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ABSTRACT

Introduction: The biofilm formation capability of Enterococcus faecalis is one of the key virulence
factors contributing to its multidrug resistance and therapeutic challenges. Lupinifolin, a
prenylated flavanone extracted from the stems of Derris reticulata Craib., possesses antibacterial
properties against a range of gram-positive cocci. This study aimed to investigate the effects of
lupinifolin alone or in combination with vancomycin against E. faecalis biofilm formation at
different incubation durations, presumably representing different biofilm stages.

Methods: The crystal violet biofilm formation assay and the micro-broth dilution method were
used to measure the antibiofilm and antibacterial activities, respectively.

Results: Lupinifolin did not inhibit E. faecalis growth at the highest concentration tested, i.e.,
minimum inhibitory concentration (MIC) > 128 pg/mL. However, lupinifolin at the sub-MICs
(16-128 pg/mL) possessed a significant inhibition against E. faecalis biofilm formation at
every incubation time of 6, 12, 24, and 36 hours. Lupinifolin had the lowest median inhibitory
concentrations (IC,)) of 6.78 + 3.04 pg/mL after incubation for 6 hours. Thus, the antibiofilm
action of lupinifolin was most likely produced predominantly at the first stage of biofilm
formation, known as initial surface attachment. The sub-MICs of lupinifolin also significantly
enhanced the antibiofilm activity of vancomycin at relatively low concentrations of % MIC (2
pg/mL) and '/, MIC (1 pug/mL), specifically at 6- and 36-hour incubation (P<0.05).
Conclusion: These results point to lupinifolin’s potential use against E. faecalis as an antibiofilm
agent. Nonetheless, more research is needed to identify the exact antibiofilm mechanism of
lupinifolin.

Implication for health policy/practice/research/medical education:

This work offers empirical support for the antibiofilm action of lupinifolin at its sub-MICs against E. faecalis during all incubation
periods up to 36 hours. Lupinifolin and vancomycin also had synergistic antibiofilm effects at their respective sub-MICs. These
results suggest that lupinifolin may be used as an anti-virulence agent to prevent the production of biofilms by E. faecalis.
Please cite this paper as: Pulbutr P, Seelakot K, Kumphupong N, Rattanakiat S. Antibiofilm formation activity of lupinifolin
isolated from Derris reticulata stems against Enterococcus faecalis. ] Herbmed Pharmacol. 2024;13(3):461-471. doi: 10.34172/

jhp.2024.51479.

Introduction

susceptible E. faecalis infection, ampicillin is the preferred

The human gastrointestinal tract is a common habitat
for commensal gram-positive bacteria like Enterococcus
faecalis (1). E. faecalis is a non-pathogenic commensal
gut species that is present in healthy persons and is even
present in breastfed infants (2). In recent decades, E.
faecalis has become a significant pathogen that is resistant
to multiple drugs when it comes to susceptible hosts (3,4).
Life-threatening nosocomial infections, including surgical
site infections, endocarditis, urinary tract infections,
bacteremia, and dental root canal infections, can be
brought on by this type of enterococcus. When treating a
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medication; in contrast, vancomycin should be used when
treating infections caused by strains of bacteria that have
significant levels of penicillin resistance (5). Nonetheless,
the rising incidence of vancomycin-resistant enterococci
(VRE) is concerning and presents a risk to public health.
The incidence of antibiotic-resistant E. faecalis infections,
associated with high mortality rates and limited therapeutic
options, has been increasing globally (6). The capacity of E.
faecalis to produce biofilms is one of the key mechanisms
that contribute to its multidrug resistance (1,7,8). It was
discovered that enterococci growing as biofilms were
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more tolerant to several antibacterial drugs, such as
vancomycin, ampicillin, linezolid, and tigecycline, than
their planktonic forms (9,10). The biofilm matrix severely
limits the ability of antibacterial medications and host
immune cells to penetrate. Persister cells inside the biofilm
are another factor that leads to antibacterial tolerance and
persistent infections. Additionally, enterococcal biofilms
help spread antibiotic-resistant genes within and between
different microbial species. Urinary tract infections linked
to catheter use, endocarditis, and infections of the skin
and soft tissues are among the biofilm-associated illnesses
brought on by enterococci (1). Currently available
antimicrobial medications used in clinical settings are
often ineffective in eliminating enterococcal biofilms.

Bacterial cells in biofilms are not only resistant to
antibacterial drugs, but they also can evade the hosts
immunological response. Furthermore, the antibiotics
that are currently on the market are insufficient to treat
infections linked to biofilms due to requirement of a higher
dose, which may result in toxicity (8). Consequently, the
sole available treatment option is to remove biofilm-
forming medical equipment; unfortunately, this is
not always feasible (7). Novel treatments are thus still
required to address these notorious clinical issues. Drugs
that target enterococcal biofilms, either by inhibiting
biofilm development or inducing biofilm eradication,
are promising options for combating biofilm-associated
infection (8). Unfortunately, these antibiofilm agents are
not yet clinically available. Phytochemicals obtained from
medicinal plants are a great source of possible therapeutics
that block important virulence factors of pathogenic
microbes, like the production of biofilms.

Several medicinal plants, such as Derris reticulata
Craib., Myriopteron extensum, Eriosema chinense, and
Albizia myriophylla can yield lupinifolin, a prenylated
flavanone (11-14). Methicillin-resistant Staphylococcus
aureus (MRSA), methicillin-sensitive S. aureus (MSSA),
E. faecalis, E. faecium, Staphylococcus epidermidis,
Bacillus subtilis, B. cereus, and Streptococcus mutans
are the gram-positive bacteria that lupinifolin has been
shown to have antibacterial activity against (14-19).
Lupinifolin’s minimum inhibitory concentrations (MICs)
against various gram-positive bacteria were recorded at
comparatively modest levels of 1-16 pg/mL. It has also
been documented that lupinifolin, at sub-MICs, inhibits
the ability of MRSA, MSSA, S. mutans, and clinical
isolates of Enterococcus species to form biofilms (18,20-
22). Bacterial biofilm growth generally occurs in four
stages: initial adhesion, microcolony production, biofilm
maturation, and biofilm dispersal (1). In our previous study,
lupinifolin showed concentration- and time-dependent
antibiofilm activity against S. mutans and MSSA at its sub-
MICs (21). Nevertheless, lupinifolin’s antibiofilm activity
against E. faecalis has not been investigated at varied
incubation times, which likely correspond to distinct
biofilm phases. The purpose of this work was to examine

the effects of lupinifolin on the production of E. faecalis
biofilms at varying incubation times, either in isolation or
in combination with vancomycin.

Materials and methods

Study area

From August 2023 to January 2024, the experiments
were conducted at Mahasarakham University’s Faculty of
Pharmacy in Thailand.

Isolation of lupinifolin from D. reticulata Craib. stems
Lupinifolin, isolated from D. reticulata Craib. stems, were
acquired from our prior study and used in this experiment
(20). The method used for lupinifolin isolation was
described in detail in our previous publication (23).
Concisely, hexane (400 mL) was used to conduct a Soxhlet
extraction on the 60 g ground sample. After filtering the
extract, it was heated to 65 °C until a clear yellow extract
was obtained. Using a rotary evaporator, the hexane extract
was evaporated until the turbid suspension was visible.
The extract was stored at room temperature to facilitate
crystallization. Before using the purified lupinifolin in the
experiment, it was stored at -20 °C.

MIC determination

The MIC was ascertained using the modified microbroth
dilution method in accordance with the Clinical and
Laboratory Standards Institute’s (CLSIs) standards
(24). The 2-fold serial dilutions were made in sterile
deionized water for vancomycin (Sigma-Aldrich®,
V2002), and ampicillin (Sigma-Aldrich®, A8351) and in
0.1M NaOH for lupinifolin. The culture collection center
of the Thailand Institute of Scientific and Technological
Research provided Enterococcus faecalis (TISTR 379).
In Tryptic Soy Broth (TSB), E. faecalis suspensions were
made at a concentration of 1.5 x 10° CFU/mL. The sample
or its solvent (20 uL), E. faecalis suspension (50 pL), and
TSB (130 pL) were mixed in each well of the 96-well
microplate. The lowest concentration of the test drug that
results in no discernible bacterial growth during a 24-hour
incubation period at 37 °C was identified as the MIC. The
MIC was calculated as a median using data from at least
five separate studies.

Biofilm formation assay

With some slight adjustments as mentioned in our
previous works (20,22,25), the crystal violet biofilm assay
was conducted in accordance with the report of Hasan et
al. In a mixture of 50 pL of E. faecalis suspension (1.5 x
10° CFU/mL) and TSB supplemented with 0.5% glucose
(130 pL), various concentrations of the tested agents,
lupinifolin, ampicillin, or vancomycin, (10 or 20 pL) were
applied. By removing the bacterial suspension, blank
wells with identical concentrations of the test agents were
performed. The media containing planktonic bacterial
cells was carefully removed from the microplate by gently
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decanting it after the designated incubation period of 6,
12, 24, or 36 hours at 37 °C. Each well was incubated for
15 minutes with 200 pL of formalin (37%, diluted 1:10)
together with 2% sodium acetate to fix the adhering
biofilm mass. Next, 100 pL of 0.1% crystal violet solution
was added to each well to stain the fixed biofilm. The
biofilm-bound dye was dissolved by pipetting 120 uL of
95% ethanol into the microplate wells following three
300 pL washes with sterile deionized water. Following the
transfer of the mixture (80 uL) to a new 96-well microplate,
the optical density (OD) of the mixture was determined
at 600 nm. The following formula was used to calculate
the antibiofilm formation activity, which was reported as
%inhibition of biofilm formation:

[(OD,,, vehicle - OD,, sample) / (OD600 vehicle)] x 100.

The appropriate blanks OD was deducted from the
optical densities of the vehicle and sample, respectively, to
get the OD vehicle and OD_, sample. To calculate the
median inhibitory concentration (IC,)) and generate the
concentration-inhibitory curve, GraphPad Prism version

8.0 was employed.

Statistical analysis

The data was presented as median (MIC), mean + SEM
(%inhibition of biofilm formation), or mean + SD (IC,).
The results on the inhibition of biofilm formation were
statistically analyzed using a two-way analysis of variance
(ANOVA) and pairwise comparison. A difference was
considered significant if the P value was less than 0.01.
Simultaneously, one-way ANOVA and the Bonferroni
post-hoc test were used to assess the IC, results; a P
value of less than 0.05 indicates a statistically significant
difference.

Results

Antibacterial activity of lupinifolin, ampicillin, and
vancomycin against Enterococcus faecalis
Enterococcus faecalis (TISTR 379) growth was inhibited
by ampicillin and vancomycin, with MICs of 4 and 8 ug/
mL, respectively. However, lupinifolin did not produce an
antibacterial activity against E. faecalis (TISTR 379) when
tested at the maximum concentration of 128 pg/mL (MIC

Table 1. Median inhibitory concentrations (IC
at various incubation periods

50s’

Lupinifolin inhibits Enterococcus faecalis biofilm formation

> 128 pg/mL, n=10).

Antibiofilm formation activity of lupinifolin, ampicillin,
and vancomycin against Enterococcus faecalis

The IC, of lupinifolin against E. faecalis biofilm
formation at every incubation time were lower than
that of its MIC (>128 ug/mL) (Table 1). With an IC_
of 6.78 £ 3.04 pg/mL (n = 8), the maximum inhibitory
effectiveness against the development of biofilms was
seen after 6 hours of incubation (Table 1). Lupinifolin at
the sub-MICs of 16, 32, 64, and 128 ug/mL significantly
inhibited E. faecalis biofilm formation at every incubation
period (6, 12, 24 and 36 hours) (P<0.01; n="7-8) (Figure
1A). At a concentration of 32 pg/mL, lupinifolin exhibited
the highest inhibitory activity at a 6-hour incubation
period, with a percentage inhibition of biofilm formation
of 116.60 + 4.18 (P<0.01; n=8). Lupinifolin at the
concentration of 8 ug/mL also significantly inhibited
biofilm formation at 6 and 36-hour-incubation periods.
Lupinifolin did not significantly suppress the production
of biofilms at the lower tested concentrations (2 and 4 ug/
mL). Additionally, when incubated for 12 and 24 hours,
respectively, lupinifolin at these two concentrations
greatly boosted biofilm development.

The IC,, of ampicillin against E. faecalis biofilm
formation at every incubation time were lower than that
of its MIC (4 ug/mL) (Table 1). At 36-hour incubation,
ampicillin produced the highest inhibitory potency
against biofilm formation with the IC, of 0.49 + 0.05 ug/
mL (n=8) (Table 1). However, the IC,  of ampicillin were
not significantly different between incubation periods
according to the statistical analysis. Biofilm development
was strongly suppressed at all incubation periods (6,
12, 24, and 36 hours) (P<0.01; n=5-8) by ampicillin at
concentrations of 4 (MIC) and 8 (2MIC) ug/mL (Figure
1B). Ampicillin at the sub-MICs of 1 and 2 pg/mL also
produced significant inhibition against biofilm formation
at every incubation period (P<0.01; n=5-8) (Figure 1B).
The maximal antibiofilm activity of 102.75 + 0.63 (P < 0.01;
n=8) was found with 2 pg/mL ampicillin at 6-hour
incubation. A significant increase in biofilm development
was seen at a 6-hour incubation period with 0.5 pg/mL
ampicillin, resulting in a percentage inhibition of -111.55
+ 40.21 (P<0.01; n=8). With a % reduction of biofilm

; ug/mL) of lupinifolin, ampicillin, and vancomycin against Enterococcus faecalis (TISTR379) biofilm formation

Lupinifolin Ampicillin Vancomycin
Incubation time (hours)

IC_, (mean t SD) n IC_, (mean t SD) n IC_, (mean t SD) n
6 6.78 +3.04 8 1.27+1.01 8 3.27+2.21 8
12 14.03 +4.24 8 1.31+0.80 8 3.22+1.38 8
24 25.59 + 7.60* 7 0.57+0.10 5 7.16 + 4.09* 5
36 14.85 + 8.50 8 0.49 +0.05 8 430+1.22 8

*P<0.05 when compared with the IC, _of lupinifolin at 6, 12 and 36 hour-incubation; “P<0.05 when compared with the IC_ _of vancomycin at 6 and

12 hour-incubation (SD = standard deviation).
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formation of -53.97 £ 9.77 (P<0.01; n=5), ampicillin at
a concentration of 0.25 pg/mL also significantly increased
biofilm formation at 24-hour incubation (Figure 1B).
The IC,, of vancomycin against E. faecalis biofilm
formation were lower than its MIC (8 ug/mL) at
all incubation times (Table 1). However, the IC_ of
vancomycin at 24-hour incubation was significantly
higher than those at 6- and 12-hour incubation periods.
At all incubation times, biofilm formation was markedly
reduced by vancomycin at doses of 8 (MIC) and 16
(2MIC) pg/mL (Figure 1C). The maximum inhibitory
action of 101.27 + 0.63 % (n=8) was found with 16 ug/mL
vancomycin at 6-hour incubation. Biofilm development
was strongly suppressed by vancomycin at a sub-MIC of
4 pg/mL during the incubation periods of 6, 12, and 36

hours (Figure 1C). At all incubation times, vancomycin at
the other sub-MICs examined did not significantly alter
the production of biofilms.

Antibiofilm formation activity of lupinifolin in
combination with vancomycin against Enterococcus
faecalis

Vancomycin at 1 ug/mL did not prevent biofilm formation
in any of the studied incubation times. Nevertheless,
after 6-hour and 36-hour incubation, the combination of
lupinifolin (4 and 8 ug/mL) and vancomycin (1 pg/mL)
dramatically reduced the production of E. faecalis biofilm.
The combined antibiofilm actions were significantly
greater than those of vancomycin (1 pug/mL) used alone.
The highest inhibition of 52.30 + 7.26% (n=6, P<0.01)
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Figure 1. The effects of lupinifolin (A), ampicillin (B), and vancomycin (C) on biofilm formation of Enterococcus faecalis (TISTR379) at various incubation
periods. **P<0.01 when compared with the negative control; #>¢¢ P<0.01 when compared with the same concentration tested at 6, 12, 24 and 36-hour
incubation, respectively (mean + SEM, n=7-8) (Pairwise comparison of two-way ANOVA).
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was obtained when lupinifolin (8 pg/mL) and vancomycin
(1 pg/mL) were combined at 6 hours (Figure 2A). The
addition of lupinifolin did not significantly alter the effects
of vancomycin (1 pg/mL) at the 12- or 24-hour incubation
times.

At every incubation period, vancomycin at a dose of
2 ug/mL did not significantly alter the production of E.
faecalis biofilms. The combination of vancomycin (2
pg/mL) with lupinifolin (2, 4, and 8 pg/mL) effectively
suppressed the formation of E. faecalis biofilms at 6 hours
of incubation (Figure 2B). The percentage inhibitions were
34.40 + 3.14, 48.37 £ 3.55, and 73.87 + 5.57, respectively
(n=6, P<0.01). These levels of biofilm inhibition were
significantly higher than those of vancomycin (2 pg/mL)
alone. Significant inhibition of biofilm formation was also
observed at 12- and 36-hour incubation when lupinifolin
(8 pg/mL) and vancomycin (2 pg/mL) were combined;
the percentage inhibitions were 39.28 + 8.02 and 56.55
+ 7.37, respectively (n=6, P<0.01). On the other hand,
the addition of lupinifolin did not alter the effects of
vancomycin (2 pg/mL) over 24 hours.

Vancomycin at the concentration of 4 pg/mL alone
significantly inhibited E. faecalis biofilm formation when
incubated for 6 and 12 hours with the % inhibitions of
99.73 + 1.26 and 83.39 + 3.69, respectively (n=8, P<0.01)
as shown in Figure 2C. These antibiofilm activities of
vancomycin (4 ug/mL) at 6- and 12-hour incubation were
significantly higher than their action at 24- and 36 hours.
At 6 and 12 hour-incubation periods, the combination of
vancomycin and lupinifolin did not change the biofilm
inhibitory action when compared to those of vancomycin
alone. At the concentration of 4 pg/mL, vancomycin did
not significantly prevent the production of biofilms by E.
faecalis after 24 hours. But after 24 hours, the combination
of vancomycin (4 pg/mL) with lupinifolin (2, 4, and 8 pg/
mL) greatly reduced the amount of biofilm that E. faecalis
formed. At 24 hours, the combination of lupinifolin (8 pg/
mL) and vancomycin (4 pug/mL) resulted in the maximum
inhibition of 87.93 £1.75% (Figure 2C). When lupinifolin
(8 pg/mL) was added, the amount of biofilm inhibition
was further raised significantly, with the % inhibition of
92.37 £ 1.05 (n=6, P<0.01), even though vancomycin (4
pg/mL) alone significantly prevented E. faecalis biofilm
formation at 36 hour-incubation (42.90 + 11.06 %, n=8).

Discussion

Ampicillin and vancomycin had antibacterial activity
against E. faecalis (TISTR 379) with MICs of 4 and 8 pg/
mL, respectively. As per the MIC breakpoints established
by the CLSI, enterococci are considered susceptible to
ampicillin and vancomycin if the MICs are less than or
equal to 8 and 4 pg/mL, respectively (24). Meanwhile, the
intermediate breakpoint is indicated when the MIC of
vancomycin is at 8-16 ug/mL (24). Therefore, the E. faecalis
strain used in this study was susceptible to ampicillin but
its sensitivity to vancomycin was intermediate. Lupinifolin

Lupinifolin inhibits Enterococcus faecalis biofilm formation
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Figure 2. The effects of lupinifolin (2, 4, and 8 pg/mL) in combination
with vancomycin at the concentration of 1 ug/mL (A), 2 pg/mL (B), and
4 pg/mL (C) on biofilm formation of Enterococcus faecalis (TISTR379).
L=lupinifolin, V=vancomycin; followed by its concentration in pg/mL.
*P<0.05 and **P<0.01 when compared with the negative control;
#P<0.05 and #P<0.01 when compared with vancomycin alone; 24
P<0.01 when compared with the same combination tested at 6-, 12-,
24- and 36-hour incubation, respectively (mean + SEM, n=6) (pairwise
comparison of two-way ANOVA).

had no antibacterial activity against E. faecalis (TISTR
379) when the maximum concentration of 128 ug/mL was
tested. Sianglum et al reported that lupinifolin exhibited
growth inhibition against the clinical strains of E. faecalis
and E. faecium, with MICs of 0.5-2 ug/mL. The disparity
in findings was probably caused by a variation in the
bacterial strains that were employed. Additionally, the
sensitivity of the bacteria may also be partially impacted
by variations in the media that are employed (26,27).
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The bacterial culture media used in this work was TSB,
whereas Sianglum et al, used Muller-Hilton Broth (MHB).
The MICs of essential oils against S. aureus cultured in
TSB and MHB were found to differ by 122-138 pg/mL
(27). The components and characteristics of the bacterial
cell membrane have been revealed to be influenced by
the cultured media used (28). Lupinifolin’s antibacterial
activity has been proven against a variety of gram-positive
pathogenic bacteria, such as MRSA, MSSA, S. mutans, E.
faecium, and E. faecalis by disrupting their cell membranes
(14,16-18). Thus, a change in growth media, which alters
the composition of bacterial cell membranes may partly
affect lupinifolin’s antibacterial activity. Future research
should examine how culture media affect the antibacterial
activity of lupinifolin.

Even at the maximum concentration of 128 ug/mL,
lupinifolin did not exhibit any antibacterial action;
nevertheless, it did significantly inhibit the production
of E. faecalis biofilms during the whole incubation
period. The IC, _of lupinifolin against E. faecalis biofilm
formation were essentially lower than its MIC. Lupinifolin
exhibited the lowest IC_ of only 6.78 + 3.04 g/mL at
6-hour incubation. The antibiofilm action of lupinifolin
was observed throughout the incubation period examined
for up to 36 hours. However, its inhibition against biofilm
formation was less pronounced at 24 hour-incubation,
with the IC, of 25.59 + 7.60 pg/mL. Biofilm maturation,
defined by considerable extracellular polymeric material
formation and bacterial growth, most likely occurs after
a 24-hour incubation period (1). Lupinifolin may have
a comparatively minor effect on the biofilm maturation
stage of biofilm development. To ascertain whether
lupinifolin impacts the exopolysaccharide and eDNA, two
main components of the extracellular polymeric substance
of the E. faecalis biofilm, more future investigation is
necessary. It is most likely that lupinifolin’s antibiofilm
effect was mostly generated at the first surface attachment
stage of E. faecalis biofilm development. This finding
aligns with our earlier research, which demonstrated that
lupinifolin’s antibiofilm action against MSSA peaked at the
6-hour incubation period, when biofilm formation was
only getting started (21). Both biotic and abiotic surfaces
are susceptible to enterococcal surface attachment,
particularly those found inside medical devices such as
orthopedic implants, artificial heart valves, and catheters
(1). The surface attachment stage involves a number
of bacterial components, such as cell wall-anchoring
enzymes and surface proteins. It was discovered that
the endocarditis and biofilm-associated pilus (Ebp) and
sortase C (SrtC) enzyme are necessary for E. faecalis
surface attachment and biofilm formation (29). It has been
shown that cell wall attachment and Ebp assembly depend
on SrtC. Sortases are transamidase enzymes that attach to
the proteins containing a C-terminal LPXTG-like motif to
bacterial peptidoglycan by covalent bonding (30). Adhesin
to collagen from E. faecalis (Ace), aggregation substance

(Agg), biofilm-associated glycolipid synthesis A (BgsA),
and enterococcal surface protein (Esp) are other critical
surface adhesins needed for E. faecalis surface attachment
(31-34). As a result, a number of surface proteins
contribute to the formation of enterococcal biofilms.

Since sortase enzyme is readily available in the bacterial
cell membrane and is not necessary for bacterial growth,
sortase enzyme inhibition has been proposed as a potential
target for antivirulence medicines against gram-positive
bacteria that are resistant to several drugs (35). Sortase
from a variety of gram-positive pathogenic bacteria is
inhibited by a number of flavonoids, including prenylated
flavanones (36,37). Kurarinol, a trihydroxyflavanone that
was extracted from Sophora flavescens roots, showed a
significant inhibition of S. aureus sortase, with an IC_ of
107 uM (38). It has also been observed that eriodictyol
(3,4,5,7-tetrahydroxyflavanone)  inhibits S.  aureus
sortase more effectively (IC_ =7.73 M) (39). Remarkably,
eriodictyol greatly reduced the formation of S. aureus
biofilms but did not affect bacterial viability (39). The
results of this investigation, which showed that lupinifolin
exhibited strong antibiofilm activity without preventing E.
faecalis growth, are thus consistent with those of Wang and
colleagues’ results. Naturally occurring substances that
inhibit the production of biofilms without compromising
bacterial viability, like lupinifolin, may be superior to
traditional antibiotics because they exert less selective
pressure on evolution and lessen the chance that resistant
genes would arise (36).

There are currently few investigations on how
phytochemicals affect the sortases and surface proteins
unique to E. faecalis. According to in vitro binding tests
and in silico docking, certain phytochemicals, such as
curcumin, berberine, and myricetin, have a high binding
affinity for E. faecalis sortase A (EfSrtA) (40). To find out if
the significant antibiofilm effect of lupinifolin at the 6-hour
incubation was also caused by an inhibition of E. faecalis
sortase and consequently resulted in the suppression of
several bacterial surface protein expressions and functions,
more tests should be conducted. E. faecalis sortase A is
occupied by benzylpenicillin and cefotaxime at the same
binding region where the natural substrate’s LPXTG motif
binds from the in silico docking experiment (41). Sortase A
inhibitory effects of these medications may stop E. faecalis
from developing biofilms. Ampicillin at various sub-MICs
exerted a significant inhibition against E. faecalis biofilm
formation in this study. The IC,  of ampicillin against
E. faecalis biofilm inhibition were consistent across the
incubation times examined and substantially lower than
its MIC. Benzylpenicillin and ampicillin are in the same
B-lactam antibiotic class of f-lactamase-labile penicillins.
Since they have nearly identical chemical structures,
ampicillin may also bind and inhibit E. faecalis sortase
similar to that of benzylpenicillin.

Enterococcus  faecalis  biofilm  production  was
significantly increased by ampicillin at doses of 0.25
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and 0.5 pg/mL, particularly during 24- and 6-hour
incubation, respectively. Similarly, at low concentrations
of 2 and 4 pg/mlL, lupinifolin induced E. faecalis biofilm
formation after 12 and 24 hours, respectively. This agrees
with the earlier findings which reported that the effects
of some [-lactam antibiotics, including ampicillin,
methicillin, and cloxacillin, on MRSA biofilm formation
were biphasic response with a biofilm stimulation at the
low concentration but an antibiofilm action at the high
concentration (22,42). Sub-MIC doses of methicillin have
been shown to promote the formation of MRSA biofilms
by inducing the release of extracellular DNA (eDNA)
in an autolysin-dependent manner (42). The potential
for biofilm formation brought on by bacterial stress to
persist in the presence of antibacterial drugs at sub-MICs
(43). Therefore, it is necessary to employ the appropriate
concentrations of ampicillin and lupinifolin to prevent
the generation of biofilm development. The mechanism
behind the E. faecalis biofilm production of ampicillin and
lupinifolin found in this work requires more investigation.

Following their initial attachment to surfaces, bacteria
proliferate and produce minute quantities of biofilm
matrix to create aggregates referred to as microcolonies. It
is uncertain, nevertheless, which particular enterococcal
elements regulate the establishment of microcolonies (1).
The next stage of biofilm development is called biofilm
maturation, and it calls for the active synthesis and
expansion of extracellular matrix constituents such as
lipoteichoic acid, polysaccharides, and eDNA. eDNA is
the matrix component of enterococcal biofilm that has
been studied the most (1). It was shown that the autolysis
and release of eDNA are regulated by both serine protease
(SprE) and gelatinase (GelE), and that this helps E. faecalis
form biofilms (44). However, early biofilm formation in E.
faecalis was observed to produce eDNA by live cells without
the need for cell lysis (45). Numerous phytochemicals
have been shown to prevent E. faecalis from producing the
components of the biofilm matrix (46-49). Plant-derived
quercetin, a flavonol, has shown antibiofilm action against
E. faecalis by interfering with multiple biofilm formation
pathways, such as the glycolytic, protein translation-
elongation, and folding pathways (48). Within biofilms
generated by E. faecalis and/or Candida albicans, luteolin
(3',4',5,7-tetrahydroxyflavone) at doses of 4 MIC and ¥
MIC dramatically reduced the biofilm matrix components,
including proteins, polysaccharides, and eDNA (49).
Trans-cinnamaldehyde, the main phytochemical found in
cinnamon essential oil, inhibited the growth of E. faecalis
biofilms and decreased their exopolysaccharide content at
sub-MIC levels. Additionally, it suppressed the fsr locus
and the downstream gene, gelE, of the biofilm-associated
quorum sensing pathway, which is implicated in eDNA
release and the development of biofilms (47). Two
terpenoid derivatives, rhodrin and rubrivivaxin, notably
reduced the development of E. faecalis biofilms and
exopolysaccharide synthesis (46). Significant antibiofilm

Lupinifolin inhibits Enterococcus faecalis biofilm formation

activity was developed by lupinifolin at sub-MICs after
12 and 24 hours of incubation. Consequently, it might
have prevented the synthesis of extracellular matrix
during the later phases of biofilm formation, referred to as
microcolony formation and biofilm maturation. Further
investigation is required to ascertain whether lupinifolin
also impacts the extracellular components of the E. faecalis
biofilm, namely exopolysaccharide as well as eDNA.
The antibiofilm activity of lupinifolin at the sub-MICs
was demonstrated across all incubation durations up to
36 hours, where the biofilm dispersal was anticipated to
begin. The final stage of the biofilm development process,
known as biofilm dispersal, is when the biofilm structure
disintegrates and individual bacterial cells separate from
the biofilm to resume their planktonic existence (50). In
order to colonize a new area, the dislodged planktonic
cells have the ability to move and attach. Another potential
target for biofilm control is an activation of biofilm
dispersal. E. faecalis biofilm dispersal has been linked
to certain phytochemicals (49,51). By downregulating
sortase A and Esp, berberine was reported to disperse the
biofilms of E. faecalis UTI isolates (51). It was noted that
luteolin considerably dispersed E. faecalis biofilm that had
already been produced (49). In the preformed biofilm of E.
faecalis, it was shown that chitosan-propolis nanoparticle
formulation physically disrupted the biofilm structure
and reduced the quantity of bacteria (52). To determine
whether lupinifolin also facilitates the spread of E. faecalis
biofilms, more research is necessary.

Ampicillin and vancomycin at their concentrations of
MIC and 2 MIC significantly inhibited E. faecalis biofilm
formation at every incubation time. It was anticipated
that ampicillin and vancomycin’s ability to limit bacterial
growth would give rise to their antibiofilm activities. At
every stage of the incubation process, ampicillin at %2 MIC
(2 pg/mL) and % MIC (1 pg/mL) could greatly inhibit the
formation of biofilms. At 1/8 MIC (0.5 ug/mL), ampicillin
also significantly produced antibiofilm activity at 24 and
36 hours. Since the bacteria’s viability was unaffected
at these sub-MICs of ampicillin, it is plausible that the
antibiofilm activity of ampicillin at these sub-MICs
resulted from its direct effect against the biofilm-forming
process. This result was consistent with a previous study,
which found that after a 24-hour incubation period, sub-
MICs of ampicillin reduced the creation of biofilm by
E. faecalis and downregulated the expression of biofilm-
linked genes (53). At 6, 12, and 36 hours, vancomycin at
¥ MIC (4 pg/mL) dramatically reduced the production
of E. faecalis biofilms. Nevertheless, at any incubation
period, vancomycin at % MIC (2 pg/mL) and 1/8 MIC (1
ug/mL) could not prevent the formation of biofilms. This
is consistent with the research by de Moura et al, which
demonstrated that the formation of E. faecalis biofilms
was unaffected by vancomycin at its sub-MICs (54).

Since vancomycin at the concentrations of % MIC
and 1/8 MIC did not have an antibiofilm activity against
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E. faecalis, the subsequent experiment was conducted
to determine whether lupinifolin enhances the biofilm
inhibition of vancomycin. Vancomycin’s antibiofilm
action at % MIC (2 ug/mL) and 1/8 MIC (1 pg/mL) was
greatly enhanced by lupinifolin at its sub-MICs (2, 4, or
8 ug/mL), particularly during the 6-hour incubation
period. The antibiofilm activity of lupinifolin was most
potent at 6 hours with the lowest IC_ of 6.78 + 3.04 ug/
mL. Therefore, these sub-MICs of lupinifolin may have
enhanced the antibiofilm effects of vancomycin mainly by
disrupting the bacterial surface attachment, which is the
early stage in the development of biofilms. The synergistic
effect of lupinifolin and vancomycin (1 or 2 pg/mL) was
also observed at 36-hour incubation. Therefore, these
combinations may influence the late stage of biofilm
formation by inducing biofilm dispersal at a 36-hour
period. However, it should be noted that the synergistic
antibiofilm effect of the combination of lupinifolin and %
MIC or 1/8 MIC of vancomycin was not observed at 24-
hour incubation, where the biofilm maturation apparently
arises. When the higher concentration of vancomycin at
¥, MIC (4 ug/mL) was employed in combination with
lupinifolin, the synergistic antibiofilm activity was found
only at 24- and 36-hour incubation which presumably
represents biofilm maturation and subsequent biofilm
dispersal. Nonetheless, 4 pg/mL of vancomycin by itself
already demonstrated significant antibiofilm activity
at 6- and 12-hour incubation. It was therefore probable
that the synergistic antibiofilm activity of vancomycin
and lupinifolin would depend on both concentration and
time. To precisely understand the mechanism underlying
the synergistic antibiofilm activity of vancomycin and
lupinifolin, more research needs to be done.

Specific flavonoids can augment the efficacy of select
antimicrobial medications in inhibiting the formation of
gram-positive bacteria’s biofilms (55-57). Nonetheless,
there is relatively little data to support the antibiofilm
effectiveness of phytochemicals when used in conjunction
with antibacterial drugs to reduce the growth of E. faecalis
biofilm. Thymol was found to increase rifampicin’s
antibacterial and biofilm-eradication capabilities against
MRSAanddecreasetheformationofpersistercells(55). Our
earlier research demonstrated that ampicillin, cloxacillin,
and vancomycin’s antibiofilm action against MRSA was
considerably enhanced by sub-MICs of lupinifolin (4
and 8 ug/mL) (22). Since vancomycin and lupinifolin
did not show a synergistic effect on MRSA growth (FIC
index of 0.75), the antibiofilm action of the combination
was most likely caused by its direct impact on the MRSA
biofilm formation process (19). Epigallocatechin-3-gallate
(EGCG, 0.3 ug/mL) greatly improved the antibacterial
activity of cationic peptides (KR-12-a5, 0.6 ug/mL) against
biofilms of bacteria associated with endodontic infections,
including E. faecalis (56). It was observed that apigenin
by itself did not significantly reduce the biomass of the E.
faecalis biofilm; however, when apigenin was combined

with reduced graphene oxide, a considerable reduction in
biofilm biomass was found (57). According to the current
findings, lupinifolin has joined EGCG and apigenin as
potential natural product-derived antibiofilm enhancers
against E. faecalis.

According to this study, there was a considerable
antibiofilm activity against E. faecalis by the sub-MICs of
lupinifolin, either by itself or in combination with the sub-
MICs of vancomycin. This work reported the first evidence
of lupinifolin and vancomycin’s synergistic antibiofilm
activity. Whether administered alone or in combination
with vancomycin, lupinifolin’s antibiofilm action was
concentration- and time-dependent. Consequently, for
the antibiofilm activity to occur, the concentration of
lupinifolin acquired at the infection site needs to reach the
proper values. First-stage biofilm development, or initial
surface attachment, was largely interfered with lupinifolin.
As a result, it ought to be used as soon as possible, before
the biofilm formation has become well established. Since it
is unlikely that lupinifolin at a relatively low concentration
of sub-MICs will induce antibacterial drug resistance,
using it as an antibiofilm agent has potential benefits.
These findings suggest that lupinifolin may be used as an
anti-virulence drug to increase the antibacterial effects
against biofilm-associated E. faecalis infections. However,
the in vitro experiment results were unable to adequately
capture the intricate conditions that exist within the body
during an E. faecalis infection. Thus, more in vitro and in
vivo research needs to be done in order to validate our
findings.

Conclusion

At the highest concentration of 128 pg/mL, lupinifolin
exhibited no antibacterial action against E. faecalis (TISTR
379) (MIC > 128 pg/mL). But across all incubation
periods, lupinifolin alone at sub-MICs of 16-128 pg/mL
strongly reduced the development of E. faecalis biofilms.
The lowest IC_ of 6.78 + 3.04 pg/mL of lupinifolin was
observed at 6-hour incubation. As a result, lupinifolin
might have acted as an antibiofilm agent mainly by
preventing bacterial surface attachment. The antibiofilm
activity of vancomycin at % MIC (2 pg/mL) and 1/8 MIC
(1 ug/mL) was also markedly increased by the sub-MICs
of lupinifolin, specifically at 6- and 36-hour incubation.
Therefore, it was predicted that the synergistic antibiofilm
action of vancomycin and lupinifolin would be influenced
by both concentration and incubation duration. To fully
understand the mode of action of lupinifolin’s antibiofilm
activity, more research is necessary.

Acknowledgment
Thanks to Mahasarakham University, which provided funding
for this project (grant number 6708002).

Authors’ contribution
Conceptualization: Pawitra Pulbutr.

468 Journal of Herbmed Pharmacology, Volume 13, Number 3, July 2024

http://www.herbmedpharmacol.com


http://www.herbmedpharmacol.com

Data curation: Pawitra Pulbutr Kridsanun Seelakot, Nicharee
Kumphupong.

Formal analysis: Pawitra Pulbutr Kridsanun Seelakot, Nicharee
Kumphupong.

Funding acquisition: Pawitra Pulbutr.

Investigation: Pawitra Pulbutr, Kridsanun Seelakot, Nicharee
Kumphupong.

Methodology: Pawitra Pulbutr, Sakulrat Rattanakiat.

Project administration: Pawitra Pulbutr.

Resources: Pawitra Pulbutr, Sakulrat Rattanakiat.

Software: Pawitra Pulbutr, Sakulrat Rattanakiat.

Supervision: Pawitra Pulbutr.

Validation: Pawitra Pulbutr, Sakulrat Rattanakiat.
Visualization: Pawitra Pulbutr, Kridsanun Seelakot, Nicharee
Kumphupong.

Writing-original draft: Pawitra Pulbutr.

Writing-review & editing: Pawitra Pulbutr, Sakulrat Rattanakiat.

Conflict of interests
The authors declare no conflict of interest.

Ethical considerations
The authors have diligently addressed ethical considerations,
including plagiarism, data fabrication, and double publication.

Funding/Support
This project was financially supported by a Mahasarakham
University research grant (grant number 6708002).

References

1. ChngJH, Chong KKL,Lam LN, WongJJ, Kline KA. Biofilm-
associated infection by enterococci. Nat Rev Microbiol.
2019;17(2):82-94. doi: 10.1038/541579-018-0107-z.

2. Landete JM, Peirotén A, Medina M, Arqués JL, Rodriguez-
Minguez E. Virulence and antibiotic resistance of
enterococci isolated from healthy breastfed infants. Microb
Drug Resist. 2018;24(1):63-9. doi: 10.1089/mdr.2016.0320.

3. Bhatt P, Patel A, Sahni AK, Praharaj AK, Grover N,
Chaudhari CN, et al. Emergence of multidrug resistant
enterococci at a tertiary care centre. Med ] Armed Forces
India. 2015;71(2):139-44. doi: 10.1016/j.mjafi.2014.08.007.

4. Esmail MA, Abdulghany HM, Khairy RM. Prevalence
of multidrug-resistant Enterococcus faecalis in hospital-
acquired surgical wound infections and bacteremia:
concomitant analysis of antimicrobial resistance genes.
Infect Dis (Auckl). 2019;12:1178633719882929. doi:
10.1177/1178633719882929.

5. Singh H, Das S, Yadav J, Srivastava VK, Jyoti A, Kaushik
S. In search of novel protein drug targets for treatment
of Enterococcus faecalis infections. Chem Biol Drug Des.
2019;94(4):1721-39. doi: 10.1111/cbdd.13582.

6. Jabbari Shiadeh SM, Pormohammad A, Hashemi A, Lak P.
Global prevalence of antibiotic resistance in blood-isolated
Enterococcus faecalis and Enterococcus faecium: a systematic
review and meta-analysis. Infect Drug Resist. 2019;12:2713-
25. doi: 10.2147/idr.s206084.

7. Garsin DA, Willems R]. Insights into the biofilm lifestyle
of enterococci. Virulence. 2010;1(4):219-21. doi: 10.4161/
viru.1.4.12073.

8. Roy R, Tiwari M, Donelli G, Tiwari V. Strategies for
combating bacterial biofilms: a focus on anti-biofilm agents

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lupinifolin inhibits Enterococcus faecalis biofilm formation

and their mechanisms of action. Virulence. 2018;9(1):522-
54. doi: 10.1080/21505594.2017.1313372.

Sandoe JA, Wysome ], West AP, Heritage J, Wilcox MH.
Measurement of ampicillin, vancomycin, linezolid and
gentamicin activity against enterococcal biofilms. ]
Antimicrob Chemother. 2006;57(4):767-70. doi: 10.1093/
jac/dkl013.

Hashem YA, Amin HM, Essam TM, Yassin AS, Aziz RK.
Biofilm formation in enterococci: genotype-phenotype
correlations and inhibition by vancomycin. Sci Rep.
2017;7(1):5733. doi: 10.1038/s41598-017-05901-0.
Joycharat N, Thammavong S, Limsuwan S, Homlaead
S, Voravuthikunchai SP, Yingyongnarongkul BE, et al.
Antibacterial substances from Albizia myriophylla wood
against cariogenic Streptococcus mutans. Arch Pharm Res.
2013;36(6):723-30. doi: 10.1007/s12272-013-0085-7.
Prasad SK, Laloo D, Kumar M, Hemalatha S. Antidiarrhoeal
evaluation of root extract, its bioactive fraction, and
lupinifolin isolated from Eriosema chinense. Planta Med.
2013;79(17):1620-7. doi: 10.1055/s-0033-1351021.
Soonthornchareonnon N, Ubonopas L, Kaewsuwan S,
Wauttiudomlert M. Lupinifolin, a bioactive flavanone from
Myriopteron extensum (Wight) K. Schum. stem. Thai J
Phytopharm. 2004;11:19-28.

Yusook K, Weeranantanapan O, Hua Y, Kumkrai P,
Chudapongse N. Lupinifolin from Derris reticulata
possesses bactericidal activity on Staphylococcus aureus
by disrupting bacterial cell membrane. J Nat Med.
2017;71(2):357-66.  doi: 10.1007/s11418-016-1065-2.
Joycharat N, Boonma C, Thammavong S,
Yingyongnarongkul BE, Limsuwan S, Voravuthikunchai SP.
Chemical constituents and biological activities of Albizia
myriophylla wood. Pharm Biol. 2016;54(1):62-73. doi:
10.3109/13880209.2015.1014920.

Yusook K, Panvongsa P. Antibacterial activity of lupinifolin
from Derris reticulata and its effect on cytoplasmic
membrane of methicillin resistant. Walailak J Sci Technol.
2020;17(10):1104-12. doi: 10.48048/wjst.2020.10727.
Limsuwan S, Moosigapong K, Jarukitsakul S, Joycharat
N, Chusri S, Jaisamut P, et al. Lupinifolin from Albizia
myriophylla wood: a study on its antibacterial mechanisms
against cariogenic Streptococcus mutans. Arch Oral Biol.
2018;93:195-202. doi: 10.1016/j.archoralbio.2017.10.013.
Sianglum W, Muangngam K, Joycharat N, Voravuthikunchai
SP. Mechanism of action and biofilm inhibitory activity of
lupinifolin against multidrug-resistant enterococcal clinical
isolates. Microb Drug Resist. 2019;25(10):1391-400. doi:
10.1089/mdr.2018.0391.

Rattanakiat S, Kaewchang K, Thongsang S, Jaruchotikamol
A, Pulbutr P Synergistic activity of lupinifolin in
combinations with antibiotics against Staphylococcus
aureus. Pak ] Biol Sci. 2021;24(6):656-62. doi: 10.3923/
pjbs.2021.656.662.

Kwaengmuang P, Chaiyawong K, Warong T, Rattanakiat
S, Pulbutr P. Antibiofilm and antibacterial activities of
lupinifolin in combination with protein synthesis inhibitors
against methicillin-resistant Staphylococcus —aureus. ]
Herbmed Pharmacol. 2023;12(4):549-59. doi: 10.34172/
jhp.2023.46056.

Pulbutr P, Thongrak K, Thitprapai A, Rattanakiat S, Mudjupa
C, Jaruchotikamol A. Inhibitory activity of lupinifolin

http://www.herbmedpharmacol.com

Journal of Herbmed Pharmacology, Volume 13, Number 3, July 2024 469


http://www.herbmedpharmacol.com

Pulbutr et al

isolated from Derris reticulata stem against biofilm 35. Alharthi S, Alavi SE, Moyle PM, Ziora ZM. Sortase A
formation of Streptococcus mutans and Staphylococcus (SrtA) inhibitors as an alternative treatment for superbug
aureus. Pharmacognosy Res. 2020;12(4):403-8. doi: infections. Drug Discov Today. 2021;26(9):2164-72. doi:
10.4103/pr.pr_57_20. 10.1016/j.drudis.2021.03.019.

22. Rattanakiat S, Taensantia A, Jaemamporn K, Khamnuanin 36. Nitulescu G, Margina D, Zanfirescu A, Olaru OT, Nitulescu
S, Mudjupa C, Jaruchotikamol A, et al. Antibiofilm GM. Targeting bacterial sortases in search of anti-virulence
formation activity of lupinifolin against methicillin-resistant therapies with low risk of resistance development.
Staphylococcus aureus. Pak ] Biol Sci. 2022;25(11):961-70. Pharmaceuticals (Basel). 2021;14(5):415. doi: 10.3390/
doi:  10.3923/pjbs.2022.961.970. ph14050415.

23. Pulbutr P, Nantana P, Suksabai S, Mudjupa C, Denchai R, 37. KangSS, Kim ]G, Lee TH, Oh KB. Flavonols inhibit sortases
Rattanakiat S, et al. Inhibitory actions of lupinifolin isolated and sortase-mediated Staphylococcus aureus clumping
from Derris reticulata stem against carbohydrate-digesting to fibrinogen. Biol Pharm Bull. 2006;29(8):1751-5. doi:
enzymes. Pharmacognosy Res. 2020;12(2):102-6. doi: 10.1248/bpb.29.1751.
10.4103/pr.pr_117_19. 38. OhI, Yang WY, Chung SC, Kim TY, Oh KB, Shin J. In vitro

24. Clinical and Laboratory Standards Institute (CLSI). sortase A inhibitory and antimicrobial activity of flavonoids
Performance Standards for Antimicrobial Susceptibility isolated from the roots of Sophora flavescens. Arch Pharm
Testing. CLSI Supplement M100. Wayne, PA: CLSI; 2018. Res. 2011;34(2):217-22. doi: 10.1007/s12272-011-0206-0.

25. Hasan S, Danishuddin M, Khan AU. Inhibitory effect of 39. WangL,LiQ Li]J, JingS, JinY, Yang L, et al. Eriodictyol as
zingiber officinale towards Streptococcus mutans virulence a potential candidate inhibitor of sortase A protects mice
and caries development: in vitro and in vivo studies. BMC from methicillin-resistant Staphylococcus aureus-induced
Microbiol. 2015;15(1):1. doi: 10.1186/s12866-014-0320-5. pneumonia. Front Microbiol. 2021;12:635710. doi: 10.3389/

26. Gupta A, Bernacchia L, Kad NM. Culture media, DMSO fmicb.2021.635710.
and efflux affect the antibacterial activity of cisplatin and 40. Das S, Kumar HSV, Pal SK, Srivastava VK, Jyoti A, Kumar
oxaliplatin. Lett Appl Microbiol. 2022;75(4):951-6. doi: S, et al. Prospecting potential inhibitors of sortase A
10.1111/1am.13767. from Enterococcus faecalis: a multidrug-resistant bacteria,

27. Hulankova R. The influence of liquid medium choice through in-silico and in-vitro approaches. Protein Pept
in determination of minimum inhibitory concentration Lett. 2020;27(7):582-92. doi: 10.2174/09298665276661912
of essential oils against pathogenic bacteria. Antibiotics 27143048.

(Basel). 2022;11(2):150. doi: 10.3390/antibiotics11020150. 41. Das S, Srivastava VK, Parray ZA, Jyoti A, Islam A, Kaushik

28. Johnson SR. The Effect of Media Selection on the S. Identification of potential inhibitors of sortase A: binding
Membrane Characteristics and Fatty Acid Composition of studies, in-silico docking and protein-protein interaction
Staphylococcus aureus [dissertation]. 2013. Available from: studies of sortase A from Enterococcus faecalis. Int ]
https://ir.library.illinoisstate.edu/etd/104. Biol Macromol. 2018;120(Pt B):1906-16. doi: 10.1016/j.

29. Nallapareddy SR, Singh KV, Sillanpéa ], Garsin DA, Ho0k M, ijbiomac.2018.09.174.

Erlandsen SL, et al. Endocarditis and biofilm-associated pili 42. Kaplan JB, Izano EA, Gopal P, Karwacki MT, Kim §,
of Enterococcus faecalis. ] Clin Invest. 2006;116(10):2799- Bose JL, et al. Low levels of P-lactam antibiotics induce
807. doi: 10.1172/jci29021. extracellular DNA release and biofilm formation in

30. Mazmanian SK, Liu G, Ton-That H, Schneewind O. Staphylococcus aureus. mBio. 2012;3(4):00198-12. doi:
Staphylococcus aureus sortase, an enzyme that anchors 10.1128/mBi0.00198-12.
surface proteinsto the cell wall. Science. 1999;285(5428):760- 43. Poole K. Bacterial stress responses as determinants
3. doi: 10.1126/science.285.5428.760. of antimicrobial resistance. ] Antimicrob Chemother.

31. Rozdzinski E, Marre R, Susa M, Wirth R, Muscholl- 2012;67(9):2069-89.  doi:  10.1093/jac/dks196.
Silberhorn A. Aggregation substance-mediated adherence 44. Thomas VC, Hiromasa Y, Harms N, Thurlow L, Tomich
of Enterococcus faecalis to immobilized extracellular matrix J, Hancock LE. A fratricidal mechanism is responsible for
proteins. Microb Pathog. 2001;30(4):211-20. doi: 10.1006/ eDNA release and contributes to biofilm development of
mpat.2000.0429. Enterococcus faecalis. Mol Microbiol. 2009;72(4):1022-36.

32. Toledo-Arana A, Valle ], Solano C, Arrizubieta MJ, doi: 10.1111/j.1365-2958.2009.06703 x.

Cucarella C, Lamata M, et al. The enterococcal surface 45. Barnes AM, Ballering KS, Leibman RS, Wells CL, Dunny
protein, Esp, is involved in Enterococcus faecalis biofilm GM. Enterococcus faecalis produces abundant extracellular
formation. Appl Environ Microbiol. 2001;67(10):4538-45. structures containing DNA in the absence of cell lysis
doi:  10.1128/aem.67.10.4538-4545.2001. during early biofilm formation. mBio. 2012;3(4):e00193-12.
33. Lebreton E Riboulet-Bisson E, Serror P, Sanguinetti M, doi: 10.1128/mBio.00193-12.
Posteraro B, Torelli R, et al. ace, Which encodes an adhesin 46. Tatta ER, Kumavath R. Rhodethrin and Rubrivivaxin
in Enterococcus faecalis, is regulated by Ers and is involved as potential source of anti-biofilm agents against
in virulence. Infect Immun. 2009;77(7):2832-9. doi: vancomycin resistant  Enterococcus  faecalis (ATCC
10.1128/iai.01218-08. 19443). Microb Pathog. 2020;148:104457. doi: 10.1016/j.
34, Theilacker C, Sanchez-Carballo P, Toma I, Fabretti F micpath.2020.104457.
Sava I, Kropec A, et al. Glycolipids are involved in biofilm 47. Ali TAA, Matinlinna JP, Lévesque CM, Neelakantan P.
accumulation and prolonged bacteraemia in Enterococcus Trans-cinnamaldehyde attenuates Enterococcus faecalis
faecalis. Mol  Microbiol.  2009;71(4):1055-69.  doi: virulence and inhibits biofilm formation. Antibiotics
10.1111/j.1365-2958.2008.06587 .x. (Basel). 2021;10(6):702. doi: 10.3390/antibiotics10060702.
470 Journal of Herbmed Pharmacology, Volume 13, Number 3, July 2024 http://www.herbmedpharmacol.com


http://www.herbmedpharmacol.com
https://ir.library.illinoisstate.edu/etd/104

48.

49.

50.

51.

52.

53.

Qayyum S, Sharma D, Bisht D, Khan AU. Identification
of factors involved in Enterococcus faecalis biofilm under
quercetin stress. Microb Pathog. 2019;126:205-11. doi:
10.1016/j.micpath.2018.11.013.

Fu Y, Wang W, Zeng Q, Wang T, Qian W. Antibiofilm
efficacy of luteolin against single and dual species of
Candida albicans and Enterococcus faecalis. Front Microbiol.
2021;12:715156. doi: 10.3389/fmicb.2021.715156.
Rumbaugh KP, Sauer K. Biofilm dispersion. Nat Rev
Microbiol. 2020;18(10):571-86. doi: 10.1038/s41579-020-
0385-0.

Chen L, Bu Q, Xu H, Liu Y, She P, Tan R, et al. The effect
of berberine hydrochloride on Enterococcus faecalis biofilm
formation and dispersion in vitro. Microbiol Res. 2016;186-
187:44-51. doi: 10.1016/j.micres.2016.03.003.

Ong TH, Chitra E, Ramamurthy S, Siddalingam
RP, Yuen KH, Ambu SP, et al. Chitosan-propolis
nanoparticle anti-bacterial
activity against Enterococcus faecalis biofilms. PLoS One.
2017;12(3):e0174888. doi: 10.1371/journal.pone.0174888.
Caixeta Magalhdes Tiburcio AA, Paiva AD, Pedrosa AL,
Rodrigues WE Bernardes da Silva R, Oliveira AG. Effect
of sub-inhibitory concentrations of antibiotics on biofilm
formation and expression of virulence genes in penicillin-

formulation demonstrates

54.

55.

56.

57.

Lupinifolin inhibits Enterococcus faecalis biofilm formation

resistant, ampicillin-susceptible Enterococcus faecalis.
Heliyon. 2022;8(10):e11154. doi: 10.1016/j.heliyon.2022.
ell154.

de Moura TM, Campos FS, Caierdo J, Franco AC, Roehe
PM, dAzevedo PA, et al. Influence of a subinhibitory
concentration of vancomycin on the in vitro expression
of virulence-related genes in the vancomycin-
resistant Enterococcus faecalis. Rev Soc Bras Med Trop.
2015;48(5):617-21. doi: 10.1590/0037-8682-0017-2015.
Valliammai A, Selvaraj A, Yuvashree U, Aravindraja
C, Karutha Pandian S. sarA-dependent antibiofilm
activity of thymol enhances the antibacterial efficacy of
rifampicin against Staphylococcus aureus. Front Microbiol.
2020;11:1744. doi:  10.3389/fmicb.2020.01744.

Caiaffa KS, Dos Santos VR, Abuna GF, Santos-Filho NA,
Cilli EM, Sakai VT, et al. Cytocompatibility and synergy
of EGCG and cationic peptides against bacteria related to
endodonticinfections, in planktonic and biofilm conditions.
Probiotics Antimicrob Proteins. 2021;13(6):1808-19. doi:
10.1007/512602-021-09830-3.

Kim MA, Min KS. Combined effect of apigenin and reduced
graphene oxide against Enterococcus faecalis biofilms. ] Oral
Sci.2023;65(3):163-7.doi: 10.2334/josnusd.22-0459.

http://www.herbmedpharmacol.com

Journal of Herbmed Pharmacology, Volume 13, Number 3, July 2024 471


http://www.herbmedpharmacol.com

