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INTRODUCTION

Topical drug delivery system involves administering drugs through the skin for systemic
distribution. This method offers several advantages, such as avoiding the gastrointestinal tract
and providing controlled release, leading to improved patient compliance and reduced side
effects. It is a non-invasive method and it allow the drug substance to enter the systemic

circulation and provide desirable therapeutic effect.

Transdermal drug delivery systems (TDDS), commonly referred to as “patches,” are

medication dosage forms that deliver a regulated distribution of an amount of medication
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across a patient’s skin that is therapeutically effective. Due to its distinctive benefits, such as
longer therapeutic efficacy, avoidance of first-pass metabolism, and simple therapy
termination, TDDS has attracted intentional consideration for either local or systemic drug
administration. Rate-controlling membranes, drugs, penetration enhancers, adhesives,
backing laminates, release liners, etc. These are the core elements of TDDS. TDDS is divided
into reservoir, matrix, and micro reservoir systems based on their architectural differences.™
People have applied substances to the skin for medicinal purposes for thousands of years, and
in the modern period, numerous topical formulations have been created to address regional
medical issues.! It provides several benefits, including a longer therapeutic impact, fewer
side effects, increased bioavailability, better patient compliance, and simple medication
therapy cessation. The appendageal, transcellular, and intercellular pathways are the three
main ways that drugs enter the body. When giving medication by this route, it is important to
consider the following aspects: skin age, condition, physicochemical characteristics, and
environmental conditions.®! The phrase "“transdermal delivery system" broadly refers to any
medicine formulation applied topically to release the active component into the bloodstream.
Transdermal therapy systems have been created to offer controlled and continuous drug

administration to the systemic circulation through the skin.™

Human skin serves as a crucial barrier against endogenous substances like water and
xenobiotic materials like chemicals and drugs, acting as the first line of defences in the
human body. Skin consists of three primary layers are Epidermis, Dermis and Hypodermis
(Figure 1).

p—e cpiclermis

p—dormis

— hypodermis

Epidermis is act as a protective outer most layer or shield to the internal tissues of the body

from the external environment. It has multiple layers, including- Stratum Corneum (The
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outermost layer of the epidermis, composed of dead corneocytes filled with keratin, provides
skin strength and waterproofing), Stratum Lucidum (This layer, found in specific body parts
like palms and feet, consists of clear, flattened cells densely packed with keratin), Stratum
Granulosum (The epidermis layer, containing keratin granules and proteins, aids in
keratinization, a process where epidermal cells become filled with keratin and die,

forming the protective skin barrier).

Dermis, the middle layer of the skin that placed between epidermis and hypodermis. It is
composed of various tissues that provide mechanical support, elasticity, and nourishment. It
contains collagen and elastic fibers, which provide strength and support to the skin, while
allowing it to stretch and return to its normal shape. These fibers are crucial for maintaining
the skin's firmness and flexibility. The dermis, a vital part of the skin, contains blood vessels
that supply oxygen and nutrients to skin cells, regulating body temperature and giving skin its
pinkish hue. It also contains sensory receptors like Meissner's and Pacinian corpuscles, which
detect touch, pressure, and vibration, transmitting these signals to the brain.

Hypodermis the hypodermis, also known as subcutaneous tissue or subcutis, is the innermost
layer of the skin, composed of adipose and connective tissue, and serves asa cushioning
layer that insulates the body. Some of the main functions of hypodermis like- Insulation,

Energy storage, Protection.

Transdermal therapeutic drug delivery system

This method has also been utilized to administer a variety of medications, including
hydrophilic and hydrophobic substances.”! Drugs may be effectively made available
throughout the body with TDDS. Transdermal patches are cutting-edge drug delivery
methods that are applied to the skin to provide a systemic effect. The use of the TDDSsystem
has various clinical advantages over alternative methods.™?

It offers reliable medication release, maintains a stable blood level profile, which might
lessen systemic side effects, is practical, user-friendly, and helps to increase patient
acceptance. Drugs that are continuously absorbed over an extended period don't need to be
dosed as frequently, which improves patient compliance.’”’ To improve the transdermal
delivery and dermal absorption of drugs, a variety of strategies have been used. These include
increasing the effective concentration of the drug in the vehicle, improving the partitioning

between the formulations, using chemical penetration enhancers, and using various physical
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enhancement techniques. The use of carrier systems such as liposomes, nanoparticles, and

microparticles has also been investigated.!”®

Nanomaterials offer substitutes for common transdermal medication delivery methods,
including patches, gels, sprays, and lotions, but it's important to comprehend how such
methods work."! Cutaneous formulation keeps drug levels within the therapeutic range for an
extended length of time, making sure they don't drop below the minimum effective

concentration or rise above the maximum effective concentration.*”!

Advantages of transdermal therapeutic system!*>1°!

« Preventing a drug's first-pass metabolism

« Transdermal drugs provide a consistent infusion of a medicament over a long period

» The streamlined drug schedule improves patient compliance, lowers side effects, and
reduces both intra and inter-patient variability.

« No disruption of the digestive and gastrointestinal fluids

» Keeps blood levels consistent, constant, and under control for a longer period.

» They can prevent problems with gastrointestinal medicine absorption.

» They can take the place of oral medicine administration when it is not appropriate.

« Limited side effects and a localized effect.

« Enhancing medication bioavailability and decreasing dosage frequency.

» Keeping medication delivery profiles constant

» Characteristics that are similar to those of intravenous infusion.

Disadvantages of transdermal therapeutic system™’!

« Several drugs, particularly those with hydrophilic properties that penetrate the skintoo
slowly, may not be effective at therapeutic levels.

« Erythema, itching, and localized edema may be brought on by the medication, the
adhesive, or any excipients in the patch formulation.

« The skin's barrier function varies with age, from one location to another for the same
individual, and also from person to person.

 lonic medicines cannot be delivered via TDDS.

» High drug levels cannot be achieved via TDDS in the blood or plasma.

» Itis impossible to build TDDS for medications with enormous molecular weights.

* Pulsatile drug delivery is not possible with TDDS

» A medicine or formulation cannot be used to create TDDS if it irritates the skin.
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Method of preparation

1.

4.

The asymmetric TPX membrane method: Heat-sealable polyester paper (type 1009, 3
m) with a concave of 1 cm diameter will be employed as the backing membrane to create
a prototype patch. An asymmetric TPX poly-(4-methyl-1- pentene) membrane is used to

cover a concave membrane, which is subsequently attached using an adhesive.?*!

Circular Teflon molding method: Solutions with different ratios of polymers are
utilized in an organic solvent. Half as much of the same organic solvent is used to
dissolve the calculated amount of medication. The second half of the organic solventis
used to dissolve enhancers at various concentrations before they are applied. The
plasticizer di-N-butyl phthalate is included in the drug-polymer solution. The entire
mixture is agitated for 12 hours before being placed in a Teflon mold. In a laminar flow
hood model with a speed of 0.5 m/s, the molds are put on a flat surface and covered with
an inverted funnel to control solvent vaporization. For 24 hours, the solvent is allowed to
evaporate. Before evaluation, the dried films are kept for a further 24 hours at 250.5°C in
a desiccator containing silica gel to remove aging effects.[?*

Mercury substrate method: The technique involves dissolving the medication and
plasticizer in a polymer solution. Pour the solution into a levelled mercury surface, cover
with an inverted glass vial, and agitate for 10 to 15 minutes to create a homogeneous

dispersion for managing the evaporation of solvent.’*!

IPM membrane method: This approach involves mixing the medicine with water and

propylene glycol to dissolve it, then stirring the mixture for 12 hours in a magnetic

www.wipr.net | Vol 13, Issue 11,2024. |  1SO 9001:2015 Certified Journal | 1949



Rohilla et al. World Journal of Pharmaceutical Research

stirrer. Triethanolamine is to be added in order neutralize the dispersion and make it
viscous. If the drug's solubility in aqueous solution is particularly poor, buffer pH 7.4 can
be employed to create solution gel. The gel that has been created will be integrated into
the IPM membrane.®®

5. EVAC membrane method: 1% Carbopol reservoir gel, polyethylene (PE), and ethylene
vinyl acetate copolymer (EVAC) membranes can be employed as rate control
membranes to prepare the target transdermal treatment system. Propylene glycol is used
to make gel when the medication is not soluble in water. Propylene glycol is used to
dissolve the drug, Carbopol resin is then added to the mixture, and the mixture is then
neutralized using 5% sodium hydroxide solution. The medication is applied to a backing
layer sheet that covers the designated region and is in the form of a gel. To create a leak-
proof device, a rate-controlling membrane is placed over the gel, and the edges are heated

to seal them.?”]

6. Aluminium backed adhesive film method: In the loading dose is larger than 10 mg,
transdermal drug delivery systems may result in unstable matrices. The method of using
adhesive film with aluminium backing is appropriate. Chloroform is the preferred solvent
for its manufacture because it is soluble in the majority of medications and adhesives.
The medicine is dissolved in chloroform, and then adhesive material is added and
dissolved in the drug solution. Aluminium foil linesa custom-made aluminium former,
which has its ends blanked off with tightly-fitting cork blocks.!?®!

Transdermal bioavailability-affacting factorst®*=?

Physical-chemical variables

1. Skin hydration: The permeability of skin rises dramatically when it comes into touch
with water. The most crucial aspect in promoting skin permeability is hydration.

Therefore,humectant usage occurs during transdermal administration.

2. Temperature and Ph: With temperature change, drug permeability increases, with a
drop-in temperature, the diffusion coefficient falls. Depending on the pH and pKa or pKb
values, weak acids and bases separate. The amount of medication in skin is based on the
percentage of unionized drug. Thus, a significant factor impacting medication penetration

is temperature, along with pH.
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3.

6.

Diffusion coefficient: Drug diffusion coefficient affects drug penetration. The features of
the drug, the diffusion medium, and their interactions determine the drug's diffusion

coefficient at a constant temperature.

Drug concentration: The flux is inversely correlated with the gradient of concentration
across the barrier, and the gradient will be bigger if the drug concentration is higher
across thebarrier.

Partition coefficient: For effective action, the ideal partition coefficient (K) is needed.
High K drugs are not yet ready to leave the lipid layer of skin. Additionally, low-K

medicines won't permeate the body.

Molecular Size and Shape: Drug absorption and molecular weight are unfavourably

associated; tiny molecules enter more quickly than large ones.

Biological factors

Vi.

Skin condition: Acids, alkalis, and several solvents, including methanol and chloroform,
harm skin cells and encourage penetration. Skin problems change depending on the
patient's state of illness. Although the skin is a better barrier when it is intact, the
aforementioned factors affect penetration

Skin age: Younger skin is more porous than older skin. Children have more sensitive
skin when it comes to toxin absorption. Consequently, one of the factors influencing
medication penetration in TDDS isskin age.

Blood flow: Transdermal absorption may be influenced by changes in peripheral
circulation.

Regional skin site: Site differences include differences in appendage density, stratum
corneum type, and skin thickness. All of these variables have a big impact on penetration.
Skin metabolism: Steroids, hormones, chemical carcinogens, and some medicines are all
processed by the skin. Therefore, skin metabolism determines how well a medicine
penetratesthe skin.

Species differences: The penetration is affected by the thickness, density, and
keratinizationof the skin, which differ from species to species.

Types of transdermal patch*

1.

Single layer drug in adhesive: In this form, the medicine is included in the sticky
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layer. The release of the medicine into the skin is accomplished by the adhesive layer,
which also acts to cling several layers together. There is a backer and a temporary liner
around the adhesive layer.

2. Multi-layer drug in adhesive: This type is comparable to the single layer but includes an
immediate drug-release layer in addition to the adhesive layer, which makes it different
from other layers that have a controlled release.

3. Avapour patch: The adhesive layer in this kind of patch serves as an exchange, which is
frequently utilized to release essential oils in decongestion, in addition to holding the
other layers together.

4. A reservoir system: In this technique, a membrane that controls the flow rate and an
impervious backing layer are sandwiched together to form the drug reservoir. Only
through the membrane that regulates the release rate does the medication release. The
medication can be in a solution, suspension, or gel, or dispersed in a solid polymer matrix

in the drug reservoir compartment.

Table 1: Materials used in the formulation of Transdermal Patch.

S. No. |Chemical required
Itraconazole
Polyvinyl pyrrolidone
Cellulose derivatives
PEG 400%

Methanol

HPMC

Organoleptic agents

N|o|g|A wINE

Evaluation of prepared itraconazole nanosupnsionloadedtransdermal patch

e Scanning electron microscopy (SEM)

Under a scanning electron microscope, the manufactured, optimized transdermal patch with
itraconazole nanoparticles was examined for morphology. Double-sided adhesive tape was
used to fix the sample to the slab surface, and various magnifications of scanning electron

photomicrographs were taken.

e Particle Size and Poly dispersibility index

The particle size analyzer Photon Correlation Spectroscopy (PCS) Delsa Nano C (Beckman
Coulter Counter, USA) was employed to determine particle size and polydispersibility index.
For the measurements, samples were suitably diluted with the aqueous phase of the

formulation. Polystyrene cuvettes were used to store the samples, and observations and were
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carried out at a fixed angle of 165°.

e Drug content
In 100 ml of Phosphate Buffered Saline (PBS) 7.4 buffer, 50 mg of drug-equivalent
nanoparticles were distributed, and the mixture was agitated for two hours. Samples were

appropriately diluted before being examined at 265 nm in a UV spectrophotometer.

e Entrapment efficiency
Itraconazole-loaded nanoparticles' free drug concentration in the aqueous phase was assessed.
The created suspension of nanoparticles was centrifuged for 45 minutes at 10,000 rpm in a

high-speed cooling centrifuge.

e Thickness
Using a micrometer, the resultant films' thickness was determined. Five different spots on

each film have been utilized to measure its thickness, and the mean values were determined.

e Tensile strength

Using a tensiometer, the patch's tensile strength was determined. There are two load cell grips
in it. The upper one could be moved, but the lower one was fixed. Between these cell grips,
2 x 2 cm2 film strips were fastened, and force was gradually applied until the film snapped.

The dial reading in kilograms was used todetermine the tensile strength.

e Folding endurance
This test was run to determine how brittle the prepared films were. The films were folded
repeatedly in the same spot until they completely broke down. The number of folds necessary

to rupture the films was calculated.

e Moisture uptake

The films were placed in a silica gel-filled desiccator for 24 hours, after which they were
weighted (Wi) using a Schimatzu digital balance. The films were then moved toa different
desiccator with saturated sodium chloride solution (relative humidity 75%) at 25° until a
consistent weight was achieved. The patches were removed after equilibrium was reached

and weighed (Wf). The following equation was used to determine moisture uptake capacity:

www.wipr.net | Vol 13, Issue 11,2024. |  1SO 9001:2015 Certified Journal | 1953



Rohilla et al. World Journal of Pharmaceutical Research

e Moisture content

The patch compositions were weighed (Wi) and kept at 25° in a desiccator with silica gel
until they showed a constant weight (Wd). The following equation was used to determine the
moisture content:

Were

Wd = weight of dried polymers =weight after swelling

e Invitro dissolution Studies and Release kinetics

Using a U.S.P. dissolution test instrument (Paddle over disc type method) heated to 37°C and
stirred at a rate of 50 rpm, the drug release was calculated. The investigation was conducted
in sink condition. With the aid of cyanoacrylate adhesive, each film was secured to a glass
slide such that the medicine could only be released from the upper face. The slide was
submerged in a 900 ml solution of phosphate buffer with a pH of 7.4. Up to 24 hours, 5 ml
aliquots of the sample were takenout using a graduated pipette at intervals of one hour and
replaced with an equivalent volume of phosphate buffer. The sample was
spectrophotometrically examined at a wavelength of 261 nm, and the total amount of
medication released during different time periods was computed. Three duplicates of each

sample were tested.

Table no. 2: Effective transdermal delivery of Therapeutic active via novel vesicular

carriers.

Therapeutic Vesicular

Lo ; Inference
Indication Carrier

Drug

Therapeutically effective
Celecoxib Inflammation Transferosomes (delivery for thetreatment of
rheumatoid arthritis.
Enhanced transdermal
Itraconazole Fungal infection |Liposomes permeation for theeffective
treatment of topical infection.
Higher drug accumulation in
the skin.

Skin care . Enhanced permeation of

s Liposomes . L

(moisturizer) ceramides via liposomes.
Enhanced transdermal delivery
of cinnamic acid and these

Nystatin Fungal infection [Transfersomes

Ceramide

Cinnamic acid Cancer Transfersomes . .
vehicles penetrate the skin in
the complete form.

Lidocaine _ o _ Effectiv_e drug release. Safe, _

Pain and itching  [Liposomes non-toxic, canpenetrate the skin

Hydrochloride

effectively.
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Higher permeation of drug from
transfersomalgel.

Cisplatin Cancer Transfersomes Better drug penetration.
358.42% relative bioavailability
of felodipine versus oral
administration, supported by
Felodipine Hypertension Transfersomes  the outcomes of confocal laser
scanning microscopicstudies
that suggested rapid drug

Curcumin Cancer Transfersomes

permeation.
. Enhanced transdermal delivery
. Rheumatoid . X
Indomethacin " Liposomes for the treatmentof rheumatoid
arthritis o
arthritis.
. Better efficacy observed in
. . Elastic o .
Diclofenac Inflammation . elastic liposomes incontrast to
Liposomes . .
conventional carriers.
. Sustained release and higher
. . . Elastic . ) .
Clotrimazole Fungal infection | skin permeationwith enhanced
Liposomes

anti-fungal activity.
Clonazepam Depression Liposomes Improved skin permeability.
Efficient in improvising drug
delivery in contrastto rigid
vesicular carriers.

Propranolol Hyvpertension Elastic
Hydrochloride yp Liposomes

DISCUSSION AND CONCLUSION

New possibilities and challenges are emerging in the development of advanced therapies
thanks to nanosuspension carriers. Nanosuspension, flexible and deformable vesicles, are
promising vehicles for drug delivery. Their ease of preparation, safety, and effectiveness
make them attractive candidates. Transdermal patch can be tailored to enhance the skin
penetration of drugs. Compared to liposomes or hydroalcoholic solutions, patch have proven
to be more successful in delivering drugs to the skin. It is evident that transdermal patch offer
superior skin penetration compared to liposomes. Transdermal patch can significantly
overcome the epidermal barrier, which has been the primary obstacle in transdermal drug
delivery systems. Using nanosuspension as drug carriers offers benefits in treating skin
diseases. enhance Transdermal patch the penetration of drugs through the skin and enable

delivery to deeper layers, improving the effectiveness of treatments.
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