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Therapeutic Effect of Propolis against Biofilm Gene Expression in Candida albicans
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ABSTRACT

The sticky substance called propolis is made from plants and is produced by honeybees. It has been used as a folk
remedy since ancient times, and it has numerous pharmaceutical benefits, such as antibacterial and antifungal. The
objective of this work was to determine the impact of propolis on the expression of three genes (Ecel, Sap5, and
Als3) known to be implicated in the development of C.albicans biofilms and define the minimum inhibitory
concentration of propolis required for this purpose. The XTT test was used to assess the anti-biofilm activity of
propolis in order to ascertain the formation of biofilm on 100 C. albicans isolates from stool samples and calculate
the minimum inhibitory concentration of propolis that inhibits the biofilm of C. albicans during 24 and 48 h.
Finally, the impact of propolis on the expression of the Ecel, Sap5, and Als3 genes in C. albicans was examined
using a real-time polymerase chain reaction and compared with the results that appeared in the gene expression of
the biofilm C. albicans untreated propolis during 24 and 48 h, and it was considered a control. Through
comparison, biofilm formation was found to decrease as propolis concentration and time increased. Accordingly,
the MIC of propolis was 40% w/v, and its minimum fungicidal concentration (MFC) was 50% (w/v) in biofilm-
forming C .albicans. Additionally, gene expression level analysis revealed a decrease in Ecel, Sap5, and Als3
expression levels with propolis treatment during 24 and 48h.
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INTRODUCTION

A healthy human body with a functioning immune system
naturally contains C. albicans in its microbiome (1).
However, several factors combine to create a balance disorder
that facilitates the fast growth of this fungus and infection (2,
3). C. albicans infection can be caused by a number of factors,
including when the immune system is suppressed or there is
a disturbance in the host environment. C. albicans can rapidly
transition to pathogens that can cause various infections. For
example, it is well recognized that C. albicans' virulence
factors, particularly its involvement in biofilm formation,
account for the fungus' resistance to both the immune and
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antifungal systems (4). C. albicans biofilm formation starts in
the lab when round yeast cells stick to a solid surface. The
subsequent phase of biofilm formation involves cells' growth
and the attached cells' initial filamentation. The next step is
biofilm maturation, which produces a complex network of
multiple layers of polymorphic cells encased in an
extracellular matrix. These cells include round yeast cells,
pseudohyphal cells, ellipsoidal cells joined end to end, hyphal
cells, and chains of cylindrical cells. The extracellular matrix
gives the biofilm a thick, structured appearance and protects
it from physical and chemical damage (5, 6). Mature biofilms
usually form in less than 24 hours, and when viewed under a
microscope, they appear as an ordered collection of various
cell types. To the unaided eye, they appear as a cloudy surface
structure on top of a solid surface. The least researched stage
of C. albicans biofilm development is the dispersal stage,
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which is the last stage of biofilm development, where some
round yeast cells scatter from the biofilm to seed new sites (7,
8).

Propolis is one of the natural product's alternative
therapies. Honeybees naturally produce a substance called
propolis (9). Brazilian propolis breaks the extracellular
polymeric substance down, which also causes cell death
and prevents C. albicans from forming biofilms in
vulvovaginal candidiasis (10). A flavonoid is one of the
substances in propolis that has been shown to have
antibiofilm properties, such as pinocembrin, apigenin,
chrysin, and kaempferol (11). However, the kind of plant
the bees live in, when the propolis is collected, and where
the propolis is from can all affect its composition (12).

C. albicans possesses a particular class of proteins
called adhesins, which help the organism adhere to host
cells, other microbes, abiotic surfaces, and other C.
albicans cells. There are eight members of the C. albicans
adhesions family, which are agglutinin-like sequence (Als)
proteins (Als1-7 and Als9) (13). Candida species produce
two main families of histolytic enzymes: phospholipases
(PL) and secretory aspartyl proteinases (Sap) (14). Among
the virulence factors in C. albicans that have been studied
the most are the secreted aspartic proteases (Saps) (15).

Numerous biofilm genes code for predicted or known cell
wall proteins. These proteins are particularly interesting
because heterologous expression studies suggest that Als1 and
Als3 have roles in cell-substrate or cell-cell adhesion (16).
Previous research has shown that the development of biofilms
on mucosal surfaces is linked to the expression of genes from
the Als and Sap gene families, and the hyphae-specific protein
Ecel(17). C.albicans' ability to form hyphae is a crucial
component of its virulence because it allows the fungus to
adhere to host cells, invade them, and eventually spread
throughout deep tissues (18).

The purpose of this study was to ascertain the effect of
propolis on the expression of three genes (Ecel, Sap5, and
Als3) that are involved in C. albicans biofilm formation. Also,
this experiment was to find out whether propolis could

prevent the growth of Candida biofilms and the minimum
concentration of propolis needed to accomplish this.

MATERIALS AND METHODS

Sample collection

Atotal of 100 stool samples were examined for isolated
C. albicans. Samples were taken from gastrointestinal
patients, ranging in age from 1 to 50 years, who visited the
pediatric teaching hospital in Samawa City from October
2021 to May 2023. The Al-Muthanna University ethics
committee gave its approval for this study.

Candida albicans isolation

Sterile phosphate-buffered saline (PBS) was used to
dilute small samples of freshly provided stool specimens,
which were then thoroughly vortexed in a 1.5 ml
Eppendorf tube. About 100 microliters of this suspension
were distributed across a minimum of three solid culture
media, which were always Potato Dextrose Agar (PDA),
Yeast Peptone Dextrose Agar supplemented with 0-05 g/L
chloramphenicol, and Sabouraud Dextrose Agar with 0-05
o/L chloramphenicol. The plates were then incubated for
up to 60 hours at 37°C in an aerobic incubator. Once
microbial growth was detected, each plate was sealed and
kept at 4°C until it was time for additional processing.

Serum is added to promote the growth of C. albicans,
and when the yeast cells are examined under a light
microscope, they resemble large cocci and develop into
germ tubes. When C. albicans was isolated and identified
using Sabouraud dextrose agar and CHROM agar, the
colony of the fungus looked green. API (Analytical Profile
Index) Candida (HIMDIA/India) employed the
biochemical test for C. albicans detection to validate the
identification of the morphological, -cultural, and
biochemical characteristics required to differentiate
between Candida species and to demonstrate that Candida
can utilize different types of sugar.

Propolis collection

Propolis was taken directly from honeybee hives in
Samawah city from 21 March to 21 June 2022. These hives
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reliant on apricot, apple, and grape trees for their
sustenance. The models were kept in 200 ml sterile, tightly
sealed bottles. Each bottle was then labeled with specific
information, such as the model type and the collection date
until use (19).

Minimum
determination

The macro broth dilution assay was used to calculate
the MICs of natural propolis against the biofilm of C.
albicans. Propolis was diluted in YPD (Yeast extract
Peptone Dextrose) broth in steps of 80-5% wi/v. Under
vigorous shaking (120 revolutions per minute), The
cultures were incubated at 35 °C for 36 hours. Using the
broth from the incubation period, 10® CFU (Colony
Forming Unit) of Candida were aseptically injected into
Petri dishes that contained Sabouraud dextrose agar.
Following a 48-hour period, the colonies' growth was
evaluated, and the MIC of propolis (w/v) was found to be
the one that prevented C. albicans from growing
significantly (20).

Formation of Biofilms

The XTT(2,3-bis(2-metoxy-4-nitro-5-sulphophenyl)-2H-
tetrazolium-5-carboxanilide inner salt) reduction assay was
used to assess the biofilms' growth in 96-well flat-bottomed
plates. Utilizing a technique derived from Lal et al. (21) and
polystyrene microtiter plates. The kinetics of biofilm
inhibition were studied using various MIC dilutions of
propolis in YPD broth (5% wiv, 10% wiv, 20% wiv, 40%
w/v, and 80% wi/v) in order to ascertain whether propolis
could prevent the formation of Candida biofilms and to find
the minimum concentration of propolis that could do so.
Every MIC dilution in a microtiter plate was analyzed in at
least 7 wells. The microtiter plate wells were filled with
aliquots of each dilution, each holding 190 milliliters. 10
milliliters of YPD broth containing 5 x 108 CFU/ml were used
to cultivate C. albicans for 48 hours. To ensure uniform
distribution and adherence to the well surfaces, 10 microliters
of this 48-hour culture were added to each well and incubated
for 1.5 hours at 37°C in an orbital shaker operating at 75 rpm.

Inhibitory  Concentration (MIC)
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In order to remove non-adherent cells, adherent cells were
carefully washed twice in sterile phosphate buffered saline
(PBS) with a pH of 7.4, being cautious not to disturb the
adherent cells. This process was done after 1.5 hours.
Following washing, 200 ml of a second aliquot of the same
propolis dilution in sterile YPD broth was added to each plate
well. After that, the plates were kept in the same incubator for
48 hours so that the biofilms could settle in and grow. As a
control, 200 ml of autoclaved YPD broth was added to each
of the seven micro-titer plate wells. The broth could be
positive (containing Candida) or negative (not containing
Candida). The plate was then incubated at 37°C for 48 hours
(21).

The purpose of the experiment was to determine
whether propolis could disrupt established C. albicans
biofilms. Ten milliliters of 5 x 108 CFU/mI were used to
cultivate biofilms in 96-well microtiter plates. Place C.
albicans in YPD onto the microtiter plate. To ensure even
dispersion and adherence to the well surfaces, the plate
was put in an orbital shaker set to run at 75 rpm for 1.5
hours at 37° C. After an hour and a half, non-adherent cells
were extracted by gently washing them twice in sterile
PBS (phosphate buffered saline), which had a pH of 7.4.
To promote appropriate adhesion and the formation of
biofilms in the absence of propolis, 150 milliliters of
sterilized YPD broth was added to each well. The plate was
then incubated again for 24 to 48 hours at 37 degrees
Celsius. 200 ml final volumes of various propolis
concentrations (5% w/v, 10% w/v, 20% wi/v, 40% w/v, and
80% wi/v) were added to each well in the YPD broth. After
that, the plate was stored for 48 hours at 37°C. The XTT
reduction assay was used for quantification in each
triplicate experiment (22).

Biofilm Evaluation with the XTT Reduction Assay

The cells in the biofilms were measured using the XTT
assay following propolis treatment. Used a filter with a pore
size of 0.22 mm to filter and sterilize after making the XTT
solution (1 mg/ml in PBS). Prior to the commencement of
every assay, the menadione solution and XTT solution were
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mixed at a 5:1 (v/v). To stop the adherent biofilms from
growing further, 2.5% glutaraldehyde was applied for five
minutes to the microtiter plate wells after three PBS
cleanings. Following the removal of the fixative, two PBS
washes were applied to the wells. In all but the control well,
which had no biofilm, 1 mL of PBS was added to the XTT-
menadione solution. After that, the MTPs (Metyrapone) were
maintained in the dark for two hours at 37 °C. After the
incubation period, 75 ml of XTT-menadione solution was
added to each well on a fresh microtiter plate, and
spectrophotometry was used to measure the absorbance at
492 nm (22).

RNA isolation and RT-PCR

The PrestoTM Mini gDNA Yeast Kit was used to extract
total RNA from C. albicans culture cells and co-culture them
with propolis in accordance with the manufacturer's
instructions. The concentration and degree of RNA presence
were determined using a Nanodrop-1000 UV-VIS
spectrophotometer. For the agarose gel electrophoresis, RNA
templates were employed. The cDNA Synthesis SuperMix

Kit and EasyScript One-Step Gdna Removal were used to
perform the reverse transcription PCR cDNA synthesis. One
cycle at 42°C for 30 minutes and 85°C for 5 seconds was the
RT-PCR setup (23).

mRNA transcripts were detected using real-time PCR
with the Mx3000p (Agilent Technologies, USA). 10 mM
primers were used to prepare the PCR components, which
were then amplified by the genes in Table 1 (24). In this
experiment, the housekeeping gene beta-actin is amplified in
the forward direction. 5-CGTCGGTAGACCAAGACACC-
3 and the opposite direction 5
CCCAGTTGGAGACAATACCGT-3,, A final volume of 20
ul was achieved by adding nuclease-free water, 200 ng of
cDNA, and 10 pl of Luna universal qPCR master mix. The
following parameters were used to run the PCR: thirty
seconds at 94°C, 45 cycles of 94°C for five seconds, and thirty
seconds at 60°C. Then, a dissociation curve was employed,
with a single cycle lasting 1.0 minute at 95°C, 30 seconds at
55°C, and 30 seconds at 95°C (24).

Table (1): The PCR Primers for Real-Time Reverse Transcriptase

Genes primer Product size

Sap5 | Forward 5’-CCAGCATCTTCCCGCACTT- 3’ 71bp
Reverse 5’-GCGTAAGAACCGTCACCATATTTAA- 3’

Ecel Forward 5°’-CCAGAAATTGTTGCTCGTGTTG-3’ 138bp

Reverse 5’-CAGGACGCCATCAAAAACG-3’

Als3 Forward 5’-CAACTTGGGTTATTGAAACAAAAACA-3’ | 80bp
Reverese 5’-AGAAACAGAAACCCAAGAACAACCT-3’

Statistical Analysis

Different means of biofilm biomass (absorbance) were
compared using the ANOVA and t test. Data analysis was
performed using GraphPad software.

RESULTS

MIC determination

Propolis exhibited concentration-dependent inhibition
of C. albicans growth. Propolis's MIC was 40% (w/v), and
its minimum fungicidal concentration (MFC) was 50%
(w/v) in biofilm-forming C .albicans. The MFC required

to eliminate 99.9% of the inoculum. In most cases, the
MFC value exceeds the MIC value. Growth curves for
yeast exposed to 40% (w/v) propolis for 24 hours revealed
a reduction in both the total number of cells and the growth
rate when compared to cell growth without propolis
(Figures 1 and 2). There was no evidence of C. albicans
growth in the growth assays using 50% (w/v) propolis.
Biofilms were allowed to establish for a full day before
being incubated for varying periods of time with and
without 40% wi/v propolis. The biofilm biomass was then
measured in order to track the efficacy of propolis over
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time. During this study, a decrease in the biofilm biomass
values of C. albicans was observed when propolis was
added to it, in contrast to the values when propolis was not
added and was considered a control, especially at 24 to 48
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hours.The results of the one-way ANOVA test indicated a
significant difference between the treatment group and the
control group at p< 0.01.

control
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Figure (1): Growth evaluations of propolis-treated established Candida albicans biofilms during 24 to 48 h.
(F=25.71291, P< 0.01)

Reducing the Formation of Biofilms

It achieved this by using propolis in YPD broth at
varying concentrations (5% w/v, 10% w/v, 20% wi/v, 40%
wi/v, and 80% w/v). It was found that the concentration of
propolis affected the inhibition of biofilm formation.
propolis concentrations less than 10% w/v were shown to

0.9
0.8

neither inhibit nor promote the growth of biofilm (Figure
2). Biofilm formation was considerably inhibited by
concentrations greater than 10% w/v. The control and
treatment groups differed significantly at p< 0.01,
according to the one-way ANOVA test analysis.
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Figure (2): Propolis's impact on the development of C. albican biofilms. Propolis's MIC was 40% (w/v), and its
minimum fungicidal concentration (MFC) was 50% (w/v) in biofilm-forming C .albicans during 24 to 48h.
(F=11.90597, P< 0.01)
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Transcriptase real-time PCR

Reverse transcription real-time PCR was used to
measure the relative expression of the implicated genes
(Ecel, Sap5, and Als3) in C. albicans throughout the
biofilm experiment for 24 and 48 hours.

The expression of the biofilm genes developed by
Candida albicans was evaluated by quantitative reverse

[ N w B~ 2] [e)]

Relative expression

o

transcriptase PCR in this study. Biofilm genes (Sap5, Ecel,
and Als3) increased dramatically in expression over time
without the treatment of propolis, and It is considered a
measure of control when compared with the genes encoding
the biofilm treated with propolis (Figure 3). According to the
t-test analysis, the biofilm genes expression was a p>0.05,
considered statistically nonsignificant.

sap5 Ecel Als3

Genes

B 24 hrs C.albicans Biofilm M 48 hrs C.albicans Biofilm

Figure (3): the relative expression of the implicated genes (Ecel, Sap5, and Als3) in C. albicans during the
biofilm experiment without treated propolis and it is considered as control for 24 and 48 hours using reverse
transcription real-time PCR. (t= 2.5298, df=4, standard error of difference = 0.527) p>0.05 was considered
statistically nonsignificant

C. albicans cells exposed to propolis had less biofilm
formation for 24 hours, according to results from a real-
time PCR using the specific primers Ecel, Sap5, and Als3.
Figure 4 shows that the Als3 (0.5), Sap5 (1), and Ecel (1.5)
genes were treated with propolis, respectively. This

indicates the inhibitory role of propolis on the C. albicans
biofilm within 24 hours compared to the control gene
expression. The expression of the biofilm genes, according
to the t-test analysis, was a p>0.05, considered statistically
nonsignificant.
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Figure (4): the relative expression of the implicated genes (Ecel, Sap5, and Als3) in C. albicans during the
biofilm experiment for 24 and C. albicans biofilm with propolis using reverse transcription real-time PCR.
(t=2.4495, df=4, standard error of difference= 0.408) p>0.05 was considered statistically nonsignificant

Results from a real-time PCR using the particular can be used as therapeutic alternatives for many diseases
primers Ecel, Sap5, and Als3 showed that C. albicans cells caused by C. albicans. These results have an effective
exposed to propolis had less biofilm formation for 48 effect on the genes responsible for the formation of the
hours. Figure 5 illustrates that propolis was applied to the biofilm of C. albicans (Figure 5). The expression of the
Als3 (1), Sap5 (1.5), and Ecel (2) genes, respectively. biofilm genes according to the t-test analysis was a p<0.05,

These results are conclusive evidence thatpropolis is a considered statistically significant.

highly efficient inhibitor of the biofilm of C. albicans. It
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Figure (5): the relative expression of the implicated genes (Ecel, Sap5, and Als3) in C. albicans during the
biofilm experiment for 48 and C. albicans biofilm with propolis using reverse transcription real-time PCR. (t=
3.4785, df= 4, standard error of difference= 0.527) p<0.05 was considered statistically significant
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DISCUSSION

Propolis is a great natural food item with antioxidants,
minerals, and simple sugars. Propolis can inhibit oxidative
food deterioration processes, such as lipid oxidation in
meat, fruit, and vegetable browning. Propolis inhibits the
growth of microorganisms and foodborne pathogens that
cause food spoilage (25, 26). Numerous studies have
demonstrated the antimicrobial properties of propolis,
which enable it to help treat a range of oral infections,
including mucositis, ulcers, and periodontal disorders
(27,28,29,30).

Studies have shown its value in treating fungal
infections brought on by Candida species with natural
remedies like propolis (31, 32 ). Propolis's antimicrobial
activity has been studied recently as a potential substitute
for traditional therapeutic approaches; however, its
antifungal activity is still underappreciated, necessitating
further research to fully understand its potential
therapeutic application. With a MIC range of 0.185 to 3
lg/mL, an ethanolic extract of Turkish propolis exhibited
the strongest antifungal activity against 76 Candida
isolates that were isolated from the blood cultures of
patients in intensive care units (33, 34, 35). On the other
hand, little knowledge exists regarding propolis and its
impact on C. albicans biofilms. This study's main
objective was to ascertain whether propolis could disrupt
or stop the formation of C. albicans biofilms. We chose to
use propolis for our investigation because a variety of
infections and illnesses are frequently treated with it as a
folk remedy. C. albicans cultures were found to be
successfully inhibited by a few different types of propolis,
the most effective of which came from different plant
origins and geographical locations. The literature
emphasizes the critical role that geographic location plays
in the types of propolis, primarily due to regional
variations in climate and ethnobotanical flora (36). The
best propolis can be found in poplar, alder, willow, elm,
birch, horse chestnut, beech, and conifer tree species (37).
Poplars are widely distributed throughout Europe, North
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America, Asia, and New Zealand. Unlike poplar propolis,
which is derived from Betula verrucosa, Russian birch
propolis contains both flavonols and flavones (38). Red
propolis, which is found in large quantities in Brazil, Cuba,
Mexico, China, and Venezuela, is derived from the plants
Dalbergia ecastophyllum, Clusia scrobiculata, Clusia
minor, Clusia major, and Clusia rosea. Its active
phytochemicals are polyisoprenylated benzophenones
(39). Similarly, the collection of Brazilian propolis is
accounted for by the leaf resin of Baccharis
dracunculifolia, which contains a range of phytochemicals
such as higher concentrations of artepillin C, lignans, p-
coumaric acid, acetophenone, and flavonoids (40).
Sesquiterpenoid compounds, such as spatulenal, ledol, and
germacren D, are phytochemicals that are exclusive to
tropical climates. Furthermore, a type of propolis typical
of the Mediterranean region can be found in Greece,
Cyprus, Croatia, Egypt, Algeria, Morocco, and Malta. Its
primary constituents are diterpenes, which are most likely
derived from conifers in the Cupressaceae family (41, 42,
43). It was decided that propolis could be tested against C.
albicans biofilms one more time. The development of new
C. albicans biofilms were found to be inhibited, and
existing ones were prevented by the MIC of propolis.

This study is the first to identify propolis as an inhibitor
of Candida albicans biofilm genes using quantitative
reverse transcriptase PCR through study propolis's MIC
was 40% (w/v), and its minimum fungicidal concentration
(MFC) was 50% (w/v) in biofilm-forming C .albicans
during 24 to 48h.

The development of biofilms on the surface of yeast-
form cells appears to be dependent upon adhesion genes,
such as Als3, and their direct interaction with one another
during the process (44, 45). In addition to the Sap5 gene
being found in biofilm adhered to mucosal surfaces, Ecel
expression was associated with Candida hyphal elongation
(46, 47, 48).

Previous research has shown that biofilm drug
resistance is a complex phenomenon that is influenced by
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a number of variables, including the amount of matrix
formation, the makeup of the biofilm, and the
simultaneous presence of bacteria in the biofilm. These
variables can cause clinical problems when antifungal
therapies are used (49, 50). The necessity of researching
novel antifungal compounds is demonstrated by treatment
failure (51). The most promising antifungal treatments
seem to be natural goods like medicinal herbs (52, 53).

Propolis damages cells through a number of different
mechanisms. Propolis has a reputation for harming
cytoplasm and cell walls (54, 55). Nevertheless, the
integrity of the cell wall is crucial for cell division. Then,
the flavonoid in propolis has the ability to inhibit the
process of oxidative phosphorylation, which in turn
inhibits the formation of ATP. It may contribute to the
inadequate growth of energy. Cell viability will thus
decline (56, 57).

Limitation of the study

We limited the genes encoding the biofilm of C.
albicans because they play a more significant role in

REFERENCES

1. Ayuningtyas NF., Mahdani FY., Pasaribu TAS., Chalim
M., Ayna VK., Santosh AB., Santacroce L. and Surboyo
MD. Role of Candida albicans in Oral Carcinogenesis.
Pathophysiology. 2022;29:650-62.

2. Umami A., Paulik E., Molnar R. and Murti B. The
relationship between genital hygiene behaviors and genital
infections among women: A systematic review. Jurnal
Ners. 2022; 17:89-101.

3. Wall G., Montelongo-Jauregui D., Vidal Bonifacio B.,
Lopez-Ribot JL. and Uppuluri P. Candida albicans biofilm
growth and dispersal: contributions to pathogenesis. Curr
Opin Micrabiol. 2019; 52-16.

- 300 -

Al-Oebady

encoding the biofilm than other genes. Also, the type of
propolis used in the study was not specified, as this is the
first study to determine the minimum inhibitory
concentration and its effect on the genes encoding the
biofilm of C. albicans.

CONCLUSION

According to the results, propolis's MIC was 40%
(w/v), and its MFC was 50% (w/v) in biofilm-forming
C .albicans and it can inhibit the gene expression (Ecel,
Sapb, and Als3) C. albicans biofilms. Propolis has been
shown to have strong antifungal properties, which implies
that it may contain compounds with therapeutic value for
treating infections caused by Candida. Whether these
results can be used to treat biofilm-associated candidiasis
requires additional in vivo testing.

Funding: None

Conflicts of interest:

The authors declare no conflict of interest.

4. Ridwan RD., Diyatri I., Juliastuti WS., Waskita FA.,
Ananda GC. and Juliana NV. The Ability of Hylocereus
Polyrhizus for Gram Positive Bacteria and Candida
Albicans. Biochem Cell Arch. 2020; 20:4839-44.

5. Masfufatun M., Raharjo LH., Wiradinata H.,Tania PO.,
Ni'matuzahroh NM. and Baktir A .2021. New phenomena
for clinicians, model of Candida albicans mobilization
before and after biofilm formation in the intestinal mucosa
of Wistar rats (Rattus norvegicus). Int J One Health. 2021;
7:165-70.

6. Anggraini W., Purwanto DA., Kusumawati I., Isnaeni. and
Suryanto. Influence of the Environment on Biofilm
Formation Candida albicans of Vulvovaginal Candidiasis
Isolate Patient. Pharmacognosy J. 2023; 15:216-22.



Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 1, 2025

10.

11.

12.

13.

14.

Masfufatun M., Purbowati R., Arum NA., Yasinta MS.,
Sumarsih S. and Baktir A. An intestinal Candida albicans
model for monomicrobial and polymicrobial biofilms and
effects of hydrolases and the Bgl2 ligand.Vet World. 2022;
15:1134-40.

Asih DW., Widodo ADW., Setiabudi RJ., Tyasningsih W.
and Wahyunitisari MR. Biofilm formation by the
interaction of fungi (Candida tropicalis) with various
bacteria. J Adv Biotechnol Exper Therapeut. 2023; 6:84—
93.

Capoci IR., Bonfim-Mendonca PD., Arita GS, Pereira RR.,
Consolaro ME., Bruschi ML., Negri M. and Svidzinski TI.
Propolis is an efficient fungicide and inhibitor of biofilm
production by vaginal Candida albicans. Evidence-Based
Complementary and Alternative Medicine. 2015; 1:287-
693.

Abd Rashid N., Mohammed SNF., Syed Abd Halim SA.,
Ghafar NA. and Abdul Jalil NA. Therapeutic Potential of
Honey and Propolis on Ocular Disease. Pharmaceuticals.
2022; 15:1419.

Okinczyc P., Paluch E., Franiczek R., Widelski J.,
Wojtanowski KK., Mroczek T. and Sroka Z. Antimicrobial
activity of Apis mellifera L. and Trigona sp. propolis from
Nepal and its phytochemical analysis. Biomedicine &
Pharmacotherapy. 2020; 129:110-435.

Hadi Wiyono., Handoko E., Noorhamdani. and Prawiro
SR. Effect of Ethanolic Extract Propolis Trigona spp.
Malang Indonesia on Isolate Staphylococcus aureus
Biofilm Architecture from Chronic Rhinosinusitis A
Confocal Laser Scanning Microscopic Study. Int J Pharm
Sci & Res. 2019; 10:2711-17.

GarciaM C., Lee J T., Ramsook C B., Alsteens D., Dufréne
Y F. and Lipke P N. A role for amyloid in cell aggregation
and biofilm formation. PLoS One. 2011; 6:17-32.

Sardi J C., Scorzoni L., Bernardi T., Fusco-Almeida A M.
and Mendes G M J
epidemiology, pathogenicity, biofilm formation, natural

Candida species: current

antifungal products and new therapeutic options. Journal of
Medical Microbiology. 2013; 62:10-24.

15.

16.

17.

18.

19.

20.

21.

22.

23.

-301 -

Carvalho-Pereira J., Vaz C., Carneiro C., Pais C. and
Sampaio P. Genetic Variability of Candida albicans Sap8
Propeptide in Isolates from Different Types of Infection.
Hindawi Publishing Corporation BioMed Research
InternationaOl. 2015; 8:148-343.

Li F and Palecek S P. Distinct domains of the Candida
albicans adhesin Eaplp mediate cellcell and cell-substrate
interactions. Microbiology. 2008; 154:1193-203.
Mohammed NA., Ajah HA. and Abdulbagi NT.
Determination the Gene Expression Levels of adhesins and
Extracellular Enzymes Genes in Candida albicans biofilm
producer by Quantitative Real Time PCR Technique (qRT-
PCR). Indian Journal of Forensic Medicine & Toxicology.
2021; 2:1517-1527.

Garbe E., Thielemann N., Hohner S., Kumar A., Vylkova
S., Kurzai O. and Martinb R. Functional analysis of the
Candida albicans ECE1 Promoter. Microbiology spectrum.
2023; 1-11.

ABBAS., Hayder M., HASAN., Marwa A., ALI. and Sinor
D. Effect of Bee Venom on MRSA Isolated from Patient's
Wounds at Tikrit Teaching Hospital. Indian Journal of
Public Health Research & Development. 2019; 10:1-10.
Agarwal V., Lal P. and Pruthi V. Effect of plant oils on
Candida albicans. J Microbiol Immunol Infect. 2010;
43:447-451.

Lal P., Sharma D., Pruthi P. and Pruthi V.
Exopolysaccharide analysis of biofilm-forming Candida
albicans. J Applied Microbiol. 2010; 109:128-136.

Roehm N., Rogers G., Hatfield S. and Glasebrook AL. An
improved colorimetric assay for cell proliferation and
viability utilizing the tetrazolium salt XTT. J Immunol
Methods. 1991; 142:257-265.

Uppuluri P., Dinakaran H., Thomas DP., Chaturvedi AK.
and Lopez-Ri-bot JL. Characteristics of Candida albicans
biofilms grown in a synthetic urine medium. J Clin
Microbiol. 2009; 47:4078-83.



Therapeutic Effect of Propolis ...

24.

25

26.

27.

28.

29.

30.

3L

32.

Nailis H., Kucharikova S., Ricicovda M., Van Dijck P.,
Deforce D., Nelis H. and Coenye T. Real-time PCR
expression profiling of genes encod-ing potential virulence
factors in Candida albicans biofilms: iden-tification of
model-dependent and -independent gene expression. BMC
Microbiol. 2010; 10:1-11.

.Chen L., Mehta A., Berenbaum M., Zangerl AR. and

Engeseth NJ. Honeys from different floral sources as
inhibitors of enzymatic browning in fruit and vegetable
homogenates. J Agric Food Chem. 2000; 48:4997-5000.
Mundo M. and Padilla-Zakour O. Growth inhibition of
foodborne patho- gens and food spoilage organisms by
select raw honeys. Int J Food Microbiol. 2004; 9:1-8.
Al-Waili NS., Salom K., Butler G. and Al Ghamdi AA.
Honey and microbial infections: a review supporting the
use of honey for microbial control. J Med Food. 2011;
10:1079-1096.

Biswal B., Zakaria A. and Ahmad N. Topical application of
honey in the management of radiation mucositis: a
preliminary study. Support Care Cancer. 2003; 11:242-
248.

English H., Pack A. and Molan P. The effects of manuka
honey on plaque and gingivitis: a pilot study. J Int Acad
Periodontol. 2004; 6:63-67.

Motallebnejad M., Akram S., Moghadamnia A., Moulana
Z and Omidi S. The effect of topical application of pure
honey on radiation-induced mucositis: a randomized
clinical trial. J Contemp Dent Pract. 2008; 9:40-47.
Bouchelaghem S.  Propolis  characterization  and
antimicrobial activities against Staphylococcus aureus and
Candida albicans: A review. Saudi journal of biological
sciences. 2022; 1:1936-46.

Béji-Srairi R., Younes 1., Snoussi M., Yahyaoui K.,
Borchard G., Ksouri R., Frachet V. and Wided MK.
Ethanolic extract chemical

of Tunisian propolis:

composition, antioxidant, antimicrobial and

antiproliferative properties. Journal

Research. 2020; 59:917-927.

of Apicultural

- 302 -

33.

34.

35.

36.

37.

38.

39.

40.

Al-Oebady

Mutlu Sariguzel F., Berk E., Koc A.N., Sav H. and Demir
G. Antifungal activity of propolis against yeasts isolated
from blood culture: In vitro evaluation. Journal of Clinical
Laboratory Analysis. 2016; 30:513-516.

Cooper R, Lindsay E. and Molan P. Testing the
susceptibility to manuka honey of streptococci isolated
from wound swabs. J Apiprod Apimed Sci. 2011; 3:117-
122.

Maddocks S., Lopez M., Rowlands R. and Cooper RA.
Manuka honey inhibits the development of Streptococcus
pyogenes biofilms and causes reduced expression of two
fibronectin binding proteins. Microbiology. 2012; 158:781-
790.

Bueno-Silva B., Marsola A., Ikegaki M., Alencar SM. and
Rosalen PL. The effect of seasons on Brazilian red propolis
and its botanical source: chemical composition and
antibacterial activity. Natural Product Research. 2017;
31:1318-1324.

Toreti VC., Sato HH., Pastore GM. and Park YK. Recent
progress of propolis for Its biological and chemical
compositions and its botanical origin. EvidenceBased
Complementary and Alternative Medicine. 2013; 1-13.
Dezmirean DS., Pasca C., Moise A.R. and Bobis O. Plant
Sources Responsible for the Chemical Composition and
Main Bioactive Properties of Poplar-Type Propolis. Plants.
2021; 10-22.

Regueira MS., Tintino SR., da Silva ARP., Costa MdS.,
Boligon AA., Matias EFF., de Queiroz Balbino V.,
Menezes IRA. and Melo Coutinho HD. Seasonal variation
of Brazilian red propolis: Antibacterial activity, synergistic
effect and phytochemical screening. Food and Chemical
Toxicology. 2017; 107:572-580.

Anjum SI., Ullah A., Khan KA., Attaullah M., Khan H., Ali
H., Bashir MA., Tahir M., Ansari MJ., Ghramh HA,,
Adgaba N. and Dash CK. Composition and functional
properties of propolis (bee glue): A review. Saudi Journal
of Biological. 2019; 26:1695-1703.



Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 1, 2025

41.

42.

43.

44.

45.

46.

47.

48.

49.

El-Guendouz S., Aazza S., Lyoussi B., Bankova V.,
Popova M., Neto L., Faleiro ML. and Miguel M da G.
Moroccan Propolis: A natural antioxidant, antibacterial,
and antibiofilm against Staphylococcus aureus with no
induction of resistance after continuous exposure.
Evidence-Based Complementary and Alternative Medicine.
2018; 1-19.

Ezzat SM., Khattaby AM., Abdelmageed S. and Abd Elaal
MA.. Cytotoxicity, antioxidant, anti-inflammatory activity,
and GC-MS analysis of Egyptian propolis. Comp Clin
Pathol. 2019; 28:1589-1598.

Piccinelli AL., Mencherini T., Celano R., Mouhoubi Z.,
Tamendjari A., Aquino R.P. and Rastrelli L. Chemical
composition and antioxidant activity of Algerian propolis.
J. Agric. Food Chem. 2013; 61:5080-5088.

Staab JF., Bradway SD., Fidel PL. and Sundstrom P.
Adhesive and mammalian transglutaminase substrate
properties of Candida albi-cans Hwpl. Science.1999;
283:1535-8.

Hoyer LL. The ALS gene family of Candida albicans.
Trends Mi-crobiol. 2001; 9:176-80.

Birse CE., Irwin MY ., Fonzi WA. and Sypherd PS. Cloning
and charac-terization of ECEl, a gene expressed in
association with cell elon-gation of the dimorphic pathogen
Candida albicans. Infect Immun. 1993; 61:3648-55.
Naglik JR., Challacombe SJ. and Hube B. Candida
albicans secreted aspartyl proteinases in virulence and
pathogenesis. Microbiol Mol Biol Rev. 2003; 67:400-28.
Majhol RH., Al-Rashedi NAM. and Al-Oebady MAH.
Bacterial activity on hyphal formation of Candida albicans.
J PHARM NEGATIVE RESULTS. 2022; 13:552-555.
Aslani P., Roudbar S. and Roudbary M. Novel formulated
zinc oxide nanoparticles reduce Hwpl Gene expression
involved in biofilm formation in Candida albicans with
minimum cytotoxicity effect on human cells. Jundishapur
J Microbiol. 2018; 11:79-562.

- 303 -

50.

51.

52.

53.

54.

55.

56.

57.

AlHoly., Taif, and Walid Khaddam. Extracellular
Synthesis of Magnesium Oxide at Nano and Bulk Scale:
Antifungal Effect Against Candida albicans, Aspergillus
niger. Jordan Journal of
2023; 16.4.

Khajeh E., Hosseini SJ., Rajabibazl M., Roudbary M.,
Rafiei S., Aslani P. and Farahnejad Z. Antifungal effect of
Echinophora platyloba on expression of CDR1 and CDR2
genes in fluconazole-resistant Candida albicans. Br J
Biomed Sci. 2016; 73:44-8.

Baghini GS., Sepahi AA., Tabatabaei RR. and Tahvildari
K. The combined effects of ethanolic extract of Artemisia
aucheri and Artemisia oliveriana on biofilm genes
expression of methicillin resistant Staphylococcus aureus.
Iran J Microbiol. 2018; 10:417-23.

Tegoar.,
biological evaluation of Algerian propolis from six
different regions. Jordan Journal
Sciences. 2023: 184-197.

Tyagi SP., Sinha DJ., Garg P., Singh UP., Mishra CC. and
Nagpal R. Comparison of antimicrobial efficacy of
propolis, Morinda citrifolia, Azadirachta indica (Neem) and
5% sodium hypochlorite on Candida albicans biofilm
formed on tooth substrate: An in-vitro study. Journal of
conservative dentistry. 2013; 16:6- 532.

Majiene D., Macioniene ., Kursvietiene L., Bernatoniene
J., Davalgiene J., Lazauskas R. and Savickas A. The effect
of propolis on microbial vitality and oxygen consumption.
Journal of Medicinal Plants Research. 2010; 4:954-958.
Mohammed., Ghada Abdulmunim. Studying the Anti
Candidal-Activity of Different Herbal Oils Incorporated

Pharmaceutical Sciences.

Naoual., et al. Chemical composition and

of Pharmaceutical

into Tissue Conditioner:(A Comparative study). Jordan
Journal of Pharmaceutical Sciences .2023; 16: 871-879.
MAH Al-Oebady., AAA Dakl., HM Nahab. Influence of
Oral  Candida
Albicans. Journal of Global Pharma Technology. 2019;
11: 288-293.

Staphylococcus  Aureus on _the



https://scholar.google.com/scholar?oi=bibs&cluster=1466295182428414959&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=1466295182428414959&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=1466295182428414959&btnI=1&hl=en

Therapeutic Effect of Propolis ... Al-Oebady

sliand) cilianall B Ligal) LaeSU Al i) 1 Gulgagpall Adlal) A0

1 * otunl) ias Jude e

bl il dnals caglall LIS 3liall asle aud

gadla

oseanll die ond #OMaS Caeadind M5 Jusall Ja lgainig Bl (e degian Galsig pll slacall da3l Baldll
5B waas ga Jaall 138 e gl IS, @iliyladlly LyaSl Baliae LgisS ia e LV aa sk Ll casdl
Lgaall duaeY) ol A ek ddg »a(AlS3 5Sap5 sEcel) s I e usdl) o Gadsigll
XTT s alasiad 25 (ol 13gd Csllaal) Ladial) algrg ) 585 e ) asd) sty sliaull ilianall
C. 0o 32100 e dogal) L2 (psS e ST Jal (e Gadgigyll dogal) 208230 sliaall Lalial) ol
C. albicans 1 dgall i) hady o3 Ladiad) Gadgagyll 550 A asll Glus 3l clie aalbicans
C. JAIs3 Sap5 sEcel clua oo Lwell o Galpigyd) 5ol Gasd & Bl 4el48 24 Dls
) il B cujels Al il atijlieg Adsll il 3 Jebuiall Shaadgll delis olassulalbicans
DA e oS3 guaie syliicl g Aelud8 24 Dl mlledl je adsig,dIC. albicans Losall duieS
S SN 2l OIS eadles, cglly Gadgag nll S5 835 ge (it gl AadeY) S o aa dladl
C. b pas/ s A(MFC) 50 clphill sl s3:S51 (A aall oS5 cpan/ (s 440 Ladall Galsag )
Glisiss b Galiad) o al) el (giee Jilad CaiS eelld ) 8Ll Ligal) 2823 L<dlalbicans

Aclid8 24 PIA padsigll dallae aAlS3 sSap5 sEcel e il

~aluall (Als3 «Sap5 Ecel ¢yl Al clalst)

Sl s rfuupad] iliad)”
mouna@mu.edu.iqg

2024/11/28 &l alyd ojlss 2024/08/07 iaall D ol

- 304 -


mailto:mouna@mu.edu.iq

