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ABSTRACT

Ethanol extracts from six selected species from the Cerrado of the Central-Western region of Brazil, which
are used in traditional medicine for the treatment of infectious diseases and other medical conditions,
namely Erythroxylum suberosum St. Hil. (Erythroxylaceae), Hyptis crenata Pohl. ex Benth. (Lamiaceae),
Roupala brasiliensis Klotz. (Proteaceae), Simarouba versicolor St. Hil. (Simaroubaceae), Guazuma
ulmifolia Lam. (Sterculiaceae) and Protium heptaphyllum (Aubl.) March. (Burseraceae), as well as fractions
resulting from partition of these crude extracts, were screened in vitro for their antifungal and antibacterial
properties. The antimicrobial activities were assessed by the broth microdilution assay against six control
fungal strains, Candida albicans, C. glabrata, C. krusei, C. parapsilosis, C. tropicalis and Cryptococcus
neoformans, and five control Gram-positive and negative bacterial strains, Escherichia coli, Enterococcus
faecalis, Klebsiella pneumoniae, Pseudomonas aeruginosa and Staphylococcus aureus. Toxicity of the
extracts and fractions against Artemia salina was also evaluated in this work. All plants investigated showed
antimicrobial properties against at least one microorganism and two species were also significantly toxic to
brine shrimp larvae. The results tend to support the traditional use of these plants for the treatment of
respiratory and gastrointestinal disorders and/or skin diseases, opening the possibility of finding new
antimicrobial agents from these natural sources. Among the species investigated, Hyptis crenata,
Erythroxylum suberosum and Roupala brasiliensis were considered the most promising candidates for

developing of future bioactivity-guided phytochemical investigations.
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INTRODUCTION area, infectious diseases are still a significant cause of
morbidity and mortality worldwide, where drug-resistant

In spite of the increasing progress made in the microbiology  strains of pathogenic bacteria and fungi are increasingly
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prevalent (9). Epidemics due to the limitations of currently
available therapy pose an enormous threat to public health and
the problem worsens when the colonization of bacteria and
fungi  reaches the especially high-risk group of
immunologically compromised patients (5, 9). The need for the
development of more effective and safe antimicrobial agents
has stimulated multidisciplinary investigations focused on
plant-derived compounds as source of new leading
antimicrobial drugs (15, 23). So, preliminary in vitro screening
for antimicrobial activity of plant extracts may serve as a guide
to select those with significant activity as potential resources
for such new drugs and therefore, as promising candidates for
further phytochemical and pharmacological research.

The Cerrado Domain is the second largest of Brazil’s
major biomes, after Amazonia, comprising more than 7,000
vascular plant species (13). Due to its notable diverse flora,
there has been an increasing interest in the research on
medicinal plants endemic to the Cerrado as a source of
bioactive compounds.

In the present work, ethanol extracts from six selected
plants endemic to the Cerrado of the Central-West region of

Brazil traditionally used in folk medicine for the treatment of

Antimicrobial activity medicinal plants

infectious diseases and other medical conditions (Table 1) (6,
12, 26) in addition to 24 fractions resulting from the partition
of the initial ethanol extracts, were evaluated for their
antimicrobial activities in vitro against Candida albicans, C.
glabrata, C. krusei, C. parapsilosis, C. tropicalis,
Cryptococcus neoformans, Escherichia coli, Enterococcus
faecalis, Klebsiella pneumoniae, Pseudomonas aeruginosa and
Staphylococcus aureus, as well as for toxicity against Artemia

salina.

MATERIALS AND METHODS

Plant material

Plant material was collected in June 2006 in Cuiaba, Mato
Grosso, Brazil and identified by Dr.
(Universidade Federal de Mato Grosso, Cuiaba, MT, Brazil)
and/or by MSc. Vali J. Pott (Universidade Federal de Mato

Miramy Macedo

Grosso do Sul, MS, Brazil). Voucher specimens were
deposited at the Central Herbarium, Universidade Federal de
Mato Grosso, MT, Brazil and/or at the CGMS Herbarium,
Universidade Federal de Mato Grosso do Sul, MS, Brazil
(Hyptis crenata Pohl. ex Benth.) (Table 1).

Table 1. Botanical identification, folk indication and parts used of the medicinal plants studied.

Family Botanical Voucher specimen Popular name Collected part Therapeutic
name (Registration number) indication
Protium Respiratory disorders
Burseraceae heptaphyllum (Aubl.) 23787/23788 Amescla, Breu Stem bark piratory
(12)
March.
Erythroxylum Abortive and
Erythroxylaceae suberosum St. Hil. 23795 Cabelo-de-negro Stem bark Erzlgl;tmmatory processes
. ~ Respiratory and intestinal
Lamiaceae Hyptis crenata Pohl. 28968 Hortela-do- Whole plant disorders (6, 26) and
ex Benth. campo . .
abdominal pain (6)
Roupala brasiliensis Carne-de-vaca Intestinal and non-
Proteaceae 23756 ’ Stem bark specific blood disorders
Klotz. Bosta-de-urubu (26)
Non-specific blood
Simarouba versicolor Mata-cachorro disorders, infected
Simaroubaceae . 23777 . . Stem bark wounds (12) and uterine
St. Hil. Pé-de-perdiz . .
and ovarian inflammation
. - - . (6). . .
Sterculiaceae Guazuma ulmifolia 23795 Mutamba, Chico- Stem bark Skin diseases and gastric
Lam. magro ulcer (6)
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Preparation of plant extracts

Air-dried and powdered plant materials, approximately
from 400 to 1265 g, were extracted with ethanol at room
temperature for five days. After concentration in vacuo
(Fisaton -Model 802), the residues obtained from the
corresponding crude ethanol extracts were partitioned between
methanol-water (9:1) and hexane. The methanol-water (9:1)
phase was further diluted to methanol-water (1:1) and
subsequently partitioned with dichloromethane and ethyl
acetate. Portions of each dry ethanol extract, as well as the
hexane, dichloromethane, ethyl acetate and the remaining
methanol-water (1:1) phases, were tested for antifungal and

antibacterial activities and toxicity against brine shrimp larvae.

Antimicrobial activity assay

Strains from the American Type Culture Collection
(ATCC), Rockville, MD, USA were used for the antifungal
Candida albicans (ATCC
90028), C. tropicalis (ATCC 760), C. glabrata (ATCC 9030),
C. krusei (ATCC 6258), C. parapsilosis (ATCC 22019),
Cryptococcus neoformans (ATCC 32045), Escherichia coli
(ATCC25922), Pseudomonas aeruginosa (ATCC 27853),
Klebsiella pneumoniae (ATCC700603), Enterococcus faecalis
(ATCC 29218) and Staphylococcus aureus (ATCC 25923),

and antibacterial evaluations:

available at the University Hospital Center, Division of

Biochemical Pharmacy, Section of Clinical Analyses,
Universidade Federal de Mato Grosso do Sul. Amphotericin B
and Chloramphenicol (Sigma Chemical Co.) were used as the
reference antimycotic and antibacterial controls, respectively,
on the basis of their use as reference antimicrobial compounds
in bioassays with crude medicinal plant extracts (2, 7, 14, 17,
20, 25).

The antifungal and antibacterial activities were determined
using microbroth dilution assays in 96-well microplates, in
duplicate, following the guidelines of the Clinical and
Laboratory Standards Institute (21, 22). The lowest
concentration of extract or fraction at which no fungal or

bacterial growth was observed after incubation was recorded as
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the minimum inhibitory concentration (MIC).

General toxicity (brine shrimp lethality) assay

Brine shrimp (Artemia salina) (Maramar) lethality test
was performed with crude extracts and their respective
fractions in triplicate, according to Meyer et al. (19), using
quinidine sulphate (Merck) as a positive control. LDs, values

in pg/ml were determined using probit analysis.

RESULTS

A total of six crude ethanol extracts, as well as the hexane,
dichloromethane, ethyl acetate and ethanol-water 1:1 soluble
fractions resulting from the partition of the initial ethanol
extracts from Erythroxylum suberosum, Guazuma ulmifolia,
Hyptis crenata, Protium heptaphyllum, Roupala brasiliensis
and Simarouba versicolor were evaluated for their biological
activities.

Screening results for antifungal and antibacterial activities
are depicted in Table 2. All the crude extracts tested were
shown to be active against Cryptococcus neoformans and
Candida krusei, exhibiting MIC values in the range of 31.3-
500 pg/ml. Among the plant extracts, the broadest spectrum of
action was depicted by that of R. brasiliensis which inhibited
all the fungal strains tested, showing the strongest activities
against Candida glabrata and C. krusei (MIC = 15.6 ug/ml and
31.3 pg/ml, respectively). Extracts of two of the five remaining
species (H. crenata and P. heptaphyllum) were found to be
active (MIC values of 125 pg/ml) against two fungi, C. krusei
and Cryptococcus neoformans while those of E. suberosum and
G. ulmifolia displayed a MIC of 125 pg/ml only against C.
krusei.

Regarding the antifungal activities of the fractions
resulting from the partition of the crude ethanol extracts of the
six plants evaluated in this work, that with the highest polarity
(methanol-water 1:1) obtained from R. brasiliensis not only
was the most active among all the fractions assayed in this

work, with MIC values as low as 15.6 ug/ml (against C.
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glabrata), but also showed the broadest effect against strains of
Candida. Concerning the activity against C. Kkrusei, a

significant result was also observed for the hydromethanolic

Antimicrobial activity medicinal plants

fraction of S. versicolor (MIC = 31.3 pg/ml), suggesting that
the most polar constituents of these two plants are the main

contributors to the antifungal activity against these strains.

Table 2. Antifungal and antibacterial activities (MIC values in pg/ml) of plant extracts and their fractions.

Extract/ Fungal strains’ Bacterial strains’
Species g;;c;é%n CA CG CK CP CT CN EC  EF KP PA SA
EE 250 156 313 500 500 125 >1000 >1000 >1000 >1000 125
Roupala H >1000 >1000 >1000 >1000 >1000 500 >1000 >1000 >1000 >1000 125
brasiliensis Klotz.  DCM >1000 >1000 250 >1000 >1000 125 >1000 625 >1000 >1000  15.6
EA 500 500 625 125 >1000 250 >1000 >1000 >1000 >1000 125
HM 250 156 313 625 >1000 >1000  >1000 >1000 >1000 >1000 125
EE >1000 >1000 125 >1000 >1000 125 >1000 500  >1000 >1000 250
Hyptis  cremata H >1000 >1000 >1000 >1000 >1000 125 >1000 >1000 >1000 >1000 125
Pohl. ex Benth. DCM >1000 >1000 250 500 >1000 >1000  >1000 62.5 >1000 >1000  62.5
EA >1000 >1000 250 >1000 >1000 >1000  >1000 313  >1000 >1000 125
HM >1000 >1000 >1000 >1000 >1000 >1000  >1000 >1000 >1000 >1000 > 1000
_ EE >1000 >1000 125 >1000 >1000 125 >1000 >1000 >1000 >1000 125
Eggtt;‘:my”um H >1000 >1000 500 >1000 >1000 500 >1000 >1000 >1000 >1000 > 1000
DCM >1000 >1000 >1000 >1000 >1000 >1000  >1000 >1000 >1000 >1000 > 1000
(Aubl.) March.
EA >1000 >1000 500 >1000 >1000 500 >1000 >1000 >1000 >1000 125
HM >1000 >1000 >1000 >1000 >1000 >1000  >1000 >1000 >1000 >1000  62.5
EE >1000 >1000 250 >1000 >1000 250 >1000 >1000 >1000 >1000 125
Simarouba H >1000 >1000 > 1000 >1000 >1000 250 >1000 >1000 >1000 >1000 > 1000
versicolor DCM >1000 >1000 >1000 >1000 >1000 >1000  >1000 >1000 >1000 >1000 > 1000
St. Hil. EA >1000 125  >1000 >1000 >1000 >1000  >1000 250  >1000 >1000 125
HM >1000 >1000 313 >1000 >1000 >1000  >1000 >1000 >1000 >1000  62.5
EE >1000 >1000 125 1000 >1000 500 >1000 >1000 >1000 >1000 250
Erythroxylum H >1000 >1000 >1000 250 >1000 250 >1000 >1000 >1000 >1000 > 1000
suberosum DCM >1000 125 500 >1000 >1000 >1000  >1000 >1000 >1000 >1000 > 1000
St. Hil. EA 500  >1000 625 >1000 >1000 500 >1000 >1000 1000 >1000 250
HM >1000 >1000 500 >1000 >1000 >1000  >1000 >1000 1000 >1000 250
EE >1000 >1000 125 >1000 >1000 250 >1000 >1000 >1000 >1000 125
H >1000 >1000 > 1000 >1000 >1000 500 >1000 >1000 >1000 >1000 > 1000
UGI;"’}%H‘;LM DCM >1000 >1000 >1000 >1000 >1000 >1000  >1000 >1000 >1000 >1000 > 1000
EA >1000 >1000 250 >1000 >1000 250 >1000 250  >1000 >1000 125
HM >1000 >1000 1000 >1000 >1000 >1000  >1000 >1000 >1000 >1000  62.5
Amphotericin B 025 025 025 025 050 025
Chloramphenicol -—- --- --- --- - -—- - <0.25 0.50 1.0 8.0 0.50

*EE, Ethanol Extract; H, Hexane fraction; DCM, Dichloromethane fraction; EA, Ethyl acetate fraction; HM, Hydromethanolic fraction.
fcA, Candida albicans ATCC 90028; CG, C. glabrata ATCC 9030; CK, C. krusei ATCC 6258; CP, C. parapsilosis ATCC 22019; CT, C. tropicalis ATCC 760; CN,

Cryptococcus neoformans ATCC 32045.

*EC, E. coli ATCC 25922; EF, E. faecalis ATCC29218; KP, K. pneumoniae ATCC 700603; PA, P. aeruginosa ATCC 27853; SA, S. aureus ATCC 25923.
Breakpoints for chloramphenicol (Sensitive < 8 ng/ml and Resistant > 32 pg/ml) and amphotericin B (Sensitive < 1 pg/ml and Resistant > 1 pg/ml).

Some other species also displayed significant antifungal
activities which were concentrated in one specific fraction after
the partition procedures performed with the crude ethanol
extracts, such as the effects of the less polar (hexane) fraction
of H. crenata against Cryptococcus neoformans (MIC = 125

pg/ml), of the intermediate polar (dichloromethane) fraction of

E. suberosum against C. glabrata (MIC = 125 ug/ml) and also
of the polar (ethyl acetate) fractions of S. versicolor and E.
suberosum against C. glabrata and C. krusei, respectively
(MICs = 125 pg/ml and 62.5 pg/ml, respectively).

In this study, the crude plant extracts were shown to be

more active against Gram-positive bacteria than against Gram-
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negative ones. The Gram-positive S. aureus was inhibited to
some extent by all extracts assayed (MIC values of at least 125
pg/ml), being worthy of mention the specific effects of P.
heptaphylum against this microorganism. Regarding the
activities against S. aureus presented by the fractions obtained
from the partition procedures of the crude extracts, it is
remarkable the low MIC value of the dichloromethane fraction
of R. brasiliensis (15.6 pg/ml). Noteworthy are also the MICs
of the dichloromethane fraction of H. crenata (62.5 pg/ml) and
of the hydromethanolic fractions of P. heptaphyllum, S.
versicolor and G. ulmifolia (62.5 pg/ml). Some of the fractions
resulting from the partition of the crude ethanol extracts of four
plant species (H. crenata, G. ulmifolia, R. brasiliensis and S.
versicolor) were also active against the other Gram-positive
bacterium employed in this work, Enterococcus faecalis. In
particular, the strongest activities against this bacterial strain
were observed for the dichloromethane and ethyl acetate
fractions obtained from H. crenata (MIC = 62.5 and 31.3
pg/ml, respectively) and the dichloromethane fraction of R.
brasiliensis (MIC = 62.5 pg/ml) in comparison with both the

hexane and the hydroalcoholic fractions. So, the notable

Antimicrobial activity medicinal plants

activities exhibited by the dichloromethane phases of R.
brasiliensis and H. crenata against both S. aureus and E.
faecalis suggest that the intermediate polar constituents of
these two plants are potentially-antibacterial agents against
these two strains. On the other hand, neither crude extracts of
all plant species nor their respective fractions displayed any
significant activity against the Gram-negative bacterial strains
this work, Escherichia coli, Klebsiella

evaluated in

pneumoniae and Pseudomonas aeruginosa (MICs > 1000
pg/ml).

The preliminary assessment of toxicity of the extracts and
their fractions was done using the brine shrimp (Artemia
salina) lethality bioassay (19). Four among the six species
screened in the present study (H. crenata, S. versicolor, G.
ulmifolia and P. heptaphyllum) were found to be non-toxic to
A. salina since they showed LDs, values higher than 1000
pg/ml, while the toxicity presented by the extracts of R.
brasiliensis and E. suberosum, as well as by some of their
fractions were noteworthy, particularly that of the intermediate
polar dichloromethane fraction of E. suberosum which was
found to be highly toxic (Table 3).

Table 3. Toxicity of plant extracts and their fractions against brine shrimp (Artemia salina) larvae.

Species Extr;c;ﬁ%cfons LDso (ng/ml)
EE 29.7
. H >1000
Erythroxylum suberosum St. Hil. DCM 13
EA 476.9
HM >1000
EE 336.2
T H >1000
Roupala brasiliensis Klotz. DCM ~1000
EA 446.3
HM 197.7
Quinidine sulphate 3373

*EE, Ethanol Extract; H, Hexane fraction; DCM, Dichloromethane fraction; EA, Ethyl acetate fraction; HM, Hydromethanolic fraction. Extracts
and fractions of Hyptis crenata, Protium heptaphyllum, Simarouba versicolor and Gazuma ulmifolia showed LD, values > 1000 pg/ml.

DISCUSSION

The results obtained in the present study for Roupala

brasiliensis are particularly noteworthy, not only for the
antimicrobial activity presented by its crude extract and/or

fractions but also because to date there are no records on
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bioactive constituents of plants of this genus.

Some species of the genus Hyptis are known for their
significant  ethnopharmacological  properties, including
antimicrobial activities (8, 10, 24), while crude extracts of
Erythroxylum catuaba da Silva ex Hamet have shown
antibacterial activities in vivo against Escherichia coli and
Staphylococcus aureus (15). No reports on biological activities
on Hyptis crenata and Erythroxylum suberosum have however
been described, so this is the first report on the antifungal and
antibacterial activities of these species.

Few records have been found related to antimicrobial
properties from members of Simarouba, such as antibacterial
activity shown by Simarouba glauca DC. against some
alkaloids

obtained from S. cuspidata Spruce ex Engl. (11) and so this is

enterobacteria (3) and potentially-antimicrobial

the also the first report on the antibacterial and antifungal
activities of Simarouba versicolor.

No antifungal properties from plants of the genus
Guazuma have been described so far. In a previous study (4)
the hexane and methanol extracts of the bark of a specimen of
Guazuma ulmifolia collected in Belize were considered to be
(ATCC25922)
aeruginosa (ATCC 27853),
although showing high values of MIC (2500 pg/ml). In the

active  against Escherichia  coli and

Pseudomonas respectively,
present work, the crude ethanol extract was shown to inhibit
the growth of S. aureus (MIC = 125 pg/ml) while the ethyl
acetate and hydromethanolic fractions were active to some
extent against E. faecalis (MIC = 250 pg/ml and 1000 pg/ml,
respectively).

Finally, the results obtained in this work for the stem bark
of Protium heptaphyllum corroborate the antimicrobial
activities described for the essential oils obtained from the
resin of other individuals of this species collected in the
Northeast of Brazil (1) and render the specimen occurring in
the Central-Western region of Brazil interesting for future
research as well.

Since the extracts and fractions of H. crenata, S.

versicolor, G. ulmifolia and P. heptaphyllum did not show any

Antimicrobial activity medicinal plants

toxic effect against brine shrimp larvae, they can be considered

as promising candidates from which relatively safe

antimicrobial constituents might be obtained in future
bioactivity-guided phytochemical investigations, particularly
H. crenata. Due to the significant toxicity presented by R.
brasiliensis and E. suberosum to Artemia salina, the medicinal
use of these two plants is not recommended at least until
further safety studies are carried out. On the other hand, the
brine shrimp lethality test has been shown to have a good
correlation with cytotoxic activity in some human solid tumors
and, therefore, it has been widely employed as a leading guide
to the isolation of cytotoxic compounds in bioassay-guided
fractionation of plant extracts (18). So, R. brasiliensis and E.
suberosum can be also of great value in the search for potential
cytotoxic agents from these species.

In addition to support the traditional use of these plants for
the treatment of respiratory and gastrointestinal disorders
and/or skin diseases, the results of this preliminary
investigation open the possibility of finding new antimicrobial

and/or potential antitumor agents from these natural sources.
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