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Dermatophytosis is one of the most prevalent fungal infections and a major
public health problem worldwide. Recent years have seen a change in the
epidemiological patterns of infecting fungi, corresponding to an alarming rise
in the prevalence of drug-recalcitrant dermatophyte infections. In patients with
diabetes mellitus, dermatophytosis is more severe and recurrent. The potency
of promising new antifungal drugs in the pipeline must be expanded to include
dermatophytosis. To facilitate this effort, we established a clinically pertinent
mouse model of dermatophyte infections, in which diabetic mice were
infected with Trichophyton mentagrophytes on abraded skin. The diabetic
mouse model was optimized as a simple and robust system for simulating
dermatophytoses in diabetic patients. The outcome of infection was measured
using clinical and mycological parameters. Infected mice with fungal lesions
were treated with oral and topical formulations of terbinafine or topical
administration of the FDA-approved and repurposed pan-antifungal drug
alexidine dihydrochloride (AXD). In this model, AXD was found to be highly
effective, with outcomes comparable to those of the standard of care
drug terbinafine.
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Introduction

Dermatophytes are a group of fungi that cause superficial infections limited to the
stratum corneum of the epidermis or to the hair and nails. Trichophyton, Microsporum,
and Epidermophyton are the most common causes of dermatophytosis (de Hoog et al.,
2017). While infections caused by these fungi are rarely life-threatening, they cause
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considerable morbidity, cosmetic embarrassment, and impose a
significant financial burden. Dermatophytes are the foremost
cause of cutaneous mycoses worldwide, prevalent in 20%-25%
(or ~2 billion) of the global population (Hay et al.,, 2014; White
et al., 2014). The United States alone records over 5 million
outpatient visits due to dermatophytosis, with an annual burden
of almost one billion dollars in associated direct medical costs
(Brown et al., 2012).

While dermatomycoses can affect immunocompetent
individuals, patients with diabetes mellitus are particularly
susceptible to this infection (Garcia-Humbria et al., 2005;
Muller et al., 2005). Poor glycemic control and obesity are the
top reasons for the high rates of infection in diabetic patients
(Venturini et al, 2011; Celestrino et al., 2021). Of particular
concern is the changing clinicoepidemiological scenario of
dermatophyte infections, especially in tropical parts of Asia
and Africa (Rippon, 1985; Coulibaly et al., 2017; Adebiyi and
Gugnani, 2020). For example, this disease has been deemed an
“epidemic” in tropical countries such as India, which has the
second-largest population of diabetics (Rajagopalan et al., 2018).
Dermatophytosis in India is attributed to rampant and irrational
use of over-the-counter antibiotics and corticosteroid drug
combinations (Verma et al; Verma and Madhu, 2017; Poojary
etal, 2019; Das et al,, 2020). In particular, recent years have seen
a worsening in the disease severity with multiple, larger
circumscribed inflammatory skin lesions harboring an
overabundance of fungal loads similar to a biofilm-like
etiology (Poojary et al., 2019). Furthermore, there has been a
perceptible epidemiological shift in species from the previously
predominant anthropophilic T. rubrum to T. mentagrophytes
complex, a zoophilic fungus (Poojary et al., 2019; Adebiyi and
Gugnani, 2020). Such a changing trend in etiology has paralleled
the rate of increase in households harboring domestic pets, an
important source of transmission (Segal and Elad, 2021).
Making matters worse is the emergence of drug recalcitrance
in these fungi, resulting in inevitable recurrences despite
prolonged antifungal treatment (Martinez-Rossi et al., 2018;
Khurana et al., 2019).

Topical and oral use of anti-dermatophytic drugs such as
terbinafine and itraconazole have traditionally been the drugs of
choice for ring worm infections (tinea corporis) caused by
Trichophyton spp (Hainer, 2003; Singh et al., 2020). However,
acquired resistance to these antifungal compounds is a rapidly
emerging problem in developing countries (Monod et al., 2021).
Indeed, there is a valid need for the discovery of novel drugs with
enhanced effective and safe profiles.

Animal models of dermatophytosis have proven invaluable
in evaluating the efficacy of antifungal molecules and for
mechanistic understanding of fungal pathogenesis. Although
guinea pigs have been the most commonly used animals in
studies of dermatophytosis due to their likeness to human skin
(Saunte et al,, 2008; Shimamura et al., 2012), their use suffers
from several shortcomings, including the lack of knockout
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animals. To circumvent this limitation, studies have exploited
the mouse model for experimental dermatophytosis to
understand disease pathology and host response (Hay et al,
1988; Nakamura et al., 2012; Baltazar Lde et al., 2014). We and
others have extensively reported on the advantages of using mice
in fungal infections, including their affordability, relative ease of
use, and amenability to induce various disease conditions such as
immunosuppression or diabetes (Capilla et al., 2007; Sano et al.,
2014; Uppuluri et al., 2018; Gebremariam et al., 2019;
Gebremariam et al., 2021). Thus, in establishing a new animal
model for dermatophytosis, we considered three main factors:
diabetic predisposition for clinical relevance; most prevalent
zoonotic dermatophyte; and a model simple and affordable
enough to use in research laboratories equipped for small
rodents. Here, we optimized a diabetic mouse model of
dermatophytosis, yielding a clinical picture akin to that
observed in humans (Gebremariam et al., 2021). We further
harnessed this simple, robust, and reproducible model to test the
efficacy of a standard of care antifungal agent, terbinafine, and a
new broad-spectrum antifungal molecule, alexidine
dihydrochloride (AXD), recently discovered by our group
(Mamouei et al., 2018). Our results show that the efficacy of
AXD was analogous to that of terbinafine, resulting in complete
clinical and mycological cure compared to infected
untreated controls.

Results and discussion
Assessment of progression of infection

The pathophysiology of diabetic mice infected with T.
mentagrophytes (ATCC26323) was monitored over time. The
overall success rate of infection in our studies was 100%, based
on clinical and mycological outcomes (Table 15 17 of 20 mice
were successfully infected). Mice that resisted infection turned
out to be those that did not develop diabetes (<250 mg/dl urine
glucose). The earliest signs of infection appeared between days 3
and 4, post infection when the skin of mice was visibly red and
erythematous (Figure 1). The lesions gradually became worse by
7 to 13 days, post-infection, and exhibited plaque-like erythema,
edema, and hyperkeratosis. Fungal infection was confirmed by
skin scraping followed by culturing, which revealed T.
mentagrophytes in all animals on days 4, 7, and 13 (Table 1).
Interestingly, while the hyperkeratotic lesions persisted up to day
17, the culture positivity rates were reduced to 60%, indicating
that the infection was starting to resolve. Accordingly, by day 21,
shedding of skin crusts led to a significant visible reduction in
hyperkeratosis (p <0.01 versus other time points; Figure 1) and a
further reduction in fungal growth to 40% (Table 1). The
histopathology of skin sections from day 13 revealed a normal
stratum corneum, while that of the infected skin displayed signs
of inflammation characterized by acanthosis (thickness/
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TABLE 1 Clinical and mycological assessments of infection during model establishment and after antifungal drug treatment.

Infection progression in diabetic mice

Days # mice Erythema Hyp.ker %Culture +

4 20 27 0.3 88

7 20 1.85 24 100

13 20 045 2.8 100

17 20 0.15 2.6 60

21 20 0 1.8 40
Efficacy of AXD and TER

Drug % reduced erythema p value % mycological efficacy p value

Vehicle (gel) 0% X 0% 1

AXD (T) 83.33% 0.0003 100% <0.0001

TER (T) 91.66% 0.0002 100% <0.0001

TER (0) 87.5% 0.0002 100% <0.0001

There was statistical significance (p <0.01) between all the time points in terms of erythema scores. Again, p <0.01 between day 4 and the rest of the time points (days 7 to 21) for
hyperkeratosis. AXD, Alexidine dihydrochloride; TER, terbinafine; T, topical; O, oral gavage; %mycological efficacy, culture negativity.

hyperplasia of the epidermis), spongiosis (edema in the
epidermis), and moderate cellular infiltration (Figures 2A, B).
Supplementary Figure S1 shows the fungal filaments penetrating
the hair follicles (arrow) and immune infiltration around the
area of infection (star; also enlarged). Additionally, only the
infected areas show acanthosis (two-sided arrows), while the
uninfected loci of skin taper back to normal. The presence of
marked dermal edema, acanthosis, and cellular infiltrates
predominantly composed of mononuclear cells has been
frequently elucidated in dermatophytosis (Hay et al., 1983;
Nantel et al., 2002; Saunte et al., 2008).

Disease progression in the diabetic mouse model paralleled
that of previous studies established in the immunocompetent
guinea pig model. However, the presence of diabetes as a

FIGURE 1

Clinical picture of dermatophytosis by T. mentagrophytes on the skin of mice and efficacy of antifungal drugs: Skin of the back of diabetic mice
were infected with 1 x 107 conidia and the clinical picture of infection was monitored over time. Arrows indicate redness and edema. Infected
skin at day 7 was also treated topically with AXD (20 pg) or terbinafine (1% topical, or oral gavage 75 mg/kg). Observe the complete clearance of

hyperkeratosis and redness post treatment with both drugs.
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physiologically relevant-predisposing factor induced far more
severe lesions, peaking at days 7-10 versus days 10-15 in other
published models (Saunte et al., 2008; Fontenelle et al., 2014). In
fact, such erythematous and hyperkeratotic manifestations are
frequently witnessed in diabetic patients or those receiving
immunosuppressive corticosteroid treatment (Fraga-Silva et al,
2015; Poojary et al, 2019). In a parallel control arm, when
immunocompetent mice were infected with the dermatophyte,
they displayed significantly mild erythema and dryness
(Supplementary Figure S2A), with only 10% of the mice culture
positive and clearance of fungi by day 17 (data not shown).
Hyperglycemic mice have previously been used to
investigate the host response to dermatophytosis (Venturini
et al., 2011; Fraga-Silva et al, 2015; Almeida et al.,, 2017).
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Uninfected

FIGURE 2

However, these studies did not elaborate on the clinical picture
of infection or the amenability of the model to evaluate drug
efficacy. Besides, all these studies induced type I diabetes using
the drug alloxan, which is toxic to the pancreas and can lead to
severe debilitation and mortality in mice. Our studies used
streptozotocin, which has a high inductive capacity, less
toxicity, and more specificity for pancreatic beta cells than
alloxan (Lenzen, 2008).

Testing efficacy of antifungal compounds
in the diabetic mouse model
of dermatophytosis

We also used the developed diabetic mouse model for pre-
clinical evaluation of alexidine dihydrochloride (AXD), an FDA-
approved repurposed molecule, recently identified by us to have a
broad-spectrum activity against pathogenic fungi (Mamouei et al.,
2018). In this study, the MICg, of AXD in vitro was determined to
be 0.32 pg/ml against T. mentagrophytes and 0.64 pg/ml versus T.
rubrum, two of the most commonly isolated dermatophyte species
from tinea infections (Supplementary Figure S2B). This dose of
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Histopathological analysis of skin: Skin biopsies obtained from uninfected, infected or drug treated mice skin were fixed, sectioned and stained
with H&E plus PAS stain. (A) shows structure of intact skin from uninfected control, (B) exhibits infection, and presence of extensive hyphae on
the epidermal layer. Infection causes acanthosis (two headed arrow) and spongeosis (arrow), (C, D) show complete clearance of hyphae from
the skin, and regeneration of the stratum corneum (although acanthosis is still observed). Scale bars as indicated in ym.
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AXD has previously been shown by our laboratory to be effective
against other human fungal pathogens, including Candida
albicans and Cryptococcus neoformans (Mamouei et al., 2018).
The MIC of terbinafine against T. mentagrophytes was 0.008 pg/
ml, a concentration previously shown by us and others to be
effective against the fungus.

Since the peak of infection in this model was between days 7
and 12, mice were treated with antifungal drugs for 6 days
starting on day 7 of the infection. To facilitate the delivery of
AXD onto the skin of mice, we followed a strategy previously
reported by us, where AXD was incorporated into an in situ
gelling formulation composed of 20% w/v P407 and 1% w/v
Poloxamer 188. We and others have demonstrated that
thermosensitive P407 hydrogels can be effectively used for the
intra-oral and intra-vaginal application of nanoparticles without
affecting their inherent properties and release (Date et al., 2012;
Date et al., 2015; Chen et al., 2021; Liu et al., 2021). Furthermore,
studies have shown that Poloxamer 407 thermosensitive
hydrogel can also potentiate delivery and sustained release of
antimicrobials for improved efficacy against microbial biofilms
(Bernegossi et al., 2020; Lp et al., 2020; Liu et al., 2021). Hence,
P407 thermosensitive gel containing AXD was deemed suitable

frontiersin.org


https://doi.org/10.3389/fcimb.2022.958497
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Nabeela et al.

for topical use. Terbinafine (TER) was used as a positive control
since this drug is the standard of care drug for the treatment of
dermatophytosis (although resistance to terbinafine is emerging)
(Babu et al., 2017; Nenoff et al., 2020).

Oral and topical applications of terbinafine as well as topical
applications of AXD yielded similar mycological and clinical
clearance of infection. On day 7 post-treatment (i.e., day 13 post-
infection), lesions were completely healed with a striking
reduction in infection post topical treatment with the two
drugs (Figure 1). Besides the visual inspection, the efficacy of
the two drugs was also confirmed by monitoring clinical and
mycological efficacy. Whereas the infected and untreated mice
demonstrated skin regions and culture positivity, mice treated
with AXD and TER displayed significantly reduced erythema
(>83%-91% efficacy; p <0.0001; Table 1) and a complete absence
of fungal growth on culture, indicating 100% mycological
efficacy post-treatment (Table 1). Histopathological analysis on
day 13 of infected skin treated with topical terbinafine or AXD
confirmed complete clearance of fungi from all mice (Figures 2C,
Djs Supplementary Figure S3). Even after scrutinizing multiple
sections tested from skin specimens of several different mice, the
worst-case scenario found was a single focus of very few residual
hyphal cells (Supplementary Figure S2C). Considering that these
mice were culture negative, it is likely possible that these
filaments are inviable. Alternatively, it could also be that these
isolated hyphal strands escaped treatment and therefore could be
considered as “persister cells” that could reinitiate growth and
cause a relapse of infection or drug recalcitrance. Despite
treatment with the two drugs, hyperplasia and edema of the
epidermis were not reversed (Figure 2D, double-sided arrow).
Such inflammation parameters have also been observed
previously in the guinea pig model of dermatophytosis. Future
studies could be undertaken to investigate if, or when the
epidermis reverts to its normal architecture, a reappearance of
infection once treatment is stopped. Such is often the case in
human infections, where recurrence occurs weeks or even
months after the course of treatment is completed.

Our results for terbinafine efficacy are in agreement with the
findings of Ghannoum et al., who demonstrated that both
topical and oral preparations of terbinafine are 90%-100%
potent against T. mentagrophytes in a guinea pig model
(Ghannoum et al., 2004; Saunte et al., 2008). Terbinafine has
the propensity to efficiently bind keratinocytes, rapidly penetrate
the stratum corneum, and persist in the skin at concentrations
multifold higher than its MIC in vitro (Shear et al, 1991;
Faergemann et al., 1993). This is the first study to evaluate the
efficacy of AXD in an animal model of dermatophytosis. AXD, a
member of the bisbiguanide class of antiseptics, has been noted
as an anticancer drug lead because of its apoptotic activity in
vitro and in vivo (Yip et al., 2006). Furthermore, this compound
has been tested as an antiplaque agent and mouthwash with the
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potential to be used in endodontic treatment to eliminate
biofilms (Lobene and Soparkar, 1973; Spolsky and Forsythe,
1977; Kim et al,, 2013; Ruiz-Linares et al.,, 2017). Interestingly, in
all these applications, AXD is potent at concentrations manifold
higher than the MIC80 demonstrated in this study. This
accentuates the potential of AXD as a stellar anti-
dermatophytic drug. Indeed, our previous report highlighted
the potential of AXD as a broad-spectrum antifungal drug with
activities against biofilms and azole-resistant fungi, while
exhibiting low mammalian-cell toxicity (Mamouei et al., 2018).
As a next step in this series of investigations, it will be important
to examine the pharmacokinetics and biodistribution of AXD on
the skin.

In conclusion, we have presented a simple, physiologically
relevant animal model that mimics infections in humans with T.
mentagrophytes and harnessed this model to unravel the stellar
activity of a novel molecule, AXD, against dermatophytosis. This
diabetic mouse model can be applied for efficacy testing of new
antifungals against dermatophytes, evaluation of diagnostic
candidates, or to study the less understood host response to
dermatophytoses in the background of hyperglycemia.

Methods
Fungal strain and growth conditions

The dermatophyte strain Trichophyton mentagrophytes
ATCC 26323 was used throughout this study. This is a
virulent clinical isolate from an aggressive ringworm infection
isolated from a patient in Vietnam (Hashimoto et al, 1972;
Hashimoto and Blumenthal, 1977; Suh et al., 2018).
Dermatophytes were subcultured from the primary Sabouraud
agar plate (containing 0.4 g/L cycloheximide and 0.5 g/L
chloramphenicol; SD+ agar) to oat meal agar medium to
induce conidiation. Plates were incubated at 35°C for 7 days
or longer until colonies developed abundant spores. The conidial
spores were then carefully collected by gently flushing 5 ml of
phosphate buffer saline (pH = 7.4) on top of the colonies and
aspirating the suspension into a sterile collection tube. Fungal
spores were enumerated using a hemocytometer.

Antifungal agents

Terbinafine for oral gavage treatment was obtained from
Novartis (Summit, NJ) and Terbinafine 1% cream (LamisilTM)
was obtained commercially. Alexidine dihydrochloride powder
was obtained from Sigma (St. Louis, MO). Both drug powders
were dissolved at a concentration of 1 mg/ml in 10% DMSO. For
the preparation of alexidine thermosensitive gel, 10 mg of AXD
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was dissolved in 10 ml of water using a vortex mixer and
ultrasonic bath. Poloxamer 407 (2 g) and Poloxamer 188 (100
mg) were then dispersed into AXD solution with the help of a
vortex mixer and the dispersion was stored overnight in the
refrigerator to dissolve Poloxamer 407 and Poloxamer 188,
leading to an in situ gelling formulation containing AXD. The
P407 in situ gelling formulation containing AXD was stored in
the refrigerator until further use.

Animal model

All animal-related study procedures were compliant with
the Animal Welfare Act, the Guide for the Care and Use of
Laboratory Animals, and the Office of Laboratory Animal
Welfare and were conducted under an IACUC approved
protocol 31789-01 by The Lundquist Institute at Harbor-
UCLA Medical Center. Male ICR mice (20 to 23 g) were
rendered diabetic with a single intraperitoneal injection of
210 mg of streptozotocin/kg of body weight in 0.2 ml of
citrate buffer 10 days prior to the fungal challenge, as we
have previously described (Ibrahim et al., 2003). This dose of
streptozotocin causes diabetes in 80 to 90% of the injected
mice. Glycosuria and ketonuria were determined with keto-
Diastix reagent strips (Bayer, Elkhart, Ind.) 7 days after
streptozotocin treatment. Consistent with the establishment
of DKA, diabetic mice had a decrease in blood pH from 7.8
(normal for mice) to 7.3-7.2, associated with increased levels of
urinary glucose (moderate increase of 250 mg/dl to a high level
of >1,000 mg/dl) and urinary ketone bodies (moderate levels of
2 to 4 mg/dl to a high concentration of >5 mg/dl) as
determined by Keto-Diastix strip testing. Mice were
anesthetized by i.p. injection of 0.2 ml of a mixture of
ketamine at 82.5 mg/kg (Phoenix, St. Joseph, MO) and
xylazine at 6 mg/kg (Lloyd Laboratories, Shenandoah, IA).
The sedated mice were kept on heat pads (Fisher Scientific)
which were prewarmed to 37°C. The backs of the mice were
shaved using an electric shaver. As reported previously
(Ghannoum et al., 2004; Saunte et al., 2008), a 3 X 3 cm area
on the shaved skin was scraped gently with sandpaper to
disturb the epidermidis and infected with 5 x 107 cells/ml of
T. mentagrophytes conidia. For infection, 50 pl of PBS
containing the spores was applied and rubbed on the skin of
mice using a pipette tip until the application dried on the skin.
Uninfected control mice skin was applied with PBS. For drug
treatment, 7-day infected mice were treated with oral
terbinafine (75 mg/kg), and the entire surface of the skin was
applied with 1% topical terbinafine or AXD topical
thermosensitive gel (20 pg). Treatment was continued once
daily for 6 days.

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2022.958497

Evaluation of the outcomes of infection

For clinical assessments, the skin of 20 mice was
visually monitored daily for erythema (E), crusting or
hyperkeratosis (H), at various time points post-infection (0
to 17 days). Due to hyperglycemia, the infection was severe and
reproducible. The clinical parameters for erythema were scored
blindly as the following: none 0, mild or spotty 1, well defined
2, or inflamed 3. Additionally, dryness and crusting were
scored similarly, with mild dryness at 1 and hyperkeratosis at
3. Thus, the clinical score had a range from 0 (no infection) to 3
(worst outcome). These scores were used to compare the
efficacy of the antifungal drugs. Percent efficacy was
calculated as 100 — (T/C x 100) where T = the total score of
the treatment group and C = the total score of the untreated
control (infected) group. Total score = average clinical score
from animals in the same group. One-way ANOVA or
Student’s t-test was used to analyze data using Graphpad
prism software (p <0.05 was considered significant).

Mycological assessments were performed in a repeat set of
experiments with 20 infected mice. The skin was scraped from
parts of the infectious lesion using a sterile scalpel, and the skin
dust, as well as 10 uprooted hairs, was collected in an empty Petri
dish. Specimens were used for culture on SD+ plates, incubated
at 35°C for 3 days, and fungal growth was monitored. The
presence of even one colony of fungus was considered
culture-positive.

Histopathology

Skin samples were obtained from three animals per group on
day 13 of the study. Skin (~1 cm?®) was excised using sterile
scissors from sacrificed animals. Skin samples were fixed in zinc-
buffered formalin, embedded in paraffin, sectioned, and stained
with H&E and PAS for visualization of the epidermis and fungal
morphology, respectively.

In vitro MIC testing

An antifungal susceptibility assay was performed by
following the Clinical and Laboratory Standards Institute
(CLSI) guidelines, document M38-A2 for filamentous fungi
(Wayne, 2008). Conidial spores were isolated as described
above and used at a final density of 1 to 3 x 10° cells/ml for
testing. The concentration range of terbinafine evaluated was
0.001-0.5 nug/ml; and that of AXD was 0.02-20 pg/ml. The
minimal inhibitory concentrations (MICs) were defined as the
lowest concentrations that led to complete inhibition of
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observable growth of T. rubrum and T. mentagrophytes after
4 days.
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hyphae post drug treatment shows an almost complete clearance
of infection.

SUPPLEMENTARY FIGURE S3
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and AXD treated mice. Scale bars = 500 pym.

for buccal delivery on fusobacterium nucleatum biofilm. J. BioMed. Nanotechnol
16, 390-397. doi: 10.1166/jbn.2020.2896

Brown, G. D., Denning, D. W., Gow, N. A,, Levitz, S. M., Netea, M. G., White, T.
C., et al. (2012). Hidden killers: human fungal infections. Sci. Transl. Med. 4,
165rv113. doi: 10.1126/scitranslmed.3004404

Capilla, J., Clemons, K. V., and Stevens, D. A. (2007). Animal models: an important
tool in mycology. Med. Mycology 45, 657-684. doi: 10.1080/13693780701644140

Celestrino, G. A., Verrinder Veasey, J., Benard, G., and Sousa, M. G. T. (2021).
Host immune responses in dermatophytes infection. Mycoses 64, 477-483.
doi: 10.1111/myc.13246

Chen, Y., Lee, J. H.,, Meng, M., Cui, N, Dai, C. Y., Jia, Q,, et al. (2021). An
overview on thermosensitive oral gel based on poloxamer 407. Materials 14.
doi: 10.3390/mal14164522

Coulibaly, O., L’Ollivier, C., Piarroux, R., and Ranque, S. (2017). Epidemiology
of human dermatophytoses in Africa. Med. Mycology 56, 145-161. doi: 10.1093/
mmy/myx048

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcimb.2022.958497/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2022.958497/full#supplementary-material
https://doi.org/10.36460/Kavaka/55/2020/12-17
https://doi.org/10.3389/fcimb.2017.00008
https://doi.org/10.4103/ijd.IJD_191_17
https://doi.org/10.1093/mmy/myt011
https://doi.org/10.1166/jbn.2020.2896
https://doi.org/10.1126/scitranslmed.3004404
https://doi.org/10.1080/13693780701644140
https://doi.org/10.1111/myc.13246
https://doi.org/10.3390/ma14164522
https://doi.org/10.1093/mmy/myx048
https://doi.org/10.1093/mmy/myx048
https://doi.org/10.3389/fcimb.2022.958497
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Nabeela et al.

Das, S., De, A, Saha, R,, Sharma, N., Khemka, M., Singh, S., et al. (2020). The
current Indian epidemic of dermatophytosis: A study on causative agents and
sensitivity patterns. Indian J. Dermatol. 65, 118-122. doi: 10.4103/ijd.IJ]D_203_19

Date, A. A., Shibata, A., Goede, M., Sanford, B., La Bruzzo, K., Belshan, M., et al.
(2012). Development and evaluation of a thermosensitive vaginal gel containing
raltegravir+efavirenz loaded nanoparticles for HIV prophylaxis. Antiviral Res. 96,
430-436. doi: 10.1016/j.antiviral.2012.09.015

Date, A. A., Shibata, A., McMullen, E., La Bruzzo, K., Bruck, P., Belshan, M.,
et al. (2015). Thermosensitive gel containing cellulose acetate phthalate-efavirenz
combination nanoparticles for prevention of HIV-1 infection. J. BioMed.
Nanotechnol 11, 416-427. doi: 10.1166/jbn.2015.1942

de Hoog, G. S., Dukik, K., Monod, M., Packeu, A., Stubbe, D., Hendrickx, M.,
et al. (2017). Toward a novel multilocus phylogenetic taxonomy for the
dermatophytes. Mycopathologia 182, 5-31. doi: 10.1007/s11046-016-0073-9

Faergemann, J., Zehender, H., Denouel, J., and Millerioux, L. (1993). Levels of
terbinafine in plasma, stratum corneum, dermis-epidermis (without stratum
corneum), sebum, hair and nails during and after 250 mg terbinafine orally once
per day for four weeks. Acta Derm Venereol 73, 305-309. doi: 10.2340/
000155557300304

Fontenelle, R. O. S., Morais, S. M., Brito, E. H. S., Nascimento, N. R. F., Valenca
Janior, J. T, Rocha, M. F. G,, et al. (2014). Experimental dermatophytosis on the
outer ear of guinea pigs: a model that mimics natural infection. Rev. da
Universidade Vale do Rio Verde 12, 144-150. doi: 10.5892/ruvrd.v12i1.1359

Fraga-Silva, T. F. C., Marchetti, C. M., Mimura, L. A. N,, Locachevic, G. A,,
Golim, M. A., Venturini, J., et al. (2015). Relationship among short and long term
of hypoinsulinemia-hyperglycemia, dermatophytosis, and immunobiology of
mononuclear phagocytes. Mediators Inflammation 2015, 342345. doi: 10.1155/
2015/342345

Garcia-Humbria, L., Richard-Yegres, N., Pérez-Blanco, M., Yegres, F., Mendoza,
M., Acosta, A, et al. (2005). [Superficial mycoses: comparative study between type
2 diabetic patients and a non-diabetic control group]. Investigacion clinica 46, 65—
74.

Gebremariam, T., Alkhazraji, S., Alqarihi, A., Jeon, H. H., Gu, Y., Kapoor, M.,
et al. (2019). APX001 is effective in the treatment of murine invasive pulmonary
aspergillosis. Antimicrobial Agents chemother 63. doi: 10.1128/aac.01713-18

Gebremariam, T., Alkhazraji, S., Alqarihi, A., Wiederhold, N. P., Najvar, L. K,,
Patterson, T. F., et al. (2021). Evaluation of sex differences in murine diabetic
ketoacidosis and neutropenic models of invasive mucormycosis. J. Fungi (Basel) 7.
doi: 10.3390/jof7040313

Ghannoum, M. A,, Hossain, M. A., Long, L., Mohamed, S., Reyes, G., Mukherjee,
P. K,, et al. (2004). Evaluation of antifungal efficacy in an optimized animal model
of trichophyton mentagrophytes-dermatophytosis. J. Chemother. 16, 139-144.
doi: 10.1179/joc.2004.16.2.139

Hainer, B. L. (2003). Dermatophyte infections. Am. Family phys 67, 101-108.

Hashimoto, T., and Blumenthal, H. J. (1977). Factors affecting germination of
trichophyton mentagrophytes arthrospores. Infect. Immun. 18, 479-486.
doi: 10.1128/iai.18.2.479-486.1977

Hashimoto, T., Wu, C. D., and Blumenthal, H. J. (1972). Characterization of 1-
leucine-induced germination of trichophyton mentagrophytes microconidia. J.
Bacteriol 112, 967-976. doi: 10.1128/jb.112.2.967-976.1972

Hay, R. J., Calderon, R. A., and Collins, M. J. (1983). Experimental
dermatophytosis: the clinical and histopathologic features of a mouse model
using trichophyton quinckeanum (mouse favus). J. Invest. Dermatol. 81, 270-
274. doi: 10.1111/1523-1747.ep12518292

Hay, R. J., Calderon, R. A., and Mackenzie, C. D. (1988). Experimental
dermatophytosis in mice: correlation between light and electron microscopic
changes in primary, secondary and chronic infections. Br. J. Exp. Pathol. 69,
703-716.

Hay, R. ], Johns, N. E., Williams, H. C., Bolliger, . W., Dellavalle, R. P.,
Margolis, D. J., et al. (2014). The global burden of skin disease in 2010: an analysis
of the prevalence and impact of skin conditions. J. Invest. Dermatol. 134, 1527~
1534. doi: 10.1038/jid.2013.446

Ibrahim, A. S., Avanessian, V., Spellberg, B., Edwards, J. EJr., and Liposomal
amphotericin, B. (2003). And not amphotericin b deoxycholate, improves survival
of diabetic mice infected with rhizopus oryzae. Antimicrob. Agents Chemother. 47,
3343-3344. doi: 10.1128/aac.47.10.3343-3344.2003

Khurana, A., Sardana, K., and Chowdhary, A. (2019). Antifungal resistance in
dermatophytes: Recent trends and therapeutic implications. Fungal Genet. Biol. FG
B 132, 103255. doi: 10.1016/j.fgh.2019.103255

Kim, H. S., Woo Chang, S., Baek, S. H., Han, S. H,, Lee, Y., Zhu, Q,, et al. (2013).
Antimicrobial effect of alexidine and chlorhexidine against enterococcus faecalis
infection. Int. J. Oral. Sci. 5, 26-31. doi: 10.1038/ij0s.2013.11

Lenzen, S. (2008). The mechanisms of alloxan- and streptozotocin-induced
diabetes. Diabetologia 51, 216-226. doi: 10.1007/s00125-007-0886-7

Frontiers in Cellular and Infection Microbiology

08

10.3389/fcimb.2022.958497

Liu, T., Aman, A., Ainiwaer, M., Ding, L., Zhang, F., Hu, Q, et al. (2021).
Evaluation of the anti-biofilm effect of poloxamer-based thermoreversible gel of
silver nanoparticles as a potential medication for root canal therapy. Sci. Rep. 11,
12577. doi: 10.1038/s41598-021-92081-7

Lobene, R. R, and Soparkar, P. M. (1973). The effect of an alexidine mouthwash
on human plaque and gingivitis. J. Am. Dental Assoc. 87, 848-851. doi: 10.14219/
jada.archive.1973.0512

Lp, H., Swanson, E., and Burnette, J. (2020). Effect of poloxamer 407-
vancomycin compounds on In vitro biofilms: A pilot study. Vet. Comp. Orthop
Traumatol 33, A4010. doi: 10.1055/s-0040-1714958

Mamouei, Z., Alqarihi, A., Singh, S., Xu, S., Mansour, M. K., Ibrahim, A. S,, et al.
(2018). Alexidine dihydrochloride has broad-spectrum activities against diverse
fungal pathogens. mSphere 3. doi: 10.1128/mSphere.00539-18

Martinez-Rossi, N. M., Bitencourt, T. A., Peres, N. T.A., Lang, E. A.S., Gomes, E.
V., Quaresemin, N. R,, et al. (2018). Dermatophyte resistance to antifungal drugs:
Mechanisms and prospectus. Front. Microbiol. 9. doi: 10.3389/fmicb.2018.01108

Monod, M., Feuermann, M., and Yamada, T. (2021). Dermatophytes and
dermatophytoses. Eds. J.-P. Bouchara, P. Nenoff, A. K. Gupta and V. Chaturvedi
(Cham, Switzerland: Springer International Publishing), 415-429.

Muller, L. M., Gorter, K. J., Hak, E., Goudzwaard, W. L., Schellevis, F. G.,
Hoepelman, A. I, et al. (2005). Increased risk of common infections in patients
with type 1 and type 2 diabetes mellitus. Clin. Infect. Dis. an Off. Publ. Infect. Dis.
Soc. America 41, 281-288. doi: 10.1086/431587

Nakamura, T., Nishibu, A., Yasoshima, M., Tanoue, C., Yoshida, N., Hatta, J.,
et al. (2012). Analysis of trichophyton antigen-induced contact hypersensitivity in
mouse. J. Dermatol. Sci. 66, 144-153. doi: 10.1016/j.jdermsci.2012.02.008

Nantel, A., Dignard, D., Bachewich, C., Harcus, D., Marcil, A., Bouin, A. P,,
et al. (2002). Transcription profiling of candida albicans cells undergoing the
yeast-to-hyphal transition. Mol. Biol. Cell 13, 3452-3465. doi: 10.1091/mbc.E02-
05-0272

Nenoft, P., Verma, S. B., Ebert, A., Siif3, A., Fischer, E., Auerswald, E., et al.
(2020). Spread of terbinafine-resistant trichophyton mentagrophytes type VIII
(India) in Germany-"The tip of the iceberg?". J. Fungi (Basel) 6. doi: 10.3390/
jof6040207

Poojary, S., Miskeen, A., Bagadia, J., Jaiswal, S., and Uppuluri, P. (2019). A study
of In vitro antifungal susceptibility patterns of dermatophytic fungi at a tertiary
care center in Western India. Indian ]. Dermatol. 64, 277-284. doi: 10.4103/
ijd.IJD_456_18

Rajagopalan, M., Inamadar, A., Mittal, A,, Miskeen, A K., Srinivas, C. R,,
Sardana, K., et al. (2018). Expert consensus on the management of
dermatophytosis in India (ECTODERM India). BMC Dermatol. 18, 6.
doi: 10.1186/512895-018-0073-1

Rippon, J. W. (1985). Current topics in medical mycology. Ed. M. R. McGinnis
(New York: Springer), 208-234.

Ruiz-Linares, M., Aguado—Pérez, B., Baca, P., Arias-Moliz, M. T., and Ferrer-
Luque, C. M. (2017). Efficacy of antimicrobial solutions against polymicrobial root
canal biofilm. Int. endodontic J. 50, 77-83. doi: 10.1111/iej.12598

Sano, T., Ozaki, K., Terayama, Y., Kodama, Y., and Matsuura, T. (2014). A novel
diabetic murine model of candida albicans-induced mucosal inflammation and
proliferation. J. Diabetes Res. 2014, 509325. doi: 10.1155/2014/509325

Saunte, D. M., Hasselby, J. P., Brillowska-Dabrowska, A., Frimodt-Meller, N.,
Svejgaard, E. L., Linnemann, D., et al. (2008). Experimental guinea pig model of
dermatophytosis: a simple and useful tool for the evaluation of new diagnostics and
antifungals. Med. Mycology 46, 303-313. doi: 10.1080/13693780801891732

Segal, E., and Elad, D. (2021). Human and zoonotic dermatophytoses:
Epidemiological aspects. Front. Microbiol. 12. doi: 10.3389/fmicb.2021.713532

Shear, N. H., Villars, V. V., and Marsolais, C. (1991). Terbinafine: an oral and
topical antifungal agent. Clin. Dermatol. 9, 487-495. doi: 10.1016/0738-081x(91)
90077-x

Shimamura, T., Kubota, N., and Shibuya, K. (2012). Animal model of
dermatophytosis. J. biomed Biotechnol. 2012, 125384. doi: 10.1155/2012/125384

Singh, S. K., Subba, N., and Tilak, R. (2020). Efficacy of terbinafine and
itraconazole in different doses and in combination in the treatment of tinea
infection: A randomized controlled parallel group open labeled trial with clinico-
mycological correlation. Indian ]J. Dermatol. 65, 284-289. doi: 10.4103/
ijd.IJD_548_19

Spolsky, V. W., and Forsythe, A. B. (1977). Effects of alexidine.2HCL

mouthwash on plaque and gingivitis after six months. J. Dental Res. 56, 1349—
1358. doi: 10.1177/00220345770560111101

Suh, S. O, Grosso, K. M., and Carrion, M. E. (2018). Multilocus phylogeny of the
trichophyton mentagrophytes species complex and the application of matrix-
assisted laser desorption/ionization-time-of-flight (MALDI-TOF) mass
spectrometry for the rapid identification of dermatophytes. Mycologia 110, 118—
130. doi: 10.1080/00275514.2018.1443653

frontiersin.org


https://doi.org/10.4103/ijd.IJD_203_19
https://doi.org/10.1016/j.antiviral.2012.09.015
https://doi.org/10.1166/jbn.2015.1942
https://doi.org/10.1007/s11046-016-0073-9
https://doi.org/10.2340/000155557300304
https://doi.org/10.2340/000155557300304
https://doi.org/10.5892/ruvrd.v12i1.1359
https://doi.org/10.1155/2015/342345
https://doi.org/10.1155/2015/342345
https://doi.org/10.1128/aac.01713-18
https://doi.org/10.3390/jof7040313
https://doi.org/10.1179/joc.2004.16.2.139
https://doi.org/10.1128/iai.18.2.479-486.1977
https://doi.org/10.1128/jb.112.2.967-976.1972
https://doi.org/10.1111/1523-1747.ep12518292
https://doi.org/10.1038/jid.2013.446
https://doi.org/10.1128/aac.47.10.3343-3344.2003
https://doi.org/10.1016/j.fgb.2019.103255
https://doi.org/10.1038/ijos.2013.11
https://doi.org/10.1007/s00125-007-0886-7
https://doi.org/10.1038/s41598-021-92081-7
https://doi.org/10.14219/jada.archive.1973.0512
https://doi.org/10.14219/jada.archive.1973.0512
https://doi.org/10.1055/s-0040-1714958
https://doi.org/10.1128/mSphere.00539-18
https://doi.org/10.3389/fmicb.2018.01108
https://doi.org/10.1086/431587
https://doi.org/10.1016/j.jdermsci.2012.02.008
https://doi.org/10.1091/mbc.E02-05-0272
https://doi.org/10.1091/mbc.E02-05-0272
https://doi.org/10.3390/jof6040207
https://doi.org/10.3390/jof6040207
https://doi.org/10.4103/ijd.IJD_456_18
https://doi.org/10.4103/ijd.IJD_456_18
https://doi.org/10.1186/s12895-018-0073-1
https://doi.org/10.1111/iej.12598
https://doi.org/10.1155/2014/509325
https://doi.org/10.1080/13693780801891732
https://doi.org/10.3389/fmicb.2021.713532
https://doi.org/10.1016/0738-081x(91)90077-x
https://doi.org/10.1016/0738-081x(91)90077-x
https://doi.org/10.1155/2012/125384
https://doi.org/10.4103/ijd.IJD_548_19
https://doi.org/10.4103/ijd.IJD_548_19
https://doi.org/10.1177/00220345770560111101
https://doi.org/10.1080/00275514.2018.1443653
https://doi.org/10.3389/fcimb.2022.958497
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Nabeela et al.

Uppuluri, P., Lin, L., Alqarihi, A., Luo, G., Youssef, E. G., Alkhazraji, S., et al.
(2018). The Hyr1 protein from the fungus candida albicans is a cross kingdom
immunotherapeutic target for acinetobacter bacterial infection. PLoS Pathog. 14,
€1007056. doi: 10.1371/journal.ppat.1007056

Venturini, J., Golim, M. A., Alvares, A. M., Locachevic, G. A., Arruda, O.
S., Arruda, M. S. P, et al. (2011). Morphofunctional evaluation of thymus in
hyperglycemic-hypoinsulinemic mice during dermatophytic infection.
FEMS Immunol. Med. Microbiol. 62, 32-40. doi: 10.1111/j.1574-
695X.2011.00784.x

Verma, S. B,, Panda, S., Nenoff, P., Singal, A., Rudramurthy, S. M., Uhrlass, S.,
et al. (2021). The unprecedented epidemic-like scenario of dermatophytosis in
India: II. diagnostic methods and taxonomical aspects. Indian J. Dermatol Venereol
Leprol 87, 326-332. doi: 10.25259/IJDVL_302_20

Frontiers in Cellular and Infection Microbiology

09

10.3389/fcimb.2022.958497

Verma, S., and Madhu, R. (2017). The great Indian epidemic of superficial
dermatophytosis: An appraisal. Indian J. Dermatol. 62, 227-236. doi: 10.4103/
ijd.IJD_206_17

Wayne, P. (2008). Clinical and laboratory standards institute: Reference method
for broth dilution antifungal susceptibility testing of yeasts; approved standard. CLSI
document M27-A3 and supplement s 3. 6-12. Clinical and Laboratory Standards
Institute, Wayne PA

White, T. C,, Findley, K., Dawson, T. L.. Jr., Scheynius, A., Boekhout, T., Cuomo,
C. A, et al. (2014). Fungi on the skin: dermatophytes and malassezia. Cold Spring
Harb. Perspect. Med. 4. doi: 10.1101/cshperspect.a019802

Yip, K. W, Ito, E., Mao, X,, Au, P. Y., Hedley, D. W., Mocanu, J. D,, et al. (2006).
Potential use of alexidine dihydrochloride as an apoptosis-promoting anticancer
agent. Mol. Cancer Ther. 5, 2234-2240. doi: 10.1158/1535-7163.mct-06-0134

frontiersin.org


https://doi.org/10.1371/journal.ppat.1007056
https://doi.org/10.1111/j.1574-695X.2011.00784.x
https://doi.org/10.1111/j.1574-695X.2011.00784.x
https://doi.org/10.25259/IJDVL_302_20
https://doi.org/10.4103/ijd.IJD_206_17
https://doi.org/10.4103/ijd.IJD_206_17
https://doi.org/10.1101/cshperspect.a019802
https://doi.org/10.1158/1535-7163.mct-06-0134
https://doi.org/10.3389/fcimb.2022.958497
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Antifungal activity of alexidine dihydrochloride in a novel diabetic mouse model of dermatophytosis
	Introduction
	Results and discussion
	Assessment of progression of infection
	Testing efficacy of antifungal compounds in the diabetic mouse model of dermatophytosis

	Methods
	Fungal strain and growth conditions
	Antifungal agents
	Animal model
	Evaluation of the outcomes of infection
	Histopathology
	In vitro MIC testing

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


