes of secondary metabolites in plants species
may afford many kind of natural products such
as lignans, flavonoids, terpenes, alkaloids, etc
(Figure 2).

The term biodiversity can be defined
as the variety and complexity among living
organisms, encompassing species, DNA, genes,
proteome, metabolome and their interaction
with their ecological systems (Wilson 1999,
Noss 1990). Associated with biodiversity, there
is a rich diversity of natural compounds with
peculiar structures that are still one of the most
sophisticated sources of new molecular models for
medicinal chemistry, development of new drugs,
agrochemicals, fragrances, cosmetics, and food
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supplements. Among the 1211 new low molecular
weight prototypes (known as New Chemical
Entities - NCE) introduced on the world market as
pharmaceuticals during the period 1981-2014, 60%
are derived from natural products, mimetics or
designed from natural product structures (Newman
and Cragg 2016).

Brazilisthe country with the largest biodiversity
in the world and has been taking actions to preserve
it, being the first nation to sign the Convention on
Biological Diversity in 1992. (MMA 2017). Brazil
has an area of 8,511,996 km? in which six terrestrial
biomes are distributed (the Amazon rainforest, the
Caatinga, the savana-like Cerrado, the Atlantic
Forest, the swamp known as the Pantanal and the
Pampas) and a sea coast of 7,491 km hosting three
marine ecosystems and twelve major hydrographic
regions (Figure 3, MMA 2017). Two of these
ecosystems, the Atlantic Forest and the Cerrado,
are considered hotspots of biodiversity due to the
accelerated loss of biological diversity caused by
urbanization, agriculture and livestock. (MMA
2017, Myers et al. 2000).

Bioeconomy is not a business segment or
a specific scientific innovation but includes “all
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Figure 2 - Biosynthetic pathways of plants (adapted from Nugroho and Verpoorte 2004).

economic activity derived from bio-based products
and processes which contribute to sustainable and
resource-efficient solutions to the challenges we
face regarding food, chemicals, materials, energy
production, health and environmental protection”
(RSB 2017). Bioeconomy is now part of the
strategic actions of more than 40 countries (EI
Chichakli et al. 2016). It uses bio-based products,
commodities and electricity, instead of fossil-based
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ones. Bioeconomy is the key element that could
address some of the important challenges faced
by society, especially regarding energy generation
by replacing non-green fossil fuels with cleaner
alternatives (Philp 2015). It comes to assist the
replacing and changing the world’s economical
systematic in order to prevent collapse. We could
take metabolic engineering as an example of new
technologies that had considerably broadened the
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Figura 3 - Six Brazilian terrestrial biomes: Amazon rainforest, Caatinga, the savana-like Cerrado, Atlantic Forest, the grasslands

Pampas, and the wetlands known as the Pantanal.

variety and number of compounds now accessible
that were once restricted to naturally occurring
metabolites (Murphy 2011).

Brazil could be a leader in this economic
transition since it is granted with all the conditions to
be a sustainable model. It has the largest biodiversity
of the globe, suitable climate condition, abundant
land, relative small population and plenty of natural
resources. Infrastructure has to be improved and
greener technologies must be incorporated to industry
and agriculture. Brazilian economic success heavily
relied on commodity exports. This commodity
success deviated attention from important actions that
should have been done in structural (infrastructure,
political reforms) and institutional (education,
research, institutes) investments. Brazil failed in
converting its economic boom into knowledge, as
can be seen by the global share of high added value
export that scarcely changed in the last 20 years
(Gallagher and Porzecanski 2010). Brazil should
now “run after the lost time” and heavily invest in
turning commodities to high added value products.
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That means investing evenly in education, science
and innovative industry. Maybe more important than
investment, Brazil should focus on improving public
management and supporting innovation by reducing
bureaucracy. As an example, patent application in
Brazil expects to wait 11 years to be approved, but
this has started to be addressed (INPI 2017).

Considering the chemical and biological
diversity present in Brazil, there is a universe of
opportunities for bio-based innovation. There
are a few Brazilian natural products that were
successfully used to develop new products and
give evidence of the country biodiversity potential.
Brazilian biodiversity is undoubtedly vast.
Nevertheless, few products have emerged from this
rich chemical universe.

The discovery of bradykinin (1) (Figure 4),
isolated from the venom of Bothrops jararaca,
is one of these examples (Ferreira et al. 1970).
This peptide is an inhibitor of the angiotensin-
converting enzyme (ACE), which is responsible
for the conversion of angiotensin I to angiotensin

€20190208 4|7



MARILIA VALLI and VANDERLAN S. BOLZANI

K?t

HN NH2 1

QI””

CHEMISTRY HIDDEN IN BIODIVERSITY

COOH

o OH
0 NH\W(NH NH éiii NH
o! o 4 (\\\ \V/LW/
COOH

2

Figure 4 - Bradykinin (1), a peptide extracted from Bothrops jararaca and the drug captopril (2, Captoten®) an ACE
inhibitor used for the treatment of hypertension designed from molecular simplification of 1..

II during the passage through the pulmonary
circulation, and an important target for hypertension
treatment. Further investigations and structural
simplification led to the development of a new class
of peptidomimetics, the ACE inhibitors, classically
represented by captopril (2), (Captoten”) (Figure 4;
Buss and Waigh 1995).

Concerning drug development, there are no
examples of pure drug compounds developed as
drugs in Brazil, however, there are some herbal
medicines developed completely in Brazil. Natural
products from the Brazilian biodiversity have been
extensively studied in research groups in Brazil,
but the great number of isolated compounds is not
consistent with the very few examples of drugs
developed. The first drug based on a chemically
standardized extract of Cordia verbenaceae
(Borraginaceae) was launched a few years ago
on the pharmaceutical market as Acheflan®”
(Achg). This topical anti-inflammatory drug was
completely developed in Brazil and consists of a
mixture of sesquiterpenes of the essential oil of
C. verbenaceae (Passos et al. 2007, Fernandes
et al. 2007). The pharmaceutical industry Aché
also launched the anxiolytic standardized herbal
medicine Sintocalmy® prepared with the extract of
Passiflora incarnata (Passifloraceae) containing
the flavonoid vitexin (apigenin-8-C-glucoside)
(3) (Figure 5) as one of the active compounds.
Besides that, Stryphnodendron adstringens (Mart.)
is traditionally used in wound healing, and the
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Figure 5 - The flavonoid vitexin (3), from the Passiflora
incarnata extract, one of the compounds present in the
herbal medicine Sintocalmy®

pharmaceutical company Apsen Farmacéutica
have developed Fitoscar®, an ointment based on
this species that contain a mixture of phenolic
derivatives, mainly condensed tannins (Souza et al.
2007, Minatel et al. 2010).

Recent work on Brazilian fruits has led to the
isolationofseveral phenolics fromSpondiastuberosa
(Anacardiaceae), by a combination of HPLC-
UV-MS, HPLC-microfractionation, followed by
biological assays aimed at the localization of the
active compounds. An efficient isolation procedure
was performed on the MeOH extract using a
gradient transfer of analytical HPLC conditions
to the preparative MPLC-UV separation. This
method afforded the isolation of seven compounds,
including two new natural products. Compounds 4
and 5 (Figure 6) presented high antioxidant activity
and acetylcholinesterase inhibition. This data was
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published (Zeraik et al. 2016) and a patented was
issued (WO2016058070A1), which is in agreement
with a Germany Company for possible development
of a product.

Another recent program for biodiversity is the
NuBBE database: the database of natural products
from Brazilian biodiversity. The chemical diversity
of the Brazilian species is being catalogued by
this project created in 2013, initially with 640
compounds isolated and identified by the Research
Group Nucleus of Bioassay, Biosynthesis and
Ecophysiology of Natural Products (Valli et al.
2013). NuBBE_ currently provides data of more
than 2000 compounds of plants, marine organisms,
fungi, etc, and contains chemical (metabolic class,
chemical structure, physicochemical properties,
common and IUPAC name and molecular
mass), biological (occurrence, habitat, biological
activities), pharmacological and spectroscopic data
(Pilon etal. 2017). This database is freely accessible
online, where it is possible to search for properties,
chemical structure, class of natural products or a
combination of molecular or biological criteria
(NUBBEDB 2017).

The scientific information published in more
than 50 years of studies on Brazilian biodiversity
becomes easier to access when standardized,
certified and organized in a database. The access
and mapping of the molecular heritage of Brazilian
biodiversity significantly reduces the time spent in
understanding and increases feasibility of applying
processes that involve technological research. This
information center is freely available online in order
to bring benefits both to science and to strengthen
the national bioeconomy. Countries like Germany
and England have a robust bioeconomy although
they do not have a great biodiversity in their
territories. In this sense, the objective of NuBBE
is to assist in the development of different fields of
Brazilian science, technological development of
biodiversity products with high added value and
public policies. The NuBBE_, is being used by
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Figure 6 - Gallic acid (4) and derivative (5), isolated from the
pulp of Spondias tuberosa, presented high antioxidant activity
and acetylcholinesterase inhibition.

the scientific community (Villoutreix et al. 2013,
Harvey et al. 2015, Kuenemann et al. 2016, Neves
et al. 2015, Mohamed et al. 2016),
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