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Abstract

: Candida albicans is the most common fungus pathogen in terms of
biofilm colonization and formation. Considering that the biofilm-producing Candida
species show less sensitivity to anti-fungus medicines, hence the treatment should
be accomplished through other anti-fungus factors with high effect and low
cytotoxicity. In parallel with this, the present study investigated the C. albicans
biofilm formation in the presence of Graphene Dioxide and Reduced Graphene
Oxide Nano-sheets.

: Graphene Dioxide and Reduced Graphene Oxide Nano-
sheets synthesis were done through the Hummer Method using natural graphite.
After 24 hours of incubating of C. albicans with different concentrations of 0, 20,
40, 60, 80, 100 ppm of Nano-sheets, biofilm formation was investigated through the
ELISA method, and results were analyzed by SPSS ver.18 software (p <0.01).

: Graphene Oxide Nano-sheets was more effective to control C. albicans
biofilm compared to Reduced Graphene Oxide (p<0.01). The most effective
concentration in biofilm formation was 100 ppm and the best time was 48 and 24
hours for Graphene Oxide and Reduced Graphene Oxide respectively (p<0.01).

: According to the obtained results, Graphene Oxide Nano-sheets and
Reduced Graphene Oxide can be proposed for further investigations to control
Candida albicans.
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Introduction

Various microorganisms that have the ability to
form biofilm on surfaces can accumulate and
colonize on medical devices which causes major
challenges in treatment. A biofilm is a form of
colonization of microbial community that is
irreversibly attached to a biotic or abiotic surface
and consist of matrix of primarily polysaccharide
material and microorganisms. Candida spp
infections are the most prevalent opportunistic
fungus pathogen, with ability to form superficial
biofilms on biotic and abiotic materials. This not
only stabilizes fungal infections but can also lead
to other fungal diseases by facilitating the
adhesion of other microorganisms. At present,
biofilms gain great attentions due to their high
immune, antibiotic, pesticides, and radiation
resistances. According to the National Institutes
of Health, approximately 80% of nosocomial
infections are caused by biofilm, indicating its
important role in causing infectious diseases.

In recent decades, the number of patients
susceptible to infection with opportunistic
microorganisms such as Candida strains,
especially in patients with weakened immune
systems, has increased significantly in many
countries, in which Candida albicans and other
Candida species play an important role in
this phenomenon and causes skin, mucosal and
systemic diseases. C. albicans and other strains of
Candida by 61% of reports of nosocomial fungal
infections rank fourth most important cause of
chronic fungal infections. Identifying and
introducing factors that can inhibit the formation
of biofilms or prevent growth, has been
considered as one of the scientific strategies to
battle its issues. Nanoparticle-based solutions for
biofilm prevention and treatment are among the
most appealing strategies. Nanotechnology is the
synthesis of materials in nanometer dimensions.
A group of these structures, called nanoparticles,
has at least one dimension less than 100
nanometers.

Due to the low toxicity of nanoparticles in the
ecosystem, their use to fight pathogenic
microorganisms makes it as a good choice. The
use of Graphene Oxide (GO) and reduced
Graphene Oxide nanosheets (rGO) became as a
central point of scientific interest due to its unique
properties such as carbon bilayer thickness,
lightness, strength, flexibility, hydrophobicity,
high thermal conductivity, possibility of

490

controlling all of these properties through
chemical functionalization and biocompatibility
and make it feasible to apply in electronic devices
and drug delivery. These properties have led to a
promising approach to the design of advanced
drug delivery systems and the introduction of a
new range of graphene-based therapies. Recent
research at the Chinese Academy of Sciences has
shown that graphene can be used to make
antibacterial and  antifungal paper. The
researchers found that graphene derivatives, such
as rGO and graphene oxide, inhibited microbial
and fungal growth. This finding is important
because previous studies have shown that
graphene, and especially graphene oxide, is
biocompatible, so that biological cells can grow
well on graphene substrates, while other
nanoparticles, such as silver. Known as
antibacterial agents, they often have cytotoxic
effects.

Therefore, in this study, the effect of rGO and
GO nanosheets on the formation of Candida
albicans biofilm was investigated.

Methodology

Culture: A standard lyophilized Candida albicans
strain (PTCC 5207) purchased from the
Organization of Iranian Research Organization for
Science and Technology (IROST), the organism
was sub-cultured on Potato Dextrose Agar (PDA)
medium and incubated at 25 °C.

Preparation of Reduced Graphene Oxide and
Graphene Oxide Nano-sheets: Synthesis of
nano-sheets out natural graphite of was performed
by Hammer method. Briefly, first a mixture of
two grams of graphite, one gram of sodium nitrate
(NaNO3), added to 100 mL of concentrated
sulfuric acid (95-97%) into a balloon and then
transferred to an ice bath and stirred for 30
minutes. Then eight grams of potassium
permanganate powder (KMnO4) was gradually
added to the balloon. At this stage, the reaction
temperature was less than 10 °C. The reaction
vessel was transferred to a water bath at 35 °C and
stirred for three hours. About 200 ml of double
distilled water was added to the reaction and the
temperature was kept constant at 98 © C for one
hour. The formation of burnt brown color was a
sign of the successful completion of the
manufacturing process. In the next step, 400 ml of
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double distilled water added to the system. In
order to terminate the oxidation and elimination
KMnO#4 and also to remove the remaining organic
compounds, 30 ml of 30% H,O, solution was
added. The precipitate was carefully separated by
centrifuge (12000 rpm) and washed with
hydrochloric acid (5 wt%). This precipitate was
the GO nano-sheets that were washed twice with
distilled water. Washing continued until the pH of
the effluent was equal to the pH of the water used
for washing. After precipitation of GO nano-
sheets. A portion of GO was dissolved in absolute
ethanol using ultrasonic and converted to rGO
using hydrazine method. The precipitates
obtained in both stages were dissolved in water by
ultrasonic device and used immediately. To
ensure the structure of the nanosheets, the
resulting sample was examined by Raman
spectroscopy. To investigate the surface
morphology and structure of GO and rGO
nanosheets SEM electron microscopy have been
used.

Biofilm formation assessment: Biofilm
formation was measured by colorimetric micro-
titer method. Briefly, concentrations of 0, 20, 40,
60, 80, and 100 ppm of Reduced Graphene Oxide
and Graphene oxide nanosheets added to wells
containing C. albicans suspension equivalent to
0.5 McFarland medium in three replicates. The
microplate was placed in an incubator at 25 °C for
24 hours. After incubation period the contents of
the wells were first emptied and washed three
times with 300 puL of physiological saline. After
drying the microplate at room temperature, 300
uL of methanol was added into the wells to fix
biofilms (for 30 minutes). Then the wells were
emptied and dried at room temperature. 150 puL of
0.1% crystal violet was added and rinsed under
running water after five minutes. Finally, 150
microliters of 33% acetic acid was poured into
each well and the absorption of each well was read
by Elisa reader at 360 nm.

Calculation of biofilm formation: Biofilm
formation was calculated according to the
following formula in which ODC (Optical Density
Control) is equivalent to the average light
absorption of control wells and ODT (Optical
Density Treatment) is equal to the average light
absorption of treatment wells.

ODT < ODC = no biofilm formation
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ODC <ODT < (2 x ODC) = weak biofilm
formation

(2 x ODC) <ODT < (4 x ODC) = Medium biofilm
formation

(4 x ODC) <ODT = strong biofilm formation

Biofilm formation kinetics: kinetics of biofilm
formation, were carried out exactly the same as
previously described and the biofilm amount were
read after 48 and 72 hours.

Evaluation of minimum inhibitory
concentration (MIC) and minimum Fungicidal
concentration (MFC): To evaluate MIC and MFC
the culture and the treatments, were performed as
described above. After one day of incubation, the
first turbid well was considered as MIC.
Subsequently, 20 pl of each well of MIC was
cultured on PDA medium and incubated for 24
hours at 25 °C. The lowest concentration of nano-
sheets which produced no measurable growth on
the plate, were considered as MFCs.

Statistical analysis: Statistical analysis of the
data  obtained from the  experiments
was performed with SPSS Version 18.0
statistic software package (p <0.01). To analyze
the data, three-way analysis of variance between
the subjects and Tukey post hoc test were used to
compare the binary mean with respect to the
proposed factors.

Result

The shift in phonon-Stokes energy due to laser
excitation produced two distinct peaks in the
Raman spectrum of graphene nanosheets (Figure
1). Meantime, the band intensity at 1350 cm-1 area
(band D) was higher than 1585 cm-1 area (band G)
indicating the successful oxidation of the graphite
structure. The G-peak indicates the vibration mode
inter the main sheet, while the presence of the D
band indicates the existence of a structural defect
in graphene nanosheets, which may be due to the
method used in the preparation of Graphene Oxide.
Based on the SEM micrograph, synthesized
graphene nanosheets had smooth and wavy
surfaces (Figure 1). The vertices of these sheets had
fractures that is of the features of graphene
prepared by chemical methods, especially through
Hammer method. In general, the findings of the
Raman spectrum analysis was similar to those
reported by other studies.
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Figure 1. Raman spectrum of graphene nanosheets (left) and GO SEM image (right)

The wvariable of nanosheets type had a
significant effect on OD of C. albicans biofilm (p
<0.01), so that graphene-oxide nanosheets had
lower average turbidity (OD) compared to rGO
nanosheets. This indicates its greater inhibitory
effect on fungal biofilm formation.

As it was expected the effect of concentration
on OD of C. albicans biofilm was significant as
well (P <0.01). As though, there was a direct
relationship between the concentration of
nanosheets and the percentage of removal of fungal
biofilm, so that with increasing the concentration
of nanosheets, the growth of fungi also decreased.
The highest turbidity was observed in negative
control and the lowest turbidity was observed in
100 ppm concentration (Figure 2).
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The effect of time on OD of C. albicans biofilm
was significant (p <0.01) (Figure 2). Based on this,
the best time for the effect of nanosheets on
inhibitory fungus determined as 48 hours.

The effect of mutual interaction of nanosheets
and time; concentration and time, and nanosheets
and concentration on OD of C. albicans biofilm
was significant as well (P <0.01) (Figure 2). The
highest inhibitory effect of GO nanosheets on
biofilm formation observed after 48 hours, while
the rGO nanosheets had the greatest effect in 24
hours. On the other hand, nanosheets at a
concentration of 100 ppm after 24 hours showed
better inhibitory effect on C. albicans biofilm.
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Figure 2. Interaction plot of the effects of concentration, nanoparticles and time factors on biofilm formation

Discussion

The biochemical application of graphene-
based materials has increased rapidly in the last
few years. This is due to the unique properties of
planar two-dimensional structure, large chemical
surface area, high mechanical and chemical
stability, low  cytotoxicity = and  good
biocompatibility. Sawangphruk et al., reported
successful antifungal efficacy of rGO against 4.
niger, A. oryzae, and F. oxysporum. The findings
of previous studies proved that the two-
dimensional plates of GO and rGO nanosheets
effectively stop the growth of bacteria and fungi.
So the result of this study was in parallel with this
finding. Guilio et al by AFM images confirmed
that GO could entrap C. albicans with a thin layer
of GO selectively without being toxic to the cells.
Moreover, another reported main antifungal
activity of GO is reported due to its sharp edges
that can cause plasma membrane damages, local
perturbation of cell membrane, reduced cell
membrane potential, and electrolytes leakage.
Here the presence of the D band as an indicator
of structural defect in graphene nanosheets may
confirm this suggestion.

Indeed, the strong capacity of GO is because
of containing more reactive groups which
solubilize in various polymeric environments by
specific interactions grants its wide and carbon-
rich but hydrophilic surface features. The nature
of the C. albicans cell wall (4% chitin (NAG) and
80 to 90% glucans and mannans) leads to
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hydrogen bond interactions between carbonyl
and hydroxyl groups abundant in polysaccharides
and GO and n-r interactions between the DNA
and RNA that finally interrupts its aggregation
and adhesion on the surfaces which is the start
point of biofilm formation. On the other hand, the
anti-biofilm effect is due to synergic effects of the
reduction of microbial growth and inhibition of
the adhesion. This effect was approved by the
enumeration of viable and cultivable cells (MIC
and MFC) compared to untreated samples.

Studies indicate that the antifungal effect
depends on the type of nanosheets so that in the
present study graphene-oxide nanosheets had
lower OD compared to rGO nanosheets. This
finding approves previous reports about the
greater inhibitory effect of GO due to the proper
dispersion which forms thin sheets that easily
traps microorganisms, while rGO aggregation
leads to reduced antimicrobial activity. Another
reason is because of surface modulation and
surface properties differences.

It has also been shown that there is a direct
relationship between the concentration and the
percentage of fungal inhibition, which is in the
line with other studies. In this work, we have
evaluated the effect of GO
and rGO nanosheets on the anti-biofilm effect

over time, and tardive effects on biofilm
formation (after 24, 48, and 72 hrs), which were
consistent with the results of the other
researchers.
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Conclusions

The rapid increase in infections oriented from
biofilms change to be one of the most potential
threats to healthcare systems which put overloads
cost to overcome its consequences. To conquer this
challenges, nanoscience as a non-traditional
strategy have been explored extensively. Based on
literatures Graphene-based nanoparticles show
astonishing result to combat biofilms formation.
Beside, being a renewable, ecofriendly, cheap,
easier procedure to synthase, and other positive
criteria compared to other nanomaterials appealed
us to perform this project. The results of this study
showed that all three variables of nanosheet types,
concentration and time have a significant effect on
inhibiting biofilm of Candida albicans (p <0.01),
but the concentration variable showed a greater
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effect than other variables. The use of GO and rGO
Nanosheets sounds to be a good candidate of a
novel family of fungicidal compounds, though it
needs more knowledge about exact mechanism of
inhibition and their side effects on organism and
ecosystems.
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