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Abstract

Cutaneous candidiasis is a multipicture infection of the skin, generally caused by
yeast like fungus c.albicans or other species of genus candida such as candida parap-
silosis, candida tropicalis, candida glabrata but these species are unusual, secondary
to skin diseases. Candida is flora of gut microbiota, rather than skin, although it is
present on skin at some instances. Certain factor of candida species such as ability
to evade host defense by biofilm formation, filamentous form and presence of tissue
damaging enzyme phospholipase are attributed to pathogenicity. Cutaneous candida
infection may occur in patient HIV/AIDS, cancer receiving chemotherapy, antibiotics,
steroids therapy and in organ transplantation. Vesicles, pustules, maceration and fis-
suring are common symptoms on perineum, axilla and interriginous areas. Systemic
and topical therapies are common treatment with different drugs. Single drug therapy
as combination of anti-fungal, antibacterial and topical corticosteroid has marvelous
results. Nystatin, Clotrimaziole and miconazole are efficiently reviewed topical drugs
with 73-100% cure.

Keywords: C.albicans, pathogenicity, systemic therapies, topical therapies and drugs

1. Introduction

Fungi like to reside in different areas such as air, soil, waterbodies, nutriment,
attire, human body;, flora and fauna. Coccidioidomycetes, Histoplasmosis and
blastomycosis are human mycoses, native to different geographical regions and may
found in any organism [1]. However, few individuals, effected by inhalation of these
dimorphic fungi, show symptoms. On the other hand, opportunistic fungal infection
mostly caused by some fungal species such as Candida, Aspergillus and Zygomycetes
species, it basically present in immunosuppressed patients [2]. Among opportunistic
fungi Candida classified as particularly threatened species to diseased person with
week defense system. Cutaneous candidiasis is a skin infection caused by C. albicans.
From 20 species of candida, 30 are causing infection in human [3-5].

Medically most important species of genus candida are C. albicans, C.krusei, C.
parapsilosis, C. glbrata, C. guilermondii, C. tropicalis and C. kefyr. Invasive candidiasis
present in those who have immunodeficiency virus (HIV) infection and acquired
immunodeficiency syndrome (AIDS), hematological disorders and cancer and may
involve any internal organ or site [6]. By ingesting and killing opsonized candida,
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immune system is very useful in host body defense against invasive candida [7]. In
immunodeificient patient such as innate anemia and impaired natural immunity

by physiological abnormalities in phagocytic cells, candida is primary threat [8, 9].
Cutaneous candidiasis is well defined disease characterized by candida infection of
skin [4]. So the present study was designed to review pathogenicity, causes, signaling
pathways and drug delivery system having ability to accelerate accumulation of drug
in different cutaneous layer.

2. Overview of common clinical feature of cutaneous candidiasis

A considerable ratio of healthy individuals carry detectable number colonizing
candida on skin, oral, gastrointestinal tract. Oral candida account 25-75% in healthy
population [10], colonize mostly on the surface of oral cavity and most frequently
present in dorsum of tongue. Review of literature showed that oral candida was
continuous and regular. Adherence on epithelium by C. albicans blastocconidia and
hyphae followed integrin like molecule such as INT1p factor [11, 12]. Arginine-
glycine-aspartic acid (RGD) sequence recognition by adhesion molecule on epithelial
cells and themselves express RGD sequence identified by mammalian integrins
enhance adhesion of yeast to epithelium. Carriages of Candida species rarely estab-
lish into mucocutaneous so cutaneous and mucosal candidiasis poorly progresses to
invasive candida disease.

A well known cutaneous candidiasis fungal infection may categorized or may
be limited to integument on limited body surface. Candida skin infection expresses
by interdigital candidiasis between fingers and toe may develop after softening and
torn away finger’s skin. Like fungi, candida develops in hot, dark and humid area
which answered why it occur between skin surface, close to each other. Fissuring,
maceration, pimples and cyst are mostly present on interdiginious skin area.
Candida also cause rashes affecting anus and buttock area usually known as diaper
dermatitis. Rash is common causing agent of blanitis, spread to scrotum, thigh and
gluteal area. Candida is major source of folliculitis in immunosuppressed and obese
patients [13].

Approximately 1% outpatient [14] reported with common disease of skin, cuta-
neous candidiasis affect all life stages as compared to 7% [15] of all inpatient visits
in skin medical centre. Candida is primary source of skin disease or may develop
secondary to other skin infections such as allergic dermatitis, psoriasis or existing
diaper dermatitis. Cutaneous candidiasis develop in all body regions but frequently
manifestation include intertrigo, inflammation, diaper, rashes and candidiasis of
finger web [14]. Diversification of albicans species present but C. albicans play major
role in human skin candidiasis [14]. Synergetic candida albicans fungus origin of
wide human pathologies ranging from persistent or mild mucocutaneous infection
to acute, lethal and disseminated disorder. It colonize at mucosal surface or skin and
progression into candidiasis in immunocompromising, barrier disruption or wide
antibiotic use [16-18]. Fourth major reason of nosocomial infection is prevalence
of cutaneous candidiasis by C. albicans, pledged with 20-80% fatality. CD4+ T cells
play role in HIV + /AIDS patients susceptible to oropharyngeal candidiasis paly role in
defense of this candidiasis [19].

In finding related to human, Consequences of interleukins-23 and interleu-
kins-17 pathway briefly evaluated to protect mice candidiasis. It is also showed
that IL-23, IL-17RC and Act-1deficient mice are also vulnerable to oropharyngeal
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candidiasis(OPC) [20-23]. Similar signaling pathway for cutaneous candidiasis is
also described in mouse model [24-26]. Altogether, it is showed that mouse is faithful
animal to study immune response in candidiasis.

The IL-17 cytokines family comprise 6 related members. Interleukins member-
17A, 17B, 17C,17D,17E (Interleukins-25) and 17F [27]. Still, limited data available
about antifungal function of IL-17 family cytokines aside from IL-17A and IL-17F.
IL-17A and IL-17F signal by heterodimeric receptor composed of IL-17RA and
IL-17RC [28, 29]. Additionally, IL17RA combine with other partner of interleukin-17
family of receptors to make a binding complex for other IL-17 family cytokines [30]
and predicted as interleukin —17 family of receptors signaling subunit.

Specifically, receptor complex (Interleukins-17RA and interleukins-17RE has
cytokines interleukins-17C signal [27]. In comparison to iterleukins-17F and 17A, a
lymphocyte derived, interleukins-17C is mainly released by upper integumentary
tissue layer and keratinocytes [27, 31]. IL-17C like IL-17A govern natural defense at
mucosal surface and skin by invigorating chemokines, inflammatory cytokines and
antimicrobial peptides production. Interleukins-17A and interleukin-17C translated
genes overlapping [32-34]. It is reported that interleukins-17C magnify direct signal-
ing response by T-helper17 on T-helper 17 cells by interleukins-17RE/17RA [35]. Many
studies has demonstrated protective role of IL-17C in gut and skin, but it is still poorly
understood [36-38].

Local skin condition like occlusion, incomplete skin barrier, humidity and altered
microbial flora promote cutaneous candidiasis infection. Many risk factor are
known such as medical or disease related immunosuppression, endocrine disorders,
malnutrition, pregnancy, steroid therapy, malignant diseases and compromised
blood flow [16, 39].

Human cutaneous candidiasis is noxious dermatotosis defined by visible and
microscopic cyst that are basically polymorphonuclear leukocytes. Epicutaneous
implementation of candida blastospore occlusion for 24 hours in rodents create
intraepidermal microabscesses and subcorneal cyst at sites of hyphal invasion. Only
two species C. albicans and C. stellatoidea produces lesion after penetration in skin,
remaining species fail to elicit inflammatory response [40]. Chemotactic stimuli
generation may be related to clinical mechanism accountable for neutrophil cellular
migration. In vitro studied explained migration of polymorphonuclear leukocytes by
C. albicans. This response dependent on heat labile serum factor and independent of
organism’s viability [41]. Stratum corneum act as barrier but only to few species of
candida. After penetration barrier, complement system mediates an acute neutrophil
pustular response by inhibiting candida proliferation and prevents deep invasion of
tissue [40].

Candida, human mucosal microbiota, not of skin carries by fingers. By microscopy
and culture cutaneous candidiasis characterized and clinical diagnosis established. In
these days different techniques namely polymerase chain reaction (PCR) and matrix-
assisted-laser-desorption-ionization time-of-flight-mass-spectrometry (MALDI
TOF-MS) manifested sensitive, rapid, well characterized method of candidiasis
identification [42, 43].

The differentiation between living and dead fungi require cultures. National
treatment guidelines exist for few invasive yeast infection [44] but lacking for skin
yeast infection. Current treatment includes wide range of oral and topical therapies
with anti-fungal and anti-inflammatory effects. Furthermore, topical treatment with
corticosteroid have been established, but it is not clear whether these are preferable or
not.
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3. Pathogenesis stages
3.1 Biofilm formation

C. parapsilosis, C. albicans and other species are capable of biofilm formation,
promoting incursion and inhibit killing by antifungal therapy (Figure 1). Yeast,
pseudohyphae, hyphae and germ tubes, are multiple morphologies of C. albicans are
whereas those formed by Parapsilosis morphologies consist of only two cells type:
hyphae and yeast. All these biofilm attaches to medical instruments and limited
penetration of antifungals. Biofilm start by attachment of yeast cell with surface layer
[45]. This explain the need to central line tube elimination to clear candidiasis and
improve outcome [46].

3.2 Evading host immune system

C. albicans has mechanism to dodge normal immune response, making it vulner-
able to premature infants who are immunocompromised. C. albicans can conceal its
surface structure and improper Candida phagocytosis because its hyphae surface
protein mimic receptor of complement system. Fungus gas ability to eradicate cellular
C3b complement, minimizing immune response. In case, candida recognition, its
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hyphae involve in lysosomal fusion as well as elimination of macrophages to promote
puncturing via filament elongation for destruction.

3.3 Morphologic switching

Morphologic switching shows capability of C. albicans to get both filamentous
and yeast form. A filamentous hyphae exist in two forms either hyphae or pseu-
dophyae. Changes in both form occur by ecological factor such as pH, tempera-
ture and amino acid presence. In vivo studies shows infection with wild type
strain is more lethal and had greatest mortality rate than either filamentous only
or yeast form [47]. The yeast form ease tissue and cell adhesion. In human cells,
pseudohyphae enhance destruction and attenuated immune system. Another
study indicated, both hyphal form of C. albicans are virulent, psudohyphal form
has less virulency and can be more easily cleared from tissue as compared to
hyphal form [48].

3.4 Hydrolyzing enzymes

C.albicans produced enzymes such as protease, phospholipase, lipase to accelerate
digestion of epithelial cells and invasion in host tissue. A gene named as Int1 helped
explain sticking mechanism, genes like C. albicans phospholipase B (caPLB 1) explain
importance of phospholipase enzyme penetration in host cell [49]. Another group of
enzymes, secreted aspartic acid (SAPs) help colonization of candida species. SAPs
breaks different proteins including keratin and collagen, beneficial for host tissue
[50]. Excluding C. glabrtata, almost all candida species produced SAPs, C.albicans
produced highest amount of SAPs.

4, Virulence factors

There are many factors responsible for C. albicans virulence in colonization and
intrusion of mucosal and cutaneous sites. The first indispensable step at epithelial
cells, adhesion depend on upper surface elements of fungi affinity for epithelia.
Candida adhesion molecule generally has three types.

One of these, a surface glycoprotein’s protein constituent bind with arginine-
glycine-aspartate (RGD), common to fibronectin, collagen, vitronectin and other
extracellular matrix glycoprotein. In the second, binding of surface glycoprotein in
lecithin like manner to sugar component of host glycoprotein. Surface mannopro-
tein a third one, least defined, polysaccharide constituent of candida attached with
unknown host receptors. Different adhesion patterns have been reviewed in detail by
calendar and Braun [51]. HIV/AIDS, mononucleosis, cancer and antibiotics can also
increase risk of candidiasis [52]. Many studies suggested role of SAPs in colonization
of oral epithelia [53]. Ex vivo analysis indicated, pepstatin inhibit a process, Pit for-
mation by Candida albicans yeast in mouse corneocytes [54], which inhibit aspartyl
proteinase enzymes, demonstrating Corneal layer invasion of proteinase. Pepstatin
cannot hindered C. albicans attachment to corneocytes, only penetration, pointing
out, colonization and adhesion of epidermal cells restricted by proteinase. Protein
dependent penetration do not require morphologic alteration of yeast cell of candida
to hyphae.
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Hyphae formation is essential step for virulence and penetration of C. albicans.
There is little evidence of hyphae role invasion, while yeast forms are associated
with colonization. But hyphal form important colonizer in buccal epithelium So
hyphae formation is not obligatory step for epidermal invasion. In vitro experiment
shown hyphal property such as thigmotropism [55]. Histopathologic studies of
C.albicans infected tissue, hyphae are unevenly distributed. Whereas keratinized
cells have specific pattern along keratinocytes strata or perpendicular to it. Such
pattern are not consistent as some plant fungal species exist perpendicular to cell
boundaries.

It is suggested hyphae may prefer to grow appropriately towards all time available
nutrients due to thigmotropism to micro surface in keratinized layer. A general
factor, surface hydrophobicity, regulating cell adhesion by wander walls forces [56].
C albicans show wide hydrophobicity with respect to growth temperature [57], these
variation associated with epithelial cell adhesion [58]. As a result hydrophobicity play
role in pathogenesis of cutaneous candidiasis. Virulence factor by C. albicans rarely
and discontinuously expressed in all possible microenvironment. There is no clear
evidence to explain C. albicans high potential for rapid switching of expressed phe-
notypes [59] by transcriptional regulation expression [60]. This phenomena helpful
to adapt different microenvironment to regulate gene expression of virulence during
colonization and penetration [61].

5. Diagnosis

Adjunctive diagnosis is miracle, not any replaced culture but they useful only
for high risk patients treated antifungal therapy and monitoring therapy response.
Fungal outer membrane polysaccharide such as Beta-D-glucana de mannan and
polymerase chain reaction assist detecting non-blood stream infection and treatment.
Currently they do not give good result in identifying true infection and costly. BDG
level is also helpful in detecting antifungal therapy. Serum BDG level in infants with
invasion is 364 pg./ml vs.89 pg./ml in noninfected infants, decreases by antifungal
therapy to 58 pg./ml [59].

Another assay to decide treatment therapy is direct buffy coated fluorescent assay
[60]. In this analysis, fluorescent stain bind to cellulose and chitin containing struc-
ture. Fluorescent test helpful to recognize hyphae and spores following 2 hours dura-
tion. Bimolecular techniques such as PCR and DNA microarray technology, recognize
fungi and its antifungal potential more quickly and with higher sensitivity than blood
culture. PCR is helpful during higher fungal infection expression. PCR can detect
candidiasis, nonblood stream infection, candida peritonitis and endotracheal coloni-
zation. Adjunctive test and PCR test are not critically studied.

6. Cutaneous candidiasis treatment

Immunocompromised patients are susceptible to fungal infection. The incidence
of superficial and deep seated infection [62]. Cutaneous candidiasis is most common
problem in human beings [63]. Various treatment strategies such as systemic therapy,
topical drug treatment are used by different drug delivery system. Many treatment
strategies are challenging and restricted to small group of compound, azole.
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6.1 Systemic therapy

Systemic antifungal therapy is miracle for cutaneous candidiasis treatment with
until complete remission occur with multiple week requirement. Various other infec-
tion such as catheter site and fungal digital escher are cured by continuous systemic
therapy. Epithelization of skin lesion is helpful. Untreated primary skin infection
extends far from visible range of lesion so systemic antifungal therapy applied before
debridement (2-3 weeks). However, debridement role in neutropenic patient is
unclear.

6.2 Treatment by fluconazole

A synthetic Trazole, fluconazole drug of 3rd generation is most preferable in clini-
cal patients [64, 65]. FLZ is used as tablet and (iv) injection, but restricted due to side
effects such as skin and gastrointestinal irritation and taste disturbance. Application
of solid lipid nanoparticles (SLN) and nanostructured lipid carrier (NLCs) for drug
application in topical therapy of cutaneous candidiasis is another approach of encap-
sulation. The SLNS has great ability to direct active molecule and enhance therapeutic
effectiveness with significant practicality of induction of lipophilic and hydrophilic
drug. It has more efficacy, physical maintaince and low cost as compared to lipo-
somes. Gold nanoparticles are also widely used in drug application [66].

Moreover, Physiological lipid core with epidermal attacking, follicular transfer
and controlled emission of active molecule with increased skin hydration caused by
occlusivity demonstrated high biocompatibility and biodegradability. Administration
of FLZ require prolonged therapy, however systemic therapy application leads to
disastrous by products [67]. It urges to develop fruitful FLZ preparation to avoid
problem.

6.3 Treatment by Sertaconazole

Sertaconazole nitrate, a broad range topical antifungal factor belonging to azole class
of drugs consisting of benzothiophene radical and excess lipophilic content [68, 69].
Synthesis reaction with lipophilic benzithiophene ether cause penetration of sertacon-
azole into keratinized layer of skin [70]. Similarly, these method recognize molecule
without systemic absorption [70]. Chemical alteration to imidazole loop of sertacon-
azole nitrate boost up its in vitro antifungal activity against candida than other molecule
of same antifungal class [68]. Sertaconazole nitrate shown high stability under different
physiochemical condition [69].

6.4 Mechanisms of action of sertaconazole

Candida species show 3 main antifungal drug targets cell membrane, cell wall and
nucleic acid [71]. It interacts with biosynthetic pathway of ergosterol by suppressing
cytochrome P450-dependent 14 alpha-lanosteroldemethylase or Ergllp, regulated by
ERG11 gene. This inhibition decreases addition of methyl to lanosterol to from ergos-
terol, hence ergosterol amount in fungal cell wall decreases resulting of toxic sterol
mechanism intermediate humus to inhibit cell growth (Figure 2). Consequently, high
lanosterol leads to absence of main fluidity, symmetry, permeability and integrity
controlling factors [72-76]. Azole basically are fungistatic. Sertaconazole has an
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additional effect, bind to nonsterol lipid of plasma membrane like other azoles, to
change cell viability [77].

Azole and iron atom group of heme interaction leads to inactivation of 14
alpha-lanosterol demethylase blockage of yeast mycelium transformation. This
step inhibit attachment of fungus to human skin surface, initial step of treatment
[78]. Ketoconazole possess anti-fungal activity against Candida and dermatophyte
infections, leading to KTZ development with hope that drug is not absorbed hence
reduced drug related side effect. Although some studies have shown to moderate
skin and eye irritation by using topical KTZ application, but systemic toxicity in
anima is reported in literature [79]. Sertaconazole is also capable of inhibiting
hyphae growth and conglomeration of shorter, poorly developed and cluttered
blastocconidia [80]. Sertoconazole also bind directly with nonsterol lipid in the cell
membrane in the absence of ergosterol synthesis, interacting permeability regula-
tion, and cause leakage of intracellular components ATP, similar to miconazole and
ketoconazole [81].

6.5 Topical therapy

It helpful for local treatment, noninvasive and applicable directly to site of action
[82]. Topical formulation creams, lotion, gels, spray resulted in skin absorption,
itching, thus failed to proper removal of yeast [83, 84]. In Switzerland, liposomal
gel, 1st topical gel econazole established in 1994 [85, 86]. FLZ topical drug delivery
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developed by gel micellar emulsion [87], gel designing [67], Organogel with lecithin
content [88] and FLZ containing hydrogel [67] extensively studied.

For sustained drug release, skin aggregation for localized effect in skin and less
permeation of drug required. So vesicular carrier is best and effective way of topical
drug delivery [85, 86]. Vesicular carrier helped in best drug transfer, increase con-
centration and improved potency [89, 90]. Localization of drug at application site is
characterized by vesicular carrier for reservoir, reducing dose, dosing frequency and
systemic side effects [90].

6.6 Liposomal treatment

Over last few decades, fungal infection susceptibility and vulnerability upgraded
in terms of frequency and major causative agent of death [91, 92]. Immunosuppressed
patients are more prone than impaired immunity system [62]. Outer layer and deep
seated infection rate rises gradually [93, 94] skin fungal infection is common prob-
lem, treatment strategy is challenging and limited to small number of compounds
such as azole [63]. A wide range of azole antifungal agent are exploited, however, due
to toxicity clinical use is restricted.

Phospholipid and nonionic surfactants containing liposomes and niosomes respec-
tively more advantageous over conventional method. Niosomes and liposomes are analo-
gous, best chemical structure, moderate cost and diversification of surfactant as compared
to liposomal based vesicles. Most important characteristics are amphipathic nature
allowing carring both hydrophilic and hydrophobic drugs [95, 96]. Liposome and nio-
somes act as dissolvable matrix and no specific point of drug delivery [97] Clotrimaziole
loaded liposomes might be effective for skin candidiasis, as localized effect [83]. Literature
reviewed that liposomes and niosomes have wide ability for TRA (Tretinoin) and nio-
somes carrying Ketoconazole are dominant over plain drug solution [98] showed that
ketoconazole-containing niosomes offer a considerable advantage over plain drug solu-
tion. Literature reviewed that liposomes and niosomes have wide ability for Tretinoin and
enhanced cutaneous drug accretion [96, 99-100]. Additionally, delivery of drug deeper
layer of skin with highest accumulation of finasteride in follicular region is reported [97].

Similarly, toxicity of drug is lessened by drug pharmacology and bioavailability
modification [101]. All these carrier system met desired sustained drug release
characteristics versus local delivery. On the other hand, they show drawbacks such as
liquid type and wash out problem. Furthermore, they can also be applied to com-
monly used dermal vehicle such as hydrogel, proper semisolid stability with appropri-
ate dermal use [83, 102].

7. Conclusion

Genetic basis of immunodeficiency disease lead to best diagnosis and treatment
and increased knowledge to pathophysiology of immune system. Clotrimaziole,
nystatin and miconazole most important drugs with high clinical and mycological
cure. Moving towards oral therapy, fluconazole only available evidence based option
for systemic treatment. FLA loaded CA lipid based SLNs explained better activity
against fungus by localized drug depot formation. This delivery system has great
ability for dermal delivery of drug to treat cutaneous candidiasis. In perspective,
resistance to candida species increases, these is need of further investigation and
treatment option to reduce use of drugs.
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