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INTRODUCTION together with oral medicine and injectable, one of the
primary study topics for third-generation pharmacological
preparations3. The drug's delivery technique, which is easy,
simple to use, non-invasive, and improves patient
compliance, is one of the reasons behind this%. TDDS also
minimizes drug concentration fluctuations in the blood,
maintains stable plasma levels, reduces the risk of
overdosing, and facilitates drug detection5¢. Simultaneously,
it avoids issues associated with oral administration, such as
the impact of the gastrointestinal environment (pH, enzyme
activity, drug-food interaction) on therapeutic effectiveness
and the ‘first pass effect.' Transdermal drug delivery systems
were commonly used to treat various skin disorders. Also,
substantive applications have been found in the
management of angina pectoris, pains, smoking, cessation &
neurological disorders such as Parkinson’s disease?s8.
Transdermal patches, are one of the novel pharmaceutical
dosage form for the delivery of drugs upon application to the
skin and into the bloodstream. By nature the patches are
expected to provide controlled/sustained/modified delivery
of drugs for defined period of time with predefined rate.
Because the skin is such an efficient barrier, only medicines
with a low molecular weight may be administered this way.
Transdermal patches are currently accessible in a wide
range of medicines. The first commercially available

First transdermal patch approved in 1979 by FDA was of
Scopolamine for motion sickness. Nitroglycerine was the
second patch authorized in 1981. A large variety of patches
for transdermal application are available on the market. Few
of those are: Testosterone, Nicotine, Fentanyl, Clonidine,
and Hormones etc. those patches usually applied minimum 1
day to maximum 7 days! depending upon therapeutic
requirement. Transdermal delivery not only allows for
continuous, predetermined, and consistent drug
administration, but also allows for regulated input of
medicines with short biological half-lives and prevents
pulsed entrance into systemic circulation, avoiding
unwanted side effects. The oral route is the most common
method of drug delivery, but it has some drawbacks, such as
first pass metabolism (the rapid uptake and metabolism of
an agent by the liver into inactive compounds immediately
after enteric absorption and before it reaches the systemic
circulation), drug degradation in the gastrointestinal tract
due to enzymes, pH, and other factors. A new medication
delivery method based on transdermal patches was
developed to address these issues2. A Transdermal Drug
Delivery System (TDDS) is a method of delivering drugs via
the skin for local or systemic therapeutic effects. It is,
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prescription patch was authorized by the US Food and Drug
Administration in December 1979. Since then transdermal
drugs continued to gain popularity along with further
improvements to improve safety and efficacy. Further major
step was the production of patches delivering peptide and
even protein substances including growth hormone, insulin,
and vaccines ect®. Transdermal patches can be categorized
into three categories - first generation, second generation,
and third generation. They are available in different sizes &
having more than one ingredients. Once they apply on
normal skin they deliver active ingredients into systemic
circulation passing through skin barrier. A transdermal
patch containing high dose of drug inside is retained on the
skin for prolonged period of time and enters into blood
systemic circulation by diffusion process.

The evolution of transdermal delivery methods may be
divided into three generations. Many presently used
medicines that may penetrate the skin at predetermined
therapeutic rates are classified as first generation. Second
generation representing additional advancement in the
system for small molecule delivery via skin and the Third
generation allowing transdermal delivery of
macromolecules (including proteins and DNA) and virus-
based/other vaccines through targeted permeabilization of
the skin’s stratum corneum. In this review, we describe the
transdermal delivery methods in each generation along with
pros and cons thereof.

SKkin and its composition

The most visible and largest organ of the body is skin. The
skin covers a total surface area of approximately 1.5-2 m?
and is the barrier between human body and the external
environment!0. Temperature regulation, immunity against
pathogens, electrolyte balance, and protection from physical
traumas, chemical agents, and UV radiation are only a few of
its tasks11.12, n addition, skin is also an important avenue for
absorption of drugs and exerting their effect. The epidermis,
dermis, and subcutaneous tissue of the skin are made up of
appendages such as hair follicles, sebaceous glands, sweat
glands, blood vessels, lymphatic vessels, nerves, and so on.
The epidermis can be divided into five layers from the inside
to the outside, namely the stratum basale, stratum spinosum,
stratum granulosum, stratum lucidum, and stratum corneum
(SC)1213, The properties of SC are completely different from
those of the other layers, with the entire structural
construction by inactive keratinocytes and intercellular
lipids that form a ‘brick and mortar’ model, where, the
protein-rich keratinocytes serve as the bricks and the
intercellular lipids serve as the mortar1415. SC is the main
factor determining the skin barrier, and also the major
obstacle limiting the rate of percutaneous absorption even
though the thickness is only 10-20 pm6.17. Permeation of
drug to the skin happens through two routes. The first is
through skin appendages' inherent channels. These channels
are hydrophilic and only a few microns in diameter. Owning
to the fact that the average follicular orifice area on the
human skin surface is only about 0.1% of the total surface
areal8, it is not the primary pathway of percutaneous
absorption. The second pathway involves penetrating the
epidermis, entering the dermis via the SC and deeper
epidermis, and then being absorbed into the bodily
circulation via capillaries. As for the penetration of drugs
and passing through the SC, two pathways exist, namely, the
transcellular route, through which substances infiltrate the
keratinocytes and intercellular lipids, and subsequently pass
through and are transported. Because the drug must diffuse
through both hydrophilic and hydrophobic regions, it may
not be suitable for most medicines. The intercellular route is
the second and most likely route of drug delivery when it

ISSN: 2250-1177 [177]

Journal of Drug Delivery & Therapeutics. 2021; 11(4-S):176-186

comes to entering the SC. It involves a convoluted journey
via the lipids surrounding the keratinocytes1°.

First generation transdermal patches

They are the first type of patches and have been used much
in clinics. The transdermal patch design consists of a drug in
a reservoir that is enclosed on one side with impermeable
backing and an adhesive, which contacts the skin® However,
not all drugs with suitable properties can be delivered, due
to certain limitations. The first generation transdermal
patches are limited primarily to the outermost skin barrier
that is stratum corneum. The stratum corneum is made up of
dead cells (corneocytes), and it is the epidermis' outermost
layer. This layer is made up of 15-20 layers of flattened cells
that lack nuclei and cell organelles. Filamentous keratin may
be seen in their cytoplasm. Corneocytes are encased in a
lipid matrix that includes fatty acids, cholesterol, and
ceramides. Hence, the drugs should be of low molecular
weight, lipophilic, and efficient at low doses. The mechanism
of transport through inter-cellular spaces allows diffusion of
non-polar solutes or lipophilic solutes through the
continuous lipid matrix. The transappendegeal route
involves the passage of molecules through skin surface
sweat glands and across the hair follicles.

Second generation transdermal patches

The second generation transdermal patches consists of
advanced system that allows increased the skin
permeability, reduced damage to the deeper tissues and
better transport into the skin. However, enhancement
methods developed in this generation, such as chemical
enhancers, non-cavitation ultrasound and iontophoresis
experienced difficulty in balancing between increased
permeation through stratum corneum and at the same time
protection of tissues at the deeper level. Chemical enhancers
disrupt the highly ordered bilayer of the stratum corneum
by inserting amphiphilic molecules to help in better
permeation. This leads to skin irritation. Similarly,
Iontophoresis involves administration of drugs into the
stratum corneum under low voltage current. It primarily
acts as an electrical motor for transmission over the stratum
corneum. It does not disturb the skin barrier, thus, can be
used for delivery of small molecules that carry a charge and
some macromolecules up to a few Daltons. Rate of drug
delivery can be controlled using a microprocessor. In Non-
cavitation ultrasound, the pressure gradients and oscillation
associated with ultrasound emerges to be responsible for
passage of drug through the skin by disrupting stratum
corneum and thereby increasing the permeability.
Ultrasound's effects have thus far been restricted to tiny
lipophilic compounds. It's been restricted because of the
tissue warmth it causes, which can harm deeper tissue?20.

Third generation transdermal patches

The third generation of transdermal delivery systems uses a
tailored strategy to disturb the stratum corneum while
maintaining the integrity of deeper tissues. In human clinical
trials, sophisticated methods such as novel chemical
enhancers, thermal ablation, cavitational ultrasound,
electroporation, microneedles, and microdermabrasion are
used to transport macromolecules such as therapeutic
proteins, vaccinations, and growth hormones across the
skin?1,

ADVANTAGES OF TRANSDERMAL PATCHES?2

An advantage of a transdermal drug delivery route over
other types of medication delivery such as intravenous (i.v),
intramuscular (i.m), oral, topical etc. The advantages of the
transdermal patches are mentioned below.
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v’ Bypassing the initial hepatic metabolism and infusing the
medication continuously for longer periods of time
without interference by GIT fluids, the drug's systemic
bioavailability is increased.

v' The simplified medication regimen leads to improved
patient compliance and comfort via non-invasive,
painless and simple application.

v' Steady permeation of drug across the skin, allowing
consistent plasma levels, but non-invasive in nature.

v Drug therapy may be stopped immediately by removal of
its application from the surface of the skin.

v Shorter biological half-life drug can be permitted to
administer slowly.

v" Drugs that cause gastrointestinal upset can be a good
candidate for transdermal delivery because this method.

v Itis not dependent on inter-individual & intra-individual
variation and hence increases therapeutic efficacy.

v In case of any adverse effect of poisoning transdermal
patches can easily be removed from the surface of skin.

DISADVANTAGES OF TRANSDERMAL PATCHES?22

The major disadvantage of transdermal delivery methods is
that skin is a highly efficient barrier; as a result, only
medicines with tiny enough molecules to permeate the skin
may be administered this way. Also other disadvantages of
the transdermal patches are mentioned below.

v Transdermal application may lead to allergic reactions to
the skin due to drug, adhesive or other excipients.

v" The use of transdermal
expenditure.

delivery may be more

v" Skin’s impermeability creates hindrance against drug
entry, so only potent API can be administered via this
route.

v" Drug which has large molecular size gets difficulty in
absorption.

v' Drugs which is ionic in nature gets problems in
absorption.

v" Drugs which has high or very low partition coefficient
fails to enter into the systemic circulation.

v" Drugs which require high blood levels to be achieved
cannot be used in this delivery system.

v" Drug with lipophilic character is more suitable as
compare to drug with hydrophilic character because of
their low permeability.

v Only less quantity of lipophilic drug can be administered
through the skin.

MECHANISM OF ACTION OF TRANSDERMAL PATCH

A typical transdermal patch consists of an adhesive layer
which sticks on to the skin, a semi solid to liquid drug is
smeared between the layers of drug releasing membranes
which are exclusively semipermeable in nature. During
application, the entire patch is protected by an outermost
transparent backing. When a transdermal patch is placed to
the skin, it creates a strong bond between the skin and the
semipermeable membrane. Through the percutaneous drug
delivery system, a gradual and steady flow of drug is
delivered from the patch's drug reservoir to the skin via the
drug release membrane via a simple diffusion/osmosis
mechanism?2.
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Figure 1: Diagram showing the different layers of
transdermal patch with mechanism of action?3

Basic components of TDDS

Following are the different types of the parts in the
transdermal patch system?24.

v" Polymer matrix/drug
Reservoir Drug
Permeation enhancer
Adhesive Layer
Backing film

Release Liner

AR NN N NN

Plasticizer

—

t is not necessary that the all 6 components should be
present in every transdermal patches. All transdermal
patches have the same backing film, medication reservoir,
and release liner. The usage of other components is
determined by the drug's specifications.

A] Polymer matrix25.26

Polymers are the important component of a transdermal
drug delivery system. Multilayered polymeric laminations
for controlled release sandwich a drug-polymer matrix or
drug reservoir between two polymeric layers: an outer
impervious backing layer that prevents drug loss through
the backing surface and an inner polymeric layer that serves
as an adhesive and/or rate-controlling membrane.

There are different type’s polymers which can be used for
transdermal delivery systems.

(i). Natural Polymers

Natural polymers can be utilized to target medication
delivery rates at specified intervals. Natural polymers, which
are essentially polysaccharides, have no negative side effects
and are biocompatible. Natural materials such as mucilages,
gums, plant extracts, and resins are frequently employed in
both traditional and innovative dosage forms. Natural
polymers remain primarily more attractive because of their
ready availability, commercial, capable of multitude of
chemical modifications, potentially degradable and
compatible due to their origin. Polymers are mostly utilized
in transdermal drug delivery systems to regulate drug
release from the patch/device, but they may also be
employed to create a variety of controlled and targeted drug
delivery systems. Natural polymers may be utilized to target
specified drug delivery rates, and their physico-chemical
characteristics, along with the ease of drug availability, give
a foundation for using it as a polymer in a transdermal drug
delivery system.
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(ii). Synthetic elastomer

Synthetic elastomer adhesive that are room temperature
vulcanizing (RTV) sealants. While these sealants are very
useful and interesting class of ingredient in TDDS. RTV
sealants are non-tacky and rubbery once fully cross-linked,
and are meant to establish a lasting connection between
substrates. These compounds have a similar chemistry to
polymer caulks used as adherents, and have found usage as
synthetic elastomers in TDDS adhering materials.

(iii). Synthetic polymers

Synthetic polymers are developed for pharmaceutical
applications in drug delivery system is reviewed as that

Journal of Drug Delivery & Therapeutics. 2021; 11(4-S):176-186

synthetic polymers can be used to release a drug in vivo or
that can respond to changes in environment to enhance the
effectiveness of therapy. The mechanisms by which these
polymers are designed to deliver drugs are highlighted,
along with the challenges facing polymer synthetic chemists
and pharmaceutical dosage form developer in designing new
and more active therapeutic vehicles. Two promising
synthetic polymers which have been developed for
biomedical applications are polyvinyl pryolidone and
polyethylene glycol acrylate based hydrogels, these are
biodegradable and forms copolymers with natural
macromolecules.

Table 1: Examples for three types of polymers used in formulation of TDDS.

Natural Polymers Synthetic elastomer

Synthetic Polymers

Cellulose derivative, Gelatin, Shellac,
Starch, Waxes, Gums, Natural rubber,
Chitosan etc.

Poly butadiene, Hydrin rubber,
Polyisobutylenes, Silicon rubber, Nitrile,
Acronitryle, Neoprene, Butyl rubber etc

PVA, Polyvinyl chloride, Polyethylene,
PVP, Poly acrylate etc.

B] Drug Reservoir

Transdermal drugs release lesser amounts of drug into the
blood stream over an extended period of time. These "skin
patch” drugs which include nicotine, pain relievers,
hormones, and drugs to treat angina and motion sickness.
The selection of drug is based on its properties like
physiochemical as well as biological properties.

C] Permeation Enhancers

These are the substances which are reversibly changes the
structure of stratum corneum and increase the permeation of
drug from skin to blood stream. They are segregated in two

types.

(a) Chemical permeation enhancers and (b) Physical
permeation enhancers

a) Chemical permeation enhancers [accelerants, absorption
promoters (or) permeation enhancers]: They act by
increasing drug permeability by reversible damage to
stratum corneum and to increase partition coefficient of
drug.

(b) Physical permeation Enhancers:

When drug molecules come into contact with the skin's
surface area, they can enter by one of three routes: sweat
ducts, hair follicles, and sebaceous glands (known as the
shunt or appendageal route), or straight across the stratum
corneum. Scientists has been debated over the year about the
relative importance of the appendageal or shunt route verses
transport across the stratum corneum, and is further difficult
by the lack of an appropriate experimental model to permit
separation of the three pathways. In vitro experiments have
a tendency to involve the use of epidermal membranes or
hydrated skin, so that appendages are closed by the swelling
associated with hydration. The pre-steady state penetration
of polar molecules and flow of large polar molecules or ions
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that have difficulties diffusing through the entire stratum
corneum were thought to be caused via a follicular shunt
pathway. However, because the appendages only account for
around 0.1 percent of the total permeable surface, their
contribution to steady-state drug flow is thought to be
negligible. A lot of study has gone into better understanding
the barrier characteristics and structure of the stratum
corneum. However, it's crucial to keep in mind that
corneocytes are elongated, flat, and polygonal (200 - 1500
nm thick, 34000 - 46000 nm in diameter), rather than brick-
shaped. The intercellular lipid matrix is formed when
keratinocytes in the mid to upper stratum granulosum
release their lamellar contents into the intercellular space.
This extruded material rearranges to produce wide
intercellular lipid lamellae?? in the stratum corneum's early
layers, which later associate to form lipid bilayers with
hydrocarbon chains aligned and polar head groups dissolved
in an aqueous layer. The lipid phase behavior of the stratum
corneum varies from that of other biological membranes due
to its lipid content. Inside the lipid bilayers, the hydrocarbon
chains are arranged into crystalline, lamellar liquid crystal
phases, and lamellar gel regions, resulting in various
domains. Ilonotophoresis, Electrophoresis, Sonophoresis,
Microneedling, Magnetophoresis, and Laser Radiation are
some of the methods that penetration enhancers use.

D] Adhesive Layer

The reservoir transdermal system, unlike multi-layer drug-
in-adhesive systems and single-layer systems, contains a
distinct drug layer. The drug reservoir is completely
enclosed in a shallow compartment composed of a drug-
impermeable metallic plastic laminate with a rate-controlling
membrane made of a polymer similar to vinyl acetate on one
surface.

The drug layer is separated by special adhesive layer!. e.g.
polyacrylates, polyisobutylenes and silicone derivatives.
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Chemical Enhancers Examples
Solvents Water, Methanol, Ethanol, Propylene Glycol, Di-Methyl Acetamide
Terpenes Menthol, Cardamom Oil, Cinnamon Oil, 18-Cineol, Carvone
Pyrolidine N-Methyl 2- Pyrolidine, Axone
Sulfoxides DMS, Didecyl Sulfoxides
Fatty Acids & Esters Oleic Acid, Linoleic Acid, Lauric Acid, Capric Acid
Surfactants Anionic- SLS, Decodecyl Methyl, Sulfomide, Non-Ionic- Pluronic F127, Pluronic F68, Bile Salts-
Sodium Taurocholate, Sodium Deoxy Cholatte
Amides Dimethyl Acetamide, Dimethyl Formamide
Miscellaneous Phosphor Lipids, Amino Acid Derivatives, Enzymes, Urea

E] Backing Laminate

Backing films allow the finished transdermal patch easy to
remember and easy to visualize, increasing compliance with
medication regimens. The patient or a caregiver can write on
the film to record the dosing time and dose administered. It
can also be printed on both sides with logos, graphics or
instructions. e.g. polyester film laminate, polyolefin backing
film, ethylene vinyl acetate/polyethylene terephthalate
(EVA/PET), polyester/ethylene-vinyl acetate film, ethylene-
methacrylic acid copolymer)/ethylene vinyl acetate etc.

F] Release Liner

During storage of the patches, release liner protects patches
from loss of the drug and migration of drug into the adhesive
layer and contamination by foreign materials. As a result, it
is classified as a component of the principal packing material
rather than a component of the dosage form used to release
the medication. The release liner is made consisting of a non-
occlusive (paper fabric) or occlusive (polyethylene,
polyvinylchloride) base layer and a silicon or Teflon release
coating layer. Polyester release protective liner, siliconized
or fluoropolymer-coated polyester film, siliconized PET
release liner covering, paper polyethylene-foil pouch, two
overlapped siliconized polyester strips, transparent
fluoropolymer-coated polyester film, a peripheral layer of
acrylic adhesive, and other materials are used for TDDS
release liner.

G] Plasticizer

Many of the polymers used in pharmaceutical formulations
are brittle in nature, which requires plasticizer to reduce the
brittleness into the formulation. Plasticizers are added to
pharmaceutical polymers aiming to ease the thermal
workability, improving the mechanical properties, modifying
the drug release from polymeric systems and surface
properties of the dosage form. The plasticizers used in
pharmaceutical formulations present a) in coating material
of solid dosage forms, and b) in transdermal therapeutic
systems?8,

TYPES OF TRANSDERMAL PATCHES

Transdermal patches or transdermal delivery system is a
type of medicated product in which system medicated
adhesive patches are available in different sizes and having
more than one ingredient. A transdermal patch usually
contains more dose of drug inside which is retained on the
skin for extended period of time, which get enters into blood
circulation through diffusion process.

DRUG PENETRATION THROUGH SKIN:

Drug penetration through the skin is a key factor in
cutaneous responses to xenobiotics, medicines, and other
substances. One of the most difficult elements of correctly
measuring percutaneous absorption is the size of the
compartments. A semisolid dose form, such as a gel,
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ointment, or cream, is generally administered to a thickness
of less than 10 m when applied topically. The stratum
corneum is also around 10 m thick, whereas the viable
epidermis, dermis, and, to a lesser degree, the systemic
compartment act as a large sink for ingested toxins, diluting
them to levels that are often undetected by all but the most
sensitive techniques. As a result, sampling time-dependent
changes in a compound's concentration in separate
compartments is technically hard2°.

Drug can penetrate through skin various pathways
a) Through hair follicular penetration.

b) Through transcorneal penetration.

¢) Through intracellular route.

d) Through transcellular route.

Hair

Transcormeal

Follicular penetration penetration

= Homy Layer
Epidermis

Follicle

Dermis

" Blood
vessel

Sebaceous
gland

Blood vessel

Figure 2: Type of penetration pathways: Penetration
happens through hair follicular penetration and
transcorneal penetration?9.

Transcellular route

Ceramide

Lipid Aqueous i
Glucosylceramide

Figure 3: Type of penetration pathways: Penetration
happens through intracellular route and transcellular
route?9,

Single-layer drug-in-Adhesive: This system's sticky layer
comprises both the medication and the polymer. The sticky
layer serves a dual purpose in this sort of patch. The
adhesive layer aids in the adhesion of the different layers, as
well as the overall system, to the skin, and it is also
responsible for medication release. The adhesive layer is
covered by a temporary liner and a backing film3°. e.g.
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Menostar® (estradiol transdermal system), MINIVELLE®
(estradiol transdermal system), CombiPatch®
(estradiol/norethindrone acetate transdermal system),
DURAGESIC (fentanyl transdermal system), SANCUSO
(Granisetron Transdermal System), DAYTRANA®
(methylphenidate  transdermal system), OXYTROL®
(oxybutynin transdermal system), NEUPRO (rotigotine
transdermal system), EMSAM® (selegiline transdermal
system)

Flim Backing

Drug/Adhesive Layer —— I
Protective Liner

Figure 4: Single-layer drug in adhesive31.

Multi-layer drug-in-Adhesive: Adhesive patches with
multilayer drugs are similar to single-layer systems in that
both adhesive layers are responsible for medication release.
Multilayer systems, on the other hand, are distinguished by
the addition of a second layer of medicine in adhesive, which
is generally separated by a membrane in certain situations. A
temporary liner layer and a permanent backing film are also
included in this patch32. e.g. EXELON® PATCH (rivastigmine
transdermal system).

Layer 1
Layer 2
Layer 3
Layer 4 C——C 7
ayer ——
Dimple Dimple

(1) backing layer, (2) drug matrix, (3) adhesive matrix (4)
overlapping release liner

Figure 5: Multi-layer drug in adhesive33

Reservoir: The Single-layer and Multi-layer Drug-
inadhesive systems are not the same as the Reservoir
system. A distinct drug layer exists in the Reservoir
transdermal system. The drug layer is in a liquid
compartment that has been separated by the adhesive layer
and contains drug in a solution or suspension form. The
backing layer also supports this patch. By this system zero

order release can be achieved. 34 eg ANDRODERM®
(testosterone transdermal system)

4

A A A A AN
m‘;ﬁ-”)
[SSSSSShahasssscsassssasatS L ® S S S T

1. Backing Film
2. Drug Reservoir 4. Adhesive

3. Microporous Membrane 5. Disc

Figure 6: Reservoir3s

Matrix: The drug layer of the Matrix transdermal delivery
system is a semisolid matrix containing a drug solution or
suspension. This kind of transdermal patch system is
partially overlaid by the adhesive layer by surrounding the
drug layer3¢. e.g BUTRANS® (buprenorphine) transdermal
system
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6. Release Liner
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I 1. Backing Layer | I 2. Overlapping Adhesive Film | | 3 Separ‘atinq Layer |
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4. Drug/Polymer Adhesive Matrix | | 5. Peel-off Release Liner I

Figure 7: Matrix37.
VARIOUS METHODS FOR PREPARATION OF TDDS:

There are some unique well known methods are available
for the preparation of TDDS and those are mentioned below

Circular Teflon Mould Method: -

In this approach, an organic solvent is utilised to dissolve a
solution containing polymers in different ratios. The
calculated amount of medicine is dissolved in half of the
same organic solvent enhancers in various concentrations
are dissolved in the other half of the organic solvent, and
then added. As a plasticizer, di-N butyl phthalate is added to
the drug polymer solution. The entire mixture is agitated for
12 hours before being placed into a circular Teflon mould. In
a laminar flow hood model with an air speed of 0.5 m/s, the
moulds are set on a flat surface and covered with an inverted
funnel to regulate solvent vaporisation. For 24 hours, the
solvent is allowed to evaporate. The dried films are stored
for another 24 h at 25+0.5°C in a desiccator containing silica
gel before evaluation to eliminate aging effects238-40,

Asymmetric TPX Membrane Method: -

A prototype patch may be made using a heat sealable
polyester film, such as type 1009, 3m, with a 1cm diameter
concave as the backing membrane. The drug sample is
dispensed into the concave membrane, which is then
covered with an asymmetric poly (4-methyl-1-pentene)
(TPX) membrane and sealed with an adhesive. The dry/wet
inversion technique is used to create them. To make a
polymer solution, TPX can be dissolved in a combination of
solvent (cyclohexane) and nonsolvent additives at 60°C. The
polymer solution is maintained at 40°C for 24 hours before
being cast on a glass plate using a gardener knife to a pre-
determined thickness. After that, the casting film is
evaporated at 50°C for 30 seconds, and the glass plate is
immediately submerged in the coagulation bath [at 25°C].
After 10 minutes of immersion in an oven at 50°C for 12
hours, the membrane can be withdrawn and air dried in a
circulation238-40,

Mercury Substrate Method: -

The medication is dissolved in a polymer solution containing
a plasticizer in this technique. To achieve a homogeneous
dispersion, the aforementioned solution is agitated for 10-15
minutes before being placed over a flat mercury surface and
covered with an inverted funnel to prevent solvent
evaporation.

“IPM Membranes” Method: -

Isopropyl myristate (IPM) was the most effective enhancer
with the highest permeation flux of 51.763 pg/cm?/h, IPM is
a well-tolerated permeation enhancer for topical
formulations and is widely used as a nonvolatile solvent in
the cosmetic and pharmaceutical industry. IPM is thought to
work as a permeation enhancer by disturbing the skin's
highly organized lipid structure, therefore changing skin
permeability. Because IPM is lipophilic, it has an intrinsic
capacity to interact with skin bilayers. Because IPM is
intermediately polar, it can partition into the polar phase
(proteins) of skin. IPM belongs to the aliphatic esters class of
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permeation enhancers, which tend to improve the partition
coefficient for skin as well as the diffusivity to skin. The
medication is disseminated in a combination of water and
propylene glycol containing polymer carbomer 940 and
swirled with a magnetic stirrer for 12 hours. With the
addition of triethanolamine, the dispersion will be
neutralized and viscous. If the drug's solubility in aqueous
solution is poor, a buffer pH 7.4 can be employed to make a
solution gel. The gel that has been produced will be
integrated into the IPM membrane38-40,

Aluminium Backed Adhesive Film Method:

When the loading dose is more than 10 mg, the aluminum-
backed sticky film technique is appropriate. Because most
medicines and adhesives are soluble in chloroform, it is the
solvent of choice for the production of the same. The drug
particles are dissolved in chloroform, and the adhesive
material is added and dissolved in the drug solution. The
ends of a custom-made aluminum former are blanked with
precisely fitting cork blocks, which are lined with aluminum
foil3s-40,

Preparation of TDDS by Using Proliposomes: -

The proliposomes are made utilizing a film deposition
approach and a carrier method. The proliposomes are made
by putting 5 mg of mannitol powder in a 100 ml round
bottom flask that is maintained at 60-70°C and spun at 80-
90 rpm while drying the mannitol at vacuum for 30 minutes.
The temperature of the water bath is changed to 20-30°C
after drying. The drug is mixed with lecithin and dissolved in
an organic solvent combination; a 0.5 ml aliquot of the
organic solution is added to the round bottomed flask at
37°C, and the second aliquot (0.5 ml) is added after the
second aliquot (0.5 ml) has dried completely. After the final
loading, the flask holding proliposomes is linked in a
lyophilizer, and the drug-loaded mannitol powdered
proliposomes are desiccated overnight and sieved through
100 mesh. The obtained powder is placed in a glass bottle
and kept frozen until it is time to characterize it.

Free Film Method: -

This approach involves casting a free cellulose acetate film
over a mercury surface. Chloroform is used to make a
polymer solution (2 percent w/w). Plasticizers should be
used at a concentration of 40% by weight of the polymer. In
a glass petridish, 5 mL of polymer solution was put into a
glass ring that was positioned over the mercury surface.
Placing an inverted funnel above the petridish controls the
pace of solvent evaporation. The film formation is conducted
when the solvent has completely evaporated and the
mercury surface has been seen. The dried film is separated
and kept in a desiccator between wax paper sheets until
needed. By varying the amount of the polymer solution, free
films of various thicknesses may be created41-46,

APPROACHES IN THE DEVELOPMENT OF
CONTROLLED DELIVERY TRANSDERMAL
THERAPEUTIC SYSTEM

Many methods have been successfully developed to give rate
control over medication release and transdermal
penetration. These technologies are as follows:

Adhesive Dispersion System: -

The system consists of a drug-impermeable backing
membrane, a drug reservoir made by directly dispersing the
drug substance in an adhesive polymer and then spreading
the drug substance added adhesive polymer onto a flat drug-
impermeable backing sheet by solvent casting or hot melting
to form a thin layer of drug reservoir film. On the upper

ISSN: 2250-1177 [182]

Journal of Drug Delivery & Therapeutics. 2021; 11(4-S):176-186

surface of this with removable release liner which in an ideal
situation is removed and the patch is applied to the skin for
an adequate period of time, a layer of release controlling
adhesive polymer (does not contain medicine) of constant
thickness is spread to obtain an adhesive diffusion-
controlled drug delivery system. The development and
commercialization of a transdermal therapeutic system for
the management of pain in opioid-tolerant individuals, such
as the Fentanyl transdermal system for 72-hour therapy, is
an example of this sort of system.

Permeation Controlled Membrane System: -

The drug reservoir system is fully integrated in a
compartment moulded between a drug-impermeable
backing laminate and a rate-controlling polymeric
membrane in this design. The drug molecules are formulated
to release across the release controlling membrane by
diffusion process through the micro pores. The drug
substance is uniformly dispersed in a solid polymeric matrix
e.g. polyisobutylene, dispersed in a viscous unleachable
liquid medium to obtain a gel-like suspension e.g. silicon
fluid, or dissolved in a releasable (e.g. alkyl alcohol) solvent
to obtain a gel-like solution in the reservoir compartments.
The release regulating membrane can be a microporous or
non-porous polymeric membrane with particular drug
permeability, such as an ethylene-vinyl acetate copolymer. A
small coating of drug suitable adhesive polymer, such as
silicone adhesives, can be placed to the top surface of the
polymeric membrane to enable intimate contact of the
transdermal system with the skin surface. The polymer
composition, thickness of the rate-controlling membrane,
adhesive, and permeability coefficient may all be tweaked to
customise the release rate from this transdermal device.

Matrix Diffusion Controlled System: -

In this drug reservoir system, the drug reservoirs are
prepared by uniformly dispersing drug substance in a
lipophilic or hydrophilic polymer matrix or combination of
both polymer matrix. The resulting medicated polymer is
then moulded into a medicated disc with a predetermined
surface area and thickness. Drug substance particles can be
dispersed in polymer matrix by homogeneously mixing
finely ground drug particles with a liquid polymer or
homogeneously blending drug solids with a rubbery
polymer at an elevated temperature and/or under vacuum
or a highly viscous polymer followed by cross linking of the
polymer chains. In a compartment manufactured from a
drug-impermeable backing film, the polymer disc containing
the drug reservoir is mounted onto an occlusive base plate.
The sticky polymer is then applied to the rim and the
medicated disc to create a rim strip. The buprenorphine
releasing transdermal therapeutic system for the treatment
of partial opioid agonist recommended for the management
of pain is the greatest example of this matrix kind of
transdermal system. The absence of dosage dumping is a
benefit of matrix dispersion type transdermal systems since
the polymer cannot break.

Micro Reservoir Controlled System: -

This micro reservoir-controlled system is mixture of matrix
dispersion and reservoir type of drug delivery system. In
this approach, e.g., silicone elastomers, drug reservoirs are
formed by dispersing or spreading the drug in an aqueous
solution of liquid polymer to obtain a drug suspension and
then dispersing the drug suspension homogeneously in
lipophilic polymer by high shear mechanical force to
produce thousands of unreachable and microspheres of drug
reservoirs. Nitro disc was made possible because to this
technology. Depending on the relative magnitude of
solubility of the drug in the liquid compartment and the
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polymer matrix, drug release from a micro reservoir-type
system can follow either a matrix diffusion-control or a
partition-control procedure47-49.

FUTURE OF TRANSDERMAL DRUG DELIVERY
SYSTEM

Administration of medicines intended for transdermal
delivery via liposomes, niosomes, and micro emulsions are
among the future elements of transdermal drug delivery
systems. The goal of this research is to enhance the delivery
of drugs with limited intrinsic solubility in most traditional
excipients. Steroids, antifungal, antibacterial, interferon,
methotrexate, and local anaesthetics are only a few of the
possible medicines for transdermal administration. The
market for transdermal patches is expected to rise in the
future, with a 25 percent annual growth rate recently
discovered. This number is likely to rise in the future as new
devices become available and the number of marketed
transdermal drugs grows. The popularity of transdermal
analgesic administration is anticipated to grow,
necessitating additional design improvements. The
transdermal patch may be a lesser-known treatment option
for chronic and acute pain. We expect the popularity and
usefulness of this mode of medication delivery to grow as
delivery improves and a larger choice of analgesics becomes
available. Therapeutics are being studied in order to
improve their safety and efficacy. To increase patient
compliance, such as the patch wearer's experience, as well as
to offer more accurate medication administration with a
longer duration of action. Systemic drug administration
through the skin has numerous advantages, including
keeping a consistent drug level in blood plasma, fewer
adverse effects, improved bioavailability by avoiding hepatic
first-pass metabolism, and increased patient compliance
with respect to the treatment regimen. Skin is now widely
regarded as the safest route for medication delivery since it
allows for continuous drug release into the systemic
circulation®°.

PHOSPHODIESTERASE INHIBITORS (PDE-5I)
AS A FUTURE DRUG OF CHOICE FOR TDDS

Phosphodiesterase inhibitor of cGMP specific
phosphodiesterase type-5 (PDE-5) in the smooth muscle of
the pulmonary vasculature, where PDE-5 is responsible for
degradation of cGMP. PDE-5i, therefore by increases cGMP
within pulmonary vascular smooth muscle cells would
resulting in relaxation. This can lead to vasodilation of the
pulmonary vascular bed and, to a lesser degree,
vasodilatation in the systemic circulation to the patients
with PAH. Hence Phosphodiesterase inhibitor (PDE-5i) as a
drug of choice for transdermal delivery system5!.

There are two reasons given by different scientist

1. Phosphodiesterase Inhibitors (PDE-5i)74 i.e sildenafil,
tadalafil, vardenafil and avanafil , are used for the treatment
of male penile erectile dysfunction through selective
inhibition of phosphodiesterase type-5 (PDE-5) to decrease
the metabolism of ¢cGMP, which induces smooth muscle
relaxation in the corpus cavernosum with onset around 30-
45 min52. However, blood pressure is transiently reduced by
oral administration of 100 mg of sildenafil followed by the
possible adverse effect of color blindness (blue / green)
discrimination, headaches, flushing, and nasal congestion53.
In the meantime, repeated doses are required to sustain
plasma levels because of its short duration of action (t1 / 2
=1 h) with high liver metabolism52. Thus, topical delivery
through a local tissue area could be considered as
alternative administration, instead of oral route to avoid
above mentioned adverse effects, to shorter onset time, and
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to sustain effect for longer periods. Furthermore,
transdermal delivery system using sildenafil as a therapeutic
agent can offer several advantages than the conventional
dosage forms of sildenafil. However, transdermal
permeation of compounds in the local skin, in general, is
slow due to low permeability for reasons including the
physicochemical properties of the compound, low partition
ability, and the tissue barrier from the stratum corneum
creating a low diffusion coefficient54. In addition, the
structure of sildenafil has basic functional groups whose pKa
value is 6.555 and under different pH environments,
sildenafil will have different levels of ionization following
the influence of the partition coefficient as well as its
permeation ability in the skin.

2. Recently, Phosphodiesterase Inhibitors (PDE-5i) have
been used for the treatment of pulmonary arterial
hypertension and the enhancement of uteroplacental
perfusion in case of fetal growth retardationsé¢57. Sildenafil,
on the other hand, has a low oral bioavailability (40%) due
to its low water solubility (3.5 mg/mL) and significant
presystemic metabolism, as well as absorption obstruction
by food, particularly fat-rich meals5859-63, Researchers have
been drawn to the study of SLD delivery via various methods
of administration as a means of overcoming this issue. Orally
disintegrating and orally dissolving films, intranasal
microemulsions, and transdermal nanostructure lipid
carriers and solid lipid nanoparticles are only a few of the
SLD formulations that have been created to bypass the
peroral route®4-68, Due to avoiding the presystemic and first
pass metabolism of medicines, transdermal administration
of pharmaceuticals through the skin provides a leading
option to the oral route, extending their impact and
minimizing inter- and intrasubject variability69. Because of
the stratum corneum's inherent barrier function,
transdermal medication administration has a major
challenge: poor permeation across the skin (SC)70. Multiple
techniques have been used in recent years to promote
medication penetration through the skin, including chemical
approaches, such as the use of drug permeation enhancers,
as well as physical ones such as sonophoresis and
iontophoresis’172. The use of lipid vesicular formulations for
improving transdermal medication delivery has also gotten a
lot of interest73.

CONCLUSION

Transdermal drug delivery is a safest, less pain, comfortable,
and potentially active route to deliver regular doses for
many medications. Wide range of drugs can be delivered for
improved drug uptake, minimal complications and side
effects low cost and easy to use. Transdermal route of drug
delivery system has been one of the advanced technique
modes of drug delivery with good efficacy and safety. There
has been a lot of improvement in the process of transdermal
route of drug delivery since its beginning years of 1981 to
the current advancements till 2019. TDDS review articles
give useful information on the transdermal drug delivery
systems method of preparing transdermal patches and
numerous medicines that might be packaged as TDDS as a
quick reference for researchers working on TDDS
development. Moreover transdermal system for PAH
treatment to the children and adult are not established so
far. Many new researches are going on in the current era to
integrate newer drugs via this system. Transdermal dosage
forms may provide healthcare providers an additional
opportunity to offer more therapeutic modes to their
patients to ensure their care. Considering the fact of patient
comfortability and to avoid solid and semisolid oral or
intravenous injection, transdermal patch with PDE
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inhibitors would be a best choice of dosage form for the
treatment of Pulmonary arterial hypertension.
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