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Oral candidiasis, primarily caused by Candida albica
Prolonged antifungal drug use may contribute%o r
natural compounds. Citrus limon (C.

this study aimed to assess its efﬁcacy

jcans), is prevalent in immunosuppressed individuals.
sta necessitating alternative therapeutic approaches utilizing

if10 &u' 1701l exhibits antifungal activity against C. albicans; thus,
n im

nosuppressed Rattus norvegicus model with oral candidiasis.
ethasone (7.2 mg/kg), followed by oral inoculation with C. albicans.

Mice were then as51gned to tr at t roups receiving C. limon essential oil gel, miconazole gel, or no treatment.
After 4 days, untreatg d gmﬁcantly more severe tongue lesions than the treated groups. Colony counts
confirmed these obse hyphal reduction most pronounced in the miconazole group (90%), followed by
(40%) Histopathological analysis indicated enhanced macrophage infiltration (5.1 +
ed ced TNF-a expression (1.6 £ 0.516; p < 0.05) in the C. limon -treated group compared to
& findings suggest that C. /imon essential oil gel may serve as a promising alternative therapy for oral
munosuppressed conditions.

1. INTRODUCTION

Oral candidiasis, primarily caused by Candida
albicans, is a prevalent fungal infection of the oral mucosa.
Colonization rates vary from 30% to 50% in healthy individuals
to 50%—65% in denture wearers, 65%—-88% in long-term care
patients, and 90%-95% in individuals with HIV or those
undergoing corticosteroid, chemotherapy, immunosuppressive,
or radiation therapy for head and neck cancers [1]. A study
at Dr. Soetomo Hospital, Surabaya, reported that 47% of
HIV/AIDS patients presented with oral pseudomembranous
candidiasis [2]. Immunosuppression compromises host defense
mechanisms, increasing susceptibility to C. albicans infections
[3—5]. Prolonged glucocorticoid use, such as dexamethasone,
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exacerbates immunosuppression by inhibiting T-cell activation
and reducing B-cell stimulation [6—8].

Current antifungal treatments, including azoles
(clotrimazole, fluconazole, itraconazole, and ketoconazole) and
polyenes (amphotericin B, nystatin), present challenges due to
host toxicity and rising drug resistance. Surveillance data indicate
an increase in antifungal resistance from 4.2% in 2008 to 7.8%
in 2014, with C. albicans exhibiting resistance rates as high as
56.7% [9]. These concerns emphasize the need to develop safer
and more effective antifungal alternatives, including natural
compounds such as phenolics, essential oils, and botanical extracts
[10]. Citrus limon essential oil, rich in limonene, a-pinene, and
y-terpinene, has demonstrated antifungal properties [11,12]. Prior
studies indicate that a 0.78% concentration of C. limon essential
oil gel effectively disrupts C. albicans biofilm formation [13,14]
and has been evaluated for its toxicity profile and minimum
inhibitory concentration (MIC) [15,16]. More recently, C. limon
essential oil exhibited a MIC of 0.12% (v/v) against C. albicans
ATCC 10231 in vitro [17] and an experimental oral candidiasis
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model reported enhanced [ defensin expression following topical
C. limon gel treatment [ 18], further supporting its antifungal and
immunomodulatory potential.

This study employs a standardized oral candidiasis
model in immunosuppressed Rattus norvegicus [19] to
investigate the clinical, microbiological, and immunological
effects of topical C. /imon essential oil gel. The hypothesis is C.
limon application reduces fungal colonization, inhibits hyphal
formation, and modulates local immune responses in infected
oral tissues.

2. MATERIALS AND METHODS

2.1. Ethical statement

This study complied with the regulations of the
Animal Care and Use Committee of Universitas Airlangga
and was ethically approved by the Universitas Airlangga
Faculty of Dental Medicine Health Research Ethical Clearance
Commission  (Certificate Number: 416/HRECC.FODM/
1X/2020).

2.2. Experimental animals

Male Wistar rats (Rattus norvegicus), 3 months old
and weighing 200-300 g, were used in this study. All animals
were clinically healthy and acclimatized for 7 days prior to
experimentation. During the experiment, rats were housed
in standard polycarbonate cages (3 rats per cage) with wood
shavings bedding under controlled laboratory conditions. %
environment was maintained at 22°C + 2°C with 50%
relative humidity and a 12 hours light/12 ho 0& e.
Animals were fed with a standard diet base weight
and water ad libitum, and cages wg egularly to
ensure hygienic maintenance. Follow noculation with C.
albicans, animals were randomly allocateéd into three groups
(n = 10 ecach): disease control group (infected untreated
control), positive control group (miconazole gel-treated), and
experimental group (C. /imon essential oil gel-treated).

The sample size was determined using Federer’s
formula for experimental studies, where (t-1)(n—1) > 15, with t
representing the number of groups and n the number of animals
per group [20]. With three groups, 10 rats per group were
included, yielding a total of 30 animals. All procedures were
conducted using sterile instruments and in compliance with the
Guide for the Care and Use of Laboratory Animals.

o

2.3. Preparation of Citrus limon essential oil gel

Citrus limon from BALIJRESTO, Malang City, East
Java, Indonesia, was distilled to extract its peel essential oil.
100% C. limon essential oil was added with 3% Carboxyl
methylcellulose (CMC) (Bioworld, China) to obtain 0.78% C.
limon essential oil gel [21].

2.4. Gas chromatography-mass spectrometry (GC-MS) of
Citrus limon essential oil

Essential oil C. limon was examined with GC-MS for
60 minutes at 260°C, detector 250°C, and column 325°C. The
carrier gas used was helium at a constant flow rate of 1 ml/

minute. Compound identification was performed by comparing
the obtained mass spectra with the NIST14.L mass spectral
library (National Institute of Standards and Technology, [22]).
A library match quality score was automatically generated
for each peak, and only compounds with match scores > 80%
were considered reliably identified. Relative abundance was
expressed as a percentage of peak area relative to the total ion
chromatogram [23,24].

2.5. Induction and assessment of immunosuppressed condition

Each group of experimental animals received
an intramuscular injection of 7.2 mg/kg dexamethasone
(Mepro Farma Co., Jakarta, Indonesia) for 5 days to induce
immunosuppression. Immunosuppression was characterized by
a leukocyte count from the tail vein blood falling two standard
deviations below normal, accompanied by body weight loss in
the rats [19,25,26].

2.6. Induction and assessment of oral candidiasis

Inoculation was done by applying 0.2 ml of C.
albicans suspension (9 x 10[8] viable cells/ml in Sabouraud
Dextrose Broth, SDB; Cat. No. M033F-500G, Himedia) on
the dorsal tofigue and palatal mucosa after general anesthesia
with i %J ular ketamine 10% (0.1-0.2 ml/kg body

@% fnically, the tongue was observed for erythema,

ophy, and pseudomembrane formation. For microbiological

nfirmation, the tongue surface was swabbed and the samples
serially diluted up to 107 in SDB before plating 0.05 ml
onto Sabouraud Dextrose Agar (SDA; Cat. No. M063-500G,
HiMedia; supplemented with 40 mg/ml chloramphenicol).
Plates were incubated anaerobically at 37°C for 48 hours, and
colonies with typical C. albicans morphology were counted as
Colony-forming unit (CFU). Gram staining of SDA colonies
was also performed to confirm candidal hyphae, pseudohyphae,
or yeast forms under oil immersion microscopy (1,000x)[19].

2.7. Treatments

The study included three groups. Treatment consisted
of the topical application of either miconazole oral gel (Taisho
Pharmaceutical, Indonesia) or 0.78% C. limon essential oil
gel, applied to the affected tongue mucosa using a microbrush.
Applications were administered twice daily at 12-hour intervals
for 4 days, while the control group remained untreated. A
specimen of tongue was taken to examine the macrophage and
TNF-a expressions. The experimental timeline is illustrated in
Figure 1.

2.8. Oral candidiasis tissue preparation

After all the groups had been treated for 4 days, the
candida-affected areas of the tongue were excised and fixed in
10% neutral buffered formalin (pH 7.0) for 18-24 hour. The
specimens were then rinsed in distilled water, dehydrated in
graded ethanol, cleared in xylene, and embedded in paraffin
blocks (melting point 56°C—58°C). Sections of 4 pm thickness
were cut using a rotary microtome and mounted on poly-
L-lysine—coated glass slides. The slides were incubated at
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56°C—58°C to ensure proper adhesion before hematoxylin—
eosin (H&E) staining and immunohistochemical staining [27].

2.9. Macrophhages count analysis

A histological assessment was carried out by doing
hematoxylin-eosin staining (Hematoxylin staining, C.I. 75290,
Merck Germany; and Eosin staining, C.1. 45380, Merck Germany)

003

and counting macrophages using a Nikon Eclipse E100 with 400x
magnification [28] (Fig. 2).

2.10. TNF-a expression analysis

TNF-a (1:200; monoclonal; antibody online) was
used as the primary antibodies with 3,3'-diaminobenzidine
tetrahydrochloride as the chromogen for visualization (Bios,
USA Kit) [29].

Immunosuppresion

Inoculation of

Induction C. albicans Treatment
A
( \ — \
-t
(n=5) Dayl 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Immunosuppression 1st 2nd
Assessment Candidiasis Candidiasis
Assessment Assessment

Figure 1. Timeline of experiment procedures showing the schedule of immunosuppression induction, C.

albicans

inoculation, treatment, and clinical assessments in Rattus norvegicus.

o .

Untreated

Before
Treatment

After
Treatment

Miconazole Citrus limon L.

Figure 2. Clinical appearance of the tongue in immunosuppressed Rattus norvegicus before and after treatment: (a) Untreated group: persistent
erythema; (b) Miconazole-treated group: evenly pink coloration; (c) C. /imon essential oil gel-treated: showing resolution of erythema and absence

of pseudomembrane.
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2.11. Statistical analysis

Data were analyzed using Statistical Package for
the Social Sciences software version 10.05 (SPSS Inc.,
Chicago, IL, USA, 1999). Analysis was performed using the
Kolmogorov-Smirnov test for data distribution and The Levene
test for data homogeneity. CFU counting was performed with
a non-parametric test using Mann-Whitney (p < 0.05). Clinical
examination and Gram staining results were performed by a
non-parametric test using the McNemar test with a significance
number of p < 0.05. Assessment of the difference between
macrophage count and TNF-a expression between each group
was performed using Kruskal-Wallis (p < 0.05). A significance
threshold of a = 0.05 (two-tailed) was adopted. Exact p-values
are reported, and values displayed as 0.000 by SPSS are
presented as p < 0.001.

3. RESULTS AND DISCUSSION

3.1. Antifungal effect of bioactive compound detected in Citrus
limon L. fruit peel essential oil

Gas chromatography—mass spectrometry analysis
identified approximately 42 compounds in C. limon essential
oil, with d-limonene being the most abundant (13.1%) (Table
1). The 10 most abundant compounds are shown in Table 1,
while the complete list of 42 identified compounds and the GC-
MS chromatogram are provided as supplementary material.
In C. albicans, d-limonene forms stable complexes with key

proteins involved in biofilm formation, including Tecl, Al@

Phospholipase B1 (Plbl), Berl, and Sap2. Tecl exhibi
highest binding affinity, stabilized by an extensivé¥arde Is
network, leading to a snug-fit conformation t inhibit its
role in biofilm development. Tecl regulat % ntation by
forming a complex with Stel2 and its 1

ors; Digl and Dig2,
which bind to TCS motifs in the promotefs of filamentation-
related genes [30,31].

Table 1. The ten most abundant compounds detected in Citrus limon
essential oil by gas chromatography—mass spectrometry (GC-MS).
Compounds were identified by comparison with the NIST14.L mass
spectral library (National Institute of Standards and Technology,
[22]), with match quality scores > 80% considered reliable. Relative
percentage was calculated from the peak area in the total ion

chromatogram.

No  Chemical Compound Qual % Area
1 D-Limonene 97 13.1%
2 Linalool 96 3%
3 Citral (Z)- 64 2.28%
4 2-Cyclohexen-1-ol, 2-methyl-5-(1- 96 2.25%

methylethenyl)-, cis-
5 5-Hepten-2-one, 6-methyl- 81 1.9%
6 Citral 90 1.9%
7 Citral (E)- 93 1.85%
8 2-Carene 70 1.7%
9 D-Carvone 97 1.7%
10 cis-p-Mentha-2,8-dien-1-o0l 94 1.45%

Berl, a conserved fungal transcription factor, plays a
critical role in biofilm formation. Its targets include adhesins and
cell-wall proteins (ALSI, ALS3, HWPI, and RBTY), signifying
its involvement in early adhesion. Secreted aspartyl proteinases
serve as major virulence factors, facilitating C. albicans
adhesion to tooth surfaces and degrading extracellular matrix
proteins. Plbl contributes to fungal pathogenicity and may play
a role in early host invasion. The interaction of d-limonene
with these proteins suggests its potential to inhibit adhesion,
enzymatic activity, and biofilm formation [30,32].

These findings highlight the antifungal potential of
C. limon essential oil gel in oral candidiasis, particularly in
immunosuppressed R. norvegicus models. At a concentration of
0.78%, the gel demonstrated significant biofilm degradation and
morphological alterations in C. albicans [13,14]. Additionally,
toxicity and minimum inhibitory concentration assessments
support its efficacy against C. albicans biofilms [15,16].

3.2. Reduction of Leukocyte number in wistar rat after
dexamethasone injection

Dexamethasone injection at a dosage of 7.2 mg/kg
effectively induces immunosuppression in R. norvegicus [19].
As a corticoteroid, dexamethasone exhibits anti-inflammatory,
antimitot &immunosuppressive properties, compromising

0s fensé mechanisms and increasing susceptibility to

1& istic infections. Under these conditions, the overgrowth
f commensal C. albicans facilitates its pathogenic transition,
eading to oral candidiasis [33,34].

Prior to dexamethasone administration, the mean
leukocyte count was 8,248.75 cells/mm?®. After five consecutive
days of injection, this count declined to 2,846.88 cells/mm?,
representing a significant leukocyte reduction of approximately
5,402 cells/mm?. These findings confirm the immunosuppressive
impact of dexamethasone in R. norvegicus, validating its
efficacy as an experimental immunosuppression model [19,26].

3.3. Clinical changes on rats’ tongues post inoculation of
Candida albicans

The severity of oral candidiasis in Wistar rats was
assessed through clinical observation and confirmed by
microbiological analysis. To evaluate the therapeutic efficacy
of C. limon essential oil gel, assessments were conducted pre-
and post-treatment.

Prior to therapy, all immunosuppressed subjects
exhibited oral candidiasis, characterized by atrophic mucosa and
localized erythematous patches, with minimal pseudomembrane
formation. After four consecutive days of treatment, clinical
evaluation revealed persistent erythema in 40% (4 out of 10)
of rats in the untreated group. In contrast, subjects receiving
miconazole or C. limon essential oil gel demonstrated normal
tongue morphology, exhibiting uniform pink coloration without
signs of redness or pseudomembrane formation (Fig. 2).

McNemar’s test results showed a statistically
significant difference in clinical outcomes between pre- and
post-treatment assessments in the untreated group (p = 0.031),
the miconazole group (p = 0.002), and the C. limon essential oil
gel group (p = 0.002). Despite significant improvements in all
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treated groups, untreated subjects continued to exhibit clinical
manifestations of oral candidiasis.

These findings suggest that C. limon essential oil gel
effectively mitigates inflammation in experimental animals,
potentially through the wupregulation of IL-10 cytokine
expression, an anti-inflammatory mediator [35]. Linalool, a
key compound in C. limon essential oil, has been reported to
enhance IL-10 secretion in macrophages, further supporting its
therapeutic potential [36,37].

3.4. Candida albicans colony count on CFU counting

Colony-forming unit counting is a reliable method
for confirming oral candidiasis. Across all sample groups, C.
albicans colonies appeared white to cream, smooth, glabrous,
and oval to circular with irregular edges. Representative colony
morphology before and after treatment is shown in Figure 3.
Consistent with clinical findings, CFU counts significantly
decreased following therapy in all groups: untreated (p <
0.001), miconazole (p < 0.001), and C. limon essential oil gel
(» <0.001).

These findings indicate that colony formation
reflects C. albicans proliferation on the tongues of Wistar rats.
Reductions observed in the untreated group may partly reflect
natural immune rebound after dexamethasone withdrawal or
the antimicrobial properties of saliva, which act as potential
confounders. However, the greater magnitude of reduction in
the miconazole and C. limon groups indicates that therapeutic

intervention was the primary driver of improvement. Notab%

comparable to the miconazole-treated grou ur rats
in the untreated group exhibited persise

application of C. limon essential oil gel resulted ifi ¢
resolution of clinical signs of candidiasis in ‘all S,
e

t

Secondary plant metabolites, including those in C.
limon, exert antifungal effects through multiple mechanisms,
such as increased fungal cell wall permeability, intracellular
acidification, disruption of energy production and structural
component synthesis, and ultimately, genetic material damage
leading to fungal cell death [38].

3.5. Hyphae formation observed on direct mycology with
gram staining

Microscopic observation of hyphal formation is a
crucial diagnostic test for oral candidiasis. Prior to treatment,
all groups exhibited hyphae cells arranged in parallel. Figure
4 summarizes leukocyte counts, CFU quantification, clinical
lesion frequency, and hyphae positivity across treatment groups
before and after therapy.

Following 4 days of treatment, parallel-arranged
hyphae were detected in 9 out of 10 samples in the untreated
group (p = 1.000), 4 out of 10 in the miconazole-treated group
(»=0.031), and 6 out of 10 in the C. limon essential oil-treated
group (p = 0.125). Figure 5 illustrates Gram-stained samples
showing persistent hyphae in the untreated group, whereas the
treated groups predominantly exhibited budding yeast forms.

Kﬁh the reduction in hyphal formation was not
statisti significant in the C. limon essential oil group as
i t% iconazole group, a decline was nonetheless observed.

he decrease may be attributed to the antifungal properties of

7718% C. limon essential oil gel, which may require extended
application to achieve hyphal inhibition comparable to
standard antifungal treatments. Additionally, the d-limonene
concentration in the gel was 13%, whereas higher concentrations
have been reported to enhance antifungal efficacy.

Before
Treatment

After
Treatment

Miconazole

Citrus limon L.

Figure 3. Colony morphology of C. albicans isolated from tongue swabs of immunosuppressed Rattus norvegicus before
and after treatment. Colonies appeared white to cream, smooth, glabrous, and oval to circular with irregular edges. After
treatment, colony numbers decreased in (a) untreated group, (b) miconazole-treated group, and (c) C. limon essential oil

gel-treated group.
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Previous studies suggest that d-limonene may disrupt
C. albicans biofilm integrity by interacting with chitin bonds
within the 1,3-B-glucan matrix, potentially destabilizing fungal
cell structure and impairing biofilm formation [39]. Although this
mechanism was not directly assessed in our study, it provides a
plausible explanation for the antifungal effects observed.

3.6. Macrophages count

Given the lack of comprehensive, significant
microbiological findings, we explored the immunomodulatory
effects of C. limon essential oil in addressing candidiasis.
Topical application of 0.78% C. limon essential oil gel led to a
notable increase in macrophage count (5.1 = 0.738) compared
to the miconazole-treated (4.0 + 0.816) and untreated groups
(3.0 + 0.816). Histological visualization of macrophage

infiltration and TNF-a expression, as shown in Figure 6,
corroborates quantitative findings from immunohistochemical
and hematoxylin-eosin staining.

The significant macrophage elevation observed in the
C. limon-treated group (p < 0.001) is likely due to the presence
of d-limonene, a compound with established anti-inflammatory
properties. Previous studies have suggested that d-limonene
may enhance regulatory T cell (Treg) activity, thereby
contributing to the balance between pro-inflammatory and anti-
inflammatory cytokine responses. Although this mechanism
was not directly assessed in our study, it provides a plausible
explanation for the observed effects. Treg cells are known to
facilitate monocyte differentiation into M2 macrophages (anti-
inflammatory phenotype) while suppressing M1 macrophage
activation (pro-inflammatory phenotype), thereby mitigating
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Figure 4. Quantitative analysis before and after treatment in immunosuppressed Rattus norvegicus: (A) leukocyte counts following
dexamethasone-induced immunosuppression; (B) colony-forming units of C. albicans; (C) number of samples showing clinical
signs of oral candidiasis; (D) number of hyphae-positive samples on direct microscopic examination.

Figure 5. Direct Gram staining of tongue after treatment: (a) disease control group shows hyphae arranged in parallel (red arrows);
(b) Miconazole-treated group shows the formation of ovoid-shaped budding yeast cells; (¢) C. limon essential oil gel-treated
group. Budding yeast morphology predominates in treated samples.
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inflammatory progression. During M1 macrophage activation,
monocytes concurrently polarize into M2 macrophages under
IL-4 cytokine influence, leading to the secretion of anti-
inflammatory cytokines, including IL-10. IL-10, predominantly
secreted by macrophages, B cells, and T cells, inhibits M1
activation and suppresses pro-inflammatory mediators such
as TNF-a, IL-1, and IL-6 [40,41]. These immunomodulatory
effects, as suggested by previous studies, may act synergistically
with the antifungal activity of d-limonene, thereby contributing
to the overall therapeutic outcomes observed [39,42,43].

3.7. TNF- a expression

The topical application of 0.78% C. limon essential
oil gel demonstrated significant anti-inflammatory effects,
reducing TNF-a expression compared to the untreated group
(p = 0.01). Although the reduction compared to the miconazole

group (p = 0.06) did not reach statistical significance (p > 0.05),
a decreasing trend was observed. The highest TNF-o expression
was observed in the untreated group (3.5 + 1.080), followed by
the miconazole group (2.5 + 0.707), while the C. limon essential
oil gel group exhibited the lowest levels (1.6 + 0.516). Figure
7 presents the average macrophage count (left) and TNF-a
expression (right) across treatment groups, corroborating
histological findings shown in Figure 6.

The reduction in TNF-a expression in the C. limon-
treated group is likely attributed to bioactive compounds
that suppress TNF-a production by inhibiting TLR4 receptor
signaling during C. albicans infections [15,34,36]. D-Limonene,
a key component, exhibits anti-inflammatory properties by
modulating lymphocyte counts and reducing pro-inflammatory
cytokine production, including TNF-o and IL-6, through the
inhibition of lymphocyte activation and proliferation.

Untreated

Macrophages
cell

4 days
treatment

TNF-a
Expression

Citrus limon L.

Figure 6. Histopathological sections of Rattus norvegicus tongue tissue after four days of treatment. Top row:
Hematoxylin-eosin staining showing macrophage infiltration (black arrows) in (A) untreated, (B) miconazole-treated, and
(C) C. limon gel-treated groups. Bottom row: Immunohistochemical staining showing TNF-o expression (black arrows) in
(A) untreated, (B) miconazole-treated, and (C) C. limon gel-treated groups. Images captured at 400x magnification using
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Figure 7. Bar graph showing the average number of macrophages (left) and the average expression of TNF-a (right) in the tongue tissues of Rattus
norvegicus after four days of treatment. The groups included disease control group, positive control group, and C. limon L. essential oil gel-treated
rats. The C. limon group showed the highest macrophage count and the lowest TNF-o expression.
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The enhanced expression of IL-10 observed in the C.
limon-treated group may be influenced by multiple immune-
regulatory mechanisms. Previous studies have reported that
d-limonene can suppress inflammatory responses by modulating
the nuclear factor kappa B (NF-kB) pathway, a key regulator of
chemokine transcription, including ligands involved in T-helper
1 and T-helper 17 (Th17) cell migration. Through this pathway,
NF-kB inhibition has been associated with reduced Th17 cell
infiltration and lower pro-inflammatory cytokine production
[15,28,44]. In addition, flavonoids present in C. /imon have been
shown to suppress TNF-a expression via antioxidant activity,
which mitigates reactive oxygen species generation, enhances
apoptosis, and indirectly downregulates NF-kB activity [45].

The limitations of this study include the 4-day
treatment duration, which may not fully capture relapse or
long-term outcomes, and the absence of a vehicle-only CMC
control group, which makes it difficult to completely rule out
potential contributions of the excipient. However, as CMC is
widely regarded as an inert vehicle without antifungal activity,
the observed therapeutic effects are most likely attributable
to the bioactive compounds of C. limon essential oil.
Despite these considerations, the study demonstrates notable
strengths, including the use of a validated immunosuppressed
R. norvegicus model and the integration of clinical,
microbiological, and immunological outcome measures,
thereby providing robust and comprehensive evidence for
the antifungal and immunomodulatory potential of C. limon

essential oil gel. 6
%al

opi 1 therapy

4. CONCLUSION

Based on the findings of this smdy, C.
oil gel demonstrates significant potentia '
for oral candidiasis in 1mmunosupp
combined antifungal and anti-inflammater; propertles suggest
its viability as a natural alternative to conventional antifungal
agents. Although its efficacy in hyphal inhibition and CFU
reduction was lower than that of miconazole and the treatment
duration was relatively short, the observed clinical and
immunological improvements support its promise. Overall, C.
limon essential oil gel offers a promising therapeutic approach
for managing C. albicans infections under immunosuppressed
conditions.
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