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Abstract: Enterococcus faecalis is an important pathogen associated 
with endodontic diseases, and its elimination and control are of para-
mount importance, as it represents one of the major causes of failure in 
the treatment of endodontic disease. Twenty-five plant extracts obtained 
from Brazilian forests were found to be effective against planktonic E. 
faecalis and were subjected to two traditional antibacterial assays, the 
microdilution broth assay (MDBA) and the disk diffusion assay (DDA), 
using chlorhexidine (CHX) as a control. Seven out of 25 extracts showed 
significant antibacterial activity and were tested in a biofilm assay, and 
three of these extracts were subjected to chemical fractionation. Resi-
dues were tested for their antibacterial activity, and the first chemical 
findings were described based on thin layer chromatography (TLC). Ex-
tracts obtained from Ipomoea alba, Symphonia globulifera and Morono-
bea coccinea showed significant bactericidal activity in the MDBA. The 
same I. alba and S. globulifera extracts, as well as the extract obtained 
from Connarus ruber var. ruber, showed significant activity in the DDA. 
RH2O obtained from Psidium densicomum and Stryphnodendron pul-
cherrimum showed better antibacterial activity compared to the respec-
tive crude extracts and CHX. TLC analysis showed that phenolic com-
pounds and triterpenes represent the first findings of chemical groups 
that may occur in all species. The results of the present study include the 
discovery of six active extracts against planktonic E. faecalis and sup-
port further testing via assays involving biofilm formation, as well as the 
determination of the compounds’ chemical profiles, as their activity was 
significantly better than that observed for CHX.

Descriptors: Enterococcus faecalis; Anti-Bacterial Agents; Amazonian 
Ecosystem.

Introduction
Enterococcus faecalis is one of the main nosocomial pathogens1 that 

can show resistance to a wide range of antimicrobial agents. In the oral 
cavity, E. faecalis is often found in caries and lesions associated with 
periodontal diseases.2 E. faecalis is also particularly prevalent in end-
odontic infections,3 in which the pulp may become infected via dentinal 
tubules, carious lesions, or periodontal disease. Studies have shown that 
E. faecalis contributes to the failure of endodontic therapy. The suppres-
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sion and control of E. faecalis in dental procedures 
are paramount in limiting the invasion of bacteria 
into dentinal tubules4 and in abolishing the estab-
lishment of any relationship with other bacteria, as 
in biofilms, the environment and virulence factors.5

Chlorhexidine gluconate (CHX) is widely used 
in periodontal and endodontal protocols, and it is 
found in mouth rinses that are frequently used in the 
treatment and prevention of caries. As E. faecalis is 
a facultative anaerobic microorganism, its control is 
of extreme importance because it can be found in 
the recurrent failure of endodontic treatment since 
it exhibits increased virulence in some pathological 
conditions. For this reason, it has become increas-
ingly necessary to find new tools to assist in the fight 
against E. faecalis.

Systematic studies with plant extracts,6,7 fungi 
and animals have shown that it is possible to find 
compounds with pharmaceutical potential, such as 
penicillin, erythromycin, and tetracycline. There-
fore, to discover novel compounds, over 2,000 plant 
extracts were tested against several microorganisms, 
such as Enterococcus faecalis.8,9

Based on these results, the present study aimed 
to determine the antibacterial activity of 25 plant 
extracts and their residues against E. faecalis and 
determine the chemical profile of the active extracts 
and residues, using thin layer chromatography.

Methodology
Plant collection, and extraction and 
preparation of standard compounds

Plants collected (permit issued by IBAMA/MMA 
and by CGen/MMA) in the Amazon rain forest and 
Atlantic forest were identified, and voucher speci-
mens were deposited at UNIP Herbarium, São Pau-
lo, Brazil. Organic and aqueous extracts were ob-
tained by 24-h maceration with dichloromethane: 
methanol (1:1), followed by 24-h maceration with 
distilled water (Millipore, Bedford, USA).10

The 25 extracts were diluted to 250, 200, 150, 
100, 50, 25, 12.5, 10.0, 7.5, 5.0, 2.5, and 1.3 mg/
mL (the final test concentration in the microdilu-
tion broth assay is 20 times more diluted). Standard 
chlorhexidine digluconate (CHX) concentrations of 
0.12%, 1% and 2% were obtained from a 20% so-

lution of formulated CHX (Fórmula & Ação, São 
Paulo, Brazil).

Disk diffusion assay and determination of 
the growth inhibition zone diameter

The disk diffusion assay (DDA) was performed 
according to the standards of the Clinical and 
Laboratory Standards Institute (CLSI, 8th edition), 
in sterile conditions. A 0.5 MacFarland saline sus-
pension was prepared from fresh bacterial colonies. 
The assay was performed with Müeller-Hinton agar 
(MHA) prepared in Petri dishes. Swabs were used to 
seed bacteria onto the medium’s surface. Six paper 
disks measuring 6 mm in diameter were distributed 
over the surface of the inoculated medium. Ten µL 
of drug were added to each disk, in triplicate. Dishes 
were incubated at 36°C for 24 h. The diameter of 
the growth inhibition zones was measured horizon-
tally and vertically with a caliper rule. 

Microdilution broth assay and 
determination of the minimal inhibitory 
and bactericidal concentrations

Extracts were tested using the microdilution 
broth assay (MDBA), in sterile conditions, according 
to CLSI standards (8th edition). The assay was adapt-
ed for high-throughput conditions8 using Müeller-
Hinton broth (MHB) medium (Oxoid, London, Eng-
land) in 96-well microplates. Inocula were adjusted 
to 1×108 colony-forming units per mL (CFU/mL) 
with fresh colonies of E. faecalis ATCC 29212TM 
grown on sterilized MHA (Oxoid, London, Eng-
land). Bacterial suspensions of different concentra-
tions were prepared in MHB from the 1×108 CFU/
mL suspension. A 190-µL aliquot of the bacterial 
suspension was dispensed into the wells, and a 10-
µL aliquot of extract, residue or standard solution 
was then added to the wells. Microplates were incu-
bated at 36°C for 24 h. The inhibition of bacterial 
growth was visually assessed, and bacterial suspen-
sions from all test wells were subcultured in sterile 
MHA to evaluate the effectiveness of treatments.

Using a similar procedure, the minimal inhibito-
ry concentrations (MICs) and minimal bactericidal 
concentrations (MBCs) against E. faecalis were ob-
tained for the 25 plant extracts.
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• S1 - hexane and ethyl acetate (4:1) applied on 
chromatography sheet 1; 

• S2 - chloroform and ethyl acetate (1:1) applied 
on chromatography sheet 2; 

• S3 - chloroform, ethyl acetate and methanol 
(2:2:1); 

• S4 - ethyl acetate, methanol and water 
(100:13.5:10); 

• S5 - ethyl acetate, glacial acetic acid, formic acid 
and water (100:11:11:26). 

Detection of spots was performed with 
• potassium hydroxide (A), 
• Kedde reagent (B), 
• Dragendorff reagent (C), 
• NP reagent (D), 
• 25% sulfuric acid solution (E) and 
•	 β-carotene (F). 

Ultraviolet light at 254 and/or 356 nm (uv 254 or 
uv 356) was used to develop some of the chromato-
grams.

Results
Taxonomic information for the 25 plants includ-

ed in the present study is provided elsewhere. Full 
taxonomic information is provided in the text only 
for the extracts that show antibacterial activity.

The 25 tested extracts were classified according 
to their antibacterial potential. Extracts were con-
sidered active if the MBC was ≤ 0.31 mg/mL. Only 
three extracts were classified within this group (Fig-
ure 1) at the bacterial concentration of 1×107 CFU/
mL. Eight extracts were classified as intermediately 
active (the MBCs ranged from 0.31 to 5.0 mg/mL). 
The remaining 14 extracts were considered to be 
weakly active.

Figure 2 shows a comparison of the antibacte-
rial activity of the crude extracts, their RCHCl3, 
RBuOH, and RH2O, and the standard solutions 
(CHX 0.12%, 1%, and 2%). Two-way ANO-
VA and Bonferroni multiple comparisons tests 
were performed. The treatments with extracts/
residues account for 47.99% of the total variance 
(F[27,560]= 1030.60; p < 0.001), the fractionation ac-
counts for 13.45% of the variance (F[3, 560]= 2559.96; 

Activity on planktonic biofilm formation
Extracts 321, 352, 1257, 1493, 1525, 1765 and 

1991 were tested in a planktonic biofilm assay11 
adapted to E. faecalis to assess their biofilm preven-
tion potential. Briefly, 2 mL of MH broth medium 
enriched with 5% saccharose (MHS) and inoculated 
with 1.5 × 106  CFU/mL E. faecalis was added to 
each well of a 24-well microplate (Costar, Tewks-
bury, USA). The extracts (n  =  3) were added to a 
final concentration of 3  mg/mL, except for saline, 
which was used as a control. One vulcanized tita-
nium disk (6 mm diameter × 2 mm height; Conexão, 
Arujá, Brazil) was placed in each well as a biofilm 
support. Plates were kept in an incubator at 36°C 
for 20 h. Disks were transferred to 24-well micro-
plates containing 2  mL of sterile saline per well. 
Plates were shaken for 1 minute in an orbital shaker. 
Disks were transferred to 24-well microplates con-
taining sterile MHS. Plates were incubated for 48 h. 
Finally, each titanium disk was transferred in a vial 
containing 2 mL of MHS that was vortexed for 2 
minutes so that CFU/mL counts could be obtained. 
One-way ANOVA and Tukey’s post-test were used 
to compare means (p < 0.05).

Liquid-liquid partition and biological assay 
of residues

The 25 extracts were partitioned with chlo-
roform (RCHCl3), butanol (RBuOH) and water 
(RH2O), resulting in 75 residues. Organic solvents 
were completely removed under vacuum, and the 
water was lyophilized to avoid any interference in 
the biological assays. RCHCl3 and RBuOH sam-
ples were re-suspended in 50% dimethylsulfoxide 
(DMSO50), and all RH2O samples were diluted 
with Milli-Q distilled water (Millipore, Bedford, 
USA), to a concentration of 200 mg/mL for testing. 
DMSO50 did not show antibacterial activity in the 
present protocols, and, for that reason, it was cho-
sen as the solvent used in the biological assays.

Thin-layer chromatography
Thin-layer chromatography (TLC) was per-

formed with silica gel GF chromatography sheets 
(Merck, New Jersey, USA), using the mobile phase 
systems: 
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p < 0.001), and the interactions between both fac-
tors accounts for 37.60% of the total variance 
(F[81, 560]=  269.14; p  <  0.001). All parameters are 
considered extremely significant. Only treatments 
that showed significant antibacterial activity rela-
tive to the standard solutions are described, with 
preference to residues over extracts. RBuOH ob-
tained from extracts 55, 841, 1259, 1298, 1389, 
1497, 1525 and 1743 was as active as CHX 0.12% 
(p > 0.05). RH2O obtained from extract 321 was 

significantly active compared to all CHX concen-
trations, particularly to 1% and 2% (p  >  0.05). 
RBuOH and RH2O obtained from extract 1257 
were as active as CHX 0.12% (p  >  0.05). RCH-
CL3 (p  >  0.05) and RBuOH (p  <  0.01) obtained 
from extract 1493 were more active than CHX 
0.12%. RCHCl3 obtained from extracts 1549 and 
1991 was as active as CHX 0.12%. Extracts 321, 
1257, 1493, 1525, 1765 and 1991 prevented bio-
film formation, as did CHX 0.12% and CHX 1% 

Figure 1 - A: Minimal bactericidal concentration for extracts 1257 (Symphonia globulifera, Clusiaceae), 1493 (Ipomoea alba, 
Convolvulaceae), and 1765 (Moronobea coccinea, Clusiaceae). B: Minimal inhibitory concentration for the same active extracts.
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(F[8,26]= 184.3; p < 0.001). Extract 352 did not show 
significant results relative to the control groups 
(p > 0.05) (Figure 3).

TLC analysis of the crude extracts that showed 
significant antibacterial activity (extracts 321, 352, 
1493, 1525, and 1991) was performed, and the re-
sults showed that extract 321 may not have alka-
loids, anthraquinone-like compounds or cardeno-
lides; however, it may have phenolic compounds, as 
a weak blue fluorescence could be seen after NP and 
uv 356 development, as well as triterpenes or essen-
tial oils after sulfuric acid development. Addition-
ally, extract 352 may also have phenolic compounds 
(yellow spots after NP and uv 356 development) and 
triterpenes or essential oils. Extract 1493 may have 
triterpenes as major compounds, as the sulfuric acid 
solution was able to develop the chromatogram. Ex-
tract 1525 may contain coumarins and triterpenes. 
Lastly, extract 1991 showed a yellow spot after 
development with KOH, suggesting anthrone-like 
compounds, as well as 3 orange spots and 1 yellow-
green spot after development with NP and uv 356.

Discussion
E. faecalis is an important pathogen in diseas-

es affecting the oral cavity, such as recurrent end-
odontic infection, that is commonly associated 
with treatment failure.3 CHX is still the treatment 
compound of choice in Dentistry and is usually con-
sidered the gold standard in in house assays. None-

theless, the compound has known undesirable side 
effects, which are often disregarded because of 
the compound’s antimicrobial therapeutic benefit. 
Therefore, substances that have similar therapeutic 
efficacy and fewer side effects should be tracked and 
used in dental therapy. Natural products, such as 
propolis12 and other Brazilian plant extracts,13 are 
also being investigated for their antibacterial activ-
ity, particularly to be employed in dentistry.

Two experimental models, the DDA and the 
MDBA, were selected to evaluate the potential anti-
microbial activity of plant extracts against E. faeca-
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Figure 2 - Disk diffusion assay against Enterococcus faecalis ATCC 29212. Each number corresponds to the group of treatments 
composed by the crude extracts and their RCHCl3, RBuOH and RH2O	residues. CHX = chlorhexidine gluconate. Analysis was 
performed by two-way ANOVA (p < 0.05).
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Figure 3 - Prevention on Enterococcus faecalis biofilm for-
mation after treatment with Amazon plant extracts, com-
pared to control without treatments. One-way ANOVA and 
Tukey’s post-test (p < 0.01).
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lis. Both models contributed to the identification of 
new compounds with the potential to be used against 
bacteria in in house experiments. The identity of the 
most suitable test to be used in natural products re-
search has been widely discussed elsewhere.14

The MDBA showed that only three out of 25 ex-
tracts (1257, 1493 and 1765) were effective against 
the assayed bacteria (Figure 1). In relation to MBC, 
extract 1493 showed a MBC ≤ 0.04 mg/mL and ex-
tract 1257 and 1765 showed MBCs ≤ 0.31 mg/mL. 
Extract 1493 was obtained from the aerial organs of 
Ipomoea alba L. (Convolvulaceae), a plant that has 
received little study. Sweet potato is one of the spe-
cies belonging to this genus. Clavine alkaloids occur 
in I. muricata,15 and ipobscurines occur in I. ob-
scura.16 Other alkaloids, anthocyanins and polyphe-
nolic compounds occur in some toxic species such 
as I. carnea.17 Extract 1257 was obtained from the 
aerial organs of Symphonia globulifera, and extract 
1765 was obtained from the flowers of Morono-
bea coccinea; both species belong to Clusiaceae. S. 
globulifera showed significant antimalarial activity, 
which may be due to the presence of polycyclic poly-
prenylated acylphoroglucinols and oxidized deriva-
tives,18 which were also isolated from M. coccinea. 
Xanthone derivatives and flavonoids have shown 
antimicrobial,19 anti-Leishmania,20 antiprotozoal 
and cytotoxic21 activities. Antiplasmoidal benzo-
phenones were isolated from the trunk latex of M. 
coccinea.22 Three extracts were fractionated, and 
the corresponding residues were analyzed by their 
antioxidant activity. The results indicated that the 
residues showed no antioxidant activity except for 
the RBuOH from extract 1257.

RBuOH from extract 1257 expressed antioxi-
dant activity, which may be related to the presence 
of phenolic compounds such as flavonoids and their 
derivatives, isoflavonoids, chalcones, catechins, 
free phenolic acids, lignans, curcumin and its de-
rivatives, and/or to the presence of specific alkaloids 
and related compounds. Such compounds may be 
involved in both antibacterial and antioxidant activ-
ity, although there is no relationship between anti-
oxidative processes and antibacterial agents. 

The DDA showed a different group of active 

extracts: 1493, 1525 and 1991. Extract 1493 was 
previously discussed. Extract 1525 was obtained 
from the stem of Connarus ruber var. ruber (Con-
naraceae). Anti-inflammatory and analgesic activi-
ties were reported for a different species belonging 
to Connaraceae.23 Extract 1991 was obtained from 
the aerial organs of S. globulifera, which was pre-
viously discussed but collected at a different time. 
The first TLC findings described here for the active 
extracts are in agreement with chemical findings in 
the literature and will support our future work on 
the chemistry of each extract.

After extracts 321 and 352 were fractionated, a 
significant improvement in the antibacterial activity 
was observed in their RH2O. For this reason, both 
extracts will be studied in the near future. Extract 
321, obtained from the leaves of Psidium densi-
comum (Myrtaceae), belongs to a group of plants 
(guajava family) known to contain terpenes, triter-
penoids and flavonoids.24 Extract 352 was obtained 
from the aerial parts of Stryphnodendron pulcher-
rimum (Fabaceae), a species taxonomically related 
to a medicinal plant known in Brazil as barbatimao. 
This plant was already studied against oral patho-
gens and is known to contain tannins as the main 
class of chemical compounds. Although extract 352 
did not show any activity against biofilm forma-
tion, extracts 321, 1257, 1493, 1525, 1765 and 1991 
significantly prevented biofilm formation and show 
promise for the study of biofilm prevention strate-
gies using chemical products obtained from nature.

Conclusions
Nature is a potential source of new chemicals 

for use in dentistry. In the present work, seven plant 
extracts obtained from species native to the Ama-
zon rain forest showed significant in vitro activity 
against E. faecalis, and six out of the seven extracts 
proved to be potent agents in preventing biofilm for-
mation.
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