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Abstract

Natural products are a unique source of lead compounds for medicinal chemistry. Several diterpenes isolated from
Plectranthus spp. have been reported to have interesting tuberculostatic activity and P. ornatus Codd. has been used
in some regions of Brazil as an anti-infective.

Previously, diterpenes with halimane and labdane skeletons were isolated in large quantities from P. ornatus Codd.
We assessed the anti-mycobacterial activity of these compounds, performing a preliminar assay with the non-virulent
strain Mycobacterium smegmatis. The cytotoxicity of the diterpenes with Ealimane and labdane skeletons was
tested with the lactate dehydrogenase assay, where no considerable cytotoxic effects were found up to 25 pg.mL-1.
Subsequently, the microdilution method was used to determine the minimum inhibitory concentration (MIC) against
M. smegmatis. The MIC that inhibited the growth of the non-virulent mycobacteria by >99% was 100 pg.mL-1 for
the diterpene with halimane skeleton, whereas for the diterpene with a labdane skeleton was >100 pg.mL-1.

To the best of our knowledge, this is the first report on diterpenes with halimane and labdane skeletons isolated from
P. ornatus in macrophages cytotoxicity, and in a preliminar assay for anti-mycobacterial activity. Further studies are
suggested on M. tuberculosis, particularly for the diterpenes with halimane skeleton.
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Resumo

Os produtos naturais sdo uma fonte unica de compostos-tipo para o desenvolvimento de firmacos em quimica
meé)icinal. Varios diterpenos das espécies Plectranthus foram referidos com actividade tuberculostatica interessante,
sendo que o P. ornatus Codd. € usado como anti-infeccioso em algumas regioes do Brasil.

Em trabalhos anteriores, um diterpeno de esqueleto de halimano outro labdano foram isolados a partir de P. ornatus
Codd. Neste trabalho, avaliou-se preliminarmente a sua actividade micobacteriana com uma estirpe ndo virulenta
de Mycobacterium smegmatis.

A citotoxicidade dos compostos foi testada medindo a libertagdo de lactato desidrogenase (LDH) nao sendo
encontrados efeitos citotoxicos consideraveis até 25 pug/mL. Posteriormente, o método de microdiluigdo foi
utilizado para determinar a concentragao minima inibitoria (CMI) de M. smegmatis. A CMI > 99% para o esqueleto
de halimano foi 100 pg/mL e >100 ng/mL para o esqueleto de labdano.

De acordo com o nosso conhecimento, este ¢ o primeiro estudo usando diterpenos de esqueleto de halimano e
de labdano isolados a partir de P. ornatus em ensaios de citotoxicidade em macréfagos, e num ensaio preliminar
sobre a sua atividade anti-micobacteriana. Estudos futuros sdo sugeridos na estirpe virulenta de M. tul?erculosis,
particularmente para os diterpenos de esqueleto de halimano.

Palavras chave: Plectranthus ornatus; Tuberculostatico; Mycobacterium smegmatis; Halimano; Labdano;
Citotoxicidade.
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Introduction

Tuberculosis (TB) is one of the major causes of death
from infectious disease worldwide, according to the
World Health Organization (WHO). The causative
agent, Mycobacterium tuberculosis (Mtb) most often
affects the lungs, and has developed elaborate survival
mechanisms in the human host, allowing it to remain
in a clinically latent infection state before eventually
progressing to the active disease (1-4). TB is still con-
sidered as a public health problem for many reasons.
One third of the world’s population is infected with the
mycobacteria, and the means for diagnosis and treat-
ment in African and Asian countries are very poor. Ad-
ditionally, there have been reports of multidrug-resist-
ant (MDR) TB strains that do not respond to isoniazid
and rifampicin treatment 5,6). The WHO estimates
600 000 new cases of TB resistant to rifampicin — the
most effective first-line drug - and approximately 6.2%
of MDR-TB cases were considered to be extensively
drug-resistant (XDR)-TB (7).

Under these circumstances, the identification of new
therapeutic agents remains an essential achievement
in order to control Mtb infection and reduce deaths re-
sulting from TB. I Recently, there has been a renewed
interest in compounds of natural origin to find TB lead
compounds. Natural products are a unique source of
compounds for medicinal chemistry drug development,
as they present complex chemical structures which may
be important for specific interactions and recognition
of potential macromolecular targets in the pathogenic
microorganisms (8).

M. smegmatis is an easy to grow, non-pathogenic my-
cobacterium often used as a first approach to anti-tuber-
cular studies, as it is an attractive model organism of the
pathogen M. tuberculosis (9). Although it is not pos-
sible to reach a conclusion regarding efficacy for treat-
ment of tuberculosis without testing on the M. tubercu-
losis strain (10), M. smegmatis is particularly useful in
understanding the cellular processes that are important
to pathogenic mycobacteria (11).

The Plectranthus genus belongs to the Lamiaceae fam-
ily and is widely distributed in tropical Africa, Asia and
Australia. This genus comprises many plants of medici-
nal, ornamental and economic interest, with a rich di-
versity of ethnobotanical uses in several ailments such
as skin, respiratory and gastrointestinal complaints,
pain, infections and fever (12-14). The isolation of the
bioactive metabolites from Plectranthus spp. is impor-
tant to validate the popular use of these plants. The con-
stituents of Plectranthus plants are primarily halimane,
abietane, kaurane, clerodane and labdane diterpenoids,
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Introducao

A tuberculose (TB) é uma das principais causas de
morte por doenga infecciosa em todo o mundo, de
acordo com a Organiza¢do Mundial da Satde (OMS).
O agente causador, Mycobacterium tuberculosis (Mtb),
afeta os pulmdes mais frequentemente e desenvolveu
mecanismos de sobrevivéncia elaborados no hospedeiro
humano, permitindo que ele permaneca num estado de
infeccdo clinicamente latente, antes de eventualmente
progredir para a doenca ativa (1-4). A tuberculose ainda
¢ considerada um problema de satde publica por muitas
razdes, a primeira porque um ter¢o da populagdo mun-
dial esta infectada com micobactérias e 0os meios para
diagnostico e tratamento em paises africanos e asiaticos
sd0 muito pobres; em segundo lugar, houve relatos de
TB resistente a multiplos medicamentos (MDR) que
ndo respondem ao tratamento nem da isoniazida nem
da rifampicina (5,6). A OMS estima que ha 600 000
novos casos com resisténcia a rifampicina - o medica-
mento de primeira linha mais eficaz e cerca de 6,2% dos
casos de TB-MDR apresentaram extensa resisténcia a
medicamentos (XDR) em 2016 (7).

Nestas circunstancias, a identificacdo de novos agen-
tes terapéuticos continua a ser uma conquista essencial
para controlar a infeccdo por Mtb e reduzir as mortes
por tuberculose. Na verdade, houve um interesse reno-
vado em compostos de origem natural para encontrar
compostos prototipo (para o tratamento da tuberculose)
para o desenvolvimento de farmacos em quimica me-
dicinal. Estes compostos apresentam estruturas quimi-
cas complexas que podem ser importantes para inter-
agOes especificas e reconhecimento de potenciais alvos
macromoleculares nos microrganismos patogénicos
(8).

M. smegmatis ¢ uma micobactéria ndo patogénica,
facil de semear, e frequentemente usada como primeira
abordagem para estudos anti-tuberculares, pois ¢ um
bom organismo modelo do patogéneo mundial M. fu-
berculosis (9). Embora nao seja possivel chegar a uma
conclusdo sobre o tratamento da tuberculose sem testar
a estirpe de M. tuberculosis (10). O M. smegmatis ¢é
particularmente Gtil na compreensdo dos processos ce-
lulares que sdo importantes para micobactérias patogé-
nicas (11).

Os plantas do género Plectranthus pertencem a familia
Lamiaceae ¢ estio amplamente distribuidas na Africa
tropical, Asia e Australia. Estas plantas sio de grande
interesse medicinal e usos etnofarmacologicos, incluin-
do doencas cutaneas, respiratorias e gastrointestinais,
dor, infecgdes e febre (12-14). E importante validar o
uso popular destas plantas através do isolamento dos



together with ursane, oleanane and Ilupane triterpe-
noids, phytosterols, flavonoids and other polyphenolic
compounds (12,15,16). There are many Plectranthus
spp. with characteristic antimicrobial activity in both
extracts and compounds. This work will be focused on
P ornatus, a medicinal plant used for its antibiotic ac-
tion (17).

In previous works, the halimane diterpene obtained
from the P. ornatus acetone extract has been reported to
have antimicrobial activity against Gram-positive bac-
teria, such as M. smegmatis (17).

Given the promising ethnopharmacology of P. ornatus,
this work aimed to perform a preliminary anti-tubercu-
lar evaluation of one halimane and two labdane com-
pounds previously isolated from this medicinal plant.
The anti-tubercular activity was assessed through the
determination of the minimum inhibitory concentration
(MIC) that inhibited the growth of the mycobacteria
by > 99% (MIC,,), after cytotoxic evaluation on mac-
rophage cells isolated from PBMC.

Materials and methods

Reagents and materials

Rifampicin, Triton X-100, Tween 80 and phosphate

buffered saline (PBS) were purchased from Sigma-
Aldrich. Phosphoric acid and dimethyl sulphoxide
(DMSO) were purchased from Merck. Anti-CD14
conjugated magnetic microbeads were provided by
Miltenyi. Lymphoprep was obtained from Cedarlane.
CytoTox® 96 non-radioactive cytotoxicity assay kit
(G1780) was from Promega.

Plant material

The medicinal plant P. ornatus Codd. originated from
South Africa, and was cultivated in Instituto Superior
de Agronomia campus (Lisbon). The plant voucher
specimen was identified by Eurico S. Martins, and was
deposited in the Herbarium of the Instituto de Investi-
gacao Cientifica Tropical, Lisbon (ref. C. Marques S/
N° LISC).

Microbial strain

M. smegmatis (ATCC 607) was grown at 37°C, with
shaking, in Middlebrook 7H9 broth (Difco) supple-
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metabolitos bioativos de Plectranthus spp. Os consti-
tuintes das plantas de Plectranthus sdo principalmente
diterpenos de halimano, abietano, kaurano, clerodano
e labdano, juntamente com triterpendides de ursano,
oleanano e triterpenodides de lupano, fitosterdis, fla-
vonoides e outros compostos polifendlicos (12,15,16).

Existem muitas espécies de Plectranthus com atividade
antimicrobiana caracteristica em extratos € compostos.
Assim, este trabalho sera focado em P. ornatus, uma
planta medicinal usada para doengas digestivas e cujas
as folhas sdo usadas devido a sua acao antibiotica (17).
Trabalhos anteriores relataram a atividade antimicrobi-
ana de um composto de P. ornatus, o diterpeno de hali-
mano obtido a partir do extrato de acetona, e que ja foi
relatado com atividade antimicrobiana contra bactérias
de Gram-positivo, como o M. smegmatis (17).

Dada a etnofarmacologia promissora de P. ornatus, este
trabalho teve como objetivo a realizagdo de uma aval-
iacdo preliminar anti-tubercular de um halimano e de
dois compostos de labdano, previamente isolados desta
planta medicinal. A atividade anti-tubercular foi avali-
ada através da determinagdo da concentracdo minima
inibitéria (CMI), que inibiu o crescimento das micobac-
térias em > 99% (CMI,), apos avaliagdo citotoxica em
células de macrofagos isoladas de PBMC.

Materiais e métodos

Reagentes e materiais

Rifampicina, Triton X-100, Tween 80 e solugdo tam-
ponada de fosfatos (PBS) foram adquiridos a Sigma-Al-
drich. O &cido fosforico e o dimetil sulfoxido (DMSO)
foram adquiridos da Merck. As microbeads magnéticas
conjugadas anti-CD14 foram fornecidas por Milte-
nyi. O Lymphoprep foi obtido em Cedarlane. O kit de
analise de citotoxicidade nao-radioativa CytoTox® 96
(G1780) foi proveniente da Promega.

Material vegetal

A planta medicinal Plectranthus ornatus Codd., era
original da Africa do Sul, e foi cultivado no campus do
Instituto Superior de Agronomia (Lisboa). O voucher
do espécime da planta foi identificado por Eurico S.
Martins, e depositados no Herbario do Instituto de
Investigagdo Cientifica Tropical, em Lisboa (ref. C.
Marques S/N° LISC).

Estirpe microbiana

O Mycobacterium smegmatis (ATCC 607) foi cultiva-
do a 37°C, com agitagdo, em meio Middlebrook 7H9
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mented with 10% albumin-dextrose-catalase (ADC),
0.2% glycerol, and 0.05% Tween 80.

Compound isolation

The halimane compound (11R*,13E)-11-acetoxyhali-
ma-5,13-dien-15-oic acid [Compound 1], the labdane
diterpenoids Plectrornatine C [Compound 2] and the
forskolin-like 1:1 mixture of 1,6-di-O-acetylforskolin
and 1,6-di-O-acetyl-9-deoxyforskolin [Compound 3],
were previously isolated from Plectranthus ornatus
Codd. (18).

The compounds were obtained by a phytochemical
study that was previously performed in the described
plant, using bioguided studies (18-21). The structural
elucidation of the bioactive metabolites was based on
physicochemical data (melting point, specific rotation),
spectroscopic data (UV, IR, 1D- and 2D- 'H and "*C
NMR), mass spectra, elemental analysis, and compari-
son with bibliographic data.

18 19
R' = COCH,, R? = COOH

(Difco) suplementado com 10% de albumina-dextrose-
catalase (ADC), 0,2% de glicerol € 0,05% de Tween 80.

Isolamento de compostos

O 4acido (11R*,13E)-11-acetoxihalima-5,13-dien-15-6i-
co (1), os diterpenos de labdano Plectrornatina C (2) e
os compostos semelhantes a forscolinas, mistura 1:1 de
1,6-di-O-acetilforscolina e 1,6-di-O-acetil-9-desoxi-
forscolina (3), foram previamente isolados de Plectran-
thus ornatus Codd. (18).

Os compostos foram obtidos por um estudo fitoquimico
que foi previamente realizado nesta planta, utilizando
estudos bioguiados (18-21). A elucidagdo estrutural
dos metabolitos bioativos baseou-se em dados fisico-
quimicos (ponto de fusdo, rotacdo especifica), princi-
palmente espectroscopicos UV, IR, 1D e espectros 2D-
'H e BC-RMN, espectros de massa, analise elementar ¢
comparagao com dados bibliograficos.

0,
1,6-di-O-acetylforskolin: g=H \n/

1,6-di-O-acetyl-9-deoxyforskolin: R

Figure 1 - Halimane (1) and labdane (2-3) diterpenes isolated from
Plectranthus ornatus, under study.

R'! = COCH,, R? = COOH

1,6-di-O-acetilforscolina:
1,6-di-O-acetil-9-deoxiforscolina: R

Figura 1 - Diterpenos de esqueleto de halimano (1) e labdano (2-3) em
estudo, isolados de Plectranthus ornatus, em estudo.

104



Cytotoxic evaluation

Peripheral blood mononuclear cell isolation

The peripheral blood mononuclear cells (PBMC) iso-
lation was performed as previously described (22,23).
Briefly, PBMC were isolated from freshly collected
buffy coats obtained from healthy voluntary blood
donors by Ficoll density gradient centrifugation us-
ing Lymphoprep. Monocytes were purified by positive
sorting using anti-CD14 conjugated magnetic micro-
beads. The recovered cells were >99% CD14" as de-
termined by flow cytometry with anti-CD14 antibody.
Monocytes were cultured in 48-well plates at 5.0 x 10°
cells/mL in X-VIVO medium supplemented with 2%
human serum and incubated for five days at 37 °C in
a 5% CO, humidified atmosphere. No antibiotics were
added to the cultures.

LDH assay

The cytotoxicity of Compounds 1 and 2 to exposed
human macrophages was evaluated by the lactate de-
hydrogenase (LDH) assay using the CytoTox 96® Non-
Radioactive Cytotoxicity Assay Kit (Promega G1780).
After 48 hours of cell adhesion, the cells were treated
with the compounds at concentrations corresponding
to approximate MIC values, tested in previous works
against M. smegmatis (25 ng/mL) (17,24). In addition
to the kit lysis solution consisting of 9 % (v/v) Triton
X-100 in water, corresponding to 100 % LDH release,
staurosporine (2 uM) was used as positive control. The
supernatants were prepared in two dilutions (1:10 and
1:100). Release of LDH was measured by supplying
lactate, NAD" and iodonitrotetrazolium (INT) violet
as substrates in the presence of diaphorase. The sub-
strate mixture was prepared using the assay buffer (PBS
containing 0.2 g/L KCI, 8.0 g/L NaCl, 0.2 g/L KH,PO,,
1.15 g/L Na,HPO,, and 1 % (w/v) bovine serum albu-
min) according to the manufacturer’s instructions and
50 pL were added to each well and incubated for 30
minutes in the dark. After incubation, 50 uL of stop
solution (1 M acetic acid) were added and quantifica-
tion of the red formazan product was performed from
absorbance measurements at 490 nm in a microplate
reader. A maximum LDH release control was also per-
formed by freezing the plates at —80 °C followed by
heating at 50 °C.
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Avaliagdo citotoxica

Isolamento de células mononucleares de sangue
periférico (PBMC)

O isolamento das células mononucleares do sangue
periférico (PBMC) foi realizado como descrito ante-
riormente (22,23). Resumidamente, as PBMC foram
isoladas de doadores voluntarios de sangue (saudaveis),
e obtidas por centrifugagdo com gradiente de densidade
de Ficoll usando Lymphoprep. Os mondcitos foram
purificados por triagem positiva utilizando microbeads
anti-CD14 magnéticas conjugadas. As células recuper-
adas foram >99 % CD14", como determinado por cit-
ometria de fluxo com anticorpo anti-CD14. Os mondci-
tos foram cultivados em placas de 48 pogos a 5,0 x 10°
células/mL em meio X-VIVO suplementado com 2 %
de soro humano, e incubadas durante 5 dias a 37 °C
numa atmosfera de CO, humidificada a 5 %. Nenhum
antibiotico foi adicionado as culturas.

Ensaio LDH

A citotoxicidade dos compostos 1 —2 expostos aos mac-
rofagos humanos foi avaliada pelo ensaio do lactato de-
sidrogenase (LDH), usando o kit de ensaio de citotoxi-
cidade nao radioativa CytoTox 96 (Promega G1780).
Apo6s 48h de adesao celular, as células foram incuba-
das com 0s compostos em concentragdes aproximadas
da concentracdo minima inibitéria (CMI), testados em
trabalhos anteriores contra M. smegmatis (25 pg/mL)
(17,24). Além da solucao de lise do kit constituida por
9 % (v/v) de Triton X-100 em agua, correspondente a
libertagdo de 100 % de LDH, a estaurosporina (2 pM)
foi também usada como controlo positivo. Os sobre-
nadantes foram preparados em 2 diluigdes (1:10 e 1:
100). A libertagao de LDH foi medida fornecendo lac-
tato, NAD * e iodonitrotetrazolio (INT) violeta como
substratos na presenca de diaforase. A mistura de sub-
strato foi preparada utilizando o tampao de ensaio (PBS
contendo 0,2 g/L KCI, 8,0 g/L NaCl, 0,2 g/L KH,PO,,
1,15 g/L Na,HPO, e 1 % (m/v) de albumina de soro bo-
vino) de acordo com instrugdes de fabricante, e foram
adicionados 50 pL a cada pogo e incubados durante 30
minutos no escuro. Apos a incubagdo, adicionou-se 50
uL de solugdo stop (4cido acético 1 M) e a formagdo do
produto formazano vermelho foi quantificada a partir
de medigdes de absorvéncia a 490 nm, num leitor de
microplacas. Foi também realizado um controlo de lib-
ertacdo maxima de LDH, congelando as placas a —80
°C e reaquecendo-as a 50 °C.
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Microdilution method for anti-mycobacterial evaluation

The minimum inhibitory concentrations (MICs) that in-
hibited the growth of the mycobacteria by >99% (MIC,,)
was determined by means of the twofold serial broth
microdilution assay (25). The compounds, dissolved in
DMSO, were diluted with Mueller-Hinton broth me-
dium at concentrations ranging from 100 to 0.097 pg/
mL. The antimicrobial activity of the solvent DMSO
was evaluated, and rifampicin was used as control. The
MIC values were taken as the lowest concentration of
the compound that inhibited >99% the growth of the
microorganisms, after 24 hours of incubation at 37 °C,
and are presented in pg/mL. The microbial growth was
measured with an Absorbance Microplate Reader set
to 620 nm (Thermo Scientific Multiskan FC). Assays
were carried out in triplicate.

Método de microdilui¢do para avaliagdo anti-
micobacteriana

As concentragoes inibitorias minimas (CMI) que inibi-
ram o crescimento das micobactéerias em >99% (CMI,,)
foram determinadas por meio do ensaio de dilui¢ao se-
riada 1:2 (25). Os compostos, dissolvidos em DMSO,
foram diluidos em concentra¢des variando de 100 a
0,097 pg/mL, com meio de Mueller-Hinton. Foi avali-
ada a atividade antimicrobiana do solvente DMSO. A
Rifampicina foi utilizada como controlo. Os valores
de CMI foram tomados como a menor concentracao
do composto que inibiu >99 % o crescimento dos mi-
crorganismos, apos 24 h de incubagdo a 37 °C, e estdo
apresentados em pg/mL. O crescimento microbiano
foi medido com um leitor de microplacas de absor¢do
ajustado para 620 nm (Termo Scientific Multiskan FC).
Os ensaios foram realizados em triplicado.

Table 1/ Tabela 1 - LDH cytotoxicity assay for halimane (1) and labdane (2) diterpenes isolated
compounds from P. ornatus, tested at their MIC values. Negative control (untreated cells); Positive
control 9 % (v/v) Triton X-100 (100 % of LDH release), STS, staurosporine (2 M), positive control.
Data expressed as median = SD (n = 3); ***p < 0.0001. For compound number chemical assignment,
refer to Figure 1/ Ensaio de citotoxicidade LDH para os diterpenos halimano (1) e labdanos (2)
isolados de P. ornatus, testados com os valores de MIC. Controlo negativo (células ndo tratadas);
Controlo positivo 9 % (v / v) Triton X-100 (100 % da libertagdo de LDH), STS, staurosporina (2 uM),
controlo positivo. Dados expressos como mediana £ SD (n = 3); *** p <0,0001. Para a atribui¢do
quimica do nimero composto, consultar a Figura 1.

Compound/Composto LDH Cytotoxicity/ Citotoxicidade
(%)
STS 21.9™
Positive control (kit)/Controlo 2.0
Positivo
Negative control/control negativo 10.1
1 8.75
2 9.82
3 nt
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Statistical analysis

Data comparison was conducted with one-way analysis
of variance (ANOVA) followed by post-hoc Tukey hon-
est significant difference test, for pairwise comparisons,
using GraphPad Prism software version 5 (GraphPad
Software, Inc., San Diego, California, USA). Values of
p < 0.05 were considered statistically significant. All
assays were performed at least in triplicate and results
are presented as median * standard deviation (SD).

Results and Discussion

Anti-mycobacterial activity

Quantitative analysis of M. smegmatis growth via the
determination of MIC values was the method of choice
to evaluate the anti-mycobacterial activity of the select-
ed diterpene compounds, Compounds 1-3). Although it
is not the causative agent of tuberculosis, M. smegmatis
stands as a good preliminary model for the evaluation
of possible new therapeutics compounds, to be further
studied against tuberculosis (9,10).

In order to avoid false positives resulting from cytotox-
icity of the compounds to the cells, a cytotoxic evalu-
ation was performed. The cytotoxicity assay measured
the release of cytosolic enzyme LDH after treatment of
macrophages, derived from PBMC, with Compounds
1-2. Staurosporine (IC,, = 250 nM), a known protein
kinase inhibitor that induces apoptosis, was used as the
cytotoxicity positive control (26). The results obtained
are shown in Table 2.

As shown in Table 2, the staurosporine positive control
resulted in macrophage cytotoxicity of 21.86 % (p <
0.0001). In contrast, the compounds tested did not re-
veal significant toxicity toward macrophage cells (p >
0.05), since cell viability was similar to values obtained
for untreated cells used as negative control.
Compounds 1-3 did not show activity against M.
smegmatis (Table 2) (MIC values of >100 ug/mL), in
comparison with the positive control Rifampicin (MIC
3.75 ng/mL). Although, in comparison with the labdane
diterpenes [Compound 2] and [Compound 3], the hali-
mane diterpene [Compound 1] was the most active with
a MIC of 100 pg/mL, suggesting that further studies,
such as prepararation of a pharmaceutical formulation
of new derivatives from the pure halimane and testing
on M. tuberculosis, should be made to understand its
anti-tubercular activity and improve its efficacy.

Plectranthus ornatus Codd Anti-mycobacterial activity
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Andlise estatistica

A comparacao de dados foi realizada com uma analise
de variancia unidirecional (ANOVA), seguida do teste
pos-hoc de diferenca significativa honesta Tukey, para
comparagdes em pares, usando o software GraphPad
Prism versdo 5 (GraphPad Software, Inc., San Diego,
California, EUA). Os valores de p <0,05 foram consid-
erados estatisticamente significativos. Todos os ensaios
foram realizados pelo menos em triplicado e os resul-
tados sdo apresentados como mediana + desvio padrao
(SD).

Resultados e discussao

Atividade anti-micobacteriana

O método de escolha para avaliar a atividade anti-mico-
bacteriana dos compostos diterpenos selecionados 1-3
foi feita através da analise quantitativa do crescimento
de M. smegmatis através da determinacdo dos valores de
CMI. Embora este ndo seja o agente causador da tuber-
culose, M. smegmatis ¢ um bom modelo preliminar para
a avaliagdo de possiveis novos agentes, a serem avali-
ados contra a tuberculose (9,10).

Para evitar falsos positivos resultantes da citotoxicidade
dos compostos nas células, realizou-se uma avaliagao
citotoxica. O teste de citotoxicidade mediu a libertagdo
da enzima citosolica LDH apo6s o tratamento dos mac-
rofagos, derivados de PBMC, com os compostos 1-2. A
estaurosporina (IC, = 250 nM) ¢ um conhecido inibidor
de proteinas cinase que induz a apoptose, e foi utilizado
como controlo positivo de citotoxicidade (26). Os resul-
tados obtidos sao apresentados na Tabela 2.

De acordo com a Tabela 2, a estaurosporina utilizada
como controlo positivo resultou numa citotoxicidade dos
macroéfagos de 21,86 % (p < 0,0001). Por outro lado, os
compostos testados ndo revelaram toxicidade significa-
tiva para os macrofagos (p > 0,05), uma vez que a via-
bilidade celular foi semelhante aos valores obtidos para
células ndo tratadas, usadas como controlo negativo.

Os compostos 1-3 ndo mostraram atividade contra M.
smegmatis (Tabela 2) (valores de CMI de > 100 ug/mL),
quando comparados com a Rifampicina (controlo posi-
tivo, CMI 3,75 ng/mL). No entanto, em comparacao
com os diterpenos de labdano (2) e (3), o diterpeno
halimano (1) foi o mais ativo com um valor de MIC
de 100 pg/mL, sugerindo que mais estudos adicionais
s30 necessarios, tais como a formulacdo farmacéutica
de novos derivados do halimano puro e testes contra M.
tuberculosis, que deveriam ser realizados para entender
a atividade anti-tubercular e melhorar sua eficacia.

107



Joana Andrade et al

Table 2/ Tabela 2 - MIC values of the compounds 1 — 3 isolated from P. ornatus,
obtained by the microdilution method against Mycobacterium smegmatis. Rifampicin
was used as control. The MIC values were taken as the lowest concentration of the
compound that inhibited > 99% the growth of the microorganisms, after 24 h of
incubation at 37 °C, and are presented in pg.mL"./ Valores de CMI dos compostos 1 —
3 isolados de P. ornatus, obtidos pelo método de microdilui¢ao contra Mycobacterium
smegmatis. A Rifampicina foi utilizada como controlo positivo. Os valores de CMI
foram tomados como a menor concentracdo do composto que inibiu > 99% do
crescimento do microrganismo, ap6s 24h de incubagdo a 37 °C, e estdo apresentados

em pg.mL".
M. smegmatis
Compound/Composto ~ MICge/ CMIgo (ng.mL™)
1 100
2 >100
3 >100
Positive
Control/Controlo 3.75 RIF
positivo

RIF — Rifampicin/Rifampicina

Conclusion

Halimane [Compound 1] and labdane [Compounds
2-3] diterpenes were assessed in a preliminary assay
for their anti-mycobacterial activity against M. smeg-
matis. The compounds were first tested for cytotoxic-
ity on PBMC-derived macrophages and no cytotoxicity
was found up to 25 pg/mL. The MIC,; of Compounds
1-3 (=100 pg/mL), did not show significant activity
against M. smegmatis in comparison with the positive
control Rifampicin. Further studies are currently under-
way, however, using M. tuberculosis in order to confirm
the MIC results and in effort toin effort to elucidate the
mechanism of action and improve activity with deriva-
tives obtained by hemi-synthesis.
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Conclusao

Os diterpenos de halimano (1) e labdano (2-3) foram
avaliados num ensaio preliminar da actividade anti-
micobacteriana contra M. smegmatis. Em primeiro lu-
gar, os compostos foram testados quanto a toxicidade
em macréofagos derivados de PBMC e nenhuma cito-
toxicidade foi encontrada até 25 pg/mL. Os valores de
CMI,, dos compostos 1-3 (=100 pg/mL), ndo most-
raram atividade significativa contra M. smegmatis, em
comparagdo com o controlo positivo de Rifampicina.
Contudo, mais estudos estdo a ser realizados contra M.
tuberculosis para confirmar os resultados dos CMI, e,
eventualmente elucidar o mecanismo de agdo e mel-
horar a atividade com compostos derivados por hemi-
sintese.
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