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Introducéio

A tuberculose (TB) ainda é, em todo o mun-
do, a doenga infeciosa mais frequente e im-
portante, causando morbilidade e morte.
Um ter¢o da popula¢io mundial estd infeta-
da com Mycobacterium tuberculosis (MTB) e
aproximadamente dois milhées de mortes
sao atribuidas 3 TB anualmente!. Entre to-
dos os paises do continente americano, o
Brasil tem o segundo maior indice de morbi-
lidade e de morte por TB, com uma preva-
léncia de 62/100 0002 O ressurgimento glo-
bal da TB e o rdpido aparecimento da
tuberculose multirresistente (MDR-TB) su-
blinha a importincia do desenvolvimento de
novos fidrmacos antituberculose?.

Na busca de novos compostos a partir de
plantas, as drvores forneceram muitos farma-
cos no passado e permanecem uma importan-
te fonte de novos compostos. Recentemente
os produtos naturais tém sido alvo de muita
atengdo como potenciais agentes anti ['B#,

Avaliagcdo das moléculas com atividade antiTB das
plantas do cerrado brasileiro
|
Screening of molecules with anti-TB activity from the

brazilian cerrado plants

Introduction

Across the world, tuberculosis (TB) remains
the most frequent and important infectious
disease causing morbidity and death. A
third of the world’s population is infected
with  Mycobacterium tuberculosis (MTB),
and approximately two million deaths are
attributable to TB annually'. Among all the
countries in the Americas, Brazil reports the
second-highest TB mortality and morbidity,
with a prevalence of 62 in /100 0002 The
global resurgence of TB and the rapid emer-
gence of MDR-TB, underscore the impor-
tance of the development of new antituber-
culous drugs’.

Concerning the search for new compounds
from Plants, trees have provided many drugs
in the past, and remain a rich source of no-
vel compounds. Natural products have re-
cently received a lot of attention as potential
anti-TB agents*¢. In Brazil, there is a tradi-
tional knowledge of how to use native plants
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No Brasil, existe um conhecimento tradicio-
nal de como utilizar plantas nativas no trata-
mento de vdrias doencas, porque muitas co-
munidades nao tém acesso a medicamentos e
usam essas plantas para se tratarem’.

Embora tenham sido encontradas vdrias
centenas de produtos naturais de plantas
com atividade antimicobacteriana, nenhu-
ma delas atingiu a fase de desenvolvimento
para firmaco devido a dificuldades, como a
escassez de compostos, a elevada complexi-
dade estrutural e a falta de estudos de acom-
panhamento de indicios promissores.

Objetivo

Neste contexto, inicidmos o projeto inte-
grando andlises quimicas e testes de activi-
dade antiTB de plantas, especialmente de
espécies que compdem o cerrado brasileiro,
bioma do tipo savana que predomina no
planalto central brasileiro e que inclui mi-
lhares de espécies vasculares nativas agrupa-
das em centenas de familias. Muitas destas
plantas siao habitualmente usadas como re-
médios naturais pela populagio local para
tratar doencas vdrias.

Material e métodos

Os especimenes de plantas do cerrado foram
colhidas nos estados de Tocantins (aproxima-
damente 11° S, 48° O) e Mato Grosso do Sul
(aproximadamente 21° S, 56° O). Para a sepa-
ragio ﬁtoqul’mica, usdmos técnicas cromato-
gréficas, essencialmente adequadas para sepa-
ragio de substincias polares (GPC, XAD2,
DCCC, HSCC, HPLC, etc.). Para determi-
nar a estrutura dos compostos isolados usimos
principalmente métodos espectrofotométri-
cos, como NMR, IR, UV e MS. Avalidmos a

atividade dos extratos, fragoes enriquecidas e

to treat several diseases because many com-
munities don’t have access to synthetic me-
dicines and use those plants in treatments’.
Although several hundred natural plant
products with antimycobacterial activity
have been found, none of them have
moved towards drug development, be-
cause of difficulties, such as very low com-
pound availability, high structural com-
plexity and lack of follow-up studies of
promising leads

Objective

In this context, we started the project in-
tegrating chemical analysis and anti-TB
activity tests of plants, especially species
that compose the “Brazilian Cerrado”, a
savannah like biome that predominates in
the center-west region of the country. It
includes more than several thousands na-
tive vascular plant species, grouped in
hundreds of families. Many of these plants
are commonly used as natural remedies
by people living in this area to treat va-
rious illnesses.

Material and methods

The cerrado plant specimens were collected
in the states of Tocantins (at nearly 11° S by
48° W) and Mato Grosso do Sul (approxi-
mately 21° S by 56° W). To perform the
phytochemical separation, we used chro-
matographic techniques, mainly suitable for
polar substances (GPC, XAD2, DCCC,
HSCC, HPLC, etc). To determine the
structure of the isolated compounds we
used mainly spectrophotometric methods
such as NMR, IR, UV and MS. To evaluate

the activity of the extracts, enriched frac-
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substincias puras contra o M. tuberculosis por
resazurin microtiter assay (REMA), de acordo
com Palomino ez al. (2002) e M. tuberculosis
H;,Rv ATCC 272948,

Resultados e discusséio

Sessenta e cinco extratos de 37 plantas distri-
buidas por 18 familias foram testadas contra
M. tuberculosis. Vinte e seis por cento dos ex-
tratos avaliados demonstraram actividade
promissora, nomeadamente concentragio
inibitéria minima (CIM) < 125 pg/m, 13
(76%) deles extratos de cloroférmio e 4
(24%) de metanol. Esses extratos foram sele-
cionados para fracionamento guiado por
atividade e avaliagao detalhada das proprie-
dades antituberculosas, sendo a sua compo-
sicao quimica analisada (Quadro I).

Do extrato de cloroférmio de B. fagifolia, a
mistura de lupeol, 0-amirina e B-amirina re-
velaram CIM mais baixa (31,25 pg/mL) do
que lupeol, o-amirina ou B-amirina isola-
dos, cujos valores CIM foram > 62,5 pg/mL.
A mistura de lupeol e acetatos de 0--amirina
e B-amirina mostraram o mesmo valor CIM
(31,25 pg/mL), sugerindo que a acetilagio
de O-amirina e B-amirina nao influencia a
sua atividade®. Observou-se a mesma situa-
¢a0 nas fragdes enriquecidas de extrato de
cloroférmio de B. crassa. As CIM de 31,25
para a mistura de o-e B-amirina e de 62,5
pg/mL, o dobro do valor para o acetato puro
de 0-amirina, confirma o efeito sinergistico
entre os componentes destas misturas contra
M. tuberculosi'®.

Para C. adamantium, a 5,7-dihidroxi-6,8-di
-C-metilflavanona (A) isolada mostrou uma
CIM superior a 250 e 2’, 4’-dihidroxi-3’,5’-
dimetil-6’-metoxicalcona (B) uma CIM de
62,5 pg/mL, enquanto as suas misturas
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tions and pure substances against M. ruber-
culosis we used the Resazurin Microtiter As-
say (REMA) according Palomino ez al.
(2002) and the M. tuberculosis Hs;Rv ATCC
27294 strain8.

Results and discussion

sixty five extracts from 37 plants, distribu-
ted in 18 families have been tested against
M. tuberculosis. Out of all the extracts as-
sayed, 26% showed promising activity,
namely MICs below or equal to 125 pg/mL,
13 (76%) of these coming from chloroform
extract and 4 (24%) from methanol extract.
These extracts were selected for activity
guided-fractionation and detailed evalua-
tion of the anti-tuberculosis properties, and
their chemical composition was analysed
and showed in Table I.

From the B. fagifolia chloroform extract, the
mixture of lupeol, O-amyrin and B-amyrin
displayed a lower MIC (31.25 pg/mL) than
isolated lupeol, o-amyrin or P-amyrin
whose MIC value were higher than or equal
to 62.5 pg/mL. The mixture containing lu-
peol and o-amyrin and B-amyrin acetates
showed the same MIC value of 31.25 pg/
mL, suggesting that the acetylation of
o-amyrin and B-amyrin does not influence
their activity’. The same situation was found
in the enriched fractions from the B. crassa
chloroform extract. MICs of 31.25 for the
mixture of o-and B-amyrin and 62.5 pg/
mL, double the value for the pure acetate of
o-amyrin, confirms the synergistic effect
among the components of these mixture
against M. ruberculosis'".

For C. adamantium, the isolated 5,7-dihy-
droxy-6,8-di-C-methylflavanone (A) showed
higher MIC of 250 and 2’,4’-dihydroxy-3’,5-
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Quadro | - Valores CIM das fragdes enriquecidas e compostos testados contra M. tuberculosis

Compostos CIM (pg/mL)
Fracdo enriquecida / compostos de cloroférmio extrato de B. fagifolia

Mistura de lupeol, a-e 3-amirina 31,25
Mistura de lupeol, acetatos de a- e B-amirina 31,25
a-amirina 62,5
a-amirina acetato 62,5
Dotriacontano 62,5
Acido basico 25
Fracdo enriquecida / compostos de extrato de cloroférmio de B. crassa

Mistura de a-e 8- amirina 31,25
Mistura de acetato de a-e 3- amirina 31,25
Mistura de acidos ursélico e oleandlico 62,5
Compostos de extrato de cloroférmio de C. adamantium

5,7-dihidroxi-6,8-di-C-metilflavanona (A) 250
2’ 4-dihidroxi-3',5'-dimetil-6’-metoxicalcona (B) 62,5
Mistura A + B (2:8) 78
MisturaA+ B (3:7) 15,6
Mistura A+ B (7:3) 31,25
Mistura A+ B (8:2) 62,5
Compostos de extrato de cloroférmio de Qualea parviflora

Lupeol 62,5
Lupenona 125
Acido betulinico 31,25
Acido 3 epibetulinico 62,5
Friedelina 125
B sitosterol 125

Table I - MIC values of enriched fractions and compounds tested against M. tuberculosis

Compounds MIC (ug/mL)
Enriched fraction/compounds from chloroform extract of B. fagifolia

Mixture of lupeol, a-and 3-amyrin 31.25
Mixture of lupeol, acetates of a- and -amyrin 31.25
a-amyrin 62.5
a-amyrin acetate 62.5
Dotriacontane 62.5
Bassic acid 2.5
Enriched fraction/compounds from chloroform extract of B. crassa

Mixture of a-and B-amyrin 31.25
Mixture of a-and B-amyrin acetate 31.25
Mixture of ursolic and oleanolic acid 62.5
Compounds from chloroform extract of C. adamantium

5,7-dihydroxy-6,8-di-C-methylflavanone (A) 250
2 4-dihydroxy-3',5'-dimethyl-6’-methoxychalcone (B) 62.5
Mixture A + B (2:8) 7.8
Mixture A + B (3:7) 15.6
Mixture A+ B (7:3) 31.25
Mixture A+ B (8:2) 62.5
Compounds from chloroform extract of Qualea parviflora

Lupeol 62.5
Lupenona 125
Betulinic acid 31.25
3 epi betulinic acid 62.5
Friedelin 125
B sitosterol 125
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(A+B), em wvidrios rdcios, mostrou vdrios
CIM, entre 62,5 pg/mL para o rdcio 8:2
(A+B) e a atividade muito melhor de 7,8
pg/mL para o rdcio 2:8. Hd aqui claro siner-
gismo entre os compostos A e B quando
misturados, e este sinergismo depende for-
temente do seu ricio de concentra¢io®. Nos
compostos isolados de Qualea parviflora,
apesar da grande semelhanca estrutural de
lupeol e lupenona, observou-se uma redu-
¢a0 duas vezes maior da atividade antiTB de
lupeol, que se deveu a substituicio de
B-hidroxilato C3 no lupeol para cetona na
lupenona. Do mesmo modo, também se
observou uma redugio duas vezes maior da
atividade antiTB entre os dcidos betulinico
(CIM 31,2 pg/mL) e epibetulinico (62,5pg/
mL), devido a epimerizagdo no dcido epibe-
tulinico de B-hidroxil C3. Esses resultados
corroboram os do trabalho de Cantrells ez
al.(2001), em que nos triterpenos, 3-hidroxil
em C3 ¢ importante para a atividade anti-
TB4. A melhor MIC observada foi no triter-
peno do dcido bdsico de B. fagifolia, que
mostrou forte atividade antitubercular, com
valores CIM de 2,5 pg/mL°. Este valor de
concentracdo inibitéria é compardvel aos
dos firmacos ant’TB de primeira linha,
como etambutol (1-5 pg/mL) e estreptomi-
cina (2-8 pg/mL), e melhor do que a pirazi-
namida (20-100pg/mL)".

Concluséo

Os resultados indicam que as plantas do
cerrado podem proporcionar fracoes e com-
postos com atividade antituberculose pro-
missora.
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dimethyl-6’-methoxychalcone (B) a MIC of
62.5 pg/mL, while their mixtures (A+B), in
several ratios, showed various MICs, ranging
from 62.5 pg/mL for the ratio 8:2 (A+B)
down to the much higher activity of 7.8 pg/
mlL, for the ratio 2:8. Here there is a clear syn-
ergism between compounds A and B when
mixed and this synergism depends strongly
on their concentration ratio’. For compounds
isolated from Qualea parviflora, despite the
great structural similarity of lupeol and lupe-
none a two-fold reduction of anti-TB activity
was observed with lupeol. This was due to the
substitution of B hydroxylat C3 in lupeol to
the ketone on lupenone. Similarly a two fold
reduction of anti-TB activity was observed
between betulinic (MIC 31,2 pg/mL) and
epi-betulinic acid (62,5pg/mL), due to the
epimerization in epi-betulinic acid of the 3
hydroxyl C3. Those results corroborate the
report of Cantrells ez a/. (2001) in that within
triterpenes, the B hydroxyl on C3 is impor-
tant for anti-TB activity®. The best MIC
found was for the triterpene bassic acid from
B. fagifolia, this showed strong antitubercular
activity, with MIC values of 2.5 pg/mL°. This
inhibitory concentration value is comparable
to those of first-line tuberculosis drugs, such
as ethambutol (1-5 pg/mL) and streptomycin
(2-8 pg/mlL), and better than pyrazinamide
(20-100pg/mL)™.

Conclusion

The results indicated that plants of the “cer-
rado” can provide fractions and compounds
with promising anti — tuberculosis activity.
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