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Abstract

Background

Biofilm is one of the causes of antibiotic resistance.
One of the biofilm-producing bacteria is
Staphylococcus epidermidis which has been proven
to infect long-term users of urinary catheters and

implant devices. The 1-monolaurin compound has
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been known to have an antimicrobial effect.
However, its effect on clinical isolates of S.
epidermidis in producing biofilm has not been
established. This study was conducted to investigate
the effect of 1-monolaurin towards biofilm forming

clinical isolates of S. epidermidis.

Methods

The experiment used micro broth dilution technique
which consists of test group (1-monolaurin), positive
control group (rifampicin), solvent group, negative
control group (clinical isolate of S. epidermidis), and
media group (TSB media). The Minimal Inhibition
Concentration (MIC) was determined by incubating
bacteria added with 1-monolaurin (1000—-1953
ug/mL) or rifampicin (250-0,488 pg/mL) for 24 h.
The MIC was determined visually. After that, the
incubated bacteria was cultured in TSA media to
determine Minimal Bactericidal Concentration
(MBC). The assessment of Biofilm inhibitory
Concentration (BIC) and Biofilm Eradication
Concentration (BEC) was conducted with the same
way, the difference was BIC intervened directly with
compound meanwhile BEC was incubated for 24 h in
37 °C before the intervention. Then, the specimen
was reincubated to grow biofilm at the microplate,
washed with PBS and stained with 1% of crystal
violet. The optical density (OD) was measured at a
wavelength of 595 nm. The percentage of BIC and
BEC then were calculated, continued to probit
analysis regression to determine the BIC50, BIC80,
BEC50, and BECS8o.
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Results

The MIC dan MBC of 1-monolaurin and rifampicin
were > 1000 ug/mL, > 1000 pug/mL, <0.488 pg/mlL,
and 1.953 ug/mkL respectively. BIC50 and BIC80 of
1-monolaurin and rifampicin were 26.669 ug/mL,
168.688 ng/mlL, 0.079 pg/mL, and 0.974 pg/mL
respectively. The BEC50 and BEC80 of
1-monolaurin and rifampicin were 322.504 ug/mL,

1338.681 ug/ml, 5.547 ug/mL, dan 17.910 ug/mL
respectively.

Conclusion

The 1-monolaurin can inhibit growth and eradicate
the biofilm formed by clinical isolates of S.
epidermidis, however, it has neither inhibit nor kill

planktonic cells of S. epidermidis.

Background

Naturally, microorganisms attach to and grow in
living and inanimate surface, such as enamel,
cardiac valve, lung, middle ear as well as medical
devices. The appearance of microorganisms growth
that often occurs is biofilm formation.
Microorganism produces Extracellular Polymeric
Substance (EPS) that facilitate attachment and
biofilm formation as a result change host phenotype.
Biofilm has become a serious health problem
because of the increased resistance to antibacterial
and its potential to cause infection in patients using
medical equipment. There are at least three reasons
why biofilms can cause antibiotic resistance: (1)

antibiotic agents diffuse into EPS matrix and become
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inactive, (2) biofilms reduce microorganism growth
rates that affect antibiotic inactivation, and (3) the
environment around cells protects the organism,

such as decrease antibiotic uptake into cells [1].

Biofilm formation process through five stages. The
first stage includes an initial attachment that can
occur actively or passively. This process depends on
the physicochemical components of bacteria and
their surface components. At this stage, the bacteria
still inherently reversible. Furthermore, the bacteria
will attach irreversibly. In this second stage, the
release of biofilms attachment requires strong
strengths such as detergent, surfactant, sanitizer
and/or heating. The third stage has entered the
initial process of establishing an architecture of
biofilm (microcolony formation). Microcolony
formation resulted from the accumulation and
growth of microorganisms and the production of
EPS. This strengthens the bacterial bond with the
host. Then, it will enter the biofilm maturation stage,
the fourth stage, which develope at least 10 days or
more. The last stage is the dispersion stage. At this
stage, bacterial cells will return to their planktonic
cells and come out of the biofilm to form new

colonies [2].

Some microorganisms that can form biofilms are
gram-positive bacteria, such as Staphylococcus
aureus and Staphylococcus epidermidis, gram-
negative bacteria including Pseudomonas
aeruginosa, Escherichia coli and several genus

Candida especially Candida albicans and Candida
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tropicalis [3]. One of the species will be discussed
here is S. epidermidis which is a gram-positive

bacteria coagulase-negative staphylococci group [4].

Staphylococcus epidermidis is a commensal bacteria
that colonize in the skin and mucous membranes of
humans and other mammals. The colony of S.
epidermidis predominantly in axillae, head, and
nares. As science develops, S. epidermidis has been
proven to often contaminate medical devices,
especially in peripheral and central catheter
placement. Besides, these bacteria play a role in
infection of prosthetic joints, vascular grafting,
surgery, cranial nerve system shunts, and cardiac

devices [5].

The mechanism of S. epidermidis in forming
biofilms is through the biochemical and molecular
process. Polysaccharides adhesin have an important
role in this biochemical process. The two main
polysaccharides produced by S. epidermidis are
capsular polysaccharide adhesin (PSA) and
polysaccharide intercellular adhesin (PIA). The PSA
plays a role in initiation attachment and PIA play
role in cell accumulation. The PIA itself is coded by
the intercellular adhesin (ica) gene [6]. More than
85% of S. epidermidis isolated bacteria from blood
cultures of the patient in hospitals have the ica gene
[7]. In Addition, the S. epidermidis was the third
main bacteria at Fatmawati Hospital that often
obtained from the culture of patients entering the
Intensive Care Unit (ICU) after P. aeruginosa and K.

Pneumonia [8]. Therefore antibiotics against S.
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epidermidis especially the clinical isolate is needed.

Natural compounds are known to be potential for
new antibiotic [9]. One of the natural compounds
that have been shown have an antibacterial activity
is 1-monolaurin. The 1-monolaurin is a compound
derived from coconut oil. Some bacteria that have
been proven to be inactivated by monolaurin are
Liseteria monocytogenes, Helicobacter pylorti,
Hemophilus influenza, Staphylococcus aureus,
Streptococcus groups A, B, F, and G [10]. However,
the antibacterial and antibiofilm activity, especially
inhibition and bactericidal of planktonic cells and
inhibition and eradication of biofilms from
1-monolaurin against clinical isolates of S.

epidermidis is unknown.

Materials and methods

Materials

The 1-monolaurin was obtained from Nitbani [11].
The isolates of S. epidermidis obtained from the
collection of Microbiology Laboratory Faculty of
Medicine, Public Health, and Nursing UGM. The
Dimethyl Sulfoxide (DMSO), NaCl, violet crystal,
96% of ethanol, Phosphate Buffered Saline (PBS)
with pH of 7.4, TSB media, and TSA media were
obtained from Microbiology Laboratory inventory,
Faculty of Medicine, Public Health, and Nursing
UGM. The 96-well microplate with a flat-shaped
base from Biosigma, Italian and U-shaped base from

Iwaki, Japan.
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Methods

Preparing 1-monolaurin

The 1-monolaurin was prepared by mixing 2 mg with
50 pg/mL of pure DMSO and 950 pug/mL TSB media
then being vortex to produce 1-monolaurin dissolved
in 5% of DMSO as stock solution. The various
concentration of 1-monolaurin was made from this

stock solution.

Preparing clinical isolate of Staphylococcus
epidermidis

The clinical isolate of bacteria producing biofilm S.
epidermidis was prepared in suspension by mixing
the pellets of S. epidermidis clinical isolates with
0.9% sterile NaCl. The clarity of the mixture was
compared with McFarland 0.5. Furthermore, the
suspension was diluted with TSB media with a ratio

of 1: 100. The bacterial suspension was prepared in a

concentration of 1 x 109 CFU/mL.

Minimum inhibitory concentration and
minimum bactericidal concentration assay

The Minimum inhibitory concentration (MIC) and
Minimum Bactericidal Concentration (MBC) assay
were conducted using micro broth dilution assay
[12]. The MIC is the lowest level of the compound
which can inhibit the growth of bacterial planktonic
cells, while MBC is the lowest level of a compound
that can kill 99.9% of bacterial planktonic cells. The
1-monolaurin or rifampicin at various concentration
were filled triplicate to each well of a flat-shaped

microplate, and the same volume of suspension of S.
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epidermidis clinical isolates were added. The final
concentration of 1-monolaurin in the plate was
1000-1.953 ug/mL and 250-0.488 pg/mL for
rifampicin. After 24 h incubation at 37 °C, MIC was
determined visually by observing the presence or
absence of planktonic cell growth. The final MIC
value is the mode value of the MIC in each well. The
MBC was determined by adding 10 pL of liquid from
a clear well to the TSA media, after 24 h incubation
at 37 °C by observing whether there was bacterial
growth in TSA media.

Biofilm inhibitory concentration assay

Biofilm inhibitory Concentration (BIC) assay was
conducted by microtiter plate assay [13]. Biofilm
inhibitory testing used a microplate with a U-shaped
base with the volume in each well was 100 pL.
Biofilm testing procedures have the same procedures
with planktonic cell testing, the difference was after
microplates were incubated, microplates were
washed with PBS to separate the formed biofilm, and
was given 1% of crystal violet, then washed again
with PBS and finally was given 96% of alcohol and
left for 15 min. All experiments were carried out in
triplicate. The Optical Density (OD) was measured at
a wavelength of 595 nm. The percentage of biofilm
inhibitory was calculated using the following
formula: [(OD growth control — OD sample) / OD
growth control] x 100 [14]. Then, the biofilm
formation inhibition such as BIC50 and BIC80 were

determined by probit analysis regression [15].

Biofilm eradication concentration assay
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Biofilm Eradication Concentration (BEC) Assay was
conducted by the same procedures as the BIC assay.
The biofilm eradication testing was started by

growing the biofilm first by incubating the

suspension of S. epidermidis clinical isolates for 24 h

at 37 °C. Then, each well of microplate was washed
with PBS with pH of 7.4 so that it leaves only the
biofilm and the 1-monolaurin or rifampicin with
various concentration was added. After that, the
microplate was incubated for 24 h at 37 °C and was
washed with PBS, add 1% of crystal violet and was
washed again with PBS and finally 96% alcohol was
given and left for 15 min. All experiments were
conducted in triplicate and three data were
generated in each experiment. The Optical Density
(OD) was measured at a wavelength of 595 nm. The
percentage of biofilm eradication was calculated
using the following formula: [(OD growth control —
OD sample) / OD growth control] x 100 [14]. Then,
the biofilm formation eradication such as BEC50
dan BEC80 were determined by probit analysis

regression [15].

Result

The minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC)
Table 1 showed the MIC and MBC of 1-monolaurin
or rifampicin on planktonic cell of S. epidermidis

clinical isolate.

Table 1 The MIC and MBC of 1-monolaurin
or rifampicin on planktonic cell of S.
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epidermidis clinical isolate

The biofilm inhibitory concentration (BIC)

Biofilm growth inhibition testing of S. epidermidis
clinical isolates described in BIC50 and BIC80 that
was obtained from probit regression analysis shown

in Table 2.

Table 2 The inhibition biofilm formation
of 1-monolaurin or rifampicin on S.
epidermidis clinical isolates

The biofilm eradication concentration (BEC)

The eradication biofilm formation activity of
1-monolaurin or rifampicin on S. epidermidis
clinical isolates was presented in Table 3. The BEC50
and BEC80 were obtained by probit regression

analysis.

Table 3 The eradication biofilm formation
of 1-monolaurin or rifampicin on S.
epidermidis clinical isolates

Discussion

The 1-monolaurin cannot inhibit growth and kill
planktonic cells of S. epidermidis clinical isolates at
the highest concentrations tested. The rifampicin as

a positive control, has been shown to have the effect
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of inhibiting growth and killing bacterial planktonic
cells. This results in accordance with the reference of
Clinical & Laboratory Standards Institute [16]. In
this this study, the MIC and MBC of rifampicin for
planktonic cells of S. epidermidis clinical isolates
were < 0.488 ug/mL and 1.953 pg/mL. According to
the CLSI [12], the S. epidermidis clinical isolate
which used in this study showed its sensitivity to
antibiotics. The solvent of 1-monolaurin compound
used, 5% of dimethylsulphoxide, did not show any
effect on planktonic or biofilm cells. Other study
using 10% of dimethylsulphoxide also showed that
the 10% of dimethylsulphoxide did not show any
effect on bacterial growth [14].

In contrast with testing on planktonic cell, both the
1-monolaurin and rifampicin have activity in
inhibiting growth and eradicate the biofilm
formation of S. epidermidis clinical isolate. As
positive control in this study, the BIC50 and BIC80
of rifampicin were 0.079 pg/mL and 0.974 ug/mL.
These results were not different from previous
studies that showed rifampicin had the effect of
inhibiting biofilm formation at concentrations <
0.0625 ug/mkL [17]. The BEC50 and BEC80
rifampicin were 5.547 ug/mL and 17.910 ug/mL.
These results were not different from the study
conducted by Laverty [18] which showed that
rifampicin could eradicate biofilms at concentrations
of 62.5 pg/mL. This supports the Marquez [19] study
which shows that rifampicin has a higher sensitivity
to S. epidermidis compared to some antibiotics such

as vancomycin, ceftaroline, erythromycin, fusidic
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acid, gentamicin, linezolid, and pristinamisin.

The minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of
1-monolaurin on S. epidermidis clinical isoloate was
> 1000 ug/mL. From the results of the previous
studies [11] showed that 1-monolaurin can inhibit
the formation of planktonic cells from other
Staphylococcus groups, S. aureus at a concentration
of 500 ng/ mL. Besides, a study conducted by
Tangwathcharin [20] showed that compound
1-monolaurin required a concentration of 100 pg/mL
to kill S. aureus planktonic cells and their clinical
isolates. Staphylococcus epidermidis has been
shown to have a higher resistance to antibiotics than

S. aureus [21].

Referring to Holetz [22] study, the compound with
concentrations more than 1000 pg / mL did not have
antimicrobial effects. This shows that 1-monolaurin
does not have the effect of inhibiting or killing

planktonic cells of S. epidermidis clinical isolates.

The results showed that 1-monolaurin can inhibit
biofilm formation of S. epidermidis clinical isolates.
The BIC50 and BIC80 1-monolaurin values were
26.669 ug/mL and 168.688 ug/mL. The
1-monolaurin can inhibit the formation of biofilms
by reducing the hydrophobicity of bacterial cells and
preventing attachment of bacterial cells [23]. If the
bacteria is too hydrophobic or hydrophilic it can
cause damage to the biofilm structure [24]. The

inhibitory effect was similar to the Schlievert [25]
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4/9/2021, 2:13 PM



The 1-monolaurin inhibit growth and eradicate the biofilm formed by cli...

13 of 25

study which showed monolaurin had a 66%
inhibitory effect on S. aureus biofilm at a
concentration of 48 ug/mL monolaurin. Besides,
monolaurin can inhibit biofilm formation in other
bacteria such as S. mutans which is the main
bacterium on human dental plaques at a

concentration of 95 ug/mkL [23].

The results showed that 1-monolaurin can eradicate
the formation of biofilm S. epidermidis clinical
isolate. The BEC50 and BEC80 1-monolaurin values
were 322.504 ug/mL and 1338.681 ug/mL. Its seems
like the Goc [26] study which showed that
monolaurin can eradicate 50% of biofilm formation
from Borrelia sp. at a concentration of 375 ug/mL.
From previous studies, it was found that monolaurin
can change the morphological structure of biofilms
which are similar to proteolytic enzyme activity

(proteases and phospholipases) [27].

The interesting thing to discuss is that 1-monolaurin
requires a higher concentration for inhibit and kill
the planktonic cells of S. epidermidis clinical isolates
than inhibit and eradicate S. epidermidis biofilm
isolates. This is different from the Donlan? study
which showed that biofilms increased antimicrobial
resistance. Compared to monolaurin studies on
Borellia sp., it also shows the MIC and MBC values
which are lower than the BEC50 value [25]. The
explanation of fact in our research is 1-monolaurin
compound needs higher effort or higher
concentration when it interacts with cell wall of the

planktonic cells of S. epidermidis clinical isolates. S.
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epidermidis is Gram positive bacteria that have
several layers of peptidoglycan in its cell wall.
Therefore, 1-monolaurin with higher concentration
is needed to destroy the cell wall of S. epidermidis.
In contrast, a biofilm isolates of S. epidermidis is a
substance (single substance) produced by this
bacteria to protect its self or its coloni. So,
1-monolaurin as an antibiofilm agent is needed in a
slower concentration to interact with biofilm S.
epidermidis. 1-Monolaurin compound shows its high
ability as antibiofim to inhibit and kill S. epidermidis
biofilm isolates because its have a lauril group
(lipophilic side) and 2 hydroxyl group (hydrophilic
side). The two different groups in monolaurin
structure can interact with the lipophilic and the
hydrophobic substance in S. epidermidis biofilm
isolates through Hydrogen and Van de Waals

interaction.

Conclusions

The 1-monolaurin can inhibit growth and eradicate
the biofilm formed by clinical isolates of S.
epidermidis, however it has neither inhibit nor kill
planktonic cells of S. epidermidis. These findings
showed that the 1-monolaurin potential as

antibiotics against clinical isolates of S. epidermidis.

Availability of data and materials

The data used to support the findings of this study
are available from the corresponding author upon

request.

https://bmcproc.biomedcentral.com/articles/10.1186/s12919-019-0174-9

4/9/2021, 2:13 PM



The 1-monolaurin inhibit growth and eradicate the biofilm formed by cli... https://bmcproc.biomedcentral.com/articles/10.1186/s12919-019-0174-9

Abbreviations

BEC: Biofilm eradication concentration
BIC: Biofilm inhibitory concentration
CFU/mL: Colony-forming units per mililiter
CLSI: Clinical & laboratory standards institute
DMSO: Dimethyl sulfoxide

EPS: Extracellular polymeric substance
ICU: Intensive care unit

MBC: Minimal bactericidal concentration
MIC: Minimal inhibition concentration

OD: Optical density

PBS: Phosphate buffered saline

PIA: Polysaccharide intercellular adhesin
PSA: Polysaccharide adhesin

TSA: Tryptic soy agar

TSB: Tryptic soy broth
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