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Abstract

Asthma is an increasingly common chronic condition affecting almost 300 million people
worldwide. Corticosteroids, the most effective class of drugs against asthma, are available as
inhalers. However, these drugs weaken the mouth and throat’s immune systems over time,
allowing the fungus Candida albicans to proliferate. Oral candidiasis, one of the most common
side effect of inhaled corticosteroids, produces painful oral lesions. Although small molecule
antifungal agents are an obvious treatment, they too have adverse side effects; such as the fungus
developing resistance over time. Curcumin is a naturally ocurring spice with antifungal
properties. Its incorporation into a polyvinyl alcohol (PVA) hydrogel was investigated for its
ability of inhibit fungal growth. Hydrogels achieve better adherence and higher residence time at
the target site, expediting drug delivery. Using the gelation process, the hydrogel was formed
using freeze-thaw cycles from an aqueous PVA solution and infused with curcumin or
clotrimazole, and coated on filter paper disks. To determine the extent of fungal formation in the
petri dishes in the presence of the gel, a zone of inhibition test was performed using the disk
diffusion method. It was found that the 3%, 5%, and 7% curcumin treatments significantly
inhibited fungal growth compared to the control. The 3% and 7% curcumin-infused PVA
hydrogel also significantly inhibited fungal growth compared to clotrimazole.
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Introduction

As the most common medication for treating
asthma, corticosteroid inhalers, which contain
steroids  that are  involved the
immunosuppression of the pulmonary immune
system, ineffectively deliver the medication to
the lungs (1). Residual drug remains in the
mouth and throat, weakening the oral immune

in

system, and allowing Candida albicans fungus
to proliferate and produce painful oral lesions
in a condition called oral candidiasis (1). Oral
candidiasis, although not deadly, can cause
pain and discomfort, and lead to other
conditions such as dysphagia and odynophagia
(2, 3). Since current antifungal treatments
ineffectively deliver the drug to the target site
and few of these treatments exist, in turn
enabling their overuse and inducing fungal
resistance, curcumin has gained increasing
attention in the medical field as an alternative
drug to treat oral candidiasis (4, 5).

Curcumin is a natural spice that targets fungal
cells by downregulating the production of
ergosterol, a sterol that maintains fungal cell
wall integrity (6-8). Additionally, curcumin
inhibits the production of proteinases and
phospholipases, preventing the fungi from
adhering to human cells and forming a layer of
biofilm (6, 7, 9). However, since curcumin
exhibits poor bioavailability, implementing it
into a polyvinyl alcohol powder (PVA)
hydrogel, a versatile and biocompatible
biomaterial, shows promising implications in
the biomedical field due to the hydrogel’s
physiochemical similarity to the
extracellular matrix and its ability to improve
the stability of bioactive molecules while
maintaining a high concentration of drug at the

native
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target site (10-12). Curcumin-infused hydrogels
may provide a safer and more effective
alternative in treating oral candidiasis when
compared to conventional small molecule
antifungal treatments while simultaneously
addressing the challenges associated with drug
delivery and bioavailability.

A hydrogel is a biomaterial with many
desirable qualities, such as high porosity, bio-
adhesiveness, and a large swelling ratio,
making it an ideal material for drug delivery
and wound dressing (12, 13). Hydrogels have a
soft and rubbery texture that mimics human
tissue, maintain a high concentration of drug at
the target site over extended periods, retain a
moist and protective environment for the
wound to heal, and promote the creation of a
new extracellular matrix (12, 14). Hydrogels
are typically formed using a polymer and a
solvent, and they generally need to undergo
multiple freeze-thaw cycles to allow the gel to
set (15, 16). Polyvinyl alcohol powder was
selected as the polymer because it is
biocompatible,  non-toxic,  biodegradable,
flexible, and hydrophilic (16). Additionally, a
PVA hydrogel can incorporate bioactive
molecules within its matrix, such as curcumin,
and overcome curcumin’s poor bioavailability
while enhancing its therapeutic effectiveness

(16).

Inspired by the versatility of hydrogels and
their potential impact on the field of drug
delivery systems, it was hypothesized that the
curcumin hydrogels would be more effective in
inhibiting Candida albicans fungus formation
compared to a commonly used antifungal
cream containing the antifungal drug
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clotrimazole. Accordingly, it was hypothesized
that using a PVA-distilled water gel would
increase curcumin’s bioavailability as well as
deliver the drug directly to its target site.

Materials

The materials used were: Family™ Care
Clotrimazole as the conventional small
molecular comparator, polyvinyl alcohol
powder of molecular weight 44.05 KDa
(Carolina Biological Supply, NC, USA),
curcumin powder (Nova® Nutrition, NJ, USA),
potato dextrose agar (item #P0096, Flinn
Scientific, IL, USA), Candida albicans fungus
(ATCCC #10231, Carolina Biological Supply,
NC, USA), sterile polystyrene Petri dishes
(item #AP8170, 15 x 90 mm diameter, Flinn
Scientific, IL, USA), incubator model 10-140
(Grainger®, IL, USA), and 8 mm diameter
filter paper disks with medium porosity
(Carolina Biological Supply, NC, USA).

Methods

1. PVA Hydrogels

To prepare the PVA hydrogels, 160 mL of
distilled water was heated to 35°C using a hot
plate. Serving as the control group, a 20%
solution of PVA-distilled water was produced
with 40 mL of heated distilled water and 8 g of
PVA powder. Using the same gel produced for
the control, an equal part mixture of hydrogel
and the antifungal cream containing
clotrimazole, was evenly mixed to serve as the
first treatment group. Clotrimazole was mixed
into the PVA hydrogel, rather than Ileft
separately, to eliminate a potential confounding
variable in the experiment, as all the other
experimental groups contained a PVA
hydrogel. The 3%, 5%, and 7% curcumin
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concentrations were determined based on a
study conducted by Chin et al., in which
curcumin concentrations ranging from 2.5%-
7.5% had the largest loading capacities in
nanoparticles, therefore possessing the greatest
drug delivery efficiency (17). Furthermore,
Shefa et al. concluded that hydrogels
containing more than 7.5% concentration of
curcumin released lower amounts of curcumin,
while the 5% PVA-curcumin exhibited the
largest curcumin release (18). Although the
concentration of clotrimazole was reduced
from 1% to 0.5% when it was incorporated
with the control hydrogel, a study conducted by
Pelletier et al. found that there was no
significant difference between the minimum
inhibitory  concentration of clotrimazole
concentrations from 0.5 pg/ml to 8 pg/ml on
90% of Candida strains, including Candida
albicans, concluding that any concentrations
within that range would provide similar results
(19). Additionally, although the clotrimazole
used experiment contained other
inactive ingredients that could interfere with
the fungal growth, Venkatachalam et al. found
that a pure sample of clotrimazole had
comparable antifungal activity (20). The
second treatment group, the 3% curcumin
group, was produced with a 20% solution of
PVA and 3% curcumin solution, made with 40
mL of heated distilled water, 8 g of PVA
powder, and 1.2 g of curcumin. The third
treatment group, the 5% curcumin group, was
produced with a 20% solution of PVA and 5%
curcumin solution, made with 40 mL of heated
distilled water, 8 g of PVA powder, and 2 g of
curcumin. Lastly, the fourth treatment group,
the 7% curcumin group, was produced with a
20% solution of PVA and 7%

in this

curcumin
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solution, made with 40 mL of heated distilled thick, gel-like consistency was obtained. After
water, 8 g of PVA powder, and 2.8 g of preparing all the treatments, the solutions were
curcumin. As shown in Figure 1, a magnetic refrigerated until gelation occurred.

stirrer was used to mix all the solutions until a

Figure 1. Formulation of curcumin hydrogel treatments. A) Control, B) 3%, C) 5%, D) 7%

2. Petri Dishes

To prepare the Petri dishes, 14.4 g of potato dextrose agar was added to a graduated cylinder with
400 mL of distilled water. The solution was stirred until the solid was evenly distributed. Then,
the solution was sterilized by boiling it until it turned transparent. After letting the solution cool
for 10 minutes, the agar was poured into sterilized culture dishes, as shown in Figure 2. Wearing
gloves and goggles to prevent potential fungal infection and burns from the flame and using an
inoculation loop, the Candida albicans fungus was streaked using the quadrant streaking
technique along each petri dish, leaving three uncultured to act as the negative controls. Working
quickly and using the petri dish lid as a shield from contaminants, the petri dishes received as
little exposure to the outside environment as possible. The inoculation loop was dipped in
ethanol and heated using a Bunsen burner for several seconds before and after each use for
additional sterilization and repeated for all petri dishes. The culture was allowed stored for 48
hours in an incubator at 37°C to cultivate (Figure 3).

3. Procedure

After incubating for 48 hours, the 15 Petri dishes with nutrient agar medium and fungus were
numbered and randomized into five groups. One group received the PVA hydrogel only, the
second group received the PVA hydrogel with 3% curcumin, the third group received the PVA
hydrogel with 5% curcumin, the fourth group received the PVA hydrogel with 7% curcumin, and
the fifth group received clotrimazole. The petri dishes were randomly assigned to the treatment
groups using a random number generator. Using filter paper disks and sterilizing them under a
UV light, 12 disks were dipped into each treatment type. Four disks of the same treatment were
evenly spaced into each petri dish (Figure 4). Four negative controls were produced by adding all
the curcumin filter paper disks to uncultured agar plates and adding no treatment to an

Journal of High School Science, 7(4), 2023



Original article

uncultured agar plate, as demonstrated in Figure 5. A positive control was prepared by streaking
with Candida (Figure 6). After adding the treatments, the experimental petri dishes were placed
in an incubator at 37°C for 5 days, and after 5 days, the zone of inhibition size was measured,
using a meter ruler (d=0.1 cm). The data collected was used to conduct several one-tailed, two-
sample t-tests.

Figure 2. Preparation of petri dishes using potato dextrose agar.

Figure 3. Storage of petri dishes in the incubator
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Figure 4. Experimental set-up involving Petri dishes, filter paper disks and hydrogel treatments.

Figure 5. The negative controls after 5 days of incubation. Figure 5a depicts the negative control involving an
uncultured plate without clotrimazole or curcumin treatments. Figure 5b depicts the negative controls involving the
3%, 5% and 7% curcumin treatments atop uncultured plates.

Figure 6. Positive control after 5 days of incubation
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Results

No growth was observed after 5 days of
incubation in any of the negative control petri
dishes. In contrast, fungal growth was observed
in the positive control after 5 days.

The objective of this experiment was to verify
whether a curcumin-infused PVA hydrogel
could inhibit fungal growth caused by Candida
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albicans and whether this treatment was more
effective than conventional antifungal creams.
After 5 days in the incubator, the zones of
inhibition, shown in Figure 7, were measured
surrounding each filter paper disk in each petri
dish. The zones of inhibition of each of the
filter paper disks were measured and averaged.
These are shown in Table 1.

Figure 7. The mean zones of inhibition size for each Petri dishes with curcumin or clotrimazole treatments. A)
Control, B) 3% curcumin C) 5% curcumin D) 7% curcumin E) Clotrimazole The orange highlight indicates the
location of the filter paper disks and the light-yellow highlight indicates the zone of inhibition.

Using the results from Table 1, several one-
tailed two-sample t-tests at an alpha value of
0.05 were conducted to determine whether the
results were statistically significant. Based on
the results of the experiment, it was concluded
that the treatment groups consisting of the 3%,
5%, and 7% curcumin-infused PVA hydrogel
were statistically significant in their effect on
preventing Candida albicans fungal growth
compared to the control because the p-values of

0.001, 0.006, and 0.001 respectively, were less
than the alpha value of 0.05 (Table 2).
Additionally, the 3% curcumin PVA hydrogel
and the 7% curcumin PVA hydrogel were
statistically significant in their effect on
preventing Candida albicans fungal growth
compared to the clotrimazole because the p-
values of 0.007 and 0.002 respectively, were
less than the alpha value of 0.05 (Table 2).
When comparing Clotrimazole with the 5%
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curcumin, the one-tailed significance test
showed that the mean zone of inhibition (cm)
was not statistically significant between all
groups, as the p-value of 0.129 was greater

than the alpha value of 0.05. Therefore, all the
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curcumin-infused PVA hydrogel treatments
proved effective against the control, but only
the 3% and 7% curcumin-infused PVA
hydrogel treatments proved more effective than
clotrimazole in inhibiting fungal growth.

Table 1. Zone of inhibition sizes measured after 5 days in the incubator.

Treatment | Petri Dish |Zone of Inhibition| Average Zone of Mean Zone of Standard
Type Number Size (cm) Inhibition (cm) Inhibition (cm) |Deviation (cm)

Control 2 0.8,0.8,0.8,0.8 0.8 0.84 0.079
6 1.0,0.8,0.8,1.0 0.9
10 0.8,0.9,0.8,0.8 0.825

3% Curcumin 8 1.4,1.0,0.9,1.1 1.1 1.04 0.162
14 1.0,1.2,0.9,1.2 1.075
15 0.9,0.9,1.1,0.9 0.95

5% Curcumin 1 0.9,0.9,1.0,0.9 0.925 0.94 0.100
3 0.8,1.1,1.0,0.8 0.925
13 1.1,1.0,0.9,0.9 0.975

7% Curcumin 5 1.0,1.1,1.2,0.9 1.05 1.02 0.103
7 1.1,1.0,1.1,0.9 1.025
12 1.0,1.1,0.9,0.9 0.975

Clotrimazole 4 0.9,1.0,0.8,0.9 0.9 0.90 0.074
9 1.0,0.9,0.9,0.8 0.9
11 0.9,1.0,0.9,0.8 0.9

Table 2. The calculated p-values after conducting one-tailed two-sample t-tests. The green
highlight indicates p-values less than the alpha value of 0.05, indicating a statistically significant
difference. A (-) indicates that a p-value is not applicable.

Treatment Type | vs. Control | vs. 3% Curcumin | vs. 5% Curcumin | vs. 7% Curcumin | vs. clotrimazole
Control <0.001 0.006 <0.001 0.038
3% Curcumin 0.007 0.129 0.002 -

Journal of High School Science, 7(4), 2023




Discussion

This objective of this study was to determine
whether curcumin would be an effective drug
in inhibiting Candida albicans formation and
whether a PVA hydrogel would enhance drug
delivery to the target site and serve as a better
alternative to current antifungal drugs. While
the data supported the notion that the curcumin
hydrogels were indeed effective and that they
were more effective than traditional treatments,
only the 5% curcumin treatment did not prove
to be more effective than clotrimazole
inhibiting fungal formation.

in

Although most of the curcumin treatments
showed promise in improving the -current
antifungal treatment, it is important to note that
the concentrations of the curcumin were higher
than the minimum inhibitory concentration
(MICs). instance, the
concentrations of 3%, 5%, and 7% would be
more than six, ten, and fourteen, respectively,
times greater than the MIC of 5000 pg/mL for
curcumin (21). Additionally, the MIC of the
clotrimazole treatment was over sixteen times
greater than its MIC of 0.62 pg/mL (22).
Therefore, it would be inaccurate to conclude
that either clotrimazole or curcumin was more
effective than the other since the treatments
were never diluted to equivalent MICs.
However, this study aimed to determine if
effective at varying full
concentration levels, and whether curcumin
could be more effective than conventional
treatments, as this may reveal much promise in
the field of nanomaterials and curcumin’s role
in drug delivery. This experiment also did not
test curcumin in the absence of PVA, hence
any inferences as to the sustained delivery at

For curcumin

curcumin was
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the of
bioavailability are conjectural and derived from
literature data.

site infection and increase In

This research could be applied to the field of
antifungal treatments, which are often overused
or misused, hence often causing increased
fungal resistance. The use of curcumin as a
topical antifungal agent may effectively treat
oral candidiasis and potentially many other
fungal conditions (23). Many of the challenges
with current formulations are that they do not
deliver the drug effectively to the target site
and that the pathogen develops resistance, as in
the case of Candida albicans (23). Curcumin is
effective in a wide range of applications, such
as anti-cancer, anti-bacterial, and antifungal
(24). Curcumin is also antimutagenic hence it
can potentially impede pathogen resistance
(25). Furthermore, since PVA hydrogels have
easily tunable that
incorporation of a variety of drugs, PVA
hydrogels could be used to administer other
non or sub-biocompatible agents, which
otherwise could not be so administered (26).
The hydrogels can also take on various
structures and release drug at differing rates as
needed (27). The future of PVA hydrogels
appears bright as they may fulfill the increased
need for alternative methods for drug delivery
and wound dressing.

an matrix allows

Limitations and future directions

Only one concentration of clotrimazole was
used, and like the curcumin concentrations,
perhaps different concentrations could have
had varying therapeutic effectiveness, making
the zones of inhibition values lower than they
should be. In the future, to reduce the
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variability in the zone of inhibition sizes,
obtaining an autoclave to sterilize the agar
would further prevent contamination, and
sealing the petri dishes using Parafilm® would
prevent moisture loss. Additionally, a larger
range of curcumin concentrations could be
tested to determine the optimal concentration,
while also applying the curcumin-infused PVA
hydrogel to a greater variety of Candida
variants.

Conclusion

On average, the 3% curcumin hydrogel
produced the largest zone of inhibition (1.04
cm) compared to the rest of the curcumin

and

the 3%
exhibited the largest standard deviation, hence
a larger study with more samples and more
statistical power is necessary to determine
efficacy. Curcumin's antifungal nature can
mostly be attributed to its antioxidant
properties (a property clotrimazole lacks), in
which free radicals are reduced, mitigating
their ~damaging effects (28). Instead,
clotrimazole impairs the permeability of the
fungal cell wall, but oftentimes clotrimazole is
less efficacious because the strong fungal cell
wall resists disruption (29). Accordingly, the

treatments clotrimazole  treatment.

However, curcumin group also
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