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Abstract

Nine ethanol extracts dBrunfelsia grandiflora(Solanaceae)Caesalpinia spinosg§Caesalpiniaceaepracontium loretens¢Araceae),
Equisetum giganteurfEquisetaceaeMaytenus macrocarpéCelastraceaePhyllanthus amarugEuphorbiaceaeRiper aduncun{Piper-
aceae),Terminalia catappa(Combretaceae), arldncaria tomentosgRubiaceae), medicinal plants traditionally used in Cadléistrict
for treating conditions likely to be associated with microorganisms, were screened for antimicrobial activity against nine bacterial strains
using the broth microdilution method. Among the plants tesRtyllanthus amarusnd Terminalia catappashowed the most promising
antibacterial properties, inhibiting all of the strains tested with minimum inhibitory concentrations (MICs) ranging from 0.25 to 16 mg/ml.
The extract from aerial part ®iper aduncunwas significantly more active against Gram-positive (MICs ranging from 1 to 2 mg/ml) than
against Gram-negative bacteria (MICs >16 mg/ml).
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction habitants, who still largely depend on natural resources, the
important ethnomedicinal knowledge of this region survives.
Calleiia District, part of the Coronel Portillo Province in  Nevertheless, it should be verified and preserved by modern
the Ucayali Department, lies in the lowlands of Peruvian scientific methods.
Amazonia. Pucallpa, its administrative centre and also the  The phytochemical research based on ethnopharmacolog-
capital of the Ucayali Department, is situated on the banks ical informations is generally considered an effective ap-
of the river Ucayali, a principal tributary of the Amazon. The proach in the discovery of new anti-infective agents from
largest indigenous ethno-linguistic group living in this region higher plants. In Peru about 20,000 plant species or 8%
is the Shipibo-Conibo group. The Ucayali department, for- of the total number of plants in the world can be found.
merly very isolated from other parts of Peru, is now one of the Most of them are native or grow in the Peruvian Amazonia.
fastest developing Peruvian regions, mainly due to extensiveHowever, probably less than 1% has been studied for their
logging. However, timber production together with shifting chemical composition and medicinal usBegmarchelier
agriculture has a devastating effect on natural ecosystems andnd Schaus, 2000In this study, we chose nine promis-
can lead to high genetic erosion. Thanks to the indigenous in-ing medicinal plants used traditionally by local inhabi-
tants of Callela District for treating conditions likely to
* Corresponding author. Tel.: +420 224382180; fax: +420 234381829, D€ associated with microorganisms, and evaluated them for
E-mail addresskokoska@itsz.czu.cz (L. Kokoska). potential antibacterial activity, in order to confirm their

0378-8741/$ — see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.jep.2005.01.062



310 P. Kloucek et al. / Journal of Ethnopharmacology 99 (2005) 309-312

Table 1

Ethnobotanical data on medicinal plants

Species (family) and voucher Common name Part tested Ethnomedicinal uses

specimen number

Brunfelsia grandifloraD. Don Chirisanango Roots Diuretic, febrifuge, antirheumatic, antisyphilitic, against yellow fever
(Solanaceae) POL 0001 (Schultes and Raffauaf, 1990; Plowman, 1977; Desmarchelier and

Schaus, 2000

Caesalpinia spinoséMolina) Kuntze Tara Pods EyewaslD(ke and Reed, 1981
(Caesalpiniaceae) POL 0002

Dracontium loretens&. Krause Sacha jergn Tubers Treatment of snakebit@&esmarchelier and Schaus, 2000
(Araceae) POL 0003 antidiarrheic Schultes and Raffauaf, 1990

Equisetum giganteun Cola de caballo Aerial part Astringent, antidiarrheic, diuretic, emmenagogue, wound healing
(Equisetaceae) POL 0004 (Desmarchelier and Schaus, 2000

Maytenus macrocarpBriq. Chuchuhuasi Bark Anti-inflammatory, antirheumatic, tonic, aphrodif&siharchelier
(Celastraceae) POL 0005 and Schaus, 2000

Phyllanthus amarauSchum. et Chanca piedra Aerial part Diuretic, sedative, astringent, tonic, antidiabetic, antihemorrhagic,
Thonn. (Euphorbiaceae) POL 0007 against jaundice and kidney diseasgsHultes and Raffauaf, 1990;

Desmarchelier and Schaus, 2000

Piper aduncuni. (Piperaceae) POL Matico Aerial part Antiseptic, antidiarrheic, tonic, astringent, antirheumatic, styptic
0006 (Schultes and Raffauaf, 1990; Desmarchelier and Schaus) 2000

Terminalia catappd.. Almendra Leaves Treatment of bilious fevers and dysentechltes and Raffauaf, 1990
(Combretaceae) POL 0008

Uncaria tomentos®C. (Rubiaceae) Ufia de gato Bark Anti-inflammatory, antidiabetic, antican&sgmarchelier and
POL 0009 Schaus, 2000

popular use and to detect new sources of antibacterial(Oxoid, UK). Other microorganisms were grown and tested
agents. in Mueller—Hinton broth.

All microbial strains and cultivation media were pur-
chased from Oxoid (UK). Ciprofloxacin (Sigma, USA) was

2. Materials and methods checked as positive controlgble 2.

2.1. Plant material and extract preparation ) i
2.3. Antibacterial assay

After consultations with village elders and herbalists and ) o i o _
comparing their information with literature, we chose nine N Vitroantimicrobial activity was determined by the broth
plants that offered good prospectable . Samples forthis ~ Microdilution method Jorgensen et al., 19p@sing 96-well
study were obtained from marketplace vendors and herbalistsTicrotitre plates. Two-fold dilutions (six) of each extract were
in Pucallpa, and authenticated by Z. Polesny. Voucher speci-Ca”'ed out, starting from a concentration of 16 mg/ml. Each

mens are deposited at the Institute of Tropics and Subtropics,Well was inoculated with ful of bacterial suspension at a
Czech University of Agriculture Prague. density of 10 CFU/ml and incubated at 3T for 24 h. The

Air dried plant material (15 g of each species) was finely grpwth of microorganisms was obseryed as turbi(_jity d_eter-
ground and macerated at room temperature in 80% ethanofMined by the UV-vis spectrometer HeliogSpectronic Uni-

for 5 days. The extract was subsequently filtered and concen-c@mM, UK) at 600 nm. The MIC was determined as the lowest
trated in vacuo at 40C. The residue was dissolved in 10% dilution which completely prevented microbial growth. The

(v/v) solution of dimethylsulfoxide (DMSO) in Tris buffer ~ Solution of DMSO (5%, v/v) in TBS served as the negative
saline (TBS) of pH 7.6 (Sigma, USA) to create a concentra- cOntrol. All samples were tested in triplicate.
tion of 32 mg/ml of stock solution.

2.2. Microorganisms 3. Results

The following strains of bacteria were useBacillus Table 1shows the botanical name, local name, voucher
cereusATCC 11778, Bacillus subtilisATCC 6633, Bac- specimen number, plant part investigated and popular uses
teroides fragilisATCC 25285,Enterococcus faecali&TCC of the selected plant speci@&ble 2gives a summary of the

29212 Escherichia coliATCC 25922 Pseudomonas aerug- investigated species, the percentage yield and the obtained

inosa ATCC 27853,Staphylococcus aureuSTCC 25923, MIC values. With exception oMaytenus macrocarpaall

Staphylococcus epidermidiSTCC 12228, andstreptococ- plants tested possessed antibacterial activity against at least

cus pyogene&TCC 19615. four bacterial straindgacillus cereusEnterococcus faecalis
Streptococci were grown and tested in brain—heart infu- and both staphylococci) at the concentrations of 16 mg/ml or

sion brothBacteroides fragilitn Wilkins-Chalgren anaerobe  below. Extracts from aerial part &hyllanthus amaruand

broth under anaerobic conditions using Anaerobic Jar HP11from leaves offerminalia catapp&howed the broadest spec-
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Table 2
Minimum inhibitory concentrations (mg/ml) of ethanol extracts of nine Peruvian medicinal plants
Species, reference compound Extract yield (%) Gram-positive Gram-negative

B.c B.s. E.f. S.a. S.e. S.p. B.f. E.c. P.a.

Brunfelsia grandiflora 1353 4 16 8 4 4 NA 16 NA 16
Caesalpinia spinosa 48.67 8 16 0.5 16 16 - 16 NA NA
Dracontium loretense 7.87 8 NA 8 8 16 NA NA NA NA
Equisetum giganteum 7.33 8 16 8 8 16 4 8 NA NA
Maytenus macrocarpa 1193 NA NA NA NA NA — NA NA NA
Piper aduncum 6.07 1 1 2 1 2 2 NA NA NA
Phyllanthus amarus 1313 16 1 0.25 4 1 4 4 16 8
Terminalia catappa 14.53 2 4 8 1 025 16 16 8 4
Uncaria tomentosa 6.67 1 1 0.25 1 1 NA NA 8 NA
CIP (ug/ml) 1 2 1 a5 1 1 2 0015 Q25

—: Not performed; NA: not active (>16). B.dBacillus cereusB.s.,Bacillus subtilis B.f., Bacteroides fragilisE.f., Enterococcus faecali€.c., Escherichia
coli; P.a.,Pseudomonas aerugingsa.a.,Staphylococcus aureuS.e.,Staphylococcus epidermidiS.p.,Streptococcus pyogenes

2 CIP, ciprofloxacin.

trum of action against bacteria, inhibiting all of the strains
tested with minimum inhibitory concentrations (MICs) rang-
ing from 0.25 to 16 mg/ml. The strongest activity (MIC
0.25 mg/ml) was shown bighyllanthus amaruandUncaria
tomentosagainsEnterococcus faecaliandTerminalia cat-
appaagainstStaphylococcus epidermidihe extract from
aerial part ofPiper aduncumwas significantly more active
against Gram-positive (MICs ranging from 1to 2 mg/ml) than
against Gram-negative bacteria (MICs >16 mg/ml). Good ac-
tivity was observed also in thencaria tomentosaxtract,
which inhibited six bacteria and five of them with MICs from
0.25 to 1 mg/ml. Other extracts showed only slight inhibition
of tested microorganisms.

Of the bacteria testedscherichia coliproved to be the
most difficult to inhibit with only slight susceptibility to
the Phyllanthus amarusTerminalia catappaand Uncaria
tomentosaextracts (MICs ranging from 8 to 16 mg/ml).

Klebsiella pneumoniaPseudomonas aerugingsRroteus
mirabilis, Salmonella paratyphéind Staphylococcus aureus
(Srinivasan et al., 2001Among compounds isolated from
Phyllanthus amarustannins corilagin, geraniin and gallic
acid (Foo, 1993 showed in vitro activity againgacillus sub-
tilis, Staphylococcus aureasidEscherichia col{Adesina et
al., 2000; Gohar et al., 2003

Antimicrobial properties ofPiper aduncumhave been
reported [entz et al., 1998; Lemos et al., 200Ben-
zoic acid and benzene derivates, dihydrochalcones and
chromenes isolated from its leaves were active against a
variety of microorganisms includinBacillus subtilis Es-
cherichia colj Staphylococcus aureuSryptococcus neofor-
mans Mycobacteria intracellulareMicrococcus luteusind
Pseudomonas aeruginogiair and Burke, 1990; Orjala et
al.,1993; Orjalaetal., 1994; Okunade et al., 19%%e chem-
ical composition of essential oil and its antibacterial proper-

Gram-negative bacteria were generally less susceptible tharties have also been describddrillini et al., 1996; Maia et

Gram-positive. The most sensitive bacterium ®agerococ-
cus faecaliswhich was inhibited by all tested species ex-
ceptMaytenus macrocarpaith MICs ranging from 0.25 to
8 mg/ml.

No growth inhibition was observed in the negative control.

4. Discussion and conclusions

The use of these plants in Peruvian Amazon folk medici-

al., 1998; Pino et al., 2004

High antifungal but no antibacterial activity of methanol
and methylene chloride extracts froherminalia catappa
aerial part Goun et al., 200B8has been reported. On the
other hand different author®éwar and Pal, 2002nvesti-
gated roots ofTerminalia catappand detected good antimi-
crobial activity of chloroform and methanol extracts against
Escherichia colandStaphylococcus aurepshich supports
our results. The phytochemical studies Terminalia cat-
appabark and leaves demonstrate the presence of tannins and

nal remedies for treating various health problems has alreadyflavonoid glycosidesl{n and Hsu, 1999; Lin et al., 2000

been reportedjchultes and Raffauaf, 1990; Desmarchelier
and Schaus, 2000with the most frequent medicinal uses
of the investigated plants being antirheumatic, antidiarrheic,
astringent, diuretic and tonic (3 plants), antidiabetic and an-
tiinflammatory (2 plants). However, apart fraatyllanthus
amarus Piper aduncumand Terminalia catappano scien-
tific information concerning the antibacterial properties of
these plants has been reported.

Crude extract ofPhyllanthus amarusollected in In-
dia possessed antibacterial activity agaBatillus subtilis

Among them, gallic acid, corilagin, ellagic acid and rutin
showed in vitro antibacterial activityAdesina et al., 2000;
Basile et al., 2000; Thiem and Goslinska, 204

No previous reports on the antibacterial activity of the
other species could be found in literature. Flavonol glyco-
sides were isolated from aerial parts Bfunfelsia grandi-
flora (Brunner et al., 2000and some of these structures are
known to be responsible for antibacterial activity of higher
plants {fadava and Reddy, 1998; Cui et al., 2D0Bods of
Caesalpinia spinoseontain up to 25% of gallic acidialvez
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etal., 1997and previously this tanninisolated frohecalypha
wilkesiana Acalypha hispidaand Rubus ulmifoliusshowed

in vitro antimicrobial activity when tested agairistcereus
Staphylococcus aureuandEscherichia col{Adesina et al.,
2000; Panizzi et al., 2002Among the classes of compounds
identified inUncaria tomentosgMontoro et al., 2004 an-
tibacterial activity is attributed to some triterpendscifar
and Malik, 2002.

From nine plants, eight showed antimicrobial properties
(89%), which confirm their popular use and justify the eth-
nobotanical approach in the search for novel biologically ac-
tive compounds. For five of them this is the first report of
such activity. Among the medicinal plants tested in this work,
Phyllanthus amaruandTerminalia catappahowed the most
promising antibacterial properties, indicating the potential for

discovery of antibacterial principles. We assume that some
of the previously isolated compounds could be present in
the extracts investigated and could partially contribute to an-

timicrobial activity reported in this study. However, further
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phytochemical studies are required to determine the types Ofyaia, J.G.S., Zohhbi, M.D.B., Andrade, E.H.A., Santos, A.S.. da Silva,

compounds responsible for the antibacterial effects of these

species.
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