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Background: Azoles are the most common antifungal drugs used in the treatment of
vulvovaginal candidiasis (VVC). The frequency of azole-resistant Candida isolates has
increased dramatically in the last two decades. Here, we assessed the antifungal activity of
a combination of fluconazole (FLZ) and methanolic extract of ginger (Meth-Gin) against
drug-resistant vulvovaginal candidiasis (VVC) in a murine model.

Methods: The in vitro activity of FLZ or a combination of FLZ and Meth-Gin was determined
against Candida albicans by the agar well diffusion, macrodilution, time-kill and the biofilm
eradication methods. The therapeutic efficacy of the formulations was assessed by analyzing the
fungal load, pro-inflammatory cytokines, percent apoptotic cells and the histological changes in
the vaginal tissues of the mice. Moreover, the renal toxicity the drug formulation was evaluated
by analyzing the levels of the blood urea nitrogen (BUN) and creatinine.

Results: The results of in vitro study demonstrated that FLZ did not show any activity against
C. albicans, whereas a combination of FLZ and Meth-Gin demonstrated greater activity as
shown by the data of the zone of growth inhibition, MIC and time-kill assay. FLZ or Meth-Gin
treatment could not completely cure VVC, whereas a combination of FLZ and Meth-Gin was
greatly effective in the treatment of VVC. The vaginal tissue from mice of the infected control
group had the highest fungal load of 155370 + 20617 CFUs. Treatment with FLZ at a dose of
40 mg/kg reduced the fungal load to 120863 + 10723 CFUs. Interestingly, the mice treated
with a combination of FLZ (40 mg/kg) and Meth-Gin (200 mg/kg) had a fungal load of 256 +
152 CFUs. Besides, FLZ and Meth-Gin combination effectively reduced the pro-inflammatory
cytokines (IL-1B, TNF-a and IL-17) and the percentage of apoptotic cells in the vaginal tissues.
Likewise, the histological analysis revealed the epithelial necrosis, shedding and ulceration in
the vaginal tissue, whereas treatment with FLZ and Meth-Gin combination reversed the
histopathological changes in the vaginal epithelium and lamina propria.

Conclusion: The findings of the current study suggest that the co-administration of Meth-
Gin and FLZ may have a potential therapeutic effect in the treatment of azole-resistant
candidiasis.
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Introduction
The occurrence of Candida infections has lately amplified due to a sharp rise in the
numbers of immunocompromised patients.' > Candida albicans is the most common

fungal pathogen that causes a vaginal infection called “Vulvovaginal candidiasis
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(VVCQ)”. Beside C. albicans, C. glabrata induced VVC has
increased about 27% from 1990 to 2009.*> Azoles are the
most frequently used antifungal drugs that target enzyme
l140—demethylase and lower the levels of ergosterol in
C. albicans.® Moreover, azoles also increase the reactive
oxygen species (ROS) levels in the fungal biofilm.” But
their extensive use has resulted in the emergence of azole-
resistant Candida isolates® Besides attempting to search the
new antifungal chemotherapeutics, the rejuvenation of the
existing antifungal drugs also becomes important to com-
pensate the depleted armory of the antifungal drugs.'® The
use of antibiotic combinations seems to be an important
strategy to counter the phenomenon of drug resistance.''*
Chloroquine (CQ) and fluconazole (FLZ) exhibited
a synergistic effect against FLZ-resistant isolates of

14

C. albicans.”” We earlier showed that liposomal-CQ

increased the efficacy of FLZ against less susceptible isolate
of Cryptococcus neoformans."

In recent years, the use of plant-derived medicines has
been extensively explored in the treatment of infectious
diseases.'®'® A combination of phytochemicals with
standard antibiotics has been shown to be very beneficial
to fight drug-resistant pathogens.'®>? The combination of
menthol with nystatin and itraconazole showed
a synergistic effect against the clinical isolates of
Candida spp.”> Moreover, the essential oil of Mentha
suaveolens exhibited activity against the murine vaginal
that

Helichrysum microphyllum and Hypericum perforatum

candidiasis.?* Donadu et al demonstrated

oils demonstrated antifungal activity against Candida

isolates taken from the patients of candidiasis.”
Moreover, essential oils from Hornstedtia bella and
Atalantia sessiflora have shown their activity against
Candida spp.*®?" Ginger (Zingiber officinale) is an
important spice and a medicinal herb that possesses the
antioxidant, anti-inflammatory and hepatoprotective
properties.”® An aqueous extract of ginger exhibited an
anti-biofilm formation in bacteria, including Escherichia
Salmonella and Pseudomonas

coli, typhimurium

aeruginosa.”® Ginger contains many constituents that
are blended with many antimicrobial activities®® >
(Table 1). Ginger components such as 6-gingerols and
6-shogaol have shown their efficacy in inhibiting the
in C 30

Moreover, an ethanolic extract of ginger showed the

biofilm and hyphae formation albicans.

inhibitory effect against the biofilm formation in
C. albicans and C. krusei*® In the present study, we
have evaluated the effect of methanolic extract of ginger
(Meth-Gin) in combination with FLZ against VVC in
a mouse model. The findings of the present study demon-
strated that coadministration of Meth-Gin remarkably
augmented the activity of FLZ against murine VVC.

Materials and Methods

Materials

Fluconazole was purchased from the Santa Cruz
Biotechnology (Dallas, TX, USA). Sabouraud dextrose
agar and Tryptic soya broth were obtained from Hi
Media (Mumbai, India). Estradiol valerate and other che-
micals were bought from Sigma-Aldrich (St. Louis, USA).

Table | Principal Constituents of Ginger and Their Antimicrobial Activity

S. No. | Constituent Functions Reference
| 6-Gingerol 6-Gingerol reduced the biofilm formation at the concentrations of 10, 50 and 100 pg/mL. It also | Lee et al,
inhibited the hyphae formation in C. albicans. 2018
2 10-Gingerol and 10-Gingerol and 12-Gingerol show antibacterial activity against oral pathogens in the range of 6 to | Park et al,
12-Gingerol 30 pg/mL. 2008
3 6-Shogaol 6-Shogaol at a concentration of 10 pg/mL inhibited the biofilm formation in C. albicans. Lee et al,
2018
4 Zingerone Inhibits the biofilm formation and increase the activity of Pseudomonas aeruginosa. Kumar et al,
2013
5 Gingerenone-A Shows inhibitory effect against Staphylococcus aureus. Rampogu
etal, 2018
6 Ginger essential oil | y-terpinene and citral components showed antifungal activity against Aspergillus flavus. Moon et al,
2018
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ELISA kits for IL-1B, TNF-a and IL-17 were purchased
from Abcam (Cambridge, UK).

Preparation of Methanolic Extract of
Ginger

The dried ginger powder was defatted by using cyclohex-
ane followed by stirring for 3 hours. The powder was
placed in the Soxhlet extraction system (Buchi labora-
tories, Flawil, Switzerland) for 48 hours, adding the
methanol as a solvent in the collecting beaker. The remain-
ing solvent was evaporated completely under the reduced
pressure using vacuum controlled rotary evaporator to
remove the traces of methanol.

Test Strain

An isolate of C. albicans (KFH 121) was obtained from
the Microbiology Laboratory of the King Fahad Hospital,
Buraydah, Saudi Arabia. The isolate was maintained on
Sabouraud Dextrose Agar (SDA). The identification of
C. albicans was confirmed by the germ tube induction test.

Antifungal Susceptibility Testing

The in vitro activity of FLZ or Meth-Gin or a combination
of FLZ and Meth-Gin was determined by the agar well
diffusion and macrodilution methods.® C. albicans was
seeded on the SDA plates and the holes of 8 mm diameter
were made to load 100 pL of FLZ (100 pg) or Meth-Gin
(500 pg) or FLZ (100 pg) + Meth-Gin (250 pg) and FLZ
(100 pg) + Meth-Gin (500 pg). The plates were incubated
at 37 °C for 24 hours and the zone of growth inhibition
was measured. The minimum inhibitory concentration
(MIC) of FLZ and Meth-Gin were determined by the
broth macrodilution antifungal susceptibility method
according to the guidelines of the Clinical and
Laboratory Standards Institute (CLSI), Wayne.’” The
concentrations of FLZ were taken in the range of 0.5 to
256 pg/mL, whereas Meth-Gin was taken in the range of
20 pg/mL to 4 mg/mL. A 100 pL of yeast suspension
containing 1 x 10° CFUs of C. albicans was inoculated in
the test tubes containing 3 mL of Tryptic soya broth
(TSB) with various concentrations of FLZ or Meth-Gin.
The MIC of FLZ or Met-Gin was considered the lowest
drug concentration that showed 50% inhibition in
C. albicans growth. In order to assess any synergy
between FLZ and Meth-Gin, a combination of above
mentioned concentration of FLZ and Meth-Gin were

taken and their activity against C. albicans was

determined. The concentration of FLZ and Meth-Gin in
which there was 50% growth inhibition was considered
the MIC value.

To Analyze a Synergy Between FLZ and
Meth-Gin

The fractional inhibitory concentration index (FICI) was
used to evaluate the interaction of FLZ and Meth-Gin. The
concentration ranges of FLZ and Meth-Gin were same as
mentioned above to determine the MIC value. The FIC
index was expressed using the following equation:

YFIC = FIC-FLZ + FIC-Meth-Gin = MICg ™
IMICg1 7" + MICyeth-Gin “*™/MICheth-Gin ™

where MICgz °™ and MICpem.gin “°" are MIC
values for FLZ and Meth-Gin used alone. MICg; 7™ and
MICpeth.Gin <™ are MICs of FLZ and Meth-Gin when
used in combination. The MIC values of FLZ and Meth-
Gin alone or in combinations were determined as the
lowest concentrations of the drug that showed 50% reduc-
tion in C. albicans growth as compared to the growth in
the absence of any drug.

The interaction between FLZ and Meth-Gin was inter-
preted as a synergistic when FIC index was less than 0.5.
When FIC index was between 0.5 and 4, the interaction
was considered indifferent, and as an antagonist when FIC
index was more than 4.

Time-Kill Assay

After overnight culture, C. albicans was diluted with YPD
medium and the culture was incubated at 37°C until the log-
phase of growth was achieved. C. albicans suspension (5 x
10° CFUs) was transferred to the flasks containing 20 mL of
YPD and FLZ (8 pg/mL) or Meth-Gin (2 mg/mL) or
a combination of FLZ (8 pg/mL) and Meth-Gin (0.25, 0.5,
1 and 2 mg/mL). The flasks were kept in a shaker bath and
samples (0.5 mL) were taken in duplicates at baseline and 1,
3, 6, 12, 24 hours. Samples were centrifuged at 5000 rpm for
15 minutes and reconstituted with sterile PBS to the original
volumes to minimize any drug carryover effect. The numbers
of CFUs were quantified by plating the serial dilutions onto
SDA plates and incubated for 48 hours. The fungal density of
each sample was determined by counting the CFUs.

Analysis of C. albicans Death by Confocal

Microscopy
Candida albicans (1 x 10° CFUs) was cultured in TSB in
the presence or absence of FLZ (16 pg/mL) or Meth-Gin
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(500 pg/mL) or a combination of FLZ-8 pg/mL + Meth-
Gin-500 and FLZ-16 pg/mL + Meth-Gin-500 for 24 hours.
After gentle washing with PBS, the cells were stained with
propidium iodide (PI) and washed with PBS. The cells
were observed and analyzed by confocal microscopy using
20x magnification objective as described earlier.*®

Effect of FLZ or Meth-Gin or
a Combination of FLZ and Meth-Gin on

the Preformed C. albicans Biofilm

The effect of FLZ or Meth-Gin or a combination of FLZ
and Meth-Gin on the preformed biofilm by C. albicans
was analyzed as described earlier.’® C. albicans was cul-
tured in TSB to obtain the density of approximately 1x10°
CFUs/mL. C. albicans (100 pL) was inoculated into 96-
well plate and incubated at 37°C for 24 hours. Without
disrupting the biofilm, the culture medium was replaced
with a fresh TSB containing FLZ (8, 16, 32 and 64 pg/mL)
or Meth-Gin (250, 500, 1000 and 2000 pg/mL) or
a combination of FLZ (8 pg/mL) and Meth-Gin (500,
1000 and 2000 pg/mL). The plates were incubated for 24
hours at 37°C, gently washed with sterile phosphate-
buffered saline (PBS) and dried at room temperature for
20 minutes. The crystal violet solution (0.1%) was added
to each well for 20 minutes to stain the biofilm followed
by washing with PBS. After drying, 100 pL of 95%
ethanol was added into each well in order to solubilize
the stain. The optical density (OD) was measured at 595
nm (BIO-TEK EL310 Microplate Auto-Reader, Biotek
instruments).

Mice

Female Swiss mice were obtained from the College of
Applied Medical Sciences, Qassim University, Saudi
Arabia. Mice were kept in the hygienic and pathogen-
free conditions. The study was authorized by the ethical
committee of the College of Applied Medical Sciences,
Qassim University. The experiments were conducted fol-
lowing the guidelines of the University of London Animal
Welfare Society, Wheathampstead, England.

Infection Model

A dose of 500 pg of estradiol valerate was dissolved in
100 puL of sesame oil and injected subcutancously into
each mouse. On 3 day post estradiol valerate injection,
each mouse was infected with 5 x 10° CFUs of C. albicans

through the intravaginal route as described in our earlier
study.*

Therapeutic Efficacy of FLZ Against VVC
After 48 hours of infection, the mice in various groups
were orally treated with FLZ at the doses of 10, 20 and
40 mg/kg for a week. Mice were divided into four groups
and each group contained ten mice (n = 10).

1. Infected

2. FLZ-10 mg/kg

3. FLZ-20 mg/kg

4. FLZ-40 mg/kg

Therapeutic Activity of Meth-Gin in the
Treatment of VVC

In a different experiment, infected mice from each group
were treated with a daily dose of 50, 100 and 200 mg/kg of
Meth-Gin through the oral route for a week. On day 8 post
infection, three mice from each group were sacrificed and
the vaginal tissues were excised to quantify the fungal
load.*® Mice were divided into five groups and each
group contained ten mice (n = 10).

1. Infected

2. Meth-Gin-50 mg/kg

3. Meth-Gin-100 mg/kg

4. Meth-Gin-200 mg/kg

5. Meth-Gin-400 mg/kg

To Assess the Efficacy and Safety of FLZ
or Meth-Gin in the Treatment of VVC

On day 8 post-treatment, three mice from each group were
sacrificed to take the vaginal tissue and blood. In order to
determine the fungal burden, the vaginal tissues were
homogenized in cold-PBS and various dilutions of tissue
homogenates were spread on SDA plates. After 48 hours
of incubation, the CFUs were counted and multiplied by
the dilution factor.** The levels of the blood urea nitrogen
(BUN) and creatinine were determined to investigate the
toxic effects of the treatment on kidney.®

Co-Administration of Meth-Gin and FLZ
in the Treatment of VVC

Mice were treated with a single daily dose of
a combination of Meth-Gin (100 mg/kg) and FLZ (20
and 40 mg/kg) for a week. On day 8 post infection, three
mice from each group were sacrificed and their vaginal
tissues were excised to determine the fungal load. Mice

1588 "
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were divided into six groups and each group contained ten
mice (n = 10).
1. Infected
. Meth-Gin-200 mg/kg
. FLZ-20 mg/kg
. FLZ-40 mg/kg
. Meth-Gin-200 mg/kg + FLZ-20 mg/kg
. Meth-Gin-200 mg/kg + FLZ-40 mg/kg

(o)W, B SNV I S

To Assess the Efficacy and Safety of
a Combination of Meth-Gin and FLZ

On day 8 post-treatment, three mice from each group were
sacrificed and their vaginal tissue was taken out. The vaginal
tissues were homogenized in cold-PBS and various dilutions
of tissue homogenate were spread on SDA plates. The plates
were incubated for 48 hours and the numbers of CFUs were
counted.*® To understand the effect of treatment on the renal
toxicity, the levels of blood urea nitrogen (BUN) and crea-
tinine were analyzed in the blood as described earlier.*!

Determination of Inflammatory
Cytokines in the Vaginal Tissues

The vaginal tissues were homogenized in ice-cold lysis
buffer containing protease inhibitor cocktail. The samples
were centrifuged at 5000 rpm for 15 minutes. The super-
natant was used to analyze IL-1f3, TNF-a and IL-17 by the
ELISA as described in our earlier study.*?

Analysis of Apoptotic Vaginal Cells by

Flow Cytometric Analysis

Cell apoptosis was identified by the flow cytometry using
FITC-conjugated annexin V and propidium iodide (PI)
staining. The single-cell suspension of vaginal tissue was
prepared by using gentleMACs™ Dissociator (Miltenyi
Biotec, Bergisch Gladbach, Germany). The cells were
filtered through 70 um mesh cell strainer followed by
centrifugation, and then suspended in the binding buffer.
The vaginal cells were stained with Annexin V-FITC/PI
apoptosis staining kit (Miltenyi Biotec, Germany). The
samples were acquired by MACSQuant Analyzer 10 and
the data were analyzed using FlowJo software v10.7.

Histopathological Analysis

The vaginal tissues from mice were fixed into 10% neu-
tral-buffered formalin. Paraffin-embedded blocks were
prepared and serial sections of 5 pum thickness were cut.
They were stained with Hematoxylin and Eosin (H and E)

staining as described earlier.*' In brief, the tissue sections
were deparaffinised, hydrated and stained with hematox-
ylin for 45 seconds. The slides were rinsed and stained
with eosin for 45 seconds. Again, the slides were rinsed
thoroughly and mounted with DPX. The histopathological
changes in tissues were observed by examining the slides
under a light microscope (Leica, USA).

Statistics

The fungal load data and hematological and cytokine
parameters were analyzed by one-way ANOVA followed
by a Bonferroni post test using GraphPad Prism software,
version 6.0 (La Jolla, CA, USA).

Results
Susceptibility of C. albicans to FLZ and
Meth-Gin

The SDA plate containing vehicle did not show any zone of
inhibition (Figure 1A), whereas the SDA plate containing
Meth-Gin (500 pg) showed 10 mm size of the inhibition
zone (Figure 1B). However, the plate containing FLZ (100
ug) did not show any clear zone of inhibition, but showed
some fungistatic effect around the well (Figure 1C).
Interestingly, a synergy was observed between FLZ and
Meth-Gin as the well containing a combination of FLZ
(100 pg) with 250 and 500 pg of Meth-Gin showed inhibi-
tion zones of 30 and 35 mm, respectively (Figure 1D and E).

In the current study, the MIC of FLZ for C. albicans
was found to be 64 ng/mL. Candida albicans with MIC
value >64 pg/mL of FLZ has been categorized as
a resistant strain according to the CLSI guidelines. The
MIC for Meth-Gin against the present C. albicans isolate
was found to be 3 mg/ ml. The MIC of FLZ and Meth-Gin
in combination were considerably reduced and found to be
16 pg/mL and 1 mg/mL, respectively. The mean FIC index
for a combination of FLZ and Meth-Gin was calculated to
be 0.416 that indicates a synergistic interaction between
FLZ and Meth-Gin.

The Confocal Microscopy Analysis
Revealed a Synergistic Effect of FLZ and
Meth-Gin Against C. albicans

The antifungal effect of FLZ alone or in combination with
Meth-Gin against C. albicans was measured by the con-
focal microscopy after staining with propidium iodide (PI).
As shown in Figure 2, there was no significant difference
in the viability of the cells, which were exposed to FLZ as
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A

B
Vehicle Meth-Gin-500 pg

Cc
FLZ-100 pg

E
Meth-Gin-500 pg
+ FLZ-100 pg

D
Meth-Gin-250 pg
+ FLZ-100 pg

Figure | Activity of Meth-Gin or FLZ or a combination of FLZ and Meth-Gin against C. albicans by the agar well diffusion method. (A) Vehicle control (B) Meth-Gin-500 pg

(C) FLZ 100 pg (D) Meth-Gin-250 + FLZ 100 pg (E) Meth-Gin-500 + FLZ 100.

Whereas,
a continuous decrease was observed in the viability of
C. albicans treated with Meth-Gin alone or
a combination of Meth-Gin and FLZ (Figure 2)

compared to vehicle-treated C. albicans.

Synergism of FLZ and Meth-Gin Against
C. albicans by Time-Kill Studies

The antifungal effect of FLZ alone or in combination of
Meth-Gin against C. albicans was analyzed by time kill
studies. The extent of C. albicans killing was determined
by a decrease in the numbers of CFUs at different time

FLZ-16

Vehicle

Bright Field Pl

Merge

Meth-Gin-500

points. The findings of the present study demonstrated that
there was a time-dependent effect of FLZ and Meth-Gin
combination against C. albicans (Figure 3). FLZ (8 ng/
mL) alone exhibited very meager activity against
C. albicans at 24 hour time point. However, FLZ (8 pg/
mL) in combination with Meth-Gin (1 and 2 mg/mL)
reduced >3 logl0 CFUs/mL of C. albicans (Figure 3).
Nevertheless, the combination of FLZ (8 pg/mL) and Meth-
Gin (0.5 mg/mL) produced a 2.1-log10 CFUs/mL reduction
as compared to the vehicle treatment at 24 hour time point. It

suggested that a combination of FLZ and Meth-Gin showed

FLZ-8 + Meth-Gin-500  FLZ-16 + Meth-Gin-500

Figure 2 The effect of FLZ or Meth-Gin or a combination of FLZ and Meth-Gin on cell viability of C. albicans by confocal microscopy using propidium iodide staining.
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Logqo CFU/mI

2_

0 3 6 9 1215 18 21 24
Time (hours)

Figure 3 Time-kill curves of Meth-Gin or FLZ or a combination of FLZ and Meth-
Gin against C. albicans Control (e), FLZ-8 pg/mL (o), FLZ-8 pg/mL + Meth-Gin
-0.25 mg/mL (A), FLZ-8 pg/mL + Meth-Gin-0.5 mg/mL ('V), FLZ-8 pg/mL + Meth-
Gin-1 mg/mL (¢), FLZ-8 pg/mL + Meth-Gin-2 mg/mL (©), Meth-Gin-2 mg/mL (0).
The data are represented as mean * SD of three independent experiments.

an augmented antifungal activity against C. albicans.
Interestingly, Meth-Gin (2 mg/kg) also reduced >3 logl0
CFUs/mL of C. albicans. FLZ (8 pug/mL) in combination
with 1 or 2 mg/mL of Meth-Gin killed 99.99 of C. albicans
as compared to FLZ (8 pg/mL) treatment alone (Figure 3).

FLZ and Meth-Gin Combination, Not
FLZ Alone, Effectively Eradicated

Preformed Biofilm

We tested various concentrations of FLZ (8, 16, 32 and 64
ug/mL) against the preformed C. albicans biofilm. FLZ at
the highest concentration (64 pg/mL) eliminated 29% of
the preformed biofilm as compared to the vehicle treat-
ment (Figure 4A), albeit it is found to be statistically
significant (P<0.001). Simultaneously, we tested the

concentration-dependent effect of Meth-Gin in the elimi-
nation of biofilm. Meth-Gin treatment eradicated 41% of
the biofilm at a dose of 2000 ng/mL (Figure 4B), which
was significant as compared to the vehicle treatment
(P<0.001). For FLZ treatment could not effectively
remove the preformed biofilm. To understand whether
the treatment with FLZ and Meth-Gin combination is
effective to eliminate the biofilm, the results demonstrated
that a combination of FLZ and Meth-Gin efficiently
removed the preformed C. albicans biofilm (Figure 4C).
FLZ (8 pg/mL) in combination with Meth-Gin at the doses
of 500, 1000 and 2000 pg/mL reduced the biofilm to
59.6%, 37.6% and 17.3%, respectively, as compared to
vehicle control (P<0.001). Moreover, the anti-biofilm
activity of FLZ and Meth-Gin was also found to be sig-
to FLZ treatment

nificantly greater as compared

(P<0.001).

Treatment with FLZ Did Not Cure
Murine VVC

The therapeutic efficacy of FLZ was assessed by analyzing
the fungal load in the vaginal tissues of C. albicans
infected mice (Figure 5A). FLZ at the doses of 10 and
20 mg/kg did not significantly reduce the vaginal fungal
burden as compared to the fungal burden in the untreated
infected mice (Figure 5A). However, FLZ at a dose of
40 mg/kg significantly decreased the fungal burden to
92230 + 8416 CFUs as compared to 133010 + 17289
CFUs in the untreated infected mice (P<0.05).

In order to evaluate FLZ-induced renal toxicity, the
BUN and creatinine levels were analyzed in the blood of
the treated mice (Figure 5B and C). FLZ therapy at a dose
of 10 mg/kg elevated the BUN level from 22.67 + 7 to 34

A c
'5 1209 .5 120 .E 120
Bt N S I B S 5100 o
._6 80 —— -_a 80- wkk L FrE
E ﬁ- _?_ E E BO ke TEE ”
G 60 3 60 % 5 60 o % Lorg
E E w E 40 o ..
0 20 _9 20 % 20 Hkk
[ m [
BE 0 T T T T T -O\E 0 T T T T T \9‘ 0
S S ¢ ] ;
_\aﬁ 2 \j‘; s J’:;I' \j’ﬁh 6?\(}% \‘:g’ '\(\,? 4\'& {\m@b o *J? ,.Pé \"ﬁé \bé :Pé
ép Q & & & & (\9 p\ 8 &G S}(‘ i<) S-’\(‘ ;}(‘
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Figure 4 The activity of various doses of (A) FLZ, or (B) Meth-Gin, or (C) Meth-Gin + FLZ against C. albicans biofilm. A P value <0.05 was considered to be significant.
*#(P<0.05), *%(P<0.001), Infected control vs Treatment groups. *P<0.001, FLZ-treated group vs Treatment groups. The data are represented as mean + SD of three

independent experiments.
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Figure 5 The effect of FLZ treatment on (A) fungal load, (B) BUN and (C) creatinine in C. albicans infected mice. A P value <0.05 was considered to be significant. *
(P<0.05), **(P<0.01), Infected control vs Treatment groups. The data are represented as mean * SD of three independent experiments.

+ 5.3 mg/dl (P>0.05), whereas FLZ treatment at the doses
of 20 and 40 mg/kg significantly raised the BUN level to
49.33 + 7 and 68.33 £ 14.6 mg/dl, respectively (P<0.05
and P<0.001). On the other hand, there was no significant
rise in creatinine level in mice treated with FLZ at the
above mentioned doses (Figure 5C).

Meth-Gin Treatment Was Effective in

Reducing the Severity of VVC

The activity of Meth-Gin against VVC was analyzed by
determining the fungal burden in the vaginal tissue. Meth-
Gin reduced the fungal burden in a dose-dependent man-
ner (Figure 6A). Meth-Gin at a dose of 400 mg/kg was the
most effective against VVC and reduced the fungal burden
to 17031 £ 11259 as compared to 154037 = 10053 CFUs/
gm of the vaginal tissue in the untreated mice (P<0.001).
Noteworthy, a treatment with Meth-Gin, at the doses of
100 and 200 mg/kg, reduced the fungal burden to 108040
+ 15294 and 62897 + 15893 CFUs/gm (P<0.05 and
P<0.001, respectively). However, Meth-Gin at a dose of
50 mg/kg was not effective against VVC (Figure 6A). The
toxicity of Meth-Gin was assessed by evaluating the BUN

and creatinine levels in the blood. The results demon-
strated that Meth-Gin at the doses of 50, 100, 200 and
400 mg/kg did not induce any significant elevation in the
BUN and creatinine levels (Figure 6B and C).

Coadministration of Meth-Gin and FLZ
Showed a Synergistic Effect Against VVC

The activity of FLZ in combination with Meth-Gin was
assessed against murine VVC. The results demonstrated
that FLZ at the doses of 20 and 40 mg/kg was not
effective to cure VVC (Figure 7A), whereas the admin-
istration of FLZ in combination with Meth-Gin was
found to be very effective to treat VVC (Figure 7A).
The coadministration of FLZ (40 mg/kg) and Meth-Gin
(200 mg/kg) substantially decreased the fungal load
(Figure 7A), which was highly significant lower as com-
pared to FLZ treatment alone (P<0.001). Like to this,
FLZ (20 mg/kg) along with Meth-Gin (200 mg/kg)
reduced the fungal burden to 8523 + 3226 CFUs as
compared to the fungal burden of 140373 =+ 15475
CFUs in the vaginal tissue of mice treated with FLZ
(20 mg/kg) (P<0.001).
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Figure 6 The effect of Meth-Gin treatment on (A) fungal load, (B) BUN and (C) creatinine in C. albicans infected mice. A P value <0.05 was considered to be significant. *
(P<0.05), ***(P<0.001), Infected control vs Treatment groups. The data are represented as mean * SD of three independent experiments.
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Figure 7 The effect of a combination of Meth-Gin and FLZ treatment on (A) fungal load, (B) BUN and (C) creatinine in C. albicans infected mice. A P value <0.05 was
considered to be significant. *(P<0.01), **(P<0.001) Infected control vs Treatment groups. “P < 0.05 and *#P< 0.001, FLZ-treated group vs Treatment groups. The data are

represented as mean * SD of three independent experiments.

The renal toxicity of FLZ or a combination of FLZ
and Meth-Gin treatment was assessed by analyzing the
BUN and creatinine levels (Figure 7B and C). Treatment
with FLZ at a dose of 40 mg/kg elevated the BUN level
from 24 + 8.5 to 80 + 12.5 mg/dl (P<0.001). Mice
treated with a combination of FLZ (40 mg/kg) and
Meth-Gin (200 mg/kg) had the BUN level of 48.67 +
10 mg/dl, which was significantly lower as compared to
the BUN level in mice treated with FLZ (40 mg/kg)
(P<0.05). Like to the BUN level, the creatinine level
was significantly elevated to 1.33 + 0.12 mg/dl in the
mice of FLZ treated group (40 mg/kg) as compared to
0.633 mg/dl from the untreated group
(P<0.001). Interestingly,  the  treatment  with
a combination FLZ (40 mg/kg) and Meth-Gin reduced
creatinine level to 0.9 + 0.11 mg/dl (P<0.05).

in mice

Treatment with a Combination of
Meth-Gin and FLZ Reduced the Secretion
of Pro-Inflammatory Cytokines in the

Vaginal Tissues

The levels of pro-inflammatory cytokines, including IL-1p,
TNF-o and IL-17 were determined in the vaginal tissue
homogenates. Mice in the untreated group exhibited
a substantial increase in the levels of IL-1p, TNF-a and
IL-17 as compared to their levels in normal mice (Figure
8A, 8B and C). IL-1p in the vaginal tissue from the normal
control mice was found to be 71 + 18 pg/mL that was
increased to 362 + 113 pg/mL in the infected mice
(P<0.01). Treatment with a combination of FLZ (40 mg/
kg) and Meth-Gin (200 mg/kg) significantly reduced IL-1§
to 115 £ 31 pg/mL (<0.05).
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Figure 8 Treatment with a combination of Meth-Gin and FLZ reduces the levels of pro-inflammatory cytokines in the vaginal tissues. Vaginal tissues were excised and
homogenized to determine the levels of cytokines (A) IL-1f, (B) TNF-o and (C) IL-17. A P value <0.05 was considered to be significant. The data are represented as mean *

SD of two independent experiments.
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TNF-0 was also found to be substantially raised in
the vaginal tissue of VVC-inflicted mice (Figure 8B).
TNF-a in the untreated mice was found to be 748 + 68
pg/mL that was significantly higher as compared to 161
+ 38 pg/mL in the vaginal tissue from the normal con-
trol mice (P<0.001). Treatment with a combination of
FLZ (40 mg/kg) and Meth-Gin (200 mg/kg) reduced
TNF-a level to 249 + 72 pg/mL (P<0.001). Moreover,
a combination of FLZ (20 mg/kg) and Meth-Gin also
reduced TNF-a to 388 + 121 pg/mL (P<0.01). However,
FLZ at the doses of 20 and 40 mg/kg did not signifi-
cantly decrease TNF-a in the vaginal tissue (Figure 8B).
Interestingly, the treatment with Meth-Gin decreased
TNF-o level to 434 + 134 pg/mL, which was signifi-
cantly lower as compared to TNF-o level in the
untreated mice (P<0.05).

Like to IL-1p and TNF-q, IL-17 was increased to 275 +
62 pg/mL as compared to 31 + 17 pg/mL in the normal
mice (Figure 8C, P<0.001). Treatment with FLZ (20 and
40 mg/kg) did not significantly decrease IL-17 level in the
infected mice (Figure 8C, P>0.05). However,
a combination of FLZ-40 and Meth-Gin decreased IL-17

level from 275 + 62 to 84 + 27 pg/mL (P<0.01).
Furthermore, FLZ-40 and Meth-Gin combination was
more effective in reducing IL-17 level as compared to
FLZ-40 treatment alone (P<0.05).

A Combination of FLZ and Meth-Gin
Protected the Vaginal Cells Against
VVC-Induced Apoptosis

Candida albicans infection induced apoptosis in the vagi-
nal cells. A total of 40.6% cells showed apoptosis in the
vaginal tissue from the untreated mice as compared to
2.35% in the infected mice (Figure 9A, B and G)
(P<0.001). Mice treated with FLZ had 35.9% apoptotic
cells (P>0.05) in the vaginal tissues, whereas Meth-Gin
treatment reduced the percentage of apoptotic cells to
27.7% (Figure 9C, D and G) (P<0.01). A combination of
FLZ (20 and 40 mg/kg) and Meth-Gin (200 mg/kg) was
found to be very effective and reduced the apoptotic cells
to 15.77% and 13.13%, respectively (Figure 9E, F and G),
which were significantly reduced as compared to the
untreated or FLZ-treated mice (P<0.001).

Apoptotic cells (%)

Figure 9 Flow cytometric analysis of apoptotic cells in the vaginal tissues from the mice of various treatment groups. A single cell suspension of the vaginal tissue was
prepared and cells were stained by using Annexin V-FITC/PI apoptosis staining kit. (A) Normal control, (B) untreated infected, (C) FLZ-40 mg/kg, (D) Meth-Gin-200 mg/kg,
(E) FLZ-20 mg/kg + Meth-Gin-200 mg/kg, (F) FLZ-40 mg/kg + Meth-Gin-200 mg/kg (G) % Apoptotic cells in various groups. A P value <0.05 was considered to be significant.
##5(P<0,001) Infected control vs Normal control, ™P < 0.01 and *#P< 0,001, Infected group vs Treatment groups, ®**P<0.001 FLZ-40 vs FLZ-20 + Meth-Gin or FLZ-40 +

Meth-Gin. The data are represented as mean * SD of two independent experiments.
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Treatment with FLZ and Meth-Gin
Combination Ameliorated
Histopathological Changes in the Vaginal

Tissues

In order to assess the therapeutic effect of FLZ or
a combination of FLZ and Meth-Gin in the treatment of
VVC, we analyzed the histological alterations in the vagi-
nal tissues from the mice in the untreated or FLZ or Meth-
Gin or FLZ + Meth-Gin treated mice. The vaginal tissue
from the control normal mice revealed non-keratinized
stratified squamous epithelium and normal lamina propria
(Figure 10A). Whereas, the vaginal tissues from the
infected mice showed epithelial necrosis, shedding and
an extensive ulceration (Figure 10B). Moreover, the pre-
sence of C. albicans hyphae can be seen in the vaginal
tissue of the untreated mice (red arrow). FLZ or Meth-Gin
treatment showed moderate recovery with numerous scat-
tered inflammatory cells and leukocytes (Figure 10C and
D). Treatment with a combination of FLZ (20 and 40 mg/
kg) and Meth-Gin (200 mg/kg) showed regenerative
alterations, including the mild epithelial necrosis with

PR TS AN
RN EA A N

few scattered inflammatory cells in the lamina propria
(Figure 10E and F).

Discussion
Azoles are front-line antifungal drugs that are widely used in
the treatment of Candidiasis. The massive use of FLZ has
resulted in the emergence of drug-resistant Candida isolates.
The target of FLZ is lanosterol 14-a demethylase, an enzyme
that is coded by ERG11 gene. An over-expression of multi-
drug resistant genes, including MDR1, CDR1 or CDR2 or
ERG11 contributes to FLZ-resistance in C. albicans isolates.®
Several toxic manifestations, including hypokalemia, respira-
tory failure and liver inflammation are associated with the use
of FLZ treatment.*> A rapid emergence of resistance against
FLZ has rendered these antifungals ineffective. Thus, it is
very important to formulate a strategy to keep these antifun-
gal drugs effective and alive. In the current work, we inves-
tigated the therapeutic effect of Meth-Gin to increase the
antifungal activity of FLZ against drug-resistant VVC.

In recent years, many approaches for the combination
treat infectious

therapy have been proposed to

diseases.'' !> This is very important, particularly, to

Figure 10 Treatment with a combination of Meth-Gin and FLZ reversed VVC-induced histopathological changes in the vaginal tissues. Vaginal tissues were excised from the
mice and the tissues were processed for H & E staining as described in the methodology section. Vaginal tissue from (A) normal control mice (B) Infected mice (C) FLZ-
40 mg/kg (D) Meth-Gin-200 mg/kg, (E) FLZ-20 mg/kg + Meth-Gin-200 mg/kg, (F) FLZ-40 mg/kg + Meth-Gin-200 mg/kg.
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counter the phenomenon of the multi-drug resistance.
Various phytochemicals have been suggested to show

a synergistic effect with multiple antibiotics.?’

Many
plant-derived substances have shown their effectiveness
to fight Candida infections, particularly those less suscep-
tible to current antifungal drugs.*> The use of alcoholic
extract of Flos rosae chinensis has been shown to increase
of FLZ

C. albicans.*® The extract of Punica granatum and its

the activity against the drug-resistant
purified compound punicalagin showed a synergistic effect
with FLZ.*” Giordani et al showed that essential oil of
Thymus vulgaris potentiated the activity of amphotericin
B against C. albicans.*® Furthermore, Allium sativum has
been reported to increase the antifungal activity of keto-
conazole against Trichophyton spp.*’ In another study,
Pelargonium graveolens components, geraniol and citro-
nellol, were reported to exert the additive effects with

amphotericin B and ketoconazole against Aspergillus

Spp.SO

Ginger showed anti-inflammatory and antioxidant
effects when used in combination with anti-tubercular
therapy in patients.’’ Ginger and its bioactive component
6-shogaol have been effective to alleviate the lung inflam-
mation in an asthma model.”? In this study, we investi-
gated the synergistic effect of methanolic extract of Ginger
(Meth-Gin) and FLZ against C. albicans both in in vitro
and in a mouse model of VVC. The results of the present
study demonstrated that FLZ alone did not exhibit any
visible activity against C. albicans. Moreover, FLZ was
ineffective to eradicate the preformed biofilm and to cure
murine VVC. However, Meth-Gin showed some efficacy
against C. albicans, but it did not completely cure VVC.
Earlier reports demonstrated that the components of
Ginger, 6-shogaol and 6-gingerol, had an anti-biofilm
activity against C. auris and C. albicans.’' The biofilm
formation is considered one of the most important viru-
lence strategy of C. albicans in the pathogenesis of
VVC.>® Moreover, it reduces the susceptibility of the
pathogens to antibiotics and contributes to broaden the
phenomenon of antibiotic-resistance. The results of the
current study demonstrated that FLZ alone was not effec-
tive to eradicate the preformed biofilm. However, FLZ in
combination with Meth-Gin almost completely eradicated
the preformed biofilm. It suggests that Meth-Gin can
increase the susceptibility of C. albicans biofilm to FLZ.

None of the past studies showed the activity of Ginger
extract alone or in combination with antifungal drug
against VVC. The

findings of the present study

demonstrated that FLZ treatment not only was ineffective
to cure VVC but also induced renal toxicity in mice.
Earlier, Ginger administration has been shown to alleviate
Schistosoma mansoni infection-induced deleterious effects
by modulating inflammatory cytokines and liver inflam-
mation enzymes.>* Moreover, Ginger has been shown to
possess protective effects against cadmium- and lead-
induced nephrotoxicity.”>>® The administration of Meth-
Gin not only increased the activity of FLZ against VVC
but also reduced FLZ-induced renal toxicity in the treated
mice. Proinflammatory cytokines, including IL-1p, TNF-a
and IL-17 play an important role in protecting against
various pathogens. However, the excessive secretion of
inflammatory cytokines exaggerates the pathogenesis of
VVC by increasing the severity of inflammation. It
reduces the clearance of the pathogen from the host.”’
Earlier, the role of pro-inflammatory cytokines have been
documented in a mouse model of VVC.’® Ginger pos-
sesses anti-inflammatory properties and inhibits the pro-
duction of TNF-q, IL-6 and other inflammatory markers.”
Here, we investigated the effect of Meth-Gin and FLZ
combination on the secretion of IL-13, TNF-a and IL-17
in the vaginal tissues. The levels of IL-1B, TNF-a and IL-
17 were found to be elevated in the vaginal tissue of the
infected mice. Treatment with Meth-Gin or a combination
of FLZ and Meth-Gin substantially decreased the levels of
IL-1B, TNF-a and IL-17. Contrarily, FLZ at the doses of
20 and 40 mg/kg did not effectively reduce the levels of
pro-inflammatory cytokines. In a recent report, Roselletti
et al showed the apoptosis of vaginal epithelial cells in the
clinical samples from the women affected by vaginal
infection.®® The findings of the present study showed
that
a remarkably increased percentage of apoptotic cells,

vaginal tissue from the untreated mice had
whereas mice treated with a combination of Meth-Gin
and FLZ showed significantly lower numbers of apoptotic
cells.

The polymorphonuclear neutrophils (PMNs) are
important cells of the innate immune system as the first
line of defense against the fungal pathogens, including
C. albicans. A symptomatic VVC is related to the recruit-
ment of PMNs that contributes to the symptoms of
inflammation. The results of the present study demon-
strated that the vaginal tissues from the untreated infected
mice showed higher numbers of leukocytes. Whereas, the
mice treated with a combination of FLZ and meth-Gin
showed reduced infiltration of leukocytes in the vaginal

tissue. The data of pro-inflammatory cytokines and the
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fungal load were supported by the histological findings.
The vaginal tissue from the untreated infected mice
showed the vaginal wall degeneration, epithelial necrosis
and ulceration. Whereas, the treatment with a combination
of FLZ and Meth-Gin reversed the VVC-induced patholo-
gical alterations in the vaginal tissues.

Keeping into consideration the findings of the present
study, it may be concluded that coadministration of Meth-
Gin and FLZ may be highly effective to treat drug-
resistant VVC. Moreover, the administration of Ginger
extract may alleviate VVC-induced inflammation and
apoptosis. Thus, the use of Ginger extract may prove to
be an effective herbal formulation to increase the activity
and reduce the toxicity of FLZ against candidiasis.
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