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The resistance of microorganisms to current antimicrobials, and the deleterious effects caused by the
excessive free radical manufacturing in the human body and their relationship with increasing global
incidence of cancer, has led to a continuous search for new chemical agents that can contribute to the
fight against these ills. The objective of the present work was to evaluate the antimicrobial, antioxidant
and cytotoxic activities and determine the chemical profile of ethyl acetate extract of ten species of the
family Melastomataceae. Antimicrobial activity was assessed by the methods of disk diffusion in agar
and microdilution in broth (MIC-pug/mL). Antioxidant activity was measured by DPPH free radical capture
assay while toxicity was evaluated with Artemia salina Leach. Cytoxicity was evaluated by in vitro tests
with THP-1-cells. Identification of the classes of metabolites was performed using chemical reagents,
while quantification of total phenols (EGA/g) and total flavonoids (EQ/g) was done by
spectrophotometry. The extract of Clidemia capitellata exhibited activity against Micrococcus luteus
with MIC = 62.5-pyg/mL. The extract of C. hirta had the highest sequestering activity of DPPH free
radicals (63.54-%). The toxicological assay revealed high toxicity for Miconia alborufescens extract
(CLso 61.6-pg/mL). Cytotoxic activity of extracts for THP-1-cells was observed through visualization of
apoptotic bodies and cell death. Phytochemical analysis detected the presence of condensed tannins,
terpenes, steroids and polyphenols, and the absence of alkaloids. The assays performed provided
promising results, suggesting the continuation of new chemical-pharmacological evaluations and the
isolation of the active principle of the extracts.
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INTRODUCTION

Excessive and indiscriminate use of antibiotics has excessive free radical manufacturing by the human body
generated increased bacterial resistance to conventional have become concerns of health authorities throughout
antibiotics. Increased estimates for cancer incidence and the world. Due to their diverse metabolic capacities,
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plants represent a potential alternative for the isolation of
new drugs (Hosseinzadeh et al., 2015). Of the drugs on
the market for the treatment for infectious diseases, 75%
are of natural origin or analogous derivatives (Newman
and Cragg, 2016).

There are approximately 374,000 species of plants on
the planet (Christenhusz and Byng, 2016), of which
46,403 are distributed among the several biomes and
ecosystems of Brazil (Flora do Brasil 2020, 2017). The
Atlantic Forest is the most diversified phytogeographical
domain in Brazil, with more than 15,001 plant species.
Melastomataceae is the fifth largest family of
angiosperms in Brazil with 66 genera and 1,367 species,
and is one of the most represented in the Atlantic Forest,
which is home to 582 species (BFG, 2015).

The Melastomataceae family presents a variety of
secondary metabolite classes, including flavonoid
derivatives, tannins, terpenes, fatty acids and
anthocyanidins (Bonfim-Patricio et al., 2001; Yoshida et
al., 2005; Grayer et al., 2008). Some studies with
representatives of this family have already demonstrated
that they possess analgesic, antipyretic, neuroprotective,
anti-parasitic, immunological, antioxidant, anti-
tuberculotic, anti-inflammatory, antitumor, antimicrobial
and anticancer potentials (Pavan et al., 2009; Tan et al.,
2012; Balamurugan et al., 2013; Nono et al., 2014; Nguta
et al., 2016).

The objective of the present work was to investigate the
antimicrobial, antioxidant and cytotoxic activity and to
determine the chemical profile of crude extracts obtained
with ethyl acetate from the leaves of Miconia albicans, M.
alborufescens, M. amoena, M. ciliata, M. fallax, Clidemia
capitellata, C. hirta, C. sericea, Tibouchina francavillana
and T. Ihotzkyana, belonging to the family
Melastomataceae.

MATERIAL AND METHODS

Aerial parts of ten plant species of the family Melastomataceae
[Miconia albicans (Sw.) Triana (14025); Miconia ciliata (Rich.) DC.
(14036); Miconia fallax DC. (14022); Miconia amoena Triana
(14024); Miconia alborufescens Naudin (14023); Clidemia hirta (L.)
D.Don (13982); Clidemia sericea D.Don (13517); Clidemia
capitellata (Bonpl.) D.Don (7685); Tibouchina lhotzkyana (C.Presl)
Cogn. (13981) and Tibouchina francavillana Cogn.] (13984) were
collected in an Atlantic Forest remnant in the municipality of
Alagoinhas, state of Bahia, Brazil (12°10°'42.62"S, 38°24°39.52'W).
The plants were identified and exsiccates deposited in the
Alagoinhas, Bahia, collection of herbarium da Bahia State
University. The leaves were dried in an drying oven at 50°C and
pulverized manually. Extraction was performed by percolation in
ethyl acetate (PA), with three successive extractions at intervals of
72 h. The extract was obtained after filtration and evaporation of the
solvent, and then preserved at 4°C until use.

In vitro evaluation of antimicrobial activity

Antimicrobial activity was evaluated by the method of disk diffusion
in agar according to the recommendations of Clinical and
Laboratory Standards Institute (CLSI; 2003), with fungal bacterial
lineages belonging to American Type Culture Collection (ATCC) —
Staphylococcus aureus (ATCC 6538), Pseudomonas aeruginosa
(ATCC 15442), Escherichia coli (ATCC 94863), Micrococus luteus
(ATCC 10240) and Bacillus subtilis (ATCC 6633) — and the fungus
Aspergillus niger (16404). The bacteria cultures were cultivated in
Mueller-Hinton Agar at 37°C for 24 hours while the fungus was
cultivated in Sabouraud Dextrose Agar at 37°C for 48 h.

Aliquots of 10 pl of plant extract (100.0 mg/ml) were applied to
sterile filter-paper disks (6.0 mm in diameter). The microorganisms
were then cultured in Muller-Hinton Agar and, as a control, DMSO
with  chloramphenicol  (0.1%), for bacteria and with
Cyclopiroxolamine (0.1%) for the fungus. The bacterial and fungal
plates were incubated at 37°C for 24 and 48 h, respectively.
Antimicrobial activity was evaluated by inhibition halo measurement.

Minimal inhibitory concentration (MIC)

The Minimal Inhibitory Concentration (MIC) was determined based on
CLSI document M7-A6 (CLSI, 2003), with some modifications. The
microorganisms were cultured on plates with 96 wells and evaluated in
the presence of different concentrations of extract (500 to 3.90 pg/ml)
for 24 h at 37°C, with chloramphenicol (0.1%) and DMSO (4%) as
controls. Wells without turbidity were considered to contain active
extracts.

In vitro analysis of antioxidant activity

The antioxidant capacity of the extracts was determined by
photocolorimetric assay of the free radicle 2,2-diphenyl-1-picrylhydrazyl
(DPPH), using plates with 96 wells, with adaptations (Brand-Willians et
al., 1995). The extracts were diluted in ethanol (6.0 mg/ml), and then 50
pl of this solution was added to microplate wells containing 150 pl of
ethanol. Serial dilutions were performed to produce extract
concentrations ranging from 3.0 to 0.045 mg/ml. Next, 100 uL DPPH
solution (0.5 mM) was added to each well. After 1 h of reaction at room
temperature, and in the absence of light, absorbance readings were
made using a UV-Vis spectrophotometer at 492 nm. All tests were
performed in triplicate. The percentage of free radical sequestration (%
FRS) was determined using the equation:

%FRS = {[(AbScontol — (AbSsampie — AbSuite)] X 100} /AbSconirol}

Where Absconrol i the absorbance of DPPH in the presence of ethanol;
Abssampie IS the absorbance of extract after the reaction with DPPH; and
Abs,ite is the absorbance of ethanol (Moreira et al., 2005).

Phytochemical screening

The phytochemical profile of the extracts was determined using
chemical reactions to identify alkaloids (Petruczynik, 2012) and
terpenes and steroids (Harbone, 1998) by means of thin layer
chromatography (TLC) using a 0.2 mm silica gel (Fzs4) in aluminum
(MERCK). Total phenols were determined by spectrophotometry
using the Folin-Ciocalteu reaction, and read with a UV-Vis
spectrophotometer at 620 nm, with adaptations (Singleton et al.,
1999). The calibration curve for gallic acid was obtained using the
same conditions for the preparation of the extracts (y = 3.8883x +
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Table 1. Minimum inhibitory concentration (ug/mL) of ethyl acetate extracts of leaves of Clidemia hirta and Clidemia capitellata

(Melastomataceae).

Extract Sample M. luteus S. aureus P. aeruginosa B. subtilis
Ethvl acetate C. hirta 125 500 500 NT

y C. capitellata 62.5 125 125 125
Control Chloramphenicol 15.62 31.25 31.25 15.62

NT: Not tested.

0.1141. R2=0.9954). The results were determined by the
interpolation of the absorbance of the samples with the standard
curve of gallic acid expressed in milligrams of gallic acid per gram
of crude extract (mg EGA/g of extract). Total falvonoids was
determined by reaction with aluminum chloride (AICIl3) (Arvouet-
Grand et al., 1994), which was measured by absorbance using a
UV-Vis spectrophotometer at 492 nm. The results were expressed
in milligrams of quercetin per gram of crude extract (mg EQ/g of
extract). The calibration curve for quercetin was obtained under the
same preparation conditions (y = 1.2078x — 0.1175. R2 = 0.9889).
The tests were performed in triplicate.

Toxicity assays with Artemia salina leach

In vitro evaluation of the toxicity of extracts was performed
according to the methodology proposed by Meyer et al. (1982). The
extracts were categorized according to Clarkson et al. (2004) as:
ClLso > 1000 pg/ml are nontoxic; CLsp > 500 pg/ml are of low
toxicity; CLso between 500 and 100 ug/ml are moderately toxic; and
CLsg < 100-pg/ml are highly toxic.

Ten Artemia nauplii extracts were used in each well in three
different conditions - 10, 100 and 1000 pg/ml - with 10 other nauplii
exposed to marine water and another 10 exposed to DMSO (1.0%)
as positive controls. All wells were submitted to artificial lighting and
the tests were performed in triplicate. The nauplii were counted
after 24 and 48 h of exposure. The mean lethal concentration (CLso)
was determined using the program GraphPadPrism 5.0.

Lineages and cell culture

The acute monocytic leukemic cell line (THP-1) was donated by the
Immunology Laboratory of the Institute of Health Sciences (ICS) of
the Federal University of Bahia. The cells were cultured in 5.0 mL of
RPMI medium supplemented with 10% v/v fetal bovine serum
(PBS) and 20 pg/ml of penicillin/streptomycin (1%) obtained from
Cultilab. Cells were seeded and cultured to confluency in 25 cm?
culture bottle at 37°C in an atmosphere of 5% CO; and controlled
humidity.

Preliminary determination of in vitro cytotoxicity to THP-1 cells

Cytotoxicity of plant extracts to the THP-1 cell lineage was
evaluated using an inverted microscope (20x). Cells (1x10° /-well)
were pated in 1.0 ml RPMI complete medium per well in 24 well
plates. The cells were then incubated in the presence of crude plant
extract (100 pg/ml), diluted in DMSO for 24 h at 37°C, and then
evaluated morphologically. Wells used for control contained RPMI
cells and wells containing cells with RPMI and DMSO (0.5%)).

Statistical analysis

Analyses were based on the mean in triplicate + standard deviation
of the mean, (one-way ANOVA; p<0.05), using GraphPadPrism 5.0,

Minitab 18 and Excel 2013.

RESULTS

For the diffusion disk tests, Clidemia hirta exhibited
activity against M. luteus, S. aureus and P. aeruginosa,
with halos of 13.0 £ 1.02, 9.0 £ 0.57 and 10.0 £ 1.52 mm,
respectively, while Clidemia capitellata exhibited activity
against M. luteus, S. aureus, P. aeruginosa and B. subitili,
with halos of 12.0 + 0.57, 10.0 + 0.57, 9.0 + 0.57 and
11.0 £ 1.73 mm, respectively. For MIC (Table 1), the
greatest activity was for extract of C. capitellata against
the bacteria strain M. luteus (MIC 62.5 pg/ml).

For antioxidant activity (DPPH sequestration capacity),
the extract of C. hirta was most effective (63.54 + 1.46%),
followed by M. amoena (51.66 = 1.29%) and M. fallax
(51.24 = 1.43%). All extracts gave positive reactions in
tests for total phenols, total flavonoids and tannins, but
were negative for alkaloids. Half of the extracts were
positive for the presence of terpenes or steroids (Table
2). The extracts of Miconia alborufescens (CLs, 61.6
pag/ml) and C. hirta (CLsg 75.8 pg/ml) exhibited high
toxicity for Artemia salina. The extracts of M. albicans
(CLso 512.7 pg/ml), C. sericea (CLsy 831.7 pg/ml) and
Tibouchina lhotzkyana (CLsy 537.0 pg/ml) exhibited low
toxicity. All other extracts were inactive. Tests against the
monocytic cell lineage THP-1 revealed that 90% of the
extracts were capable of stimulating the formation of
apoptotic bodies and induce cell death, except for C.
sericea.

DISCUSSION

The phytochemical data for C. hirta, C. capitellata and the
other extracts were consistent with other studies (Gordon
et al., 2011; Abdellaoui et al., 2014; Tracanna et al.,
2015; Scalco and Munhoz, 2016). The absence of
alkaloids in the extracts confims this as a
chemotaxonomic characteristic of the family
Melastomataceae (Silva et al., 2010). Differences
between the present study and previous studies in the
content of phenols and flavonoids may be a reflection of
differing factors, including the extraction solvent,
seasonality and the collection site.

Theabsence of growth inhibition halos in the agar
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Table 2. Preliminary phytochemical screening and percentage free radical sequestration (% FRS) in vitro of extracts in ethyl
acetate from leaves of species of the family Melastomataceae.

Total phenols

Total flavonoids

Sample (mg EGA/Q) (mg EQ/g) Al Ta Ter/Ste %FRS
Miconia albicans 172.19 £1.95 72.69 £ 0.90 - + - 39.68 +£0.87
Miconia ciliata 146.40 £ 1.15 60.41 £3.96 - + - 8.30£1.30
Miconia fallax 199.76 £ 5.67 100.52 + 0.97 - + - 51.24+£1.43
Miconia amoena 254.09 £ 4.24 73.67 £0.90 - + - 51.66 + 1.29
Miconia alborufescens 47.28 £ 0.59 3.94+£1.073 - + + 4.83+1.95
Clidemia hirta 197.18 £ 1.35 123.52 + 2.27 - + + 63.54 + 1.46
Clidemia sericea 105.46 + 4.55 76.69 £ 0.90 - + + 37.36 £1.17
Clidemia capitellata 127.04 £ 2.01 53.41 +1.69 - + + 28.60+1.54
Tibouchina francavillana 122.51 £ 0.77 73.25+1.30 - + + 47.90 £0.77
Tibouchina Ihotzkyana 42.12 +0.17 31.55+0.62 - + + 3.72+1.54

Al: alkaloids; Ta: condensed tannins; Ter/Ste: terpenes/steroids; (-): absence; (+): presence.

diffusion tests was observed for most of the extracts in
ethyl acetate, with the exception of C. hirta and C.
capitellata. In concordance with the results of the present
study, Meléndez and Capriles (2006) found antimicrobial
activity for methanolic extract of leaves of C. hirta against
fifteen bacterial strains, among them S. aureus and M.
luteus, but no such activity for C. capitellata.

Dianita et al. (2011) demonstrated bactericidal activity
of the ethyl acetate extract of the leaves of C. hirta
against P. aeruginosa and bacteriostatic activity for E.
faecalis.

For antioxidant activity, the data show that extracts with
significant free radical scavenging activity also had a high
content of polyphenols and total flavonoids, suggesting a
direct connection between antioxidant action and the
presence of these compounds. The phenolic
constituents, among them flavonoids and phenolic acids,
are known for their antioxidant effect in biological
systems due the arrangement of their function groups, in
particular hydroxyl groups, capable of neutralizing or
sequestering reactive species (Fabri et al., 2009). Santos
et al. (2017) reported the presence of compounds of this
nature in different extracts of Miconia, and Lopez et al.
(2016) for C. hirta, and Gordon et al. (2011) for C. rubra.
Plant extracts that demonstrated toxicity for Artemia
salina, according to the literature, possess cytotoxic
compounds in concentrations sufficient to potentiate
antitumor (Mclaughlin et al.,, 1991), antiplasmodic
(Amarante et al.,, 2011) and actions against bacterial
(Zuque et al., 2004) and fungal lineages (Nifio et al.,
2006). The evaluation of the THP-1 lineage revealed that
the extracts stimulated the formation of apoptotic bodies
and cell death.

Antiproliferative effects- induction for the formation of
apoptotic bodies and cell death- are an interesting
approach in the treatment of leukemia (Kapoor and
Kakkar, 2012). Research shows that most antitumor
drugs cause cancer cells to die (Park et al.,, 2013)

through induction of the apoptotic process (Onrubia et al.,
2012). This, thus, suggests that the preliminary data of
this evaluation of leaf extracts of species of the family
Melastomataceae are promising in the search for new
antitumor agents.

The presence of non-toxic extracts for A. salina and,
concomitantly, cytotoxicity against THP-1 cells, may be
indicative of the chemical constituents of the plant acting
against antitumor cells without affecting the health cells in
the body. However, toxicity in A. salina cannot be directly
translated into human toxicity since the physiological
media are different, and thus further analysis is needed to
determine the effects on different human cell lines.
Similar results for M. fallax ethyl acetate extract in THP-1
cells were observed by Cunha et al. (2008), for the
ethanol extract and for two triterpenes isolated, ursolic
acid and oleanolic acid; Aristizabal et al. (2013) for the
butanolic extract of C. hirta in Vero cells and by
Narasimham et al. (2017), using Dalton's lymphoma
ascites cells (DLA), extracts of C. hirta leaves in
petroleum ether and in chloroform.

Conclusion

The extracts from the species of Melastomataceae
evaluated in the present work can be considered
promising as potential sources of chemical agents with
antimicrobial, antitumor and antioxidant properties.
Furthermore, C. hirta should be emphasized for exhibiting
activity in all the tests performed. New chemical-
pharmacological evaluations and the isolation of the
active principle of the extracts should be performed to
demonstrate the relationships and mechanisms involved
in their antibacterial, antioxidant and cytotoxic activity
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