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ABSTRACT

Clotrimazole is a broad-spectrum antifungal drug
widely used in the treatment of superficial fungal
infections. However, conventional dosage forms
such as creams and ointments suffer from limitations
including poor patient compliance, low permeability,
and frequent dosing. Transdermal drug delivery
systems (TDDS) offer a promising alternative by
providing controlled drug release, improved
bioavailability, and reduced side effects. This review
focuses on the formulation strategies, evaluation
parameters, and recent advancements in clotrimazole
loaded-transdermal patches. Various polymers,
permeation enhancers, and preparation methods such
as solvent casting are discussed. The review
highlights the potential of transdermal patches in
enhancing antifungal therapy improving patient’s
outcomes.

Keywords
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I.  Introduction
Fungal infection

Fungal infection are common
dermatological conditions caused by organisms such
as Candida, Trichophyton, and Microsporum.
Fungal infections, also known as mycoses, are
caused by a diverse group of pathogenic fungi that
can affects the skin, nails, hair, and internal organs.
These infections range from superficial to systemic
and are a significant global health concern,
particularly in immunocompromised individuals.
Superficial fungal infections, such as
dermatophytosis and candidiasis, are worldwide,
affecting millions of people annually.[1]

Fungi responsible for infections are broadly
classifies into dermatophytes, yeasts, and molds.
Dermatophytes, including Trichophyton,
Microsporum, and  Epidermophyton  species,
primarily infect keratinized tissue such as skin, hair,
and nails. Yeast like Candida albicans are

opportunistic pathogens that can cause infections
under favourable conditions, molds such as
Aspergillus species are associated with invasive
diseases.

The prevalence of fungal infections has
increased significantly due to factors such arising
incidences of diabetes, prolonged use of antibiotics,
immunosuppressive  therapy, and HIV/AIDS.
Environmental conditions like humidity and poor
hygiene also contribute to the spread of fungal
infections, especially in tropical and subtropical
regions. Clinically, fungal infection may present with
symptoms such as itching, redness, scaling, and
inflammation. Although many infections are
superficial they can cause discomfort and may lead to
secondary bacterial infections if untreated. Systemic
fungal infections, although less common, can be life-
threatening and require prompt medical intervention.
Effective management of fungal infections involves
antifungal therapy, including topical and systematic
agents. However, limitations such as poor drug
penetration, side effects, drug resistance have led to
the development of advanced drug delivery systems,
including transdermal patches, to enhance
therapeutic efficacy and patient compliance.[2]

A fungal infection is an infection caused by
fungi that invade the skin, nails, hair or internal
organs. Fungi are microorganism that live in soil, air
, water, plants and sometimes on the human body.
Most fungi are harmless, but some can causes disease
when they grow excessively or enter the body .Fungal
infection commonly occur in warm moist areas of
the body, such as between the toes, in the groin,
under the breast, or in the skin folds. They can spread
through direct contact with infected people,
animals, contaminated surface, or soil. Fungal
infection are wusually treated with antifungal
medications, which may be applied as creams, tablet,
powders, spray and another types of formulations
depending upon the severity of the infection.
Common types of fungal infection include
ringworm, athlete’s foot, yeast infection or nails
infections. Symptoms may include itching, redness,
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rashes, scaling, and irritation of the skin. In some
cases especially in people with weak immune
system fungal infection can damage internal organ of
the body.[3]
Common examples of fungal infections include:
e Ringworm — affected skin and scalp.
o  Athlete’s foot — affects feet, especially
between toes.
e Candidiasis — caused by yeast and affects
mouth, skin, or genital areas.
e  Nails fungus — infects fingernails or toenails.
Types of fungal infections:
1 Topical caused by fungal pathogens

Fig. No.:1.1 Oral infection

Maintaining good hygiene keeping the skin dry,
wearing a clean clothes, and avoiding sharing
personal items can prevent fungal infections.
Malassezia infection:
Malassezia infection is a superficial fungal infection
of the skin caused by the overgrowth of yeast
belonging to the genus malassezia, which are
normally present as part of the skin’s natural flora but
can become pathogenic under certain conditions.[10]
Subcutaneous infection:
Subcutaneous infections are a group of fungal
infections that involve the deeper layer of the skin,
specially the subcutaneous tissue. These infections
are usually caused by fungi that live in soil, plants, or
decaying organic matter and enter the body through
traumatic injury, such as cuts, throns, or splinters.
Clinically, these infections may present as

e Nodules or lumps under the skin

e  Ulcers or abscesses

e Swelling and deformity in severe cases. [11]

Systematic fungal infection:

2 Malassezia infection

3 Subcutaneous infection

4 Systematic fungal infection

5 Malassezia folliculitis infection

Topical caused by fungal pathogens:

Topical infection may be defined are those
infection which are generally in outer layer of
the skin like nails, hairs, skin, and mucous
membrane. Tinea pedis(foot), Tinea unguium
or onychomycosis/ nails(90% of toenail
infections), Tinea capitis(childhood), and 50%
of nail infection, oral, vaginal, candidiasis, and
gastrointestinal tract infections. [9]

Fig.No. 1.2 Nail infection

Systematic fungal infections, also known as
deep or invasive mycoses, are serious infection
caused by fungi that affect internal organs and body
systems rather than just the skin or superficial tissues.
These infections begins to the lungs after inhalation
of fungal spores and can spread to other organs such
as the brain, liver, and kidneys through the
bloodstream. Systematic fungal infections are
commonly caused by pathogenic fungi such as
candida albicans, Aspergillus fumigates, and
Histoplasma capsulatum. These infections are more
common in immunocompromised individuals, such
as patients with HIV/AIDS, Cancer, Diabetes, organ
transplant recipients, or those receiving long term
corticosteroids or chemotherapy treatment.[12, 13]

Malassezia folliculitis infection:

Malassezia folliculitis is a superficial fungal infection
of the hair follicles caused by the overgrowth of the
yeast belonging to the genus malassezia. This
organism is a normal part of the skin flora, but under
certain conditions, it can proliferate excessively and
invade the hair follicles, leading to infections.[14]
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The physicochemical properties of azoles, polyenes, echinocandins;

Table No. 1.1
Class Antifungal Physical Molecular Melting | log | Water Referenc
agent appearance | weight(g/mol) | point p solubility(mg/ml) | e
Azoles | Ketoconazole | Colourless 531.4 146 4.34 | 0.00029at 20°C [59]
crystal
Miconazole White 416.1 170 6.1 | .000763at 25°C [60]
powder
Clotrimazole | White 344.8 148 6.1 | .00049 [61]
powder
Econazole White 381.7 163 5.5 |.000148 [62]
Fluconazole Yellow 306.37 139 0.5 |.00349 [63]
crystalline
Itraconazole White 705.6 1662.2 | 5.66 | Insoluble [64]
powder
Voriconazole | White 349.31 134 1 .00978 [65]
powder
Posaconazole | White 700.8 172 5.5 | Insoluble [66]
powder
Polyene | Nystatin Light yellow | 926.1 160 -0.2 | 0.104 [67,68]
] powder
White to
Natamycin creamy 665.7 290 1.3 | .03-0.05 [69,70]
crystalline
powder
Echinoc | Caspofungin Hygroscopic | 1093.3 N/A 0.3 | 0.028 [73,74]
andins Micafungin White 1270.4 N/A -1.6 | >0.2 [75,76]
powder
Anidulafungin | Solid 1140.2 234 0.8 |0.05 [77,78]
powder
Anatomy and physiology of skin: SKIN ANATOMY

The skin is the outer covering of the body. In humans,
it is the largest organ of the integumentary system.
The skin is making up 12-15% of body weight and
with a surface area of 1-2m?. It is divided into three
layers, these are:

Epidermis

Dermis

Hypodermis[19,20]

H

me Pore

.:.,.2::1 i‘: ::’g,:,i

Fig .No:1.3 Structure of the skin

Epidermis: Outer most layer of the skin serves as the
primary protective barrier between the body and the
external environment. Structurally, the epidermis is
composed of stratified squamous epithelium, mainly
consist of keratinocytes, which produce strength,
toughness, and water resistance to the skin. The
epidermis does not contain blood vessels and receives
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nutrients through diffusion from the underlying
dermis layer.

Dermis: The dermis is the thick, middle layer of the
skin located between the outer epidermis and the
inner subcutaneous tissue. Its plays a crucial role in
maintaining the skin’s strength, flexibility, and
overall function. The dermis primarily composed of
connective tissue containing collagen and elastin
fibres, which provide structural support and elasticity
to the skin. It consist of two layer, papillary layer, and
Reticular layer.[26,27]

Hypodermis: The hypodermis layer also known as
subcutaneous tissue and adipose tissue. It is deepest
layer of the skin located beneath the dermis. It serves
as a vital connecting layer between the skin and
underlying structures such as muscles and bones. It
provides several function like energy storage,
insulation, shock absorption, attachment of muscle
and tissues.[24]

Transdermal patch drug delivery system:

A transdermal patch also called as skin patch, it is a
medicated adhesive patch that is applied to the skin
in order to transfer a particular dosage of medicament
through the skin and into the bloodstream. One of the
most dependable and efficient techniques is the

transdermal drug delivery system, which has gained
widespread acceptance [28]. Drug delivery through
the skin has been both an intriguing and difficult
study topic. Transdermal drug delivery system has
developed over the past two decades into an alluring
and well-accepted technology because it minimises
and avoids the drawbacks associated with
conventional and parenteral drug delivery systems,
such as peak and valley phenomena, which show
fluctuation in plasma drug concentration levels, pain
and inconvenience from injections, and both routes
limited controlled release options [29]. Transdermal
drug delivery systems are topically applied
medication within the form of patches that release
medication for systemic effect in a set and regulated
rate .Transdermal drug delivery system make it
possible for therapeutic doses of pharmacological
compounds to be administered through the skin and
enter into bloodstream for systemic effects [34].
Stoughton came up with the idea for chemical
material absorption through the skin for the first time
in 1965. The U.S. Food and Drug Administration
approved the first motion sickness patch that was
commercially accessible on a prescription in
December 1979

There is a developing understanding that
continuous medication delivery into the systemic
circulation can be achieved using the intact skin as
the port of drug administration, closely duplicating
the advantages of intravenous infusion without any of
risk . Transdermal drug delivery system are described
as discrete, self-contained dosage form that, when
applied to healthy skin, transport drugs to the blood
stream at a controlled rate through the skin .A
predetermined amount of medication is delivered to
the surface of healthy skin at a predetermined pace
through the transdermal delivery systems, which are

Fig No.: 1.4 Transdermal patch

adhesive drug-containing devices with a defined
surface area [30]. These system eliminated many
issues with oral dosing, including product stability,
bioavailability, and the peaks and troughs of pulse
dosing, by providing the medicine consistently at a
predictable rate and maintaining the rate for an
extended length of time. This is referred to as
transdermal administration, and the drug delivery
method are referred to as transdermal therapeutic
system or also known as transdermal patches.
Transdermal drug delivery system (TDDS) refer to
formulation created to administer an appropriate
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medicinal dosage through a patient’s skin, ensuring
the delivery of a therapeutic dose of the drug into the
body. Transdermal drug delivery presents much and
more notable advantages over other formulation like
injectable and oral thereby it improves patient
compliance and circumvents the first pass
metabolism. A transdermal patch is a specialized
medicated patch designed to release drugs into the
blood stream at a controlled rate through the layer of
the skin .Transdermal patches come in various sizes
and can contain multiple active ingredients that is
APIL. When applied to the skin, these patches use
diffusion process to deliver these active ingredients
directly into the systemic circulation. Some patches
may contain high doses of the active ingredients,
which remains on the skin for a long period of time.
Nitro-glycerine was the first transdermal patch
developed in 1985, having a good significant
milestone in this drug delivery method [39].

Advantages of TDDS
e To prevent first-pass metabolism, transdermal
delivery ensures a sustained and continuous
permeation of a substance over an extended
period.
e Increase patient complains over other route.
e It does not interference the liquid of the
stomach and intestine.
e Reduced plasma concentration levels of drugs.
e Sustain stable and constant blood levels,
providing control over an extended period.[44]
Transdermal patch also called as skin adhesive patch,
is a device designed to administer a precise dosage of
medication by placing it on the skin. This allows the
drug to be delivered through the skin and into the
bloodstream. The specialized membrane regulates
the passage of liquid medication from the patch
reservoir through the skin and into the bloodstream.

Disadvantages of TDDS

e Due to inherent limitation of TDDS, only
relatively ~ powerful = medications  are
appropriate candidates for the impermeability
of the skin restrict drug entry.

e At the location where one or more of the
systems are applied, some patients experience
contact dermatitis. Components, making
discontinuation necessary.

e Long term adherence is challenging.[46]

Components of transdermal patch

Backing Film

Drug Formulation
Membrane

Adhesive or Tape

o= Liner

Fig No.: 1.5 basic component of transdermal

patches

Liner — during storage it protect the patch, it is
removed prior to use, and it is part of primary
packaging, prevent the loss of drug from
polymer matrix. It is film or coated papers and
silicon release coating used with acrylate-&
rubber- based adhesive systems, whereas
fluorocarbon coating are used with silicon
derivatives. It is composed of base layer which
may be non-occlusive (paper fabric) or
occlusive (PE, PVC) & release coating layer
made up of silicon or Teflon, polyester foil &
metalized laminates.

Adhesive- Serve to adhere the component of
the patch together along with adhering the
patch to the skin. Polyisobutadiene,
polyacrylate, silicon based adhesive polymers
are the basic example of adhesive agent for the
TDDS.

Membrane — regulates the drug release from
patches.

Drug — It is active ingredient which is provide
action against microbes and provides
antifungal, antimicrobial effects to the body.
Polymer — it is used as permeation enhancers,
plastic. It is determines and control the drug
loading, rate of drug release and adhesion of
patch to the skin properly .Polymer matrix
formed when the drug is loaded, polymer is
sandwiched between a backing layer and
laminate.

Natural polymer: Zein, gelatine, shellac,
waxes, chitosan, natural rubber, cellulose
derivatives.

Synthetic polymer: PVA, PVC,
Polypropylene, Polyethylene, Polyarylate.
Synthetic elastomer: Silicon rubber, hydrin
rubber, nitril, acrylonitrile, neoprene,
polyisobutylene.
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e Backing- Protect the patch from the outer
environment, provides support to it accepts
printing. It is optimum elastic, highly flexible,
impermeable, good oxygen transmission, and
high moisture vapour transmission. The basic
examples of backing agent is vinyl,
polyethylene.

Types of transdermal patch:

Single —layer drug in adhesive patch.
Multiple layer drug in adhesive patch.
Reservoir.

Matrix.

Vapour patch.

e Single layer drug in adhesive patch:

Drug-in-Adhesive

Backing membrane

Single-Layer /
. Adhesive layer
SO s N *_-4. Drug
...................... — -

Fig No.: 1.6 Single layer TDDS Patch

The adhesive layer of this system contains the drug.
In this type of patch the adhesive layer not only serves
to adhere the various layer together, along with entire
system to the skin, but is also responsible for the
releasing of drug. The adhesive layer is surrounded
by a temporary liner or a baking. [48]

Multiple layer drug in adhesive patch:

Drug-in-Adhesive
Multi-Layer

Backing membrane
Adhesive layer

Membrane

Liner

Fig No.: 1.7 Multiple layer TDDS

Both adhesive layer are responsible for the releasing
of drug. One of the layers is for immediate release of
the drug and other layer is for control release of drug
from the reservoir. This patch also has a temporary
liner layer and a permanent backing layer. [49]

e Reservoir:

 backing layer

polymer malrix

I A, conlact adhesive

skin

Fig No.; 1.8 Reservoir TDDS

Reservoir transdermal patch has a separate drug
layer, the drug layer is the liquid compartment
containing a drug solution or suspension separated by
the adhesive layer. This patch is also backed by a
baking layer, and this type of transdermal patch the
rate of drug release is done by zero order. [50]
e  Matrix: The matrix system has a drug layer of
a semisolid matrix containing a drug solution
or suspension. The adhesive layer in this patch
surrounded the drug layer partially overlaying
it.[S1]

e Vapour patch: The vapour patches release
essential oils and are used in cases of
decongestion mainly. The vapour patches are
new in the market, and used for reduce the
quantity of cigarettes that one smoke in a
month also available in market, to improve
sleeping quality. In this of patches adhesive
layer not only serves to adhere the various
layer together but also to release vapour.[52]

Condition in which TDDS are used:

1. When the patient has intolerable side effects
and who is unable to take oral medication and
is requesting an alternative method of drug
delivery.

2. Where the pain control might be improved
by reliable administration. This might be
useful in patient with congestive impairment or
those who for other reason are not able to self-
medicate with their analgesia. [56]

Condition in which TDDS are not used:
1. Cure for acute pain is required.
2. Where rapid dose titration is required.
3. Where requirement of dose is equal to or less
than 30mg/24hrs. [57]
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Mechanism of TDDS

Drug dissolution in patch

Drug diffusion into the skin

Partitioning into Partitioning into
the sebaceous gland the stratum corneum

L— Partitioning into viable ‘-J

epidermis

Diffusion through viable epidermis
Diffusion through upper epidermis

Entering into systemic circulation

Fig No.: 1.9 MOA of TDDS

Transdermal drug delivery system, deliver drugs
systemically by releasing active ingredient from a
patch onto the skin at a controlled rate, bypassing
first-pass metabolism and providing sustained
absorption. The drug permeates the skin through
passive diffusion- primarily through the lipid rich
stratum  corneum to reach the dermal
microcirculation. The main mechanism of action is
by passive diffusion method, where the drug moves
from higher concentration to the lower concentration
skin, proportional to the concentration gradient.

Preparation method for TDDS
Solvent casting method:

In this method, the drug and polymers are
dissolved in a suitable solvent to form a uniform
solution. This solution is then cast on a flat surface,
and the solvent is evaporated to form a thin film
(patch). In this method following steps are involved;
STEP 1: Preparation of polymer solution

e Accurately weight the required amount of
polymer
e Dissolve it in a suitable solvent (Chloroform or
Methanol)
e  Stir continuously until a clear, homogeneous
solution is obtained.
STEP 2: Drug Incorporation
e Dissolve the drug separately in a small quantity
of solvent.
e  Add this drug solution to the polymer solution.
e  Mix thoroughly to ensure uniform distribution.
STEP 3: Addition of Plasticizer
e Add a suitable plasticizer to improve
flexibility.
e  Stir the mixture to obtain a uniform viscous
solution.
STEP 4: Casting of Film
e  Pour the prepared solution into a glass mold or
petri dish.
e Ensure uniform thickness by levelling the
surface.
STEP 5: Drying
e  Allow the solvent to evaporate slowly at room
temperature or in a hotair oven(40-50°C).
e Cover to prevent contamination and ensure
controlled evaporation.
STEP 6: Film Removal and Cutting
e After complete drying, carefully peel of the
film.
e Cut into patches of desired size, and stored in
desiccator to avoid moisture.
Evaluation of TDDS:
Physicochemical evaluation
In vitro evaluation
In vivo evaluation

Table No.:1.2 Evaluation parameter for TDDS

Z
e

Physicochemical evaluation

In vitro evaluation

In vivo evaluation

Thickness

Drug release test

Animal models

Uniformity of weight

Human Volunteers

Drug content determination

Content uniformity test

Moisture content

Folding endurance

Flatness

Microscopic study

Ol ||an|un | |wo|—|w

Adhesive study

1. Thickness test: The thickness of transdermal film
is determined by traveling microscope, dail gauge,

screw gauge or micrometer at different points of the
film.
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2. Uniformity of weight: Weight variation is studied
by individually weighing 10 randomly selected
patches and calculating the average weight. The
individual weight should not deviate significantly
from the average weight.
3. Drug content determination: An accurately
weighed portion of film (about 100 mg) is dissolved
in 100 mL of suitable solvent in which drug is soluble
and then the solution is shaken continuously for 24hrs
in shaker incubator. Then the whole solution is
sonicated. After sonication and subsequent filtration,
drug in solution is estimated by
spectrophotometrically by appropriate dilution.
4. Content uniformity test: 10 patches are selected
and content is determined for individual patches. If 9
out of 10 patches have content between 85% to 115%
of the specified value and one has content not less
than 75 to 125% of the specified value, then
transdermal patch pass the test of content uniformity.
5. Moisture content: The prepared film are weighed
individually and kept in desiccator containing
calcium chloride at room temperature for 24h. The
film are weighed again after a specified interval until
they show constant weight. The percent moisture
content is calculated by using following formula

% moisture content= Final weight- Initial weight /
Initial weight X100

6. Folding endurance: Evaluation of folding
endurance involves determining the folding capacity
of the films subjected to frequent extreme condition
of folding. Folding endurance is determined by
repeatedly folding the film at the same place until it
break. The number of times the films could be folded
at the same place without breaking is folding
endurance value.
7. Flatness: A transdermal patch should possess a
smooth surface and should not constrict with time.
This can be demonstrated with flatness study. For
flatness determination, one strip is cut from the centre
and two from each side of patches. The length of each
strip is measured and variation in length is measured
by determining percent constriction.
Zero percent constriction is equivalent to 100 percent
flatness.
% constriction = I;. I/I;x100

e I,-Final length of each strip

e 1;-Initial length of each strip

8. Microscopic study: Distribution of the drug and
polymer in the film can be studied using scanning
electron microscope. For this study, the section of
each sample are cut then mounted onto stubs using

double sided adhesive tape. The sections are then
coated with gold palladium alloy using fine coat ion
sputter to render them electrically conductive. Then
the sections are examined under scanning electron
microscope.

9. Adhesive study:

Peel Adhesion Test: It is force required to remove
adhesive coating from test substrate. It is tested by
measuring the force required to pull a single coated
tape, applied to substrate at 180 degree angle. The test
is passed if there is no residue on the substrate.

In vitro evaluation:

Drug release mechanism play an important role in

describing a drug dissolution profile from a

controlled release dosage forms and hence there in in

vivo performance.

Methods for determining of drug release

e The paddle over Disc: USP apparatus 5/phEur

2.9.4.,1 , This method is identical to the USP
paddle dissolution apparatus , except that the
transdermal system is attached to a disc or cell
resting at the bottom of the vessel which
contains medium at 32+5°C.

e The cylinder modified USP Basket: USP
apparatus 5/phEur 2.9.4.3, this method is
similar to the USP basket type dissolution
apparatus, except that the system is attached to
the surface of a hollow cylinder immersed in
medium at at 32+5°C.

In vivo evaluation:

In vivo evaluation are the true depiction of the drug
performance. The variables which cannot be taken
into account during in vitro studies can be fully
explored during in vivo studies. In vivo evaluation can
be carried out using

Animal models

Human models

II.  Conclusion:

The transdermal drug delivery system
represent a  significant  advancement  in
pharmaceutical technology, offering a non-invasive,
patient- friendly alternative to conventional oral and
parenteral drug administration routes. By delivering
therapeutic agent directly through the skin into the
systemic circulation at controlled rates, TDDS
minimizes the risk of first pass metabolism,
gastrointestinal degradation, and peak trough
fluctuations in blood plasma levels, thus enhancing
therapeutic efficacy and patient compliance.
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