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THE SYNERGISTIC ACTIVITY OF
FLUCONAZOLE (FLC) RESISTANCE TO
CANDIDA ALBICANS WITH A-LIPOIC ACID
(ALA)

Fluconazole (FLC), a first-generation triazole, is one of the best widely used
antifungal medications for Candida infections. To the best of our knowledge,
this was the first study of in vivo and in vitro effect of the combinations of
FCZ and/or A a-Lipoic acid (ALA) on VVC. This study was conducted on
100 women diagnosed with vaginitis by an Obstetrician and gynecologist in
Basrah city, Irag, between 10th August and 20th November 2023. For the
diagnosis, swab samples were collected, packaged, and sent to the
microbiology laboratories at the Basrah Teaching Hospital, where they were
cultured on various media. Out of the (100) specimens collected from the
participants women in this study, (75%) had grown on the media, only (50)
of those specimens had Candida albicans growth, and only 30 (60%) of them
had fluconazole-resistant Candida albicans and these isolates considered as
the study population. In this study, the combination of fluconazole (FLC)
with a-lipoic acid (ALA) was fully synergic, with FICI=0.3<0.1. Our
findings suggest that the combination of fluconazole and o-lipoic acid (ALA)
effectively synergizes against FLC-resistant isolates of C. albicans. This
study also show a synergistic impact of ALA in combination with FLC
against C. albicans in an in vivo setting. However, additional research is
required to establish the fundamental mechanism behind this synergistic
effect.
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Introduction

Candida albicans, which is a commensal organism that is found in 30-70% of healthy people's skin,
gastrointestinal and genitourinary tracts, and oral and ocular flora (1,2), therefore, is the major agent of
all distinct forms of candidiasis (3), especially Vulvovaginitis Candidiasis (VVC), which an infection
of the vulva and vaginal mucosa by yeasts of the genus Candida (4) that is correlated with both
infection and colonization and accounts for 80—-90% of all cases (5-7). Most reproductive-aged women
(75%) will experience vaginal candidiasis at least one episode, and 40%-50% will experience a
recurrence (8). C. albicans is the most typical human pathogens, ranging from simple mucosal
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infections to systemic (fetal) diseases with disseminated bloodstream infections that contribute
significantly to a high death rate and account for more than 40% of all mortality rates (9,10).

Fluconazole (FLC) is one of the best widely used antifungal medications for Candida infections (11)
due to FLCC's beneficial properties (bioactivity, bioavailability, and safety profile) (12). Women with
VVC problems were studied by Sobel et al., who compared the efficacy of single- and double-dose
fluconazole courses. Microbiological and clinical responses were found to be superior with the two-
dose regimen (13). Small quantity of fluconazole is processed by the liver, but 80-90 percent of the
medicine is excreted unchanged by the renal, making this antibiotic particularly effective for treating
Candida UTIs. The half-life in plasma is around 30 hours, and only 12% of the drug is bound to serum
proteins (14).

Fluconazole is fungistatic rather than fungicidal; hence, medication in the presence of this antifungal
allows acquired resistance to develop (15). Azole resistance in Candida spp. may be caused by
alterations to the target enzyme or by a decrease in the drug's accessibility to the target. Additionally,
repeated, extended, and overdosed antifungal medication treatments led to an increase in therapy
failures and the establishment of several fluconazole-resistant C. albicans strains (16). The rise of
azole-resistant isolates, particularly in cases of invasive infections, has been exacerbated by
inappropriate drug dosing, overuse, and prolonged hospital stays (17,18).

In addition, due to harmful effects on human cells and undesirable effects, the present antifungal
treatment has significant limitations (19,20). As the treatments used in candidiasis are not always
targeted and correctly prescribed, Candida spp. have become increasingly resistant to standard
antifungal medications (21). According to the CDC, around 7% of all Candida are fluconazole-
resistance. In the United States (US), the incidence of fluconazole-resistant C. albicans is between 5%
and 2% (15).

The increased rate of antimicrobial resistance seen in recent years can be traced to the overuse of these
treatments in a highly linked global population (21-24). So, microbial resistance has been a cause for
concern due to the fact that investment in antibiotic research has decreased significantly over time
compared to that of expensive medications such as chemotherapeutics (25). Due to its improper use or
the selection of strains with innate resistance mechanisms, antifungal medication resistance has
developed as a significant problem that requires rapid attention (26). Abusing antibiotics makes the
problem worse because it upsets the microbiome, which makes it easier for Candida albicans to grow
27).

The World Health Organization (WHO) states that over 80% of individuals use conventional
medicines, mainly derived from plants and their byproducts, to combat infectious illnesses (28,29).
Scientists have taken an interest in natural products from plants due to their antifungal capabilities
(30). The development of azole resistance has prompted issue of combining these antifungals to
enhance therapeutic effectiveness (31).

To the best of our knowledge, this was the first study of in vivo and in vitro effect of the combinations
of FLC and/or ALA on VVC. This research could lead to the advancement of effective medications
against pathogenic fungi (32). Compounds with diverse biological activities are widely found in
nature, therefore, this research assessed the synergistic activity of FLC in combination with ALA at the
lowest inhibitory concentration (MIC) with the largest inhibition zones against fluconazole-resistant
Candida albicans responsible for VVC.

Methodology
Patients, Samples collection

This study was conducted on 100 women diagnosed with vaginitis by an Obstetrician and gynecologist
in Basrah city, Irag, between 10" August and 20" November 2023. For the diagnosis, swab samples
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were collected, packaged, and sent to the microbiology laboratories at the Basrah Teaching Hospital,
where they were cultured on various media.

Drugs and their Mechanism of action
Fluconazole (FLC)

Fluconazole (FLC) is an antifungal drug from the triazole family and one of the most regularly used
antifungal agents of candidiasis. FLC can invade any part of the body, including the mouth, throat,
esophagus, lungs, bladder, genital area, and blood (33,34). FLC interacts with 14-demethylase is a
cytochrome P-450 enzyme that changes lanosterol into ergosterol (35). Fluconazole suppresses the
production of ergosterol, which leads to an increase in the permeability of the fungal cells, therefore
inhibiting endogenous respiration and suppressing yeast growth. It's also important to note that the loss
of sterols happens at the same time that 14-methyl sterols build up in fungi. Because of a change in the
ERG11 gene, lanosterol C14-a demethylase, can't bind to fluconazole as well. This makes the drug
less effective (36).

In this study, we used pure powder of fluconazole (FLC) from Sama Al-Fayhaa for Pharmaceutical
Industries (FP1), Irag, and its chemical structure presented in the Figure 1 below:
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Figure 1 The Structure of Fluconazole (C13H12F2NsO)(37).
a-Lipoic acid (ALA)

a-lipoic acid (ALA), which is a naturally occurring fatty acid, is a caprylic acid-derived antioxidant, is
a compound usually found in mitochondria, essential for different enzymatic functions (38). Many
people purchase alpha-lipoic acid as an herbal supplement. Many foods contain alpha-lipoic acid,
including yeast, spinach, broccoli, red beets, carrots, potatoes, and organ meats like liver or kidney
(39).

Briefly, ALA can create covalent connections with proteins and shows promise as a therapeutic agent.
A-lipoic acid (ALA) has one chiral center and an asymmetric carbon, which makes it possible for it to
have two optical isomers: R-lipoic acid and S-lipoic acid (Figure 2) (40). Therefore, ALA exists in the
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S and R enantiomers, which are presented equally and regarded as mirror reflections of one another.
The R form occurs naturally, whilst the S form is synthesized using chemical methods (41).
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Figure 2. The chemical composition of enantiomers of ALA (41).
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Figure 3. Kal Alpha Lipoic Acid 600mg, USA.
Preparation of Culture Media

All media, including Sabouraud Dextrose Agar (SDA), Sabouraud Dextrose Broth, Nutrient Broth,
Blood Agar, MacConkey Agar, HiCrome™ Candida Differential Agar, and RPMI 1640 Agar, were
made according to the manufacturer's instructions (HIMEDIA).

Cultivation of Microorganisms

This study cultivated 100 women's vaginal swabs in two broths, Nutrient broth, which used for
cultivation and enrichment of less fastidious bacteria; and Sabouraud Dextrose Broth, which used for
cultivation of yeasts, moulds and aciduric microorganisms from clinical and non-clinical samples; then
incubated all tubes in incubation.

Cultural characteristics in Nutrient Broth detected after an incubation at temperature of 35-37°C for
18-48 hours; while in Sabouraud Dextrose Broth, cultural characteristics were detected after an
incubation at temperature of 20-25°C for 3-5 days; turbidity liquid refers to growth.

After that, each isolate had given growth in broths, subcultured on Nutrient Agar, Blood Agar,
MacConkey Agar, and Sabouraud Dextrose Agar (SDA); to identify the morphological
characterization of microorganisms on media.
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All of the tested isolates should be subcultured into Sabouraud Dextrose Agar (SDA) agar from sterile
plates so that the purity and viability of the isolates may be guaranteed. The temperature must be kept
at 37°C throughout the incubation period.

Only those isolates had given growth on SDA, and expected those were Candida, subcultured on
HiCrome Candida Differential Agar, to differentiate Candida species.

The Candida spp. cultures were then transferred after 24 hours for the inoculum procedure, and 5
milliliters of sterile normal saline was used to suspend the colonies based on the CLSI M38-A2 report
from 2002.

The resulting suspension needs to be well stirred for 15sec, and then the cell density (CD) needs to be
adjusted using a spectrophotometer by adding adequate sterile saline to raise the transmittance to that
of a (0.5) McFarland standard. This process should be repeated three times. Using this procedure, you
will end up with a yeast stock suspension that has between 1x10° and 5x10° cells per milliliter.

After identifying these microorganisms, only fungus isolates were cultivated on RPMI 1640 Agar,
which is used for the determination of the susceptibility of fungus to antifungal agents by determining
MIC values for various antifungal agents.

Antifungal Susceptibility Testing (AFST)

AFST is suitable for analyzing Candida spp. directly from colonies cultivated on nonselective media
using the gradient-strip technique (42). In order to determine the suitable range of antibiotic
concentrations for the combination studies, the minimum inhibitory concentrations (MICs) of FLC,
and ALA against Candida albicans were assessed using a broth microdilution method. This involved
using dual serial dilutions in RPMI 1640 medium, following the guidelines set by the Clinical and
Laboratory Standards Institute (CLSI)’s approved standard M60 for yeasts. Three iterations of
experiments were conducted, and the average MIC value was computed. The experiment was
conducted using 96-well flat-bottomed microtitration plates, following the protocol described in a
publication by Quan et al. (2006) (43). Following 15 seconds of agitation, the plates were placed in an
incubator at a temperature of 35°C without any shaking. After 24 hours of incubation, readings were
taken using both visual observation and optical density measurement at a wavelength of 630 nm.

Chequerboard microdilution assay

Assays were performed on 30 FLC-resistant C. albicans isolates using the approved standard M60
from CLSI. At first, the fungal suspension in RPMI 1640 medium was 10° CFU/ml, and the final
values ranged from 0.128 to 75 ug/ml for FLC, and ALA. The plates were placed in an incubator at a
temperature of 35°C for 24 hours. Following this, a visual assessment of the MICs was conducted, the
optical density at a wavelength of 630 nm (OD630) was measured, and the background optical
densities were subtracted from the values obtained for each well. Every individual sample was tested
three times.

The chequerboard assay was used to evaluate the interaction of drug combinations (FLC-ALA). The
data obtained through spectrophotometry were evaluated using the fractional inhibitory concentration
index (FICI), which is based on the Loewe additivity (LA) theory (44).

FICI

FICI, which was defined as the sum of the MIC of each agent when administered in combination
divided by the MIC of this agent when administered alone, is represented by the following equation:

CAcomb

CBcomb 1
MICy

FICI = FIC, + FICy = =
B

alone alone

where MICa alone and MICg alone are the MICs of drugs A and B when acting alone and (4, and
Cg,,.,, are concentrations of drugs A and B at the is effective combinations, respectively. FICI values
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of <0.5 indicated synergy, and values >4 indicated antagonism. A FICI value more than 0.5 but less
than or equal to 4 was classified as indifferent (43,45).

Agar well diffusion

Candida albicans isolates were tested by agar diffusion assay, which was performed with 2% glucose
supplemented RPMI 1640 agar by determining MIC values for various antifungal agents. Candida
albicans was successfully suspended at the usual McFarland 0.5 concentration (1x10% CFU/mL). (46)
Yeast species were cultured on 24-hour plate cultures to prepare the inoculum. A yeast suspension of
1x10° to 5x10° cells/mL was produced by suspending the colonies in 0.85% saline and comparing the
turbidity to the 0.50 McFarland standard. A 100-mL aliquot of 10° CFU.mL™ suspension was spread
uniformly on yeast extract—peptone— dextrose agar plates. (43)

Analysis of Synergistic Potential with an Antifungal Agent In Vivo

Rats were shaved on the back, and two injection sites were chosen at random. The rats were then
randomized into 5 groups with a total of 5 individuals in each group. Candida albicans stock
suspension, which contained between 1 to 5 x10° cells/ml, was injected into groups (A, B, C, D, and
E), respectively. The procedures are described in more detail below:

(A)was treated with a Solution of (8ug/0.05ml) Lipoic acid (LA) with (4ug/0.05ml) of Fluconazole
(FLC),

(B) was treated with a Solution of (16ug/0.05ml) Lipoic acid (LA) with (4pg/0.05ml) of Fluconazole
(FLC),

(C) was treated with a Solution of (32ug/0.05ml) Lipoic acid (LA) with (4pg/0.05ml) of Fluconazole
(FLC), and finally,

(D) Positive Control was treated with a Solution-Fluconazole (FLC) (4p1g/0.01ml) only,
(E) Negative Control was blank group untreated (100 ml of DMSO).

1.DMSO (0.01 ml)

(4png/0.05ml) of FLC
\ and AL (8ug/0.05ml)

25 Rats

S Rats
(for each

group) )

(4pg/0.05ml) of FLC (4p12/0.05ml) of FLC
and AL (32ug/0.05mI) and AL (16ug/0.05mI)

Figure 4. In Vivo Study Design (AL & FLC)
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To compare the treated and untreated groups and to see how the wound surface changed over time, we
weighed the rats on days 0, 3, 6, 9, 12, and 15 and measured the wound area using the rule technique
(length by breadth).

For best results when inducing cutaneous candidiasis, we used Candida albicans stock solution. Using
a hair removal shaving machine, the rats' back hairs are shaved, and a 2 cm? region is chosen for the
application of the produced formulations. The Derma roller, a device rolled against the skin to develop
micropores, is used the following day to create the pores. Transdermal application of medication has
many advantages. Successful medicine delivery to the dermis was facilitated by penetrating the
stratum corneum using this method. A cotton swab was used to apply the produced formulations to the
skin of the rats. The ready-made mixtures were then swabbed into the skin of the rats. The rats
received a single treatment once a day for six days. The positive control group was given simply
Fluconazole (FLC), while the untreated group received nothing. After six days, the groups' responses
were compared to those of a control group. To analyze the development of the wound surface and
make a comparison between the treated and untreated groups, the wound area was determined using
the rule technique (length multiplied by width), and the weight of the rats in each group was recorded
ondays0, 3, 6,9, 12, and 15 of the experiment.

Statically Analysis

Using Microsoft 365 Excel 2024 and SPSS (IBM version 26.0), the data were analysed. In this study,
results were provided as mean + SD and frequencies as percentages. The Chi-square test, and ANOVA
test were used to compare distributed groups. Probability levels less than 0.05 were deemed
physiologically significant, and p-values less than 0.01 were deemed extremely significant.

Results

As presented in the Figure 5, most of the participants women in this study were those aged between 20
and 30 years old (40%), illiterate (48%), students (47%) and those with low economic status (54%).
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Figure 5. The Socio-demographic Characteristics of Participants Women in this study

As presented in the Table 1 and Error! Reference source not found., out of (41) women in this study
had past vaginitis with different causes, only (17%) of those had itching, (16%) had discharge, (23%)
had smell, and (23%) had redness. While, out of (69) women in this study without past vaginitis, only
(18%) of those were suffering from itching, (11%) suffered from discharge, (19%) suffered from a
smell, and (20%) suffered from redness. The distribution between past vaginitis and symptoms of
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infections (discharge, smell, and redness) were significant with p-values (0.02, 0.01, and 0.02,
respectively) compared to (0.05), while it was not significantly with itching, with p-value (0.2).

Table 1. The Cross Tabulation between the Symptoms that Suffering Women and Past Vaginitis

Past Vaginitis Stat.
Symptoms Yes No Total . Sio.
ltching oot 7 18 | 35 | 596 0259

No 24 41 65

i Yes| 16 11 27
Discharge No o5 8 73 5.098 | 0.024

Yes 23 19 42
Smell No 18 20 58 5.669 | 0.017

Yes 23 20 43
Redness No 18 39 57 4.864 | 0.027

Total 41 59 100

As presented in the Figure 6, out of the (100) specimens collected from the participants women in this
study, (75%) had grown on the media, only (50) of those specimens had Candida albicans growth, and
only 30 (60%) of them had fluconazole-resistant Candida albicans and these isolates considered as the
study population.

= No growth

= Bacteria Growth

= Susceptible FLC Candida
Resistance FLC Candida

60.00%

Figure 6. The Distribution of the Women Based on the Culture Results.

As presented in the Table 2 and Figure 7, the inhibition zone of fluconazole (FLC) against Candida
albicans in this study was (13.53+1.83) mm when it was used in concentration (150pg), and it was the
most zone length, while it was (4.77£1.48) mm when it was in (0.128pg), and FLC was resistant to
Candida isolates in different concentrations. The inhibition zone of Lipoic acid (LA) against Candida
albicans in this study varied between (16.27+1.93) mm when it was used in concentration (150ug), and
(6.33£1.42) mm when it was in (0.128ug), and it was considered susceptible in more concentrated
compared to lowest concentrated that was resistant.

While, the inhibition zone dimeters of the combination of both (FLC & LA) were raised in all used
concentrations, which was (25.57+0.5) mm when they were used in concentration (150ug) as the most
concentrated, and it was (14.3+0.79) mm when they were in (0.128ng), that was higher than the
longest inhibition zone of FLC alone in the highest concentration (150ug).
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Table 2. The Susceptibilities of C. albicans strains against FLC alone, AL alone, and in
combination between them.

FLC AL FLC & AL

Conc. N | Mean| SD | SEM | Mean | SD | SEM | Mean | SD | SEM
150ug | 30 | 13.53 | 1.83 | 0.34 | 16.27 | 1.93 | 0.35 | 25.57 | 0.50 | 0.09
75 ug 30 | 12.03 {188 | 0.34 | 1487 | 1.98 | 0.36 | 24.17 | 1.42 | 0.26
32 ug 30 | 11.03 {2.08 | 0.38 | 13.77 | 1.85| 0.34 | 24.03 | 0.81 | 0.15
16 ug 30 | 9.80 [161| 0.29 | 12.30 | 1.80| 0.33 | 23.23 | 0.43 | 0.08
8 ug 30 | 857 |1.36| 0.25 | 10.90 | 1.86 | 0.34 | 19.07 | 1.08 | 0.20
4 ug 30 | 753 |143| 0.26 | 950 [1.74| 0.32 | 1853 | 1.17 | 0.21
2 ug 30 | 6.83 |142| 0.26 | 837 |[1.81| 0.33 | 17.23 |0.73 | 0.13
1lug 30 | 6.00 {153 | 028 | 743 |1.68| 0.31 | 16.13 | 0.86 | 0.16
05ug | 30 | 533 |135] 025 | 6.90 | 161 | 0.29 | 1550 | 0.86 | 0.16
0.128ug | 30 | 4.77 |1.48 | 0.27 | 6.33 |1.42| 0.26 | 14.30 | 0.79 | 0.15
Total |300| 854 |3.25| 0.19 | 10.66 | 3.77 | 0.22 | 19.78 | 4.02 | 0.23

The probability value for all three groups (FLC, AL, and FLC & AL) was 0.000, which was highly
statistically significant compared to (0.001).

30

The Zone of Inhibition (mm)
= = [N) N
(62] o (6] o (2]

o

150 75 32 16 8 4 2 1

The Concentration of Antibiotics (ug)

0.5 0.128

Mean of FLC Mean of AL Mean of FLC & AL

Figure 7. The Statistics of FLC and AL against Candida albicans

As presented in the Table 3 and Figure 8, the susceptibility of fluconazole (FLC) against Candida
albicans isolates in this study in all used concentrations based on the inhibition zone diameter was the
worst compared to other groups (ALA, & ALA with FLC). While the susceptibility of FLC combined
with a-lipoic acid (ALA) was the best in all used concentrations. The effect of Antifungal Extracts
(alone and/or both) was increased by increasing the concentration of antifungal extract.

Table 3. The Average of The Zone of Inhibition (mm) of Studied Antibiotics based on the
Different Concentration (p)

Item 150ug | 75ug | 32ug | 16ug | 8ug | 4ug | 2ug | 1ug | 0.5ug | 0.128 ug

FLC 13.53 | 12.03 | 11.03 | 9.80 | 857 | 7.53 | 6.83 | 6.00 | 5.33 4.77

ALA 16.27 | 14.87 | 13.77 | 12.30 | 10.90 | 9.50 | 8.37 | 7.43 | 6.90 6.33
FLC & ALA | 25,57 | 24.17 | 24.03 | 23.23 | 19.07 | 18.53 | 17.23 | 16.13 | 1550 | 14.30
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Figure 8. The Average of The Zone of Inhibition (mm) of Studied Antibiotics based on the
Different Concentration (pg)

As presented in the Figure 9, the group of rats that received 4 ug of FLC combined with 32 ug of AL
reached 100% healing within 15 days of treatment compared to those 4 pg of FLC combined with 8 ng
of AL reached 74 % within 15 days of treatment, this relation was statistically significant. As a result
of the infection, the rats' wounds became acute, suppurative, and vividly red. During the treatment,
which lasted from 0 to 15 days, our findings revealed that the groups with varied doses of AL in
conjunction with FLC underwent an exceptionally speedy recovery process. In contrast, the group of
rats treated with FLC only showed a marginal recovery and a substantial loss of weight. The untreated
rats (the control group) did not recover and instead experienced excessive weight loss, which
ultimately led to their death.

DAYS OF TREATMENT IN RELATION TO HEALING
PERCENTAGE

120
100 100
80 -
60
40

20

DAY DAY DAY DAY DAY DAY DAY DAY DAY DAY DAY DAY DAY DAY DAY
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

=—o—_Control (4pg FLC)  —#—8ugof ALA  —A—16pugof ALA 32pug of ALA

Figure 9. The healing time of the different groups receiving different concentrations of LA & (4
ng) of FLC in relation to healing percentage.

As presented in the Table 4, the combination of fluconazole (FLC) with Lipoic acid (LA) was fully
synergic, with FIC1=0.3<0.1.
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Table 4. The Fractional Inhibitory Concentration (FIC) Index of the Studied Antibiotics

Item MIC
FLC 4
LA 16
FLCandLA| 1
FIC 0.3
Full Synergy

Discussion

The incidence of Vulvovaginitis Candidiasis (VVC), an infection of the vulva and vaginal mucosa by
yeasts of the genus Candida (4) that causes irritation, pruritus, and vaginal discharge (47), has
skyrocketed in recent years. VVC is the leading cause of women seeking gynecological care
worldwide (48). Most reproductive-aged women (75%) will experience vaginal candidiasis at least one
episode, and 40%-50% will experience a recurrence (8).

In this study, out of one hundred adult women with pre-diagnosed with vaginitis by an obstetrician and
gynecologist, 75 (75%) of them had VCC, and only (50) of those specimens had Candida albicans
growth. Another study by Hedayati, M. T. et al. (49) found among 234 women with vaginitis, 66
(28.2%) had VVC, about a quarter of these people had RVVC. In the United States, another
investigation by Foxman et al. found that 6.5% of women over the age of 18 reported experiencing at
least one episode of VVC, and 8% experienced at least four such episodes in the year prior to the
survey (50). It is interesting that regional differences exist in the spread of Candida species (5).
Possible causes for the disparity include incorrect diagnosis of pathogens, poor administration,
antibiotic resistance, inadequate dosing, treatment by laypeople, neglect of proper hygiene, and
infection of the digestive tract (49).

VVC is symptomatic and manifests with inflammatory symptoms in the absence of additional causal
agents. (51) Itching, hyperemia, leucorrhea, burning, vaginal discomfort, vaginal and vulvar erythema,
abnormal white vaginal discharge (which may be minimal or thick, watery, or cottage cheese-like (52),
and edema and erythema or swelling of the vulva and the area outside it are the mainly common
clinical symptoms of VVC (53-55). In this study, 59% of women were diagnoses with vaginitis as the
first episode based on their symptoms. A study in Australia found that 37% of asymptomatic women
under the age of 50 with a VVC history were vaginally infected with Candida (56). Out of (41) women
in this study had past vaginitis with different causes, only (17%) of those had itching, (16%) had
discharge, (23%) had smell, and (23%) had redness. While, out of (69) women in this study without
past vaginitis, only (18%) of those were suffering from itching, (11%) suffered from discharge, (19%)
suffered from a smell, and (20%) suffered from redness. In the study by Hedayati, et al., erythema
accompanied by itching was the most prevalent symptom in individuals with VVVC. Researchers from
the University of Michigan also identified itching as the most prevalent symptom of VVC (49).

Treatment for fungal diseases typically takes a long time. The majority of drugs that Kill or suppress
fungal pathogens are also hazardous to the host because both humans and fungi are eukaryotes (57).
Eliminating risk factors is necessary. It is important to keep the affected area dry (58). Since more than
20% of women may have yeast as part of their natural vaginal flora and are asymptomatic, don’t need
treatment (59). As a result, treating vaginal candidiasis without symptoms is not advised (60). In
asymptomatic hosts, neither the CDC recommendations nor the Canadian Guidelines on Sexually
Transmitted Infections recommend therapy regardless of a positive culture result (47,57). The
Canadian Society of Obstetricians and Gynecologists says that therapy is not necessary unless the
condition gets worse if there are no symptoms, but a lab test shows that Candida is present (61).

Antifungal medications have a broad spectrum of effects (62). Considerations for selecting a topical
antifungal medication include its price, sensitivity to the medication, convenience of application, and
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taste. Furthermore, whether a patient has simple or difficult VVC affects the treatment plan (63).
During 2 to 3 days, the symptoms often go away, with short-term therapy using local azoles for up to 3
days, 80 to 90% of the time, this treatment is successful (52).

Unchecked antifungal use has supported to the rapid emergence of resistance in strains isolated from
Candida spp., highlighting the necessity for new options for fungi treatment to reduce the adverse
effects of present antifungals and improve their efficacy (64,65). In this study, we used agar (disc)
diffusion, and 30 of 50 (60%) of Candida albicans isolates were fluconazole-resistant Candida
albicans. In the study by Mohamadi, J., et al., the resistance of C. albicans isolated from vaginitis to
eight antifungal drugs revealed that fluconazole resistance was the highest at 79%. This disparity in
outcomes may be attributable to distinct age groups and sampling (66).

a-lipoic acid (ALA), which is a naturally occurring fatty acid, has therapeutic potential, and many
people purchase it as an herbal supplement (40). The study by Huang, et al., (2010) (67) reported that
linoleic acid (LA) has antimicrobial activities against C. albicans. Another study by Shebi and
Ezhilarasan (2020) found that Alpha-lipoic acid has a potent inhibitory effect on the growth of C.
albicans at low concentrations, suggesting its potential as a therapeutic alternative for treating C.
albicans infection (68). To the best of our information, there have been no earlier publications on the
study of fluconazole (FLC) in combination with a-lipoic acid (ALA), so we can't compare our results
with others.

In this study, the combination of fluconazole (FLC) with a-lipoic acid (ALA) was fully synergic, with
FIC1=0.3<0.1, while another study by Wang, et al., (2022) showed no synergistic effect between ALA
and FLC, ALA (at 0.01 mM) even slightly grew the FLC’s MIC values, which might be due to low
ALA concentrations promoting the C. albicans growth with biofilm status, while GLA at 0.1mM
inhibit the biofilm formation (69). The possible antibiofilm effects of essential fatty acids (EFAs) may
be attributed to their ability to impact the adhering surface, alter cell-membrane fluidity, decrease
extracellular polysaccharide or hyphae production, and regulate quorum-sensing systems (70). This
difference between this study may be due to the ability of Wang, et al., (2022)’ isolates to produce the
mature biofilm.

Conclusion

Our findings suggest that the combination of fluconazole and a-lipoic acid (ALA) effectively
synergizes against FLC-resistant isolates of C. albicans. This study also show a synergistic impact of
a-lipoic acid (ALA) in combination with FLC against C. albicans in an in vivo setting. However,
additional research is required to establish the fundamental mechanism behind this synergistic effect.
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