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SUMMARY. Ethanol extract and fractions from aerial parts of Eclipta alba (L.) Hassk (Asteraceae) were
screened for the antibacterial and antifungal activities against different species of human pathogenic bac-
terial ATCC, antibiotic-resistant clinical isolates and strains of the dermatophyte Trichophyton rubrum
(wild and mutant for TruMDR2 gene) using a microdilution method. Demethylwedelolactone/wedelolac-
tone (DWL/WL) and only wedelolactone (WL), both in a high homogeneity degree, were efficient to inhib-
it the ATCC strains of Staphylococus aureus (Minimal Inhibitory Concentration MIC = 75 μg/mL),
Staphylococcus epidemidis (MIC = 125 μg/mL) and Escherichia coli (MIC = 125 μg/mL) as well as antibiot-
ic-resistant clinical isolates of Enterococcus spp (MIC = 250 μg/mL) and S. aureus (MIC = 125 μg/mL).
Ethanol extract was more effective than the purified fractions against Trichophyton rubrum strains (MIC
= 125 μg/mL), suggesting that anti-fungal activity is not only related to demethylwedelolactone and wede-
lolactone, but also to a synergistic action between these coumestans and other compounds found in that ex-
tract. Thus, this work suggests that E. alba possesses a significant antimicrobial activity, including that
against multi-drug resistant microorganisms, which could be of relevance for the treatment of infectious
diseases. 

INTRODUCTION
Currently, it has been observed a significant

growth in the emergence and dissemination of
resistant microorganisms to antimicrobial drugs
and consequently a decrease in the efficacy of
available therapeutic approaches 1. For example,
methicillin-resistant Staphylococcus aureus strains
become endemic in hospitals and intensive care
units, while, only vancomicine appears to be an
effective antibiotic for patients infected with this
bacteria 2.

Human fungal infections vary from superfi-
cial to invasive or disseminated, and have drasti-
cally increased in the last few decades 3. Myco-
sis treatment has been based on the same strate-
gy for antibacterial therapy; however, only anti-
fungal drugs are available compared to the
number of antibacterial ones 4. Fungal infections

in immunocompromised individuals have great-
ly increased in recent years, promoting the natu-
ral selections of pathogens that so far were not
considered etiological agents of systemic myco-
sis, constituting a serious public healthcare
problem 5. Among the onychomycosis associat-
ed with AIDS, 85% of them are caused by T.
rubrum, which has been characterized as clini-
cally aggressive and by a high frequency of un-
usual presentation and resistance to the conven-
tional therapy 6. 

Antifungal and antibacterial agents are often
from synthetic sources. Regarding the number
of drug resistant microorganisms and technical
disturbances actually observed on some clinical
therapeutics, such as, drug low potency, side ef-
fects and costs, the development of new
medicines with different chemical moeties,
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mode of actions may be considered a relevant
strategy 7. Thus, the search for new antimicro-
bial agents from medicinal plants could be
placed as an interesting approach, particularly in
developing countries where the frequency of in-
fectious diseases is increasing in a fast ratio 8,9. 

Eclipta  alba (L.) Hassk (Asteraceae) (syn: E.
prostrata) is an herb commonly found in the
Amazon region and popularly known as
“agrião-do-brejo” or “erva-botão”. E. alba aerial
parts are commonly used in Brazilian folk
medicine against snake bite 10. Recent reports
indicate that E. alba have immunostimulator and
hepatoprotective properties 11. It has also been
noticed that E. alba possesses anti-inflammatory,
analgesic, anti-aging, hair growth promoting and
nervine tonic activities 12-14. Moreover, E. alba
has been related to the treatment of several
chronic skin diseases 15. E. alba phytochemical
profile is characterized by the presence of eclal-
batin, alpha-amyrin, ursolic acid, oleanolic acid
16, ecliptasaponin, daucosterol, stigmasterol-3-O-
glucoside 17 and coumestans (demethylwedolac-
tone and wedelolactone) 18. 

The aim of this work was to evaluate the an-
timicrobial activity of E. alba ethanol extract and
active fractions against Trichophyton rubrum
strains, bacterial ATCC strains and antibiotic re-
sistant clinical isolates.

MATERIAL AND METHODS
Plant material

Aerial parts of E. alba were collected in
Ribeirão Preto, SP, Brazil (GPS -21° 11’ 55,2”-
47° 46’ 42,1”). Voucher specimens (N HPMU
058) were deposited at the Herbarium of
Ribeirão Preto University, São Paulo, Brazil. 

Ethanol extracts preparations and active
compounds purification 

Aerial parts of E. alba (2200 g) were dried,
pulverized and then macerated in ethanol 95%
(5:1; w/v) for 24 h at 25 °C. After filtration, the
material was concentrated in a rotatory evapora-
tor and lyophilized, yielding 295.8 g of the
ethanolic dried extract. Ethanol extract (100 g)
was dissolved in 500 mL of methanol: pure wa-
ter (1:1; v/v) and submitted to extraction with n-
hexane (500 mL) for three times. The Water dis-
soluble fraction (WF) was concentrated in a ro-
tor evaporator until the water volume had been
reduced by 50% and then submitted to extrac-
tion with ethyl acetate (300 mL) for three times.
The hexane fraction (HF) and ethyl- acetate
fraction (EAF) were evaporated and the water
dissoluble fraction (WF) lyophilized. 

The EAF (5 g) was submitted to purification
on a Sephadex® LH20 chromatographic column
(3.3 x 120 cm) using methanol as mobile phase.
After TLC analysis the fractions were selectively
grouped. The TLC conditions were: silica gel
plate (10 x 10 cm), chloroform:methanol (8:2;
v/v) as mobile phase and iodine vapors and sul-
phuric vanillin as developers. Coumestans frac-
tions were applied on a RP18 HPLC column (Su-
pelcosilTM Sigma-Aldrich, St. Louis, MO, USA.
RP-18, 250 x 10 mm-i.d.), yielding wedelolac-
tone (32.5 mg; Rt = 70-80 min) and demethyl-
wedelolactone (16.0 mg; Rt = 50-62 min). Detec-
tion was at 210 and 350 nm. A two-solvent gra-
dient system of water (A) and methanol (B) was
used. The gradient program consisted of four
time periods: (1) 0-100 min, 0-60% B, (2) 100-
110 min, 60% B, (3) 110-112 min, 60-0% B and
(4) 112-120 min, 0% B. The flow-rate was 2.0
mL/min, the sample injection volume was 0.8
ml (100 mg/mL). Chromatographic fractions
containing Demethylwedelolactone and Wede-
lolactone (DWL/WL) and only Wedelolactone
(WL), both in a high homogeneity degree, were
identified by means of HPLC profile, and UV
and NMR (1H and 13C) spectra. In order to per-
form the microbiological assay, the ethanol ex-
tract and fractions were dissolved in 10% DMSO
(dimethyl sulfoxide) in pure water.

Fungi strains 
A clinical T. rubrum isolate (ATCC-MYA3108)

was obtained from a patient admitted to the
University Hospital of Ribeirão Preto, SP, Brazil.
The mutant strain TruMDR2 was obtained from
disruption of the TruMDR2 gene from isolate
MYA3108 19. Standard protocols for maintenance
of both fungal strains were previously described
by Fachin et al. 19,20. 

Antifungal assay 
Susceptibility of MYA3108 and TruMDR2

mutant strains was tested by assessing the Mini-
mal Inhibitory Concentration (MIC) of different
concentrations of ethanol extract and fractions
according to Clinical and Laboratory Standards
Institute 21. Colonies were obtained by growing
the strains on Sabouraud plates at 28 °C for 15
days and were harvested by sterile scraping,
mixed with sterile saline next filtered through a
glass wool. The filtrate was transferred to a ster-
ile tube and adjusted spectrophotometrically at a
wavelength of 530 nm ranging from 70 to 75%
transmittance. The conidial suspensions were di-
luted 1:50 (v/v) in RPMI 1640 medium (Sigma
Chemical, St Louis, MO) buffered with 4-mor-
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pholinepropanesulfonic acid (MOPS), which
corresponded to twice the density needed for
the test of approximately 3.105–5.105 CFU/mL.
Each micro dilution well containing different
concentrations of ethanol extract or fractions in
RPMI was inoculated with the diluted conidial
suspensions in a final volume of 200 µL. Solvent
controls containing 10% DMSO, sterility and
growth controls were included for each assay.
96 well plate were incubated at 28 °C and MICs
were recorded after 7 days of incubation. The
MIC 100 was defined as the lowest concentra-
tion at the fraction which resulted in total inhibi-
tion. Assays were carried out in three indepen-
dent experiments performed in triplicate. Flu-
conazole (0.075 mg/mL) was used as positive
control.

Bacterial Strains
The bacterial strains used in the assay were:

Staphylococcus aureus (ATCC 6538), S. epider-
midis (ATCC 2228), Escherichia coli (ATCC
25922) and Pseudomonas aeruginosa (ATCC
27853). 

Antibiotic resistant isolates 
Antibiotic resistant isolates of S. aureus, Ente-

rococcus spp, E. coli, Citrobacter sp, Klebsiella
oxytoca, Proteus mirabilis and Klebsiella pneu-
moniae were collected from urine samples of
patients admitted to the Laboratory for Biomedi-
cal Analysis at Ribeirão Preto University. The
identification was achieved through standard
procedures 22 and the antibiogram obtained
through the Kirby-Bauer method using antibiotic
disks in a concentration of 5 to 30 µg/mL in
Mueller Hinton medium 23. 

Antibacterial assay 
Antimicrobial activity against ATCC strains

and antibiotic resistant strains were evaluated
according to the microdilution method in a BHI

(Brain Heart Infusion) medium 24. Briefly, each
microdilution well containing different concen-
trations of ethanol extract or fractions was inoc-
ulated with the bacterial suspension in a final
concentration of 105 CFU/mL. Solvent controls
containing 10% DMSO, sterility and growth con-
trols were included for each assay. Microtitre
trays were incubated at 37 °C and the MIC 100,
as defined in the previous section, was recorded
after 24 h of incubation. The assays were carried
out in three independent experiments per-
formed in triplicate. Ampicilin was used as posi-
tive control.

RESULTS AND DISCUSSION
The antibacterial activities of E. alba ethanol

extract and fractions against ATCC strains are
shown in Table 1. DWL/WL and WL fractions,
were able to inhibit gram positive as well as
gram negative bacteria. The DWL/WL fraction
presented MICs of 75, 125 and 125 µg/mL, for S.
aureus, S. epidermidis and E. coli, respectively.
The growth of P. aeruginosa was completely in-
hibited by the WL fraction (MIC = 250 µg/mL). It
should be emphasized, that infections caused by
P. aeruginosa are among the most difficult to
treat with conventional antibiotics 25. Usually,
the natural antibiotics from plants are more effi-
cient to inhibit gram-positive bacteria than the
gram-negative ones 26. Unlike gram-positive
bacteria, the lipopolysaccharide layer along with
proteins and phospholipids are the major com-
ponents in the outer surface of gram-negative
bacteria. Compounds access the peptidoglycan
layer of the cell wall is hindered by the outer
lipopolysaccharide layer 27. Our results indicate
that E. alba is a source of active coumestans
against infections caused by two types of bacte-
ria. 

Bacteria have the genetic ability to transmit
and acquire resistance to drugs that are em-
ployed as therapeutic agents 28. Such fact cause

Strains EE a WF a EAF a HF a DWL/WL b WL b Ampicilin *

S. aureus 2500 5000 1250 5000 75 250 19

S. epidermidis 1250 5000 625  1250 125 500 156

E. coli 5000 5000 5000 5000 125 >1000 19

P. aeruginosa 5000 5000 2500 5000 >1000 250 78

Table 1. Minimal Inhibitory Concentration (µg/mL) of ethanol extract and fractions from E. alba against  ATCC
bacterial strains. EE: Ethanol extract; WF: Water dissoluble fraction; EAF: Ethyl acetate fraction (Rich in coumes-
tans); HF: Hexane fraction; DWL/WL: Demethylwedelolactone and wedelolactone fraction in a high homogene-
ity degree; WL: Wedelolactone fraction in a high homogeneity degree; a : Range of concentration 19.5- 5000 µg
/mL; b : Range of concentration 19.5- 1000 µg /mL; *Ampicilin (19-2500 µg /mL): Reference standard. 
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concerns, due to the large number of hospital-
ized immunocompromised patients who may be
infected by new bacterial strains multi-resistant
to antibiotics. Regarding the antibiotic resistant
isolates, it was noted that the Enterococcus spp
and S. aureus bacterial strains were more sensi-
tive to the EAF (rich in coumestans) and notably
to the WL fraction (Table 2). Finally, the ethanol
extract, EA and WL fractions showed the most
promising results for the two species of resistant
clinical isolates Enterococcus spp and S. aureus
(Table 2).

Regarding the antifungal testing, the E. alba
ethanol extract showed a MIC value of 125
µg/mL for both T. rubrum strains. For cumes-
tans fractions a very similar profile of fungal
sensitivity was observed. DWL/WL fraction pre-
sented a MIC value higher than 500 µg/mL for
the MYA-3108 strain and of 500 µg/mL for mu-
tant one, while, WL fraction presented a MIC
value of 500 µg/mL for both strains (Table 3).
Hence, the ethanol extract was more effective
than DWL/WL and WL fractions against the T.
rubrum strains, suggesting that anti-fungal activ-

T. rubrum strains EE a WF a EAF a HF a DWL/WL b WL b Fluconazole*

MYA-3108 125 1250 2500 1250 >500 500 75

ΔTruMDR2 125 625 2500 1250 500 500 75

Table 3: Minimal Inhibitory Concentration (µg/mL) of ethanol extract and fractions from E. alba against T.
rubrum strains. EE: Ethanol extract; WF: Water dissoluble fraction; EAF: Ethyl acetate fraction (Rich in coumes-
tans); HF: Hexane fraction; DWL/WL: Demethylwedelolactone and wedelolactone fraction in a high homogene-
ity degree; WL: Wedelolactone fraction in a high homogeneity degree. a : Range of concentration 19.5-5000 µg
/mL; b : Range of concentration 19.5-500 µg /mL; * Fluconazole: Reference standard.

Samples Resistant EE a WF a EAF a HF a DWL/WL b WL b

Enterococcus spp T, CP, G, NO, NT 312 >5000 78 >5000 NT 250

E. coli A,TS >5000 >5000 >5000 >5000 NT >500

K. oxytoca A >5000 >5000 >5000 >5000 NT >500

Citrobacter sp A >5000 >5000 >5000 >5000 NT >500

K. pneumoniae A, AC, T, TS, >5000 >5000 >5000 >5000 NT >500

S. aureus A, P 78 1250 78 156 NT 125

Proteus mirabilis NT >5000 >5000 >5000 >5000 NT >500

Table 2. Minimal Inhibitory Concentration (µg/mL) of ethanol extract and fractions from E. alba against antibi-
otic resistant clinical isolates. T: Tetracycline; CP: Ciprofloxacin; A: Ampicilin;  G: Gentamicin;  NO: Norfloxacin;
NT: Nitrofurantoin;  TS: Association  trimetoprin/ sulfametazone;  P: Penicilin; AC: , Nalidixic acid. EE: Ethanol
extract; WF: Water dissoluble fraction; EAF: Ethyl acetate fraction (Rich in coumestans); HF: Hexane fraction;
DWL/WL: Demethylwedelolactone and wedelolactone fraction in a high homogeneity degree; WL: Wedelolac-
tone fraction in a high homogeneity degree; a : Range of concentration 19.5-5000 µg /mL; b: Range of concentra-
tion 19.5-500 µg /mL; NT: not tested. 

ity is not only related to demethylwedelolactone
and wedelolactone, but also to a synergistic ac-
tion of between coumestans and other com-
pounds found in that extract.

Unlike observed for DWL/WL and WL frac-
tions, the greater sensitivity of the T. rubrum
mutant strain to WF fraction in relation to wild
one is indicative that the TruMDR2 gene, rup-
tured in the mutant strain, may be involved in
the transportation of active compounds found in
this fraction. T. rubrum, a filamentous fungus,
has been involved in a huge number of clinical
dermatophytosis cases, being characterized
mainly by its resistance to conventional antifun-
gal treatments and by acting invasively in im-
munocompromissed patients 29-31. Aiming to
clarify the mechanisms of resistance to antifun-
gals in T. rubrum, Fachin et al. (2006) 19 cloned
and sequenced the TruMDR2 gene which codi-
fies an ABC type transporter in this dermato-
phyte. The rupture of the TruMDR2 gene
demonstrated that the mutant became more sen-
sitive to terbinafine, 4NQO and ethidium bro-
mide, suggesting that this transporter acts in the
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modulation of susceptibility to drugs in T.
rubrum. Such mutant became an important ex-
perimental model for the research of multiple
resistance drugs in vitro, which should aid in
the development of compounds that may be ef-
ficient when the usual therapy is not effective. 

The use of medicinal plants and phytochemi-
cals can be of great significance in the antimi-
crobial therapy. In the last decades, a number of
studies using medicinal plants have been con-
ducted to prove such efficiency, chiefly due to
the bacterial and fungal multi-resistance to drugs
32-36. Indeed, Voravuthikunchai & Mitchell 37

screened twenty four medicinal plants extracts
widely used in Thailand showing that they can
be used as possible sources of drugs to treat
multiple antibiotic resistant Helicobacter pylori.
Antifungal activity of Brazilian medicinal plants
used to treat common mycoses was evaluated
by Cruz et al. 38. The results showed that the
aqueous extract of Ziziphus joazeiro and Cae-
salpinea pyramidalis presented a significant an-
tifungal activity against T. rubrum, Candida
guilliermondii, Candida albicans and Crypto-
coccus neoformans. 

The great interest for the search of new natu-
ral antimicrobial agents has been motivated by
the proposal that natural products could be in
most cases advantageous when compared to
synthetic ones. In fact, the search for new an-
timicrobial of differing chemical natures and
natural sources could represent an improvement
of potency, safety, and costs in relation to syn-
thetic agents presently employed against infec-
tious diseases 39. Moreover, natural products,
containing different active compounds, present
complementary mode of actions, particularly
when used in a phytocomplex form. It is there-
fore reasonable to assume that natural antimi-
crobials are less disposed to cause the develop-
ment of microorganism resistance when com-
pared to the synthetic ones 40.

CONCLUSION 
This work demonstrated that E. alba possess-

es a pronounced antimicrobial activity, especial-
ly for multi-drug resistant strains of bacterial
clinical isolates and for the dermatophyte T.
rubrum, which could be of relevance for the
treatment of infectious diseases.
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