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Abstract

We evaluated the antibacterial activities of the crude methanol extract,
fractions (I-V) obtained after acid-base extraction and pure com-
pounds from the stem bark of Aspidosperma ramiflorum. The mini-
mum inhibitory concentration (MIC) was determined by the microdi-
lution technique in Mueller-Hinton broth. Inoculates were prepared in
this medium from 24-h broth cultures of bacteria (107 CFU/mL).
Microtiter plates were incubated at 37ºC and the MICs were recorded
after 24 h of incubation. Two susceptibility endpoints were recorded
for each isolate. The crude methanol extract presented moderate
activity against the Gram-positive bacteria B. subtilis (MIC = 250 µg/
mL) and S. aureus (MIC = 500 µg/mL), and was inactive against the
Gram-negative bacteria E. coli and P. aeruginosa (MIC > 1000 µg/
mL). Fractions I and II were inactive against standard strains at
concentrations of ≤1000 µg/mL and fraction III displayed moderate
antibacterial activity against B. subtilis (MIC = 500 µg/mL) and S.
aureus (MIC = 250 µg/mL). Fraction IV showed high activity against
B. subtilis and S. aureus (MIC = 15.6 µg/mL) and moderate activity
against E. coli and P. aeruginosa (MIC = 250 µg/mL). Fraction V
presented high activity against B. subtilis (MIC = 15.6 µg/mL) and S.
aureus (MIC = 31.3 µg/mL) and was inactive against Gram-negative
bacteria (MIC > 1000 µg/mL). Fractions III, IV and V were then
submitted to bioassay-guided fractionation by silica gel column chro-
matography, yielding individual purified ramiflorines A and B. Both
ramiflorines showed significant activity against S. aureus (MIC = 25
µg/mL) and E. faecalis (MIC = 50 µg/mL), with EC50 of 8 and 2.5 µg/
mL for ramiflorines A and B, respectively, against S. aureus. These
results are promising, showing that these compounds are biologically
active against Gram-positive bacteria.
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Antimicrobial resistance continues to
grow quickly among key microbial patho-
gens such as Staphylococcus aureus, Pseu-
domonas spp, Streptococcus spp, and En-
terobacteriaceae (1-3) all around the world.
Development of new antimicrobial agents is

imperative. The increased prevalence of an-
tibiotic-resistant bacteria due to the exten-
sive use of antibiotics may render the current
antimicrobial agents insufficient to control
some bacterial diseases (4). Bax et al. (1)
have reported that global antibacterial resis-
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tance is becoming an increasing public health
problem. Bacterial resistance to almost all
available antibacterial agents has been re-
ported. The pharmaceutical industry and bio-
technology companies are intensifying ef-
forts to discover novel antibacterial agents
in attempts to overcome bacterial resistance.

The search for and use of drugs and
dietary supplements derived from plants have
accelerated in recent years (4). Ethnophar-
macologists, botanists, microbiologists, and
natural-product chemists are combing the
Earth for phytochemicals and “leads” which
could be developed for the treatment of in-
fectious diseases. According to Cowan (4),
while 25 to 50% of current pharmaceuticals
are derived from plants, none are used as
antimicrobial agents. Plants produce highly
bioactive molecules that allow them to inter-
act with other organisms in their environ-
ment. Many of these substances are impor-
tant in the defense against herbivores and
contribute to the resistance to diseases (4).
Plants, therefore, can be promising sources
of antimicrobial agents.

Plants are widely employed in folk medi-
cine, mainly in communities with inadequate
conditions of public health and sanitation.
Several medicinal plants have been exten-
sively studied in order to find more effective
and less toxic compounds. Aspidosperma
species commonly grow in tropical Ame-
rica, with trees 2 to 60 m in height growing in
a variety of habitats from the dry fields of
south-central Brazil, Paraguay, and Argen-
tina to the inundated river margins of the
Amazon basin, and at elevations from a few
meters above sea level to approximately 2000
m in eastern Peru and Bolivia (5). Extracts of
parts of these plants have been used in tradi-
tional medicine for liver disorders, colds
with fever, and as analgesics (6).

In the screening of a series of medicinal
plants from Surinam for antimicrobial activ-
ity, extracts of three Aspidosperma species
were among the most active antimicrobial
samples (7). In their preliminary report (7),

these investigators mentioned that the com-
pounds detected in A. marcgraviarum and A.
excelsum were dimeric monoterpenoid in-
dole alkaloids identical to aspidexcine and
aspidexcelsine. Furthermore, they identified
other alkaloids such as tetrahydrosecamine
and decarbomethoxytetrahydrosecamine.

The present study of the antibacterial
activity of A. ramiflorum is part of our pro-
gram directed at the investigation of new
active extracts and the isolation of antiproto-
zoal and antimicrobial compounds from Bra-
zilian plants (8,9). The antibacterial activity
of ethanolic extracts from the stem bark of A.
dispermum, A. olivaceum, A. pyrifolium, A.
pyricolum, A. polyneuron, and A. ramiflo-
rum has been determined (8). A. ramiflorum
Muell. Arg. (Apocynaceae), commonly known
as “guatambu”, is a tree which grows from
12 to 30 m in height and is native to the
forests of Southeastern Brazil (10), and the
extract of its bark was the most active. Some
alkaloids, including ramiflorines A and B,
have been previously isolated from the stem
bark of A. ramiflorum (11) but these ramiflo-
rines have not been studied for antimicrobial
activity.

The present paper deals with activity-
guided fractionation of the crude methanolic
extract of A. ramiflorum Muell. Arg. stem
bark, followed by isolation and identifica-
tion of active fractions and compounds. The
stems of A. ramiflorum Muell. Arg. were
collected in the Horto Florestal de Maringá,
September 2003, in Maringá, State of Paraná,
Brazil. An exsiccate (HUM 8363) of the
plant collected and identified was deposited
and authenticated in the Herbarium of the
State University of Maringá, Maringá, PR,
Brazil.

The air-dried stem of the plant (1000 g)
was extracted at room temperature with
methanol (MeOH). After removal of MeOH
by evaporation, 28.96 g crude extract was
obtained, which was added to a 10% acetic
acid solution and kept at 5ºC overnight. The
material insoluble in 10% acetic acid (frac-
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tion I, 4.89 g) was filtered and the aqueous
phase obtained was first extracted with chlo-
roform (CHCl3 - fraction II, 0.51 g). The pH
was then increased to 7, and a neutral pre-
cipitate was obtained (fraction III, 7.04 g)
and extracted with CHCl3 (fraction IV, 0.24
g). The pH of the remaining aqueous phase
was raised to 10 and the aqueous phase was
extracted with CHCl3 (fraction V, 0.06 g).
Finally, the aqueous phase was neutralized
and lyophilized, yielding fraction VI, 16.46
g. Fractionation of fraction III, IV or V (60.0
mg) on silica gel preparative thin layer chro-
matography (CHCl3/MeOH 92:8) in an am-
monium hydroxide atmosphere led to the
isolation of ramiflorine A (5.8 mg, [α]25

D =
+23.0º, c = 1 mg/mL, ethanol) and a mixture
containing ramiflorine B and traces of 10-
methoxy-geissoschizol. Further fractionation
of this mixture on silica gel preparative thin
layer chromatography (chloroform/ethyl ac-
etate/methanol/triethylamine 45.5:45.5:8:1)
was performed, yielding 3.1 mg ramiflorine
B ([α]25

D = +58.5º, c = 1 mg/mL, ethanol).
This procedure was repeated to obtain a
sample for the antibacterial tests and for the
identification of the compounds. The struc-
tures of ramiflorines A and B, established
from one- and two-dimensional nuclear mag-
netic resonance data, were compared to those
reported in the literature (11) and are illus-
trated in Figure 1.

The minimal inhibitory concentrations
(MICs) of all extracts and reference antibiot-
ics were determined by microdilution tech-
niques in Mueller-Hinton broth (Merck, São
Paulo, SP, Brazil) according to NCCLS
guidelines (12). Inoculates were prepared in
the same medium at a density adjusted to a
0.5 McFarland turbidity standard (108

colony-forming units (CFU)/mL) and diluted
1:10 for the broth microdilution procedure.
Microtiter plates were incubated at 37ºC and
the MICs were determined after 24 h of
incubation. Two susceptibility endpoints
were used for each isolate. The MIC is de-
fined as the lowest concentration of com-

pounds at which the microorganism tested
did not demonstrate visible growth. Mini-
mum bactericidal concentration was defined
as the lowest concentration yielding nega-
tive subcultures or only one colony. Vanco-
mycin, tetracycline, and penicillin (Sigma,
St. Louis, MO, USA) were used as positive
control.

Additional experiments were performed
to obtain information about the antimicro-
bial activity of the extracts. A sensitive ra-
dial diffusion technique was used as de-
scribed earlier (12). Ramiflorines A and B
were tested against S. aureus using a solid
agarose medium. The agarose layer con-
sisted of 30 mg/100 mL tryptic soy broth
system in 10 mM phosphate buffer, pH 7.2,
with 0.02% Tween 20 and a 0.8% GTG
agarose phase (Sigma). Each well was loaded
with a 10-µL sample containing various
amounts of ramiflorines (range 2 ...10, 15,
20, 25, 50 µg, C- and C+ negative and posi-
tive controls, respectively). The plates were
incubated at 37ºC for 16 h until growth of the
microorganisms was visible. The diameter
of the zone of complete inhibition was meas-
ured to the nearest whole millimeter.

A dose-response assay was also carried
out for the individual purified ramiflorines
A and B. S. aureus was grown in Mueller-
Hinton broth to yield a suspension contain-
ing 106 CFU/mL, and then added to sterile
tubes containing the ramiflorines to obtain
final concentrations of 0.001, 0.01, 0.1, 1,
10, 100, and 1000 µg/mL. Tubes were incu-
bated at 37ºC for 24 h, and CFU were then
counted for each tube.

All experiments were performed at least

Figure 1. Structures of ramiflo-
rines A and B.
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in triplicate and each result represents the
mean value ± SEM. The mean values were
compared by the Student t-test, with the
level of significance set at P < 0.05.

The plants of the Aspidosperma genus
are known to contain indole alkaloids, sev-
eral of which possess important pharmaco-
logical properties (6,13). These reports
prompted us to carry out the separation of a
crude methanol extract of A. ramiflorum.
The separation was performed according to
the usual acid-base method, which produces
both an alkaloid mixture and closely related
metabolites.

In the present study, the stem bark of A.
ramiflorum was extracted with methanol.
After removal of methanol, the crude extract
obtained was submitted to acid-basic extrac-
tion. The in vitro results of antibacterial
activities of the crude methanolic extract
and fractions were classified as follows: when
the MIC was 100 µg/mL or less, the antibac-
terial activity was considered to be signifi-
cant, when the MIC was 100 to 500 µg/mL
the antibacterial activity was considered
moderate, when the MIC was 500 to 1000
µg/mL the antibacterial activity was consid-
ered weak, and when the MIC was over 1000
µg/mL the extracts were considered to be
inactive. Different results were obtained for
Gram-positive and Gram-negative bacteria.
The methanol extract presented a moderate
activity against the Gram-positive bacteria

Bacillus subtilis (MIC = 250 µg/mL) and S.
aureus (MIC = 500 µg/mL), and was inac-
tive against the Gram-negative bacteria Es-
cherichia coli and Pseudomonas aerugino-
sa. Fractions I and II were inactive against
standard strains at concentrations of ≤1000
µg/mL. Fraction III displayed a moderate
antibacterial activity against B. subtilis (MIC
= 500 µg/mL) and S. aureus (MIC = 250 µg/
mL). Fraction IV showed a strong activity
against B. subtilis and S. aureus (MICs =
15.6 µg/mL) and a moderate activity against
the Gram-negative bacteria E. coli and P.
aeruginosa (MIC = 250 µg/mL). Fraction V
presented a strong activity against B. subtilis
(MIC = 15.6 µg/mL) and S. aureus (MIC =
31.25 µg/mL) and was inactive against Gram-
negative bacteria (MIC > 1000 µg/mL). The
MICs of tetracycline for E. coli and P. aeru-
ginosa were 1.5 and 6.2 µg/mL, respective-
ly. The MIC of vancomycin for B. subtilis
was 0.18 µg/mL and the MIC of penicillin
for S. aureus was 0.01 µg/mL.

On the basis of these findings, the refrac-
tionation of the neutral precipitate fraction
III on silica gel led to the isolation of rami-
florine A and a mixture containing ramiflo-
rine B. Further fractionation of this mixture
on silica gel was performed, yielding rami-
florine B. The structures of ramiflorines A
and B are shown in Figure 1.

The MICs of both ramiflorines A and B
were determined against the Gram-positive
bacteria S. aureus and E. faecalis. The com-
pounds presented MIC values of 25 and 50
µg/mL for S. aureus and E. faecalis, respec-
tively. Further confirmation of these results
was obtained by a radial diffusion assay with
S. aureus. The activities of ramiflorines A
and B against the bacteria tested were as-
sessed in agarose gel. The minimal concen-
tration of ramiflorines that resulted in inhibi-
tion of Staphylococci growth was 2.0 µg.
This assay was designed to achieve maximal
sensitivity with minimal consumption of re-
agents and could be used in bioassay-guided
fractionation. Prompted by these results, the

Figure 2. Dose-response effect
of ramiflorines A (filled circles)
and B (open circles) against
Staphylococcus aureus. S. au-
reus was grown in Mueller-
Hinton broth to yield a suspen-
sion containing 106 CFU/mL,
and then added to sterile tubes
containing the ramiflorines to ob-
tain final concentrations of 0.001,
0.01, 0.1, 1, 10, 100, and 1000
µg/mL. Tubes were incubated at
37ºC for 24 h, and CFU were
then counted for each tube. Data
are reported as means ± SEM
for at least three independent
experiments.
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dose-response effect of both ramiflorines A
and B was tested against the Gram-positive
bacterium Staphylococcus (Figure 2). The
EC50, defined as the drug concentration that
produced 50% of the maximal effect, were 8
and 2.5 µg/mL for ramiflorines A and B,
respectively, against S. aureus.

The extracts, semi-purified fractions and
ramiflorines A and B showed considerable
activity against Gram-positive bacteria but
not against Gram-negative species. This can
be explained by the fact that the outer mem-
brane of Gram-negative bacteria is known to
present a barrier to the penetration of numer-
ous antibiotic molecules, and the periplas-
mic space contains enzymes which are able
to degrade exogenous molecules (14). Al-
though the mode of action of these alkaloids
is not known in detail, some studies have
shown that bisindole monoterpenoid alka-
loids, with similar structures, act as DNA-

intercalating agents or like topoisomerase
inhibitors (15,16).

The present results regarding the anti-
bacterial property of A. ramiflorum extracts
indicate that compounds from the plants of
this genus could be used against the most
common Gram-positive pathogens. How-
ever, these extracts and active compounds
isolated from A. ramiflorum must be studied
in animal models to determine their efficacy
in vivo and possible toxicity, and to eluci-
date their mechanisms of action.
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