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ABSTRACT

Related biofilms in urinary tract infections and cause deaths per 7500 peo-
ple. Biofilms are a serious problem and are resolved with antibiotic therapy.
Curcumin is a pure composition of the turmeric plant (Curcuma longa Linn.)
Which has antimicrobial activity, but the activity of polymicrobial antibiofilm
on the catheter has never been launched. The discovery of new antibiofilm
candidates for polymicrobial biofilms on catheters is a challenge that must
be overcome in preventing infections related to biofilms. This study aims to
determine the effectiveness of curcumin in inhibiting and degrading polymi-
crobial catheters. Biofilm inhibition testing and biofilm degradation testing
were determined using the microtiter broth method. The effectiveness of cur-
cumin on biofilms was analyzed by calculating the minimum biofilm inhibitory
concentration (MBIC5g) and the minimum value of biofilm eradication concen-
tration (MBEC5p). The mechanism of action of curcumin against polymicrobial
biofilms on the catheter was tested using scanning electron microscopy (SEM).
Curcumin 1% gives 60% inhibitory activity to the formation of polymicrobial
biofilms on the catheter in the middle phase by 65.05 + 0.01 and the matura-
tion phase by 61.23 4 0.01, and this is better than the control of the drug nys-
tatin in the middle phase and maturation by 57.58 + 0.01 and 56.31 + 0.01
and are almost equivalent to the control drug chloramphenicol. Therefore,
curcumin is very potential to be developed as a candidate for new antibiofilm
drugs against polymicrobial catheters.
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INTRODUCTION

Biofilms are collections of microbial cells that are
irreversibly attached to a surface and are encased
in a matrix of Extracellular Polymeric Substances
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(EPS) that they produce themselves and show phe-
notypic changes such as changes in growth rates
and changes in gene transcription of planktonic cells
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or free cells (Bjarnsholt, 2013; Donlan, 2002; Don-
lan and J, 2002; Hamzah et al.,, 2019; Hertiani et al,,
2010; Pratiwi et al,, 2015; Romling and Balsalobre,
2012). Biofilms always consist of a mixture of var-
ious types of microbes and are very resistant to
antibiotics.
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It is estimated that at least 80% of human micro-
bial infections involve biofilms (Romling and Bal-
salobre, 2012), because biofilms are not only effi-
ciently formed and cause infections in human tissue
but also in medical devices such as urine catheters,
fake heart valves, orthopedic devices, pacemakers,
breast implants, and eye contact lenses. Chronic
inflammation from biofilm infections can cause can-
cer, cardiovascular disease, dementia, and other
debilitating conditions (Esser et al,, 2015; Sari et al,,
2019).

Catheter-associated urinary tract infections (CAUTIs
or CAUTI) are one type of infection related to health
care (healthcare-associated infection or HAI), which
is most commonly found in hospitals. Urinary
catheters are a major factor of CA-UTI, with 70-80%
of infections caused by biofilms (Nicolle, 2014).

Materials used were Curcumin compound from the
isolation of (Curcuma longa Linn.). Curcumin has
been used as an essential ingredient in medicine
as an anesthetic, anthelmintic, laxative, and as a
medicine for liver disease (Goel et al., 2008).

Until now, research on curcumin as an antibiofilm
has been limited to mono-species biofilms, but
research for polymicrobial biofilms on catheters
has never been reported. Therefore this research
focuses on the search polymicrobial catheter
antibiofilm compound from curcumin compounds.

MATERIALS AND METHODS

Materials Materials used were Curcumin compound
from the isolation of (Curcuma longa Linn.). Other
materials include the following: crystal violet
(Merck, Germany), ethyl acetate (Merck, Germany),
Brain heart infusion (Oxoid) (Merck, Germany),
RPMI 1640 (Sigma-Aldrich), catheter, ethanol 95
% (Merck, Germany), nystatin, chloramphenicol
(Sigma-Aldrich, Germany).

Equipment Laminar Air Flow, incubator (IF-2B)
(Sakura, Japan), micropipette pipetman (Gilson,
France), multichannel micropipette (Socorex,
Swiss), microplate flat-bottom polystyrene 24
well (Iwaki, Japan), microtiter plate reader (Optic
Ivymen System 2100-C, Spain), spectrophotometry
(Genesys 10 UV Scanning, 335903) (Thermo Sci-
entific Spectronic, USA), autoclave (Sakura, Japan),
incubator with orbital shaker S1500 (Stuart, UK),
analytical scales (AB204 -5, Switzerland).

Bacterial Strains

A standard strain of Staphylococcus aureus (ATCC
25923), Escherichia coli (ATCC 25922), Pseu-
domonas aeruginosa (ATCC 27853), was cultured
in tryptic soy broth (TSB) medium and incubated

at 37°C for 72 h. Candida albicans (ATCC 10231)
were cultured in Sabouraud Dextrose Broth (SDB)
medium and incubated at 37°C with agitation at
(120 rpm) for 24 h. The optical densities (0D600)
of microbial cultures will be adjusted to 0.1 (equal
of the 0.5 McFarland standard ~1,5 x 10 CFU/ml),
and subsequently diluted in fresh medium to OD600
0.01 for each microbial species.

Catheter biofilm inhibition activity

Method of using (Anderson et al., 2003; Hola and
Ruzick, 2011; Stepanovi¢ et al, 2000) with a little
modification. The catheter is cut by one centime-
ter and then sterilized in 70% ethanol and allowed
to dry. A total of 200 pL of media inserted in each
microtiter plate well are then incubated at + 372C
for 24 and 48 hours. After the incubation phase, the
plate was washed with PBS. 200 uL. media contained
pure isolate with concentration series (1% b/v -
0125% b/v), was added to all washed-pits. Media
that contained ethanol 1% was used as solvent con-
trol, and microbe suspension was used as a nega-
tive control. A microbe suspension that was used an
antifungal and anti-bacterial (chloramphenicol and
nystatin 1% b/v) previously was used as a positive
control, while a media with no microbial growth was
used as media control. The plate was then incubated
at 37°C for 24 hours for mid-phase biofilm-forming
and 48 hours for the maturing phase. Then, the plate
was washed with PBS. Next, 125uL crystal violet 1%
solution was added to each pit, next they were incu-
bated at room temperature for 15 minutes. After
the incubation, the microplate was washed with PBS
and added with 200uL of ethanol 96% in each pit
to dilute the formed biofilm. An Optical Density
(OD) examination was performed with a microplate
reader at 595 nm wavelength.

Catheter biofilm degradation activity

This method is similar to the process of catheter
biofilm inhibition activity. Still, the difference is
the laying time of the testing, in the degradation
of the catheter biofilm for 6 days following the
method (Hamzah et al, 2019; Hola and Ruzick,
2011) with a little modification. Biofilm was inoc-
ulated inside a microtiter plate in the same manner
as explained above. After incubated at 370C for 48
hours, the cultures from each pit were decantated,
and planktonic cells were diminished by washing it
with PBS. The biofilm cells were exposed by cur-
cumin at several concentrations, started from 1%
b/v, and up to 0.125% b/v; later on, they were incu-
bated at 370C for 48 hours. Chloramphenicol and
nystatin 1% b/v were used as a positive control.
After incubated, plates were washed three times,
with 200 mL of sterile PBS to diminish any attached
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cells. Biofilm degradation was quantified by 125 uL
of crystal violet 1% solution in each pit, then incu-
bated at room temperature for 15 minutes. After
incubation, microplates were washed with PBS, and
ethanol 96% was added inside each pit to dilute the
biofilm formed. An Optical Density (OD) examina-
tion was performed with a microplate reader at 595
nm wavelength.

Scanning electron microscopy

The catheter was inserted inside the microtiter
plate round bottom polystyrene 24 well that con-
tained testing suspension that had been given a sim-
ilar treatment with biofilm inhibition assay. The
catheter then incubated on 37 2C for 24-48 hours,
continued to the careful washing of the catheter for
three-time with sterile aqua dest, then fixated with
2,5 % (v/v) glutaraldehyde inside cacodylate buffer
for £ 24 hours with the aim of cell’s death without
changing the cell’s structure that will be observed.
Next, a dehydration process using methanol was
done for 30 minutes to minimize the water amount
so that the observing process could not be inter-
rupted. The sample then observed under Scanning
Electron Microscopy (SEM) with a voltage of 10
Kv (Hess et al., 2012; Sofer and Denstedt, 2000).

RESULTS AND DISCUSSION

Curcumin Effect on Mid-phase (24 h) Polymicro-
bial biofilm on catheter

In this study, we evaluated the potential of curcumin
antibiofilm against catheter polymicrobial inhibi-
tion of catheters. These results indicate that cur-
cumin can inhibit 50% of polymicrobial biofilm for-
mation on the catheter Figure 1.
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Figure 1: CurcuminEffect on Mid-phase (24 h)
Polymicrobial biofilm on the catheter

Inhibition of curcumin against polymicrobial
biofilms in the mid-phase catheter was 65.05 +
0.01 and had almost the same activity as the control
drug chloramphenicol 66.05 £ 0.01 and was more
effective than the control drug nystatin 57.58 +
0.01 at the content of 1% b/v. MBICs5, activity

of curcumin is at the level of 0.25% b/v. This
proves that the activity of curcumin compounds can
inhibit the formation of biofilms so that biofilms
cannot be formed perfectly to make the EPS matrix
biofilm structure more complex. The incomplete
nutrition between microbial cells in this phase
results in the growth of microbes in forming EPS
that is not formed perfectly, this results in curcumin
compounds capable of damaging the process of
microbial travel to form biofilms. These results
indicate that the potential curcumin compound
to be developed as a candidate for polymicrobial
antibiofilm on the catheter. This result is in accor-
dance with the statement (Pratiwi et al, 2015)
that the process of inhibition of test compounds
against the growth of biofilm phase by inhibiting
the attachment of microbes to the surface so that
the development of biofilms is disrupted when the
development of biofilms is disrupted, this will affect
the structure of the biofilm to increase its defense
against antimicrobials.

The formation of biofilms also depends on the con-
centration of nutrients available and regulated by
a chemical substance that is released by cells as
communication between cells. For example, when
living free, P aeruginosa produces low levels of
signal molecules. When P. aeruginosa cells form
biofilms, the concentration of signaling molecules
will increase and cause changes in the activity of
genes. One of them is a gene that regulates the syn-
thesis of alginates for the formation of extracellular
matrix (Costerton et al., 1995).

Curcumin Effect on Maturation-phase (48 h)
Polymicrobial biofilm on catheter

Biofilm maturation is another important step in
the biofilm life cycle. The development of micro-
colonies into mature biofilms produces persistent
and recalcitrant serious infection. Itis therefore rec-
ommended that there are agents that interfere with
the structure of biofilms having great potential in
the control and prevention of infections caused by
biofilms (Sandulescu, 2016).

In the ripening phase, the curcumin compound can
still provide activity above 50% and is better than
the activity given the control of chloramphenicol and
nystatin with the same level of 1% b/v. MBIC50
value of curcumin compound in this phase is at 0.5%
b/v Figure 2.

These results also reported that there was a
decrease in activity given curcumin compounds and
drug control in the maturation phase, this is because
in the maturation phase the structure of the biofilm
structure in the catheter is structured to produce a
matrix that is quite complex so that antimicrobial
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Figure 2: CurcuminEffect on Maturation-phase
(48 h) Polymicrobial biofilm on catheter

agents are more difficult to penetrate cells wrapped
by biofilm.

These results are consistent with the state-
ment (Kannappan et al, 2017) Biofilms in the
maturation phase are more difficult to penetrate
than biofilms in the middle phase. The above state-
ment is also in accordance with research (Hamzah
et al, 2018), which states that in the matura-
tion phase, antimicrobial agents will have more
difficulty penetrating the defenses of biofilms.
Inter-species interactions cause colonization and
infection dynamics, as well as a number of other
responses (Donlan, 2002; Harriott and Noverr,
2011).

Curcumin Effect on degradation- Polymicrobial
biofilm on catheter

In biofilms, the degradation phase is long in biofilm
growth so that the EPS matrix of biofilms that are
formed is thicker and thicker, and the biofilm micro-
bial defenses of antimicrobial compounds are very
strong and difficult to penetrate. We report that
1% curcumin compound can degrade biofilms by
50% with inhibitory activity of 51.49 &£ 0.01 and is
almost equivalent to the inhibitory activity given by
the drug control chloramphenicol and nystatin 1%

b/v Figure 3.
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Figure 3: CurcuminEffect on degradation-
Polymicrobial biofilm on catheter

Microbes in the degradation phase form a highly
structured cell communication with each other.

They synergize between microbes in forming
biofilms to produce EPS compositions and nutri-
ents that are complete and thick. Matrisk EPS can
be seen from microbial biofilm mucus tested at
the catheter, where the mucus produced in the
degradation phase is very thick and dense. There-
fore, antimicrobial compounds are very difficult to
destroy biofilms in this phase compared to other
phases.

This is consistent with the statement (Costerton
et al, 1995) Antibiotic therapy can eliminate or
reduce planktonic bacteria, but bacteria in biofilms
persist when given antibiotics. When treatment
with antibiotics is complete, then biofilms will form
more planktonic cells, which result in acute infec-
tion.

C. Albicans and S. aureus microbes work together
to form complex polymicrobial biofilms in serum.
Although S. aureus forms a small amount of serum
monospecies, S. aureus can form polymicrobial
biofilms quite significant in the presence of C. Albi-
cans (Harriott and Noverr, 2011).

The Result of Scanning Electron Microscopy
(SEM) Polymicrobial Biofilm on the catheter
with No Treatment

The results of scanning electron microscopy (SEM)
polymicrobial biofilms on the catheter without
administration of the test compound Figure 4A
show that the density of the microbes is quite dense,
structured, and protected by the EPS matrix. These
results indicate that microbes enhance cell com-
munication between them, informing the commu-
nity and structure of biofilms so that antimicrobial
compounds are difficult to penetrate their defenses.
The distribution of nutrients in their environment
causes more and more powerful biofilms to be
formed.

Figure 4: polymicrobial biofilm S.aureus - P.
aureginosa - E.coli and C. Albicans on
thecatheter is taken using Scanning Electron
Microscopy with enlargement x1000. (A) before
giving curcumin, (B) after administration of
curcumincompounds
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According to (Trautner and Darouiche, 2004) about,
20 - 34% of patients will immediately be colonized
at the time of catheter placement, when bacteria
ascend to the catheter lumen through reflux of urine
from contaminated urine sacs (intraluminal route)
or through the urethra along the external surface of
the catheter urine The risk of bacteremia increases
3-10% every day after catheter placement. The SEM
results are also supported from the statement of
This finding supports the theory from (Pierce et al,
2017), that stated the biofilm matrix acted as the
connecting of the protective binding and cohesive
interaction that provided a mechanic stability of the
biofilm, controlling cell dispersion from the biofilm,
and acted as the nutrition provider for cell commu-
nication.

The Result of Scanning Electron Microscopy
Polymicrobial Biofilm on the catheter with the
administration of curcumin compounds 0,5 %
b/v

Our results show that the curcumin compound can
damage the polymicrobial biofilm defense of the
catheter, this is evidenced by the destruction of the
EPS polymicrobial biofilm matrix after administra-
tion of 0.5% b/v curcumin compound. In addi-
tion, the administration of curcumin is also able to
change the morphological structure of the polymi-
crobial biofilm on the catheter and break the struc-
ture of the biofilm cell layer Figure 4B.

This is in accordance with the statement of (Batoni
etal, 2016)that one of the biofilm inhibitory mecha-
nisms is by inhibiting and degrading the EPS biofilm
matrix, this mechanism causes the microorganisms
that form the biofilm not to last longer so that it
cannot help the formation of microconsortium with
various species of organisms. This result is also
strengthened from the statement stated (Burhan,
2017) that the concentration of the test compound
affects the biofilm inhibition; the higher the con-
centration of the test compound, the greater the
inhibitory effect given. According to (Gomes et al,,
2015) that antibiotics can affect bacteria by means
of bactericides, such as inducing morphological
changes.

CONCLUSIONS

Curcumin compounds have activity as polymicrobial
antibiofilm on the catheter in the middle phase, mat-
uration and degradation. Based on the results of the
Scanning Electron Microscopy (SEM), curcumin can
damage the polymicrobial EPS biofilm matrix in the
catheter. Therefore curcumin is very potential to be
developed as a polymicrobial antibiofilm candidate
on a catheter.
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