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Abstract: The growing incidences of drug-resistant pathogens have increased the attention on several medicinal plants
and their metabolites for antimicrobial properties. These pathogens are the main cause of nosocomial infections which led
to an increasing mortality among hospitalized patients. Taking into consideration those factors, this paper reviews the
state-of-the-art of the research on antibacterial agents from native Brazilian plant species related to nosocomial infections
as well as the current methods used in the investigations of the antimicrobial activity and points out the differences in
techniques employed by the authors. The antimicrobial assays most frequently used were broth microdilution, agar diffu-
sion, agar dilution and bioautography. The broth microdilution method should be the method of choice for testing new an-
timicrobial agents from plant extracts or isolated compounds due to its advantages. At the moment, only a small part of
the rich Brazilian flora has been investigated for antimicrobial activity, mostly with unfractionated extracts presenting a
weak or moderate antibacterial activity. The combination of crude extract with conventional antibiotics represents a
largely unexploited new form of chemotherapy with novel and multiple mechanisms of action that can overcome micro-
bial resistance that needs to be further investigated. The antibacterial activity of essential oil vapours might also be an in-
teresting alternative treatment of hospital environment due to their ability in preventing biofilm formation. However, in
both alternatives more studies should be done on their mode of action and toxicological effects in order to optimize their

use.

Keywords: Antimicrobial activity, antimicrobial agents, essential oils, native brazilian plants, plant extracts, nosocomial infec-

tions, therapy strategies.

INTRODUCTION

Infectious diseases are caused by germs that kill more
people worldwide than any other single death cause. Noso-
comial infection, also known as hospital-acquired infection
or healthcare-associated infections (HAIs), is one of the
main transmissible diseases that are amongst the major
causes of the increasing morbidity in hospitalized patients.
The most frequent HAIs are surgical wounds, urinary tract
and lower respiratory tract infections. According to the
Council of the European Union, 8—12% of patients admitted
to hospitals in European countries suffer from adverse events
while receiving healthcare, being HAIs the most prominent
of them [1]. This shows that HAIs are not only a problem for
resource-poor regions but also affects economically devel-
oped countries [2].

Over the past few years in Europe, nosocomial infections
affected 1 out of 10 patients admitted to hospitals and ac-
counted for ca. of 5000 deaths/ year with a high cost for the
public systems. On average, a patient with HAIs spent 2.5-
times longer in hospital, incurring additional treatment costs,
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in comparison with uninfected patient. Intensive care units
(ICU) have the highest prevalence of hospital-acquired infec-
tions in the hospital setting. The European Prevalence of
Infection in Intensive Care Study (EPIC), involving over
4500 patients, demonstrated that the nosocomial infection
prevalence rate in ICU was 20.6%. ICU patients are particu-
larly at risk of hospital-acquired infections as a result of me-
chanical ventilation, invasive procedures and their immune
deficiency [3]. According to WHO Program for the Control
of Hospital Infections [4] a prevalence survey in 55 hospitals
of 14 countries representing 4 WHO Regions (Europe, East-
ern Mediterranean, South-Eastern Asia and Western Pacific)
showed an average of 8.7% of hospital patients that con-
tracted nosocomial infections. The infection prevalence was
higher in Western Pacific, South-Eastern Asia, Eastern
Mediterranean regions (9.0%, 10.0%, and 11.8% respec-
tively) and the lowest in Europe (7.7%) [5].

Nosocomial infections are caused by bacteria, viruses,
fungi and parasites which are acquired from another hospital
(cross-contamination), may be caused by the patient's own
flora (endogenous infection), from an inanimate object or
substance newly infected, or from another human source
(environmental infection). The bacteria are the most com-
mon causes of nosocomial infections being the predominant
pathogens Staphylococcus aureus, Pseudomonas aeruginosa,
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Enterococcus spp., Enterobacter spp., Escherichia coli,
Candida albicans, and Klebsiella pneumonia [3, 6].

One of the factors that have influenced the development
of nosocomial infections is antimicrobial resistance (AMR).
The World Health Organization [7] defines this phenomenon
as resistance of a microorganism to an antimicrobial drug for
which it was originally sensitive. Though the evolution of
resistant strains is a natural phenomenon, the misuse of an-
timicrobial drugs and inappropriate practices of infection
control accelerate the AMR. Moreover, traces of resistance
genes of nosocomial antibiotic resistance can be exchanged
between certain types of bacteria spreading the resistance
traits, particularly in hospitals, where various bacteria can
come in close contact with one another [8]. That continuous
development of various multi-resistant bacteria is a factor of
concern and challenge because it limits the spectrum of ef-
fective antimicrobial. The methicillin-resistant Staphylococ-
cus aureus (MRSA) have a particular facility for nosocomial
transmission and is considered a major cause of bloodstream
infections according to European Centre for Disease Preven-
tion and Control/European Medicines Agency ECDC/EMEA
[9-10]. The majority of MRSA strains are often resistant to
several antibiotics including penicillins and cephalosporins,
and occasionally are sensitive only to vancomycin and teico-
planin [7].

This scenario indicates potential antimicrobial therapy
losses, making necessary to elaborate a strategy to combat
the antibiotic resistance with the discovery and development
of new active agents capable of circumventing the bacterial
resistance mechanisms [11]. Traditionally, plants have been
considered as a source of new drugs and clinical studies have
demonstrated the therapeutic value of these biomolecules for
the discovery of new therapeutic products. Regarding the
RMAs, some studies show evidence that products derived
from plants can be used to improve the efficacy of antibiotics
[12]. Additionally, a special attention has been given to the
scientific study of bioactive substances obtained from re-
newable sources, allowing sustainable activities. Some of the
advantages expected by using natural antimicrobials include:
reducing total dependence on antibiotics, diminishing devel-
opment of antibiotic resistance by pathogenic microorgan-
isms, controlling cross-contaminations by foodborne patho-
gens, and strengthening the human’s immune system [13].
Therefore, plant extracts represent a considerable potential
for the development of new effective agents against infec-
tions currently difficult to treat such as nosocomial infections
[14-16]. Among several examples, Schelz and co-workers
[17] proved the antiplasmid activity of peppermint oil and its
main constituent, menthol, meaning that menthol-containing
substances are potential agents that could eliminate the bac-
teria plasmids resistance. Therefore, plant-derived principles
are a new area of chemotherapeutic infections treatment,
coupled with different kinds of studies on the mechanisms of
action, interactions with antibiotics or other medicinal plants
or compounds, as well as the pharmacokinetic profile of the
extracts [16].

Among the worldwide known plant species (estimated at
220,000-450,000 [18]) only a small fraction has been inves-
tigated for the presence of antimicrobial compounds [19-20].
Among 109 new antibacterial drugs approved in the period
1981-2006, 69% originated from natural products, and 21%
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antifungal drugs were natural derivatives or compounds
mimicking natural products [21].

Brazil is considered to possess the richest flora in the
world, with more than 43,000 recognized species —nearly
19% of the world’s flora [22-23]. The broad climatic and
geomorphologic variety found in the country is responsible
for the presence of different biomes and ecosystems of
which two, Atlantic Rain forest and Cerrado, were listed
among the 25 biodiversity hotspots for conservation priori-
ties based on the high endemism rate (2.5 and 1.5% of the
world plant species) [24]. Therefore, it would be expected to
find unique secondary compounds that could be useful for
medicinal purposes within the Brazilian flora. This article
presents an overview of the studies with native species from
Brazilian flora with its implications in developing new
strategies for the antimicrobial chemotherapy to circumvent
AMR. The literature search was restricted to include native
Brazilian plant species with properties against bacteria in-
volved in nosocomial infections (Staphylococcus aureus,
Pseudomonas  aeruginosa, Acinetobacter  baumannii,
Stenotrophomonas maltophilia, Mycobacterium tuberculosis,
Clostridium difficile, Enterococcus faecium, Enterococcus
faecalis, Legionella pneumophila and Escherichia coli)
within the databases SciFinder Scholar®, Scielo® and Pub-
Med® over the last 15 years. In this review, we will focus on
evaluating the potential of developing antimicrobials from
plant extracts and essential oils from the Brazilian flora and
to critically evaluate the methods currently employed to ac-
cess their antimicrobial activity.

ANTIMICROBIAL PLANT EXTRACTS AND ESSEN-
TIAL OILS FROM THE NATIVE BRAZILIAN FLORA

Plant Extracts

Despite having its immense biodiversity already recog-
nized, nearly 18% of the priority areas for preservation in
Brazil (Caatinga, Atlantic Forest, and the Southern Pampas)
are still classified as “insufficiently known” in terms of in-
ventories and biological surveys [22]. This lack of knowl-
edge is also reflected in the few Public Policies for invest-
ments in research and product development from Brazilian
plants. The literature survey for studies on Brazilian plants
with antibacterial activity demonstrated that so far 112 pa-
pers were found, as shown in Table 1. Despite the wide vari-
ety of native plants, the research included 240 angiosperms
species that were evaluated for antimicrobial activity, which
represent ca. 0.8 % of the recognized angiosperms species
for Brazil [23]. With our search parameters, we did not find
any papers dealing with antibacterial activity of native Bra-
zilian ferns, bryophytes or algae, which together are respon-
sible for 16% of the Brazilian flora [23]. These observations
demonstrate the high potential of future target directed re-
search to antimicrobial native plants

Nowadays Brazilian populations still have a large de-
pendence on plants to treat various illnesses, among them
microbial infections. Several species still used to date derive
from the ancient Amerindian populations, especially along
the Atlantic coast. Recently, an ethnobotanical survey identi-
fied 433 plant species that can be potentially useful for iden-
tification of new antimicrobial drugs from Brazilian plants
[109]. The majority of the plants presented in Table 1 were
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Table 1. Highlights of Native Brazilian Plants with Antimicrobial Activity in Nosocomial Infections (Frac.: Fraction(s), MIC: Mini-
mum Inhibitory Activity, ND: MIC Not Determined by Authors, NS: Data Not Specified by Authors, *: Plant Species
Updated to the Correct Name [23], ** Not the Same Solvent Used in the Assay, *** Unless Otherwise Specified)

Extract MI
Plant species Plant part X rz.lc type or Microorganism ¢ Ref.
Extraction solvent** (ng/mL**%*)
flowers ethanol Staphylococus aureus (DFUB) ND [25]
Achyrocline satureiodes DC. essential oil Escherichia coli (EIEC 0461-4), (STEC 900
leaves 2781-8), (STEC 0157) [26]
essential oil Escherichia coli serotype (EIEC 240-1) 1000
stems ; ; ND
taphylococcus S tant st
Aegiphila verticillata Vell. * ethanol Staphylococcus aureus (resistant strains [27]
leaves NorA, MsrA) ND
Staphylococcus aureus (CCT2740) 800
Aloysia citriodora Palau* aerial parts essential oil Enterococcus faecium (ATCC10541) 50 [28]
Enterococcus faecium (CCT 5079) 2000
dried
Anacardium occidentale L. leaves hexane Staphylococcus aureus (ATCC 15008) ND [29]
dichloromethane
Anacardium occidentale L. leaves ethyl acetate Staphylococcus aureus (ATCC 15008) ND [29]
Staphylococcus aureus (NS) ND [30]
leaves
Enterococcus faecalis (NS) ND
Anacardium occidentale L barks ethanol (70%)
[30]
leaves >100
Staphylococcus aureus (NS)
barks 25
Bacillus subtilis (ATCC 6623)
it taphylococcus s (ATCC 25923
Annona coriacea Mart. leaves Ca,c, aga Staphy Ow_“l_“ aur‘eus (ATCC ) >1000 [31]
(Brazilian rum) Escherichia coli (ATCC 25922)
Pseudomonas aeruginosa (ATCC 27853)
Staphylococcus aureus (resistant strains
leaves
NorA, MsrA)
Staphylococcus aureus (ATCC 25923) ND (27]
Annona crassiflora Mart. seeds ethanol Staphylococcus aureus (resistant strains
NorA, MsrA)
fruit Staphylococcus aureus (resistant strains ND [27]
NorA, MsrA)
Enterococcus faecium (CCT 5079) > 1000
Escherichia coli (ATCC 11775) > 1000
Annona foetida Mart. leaves essential oil [32]
Pseudomonas aeruginosa (ATCC 13388) > 1000
Staphylococus aureus (ATCC 6538) 200
taphylococcus S istant strai
Annona salzmannii A. DC. fruit barks ethanol Staphylococcus aureus (resistant strains ND [27]
NorA, MsrA)
hexane frac. ND
Aristolochia sp. leaves Staphylococcus aureus (ATCC 25923) [33]
methanol 5000
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(Table 1) contd....

Extract MI
Plant species Plant part X rz.lc type or Microorganism ¢ Ref.
Extraction solvent** (ng/mL***)
. . stems Staphylococcus aureus subsp. aureus
Aspidosperma ramiflorum
pIaosp Miil. Arg i ethanol (ATCC 25923) ND [34]
' leaves Echerichia coli (ATCC 25922)
. . . barks 2500
Avic sch tapf
vicennia schaueriana Stap ethanol (70%) Staphylococcus aureus (ATTC 6835) [35]
& Leechm. ex Moldenke
roots 620
Staphylococcus aureus (ATCC 65380) 2500
Baccharis articulata (Lam. . S
accharts a]: iculata (Lam.) aerial parts essential oil Pseudomonas aeruginosa (ATCC 27853) 2500 [36]
ers.
Escherichia coli (ATCC 11103) 2500
Baccharis crispa Spreng.* leaves essential oil Escherichia coli (ETEC 5041-1) 600 [26]
methanol frac. ND
Baccharis dracunculifolia leaves Staphylococcus aureus (ATCC 25923) [33]
methanol 2500
DC
NS essential oil Escherichia coli (ATCC 25922) ND [37]
Baccharis dracunculifoli
dceharts ];accuncu folia NS essential oil Staphylococcus aureus (ATCC 25923) ND [37]
Baccharis dracunculifolia leaves essential oil Staphylococcus aureus (MRSA ATCC ND [38]
DC 43300)
stem Staphylococcus aureus (ATCC 12228) 34710
stem Pseudomonas aeruginosa (ATCC 27853) 17770
roots Staphylococcus aureus (ATCC 12228) 14090
roots Pseudomonas aeruginosa (ATCC 27854) 75060
leaves Staphylococcus aureus (ATCC 12228) 18880
Bixa orellana L. leaves ethanol Pseudomonas aeruginosa (ATCC 27855) 75540 [39]
stem Staphylococcus aureus (ATCC 12228) 1530
stem Pseudomonas aeruginosa (ATCC 27856) 4500
roots Staphylococcus aureus (ATCC 12228) 310
roots Pseudomonas aeruginosa (ATCC 27857) 250
leaves Staphylococcus aureus (ATCC 12228) 1880
Pseudomonas aeruginosa (ATCC 27858) 660
leaves
Mycobacterium tuberculosis (NS) 300 [39]
Bixa orellana L. ethanol
roots 500 [39]
Mycobacterium tuberculosis (NS)
stem 200
ethanol (70%) Staphylococcus aureus (UFPEDA02) 780
cyclohexane frac. Staphylococcus aureus (UFPEDA02) 1560
ethyl acetate frac. Staphylococcus aureus (UFPEDA02) 3130
Buchenavia tetraphylla ) 40
(Aubl) R. A. Howard caves butanol soluble frac. Staphylococcus aureus (UFPEDA02) 3130 [40]
butanol non-soluble frac. Staphylococcus aureus (UFPEDA02) 6250
thanol (709 lohex-
ethanol (70%) cyclohex Enterococcus faecalis (UFPEDA138) 25000
ane/ethyl acetate frac.
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(Table 1) contd....

Moreno et al.

Extract MI
Plant species Plant part X rz.lc type or Microorganism ¢ Ref.
Extraction solvent** (ng/mL**%*)
butanol soluble frac. Enterococcus faecalis (UFPEDA138) 12500
butanol non-soluble frac. Enterococcus faecalis (UFPEDA138) 25000
ethanol (70%) Escherichia coli (UFPEDA224) 6250
cyclohexane frac. Escherichia coli (UFPEDA224) 3130
ethyl acetate frac. Escherichia coli (UFPEDA224) 6250
butanol soluble frac. Escherichia coli (UFPEDA224) 3130
butanol non-soluble frac. Escherichia coli (UFPEDA224) 12500
Buch ia tetraphyll,
(l:ubel}?)a}‘:.aAf gg; i)rda leaves ethanol (70%) Pseudomonas aeruginosa (UFPEDA416) 200 [40]
cyclohexane frac. Pseudomonas aeruginosa (UFPEDA416) 200
ethyl acetate frac. Pseudomonas aeruginosa (UFPEDA416) 200
butanol soluble frac. Pseudomonas aeruginosa (UFPEDA416) 200
butanol non-soluble frac. Pseudomonas aeruginosa (UFPEDA416) 780
Byrsonima crassifolia (L.
yrvomm;m:}; ;zfo ia (L) leaves methanol Staphylococcus aureus (ATCC 25923) 250 [41]
un
Staphylococcus aureus (ATCC 25923)
Byrsonima intermedia A. aqueous . ND [42]
Tuss leaves Pseudomonas aeruginosa (ATCC 27853)
methanol Escherichia coli (ATCC 25922) 500 [43]
Byrsonima intermedia A.
yrvomma]m ermedia leaves methanol Staphylococcus aureus (ATCC 25923) 250 [43]
uss
: flowers Staphylococcus aureus (ATCC 25213)
I dit Vell. phy
Calea medi errc‘t:ea (vell) dichloromethane ND [44]
Pruski leaves, flowers Staphylococcus aureus (field strain)
lophyllum brasilien:
Calophyllum brasiliense stem barks ethyl acetate Staphylococcus aureus (ATCC 25923) 1000 [45]
Cambess.
Campomanesia eugenioides Staphylococcus aureus (ATCC 25923) 250
aqueous, water/alcohol
(Cambess.) D.Legrand ex leaves ) [46]
Landrum (50%) Pseudomonas aeruginosa (ATCC 27853) >1000
Staphylococcus aureus (ATCC 29213) 180
Enterococcus faecalis (ATCC 29212) >200
Caraipa grandifolia Mart. leaves organic [47]
Pseudomonas aeruginosa (ATCC 27853) >200
Escherichia coli (ATCC 25922) >200
roots ethyl acetate frac. 250
Chaptalia nutans (L.) Polak hexane, hexane/ethyl ace- Staphylococcus aureus (ATCC 25923) [48]
roots tate, ethyl acetate/methanol, >1000
methanol frac.
Chromolaena laevigata .
. capitula flower- L
(Lam.) R. M. King & H. ine st essential oil Staphylococcus aureus (ATCC 29213) 500 [49]
ing stage
Rob. gstag
Chromolaena laevigata . a .
(Lam.) R. M. King & H. Siems ‘ owering essential oil Staphylococcus aureus (ATCC 29213) 125 [49]
stage
Rob.
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(Table 1) contd....

Extract type or MIC

Plant species Plant part . Microorganism Ref.
Extraction solvent** (ng/mL***)
leaves flowering 62.5
stage 4
cypselas at fruit- 125
ing stage
stems at fruiting 62,5
stage ,
leaves at fruiting 62,5
stage ,
capitula at flow- 1500
ering stage
stems at flower- 500
ing stage
leaves at flower- 500

ing stage

Pseudomonas aeruginosa (ATCC 9027)
cypselas at fruit-

. 750
ng stage
stems at fruiting 500
stage
leaves at fruiting 500
stage
caplt‘ula at flow- 1500
ering stage
Escherichia coli (ATCC 8739)
stenlls at flower- 500
ing stage
leav‘es at flower- 500
ng stage
cypselas at fruit- 50
Chromolaena laevigata ing stage 7
(Lam.) R. M. King & H. essential oils Escherichia coli (ATCC 8739) [49]
Rob. stems at fruting 500
stage
leaves at fruting 750
stage
Clusia burle-marxii Bittrich leaves ethanol Staphylococcus aureus (ATCC 6538) 62.5 [50]
Clusia columnaris Engl. stems organic Staphylococcus aureus (ATCC 29213) >200 [47]
Enterococcus faecalis (ATCC 29212) 180
Clusia columnaris Engl. stems organic Pseudomonas aeruginosa (ATCC 27853) 140 [47]
Escherichia coli (ATCC 25922) >200

Staphylococcus aureus (ATCC 6538p)
capitulae methanol Escherichia coli (ATCC 11103) 2500 [51]
Pseudomonas aeruginosa (ATCC 27853)

Comanthera suberosa (Giul.)
L.R.Parra & Giul.*

Combretaceae (not deter-

. stems organic Staphylococcus aureus (ATCC 29213) 100 [52]
mined)

Condylocarpon isthmicum Staphylococcus aureus (resistant strains
Y p leaves ethanol phy (

ND 2
(Vell) A. DC. NorA, MsrA) 271
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(Table 1) contd....

Moreno et al.

Extract MI
Plant species Plant part X rz.lc type or Microorganism ¢ Ref.
Extraction solvent** (ng/mL**%*)
Staphylococcus aureuss (ATCC 25923) 250
Copaifera duckei Dwyer* trunks essential oil Staphylococcus aureus (MRSA ATCC 125 [53]
33591)
Enterococcus faecalis (ATCC 29212) 500
methanol frac. ND
leaves [33]
Copaifera langsdorfii Dest. methanol Staphylococcus aureus (ATCC 25923) 5000
trunks essential oil > 1000 [53]
Staphylococcus aureus (MRSA ATCC
Copaifera langsdorfii Dest. trunks essential oil 33591) > 1000 [53]
Enterococcus faecalis (ATCC 29212)
Staphylococcus aureuss (ATCC 25923) 125
COCCUS ) [53]
Copaifera lucens Dwyer trunks essential oil Staphylococeus aureus (MRSA ATCC > 1000
33591)
Enterococcus faecalis (ATCC 29212) 10001 [53]
Staphylococcus aureuss (ATCC 25923)
Copaifera martii Hayne trunks essential oil Staphylococeus aureus (MRSA ATCC 62.5 [53]
33591)
Enterococcus faecalis (ATCC 29212)
Staphylococcus aureuss (ATCC 25923) 500
Copaifera multijuga Hayne trunks essential oil Staphy lococcus3a;4;f;114§ (MRSA ATCC 125 [53]
Enterococcus faecalis (ATCC 29212) 250
Staphylococcus aureuss (ATCC 25923) 250
7 H ~OCCUS S
Copaifera paupera (Herzog) trunks essential oil Staphylococcus aureus (MRSA ATCC 250 [53]
Dwyer 33591)
Enterococcus faecalis (ATCC 29212) 62.5
Staphylococcus aureuss (ATCC 25923) 62.5
j ticulate Duck s
Copaifera reticulate Ducke trunks essential oil Staphylococcus aureus (MRSA ATCC 1251 53]
(Acre) 33591)
Enterococcus faecalis (ATCC 29212) 62.5
Staphylococcus aureuss (ATCC 25923) > 1000
7 'l‘ltDk ~OCCUS S
Copaifera re chz ata Ducke trunks essential oil Staphylococcus aureus (MRSA ATCC 1000 53]
(Para) 33591)
Enterococcus faecalis (ATCC 29212) 250
Copaifera spp. NS commercial oil Staphylococcus aureus (ATCC 25923) ND [27]
Cordia Americana (L.) barks aqueous, water/alcohol Staphylococcus aureus (ATCC 25923) ~1000 [46]
Gottschling & J.S.Mill. leaves (50%) Pseudomonas aeruginosa (ATCC 27853)
. N Staphylococcus aureus (resistant strains
Cordia oncocalyx Allemao* stems ethanol ND [27]
NorA, MsrA)
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(Table 1) contd....

Extract MI
Plant species Plant part X rz.lc type or Microorganism ¢ Ref.
Extraction solvent** (ng/mL***)
chloroform, Escherichia coli (ATCC 25922)
it ,h /ethyl ace- Staphylococcus s (ATCC 6538
Croton antisyphiliticus Mart. roots exane, Aexanc/ety’ ace apiy Ofm_ws m,lrel,” ,( . ) 2000 [54]
tate, ethyl acetate, methanol Escherichia coli (clinical isolates)
frac. Staphylococcus aureus (clinical isolates)
Mycobacterium tuberculosis (ATCC 43
27294) '
Staphylococcus aureus (MRSA 0.02
BMB9393) '
Moycobacterium tuberculosis (ATCC 0.02
27294) '
Staphylococcus aureus (MRSA 0.02
BMB9393) '
Croton cajucara Benth leaves essential oil Mycobacterium tuberculosis (ATCC 4.88 [55]
27294)
Staphylococcus aureus (MRSA- 0.004
BMB9393)
Mycobacterium tuberculosis (ATCC 488
27294) '
Staphylococcus aureus (MRSA- 0.001
BMB9393) '
Mycobacterium tuberculosis (ATCC 488
27294) '
Staphylococus aureus (35 SA358) >1024
Croton campestris A.St.-Hil. leaves methanol, hexane [56]
Staphylococcus aureus (ATCC25923) 512
Staphylococcus aureus subsp. Aureus
(ATCC 25923)
Croton Heterocalyx Baill. leaves essential oil . ND [57]
Pseudomonas aeruginosa (ATCC 9027)
Escherichia coli (ATCC 25922)
Staphylococcus aureus (ATCC 25924) 100
latex NS [45]
Enterococcus faecalis (ATCC 29212) 1000
hexane
Croton urucurana Baillon dichloromethane Enterococcus faecalis (ATTC 29212)
leaves
taphylococcus s (ATTC 25923
ethyl acetate Staphy Ow_Lu_“ aur‘eus ( ¢ ) ND [58]
Escherichia coli (ATTC 25922)
ethanol (75%) Pseudomonas aeruginosa (ATTC 27853)
barks hexane
dichloromethane
Enterococcus faecalis (ATTC 29212)
chloroform Staphylococcus aureus (ATTC 25923) ND
cthyl acetate Escherichia coli (ATTC 25922)
Croton urucurana Baillon barks Pseudomonas aeruginosa (ATTC 27853) [58]
ethanol (75%)
ethanol
Enterococcus faecalis (ATCC 29212) 500
chloroform
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Extract MI
Plant species Plant part X rz.lc type or Microorganism ¢ Ref.
Extraction solvent** (ng/mL**%*)
ethanol 500
Staphylococcus aureus (ATCC 25923)
chloroform 100
ethanol
Escherichia coli (ATCC 25922) 250
chloroform
ethanol Pseudomonas aeruginosa (ATCC 27855) 250
barks chloroform Pseudomonas aeruginosa (ATCC 27855) 250 [58]
latex in nature 250
Enterococcus faecalis (ATCC 29212)
latex dried 125
latex in nature
Croton urucurana Baillon Staphylococcus aureus (ATCC 25923) 250
NS latex dried [58]
latex in nature 250
Escherichia coli (ATCC 25922)
latex dried 125
latex in nature Pseudomonas aeruginosa (ATCC 27855) 125
Croton urucurana Baillon NS latex dried Pseudomonas aeruginosa (ATCC 27855) 125 [58]
stems : :
taphylococcus S tant st
Cupania oblongifolia Mart. ethanol Staphylococcus aureus (resistant strains ND [27]
leaves NorA, MsrA)
stems : :
taphylococcus S tant st
Cupania platycarpa Radlk. cthanol Staphylococcus aureus (resistant strains ND 27]
stem barks NorA, MsrA)
it
barks ca‘c‘ asa Staphylococcus aureus (ATCC 25923) 500 [31]
(Brazilian rum)
Curatella americana Linn. barks ca‘c‘haga Escherichia coh: (ATCC 25922) 1000 [31]
(Brazilian rum) Pseudomonas aeruginosa (ATCC 27853)
stem barks ethanol Staphylococcus aureus (ATCC 6538) ND [59]
Escherichia coli (ETEC TR 441), (EIEC 1000
240-1)
Cyperus articulatus L. roots essential oil Escherichia coli (EPEC 0031-2), (STEC 300 [26]
0157)
Escherichia coli (EPEC 0119) 700
Cyperus rotundus L. roots essential oil Escherichia coli (ETEC TR 441) 1000 [26]
. L Staphylococcus aureus (resistant strains
Ditassa crassifolia Decne. leaves ethanol ND [27]
NorA, MsrA)
Eclipta prostrata (L.) L.* aerial parts ethanol Staphylococcus aureus (ATCC 25985) 1000 [60]
aerial parts (col-
lecti iod:
ection perto Escherichia coli (ATCC 25922) >2000
winter, spring,
Elionurus muticus (Spreng.) | Summer, autumn) ethanol [61]
Kuntze aerial parts (col-
le‘ctlon P er%od: Pseudomonas aeruginosa (ATCC 27853) 2000
winter, spring,
summer)
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(Table 1) contd....

Extract type or

MIC

Plant species Plant part . Microorganism Ref.
Extraction solvent** (ng/mL***)
aerial parts (col-
lection period: 1000
winter, summer)
aerial parts (col-
lection period: 2000
winter, summer)
aerial parts (col-
lection pe- Staphylococcus aureus (ATCC 25923) 1000
riod:autumn)
aerial parts (col-
lection period: 500
spring)
aerial parts (col-
lection period: Escherichia coli (ATCC 25922) 2000
winter, spring,
summer, autumn)
. . aerial parts (col-
Elionurus muticus (Spreng.) . . L
lection period: essential oils [61]
Kuntze . Staphylococcus aureus (ATCC 25923) 2000
winter, summer,
autumn)
aerial parts (col-
lection period: Staphylococcus aureus (ATCC 25923) 500
spring)
Eriocaulon ligulatum (Vell.) Staphylococcus aureus (ATCC 6538p)
rocau m;‘ ];glg afm (Ve capitulae methanol Escherichia coli (ATCC 11103) 2500 [51]
.B.Sm.
Pseudomonas aeruginosa (ATCC 27853)
Staphylococcus aureus (ATCC 25923) 500
stems [62]
Pseudomonas aeruginosa (ATCC 15443) > 1000
Erythrina speciosa Andrews ethanol (90%)
Staphylococcus aureus (ATCC 25923) 500
aerial parts [63]
Pseudomonas aeruginosa (ATCC 15442) >1000
. Staphylococcus aureus (resistant strains
Erythrina verna Vell.* stem barks ethanol ND [27]
NorA, MsrA)
Erythroxylum subero: t.
ryiroxy urIr_lI‘slu erosum S stem barks ethanol Enterococcus faecalis (ATCC29218) >1000 [64]
il.
hexane frac. >1000
dichloromethane frac. >1000
Enterococcus faecalis (ATCC29218)
ethyl acetate frac. >1000
methanol (90%) frac. >1000
Erythroxylum subero: t.
ryiroxy W:hiu erosum S stem barks ethanol >1000 [64]
hexane frac. >1000
dichloromethane frac. Pseudomonas aeruginosa (ATCC 27853) >1000
ethyl acetate frac. >1000
methanol (90%) frac. >1000
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Plant species Plant part X rz.lc type or Microorganism ¢ Ref.
Extraction solvent** (ng/mL**%*)
ethanol 250
hexane frac. Staphylococcus aureus (ATCC 25923) >1000
dichloromethane frac. >1000
Erythroxylum subero: t.
ryiroxy urIr_lI‘slu erosum S stem barks ethyl acetate frac. Staphylococcus aureus (ATCC 25923) 250 [64]
il.
Staphylococcus aureus (ATCC 25923) 119.2
Ei ja astrii s
ugenia astringens leaves essential oil Escherichia coli (ATCC 25922) 477 [65]
Cambess.*
Pseudomonas aeruginosa (ATCC 27853) 477
Staphylococcus aureus (ATCC 25923) 1110
Ei ja b 77
uge‘ma caurepaireand leaves essential oil Escherichia coli (ATCC 25922) 556.6 [65]
(Kiaersk.) D.Legrand
Pseudomonas aeruginosa (ATCC 27853) 278.3
Staphylococcus aureus (ATCC 25923) 156.2
Eugenia brasiliensis Lam. leaves essential oil Escherichia coli (ATCC 25922) 624.9 [65]
Pseudomonas aeruginosa (ATCC 27853) 624.9
acetone 200
chloroform ; ; 200
Mycobact tuberculosis (H37R
Eugenia mansoi O.Berg* leaves ycobacterium tuberculosis (H3TRv [66]
acetone ATCC27294) 100
chloroform 100
Staphylococcus aureus (ATCC 25923) 250
leaves [62]
Pseudomonas aeruginosa (ATCC 15443) > 1000
ethanol (90%)
Staphylococcus aureus (ATCC 25923) 250
aerial parts [63]
Pseudomonas aeruginosa (ATCC 15442) >1000
Staphylococcus aureus (ATCC 25928)
Eugenia uniflora L.
leaves ethanol Escherichia coli (ATCC 25927) [67]
Staphylococcus aureus (ATCC 25927)
ND
Staphylococcus aureus (ATCC 27664)
NS essential oil Eschiericia coli [68]
Pseudomonas aeruginosa
dichl thane/methanol
Gnetum leyboldii Tul. stems rehoromethanefmethanol, Staphylococcus aureus (ATCC 29213) 40 [52]
aqueous
Staphylococcus aureus (ATCC 25923)
tteria elliptica R.E. Fri
Guatteria elliptica ries leaves essential oil Pseudomonas aeruginosa (ATCC 9027) ND [69]
(Caraguatatuba)
Pseudomonas aeruginosa (ATCC 9027)
Guatteria elliptica R E. Fries o Staphylococcus aureus (ATCC 25923) ND
P iacaba) leaves essential oil [69]
(Paranapiacaba Pseudomonas aeruginosa (ATCC 9027) ND
dichl thane/methanol
Guatteria riparia R.E. Fries leaves tehoromethanc/methanol, Staphylococcus aureus (ATCC 29213) 100 [52]
aqueous
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Plant species Plant part X rz.lc type or Microorganism ¢ Ref.
Extraction solvent** (ng/mL***)
tteria schomburgki dichl thane/methanol
Guaiteria schomburgkiana stems teoromerhanc/methanod, Staphylococcus aureus (ATCC 29213) 80 [52]
Mart. aqueous
Escherichia coli (ATCC 11775)
e 900
Guatt S1S S . .
uzvil;l; Z;i];iz;fna leaves essential oil Pseudomonas aeruginosa (ATCC 13388) [70]
Staphylococcus aureus (ATCC 6538) 125
stem barks ethanol Staphylococcus aureus (resistant strains [27]
NorA, MsrA) ND
Guazuma ulmifolia Lam. barks methanol Staphylococcus aureus (ATCC 25923) [41]
ethanol Enterococcus faecalis (ATCC29218)
stem barks >1000 [64]
hexane frac. Enterococcus faecalis (ATCC29218)
dichloromethane frac. >1000
ethyl acetate frac. Enterococcus faecalis (ATCC29218) 250
water/methanol frac. >1000
ethanol
hexane frac.
dichloromethane frac. Pseudomonas aeruginosa (ATCC 27853) >1000
Guazuma ulmifolia Lam. stem barks ethyl acetate frac. [64]
methanol (90%)frac.
ethanol 125
hexane frac. >1000
dichloromethane frac. Staphylococcus aureus (ATCC 25923) >1000
ethyl acetate frac. 125
methanol (90%) frac. 62.5
Gymnanthemum
amygdalinum (Delile) aerial parts ethanol Staphylococcus aureus (ATCC 25985) 10000 [60]
Sch.Bip. ex Walp.*
Staphylococcus aureus (ATCC 29213) 140
Haploclathra paniculata seeds organic Enterococcus faecalis (ATCC 29212) [47]
(Mart.) Benth. Pseudomonas aeruginosa (ATCC 27853) >200
Escherichia coli (ATCC 25922)
Escherichia coli (ATCC 25922)
Hedyosmum brasiliense L Pseudomonas. aeruginosa (ATCC 2.5 % viv
. leaves essential oil [71]
Mart. ex Miq. 27853)
Staphylococcus aureus (ATCC 225923) 0.312 % v/v
Heperozygis myrthoides o Staphylococus aureus (BMB 9394)
. . leaves essential oil [72]
(A.St.-Hil. ex Benth.) Epling Escherichia coli (ATCC 25922) ND
Staphylococcus aureus (ATCC 25923)
Himatanthus obovatus leaves cachaga Escherichia coli (ATCC 25922) 1000 [31]
(Miill.Arg.) Woodson (Brazilian rum)
Pseudomonas aeruginosa (ATCC 27853)
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Pseudomonas aeruginosa (ATCC 15442)

Extract MI
Plant species Plant part X rz.lc type or Microorganism ¢ Ref.
Extraction solvent** (ng/mL**%*)
taphylococcus s (ATCC 6538
Himatanthus sucuuba Staphylococcus aureus (ATCC P)
(Spruce ex Miill. Arg.) roots chloroform frac. Escherichia coli (ATCC 25792) ND [73]
Woodson
Pseudomonas aeruginosa (ATCC 27853)
Hyptis crenata Pohl.
P U];natz ontex whole plant hexane Enterococcus faecalis (ATCC29218) >1000 [64]
en
dichloromethane frac. 62.5
ethyl acetate frac. Enterococcus faecalis (ATCC29218) 313
methanol (90%) frac. >1000
hexane frac. >1000
dichloromethane frac. >1000
Pseudomonas aeruginosa (ATCC 27853)
ethyl acetate frac. >1000
Hyptis crenata Pohl. ex methanol (90%) frac. >1000
whole plant [64]
Benth hexane frac. 125
dichloromethane frac. 62.5
Staphylococcus aureus (ATCC 25923)
ethyl acetate frac. 125
methanol (90%) frac. >1000
ethanol Enterococcus faecalis (ATCC29218) 500
ethanol Pseudomonas aeruginosa (ATCC 27853) >1000
ethanol Staphylococcus aureus (ATCC 25923) 250
methanol 9100
Jacaranda cuspidifolia Mart. barks Staphylococcus aureus (ATCC 13709) [74]
chloroform frac. 9300
Staphylococcus aureus (ATCC 25923
Jatropha elliptica (Pohl) . aphylococcus aureus ( . . )
Ok rhizome ethanol Staphylococcus aureus (resistant strains ND [27]
en NorA, MsrA)
it
ca‘c‘ asa Staphylococcus aureus (ATCC 25923) 250
Kiel lathrophyton (Brazilian rum)
a
ielmeyera / ophytor barks — ‘ 31]
Saddi cachaca Escherichia coli (ATCC 25922)
s >1000
(Brazilian rum) Pseudomonas aeruginosa (ATCC 27853)
it thyl acetate, etha-
exane, ety alce ate, et Staphylococcus aureus (ATCC 29213) ND
no
Kielmeyera neglecta Saddi leaves . [75]
ethanol Enterococcus faecalis (ATCC 51299) ND
ethyl acetate, ethanol Staphylococcus aureus (ATCC 43300) ND
Staphylococcus aureus (ATCC 25923) 62.5
hexane Escherichia coli (ATCC 25922)
>100
Kielmeyera variabilis Mart Pseudomonas aeruginosa (ATCC 15442)
’ ’ stems [76]
& Zucc. Staphylococcus aureus (ATCC 25923)
methanol Escherichia coli (ATCC 25922) >100
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Plant species Plant part X rz.lc type or Microorganism ¢ Ref.
Extraction solvent** (ng/mL***)
Lafoensia pacari St. Hilaire roots ethanol Staphylococus aureus (DFUB) ND [25]
leaves OCCUS ) i i
ethanol Staphylococcus aureus (resistant strains
stem barks NorA, MsrA)
hexane frac. Staphylococcus aureus (resistant strains
27
chloroform frac. NorA) 7]
stem barks
methanol frac. Staphylococcus aureus (ATCC 25923)
Staphylococcus aureus (resistant strains
ethyl acetate frac. NorA)
Lafoensia pacari St. Hilaire ND
methanol Staphylococcus aur.eus (ATCC 25923) [42]
Pseudomonas aeruginosa (ATCC 27853)
leaves Pseudomona aeruginosa (ATCC 2785)
water/methanol (33%) Pseudomona aeruginosa (ATCC 2785)
Staphylococcus aureus (ATCC 25923) [77]
Pseud. inosa (ATCC 2785
stem barks water-methanol (33%) seudomona aeruginosa (ATCC 2785)
Staphylococcus aureus (ATCC 25923)
hexane frac. ND
Lantana camara L. leaves Staphylococcus aureus (ATCC 25923) [33]
ethyl acetate frac. ND
methanol frac. ND
leaves [33]
Lantana camara L. methanol Staphylococcus aureus (ATCC 25923) 1250
roots dichloromethane ND [41]
leaves hexane frac.
leaves methanol frac.
leaves, stems methanol ND
Staphylococcus aureus (ATCC 25923)
Lantana fucata Lindl.* leaves, stems hexane frac. (33]
leaves, stems methanol frac.
leaves methanol 625
leaves, stems methanol Staphylococcus aureus (ATCC 25923) 1250
Staphylococcus aureus (ATCC 6538p)
capitulae, leaves methanol Escherichia coli (ATCC 11103) 2500 [51]
Leiothix spiralis (Bong.
ciothix spiralis (Bong.) Pseudomonas aeruginosa (ATCC 27853)
Ruhland
hexane, methylene chloride Staphylococcus aureus (ATCC 25923) 1000
leaves ’ ’ [78]
methanol Enterococcus faecalis (ATCC 29212) 500
hexane, methylene chloride, Escherichia coli (ATCC 25922) ~1000 78]
methanol Pseudomonas aeruginosa (ATCC 27853)
Staphylococcus aureus (ATCC 25923) 1000
Leiothix spiralis (Bong.) leaves
Ruhland Enterococcus faecalis (ATCC 29212) 500
methanol [79]
Escherichia coli (ATCC 25922)
>1000
Pseudomonas aeruginosa (ATCC 27853)
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. Extract type or . . MIC
Plant species Plant part . Microorganism Ref.
Extraction solvent** (ng/mL**%*)
Escherichia coli (ETEC TR 441), (EIEC 1000
0461-4)
Escherichia coli (STEC 2781-8) 800
Lippia alba (Mill.) N.E.Br. leaves essential oil [26]
Escherichia coli (EIEC 240-1) 500
Escherichia coli (STEC 0157), (EPEC 400
0031-2)
Staphylococcus aureus (ATCC 25923)
leaves > 1000 [62]
Pseudomonas aeruginosa (ATCC 15443)
ethanol (90%)
Staphylococcus aureus (ATCC 25923)
omia alb 1 >1000 [63]
Lippia alba (Mill.) N.E.Br. Pseudomonas aeruginosa (ATCC 15442)
aerial parts Staphylococcus aureus (ATCC 25923) ND [80]
essential oil Staphylococcus aureus (MRSA ND [80]
BMB9393)
Luehea paniculata Mart. & bark aqueous, water-alcohol Staphylococcus aureus (ATCC 25923) 125-250 [46]
arks
Zuce. (50%) Pseudomonas aeruginosa (ATCC 27853) >1000
Staphylococcus aureus (multiresistant
Lygodium venustum SW leaves ethyl acetate frac. clinical isolates 358) >1024 [81]
Escherichia coli (27)
Marsdenia altissima (Jacq.) leaves cthanol Staphylococcus aureus (resistant strains ND [27]
Dugand NorA, MsrA)
essential oil Escherichia coli (all serothypes) >1000 [26]
leaves ethanol (90%) Staphylococcus aureus (ATCC 25923) 500
[62]
Mikania glomerata Spreng. ethanol (90%) Pseudomonas aeruginosa (ATCC 15443) > 1000
ethanol (90%) Staphylococcus aureus (ATCC 25923) 500
aerial parts [63]
ethanol (90%) Pseudomonas aeruginosa (ATCC 15442) >1000
leaves methanol Staphylococcus aureus (ATCC 25923) 2500 [33]
Mikania hirsutissima DC.
aerial parts ethanol Staphylococcus aureus (ATCC 25985) 5000 [60]
Escherichia coli (EIEC 1381-7) 900
Mikania laevigata Sch. Bip. ) ial oil
Ex Baker eaves essential o Escherichia coli (STEC 2781-8), (EIEC 600 (26]
240-1)
Escherichia coli (ETEC 5041-1), (EPEC 500
Mikania laevigata Sch. Bip.
thamia faevigata S P leaves essential oil 0031-2) [26]
Ex Baker
Escherichia coli (STEC 0157) 300
. hexane frac. Enterococcus faecalis 313
Mitracarpus frigidus (Willd.
ex Roem. & Schult.) aerial parts Staphylococcus aureus 313 [82]
K.Schum. dichloromethane frac.
Escherichia coli 313
Mora paraensis (Ducke) dichloromethane/methanol,
leaves, stems Staphylococcus aureus (ATCC 29216) >200 [52]
Ducke aqueous




Native Brazilian Plants Against Nosocomial Infections

Current Topics in Medicinal Chemistry, 2013, Vol. 13, No. 24 3055

(Table 1) contd....

Extract MI
Plant species Plant part X rz.lc type or Microorganism ¢ Ref.
Extraction solvent** (ng/mL***)
Enterococcus faecalis (ATCC 29212) 0.031%
Escherichia coli (ATCC 26992) 1%
Myrcia ovata Cambess leaves essential oil [83]
Pseudomonas aeruginosa (ATCC 27853) > 1%
Staphylococcus aureus (ATCC 25923) 0.25
Mpyrcianthes cisplatensis | chloroform Mycobacterium tuberculosis (H37Rv 100 (6]
eaves
(Cambess.) O.Berg. acetone ATCC 27294) 200
, e . dichloromethane/methanol, .
Myrsine parvifolia A.DC.* aerial parts Enterococcus faecalis (ATCC 29214) 30 [52]
aqueous
Ocimum carnosum (Spreng.) . L.
. aerial parts essential oil Staphylococcus aureus (ATCC 25923) ND [43]
Link & Otto ex Benth.*
aerial parts Escherichia coli (ATCC 25922) [44]
Ocimum carnosum (Spreng.) dal oil Staphv ] BMB 9393 ND 7
Link & Otto ex Benth.* 1 essential oi taphylococus aureus ( ) [71]
eaves
Escherichia coli [72]
Ocotea sp aerial organs organic Staphylococcus aureus (ATCC 29213) 180 [52]
Staphylococcus aureus (ATCC 29213)
organic
Enterococcus faecalis (ATCC 29212
Palicourea guianensis Aubl. aerial organs nterococeus faecalis ( ) 40 [52]
dichloromethane/methanol, .
Enterococcus faecalis (ATCC 29216)
aqueous
ethanol (70%)
Paullinia ek - Camb L . Mycobacterium tuberculosis H37TRv 200 66
aullinia elegans Cambess. eaves acetone (ATCC 27294) [66]
chloroform
. . Mpycobacterium tuberculosis H37Rv
Petunia sp. aerial parts acetone 50 [66]
(ATCC 27294)
. . Mpycobacterium tuberculosis H37Rv
Petunia sp. aerial parts chloroform 50 [66]
(ATCC 27294)
P I t .
Yafia glomerata (spreng.) Aerial parts ethanol Staphylococcus aureus (ATCC 25985) 10000 [60]
Pedersen
methanol frac. ND
Phyllanthus tenellus Roxb. leaves Staphylococcus aureus (ATCC 25923) [33]
methanol 625
Escherichia coli (ATCC 8739) 48 uL/L
Pimenta pseudocaryophyllus
(Gomes) Landrum leaves essential oil Pseudomonas aeruginosa (ATCC 9027) 48 uL/L [84]
(Cardoso Island)
Staphylococcus aureus (ATCC 6538) 0.047 pL/L
Escherichia coli (ATCC 8739) 48 uL/L
Pimenta pseudocaryophyllus .
L Pseudomonas aeruginosa (ATCC 9027) 48 uL/L
(Gomes) Landrum leaves essential oil [84]
Paranapiacaba 1.5 /L
( P ) Staphylococcus aureus (ATCC 6538) "
Piper abutilodes Kunth leaves essential oil Escherichia coli (STEC 0157) 700 [26]
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Plant species Plant part X rz.lc type or Microorganism ¢ Ref.
Extraction solvent** (ng/mL**%*)
essential oil Escherichia coli (STEC 2781-8) 1000
Piper aduncum L. leaves o Escherichia coli (EPEC 0031-2), (EIEC [26]
essential oil 900
1381-7),( EIEC 0461-4), EIEC 240-1)
Piper aduncum L. leaves essential oil Escherichia coli (STEC 0157) 500 [26]
dichloromethane/methanol Staphylococcus aureus (ATCC 29213) 60
Piper arboreum Aubl. aerial parts ’ [52]
aqueous Enterococcus faecalis (ATCC 29212) 80
Staphylococcus aureus (ATCC 25923)
aqueous Escherichia coli (ATCC 25922) >1000
Pseudomonas aeruginosa (ATCC 27853)
Piper gaudichaudianum leaves crude Staphylococcus aureus (ATCC 25923) 250 85]
Kunth.
erude Escherichia colz: (ATCC 25922) ~1000
Pseudomonas aeruginosa (ATCC 27853)
hexane frac. Staphylococcus aureus (ATCC 25923) 1000
hexane, dichloromethane, oo .
thvl acetate. dichl Escherichia coli (ATCC 25922) ~1000
ethytacetate, dichioro- Pseudomonas aeruginosa (ATCC 27853)
methane/ethyl acetate frac.
dichloromethane, ethyl
Staphylococcus aureus (ATCC 25923) 62.5
Piper gaudichaudianum acetate frac.
h leaves [85]
Kunth. Dichloromethane,ethyl
Staphylococcus aureus (ATCC 25923) 125
acetate frac.
Staphylococcus aureus (ATCC 25923)
ethyl acetate, methanol frac. | Pseudomonas aeruginosa (ATCC 27853) >1000
Escherichia coli (ATCC 25922)
Escherichia coli (EPEC 0031-2) 900
Piper marginatum Jacq. leaves essential oil [26]
Escherichia coli (STEC 0157) 700
roots, aerial parts ethanol Enterococcus faecium (ATCC 6569) ND
i (86]
leaves, fruits, . .
; essential oil Staphylococcus aureus (ATCC 25923) ND
roots
Piper miquelianum C.DC.*
Staphylococcus aureus (ATCC 25923) 9
leaves essential oil Pseudomonas aeruginosa (27853) [87]
ND
Escherichia coli (ATCC 25922)
Staphylococcus aureus (ATCC 25923) 5
fruits essential oil Pseudomonas aeruginosa (27853)
ND
Escherichia coli (ATCC 25922)
Piper miquelianum C.DC.* Staphylococcus aureus (ATCC 25923) 5 [87]
S. epidermides (ATCC 12228) 5
roots essential oil
Pseudomonas aeruginosa (27853)
ND
Escherichia coli (ATCC 25922)
Piper mollicomum Kunth. leaves essential oil Escherichia coli (STEC 0157) 1000 [26]
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(Aubl.) March.

ethyl acetate frac.

methanol (90%) frac.

Plant species Plant part . Microorganism Ref.
Extraction solvent** (ng/mL***)
| ‘ Staphylococcus aureus (ATCC 25923)
Piper ovatum Vahl. ea\t/)es,kroo ’ ethanol (90%) Pseudomonas aeruginosa (ATCC 27853) >1000 [88]
arks
Escherichia colli (ATCC 25922)
Escherichia coli (STEC 0157) 1000
Piper regnelli (Miq.) C.DC. leaves essential oil [26]
Escherichia coli (EPEC 0031-2) 300
Staphylococcus aureus (ATCC 25923) 7.8
leaves [62]
Pseudomonas aeruginosa (ATCC 15443) 250
Piper regnelli (Miq.) C.DC. ethanol (90%)
Staphylococcus aureus (ATCC 25923) 7.8
aerial parts [63]
Pseudomonas aeruginosa (ATCC 15442) 250
Staphylococcus aureus (MRSA ATCC
Piper regnellii (Miq.) C. DC. aduens 33591), (MRSA ATCC 4300)
var. pallescens (C. DC.) leaves 16 [89]
Yunck ethyl acetate Staphylococcus aureus (MSSA
ATCC2921), (MSSA ATCC25923)
. . Staphylococcus aureus (ATCC 25923)
Plathymenia reticulata cachaga o .
barkss . Escherichia coli (ATCC 25922) >1000 [31]
Benth. (Brazilian rum)
Pseudomonas aeruginosa (ATCC 27853)
barks, heartwood chloroform Staphylococcus aureus (ATCC 21027) ND
90
Plenckia populnea Reissek* branches barks methanol 2000 o]
Pseudomonas aeruginosa (ATCC 15442)
roots methanol 1000
methanol Staphylococcus aureus (MARSA) 2000
butanol
Plenckia populnea Reissek* branches barks [90]
ethyl acetate Staphylococcus aureus (ATCC 21027) 500
methanol
Plinia cauliflora (Mart.) water-alcohol
leaves Staphylococcus aureus (ATCC 25923) 1250 [91]
Kausel
aqueous frac.
Plinia caul Mart.
ma LaIl(l zﬂorla (Mart.) leaves ethyl acetate frac. Staphylococcus aureus (ATCC 25923) 1250 [91]
ause
Poincianella pyra‘midalis leaves cthanol Staphylococcus aureus (resistant strains ND [27]
(Tul.) L.P.Queiroz* NorA, MsrA)
Escherichia coli (ATTC 25922) 910
Pseudomonas aeruginosa (ATCC 27853) ND
Poiretia bahiana Miill. Hal. aerial parts, fruits essential oil Staphylococcus aureus (ATCC 25923) 36300 [92]
taphylococcus s (MRSA AT
Staphylococcus aureus (MRS CC 16300
33591)
ethanol
hexane frac.
Protium heptaphyll
rotium eptaphytm stem barks dichloromethane frac. Enterococcus faecalis (ATCC29218) >1000 [64]
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Extraction solvent** (ng/mL**%*)
ethanol
hexane frac. Pseudomonas aeruginosa (ATCC 27853) >1000
dichloromethane frac.
ethyl acetate frac.
Pseudomonas aeruginosa (ATCC 27853) >1000
Protium heptaphyllum methanol (90%) frac.
bl W stem barks [64]
(Aubl.) March. ethanol 125
Staphylococcus aureus (ATCC 25923)
hexane frac. >1000
Protium heptaphyllum ethyl acetate frac. 125
bl h stem bark Staphylococcus aureus (ATCC 25923) [64]
(Aubl.) March. methanol (90%) frac. 62.5
Staphylococcus aureus (ATCC 29213) 40
leaves, flowers
Enterococcus faecalis (ATCC 29212)
Psidium densicomum Mart. dichloromethane/methanol, Staphylococcus aureus (ATCC 29213) 60 52
Ex DC. aerial parts aqueous [52]
Enterococcus faecalis (ATCC 29212)
leaves, flowers
Staphylococcus aureus (ATCC 29213) 40
dichloromethane/methanol, Enterococcus faecalis (ATCC 29214) 60
leaves, flowers
aqueous
Psidium densicomum Mart. qa Staphylococcus aureus (ATCC 29213) 40 (521
Ex DC. dichloromethane/methanol, Enterococcus faecalis (ATCC 29215)
aerial parts 60
aqueous Staphylococcus aureus (ATCC 29214)
Staphylococcus s (MRSA ATCC
Psidium guineense Swartz leaves aqueou aphylococeus aureus ( 250 [93]
25923)
h Staphylococcus aureus (ATCC 25923),
cachaca
Pterodon emarginatus Vogel barks . ¢ Escherichia coli (ATCC 25922) >1000 [31]
(Brazilian rum) .
Pseudomonas aeruginosa (ATCC 27853)
Staphylococcus aureus (2592) 50000
Escherichia coli (ATCC 8739)
leaves essential oil [94]
Pterodon emarginatus Vo- Escherichia coli (ATCC 11225) >50000
gel*
Pseudomonas aeruginosa (ATCC 9027)
stem cthanol Staphylococcus aureus (resistant strains ND 27]
NorA, MsrA)
. cachaga
Qualea grandiflora Mart. leaves . Staphylococcus aureus (ATCC 25923) >1000 [31]
(Brazilian rum)
cachaca Escherichia coli (ATCC 25922)
leaves . >1000 [31]
(Brazilian rum) Pseudomonas aeruginosa (ATCC 27853)
Staphylococcus aureus (ATCC 25923)
Qualea grandiflora Mart. barks methanol [42]
Pseudomonas aeruginosa (ATCC 27853)
ND
Staphylococcus aureus (ATCC 6538)
stem barks ethanol [59]
Pseudomonas aeruginosa (B 8)
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Escherichia coli (ATCC 25922)

Plant species Plant part . Microorganism Ref.
Extraction solvent** (ng/mL**%*)
Staphylococcus aureus (ATCC 6538)
Rollina sericea (R.E.F.) L
RE.Fr leaves essential oil Escherichia coli (ATCC 8739) ND [95]
Pseudomonas aeruginosa (ATCC 9027)
ethanol
) >1000
Roupala montana var. brasil- hexane frac.
iensis (Klotzsch) stem barks Enterococcus faecalis (ATCC29218) [64]
K_S.Edwards* dichloromethane frac. 62.5
ethyl acetate frac. >1000
methanol (90%) frac. Enterococcus faecalis (ATCC29218)
ethanol
hexane frac.
>1000
dichloromethane frac. Pseudomonas aeruginosa (ATCC 27853)
ethyl acetate frac.
Roupala montana var. brasil-
iensis (Klotzsch) stem barks methanol (90%) frac. [64]
K.S.Edwards*
ethanol 125
hexane frac. 125
dichloromethane frac. Staphylococcus aureus (ATCC 25923) 15.6
ethyl acetate frac. 125
methanol (90%) frac. 125
aqueous Staphylococcus aureus (ATCC 29213) 60
Roupala sp stems [52]
organic Enterococcus faecalis (ATCC 29212) 100
Ruizterania retusa (Spruce dichloromethane/methanol,
. wood Staphylococcus aureus (ATCC 29213) 140 [52]
ex Warm.) Marc.-Berti aqueous
Mpycobacterium tuberculosis (H37TR
Ruprechtia laxiflora Meisn. leaves ethanol (70%) ycobacterium tuberculosis ( v 200 [66]
ATCC 27294)
Sacoila lanceolata (Aubl.) .
Garay* aerial parts ethanol Staphylococcus aureus (ATCC 25985) 10000 [60]
leaves ethanol (90%) Staphylococcus aureus (ATCC 25923)
[62]
Sambucus canadensis L. leaves ethanol (90%) Pseudomonas aeruginosa (ATCC 15443) -~ 1000
aerial parts ethanol (90%) Staphylococcus aureus (ATCC 25923)
[63]
aerial parts ethanol (90%) Pseudomonas aeruginosa (ATCC 15442)
Pseudomonas aeruginosa (ATCC 17759) 250
aqueous Staphylococcus aureus (ATCC 6538p) 125
Escherichia coli (ATCC 25922)
Schinus lentiscifolius Mar- aerial parts Staphylococcus aureus (ATCC 6538p) 250 [96]
chand Pseudomonas aeruginosa (ATCC 17759)
methanol Staphylococcus epidermidis (ATCC
12228) 500
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Plant species Plant part Extraction solvent** Microorganism (ug/mL**%) Ref.
Staphylococcus aureus (ATCC 6538p)
hi frac. >500
exane frac Escherichia coli (ATCC 25922)
hexane frac. Pseudomonas aeruginosa (ATCC 17759) 500
Staphylococcus aureus (ATCC 6538p) 125
ethyl acetate frac. Pseudomonas aeruginosa (ATCC 17759)
. g . 250
Schinus lentiscifolius Mar aerial parts Escherichia coli (ATCC 25922) [96]
chand
Staphylococcus aureus (ATCC 6538p)
butanol frac. Pseudomonas aeruginosa (ATCC 17759) 250
Escherichia coli (ATCC 25922)
wood barks ethanol Staphylococus aureus (DFUB) [25]
ethanol Staphylococcus aureus (resistant strain
Nor A)
Staphylococcus aureus (ATCC 25923),
h frac.
exane frac (resistant strains NorA, MsrA)
Schinus terebinthifolius
Raddi Staphylococcus aureus (resistant strains ND
stem barks chloroform frac. [27]
NorA, MsrA)
ethyl acetate frac. Staphylococc;i) :Z;:el\l/t[ss r(;e)smtant strains
water/methanol fac. Staphylococcus aureus (resistant strains
NorA, MsrA)
leaves ethanol Staphylococcus aureus (ATCC 25923) ND [27]
ter-alcohol Staphylococcus aureus (ATCC 25923) 250
Schinus terebinthifolius barks aqueous, ;Voi;r alcono [46]
Raddi (50%) Pseudomonas aeruginosa (ATCC 27853) >1000
. [96]
NS ethanol Enterococcus faecalis (ATCC 29212) ND [97]
Scoparia sp aerial parts ethanol Staphylococcus aureus (ATCC 25985) 2000 [60]
312.5
625.00
156.25
Scutia buxifolia Reissek leaves dichloromethane/ethanol My C()bactelzf;;étcul;es};clug))szs (H37Rv 312.5 [98]
312.5
156.25
625
Serjania lethalis A. St.-Hil Stem ethanol Staphy lococc;zfzfe;/[a;fgmstant strains ND [27]
chloroform frac.
stems ethyl acetate frac.
Staphylococcus aureus (ATCC 25923)
Serjania lethalis A. St.-Hil water/methanol frac. Staphylococcus aureus (resistant strains ND [27]
NorA, MsrA)
ethanol
leaves
hexane frac.
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Extract MI
Plant species Plant part X rz.lc type or Microorganism ¢ Ref.
Extraction solvent** (ng/mL***)
chloroform frac.
ethyl acetate frac.
Sideroxylon obtusifolium
Staphylococcus aureus (MSSA ATCC
. . tem bark: thyl acetate frac. 256-512 99
(Roem. & Schult.) stem barks ethyl acetate frac 29213),( MRSA ATCC 33591) [99]
T.D.Penn.*
. ethanol
Simarouba amara Aubl. stems Staphylococcus aureus (MsrA RN4220) ND [27]
i e ethanol
Simarouba ve;j.;zwlor A.St stem barks Pseudomonas aeruginosa (ATCC 27853) >1000 [64]
Hi hexane frac.
dichloromethane frac. >1000
ethyl acetate frac. Pseudomonas aeruginosa (ATCC 27853) >1000
water/methanol frac. >1000
ethanol 125
hexane frac. >1000
dichloromethane frac. Staphylococcus aureus (ATCC 25923) >1000
Simarouba v;ri.:zcolor A.St stem barks ethyl acetate frac. 125 [64]
methanol (90%) frac. 62.5
ethanol
hexane frac. >1000
dichloromethane frac. Enterococcus faecalis (ATCC29218)
ethyl acetate frac. 250
methanol (90%) frac. >1000
Smilax rufescens Griseb. aerial parts organic Enterococcus faecalis (ATCC 29212) 80 [52]
Solanum palinacanthum .
Dunal aerial parts methanol Staphylococcus aureus (ATCC 25923) 2500 [100]
Solidago chilensis Meyen NS alcohol Pseudomonas aeriginosa (ATCC 27853) 400 [101]
Staphylococcus aureus (ATCC 6538p)
Solidago chilens Meyen* aerial parts essential oil Escherichia coli (ATCC 25792) 1250 [102]
Pseudomonas aeruginosa (ATCC 27853)
Staphylococcus aureus (ATCC 25923)
leaves [62]
: o Pseudomonas aeruginosa (ATCC 15443)
Spilanthes acmella (L.) ethanol (90%) ~ 1000
Murr. Staphylococcus aureus (ATCC 25923)
aerial parts [63]
Pseudomonas aeruginosa (ATCC 15442)
butanol frac. Staphylococcus aureus (ATCCC 25923) ND
roots [103]
ethyl acetate frac. Staphylococcus aureus (ATCCC 25923) ND
Stachytarpheta cayennensis Escherichia coli (STEC 0157), (EIEC 900
(Rich.) Vahl* leaves essential oil 1381-7), (EIEC 240-1) [26]
Escherichia coli (STEC 2781-8) 700
aerial parts ethanol Staphylococcus aureus (ATCC 25985) 5000 [60]
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Extract MI
Plant species Plant part X rz.lc type or Microorganism ¢ Ref.
Extraction solvent** (ng/mL**%*)
tryphnodend Icherri- dichl thane-methanol
Stryphno en‘ ron putcherrt stems teorometianc-metiano Enterococcus faecalis (ATCC 29212) 60 [52]
mum (Willd.) Hochr. (50%), aqueous
Tab t lat thanol/dichl thi
abernaemon ajm GREHIGHE stems fethanoydicioromethane Staphylococcus aureus (ATCC 6538) 4000 [104]
Mart. ex Miill. Arg. (50%)
Staphylococcus aureus (ATCC 25923) 1000
it
barkss cachaca Escherichia coli (ATCC 25922) [31]
(Brazilian rum) >1000
Tachigali aurea Tul.* Pseudomonas aeruginosa (ATCC 27853)
Staphylococcus aureus (ATCC 25923) ND
leaves methanol [42]
Pseudomonas aeruginosa (ATCC 27853) ND
Talisia esculenta (Cambess.) Stem ethanol Staphylococcus aureus (resistant strains ND [27]
Radlk. NorA, MsrA)
Staphylococcus aureus (ATCC 25923) > 1000
leaves [62]
Pseudomonas aeruginosa (ATCC 15443) 500
Tanacetum vulgare L. ethanol (90%)
Staphylococcus aureus (ATCC 25923) >1000
aerial parts [63]
Pseudomonas aeruginosa (ATCC 15442) 500
Tillandsia strept Escherichia coli (ATCC 25922)
Hanas zg s krep ocarpa aerial parts methanol Staphylococcus aureus (ATCC 25923) 500 [105]
aker
Pseudomonas aeruginosa (ATCC15442)
Staphylococcus aureus (ATCC 29213) 100
Tovomz:la aff. longifolia leaves organic Enterococcus faecalis (ATCC 29212) 70 [47]
(Rich.) Hochr.
Pseudomonas aeruginosa (ATCC 27853) =200
Escherichia coli (ATCC 25922)
Staphylococcus aureus (ATCC 29213)
Tovomita cf- brevistaminea leaves, fruits aqueous Enterococcusfaecrlzlis (ATCC 29212) =200 [47]
Engl. Pseudomonas aeruginosa (ATCC 27853)
Escherichia coli (ATCC 25922)
Enterococcus faecalis (ATCC 29212)
Tovomita fructipendula ) Pseudomonas aeruginosa (ATCC 27853) >200
(Ruiz & Pav.)* leaves organic Escherichia coli (ATCC 25922) [47]
Staphylococcus aureus (ATCC 29213) 140
carbon dioxide (10 1000
MPa/50°C)
Varronia curassavica Jacq.* leaves aqueous, ethanol (25%) Staphylococcus aureus (ATCC 25923) 2000 [106]
carbon dioxide/ethyl acetate 500
(5%)
carbon dioxide (30 375+ 120
MPa/30°C)
Varronia curassavica Jacq.* leaves carbon dioxide/ethyl acetate Staphylococcus aureus (ATCC 25923) [106]
(5%), carbon diox- 250
ide/ethanol, ethyl acetate
frac.
thanol (259
Varronia curassavica Jacq.* leaves ethanol (25%), aqueous, Escherichia coli (ATCC 25922) 2000 [106]
ethyl acetate, hexane
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Extract MI
Plant species Plant part X rz.lc type or Microorganism ¢ Ref.
Extraction solvent** (ng/mL***)
carbon dioxide (10
MPa/50°C, 30 MPa/30°
a/30°C, 30 MPa/30°C), >4000
carbon dioxide/ethyl ace-
tate, hexane
Pseudomonas aeruginosa (ATCC 27853)
ethyl acetate frac. 1500 £+ 500
ethanol (25%), aqueous,
carbon dioxide/ethanol 1000
(5%)
Escherichia coli (STEC 0157), (EIE
essential oil scherichia coli (STEC 0157), (EIEC >1000 [26]
1381-7), (EIEC 240-1) (STEC 2781-8)
dichl thane/methanol
Virola sebifera Aubl.* leavs teoromethane/methancd, Enterococcus faecalis (ATCC 29213) 40 [52]
aqueous
organic Staphylococcus aureus (ATCC 29213)
Vismi j sis (Aubl. s faecalis
ismia guzane‘nszs (Aubl.) acrial parts Enterococcusfaew.zlu (ATCC 29212) =200 [47]
Choisy aqueous Pseudomonas aeruginosa (ATCC 27853)
Escherichia coli (ATCC 25922)
Staphylococcus aureus (ATCC 29213),
Ent us faecalis (ATCC 29212,
Vismia schultesii N.Robson aerial parts aqueous nterococeus fuecalis ( cc ) >200 [47]
Pseudomonas aeruginosa (ATCC
27853), Escherichia coli (ATCC 25922)
Staphylococcus aureus (ATCC 29213)
Vismia schultesii N.Robson stems aqueous Enterococcus . aecrlzlts (ATCC 29212) >200 [47]
Pseudomonas aeruginosa (ATCC 27853)
Escherichia coli (ATCC 25922)
Xylo: jliatifolia (Cl
yiosma (;,M;llfa ia (Clos) root barks hexane, chloroform frac. Staphylococcus aureus (ATCC 6538) 250 [107]
ichler
dichloromethane/methanol
Zanthoxylum sp. stems Staphylococcus aureus (ATCC 29213) 60 [52]
(50%), aqueous
Staphylococcus s (ATCC 29213),
Ziziphus joazeiro Mart. barks triterpenoid frac. aphylococcus aureus ( ) 128 [108]
(MRSA ATCC 33591)

selected for the studies based on their medicinal properties,
which represents about half of the potential species. From
the 2871 angiosperm genera accepted for Brazil [23], six
were the most studied for antimicrobial activities: Copaifera
L. (9 species), Piper L. (9 species), Eugenia L. (7 species)
and Hypericum L. (6 species).

Successful determination of biologically active com-
pounds from plant material is largely dependent on the type
of solvent used in the extraction procedure. Good solvent
properties in plant extractions include low toxicity, easy
evaporation at low heat, and promotion of rapid physiologic
absorption of the extract, preservative action and inability to
cause the extract to complex or dissociate [110]. Eloff [111]
examined several solvents for their ability to solubilise an-
timicrobials from plants, considering several of the factors
mentioned earlier, and acetone received the highest overall
rating, presenting the lowest minimum inhibitory concentra-
tion for Gram positive organisms tested and the largest num-
ber of different components and inhibitors from two plants
tested. However, the author also remarks that different re-

sults may be obtained if other plants are used and a
generalization cannot be made on the usefulness of acetone
as the solvent of choice. The most commonly used solvents
for antimicrobial activity screenings in plants are methanol
and ethanol, pure or mixed with different proportions of
water, considering their properties and the fact that most of
the plant secondary metabolites are soluble in both solvents
[110, 112]. For these reasons, the preferable extraction sol-
vents for most of plant species (127) were ethanol or metha-
nol.

The ideal method for screening plants for a variety of
compounds is a successive exhaustive extraction with sol-
vents of increasing polarity from a non-polar (hexane) to a
more polar (methanol), or the classical method of bio-guided
fractionation. In this method as soon as an activity is ob-
served in the crude extract, it is subjected to fractionation by
solvents of increasing polarity affording fractions containing
mixtures of different classes of secondary metabolites [110,
113]. The fractionation also can separate compounds with
selectivity for determined microorganism, as can be seen in
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the case of B. tetraphylla where the crude hydroalcoholic
presented a minimum inhibitory concentration (MIC) of 25
mg/mL against E. faecalis and in its n-butanol fraction the
MIC decreased for 12.5 mg/mL [91].

The best way to compare the in vitro antibacterial activity
of plant extracts is by their MIC values. The survey of
publications shows that most of the studies with Brazilian
plants used unfractionated extracts of various plant parts, and
still a considerable number do not present MIC values for the
crude extracts (Table 1). Plant extracts generally present a
weak antibacterial activity, with MIC values for crude ex-
tracts exceeding 100 pg/mL, and often in the mg/mL range,
against nosocomial pathogens such as S. aureus and P. aeru-
ginosa [114]. Normally, in screening studies where MIC
values are lower than 100 ng/mL, the extracts are considered
with a good antimicrobial activity for further studies [69, 52,
115]. Considering these values, some native species could be
considered targets for the development of new antibiotics
such as P. regnelli, with MIC of 7.8 pg/mL against S.
aureus, M. parvifolia and Virola sebifera, with respective
MIC’s of 30 and 40 pg/mL for E. faecalis, and P. densi-
comum and G. leyboldii, both with MIC’s of 40 pg/mL
against S. aureus [47, 52, 63, 62].

Although some of the studies presented interesting re-
sults, the authors usually concluded that further in vitro stud-
ies are still need, but in most cases no complimentary re-
search is found. Few articles describe the identification of
the main components and test them for antimicrobial activ-
ity. Pretto et al. [115] tested the antimicrobial activity in the
extracts and fractions of different parts of C. brasiliense as
well as of some compounds that already had been isolated
from the leaves of this plant. The results suggested a syner-
gistic effect of these compounds once some of the extracts
and fractions presented lower MIC values than any of the
isolated compounds.

Although several metabolite classes, including phenolic
acids and polyphenols [116], phenanthrenes [117], flavon-
oids [118], terpenoids, [119] present in plant extracts have
been described as antibacterial products, to date, none has
been approved as a systemic antibacterial drug. This is in
part, because the narrow spectrum of activity or their mode
of action is often very specific or it can also be completely
non-specific. For these reasons, the concept of antimicrobial
synergy may enhance efficacy, reduce toxicity, decrease
adverse side effects, increase bioavailability, lower the dose
and reduce the advance of antimicrobial resistance. This ap-
proach of combining antibacterial drugs with natural product
has recently become a research priority, since few articles
are found dealing with this subject. In the extracts from na-
tive Brazilian plants, only the S. rotundifolium crude extract
was evaluated in combination with conventional aminogly-
coside antibiotics (gentamicin, kanamycin, amikacin and
neomycin) against multidrug resistant strains of S. aureus
and E. coli. The crude hydroalcoholic extract showed a low
antibacterial activity with MIC value of 512 pg/mL. How-
ever, when combining the antibiotics with sub-inhibitory
concentration of the extract (64 ng/mL) the MIC’s from the
antibiotics decreased from a range of 2500-39 pg/mL to a
range of 312.5-2.4 pg/mL [91].

Moreno et al.

Several studies proposed that natural compounds in com-
bination with antibiotics are a new strategy for developing
therapies for infections caused by bacterial species and that
natural plant products can potentiate the activity of antibiot-
ics in combination [120, 121; 122; 123]. Resistant strains of
S. aureus and P. aeruginosa to aminoglycosides are involved
in nosocomial infections. The main resistance mechanisms to
aminoglycosides are active efflux and enzymatic inactivation
[122, 124]. Some plant secondary metabolites can effectively
inhibit the efflux pumps involved in antibiotic resistance
mechanisms [122, 125]. Understanding the synergy molecu-
lar mechanisms between plant metabolites and antibiotics is
fundamental for the development of a new strategy for the
treatment of infectious diseases, overcome drug-resistant
pathogens, and decrease the use of antibiotics and their side
effects.

Many native plants have been used in the folk medicine
because of their antimicrobial traits and the properties of
some of them have been investigated, as it could be seen in
Table 1. However, in most cases the investigations stop after
assessing the antimicrobial activity of the crude extract [27,
39] or after a first fractionation step with solvents of differ-
ent polarity [29, 40]. The majority of the studies do not pre-
sent a characterization of the major components present in
the extracts or fractions, not even using metabolite profiling
technologies. In the survey was found only 42 isolated com-
pounds that were evaluated for their antimicrobial activity
against relevant bacteria in nosocomial infections (Table 2).
These compounds were distributed among several classes,
like terpenes, neolignans, iridoid lactones, flavonoids, with
no major predominance of one single class.

In the literature, different groups of plant-derived com-
pounds, such as alkaloids, flavonoids, phenylpropanoids,
coumarins and terpenes, are described as antimicrobials. On
average, these metabolites have shown to possess moderate-
to-weak activity against rapidly growing mycobacteria and
staphylococci. [114, 116-119]. The compounds isolated from
native Brazilian plants were no different, the activities
ranged from a MIC of 1.56 pg/mL for the naphtoquinone
plumbagin against S. aureus [127] to 2000 pg/mL for the
diterpene ent-kaur-16-en-18-oic acid against E.coli and S.
aureus [54]. Plumbagin was the most active compound
found in the literature survey, no other isolated compound
showed such an activity. The second most active compound
was another diterpene, kaurenic acid, with MIC of 6-8
pg/mL against S. aureus [126]. The rest of the compounds
were in the same activity range found for the crude extracts.

These findings suggest that the use of plant extracts over
isolated compounds can be of great significance in therapeu-
tic treatments of multi-drug resistant organisms. Moreover,
the synergistic effects of antimicrobial extracts in association
with antibiotics can provide an effective therapy against drug
resistant bacteria. These synergistic combinations represent a
largely unexploited new form of chemotherapy with novel
and multiple mechanisms of action that can overcome mi-
crobial resistance.

Essential Oils

Aromatic plants and their essential oils were always ap-
plied for their antimicrobial effects in traditional medicine all



Native Brazilian Plants Against Nosocomial Infections Current Topics in Medicinal Chemistry, 2013, Vol. 13, No. 24 3065

Table 2. Isolated Compounds from Native Brazilian Plant Species Tested for Antimicrobial Activity. (NA: Not Active; ND: MIC
Not Determined by Authors)

Plants species Plant part Isolated compound Microorganism MIC (pg/mL) Ref.
Candida albicans 500
(ATCC 10231)
Chromolaena Staphylococcus aureus (ATCC 2913) 125
laevieat leaves laevigatin [49]
aevigata Pseudomonas aeruginosa (ATCC 9027) 1500
Escherichia.coli 1500
(ATCC 8739)
2,2-dimethyl-3,5-dihydroxy-
7-(4- hydroxyphenyl) chro- Staphylococcus aureus (ATCC 6538) 50
mane
Clusia burlemarxii
1 lyoniresinol and 3-O-a-L- 50
Bittrich caves yoniresinol and 3-O-o Staphylococcus aureus (ATCC 6538) 25 (501
rhamnopyranosylkaempferol
3-O-a-L- rh -
O-o-L-r amnolpyrano Staphylococcus aureus (ATCC 6538) 100
sylquercetin
(-)-copalic acid , Staphylococcus aureus (ATCC 6538) 10-8
(-)-polyalthic acid , Staphylococcus aureus (ATCC 6538) 50 -40
Copaifera paupera .
trunk oil [126]
-)-methyl-18-hyd -
(Herzog) Dwyer (-)-methy . yaroxy Staphylococcus aureus (ATCC 6538) >50
copaiferolate
(-)-kaurenic acid Staphylococcus aureus (ATCC 6538) 8-6
. . Escherichia coli (ATCC 25922), Escherichia coli;
. . e t-kaur-16-en-18- d S 2000
Croton antisyphiliticus roots entiauriomen-ie-otc act Staphylococcus aureus from clinical isolates [54]
Mart.
ent-kaur-16-en-18-oic acid Staphylococcus aureus (ATCC 6538) 250
7-hydroxy-calamenene Staphylococcus aureus MRSA (ATCC 9394) 39.06
Croton cajucara 7-hydroxy-calamenene Mpycobacterium tuberculosis (ATCC 27295) 3125
leaves [55]
Benth. Candida albi
7-hydroxy-calamenene ZZTZCé ; 4 41;11})% 78.12
Candida albicans
- eud 1 125
¢ - cudesmo (ATCC 10231)
Candida albicans
-eud 1 125
p-eudesmo (ATCC 10231)
Candida albicans
Guatteriopsis friesiana ¢-eudesmol (ATCC 10231) 300
(W. A. rodrigues) leaves [70]
Erkens e Maas. Staphylococcus aureus
- eud 1 250
¢ - cudesmo (ATCC 6538)
Staphylococcus aureus
-eud 1 >1000
p-eudesmo (ATCC 6538)
Staphylococcus aureus
-eud 1 600
preudesmo (ATCC 6538)
o - eudesmol Pseudomonas aeruginosa (ATCC 13388) 200
Guatteriopsis friesiana B-eudesmol Pseudomonas aeruginosa (ATCC 13388) >100
(W. A. rodrigues) leaves @-eudesmol Pseudomonas aeruginosa (ATCC 13388) 300 [70]
Erkens e Maas.
Escherichia coli
- eud 1 ND
o eudesmo (ATCC 11775)
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Plants species Plant part Isolated compound Microorganism MIC (pg/mL) Ref.
Escherichia coli
-eud 1 >1000
p-eudesmo (ATCC 11775)
Escherichia coli
-eud 1 >1000
preudesmo (ATCC 11775)
Staphylococcus aureus (ATCC 6538p)
allamandin Escherichia coli 10
(ATCC 25792)
Himatanthus sucuuba allamandin Pseudomonas aeruginosa (ATCC 27853) 20
(Spruce ex Miill.Arg.) roots Staphylococcus aureus [73]
Woodson plumericine (ATCC 6538p) 10
Pseudomonas aeruginosa (ATCC 27853)
lumericine Escherichia coli 40
P (ATCC 25792)
assiguxanthone-B Stap(izfé(ggc; Su(; 2“ 3u)reus 100
2,5-dihydroxy benzoic acid Stap(lzfé(ggc;:g;;)reus >100
Kielmeyera variabilis Stavhvlococcus )
" . . iphylococcus aureus 6
Mart. & Zucc. stems kielcorin (ATCC 25923) >100 [76]
assiguxanthone-B 25
. L Bacillus subtilis
- >
2,5-dihydroxy benzoic acid (ATCC 6623) 100
kielcorin >100
Escherichia coli
(ATCC 25922)
Pseud. s inosa (ATCC 27853
Leiothix spiralis luteolin-6-C-B-D- seudomonas aeruginosa ( _CC 7853)
leaves . Enterococcus faecalis >500 [78]
(Bong.) Ruhland glucopyranoside
(ATCC 29212)
Staphylococcus aureus
(ATCC 25923)
Escherichia coli
(ATCC 25922)
4"-methoxyluteolin-6-C--D- Pseudomonas aeruginosa (AT.CC 27853)
lucopvranoside Enterococcus faecalis >500
glicopy (ATCC 29212)
Staphylococcus aureus
(ATCC 25923)
Leiothix spiralis leaves Enterococcus faecalis (78]
(Bong.) Ruhland 8-carboxymethyl-1,3,5,6- (ATCC 29212) 500
tetrahydroxyxanthone Escherichia coli
(ATCC 2592)
8-carboxymethyl-1,3,5,6- Staphylococcus aureus 125
tetrahydroxyxanthone (ATCC 25923)
8-carboxymethyl-1,3,5,6- Pseudomonas aeruginosa (ATCC 27853) 125
tetrahydroxyxanthone
Plumbago scandens roots lumbagin Staphylococeus aureus 1.56 [127]
&0 ‘ plurbag (ATCC 6538) :
Praxelis clematidea . apigenine Staphylococcus aureus 256
. . aerial parts [128]
R.M. King & Robinson genknanine (AS 1199 B — NorA) 256
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Plants species

Plant part

Isolated compound

Microorganism

MIC (ug/mL) |  Ref.

7,4-dimethylapigenine

trimethylapigenin

cirsimaritin

tetramethyl cutellarein

256

256

256

256

Schinus lentiscifolius
Marchand

aerial parts

morolic acid

Bacillus subtilis
(ATCC 6633)
Staphylococcus epidermidis
(ATCC 12228)
Escherichia coli
(ATCC25922)
Pseudomonas aeruginosa
(ATCC 17759)
Shigella sonnei
(ATCC15305)

100

Streptococcus pyogenes (ATCC 19615)
Staphylococcus saprophyticus
(ATCC15305)

50
[96]

Staphylococcus aureus
(ATCC 6538p)

200

moronic acid

Bacillus subtilis
(ATCC 6633)
Staphylococcus aureus
(ATCC 6538p)
Staphylococcussaprophyticus
(ATCC15305)
Escherichia coli
(ATCC25922)

200

Pseudomonas aeruginosa
(ATCC 17759)

100

Schinus lentiscifolius
Marchand

aerial parts

acridocarpusic acid

Bacillus subtilis
(ATCC 663)
Staphylococcus aureus
(ATCC 6538)
Streptococcus pyogenes
(ATCC 19615)
Staphylococcus saprophyticus (ATCC15305)
Shigella sonnei
(ATCC15305)
Staphylococcus epidermidis
(ATCC 12228)
Pseudomonas aeruginosa
(ATCC 17759)
Escherichia coli
(ATCC 25922)

100

[96]

quercetin

Bacillus subtilis
(ATCC 6633)
Staphylococcus aureus
(ATCC 6538p)
Streptococcus pyogenes
(ATCC 19615)
Staphylococcus saprophyticus
(ATCC15305)
Shigella sonnei
(ATCC15305)
Staphylococcus epidermidis
(ATCC 12228)

100
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Plants species

Plant part

Isolated compound

Microorganism

MIC (ug/mL) |  Ref.

Pseudomonas aeruginosa
(ATCC 17759)
Escherichia coli
(ATCC 25922)

Schinus lentiscifolius
Marchand

aerial parts

quercitrin

Bacillus subtilis
(ATCC 663)
Staphylococcus aureus
(ATCC 6538)
Streptococcus pyogenes
(ATCC 19615)
Staphylococcus saprophyticus (ATCC15305)
Staphylococcus epidermidis
(ATCC 12228)
Pseudomonas aeruginosa
(ATCC 17759)
Escherichia coli
(ATCC 25922)

200

Shigella sonnei
(ATCC15305)

100
[96]

gallic acid

Bacillus subtilis
(ATCC 663)
Staphylococcus aureus
(ATCC 6538)
Streptococcus pyogenes
(ATCC 19615)
Staphylococcus saprophyticus (ATCC15305)
Shigella sonnei
(ATCC15305)
Staphylococcus epidermidis
(ATCC 12228)
Pseudomonas aeruginosa
(ATCC 17759)
Escherichia coli
(ATCC 25922)

100

Schinus lentiscifolius
Marchand

aerial parts

gallic acid methyl ester

Bacillus subtilis
(ATCC 663)
Staphylococcus aureus
(ATCC 6538)
Streptococcus pyogenes
(ATCC 19615)
Staphylococcus saprophyticus (ATCC15305)
Shigella sonnei
(ATCC15305)
Staphylococcus epidermidis
(ATCC 12228)
Pseudomonas aeruginosa
(ATCC 17759)
Escherichia coli
(ATCC 25922)

>200 [96]

Scutia buxifolia Reis-
sek

leaves

quercetin

Mycobacterium tuberculosis
H37Rv (ATCC 25618)

312.50
(98]
625.00

Solanum palinacan-
thum Dunal

aerial parts

rutin

3,5-dicaffeoylquinic acid

Staphylococcus aureus
(ATCC 25923)

>1000
[100]
1000

Xylosma ciliatifolia
(Clos) Eichler

root barks

ugandensidial (6-acetoxy-9-a-
hydroxy-drim-7-en-11,12-

dial)

Staphylococcus aureus
(ATCC 6538)

10
[107]
62.5
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methylbetulinato NA
betulinic acid 128
alphitolic acid 5 ’”p(%occgczcg; N 3")”"“' 32
methylcenothate 16
Ziziphus joazeiro Mart. barks epigoianic acid NA [108]
methylbetulinato NA
betulinic acid >128
alphitolic acid S ;Z;;’;ZI‘E‘:TCE”C‘ ;’ggf)’;‘ 32
methylcenothate 16
epigoianic acid NA
methylbetulinate ND
betulinic acid NA
Ziziphus joazeiro Mart. barks alphitolic acid Stap(lz{ﬂoccgclc 2”; 2“ g)reus 32 [108]
methylcenothate 16
epigoianic acid NA

over the world since ancient times [129]. When the aim is to
screen the aromatic plants for antimicrobial activity, the in-
terest is directed to their essential oils, and then the method
of choice for extraction would be steam distillation, volatile
solvent extraction or supercritical fluid extraction [130]. In
our survey we found studies for 27 essential oils obtained by
steam distillation and only one obtained by extraction with
supercritical CO, (Table 1). The MIC’s values for the essen-
tial oils ranged from 36300 pg/mL for P. bahiana oil against
S. aureus [92] to 0.001 pg/mL for C. cajucara oil against a
methicillin-resistant strain of S. aureus (MRSA) [55]. In
general, essential oils are known to have a higher antibacte-
rial effect against Gram-positive bacteria [27, 131, 130]. The
outer cell membrane of Gram-negative bacteria possesses
hydrophilic properties that impede the contact of the hydro-
phobic essential oil constituents with the bacterial cell [131].
These reasons made MRSA a popular test microorganism in
nosocomial infections due to the increasing resistance of this
pathogen against current drugs.

Most of the essential oils antimicrobial activity is found
in the oxygenated terpenoids (e.g., alcohols and phenolic
terpenes), while some hydrocarbons also exhibit antimicro-
bial effects [131, 119]. As the oils are composed of a com-
plex mixture of compounds, interactions between these com-
ponents may lead to antagonistic, additive or synergistic ef-
fects. Some studies have demonstrated that crude essential
oils normally have higher antibacterial activity than the mix-
tures of their major components, suggesting that the minor
components are critical to the synergistic activity, though
antagonistic and additive effects have also been observed
[132, 133, 134]. This kind of effect was observed for the oils
of C. cajucara containing different amounts of
7-hydroxycalamenene against MRSA, the MIC for the iso-
lated compound was 39.06 ug/mL and those from the crude
oils varied from 0.001 to 0.019 pg/mL [55].

The synergistic effects of antibiotics and essential oils
have also been evaluated in antibiotic-resistant pathogens.
This is one strategy employed to counter the resistance
mechanisms developed in multidrug resistant pathogens
across the years. Many studies have shown positive correla-
tions and the essential oils were active against antibiotic re-
sistant bacteria under minimal concentration, hence minimiz-
ing potential toxic effects [135]. Besides this, essential oils
can interfere with the expected result of antibiotics through
alteration of the susceptibility of microbes to these drugs
[123].

Essential oils from some native Brazilian plants demon-
strated synergistic effects with antibiotics against resistant
bacterial strains, such as C. zehntneri [136], L. camara and
L. montevidensis [137], R. leptopetala [138] using direct
contact methods, as it has been described for several other
essential oils [139]. However, the vapours from
L. microphylla essential oils were able to enhance the activ-
ity of gentamicin against P. aerugionosa and norfloxacin
against a resistant strain of S. aureus in 47% and 225%, re-
spectively [140]. Essential oils in the vapour phase could be
highly effective against surface pathogens and food spoilage
bacteria at relatively lower concentrations than the liquid
phase [141], including MRSA and Pseudomonas fluorescens
[142, 143]. Due to its environmentally friendly characteris-
tics, the antibacterial activity of essential oils in the vapour
phase might be an interesting treatment in a hospital envi-
ronment due to their ability in preventing biofilm formation
or revomoving it, since the microbial biofilms are an impor-
tant route for cross-contamination [141]. Essential oils va-
pours might also be used as inhalation therapy against bacte-
rial respiratory tract pathogens [144]. However, before the
vapour therapy of essential oil is applied in clinical practice
further studies are required to determine the range of the
possibilities- important factors such as the minimal exposure
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time for efficacy, applicability and the possibility of toxicity
needs to be further evaluated.

Another drawback of essential oils is their chemical
composition. Since they consist of multiple components their
antimicrobial activity cannot be assigned to one particular
component. In most cases their activity is a result of the ad-
ditive, synergistic or antagonistic effects of the individual
constituents, as was observed in the C. cajucara oil [55].
Therefore, the main compound generally exerts the strongest
activity, but can be influenced by the other molecules. Sev-
eral aromatic plant species are well known for their high
intraspecific variation in terpene composition. These varia-
tions in yield and composition of volatiles may be caused by
geographic differences or the existence of distinct chemo-
types/chemical races [145].

As Brazil is a country of continental dimensions, a diver-
sified range of ecosystems is found forming distinct biomes,
also with a wide range of transitional regions and specific
ecosystems and niches [22]. Therefore, it is not surprising
that a plant species occurring along these environments
formed different chemical traces. The identification of che-
motypes from the Brazilian aromatic flora is far from over.
Some of these varieties were already described and evaluated
for their antibacterial activity as mentioned above for C. ca-
Jucara [55, 84]. Also analyses of the essential oil from two
P. pseudocaryophyllus populations collected at two different
ecosystems found in the Atlantic forest (a Restinga forest at
sea level and an upper montane forest, ca. 1000 m height),
indicated that the essential oils had a distinct composition.
The first population presented eugenol (72%) as main com-
ponent while in the second population the oil was composed
almost entirely of methyl-eugenol (95%). This difference in
the chemical composition also changed the activity against S.
aureus. The oil with eugenol presented a MIC of 0.0047
uL/L while that with methyl-eugenol showed less activity
(MIC of 1.5 pL/L). However, no difference was noticed in
the activity against E. coli.

Another factor influencing the essential oils antimicrobial
activities is that their chemical composition can also be af-
fected by seasonal changes. Apart from climatologically
fluctuations, particularly in the rainfall months, these varia-
tions might also be associated with the vegetative or flower-
ing period of the plant [145]. There are not many examples
of the antibacterial activity analysis along the seasonal varia-
tions in the essential oils composition. In most cases, the
seasonal effects are evaluated through a year, but the antimi-
crobial activity is analysed in one sample only. This was the
case for M. myrtifolia that showed a variation in the a-pinene
concentration along a year of study from 61.5 to 90.9%, but
the antimicrobial activity was evaluated only for the sample
of a specific month [146]. However, the C. laevigata essen-
tial oils from the leaves, stems, capitula, and cypselas were
evaluated at two different phenological stages (flowering and
fruiting), regarding their chemical compositions and antimi-
crobial activities. The C. laevigata essential oils showed a
more complex composition during the fruiting stage com-
pared with the flowering period, but in both periods no sig-
nificant changes were observed in the amounts of the major
components (laevigatin and spathulenol). These changes in
the oil composition increased the activity of the stem oils
against S. aureus from a MIC of 125 pg/mL, during the
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flowering stage, to 62.5 pg/mL in the fruiting stage. These
results might be associated with the higher levels of
monoterpene hydrocarbons, mainly a-thujene, a-pinene, sa-
binene, B-pinene, and myrcene, present in the oil during
fruiting [49].

Several studies have been carried out concerning the an-
timicrobial activity of essential oils from Brazilian aromatic
plants. Some of these oils presented outstanding effect
against a wide spectrum of microorganisms, including multi-
drug resistant strains, as was the case from the C. cajucara
oil. Nevertheless, for Gram negative bacteria strains most of
the essential oils when tested isolated still did not demon-
strate a satisfactory effect. In addition, the majority of the
screenings do not include other nosocomial infection related
bacteria such as Acinetobacter baumannii, Stenotropho-
monas maltophilia, Mycobacterium tuberculosis, Clostrid-
ium difficile, Enterococcus faecium, Enterococcus faecalis,
and Legionella pneumophila.

Although many of the essential oils found in this review
possess strong antimicrobial activity against various micro-
organisms, some disadvantages have to be considered such
as; limited stability and high volatility represent drawbacks
that complicate the in vitro tests as well as the storage and
application. Moreover, there are reports of microbial resis-
tance of essential oils due to natural resistance or emerging
tolerance by habituation [147]. In addition, it is very difficult
to ascribe the antimicrobial activity to one particular compo-
nent because the complexity of the essential oils composi-
tion. Further tests are needed to understand the interactions
between the individual compounds in the mixtures, as well
as modelling studies for chemical modification of essential
oil constituents to increase their antimicrobial activity.

CRITICAL ANALYSIS OF THE METHODOLOGY
USED FOR ASSESSING THE ANTIMICROBIAL AC-
TIVITY

Currently there are several techniques to determine
whether a plant extract or a particular compound isolated
from it has the same antimicrobial activity. The screening
methods available for the detection of antimicrobial activity
of natural products are divided into three groups, including
bioautography, diffusion and dilution methods [67]. There
are few studies reporting on the best screening method to be
used according to the type of extract or isolated compounds
to be tested, the most commonly used methods are agar dif-
fusion and broth dilution [148] In the literature database
search, we found about 112 references dealing with the
screening of native Brazilian plants for antibacterial activity
that can be useful in the search of new drugs for nosocomial
infections using different methodologies (Fig. 1).

The bioautography is a simple, fast, reliable and conven-
ient method to test the antimicrobial effects of plant extracts
and pure substances, which can direct the isolation of bioac-
tive constituents [149]. The disadvantage of this method is
that only not volatile compounds can be tested [150]. Addi-
tionally, too acidic and too alkaline solvents remain on TLC
plate even after long drying times, possibly inhibiting bacte-
rial growth [67]. In the screening of Brazilian plants, this
method was not used frequently to test antimicrobial activity
[28, 48, 54, 57, 62, 63, 85-87, 101, 151].
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Fig. (1). Overview of the most common methods for determining the antimicrobial activity found in the researched literature.

Agar diffusion method, based on the diffusion process
consisting on transferring matter from one position to an-
other, involves filling Petri dishes with agar broth and mi-
croorganism inoculation. Later, suspensions turbidity of
tested microorganism cultures is adjusted, antimicrobial
agent is applied in different concentration and plates are in-
cubated. The antimicrobial agent is diffused into the agar and
prevents microbial growth, resulting in inhibition zones indi-
cating positive results. The size of the inhibition zones is
proportional to the antimicrobial activity and is compared to
positive (antibiotic) and negative control (solvent) [150,
152]. According to the diameter of the inhibition zone, mi-
croorganism can be classified as sensitive, moderate or resis-
tant [152]. When one uses a diffusion method, several fac-
tors can become errors sources such as culture medium com-
position, incorrect inoculum density, use of excess broth in
the swab for plate inoculation, temperature and incubation
time inadequate, interactions between the antimicrobial to be
tested and the culture medium, misuse of CO, in atmosphere,
premature reading error of the inhibition zone measurements,
or the use of contaminated or mixed cultures [153]. This
method is often used as a preliminary qualitative test due to
its limitation for compounds with low diffusibility in the
culture medium [86]. The method can be performed through
the diffusion techniques in discs, wells, templates [154], or
by using the agar drop diffusion technique [80].

The disc diffusion technique consists in the application of
a certain volume of an antimicrobial agent solution in vari-
ous concentrations to be tested in filter paper discs with 6
mm diameter [152], originally described by Bauer et al.
[155] and standardized by the CLSI (NCCLS document M2-
A8, 2003 [156] NCCLS document M2-A7 [157], NCCLS
document M31-T, 1997 [158], NCCLS M100-S12, 2002
[159]. This was the second most commonly used methodol-
ogy among the antimicrobial activity tests found in the litera-
ture [29, 37, 40, 58, 74, 151, 102, 160-168]. One of the disc
variant disadvantages is the precipitation of water-insoluble
substances in the disc which prevents diffusion of the antim-
icrobial agent into the agar. Additionally, this variant is more
time consuming and expensive [67].

The well diffusion technique involves partially removing
the semi-solid culture medium with the help of 6-8 mm di-
ameter cylinders forming wells in which it is possible to ap-
ply the substances to be analysed [152]. Valgas et al. [67]
showed that the well variant is more sensible than the disc.
In the well variant, the presence of suspended particulate
matter in the sample is much less likely to interfere with the
diffusion of the antimicrobial agent into the agar than in the
filter paper disc. Even though the well variant is more satis-
factory then the disc, there are evidences that sometimes the
inhibition zones are not proportional to the antimicrobial
agent concentration, indicating diffusion issues [169]. This
technique still is very popular in the screening articles [34,
42, 97, 170-175] and it is even used to determine the MIC
[44, 173].

The template technique involves the application of stain-
less steel cylinders on the surface of the already solidified
and inoculated culture medium followed by the addition of
the test solution into the cylinders [152]. Nowadays, this
technique is not that frequently used for testing Brazilian
plants [91, 176-178]. The drop test consists in adding 1-10 pl
of each sample directly on the surface of the culture medium
previously inoculated with the test microorganism [179], and
it was used to determine the antimicrobial activity of essen-
tial oils [55,80].

A study compared three agar diffusion techniques (discs,
wells and templates) [169]. On this research, the well tech-
nique was performed according to Grove and Randall [180]
which uses double-layer plates (base layer and seed layer
with adequate medium for the test microorganism), the disc
technique was performed according to CLSI updates M2-AS8
[156], and the template technique as a modified version of
that found in the Brazilian Pharmacopoeia 4th edition [181].
The conclusions were that among the three groups studied
the templates promoted the smallest number of inhibition
zones, considering that this technique had the larger amount
of extract applied to the plate. The well diffusion technique
was more suitable for the detection of antibacterial activity
in the samples by easily providing a greater contact between
the samples and microorganisms.
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Currently, the dilution method is used to determine the
minimum concentration of an agent needed to inhibit or to
kill a microorganism and can be performed either by means
of broth or agar dilution [182]. The test is set up with the
preparation of various test tubes or plates, containing broth
or agar medium, to which are added various concentrations
of antimicrobial agents. Subsequently, the tubes or plates are
inoculated with a standard suspension of the organism to be
tested. After overnight incubation at 35 °C, the tests are ex-
amined to determine the MIC, which can be done visually or
by means of photometric detection. The agar dilution method
is still not frequently used in the researched literature to test
antimicrobial activity [74, 94,183]. However, this technique
is standardised by NCCLS (document M7-AS, 2008) [184],
and the broth macrodilution method is standardised by
NCCLS (document M7-A3, 1993) [185]. The main disad-
vantage of the latter is that the technique is time consuming,
requires lots of space and amounts of tested substances and
reagents. As a result, it generates large amounts of waste,
allows small number of replicates [152].

The broth macrodilution technique should be substituted
by broth microdilution method that involves several two-fold
antimicrobial agent dilution made in a polystyrene tray con-
taining 80, 96 or more wells with a volume between 0.1 and
0.2 mL. The bacteria inoculum density is standardized with
0.5 McFarland turbidity scale and the final inoculum is ad-
justed. Changes in the growth rate and the MIC are assessed
by changes in the bacterial suspension turbidity against posi-
tive controls (antibiotics) or by adding viability indicators
and the measurement is carried out visually or by photomet-
ric analysis at 620 nm [186, 187, 188]. Although the method
is standardised by the NCCLS for aerobic bacteria (NCCLS
document M7-A6, 2003) [189], filamentous fungi (NCCLS
document M38-A, 2002) [190] and yeasts (NCCLS docu-
ment M27-A2, 2002) [191], the researched literature re-
vealed differences in the antimicrobial agent concentration,
final inoculum, incubation time and temperature, among
others. Hence, more effort should be made to follow stan-
dard procedure, allowing direct comparison of the antibacte-
rial activity tested for a pure compound or extract, as the
broth microdilution gives the most accurate and consistent
results [192, 152, 169]. Furthermore, the method is consid-
ered as quantitative and the results are not affected by the
growth rate of the different microorganisms. Moreover, the
method is inexpensive and has a high rate of reproducibility.
According to the researched literature, it is 30 times more
sensitive than other methods. Importantly, small amount of
sample is required, allowing large numbers of replicates. The
disadvantages of this method are the difficulty in detecting
contamination, inoculum viability and solvent inhibitory
effect [91,152]. These limitations could be avoided by re-
serving a number of wells in each plate to check sterility
(without inoculum), inoculum viability (without extract) and
solvent inhibitory effect [91]. Both macrodilution and mi-
crodilution techniques respond to the same influences when
determining the MIC, that means primary factors as the sen-
sitivity of the organism, the diluents used, and the rate of
bacteria growth stage [193].

Macro- and microdilution techniques were compared in
kill time studies, and the microplate method has been found
to be more efficient, economical and easier to perform than
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the macrodilution variation. Although the two methods
showed similar results, the microplate method has several
positive aspects, one of those is the significantly smaller
amount of the sample required; for the same sample concen-
tration the volume needed by the microplate method is re-
duced by 50 or even 100 times than that required by mac-
rodilution method. The operation procedure is more conven-
ient with the microplates; we can directly read the turbidity
of bacterial culture at 620 nm, showing good reproducibility
in parallel experiments. The antibacterial analysis on 96-well
is suitable for the high-throughput screening of new antibiot-
ics [194].

The researched literature used a variety of screening
methods for the detection of antimicrobial activity from
natural products, as well as the use of non-standardized
methodologies, without detailed description of the experi-
mental procedures, often associated with a lack of essential
information for reproducing the work (culture medium, mi-
croorganism serotype, incubation parameters, sample
amount, etc.), thus making the results neither comparable nor
reproducible.

The methodology used for each experiment must be cho-
sen carefully and taking into account their advantages and
disadvantages. In this sense, the broth microdilution method
should be the method of choice for testing new antimicrobial
agents from plant extracts or isolated compounds, since it
uses small sample size, a relevant factor for natural products
research laboratories, where the total amount of the extract
or the isolated compounds is reduced. Moreover, this method
presents the best cost/benefit relationship, and it is the best
method to expresses consistent accurate and comparable
results, with a good reproducibility in parallel experiments.

FINAL CONSIDERATIONS

In the past decades, there were enormous expectations
that the exploitation of genomics, in silico drug design and
target-based high-throughput screening of combinatorial
compound libraries would yield a new generation of novel
antibacterial drugs addressing new molecular targets which
have not been realized despite the massive investments [195;
196]. For these reasons, the interest is growing in the un-
tapped potential of plant metabolites as a source of novel
molecules for a new generation of antibacterial drugs [197,
198]. Worldwide only a very limited number of herbal medi-
cines for the treatment of infections have been subjected to
evidence-based evaluation, this is also the case of Brazil,
even though the use of medicinal plants is very common
among the population. Considering the available biodiversity
in the country, the present evaluation shows that there is still
little systematic work done.

Although there are countless number of papers claiming
the extraordinary antimicrobial activity of plant secondary
metabolites, most often in the form of crude extracts or es-
sential oils, no single plant-derived antibacterial has been yet
commercialized [199]. One of the reasons that might explain
this fact is that in almost all cases no single isolated com-
pound was more active than the crude extract. Moreover,
most authors overestimated the degree of activity achieved
having MIC values higher than 1 mg/mL for extracts and
over 0.1 mg/mL for pure compounds, and in most cases only
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against normal strains of S. aureus or P. aeruginosa not the
multi-drug resistant ones. In these conditions, it is difficult to
envisage how such materials could be developed as potential
sources of therapies for nosocomial infections.

The discrepancies in results cause difficulties in making a
firm conclusion of the antimicrobial activity from plant ex-
tracts or essential oils, and most of the current research rely
on postulations and past reports to explain their results.
However, it is unlikely to standardize a single method for all
research since studies often have different aims and objec-
tives that require different experimental designs. It is funda-
mental, at least, during screenings efforts to use comparable
methods to quantify the antimicrobial activity of the plant
extracts or isolated compounds by their MIC. Standardiza-
tion is particularly relevant to methods that are sensitive
enough to detect small amounts of biologically active sub-
stances such as broth microdilution method, which is consid-
ered promising for the small amounts of sample required and
affords comparable and reproducible results.

On the other hand, several studies have proposed that
natural compounds in combination with antibiotics are a new
strategy for developing therapies for infections caused by
bacterial species and that natural plant products can potenti-
ate the activity of antibiotics in combination. There are al-
ready some examples describing that isolated natural prod-
ucts or extracts are also active against clinically-relevant
pathogens and their use as “antibiotic potentiators” or “viru-
lence attenuators” for the control of infectious diseases in
humans is promising. Furthermore, the mechanisms for the
antimicrobial activity of natural products with allopathic
antimicrobials has been extensively reviewed indicating dif-
ferent targets such as, receptor site modification, enzymatic
degradation, reduced accumulation of the drug within the
bacterial cell, decreased membrane permeability, and efflux
pumps [121; 200]. Perhaps the reductionist approach, con-
sidering only one isolated compound, limits the complexity
and variability of the effects obtained with the plant extract
in which major and minor compounds may contribute to the
overall activity [125]. Thus, innovative scientific methods
for the discovery, validation and to determine the safety of
multicomponent botanical therapeutics are needed for the
development of such new medicines. As most of these stud-
ies are in the initial stages, both the standardization of ex-
tracts and the identification of the biologically active com-
pounds are also needed. Therefore, emphasis must be placed
on the preservation of plant populations to guarantee phar-
macologically active sources of material for herbal medicine.
[201].

Essential oils present an additional advantage over plant
extracts for their application in the preventive treatment for
nosocomial infections that is their volatility. There is grow-
ing evidence that essential oils in vapour phase are effective
antimicrobial systems. Essential oils in vapour phase have
the advantage that they can treat large areas without requir-
ing direct contact with surfaces. This can make them suitable
for use as disinfectant of rooms and as air decontaminants
[141]. However, there is no standardized method available
for assessing the antimicrobial activity in the vapour phase.
Investigations should be carried out on their mode of action
and their probable toxicological effects in order to optimize
their use.

Current Topics in Medicinal Chemistry, 2013, Vol. 13, No. 24 3073

CONFLICT OF INTEREST

The author(s) confirm that this article content has no con-
flicts of interest.

ACKNOWLEDGEMENTS

The authors are indebt to CNPq and CAPES for their Re-
search Grants.

REFERENCES

[1] Kock, R.; Becker, K.; Cookson, B.; Van Gemert-Pijnen, J. E.;
Harbarth, S.; Kluytmans, J.; Mielke, M.; Peters, G.; Skov, R. L.;
Struelens, M. J.; Tacconelli, N.T.A.; Witte, W.; Friedrich, A.W.
Methicillin-resistant Staphylococcus aureus (MRSA): burden of
disease and control challenges in Europe. Review articles. Euro-
surveillance. 2010, 15(41), 1-9.

[2] Saha, J.C. Nosocomial. infections as preventable burden for health
care delivery. Faridpur Med. Coll. J., 2010, 5(1), 1-2.

[3] Inweregbu, K.; Jayshre E.D.; Pittard, A. Nosocomial infections.
Contin. Educ. Anaesth. Crit. Care Pain., 2005, 5(1), 14-17.

[4] Tikhomirov, E. Who Programme for the control of hospital infec-
tions. Chemiotherapia. 1987, 3, 148—151.

[5] Mayon-White, R.T.; Ducel G.; Kereselidze, T.; Tikomirov, E. An
international survey of the prevalence of hospital-acquired infec-
tion. J. Hosp. Infect., 1988, 11(A), 43-48.

[6] Jarvis, W.R., Martone, W.J. Predominant pathogens in hospital
infections. J. Antimicrob. Chemother., 1992, (Suppl.A) 19-24.

[7] World Health Organization. Antimicrobial Resistance: Sheet No.
194. http://www.who.int/mediacentre/factsheets/fs194/en/ (Acessed
in May 2013).

[8] Kumar, A.; Schweizer, H.P. Bacterial resistance to antibiotics:

Active efflux and reduced uptake. Adv. Drug Delivery Rev., 2005,
57, 1486-1513.

[9] European Centre for Disease Prevention and Control/European
Medicines Agency (ECDC/EMEA). Joint Technical Report the
Bacterial Challenge: Time to React. Stockholm:ECDC/EMEA,
2009.
http://www.ecdc.europa.eu/en/publications/Publications/0909_TER
_The Bacterial Challenge Time to React.pdf (Acessed July 13,
2013).

[10] Deurenberg, R.H.; Vink C.; Kalenic, S., Friedrich, A.W., Brugge-
man, C.A.; Stobberingh, E.E. The molecular evolution of methicil-
lin-resistant Staphylococcus aureus. Clin. Microbiol. Infect., 2007,
13(3),222-235.

[11] French, G.L. The continuing crisis in antibiotic resistance. Int. J.
Antimicrob. Agents, 2010, S3-S7.

[12] Abreu, A.C.; Mcbain, B. A. J.; Simdes, M. Plants as sources of new
antimicrobials and resistance-modifying agents. Nat. Prod. Rep.,
2012, 29,1007-1021.

[13] Tajkarimi, M.M.; Ibrahim, S.A.; Cliver D.O. Antimicrobial herb
and spice compounds in food. Food Control, 2010, 21, 1199-1218.

[14] Han Ching Voon, Rajeev Bhat, and Gulam Rusul. Comprehensive
flower extracts and their essential oils as potential antimicrobial
agents for food uses and pharmaceutical applications. Rev. Food
Sci. Food Safety, 2012, 11, 34-55.

[15] Machado, T.B.; Leal, I.C.R.; Kuster, R.M.; Amaral, A.C.F.; Kokis,
V.; Silva, M.G.; Santos, K.R.N. Brazilian phytopharmaceuticals -
evaluation against hospital bacteria. Phytother. Res., 2005, 19, 519-
525.

[16] Alviano, D.S.; Alviano, C.S. Plant extracts: search for new alterna-
tives to treat microbial diseases. Curr. Pharm. Biotechnol., 2009,
10,106-121.

[17] Schelz, Z.; Molnar, J.; Hohmann, J. Antimicrobial and antiplasmid
activities of essential oils. Fitoterapia, 2006, 77, 279-285.

[18] Scotland, R.W.; Wortley, A.H. How many species of seed plants
are there? Taxon, 2003, 52(1) 101-104.

[19] Savoia, D. Plant-derived antimicrobial compounds: alternatives to
antibiotics. Future Microbiol., 2012, 7(8), 979-990.

[20] Newman, D.J.; Cragg, G.M. Natural products as sources of new
drugs over the 30 years from 1981 to 2010. J. Nat. Prod., 2012,
75,311-335.



3074 Current Topics in Medicinal Chemistry, 2013, Vol. 13, No. 24

(21]

[26]

[27]

(28]

[29]

[30]

[31]

[33]

[34]

[35]

Newman, D.J. Natural products as leads to potential drugs: an old
process or the new hope for drug discovery? J. Med. Chem., 2008,
51,2589-2599.

Giulietti, A. M.; Harley, R.M.; Queiroz, L.P.; Wanderley, M.G.L.;
and Berg, C.V.N.D. Biodiversity and Conservation of Plants in
Brazil. Conserv. Biol., 2005, 19(3), 632—639.

List of Species of the Brazilian Flora.
http://floradobrasil.jbrj.gov.br/ (Accessed June 30,2013).
Myers, N.; Mittermeier, R.A.; Mittermeier, C.G.; Fonseca, G. A.
B.; Kent, J. Biodiversity hotspots for conservation priorities. Na-
ture, 2000, (403), 853-858.

Melo Janior, E.J.M.; Raposo, M.J.; Lisboa Neto, J.A.; Diniz,
M.F.A.; Marcelino Janior, C.A.C.; Sant’Ana, A.E.G. Medicinal
plants in the healing of dry socket in rats: Microbiological and mi-
croscopic analysis. Phytomedicine, 2002, 9, 109-116.

Duarte, M.C.T.; Leme, E.E.; Delarmelina, C.; Soares, A.A.; Fi-
gueira, G.M.; Sartoratto, A. Activity of essential oils from Brazilian
Medicinal plants on Escherichia coli. J. Ethnopharmacol., 2007,
111,197-201.

Lima, M.R.F.; Luna, J.S.; Santos, A.F.; Andrade, M.C.C.;
Sant’Ana, A.E.G.; Genet, J.P.; Marquez, B.; Neuville, L.; Moreau,
N. Anti-bacterial activity of some Brazilian medicinal plants. J.
Ethnopharmacol., 2006, 105, 137-147.

Sartoratto, A.; Machado, A.L.M.; Delarmelina, C.; Figueira, G.M.;
Duarte, M.C.T.; Rehder, V.L.G. Composition and antimicrobial ac-
tivity of essential oils from aromatic plants used in Brazil. Braz. J.
Microbiol., 2004, 35, 275-280.

Aguilar, C.Y.M.; Rodriguez, F.S.; Saavedra, M.A.; Espinosa,
R.H.E.; Yero, O.M. Secondary metabolites and in vitro antibacte-
rial activity of extracts from Anacardium occidentale L. (Cashew
tree) leaves. Rev. Cuba. Plantas Med.,2012, 17, 320-329.

Santos, G. H. F.; Silva, E. B,; Silva, B. L.; Sena, K. X. F. R.; Lima,
C. S. A.; Influence of gamma adiation on the antimicrobial activity
of crude extracts of Anacardium occidentale rich in tannins. Rev.
Bras. Farmacogn., 2011, 21(3), 444-449.

Toledo, C.E.M.; Britta, E.A.; Ceole, L.F.; Silva, ER.; Mello,
J.C.P.; Filho, B.P.D.; Nakamura, C.V.; Nakamura, T.U. Antimicro-
bial and cytotoxic activities of medicinal plants of the Brazilian
cerrado, using Brazilian cachaga as extractor liquid. J. Ethnophar-
macol., 2011, 133, 420-425.

Costa, E.V.; Pinheiro, M.L.B.; Silva, J.R.A.; Maia, BH.LN.S.;
Duarte, M.C.T.; Amaral, A.C.F.; Machado, G.M.C.; Leon, L.L.
Antimicrobial and antileishmanial activity of essential oil from the
leaves of Annona foetida (Annonaceae). Quim. Nova, 2009, 32 (1),
78-81.

Oliveira, D.F.; Pereira, A.C.; Figueiredo, H.C.P.; Carvalho, D.A ;
Silva, G.; Nunes, A.S.; Alves, D.S.; Carvalho, H.N.P. Antibacterial
activity of plant extracts from Brazilian southeast region. Fi-
toterapia, 2007, 78, 142-145.

Agripino, D.G.; Lima, M.E.L.; Silva, M.R.; Meda, C.I.; Bolzani,
V.S.; Cordeiro, I.; Young, M.C.M.; Moreno, P.R.H. Screening of
Brazilian plants for antimicrobial and DNA-damaging activities: L.
Atlantic rain forest. Ecological station Juréia-Itatins. Biota Neotrop,
2004, 4(2), 1-15.

Santos, S.C.; Ferreira, F.S.; Damido, A.O.; Barros, T.F.; Rossi-
Alva, J.C.; Fernandez, L.G. Evaluation of the antibacterial activity
of extracts of Avicennia schaueriana (Stapf & Leechm. ex Mold-
enke, Verbenaceae). Rev. Bras. Farmacogn., 2010, 20(1), 124-129.

Simionatto, E.; Ilha, V.; Mallmann, A.S.; Porto, C.; Dalcol , LL;
Morel, A.F. Chemical composition and antimicrobial activity of the
volatile oil from Baccharis articulata (Lam.) Pers. J. Essent. Oil
Res., 2008, 20, 366-368.

Ferronatto, R.; Marchesan, E.D.; Pezenti, E.; Bednarski, F.; Onofre,
S.B. Antimicrobial activity of essential oils produced by Baccharis
dracunculifolia D.C. and Baccharis uncinella D.C. (Asteraceae).
Rev. Bras. Farmacogn., 2007, 17(2), 224-230.

Parreira, N.A.; Magalhdes, L.G.; Morais, D.R.; Caixeta, S.C.,
Sousa, J.P.D.; Bastos, J.K.; Cunha, W.R.; Silva, M.LA.;
Nanayakkara, N.P.D.; Rodrigues, V.; Silva Filho, A.A. Antiproto-
zoal, schistosomicidal, and antimicrobial activities of the essential
oil from the leaves of Baccharis dracunculifolia. Chem. Biodivers.,
2010, (7), 993-1001.

Silva, R.B.; Almeida, R.A.; Chavasco, J.M.; Chavasco, J. K. An-
timycobacterial activity evaluation and MIC determination of lio-
philizated hydroalcoholic extracts of Bixa orellana L., Bixaceae.
Rev. Bras. Farmacogn., 2010, 20(2), 171-174.

2013.

[41]

[46]

[47]

(48]

[50]

[51]

[57]

Moreno et al.

Oliveira Y.L.C.; Silva, L.C.N.; Silva, A.G.; Macedo, A.J.; Araujo,
J.M.; Correia, M.T.S.; Silva, M.V. Antimicrobial activity and phy-
tochemical screening of Buchenavia tetraphylla (Aubl)) R. A.
Howard (Combretaceae: Combretoideae). Scient. World J., 2012,
1-6.

Lima, Z.P.; Santos, R.C.; Torres, T.U.; Sannomiya, M.; Rodrigues,
CM.; Santos, L.C.; Pellizzon, H.; Rocha, L.R.M.; Vilegas, W.;
Brito, A.R.M.S.; Cardoso, C.R.P.; Varanda, E.A.; Moraes, H.P.;
Bauab, T.M.; Carli, C.; Carlos, 1.Z.; Hiruma-Lima, C.A. Byrsonima
fagifolia: An integrative study to validate the gastroprotective,
healing, antidiarrheal, antimicrobial and mutagenic action. J. Eth-
nopharmacol., 2008, 120, 149-160.

Alves, T.M.A; Silva, A.F.; Branddo, M.; Grandi, T.S.M.; Smania,
E.F.A.; Junior, A.S.; Zani, C.L. Biological screening of Brazilian
medicinal plants. Mem. Inst. Oswaldo Cruz, 2000, 95(3), 367-373.
Santos, R.C.; Kushima, H.; Rodrigues, C.M.; Sannomiya, M.;
Rocha, L.R.M.; Bauab, T.M.; Tamashiro, J.; Vilegas, W.; Lima,
C.A.H. Byrsonima intermedia A. Juss.: Gastric and duodenal anti-
ulcer, antimicrobial and antidiarrheal effects in experimental rodent
models. J. Ethnopharmacol., 2002, 140,203—212.

Nascimento, A.M.; Salvador, M.J.; Candido, R.C.; Tto, L.Y.; (de)
Oliveira, D.C.R. Antimicrobial activity of extracts and some com-
pounds from Calea platylepis. Fitoterapia, 2004, 75, 514-519.
Silva Junior, LF.; Filho, V.C.; Zacchino, S.A.; Lima, J.C.S.; Mar-
tins, D.T.O. Antimicrobial screening of some medicinal plants from
Mato Grosso Cerrado. Rev. Bras. Farmacogn., 2009, 19(1B), 242-
248.

Moura-Costa, G.F.; Nocchi, S.R.; Ceole, L.F.; Mello, J.C.P.; Na-
kamura, C.V.; Filho, B.P.D.; Temponi, L.G.; Ueda-Nakamura, T.
Antimicrobial activity of plants used as medicinals on an indige-
nous reserve in Rio das Cobras, Parana, Brazil. J. Ethnopharma-
col., 2012, 143, 631-638.

Suffredini, I.B.; Paciencia, M.L.B.; Nepomuceno, D.C.; Younes,
R.N.; Varella, A.D. Antibacterial and cytotoxic activity of Brazil-
ian plant extracts — Clusiaceae. Mem. Inst. Oswaldo Cruz, 2006,
101(3), 287-290.

Truiti, M.C.T.; Sarragiotto, M.H.; Filho, B.A.A.; Nakamura, C.V.;
Filho, B.P.D. In vitro antibacterial activity of a 7-O-B-D-
glucopyranosylnutanocoumarin  from Chaptalia nutans (As-
teraceae). Mem. Inst. Oswaldo Cruz, 2003, 98(2), 283-286.
Murakami, C.; Lago, J.H.G., Perazzo, F.F.; Ferreira, K.S.; Lima,
M.E.L; Moreno, P.R.H.; Young, M.C.M. Chemical composition
and antimicrobial activity of essential oils from Chromolaena
laevigata during flowering and fruiting stages. Chem. Biodiver.,
2013, 10, 621-627.

Ribeiro, P.R.; Ferraz, C.G.; Guedes, M.L.S.; Martins, D.; Cruz,
F.G. A new biphenyl and antimicrobial activity of extracts and
compounds from Clusia burlemarxii. Fitoterapia, 2011, 82, 1237—
1240.

Silva, M.A.; Cardoso, C.A.L.; Vilegas, W.; Santos, L.C. High-
Performance Liquid Chromatographic quantification of flavonoids
in Eriocaulaceae species and their antimicrobial activity. Molecules
2009, /14, 4644-4654.

Suffredini, I.B.; Paciencia, M.L.B.; Varella, D.; Younes, R.N.
Antibacterial activity of Brazilian Amazon plant extracts. Braz. J.
Infect Dis., 2006, 10,400-402.

Santos, A.O.; Ueda-Nakamura, T.; Dias Filho, B.P.; Veiga, V.F.
Jr.; Pinto, A.C.; , Nakamura, C.V. Antimicrobial activity of Brazil-
ian copaiba oils obtained from different species of the Copaifera
genus. Mem. Inst. Oswaldo Cruz, 2008, 103(3),277-281.

Pereira, S.; Taleb-Contini, S.; Coppede, J.; Pereira, P.; Bertoni, B.;
Franca, S.; Pereira, A.M. An ent-Kaurane-type diterpene in Croton
antisyphiliticus Mart. Molecules, 2012, 17, 8851-8858.

Azevedo, M.M.B.; Chaves, F.M.C.; Almeida, C.A.; Bizzo, H.R.;
Duarte, R.S.; Campos-Takaki, G.M.; Alviano, C.S.; Alviano, D.S.
Antioxidant and antimicrobial activities of 7-hydroxy-calamenene
rich essential oils from Croton cajucara Benth. Molecules, 2013,
18,1128-1137.

Coutinho, H.D.M.; Matias, E.F.F.; Santos, K.K.A.; Santos, F.A.V.;
Morais-Braga, M.F.B.; Souza, T.M.; Andrade, J.C.; Souza, C.E.S.;
Tintino, S.R.; Guedes, G.M.M.; Falcdo-Silva, V.S.; Siqueira-
Janior, J.P.; Costa, J.G.M. Modulation of the norfloxacin resistance
in Staphylococcus aureus by Croton campestris A. and Ocimum
gratissimum L. Biomédica, 2011, 31, 608-612.

Moreno, P.R.H.; Lima, M.E.L.; Caruzo, M.B.R.; Torres, D.S.C.;
Cordeiro, I.; Young, M.C.M. Chemical composition and antimicro-



Native Brazilian Plants Against Nosocomial Infections

[58]

[59]

[60]

[61]

[63]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

bial activity of the essential oil from Croton heterocalyx Baill.
(Euphorbiaceae s.s.) leaves. J. Essent. Oil Res., 2009, 21(2), 190-
192.

Oliveira, I.S.; Lima, J.C.S.; Silva, R.M.; Martins, D.T.O. In vitro
screening of antibacterial activity of the latex and extracts
from Croton urucurana Baillon. Rev. Bras. Farmacogn., 2008,
18(4), 587-593.

Costa, E.S.; Lima, C.A.; Hiruma-Lima, E.O.; Sucupira, G.C.; Ber-
tolin, A.O.; Lolis, S.F.; Andrade, F.D.P.; Vilegas, W.; Souza-Brito,
A.R.M. Antimicrobial activity of some medicinal plants of the cer-
rado, Brazil. Phytother. Res., 2008, 22, 705-707.

Brasileiro, B.G.; Pizziolo, V.R.; Raslan, D.S.; Jamal, C.M.; Sil-
veira, D. Antimicrobial and cytotoxic activities screening of some
Brazilian medicinal plants used in Governador Valadares district.
Braz. J. Pharm. Sci., 2006, 42(2), 195-202.

Hess, S.C.; Peres, M.T.L.P.; Batista, A.L.; Rodrigues, J.P.; Tiviroli,
S.C.; Oliveira, L.G.L.; Santos, C.W.C.; Fedel, L.E.S. Evaluation of
seasonal changes in chemical composition and antibacterial activity
of Elyonurus muticus (SPRENGEL) O. KUNTZE (Gramineae).
Quim. Nova., 2007, 30(2), 370-373.

Holetz, F.B.; Pessini, G.L.; Sanches, N.R.; Cortez, D.A.G.; Naka-
mura, C.V.; Dias Filho, B.P. Screening of some plants used in the
Brazilian folk medicine for the treatment of infectious diseases.
Mem. Inst. Oswaldo Cruz., 2002, 97(7), 1027-1031.

Pessini, G.L.; Holetz, F.B.; Sanches, N.R.; Cortez, D.A.G.; Dias
Filho, B.P.; Nakamura, C.V. Evaluation of antibacterial and anti-
fungal activity of plant extracts used in folk medicine. . Rev. Bras.
Farmacogn.., 2003, 13 Suppl., 24-27.

Violante, I.M.P.; Hamerski, L.H.; Garcez, W.S.; Batista, A.L.;
Chang, M.R.; Pott, V.J.; Garcez, F.R. Antimicrobial activity of
some medicinal plants from the cerrado of the central-western re-
gion of Brazil. Braz. J. Microbiol., 2012, 1302-1308.

Magina, M.D.A.; Dalmarco, E.M.; Wisniewski Janior, A.; Simion-
atto, E.L.; Dalmarco, J.B.; Pizzolatti, M.G.; Brighente, L.M.C.
Chemical composition and antibacterial activity of essential oils of
Eugenia species, J. Nat. Med., 2009, 63, 345-350.

Bertucci, A.; Olivaro, C.; Silva, P. A.; Ramos, D.; Cerdeiras, M.P.;
Vazquez, A. Initial antimicrobial activity studies of plants of the
riverside forests of the southern Uruguay River. Rev. Bras. Farma-
cogn., 2009, 19(1A), 20-25.

Valgas, C.; Souza, S.M.; Smania, E.F.A.; Sménia, A.Jr. Screening
methods to determine antibacterial activity of natural products.
Braz. J. Microbiol., 2007, 38, 369-380.

Victoria, F.N.; Lenardao, E.J.; Savegnago, L.; Perin, G.; Jacob,
R.G.; Alves, D.; Silva, W.P.; Motta, A.S.; Nascente, P.S. Essencial
oil of the leaves of Eugenia uniflora L.: antioxidant and antimicro-
bial properties. Food Chem. Toxicol., 2012, 50, 2668-2674.
Moreno, P.R.H.; Lima, M.E.L.; Brumati, F.; Young, M.CM. ;
Cordeiro, 1.; Silva, VR.L.; Kaneko, T.M. In: Differences in
chemical composition and antimicrobial activity of essential oils
from two Guatteria elliptica R. E. Fries speciments , Proceedings
of the IFSCC, Bangkok, Thailand, october 31- November 2, 2011,
pp. 441-444.

Costa, E.V.; Teixeira, S.D.; Marques, F.A.; Duarte, M.C.T.; De-
larmelina, C.; Pinheiro, M.L.B.; Trigo, J.R.; Maia, B.H.L.N.S.
Chemical composition and antimicrobial activity of essential oils of
the Amazon Guatteriopsis species. Phytochemistry, 2008, 69,
1895-1899.

Kirchner, K.; Wisniewski Junior, A.; Cruz, A.B.; Biavatti, M.W.;
Netz, D.J.A. Chemical composition and antimicrobial activity of
Hedyosmum brasiliense Miq., Chloranthaceae, essential oil. Rev.
Bras. Farmacogn., 2010, 20(5), 692-699.

Martini, M. G.; Bizzo, H. R.; Moreira, D. L.; Neufeld, P. M.;
Miranda, S. N.; Alviano, C. S.; Alviano, D. S.; Leitdo, S. G.
Chemical composition and antimicrobial activities of the essential
oils from Ocimum selloi and Hesperozygis myrtoides. Nat. Prod.
Commun., 2011, 6(7), 1027-1030.

Morel, A.F.; Graebner, I.B.; Porto, C.; Dalcol, L.I. Study on the
antimicrobial activity of Hymatanthus sucuba. Fitoterapia, 2006,
77,50-53.

Arruda, A.L.A.; Vieira, C.J.B.; Sousa, D.G.; Oliveira, R.F.;
Castilho, R.O. Jacaranda cuspidifolia Mart. (Bignoniaceae) as an
antibacterial agent. J. Med. Food., 2011, 14(12), 1604-1608.

Sousa, Z.L.; Oliveira, F.F.; Conceigdo, A.A.; Silva, L.A.M.; Rossi,
M.H.; Santos, J.S.; Andrioli, J.L. Biological activities of extracts

[76]

[77]

(78]

[79]

(81]

(82]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

Current Topics in Medicinal Chemistry, 2013, Vol. 13, No. 24 3075

from Chenopodium ambrosioides Lineu and Kielmeyera neglecta
Saddi. Ann. Clin. Microbiol. Antimicrob., 2012, 11-20.

Pinheiro, L.; Nakamura, C.V.; Filho, B.P.D.; Ferreira, A.G.;
Young, M.C.M.; Cortez, D.A.G. Antibacterial Xanthones from
Kielmeyera variabilis Mart. (Clusiaceae). Mem. Inst. Oswaldo
Cruz, 2003, 98(4), 549-552.

Porfirio, Z.; Melo-Filho, G.C.; Alvino, V.; Lima, M.R.F;
Sant’Ana, A.E.G. Antibacterial activity of the hydro-alcoholic ex-
tracts of Lafoensia pacari Saint Hil. against multiresistant bacterial
strains from hospital source. Rev. Bras. Farmacogn., 2009, 19(3),
785-789.

Araujo, M.G.F.; Hilario, F.; Nogueira, L.G.; Vilegas, W.; Santos,
L.C.; Bauab, T.M. Chemical constituents of the methanolic extract
of leaves of Leiothrix spiralis Ruhland and their antimicrobial ac-
tivity. Molecules, 2011, 16, 10479-10490.

Araujo, M.G.F.; Hilario, F.; Vilegas, W.; Santos, L.C.; Brunetti,
LL.; Sotomayor, C.E.; Bauab, T.M. Correlation among antioxi-
dante, antimicrobial, hemolytic, and antiproliferative properties of
Leiothrix spiralis leaves extract. Int. J. Mol. Sci. 2012, 13, 9260-
9277.

Oliveira, D.R.; Leitdo, G.G.; Santos, S.S.; Bizzo, H.R.; Lopes, D.;
Alviano, C.S.; Alviano, D.S.; Leitdo, S.G. Ethnopharmacological
study of two Lippia species from Oriximina, Brazil. J. Ethnophar-
macol., 2006, 108,103-108.

Morais-Braga, M.F.B.; Souza, T.M.; Santos, K.K.A.; Guedes
G.M.M.; Andrade, J.C.; Tintino, S.R.; Sobral-Souza, C.E.; Costa,
J.G.M.; Saraiva, A.A.F.; Coutinho, H.D.M. Phenolic compounds
and interaction between aminoglycosides and natural products of
Lygodium venustum SW against multiresistant bacteria. Chemo-
therapy, 2012, 58, 337-340.

Fabri, R.L.; Nogueira, M.S.; Braga, F.G.; Coimbra, E.S.; Scio, E.
Mitracarpus frigidus aerial parts exhibited potent antimicrobial, an-
tileishmanial, and antioxidant effects. Bioresource Technol.,
2009,/00,428-433.

Candido, C.S.; Portella, C.S.A.; Laranjeira, B.J.; Silva, S.S.; Ar-
riaga, A.M.C.; Santiago, G.M.P.; Gomes, G.A.; Almeida, P.C.;
Carvalho, C.B.M. Effects Of Myrcia Ovata Cambess. Essential Oil
nn planktonic growth of gastrointestinal microorganisms and
biofilm formation of Enterococcus Faecalis. Braz. J. Microbiol.,
2010, 41, 621-627.

Lima, M.E.L; Cordeiro, I.; Young, M.C.M.; Sobra, M.E.G.; Mo-
reno, P.R.H. Antimicrobial activity of the essential oil from two
speciments of Pimenta pseudocaryophyllus (Gomes) L. R. Lan-
drum (Myrtaceae) native from Sdo Paulo State - Brazil. Pharma-
cologyonline, 2006, 3, 589-593.

Puhl, M.C.M.N.; Cortez, D.A.G.; Ueda-Nakamura, T.; Nakamura,
C.V.; Filho, B.P.D. Antimicrobial activity of Piper gaudichaudi-
anum Kuntze and its synergism with different antibiotics. Mole-
cules, 2011, 16, 9925-9938.

Cunico, M. M.; Carvalho, J. L. S.; Kerber, V. A.; Higaskino, C. E.
K.; Cruz Almeida, S. C.; Miguel, M. D.; Miguel, O. G. Antimicro-
bial activity of crude ethanolic extracts of Ottonia martiana Miq.
(Piperaceae) roots and aerial parts. Rev. Bras. Farmacogn., 2004,
14(2),97-103.

Cunico, M.M.; Lopes, A.R.; Cocco, L.C.; Yamamoto, C.I.; Plo-
charski, R.C.B.; Miguel, M.D.; Junior, A.G.; Auer, C.G.; Miguel,
0O.G. Phytochemical and antibacterial evaluation of essential oils
from Ottonia Martiana Miq. (Piperaceae). J. Braz. Chem. Soc.,
2007, 18 (1), 184-188.

Silva, D.R.; Endo, E.H.; Filho, B.P.D.; Nakamura, C.V.; Svidzin-
ski, T.LE.; Souza, A.; Young, M.C.M.; Ueda-Nakamura, T.;
Cortez, D.A.G. Chemical composition and antimicrobial properties
of Piper ovatum Vahl. Molecules, 2009, 14, 1171-1182.

Margal, F.J.B.; Cortez, D.A.G.; Ueda-Nakamura, T.; Nakamura,
C.V; Filho, B.P.D. Activity of the extracts and neolignans from
Piper regnellii against methicillin-resistant Staphylococcus aureus
(MRSA). Molecules, 2010, 15,2060-2069.

Miranda, R.S.; Duarte, L.P.; Silva, G.D.F.; Vieira Filho, S.A.;
Carvalho, P.B.; Messas, A.C. Evaluation of antibacterial activity of
“Mangabarana” Austroplenckia populnea Reissek (Celastraceae).
Rev. Bras. Farmacogn., 2009,19(2A), 370-375.

Oliveira, L.A.; Souza-Moreira, T.M.; Cefali, L.C.; Chiari, B.G.;
Corréa, M.A.; Isaac, V.L.B.; Salgado, H.R.N.S.; Pietro, R.C.L.R.
Design of antiseptic formulations containing extract of Plinia cauli-
flora. Braz. J. Pharm. Sci., 2011, 47(3), 525-533.



(93]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

Current Topics in Medicinal Chemistry, 2013, Vol. 13, No. 24

Araujo, F.M.; Passos, M.G.V.M.; Lima, E.O.; Roque, N.F,;
Guedes, M.L.S.; Souza Neta, L.C.; Cruz, F.G.; Martins, D. Compo-
sition and antimicrobial activity of essential oils from Poiretia ba-
hiana C. Miiller (Papilionoideae-Leguminosae). J. Braz. Chem.
Soc.,2009, 20(10), 1805-1810.

Fernandes, T.G.; Mesquita, A.R.C.; Randau, K.P.; Franchitti, A.A.;
Ximenes, E.A. In vitro synergistic effect of Psidium guineense
(Swartz) in combination with antimicrobial agents against methicil-
lin-resistant Staphylococcus aureus strains. Scient. World J., 2012,
1-7.

Santos, A.P.; Zatta, D.T.; Moraes, W.F.; Bara, M.T.F.; Ferri, P.H.;
Silva, M.R.R.; R. Paula, J.R. Chemical composition, antimicrobial
activity of essential oil and the occurrence of steroids in the leaves
of Pterodon emarginatus Vogel, Fabaceae. Rev. Bras. Farmacogn.,
2010, 20(6), 891-896.

Ito, R.K.; Cordeiro, I.; Lima, M.E.L.; Moreno, P.R.H. Chemical
composition and antimicrobial activity of the essential oil from
Rollinia sericea (R.E.Fr.) R.E.Fr. (Annonaceae) leaves. J. Essent.
Oil Res., 2010, 22, 419-421.

Gehrke, I.T.S.; Neto, A.T.; Pedroso, M.; Mostardeiro, C.P.; Cruz,
1.B.M,; Silva, U.F.; Ilha, V.; Dalcol, L.I.; Morel, A.F. Antimicrobial
activity of Schinus lentiscifolius (Anacardiaceae). J. Ethnopharma-
col., 2013, 148,486-491.

Costa, EM.M.B.; Barbosa, A.S.; Arruda, T.A.; Oliveira, P.T.;
Dametto, F.R.; Carvalho, R.A.; Melo, M.D. In vitro antimicrobial
activity of plant extracts against Enterococcus faecalis. J. Bras. Pa-
tol. Med. Lab., 2010, 46(3), 175-180.

Boligon, A.A.; Agertt, V.; Janovik, V.; Cruz, R.C.; Campos,
M.M.A.; Guillaume,D.; Athayde, M.L.; Santos, A.R.S. Antimyco-
bacterial activity of the fractions and compounds from Scutia buxi-
folia. Rev. Bras. Farmacogn., 2012, 22(1), 45-52.

Ruela, H.S.; Leal, I.C.R.; Almeida, M.R.A.; Santos, K.R.N.; Wess-
johann, L.A.; Kuster, R.M. Antibacterial and antioxidant activities
and acute toxicity of Bumelia sartorum, a Brazilian medicinal
plant. Rev. Bras. Farmacogn., 2011, 21(1), 86-91.

Pereira, A.C.; Oliveira, D.F.; Silva, G.H.; Figueiredo, H.C.P;
Cavalheiro, A.J.; Carvalho, D.A.; Souza, L.P.; Chalfoun, S.M.
Identification of the antimicrobial substances produced by Solanum
palinacanthum (Solanaceae). An. Acad. Bras. Cienc., 2008, 80(3),
427-432.

Zampini, [.C.; Cudmani, N.; Isla, M.I. Antimicrobial activity of
Argentine medicinal plants on antibiotic-resistant bacteria. Acta
Bioguim. Clin. Latinoam., 2007, 41(3), 385-93.

Morel, A.F.; Dias, G.O.; Porto, C.; Simionatto, E.; Stuker, C.Z.;
Dalcol, LI. Antimicrobial activity of extractives of Solidago mi-
croglossa. Fitoterapia, 2006, 77,453-455.

Souza, P.A.; Silva, C.G.; Machado, B.R.P.; Lucas, N.C.; Leitdo,
G.G.; Eleutherio., E.C.A.; Ortiz, G.M.D.; Benchetrit, L.C. Evalua-
tion of antimicrobial, antioxidant and phototoxic activities of ex-
tracts and isolated compounds from Stachytarpheta cayennensis
(Rich.) Vahl, Verbenaceae. Rev. Bras. Farmacogn., 2010, 20(6),
922-928.

Assis, C.M.; Moreno, P.R.H.; Young, M.C.M.; Arruda Campos,
L.P.; Suffredini, I.B. Isolamento e avaliagdo da atividade biologica
dos alcaldides majoritarios de Tabernaemontana angulata Mart. ex
Miill. Arg., Apocynaceae. Rev. Bras. Farmacogn., 2009, 19(2B),
626-631.

Delaporte, R.H.; Sarragiotto, M.H.; Takemura, O.S.; Sanchez,
G.M.; Filho, B.P.D.; Nakamura, C.V. Evaluation of the antioede-
matogenic, free radical scavenging and antimicrobial activities of
aerial parts of Tillandsia streptocarpa Baker —Bromeliaceae. J.
Ethnopharmacol., 2004, 95,229-233.

Michielin, E.M.Z.; Salvador, A.A.; Riehl, C.A.S.; Smania Jr., A.;
Smania, E.F.A.; Ferreira, S.R.S. Chemical composition and anti-
bacterial activity of Cordia verbenacea extracts obtained by differ-
ent methods. Bioresource Technology, 2009, 100, 6615-6623.
Philippsen, A.F.; Miguel, O.G.; Miguel, M.D.; Lima, C.P.; Kale-
gari, M.; Lordello, A.L.L. Validation of the antibacterial activity of
root bark of Xylosma ciliatifolia (Clos) Eichler (Flacour-
tiaceae/Salicaceae sensu lato). Rev. Cuba. Plantas Med., 2013,
18(2),258-267.

Leal, I.C.R.; Santos, K.R.N.; Junior, L.I.; Antunes, O.A.C.; Porzel,
A.; Wessjohann, L.; Kuster, R.M. Ceanothane and lupane type
triterpenos from Zizyphus joazeiro — An anti-staphylococcal
evaluation. Planta Med., 2010, 76, 47-52.

[109]

[110]

(111

[112]

[113]

[114]

[115]

Moreno et al.

Benko-Iseppon, A. M.; Crovella, S. Ethnobotanical bioprospection
of candidates for potential antimicrobial drugs from Brazilian
plants: state of art and perspectives. Curr. Protein Pept. Sci, 2010,
11,189-194.

Ncube N. S.; Afolayan A. J.; Okoh A. I. Assessment techniques of
antimicrobial properties of natural compounds of plant origin: cur-
rent methods and future trends. Afiican J. Biotechnol., 2008, 7(12),
1797-1806.

Eloff J.N. Which extractant should be used for the screening and
isolation of antimicrobial components from plants? J. Ethnophar-
macol., 1998, 60, 1-8.

Rojas, J.J.; Ochoa V.J,; Ocampo, S.A.; Monoz, J.F. Screening for
antimicrobial activity of ten medicinal plants used in Colombian
folkloric medicine: a possible alternative in treatment of nonnoso-
comial infections. BMC Complement. Alternat. Med., 2006, 6:2.
Rollinger, J.M.; Langer, T.; Stuppner, H. Strategies for efficient
lead structure discovery from natural products, Curr. Med. Chem.,
2006, /3, 1491-1507.

Taylor, P. W. Alternative natural sources for a new generation of
antibacterial agents. Int. J. Antimicrob. Agents, 2013, 42, 195—201.
Pretto, J. B.; Cechinel-Filho, V.; Noldin, V. F.; Sartori, M. R. K.;
Isaias,D. E. B.; Cruz, A. B.

Antimicrobial Activity of Fractions and Compounds from Calophyllum

[116]

[117]
[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

brasiliense (Clusiaceae/Guttiferae). Z. Naturforsch., 2004, 59, 657-
662.

Taguri, T.; Tanaka, T.; Kouno, I. Antibacterial spectrum of plant
polyphenols and extractsdepending upon hydrogyphenyl structure.
Biol. Pharm. Bull., 2006, 29, 2226-2235.

Kovacs, A.; Vasas, A.; Hohmann, J. Natural phenanthrenes and
their biological activity. Phytochemistry, 2008, 69, 1084-1110.
Cushnie, T.T.P.; Lamb, A.J. Antimicrobial activity of flavonoids.
Int. J. Antimicrob. Agents, 2005, 26, 343-356.

Hamdy, A.E.; Shaaban, A.; Ahmed, H.; El-Ghorab, A.; Takayuki,
S. Bioactivity of essential oils and their volatile aroma components:
Review. J. Essent. Oil Res., 2012, 24(2),203-212.

Coutinho, H.D.M.; Costa, J.G.M.; Lima, E.O. Herbal therapy asso-
ciated with antibiotic therapy: potentiation of the antibiotic activity
against methicillin - resistant Staphylococcus aureus by Turnera
ulmifolia L. BMC Complement. Alternat. Med., 2009, 9-13.
Hemaiswarya, S.; Kruthiventi, A.K.; Doble, M. Synergism between
natural products and antibiotics against infectious diseases. Phy-
tomedicine, 2008, 15, 639—-652.

Smith, E.C.J.; Kaatz, G.W.; Seo, S.M.; Wareham, N.; Williamson,
E.M.; Gibbons, S. The phenolic diterpene totarol inhibits multidrug
efflux pump activity in Staphylococcus aureus. Antimicrob. Agents
Chemother., 2007, 54, 4480-5448.

Gibbons, S. Anti-staphylococcal plant natural products. Nat. Prod.
Rep.,2004, 21,263-277.

Jayaraman, P.; Sakharkar, M. K.; Lim, C. S.; Tang, T. H.; Sak-
harkar, K. R. Activity and interactions of antibiotic and phyto-
chemical combinations against Pseudomonas aeruginosa in vitro.
Int. J. Biol. Sci., 2010, 6(6), 556-568.

Gonzalez-Lamothe, R.; Mitchell, G.; Gattuso, M.; Diarra, M.S.;
Malouin, F.; Bouarab, K. Plant antimicrobial agents and their ef-
fects on plant and human pathogens. Int. J. Mol. Sci, 2009, 10,
3400-3419.

Tincusi, B.M; Jiménez, 1.A.; Bazzocchi, 1.L.; Moujir, L.M.;
Mamani, Z.A.; Barroso, J.P.; Ravelo, A.G.; Harnandez, B.V. An-
timicrobial terpenoids from the oleoresin of the Peruvian medicinal
plant Copaifera pauper. Planta Med., 2002, 68, 808-812.

Paiva, S.R.; Figueiredo, M.R.; Aragdo, T.V.; Kaplan, M.A.C.
Antimicrobial activity in vitro of plumbagin isolated from Plum-
bago species. Mem. Inst. Oswaldo Cruz, 2003, 98(7), 959-961.
Maia, L. A.; Falcdo-Silva, V. S.; Aquino, P.G.V.; Aratijo Junior, J.
X.; Tavares, J. F.; Silva, M. S.; Rodrigues, L. C.; Siqueira Junior, J.
P.; Barbosa Filho, J. M. Flavonoids from Praxelis clematidea R M.
King and Robinson modulate bacterial drug resistance, Molecules,
2011, /6, 4828-4835.

Rios, J.L.; Recio, M.C. Medicinal plants and antimicrobial activity.
J. Ethnopharmacol., 2005, 100, 80-84.

Lang G.; Buchbauer, G. A review on recent research results (2008—
2010) on essential oils as antimicrobials and antifungals. Flavour
Fragr. J,2012, 27, 13-39.

Burt, S. Essential oils: their antibacterial properties and potential
applications in foods—a review. Int. J. Food Microbiol., 2004, 94,
223-253.



Native Brazilian Plants Against Nosocomial Infections

[132]
[133]

[134]

[135]

[136]

[137]

Bassolé, I. H. N.; Juliani, H. R. Essential oils in combination and
their antimicrobial properties. Molecules, 2012, 17, 3989-4006.
Davidson, P.M.; Parish, M.E. Methods for testing the efficacy of
food antimicrobials. Food Technol., 1989, 43, 148-155.

Gill, A.O.; Delaquis, P.; Russo, P.; Holley, R.A. Evaluation of
antilisterial action of cilantro oil on vacuum packed ham. Inz. J.
Food Microbiol., 2002, 3, 83-92.

Vuuren, S.; Viljoen, A. Plant-based antimicrobial studies — meth-
ods and approaches to study the interaction between natural prod-
ucts. Planta Med., 2011; 77, 1168-1182.

Rodrigues, F.F.G.; Costa, J.G.M.; Coutinho, HD.M. Synergy ef-
fects of the antibiotics gentamicin and the essential oil of Croton
zehntneri. Phytomedicine, 2009, 16, 1052-1055.

Sousa, E.O.; Barreto F.S.; Rodrigues F.F.G.; Campos, A.R.J.;
Costa, G.M. Chemical composition of the essential oils of Lantana
cantara L. and Lantana montevidensis Briq. and their synergistic
antibiotic effects on aminoglycosides. J. Essent. Oil Res., 2012, 24
(5),447-452.

[138]. Costa, V.C.O.; Tavares, J.F.; Agra, M.F.; Falcao-Silva, V.S; Facanali,

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

R.; Vieira, M.A.R.; Marques, M.O.M.; Siqueira-Junior, J.P.; Silva,
M.S. Chemical composition and modulation of bacterial drug resis-
tance of the essential oil from the leaves of Rollinia leptopetala R.
E. Fries. Rev. Bras. Farmacogn., 2008, 18(2), 245-248.
Langeveld, W, T.; Veldhuizen, E. J. A.; Burt, S. A. Synergy be-
tween essential oil components and antibiotics: a review. Crit. Rev.
Microbiol., 2013, 1-19.

Coutinho, H.D.M. ; Rodrigues, F. F. G.; Nascimento, E. M. M. ;
Costa, J. G.M.; Falcdo-Silva, V. S.; Siqueira-Jinior, J. P. Syner-
gism of Gentamicin and Norfloxacin with the volatile compounds
of Lippia microphylla Cham. (Verbenaceae). J. Essent. Oil Res.,
2011, 23,24-28.

Laird, K.; Phillips, C. Vapour phase: a potential future use for
essential oils as antimicrobials? Lett. Appl. Microbiol., 2011, 54,
169-174.

Nedorostova,L,; Kloucek, P.; Urbanova,K.; Kokoska, L.; Smid, J.;
Urban, J.; Valterova, 1.; Stolcova, M. Antibacterial effect of essen-
tial oil vapours against different strains of Staphylococcus aureus,
including MRSA. Flavour Fragr. J., 2011, 26, 403-407.

Tyagi, A.K.; Malik. A. Antimicrobial action of essential oil va-
pours and negative air ions against Pseudomonas fluorescens. Int.
J. Food Microbiol., 2010, 143,205-210.

Inouye, S., Watanabe, M., Nishiyama, Y., Takeo, K., Akao, M. and
Yamagughi, H. Antisporulating and respiration- inhibitory effects
of essential oils on filamentous fungi. Mycoses, 1998, 41, 403-410.
Figueiredo A.C.; Barroso, J.G.; Pedro, L. G.; Scheffer, J.J.C. Fac-
tors affecting secondary metabolite production in plants: volatile
components and essential oils. Flavour Fragr. J., 2008, 23, 213-
226

Cerqueira, M.D.; Souza-Neta, L.C.; Passos, M.G.V.M.; Lima,
E.O.; Roque, N.F.; Martins, D.; Guedescand, M.L.S.; Cruz, F.G.
Seasonal variation and antimicrobial activity of Myrcia myrtifolia
essential oils. J. Braz. Chem. Soc., 2007, 18, (5), 998-1003.
McMahon, M.A.; Tunney, M.M.; Moore, J.E.; Blair, I. S.; Gilpin,
D.F.; McDowell, D.A. Changes in antibiotic susceptibility in
staphylococci habituated to sub-lethal concentrations of tea tree oil
(Melaleuca alternifolia). Lett. Appl. Microbiol., 2008, 47,263-268.
Rios, J. L.; Recio, M. C.; Villar, A. Screening methods for natural
products with antimicrobial activity: a review of the literature. J.
Ethnopharmacol., 1988, 23, 127-149.

Hostettmann, K. Strategy for the biological and chemical evalua-
tion of plant extracts. Pure Appl. Chem., 1998, 70(11), 23-27.
Seow, Y.X.; Yeo, C.R.; Chung, HL.; Yuk, H.G. Plant essential
oils as active antimicrobial agents. Crit. Rev. Food Sci. Nutr., 2013,
(ahead of print) DOI: 10.1080/10408398.2011.599504 .

Bastos, M.L.A.; Lima, M.R.F.; Conserva, L.M.; Andrade, V.S.;
Rocha, EM.M.; Lemos, R.P.L. Studies on the antimicrobial activ-
ity and brine shrimp toxicity of Zeyheria tuberculosa (Vell.) Bur.
(Bignoniaceae) extracts and their main constituents. Ann. Clin. Mi-
crobiol. Antimicrob., 2009, 8:16.

Ostrosky, E.A.; Mizumoto, M.K.; Lima, M.E.L.; Kaneko, T.M.;
Nishikawa, S.O.; Freitas, B.R. Methods for evaluation of the ant-
microbial activity and determination of Minimum Inhibitory Con-
centration (MIC) of plant extracts. Rev. Bras. Farmacogn., 2008,
18(2),301-307.

Silva, C. H. P. M.; Bacteriology: an illustrated text. , Ed. Eventos:
Teresopolis, Brasil, 1999.

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

Current Topics in Medicinal Chemistry, 2013, Vol. 13, No. 24 3077

Cordeiro, C.H.G.; Sacramento, L.V.S.; Corréa, M.A.; Pizzolitto,
A.C.; Baub, T.M. Herbal extracts in an experimental mouthwash:
pharmacognostics analysis and antibacterial activity. Braz. J.
Pharm. Sci., 2006, 42, 395-404.

Bauer, A.W.; Kirby, W.M.; Sherris, J.C.; Turck M 1. Antibiotic
susceptibility testing by standardized single disk method. Amer. J.
Clin. Pathol., 1966, 45, 493-496.

NCCLS. Performance standards for antimicrobial disk susceptibil-
ity tests; approved standard document M2-A8, Wayne, PA, USA,
2003.

NCCLS. Performance standards for antimicrobial disk susceptibil-
ity testing, approved standard M2-A7, Villanova, PA, USA, 2000.
NCCLS. Performance standards for antimicrobial disk and dilu-
tion susceptibility tests for bacteria isolated from animals; tentative
Standards, document M31-T, 64, Waine, PA, USA, 1997.

NCCLS. Performance standards for antimicrobial susceptibility
testing. Approved standard M100-S12, twelfth informational sup-
plement, Villanova, PA, USA, 2002.

Carelli, G.; Macedo, S.M.D.; Valduga, A.T.; Corazza, M.L;
Oliveira; Franceschi, E.; Vidal, R.; Jaskulski, M.R. Preliminary
evaluation of the antimicrobial activity of "erva mate" (Ilex para-
guariensis A. St. - Hil)) extract obtained by using supercritical
CO2. Rev. Bras. Pl. Med., 2011, 13(1), 110-115.

Costa, J.G.M.; Rodrigues, F.F.G.; Angélico, E.C.; Pereira, C.K.B.;
Souza, E.O.; Caldas, G.F.R.; Silva, M.R.; Santos, N.K.A.; Magaly
L.; Mota, M.L.; Santos, P.F. Chemical composition and evaluation
of the antibacterial activity and toxicity of the essential oil of Cro-
ton zehntneri (variety estragol). Rev. Bras. Farmacogn., 2008,
18(4), 583-586.

Silva, L.L.D.; Nascimento, M.; Silva, D.H.S.; Furlan, M.; Bolzani,
V.S. Antibacterial activity of a stearic acid derivative from Stemo-
dia foliosa. Planta Med., 2002, 68, 1137-1139.

Moura, RM.X.; Pereira, P.S.; Januario, A.H.; Franga, S.C.; Dias,
D.A. Antimicrobial screening and quantitative determination of
benzoic acid derivative of Gomphrena celosioides by TLC-
densitometry. Chem. Pharm. Bull., 2004, 52(11) 1342-1344.
Ramos, S.C.S.; Oliveira, J.C.S.; Camara, C.A.G.; Castelar, I.; Car-
valho, A.F.F.U.; Lima-Filho, J.V. Antibacterial and cytotoxic prop-
erties of some plant crude extracts used in northeastern folk medi-
cine. Rev. Bras. Farmacogn., 2009, 19(2A), 376-381.

Takahashi, J.A.; Pereira, C.R.; Pimenta, L.P.S.; Boaventura,
M.A.D.; Silva, L.G.F.E. Antibacterial activity of eight Brazilian
Annonaceae plants. Nat. Prod. Res., 2006, 20(1), 21-26.

Pelissari, G.P.; Pietro, R.C.L.R.; Moreira, R.R.D. Atividade anti-
bacteriana do Oleo essencial de Melampodium divaricatum (Rich.)
DC., Asteraceae. Rev. Bras. Farmacogn., 2010, 20(1), 70-74.
Pessoa, O.D.L.; Carvalho, C.B.M.; Silvestre, J.O.V.L.; Lima,
M.C.L.; Neto, R.M.; Matos, F.J.A.; Lemos, T.L.G. Antibacterial
activity of the essential oil from Lippia aff. gracillis. Fitoterapia,
2005, 76, 712-714.

Souza, W.M.; Stinghen, A.E.M.; Santos, C.A.M. Antimicrobial
activity of alkaloidal fraction from barks of Himatanthus lancifo-
lius. Fitoterapia, 2004, 75, 750-753.

Alves, E.G.; Vinholis, A.H.C.; Casemiro., L.A.; Furtado, N.A.J.C.;
Silva, M.L.A.; Cunha, W.R.; Martins, C.H.G. Comparative study
of screening techniques for antibacterial activity evaluation of plant
crude extracts and pure compounds. Quim. Nova, 2008, 31(5),
1224-1229.

Celotto, A.C.; Nazario, D.Z.; Spessoto, M.A.; Martins, C.H.G.;
Cunha, W.R. Evaluation of the in vitro antimicrobial activity of the
crude extract of the three Miconia species. Braz. J. Microbiol.,
2003, 34,339-340.

Aratjo, C.W.G.; Neto, P.A.S.P.; Campos, N.V.C.; Porfirio, Z.;
Caetano, L.C. Antimicrobial activity of Pithecolobium avare-
motemo bark. Fitoterapia, 2002, 73, 698-700.

Neto, P.A.S.P.; Silva, M.V.; Campos, N.V.C.; Porfirio, Z.;
Caetano, L.C. Antibacterial activity of Borreria verticillata roots.
Fitoterapia, 2002, 73, 529-531.

Ospina, L.AF.; Guerrero, J.P.C.; Buendia, Y.C.O.; Bolivar, .B.P.;
Castillo, F.C. Antiinflammatory, antioxidant and antibacterial ac-
tivity of two species of Tabebuia genus. Rev. Cuba. Plantas Med.,
2013, 18(1), 34-46.

Salvador, M.J.; Pereira, P.S.; Franga, S.C.; Candido, R.C.; Ito, L.Y.;
Dias, D.A. Comparative study of antibacterial and antifungal activ-
ity of callus culture and adult plants extracts from Alternanthera
maritime (Amaranthaceae). Braz. J. Microbiol., 2003, 34, 131-136.



3078 Current Topics in Medicinal Chemistry, 2013, Vol. 13, No. 24

[175]

[176]

[177]

[178]

[179]

[180]

—
—_—
e el
N —
—e

[183]

[184]

[185]

[186]

[187]

[188]

Stefanello, M.E.A.; Salvador, M.J.; Tto, LY., Macari, P.A.T.
Evaluation of antimicrobial and cytotoxic activitiy of extracts from
Gochnatia polymorpha (Less) ssp floccosa. Rev. Bras. Farma-
cogn., 2006, 16(4), 525-530.

Dall” Agnol, R.; Ferraz, A.; Bernardi, A.P.; Albring, D.; Nor, C.;
Sarmento, L.; Lamb, L.; Hass, M.; Poser, G.V.; Schapoval, E.E.S.
Antimicrobial activity of some Hypericum species. Phytomedicine,
2003, /0, 511-516.

Limberger, R.P.; Sobral, M.E.G.; Zuanazzi, J.A.S.; Moreno,
P.R.H.; Schapoval, E.E.S.; Henriques, A.T. Biological activities
and essential oil composition of leaves of Blepharocalyx salicifo-
lius. Pharm. Biol., 2001, 39(4), 308-311.

Shimizu, M.T.; Bueno, L.J.F.; Rodrigues, R.F.O.; Sallowicz, F.A.;
Sawaya, A.C.H.F.; Marques, M.O.M. Essential oil of Lithraea
molleoides (Vell.): chemical composition and antimicrobial activ-
ity. Braz. J. Microbiol., 2006, 37, 556-560.

Victorio, C.P.; Alviano, D.S.; Alviano, C.S.; Lage, C.L.S. Chemi-
cal composition of the fractions of leaf oil of Alpinia zerumbet
(Pers.) B.L. Burtt & R.M.Sm and antimicrobial activity. Rev. Bras.
Farmacogn., 2009, 19(3), 697-701.

Grove, D.C.; Randall, W.A. Assay methods of antibiotic: a labora-
tory manual, Medical Encyclopedia: New York, 1955.
Farmacopéia Brasileira, Atheneu: Sao Paulo, 1988.

Murray, P. R. Manual of Clinical Microbiology, 7th ed., ASM
Press: Washington, 1999.

Zampini, I.C.; Isla, M.I.; Schmeda-Hirschmann, G. Antimicrobial
and antioxidant compounds from the infusion and methanolic ex-
tract of Baccharis incarum (Wedd.) Perkins, J. Chil. Chem. Soc.,
2009, 54(4), 477-481.

NCCLS. Methods for dilution antimicrobial susceptibility tests for
bacteria that grow aerobically. Villanova, PA, USA, 2003.
NCCLS. Methods for Dilution Antimicrobial Susceptibility Tests
for Bacteria that Grow Aerobically, Approved standard M7-A3,
Wayne, PA, USA, 1993.

Bueno-Sanchez, J.G.; Martinez-Morales, J.R.; Stashenko, E.
Antimycobacterial activity of terpenes, Salud UIS, 2009, 41, 231-
P8fez-Amador, M.C.; Ocotero, V.M.; Balcazar, R.I.; Jiménez, F.G.
Phytochemical and pharmacological studies on Mikania micrantha
H.B.K. (Asteraceae), Int. J. Exp.Bot., 2010, 79, 77-80.

Sampaio, F.C.; Pereira, M.S.V.; Dias, C.S.; Costa, V.C.O.; Conde,
N.C.O.; Buzalaf, M.A.R. In vitro antimicrobial activity of Caesal-

Received: August 19,2013

Revised: September 04,2013  Accepted: September 11,2013

[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]

[198]

[199]

[200]

[201]

Moreno et al.

pinia ferrea Martius fruits against oral pathogens. J. Ethnopharma-
col., 2009, 124,289-294.

NCCLS. Methods for Dilution Antimicrobial Susceptibility Tests
for Bacteria That Grow Aerobically, Approved Standard M7-A6
Sixth Edition, Wayne, PA, USA, 2003.

NCCLS. Method for Broth Dilution Tests to Determine the Anti-
fungal Susceptibility of Filamentous Fungi, Approved Standard
M38-A, Wayne, PA , USA, 2002.

NCCLS. Method for Broth Dilution Tests to Determine the Anti-
fungal Susceptibility of Yeasts, Approved Standard M27-A2 Sec-
ond Edition, Wayne, PA, USA, 2002.

Hood, J.R.; Wilkinson, J.M.; Cavanagh, HM.A. Evaluation of
common antibacterial screening methods utilized in essential oil re-
search, J. Essent. Oil Res., 2003, 15,428-433.
Chiristofilogiannis, P. Current inoculation methods
determination. Aquaculture, 2000, 196-297.

Troskie, A.M.; Vlok, N.M.; Rautenbach, M.A. Novel 96-well gel-
based assay for determining antifungal activity against filamentous
fungi. J. Microbiol. Meth., 2012, 91, 551-558.

Sams-Dodd ,F. Target-based drug discovery: is something wrong?
Drug Discov. Today, 2005, 10, 139-147.

Payne, D.J.; Gwynn, M.N.; Holmes, D. J.; Pompliano, D. L. Drugs
for bad bugs: confronting the challenges of antibacterial drug
discovery. Nat. Rev. Drug Discov., 2007, 6, 29-40.

Sheridan, C. Antibiotics au naturel. Nat. Biotechnol., 2006, 24,
1494-1496.

Zhu, F.; Ma, X.H.; Qin, C.; Tao, L.; Liu, X.; Shi, Z. Drug discovery
prospect from untapped species: indications from approved natural
product drugs. PLoS One, 2012, 7(7), 1-9.

Gibbons, S. Plants as a source of bacterial resistance modulators.
Phytochem. Rev., 2005, 4, 63-78.

Radulovi¢, N.S.; Blagojevic, P.D.; Stojanovi¢c-Radic, Z.Z.;
Stojanovi¢, N.M. Antimicrobial plant metabolites: structural diver-
sity and mechanism of action. Curr. Med. Chem., 2013, 20, 932-
952.

World Health Organization. WHO traditional medicine strategy
2002-2005. Geneva, Switzerland: WHO; 2002.
WHO/EDM/TRM/2002.1.

in MIC



