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R E S E A R C H A R T I C L E

The mechanism research of itraconazole combined with
aspirin in the treatment of vulvovaginal candidiasis
through NF-κB signaling pathway
Tingting Wang , Wenli Feng ∗ , Jing Yang , Yan Ma, Zhiqin Xi, and Zusha Qiao

Vulvovaginal candidiasis (VVC) is a common fungal infection caused primarily by Candida albicans, characterized by inflammation and
discomfort, often requiring effective therapeutic strategies to reduce fungal load and inflammation. This study aimed to explore the
therapeutic effects and underlying mechanisms of combining aspirin (ASP) and itraconazole (ITR) in treating VVC through the
activation of the NF-κB signaling pathway. Clinical isolates of C. albicans were selected, and the M27-A4 microbroth dilution method
was used for in vitro drug sensitivity testing. A VVC model was established, and after three days of continuous administration, fungal
load, inflammatory factors, and pathway protein expression were analyzed using Gram staining, plate counting, glycogen (PAS)
staining, ELISA, and qPCR. The results of the in vitro drug sensitivity tests revealed that the MIC50 values of ASP and ITR were
significantly reduced when the two drugs were combined. In animal experiments, the VVC model group exhibited a substantial vaginal
fungal load compared to the blank control group. This was accompanied by elevated levels of inflammatory factors (IL-1β, IL-6, and
TNF-α) in serum and vaginal lavage fluid, increased phosphorylation of p65 and IκBα, and upregulation of p65 and IκBα mRNA
expression in vaginal tissue. Treatment with the ASP and ITR combination significantly reduced vaginal fungal load, decreased levels of
IL-1β, IL-6, and TNF-α, and suppressed the phosphorylation of p65 and IκBα in serum and vaginal lavage fluid. Additionally, the mRNA
expression of p65 and IκBα in vaginal tissue was downregulated. These findings suggest that the combination of ASP and ITR is
effective in treating VVC. The therapeutic effect may be attributed to the inhibition of IL-1β, IL-6, and TNF-α production by
downregulating NF-κB signaling pathway proteins.
Keywords: Vulvovaginal candidiasis, VVC, aspirin, ASP, itraconazole, ITR, synergistic effects, NF-κB signaling pathway.

Introduction
Vulvovaginal candidiasis (VVC) is a condition characterized
by the colonization of yeast [1]. Its primary symptoms include
varying degrees of vaginal itching, burning, increased dis-
charge, difficulty during intercourse, and urinary difficulties,
which leads to discomfort and reduced quality of life for
patients. Approximately 75% of women experience VVC at least
once in their lifetime [2], with over 85% of vaginal fungal infec-
tions caused by Candida albicans [3]. Azole drugs are widely
used for the treatment of VVC due to their good bioavailability
and biosecurity, but repeated high-dose and long-term use has
led to the development of resistance against the drugs [3], thus
limiting the therapeutic value of azole drugs. Drug combina-
tions can not only enhance drug efficacy, reduce adverse drug
reactions, and shorten treatment time but also reduce research
time and cost, providing new perspectives for VVC treatment.
As a commonly used non-steroidal anti-inflammatory drug in
clinical practice, aspirin (ASP) exhibits antifungal properties
through the inhibition of biofilm formation and modulation

of mitochondrial activity [4]. However, the application alone
is compromised in terms of safety due to its weak antifungal
activity and the necessity for a high dosage. Several studies
have shown that it is effective in treating various diseases by
inhibiting the activation of the NF-κB pathway [5–7]. It has been
reported that C. albicans can activate various signaling path-
ways via NF-κB and c-Fos in vaginal epithelial cells (VECs), play-
ing a key role in coordinating the inflammatory response [8]. In
an Italian study, VECs collected from vaginal swabs of healthy
women, asymptomatic C. albicans carriers, and vaginal can-
didiasis patients revealed that the transcription factors nuclear
factor-κB (NF-κB) and c-Fos-p38 were activated in VECs from
symptomatic and asymptomatic pseudomycelia/mycelia carri-
ers. However, they were not activated in asymptomatic yeast
carriers [9]. Recent studies have shown that VK2-E6E7 cells
infected with C. albicans or VVC mice usually trigger the activa-
tion of TLRs/NF-κB signaling pathway, inducing an increase in
proinflammatory factors, such as TNF-α, IL-1β, and IL-6 [10, 11].
However, no studies have shown whether aspirin exerts anti-
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fungal effects by regulating the NF-κB signaling pathway. Our
previous research found that the combination of ASP with azole
drugs showed a synergistic effect against C. albicans in in vitro
susceptibility tests [12]. Previous in vitro susceptibility tests
evaluated strains from various sources, such as sputum, urine,
feces, and vaginal secretions. The present study aimed to evalu-
ate the in vitro antifungal activity of ASP and itraconazole (ITR)
against C. albicans from the vaginas of VVC patients, investigate
the therapeutic effects and mechanisms of the combination of
ASP and ITR in VVC treatment through modulation of the NF-κB
signaling pathway, and provide an experimental foundation for
utilizing combined ASP-ITR therapy in clinical cases resistant to
azoles.

Materials and methods
Strains
A total of 68 clinical strains of C. albicans, were obtained
from vaginal secretions of patients diagnosed with VVC at the
Obstetrics and Gynecology Department of the Second Hospi-
tal of Shanxi Medical University between June and September
2023. These isolates were subsequently purified, identified,
and preserved by the Department of Dermatology and Venere-
ology at the Second Clinical College of Shanxi Medical Uni-
versity and the Laboratory of Pathogenic Microorganisms and
Immune-Related Skin Diseases Research Center at Shanxi Med-
ical University. The standard C. albicans SC5314 strain was
purchased from the Fungal Laboratory of the Institute of Der-
matology, Chinese Academy of Medical Sciences, and the Fungal
Center of the Pathogenic Microorganism (Toxin) Strain Preser-
vation Center of the Chinese Academy of Medical Sciences.

Preparation of drug storage solutions
ITR powder (1.6 mg) was dissolved in 1 mL of dimethyl sulfoxide
(DMSO) for preparation of a stock solution with a concentration
of 1600 μg/mL. ASP powder (160 mg) was dissolved in 5 mL of
DMSO to prepare a stock solution of 32 mg/mL. Both solutions
were stored at –20 °C.

Preparation of fungal suspension
The preparation of the fungal suspension involved inoculating
Candida albicans strains onto yeast extract-peptone-dextrose
(YPD) agar medium, followed by incubation at 37 °C for 48 h.
Fresh single colonies were then selected and transferred to YPD
liquid medium for further inoculation. This culture was incu-
bated aerobically at 37 °C with shaking at 220 rpm for 24 h,
the culture was centrifuged at 5000 rpm for 2 min to pellet the
fungi, which were subsequently washed three times with ster-
ile phosphate-buffered saline (PBS). Finally, the strains were
resuspended in YPD liquid medium and diluted to a concentra-
tion of 1–5 × 103 cells/mL to prepare the fungal suspension.

Determination of minimum inhibitory concentration (MIC)
under different conditions
The MIC values of ASP, ITR, and their combination against
C. albicans were determined using the standard M27-
A4 microdilution broth method recommended by the Clinical
Laboratory and Standards Institute (CLSI). ASP in YPD liquid

medium was serially diluted from 16 to 0.25 mg/mL using
the doubling dilution method, while ITR was diluted from 16
to 0.0313 μg/mL. YPD liquid medium served as the negative
control, and an untreated fungal suspension was used as the
positive control. Different concentrations of ITR solutions were
added to 96-well plates, followed by the addition of varying
concentrations of ASP. After a 48-h incubation at 37 °C, the MIC
was calculated based on C. albicans growth in the wells. The MIC
was defined as the lowest concentration required to inhibit 50%
of C. albicans growth [12].

Determination of fractional inhibitory concentration index
(FICI)
The interaction between the two drugs was assessed using FICI.
The results were analyzed following the methodology outlined
by Bidaud et al. [13], with the calculation formula provided
below: FICI = (MIC of drug A in combination/MIC of drug A
alone) + (MIC of drug B in combination/MIC of drug B alone).
The effects of the two antifungal drug combinations were clas-
sified as follows: (1) FICI ≤ 0.5 indicates a synergistic effect;
(2) 0.5 < FICI ≤ 1 indicates an additive effect; (3) 1 < FICI < 4, no
interaction; and (4) FICI ≥ 4.0 indicates an antagonistic effect.

Breakpoint
According to the CLSI-established M27-A4 broth dilution
method, the susceptibility of itraconazole is defined as
≤0.125 μg/mL, while resistance is defined as ≥1 μg/mL.

Time-growth curve experiment
C. albicans strain 72 was selected for the time-growth curve
experiment. The strain was cultured overnight, washed with
PBS, and adjusted to a suspension of 1–5 × 103 cells/mL in YPD
liquid medium. The concentrations of ASP and ITR were deter-
mined based on the MIC50 values for the strain. The treatment
conditions were as follows.

Control group: 2-mL fungal suspension and 2-mL YPD
medium. Single-drug group: 2-mL fungal suspension, 1-mL YPD
medium, and 1-mL ITR (2 μg/mL). Drug combination group:
2-mL fungal suspension, 1-mL ITR (2 μg/mL), and 1 mL of
varying ASP concentrations (1, 2, 4, 8 mg/mL). The fungal
suspension was incubated at 37 °C with shaking at 220 rpm.
Absorbance at 630 nm was measured at 0, 12, 36, and 48 h
using a microplate reader. Growth curves were then plotted,
and the growth of C. albicans strain 72 was recorded at each time
point [14].

Time-kill curve experiment
C. albicans strain 72 was selected for the time-kill curve exper-
iment. After 16 h of aerobic incubation at 37 °C with shaking,
100 μL of the fungal suspension was transferred to 10 mL of
fresh YPD liquid medium and cultured for an additional 4 h.
The cells were then washed three times with PBS, resuspended
in YPD medium, and adjusted to a concentration of 1–5 × 103

CFU/mL using a cell counting plate. The experimental condi-
tions were as follows.

Control group: 2 mL of fungal suspension and 2 mL of YPD
medium. Single-drug group: 2 mL of fungal suspension, 1 mL
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of YPD medium, and 1 mL of ITR (2 μg/mL). Drug combina-
tion group: 2 mL of fungal suspension, 1 mL of ITR (2 μg/mL),
and 1 mL of ASP (4 mg/mL). The mixtures were incubated
aerobically at 30 °C with shaking (220 rpm) for 0, 12, 24, 36,
and 48 h. Following incubation, the fungal suspensions were
diluted tenfold and plated onto YPD agar medium. After 48 h of
aerobic incubation at 30 °C, fungal colonies were counted, and
the results were plotted as a time-kill curve using log10 CFU/mL
values [15].

VVC mouse model construction and administration
Forty-five 6- to 8-week-old female ICR mice (20 ± 2 g), SPF
grade, were purchased from the Experimental Animal Center
of Shanxi Medical University [Production License: SCXK (Jin)
2019–0004; Animal Quality Certificate]. All animals were accli-
mated for seven days under controlled temperature (24 ± 2 °C)
and humidity (50 ± 5%), with free access to food and water in
a 12-h light/dark cycle. The mice were randomly divided into
five groups: blank control, VVC model, ASP, ITR, and ASP+ITR.
Before modeling, each mouse received a subcutaneous injection
of 0.1-mL estradiol benzoate (1 mg/mL) into the neck every
other day for a total of three injections [10, 14]. For the VVC
model, 20 μL of Candida albicans suspension (2.5×106/mL) was
inoculated into the vagina for five days, while the blank control
group received an equivalent volume of PBS. Successful mod-
eling was confirmed by evaluating the general condition of the
mice, observing local signs at the vaginal opening, and detecting
pseudohyphae and blastospores in a vaginal lavage smear under
a microscope. Treatment began the day after successful model-
ing. Dosages were determined using the mouse-to-human dose
conversion factor. The ASP group received 13 mg/kg, the ITR
group received 26 mg/kg, and the ASP+ITR group received the
same doses of each drug as the single-drug groups. The blank
control and VVC model groups received physiological saline by
gavage at a dosing volume of 0.2 mL/10 g body weight once daily
for three days. Vaginal lavage fluid was collected on the 4th day
of treatment for further analysis.

Observation of general condition and vaginal local signs in the
mice
The general condition of the mice in each group was observed
daily, focusing on their overall demeanor, activity levels, diet,
and fur condition. Additionally, local signs, such as redness,
swelling at the vaginal opening, and any secretions, were care-
fully monitored.

Microscopic examination of vaginal smears
The morphology of C. albicans in vaginal secretions was exam-
ined using an optical microscope. On the day following the final
treatment, the vaginas were rinsed with 100 μL of PBS, and
5 μL of the vaginal lavage fluid was applied to a coverslip. Gram
staining was then conducted to assess the fungal morphology in
the vaginal secretions [10].

Plate counting of Candida albicans in vaginal lavage fluid
From each group, 10 μL of vaginal lavage fluid was diluted 1:10
with PBS. The diluted fluid was then spread onto YPD agar plates
supplemented with 1% penicillin–streptomycin and incubated

Table 1. Primer sequences used for qRT-PCR

Primers Sequence (5′ to 3′)

β-actin-F ACCGAAGCTCCAATGAATCC

β-actin-R CCGGTGGTTCTACCAGAAGAG

Rela-F ATTGCTGTGCCTACCCGAAAC

Rela-R TTTGAGATCTGCCCTGATGGTAA

Nfkbia-F CAGTGTAGCAGTCTTGACGCAGA

Nfkbia-R GCCAGGTAGCCGTGGATAGA

at 37 °C for 48 h. After incubation, the fungal load was quantified
by counting colony-forming units (CFU/mL) [10].

PAS staining for assessing morphological changes in vaginal
tissue
The vaginal tissue was fixed in 10% paraformaldehyde for at
least 24 h, followed by dehydration, embedding, sectioning, and
PAS staining. The pathological conditions of the vaginal mucosa
were then examined under a microscope [10].

ELISA measurement of IL-1, IL-6, TNF-α, p-p65, p65, p-IκBα, and
IκBα levels in vaginal lavage fluid and serum
The collected vaginal lavage fluid was centrifuged at 3000 rpm
for 15 min. A 10-μL aliquot of the supernatant was then used for
incubation, washing, and color development according to the
ELISA kit instructions. The absorbance at 450 nm was measured
using a microplate reader [10]. Serum samples underwent the
same processing steps.

qPCR measurement of the mRNA expression levels of Rela (p65)
and Nfκbia (IκBα) in vaginal tissue
A total of 80 g of vaginal tissue was used to extract total RNA via
the TRIzol method. The RNA was then reverse-transcribed into
cDNA following the protocol provided with the reverse tran-
scription kit [15]. Real-time quantitative PCR was conducted
using the following reaction setup: 0.4 μL of cDNA, 0.4 μL
each of upstream and downstream primers, 10 μL of SYBR, and
8.8 μL of ddH2O. The PCR reaction conditions were as follows:
pre-denaturation at 95 °C for 3 min, denaturation at 95 °C for
5 s, annealing and extension at 60 °C for 20 s, repeated for
40 cycles. A melting curve was subsequently generated from
60 °C to 95 °C. Relative gene expression levels were calculated
using the 2–ΔΔCt method, with β-actin serving as the reference
gene. Primer sequences for each gene are detailed in Table 1.

Ethical statement
All animal procedures related to this experiment were approved
by the Ethics Committee of the Second Hospital of Shanxi Med-
ical University, with the animal ethics number: DW2024063.

Statistical analysis
SPSS 27.0 software was used for statistical analysis. Measure-
ment data are presented as mean ± standard deviation (SD).
A homogeneity test of variance was performed, and if the
variance was homogeneous, an independent sample t-test was
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applied for the drug susceptibility test. For multigroup com-
parisons in animal experiments, a one-way analysis of vari-
ance (ANOVA) was conducted, followed by the least significant
difference (LSD) test for inter-group comparisons. If variances
were unequal, the Dunnett T3 method was used for multigroup
comparisons. A P value of <0.05 was considered statistically
significant. Graphs were generated using GraphPad 9.5 and
Excel software.

Results
Comparison of drug sensitivity of ASP and ITR alone and in
combination
The MIC50 values of ASP monotherapy, ITR monotherapy,
and their combination against clinical C. albicans isolates were
determined using the standard microdilution broth method
(CLSI M27-A4). The specific MIC50 values are shown in Table 2.
The results indicate that the MIC50 of ASP when used alone
ranged from 250–2000 μg/mL, while the MIC50 of ITR alone
ranged from 0.0313–16 μg/mL. Among the 68 clinical isolates,
34 (50%) were resistant to ITR. When ASP was combined with
ITR, the MIC50 of ASP decreased to 250–1000 μg/mL, and the
MIC50 of ITR decreased to 0.0313–2 μg/mL. These findings sug-
gest that the MIC50 values of both ASP and ITR against C. albi-
cans were reduced when the drugs were used in combination
compared to monotherapy.

Interaction of ASP and ITR against Candida albicans
The FICI was calculated to assess the interaction between ASP
and ITR on the sensitivity of Candida albicans. Synergistic effects
were observed in 31 strains (FICI ≤ 0.5), additive effects in
23 strains (0.5 < FICI ≤ 1), no effect in 14 strains (1 < FICI < 4),
and antagonistic effects in none of the strains (FICI ≥ 4). The
enhancement efficiency of ASP on ITR was determined to be
45.59% (Table 3).

Time-growth curve analysis
Time-growth curves were generated for C. albicans strain 72
treated with ITR alone or in combination with varying concen-
trations of ASP. As shown in Figure 1, consistent with the drug
susceptibility testing results, ITR (2 μg/mL) alone inhibited the
growth of C. albicans strain 72. Notably, the combination of ASP
and ITR further suppressed the growth of C. albicans 72, demon-
strating a stronger synergistic inhibitory effect at 4 mg/mL ASP.
Based on these findings, 2 μg/mL ITR and 4 mg/mL ASP were
selected for subsequent time-kill experiments.

Time-kill curve analysis
After treatment with ITR alone, ASP alone, and their combi-
nation, the total number of colonies was determined at each
time point to evaluate the synergistic inhibitory effect of the
drugs on C. albicans strain 72. At 12, 24, 36, and 48 h of incu-
bation, both ITR alone and in combination with ASP inhibited
C. albicans growth. The colony counts in the ASP+ITR group
were significantly lower than those in the ITR group (Figure 2),
demonstrating that the ASP and ITR combination exerted a
more pronounced inhibitory effect on C. albicans compared to
ITR alone.

Figure 1. Time-growth curves of ASP alone, ITR alone, and their
combination. ASP: Aspirin; ITR: Itraconazole.

Figure 2. Time-kill curves of ASP alone, ITR alone, and their
combination. ASP: Aspirin; ITR: Itraconazole.

Effects of the ASP and ITR combination on the general condition
and vaginal local signs in VVC mice
Mice in the blank control group exhibited normal activities
without any significant changes. Following modeling, the mice
in the model group displayed redness and swelling of the vulva,
along with a white viscous discharge and reduced activity lev-
els. After drug treatment, the ASP and ITR groups showed
improvements, with reduced vaginal symptoms and discharge,
although some redness and swelling at the vaginal opening
persisted. In the ASP+ITR group, no redness, swelling, or dis-
charge was observed in the vagina. These findings suggest that
both ASP and ITR have therapeutic effects on VVC, with their
combined use showing superior efficacy (Figure 3).

Effects of the ASP and ITR combination on the morphology of
C. albicans in vaginal lavage fluid of VVC mice
Compared to the blank control group, the vaginal lavage fluid
of the VVC model group mice contained a large number of
elongated hyphae and yeast-like cells. In contrast, the ASP and
ITR groups showed a reduction in pseudohyphae with signif-
icantly shorter lengths, although the overall fungal load was
not substantially reduced. Notably, in the ASP+ITR group, no
pseudohyphae were detected in the vaginal lavage fluid, and
the fungal load was significantly decreased. Detached vaginal
epithelial cells and clue cells were observed across all groups
(Figure 4).

Effects of the ASP and ITR combination on the fungal load of
C. albicans in vaginal lavage fluid of VVC mice
As shown in Figure 5, C. albicans was not detected in the vagi-
nal cavities of mice in the blank control group. In contrast,
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Table 2. MIC50 values of ASP and ITR

MIC50(μg/mL)

ASP ITR

Strain FICI Alone Combination Alone Combination

2 0.75 2000 1000 0.125 0.0313

3 0.1875 2000 250 2 0.125

5 0.2656 2000 500 4 0.0625

8 0.3754 2000 250 0.125 0.0313

9 0.1289 2000 250 8 0.0313

11 0.2539 2000 500 8 0.0313

12 0.375 2000 250 0.125 0.0313

13 0.2578 1000 250 4 0.0313

15 0.625 2000 250 0.0625 0.0313

16 0.625 2000 250 0.0625 0.0313

17 1.125 2000 250 0.0313 0.0313

20 1.5 2000 1000 0.0313 0.0313

21 0.2539 2000 500 8 0.0313

22 1.25 4000 1000 0.5 0.5

24 1.25 1000 250 0.0313 0.0313

26 0.5626 1000 500 0.5 0.0313

28 1.25 1000 250 0.0313 0.0313

32 0.1875 2000 250 0.5 0.0313

33 0.7504 1000 500 0.125 0.0313

34 1 2000 1000 0.0625 0.0313

35 1.25 2000 250 0.0313 0.0313

39 0.75 2000 500 0.0625 0.0313

41 0.502 1000 500 16 0.0313

42 1.25 1000 250 0.0313 0.0313

43 0.2813 2000 500 1 0.0313

44 1 2000 1000 0.0625 0.0313

45 0.1563 2000 250 1 0.0313

46 0.2656 2000 500 2 0.0313

47 0.502 1000 500 16 0.0313

48 0.2578 2000 500 4 0.0313

49 0.75 2000 500 0.0625 0.0313

50 1 2000 1000 0.125 0.0625

51 0.1875 2000 250 1 0.0625

52 0.625 2000 250 0.0625 0.0313

53 1.25 2000 250 0.0313 0.0313

54 0.5 2000 500 0.125 0.0313

55 0.5313 1000 500 0.0313 0.0313

57 0.2656 2000 500 4 0.0625

58 0.625 2000 250 0.125 0.0625

59 0.5078 1000 500 4 0.0313

(Continued)
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Table 2. Continued

MIC50(μg/mL)

ASP ITR

Strain FICI Alone Combination Alone Combination

61 0.1328 2000 250 4 0.0313

62 0.3125 2000 500 1 0.0625

63 0.75 2000 500 0.0625 0.0313

64 1.25 1000 250 0.0313 0.0313

65 0.2656 2000 500 2 0.0313

66 0.2539 2000 500 8 0.0313

69 0.2578 2000 500 8 0.0625

70 1.0078 250 250 4 0.0313

71 0.1328 2000 250 8 0.0625

72 0.1328 2000 250 4 0.0313

73 0.2539 2000 500 8 0.0313

74 0.25 2000 250 2 0.25

75 0.625 2000 250 0.125 0.0625

76 0.5039 2000 1000 8 0.0313

77 1.25 2000 250 0.0313 0.0313

78 1.25 2000 250 0.0313 0.0313

79 0.375 2000 250 8 2

80 0.75 2000 500 0.125 0.0625

82 1.125 2000 250 0.0625 0.0625

83 0.75 2000 500 0.25 0.125

84 1.125 2000 250 0.0313 0.0313

86 0.3125 1000 250 8 0.5

87 0.1328 2000 250 8 0.0625

88 0.2539 2000 500 16 0.0625

89 0.75 2000 250 1 0.5

90 0.5039 1000 500 8 0.0313

91 0.2539 2000 500 8 0.0313

93 0.2539 2000 500 8 0.0313

Table 3. Interaction between ASP and ITR

ASP combined with ITR

Additive (0.5<FICI≤1) 23

No interaction (I<FICI<4) 14

Antagonistic (FICI≥4) 0

Sensitization rate 45.59%

a significant amount of C. albicans was present in the vaginal
cavities of the model group mice, with the difference being
statistically significant difference (P < 0.001). The number of
C. albicans in the vaginal cavities of mice in the ASP, ITR, and
ASP+ITR groups decreased to varying degrees. However, the

reductions in the ASP and ITR groups were not substantial
and did not reach statistical significance. In comparison, the
ASP+ITR group showed a significance (P < 0.001).

Effects of the ASP and ITR combination on the histopathology
of vaginal tissue from VVC mice
Histopathological sections stained with PAS reveal the infec-
tion status of C. albicans and the glycogen distribution in vagi-
nal tissue following treatment. The results indicated that the
vaginal mucosa of mice in the blank control group remained
intact, with clearly defined structural layers and visible glyco-
gen in the keratinized layer of the vaginal mucosal epithe-
lium; no spores or hyphae were detected. In contrast, the
model group exhibited the complete disappearance of glyco-
gen in the keratinized layer of the vaginal mucosa, along with
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Figure 3. Effects of ASP and ITR on the appearance of mouse vagina. ASP: Aspirin; ITR: Itraconazole.

the presence of numerous spores and hyphae in the vaginal
mucosal epithelium. Post-treatment with ASP or ITR, the num-
ber of spores and hyphae in the vaginal mucosal epithelium
was markedly reduced, although glycogen was absent in the
keratinized layer. Notably, in the combined treatment group,
the reduction in spores and hyphae was even more pronounced,
and glycogen levels in the keratinized layer were higher com-
pared to the single-drug treatment groups (Figure 6).

Effects of the ASP and ITR combination on IL-1, IL-6, and TNF-α
levels in vaginal lavage fluid and serum of VVC mice
Compared to the Control group, levels of IL-1β in both vaginal
lavage fluid and serum were significantly elevated in the Model
group (P < 0.01, P < 0.001). In contrast, the ASP group, ITR
group, and ASP+ITR group showed a notable reduction in IL-1β
levels in both vaginal lavage fluid and serum in the ASP group
and the ASP+ITR group 0.05, P < 0.01). Significant differences
among all groups were observed for IL-1β levels in vaginal
lavage 0.001). The expression of IL-6 followed a similar pattern.
IL-6 levels were significantly increased in the Model group com-
pared to the Control group (P < 0.001). However, IL-6 levels
decreased significantly in the ASP, ITR, and ASP+ITR groups

when compared to the Model group serum samples (P < 0.01,
P < 0.001). For TNF-α, its levels were higher in the Model group
than in the Control group (P < 0.001), but lower in the ASP,
ITR, and ASP+ITR groups P IL-1β, IL-6, and TNF-α levels in both
vaginal lavage fluid and serum were more pronounced in the
ASP+ITR group compared to the ASP and ITR groups (Figures 7
and 8).

Effects of the ASP and ITR combination on the expression levels
of NF-κB signaling pathway proteins in vaginal lavage fluid and
sera of VVC mice
Compared to the control group, both the ratio of P-P65/p65
in vaginal lavage fluid and serum was significantly increased
in the model group (P < 0.001, P < 0.001). However, in mice
treated with ASP, ITR or ASP+ITR, this ratio decreased to vary-
ing degrees compared to the model group (P < 0.05, P < 0.05,
P < 0.01) in both vaginal lavage fluid and serum (P < 0.001),
showing a statistically significant difference between groups.
The p-IκBα/IκBα ratio exhibited a similar trend as that of
p-P65/p65; it significantly increased compared to the Control
group but significantly decreased in all treatment groups com-
pared to the Model group for both vaginal lavage fluid and
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Figure 4. Effects of ASP and ITR on the morphology of Candida albicans hyphae in mouse vaginal secretions (HE staining, ×400) Scale bar: 50 μm.
ASP: Aspirin; ITR: Itraconazole.

Figure 5. Effects of ASP and ITR on the number of fungi in mouse vaginal
lavage fluid (n = 3). Note: Compared with the blank control group *P < 0.05,
**P < 0.01, ***P < 0.001; compared with the model group #P < 0.05,
##P < 0.01, ###P < 0.001. ASP: Aspirin; ITR: Itraconazole.

serum ratios (P < 0.01, P < 0.05, P < 0.001). Notably, ASP+ITR
treatment resulted in a significant decrease of these ratios
(Figure 9).

Effects of the ASP and ITR combination on the mRNA Levels of
NF-κB signaling pathway components in the vaginal tissue of
VVC mice
The qPCR results demonstrated that, compared to the con-
trol group, mice in the model group exhibited significantly

increased mRNA expression levels of Rela (p65) and Nfκbia
(IκBα) in vaginal tissue (P < 0.001). However, treatment with
ASP, ITR, or their combination significantly reduced the mRNA
levels of p65 and IκBα in the vaginal tissue, the ASP+ITR com-
bination produced a more substantial decrease in the mRNA
expression levels of p65 and IκBα than either the ASP or ITR
treatments alone (Figure 10).

Discussion
Azole drugs are currently the first-line treatment for vulvo-
vaginal candidiasis (VVC); however, increasing resistance to
these drugs has become a significant concern. The mechanisms
underlying azole resistance primarily include enhanced efflux
pump activity, mutations in the ERG11 gene, metabolic changes,
and biofilm formation [16, 17]. Studies have demonstrated that,
in outpatient cases of refractory or recurrent VVC, antifun-
gal susceptibility tests reveal that Candida albicans strains iso-
lated from patients with recurrent VVC (RVVC) consistently
exhibit stable resistance to fluconazole. This resistance persists
even after the discontinuation of fluconazole treatment [18].
As a result, exploring novel therapeutic options is essential
to improving VVC treatment outcomes and addressing resis-
tance in C. albicans. Currently, combination drug therapies
have become a focus of research in combating Candida resis-
tance. Previous studies suggest that ASP can increase the
susceptibility of azole-resistant strains in in vitro susceptibil-
ity tests, further inhibiting Candida growth [12, 19, 20]. This
study not only confirms the synergistic antifungal effects of
combining ASP with ITR against C. albicans isolated from
VVC patients but also demonstrates significant therapeutic
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Figure 6. Effects of ASP and ITR on the histopathology of vaginal tissue in mice (PAS staining, ×400). Scale bar: 50 μm. ASP: Aspirin; ITR: Itraconazole.

Figure 7. Effects of ASP and ITR on IL-1, IL-6, and TNF-α levels in vaginal lavage fluid of VVC mice (n = 3). Note: Compared with the blank control
group, *P < 0.05, **P < 0.01, ***P < 0.001; compared with the model group, #P < 0.05, ##P < 0.01, ###P < 0.001. ASP: Aspirin; ITR: Itraconazole; VVC:
Vulvovaginal candidiasis.

Figure 8. Effects of ASP and ITR on IL-1, IL-6, and TNF-α levels in serum of VVC mice (n = 5). Note: Compared with the blank control group, *P < 0.05,
**P < 0.01, ***P < 0.001; compared with the model group, #P < 0.05, ##P < 0.01, ###P < 0.001. ASP: Aspirin; ITR: Itraconazole; VVC: Vulvovaginal
candidiasis.
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Figure 9. Effects of ASP and ITR on p-p65/p65 and p-IκBα/IκBα ratios in vaginal lavage fluid and serum of VVC mice (vaginal lavage fluid, n = 3;
serum, n = 5). Note: Compared with the blank control group, *P < 0.05, **P < 0.01, ***P < 0.001; compared with the model group, #P < 0.05, ##P < 0.01,
###P < 0.001. ASP: Aspirin; ITR: Itraconazole; VVC: Vulvovaginal candidiasis.

Figure 10. Effects of ASP and ITR on mRNA expression levels of p65 and IκBα in the vaginal tissue of VVC mice (n = 3). Note: Compared with the blank
control group, *P < 0.05, **P < 0.01, ***P < 0.001; compared with the model group, #P < 0.05, ##P < 0.01, ###P < 0.001. ASP: Aspirin; ITR: Itraconazole;
VVC: Vulvovaginal candidiasis.

efficacy in VVC mouse models. Specifically, the MIC50 val-
ues for ASP and ITR decreased from 250–2000 μg/mL to
250–1000 μg/mL, while the MIC50 value for ITR alone was
reduced from 0.0313–16 μg/mL to 0.0313–2 μg/mL. Fractional
inhibitory concentration index (FICI) determinations revealed
that ASP enhanced ITR efficacy by 45.59%. Time-growth and
time-kill curve analyses of C. albicans further demonstrated
the synergistic effect of ASP on ITR. In animal experiments,
VVC mice treated with the ASP–ITR combination showed
significant improvements, including reduced vaginal redness
and swelling, increased secretion, lower fungal loads in vagi-
nal secretions, and inhibited hyphal morphology conversion.
Histopathological examination of vaginal mucosa revealed
alleviated fungal infection, alongside the disappearance of
glycogen deposits. These findings suggest that the ASP-ITR

combination has a clear synergistic therapeutic effect in VVC
mouse models.

The pathogenicity of C. albicans in VVC is closely linked to
its virulence factors, including adhesins, hydrolytic enzymes,
biofilm formation, and dimorphism, as well as the host immune
responses that contribute to mucosal damage [21]. VVC is
an inflammatory disease of the vaginal mucosa caused by
C. albicans infection, where the adhesion of C. albicans to
vaginal epithelial cells represents the initial step in disease
development [22]. Since the vaginal mucosal surface is con-
stantly exposed to C. albicans, vaginal epithelial cells play a
crucial role in responding to opportunistic microbes when they
become pathogenic, initiating an appropriate innate immune
response [23]. Microbial adhesins interact with host pattern
recognition receptors (PRRs), particularly TLR2 and TLR4, on
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epithelial cell surfaces [24]. This interaction triggers the acti-
vation of multiple signaling pathways—most notably the NF-κB
pathway—via specific adapter molecules, ubiquitin ligases, and
protein kinases. These pathways transmit signals from the
cell surface to the nucleus, inducing proinflammatory fac-
tor expression and driving the inflammatory response [25].
Research has shown that high-glucose conditions promote
NF-κB pathway activation, resulting in increased release of
downstream pro-inflammatory factors, such as TNF, IL-1, IL-
6, and IL-18. These factors recruit immune cells like mono-
cytes, neutrophils, lymphocytes, and macrophages to affected
tissues [26]. Additionally, studies indicate that inflammatory
cytokines, including TNF, IL-1, and IL-6, accumulate in inflamed
tissues, leading to NF-κB phosphorylation and further acti-
vation of this pathway [27]. Consistent with these findings,
the current study observed NF-κB pathway activation and a
significant release of inflammatory cytokines—such as TNF-
α, IL-1, and IL-6—during C. albicans-induced VVC. Compared
to the blank control group, inflammatory cytokine levels were
markedly elevated in the VVC mouse model. However, com-
bined treatment with ASP and ITR significantly reduced the
levels of IL-1β, IL-6, and TNF-α in the vaginal secretions of VVC
mice.

In the classical NF-κB pathway, the p50/p65 dimer binds to
IκB and remains inhibited. Proinflammatory factors and LPS
stimulate the activation of the IKK complex (comprising IKKα,
IKKβ, and IKKγ/NEMO), which phosphorylates IκB proteins.
This phosphorylation triggers the ubiquitination of IκB, lead-
ing to its lysosomal degradation and the release of p50/p65.
The activated p50/p65 dimer is further phosphorylated and
translocated to the nucleus, where, either alone or in conjunc-
tion with other transcription factors, such as AP-1, Ets, or Stat,
it induces the expression of target genes [25]. In the present
study, compared to the blank control group, the phosphory-
lation levels of p65 and IκBα proteins, as well as the mRNA
levels of p65 and IκBα, were increased in the VVC mouse model.
Treatment with ASP or ITR reduced the expression of these
factors to varying degrees, while their combination demon-
strated a more pronounced reduction. These findings suggest
that the combination of ASP and ITR exerts therapeutic effects
on VVC by inhibiting p65 and IκBα protein phosphorylation and
modulating the NF-κB pathway. The combination of ASP and
ITR represents a novel therapeutic approach to VVC treatment.
In vitro experiments revealed that the combined MIC50 value
of ASP and ITR was significantly lower than that of either ASP
or ITR alone. In vivo experiments further demonstrated that the
combined administration of ASP and ITR significantly reduced
vaginal fungal loads in mice, while also decreasing proinflam-
matory cytokines, including IL-1β, IL-6, and TNF-α, in vagi-
nal tissues compared to single-agent treatments. Mechanistic
studies revealed that the synergistic activity of ASP and ITR
against C. albicans was associated with the inhibition of the
NF-κB signaling pathway. This study highlights the synergistic
effects of ASP and ITR in the treatment of VVC. The combination
appears to mitigate inflammatory damage to the vaginal mucosa
by downregulating protein expression in the NF-κB signal-
ing pathway. Despite these findings, the study has limitations,

including a small experimental sample size, biological variabil-
ity among individual mice, and potential experimental errors,
all of which may impact the results. Additionally, further inves-
tigations are needed to resolve outstanding issues related to
the mouse VVC model before clinical application. These include
determining optimal dosages and treatment ratios, as well as
evaluating drug safety and potential side effects. Moreover,
it remains unclear whether the drug combination influences
other signaling pathways besides NF-κB. Further research is
needed to identify upstream and downstream factors within
the NF-κB pathway that regulate immune responses. The com-
pletion of these investigations will provide valuable insights
into the clinical application of ASP and ITR for the treatment
of VVC.

Conclusion
In conclusion, the combined application of ASP and ITR has
a clear impact on VVC. Animal experiments suggest that this
combination may inhibit the production of inflammatory medi-
ators such as IL-1β, IL-6, and TNF-α by downregulating pro-
tein expression within the NF-κB signaling pathway. This effect
could play a significant role in the effective management of VVC.
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