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ABSTRACT

The Brazilian flora, the most diverse in the world,
is considered an important source of natural
richness. Natural products have long been an
exceptional source of therapeutic agents, and still
serve as an excellent source for new drug discovery.
In the last decades, small organic molecules derived
from plants have provided a number of useful
anticancer drugs. In Brazil, screening programs
have been established as a strategy to identify
potentially bioactive substances. Currently, more
constituents of plants are being investigated for
their anticancer activities. This review shows that
Brazil ranks 13th in publications on natural products
related to oncology and compares the number of
publications among Brazilian institutions. The
Federal University of Ceara (UFC) is the 2™
Brazilian institution in the number of works in this
area. Among the research groups in UFC, it is
important to highlight the contributions of the
Brazilian National Laboratory of Experimental
Oncology (LabNOE) in searching for new potential
anticancer molecules. This study also describes
results of extensive anticancer studies of crude
extracts and isolated compounds conducted by the
laboratory (LabNOE) in the past years.
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INTRODUCTION

Mortality that results from the common forms of
cancer is still unacceptably high. According to
global cancer statistics released by the American
Cancer Society, the total number of deaths from
cancer in 2007 was 7.6 million, or about 20,000
deaths each day, with 38% in developed countries
and 62% in developing countries. By 2050, 27
million new cancer cases and 17.5 million cancer
deaths are projected to occur in the world [1]. The
control of cancer, the second leading cause of
death worldwide, may benefit from the potential
of alternative therapies [2].

Current drugs used in cancer treatment are highly
toxic and often non-specific to cancer cells, and
thus, conventional chemotherapy is frequently
associated with the development of drug resistance
and systemic toxicity, thereby limiting drug
efficacy [3]. Therefore, the low selectivity of most
current anticancer agents makes the search for
new molecules with more selective action and
fewer side effects indispensable and challenging [4].

Natural products have long been an excellent
source of pharmaceutical agents, and still serve as
an excellent source for modern drug discovery and
development, as indicated by the comparatively
large number of chemical substances of natural
origin currently under clinical trials [5, 6, 7].
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For over 40 years, small organic molecules derived
naturally from microbes and plants have provided
a number of useful cancer chemotherapeutic drugs.
The search for naturally occurring lead compounds
of this type has continued in the recent years, with
the constituents of marine fauna and flora as well
as those of terrestrial microorganisms and plants
being investigated for their anticancer activities
[8]. In the field of natural products research, in
addition to bioactivity- or mechanism of action-
directed isolation approaches and characterization
of active compounds, rational drug design-based
modification and analog synthesis has helped to
increase the number of promising natural product-
derived antineoplastic agents currently in advanced
clinical development or recently approved [9].

A total of five oncology drugs based on natural
products were approved for marketing worldwide
between the years 2007 and 2010, among which
two are classified as natural products (Yondelis™
and Istodax®) and three as semi-synthetic natural
products (Torisel™, Ixempra™ and Afinitor®) [10].

The discovery and introduction to the market of
paclitaxel, the vinca alkaloids, etoposide, camptotheca
alkaloids and many antibacterial drugs have
demonstrated the importance of drug discovery
programs based on natural products [11, 12].
According to Newman & Cragg [13], of a total of
155 anticancer agents approved for use in Western
medicine and Japan since the 1940s, 47% were
classified as natural products per se (14%), semi-
synthetic derivatives of natural products (28%), or
otherwise derived from natural products (5%).
Also, in addition to being a proven and important
source of drug leads, natural products-derived drugs
also contribute significantly to the profitability of
many pharmaceutical companies [14].

There is an impressive number of higher plant-
derived anticancer drugs of diverse structural
types both in present clinical use and in clinical
trials as antineoplastic candidates, such as curcumin
(extracted from Curcuma longa Linn; colon and
pancreatic cancer), epigallocatechin gallate (extracted
from green tea; breast and prostate cancer), and
soy isoflavones (breast and prostate cancer) [5, 7,
12, 15]. This suggests that higher plants will
continue to be an important and valuable resource

for anticancer drug discovery, especially since
300,000-500,000 such species are known, and
these represent about 15% of the taxonomically
authenticated global organism biodiversity [16].
Moreover, probably less than 20% of the known
plants on earth have ever been subjected to
laboratory investigation for potential therapeutic
effects, and a smaller percentage still for possible
anticancer activity [17].

The worldwide biodiversity provides a limitless
source for discovering novel anticancer drugs. In
a global search using the keywords “natural
product*” and “cancer*” in the Web of Science
(WOS) Database, we observed an increasing number
of publications on natural products related to
oncology in the last 5 years (Figure 1). The data
from the WOS Database was analyzed using the
software Vantage Point Version 7.0. These results
demonstrate that studies on natural products are
not exceeded and that researchers worldwide are
investing efforts in discovering new molecules
from natural sources. The United States leads the
ranks of publications in this area and the NCI is
the most prominent institution. Brazil ranks 13th
in such publications, emerging as the leader in
Latin America in studies on natural products
related to oncology (Figure 1).

Brazil has a prominent position in the world’s
biodiversity. The large biodiversity within the
territory of Brazil puts the country in a strategic
position to develop the rational and sustained
exploration of new metabolites of therapeutic
value [14]. The Brazilian flora, the most diverse
in the world, has become an interesting spot to
prospect for new chemical leads or hits due to its
species diversity and associated chemical richness.
Screening programs have been established in
Brazil as a strategy to identify potentially active
substances. High-throughput screening techniques
allow the analysis of large numbers of extracts in
a relatively short period of time, and can be
considered one of the most efficient ways of
finding new leads from natural products [11].

The Brazilian National Laboratory of Experimental
Oncology (LabNOE) at the Federal University of
Cearé has been dedicated for a long time to the
study of mechanisms of action and toxicity of



Brazilian plants for anticancer activity 47

a)

300 -
| m USA
| ® China
250 - W Germany
‘ W Japan
l m ltaly
200 - .
W India
|
‘ m UK
150 - m South Korea
| s ) 'ChLijr?:\ W France
| ~ Germany = Spain
100 -  Japan
\ o ltaly m Canada
_ India
| UK  Taiwan
0 b _/ South Korea Brazil
| France
" Spain
‘ === /' Canada
0 ) ﬂ /" Taiwan
2012 5044 o P Braiil
2010 2009 ==t
2008
o™ -
‘ HNCI
| B Chinese Acad Sci
20 -‘ < M Univ Calif San Diego
| B Univ Pittsburgh
M Zhejiang Univ
15 _‘ 7 ® Harvard Univ
‘  Univ Illinois
| M Univ Texas MD Anderson Canc Ctr
10 _\ = China Med Univ
| “Nel ® Johannes Gutenberg Univ Mainz
"~ Chinese Acad Sci
‘ " Univ Calif San Diego m German Canc Res Ctr
.~ Univ Pittsburgh
| - /" Zhejiang Univ i :
5 ¢ ‘,AHamrd Ui M Univ Florida
/" Univ lllinois . f
| " Univ Texas MD Anderson Canc Ctr Ohio State Univ
/~ China Med Univ
‘ F/ Johannes Gutenberg Univ Mainz
0 v ~ German Canc Res Ctr
o

¥ " Univ Alorida
" Ohio State Univ

W11 gy T

2010 2009 _
Figure 1. a) Countries vs number of publications related to natural products and cancer, in the last years.
b) Wordwide institutions vs number of publications related to natural products and cancer, in the last years.
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bioactive molecules from natural sources (plants,
marine animals and microorganisms) as well as
compounds obtained through chemical synthesis,
aiming to discover new molecules with anticancer
potential. Currently, our studies are supported
by collaborations with more than 36 Brazilian
universities and also with Brazilian and foreign
research institutes. The Federal University of
Ceara (UFC) is the 2" Brazilian institution in the
number of publications on natural products related
to oncology, in the last 5 years. Among the research
groups in UFC, it is important to highlight the
contributions of our laboratory (LabNOE) in the
search of new potential anticancer molecules
(Figure 2).

Currently, around 30% of all compounds evaluated
annually by LabNOE are derived from a variety of
plant families. More than 2,000 plant compounds
were analyzed in the last five years and some of
them have shown very satisfactory results (Table 1
and 2) (Figure 3). The families Annonaceae,
Fabaceae, Piperaceae and Simaroubaceae have
revealed the greatest number of compounds with
potent anticancer activity. Among the species

~ Univ Estadual Campinas
" Univ Fed Minas Gerais
Univ Fed Fluminense

more recently studied, Calotropisprocera, Croton
regelianus and Caprariabiflora showed strong
anticancer activity in vitro and in vivo.

Despite the great number of publications in the
area of natural products and cancer, Brazil still
lags far behind concerning the protection of the
knowledge by patents. In this context, China and
the USA emerge in the top positions (Figure 4).
Most recently, the LabNOE group has protected
some compounds; at least three patent
applications are under development. The 2,3,9-
trimethoxypterocarpan is one that had a patent
deposit approved in the European office under the
registration number of WO2013000054(A1). It is
an isoflavonoid member originally isolated from
Platymiscium floribundum and later synthesized
by the group of Professor Martin Banwell in the
Australian National University. Preliminary assays
have shown an impressive cytotoxic effect in cancer
cell lines and non-cytotoxic effect in peripheral
blood mononuclear cells (PBMCs) [18]. Its effect
was higher when tested against adherent cancer
cell lines, exhibiting 1Cs, values around 2 pM
(data not shown).
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Figure 2. Brazilian Institutions vs number of publications related to natural products and cancer, in the last five years.
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Figure 3. Analyses carried out on plant
products by LabNOE. a) Number of
crude extracts and isolated compounds
analyzed in the last five years. b) Main
plant families researched in the last years.
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Regarding plant studies, our screening program
began over 10 years ago with the invaluable
assistance of Prof. Dr. Gordon Cragg from the
National Cancer Institute (NCI) of the USA, who
kindly donated several tumor cell lines to our
laboratory, allowing the evaluation of the cytotoxic
potential of more than 10,000 Brazilian medicinal
plant extracts and synthetic compounds. Several
compounds with potent cytotoxicity have been
isolated from plant extracts through studies in our
laboratory (LabNOE). This study presents a
review of the screening efforts of our laboratory
during the period of 2008-2012 (Tables 1 and 2).

CONCLUSIONS AND OUTLOOK

In recent years, the scientific community has joined
forces to investigate the Brazilian biodiversity. As a
result of that, an increasing number of partnerships
have been set up to search for pharmacological
activities in phyto-derived compounds. Several of
these have been studied and some have shown
promising results as anticancer drugs in in vitro and
in vivo assays. These outcomes have been a stimulus
to increase the research of this huge resource so
poorly explored.

Knowledge of new advances in cell biology will
help us to better understand the plant-derived
compounds, giving us the opportunity to discover
new molecular mechanisms, resulting in more
specific and less toxic bioactive molecules.
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