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Abstract

In case of cutaneous candidiasis topical delivery is preferable because of easy
application and targeted treatment on the site of infection. Miconazole Nitrate (MCZN)
is a broad-spectrum antifungal drug that possesses dual mechanism of action making it
superior to other azoles. Also, it has rare innate and cross resistance with other azoles.
However, it has very poor skin penetration. So, its conventional topical formulations
are not efficient enough to treat deep seated fungal infections. To overcome this
problem Miconazole Nitrate loaded transethosomes (MCZN TESs) and chitosan-based
Miconazole Nitrate loaded transethosomes gel was formulated (MCZN TESs Gel). The
thin film hydration method was employed for formulation of MCZN TESs, and Box-
Behnken Design was used for its optimization. Lipid, surfactant, and drug were selected
as independent variable and particle size (PS), zeta potential (ZP). Polydispersity index
(PDI) and entrapment efficiency (EE) were selected as dependent variables. PS, ZP,
PDI and EE were investigated for optimized formulation and FTIR analysis was carried
out to check any interaction between drug and its excipients and DSC analysis was also
performed. Deformability and elasticity of optimized formulation were also analysed.
TESs were incorporated in chitosan gel and MCZN TESs Gel was characterized in
terms of physical appearance, homogeneity, pH, spreadability and rheological
properties. In vitro and ex vivo permeation and skin deposition studies were also
performed to check drug release and its penetration and deposition within skin layers
respectively. Skin irritation studies were performed. In vitro antifungal assay was
carried out to check enhanced antifungal potential of developed MCZN TESs Gel in
comparison to Marketed Gel. In vivo antifungal studies were also investigated.
Optimized formulation had the PS of 224.8 £ 5.1 nm, ZP 21.1 £ 1.10 mV, PDI 0.207 +
0.009 and EE 93.12 + 0.101%. FTIR results showed no interaction and DSC results
showed enhanced solubility of drug in final formulation. DI was 0.94 and %DI was
94.196%. elasticity was 2.11 £ 0.02, proving that optimized formulation of MCZN
TESs was deformable as well as elastic. Moreover, MCZN TESs Gel was uniform with
desirable pH, spreadability and viscosity. In vitro release of MCZN TESs and MCZN
TEs Gel showed prolong release behaviour in comparison to drug dispersion. MCZN
TESs and MCZN TESs Gel had enhanced penetration and deposition in comparison to
drug gel (MCZN Gel) and Marketed Gel. Skin irritation studies showed gel was non-

irritant and safe. In vitro antifungal assay and in vivo studies showed superiority of

vii



MCZN TESs Gel in comparison with MCZN Gel and Marketed Gel. From studies it
was clear that MCZN TESs were successfully optimized and characterized with
enhanced penetration and antifungal properties for the treatment of cutaneous

candidiasis.

viii
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Chapter 1: Introduction

1. INTRODUCTION

1.1. Background

Fungal infections of skin and nails are most common worldwide responsible for
affecting 25% of the world population. Fungi are heterotrophic in nature. They are not
necessarily harmful they can also be beneficial and help in biodegradation. Harmful
fungi include dermatophytes, yeast, and moulds etc. Fungi can cause both superficial
as well as invasive infections. Yeasts are not usually harmful except in specific
conditions like when host immune system is weakened like in the case of hospitalized
patients, or when skin barriers or normal flora is compromised. Fungi can affect mucus
membrane of a person as well as nails, skin vagina etc. but the progression of these

infections is much worse in case of immunocompromised patients (Kumar, 2018).

1.2. Superficial Candidiasis
Candidiasis is majorly caused by yeast known as Candida albicans. It mainly resides
in moist areas of the body. It is exhibited as mouth thrush, armpit infections, vaginal

thrush, or rashes. Rashed are inflamed, itchy and red in colour (Martins et al., 2014).

1.2.1. Oropharyngeal candidiasis

Typical signs and symptoms are soreness, white patches are most common with
erythematous background, bleeding gums and tongue makes it very hard for the
individual to eat. This disease is prevalent, especially in geriatric people, as well as
those who have received immunosuppression or antimicrobial treatment. It is a
significant infectious AIDS consequence and a sign of advanced HIV infection. White
plaques indicative of the infection can be seen on the oral mucosa (pseudomembranous
candidiasis; On the tongue's surface, this causes the disappearance of tongue papillae
(erythematous candidiasis), or the mucosa may appear glazed and erythema can be seen

(Hay, 1999).

1.2.2. Vaginal candidiasis (Vaginal thrush)
Vaginal thrush and oral thrush have similar symptoms except that there is white

discharge in genital infections along with rashes and pain (Hay, 1999).
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1.2.3. Cutaneous candidiasis
Skin candidiasis is frequently restricted to body folds, such as the areas between the
fingers or toes. Usually, tiny satellite pustules are located distally to the rash's margin.

Candida may result in chronic paronychia (nail-fold infections) (Hay, 2013).

1.3. Epidemiology

Cutaneous candidiasis affects women more commonly than men. It is considered as
public health problem all over the world. A study was done in Tehran-Iran to reveal the
clinical epidemiology of cutaneous candidiasis Nails scrapings and skin of affected
patient’s revealed that C. albicans was the most common specie responsible for 39.8%
of infection followed by C. parapsilosis, C. orthopisilosis, C. tropicalis with 32.9%,
10.4% and 7.9% infection prevalence respectively. Candida species are the 4™ main
cause of bloodstream infection in United States and rates of these infections are high

among elderly patients (Ruhnke, 2006; Havlickova et al., 2009).

A study conducted at Quaid-i-Azam international hospital Islamabad in Jan 2014 to
Feb 2015 revealed that out of 219 candida isolates the predominant specie was C.
albicans 128 (58.45%) followed by C. glabrata, C. tropicalis, C. krusei, C. parasilosis

and so on (Tasneem et al., 2017).

1.4. Eitiology
Small amount of Candida usually resides on the skin of normal person, but because of
several factors enlisted below their growth becomes uncontrollable and infection

occurs. The main factors responsible for candidiasis are as follow.

Local factors for example those which destroy skin barriers like macerations, ulceration
or mucositis caused by radiations. Antibiotic also kill bacteria present on the skin which
are not harmful and results in infection. Corticosteroids weaken the immune system.
Immune system is also weakened due to various endocrine diseases. In the case of
diabetes mellitus level of glucose in body is increased which will result in altering of
yeast adhesion and will result in reduction of phagocytosis. Other diseases include
Cushing syndrome and hypothyroidism etc. pregnancy and other medical conditions
can also increase risk of infection. Chronic candidiasis means re occurring infection
and it results due to endocrine or autoimmune diseases. In the case of autoimmune
disease like AIDS because of weak immune system T lymphocyte are unable to

eradicate the infection via phagocytosis or by using polymorphonuclear cells and
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macrophages for killing yeast cells. Patients with primary immune deficiencies for
example lymphocytic dysfunction, phagocytic abnormalities, IgA deficiency or severe
congenital immunodeficiency are at much higher risk of infection. Conditions due to
deficiency of nutrition’s for example iron deficiency anaemia or deficiency of folic acid
and vitamin B1, B2, B6 or vitamin C will increase the risk of infection to many folds.
Other factors include warm weather, poor hygiene conditions, obesity, damp skin,
tightly fitted clothes or infrequent undergarment changes etc (Martins et al., 2014;
Taudorf ef al., 2019). Summary of factors responsible for infection is given in Table

1.1.

Table 1.1. Summarized list of factors that trigger cutaneous candidiasis.

Factors responsible for candidiasis References

Local factors e.g., skin maceration Martins et al., 2014,
Antibiotics, corticosteroids Martins et al., 2014;
Endocrine diseases like diabetes mellitus Taudorf et al., 2019
Autoimmune diseases Taudorf et al., 2019

Primary immune deficiencies e.g., lymphatic abnormalities | Taudorf et al., 2019

Nutritional deficiencies Martins et al., 2014

Poor hygiene conditions Taudorf et al., 2019

Obesity Martins et al., 2014

Damp skin Martins et al., 2014

Warm weather Taudorf et al., 2019
1.5. Pathogenesis

Candida exists in different locations of the body and several different adaptive
mechanisms help candida to survive in these areas of the body. For example, pH
regulated genes are expressed by candida at different pH to survive. pHR1 is expressed
to exist at pH 5.5 which is the pH of the skin. To exist at neutral pH pHR2 is highly
expressed. C. albicans and other species of candida cause infections passing through

different stages (De Bernardis et al., 1998).

First step is attachment to the host cell. Host cell has different mechanism to combat
infection at this stage, e.g., flushing mechanism or via different substances which are
present at the host surface prevents colonization of fungi. The protein Hwpl helps to

form attachment between yeast and epithelium surface.
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In second step once the yeast cells get embedded to the surface, they will transform
into hyphae via the phenomena known as thigmotropism or contact sensing. After
hyphae formation next steps is transfer inside the host cells. This also takes place via
two mechanisms; firstly, through endocytosis and second is through fungal hydrolases
which helps in penetration inside the host cells. Proteases are also released by candida
to contribute to spread of infection. Prevention of infection may occur through various
mechanism e.g., keratinised surface of host cells via phagocytosis or their innate
resistance i.e. activation of T lymphocytes. When candida invades keratinocytes, they
will respond via release of chemokines and cytokines. Melanocytes also help in killing

the fungi by the release of antimicrobial agents and melanin.

In the last step after attachment to biotic or abiotic surfaces biofilms are formed.
Biofilms will be formed in such a way that yeast cell will be in lower part and hyphae

will be present in the upward site (Odds, 1994; Mathur and Devi, 2017).

1.6. Present Pharmacotherapy

After 1990, number of antifungal agents and classes has been increasing because of
rapid development in this field. The drugs are usually compounded in the form of
sprays, ointments, creams, and gels etc. because of the non-invasive route they have
better patient compliance, and this also bypass first pass effect. Because they do not
reach the systemic circulation, side effects from topical treatment are also significantly

reduced.
Different classes of antifungal drugs are discussed as follow.

Antifungal medications such as imidazole’s, triazoles, and thiazoles are effective
against dermatophytes and yeast. It has been demonstrated that they block the enzyme
needed to change lanosterol into ergosterol i.e., lanosterol 14-demethylase. Ergosterol
in the fungal membrane gradually depletes, leading to fungal membrane dysfunction.
The structure of the fungal membrane and its various functions resulted in the inhibition

of fungal growth.

Amphiphilic macrocyclic compounds called polyenes have a lot of conjugated double
bonds as well as a heavily hydroxylated region on the ring that is opposite the
conjugated system. Candida specie but not dermatophytes, are targets for this

significant class of medicines. Ergosterol increases the phospholipid bilayer's
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mechanical strength, making the plasma membrane denser under typical conditions.
This group of drugs binds to ergosterol and causes cell leakage, which leads to cell

death.

Allyl amine fungicides are used to treat fungal diseases of the skin and nails. Only
dermatophytes are resistant to them. These are non-competitive, reversible antagonists
of the squalene epoxidase enzyme, which initiates the production of ergosterol by
converting squalene to squalene-2,3- epoxide. Squalene build-up in the cell membrane

is harmful to the cell, producing imbalance of pH and membrane protein dysfunction.

By specifically targeting the microtubule, the antifungal agent nucleoside prevents cell
division. This prevents the formation of the mitotic spindle or suppresses DNA
transcription. Echinocandins are a group of drugs that inhibit the synthesis of cell walls
by blocking the enzyme glucan synthase. The hydroxy pyridone antifungal ciclopirox
disrupts a variety of processes, including fungal respiration, cellular membranes

integrity, and active membrane transport.

As tolnaftate, a thiocarbamate antifungal, blocks fungi squalene epoxidase,
griseofulvin attaches to polymerized microtubules and prevents fungi from going
through mitosis. Antimycotic medicines' diverse mechanisms, as stated above, give
protection against a wide spectrum of fungi, implying that infections caused by them

can be effectively and successfully treated (Hay, 2013; Mathur and Devi, 2017)

1.7. Transethosomes (TESs)

Nanocarriers improve drug pharmacokinetics and biodistribution to the target organ,
resulting in increased efficacy. The drug's toxicity is decreased because it accumulates
at target areas rather than in healthy tissues. As a result, nanocarriers enable drug
delivery that is both continuous and controlled. Many varieties of ultra-deformable
vesicles have been successfully created for pharmacological and cosmeceutical
applications, including liposomes, ethosomes, transferosomes, and, more recently
discovery is, TESs. Liposomes can’t cross stratum corneum. But more UDV vesicles
like transferosomes and ethosomes contain edge activator and ethanol respectively.
Both these chemicals are penetration enhancer and make them highly elastic and they
can cross the pores of the skin which are much smaller than their own diameter (Bajaj

etal.,2021).
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TESs are the hybrid of transferosomes and ethosomes firstly introduced by Song et al
in 2012 and are distinguished by a high ethanol content (up to 30%) combined with an
edge activator. They contain advantages of both ethosomes and transferosomes. They
are highly elastic, and they have irregular spherical form. They can encapsulate both
low molecular weight and high molecular weight medicines. TESs are thought to be
superior to other formulations because of their high drug encapsulation efficiency. It
has the power to change its shape and form and they can enter deep layers of the skin

(Song et al., 2012).

1.7.1. Structure of TESs

They are lipid-based vesicles. They mainly contain phospholipids, edge activator
(surfactant), ethanol and water. Main role of phospholipid which are non-ionic
surfactant is to transport the molecules of drugs across the layers of skin. Phospholipid
can easily interact with stratum corneum, and they hydrate the tissues. They have polar
(hydrophilic) heads and non-polar (lipophilic) tails. Examples of phospholipids are
soya phosphatidylcholine, dipalmitoyl phosphatidylcholine, Di stearoyl
phosphatidylcholine. The next important component of TESs is edge activator
(biocompatible surfactant) e.g., tween 80, span 80, sodium deoxycholate etc. Their
main role is enhancement of penetration and improvement of flexibility of the structure.
The unique component present in TESs is alcohol. Ethanol deforms layers of the skin
making TESs highly flexible. Water or buffer (pH 7.4) helps to form bilayer structure
along phospholipids Table 1.2 explains major components of TESs along with their
uses (Mohammed and Al Gawhari, 2021). Figure 1.1 shows structure of TESs.

Figure 1.1. Structure of TESs.
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Table 1.2. Composition of TESs.

Composition Examples Uses
Soy phosphatidylcholine,

Phospholipid phospholipon90®G, dipalmitoyl Helps in vesicle formation
phosphatidylcholine,

Surfactant cholate, sodium deoxycholate, oleic

Tween 80, tween 20, span 80, sodium Improves flexibility and enhance

. trati
acid penetration

Alcohol (30-40%) | Ethanol

Helps in softness of membrane
of vesicles

Buffering agent Phosphate buffer saline pH 7.4 Works as a hydrating agent

1.7.2. Advantages of TESs

Phospholipids are one of the major components which makes them biocompatible
and biodegradable.

Very high entrapment efficiency in the case of lipophilic drugs entrapment is
increased up to 90%.

They prevent degradation of drug and release the drug in sustain and control
manners.

Their flux rate is very high so they can easily cross barriers of the skin.

They can be given topically as well as systemically.

They can encapsulate drug with high and low molecular weights.

Use of TEs is non-invasive. Patient compliance is very high because they can
easily be administered as semisolid dosage forms like gels, creams etc.

Most stable among all ultra-deformable vesicles (Mohammed and Al Gawhari,

2021).

1.7.3. Mechanism of permeation of TESs

Three layers of the skin are epidermis, dermis, and hypodermis. Epidermis is the outer

most layer made of keratinocytes and is the major barrier for the drug absorption.

Stratum corneum is the non-viable epidermal layer. Then comes dermis made up of

connective tissues. Hair follicles, sebaceous gland and sweat glands are present in this

layer. Hypodermis consists of sebaceous fat tissues. There are two mechanisms by

which TESs pass through these three barriers of the skin. Ethanol when pass through

stratum corneum it disrupts phospholipids and fluidizes lipids. Gaps between

corneocytes increases which results in increased penetration resulting in gradual release

of drug in these layers. Secondly edge activator works by disruption of intercellular
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lipids and hydrophilic pores are widened, then medication is released gradually. But
edge activator alone is not capable of transferring the drugs in deep layers. But both
edge activator and ethanol increase elasticity and fluidity of TESs. Fluidity of lipid
membrane cause decrease in size and elasticity makes it capable to alter or change its
shape and pass-through narrow pores which are much less in diameter. After passing

through epidermis TESs moves to dermis layer (Simde, 2015).

1.7.4. Methods of preparation of TESs

At both the pilot plant and industrial size, TESs are simple to create and scale up
without the use of specialized technology. To improve skin penetration, different
technologies are employed to create small vesicles, which are then put into gels or

creams. The approaches listed below are some of the most regularly employed.

1.7.4.1. Cold method for preparation of TESs

According to this procedure, lipids are solubilized in ethanol with constant stirring at
normal room temperature, then edge activator is added, and the above mixture is heated
to 30°C while being vigorously stirred. The mixture is then stirred in an enclosed pot
for 5 minutes. The water is added to the alcoholic mixture gradually in a fine stream
after being boiled in a separate container to 30°C. TESs size is also decreased with

sonication. The formulation is then stored in a refrigerator (Kumar ef al., 2016).

1.7.4.2. Hot method for preparation of TESs

A colloidal solution is created by dispersing phospholipid in water and heating it in a
water bath to 40°C. Glycol and ethanol are kept at a constant 40°C temperature. The
aqueous phase is combined with the ethanol and glycol-containing phase while being
stirred for 7 to 10 minutes. The drug can dissolve in water or ethanol depending on
whether it has hydrophilic or hydrophobic qualities. The process is conducted at a
constant temperature of 40 °C. Sonication causes the TESs to shrink in size (Kumar et

al., 2016).

1.7.4.3. Mechanical dispersion / thin film hydration method for preparation of TESs

Lipid and surfactant are combined and dissolved in ethanol in a clean, dry, round-
bottom flask. The thin-film hydration and ultrasound homogenization together
improved this process. Above the lipid transition temperature, a rotary evaporator is

used to create a thin lipid film. By holding it overnight under a vacuum, extra organic
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solvent is eliminated. The film is hydrated by rotation at 60 rpm while immersed in a
phosphate buffer solution with a pH of 6.5 and 10% v/v ethanol. The formulation is
then supplemented with the drug. To make them smaller, TESs are sonicated. TESs
were homogenised for five minutes using sonification. Using a 0.22 m filter to filter

TESs was done lastly (Mohammed and Al Gawhari, 2021).

1.8. Miconazole Nitrate (MCZN)

MCZN is an antifungal drug which belongs to imidazole class. Basically, azoles are the
class of antifungals which further classify into azole and imidazole based upon the
number of nitrogen atoms present in the structure. Imidazole’s contain two nitrogen
atoms in their structure. Imidazole’s are mainly known for treating superficial fungal
infections (Fothergill, 2006). Conventional dosage forms of MCZN are available in the
market but these dosage forms have various shortcomings and side effects (Firthouse

etal.,2011).

For the topical treatment of infections, the main problem is to cross the skin barriers to
reach deep skin layers. In case of MCZN that is insoluble in water and its octanol water

partition coefficient is 6.25 that means that this drug has very poor skin penetration

(Pandit et al., 2014).

1.8.1. Mechanism of action of MCZN
MCZN is unique drug among azoles class. The discriminating factor of MCZN is its
mechanism of action. It is used to treat various infections especially those that are

caused by the overgrowth of Candida species.
Three mechanisms of actions followed by MCZN are as follow.

1.8.1.1. Inhibition of ergosterol Synthesis

The primary mechanism of action which MCZN shares with other azoles is the
inhibition of production of ergosterol which is important component of fungal cell
membrane. Basically, MCZN inhibits enzyme named CYP450 140 lanosterol
demethylase as shown in Figure 1.2. This enzyme is responsible for converting
lanosterol to ergosterol by the elimination of methyl groups. As the result of its
inhibition methylated sterols tend to accumulate in cell membrane and integrity of cell

membrane, its permeability along with the action of membrane bound enzymes gets
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affected. This action will in turn cause leakage of phosphate, cations and low molecular

weight proteins (Mathur and Devi, 2017).

1.8.1.2. Production of ROS

The second mechanism of action that makes MCZN superior to other azoles is
production of ROS. Despite inhibition of ergosterol azoles are not completely static in
nature. They can slow down fungal growth but they need assistance from immune
system in order to completely exterminate infection (Kobayashi et al., 2002).
Production of ROS is completely independent pathway from ergosterol inhibition.
MCZN inhibits peroxidase enzyme that leads to the accumulation of hydrogen
peroxides in the cell to a toxic level resulting in necrosis or cell death. This ability of
MCZN to disturb peroxidative and oxidative enzymes activities makes it capable of
fungicidal effect. And this is the reason for less fungal resistance of this drug (Piérard

etal.,2012). A explained in Figure 1.2.

1.8.1.3. Production of farnesol

The formation of farnesol in Candida spp. that are sensitive is another example of how
intricate the MCZ's mode of action is. An extracellular quorum-sensing molecule is
farnesol that is produced by C. albicans. Farnesol build-up above a certain point result
in inhibition of the yeast-to-mycelium transition and limits the proliferation of budding

yeast. (Piérard et al., 2012).

Figure 1.2. Mechanism of action of MCZN (created via Bio render).
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1.9. Rationale

The rationale of this ultra-deformable vesicle system was to enhance penetration and

to improve antifungal potential for the treatment of cutaneous candidiasis.

1.10. Aim and Objectives

The aim of current study was the development of Miconazole Nitrate transethosomes
(MCZN TESs) and chitosan-based Miconazole Nitrate loaded transethosomal gel
(MCZN TESs Gel) for the treatment of cutaneous candidiasis.

The objectives of this study were.

e To optimize and characterize MCZN TESs and MCZN TESs Gel.

e [nvitro and ex vivo evaluation of MCZN TESs and MCZN TESs Gel.

e [nvivo evaluation and investigation of antifungal potential of MCZN TESs Gel.

11
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2. MATERIALS AND METHODS

2.1. Chemicals and Reagent

MCZN was kindly gifted by Valor pharmaceuticals Islamabad. Phospholipon® 90G
(PL90G) and Span 80 (S 80) were procured from sigma aldrich. Chloroform, methanol,
and ethanol were purchased by BDH laboratory supplies, England. Di-sodium
hydrogen phosphate (Na:HPO4.2H20) and potassium di-hydrogen phosphate (KH2PO4)
were obtained from Merck, Germany. Sodium chloride (NaCl), sodium hydroxide
(NaOH) was purchased from sigma Aldrich. Acetic acid and Chitosan were procured
from sigma Aldrich. Dialysis membrane (Dialysis tubing with MWCO 12 to 14 kDa)

was procured from the Medicell membranes Limited (London UK).

2.2. Instruments and Apparatus

Rotary evaporator (Heildoph Instruments GmbH CO., Germany), Weighing balance
(Ohaus corporation, PA 214C, USA), Hot plate multi stirrer ( MAGIK, MG-855), Water
distillation apparatus (IRMECO GmbH IM50, Germany), Centrifuge machine
(Hermle, GmbH Z326K, Germany), Agilent 8543 Ultraviolet-Visible
Spectrophotometer (Agilent technologies, United States), Bath sonicator (Elmasonic
GmbH, E60H, Germany), Probe sonicator (Misonix-XL-2000 series), pH meter ( Bante
instruments, PHS 25GW, Chicago, USA), Refrigerator (Panasonic MPR-161D H,
Japan), Oven (Memmert, INB200, Germany), Lyophilizer (Christ alpha 1-2 LD plus,
Germany), FTIR spectrometer (Nicolet, model Magna-IR spectrophotometer 550),
DLS instrument (Brook heaven instrument corporation, USA), Malvern Zeta sizer,
Franz diffusion cell (Model T9-CB-71026, Make: PermeGear, Inc. USA), funnel,
beakers, petri dishes, pipettes and stirrers, falcon tubes, glass vials, micro spatula,

syringe filters, volumetric flask, Eppendorf tubes ( Sigma Aldrich, USA).

2.3. Methods
2.3.1. Formulation of solutions

2.3.1.1. Phosphate Buffer Saline (PBS pH 7.4)
100 ml volumetric flask was taken in which accurately measured 238 mg of
Na:HPO4.2H20, 800 mg of NaCl, 19 mg of KH2PO4 were dissolved in small quantity

of water. After complete dissolution of salts volume makeup was done to 100 ml with

12
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distilled water (Nurahmanto, 2013).

2.3.1.2. Phosphate Buffer Saline (PBS pH 5.5)
In a small quantity of water dissolve 8.09 g of Na2HPO4.2H-0, and 1.36 g of KH2PO4

and makeup the final volume up to 400 ml with distilled water.

2.4. Standard Calibration Curve

2.4.1. Standard calibration curve of miconazole nitrate

Methanol was selected as the most suitable solvent for the preparation of curve of
MCZN. Because this lipophilic drug had the maximum solubility in this solvent. First,
standard stock solution of 100 pg/ml was prepared by dissolving 1 mg of MCZN in

100 ml of methanol. Then by using this stock serial dilutions were prepared.

For the calculation of volume of methanol following equation was used.

C1V1:C2V2
C,= Concentration of stock solution V1= Vol. of stock solution
C.>= Concentration of succeeding dilution V2= Vol. of succeeding dilution

For the analysis of prepared dilutions UV-Spectrophotometer was used at the
wavelength of 272 nm (ymax) (Cavrini et al., 1989) . all the values of absorbance’s
for each dilution were recorded and calibration curve was plotted between

concentration and absorbance. R? value was obtained along with linear regression

equation.

y=mxtc

y = absorbance m = slope

x = unknown conc. of drug ¢ = intercept

2.4.2. Calibration curve of MCZN in PBS (pH 7.4)
Calibration curve was made at pH 7.4 to analyse release pattern of TESs in blood. All

the values obtained were analysed using UV-Spectrophotometer at 272 nm.

2.4.3. Calibration curve of MCZN PBS (pH 5.5)
To check the release behaviour of MCZN at pH 5.5 i.e., the pH of skin calibration curve
was formulated. Different dilutions were prepared and checked at UV-

Spectrophotometer at the wavelength of 272 nm.
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2.5. Method of Preparation of TESs

2.5.1. Method of preparation of blank TESs

Thin film hydration method was used for the preparation of TESs with slight changes
in the method. First, PL90G along with S 80 were dissolved in organic solvents i.e.,
methanol and chloroform (1:1). The mixture was transferred into rotary flask and was
evaporated under vacuum to form a thin film. After the formation of thin film hydration
was done using aqueous phase consisting of PBS 7.4 and ethanol (7:3) for one hour at
60°C and 100 rpm. After the hydration formulation was sonicated for 5 minutes and
then extrusion was done to obtain small vesicles. This method is explained in Figure

2.1 (Songetal.,2012; Ahmed et al., 2021).

2.5.2. Method of preparation of MCZN TESs

Same thin film hydration method was used for the formulation of drug loaded TESs.
Drug was lipophilic so was added into organic phase along with lipid and surfactant.
After formation of thin film hydration was done for one hour at 60 °C and 100 rpm.

After sonication and extrusion, vesicles were obtained (Song ef al., 2012; Ahmed et al.,

2021).

Figure 2.1. Method of preparation of MCZN TESs via thin film hydration method (created via Bio
Render).

2.5.3. Parameters adjusted during pre-optimization
To create stable TESs, various parameters were investigated. These included the

amount of lipid, the amount of the edge activator, the ratio of the organic solvents, the
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amount of the drug, and the volume of hydration under study. Phase separation,
physical characteristics, and formulation sedimentation all played a role in the ultimate

decision of which range of these parameters to use.

Using different amounts of lipid and S 80 blank TESs were initially optimised. In every
composition, the final volume of hydration medium remained consistent. According to
a smaller particle size (PS), a smaller polydispersity index (PDI), and a higher zeta
potential (ZP), the optimised blank TESs were selected.

2.5.4. Optimization of MCZN loaded TESs by Box-Behnken Design

After pre optimization done on TESs the parameter that affected passage of TESs were
selected. It was observed that noticeable difference occurred when the quantity of drug,
PL90G and S 80 were changed. Based on the data collected from pre optimization these
three factors were selected and constraints were set accordingly. For the main
optimization a two-level three-factor, Box-Behnken Design was used employing
software known as Design Expert® (Version 12, Stat-Ease Inc., USA). Design Expert®
gave total 13 experimental runs. There were three independent variables i.e., lipid,
surfactant, and drug. And four dependent variables were PS, ZP, PDI and entrapment

efficiency (EE) (Alam et al., 2017).

2.5.5. Freeze drying of TESs

Formulation was centrifuged for three hours. After centrifugation supernatant was
discarded. Pellets were collected and resuspended in 3ml PBS and incubated at -80 °C
for 24 hours. Christ alphal-2 LD plus lyophilizer was used to lyophilize the frozen
materials. The resulting pellets were stored for later use at 4 °C (Abdelwahed et al.,

2006).

2.6. Preparation of Chitosan Gel
2.6.1. Preparation of acetic acid solution
1% acetic acid solution was formulated. 100 ml volumetric flask was taken firstly 1 ml

of acetic acid was dissolved in little amount of water and then volume was made up to

100 ml (Alsarra, 2009).

2.6.2. Preparation of blank chitosan gel
Based on physical consistency of chitosan gel different concentrations were prepared.

1%, 2%, 2.5%, 3% (w/v) gels were prepared. Among them 2% (w/v) chitosan gel was
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selected. For gel preparation 100 mg chitosan was dissolved in 3 ml volume of 1%
acetic acid and continuously stirred. After dissolving chitosan 2 ml of PBS was added
in chitosan solution. Stirring was done continuously until a homogeneous mixture was

formulated (Alsarra, 2009).

2.6.3. Preparation of MCZN TESs Gel

For drug loaded gel preparation 100 mg chitosan was dissolved in 3 ml volume of 1%
acetic acid and continuously stirred. After dissolving chitosan 2 ml of PBS having
pellets of MCZN TESs dispersed in it were added in chitosan solution. Stirring was
done continuously until a homogeneous mixture was formulated (Alsarra, 2009).

Figure 2.2 shows method of preparation of gel.

Figure 2.2. Method of preparation of chitosan gel.

2.6.4. Optimization of chitosan gel
Multiple concentrations of chitosan gels were prepared as given in Table 2.1 and

were evaluated. 2% chitosan gel was selected as optimized formulation.

Table 2.1. Optimization parameters of chitosan gel.

Conc. of chitosan (%) Amount of chitosan (mg) | Volume of PBS (ml)
1 75 5
2 100 5
2.5 125 5
3 150 5

2.7. Characterization of TESs

2.7.1. Particle size analysis

Zeta-sizer (Malvern zeta sizer ZS 90) was used to measure the prepared vesicles size
by employing dynamic light scattering (DLS) technique. Preparation of sample was
done by taking 10ul of MCZN TESs formulation and diluting it in 1ml of distilled water
and then sample was placed in zeta sizer for analysis. Analysis was carried out three

times, and results were presented as mean + S.D (standard deviation) (Ahmed et al.,
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2020).

2.7.2. Polydispersity index

PDI of the formulation was computed using the same method explained in section 2.7.1.
PDI measures the uniformity and homogeneity of the vesicles in the formulation; the
optimal range is 0—1. Values that are nearer to 0 indicate a formulation with less

polydispersity and more monodispersity (Ahmed et al., 2020).

2.7.3. Zeta potential

The stability of the formulation is correlated with the zeta potential, which denotes the
existence of charge on the surface of vesicles. If zeta potential is low, it indicates that
particles are close to one another and that there is a greater likelihood of aggregation,
which makes the system less stable. The higher the value of zeta potential, the more

stable the system is. The zeta potential of TESs was determines using method explained

under section 2.7.1. (Ahmed et al., 2020).

2.7.4. Entrapment efficiency

For calculating EE indirect method was used. MCZN TESs were centrifuged for three
hours at -4°C 13500 rpm. After completion of centrifugation supernatant was collected
and analysed by making different dilutions using UV-Spectrophotometer at 272nm (A
max) (Bhalekar et al., 2009).

UV-spectrophotometer was used for determination of drug entrapped in TESs.

Following formula was employed for calculations.

% Encapsulation efficiency = Total drug — Free drug *100

Total drug

2.7.5. Fourier transform infrared spectroscopy (FTIR) analysis of optimized
MCZN TESs

To examine the interactions between various applied substances, FTIR analysis was
performed. To ascertain how these substances interact with one another, drug, TESs
formulation, and PL90G analyses were carried out using FTIR spectrophotometer
(Nicolet, model Magna-IR spectrophotometer 550). A frequency range of 4000-400

cm™! wavenumbers was used for the FTIR investigation (Bhalekar et al., 2009).

17



Chapter 2: Materials and Methods

2.7.6. Differential scanning calorimetry (DSC) analysis of optimized MCZN TESs
Thermal analysis was performed for pure miconazole nitrate drug, PL90G and
lyophilized form of miconazole nitrate loaded TESs using differential scanning
calorimeter. The temperature range for the DSC thermograms was 0 to 250 °C, with a

scanning speed of 10 °C/min (Bhalekar et al., 2009).

2.7.7. Deformability index (DI) and elasticity study of MCZN TESs vesicles

For testing the deformability of the lipid bilayers of the optimised MCZN TESs,
extrusion technique was used. MCZN TESs was designed to pass through membrane
filters with the 100 nm of pore size. Assessments of vesicle size prior to and after
extrusion was done. A calculation of deformability was then made using the following

equation (Rabia et al., 2020).

Deformability index = Size after extrusion of MCZN TESs vesicles
Size before extrusion of MCZN TESs vesicles

% Deformability = Size after extrusion of vesicles > 100
Size before extrusion of vesicles

Shape changes during stress is known as elasticity and is measured by following

formula (Rabia et al., 2020).

Elasticity = Size after extrusion
Pore size

2.8. Characterization of MCZN TESs Gel

Spreadability, rheology, gel pH, drug content, and homogeneity are some of the factors
that were chosen to characterise TESs. Chitosan gel was chosen based on the

physiochemical characteristics and recommended ranges for gels.

2.8.1 Gel clarity, uniformity, and drug content

By visual inspection, the homogeneity, consistency, and clarity of each chitosan gel
formulation was evaluated. To check the homogeneity, a small amount of gel was
inserted between the index finger and thumb. For drug content measurement,5 mg of
gel sample was dissolved in 5 ml PBS, and the gel solution was kept for 24 hours and
afterwards it was shaken 30 using magnetic stirrer. After that, solution was filtered and
used to measure the drug content by UV- Spectrophotometer at 272 nm. Drug content

of formulations was assessed in the triplicate (Borse ef al., 2020).
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2.8.2. pH of Gel

By mixing 1 g of MCZN TESs gel with 20 ml of pure water, the pH of the gel was
calculated. By inserting the pH meter's electrode into the gel solution and measuring
the result, the pH of the solution was noted. Three times of each reading were taken,

and the mean and standard deviation were calculated (Borse ef al., 2020).

2.8.3. MCZN TESs Gel rheology

To study the effect of shear rate, viscosity was recorded at different speed and flow
behaviour of chitosan based MCZN TESs gel was determined. To perform this experiment
Brookfield viscometer was used. Viscosity dependent or independent behaviour on applied
stress was noted (Salim et al., 2020).

2.8.4. Spreadability study

Glass slide method was used. A circle with a diameter of 2 cm was placed on a slide to
test the gel's ability to spread, and 0.5—-1 g of gel was then added to the circle. Then, a
second glass side with a weight of about 0.5 kg was placed on the first slide. Leave it
for 5 minutes to examine its extreme spreadability, and after that, the diameter rise was

seen. This equation was utilised to calculate spreadability (Qindeel et al., 2019).

% Spread area = Final area after spreading x 100

2cm
2.9. In Vitro Drug Release Profile

2.9.1. In vitro release study of formulations

At pH 5.5, the in vitro release pattern of MCZN TESs, miconazole nitrate dispersion
(MCZN dispersion), MCZN TESs gel, Marketed Gel, and drug gel (MCZN Gel) was
carried out in triplicate. This experiment was carried out using mechanical shaker water
bath equipment with a few minor changes. For MCZN TESs and MCZN dispersion
pellets carrying 2 mg of medication were transferred into a dialysis bag after being
dissolved in 3 ml of phosphate buffer. MCZN TESs gel was prepared by placing
predetermined quantity of TESs in chitosan solution. In case of MCZN Gel 2 mg of
MCZN was placed in chitosan solution and gel was formulated. So, drug quantity was
kept equal in all the formulations. The dialysis bags were then put in a beaker with 50
ml of PBS that had pH values of 5.5. The mechanical shaker's temperature and speed
were both set at 37 + 2 °C. A certain time interval of 0.25, 0.5, 1, 2,3, 4, 6, 8, 12 and

24 hours was chosen for sampling. To keep the sink condition, 1 ml of sample solution
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was withdrawn and replenished with an equal amount of buffer to maintain sink
condition. A 24 hours experiment was conducted and after completion of this 24 hours
cycles all the collected sample solutions were analysed at UV- Spectrophotometer at
272 nm. In vitro release graph was created by plotting the data between time and %

cumulative release (Rachmawati et al., 2013).

Formula for calculating cumulative release is as follow.

n-1
Qn=Vr*Cn+2. Vs * Ci

i=D

Qn = Cumulative amount of drug release at sample nth time

Cn = Concentration of drug released in medium at sample nth time
Ci = Concentration in acceptor medium at sample ith time

Vr = Volume of acceptor medium

Vs = Volume of sample withdrawn from the medium

2.10. Kinetic Drug Release Study

Applications of mathematical models to drug release characteristics are known as drug
release kinetics. These mathematical representations show how the drug releases in
various media. The information gained from these models can then be extrapolated to
determine the drug's in vitro release from the nanoparticles. To describe the releasing

process, various mathematical models have been constructed (Nurhan, 2010).

2.10.1. Zero order release Kinetics
Uniform drug release from formulation is predicted by the zero order release model. A
straight line is obtained from a graph of zero order between cumulative drug release
and time. Zero order signifies that the medication release pattern is unaffected by
concentration. The equation below serves as a representation.

W=kt
W = cumulative drug release t t= Time in hours

ki = zero order release kinetics
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2.10.2. First order Kkinetics
A first order kinetic graph is created between the log of the amount of substance left
and the passage of time. It shows that the drug release pathway depends on

concentration. The following equation represents first order kinetics.

In (100-W) =1n100 - k: t
ko = First order release kinetics
2.10.3. Higuchi model
The Higuchi model graph was used to display the relationship between drug release
rate and square root of time. Release is said to follow a diffusion process based on
Fick's law, which is time-dependent in accordance with the Higuchi model. Below is

the equation used to investigate the Higuchi model.

W=kt
ks = Higuchi dissolution rate constant
2.10.4. Korsmeyer-Peppas
The KP model's graph, which compares log percent of drug release to log time in hours,
describes the diffusion process by which drugs diffuse continuously from formulations.

The korsmeyer-Peppas model's equation is

Mt/Moo= ks t»
Mt/Moo= fraction of drug release
k5 = Korsmeyer peppas rate constant
n = diffusion exponent for drug release
2.10.5. Hixon Crowell model
This release model explains the drug release process using a variety of mechanisms,

including dissolution, erosion, and diffusion.

2.11. Ex Vivo Skin Permeation and Skin Deposition Study

2.11.1. Preparation of rat skin

The permeation experiments used skin from albino rats. There are several procedures
involved in getting rats skin ready for the permeation study. Rats were slaughtered and
their entire abdomen skin was removed using chloroform as the initial stage in the
preparation process. The skin was then soaked in hot water for at least 20 minutes to

remove all the abdominal fat after all skin hair had been removed with a razor.
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Following that, skin was either preserved in 10% formalin or in a freezer at -300 °C.

Skin was soaked in phosphate buffer for 20—30 minutes prior to the experiment.

2.11.2. Franz diffusion cell

The permeation investigation was conducted using the Franz diffusion cell (Model T9-
CB-71026, Make: PermeGear, Inc. USA). Between the donor and receptor
compartments, skin was positioned. For this experiment, four different types of cells
were used. MCZN TESs, MCZN TESs Gel, MCZN Gel and Marketed Gel were tested.
1 ml of formulation and 1 g of gel was applied on the skin at the donor chamber, and
the receptor chamber's rotation speed was adjusted at 500 rpm while it contained 5 ml
of phosphate buffer (PBS 7.4) simulating blood environment. From the tested
formulation a sample volume of 1 ml was taken out at specified time intervals and
replaced with the same volume of phosphate buffer solution. Furthermore, the
apparatus's temperature was held constant at 32 £ 0.5 °C throughout the whole
experiment. Samples were analysed using UV - spectrophotometer at the wavelength of
272 nm. Finally graph of %drug permeation vs time was plotted using GraphPad prism
v.9.0. Steady state flux (Jss) (ug/cm?/h), enhancement ratio (ER) were calculated
according to previously published data (Andrade et al., 2014).

Equation used for the calculation of permeation is as follow.

On=Cn#*Vr+Ci*V/A
Qn = At the time of the nth sample, the total amount of drug penetrated per unit area.
Cn = Drug concentration in receptor fluid at the time of nth sample.
Vr = Receptor chamber volume
> Ci = sum of drug concentration in receptor fluid before the time of nth sample (at
the time of ith (n-1) sample)
V = volume used for the withdrawal of sample

A = Permeation area of Franz diffusion cell (0.77cm?)
To calculate steady state flux (Jss) (ug/cm?/h) following equation was used.

Amount of drug permeated

]SS - Time
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Equation used for calculating enhancement ratio (ER) is as follow.

_ Jss of formulation

ER =
Jss of pure drug gel

2.11.3. Skin deposition study

After completing permeation studies for 24 hours skin deposition studies were
performed on the same rat skin. All the skins were removed from the Franz diffusion
apparatus and were washed with PBS. After washing skins were dried using cotton
swab to dry and remove any formulation present on the surface of the skin. Tape
stripping method was used to separate stratum corneum. 20 pieces of cell ophane tape
were used. The remaining skin was analysed on UV-spectrophotometer by firstly
chopping the skin into small pieces than skin was homogenized and to extract the drug
completely from the skin it was sonicated in methanol. And then centrifugation was
done at 1000 rpm for 15 minutes. Then supernatant was taken to determine the total
drug present in epidermis/ dermis. For analysing the total drug in stratum corneum same
procedure was applied on tapes (Wavikar and Vavia, 2013; Haq and Michniak-Kohn,
2018).

2.12. SKkin Irritation Studies of MCZN formulations

Draize skin irritation test is based upon observing erythema and edema on the testing
area and then grading them based upon their severity (Nawanopparatsakul, 2005). The
Bioethical Committee of Quaid-I-Azam University Islamabad approved handling
protocol used for this experiment (Protocol No: BEC-FBS-QAU2022-380). Animal
used for this study were purchased from National Institute of Health (NIH). Three
groups of rats—one each of normal control, 0.8% formalin control, and MCZN TESs
gel group—each contained three rats. After shaving the rats’ dorsal side, a formulation-
loaded gel was applied to the skin. The rats were then monitored for edema, erythema,

and any other symptoms for 72 hours (Castro et al., 2011; Shokry et al., 2018).

2.12.1 Evaluation of skin structure
After treating the skin with MCZN TESs gel FTIR analysis was carried out to confirm
any change in the lipid alignment of skin structure caused by applied formulation

(Batool et al., 2021).
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2.13. In Vitro Antifungal Assay for MCZN

2.13.1. Preparation of sabouraud dextrose agar (SDA) media

Antifungal activity was done to check efficacy of MCZN TESs gel, MCZN gel and
marketed gel against Candida albicans. SDA media of about 20 ml was prepared by
dissolving the media in distilled water. Heating was done with frequent stirring and
boiling was done for 15 minutes. Autoclave at 121°C for fifteen minutes. After cooling
it to about 45 to 50°C prepared media was poured into petri dishes (Ni and Streett,
2005).

2.13.2. Agar well diffusion method

Agar plate surface was inoculated by spreading microbial inoculums of C. albicans
(obtained from Department of Microbiology Quaid-i-Azam University Islamabad) on
the surface of SDA media. After the culture of C. albicans was ready holes were created
on the plate aseptically by using sterile syringe and desired volume of samples was
introduced into the wells. Incubation of plates was done for 48 h at 25 °C. The
antimicrobial agent diffusion occurred in the agar media and growth of microbes was
retarded. After 48 h measuring of diameter of zone of inhibition was done using scale.

Triplicate readings were taken in mm units (Sriram et al., 2019; Ahmed et al., 2021).

2.14. In Vivo Antifungal Evaluation of MCZN TESs gel

2.14.1 Immune system suppression of rats

The Bioethical Committee of Quaid-I-Azam University Islamabad approved handling
protocol used for this experiment (Protocol No: BEC-FBS-QAU2022-380). Albino rats
having the weight between 180 to 210 g were obtained from National Institute of Health
(NIH). Before being assigned to the experimental treatment, all animals were given a
week to acclimate in standard animal facility settings. To compare the effectiveness of
the MCZN TESs Gel with MCZN Gel and Marketed Gel (Daktarin) in treating deep
fungal infection, immunosuppression was used to create a heavy cutaneous infection.
Intravenous methylprednisolone (5 mg/kg) was administered to rats for three days,
suppressing their immune systems, before a fungus infection was introduced (Song et

al., 2012).

24



Chapter 2: Materials and Methods

2.14.2. Preparation of culture of C. albicans
On SDA media, C. albicans were left to grow for 48 hours at 30 °C. The cells were
then gathered, cleaned, and were suspended in sterile saline to achieve an ultimate

concentration of 107 CFU/mL (Song et al., 2012; Conti et al., 2014).

2.14.3. Induction of candidiasis in rats

About 4 cm? of hair were removed from each rat to prepare them. In the centre of the
shaved area, 100 uL of a Candida albicans suspension 107 CFU/mL were intradermally
injected into each rat. The minor edema was massaged out of the injection site. After

72 hours, the fungal infection was found (Song et al., 2012).

2.14.4. Design of the experiment

Rats were divided in to five groups each group contain six animals in total. Group 1
served as negative control in which no induction and treatment was given. Group 2 was
named as positive control in which infection was induced only but no treatment was
given. Group 3 was MCZN TESs Gel treated group. Group 4 was Marketed Gel treated
group and Group 5 was MCZN Gel treated group. Group 3, 4 and 5 were given
treatment topically for 7 to 10 days until the infection was cured (Song et al., 2012).

Table 2.2. Design of the experiment.

Group No Group name Induction Treatment
1 Negative control X x
2 Positive control v x
3 MCZN TES:s gel treated v v
4 Marketed gel treated v v
5 MCZN gel treated v v

2.14.5. Clinical observation of rats
Before and throughout the tests, all rats were monitored to spot any clinical signs of a
fungus infection. Rashes, cracking, scaling, and erythema were among the symptoms

that were seen and noted (Conti ef al., 2014; Qushawy et al., 2018).

2.14.6. Histopathological analysis

Rats were mildly sedated with ether before being slaughtered at the completion of the
tests. The damaged area's skin was excised, fixed with formaldehyde at a 10%
concentration, and then paraffin blocked. Slides were made using paraffin blocks and
staining was done with haematoxylin-eosin pigments. A microscope was used to

examine the skin samples in order to characterise the epidermal and dermal alterations
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as well as the signs of inflammation (Qushawy et al., 2018). Figure 2.3 shows complete

experimental design.

Figure 2.3. Schematic representation of in vivo antifungal model (created via Bio render).

2.15. Stability Studies

Stability studies were performed for six months for MCZN TESs and MCZN TESs
Gel. Formulation was stored at 25 £ 2° C and 4 + 2° C. Physical stability, PS, ZP, PDI
and EE were observed over the period of six months for MCZN TESs, while physical
stability, drug content and pH were monitored for MCZN TESs Gel for six months
(Batool et al., 2021).

2.16. Statistical Analysis

The data was expressed as mean standard deviation for all the experiments, which were
conducted in triplicate (n=3). The data were statistically analysed using One way
Anova and Dunnett's t-test for comparison. Additionally, the Kruskal-Wallis and

Mann-Whitney tests were used to determine how the mean values of the two groups
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differed from one another. SPSS for Windows (Release 21.0, SPSS Inc., USA) was
used to find significant differences between the values. At p < 0.05, the P value was

reported as significantly different (Batool et al., 2021).
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3. RESULTS

3.1. Preparation of Standard Calibration Curve

3.1.1. Standard calibration curve of MCZN

By dilutions from the stock solutions, a standard calibration curve for MCZN was
created. Absorbance measurements were recorded after each sample was examined in
a UV-spectrophotometer at 272 nm. A calibration curve of MCZN was created after
plotting the data on the excel sheet. Table 3.1 shows the data of Conc. and absorbance

used for plotting the graph. Standard calibration curve is shown in Figure 3.1.

Table 3.1. MCZN standard calibration curve.

S. No Conc. (ng/ml) Absorbance

1 0.625 0.13

2 1.25 0.218

3 2.5 0.39

4 5 0.701

5 10 1.3

6 20 2.51

3

y=0.1235x + 0.055

R2=10.999

N
(9

\]

Absorbance
-

0 5 10 15 20 25
Concentration (ug/ml)

Figure 3.1. Standard calibration curve of MCZN.

3.1.2. Calibration curve of MCZN in PBS pH 7.4

Several dilutions of MCZN were made in phosphate buffer pH 7.4 and all the dilutions
were analysed using UV spectrophotometer at wavelength of 272 nm. Table 3.2 shows
the data of Conc. and absorbance used for plotting the graph. Standard calibration curve

is shown in Figure 3.2.
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Table 3.2. Standard calibration curve in PBS pH 7.4.

S. Conc. (ng/ml) Absorbance
No

1 1.25 0.11

2 2.5 0.219

3 5 0.317

4 10 0.59

5 20 1.13

6 40 2.19

2.5

y = 0.053x + 0.045
R>=0.999

Absorbance
— ()]

0 10 20 30 40 50

Concentration ug/ml

Figure 3.2. Standard calibration curve in PBS pH 7.4.

3.1.3. Calibration curve of MCZN in PBS pH 5.5
Different dilutions were made from stock solution and all the dilutions were analysed
at wavelength of 272 nm. Table 3.3 shows the data of Conc. and absorbance used for

plotting the graph. Standard calibration curve is shown in Figure 3.2.

Table 3.3. Standard calibration curve in PBS pH 5.5.

S. No Conc. (ug/ml) Absorbance
1 0.3125 0.048
2 0.625 0.091
3 1.25 0.149
4 2.5 0.277
5 5 0.511
6 10 0.998
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Figure 3.3. Standard calibration curve in PBS pH 5.5.

3.2. Optimization of Blank TESs

TESs were prepared via thin film hydration method. The formulation was milky white
in colour. Optimization was done based on three factors that were PDI, ZP and size of
the particles formulated. It was observed that by increasing the conc. of lipid from 75
mg to 95 mg and by decreasing surfactant conc. from 15 mg to 5 mg PS was increased
from 145 nm to 183.3 nm along with increase in PDI from 0.121 to 0.258 and ZP was

increased from -16 mV to -23 mV.

Table 3.4. Optimization of blank TESs.

Formulation | Lipid Surfactant PS p PDI

code (ng) (mg) (nm) (mV)
M1 75 15 1453 +2.8 -16 £4.01 0.121 +£0.005
M2 80 20 150 £ 3.7 -15+£3.22 0.233 +0.002
M3 85 15 1589+1.9 -17+2.8 0.236 +0.031
M 4 90 10 1799+2.5 -20+5.09 0.241 £0.014
M5 95 5 183.3+43 -23+3.14 0.258 £ 0.027

3.4. Optimization of MCZN TESs by Box- Behnken Design Model

After pre optimization drug loaded TESs were prepared all the experimental runs given
by Design® Expert were performed as shown in Figure 3.4 data of all formulation is
given in Table 3.5. Run no 6 was given by software as optimized formulation. That
showed that optimized formulation of MCZN TESs had the PS of 224.8 + 5.1 nm, ZP
21.1 £1.10 mV, PDI1 0.207 £ 0.009 and EE 93.12 £ 0.101%.
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Table 3.5. Optimization table of MCZN TESs.

Runs | PLO0G | S 80 MCZN PS (nm) ZP (mV) PDI EE%
(mg) (mg) (mg)
F-1 87.5 20 10 208.15+82 | 12.5+2.1 | 0.245+0.0028 | 91.37+0.123
F-2 87.5 5 5 192.3+523 155+13 | 0.144+0.0007 | 84.53 +0.098
F-3 95 12.5 5 243.7+98 729+1.6 | 0.198+0.0424 | 78.7+0.126
F-4 95 20 7.5 221.5+0.2 7.44+1.1 | 0.157+0.0106 | 90.63+0.08
F-5 80 12.5 5 1832+54 | 937+19 | 0.151+£0.0102 | 73.47+0.11
F-6 87.5 12.5 7.5 224851 | 21.1+1.10 | 0.207+0.009 | 93.12+0.101
F-7 95 5 7.5 289.7+2.61 | 12.85+1.8 | 0.44+0.0156 | 92.17+0.07
F-8 87.5 5 10 280.05+3.6 | 30.8+1.1 | 0.366+0.0290 | 94.52 +0.008
F-9 80 20 7.5 164.9+£1.83 | 144815 | 0.124+0.0120 | 85.21+0.12
F-10 80 5 7.5 1862+4.1 | 23.45+23 | 0.231+0.0081 | 84.76+0.13
F-11 95 12.5 10 250.6+2.11 | 20.5+1.5 | 0.2835+0.029 | 93.17+0.201
F-12 | 875 20 5 190.6 +2.5 939+22 | 0.135+£0.0226 | 72.14+0.09
F-13 80 12.5 10 194.8+091 | 24.6+23 0.27+0.0106 | 85.99+0.14

Note: A/l values represented here are expressed as mean £ SD (n=3); PL90G = Phospholipon 90 G,
S 80 = Span 80, MCZN = Miconazole Nitrate

Figure 3.4. MCZN formulations given by Design® Expert.
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3.5. PS and ZP Analysis of Optimized Formulation Given by Design® Expert

At a wavelength of 635 nm and a scattering angle of 90 degrees, the Zeta Sizer Nano

ZS 90 instrument was used to evaluate sample particle size and zeta potential. Each

outcome was measured three times. PS and ZP of optimized formulation are shown in

Figure 3.5 and Figure 3.6. PS and PDI of optimized formulation were 224.8 nm and

0.207 respectively and ZP was 21.1 mV.

Results
Size (d.nm): % Intensity: St Dev (d.n...
Z-Average (d.nm): 2248 Peak 1: 269.5 98.3 137.2
Pdl: 0.207 Peak 2: 4786 1.7 T31.5
Intercept: 0.950 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Intensiby
=
8
&
=
=
&
5
=
0.1 1 10 100 1000 10000
Size (d.nm)
Figure 3.5. PS of optimized formulation.
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): 21.1 Peak 1: 21.1 100.0 5.66
Zeta Deviation (mV): 5.66 Peak 2: 0.00 0.0 0.00
Conductivity (mS/iecm): 1.20 Peak 3: 0.00 0.0 0.00
Result quality : See result quality report
Zeta Potential Distribution
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Figure 3.6. ZP of optimized formulation.

3.6. Optimization of MCZN TESs by Box-Behnken Design Model

A two level- three factor Box-Behnken Design employing the software named as

Design Expert® (Version 12 Stat-Ease Inc., USA) was used for the optimization of
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MCZN TESs. The minimum and maximum level of independent variables and
constraints of dependent are shown in Table 3.6. Amount of lipid, surfactant and drug
were selected as independent variables while PS, ZP, PDI and EE were selected as
dependent variables. 13 experimental runs were suggested by Design Expert® and all
the runs were performed. The data collected from all the runs showed that particle size
of the given runs ranged between 164.9 to 289.75 nm and in the case of zeta potential
the 13 experimental runs zeta potential ranged between 7.29 to 30.8 mV. PDI range

was 0.124 to 0.44 and entrapment efficiency was from 72.14 to 94.52%.

Table 3.6. Levels of independent variable and constraint of dependent variables.

Variables Low level (-1) High level (+1)
Independent Variables
PL90G (mg) 80 95
S 80 (mg) 5 20
MCZN 5 10
Dependent Variables
PS (nm) Maximize
ZP (mV) Maximize
PD1 Minimize
EE (%) Maximize

3.7. Analysis of Data Obtained by Box-Behnken Design

For all the dependent variables that were PS, PDI, ZP and EE regression analysis was
performed by the software and the values are given in Table 3.7. Best fit model for all
the responses was linear model. These values indicate that as (p < 0.05) for all the
models that were produced by the responses indicating significant results for the models
produced. ‘‘Adequate precision’’ was also calculated for each model. The purpose of
this adequate precision is measurement of signal to noise ration. And desirable value
for this adequate precision should be greater than 4. As all the models showed these
values greater than 4 given in Table 3.7 which means models can navigate the design
space. Table 3.7 also shows that ‘“predicted R?” and ‘‘adjusted R*>" values have the

difference < 0.2 that means they are in reasonable agreement.
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Coded equations were also generated by the software for the analysis of magnitude of
affect that was produced by the independent variables. These values can be positive
and negative indicating synergistic and antagonistic affect respectively of factors on

responses.

Particle size: R1 = +218.28+34.56A-19.64B+14.74C
Zeta potential: R2 =+16.76-2.98A-4.85B+5.86C
PDI: R3 =+0.2171+0.0377A-0.0526B+0.0546C
EE: R4 =+86.67+2.03A-2.45B+6.78C

In the above equations R is the indication of response. A represents PL90G, B

represents S 80 and C represents MCZN.

Table 3.7. Regression analysis by Design Expert®.

Responses R? Adjusted R? Predicted R? Adequate Precision
PS 0.8334 0.7879 0.6505 12.9858
VA Y 0.7625 0.6977 0.5714 10.6676
PDI 0.6377 0.5389 0.2299 7.6257
EE 0.6752 0.5867 0.4493 8.3573

3.8. Characterization of MCZN TESs
3.8.1. Effect of independent variable on PS

In case of deep-seated fungal infection size of vesicles is very important to cross the
skin barriers. All the vesicles showed desirable vesicle size in all the 13 experimental
runs. The effect of independent variables on PS has been shown in Figure 3.7. PLOOG
had the significant effect on PS as (p = 0.0001), as with increased concentration from
80 mg to 95 mg while keeping surfactant constant PS was increased from 183.2 + 5.4
nm ( F-5) to 250.6 + 2.11 nm (F-11) . Similar synergistic effect was seen with MCZN
(p =0.0257) on PS. On contrary by increasing conc. of S 80 (p = 0.0056) from 5 mg to
20 mg PS was significantly reduced from 280.05 + 3.6 nm (F-8) to 208.15 + 8.2 nm (F-
1) as shown in Table 3.5.
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Figure 3.7. Three dimensional graphs showing the effect of independent variables on particle size of
MCZN TESs.

Note: A: effect of lipid and surfactant on PS, B: effect of surfactant and drug on PS, C: effect of drug
and lipid on PS.

3.8.2. Effect of independent variable on ZP

The optimised formulation revealed a 21.1 mV zeta value while the minimum and
maximum values were 7.29 mV and 30.8 mV respectively. MCZN (p = 0.0013) had
the most significant effect on zeta potential. Increase in the concentration of MCZN
resulted in increased ZP. For example, when we increased the conc. of drug from 5 mg
to 10 mg while keeping PL90G and S 80 constant ZP increased from 15.5 + 1.3 mV
(F-2) to 30.8 = 1.1 mV (F-8). Moreover, S 80 (p = 0.0047) had cause reduction in ZP

when its conc. was increased from 5 mg to 20 mg while keeping drug and lipid constant
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7P was reduced from 30.8 = 1.1 mV to (F-8) to 12.5+ 2.1 mV (F-1) as observed from
Table 3.5.

Figure 3.8. Three dimensional graphs showing the effect of independent variables on Zeta potential of
MCZN TESs.

Note: A: effect of lipid and surfactant on ZP, B: effect of surfactant and drug on ZP, C: effect of drug
and lipid on ZP.

3.8.3. Effect of independent variables on PDI

MCZN (p = 0.0162) had positive effect on PDI when its conc. was increased from 5mg
to 10 mg while keeping lipid and surfactant constant PDI value was enhanced from
0.144 + 0.0007 (F-2) to 0.366 + 0.0290 (F-8). Similarly, PL90G (p = 0.0755) also has

synergistic effect on PDI with its increased conc. from 80 mg to 95 mg where drug and
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surfactant were kept constant, PDI was increased from 0.27 = 0.0106 (F-13) to 0.2835
+0.029 (F-11). S 80 with (p = 0.0195) has antagonistic effect on PDI, when its conc.
was increased from 5 mg to 20 mg while keeping the lipid and drug constant PDI was
decreased from 0.44 £ 0.0156 (F-7) to 0.157 = 0.0106 (F-4) as shown in Table 3.5. The
range of PDI values for all the produced formulations is shown in Figure 3.6.

A B

Figure 3.9. Three dimensional graphs showing the effect of independent variables on poly dispersity
index of MCZN TESs.

Note: A: effect of lipid and surfactant on PDI, B: effect of surfactant and drug on PDI, C: effect of
drug and lipid on PDI.

3.8.4. Effect of independent variables on EE

Minimum and maximum values for EE were 72.14% and 94.52%. MCZN (p = 0.015)
had the positive effect on entrapment, when its conc. was increased from 5 mg to 10
mg while keeping lipid and surfactant constant, EE was increased from 78.7% + 0.126
(F-3)t093.17% + 0.201 (F-11). When PL90G (p = 0.0852) conc. was increased from
80 mg to 95 mg where drug and surfactant were kept constant, EE was increased from

85.99% + 0.14 ( F-13) to 93.17% + 0.201 (F-11) as shown in Table 3.5.
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Figure 3.10. Three dimensional graphs showing the effect of independent variables on entrapment
efficiency of MCZN TESs.

Note: A: effect of lipid and surfactant on EE, B: effect of surfactant and drug on EE, C: effect of drug
and lipid on EE.

3.8.5. FTIR analysis report of MCZN TESs

The analysis was carried out from 4000 cm™ to 400 cm™'. MCZN showed major peaks
at 1381 cm™3107 cm'and 2963 cm™! showing imidazole groups C-N stretch, aromatic
stretching at C-H, and aliphatic C-H stretching respectively. Other major peaks of
MCZN were 1507cm’! that shows aromatic-C-C- bonding' 1474 cm™ shows —CH;
bending, 1328 cm™ —C-N- stretching, -C-O- stretch was shown at peak 1170 cm,
aromatic out of plane bend was shown at peak 827 cm™ and 637 cm™ shows-C-CL-

stretch. The analysis findings showed that there was no interaction between the MCZN,
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the MCZN TESs, and PL90G and physical mixture (PM). In the final formulation peak,

both drug and lipid peaks were preserved; no additional peaks were seen.

Figure 3.11. FTIR analysis report of MCZN and its components carried at 4000 to 400 cm™'.

3.8.6.DSC analysis report

DSC analysis was carried out for MCZN TESs, MCZN and PL90G. Figure 3.12 shows
that MCZN showed a large endothermic peak at the temperature of 186.485 °C but this
peak disappeared in the final formulation that was MCZN TESs.

Figure 3.12. DSC analysis of MCZN.

3.8.7. DI and elasticity study of MCZN TESs vesicles

DI is a measurement of the ability to change shape in response to the environment.
Values near 1 represent the particles possess a strong ability to adapt in challenging
circumstances. Before and after extrusion values were 224.8 = 5.1 nm and 211 + 4.9

nm. So, DI was 0.94 and %DI was 94.196%. elasticity was 2.11 + 0.02, proving that
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optimized formulation of MCZN TESs was deformable as well as elastic (Rabia et al.,

2020).

3.9. Preparation of MCZN TESS Gel
Chitosan gel with different concentrations was prepared and evaluated on the bases of
its physiochemical characteristics. Gel prepared with 2% concentration was considered

optimized and further evaluated.

Figure 3.13. MCZN TESs Gel.

3.10. Characterization of MCZN TESs Gel

3.10.1. Spreadability
Glass slide method was employed for spreadability determination. Spreadability of gel
was 333.712 + 9.21%. Which indicated that gel spreadability was in ideal range.

A B

Figure 3.14. A and B shows spreadability of MCZN TESs gel via glass slide method.

3.10.2. Rheological study

The deformability of a material under the influence of an applied force is demonstrated
through rheology. Liquids typically exhibit non-Newtonian behaviour, or viscosity that
depends on stress. When the shear rate of a gel was tested at various levels, it was found
that viscosity decreased as shear rate increased and was increased as shear rate was
decreased as it can be seen from Figure 3.15. In this instance, the viscosity and applied

stress showed an inverse relationship, and the gel flowed in a pseudoplastic or non-
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Newtonian manner. Shear thickening gels are those sorts of gels whose viscosity and

applied stress are directly correlated.
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Figure 3.15. Flow behaviour of MCZN TESs gel.

3.10.3. pH of gel
pH of MCZN TESs gel was measured in triplicate and it was 5.7 + 0.3. This value is

considered in ideal range for topical formulations.
3.10.4. Clarity, Homogeneity and Drug Content

The prepared gel was milky white in colour and was homogeneous without any

particles or impurities. Drug content of gel was 98.87 + 1.03%.

3.11. In Vitro Release Study at pH 5.5

Mechanical shaker bath was used to perform release studies at pH 5.5. The release
studies showed that MCZN dispersion gave the release 100% within 6 hours. MCZN
Gel and Marketed Gel gave release of 100% and 97.5% respectively within 8 hours.
MCZN TESs gave prolong release of 88.043% in 24 hours. MCZN TESs Gel gave
release of 76.1164% within 24 hours. As it can be clearly observed from Figure 3.16.

3.12. Kinetics of Drug Release for MCZN TESs and MCZN TESs Gel

All kinetic models were applied on MCZN TESs and MCZN TESs Gel. R? value was
highest in Krosmeyer-peppas model as shown in Table 3.8 in case of MCZN TESs
with n=0.306 showing fickian diffusion. In case of MCZN TESs Gel R? value was

highest for Higuchi model and release type was non-fickian diffusion.
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Table 3.8: Kinetic modelling of MCZN TESs and MCZN TESs Gel.

Formulations | Zero Order First Order (I;Iri:s\?e?l Higuchi Krl()):;)n::ser-
R? R? R? R? R? n

MCZN TESs | -0.2397 0.8938 0.8037 0.7938 | 0.9574 | 0.306

MCZ&‘L lTEss 0.5835 0.9472 0.8987 0.9774 | 0.9561 | 0.479

Figure3.16. In Vitro Release of MCZN at pH 5.5.
Note: (*P < 0.05) In vitro Release of MCZN TESs compared with MCZN Dispersion, ) (**P < 0.01) In
vitro Release of MCZN TESs Gel compared with MCZN Dispersion. Data expressed as mean + S.D

(n=3).
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Figure 3.17. A: Difference between observed and predicted in Krosmeyer-Peppas Model of MCZN
TESs B: Difference between observed and predicted in Higuchi Model of MCZN TESs Gel.

3.13. Ex Vivo Permeation and Deposition Study

Ex vivo skin permeation study was performed for MCZN TESs, MCZN TESs Gel,
Marketed Gel and MCZN Gel using Franz diffusion cell apparatus. After 24 hours total
amount of drug permeated in case of MCZN TESs, MCZN TESs Gel, Marketed Gel
and MCZN Gel was 369.6406 ug/cm?, 254.1406 pg/cm?, 77.8210 ng/cm? and 73.2112
ng/cm?.As shown in Figure 3.18.

After 24 hours skin was removed from the Franz diffusion apparatus and deposition
studies were performed as shown in Figure 3.19 which shows that in case of MCZN
TESs Gel maximum amount of drug was retained in epidermis/dermis i.e., 50.87%. in
case of MCZN TESs 28% of drug was retained in epidermis/dermis. This shows that
TESs has the capability of penetrating into deeper layer of skin for local therapeutic
action as compared to Marketed Gel and MCZN Gel in which deposition of drug was
only 13.1% and 12.21% respectively. Table 3.9 shows permeation flux and
enhancement ratio calculated for MCZN TESs, MCZN TESs Gel, Marketed Gel and
MCZN Gel.

43



Chapter 3: Results

Figure 3.18. Ex vivo skin permeation of MCZN formulations.

Note: (** p< 0.01) Ex Vivo Permeation of MCZN TESs compared with MCZN Gel and Marketed Gel;
(* p< 0.05) Ex vivo permeation of MCZN TESs Gel compared with MCZN Gel and Marketed Gel;
Data expressed as mean + S.D.

Figure 3.19. Skin deposition study of MCZN formulations.
Note: (**p < 0.01) MCZN TESs Gel compared with Marketed Gel and MCZN Gel; (*p < 0.05) MCZN
TESs compared with Marketed Gel and MCZN Gel, Data expressed as mean + S.D (n=3).
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Table 3.9. Permeation profile of Miconazole Nitrate formulations.

Formulations Total Drug Amount Permeated in 24 hrs Flux Jss Enhancement Ratio
Q (ug/cm?) (ug/cm?/h)
MCZN TESs 369.64 +3.88 15.401 5.049
MCZN TESs Gel 254.14 £ 1.61 10.589 3.471
Marketed Gel 77.8210+1.16 3.2425 1.06
MCZN Gel 73.211+£1.084 3.05 1

Note: Each value represents the mean + SD (n=3). MCZN TESs= Miconazole Nitrate transethosomes,
MCZN TESs Gel= Miconazole Nitrate transethosomal gel; MCZN Gel= Miconazole Nitrate gel

3.14: Skin Irritation Studies of MCZN Formulations

Figure 3.20: Skin irritation testing was done to verify the prepared MCZN TESs Gel

safety and non-irritancy. Blue arrow in Figure 3.20 C shows redness and irritation

caused by formalin. There were no sign of edema and erythema on MCZN TESs treated

skin as it can be clearly seen in Figure 3.20 B. Draize scoring test was performed as

shown in Table 3.10. PDII for formalin treated skin was 3.75 as compared to MCZN

TESs gel treated group which was 1.

A

Figure 3.20. Skin irritation studies on rats’ skin.
Note: A: Normal skin; B: MCZN TESs Gel treated; C. Formalin treated
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Table 3.10. Skin irritancy scoring.
S.NO | Groups Time (h) | Edema Erythema PDII
0 0 0
24 0 0
4 0
1 Untreated 8 0 0
72 0 0
Total edema score= 0 Total erythema score= 0
0 0 0
24 2 3
5 0.8% 48 3 3 3.75
Formalin 72 2 2
Treated
Total edema score = 1.75 Total erythema score = 2
0 0 0
24 0.5 0.5
MCZN 1
3 TESs Gel 48 0 0
Treated 72 0 0
Total edema score = 0.5 Total erythema score = 0.5

Note: PDII = Primary dermal irritancy index.

3.14.1. Skin FTIR analysis

Skin FTIR analysis was performed to check if there of any kind of changes in skin

structure when the MCZN TESs Gel is applied. Figure 3.21 shows that all the peaks

present in O-H stretching, lipid C-H stretching and protein C-N stretching region of

normal skin were also present in MCZN TESs Gel treated skin indicating no major

changes in skin structure.
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Figure 3.21. FTIR analysis of normal skin and MCZN TESs Gel treated skin.

3.15. Antifungal Assay of Miconazole Nitrate Formulations

Antifungal activity of prepared MCZN TESs Gel was compared to Marketed Gel
(Daktarin) and MCZN Gel against C. albicans via agar well diffusion method as shown
in Figure 3.22. Antifungal activity assessment was done based on diameter of zone of
inhibition. Figure 3.23 shows that MCZN TESs gel zone of inhibition was 43 mm
much greater as compared to Marketed Gel and MCZN Gel having ZOI of 23 mm and

18 mm respectively measure after 48 hours.

Figure 3.22. Zone of Inhibitions of Miconazole Nitrate Formulations.
Note: C. A = Candida Albicans; T= MCZN TESs Gel; M = Marketed Gel; D = Drug Gel
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Figure 3.23. Total diameter ZOI in mm measured after 48 hours.
Note: (**p < 0.01) ZOI of MCZN TESs Gel compared with Marketed Gel and MCZN Gel

All values are expressed as mean = S.D (n=3).

3.16. In Vivo Antifungal Model for Cutaneous Candidiasis

3.16.1. Evaluation of rat’s skin before and after treatment

Before induction with fungal strains all rats’ skins were normal having no signs of
infection as shown in Figure 3.24. At the 7" day all rats’ skin fully showed symptoms
of infection that are explained in Table 3.11. Rashes/colour changes, cracking, scaling,
erythema, and inflammation all these symptoms were present on the skin. Positive
control group in which no treatment was given infection got worse with the passage of
time as it can be clearly seen in Figure 3.24. MCZN TESs Gel treated group was healed
completely within 7 days. Before and after treatment observation are explained in
Table 3.11 for MCZN TESs Gel treated group. Marketed Gel treated group and MCZN
Gel treated group took 10 days for healing. At 10™ day slight inflammation was present
in Marketed Gel treated group and little scars were left in case of MCZN Gel treated

group.
Table 3.11. Effect observed on the skin before and after treatment of MCZN TESs Gel treated group.
Effects Observed After Induction After Treatment
Rashes / Colour Changes + _
Cracking + _
Scaling + _
Erythema + _
Inflammation + _
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3.16.2. Histopathological analysis of rat’s skin after treatment

Figure 3.25: A is the Histology of positive control group that shows acanthosis marked
with red arrow along with mild hyper keratosis marked with blue arrow along with
hyphae present in epidermis shown with white arrow. Figure 3.25: B shows MCZN
TESs Gel treated group with normal epidermis and dermis pointed out with white
arrow. Figure 3.25: C shows Marketed Gel treated group skin was normal but there
was slight inflammation as shown with white arrow. Figure 3.25: D shows MCZN Gel
treated group having scarred skin marked with white arrow. Table 3.12. shows

histopathological examination scoring for quantitative evaluation of antifungal activity

Figure 3.24. Evaluation of rats’ skin before and after induction and after treatment.
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Figure 3.25. Histopathological analysis of rats’ skin.
Note: A: positive control group; B: MCZN TESs Gel treated group,; C: Marketed Gel treated group,; D
MCZN Gel treated group

Table 3.12. Histopathological examination scoring for quantitative evaluation of antifungal activity.

Groups Fungal | Acanthosis Hyper Keloid Epidermis/
Hyphae keratosis scars Dermis
Positive Control 1 2 1 0 2
MCZN TESs Gel treated 0 0 0 0 0
Marketed Gel Treated 0 1 0 0 1
MCZN Gel Treated 0 0 0 1 0

Note: Fungal hyphae and Keloid scar: 0 = Absent, 1= Present; Acanthosis, Hyper keratosis: 0 =
Absent, 1 = Mild, 2 = Severe,; Epidermis/ Dermis: 0 = Uniform, 1 = Mild inflammation, 2 = Severe
inflammation

3.17: Stability Studies

Stability studies were conducted for MCZN TESs and MCZN TESs Gel for the period
of six months. In case of MCZN TESs stability data at 25 °C showed increase in PS
from 224.81 + 0.51 nm to 229.81 £ 0.75 nm with PDI increase of 0.207 + 0.009 to
0.215 + 0.009, ZP values were decreased from 21.10 £ 1.10 to 19.15 + 1.15 mV and
EE was decreased from 93.12 + 0.101 to 90.12 + 0.14% over the period of six months.
While at 4 °C changes in MCZN TESs formulation were non-significant as it can be
clearly observed from the values given in Table 3.13. While for MCZN TESs Gel there
was no change in physical appearance of gel and drug content and pH changes were

also non-significant (p < 0.05) at both 25 °C and 4 °C as shown in Table 3.14.
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Table 3.13. Stability studies for MCZN TESs.

0 month 1 month 3 months 6 months
Temp ° C 25°C 4°C 25°C 4°C 25°C 4°C 25°C 4°C
Stable, Stable, Stable, Stable, Stable, Stable, Stable, Stable,
. No No No No No No No No
Physical appearance
colour colour colour colour colour colour colour colour
change change change change change change change change
Particle si 22481 224.81 227.09 224.01 228.8+ | 225.81 229.81 226.8 £
artiele suze +£051 | £051 | 065 | £043 059 | £092 | +0.75 0.29
Zeta votential 2110+ | 21.10+ | 20.15+ | 21.02+ | 20.11+ | 2025+ | 19.15+ | 2021+
cta potentia 1.10 1.10 0.29 1.08 1.19 1.05 1.15 1.1
PDI 0.207+ | 0.207+ | 0209+ | 0207+ | 0210+ [ 0.207+ | 0.215+ 0.207 +
0.009 0.009 0.052 0.009 0.076 0.009 0.009 0.05
EE (% 93.12+ | 9312+ | 9212+ | P10 | oo+ | 9211+ | 9012+ | 9212+
(7o) 0.101 0.101 0.101 0.101 0.32 0.11 0.14
+0.25
Note: A/l values represented here are expressed as mean +S.D. (n=3).
Table 3.14. Stability studies for MCZN TESs.
Physical appearance of MCZN TESs Gel
Time Colour Phase Drug content% pH
Grittiness .
change separation
25°C |[4°C| 25°C |4°C|25°C | 4°C 25°C 4°C 25°C 4°C
0 month No No No 98.87+1.03 | 98.87+1.03 | 5.70+0.3 5.7+03
1 month No No No 98.87+£1.03 | 98.87+1.03 | 5.70+0.3 57+0.3
3 months No No No 97.23+1.03 | 97.39+1.03 | 5.79+0.3 5.75+0.3
6 months No No No 96.81 £1.03 | 97.01+1.03 | 5.85+0.3 5.8+0.3

Note: All values represented here are expressed as mean = S.D. (n=3).
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4. DISCUSSION

All age groups are affected by cutaneous candidiasis, which accounts for 1% of
outpatient and 7% of inpatient visits to dermatological clinics. Candida could be the
key reason for skin illness or could develop because of other skin conditions such as
atopic dermatitis, psoriasis, or already present diaper dermatitis. The entire body may
be affected, but Intertrigo, cheilitis, and diaper rash are common manifestations
(Taudorf et al., 2019). Candidiasis is an opportunistic disease which is mainly caused
by C. albicans that is common and widely spread strain (Li et al, 2011). Skin is the
major route for topical treatment of diseases. But skin barriers are the major obstacles
for the transfer of drugs. Only limited number of drugs having desired physiochemical
properties can cross the skin barrier making it very difficult for treatment of skin
diseases(El Maghraby et al., 2010; Zeb et al., 2019). So TESs are selected for deep skin
penetration they are better than other nanovesicles because they have the ability of very
high entrapment efficiency and they contain both ethanol and edge activator which

provide them fluidity and elasticity (Bajaj et al., 2021).

MCZN is a topical antifungal agent it is most commonly used for treatment of skin
fungal infection and despite of its common use the resistance to this drug is very low
that is a positive point in era of increasing resistance to drugs (Barasch and Griffin,
2008). It acts by inhibiting ergosterol synthesis (fungistatic effect) and by the
production of ROS species (fungicidal effect) that accounts for its less resistance.
Another action of MCZN for prevention of fungal infection is the farnesol production
in Candida that will inhibit the yeast to mycelium transition (Piérard et al., 2012).
MCZN has a poor skin penetration problem which makes its use very difficult for the

treatment of cutaneous candidiasis (Elmoslemany et al., 2012; Pandit et al., 2014).

MCZN TESs were prepared because nitrate salt of the drug has lipophilic property with
partition coefficient of 6.25 which makes its aqueous skin driving concentration very
bad (Elmoslemany et al., 2012). But this problem is easily avoided because TESs have
the ability to enhance deposition of drug in the deeper skin layers due to the combined
advantages of both ethosomes as well as transferosomes in their composition (Song et

al., 2012; Abdulbaqi ef al., 2018).

Chitosan based MCZN TESs Gel was prepared. Nano vesicles have very efficient

compatibility for gels. Because gels provide desired viscosity and efficient bio-

52



Chapter 4: Discussion

adhesive property to the nano vesicles (Abdulbagqi et al., 2018). In addition to providing
regulated drug release chitosan-based hydrogels are hydrophilic, biocompatible, and
biodegradable (Ahmadi ef al., 2015). Chitosan is a common substance in the realm of
subcutaneous administration and implanted treatments because -chitosan-based
hydrogel drug delivery system releases a therapeutic payload within the body over a
prolong period. Chitosan is preferable for hydrogel due to its absence of
immunogenicity and inflammation, which have been brought on by many other

subcutaneous materials(Bhattarai et al., 2010).

Thin film hydration procedure was opted for the formulation of TESs. First, blank TESs
were prepared and optimized. The optimization data of blank TESs gave the idea for
the suitable ranges to put in Box- Behnken Design. MCZN TESs optimization was done
by using Box-Behnken Design. The independent variables that were selected for
optimization were PL90G, MCZN and S 80. There were four dependent variables
which were selected for optimization that were PS, ZP, PDI and EE. All 13
formulations were formulated and effect of independent variables on all the dependent
variables was also analysed. This analysis was explained via 3D graphs as shown in

Chapter 3 Figure 3.7, 3.8, 3.9 and 3.10.

Among lipid, surfactant, and drug the most significant effect on PS is because of lipid,
then surfactant and then drug. By increasing the concentration of lipid PS is increasing
(» < 0.001) (Paolino et al., 2005). The reason of increase in PS is due to the formation
of multilamellar vesicles (Hosny et al., 2018). Basically when lipids already dissolved
in organic solvents are exposed to aqueous environment their solvation decreases and
at critical polarity lipids will aggregate to form disc like structure which will grow later
on via aggregation of the lipids and a bilayer structure is formulated (Yang et al., 2012).
By increasing lipid more rigid structure of lipid bilayer vesicles will be formulated (El-
Nabarawi et al., 2013). In case of surfactant (p = 0.0056) PS decreases when
concentration of surfactant increases. By increasing surfactant conc. because of their
surface active ability there is increase in membrane elasticity and its ability to soften
the membrane and cause size reduction (Gillet ef al., 2011; Maheshwari et al., 2012)
Another property of surfactant that affect the PS and cause its reduction is the ability
of surfactant to cause reduction of interfacial tension between matrix of lipid and

aqueous medium leading to smaller vesicle formation (Thatipamula et al., 2011;
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Alomrani et al., 2014). Also specifically focusing on S 80 having low HLB also
accounts for smaller PS due to relation between HLB and surface free energy. More
hydrophobicity leads to reduction of surface free energy. And it is a general trend with
S 80 that because it has low HLB value it cause vesicles size reduction (Chester et al.,
2017; Qushawy et al., 2018). In case of drug (p = 0.0257) effect is not as much
significant as compared to the other two factors. But general trend that was observed
with drug was by increasing its concentration PS was increasing (Hosny et al., 2018;
T. A. Ahmed et al., 2021). 3D graphs clearly indicate this trend as explained in Figure
3.7.

In case of ZP drug (p = 0.0013) has the most significant effect on ZP as compared to
lipid and surfactant. In pre optimization studies when TESs were formulated it can be
clearly seen that vesicles had negative charge. During optimization with Box-Behnken
Design vesicles had positive charge. The reason of positive charge is MCZN. Because
MCZN is an ionic drug, its nitrate ion has positive charge and this positive charge
dominates negative charge of lipid and that is why with increasing concentration of
drug positive value of zeta potential are increasing (Qushawy et al., 2018). More over
the same pattern was observed in already published data of MCZN SLNs in which drug
free vesicles showed negative ZP and drug loaded vesicles showed positive ZP (Shah
et al., 2017). In case of lipid (p = 0.0531) the ZP was decreasing with increasing
concentration. This may be due to the fact that lipid has a net negative charge on it as
already reported in published data (Zhao et al., 2015). So, the results showed that this
negative charge is being dominated by positive charge of drug and that is why ZP is
decreasing. In case of surfactant (p = 0.0047) there is decrease in ZP with its increasing
concentration. Because non-ionic surfactant get adsorbed on the surface of the
nanovesicles and cause reduction of ZP (Witayaudom and Klinkesorn, 2017). All these

trends are clearly explained in 3D graphs in Figure 3.8.

PDI value from 0 to 1 is considered acceptable (Danaei et al., 2018). Increase in
concentration of lipid (p = 0.0755) has a synergistic effect on PDI and same goes for
drug (p = 0.0162). Because when lipids are increased the diffusion in aqueous phase
occurs very slowly in other words process of diffusion is delayed and the free lipid will
start aggregating with lipid bilayer and cause increase in vesicle size and enhanced PDI

(Michelon ef al., 2016). With the increase in surfactant (p = 0.0195) PDI is decreasing
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this behaviour can be correlated with the decreased PS as explained earlier. All these

trends were explained in 3D graph of Figure 3.9.

With the increase in concentration of lipid (p = 0.0852) and drug (p = 0.0015) EE was
increased. Because PL90G being flexible in nature when increased in concentration
provide more space for the drug to accommodate. So more drug get entrapped at high
level of lipid because more space is created (Ghadiri et al., 2012; Kumar et al., 2018).
And also MCZN is lipophilic in nature so when content of lipid was increased more
drug was entrapped due to enhanced solubility of drug (Ansari et al., 2019). In case of
surfactant (p = 0.2386) Figure 3.10 showed antagonistic effect of surfactant on
entrapment because increased concentration of surfactants beyond ideal ranges results
in micelles formation in membranes of vesicles. And micelles have very poor ability of

carrying drugs so EE decreases (Ahad ef al., 2017; Chester et al., 2017).

FTIR analysis was performed for PL90G, MCZN, PM and MCZN TESs as shown in
Figure 3.11. FTIR analyses compares the standard and test spectra to analyse stretching
vibrations (which show changes in atom distance) or the bending vibrations of
functional groups (including amino, hydroxyl, and carboxyl). The molecular
interaction between MCZN and the excipients used in the formulations was assessed
by performing FTIR analyses (Umeyor et al., 2021).Any significant change in the
drug's absorption bands, the loss of key functional groups, or the emergence of new
bands denotes the presence of a molecular interaction. All the peaks were in accordance
with published data of MCZN FTIR (Qushawy et al., 2018). PL90G showed major
peaks at 2925 cm™ and 2854 cm! indicating —C-H stretching, a stretching band of ester
carbonyl group at was shown via peak at 1737cm™! (Salama et al., 2020). All the major
peaks of MCZN as well as PL90G were preserved in PM and final formulation that was
MCZN TESs. Results made it clear that any kind of physical interaction among drug

and its components was not present.

DSC analysis of PL90G, MCZN and MCZN TESs was performed as shown in Figure
3.12 . DSC analysis was performed to check solubility of drug and its physical state in
which it was present in the final formulation. The DSC analysis clearly showed a large
endothermic peak of MCZN at 186.485°C. This temperature is melting temperature of
MCZN which is also reported in published data (Bhalekar et al., 2009).This peak show
that MCZN was in crystalline form (Umeyor et al., 2021). As it can be observed from
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Figure 3.12 that the endothermic peak disappeared in the final formulation labelled as
MCZN TESs. The absence of the peak is the indication of change of state of MCZN
from crystalline to more soluble amorphous state. So it can be concluded that MCZN
state was changed in final formulation this amorphous form indicated high energy and

high disorder enhanced solubility (Qushawy et al., 2018).

TESs essential trait of deformability makes it possible for them to pass through narrow
junctions with ease, especially in the stratum corneum of the skin for topical drug
delivery. Values near 1 represent the particles possess a strong stress dependent ability.
Before and after extrusion values were 224.8 = 5.1 nm and 211 £+ 4.9 nm. So, DI was
0.94 and %DI was 94.196%. elasticity was 2.11 £+ 0.02, proving that optimized
formulation of MCZN TESs was deformable as well as elastic as it was clearly visible

from the results (Rabia et al., 2020; Batool et al., 2021).

Chitosan based MCZN TESs Gel was prepared and characterized. Physical appearance
of gel was milky white, and gel was homogenous and clear without any particles. pH
of gel was 5.7 £ 0.3. As already reported that for topically applied gels pH should be
compatible with the skin and usually pH of 5 to 7 is considered acceptable as reported
already (Salim ef al., 2020). More over pH pf MCZN TESs Gel was in range and was
in accordance with the gels that are applied on skin (Borse et al., 2020). Spreadability
experiment was performed for MCZN TESs Gel, and its value was 333.712 + 9.21%.
Studies show that this spreadability value is acceptable for topical gel (Qindeel ef al.,
2019). Figure 3.15 shows flow behaviour of MCZN TESs Gel. It was observed that by
increasing shear rate viscosity was decreasing. This property indicated shear thinning
behaviour of gel that is the most important and wanted characteristic of gels that are
applied topically. So, gel was following non-Newtonian flow behaviour. Moreover
studies also show that this behaviour is desirable for gel applicability on the skin (Salim

et al.,2020).

Experiment of in vitro release was carried out at pH 5.5 as shown in Figure 3.16 for
MCZN dispersion, MCZN Gel, Marketed Gel, MCZN TESs and MCZN TESs Gel.
Within six hours MCZN dispersion gave release of 100% which means that release was
very rapid in case of dispersion. Also, MCZN Gel and Marketed Gel gave rapid release
100 percent and 97.5% within 8 hours. But release was slow in case of MCZN TESs
after 24 hours they gave release of 88.043% and MCZN Gel release was even slower,
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it was 76.1164% indicating slow and prolonged release profile. The prolonged release
behaviour of gel was because the drug had to come out from lipid bilayer of TESs and
also TESs were released from the chitosan gel matrix that was the reason of slower
release of MCZN TESs Gel when compared with MCZN TESs because for gel drug
had to cross two phases to reach dissolution medium. From Table 3.8 it was observed
that R? value was highest in Krosmeyer- Peppas model with n=0.306 for MCZN TESs
showing fickian diffusion which indicates that the MCZN diffusion was due to the
potential chemical gradient. In case of MCZN TESs Gel R? value was highest in
Higuchi model with diffusion exponent value of 0.479 so diffusion was non-fickian ,
which was desirable release mechanism for gels (Ansari ef al., 2019; Paarakh ef al.,

2019; Farooq et al., 2022).

Figure 3.18 shows the ex vivo skin permeation study that was performed for MCZN
different formulation. After 24 hours total amount of drug permeated in case of MCZN
TESs, MCZN TESs Gel, Marketed Gel and MCZN Gel was 369.6406 pg/cm?,
254.1406 png/cm?, 77.8210 pg/cm? and 73.2112 pg/cm? respectively. Permeation was
highest in case of MCZN TESs however, Marketed Gel and MCZN Gel showed least
permeation because of the poor penetration property of MCZN (Pandit et al., 2014).
MCZN TESs had the highest permeation as compared to gels. And MCZN TESs Gel
showed much higher permeation as compared to Marketed Gel and MCZN Gel. This
highest permeation values for TESs are due to its components. Because ethanol cause
fluidization effect, moreover destabilization effect of S 80 cause enhanced permeation
for TESs formulations (Garg ef al., 2017). From Figure 3.18 it was observed that for
MCZN TESs and MCZN TESs gel during initial hours the release was rapid and then
it became sustained because initial rapid release was due to desorption of drug from the
vesicles surface afterward there was slow release due to diffusion process followed by
drug for release from lipid bilayer (Qushawy et al., 2018). Table 3.9 showed maximum
flux for MCZN TESs i.e., 15.401 with enhancement ratio of 5.049 and flux of MCZN
TESs Gel was 10.589 with enhancement ratio of 3.471 much higher as compared to
Marketed Gel and MCZN Gel.

Deposition studies were performed which showed that in case of MCZN TESs Gel
maximum amount of drug was deposited in epidermis/dermis i.e., 50.87%. In case of
MCZN TESs 28% of drug was retained in epidermis/dermis. This showed that

transethosomes had the capability of penetrating into deeper layer of skin for local
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therapeutic action as compared to Marketed Gel and MCZN Gel in which deposition
of drug was only 13.1% and 12.21% respectively as shown in Figure 3.19. Hence, it
was concluded that MCZN TESs Gel deposition in epidermis/dermis was enhanced 4-
folds when compared with Marketed Gel and 4.2-folds when compared with MCZN
Gel. The distinctive flexibility of the vesicular membranes in case of TESs, aids in
transporting the vesicles through the rough layer of the skin while keeping maximum
amount of drug entrapped in the dermal layers, is the reason for maximum deposition

of MCZN TESs Gel (Garg et al., 2017).

Skin irritation studies were performed for MCZN TESs Gel and was compared with
0.8% formalin treated skin and untreated skin was kept as control. Scoring was done
according to Draize scoring procedure as shown in Table 3.10. PDII for formalin
treated skin was 3.75 much high as compared to MCZN TESs Gel treated skin where
PDII was 1 that showed the good and non-irritant quality of MCZN TESs Gel. Figure
3.21 shows FTIR analysis of untreated skin and MCZN TESs Gel treated skin. Peaks
at 2991 cm! and 2924 cm™! of normal skin showed that lipid bilayer of skin was not
affected it was intact. In case of MCZN TESs Gel treated skin there was a very slight
shift in the peaks at this region. Peaks at protein C-N stretching region of normal and
treated skin were very slightly different. Difference was almost negligible indicating
no change in proteins structure (Mandawgade and Patravale, 2008). Therefore, it was

concluded that MCZN TESs Gel crossed the skin without affecting its structure.

Antifungal assay was performed against C. albicans. Figure 3.22 shows black circles
indicating ZOI. Figure 3.23 shows that MCZN TESs gel zone of inhibition was 43 mm
much greater as compared to Marketed Gel (Daktarin 2% Gel) and MCZN Gel having
ZOI of 20 mm and 18 mm respectively. Maximum ZOI for MCZN TESs Gel was
because of maximum sensitivity of this gel against C. albicans. These results clearly
indicated that antifungal activity of MCZN was significantly enhanced when it was
incorporated in TESs, 2.15-folds in comparison to Marketed Gel and 2.38-folds in
comparison to MCZN Gel. Because studies show that TESs have better penetrating
ability into the cell wall of fungi. So, TESs penetrated and caused retardation of
synthesis of ergosterol and resulted in inhibition of growth of fungi (Tabrizi et al.,

2017).
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In vivo antifungal assay was performed on rats to further confirm the results. Before
induction with fungal strains all rats’ skins were normal having no signs of infection as
shown in Figure 3.24. At the 7™ day all rats’ skin fully showed symptoms of infection
that were explained in Table 3.11. Rashes/colour changes, cracking, scaling, erythema,
and inflammation all these symptoms were present on the skin. Positive control group
in which no treatment was given infection got worse with the passage of time as it can
be clearly seen in Figure 3.24. MCZN TESs Gel treated group was healed completely
within 7 days. Before and after treatment observation are explained in Table 3.11 for
MCZN TESs Gel treated group. While in case of Marketed Gel treated group and
MCZN Gel treated group took 10 days for healing. At 10" day slight inflammation was
present in Marketed Gel treated group and little scars were left in case of MCZN Gel
treated group. Duration of treatment for these two groups was 1.5-times extensive than
MCZN TESs Gel treated group. Moreover, histological studies were performed.
Positive control group in Figure 3.25: A showed focal acanthosis marked with red
arrow along with mild hyper keratosis marked with blue arrow and with fungal hyphae
shown with white arrow clearly proving that infection was increased with the passage
of time. Figure 3.25: B shows MCZN TESs Gel treated group with uniform epidermis
and dermis pointed out with white arrow these results were in alignment with the results
visually shown in Figure 3.24 in which rat skin was completely healed. Figure 3.25:
C shows Marketed Gel treated group skin was normal but there was mild focal
acanthosis as shown with white arrow. Figure 3.25: D shows MCZN Gel treated group
having keloid scarred skin marked with white arrow. These histopathological studies
were in alignment with the observational studies of rats’ skin. These results were further
supported quantitively using scoring system of histopathological examination as
presented in Table 3.12. So, it was deduced from in vivo model of cutaneous
candidiasis that antifungal property of MCZN TESs was clearly and significantly
enhanced with better healing quality, brief duration of treatment along with improved
histology. This could be due to higher penetration properties of TESs which accounts
for their greater accessibility to the deeper skin layer where infection was present. So,
MCZN when loaded in TESs can penetrate deeply and get deposited into dermal layers

of skin, this localized accumulation of MCZN resulted in early eradication of infection

Stability studies were performed for MCZN TESs for the period of six month at 4 °C
and 25 °C. Table 3.13 shows that change was not significant in PS, PDI, ZP and EE at
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4 °C. At 25 °C PS and PDI was increased and ZP, EE was decreased over the period of
six month, but changes were not major. So, both temperature for storage of MCZN
TESs were suitable. In case of MCZN TESs Gel stability data demonstrated no
significant changes in stability of gel over the period of six months. Hence, it was

concluded that the prepared gel could be suitably use for efficient topical drug delivery.
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CONCLUSIONS

MCZN loaded TESs were effectively fabricated by thin film hydration method
and formulation was successfully optimized and characterized.

Results indicated formulation had desirable PS with less PDI, good ZP and very
efficient EE and there were no interactions between formulation and its
excipients and solubility was also enhanced with good deformability and
elasticity.

MCZN TESs were efficiently loaded in chitosan gel and gel characterization
showed that gel was clear, uniform and gel had pH desirable for skin
application, with good spreadability, desirable viscosity, good drug content and
flow behaviour.

In vitro release behaviour of MCZN TESs and MCZN TESs Gel showed
prolonged release behaviour and release was diffusion controlled. Ex vivo skin
permeation indicated that MCZN TESs and MCZN TESs gel had excellent
permeation as compared to Marketed Gel and MCZN Gel and deposition was
significantly enhanced in epidermis/dermis. Skin irritation studies showed gel
was non-irritant.

Antifungal assay and in vivo studies showed that MCZN TESs Gel antifungal
activity was significantly enhanced in comparison to Marketed Gel and MCZN
Gel with efficient penetration and shorter duration of treatment.

It was concluded that MCZN TESs Gel could be effectively used for treatment
of cutaneous candidiasis. Further studies are needed to deeply investigate
antifungal activity of MCZN TESs Gel and to analyse their suitability for

clinical translation.
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FUTURE PROSPECTIVES

e The efficacy and safety profile of the new dosage form could be better
understood by extrapolating in vivo data from variety of animal models.

e For the more advanced targeting of fungus different types of ligands could be
attached with TESs.

e MCZN can be loaded in combination with any other antifungal drug in TESs

for its enhanced antifungal action.
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