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ABSTRACT

Background and Objective. Staphylococcus aureus is the leading cause of skin and soft tissue infections such as
abscesses, furuncles, and cellulitis. Biofilm forming strains of S. aureus have higher incidence of antimicrobial resistance
to atleast three or more antibiotics and are considered as multidrug resistant. Since S. aureus biofilm-producing strains
have higher rates of multidrug and methicillin resistance compared to non-biofilm-producing strains, the need for
alternative therapeutic option is important. Furthermore, rates of methicillin-resistant Staphylococcus aureus (MRSA)
in Asia remain high. Results of the study may provide support for the clinical uses of P. betle as a topical antibacterial
and antiseptic in the treatment and prevention of infections involving the skin, mouth, throat, and indwelling medical
devices. Thus, this study aimed to evaluate the in vitro antibacterial and antibiofilm activities of Piper betle L. ethanolic
leaf extract (PBE) against a biofilm-forming methicillin-sensitive Staphylococcus aureus ATCC 29213 (MSSA).

Methods. The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of PBE against
MSSA were determined using the agar dilution assay. The biofilm inhibition and eradication assays using crystal violet
were done to quantify the antibiofilm activities of PBE on MSSA biofilm.

Results. PBE showed activity against MSSA in agar dilution assay with MIC and MBC values of 2500 pg/mL and 5000
pg/mL, respectively. At subinhibitory concentrations, PBE showed biofilm inhibition activity at 1250 pg/mL but a lower
percent eradication of biofilms as compared to oxacillin was noted.

Conclusion. PBE showed antibacterial activities including biofilm inhibition against methicillin-sensitive Staphylococcus
aureus ATCC 29213 (MSSA).
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INTRODUCTION
@ ®@@ S. aureus is one of main pathogens in community and
hospital infections which can range from mild skin infections
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The leaves of Piper betle (P betle) has been used in
common ailments by many Asian countries, where P, betle is
widely cultivated particularly in India, Malaysia, Sri Lanka,
and 'Thailand.”? Locally available P letle plant has shown
antibacterial property using its various extracts against
clinical isolates of S. aureus and MRSA."*'7 P betle extracts
have shown 17.67 mm zone of inhibition in the disk diffusion
assay and an MIC value ranging between 0.59 to 4.69 mg/
mL against S. aureus.”>* Hydroxychavicol and eugenol are
two primary compounds that have been linked to P, berle's
antibacterial activity. Both of these compounds have exhibited
mechanisms resulting to bactericidal effects which include
ATPase inhibition, ROS generation, membrane damage,
DNA damage, and apoptosis-like death induction.’2° Local
study suggested that the high concentrations of eugenol
and eugenol isomers in the leaf extracts of P betle make it a
promising source of antimicrobial metabolites.!

Unfortunately, studies on biofilm inhibition and eradi-
cation effects of P betle leaf extracts are lacking against §.
aureus. With this, the study aimed to evaluate the in vitro
antibacterial and antibiofilm activities of PBE against MSSA.

MATERIALS AND METHODS

Equipment, Reagents and Bacterial Inoculum

Standard laboratory equipment such as UV-visible
spectrophotometer (Thermo Scientific™ GENESYS™ 180)
for inoculum standardization and biofilm quantification,
rotary evaporator (DLAB RE100-Pro) to concentrate
the plant extract, and incubator (Lab Companion) for §.
aureus cultures were used. A blender (Imarflex) was used to
homogenize the dried P, bet/e leaves.

Absolute ethanol (Scharlau) and Mueller Hinton broth
(MHB), Mueller Hinton agar (MHA), trypticase soy broth
(T'SB), and trypticase soy agar (T'SA) from Hi-Media were
used as growth media. Tween 80 (Sigma-Aldrich) and USP-
grade oxacillin powder (Sigma-Aldrich) were also procured
from a local supplier. Sodium chloride (APS) and glucose
(MC SCIENTIFIC) were used as supplements for the
agar and T'SB, respectively. The Staphylococcus aureus ATCC
29213 was obtained from the Department of Medical
Microbiology, College of Public Health, University of the
Philippines (UP) Manila.

Extract Preparation

The fresh leaves of P betle were collected from the
mountaintops of Sitio Balagbag, San Jose del Monte, Bulacan,
Philippines. Pesticides were not used during cultivation,
and the farm was located far from highways and industrial
areas as described by the local supplier. Collection was done
in July 2021 and November 2021. The P betle plant was
authenticated by the Institute of Biology, College of Science
in UP Diliman.

'The preparation of PBE was based on previously reported
method with minor modifications.'” P betle leaves were air

dried and pulverized into small pieces until powder formed
prior to ethanolic extraction. A total of 1500 g of powdered
P, betle leaf was soaked in 6 L of absolute ethanol for 7 days
with occasional shaking. After the maceration, the mixture
was filtered through a Whatman filter paper No. 1. All the
filtrates were concentrated using a rotary evaporator at 50°C
at 600 mmHg while rotating at 90 rpm. The extract was then
further concentrated under the same temperature using a
water bath. This gave a 2.67% extract yield from the dried
leaves. The crude extract was stored in a container at -4°C
until further used.

S. aureus Stock and Inoculum Preparation

The following procedures were based on the methods
as described by Missiakas and colleagues and Clinical and
Laboratory Standards Institute (CLSI).**? Briefly, using
a sterile inoculating loop, a small amount of MSSA from
the stock was streaked onto a small section of a TSA plate
using aseptic technique. A new sterile inoculating loop was
passed through the initially streaked quadrant, repeating
the process 1-2 more times. The plates were incubated for
16 hours at 37°C.

An overnight growth method was used to prepare the
necessary broth suspensions containing 1 x 10® CFU/mL
for the procedures in the in vitro assays. The initial overnight
broth culture was standardized at optical density at 600 nm
(OD600) to CFU/mL. The computed conversion factor
of the OD600 to CFU/mL was the basis of the dilution
of the overnight cultures for in vitro antibacterial and
antibiofilm assays.

Agar Dilution Assay

Following standard methods (i.e., CLSI M07-A9, CLSI
M100-S25) with minor modifications, in vitro antibacterial
assay was conducted via the agar dilution method.'”*2%2¢
Two-fold dilution concentrations of the PBE in Tween 80
ranging from 10000 pg/mL to 9.8 pg/mL were incorporated
into MHA with 2% NaCl where the inocula were applied
and observed for absence or presence of microbial growth.
The plate with the lowest concentration that did not show
growth, after overnight incubation at 37°C, was considered
the MIC. The culture plates at MIC and the rest of plates
without visible growth as compared to the untreated control
were subcultured to another 2% NaCl MHA plates without
any treatments to determine the MBC value. The plate with
the lowest concentration without growth, after overnight
incubation at 37°C, was considered the MBC. For the positive
control, oxacillin was used at 2 pg/mL while an extract
control was devoid of the bacterial inoculum. Preparations
also consisted of a negative control which did not contain
the plant extract but with the inoculum and diluent. Three
replicates were carried out for each concentration and controls
for the entire procedure.

54 ACTA MEDICA PHILIPPINA

VOL.57 NO. 12 2023



In Vitro Antibacterial and Antibiofilm Activities of Piper betle L.

Biofilm Inhibition and Eradication Assays using
Crystal Violet

The biofilm inhibition assay was done primarily as
described by Melo and colleagues, but with slight modifi-
cations for the study.*2® All procedures were done to make
six wells for each concentration and controls. Briefly, from
an initial 200 mg/mL of PBE concentration in 5% Tween
80, PBE was serially diluted. This was followed by the
addition of a 100 pL of PBE to the inoculum making 200
pL of 0.25 x and 0.5 x MIC in 0.02% and 0.03% of Tween
80, respectively. The mixture containing 1 x 10° CFU/mL of
MSSA and PBE were dispensed onto the 96-well microwell
plate. This was then incubated at 37°C for 24 h. Afterwards,
the supernatant was removed and the wells were washed with
sterile normal saline. The wells were dried and stained using
100 pL of 0.01% crystal violet for five (5) minutes. Crystal
violet was removed and the dried stains were released using
95% ethanol. This solution (125 pL) was transferred to a
new microtiter plate for absorbance detection at 490 nm
(A490).2% A vehicle control containing 0.05% Tween 80
was used while 128 pg/mL oxacillin was used as the positive
control.” Two (2) sets of blank control were added containing
only the broth and PBE without the inoculum and another
set which contained only the broth. The A490 from these
wells were subtracted from the wells with and without
PBE, respectively.

As for the biofilm eradication assay, the biofilms were
allowed to form first for 24 h prior to the addition of
PBE .83 Succeeding steps were the same as in the biofilm
inhibition assay except that oxacillin at a higher concentration
(256 pg/mL) was used.”” An untreated control was added
containing only the broth to grow the biofilms for both the
biofilm assays. Heavy growth accompanied by saturated stain
after washing in the wells containing the untreated control
were used to visually confirm biofilm formation.

After reading the A490 and subtracting the blank
controls, the percentage inhibition or eradication was
computed using the equation:

A490 of the test
A490 of untreated control

%=[1-( )]x 100

Statistical Analysis

The results of the assays were expressed as means for
each group. Statistical differences in the biofilm inhibition
and eradication assays were evaluated using paired-samples
t-test. Results were considered to be statistically significant
at p<0.05. The researcher utilized IBM SPSS Statistics 23
for the statistical analysis.

Ethical Statement

This research was exempted from ethical review by
the UP Manila Review Ethics Board with code 2021-018-
EX. It was also registered with the protocol code RGAO-

2022-0296 and underwent review and approval process by
the Institutional Biosafety and Biosecurity Committee with

protocol number 2022-008.

RESULTS

Minimum Inhibitory Concentration and Minimum
Bactericidal Concentration

PBE showed activity against MSSA in agar dilution
assay with MIC and MBC values of 2500 pg/mL and 5000
pg/mL, respectively. The positive control (i.e., oxacillin at 2
pg/mL) inhibited the growth of MSSA while the negative
control (i.e., 0.5% Tween 80) plates had visible growth
similar to the untreated control. In contrast, the plant extract
control did not show growth indicating prepared extract was
not contaminated.

Percent Biofilm Inhibition

At 0.5 x MIC or at 1250 pg/mL, 71% of the biofilm was
inhibited while at 0.25 x MIC or at 625 pg/mL, only 41%
of the biofilm was inhibited. The % inhibition at 0.5 x MIC
(71%) failed to show significant difference with oxacillin
(99%). Although there was a higher inhibition of 0.5 x MIC
(71%) than Tween 80 (54%), this failed to show significant
difference (p>0.05). This is summarized in Table 1 while

Figure 1 visually presents the intensity of crystal violet stains.

Percent Biofilm Eradication

At subinhibitory concentrations, 0.5 x MIC and 0.25 x
MIC showed biofilm eradication of 22% and 26%, respec-
tively, but were comparable to the Tween 80’s effect at 0.05%
(vehicle control). Oxacillin at 256 pg/mL showed 43%
eradication which failed to show significant difference with
the vehicle control and plant extracts. Table 1 summarizes
the data on biofilm eradication assay while Figure 2 visually
presents the intensity of crystal violet stains.

DISCUSSION

PBE has shown antibacterial activities against MSSA
with MIC of 2500 pg/mL and MBC of 5000 pg/mL. This
results to an MBC/MIC ratio of 2 which indicates that

the extract is bactericidal.® However, based on a published

Table 1. Calculated % Inhibition and Eradication of MSSA
Biofilms by Various Concentrations of PBE

9 9
Test Materials Concentrations Inhitﬁtion Eradifation
PBE in 0.02% Tween 80 0.25 x MIC pg/mL 41* 26
PBE in 0.03% Tween 80 0.5 x MIC pg/mL 71 22
Oxacillin 128 pg/mL 99 —
256 pg/mL - 43
Tween 80 0.05% 54* 34

*p<0.05 vs. positive control
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0.25 x MIC
(625 pg/mL)

0.5x MIC
(1250 pg/mL)

Untreated control

Vehicle control
(0.05% Tween 80)

Positive control
(Oxacillin
128 pg/mL)

0.25 x MIC
(625 pg/mL)

0.5xMIC
(1250 pg/mL)

Untreated control

Vehicle control
(0.05% Tween 80)

Positive control
(Oxacillin

256 pg/mL)

Figure 2. Dissolved crystal violet stain in ethanol of the remaining S. aureus biofilms after eradication.
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categorization of antibacterial activity of plant extracts, the
obtained MIC of PBE at 2500 pg/mL can be interpreted
to have a weak antimicrobial effect.>* The MIC in the
study was higher than the MIC of the same species in the
Philippines which were at 312-590 pg/mL, suggesting that
the extract in the current study was less potent than those
found in other locations.'** Among these studies, the most
potent PBE came from General Nakar, Quezon which
was harvested from September to November.!® Differences
in their MIC and MBC may be explained by the various
environmental factors involving the location and harvest
time of P, betle.

Phytochemicals in the plant can differ significantly
depending on the environmental factors such as temperature,
humidity, and precipitation.®=’ Of the phytochemicals,
eugenol and hydroxychavicol are one of the most widely
considered responsible for the antibacterial properties of
P betle. In the Philippines, eugenol was reported while
hydroxychavicol has not been identified yet.” In the
bioautographic assays, alkaloids, flavonoids, terpenoids,
and saponins from P betle have shown activities against
MDR bacteria (e.g., MRSA). Ethyl diazoacetate, 3-
fluoro-2-propynenitrite, tris(trifluoromethyl)phosphine,
4-(2-propenyl) phenol, and heptafluorobutyrate have also
been reported.” If the same plant species was harvested
under different environmental conditions, changes in phyto-
chemical contents can affect their bioactivity including
antimicrobial effects.3$

Hydroxychavicol (HC) isolated from P etle has been
reported to possess antibacterial activity but its mechanism
of actions has not yet been fully understood.?** A study
conducted on E. cofi described a few possible mechanisms.
Reactive oxygen species (ROS) generation, DNA damage,
and apoptosis-like death induction were some of the
mechanisms noted in the study. HC treated E. coli cells
resulted to growth inhibition and DNA condensation. ROS
generation produces DNA damage which was also confirmed
by using DNA damage repair deficient mutants versus wild
type. In addition, antioxidants, thiourea, and GSH have
protected E. coli against HC-induced death. Clinical isolates
of E. coli, Klebsiella, Pseudomonas, and Proteus have shown
susceptibility to HC with MIC ranging from 250 pg/mL
to 500 pg/mL while MBC at 500 pg/mL to 750 pg/mL.*
Another compound isolated from P, betle leaves was eugenol
which when compared to hydroxychavicol is less abundant
in the extract and may be less potent.”” Eugenol’s anti-
bacterial activity is attributed to its ability to produce ROS
generation and membrane damage.'®

Differences in P, betle phytochemicals may have primarily
contributed to the lower potency of the extract in the current
study. Unfortunately, there is no known study of ideal
conditions and cultivation methods of local P bet/e for an
optimal antibacterial effect. In addition, the current study did
not perform chemical analysis of the the PBE’s components.
Other factors that could have contributed to the differences

in the MIC values of P, betle are the differences in the assays
conducted and the strains and diluents used. In particular,
these other studies used S. aureus ATCC 25923 in broth
microdilution assay and diluted PBE in dimethylsulfoxide
at 0.2% and 5%.'41¢

Biofilm formation was inhibited when exposed to sub-
inhibitory concentration of PBE (0.5 x MIC). Contrastingly,
percentage biofilm eradicated was lower than the oxacillin
(positive control) and Tween 80 (vehicle control). In the
current study, PBE showed biofilm inhibitory effects by up
to 71% against MSSA at subinhibitory concentration of
0.5 x MIC or 1250 pg/mL (Table 1). This biofilm inhibi-
tory effect of the extract was comparable or failed to show
statistical difference at p<0.05 with the positive control
oxacillin at 128 pg/mL and showed to be 17% higher than
0.05% Tween 80 (vehicle control).

Previous studies have shown that Tween 80 has biofilm
inhibition at concentrations as low as 0.05% against MRSA
and 0.1% against MSSA.** In the current study, although
Tween 80 at 0.05% showed 54% biofilm inhibition, this
was lower and significantly different from oxacillin (99%),
and only when the PBE was added at 0.5 x MIC that the
biofilm inhibition (71%) became comparable to oxacillin
(Table 1). In vivo and in vitro studies against S. aureus have
shown that a combination of an antibiofilm agent with an
antibiotic produces greater inhibition of bacterial growth and
lower MIC and MBC values.®

Staphylococcus aureus has different stages of biofilm
development in the order of attachment, multiplication,
exodus, maturation, and dispersal.** During the attachment
stage, S. aureus utilizes hydrophobic and electrophilic
interactions to attach on abiotic surfaces. The initial attachment
stage happens approximately within two (2) hours before
the multiplication starts. During the multiplication stage,
in the presence of a sufficient nutrient source, the adherent
cells starts dividing and accumulating. In this time, EPS and
its components are also starting to stabilize the biofilm.**
Interestingly, from a time-kill kinetics study, the exponential
phase of the MSSA coincides with the multiplication stage
of the adherent S. aureus.*

In literature, P betle extract against biofilm formed by
S. marcescens revealed that it can reduce exopolysaccharide
production and hydrophobicity index, both of which are
important in the formation and adherence of §. awreus
biofilm.* Furthermore, at 0.5 x MIC or 1250 pg/mL,
PBE significantly prolonged the lag time, slowed down the
growth rate, and decreased the maximum optical density of
MSSA.# These mechanisms together suggest that the effects
exerted by P betle at subinhibitory concentrations may be
early during adherence and multiplication stages of the §.
aureus biofilm formation. Therefore, the biofilm inhibition
of PBE may suggest that early administration of the extract
enhances its overall antibacterial effect against MSSA.
However, more direct studies correlating these findings are
needed. Phytol, 4-chromanol, and 1,8 cineole were few of
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the bioactive compounds found in P, betle extract that may
be responsible to its antibiofilm effects.**

In the biofilm eradication assay, PBE at subinhibitory
concentrations (0.5 x MIC, 0.25 x MIC) has shown 22-26%
eradication of the biofilm, respectively. Although oxacillin at
256 pg/mL showed higher eradication at 43%, this failed to
show statistical difference with the PBE and Tween 80 (34%).
In literature, it was determined that oxacillin at 256 pg/mL
eradicated biofilm by up to 90%.*” However, in another
study, the minimum biofilm eradication concentration in
preformed biofilms is at concentrations >1024 pg/mL.*° Due
to variability in the observed biofilm eradication activity of
oxacillin, an alternative positive control may be preferred.

With the results of the study, P, bet/e can be an important
source of a new antibacterial and antibiofilm agent against
S. aureus. 'The results strengthen its potential for clinical
uses as a topical antibacterial and antiseptic or disinfectant
in the treatment and prevention of infections involving
the skin, mouth, throat, and indwelling medical devices. A
topical preparation of the P Jetle leaf ethanolic extract has
already been studied and shown activity against S. aureus,
further supporting the possibility of an effective topical
drug delivery system in treating or preventing bacterial
infections.”* Consistent antibacterial effect of local PBE is
also encouraging for bioactive isolation as a potentially new
systemic antibiotic. The results of the study may also help
improve and guide in vivo designs of antibacterial assays
using P, betle ethanolic leaf extracts.

CONCLUSION AND RECOMMENDATIONS

PBE obtained from a farm on mountaintops of San Jose
del Monte, Bulacan showed activity against MISSA in agar
dilution assay with MIC and MBC values of 2500 pg/mL
and 5000 pg/mL, respectively. This MIC is considered to be
of weak antibacterial activity for plant extracts.**** PBE has
also shown antibiofilm activity at 1250 pg/mL during the
biofilm formation; however, a lower percent eradication of
biofilms as compared to oxacillin and Tween 80 was noted.

It is recommended to further study favorable environ-
mental conditions that can provide a consistent harvest
of P betle with maximum antibacterial effect. Isolation
of the bioactives from the extract and conducting in vivo
assays to further elucidate the antibacterial and antibiofilm
activities of PBE against MSSA and MRSA are also highly
recommended. Use of an alternative positive control for the
biofilm eradication assay should be considered.

Acknowledgments

The authors extend gratitude for this work to the
Department of Pharmacology and Toxicology, College of
Medicine, University of the Philippines Manila for providing
the laboratory facility and equipment. The authors are also
thankful to Dr. Cecilia Maramba-Lazarte for her valuable
inputs to the research study.

Statement of Authorship

RCCL contributed in the conceptualization, laboratory
work, formal analysis, writing the original draft, review and
editing, project administration, and funding acquisition;
AMY contributed in the conceptualization, formal analysis,
writing the original draft, review and editing, project
administration, funding acquisition, supervision, and final
approval of the version to be published; MTA, LCRP and
IRM contributed in the conceptualization, review and editing,
and final approval of the version to be published.

Author Disclosure
All authors declare that there is no conflict of interest.

Funding Source

This research had an approved funding under the
University of the Philippines Manila Student/Thesis Research
Grant 2021 by the National Institutes of Health with the
Project Code: NIH 2021-016.

REFERENCES

1. Taylor TA, Unakal CG. Staphylococcus Aureus. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing; 2021 [cited
2022 Jan 21]. Available from: https://www.ncbi.nlm.nih.gov/books/
NBK441868/

2. Muhammad MH, Idris AL, Fan X, Guo Y, Yu Y, Jin X, et al.
Beyond risk: bacterial biofilms and their regulating approaches. Front
Microbiol. 2020 May;11:928. doi: 10.3389/fmicb.2020.00928

3. Darouiche RO. Treatment of infections associated with surgical
implants. N Engl ] Med. 2004 Apr;350(14):1422-9. doi: 10.1056/
NEJMra035415.

4. Khatoon Z, McTiernan CD, Suuronen EJ, Mah TF, Alarcon EI.
Bacterial biofilm formation on implantable devices and approaches
to its treatment and prevention. Heliyon. 2018 Dec;4(12):¢01067.
doi: 10.1016/j.heliyon.2018.e01067.

5. Ribeiro M, Monteiro FJ, Ferraz MP. Infection of orthopedic implants
with emphasis on bacterial adhesion process and techniques used in
studying bacterial-material interactions. Biomatter. 2012 Oct-Dec;
2(4):176-94. doi: 10.4161/biom.22905.

6.  Belbase A, Pant ND, Nepal K, Neupane B, Baidhya R, Baidya R, et
al. Antibiotic resistance and biofilm production among the strains
of Staphylococcus aureus isolated from pus/wound swab samples in
a tertiary care hospital in Nepal. Ann Clin Microbiol Antimicrob.
2017 Mar;16(1):15. doi: 10.1186/512941-017-0194-0.

7. Gaire U, Shrestha UT, Adhikari S, Adhikari N, Bastola A, Rijal KR,
et al. Antibiotic susceptibility, biofilm production, and detection of
mecA gene among Staphylococcus aureus isolates from different clinical
specimens. Diseases. 2021 Nov;9(4):80. doi: 10.3390/diseases9040080.

8. Moghadam SO, Pourmand MR, Aminharati F. Biofilm formation
and antimicrobial resistance in methicillin-resistant Staphylococcus
aureus isolated from burn patients, Iran. J Infect Dev Ctries. 2014
Dec;8(12):1511-7. doi: 10.3855/jidc.5514.

9. Neopane P, Nepal HP, Shrestha R, Uehara O, Abiko Y. In vitro biofilm
formation by Staphylococcus aureus isolated from wounds of hospital-
admitted patients and their association with antimicrobial resistance.
Int ] Gen Med. 2018 Jan;11:25-32. doi: 10.2147/1JGM.S153268.

10. Ghasemian A, Peerayeh SN, Bakhshi B, Mirzace M. Several
virulence factors of multidrug-resistant Staphylococcus aureus isolates
from hospitalized patients in Tehran. Int J Enteric Pathog. 2015
May;3(2):€25196. doi: 10.17795/ijep25196

11. Gebreyohannes G, Nyerere A, Bii C, Sbhatu DB. Challenges of

intervention, treatment, and antibiotic resistance of biofilm-forming

58 ACTA MEDICA PHILIPPINA

VOL.57 NO. 12 2023



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

In Vitro Antibacterial and Antibiofilm Activities of Piper betle L.

microorganisms. Heliyon. 2019 Aug 19;5(8):¢02192. doi: 10.1016/j.
heliyon.2019.¢02192.

Datta A, Ghoshdastidar S, Singh M. Antimicrobial property of Piper
betel leaf against clinical isolates of bacteria. Int ] Pharm Sci Res.
2011;2(3):104-9.

Balinado LO, Chan MA. Assessment of cytotoxic activity of five
common Philippine medicinal plants using brine shrimp lethality assay.
Mindanao J Sci Technol. 2019;17:138-52.

Jamelarin EM, Balinado LO. Evaluation of antibacterial activity
of crude aqueous, ethanolic and methanolic leaf extracts of Piper
retrofractum Vahl. and Piper betle L. Asian ] Biol Life Sci. 2019
Aug;8(2):63-7. doi:10.5530/ajbls.2019.8.11

Valle DL Jr, Cabrera EC, Puzon JJM, Rivera WL. Antimicrobial
activities of methanol, ethanol and supercritical CO2 extracts of
Philippine Piper betle L. on clinical isolates of gram positive and
gram negative bacteria with transferable multiple drug resistance.
Khan AU, editor. PLoS One. 2016 Jan;11(1):e0146349. doi: 10.1371/
journal.pone.0146349.

Valle DL Jr, Andrade JI, Puzon JJM, Cabrera EC, Rivera WL.
Antibacterial activities of ethanol extracts of Philippine medicinal
plants against multidrug-resistant bacteria. Asian Pac ] Trop Biomed.
2015 Jul;5(7):532-40. doi:10.1016/j.apjtb.2015.04.005

Valle DL Jr, Puzon JJM, Cabrera EC, Rivera WL. Thin layer
chromatography-bioautography and gas chromatography-mass
spectrometry of antimicrobial leaf extracts from Philippine Piper betle
L. against multidrug-resistant bacteria. Evid Based Complement
Alternat Med. 2016;2016:4976791. doi: 10.1155/2016/4976791.

Das B, Mandal D, Dash SK, Chattopadhyay S, Tripathy S, Dolai DP,
et al. Eugenol provokes ROS-mediated membrane damage-associated
antibacterial activity against clinically isolated multidrug-resistant
Staphylococcus aureus strains. Infect Dis (Auckl). 2016 Feb;9:11-9.
doi: 10.4137/IDRT.S31741.

Hyldgaard M, Mygind T, Meyer RL. Essential Oils in Food
Preservation: Mode of Action, Synergies, and Interactions with Food
Matrix Components. Front Microbio [Internet]. 2012 [cited 2020
May 30];3. Available from: http://journal.frontiersin.org/article/
10.3389/fmicb.2012.00012/abstract

Singh D, Narayanamoorthy S, Gamre S, Majumdar AG, Goswami
M, Gami U, et al. Hydroxychavicol, a key ingredient of Piper betle
induces bacterial cell death by DNA damage and inhibition of cell
division. Free Radic Biol Med. 2018 May;120:62-71. doi: 10.1016/
j.freeradbiomed.2018.03.021.

CLSI. Methods for Dilution Antimicrobial Susceptibility Tests for
Bacteria That Grow Aerobically; Approved Standard—Ninth Edition.
Wayne, PA: Clinical and Laboratory Standards Institute; 2012. (CLSI
document M07-A9).

Missiakas DM, Schneewind O. Growth and laboratory maintenance
of Staphylococcus aureus. Curr Protoc Microbiol. 2013 Feb;Chapter 9:
Unit-9C.1. doi: 10.1002/9780471729259.mc09c01s28.

Wiegand I, Hilpert K, Hancock REW. Agar and broth dilution
methods to determine the minimal inhibitory concentration (MIC)
of antimicrobial substances. Nat Protoc. 2008 Feb;3(2):163-75. doi:
10.1038/nprot.2007.521.

CLSI. Performance Standards for Antimicrobial Susceptibility Testing;
Twenty-Fifth Informational Supplement. Wayne, PA: Clinical and
Laboratory Standards Institute; 2015. (CLSI document M100-S25).
Melo TA, dos Santos TF, de Almeida ME, Junior LAGF, Andrade
EF, Rezende RP, et al. Inhibition of Staphylococcus aureus biofilm
by Lactobacillus isolated from fine cocoa. BMC Microbiol. 2016
Oct 28;16(1):250. doi: 10.1186/512866-016-0871-8.

Nair S, Desai S, Poonacha N, Vipra A, Sharma U. Antibiofilm
activity and synergistic inhibition of Staphylococcus aureus biofilms by
bactericidal protein P128 in combination with antibiotics. Antimicrob
Agents Chemother. 2016 Nov;60(12):7280-9. doi: 10.1128/AAC.
01118-16.

Wu JA, Kusuma C, Mond JJ, Kokai-Kun JF. Lysostaphin disrupts
Staphylococcus aureus and Staphylococcus epidermidis Biofilms on artificial
surfaces. Antimicrob Agents Chemother. 2003 Nov;47(11):3407-14.
doi: 10.1128/AAC.47.11.3407-3414.2003.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Xu Z, Liang Y, Lin S, Chen D, Li B, Li L, et al. Crystal violet and
XTT assays on Staphylococcus aureus biofilm quantification. Curr
Microbiol. 2016 Oct;73(4):474-82. doi: 10.1007/500284-016-1081-1.
Reiter KC, Villa B, da Silva Paim TG, Sambrano GE, de Oliveira
CF, d’Azevedo PA. Enhancement of antistaphylococcal activities
of six antimicrobials against sasG-negative methicillin-susceptible
Staphylococcus aureus: an in vitro biofilm model. Diagn Microbiol Infect
Dis. 2012 Oct;74(2):101-5. doi: 10.1016/j.diagmicrobio.2012.05.034.
Kawsud P, Puripattanavong ], Teanpaisan R. Screening for anticandidal
and antibiofilm activity of some herbs in Thailand. Trop ] Pharm
Res. 2014 Sep;13(9):1495-1501. doi:10.4314/tjpr.v13i9.16

Davis JL. Chapter 2 - Pharmacologic Principles. In: Reed SM, Bayly
WM, Sellon DC, editors. Equine Internal Medicine (Fourth Edition).
W.B. Saunders; 2018. pp. 79-137.

Aligiannis N, Kalpoutzakis E, Mitaku S, Chinou IB. Composition and
antimicrobial activity of the essential oils of two Origanum species. |
Agric Food Chem. 2001 Sep;49(9):4168-70. doi: 10.1021/jf001494m.
Duarte MCT, Figueira GM, Sartoratto A, Rehder VLG,
Delarmelina C. Anti-Candida activity of Brazilian medicinal plants.
J Ethnopharmacol. 2005 Feb;97(2):305-11. doi: 10.1016/j.jep.2004.
11.016.

Fabry W, Okemo PO, Ansorg R. Antibacterial activity of East
African medicinal plants. ] Ethnopharmacol. 1998 Feb;60(1):79-84.
doi: 10.1016/50378-8741(97)00128-1.

Dong TTX, Cui XM, Song ZH, Zhao K], Ji ZN, Lo CK, et al.
Chemical assessment of roots of Panax notoginseng in China: regional
and seasonal variations in its active constituents. ] Agric Food
Chem. 2003 Jul;51(16):4617-23. doi: 10.1021/jf034229k.

Ghimire BK, Seo JW, Kim SH, Ghimire B, Lee JG, Yu CY, et al.
Influence of harvesting time on phenolic and mineral profiles and their
association with the antioxidant and cytotoxic effects of Arractylodes
Jjaponica Koidz. Agronomy. 2021 Jun;11(7):1327. doi:10.3390/
agronomy11071327

Lemos MF, Lemos MF, Pacheco HP, Guimardes AC, Fronza M,
Endringer DC, et al. Seasonal variation affects the composition and
antibacterial and antioxidant activities of Thymus vulgaris. Ind Crops
Prod. 2017 Jan;95:543-8. doi:10.1016/j.indcrop.2016.11.008

Ncube B, Finnie JF, Van Staden J. Seasonal variation in antimicrobial
and phytochemical properties of frequently used medicinal bulbous
plants from South Africa. S Afr J Bot. 2011 Apr;77(2):387-96.
doi:10.1016/j.s2jb.2010.10.004

Hrichi S, Chaabane-Banaoues R, Giuffrida D, Mangraviti D, Oulad
El Majdoub Y, Rigano F, et al. Effect of seasonal variation on the
chemical composition and antioxidant and antifungal activities of
Convolvulus althaeoides L. leaf extracts. Arab ] Chem. 2020 Jun;13(6):
5651-68. doi:10.1016/j.arabjc.2020.04.006

Syahidah A, Saad CR, Hassan MD, Rukayadi Y, Norazian MH,
Kamarudin MS. Phytochemical analysis, identification and
quantification of antibacterial active compounds in betel leaves, Piper
betle methanolic extract. Pak J Biol Sci. 2017 Jan 15;20(2):70-81.
doi: 10.3923/pjbs.2017.70.81.

Nielsen CK, Kjems J, Mygind T, Snabe T, Meyer RL. Effects of
Tween 80 on growth and biofilm formation in laboratory media.
Front Microbiol. 2016 Nov;7:1878. doi: 10.3389/fmicb.2016.01878.
Ueda Y, Mashima K, Miyazaki M, Hara S, Takata T, Kamimura H,
et al. Inhibitory effects of polysorbate 80 on MRSA biofilm formed
on different substrates including dermal tissue. Sci Rep. 2019 Feb;
9(1):3128. doi: 10.1038/541598-019-39997-3.

Simonetti O, Cirioni O, Mocchegiani F, Cacciatore I, Silvestri C,
Baldassarre L, et al. The efficacy of the quorum sensing inhibitor
FS8 and Tigecycline in preventing prosthesis biofilm in an animal
model of staphylococcal infection. Int J Mol Sci. 2013 Aug 7;14(8):
16321-32. doi: 10.3390/ijms140816321.

Moormeier DE, Bayles KW. Staphylococcus aureus biofilm: a complex
developmental organism. Mol Microbiol. 2017 May;104(3):365-76.
doi: 10.1111/mmi.13634.

Moormeier DE, Bose JL, Horswill AR, Bayles KW. Temporal and
stochastic control of Staphylococcus aureus biofilm development.
mBio. 2014 Oct;5(5):01341-14. doi: 10.1128/mBio.01341-14.

VOL.57 NO. 12 2023

ACTA MEDICA PHILIPPINA 59



In Vitro Antibacterial and Antibiofilm Activities of Piper betle L.

46.

47.

48.

49.

50.

Lao RCC, Yabes AM, Tobias-Altura M, Lazarte-Maramba CC,
Panganiban LCR, Makalinao IR. In Vitro Antibacterial and
Antibiofilm Activities of Piper betle L. Ethanolic Leaf Extract on
Staphylococcus aureus ATCC 29213 [Thesis]. Manila: University of the
Philippines, Manila; 2022.

Srinivasan R, Devi KR, Kannappan A, Pandian SK, Ravi AV. Piper
betle and its bioactive metabolite phytol mitigates quorum sensing
mediated virulence factors and biofilm of nosocomial pathogen Serratia
marcescens in vitro. ] Ethnopharmacol. 2016 Dec;193:592-603. doi:
10.1016/.jep.2016.10.017.

Teanpaisan R, Kawsud P, Pahumunto N, Puripattanavong J. Screening
for antibacterial and antibiofilm activity in Thai medicinal plant
extracts against oral microorganisms. ] Tradit Complement Med.
2016 Jul;7(2):172-7. doi: 10.1016/j.jtcme.2016.06.007.

Ruwielanisa P. The Potency of Ethanolic Extracts of Betel (Piper betle)
Leaves as an Anti-Biofilm against Methicilin-Resistant Staphylococcus
aureus [ Thesis]. Purwokerto: Jenderal Soedirman University; 2021.
Ceri H, Olson ME, Stremick C, Read RR, Morck D, Buret A. The
Calgary Biofilm Device: new technology for rapid determination

51.

52.

53.

of antibiotic susceptibilities of bacterial biofilms. J Clin Microbiol.
1999 Jun;37(6):1771-6. doi: 10.1128/JCM.37.6.1771-1776.1999.
Budiman A, Rusnawan DW, Yuliana A. Antibacterial activity of Piper
betle L. extract in cream dosage forms against Staphylococcus aureus
and Propionibacterium acne. ] Pharm Sci Res. 2018;10(3):493-6.
Trakranrungsie N, Chatchawanchonteera A, Khunkitti W. Anti-
dermatophytic activity of Piper betle cream. Thai ] Pharmacol. 2006;
28(3):16-20.

Valle DL Jr, Puzon JJM, Cabrera EC, Cena-Navarro RB, Rivera
WL. Antimicrobial efficacy and activity of ethanolic extract of Piper
betle L. on Staphylococcus aureus-infected wound in mice and clinical
isolates of multiple drug-resistant bacterial pathogens. Trop Biomed.
2021 Jun 30;38(2):134-42. doi: 10.47665/tb.38.2.049.

Have you read the current trends in
Medical and Health Research in the Philippines?

Acta Medica Philippina

The National Health Science Journal

Access Online: www.actamedicaphilippina.upm.edu.ph

60

ACTA MEDICA PHILIPPINA

VOL.57 NO. 12 2023



