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Screening of Amazonian plants from the Adolpho Ducke forest
reserve, Manaus, state of Amazonas, Brazil, for antimicrobial activity
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Tropical forests are species-rich reserves for the discovery and development of antimicrobial drugs. The aim of
this work is to investigate the in vitro antimicrobial potential of Amazon plants found within the National Institute
on Amazon Research’s Adolpho Ducke forest reserve, located in Manaus, state of Amazonas, Brazil. 75 methanol,
chloroform and water extracts representing 12 plant species were tested for antimicrobial activity towards strains of
Mycobacterium smegmatis, Escherichia coli, Streptococcus sanguis, Streptococcus oralis, Staphylococcus aureus and
Candida albicans using the gel-diffusion method. Active extracts were further evaluated to establish minimum inhibi-
tory concentrations (MIC) and antimicrobial profiles using bioautography on normal-phase thin-layer chromatogra-
phy plates. Diclinanona calycina presented extracts with good antimicrobial activity and S. oralis and M. smegmatis
were the most sensitive bacteria. D. calycina and Lacmellea gracilis presented extracts with the lowest MIC (48.8 ug/ml).
D. calycina methanol and chloroform leaf extracts presented the best overall antimicrobial activity. All test organisms
were sensitive to D. calycina branch chloroform extract in the bioautography assay. This is the first evaluation of the
biological activity of these plant species and significant in vitro antimicrobial activity was detected in extracts and
components from two species, D. calycina and L. gracilis.
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The Amazon region is the largest tropical forest in the
world. It occupies almost half the South American con-
tinent and is a center of biological diversity. Aside from
its importance in the global ecological equilibrium and
as a location of increasing ecological tourism, this region
is a very rich source of species for agriculture, plant do-
mestication and medicinal applications. Approximately
125,000 plant species are in tropical forests which con-
tinue to be a great reservatory for the discovery of new
bioactive molecules and phytotherapeutic agents. How-
ever, the pharmacological potential of only about 1%
of all tropical plant species has been evaluated. Also,
Brazil has catalogued only about 0.4% of its flora. It is
estimated that ca. 60% of all commercially available or
clinical-phase antitumor and antimicrobial drugs are of
natural origin (Montanari & Bolzani 2001, Gurib-Fakim
2006, Turolla & Nascimento 2006).

Despite the existence of publications on the tradition-
al (Fenner et al. 2006, Giorgetti et al. 2007) and pharma-
ceutical (Moreira et al. 2006) uses of plant species found
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in Brazil there are still relatively few scientific studies
on the pharmacological and toxicological properties of
plants from Brazil. There are also very few examples of
the discovery of bioactive substances from Brazilian bio-
diversity which have served as prototypes for develop-
ment of phytotherapeutic agents and pharmaceuticals in
Brazil. Furthermore, many active substances present in
native plant extracts from Brazil have still not been iden-
tified so this is an area which needs to be explored (Mor-
eira et al. 2006). As examples of Brazilian plant-derived
commercial products one should mention Ierobina®,
which is used in the treatment of indigestion (Botion et
al. 2005), and the anti-inflammatory phytotherapeutic
agent Acheflan® (Giorgetti et al. 2007). The relatively
scarce interaction between mainly public universities and
companies in Brazil as well as Brazilian patent law have
been drawbacks for transformation of research results
into developed products and patents (Moreira et al. 2000,
Giorgetti et al. 2007).

Native Amazon forest plants have been poorly stud-
ied and there are no good estimates of the number of spe-
cies which have been studied or which have application to
human health. The use of flora from this region has been
modest in relation to its strategic value in the development
of local products. Our group has been actively screening
medicinal and other plants found in the Brazilian Amazon
region for larvicidal and insecticidal (Pohlit et al. 2004)
as well as cytotoxic (Quignard et al. 2003, Quignard et al.
2004) properties, among other biological activities.
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Many plant species have demonstrated antibacterial
(Koo et al. 2000, Melo et al. 2006) and antifungal (Mot-
sei et al. 2003, Gayoso et al. 2004) properties. However,
little research has focused on the evaluation of plant spe-
cies for activity against microorganisms from the oral
cavity (Pereira et al. 2005, Bandeira et al. 2006). This is
especially true for plants from the Amazon region.

Therefore, there is a general lack of scientific inves-
tigation which can provide more realistic knowledge of
the potential of Amazon biodiversity. As a means of con-
tributing to knowledge of the pharmacological potential
of the Amazon flora, the present work evaluated 12 Ama-
zonian plant species - having no known previous phar-
macological study- for in vitro antimicrobial activity in
bacteria and a fungus species associated with the human
oral cavity diseases, as well as other diseases.

MATERIALS AND METHODS

Plant selection - Species identified by the Flora Proj-
ect (Ribeiro et al. 1999) in the National Institute on Ama-
zon Research’s Adolpho Ducke forest reserve in Manaus,
state of Amazonas, Brazil were initially contemplated
for study. These plant specimens had been previously
catalogued so that their botanic identities (based on
voucher samples at the Instituto Nacional de Pesquisa da
Amazonia-INPA Herbarium) and exact locations in the
Ducke reserve were readily available. After a literature
search, several hundred plant species for which no eth-
nobotanic, phytochemical, pharmacological or medicinal
information were available were identified. From this
larger group of plants, the 12 plant species were chosen
for the purposes of this study (Table I) based on: (1) the
ease of access and availability of sufficient plant materi-
als in the Ducke reserve; and (2): their broad representa-
tive value of the local, unexplored flora (the species un-
der study belong to 11 distinct botanic families).

Plant collection - Plants were collected between Janu-
ary and June 2004 in the Ducke reserve. Plant specimens
were located in the field based on the Ducke reserve trail
map (Flora Project 2006) and geographical coordinates

were obtained from the Flora Project database. Plant
materials (leaves, branches, vine or bark) were initially
dried in an air-conditioned, dehumidified room, then fur-
ther dried in an oven at ca. 40°C for a total of ca. seven
days, and then finally ground.

Preparation of extracts - Plant methanol and chloro-
form extracts were prepared by continuous extraction of
ground plant material in a soxhlet apparatus for 18 h (3
x 6 h) followed by rotary evaporation and freeze-drying.
Water extracts were prepared by infusion followed by fil-
tration and total evaporation of the filtrate. Extracts were
stored in a freezer at -20°C.

Microorganisms used - Standardized strains from
the American type culture collection (ATCC) and the
Department of Antibiotics, Federal University of Per-
nambuco (DAUPE) were used in bioassays. The Gram-
positive bacteria were Mycobacterium smegmatis (ATCC
607), Streptococcus oralis (ATCC 10557), Streptococ-
cus sanguis (ATCC 15300) and Staphylococcus aureus
(DAUPE). The Gram-negative bacterium was Escheri-
chia coli (DAUPE 224). Antifungal activity was evalu-
ated using a clinical strain of Candida albicans from the
collection of the Department of Parasitology, Federal
University of Amazonas. Organisms were maintained at
4°C on brain heart agar (bacteria) and sabouraud (SAB)
(C. albicans). For the antibacterial tests, organisms were
grown overnight in brain heart infusion followed by in-
cubation at 37°C. Before the test, C. albicans was cul-
tured on SAB at 37°C for 48 h.

Antimicrobial susceptibility testing - Evaluation of the
antimicrobial activity of plant extracts was carried out in
Petri dishes using the agar diffusion method (Alves et al.
2000, Chah et al. 2006, Melo et al. 2006) by perforating
the culture medium and charging each cavity with extract
dissolved in dimethylsulphoxide (DMSO), ethanol or ster-
ilized distilled water at a concentration of 50 mg/ml.

For antibacterial tests, 25 ml of Mueller Hinton (MH)
culture medium was used. For antifungal tests, SAB was
used (C. albicans). Microbial suspensions were prepared

TABLE 1

Families, species names and other information for the plants from the Ducke Reserve under study

Family Species Synonym Common Name

Anacardiaceae Thyrsodium spruceanum Benth. Thyrsodium paraense Huber Breu-de-leite”

Annonaceae Diclinanona calycina Benoiste Xylopia calycina Diels Envireira“

Apocynaceae Lacmellea gracilis (Mull.Arg.) Markgr. Zschokkea gracilis Mull Caramurizinho,
sorvinha®

Icacinaceae Pleurisanthes parviflora (Ducke) Howard - -

Olacaceae Chaunochiton kappleri (Sagot ex Engl.) Ducke  Chaunochiton breviflorum Ducke -

Passifloraceae Dilkea johannesii Barb. Rodr. Dilkea ulei Harms Gréo de bode?,
Pacarupia“

Polygalaceae Moutabea guianensis Aubl. - -

Rhizophoraceae  Sterigmapetalum obovatum Kuhlm. - -

Sapotaceae Elaeoluma nuda (Baehni) Aubrév. Pouteria nuda -

Sapotaceae Sarcaulus brasiliensis (A. Dc.) Eyma Sarcaulus macrophyllus (Mart) Radlk ~ Guajara“

Thymelaeaceae Schoenobiblus daphnoides Mart. - -

Violaceae Paypayrola grandiflora Tul. Paypayrola ventricosa Tul. -

References for species names: a: Ribeiro et al. (1999); b: Silva et al. (1977); c: Corréa (1978).
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and the density was adjusted in the tube to 1 on the Mc-
Farland scale. After solidification, medium was inocu-
lated with microbial suspension (100 pl) with the aid of a
swab. After 10 min, the agar was perforated so as to yield
five circular, equidistant cavities (diameter 6 mm each).
An aliquot of extract (50 ul of a 50 mg/ml solution) and
positive (rifampicin and nistatin) and negative (solvent
blank) controls were transferred to cavities. After the in-
cubation period (24 and 48 h) at 37°C, plates were exam-
ined and extract activity was evaluated by measurement of
inhibition zone diameters (in mm). Tests were performed
in triplicate and average halo diameters were determined.
Rifampicin (1 mg/ml) was used as positive control for
bacteria and nistatin (1 mg/ml) was used for tests involv-
ing C. albicans. The negative controls were DMSO, etha-
nol and sterilized, distilled water in accordance with the
solvents used to dissolve each extract. A negative control
containing culture medium was also used.

Determination of minimum inhibitory concentrations
(MIC) - Extracts considered very active in the above sus-
ceptibility tests (inhibition halo > 20 mm in the agar dif-
fusion test) were next evaluated to determine MIC. This
was carried out by dilution in solid culture medium by
adapting techniques proposed by Melo et al. (2006). For
the test, 35 ml of agar were prepared. MH was used for
bacteria and SAB for C. albicans, using homogenization
with 1.5 ml of the microorganism suspension having a
density equal to 1 on the McFarland scale. Thirty 4 mm
diameter orifices were prepared and inoculated, in trip-
licate, with 15 pl of each of a series of 10 dilutions of
each crude extract stock solution (50 mg/ml). MICs cor-
respond to the lowest concentration which inhibited the
growth of the microorganism.

Thin-layer chomatography (TLC) - Aluminum-backed
commercial TLC silica gel GF ,, plates (MERCK) were
used. The extracts were applied to plates and eluted with
chloroform/acetone (90:10). Eluted TLC plates were ob-
served under ambient lighting and illuminated with an
ultraviolet lamp at 254 and 366 nm.

Bioautography - Active extracts were evaluated
through the bioautography technique adapted from Alves
etal. (2001) and Holetz et al. (2002). Briefly, microorgan-
ism culture (1 on McFarland’s scale, 500 ul) and devel-
oping agent (2,3,5-triphenyltetrazolium chloride, 1 ml)
in aqueous solution (this reagent aids in the observation
of inhibition zones) were added to the culture medium
(25 ml) at 50°C. After homogenization, this mixture was
poured over eluted chromatograms and these were placed
in Petri dishes and incubated at 37°C. Plates were ob-
served after incubation for 24 and 48 h. Inhibition was
evidenced by clear zones on the plates where no osten-
sible microorganism growth had occurred.

RESULTS

In the screening for antimicrobial activity, after a pe-
riod of 24 h, the largest average inhibition halos resulted
from the action of the methanol and chloroform extracts
of Diclinanona calycina. S. oralis ¢ M. smegmatis were
the most sensitive organisms in this test. Of the 75 extracts

evaluated for inhibitory effects on M. smegmatis, only ten
presented negative results (no inhibition halos), while 11
allowed for the formation of inhibition halos with diam-
eters greater than 20 mm. Extracts of Pinus parviflora
presented slight or no activity towards the microorganisms
used in testing. These and other results are presented in
Table II. Antimicrobial substances used as positive con-
trols presented inhibition halos as expected, differing from
negative controls (DMSO, water, ethanol blanks), which
in general did not present inhibition halos.

This preliminary screening of all extracts permitted
triage of promising antimicrobial extracts (presenting in-
hibition halo diameter > 20 mm). 34 halos with diameters
> 20 mm, corresponding to 23 different extracts, were
observed. Active extracts were further tested in dilution
for the determination of minimum inhibition concentra-
tions (MIC) by diffusion in solid culture medium. D.
calycina e Lacmella gracilis presented the lowest MIC
values (48.8 pg/ml). D. calycina leaf methanol and chlo-
roform extracts presented the best inhibitory effects on
E. coli, S. oralis, S. aureus and S. sanguis. L. gracilis
branch chloroform extract presented the lowest MIC on
M. smegmatis (48.8 pg/ml). Under the experimental con-
ditions used, none of the eight tested extracts inhibited C.
albicans growth (Table III).

Results of bioautography screening revealed several
(mainly chloroform) extracts which exhibited inhibition
zones corresponding to substances of differing polarities/
retention factors (R,) (Table 1V). D. calycina extracts
presented the best bioautography results. All microor-
ganisms tested in this study were sensitive to D. calycina
branch chloroform extract and most of these microorgan-
isms (M. smegmatis, S. oralis, S. aureus and S. sanguis)
showed sensitivity to more than one chemical component
of this extract. In this way, screening and MIC determina-
tions by diffusion in agar and bioautography permitted
identification of active extracts containing antibacterial
components. In this way, it was observed that in screen-
ing of extracts for antimicrobial activity it can be very
important to use a variety of test methods which can, as
in the present case, reveal information about the most ac-
tive extracts and also reveal information on the number
of bioactive components.

DISCUSSION

Microorganisms selected for this study are important
human oral cavity pathogens or are of interest because
they represent diseases which are of interest to public
health. S. sanguis, for example, is one of the predomi-
nant colonizers of teeth. It has been isolated from human
dental plaque, tongue, saliva, root canals, periapical and
periodontal infections and it causes endocarditis. Cavi-
ties produced by S. sanguis occur principally in tooth fis-
sures (Hamada & Slade 1980, Coykendall 1989, Piovano
1999, Wade et al. 2005).

E. coli is recommended as control group in antimicro-
bial susceptibility tests for enterobacteria. Also, E. coli and
S. aureus are included among the most common agents of
hospital infections and are detected in cases of meningi-
tis and are potential respiratory pathogens (Gendron et al.
2000, Melo-Souza, 2000, Esmerino et al. 2005).
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TABLE 11

Average inhibition zone diameters (in mm) observed for plant extracts (well concentrations 50 mg/ml) in the agar diffusion
method for the different test microorganisms used

Average inhibition zone diameter (mm)

Species Part Solvent Ms Ec Sa So Ss Ca
C. kappleri leaf CHCI, 19 10 10 9 10 -
CH,OH 15 14 12 15 13 10
H,0 14 16 14 15 14 11
branch CHCI, 14 - 11 12 16 12
CH,OH 15 15 9 15 15 15
H,0 15 - 14 16 13 12
D. calycina leaf CHCI, 26 20 20 23 22 15
CH,OH 40 20 17 18 20 -
H,0 16 16 - 15 14 15
branch CHCI, 15 15 14 15 18 10
CH,OH 21 B 11 13 16 9
H,0 15 11 - 14 9 13
D. johannesii leaf CHCI, 12 17 - 8 9 -
CH,OH 14 11 8 - - -
H,O 8 12 8 9 - -
branch CHCI, 11 - 13 11 15 -
CH,OH 15 11 - 10 10 -
H,O - 20 9 10 9 -
E. nuda leaf CHCI, 12 10 - 8 9 -
CH,OH 10 11 - 14 12 20
H,0 16 20 10 16 12 15
branch CHCI, 17 15 10 20 10 -
CH,OH 15 - 11 14 13 -
H,O 15 9 8 11 10 10
bark CHCI, 15 10 10 10 10 -
CH,OH 10 12 10 13 13 -
H,0 15 16 - 12 8 12
L. gracilis leaf CHCI, - 15 - 25 10 10
CH,OH 12 10 - - - 15
H,0 12 12 - - - -
branch CHCI, 21 18 15 24 15 12
CH,OH 10 12 10 11 11 -
H,0 11 - 9 11 - 23
M. guianensis leaf CHCI, 12 11 11 10 9 10
CH,OH 10 10 8 10 8 -
H,0 - - 21 - 8 -
branch CHCI, 12 10 12 12 15 8
CH,OH 19 10 15 19 10 8
H,0 - 12 - - 10 20
P. grandifiora leaf CHCI, - 11 11 9 9 10
CH,OH 12 14 14 13 14 12
H,0 - 12 13 12 14 12
branch CHCI, 12 12 - 14 14 10
CH,OH 25 12 13 15 9 15
H,0 10 - 10 12 12 -
P. parviflora leaf CHCI, 10 - 15 8 9 -
CH,OH 9 - 9 9 9 -
H,O - - - - - -
vine CHCI, 11 - 15 12 - -
CH,OH 15 - 11 11 12 -
H,0 16 - - 10 - -
S brasiliensis leaf CHCI, 15 18 12 13 12 -
CH,OH 10 14 13 14 11 10
H,0 15 - 12 13 14 -
branch CHCI, 13 15 16 12 16 16
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Average inhibition zone diameter (mm)

Species Part Solvent Ms Ec Sa So Ss Ca
CH,OH - 13 14 14 14 15
H,0 24 - 11 15 12 -
S. daphnoides leaf CHCI, 15 13 9 10 9 -
CH,OH 12 - 11 10 11 -
H,0 - - - 8 - -
branch CHCI, 14 13 16 18 15 -
CH,OH 18 12 15 13 13 10
H,0 10 12 12 8 - -
S. obovatum leaf CHCI, 14 20 11 12 17 -
CH,OH 14 15 11 12 13 -
H,0 11 9 12 8 13 -
branch CHCI, 15 18 11 13 15 9
CH,OH 15 20 12 13 12 9
H,0 - 9 10 10 12 20
T. spruceanum leaf CHCI, 26 10 10 8 9 -
CH,OH 25 15 14 13 14 19
H,0 25 15 13 16 14 19
branch CHCI, 11 11 10 15 15 25
CH,OH 27 20 11 16 20 30
H,0 25 16 8 17 16 25
Rifampicin H,0 30 21 16 21 20 nd
Nistatin H,0 nd nd nd nd nd 35

Ms: M. smegmatis; Ec: E. coli; Sa: S. aureus; So: S. oralis; Ss: S. sanguis; Ca: C. albicans; - : negative result; nd: not deter-
mined.

TABLE III
Minimal inhibitory concentrations (MIC) of extracts from 12 Ducke Forest Reserve plant species
MIC (ug/ml)
Species Part Solvent Ms Ec So Sa Ss Ca
C. kappleri Branch CH,0H > 1000 nd nd nd nd nd
D. calycina Leaf CH,OH 195.0 195.0 97.7 48.8 195.0 nd
Leaf CHCI, 781.3 97.7 48.8 48.8 48.8 nd
Branch CH,0H > 1000 nd nd nd nd nd
Branch CHCI, 97.7 781.3 nd nd 781.3 nd
D. johannesii Branch H,0 nd > 1000 nd nd nd nd
E. nuda Leaf CH,0H > 1000 nd nd nd nd > 1000
Leaf H,0 > 1000 > 1000 nd nd nd nd
L. gracilis Branch CHCI, 48.8 781.3 390.6 nd nd > 1000
Branch H,0 nd nd nd nd nd > 1000
M. guianensis Leaf H,0 nd nd nd > 1000 nd nd
Branch H,0 nd nd nd nd nd > 1000
P. grandiflora Branch CH,0H > 1000 nd nd nd nd nd
P. parviflora Vine CHCI, - nd 781.3 nd nd nd
S. brasiliensis Branch H,0 > 1000 nd nd nd nd nd
S. obovatum Leaf CHCI, nd 781.3 nd nd nd nd
Branch CH,0H nd > 1000 nd nd nd nd
Branch H,0 nd nd nd nd nd > 1000
T. spruceanum Leaf CH,0H > 1000 nd nd nd nd nd
Leaf CHCI, > 1000 nd nd nd nd nd
Leaf H,0 390.6 nd nd nd nd nd
Branch CH,OH 781.3 > 1000 nd nd > 1000 > 1000
Branch CHCI, > 1000 nd nd nd nd > 1000
Branch H,0 > 1000 nd nd nd nd > 1000

Ms: M. smegmatis; Ec: E. coli; Sa: S. aureus; So: S. oralis; Ss: S. sanguis; Ca: C. albicans; nd: not determined (see Table II for
extracts with inhibition halo diameter <20 mm at 50 g/1).
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TABLE IV

Results from bioautography applied to extracts from plants from the Ducke Forest Reserve and thin-layer chromatography (TLC)
retention factors (R) of active antimicrobial spots

Rf
Antibacterial activity Antifungal activity
Species Part Solvent Ms Ec So Sa Ss Ca
D. calycina Leaf CH,OH 0.93 0.71 - 0.78 - 0.81
Leaf CHCI, 0.93 0.70 - 0.55 0.5 0.78
0.86 0.39
0.28
Branch CH,OH 0.75 - - - - -
Branch CHCI, 0.47 0.55 0.56 0.86 0.59 0.8
0.36 0.66 0.77 0.42
0.24 0.52 0.27
0.20 0.16
D. johannesii Branch H,0 nd - nd nd nd nd
E. nuda Leaf H,0 - nd 0.5 nd nd nd
L. gracilis Leaf CHCI, nd - - - - -
Branch CHCI, - 0.46 0.49 0.32 - 0.39
0.52 0.53
0.23
Branch H,0 - - - - - -
M. guianensis Leaf H,0 - - nd nd nd nd
Branch H,0 nd - nd nd nd nd
P. grandiflora Branch CH,OH - 0.83
0.76 nd nd nd nd
P. parviflora Vine CHCI, - 0.83 - nd nd nd
0.77
S. obovatum Leaf CHCI, - - nd - nd nd
T. spruceanum Leaf CH,OH - - nd - - 0.40
Leaf CHCI, 0.27 - - - - -
Leaf H,0 - - nd nd - -
Branch CH,OH - - 0.22 nd nd -
Branch CHCI, - - - nd nd 0.16
Branch H,0 - - nd - nd nd

Ms: M. smegmatis; Ec: E. coli; Sa: S. aureus; So: S. oralis; Ss: S. sanguis; Ca: C. albicans; -: negative result; nd: not determined.

M. smegmatis is an important test model for initial,
primary screening for antimycobacterial activity, which
is important in the search for drugs with potential anti-
tuberculosis effects. Mycobacterium tuberculosis (tuber-
culosis causing agent) is usually used at a later stage for
further studies. M. smegmatis (ATCC 607) has been em-
ployed in bioassays and is cited many times, erroneously,
in many publications as M. tuberculosis 607. It is chosen
as a model for tuberculosis since it does not present the
pathogenic properties ascribed to M. tuberculosis and
it exhibits rapid growth, in contrast to M. tuberculosis,
with which slow growth is normally associated (Reyrat
& Kahn 2001, Newton et al. 2002, Okunade et al. 2004,
Pauli et al. 2005).

Several screening studies have been performed to
evaluate in vitro antimycobacterial activity of plant ex-
tracts. Tosun et al. (2004), using M. tuberculosis H,.Ra
as test microorganism, and an ethnobotanic approach for
plant selection, evaluated extracts from 44 plant species

belonging to 17 families and found that 23 extracts inhib-
ited growth at concentrations from 50 to 200 pg/ml. Billo
et al. (2005) evaluated 22 plants (55 extracts) used in tra-
ditional medicine for treatment of symptoms potentially
related to tuberculosis, representing 16 families, using M.
bovis BCG as test organism, and found that five species
exhibited activity towards this test organism.

Many plant species present inhibition zones of differ-
ing diameters, however, size difference of the inhibition
zone depends primarily upon these factors: (a) diffusion
capacity of substances (present in the extracts) in the agar
medium, (b) antimicrobial activity of diffused substances,
(¢) origin of microorganisms, (d) pH of substrates in plates,
(e) density of inoculation, and (f) growth and metabolic
activity of microorganisms in the medium. This suggests
that inhibitory activity is not necessarily proportional to
the inhibition zone diameter, especially when comparing
different extracts. Inhibition zone diameter can further be
associated with polarities of substances which make up
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the tested extracts and also with cell wall composition of
test organisms since Gram-positive bacteria present cell
walls with lower lipid levels than do Gram-negative bac-
teria (Pauli et al. 2005, Bandeira et al. 2006).

Mycobacterium cell walls have elevated levels of
high molecular weight lipids. This feature of cell wall
structure seems to function as a barrier to the direct ab-
sorption of polar compounds (Pauli et al. 2005) and may
be responsible for the more promising results obtained in
the present study for chloroform extracts which have the
lowest polarity among the extracts tested.

The present study made use of simple, rapid and in-
expensive techniques for in vitro evaluation of antimicro-
bial activity. A similar method was used in recent studies
to evaluate the activity of plant extracts and fractions in
strains of S. aureus, E. coli and Pseudomonas aeruginosa
(Chah et al. 2006), Streptococcus mitis, Streptococcus
mutans and S. sanguis (Melo et al. 2006), as well as, C.
albicans and other fungi which cause opportunistic infec-
tions (Lima et al. 2005). Alves et al. (2000), using the same
method employed in the present study, namely diffusion in
agar (wells were 7 mm in diameter), considered extracts
with inhibition zones with diameters between 9 and 12
mm to be partially active, between 13 and 18 mm to be ac-
tive, and greater than 18 mm to be very active. In the pres-
ent study, extracts having inhibition zones with diameters
greater than 20 mm were considered to be very active.

Bioautography revealed promising extracts from D.
calycina. These results not only confirmed the activity of
the leaf chloroform extract of this species detected in the
other assays, but also revealed the antimicrobial poten-
tial of substances present in the branchwood chloroform
extract, which were active in all microorganisms tested.
Bioautography also revealed six extracts having compo-
nents with inhibitory effects towards C. albicans. This
activity towards C. albicans observed in bioautography
contrasts strikingly with the results of MIC evaluation
using this same species which revealed no significant ac-
tivity for any of the extracts.

A considerable difference was shown to exist in the
results obtained using diffusion in agar and bioautogra-
phy. For example, L. gracillis branch chloroform extract,
which presented the lowest MIC (48.8 pg/ml) using M.
smegmatis in the diffusion method, was inactive in bio-
autography. On the other hand, D. calycina branch chlo-
roform extract, which presented inhibition zone diameter
> 20 mm and good inhibitory activity (MIC <97.7 ng/ml)
only towards M. smegmatis, under bioautography con-
ditions, presented active (growth inhibiting) substances
(multiple Rfs) for all microorganisms evaluated.

Based on these results, D. calycina (Annonaceae) e L.
gracilis (Apocynaceae) are promising antimicrobial plant
species which need further study to reveal the identity
of the antimicrobial substances present in their extracts.
It should be stressed that the antimicrobial activity pre-
sented for these plant species is new information, having
no basis in popular use or direct relation to previously
published laboratory studies. These results contribute to
the knowledge of bioactive species in the Amazon flora
which, through further study, can reveal new lead com-
pounds for drug development.
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