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SUMMARY

The antimicrobial activity of plant hidroethanolic extracts on bacteria Gram positive, Gram negative, yeasts, Mycobacterium
tuberculosis H37 and Mycobacterium bovis was evaluated by using the technique of Agar diffusion and microdilution in broth. Among
the extracts evaluated by Agar diffusion, the extract of Bidens pilosa leaf presented the most expressive average of haloes of growth
inhibition to the microorganisms, followed by the extract of B. pilosa flower, of Eugenia pyriformis’ leaf and seed, of Plinia cauliflora
leaf which statistically presented the same average of haloes inhibitory formation on bacteria Gram positive, Gram negative and yeasts.
The extracts of Heliconia rostrata did not present activity. Mycobacterium tuberculosis H37 and Mycobacterium bovis (BCG) appeared
resistant to all the extracts. The susceptibility profile of Candida albicans and Saccharomyces cerevisiae fungi were compared to one
another and to the Gram positive Bacillus subtilis, Enterococcus faecalis and the Gram negative Salmonella typhimurium bacteria
(p > 0.05). The evaluation of cytotoxicity was carried out on C6-36 larvae cells of the Aedes albopictus mosquito. The extracts of
stem and flower of Heliconia rostrata, leaf and stem of Plinia cauliflora, seed of Anonna crassiflora and stem, flower and root of B.
pilosa did not present toxicity in the analyzed concentrations. The highest rates of selectivity appeared in the extracts of stem of A.
crassiflora and flower of B. pilosa to Staphylococcus aureus, presenting potential for future studies about a new drug development.
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INTRODUCTION

The indiscriminate use of antimicrobials by population in general
has been causing serious public health problems all over the world due
to the fact that the microorganisms have the ability to develop resistance
to these therapeutic agents®.

Bacteria which belong to the Mycobacterium type, mainly the
Mycobacterium tuberculosis has been presenting resistance to the
antibiotics, probably, due to the long treatment time and to the adverse
drug effects, factors which make patients decline the treatment*2.

Nowadays, there is a great interest from the pharmaceutical
industries in the use of biodiversity as a source of new medicine*, and the
pharmaceutical industries’ integration with universities that are studying
bioprospective natural resources in search of new medicines has stood
out as being increasingly more important?.

Among the plants found in the southern cerrado of Minas Gerais,
Bidens pilosa Linné, known as Picdo preto, is widely used in the
traditional medicine as an anti-flu, for diabetes control, as a treatment for

gastroenteritis and hepatitis®, in buccal antissepsia and anti-jaundiced*.
Some compound classes like flavonoids and polyacetylenes were isolated
from Bidens pilosa®

Eugenia pyriformis Cambess, popularly known as uvaia, has a yellow
fruit, is edible and may be used to make juices, vinegar and wine''®,
According to STIEVEN et al., (2009)% the fruit of Eugenia pyriformis
has bacteriostatic activity when compared to isolates of Escherichia coli,
Staphylococcus aureus and Enterococcus faecalis.

Annona crassiflora Mart is a fruitlike species and exclusive from the
Brazilian cerrado, known as araticum and marolo®. Phytochemical study
conducted by GONCALVES et al., (2009)* with the stem of Anonna
crassiflora Mart resulted in obtaining alkaloids with antimicrobial
activity.

Plinia cauliflora Berg, known as the jabuticaba tree, is a fruit tree
belonging to the Myrtaceae family, spontaneously growing in large
parts of Brazil. The bark is astringent, useful against diarrhea and skin
irritations. We also have indications in folk medicine as anti-asthmatic
medicine, for bowels inflammation and hemoptysis?’.
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There have been few studies surrounding the Heliconia genus and
the number of existing species is still not certain®. Among the various
species, there is the Heliconia rostrata also known as banana garden tree.

The need for new antimicrobial substances reinforces the growing
investigation of the therapeutic potential of medicinal plants, where some
of its compounds with the antimicrobial property such as flavonoids,
alkaloids, sterols and saponins have been the subject of interest in the
treatment of various human infections®#.

COWAN (1999)" reported, based on studies of this literature, that
the antimicrobial activity of flavonoids is possibly due to the ability of
this group to complex with extracellular and soluble proteins and also
with the bacterial cell wall. The mechanism of the antimicrobial action
of tannins can be explained by three hypotheses. The first assumes
tannins inhibiting bacterial and fungal enzymes and/or complexing with
the enzyme substrates and, the second includes the action of tannins on
the cell membranes of the microorganisms, altering metabolism, and the
third is based on the complexation of macromolecules with metal ions,
reducing the availability of ions essential for microbial metabolism?®.

The ability of saponins to form complexes with steroids, proteins
and phospholipids of cell membranes may change its permeability or
even lead to its destruction®.

Alkaloids are complex compounds, basic in nature, defined by the
amine function, which provides its constituents, chemical properties
that are related to a high toxicity and a remarkable pharmacological
activity. Isolated compounds and plant extracts rich in alkaloids, have
demonstrated antimicrobial activity in several studies’.

With the development of this research, we aimed to study the
feasibility of using the plant extracts found in Southern cerrado area of
Minas Gerais State as probable antimicrobial agents with potential action
on bacteria and fungi, besides the knowledge of the cytotoxic potential
of these extracts. This study will significantly contribute to national and
international research aimed at the bio-prospecting of new bioactive
plants, safe in accordance with the clinical point of view, which have
the potential to be future drug candidates for their use in antimicrobial
therapeutic regimens.

MATERIALS AND METHODS

Plant collection and identification: The Bidens pilosa samples were
collected in January 2011, at Jatobd Neighborhood, in Pouso Alegre city -
MG (22°27°75 S, 18°45° 90" W). The collection of stem samples, leaves
and fruits of adult Eugenia pyriformis was conducted in Alfenas countryside
-MG (21°25°44” S and 45° 56’49 W) in January 2011. Samples of leaf,
stem and fruit of adult Plinia cauliflora were collected in January 2011 in
the city of Alfenas - MG (21° 25744 S, 45° 56’ 49 W). The collections of
leaves, flowers, pseudostem and rhizome of Heliconia rostrata were held
in Areado city - MG (21° 24’ 39.44” S and 46° 08’ 53.81”” W) in January
2011. A fruit sample, stem and leaf of Annona crassiflora was held in
Alterosa city, (21° 8’ 50.18” S and 46° 5° 06.13” W) in March 2011. The
plant samples are deposited in the Herbarium of the Federal University
of Alfenas (UNIFAL-MG), receiving the following tumble numbers:
Bidens pilosa (1745), Eugenia pyriformis (1459), Plinia cauliflora (1637),
Heliconia rostrata (1636), Annona crassiflora (1401).
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The preparation of the plant extracts: Extracts were prepared from
fresh plant parts (leaves, flowers, roots, stems and fruits) in ethyl alcohol
70% wiv. After being soaked for seven days, the extracts were filtered,
subjected to concentration on rotary evaporator to a negative pressure
of 500 mmHg at 60 °C and, subsequently frozen and lyophilized. Upon
use, the lyophilized extracts were relifted in distilled water to obtain
concentrations of 100 mg/mL and then sterilized by filtration.

Microbial strains: The strains studied are recommended by other
authors and they are representative of a wide variety of microorganisms
that belong to the main bacterial and fungal groups.

Yeasts: Candida albicans ATCC 10231; Saccharomyces cerevisiae
ATCC 2601;

Gram positive bacteria: Bacillus subtilis ATCC 6633, Bacillus cereus
ATCC 11778, Micrococcus luteus ATCC 9341, Enterococcus faecalis
ATCC 51299 and Staphylococcus aureus ATCC 6538;

Gram negative bacteria: Escherichia coli ATCC 25922, Serratia
marcescens LMI-UNIFAL, Pseudomonas aeruginosa ATCC 27853,
Proteus mirabilis ATCC 25922, Salmonella typhimurium ATCC 14028
Enterobacter cloacae LMI-UNIFAL.

Mycobacteria: Mycobacterium bovis (BCG strain) ATCC 27289 and
Mycobacterium tuberculosis (H37) ATCC 27294.

Evaluation of antimicrobial activity of the extracts: The
antimicrobial activity was evaluated by agar diffusion through the method
defined in document M7A6 (CLSI, 2003)° for bacteria, M24A2 (CLSI,
2008)"! for Mycobacterium spp. and M44A2 (CLSI, 2009)® for fungi.
Mueller Hinton agar was used for bacteria and Mueller Hinton agar
supplemented with 2% glucose was used for yeasts.

The activity on Mycobacterium bovis and Mycobacterium
tuberculosis was determined by agar diffusion method in Middlebrook
7H10 agar medium with Middlebrook OADC Enrichment®. The herbal
extracts, 100 mg/mL, in a volume of 10 uL, were placed on filter paper
disks of 10 mm diameter and dried at 37 °C. The Middlebrook 7H10
agar was inoculated with a suspension of M. bovis and M. tuberculosis
with a turbidity corresponding to the Mac Farland 0.5 range. The disks
containing the extracts were placed on the surface of the culture medium.
Cultures were incubated at 37 °C for 28 days.

The minimum inhibitory concentration (MIC) was assessed through
broth microdilution according to the methodology proposed in document
M27A3 (CLSI, 2008)'* and with concentration range from 50 mg/mL to
0.010 mg/mL. The MIC for M. bovis and M. tuberculosis was determined
in Middlebrook 7H10 agar dilution in concentrations of 50 mg/mL,
25 mg/mL and 12.5 mg/mL. The tests were performed in triplicate at
different days.

Evaluation of the cytotoxic activity of the plant extracts
on cell culture: Cytotoxicity was assessed by MTT method [3 -
(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]. In this
test 1x10* cells (derived from Aedes albopictus larvae) were seeded
per well in 96-well plates, containing L-15 medium. 0.1 mL of L-15
medium containing 1% fetal bovine serum with decreasing dilutions of
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the extracts (from 5 mg/mL to 0.039 mg/mL) was added to the culture.
After incubation, 10 uL of MTT at a concentration of 5 mg/mL was added
and incubated for four hours at room temperature to a MTT incorporation
and the formation of formazan crystals. Spectrophotometric analysis was
performed in microplate reader at 600 nm. The percentage of cytotoxicity
was calculated using the [(AB) / A X 100] formula, where A and B are
values of optical densities of treated and controlled cells, respectively.
The values of cytotoxic concentration (CC50 and CC90)? were stablished.

Determination of the plant extract selectivity index: The
selectivity index of the extracts was calculated by evaluating the ratio
between the CC50 and MIC50?!. Values greater than 1 were considered
promising for the selection of extracts for further studies.

Evaluation of phytochemical profile of the extracts: In
phytochemical screening the following groups of active ingredients
were surveyed: flavonoids, the Shinoda reaction technique and alkalis
hydroxide reaction; tannins through precipitation method with iron salts,
lead acetate, alkaloids, gelatin and copper acetate; alkaloids through
precipitation method with Mayer, Bertrand, and Dragendorff Bouchardat
reactives; steroids, the Liebermann-Burchard reaction; saponins,
through the stir of aqueous extract with persistent foam formation and
anthraquinones through direct Borntrager reaction'.

Statistical analysis: The data were statistically considered by
variance analyses (ANOVA) and Scott-Knott test at 5% significance
(Sisvar Software version 5.3, 2010).

RESULTS AND DISCUSSION

Evaluation of antimicrobial activity of Bidens pilosa extracts:
The stem extract showed activity against four microorganisms: S. aureus,
M. luteus, C. albicans and S. cerevisiae. The largest inhibition zone, in
absolute value was observed for M. luteus. The flower and leaf extracts
inhibited the growth of 10 microorganisms and the largest inhibition
zone, in absolute figure was observed for S. cerevisiae. The leaf extract
of Bidens pilosa showed the most significant average haloes of growth
inhibition when compared among the microorganisms (p < 0.05). The
largest zones of inhibition were observed at S. aureus, M. luteus, S.
typhimurium, B. cereus, E. coli, C. albicans and S. cerevisiae. The leaf
extract showed no activity against P. aeruginosa, B. subtilis, E. faecalis.
The smallest halo of growth inhibition was observed for S. marcescens.
The stem extract showed no activity against Gram negative bacteria. The
smallest inhibition zones were observed for C. albicans and S. cerevisiae.
The flower extract showed no activity against P. aeruginosa, B. subtilis,
E. faecalis, M. bovis and M. tuberculosis. According to the results shown
in Table 1 we can see that the root extract of B. pilosa did not inhibit the
growth of microorganisms.

MOTSEI et al., (2003)* and DEBA et al., (2008)"°, without specifying
the source of the extract showed that B. pilosa has antifungal activity,
similar to our results, however both yeasts showed no susceptibility to the
root extract of B. pilosa. ROJAS et al., (2006)* also without specifying
the source of the extract, showed that B. pilosa presents growth inhibitory
activity on B. cereus, E. coli and S. aureus, similar to our results, verifying
that these bacteria weren’t susceptible to the root extract of B. pilosa.

Related to MIC determination, the values varied from 1.56 mg/mL to

25 mg/mL. S. aureus was shown to be the most susceptible to the extract
of flower whose MIC was 1.56 mg/mL (Table 1). In phytochemical
tests, the root extract showed tannin and saponin in its composition.
The stem extracts showed alkaloid, tannin and saponin. The leaf and
flower extracts showed alkaloid, flavonoid, tannin and saponin (Table
2). Results similar to OLIVEIRA et al., (2004)*° and MARTINS et al.,
(2000)*, without specifying the source of the extract, found flavonoids
and tannins, respectively. Considering the wealth of constituents that these
extracts present, antimicrobial activity may be related to the presence of
compounds like tannins, saponins, flavonoids and alkaloids found, yet
these compounds have demonstrated antimicrobial activity.

Evaluation of antimicrobial activity of Eugenia pyriformis
Cambess extracts: According to the results presented in Table 1 we
see that the leaf extract of E. pyriformis inhibited the growth of all
microorganisms, with the exception of M. bovis and M. tuberculosis.
The largest diameter of inhibition zone in terms of absolute value was
observed for M. luteus. The diameter of inhibition haloes was compared
among Gram positive and Gram negative bacteria. There were also
inhibition haloes against the S. cerevisiae and C. albicans yeasts. The
stem extract inhibited the growth of ten microorganisms (67%). The
largest diameter of inhibition zone was observed for M. luteus, while
for S. marcescens and P. aeruginosa the lowest diameters were found.
The fruit extract inhibited the growth of nine microorganisms (60%).
The extract showed no activity against P. mirabilis, E. coli, C. albicans,
S. cerevisiae, M. bovis and M. tuberculosis.

The seed extract inhibited the growth of 13 (87%) of the 15
microorganisms. The extract did not show activity against S. marcescens.
The largest diameter of inhibition zone was verified to M. [uteus. The
extract showed antifungal activity against S. cerevisiae and C. albicans.
In our study, the fruit extract showed antimicrobial activity against
E. faecalis and S. aureus and P. aeruginosa, unlike STIEVEN et al.,
(2009)*, who found activity against E. coli and found no activity against
P. aeruginosa. This difference may be related to the origin of the plant
extracts, because the ATCC strain that we evaluated was the same as
Stieven group.

The leaf extracts showed alkaloid, flavonoid, tannin and saponin.
The extracts showed stem tannin and saponin in their composition. The
seed extracts showed alkaloids, tannins and saponins (Table 1). The
results of this study are similar to ARMSTRONG’s (2011)? which found
flavonoids, tannins and saponins in the extracts. Considering the presence
of compounds such as tannins, saponins, flavonoids and alkaloids, which
present proven antimicrobial activity, it is concluded that the antimicrobial
activity of the extracts may be related to the presence of these compounds.
Regarding the MIC the values ranged from 12.50 to 50 mg/mL.

Evaluation of antimicrobial activity of Annona crassiflora Mart
extracts: In Table 1 we can see that the leaf extract of A. crassiflora
inhibited the growth of six (40%) of the 15 microorganisms tested: S.
aureus, M. luteus, P. mirabilis, B. subtilis, E. faecalis and B. cereus.
Comparing the size of inhibition haloes, in absolute values, we conclude
that the Gram positive had a higher susceptibility than the Gram negative.
The leaf extract did not show antimicrobial activity on yeasts. The stem
extract inhibited the growth of seven (47%) of the 15 microorganisms
tested. The extract did not show activity against E. cloacae, P. aeruginosa,
S. marcescens, E. coli, C. albicans, S. cerevisae, M. bovis and M.
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Table 1
Evaluation of antimicrobial activity (agar diffusion and broth microdilution), cytotoxicity and selectivity index of plant extracts from
cerrado in the south of Minas Gerais.

Microorga- _ Plant Heliconia rostrata Plinia cauliflora Anonna crassiflora Bidens pilosa Eugenia pyriformis Controls

nism/Test  Fraction Ca Fl Fo Riz CF Fo Ca CF Ca Se Po Fo Ra Ca Fl Fo Fo Ca Fr Se Cl Ri Ag
Results

14 14 9 153 10 0 9 13 0 0 173 18 15 115 123 147 13 - 0

MH 0 0 0

[=)

f::eilsm MIC N N N N 5 5 25 5 5 N 50 25 N N 125 125 25 125 125 25 e ceee oo
ST NA NA NA NA 0026 NA NA 0.04120.1172 NA 0.05360.1544 NA NA 0.2256 NA 0.3822 NA 0.16880.0504 ----- -----s —--em-
) MH 0 0 0 0 0 117 73 113 103 0 0 113 0 0 0 0 137 113 103 13 153 - 0
?;},Ctl,l][;:v MIC N N N N 50 50 50 50 25 N N 5 N N N N 25 25 50 50 @ oeccee e .
SI NA NA NA NA 0.026 NA NA 0.04120.2344 NA NA 00722 NA NA NA NA 03824 NA 0.04220.0252 ----- -mo-om —mmom-
MH 0 0 0 0 137 127 73 15 83 0 9 143 0 0 0 0 137 10 103 12 14 - 0

Enterococ-

MIC N N N N 5 50 25 25 25 N 5 25 N N N N 5 5 50 50 - oo ome
SI NA NA NA NA 0.026 NA NA 0.08240.2344 NA 0.05360.1544 NA NA NA NA 0.1912 NA 0.04220.0252 ----- -----= -

cus faecalis

MH O 0 0 0 163 183 183 19 15 0 13 137 0 157 233 237 18 147 193 18 20 - 0
Micrococcus
aton MIC N N N N 5 25 25 125 25 N 50 50 N 25 25 25 50 50 50 25 eew eeeew oeee
S NA NA NA NA 0026 NA NA 0164802344 NA 0.05360.0772 NA 0.15640.1128 NA 0.1912 NA 0.04220.0504 —--- —-oe —oomv
MH 0 0 0 0 153 167 13 18 12 0 16 12 0 143 22 263 12 113 12 137 163 - 0
Staphylococ-
oapvo MIC NN NN 25 S0 625 625 156 N 125 25 N 25 156 25 25 25 125 25 o e e
SI NA NA NA NA 0052 NA NA 03296 3.76 NA 0.10720.1544 NA 0.1564 1.81 NA 03824 NA 0.16880.0504 - - —oev
MH ©O0 0 0 0 73 103 8 0O 0 0 0 0 0 0 103 127 12 0 12 103 137 - 0
fl’(’f;crzlef"c’” MC N N N N 5 25 2 N N N N N N N 25 5 25 N 125 50 o oo e
S NA NA NA NA 0026 NA NA NA NA NA NA NA NA NA 0.1128 NT 03824 NA 0.16880.0252 —ooen  —coe —oee
. MH O 0 0 0 113 103 123 0 0 0 0 0 0 0 12 163 113 0 0 97 14 - 0
f(fl‘l'.he”"h’” MIC N N N N 25 25 5 N N N N N N N 25 25 125 N N N oo e oen
S NA NA NA NA 0052 NA NA NA NA NA NA NA NA NA 0.1128 NT 07648 NT NA 0.0252 o ccoe —ooee
MH O O 0 0 83 137 103 16 10 0 12 133 0 0 9 11 134 113 0 11 6 - 0
Z CZZ;:;S MIC N N N N 5 5 25 50 50 N 50 25 N N 50 50 50 50 N 50 o oo oo
SI NA NA NA NA 0026 NA NA 004120.1172 NA 0.05360.1544 NA NA 0.0564 NA 0.1912 NA NA 0.0252 — - —oee
Pseudo- MH ©O0 0 0 0 9 137 97 0 0 0 0 0 0 0 0 0 10 8 97 103 12 e 0
monas MIC N N N N 50 50 50 N N N N N N N N N 50 50 50 L]0 —
aeruginosa SI NA NA NA NA 0026 NA NA NA NA NA NA NA NA NA NA NA 0.1912 NA 0.04220.0252 -----  --oom e
MH ©O0 0 0 0 73 77 8 8 73 0 0 0 0 0 16 24 10 143 103 12 123 - 0
Salmonella
onefld ygc NN NN 50 50 50 50 50 N N N N N 25 25 50 50 50 50 o eeemoeen
typhimurium
SI NA NA NA NA 0026 NA NA 004120.1172 NA NA NA NA NA 0.1128 NA 0.1912 NA 0.04220.0252 - ocom —oen
MH O 0 0 0 10 87 8 o 0 0 0 0 0 0 117 107 10 8 8 0 37 o 0
Serratia MIC N N N N 25 25 25 N N N N N N N 25 25 25 50 25 N oo e oo
Marcescens
S NA NA NA NA 0052 NA NA NA NA NA NA NA NA NA 01128 NA 03824 NA 0.0844 NA - -on v
MH O O O O 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 - 263 0
fg;"é’;’;’j MC N N N N N N N N N N N N N N N N N N N N oo oo e
S NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA o oo —oomn
Mycobac- MH O O O 0O 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 - 263 0
terium MC N N N N N N N N N N N N N N N N N N N N —— o
tuberculosis gy NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT oo e e
MH O O 0 0 0 17 0O 0 0 0 0 0 0 133 24 28 103 103 0 15 153 - 0
sl‘l‘)’l‘f’;i‘; MIC N N N N N 5 N N N N N 0 N 25 25 125 125 50 N 25 o e oen
S NA NA NA NA NA NA NA NA NA NA NA NA NA 0.5840.1128 NT 0.7648 NA NA 0.0504 - e —oen
MH O O 0 0 115 8 87 0 0 0 0 0 0 133 267 293 123 0 0 14 187 - 0
Saccharomy- o N N N S0 50 25 N N N N N N 25 125 125 25 N N 50 e e e
ces cerevisae
SI NA NA NA NA 0026 NA NA NA NA NA NA NA NA 0.156402256 NA 03824 NA NA 0.0252 - —on v
cc,, NT NT 14 215 13 NI NT 206 58 NT 288 38 NT 391 28 NT 956 NT 211 126 -cw coom —oee
cC NT NT 26 69 255 NT NT 938 1077 NT 598 803 NT 727 541 NT 19 NT 425 344 - - oo

90
AH: Halo Average; MIC: Minimal Inhibitory Concentration; CC50: Cytotoxic Concentration for 50% of the cells; CC90: Cytotoxic Concentration for 90% of the cells; SI: Selectivity Index
(CC 50/ MIC), S: Stem, Fl: Flower; Lf: Leaf; Riz: Rhizome, FP: Fruit Peel, Fr: Fruit, Sd: Seed; P1: Pulp, Rt: Root, CL.: chlorhexidine 0.12%; Ri: Rifamycin 30 pg; Dw: distilled water, NT =
non-toxic in the concentrations used in the experiment, NA: Not Applicable, N = not detected values at the concentrations tested.
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Table 2
Determination of chemical compounds of Anonna crassiflora, Bidens pilosa, Eugenia pyriformis, Heliconia rostrata and
Plinia cauliflora plant extracts by phytochemical analysis

Plant Extrat Alkaloids Anthraquinones Flavonoids Tannins Saponins
Fruit Peel + - - + -
Stalk - - - + -
Anonna crassiflora Seed - - - - -
Pulp - - - +
Leaf + - + - -
Root - - - + +
Stalk + - - + +
Bidens pilosa
Flower + - + + +
Leaf + - + + +
Leaf + - + +
Stalk - - - + +
Eugenia pyriformis )
Fruit - - - - -
Seed + - - + +
Stalk - - - +
Flower - - - - +
Heliconia rostrata
Leaf - - + + -
Rizoma - - + . _
Fruit Peel + - - - +
Plinia cauliflora Leaf - - +
Stalk - - - +

+ : presence in reactions; - : absence.

tuberculosis microorganisms. The pulp extract inhibited the growth of five
(33%) of the 15 microorganisms tested. The seed extract did not inhibit
the growth of any of the microorganisms. The bark extract of the fruit
inhibited the growth of seven of the 15 microorganisms tested. The extract
showed no activity against E. cloacae, P. aeruginosa, S. marcescens, E.
coli, C. albicans, S. cerevisiae, M. bovis and M. tuberculosis. The bark
extract had greater activity against Gram positive bacteria. SILVA et
al., (2001)* conducted experiments with leaf extracts of A. crassiflora
investigating its activity over 52 strains of C. albicans from clinical origin,
which showed susceptibility to them. In our study, the evaluated extracts
didn’t show growth inhibitory activity against C. albicans. This difference
in results can probably be explained by the technique of obtaining the
extract, or by the origin of the plant or by the diversity of strains when
isolated from clinical specimens. In relation to MIC the values ranged
from 1.56 to 50 mg/mL.

The extracts of fruit showed alkaloid and tannin in their composition.
The stem extracts presented tannin in their composition. The fruit pulp
extracts showed saponin, while the leaf extracts showed flavonoid and
alkaloid (Table 2). Similar results were found by GONCALVES et
al., (2009)% that found alkaloid in phytochemical screening. As these
compounds have antimicrobial activity, the obtained results may be
related to the presence of the same.

Evaluation of antimicrobial activity of Plinia cauliflora extracts:
All tested microorganisms were susceptible to P. cauliflora extracts,
however, C. albicans was susceptible only to the leaf extract except for
M. bovis and M. tuberculosis. Among the evaluated microorganisms, M.
luteus showed greater halo inhibition in absolute value when compared
to other microorganisms. In the studies of MACEDO et al. (2009)**, the
leaf extract showed antimicrobial action on five strains of Streptococcus
spp., similar to our results whose leaf extract was active on all Gram
positive with MIC values among 6.25 mg/mL and 50 mg/mL.

Alkaloid and saponin were found in extracts of the fruit skin.
Flavonoid, tannin and saponin were found in leaf extracts and tannins
and saponins were found in stem extracts (Table 2). In the phytochemical
study conducted by REYNERTSON ez al. (2006)%, without specifying
the extract source, tannin was found in its composition, that is similar to
this work result. The antimicrobial activity of P.cauliflora may be related
to the presence of flavonoids, alkaloids, saponins and tannins, which have
proven antimicrobial activity.

Evaluation of antimicrobial activity of Heliconia rostrata extracts:
The results show that H. rostrata extracts did not inhibit the growth of the
microorganisms, as described in Table 1. According to Table 2, the stem
extract presented tannin and saponin in its composition. The flower extracts
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presented saponin. The leaf extracts presented flavonoid and tannin, and
rhizone extracts presented flavonoids. Studies about the phytochemical
composition of the extracts and antimicrobial activity of H. rostrata were
not found in literature to be compared to ours. As there is no growth
inhibition we can assume that the substances are found in low concentration
or that the active compounds are not soluble in liquid extractor, although,
many authors have suggested the use of 70% ethanol as a liquid extractor
for plant extracts. Many negative results can also be influenced by external
factors intrinsic to the extraction process as the degradation of compounds
with antimicrobial activity during the extraction process. Another point
to be considered is the influence of external factors in the production of
secondary metabolites, such as nutrient availability, interactions with pests,
soil, circadian cycle, seasonality, postharvest life and humidity. Despite
some extracts do not present antimicrobial activity in agar diffusion tests,
they were subjected to MIC determination since discrepancies can occur
among the results obtained by these methods, with alterations of the results
when the test is performed in a liquid environment.

In general, the hydroethanolic extracts of tested plants showed
activity against the Gram positive, Gram negative bacteria and yeasts,
however, the MIC values were greater than 1000 mg/mL. According to
DALL’AGNOL er al. (2003)*; FABRY et al. (1998)" and TANAKA et
al. (2005)* plant extracts are considered to be a promising inhibitory
potential and demonstrate antimicrobial activity at concentrations up to
100 mg/mL, a moderate inhibitory activity of 100-500 mg/mL, a weak
activity of 500-1000 mg/mL and inactive extracts when MICs are higher
than 1000 mg/mL. Therefore, according to this established pattern, the
hydroethanolic extracts tested were ineffective.

However, new assessment tests with extracts prepared with other
solvents should be conducted. It is known that the chemical composition
of an extract is the result of chemical reagents and methods used to
obtain it, and that the active components that are usually found in low
concentrations and in crude extract may be more diluted (CECHINEL
FILHO, 2000)". As there were some different results from those reported
in the literature, we conclude that several factors may have influenced
the study, from climatic conditions and location of geographic species to
the diffusion of the extract used in the experiment as well as the genetic
variation of some microbial strains. These findings emphasize the need
to standardize and develop the several evaluation methodologies, in order
to confirm and ensure the reliability of results obtained in antimicrobial
assays with plant extracts.

The development of new studies using other methods of plant
extract diffusion is suggested as well as the use of extracts obtained in
the presence of other solvents besides other bacterial and fungal strains,
when coupled with toxicity tests.

Among the extracts evaluated by agar diffusion method, the leaf
extract of B. pilosa showed the most significant average of growth
inhibition haloes when compared to the microorganisms used in this
study, followed by the flower extracts of B. pilosa, leaves of E. pyriformis
and P. cauliflora, and E. pyriformis seed which statistically showed
the same average formation of inhibitory haloes. Among the tested
microorganisms, the Gram positive bacteria M. luteus and S. aureus
showed the same susceptibility profile (p > 0.05). Gram negative bacteria
E. coli, E. cloacae, S. marcescens and P. aeruginosa also showed the
same susceptibility profile (p > 0.05). The susceptibility profile of the
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fungi C. albicans and S. cerevisiae were comparable to the Gram positive
B. subtilis, E. faecalis and Gram negative bacteria S. typhimurium (p >
0.05). From microorganisms which showed some susceptibility to any
of the extracts, M. bovis, P. aeruginosa, S. marcescens, E. cloacae and
E. coli were statistically also less susceptible. Only the leaf extracts of B.
pilosa showed statistically significant equality over the average inhibitory
effectiveness when compared to the positive control Chlorhexidine.

Evaluation of the cytotoxic activity of the extracts on cell culture:
According to results shown in Table 1, the stem and flower extracts of H.
rostrata, leaf and stem of P.cauliflora, seed of A. crassiflora, stem, flower
and root of B. pilosa showed no toxicity on the concentrations tested
on cell culture. This is the first study that evaluated the antimicrobial
and cytotoxic activities of H. rostrata species, which is considered a
member of a family of plants reported to have antiophidic activities
(ESTRADA et al., 2010)". Our results to B. pilosa are in accordance with
the results of GARCIA et al. (2011)" that found the extracts of B. pilosa
didn’t present significant cytotoxic activity against a human pulmonary
tumor cell line A549. SOUZA-MOREIRA et al. (2011)* evaluated in
vitro the cytotoxicity of fruit and leaf extracts of P. cauliflora with the
fibroblast cell line SIRC CCL 60, and leaf extract showed a considerable
50% inhibitory concentration of 0.48 ug/mL. In the study of SANTOS
PIMENTA et al. (2003)%, the ethanolic extracts of A. crassiflora leaves
did not show cytotoxic activity, but the fractions resulting from solvent
extraction showed good brine shrimp larvicidal activity. In our study, the
cytotoxic concentration for 50% of cells (CC50) of the extracts ranged
from 1.30 mg/mL to 9.56 mg/mL and the cytotoxic concentration for 90%
of cells (CC90) of the extracts ranged from 2.55 mg/mL to 19.00 mg/mL.

KLEYMANN & WERLING (2004)*! propose the activity selectivity
assay format as a new standard in anti-infective drug discovery and
clinical development. According to our results, the selectivity index values
(SI) for A. crassiflora stem and B. pilosa flower for S. aureus showed
values greater than 1, respectively, 3.76 and 1.86, showing a promising
potential for evaluations like antimicrobial drug candidates in infections
treatment caused by S. aureus.

RESUMO

Avaliac¢io das atividades antimicrobiana e citotoxica de extratos
de plantas do Cerrado do Sul de Minas Gerais

Foi avaliada a atividade antimicrobiana de extratos hidroetandlicos
de plantas sobre bactérias Gram positiva, Gram negativa, leveduras,
Mpycobacterium tuberculosis H37 e Mycobacterium bovis pela técnica de
difusdo em Agar e microdiluicdo em caldo. Dentre os extratos avaliados
pelo método de difusdo em Agar, o extrato da folha de Bidens pilosa
apresentou a mais expressiva média de halos de inibi¢do de crescimento
frente aos microrganismos, seguido pelo extrato da flor de B. pilosa, da
folha e semente de Eugenia pyriformis, da folha de Plinia cauliflora
que apresentaram estatisticamente a mesma média de formacdo de
halos inibitérios sobre bactérias Gram positivas, Gram negativas e
leveduras. Os extratos de Heliconia rostrata ndo apresentaram atividade.
Mycobacterium tuberculosis H37 e Mycobacterium bovis (BCG)
mostraram-se resistentes a todos os extratos. O perfil de sensibilidade dos
fungos Candida albicans e Saccharomyces cerevisiae foram compardveis
entre si e entre as bactérias Gram positivas Bacillus subtilis, Enterococcus
faecalis e Gram negativa Salmonella typhimurium (p > 0.05). A avaliagio
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da citotoxicidade foi realizada sobre células C6-36 de larvas de mosquito
Aedes albopictus. Os extratos de caule e flor de H. rostrata, folha e caule
de P. cauliflora, semente de Anonna crassiflora e caule, flor e raiz de
B. pilosa ndo apresentaram toxicidade nas concentragdes avaliadas. Os
maiores indices de seletividade foram apresentados pelos extratos de
caule de A. crassiflora e flor de B. pilosa para Staphylococcus aureus,
apresentando potencial para estudos como futuros candidatos a formacos.
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