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SUMMARY

Keywords

Synthesis of nanoparticles using natural organic substances has attracted more attention due to
avoiding inorganic toxicity. This work aimed to synthesize copper oxide nanoparticles (CuONPs)
using Caesalpinia sappan heartwood extract as a reducing agent. The effects of pH of synthesis
reaction were investigated. The obtained CuONPs were characterized using UV-visible spectroscopy,
Fourier transform infrared spectroscopy, scanning electron microscopy, and energy dispersive X-ray
spectroscopy. Their particle size, size distribution, and zeta potential were determined using photon
correlation spectrophotometry. Candida albicans is a major cause of chronic fungal infections due to
its biofilms leading to severe drug resistance problems. In this study, in vitro antifungal and antibiofilm
activities as well as killing kinetics of the synthesized CuONPs against C. albicans were investigated.
Additionally, fungal biofilm was observed by using confocal laser scanning microscopy. The results
showed that the pH of the synthesis reaction played an important role in the physicochemical properties
and antifungal activities of the obtained CuONPs. CuONPs synthesized at pH 10 and 12 showed the
relatively small and narrow size distribution with high negative zeta potential and time-dependent
killing kinetics. Confocal laser scanning microscopy confirms obvious fungal biofilm reduction
and increased fungal cell death after exposure to CuONPs. These findings suggest the optimal pH
of CuONPs synthesis using C. sappan extract as a reducing agent. The results on antifungal and
antibiofilm activities indicate that the obtained CuONPs can be a promising agent for treating fungal
infection.

Caesalpinia sappan, green synthesis, copper oxide nanoparticles, antifungal activity, antibiofilm
activity

1. Introduction

Candida albicans is a normal flora microorganism in
humans. However, certain factors, e.g., diet, medications,
pH, and the human immune system, can modulate
favorable conditions for its overgrowth and turn C.
albicans into an insidious species and being the main
cause of many fungal infections in humans and animals
(7). Moreover, C. albicans can form biofilms that
protect them from harmful substances and thus survive
in various conditions and become resistant to antifungal
drugs. Biofilm formation of C. albicans begins with
the adherence of cells to a solid surface. The biofilms
then develop from cell proliferation and early-stage
filamentation of the adhered cells, resulting in a complex

network of many layers. The developed biofilms consist
of several types of cells encased in an extracellular matrix
(2). Finally, the biofilms appear thick appearance to
protect the microorganisms inside and make the treatment
of these infections difficult (3). In the oral cavity, C.
albicans biofilms formed on implanted medical devices
can act as a reservoir for pathogenic cells (4). In denture-
wearing patients, C. albicans is associated with denture
acrylic surfaces to form biofilms (5). These biofilms can
cause antimicrobial resistance and bloodstream infection
leading to invasive systemic infections (candidemia).
These infections have increased in modern clinical
practice, especially in immunocompromised patients
such as human immunodeficiency virus-infected patients
and cancer patients who receive chemotherapy (6).

www.ddtjournal.com



239 Drug Discoveries & Therapeutics. 2023; 17(4):238-247.

For this reason, the biofilm formation of C. albicans
is a serious clinical effect as they can cause significant
resistance to antifungal therapy by limiting the
penetration of antibiotics and host immune response (7).

Nanotechnology is an important field of modern
scientific research due to its wide range of applications.
In the medical field, nanotechnology has been applied
to the production and application of nanosized particles
(nanoparticles) for diagnosis and therapeutics. Novel
techniques and methods are continuously studied
to produce different types of nanoparticles. Metal
nanoparticles are one of those nanoparticles that are
increasingly used in the biomedical field. (§). Among
metal nanoparticles, copper oxide nanoparticles
(CuONPs) have received great interest for many
applications, including in the medical field due to their
cost-effectiveness, economical attractiveness, promising
nontoxicity, and easy preparation. They are used to
manufacture electrical and electronic devices, catalysts
in various chemical processes, cancer cell treatment
applications and antimicrobial formulations (9-72).
Furthermore, they show antimicrobial activity against
various fungi, which are pathogenic for both agriculture
and humans. Colonization of Candida spp. has been
reported in many studies and some of them are resistant
to antifungal agents (/3). Interestingly, CuONPs have
been reported to have a high potential to inhibit several
strains of oral bacteria and fungi, especially C. albicans
(14). Therefore, CuONPs can be a good candidate in
various applications for health and safety issues.

The significant properties required for nanoparticles
to be used in biological applications are high
biocompatibility, bioactivity, bioavailability, and less
toxicity as well as cost-effectiveness (/5). However, these
properties are rare in metal nanoparticles prepared from
inorganic chemical-mediated synthesis. Therefore, there is
a need for an environmentally and economically feasible
way to synthesize these metal nanoparticles. Biosynthesis
with the help of plant extracts, microorganisms, and algae,
has attracted much attention (/6—18). Among them, plant
extracts have gained more selection than others for the
biosynthesis of metal nanoparticles due to biocompatibility
with biomedical applications, easy handling, accessibility,
simplicity, environmentally friendly and nontoxic
(19,20). In addition, phytochemical assisted synthesis of
metal nanoparticles is an inexpensive and cost-effective
approach (217). Different plant extracts have been used
to prepare CuONPs (22,23). However, biosynthesis of
CuONPs using C. Sappan extract has not been reported
elsewhere.

C. Sappan is a plant of the Leguminosae family
and distributed in Southeast Asia. The heartwood
of C. Sappan is used as a coloring agent in food,
beverages, cosmetics, and curative agents for treating
arthritis, antidiabetic and skin infections (24). In many
studies, the extract of C. sappan showed important
biological activities such as antimicrobial (235), anti-

inflammatory (26) and antioxidant activities (27).
The heartwood of C. sappan consists of several
phenolic components, including xanthone, coumarin,
flavones, homoisoflavonoids, and brazilin (28). It has
been reported that different phytochemicals in plant
extracts play a significant role in the reduction process
and capping of the synthesized metal nanoparticles
(29). Since different plant extract consists of different
phytochemicals, thus the physicochemical properties
and activities of CuONPs obtained from different plant
extract are different. In addition, synthesis-related factors
such as pH and temperature also play an important role in
controlling the quality and quantity of the nanoparticles
(18,30). Therefore, it is challenging to investigate the
physicochemical properties and antifungal activities
against C. albicans of CuONPs synthesized using C.
sappan extract as a reducing agent in various pH media.

2. Materials and Methods
2.1. Materials

C. albicans DMST 5815 was purchased from the
National Institute of Health, Department of Medical
Sciences, Ministry of Public Health, Thailand. Copper (IT)
sulfate pentahydrate salt (CuSO,-5H,0) was purchased
from Merck (Darmstadt, Germany). Sodium hydroxide
(NaOH) and hydrochloric acid (HCI) were from RCI
Labscan (Bangkok, Thailand). Sabouraud dextrose
broth (SDB) and sabouraud dextrose agar (SDA) were
purchased from Hime-dialabs (Mumbai, India). Tystatin
(Nystatin) was from T.O. Pharma Co., LTD (Bangkok,
Thailand). Other chemicals and solvents are of analytical
grade.

2.2. Preparation of the extract

C. sappan was collected from the northern area of
Thailand in January 2021. It was identified by a botanist
in the botanical herbarium of the Faculty of Pharmacy,
Chiang Mai University to obtain the reference voucher
specimen (No. 002276). The heartwood of C. sappan
was dried in an oven and ground to become a fine
powder. To prepare a C. sappan aqueous extract, 5 g
of the heartwood powder was mixed with 50 mL of
water. Subsequently, the mixture was stirred at 500
rpm overnight. The extract was then filtered through
Whatman's No.1 filter paper. The filtrate was centrifuged
at 3000x g for 10 min to eliminate precipitations.

2.3. CuONPs synthesis

CuONPs were synthesized at 70°C using 1 mL aqueous
extract of C. sappan and 19 mL of 10 mM CuSO,-5H,0
solution under constant stirring at 500 rpm. To obtain
suitable nanoparticles, an aqueous extract of C. sappan
was added dropwise to the CuSO,-5H,O solution. After
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30 min, the mixture was adjusted with 1 M NaOH or
HCI to obtain pH 3, 6, 8, 10 and 12. Subsequently, the
mixture was continuously reacted at 70°C for 2 h. The
mixture was washed with Milli-Q water and any residual
biological extract was removed by centrifugation
at 8000x g for 30 min (three times). The obtained
precipitate was dispersed in 10 mL of absolute ethanol
and dried at 60°C for 8 h.

2.4. Characterizations of CuONPs
2.4.1. UV-visible spectroscopy

The dried powder of CuONPs was dispersed in Milli-Q
water to obtain the concentration of 10 mg/mL. Then,
400 pL of this dispersion was diluted by adding 4
mL of Milli-Q water. The absorbance of this dilution
was recorded from 200 to 800 nm using a UV-visible
spectrophotometer (UV-2450 Shimadzu, Kyoto, Japan)
to confirm the metal nanoparticles. Milli-Q water was
used as a blank.

2.4.2. Fourier transform infrared (FTIR) spectroscopy

To explore the FTIR spectra of CuONPs, the dried
powder of CuONPs was palletized with KBr. The
obtained mixture was subjected to an FT-IR spectrometer
(Thermo Nicolet/470FT-IR spectrometer, Nicolet Nexus,
Madison, USA) in the range from 4000 to 500 cm™ at a
resolution of 16 cm’™.

2.4.3. Particle size and zeta potential analysis

The particle size, size distribution and the zeta potential
of the synthesized CuONPs were measured via photon
correlation spectroscopy (PCS) analysis using a
Zetasizer Nano ZS (Malvern Instruments Company,
Worcestershire, UK). The dispersion of CuONPs in
Milli-Q water was prepared to a concentration of 1 mg/
mL. The dispersion was diluted up to 10 times with
Milli-Q water and subjected to sonication for 30 min
before measurement. The hydrodynamic size and size
distribution of the synthesized CuONPs were measured
at a fixed angle of 173. The particle size was expressed
as the average diameter in nm, whereas the particle size
distribution was expressed as the polydispersity index
(PdI). The zeta potential of the synthesized CuONPs
was analyzed and automatically calculated based on
the Smoluchowski equation (3/) using the Zetasizer
(Malvern Instruments Company) software version 7.1.
All experiments were performed in triplicate.

2.4.4. Morphology and element composition
The morphology of CuONPs was investigated using

a field emission scanning electron microscope (FE-
SEM) (JSM 6335 F, JEOL Ltd, Tokyo, Japan). The

dried powder of CuONPs was mounted on a copper
stub covered with carbon tape and sputter-coated with
gold. The magnification was set at 30,000%. The shape
and surface morphology of the particles were analyzed
by secondary electron mode with an accelerating
voltage of 0.3-30 kV. An energy-dispersive X-ray
spectrophotometer (EDX) connected to the FE-SEM
operated with a Si(Li) detector was used to analyze the
CuONP composition and confirm the presence of copper.

2.5. Pathogenic strains and growth condition

In this study, C. albicans DMST 5815 was used as a
pathogenic fungal strain. The strain was cultured in SDB
at 37°C for 24-48 h. Fungal suspensions were prepared,
and the cell concentration was adjusted to a turbidity of
0.5 McFarland standard using a McFarland densitometer
(DEN-1 Biosan, Riga, Latvia).

2.6. Antifungal activity

The investigation of the antifungal activity of the
synthesized CuONPs was performed by determining the
minimum inhibitory concentration (MIC) and minimum
fungicidal concentration (MFC) of the samples as
follows. Stock dispersion of the synthesized CuONPs
was prepared by dispersing dried powder of CuONPs
in Milli-Q water to have a concentration of 12 mg/mL.
Two-fold serial dilutions were prepared from the stock
dispersion and 100 pL of each dilution was added to a
96-well microplate. Then, each well was added with 100
puL of C. albicans suspension in SDB at a concentration
of 1 x 10° CFU/mL. Therefore, each well contained C.
albicans at 0.5 x 10° CFU/mL and CuONPs at 6, 3, 1.5,
0.75, 0.375 and 0.187 mg/mL as final concentrations.
The plate was incubated at 37°C for 24 h. The MIC
is defined as the lowest concentration of CuONPs at
which the microorganisms do not demonstrate visible
growth. The turbidity in the well indicated the presence
of microorganism growth. To determine MFC, the
mixture in each well was streaked on each entire surface
of SDA. Then, the agar plates were incubated in the
same conditions as in the determination of MIC. After
incubation, the lowest concentration of samples showing
complete inhibition of C. albicans was recorded as MFC.
All experiments were performed in triplicate. Nystatin
solutions at concentrations of 0.012 x 107 -2.5 x 107
mg/mL were used as positive controls.

2.7. Killing kinetics study

The study of killing kinetics of the synthesized CuONPs
against C. albicans was conducted by adding 100 uL
of CuONPs to a 96-well plate, followed by 100 pL of
C. albicans suspension to obtain a final concentration
of CuONPs at the lowest MFC and that of C. albicans
concentration of 0.5 x 10° CFU/mL. The plates were
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incubated at 37°C for 8 h. At time intervals of 0, 30 min,
1,2, 4, and 8 h, the mixtures were withdrawn, and viable
cell counts were determined by plating 20 pL of known
dilutions of the culture samples on the entire surface of
SDA. The cell count plates were subsequently incubated
at 37°C for 24 h. The plates with 30 to 300 colonies were
used for CFU counts. Log CFU/mL was plotted against
time for constructing the killing kinetics curves. Nystatin
at MFC concentration was used as a positive control. All
assays were analyzed in triplicate.

2.8. Antibiofilm assay
2.8.1. Biofilm formation inhibition

The effect of CuONPs on the biofilm formation of
C. albicans was investigated as follows. CuONPs
dispersions in Milli-Q water were prepared for various
concentrations of CuONPs. Aliquots of 100 uL of these
dispersions were added into 96-well plates, followed
by adding 100 pL of the culture suspension to obtain
the final CuONPs concentrations of 1/4 MFC, 1/2
MEC, and MFC and that of C. albicans of 0.5 x 10°
CFU/mL. Nystatin solution in Milli-Q water at a final
concentration of 1/4 MFC, 1/2 MFC, and MFC was used
as a positive control, whereas the well without a sample
was a negative control. After incubation at 37°C for 24 h,
the supernatants were discarded and washed three times
with phosphate buffer solution pH 7.4 (PBS) to remove
non-adherent planktonic cells. The formed biofilm was
stained with 200 pL of 0.1% (w/v) crystal violet in a
plate at room temperature for 30 min. Then, the plate
was washed three times with PBS in each well. Then the
plate was added with 100 pL of 30% (v/v) acetic acid to
dissolve the dye and further incubated for 15 min at room
temperature. The adherence biofilm was quantified by
measuring the OD at 595 nm using a microplate reader
(Model 680, Bio-Rad, Hercules, California, USA). All
experiments were done in triplicate. The percentage of
biofilm inhibition of CuONPs was calculated by the
following equation. Inhibition of biofilm formation (%)
= 1 ~(OD g1/ OD 1) < 100.

2.8.2. Eradication effect

The eradication effect of CuONPs on the formed biofilm
was examined as follows. Suspension of C. albicans
was prepared, and 100 pL of the culture suspension
was added to a 96-well plate, followed by 100 pL of
SDB to obtain the final culture concentration of 0.5 X
10° CFU/mL. After incubation for 24 h, the medium in
each well was discarded. Then, 100 puL of SDB and 100
puL of CuONPs dispersion in Milli-Q water were added
to obtain the final CuONPs concentration of MFC, 2
MFC and 4 MFC mg/mL. Nystatin in Milli-Q water at
the same concentrations was used as a positive control,
whereas the well without sample solution was a negative

control. The plates were further incubated at 37°C for
24 h. After incubation, the adherent candida cells were
washed three times with PBS. The formed biofilm was
stained with 200 pL of 0.1% (w/v) crystal violet for 30
min at room temperature. The plate was washed three
times with PBS in each well. Then the plates were added
100 uL of 30% (v/v) acetic acid to dissolve the dye and
incubated for 15 min at room temperature. The adherence
biofilm was measured at 595 nm using a microplate
reader (Model 680, Bio-Rad). The percentage of biofilm
eradication was calculated by the following equation.
Biofilm eradication (%) = 1 — (OD,,,,1/OD 1) < 100.

2.9. Confocal laser scanning microscopy (CLSM)
analysis

The viable and dead cells in the biofilms were confirmed
by CLSM (TCS SP8, Leica, Berlin, Germany). The
suspension was prepared by mixing 1 mL of culture
suspensions (1 x 10° CFU/mL) and 1 mL of SDB.
The mixtures were added to six-well plates containing
coverslips. The plates were incubated at 37°C for 48
h to allow the cells to form biofilms on the coverslips.
After biofilm formation, the wells were rinsed with PBS.
Then, 1 mL of SDB and 1 mL of CuONPs dispersion at
the MFC concentration were added and the plates were
further incubated at 37°C for 24 h. Nystatin in Milli-Q
water at the MFC concentration was used as a positive
control, whereas the well without sample was used as a
negative control. After incubation, each well was washed
3 times with PBS to remove non-adherent C. albicans.
Biofilm cell viability on the coverslips of each well was
examined by a combination of fluorescent dyes mixed
in a 1:1 volume ratio of 1.5 uM SYTO 9 for viable cells
and 10 uM propidium iodide (PI) for dead cells. After
incubation with the dye for 1 h, the coverslip was rinsed
with PBS. The stained cell samples were examined with
CLSM using A ex/em = 488/543 nm for SYTO 9 and A
ex/em = 522/590 nm for PI.

2.10. Statistical analysis

Results were expressed as mean + SDs. Data from the
biofilm assay were statistically analyzed using ANOVA
followed by Ducan's post hoc test. A p-value < 0.05 was
considered statistically significant.

3. Results
3.1. Synthesis of CuONPs

To study the effects of pH on CuONPs synthesis, the
proportion of the aqueous extract of C. sappan and
copper sulfate solution was fixed at 1:19 (v/v). The
reaction temperature and duration were fixed at 70°C and
2.5 h, respectively. The reaction pHs of 3, 6, 8, 10 and 12
were studied. It was noted that the color of the aqueous
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Copper oxide nanoparticles

CuSO4

The extract H3 pH6 VpHS pH10 pHI2

Figure 1. Photographs of CuONPs synthesized using C. sappan
extract at different pH.

extract of C. sappan was orange, whereas that of copper
sulfate solution was colorless. After adding the extract to
the copper sulfate solution, the color of mixtures changed
to gray. However, after adjusting the pH to 6, 8, 10, and
12, the mixtures changed to light purple, purple, light
blue-green, and brownish black, respectively, as shown
in Figure 1.

3.2. UV absorption and FTIR analysis

In the UV-visible spectroscopy analysis, the CuONPs
synthesized at pH 6, 8, 10 and 12 exhibited a maximum
absorbance peak of about 255 nm, as shown in Figure 2.
It was found that the peak intensity increased while the
pH increased. The CuONPs synthesized at pH 3 showed
the small absorbance band at 224 nm. The FTIR spectra
of the aqueous extract of C. sappan and the synthesized
CuONPs are illustrated in Figure 3. The extract showed
a broad peak at wave number region 3,500-3,300 cm ',
which can be considered as OH stretching. Moreover,
it showed the band in the region of 1,600-1,400 cm'
which corresponds to C=0 stretching of the carboxylic
groups and the peak at 1,317 cm™' which is due to C-O
stretching. The FTIR spectra of the CuONPs synthesized
at different pH showed different peak positions but
in similar areas. The peaks at 3,479-3,387 cm ' are
considered for O-H stretching, the vibrations around
1,622-1,570 cm ' are considered for C=0 stretching,
and around 1,131-1,121 cm ™ are for C-O vibration. In
addition, the peaks at approximately 880-867 cm ' are
observed in the spectra of the CuONPs synthesized at pH
8, 10, and 12. These peaks are considered for aromatic
Cu-O-H bonds. The peaks in the range of 520-623 cm’
are considered for the expected cupric oxide and cuprous
oxide vibrations.

3.3. Particle size and zeta potential analysis

The particle size of CuONPs synthesized at pH 6, 8, 10,
and 12 was found in the range from approximately 255 to
458 nm with PdI range from 0.3 to 0.4, except for those
synthesized at pH 3 that the obtained particles showed
extremely large size and wide size distribution as shown
in Table 1. The zeta potential of the synthesized particles
at all pH values ranged from -13.93 to -25.0 mV, with
pH 3 being the lowest and pH 10 and 12 being the
highest values. It was noticed that the particle size and
size distribution of CuONPs synthesized at pH 10 and 12
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Figure 2. UV-visible spectra of CuONPs synthesized using C.
sappan extract at different pH.
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Figure 3. FTIR spectra of C. sappan extract and CuONPs
synthesized using C. sappan extract at different pH.

Table 1. Particle size, size distribution, and zeta potential
of the CuONPs synthesized at different pH of synthesis
reaction

pH of synthesis  Particle size Zeta potential

Pdl

reaction (nm) (mV)

pH3 1322.3+942°  0.65+0.11° -13.9+0.2°
pH 6 458.5+6.9° 0.38 +0.05" -157+0.3°
pH 8 369.4 +8.2° 0.42 +0.02° -16.5+0.1°
pH 10 2573 £8.4° 0.32+0.01° 248+1.1°
pH 12 255.6+9.5° 0.36 = 0.06" 25.0+£0.2°

Different letters indicate significant differences (p < 0.05) for particle
size, PdI and zeta potential.

were significantly smaller and narrower than others.
3.4. SEM and EDX

The morphology and chemical compositions of the
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(B)

Figure 4. FESEM images (A) and EDX spectra (B) of CuONPs
synthesized using C. sappan extract at different pH.

synthesized CuONPs investigated using SEM and EDX
are shown in Figure 4. In the SEM images (Figure
4A), particle aggregation was observed in the CuONPs
synthesized at pH 3, leading to extremely large particle
sizes. Conversely, CuONPs synthesized at pH 6, 8, 10
and 12 had a spherical shape and overlapping of smaller
particles. The EDX results (Figure 4B) of the CuONPs
synthesized at all pH studied showed strong signals from
elemental copper along with weak signals from other
elements, such as oxygen and carbon.

3.5. Antifungal activity

The result of the antifungal test using the dilution method
demonstrated that the CuONPs synthesized at various pH
had antifungal activity but at different levels. As shown
in Table 2, their MIC values ranged from 0.75-3 mg/mL,
and MFC values were from 0.75 to more than 6 mg/mL.
In the result, the MIC and MFC values of the CuONPs
synthesized at pH 3 were the highest concentration,
indicating the least antifungal effect on the pathogen.
The MIC of the CuONPs synthesized at pH 8,10 and
12 against the pathogen was the same value of 0.75 mg/
mL. However, the MFC of the CuONPs synthesized at
pH 8 was significantly higher than those synthesized at
pH 10 and 12. This result suggested that the CuONPs
synthesized at pH 10 and 12 were the most effective
against C. albicans. Nystatin showed antifungal activity
with MIC and MFC values of 4.9 x 10” and 19.5 x 10?

Table 2. Antifungal activity of the CuONPs synthesized at
different pH of synthesis reaction

pH of synthesis reaction MIC (mg/mL) MFC (mg/mL)
pH3 3.00 >6.00
pH6 1.50 3.00

pH 8 0.75 1.5

pH 10 0.75 0.75

pH 12 0.75 0.75
Nystatin 49x10° 19.5x 107

mg/mL, respectively.
3.6. Killing kinetics study

The microbial killing kinetics study measures the change
in the C. albicans population within the time of specific
exposure to the synthesized CuONPs. The growth
curves of the samples compared to a negative control
are presented in Figure 5. It was found that the growth
curves of the pathogens after exposure to the CuONPs
synthesized at pH 3, 6, and 8 were similar to that of the
negative control. The reduction of viable cells could be
found within 1-2 h, but after that the pathogen growth
was significantly increased, whereas that synthesized
at pH 10 and 12 could completely kill C. albicans.
Interestingly, the CuONPs synthesized at pH 10 showed
the completed killing of C. albicans within 1 h. The
killing rate of these particles is as fast as that of nystatin,
the positive control, and significantly faster than that
synthesized at pH 12.

3.7. Antibiofilm assay

The result showed that the CuONPs synthesized in
different pH could inhibit and eradicate biofilms of C.
albicans, but at different levels, as shown in Figure 6.
Furthermore, it was found that these effects depend on
CuONPs concentration. For example, in Figure 6A,
the inhibition effects of CuONPs synthesized at pH 3,
6, 8, 10, and 12 at 1/4 MFC were 8.95 £ 5.21%, 12.54
+ 9.93%, 27.55 + 4.92%, 38.05 + 0.87% and 40.15
+ 4.49%, respectively, while that of 1/2 MFC were
20.24 + 0.36%, 48.46 + 2.21%, 48.26 + 3.11%, 69.99
+ 3.16% and 43.05 + 5.93%, respectively. It was found
that CuONPs synthesized at pH 6, 8, 10, and 12 at the
MFC were able to inhibit biofilm formation by more
than 70%. Interestingly, at this concentration, CuONPs
synthesized at pH 10 and 12 showed the biofilm
inhibition effect of 86.10 = 1.10% and 87.68 + 0.47%,
respectively, significantly higher than that of nystatin
at its MFC. In Figure 6B, the effects of the synthesized
CuONPs on biofilm eradication are shown. The results
showed that after exposure to the synthesized CuONPs,
the formed biofilm of C. albicans was approximately
27.05 + 4.25% to 79.28 + 2.28% eliminated. The
efficiency of the CuONPs synthesized at all tested pHs,
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at MFC was less than 50%, while at 2 MFC, the biofilm
eradication efficiency of the CuONPs synthesized at pH
10 and 12 was above 50% (53.88 £ 5.79% and 52.52 +
8.63%, respectively). At the highest test concentration
(4 MFC), the CuONPs synthesized at pH 6, 8, 10 and 12
showed a greater than 50% reduction in biofilm, whereas
those synthesized at pH 3 showed only 46.03 = 1.47%
reduction. Based on these results, CuONPs synthesized
at pH 10 and 12 were considered to have significantly
higher potential for inhibition and removal of C. albicans
biofilm than those synthesized at other pHs and nystatin.

with nystatin.

pHS8

pH3 pH6 pH 10 pH 12

Negative control Positive control

Figure 7. CSLM images of C. albicans biofilm treated with
CuONPs synthesized using C. sappan extract at different pH in
comparison with nystatin.

3.8. CLSM analysis

CLSM images of C. albicans biofilms, as in Figure 7,
showed the dead cells in red color and live cells in green
color. The red cells stained with PI demonstrated that
the number of cells after exposure to the synthesized
CuONPs and the nystatin-positive control was higher
than that of the negative control. After exposure to the
CuONPs synthesized at all pH values and the nystatin-
positive control, few green spots of viable cells were
detected. After treatment with the synthesized CuONPs,
the viable cell population was obviously lower than
that of the negative control group. The population of
C. albicans cells in the biofilms after exposure to the
CuONPs synthesized at pH 10 and 12 was less than the
others suggesting that most cells were dead and washed
off the films.

4. Discussion

Many millions of people are affected by antimicrobial
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resistance pathogens and many of them die every year
(32). C. albicans represents the predominant cause
of fungal infections and has the ability to develop
biofilms that protect the pathogenic cells inside and
increase their resistance to antifungal drugs (/,2). The
use of metal nanoparticles is an effective alternative
against antimicrobial-resistant pathogenic strains. We
are interested in CuONPs because of its wide range
of applications. It also has high antimicrobial activity
against C. albicans and other pathogens (33).

Several methods such as electrochemical (34),
radiation (35), photochemical (36), and by biological
methods (37) have been used to synthesize metal
nanoparticles. This study focuses on biological methods
as it aims to reduce the use of inorganic substances. In
this method, chemical reducing agents are replaced by
high reducing power plant extract. C. sappan extract was
used due to its high reducing activity (38). The different
colors of the synthesized metal nanoparticles are due
to the surface plasmon resonance excitation, a signal
of nanoparticle formation (39). The surface plasmon
resonance is due to the presence of free electrons, which
is formed by conduction and valence bands, as they are
close together in metals (40). Our results show different
colors of the CuONPs system synthesized at different pH
suggesting that pH affects the surface plasma resonance
of the end products. Oligomeric clusters of copper
can absorb at wavelength range 250-300 nm (4/). Our
results are in good agreement that the obtained CuONP
particles absorb the wavelength range of 220-255 nm
depending on the pH. The different absorption peaks of
CuONPs synthesized at various pH values confirm the
effect of pH on the surface plasma resonance absorbance
of the obtained metal nanoparticles. It was found that
the intensity of the absorbance peak of the obtained
CuONP was increased by increasing the pH of the
synthesis reaction. This might be related to the higher
rate of formation of CuONPs in alkaline pH due to the
ionization of the phenolic functional group present in
the extract. The FTIR spectra of all CuONPs matched
the FTIR spectra of the C. sappan extract. The obtained
results reliably confirmed that the organic compounds of
the C. sappan extract were responsible for the reduction
of copper ions to CuONPs. The characteristic band at
528 cm’ present in the FTIR spectra of CuONPs was
considered to be that of cupric oxide (42). The negative
value of zeta potential of the obtained CuONPs was
attributed to a group of negatively charged compounds in
the C. sappan extract. Our results showed that the small-
size nanoparticles with high negative zeta potential could
be synthesized only at pH 10 and 12. The size of the
CuONPs synthesized at pH lower than 10 was large due
to the low zeta potential, thus, leading to high particle
aggregation. These can be confirmed by SEM images of
CuONPs, showing minimal particle aggregation from
the preparations at pH 10 and 12 and the highest particle
aggregation from the preparation at pH 3. From the

above findings, it can be concluded that the pH of the
green synthesis reaction is an important factor for the
characteristics of the obtained metal nanoparticles.

For antifungal activity, the smaller particles of
CuONPs showed higher activity against C. albicans
than larger particles. It has been reported that CuONPs
involved in inactivation of Escherichia coli through
membrane damage, intracellular ROS generation, and
inactivation of fumarase enzyme (43). For the inhibition
of C. albicans, we consider that CuONPs can destroy
fungal membranes by the released Cu ion from the
nanoparticles. In general, antifungal agents are classified
as fungicidal and fungistatic according to the ratio of
MEFC to MIC. If the MFC/MIC ratio is < 4, the agent
is considered to have fungicidal activity. If the MFC/
MIC ratio is > 4, the agent is fungistatic activity (44).
From our results, the CuONPs synthesized at pH 6, 8, 10
and 12 possess fungicidal activity while the antifungal
activity of those synthesized at pH 3 is fungistatic. This
is considered that the smaller particle size has a more
powerful antifungal effect.

The study of killing kinetics is to confirm the
fungicidal activity of the agents and the results are
more clinically useful than static MFC alone (45).
It has been reported that fungicidal agent should be
able to completely kill the test organisms within 24 h
(46). In the present study, the CuONPs synthesized at
different pH showed different killing efficiency. The
CuONPs synthesized at pH 10 and 12 can completely
kill C. albicans within less than 1 and 4 h, respectively,
suggesting that these CuONPs are fungicidal agent.

Biofilms of human pathogens have been found to be
highly associated with patient morbidity and mortality.
It has been reported that the Candida spp. can form
polymeric biofilms that can enhance the adherence
of the pathogens to the surface (47). In addition, the
extracellular polymeric substances secreted by C.
albicans can prevent the diffusion of any agents into
the cells, leading to high resistance to many antifungal
drugs (48). Therefore, the prevention and eradication
of biofilms are of great importance in the treatment of
fungal infections. In this study, CuONPs synthesized at
all pH exhibited a dose-dependent effects of inhibition
of biofilm formation and removal of the formed biofilms
of C. albicans but different levels. CuONPs synthesized
at pH 10 and 12 showed the highest efficiency in these
activities. The antibiofilm activities can be confirmed by
CLSM analysis using florescent stains. Red fluorescence
of Pl indicates cells with damaged membranes and stains
DNA of the dead cells, whereas green fluorescence
of SYTO 9 indicates cells with intact membranes of
viable cells. Our results in CLSM images show several
viable cells in the biofilm of the untreated group.
While viable cells were dramatically reduced in the
synthesized CuONPs-treated biofilms. This indicates
that CuONPs can effectively destroy C. albicans.
These results are consistent with previous study where
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CuONPs synthesized using leaf extracts of Camellia
Jjaponica showed a reduction in the number of colonies
of Pseudomonas aeruginosa and Klebsiella pneumoniae
(49). Our study also shows that many dead cells remain
and can be clearly seen in the CLSM image of CuONPs
synthesized at pH 3. However, for those synthesized
at higher pH, especially at pH 10 and 12, only a small
number of dead cells can be seen. This assumes that most
dead cells are easily washed away.

In conclusion, the findings in this study confirmed
that CuONPs biosynthesized using C. sappan extract at
pH 10 and 12 possessed potent antifungal and antibiofilm
activity. The results suggest that the obtained CuONPs
may be a promising antifungal agent and are suitable for
further study in animal models and clinical trials.
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