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Abstract

Transdermal drug delivery systems were developed to overcome the difficulties associated with oral drug delivery.
Transdermal patches deliver medications into the bloodstream through an adhesive patch affixed to the skin. This treatment
may benefit damaged areas of the body. Unlike oral, topical, intramuscular, and intravenous drug delivery methods,
transdermal drug delivery enables controlled drug release into the body. A transdermal delivery system increases patient
compliance and avoids first-pass metabolism, which makes it superior to injectable and oral delivery methods. Drugs with short
biological half-lives are also continuously administered via transdermal delivery, avoiding pulsed entry into systemic
circulation that may cause undesirable side effects. Body heat is used to melt thin layers of medication embedded in the
adhesives through the transdermal patch's porous membrane. As a barrier against foreign invaders, the skin serves as a
protective layer. A medication with a molecular weight of less than 500 Da can penetrate the stratum corneum through the
outermost layer of the skin. Because the skin is a highly effective barrier, transdermal delivery systems can only deliver
medications with molecules small enough to penetrate it. As a result, only medications with small molecules can be delivered
this way. In recent years, transdermal patches have become available for various pharmaceutical products. This review article
discussed transdermal patches, including matrix patches, reservoir patches, membrane patches, micro reservoir patches, and
adhesive patches containing drugs. These dosage forms have also been evaluated using various methods. In this article, we also
explored the already significant impact this field has made on the administration of many pharmaceutical products, discussed
limitations of the current technology, and deliberated over methods under exploration to overcome these limitations and
address the challenges ahead.

Keywords: Transdermal patches, micro-reservoir patches, drug-in-adhesive patches, reservoir patches, transdermal drug
delivery, matrix patches.

1. Introduction
Skin-based drug delivery has been proven embedded corneocytes and a lipid-rich matrix in

effective and efficient. The stratum corneum, the stratum corneum (Nesovic, Shakya, and Gill

epidermis, and dermis are the three layers of
human skin. In the dermis, nerves, blood vessels,
connective tissues, sebaceous glands, sweat
glands, and Thair follicles are located.
Differentiation constantly occurs in the epidermis
(Hmingthansanga et al. 2022). Skin's stratum
corneum, the outermost lipophilic layer, is a major
barrier to percutaneous penetration. There are

2022). The stratum corneum is comprised of 10 um
to 15 pum. The transdermal administration of
hydrophilic, hydrophobic, and macromolecule
drugs is currently widespread (Mdanda et al.
2021). Drug delivery by transdermal means is an
effective, painless, and self-administered method
(Shravanth et al. 2021). By using transdermal drug
delivery, patients experience no pain and require
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less medication to achieve peak plasma
concentrations than by using parenteral or oral
routes (Ng and Gupta 2020). Drugs with a shorter
half-life are ideal for transdermal administration
(Jasti, Abraham, and Ghosh 2021). Transdermal
patches bypass the stomach and liver and boost
patient compliance (Patel et al. 2018).

Transdermal patches bypass 1st pass effect and are
safe route
patients
impairment (Ramadon et al. 2022). To overcome
the stratum corneum barrier, several technologies
have been developed over the past three decades.
Among these, electroporation (Zaid Alkilani,
McCrudden, and Donnelly 2015), iontophoresis
(Wang et al. 2022), microneedles (Ye et al. 2018),
sonophoresis (Huang et al. 2015),
magnetophoresis (Benson et al. 2019) and the use
of chemical penetration enhancers (Kapoor et al.
2018). A transdermal patch can be formulated with
a wide variety of medications and can alter the
pharmacokinetic profile of the drugs. Only a few
molecules can cross the stratum corneum because
of its brick-and-mortar nature (Choudhury et al.
2017). The active pharmaceutical ingredients used
in transdermal patches, most of which have been
introduced practice, are
predominantly lipophilic and do not exceed 500

Da in molecular weight (Wang et al. 2022).

considered to be a of drug

administration  for with  hepatic

into clinical

2. Human Skin
The skin is the largest organ by surface area in the
human body, covering about 2 m? and making up
about 15 percent of the body's weight (Manevski
et al. 2015). Human skin is comprised of 2mm
thickness on average (Mendoza-Garcia et al. 2015).
Human skin is thickest at the sole, palm, and
interscapular regions and thinnest in the other
regions of the body, i.e., the penis and eyelids. The
pH of the skin surface is about 5.
There are three main layers to the skin.
a. Epidermis
The epidermis is composed of squamous epithelial
tissues containing high keratin (Zhang 2018). In

the epidermis, there are no blood vessels or
nutritional sources. The epidermis is composed of
two basic layers: the viable and the nonviable.

b. Dermis

The dermis lies underneath the stratum basale of
the epidermis and is the second main layer of skin.
The dermis, with a thickness of 1 mm to 4 mm, is
thicker than the epidermal layer of the skin. A
well-developed system of blood circulation and
nervous system is attached to this hydrophilic
layer of the skin, similar to that of the viable inner
epidermis (Knobel, O'Toole, and Smith 2015).
Additionally, it contains mucopolysaccharides
that entrap collagen fibers and elastin proteins,
causing the dermis to be thicker and bulkier than
the epidermis. In addition to having immune cells,
the dermis also exhibits flexibility and strength in
the skin.

Surface papillary layers and deeper reticular
layers make up the epidermis. There are blood
vessels, lymphatics, and nerve endings in the
papillary layer. The papillae are finger-like
projections of the epidermis surrounded by rete
ridges. Communication occurs through these
projections (Deo and Deshmukh 2018). The
reticular layer lies beneath the papillary layer and
contains fibroblasts, mast cells, elastic fibers, and
reticular fibers. This skin layer comprises
sebaceous glands and sweat glands and is
embedded with reticular fibers and elastic fibers.
Dermis also regulates temperature, pressure, and
pain, providing mechanical support and elasticity
(Foster et al. 2017).

¢. Hypodermis

The innermost layer of the skin is the hypodermis,
and its function is to connect body organs to the
skin. The hypodermis contains hair follicles of
smooth muscles and loose structures of connective
tissues. The hypodermis serves as an insulator and
plays an important role in the process of
thermoregulation by preventing excessive heat
loss from the body and cold environments
(Gilaberte et al. 2016).
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3. Transdermal Patches

Drugs are delivered to the bloodstream via
transdermal patches, which are placed over the
skin (Tanwar and Sachdeva 2016). The FDA
approved transdermal patches in 1981 (Ghulaxe
and Verma 2015). Scopolamine was delivered as
controlled systemic absorption, and nitroglycerin
was delivered as controlled systemic absorption to
prevent motion sickness and angina pectoris
(Bathe and Kapoor 2015).

More than 25 transdermal products have been
developed over the last two decades. These
products had a value of $ 3.2 billion in 2002 and
were expected to reach $ 4.5 billion in 2008 (Shen
and Burgess 2015). A total of $ 7.22 billion was
generated from the transdermal skin patch market
in 2021. As of 2027, transdermal patches are
expected to reach a value of $9.57 billion on the
global market (Ramesh et al. 2021). Recent
developments in certain dosage forms have been
aimed at improving Induces drug diffusion by
enhancing skin permeability and thermodynamic
activity.  Among  these approaches are
supersaturated systems, penetration enhancers,
liposomal vesicles, and pro-drugs (Williams 2021).
Nicotine patches, which release nicotine to help
people quit smoking, were the most popular
transdermal patches in the United States last year
(Adams and Hudmon 2018). In addition to
delivering nicotine over sixteen hours, the nicotine
patch also suppresses the desire to smoke
cigarettes continuously (Prochaska and Benowitz
2016). For three days, scopolamine patches release
alkaloids into the body, preventing motion
sickness without having to swallow tablets.

In addition to preventing motion sickness, the
scopolamine patch releases alkaloids for three
days, so there is no need to swallow tablets
continuously. The motion sickness was prevented
with the use of a scopolamine transdermal patch.
The patch releases alkaloids for a time interval of
three days (Leung and Hon 2019). In addition to
providing long-lasting pain relief, the fentanyl
patch has exhibited a 72-hour acting time. It's a

blessing for women who find taking a pill every
day onerous to use an estrogen-progestin patch
once a week (Galzote et al. 2017).

European governments approved commercially
available vapor patches for smoking cessation in
2007 (Zhu et al. 2017). The rivastigmine patch was
the first transdermal treatment for Alzheimer's
disease (Nguyen et al. 2021). The transdermal
patch facilitates the delivery of drugs across the
skin simply and effectively. Through transdermal
patches, drugs are delivered at a controlled rate,
keeping blood concentrations constant (Malaiya
et al. 2018). Due to the skin barrier nature,
transdermal patches can only deliver molecules of
smaller particle size, resulting in only molecules
with smaller particle sizes (Uchechi, Ogbonna,
and Attama 2014).

4. Components of Transdermal Patches

4.1. Polymers Matrixes

Drug patches is
facilitated by polymers used in their formulation.
Throughout the shelf life of the patch, the
polymers should deliver the drugs effectively and
consistently. Transdermal patches
prepared using polymers that are physically and
chemically compatible with the components and
drug used in the formulation (Al Hanbali et al.
2019).

In the formulation of transdermal patches, the
following types of polymers are commonly used.

release from transdermal

must be

a) Natural Polymers: e.g, Gums, natural
chitosan, gelatin, shellac, and different
derivatives of cellulose.

b) Synthetic Elastomers: e.g., acrylonitrile,

silicon rubber, butyl rubber, polybutadiene,
hydrin rubber, neoprene, and butyl rubber.

¢ Synthetic  Polymers: e.g.,
polyacrylate, polyamide, polyvinylchloride,
polyvinylpyrrolidone,
polymethylmethacrylate,
and polyethylene.

4.2. Drugs

polyurea,

polyvinylalcohol,
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To develop a successful transdermal patch, drug
selection is crucial. Several factors should be
considered when formulating

patches, as shown in Tables 1 and 2.

transdermal

Table 1. Properties of drugs used in transdermal drug
application (Wang et al. 2022).

S.No Parameter Properties
1 Dose Should be low in
weight (less than
20 mg/day)
2 Half-life 10 / less (h)
3 Molecular weight  <400da
4 Skin permeation <0.5x10-3 cm/h
coefficient
5 Skin Reaction Non-irritating
Non-sensitizing
6 Oral Low
bioavailability

4.3. Permeation Enhancers

Transdermal patches using penetration enhancers
enable the patients to achieve therapeutic levels of
drug plasma concentrations by increasing the
stratum corneum's permeability and enhancing
the stratum corneum's permeability. Permeation
enhancers help drug permeate the skin by
disrupting the highly ordered structure of stratum
corneum lipid, interacting with intercellular
protein, or improving the drug's partition into
stratum corneum. Permeation enhancers enhance
drug permeability by altering the stratum
corneum's structure (Kovacik, Kopecna, and
Vavrova 2020).

There are three types of penetration enhancers:

a) Solvents

The solvent in transdermal patches facilitates
penetration by fluidizing lipids and altering
stratum corneum structure, e.g., dimethyl
formamide, propylene glycol, silicone fluids,
isopropyl palmitate, methanol, ethanol, and
laurocapram (Azone) (Gupta et al. 2012).

b) Surfactants

The effect of surfactants on the transport of
hydrophilic drugs is to enhance the transport of
polar pathways. Changes
functions are determined by hydrocarbon chains

and penetration

and polar head groups. In addition, ions and

surfactants can alter surface properties, including

sodium lauryl sulfate, pluronic £127, pluronic £68,

dioctyl sulphosuccinate, sodium ms taurocholate,

sodium deoxycholate, and Decodecylmethyl

sulphoxide, etc. (Shaker et al. 2019).

¢) Chemicals

Transdermal patches are formulated with calcium

thioglycolate agents, keratolytics, hydration

agents, N-dimethyl-m-toluamide, as well as

anticholinergic agents and urea (Al Hanbali et al.

2019).

d) Properties of permeation enhancers used in the
formulation of transdermal patches

» Transdermal patches should be prepared with
permeation enhancers that are cosmetically
acceptable

» Transdermal patches should not contain
permeation enhancers that bind to receptors.

> It is important that the permeation enhancers
used in transdermal patches are non-allergic,
non-toxic, and non-irritating (Marwah et al.
2016).

4.4. Adhesives

Patches prepared by transdermal application

require adhesives. Transdermal patches are

attached to the skin surface by adhesives. Before

using patches

formulations, the following criteria must be taken

into consideration:

i. The attachment and removal of the
transdermal patch must be done
aggressively.

ii. It is imperative that the prepared patch
does not leave un-washable residue on the
surface of the skin

iii. ~ There should be no potential for skin
irritation after applying transdermal patch
formulation.

adhesives in transdermal
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iv.  Transdermal patches should be prepared
adhesive  that  offers
biocompatibility with excipients and drugs
v. In terms of drug permeation, adhesives
have no effect on the permeation of drugs

with an

across the stratum corneum (Musazzi et al.
2020).

Table 2. Various factors influencing transdermal
application (Wang et al. 2022).

Physicochemi Pharmacokine Biologica
cal tic 1
1 | Solubility Half life Skin
toxxicites
2 | Crystallinity Volume of Site of
Distribution applicatio
n
3 | Molecular Total Body Allergic
weight Clearance reaction
4 | Polarity Therapeutic Skin
plasma metabolis
concentration m
5 | Melting point  Bioavailability
factor

4.5.Backing Laminate
Insoluble backing membranes offer strong bonds
between drug reservoirs and insoluble substances.
Physical or chemical incompatibility should not be
present in the backing membrane. Adhesive foam
pads, metallic plastic laminates, etc., prevent early
drug release on the skin surface (Bathe and
Kapoor 2015).
4.6. Release Liner
An inert material made up of silicon and Teflon
makes up the release liner of a transdermal patch.
For the preparation of transdermal patches,
release liners are usually permeable penetration
enhancers composed of drugs
(Kanabar, Patel, and Doshi 2015).
4.7.Plasticizers and Solvents Used
Preparation of Transdermal Patches
To prepare transdermal patches safely, all
materials must be physically and chemically

and water

in the

compatible with any plasticizers or solvents used
in their development. There are several solvents
used in the preparation of transdermal patches,
including isopropanol, dichloromethane, acetone,
and methanol. The
plasticizers used in the formulation of transdermal

chloroform, ethanol,
patches include triethyl citrate, dibutyl pthalate,
polyethylene glycol, PEG-400, and propylene
glycol (Quaroni et al. 2018).

5. Types of Transdermal Patches

5.1.Single Layer Drug In Adhesive

Drugs are applied as a single layer on the surface
of the skin, and the layer adheres to the skin (Al
Hanbali et al. 2019). A transdermal patch consists
of three layers: a baking membrane, a drug in the
adhesive layer, and a liner layer.

[ | Baking

e
v I Liner

Figure 1. Single layer Drug in Adhesive System.

5.2. Multi-Layer Drug In Adhesive

The drug is released from the system when
applied to the skin via transdermal patches,
usually consisting of two layers (but not always).
These transdermal patches have a permanent
backing membrane and a temporary liner layer. A
transdermal patch consists of a baking layer, an
adhesive layer, a membrane, an adhesive layer,
and a liner membrane, respectively (Lee et al.
2020).
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[ |Baking

[®e] Drug-in-Adhesive
I Membrane

El Drug-in-Adhesive

[.] Liner

Figure 2. Multi-layer Drug in Adhesive System.

5.3.Reservoir

The system consists of a polymeric membrane
attached to a laminated backing material and is
surrounded by molded compartment. Diffusion
processes across rate-controlling membranes will
lead to drug release from transdermal patches. In
such a case, the drug is released at a zero-order
rate (Kim et al. 2015).

[ |Baking
ElDrug

[ Membrane
D Adhesive

i Liner

Figure 3. Reservoir System

5.4.Matrix

The transdermal patches that are prepared by
using this method are known as monolithic
patches.  Drug-containing suspensions
solutions are used in monolithic patches. An

and

adhesive layer surrounds a drug layer in matrix
patches (Mali 2015).

[ |Baking

Figure 4. Matrix System

5.5.Vapour Patch

The adhesion property of transdermal patches can
be achieved with the addition of adhesive material
in the formulation. Decongestions are also carried
out with this layer in order to release essential oils.
Sleep quality can be improved, and cigarette
cessation therapies can be achieved using these
patches (Al Hanbali et al. 2019).

6. Preparation Methods of Transdermal Patches
6.1. Asymmetric TPX Membrane

Dry or wet inversions can be used to formulate
patches with asymmetric TPX membranes. TPX is
added to the non-solvent and solvent at 60 degrees
Celsius to prepare the polymer solution. In order
to determine the thickness of the film, the solution
of polymer is placed at 40°C for 24 hours, and then
the solution of polymer is cast onto a glass plate
(plate of glass) and allowed to evaporate for 30
seconds at 50°C. During coagulation, a glass plate
is immersed at 25°C in a coagulation bath. After
the immersion process, the membrane can be
removed and allowed to air dry for 12 hours at
50°C (Halder et al. 2021).

6.2. Circular Teflon Mould

Pha. Com. 01 (01) 2022, 31-45



Polymers are dissolved in an organic solvent
system to form the transdermal patches using
circular Teflon molds. Dissolution of a specific
amount of drug takes place in an organic solvent
system. The drug-polymer solution is also added
to the plasticizer solution and mixed thoroughly,
then poured into a circular Teflon mold. By
placing an inverted funnel on the Teflon mold, the
rate of solvent vaporization can be controlled. A
desiccator is used to preserve the patches after the
solvent has evaporated for 24 hours (Mali 2015).
6.3. Mercury Substrate
Polymeric to disperse
plasticizers and drug gels. After 10 to 15 minutes
of mixing, the polymer solution is poured on top
of the mercury surface for homogeneous mixing.
Solvent evaporation rates are controlled by
inverted funnels.
6.4.IPM Membranes
A mixture of propylene glycol and water is used
in making this type of patch. Triethanolamine is
then added to neutralize the drug dispersion. In
the case of the low solubility of the drug in water,
a buffer solution pH 7.4 is added to obtain a gel
solution. After the gel has been prepared, it will be
poured into the membranes of the IPM system
(Kharia, Gilhotra, and Singhai 2019).
6.5.Ethylene Vinyl Acetate Copolymer (EVAC)
Membranes
The preparation of a targeted transdermal system
uses polyethylene and ethylene vinyl acetate
copolymer (EVAC) membranes as rate-regulating
membranes. The drug is dissolved in propylene
glycol when it cannot be dissolved in water. Upon
formulation, carbopol resin will be added to the
solution. A sodium hydroxide solution of 5% will
neutralize this. An area is selected, and the drug is
spread over the backing layer. The solvent
evaporation rate is controlled with an inverted
funnel (D’ Amelia et al. 2016)
6.6. Proliposomes
Proliposomes are prepared by deposition
techniques. 5 mg of mannitol powder was taken
and kept at 60 °C to 70 °C and stirred at 80 rpm in

solutions are used

a 100 ml round bottom flask. Afterward, the
mannitol was vacuum-dried for 30 minutes. Drug
and lecithin are dissolved in 0.5 ml of an organic
solvent mixture. An aliquot of 0.5 ml of the
product was added to the flask containing the
they had been dried
completely. The flask was finally connected to a

proliposomes  after
lyophilizer. The proliposomes are dried overnight
in a desiccator, then sieved through a mesh size of
100. A glass bottle is used to store proliposome
powder, and it is frozen until needed (Dhiman,
Sarvaiya, and Mohindroo 2022).
6.7.Free Film
Films made without cellulose acetate are prepared
with mercury surfaces. Chloroform was used to
prepare the polymer solution at 2% w/w. To make
the polymeric solution, 40 w/w plasticizers was
added to the solution. In a glass petri dish, a 0.5 ml
portion of the polymeric solution was placed
within a glass ring which was kept over the
mercury surface. Inverted funnels were placed
over Petri dishes to control solvent evaporation.
The film formation is observed after the solvent
has evaporated completely. A desiccator will be
used to store and dry the dried film. Different
volumes of polymeric solutions can be used to
formulate free films of various thicknesses
(Saravanakumar et al. 2015).
7. Evaluation Parameters for Transdermal
Patches
7.1 Thickness of the Patch
A digital micrometer is used to measure the
thickness of a drug-loaded patch and calculate an
average thickness and standard deviation. Dial
gauges, micrometers, and screw gauges are used
to measure transdermal film thickness (Latif, Al-
Harbi, et al. 2022).
7.2. Weight Uniformity
In order to test the patches, they must be dried for
four hours at 60°C after they have been prepared.
Digital balances are used to weigh a specific area
of the patch. Transdermal patches should be
averaged, and the standard deviation should be
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calculated from the individual weights (Latif et al.
2021).

7.3.Folding Endurance

An area in the middle was cut, and a fold in the
same spot was repeated until a crack or break
appeared in the strip. In order to measure folding
endurance, fold a film at the same place until a
crack or break appears. This represents the folding
strength for the prepared transdermal patches
(Latif, Nawaz, et al. 2022).

7.4. Percentage Moisture Content

The films should be weighed and placed in a
desiccator containing fused calcium chloride at
room temperature for 24 hours (Ullah et al. 2021).
You can determine the moisture content by
weighing the films again after 24 hours:

% Moisture content = Initial weight — Final
weight X 100

7.5. Content Uniformity Test
This procedure involves selecting ten patches and
determining their drug content. In order to pass
the test of content uniformity, nine out of ten
patches must have 85% to 115% of the content. It
will, however, be necessary to test an additional 20
patches if there are three patches that contain drug
content between 75% and 125%. The transdermal
patches meet this test based on the range of 85% to
115% for these 20 patches (Shivalingam 2021).
7.6. Moisture Uptake
Films are stored in desiccators at room
temperature for 24 hours after they have been
weighed. The weight of desiccators is maintained
by exposing them to a saturated solution of
potassium chloride until 84% relative humidity is
reached (Singh and Bali 2016). The formula below
can be used to calculate the moisture uptake
percentage:

% moisture uptake = Final weight — Initial weight
X 100 (Initial weight).

7.7.Drug Content

In order to dissolve a patch area, a suitable solvent

must be added in a specified volume. In the next

step, a filter medium is used to filter out the
solution, and the drug contained in it is analyzed
using the appropriate technique (UV or HPLC).
Each value was calculated by averaging three
samples (Bathe and Kapoor 2015).
7.8.Shear Adhesion Test
Itis used to determine whether adhesive polymers
are effective by testing their cohesive strength. In
addition to molecular weight, crosslinking degree,
polymer composition, and polymer type, adhesion
can be influenced by a variety of factors. A
stainless steel plate is coated with adhesive tape
that pulls the tape parallel to it. Shear adhesion
strength is measured by pulling off the tape. As a
rule of thumb, stronger shears take longer to
remove (Gennari et al. 2020).
7.9. Peel Adhesion Test
When an adhesive coating is peeled away from a
test substrate, the force required to remove it is
measured. Peel adhesion is influenced by polymer
molecule weight and its type. A single tape is
applied to stainless steel plates or backing
membranes. As a final step, the tape is pulled
away from the substrate at a 180-degree angle.
After the tape has been removed, measure the
force needed to remove it (Musazzi et al. 2020).
7.10. Water Vapor Transmission Studies (WVT)
In order to measure water vapor transmission,
calcium chloride can be put in dried vials of equal
diameter and weighed. The polymer films were
pasted to the brim after applying silicon adhesive
grease and allowed to be set for five minutes. Once
the vials have been weighed, they are placed in a
humidity chamber at 68 % RH. Every 1st, 2nd, and
3rd day for seven consecutive days, a weight
increase used to quantify moisture
transmission through the patch. Sodium bromide
and potassium chloride solutions containing 200
mL each were placed in vials in desiccators in
another method. Humidity was measured inside
tightly closed desiccators via a hygrometer. A
desiccator was used to dry each vial after
weighing it (Hussain et al. 2016).

WVT =W/ ST

was
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W represents increased weight in the time interval
of 24 hours, S represents exposed film (cm?), and T
represents time.

7.11. Rolling Ball Tack Test

This test compares the softness of polymers to
tack. An inclined track releases a 7/16-inch steel
ball, so it rolls down and contacts a horizontal
adhesive facing upward. In addition to measuring
the distance covered by the ball (inches), the
adhesiveness properties were also measured
(Zhao et al. 2016).

7.12.  Quick Stick (Peel-Tack) Test

During this process, the tape is pulled apart from
the substrate at a speed of 12 inches/minute at a
90-degree angle. When an adhesive bond is
broken, the tack value is expressed in ounces or
grams per inch width (Kharia, Gilhotra, and
Singhai 2019)..

7.13. Probe Tack Test

A bond is formed between an adhesive and a
probe having a defined surface roughness. The
probe breaks when it is mechanically removed. In
tack measurements, a fixed rate of retraction
between a probe and adhesive is recorded in
grams (Chen et al. 2022).

7.13.  In Vitro Drug Release Studies

USP apparatus V is used to assess drug release
from prepared patches. A glass plate must be used
for cutting, weighing, and attaching dry films after
they have been cut into definite shapes. The
apparatus is equilibrated at 32 + 0.5°C. Afterward,
the glass plate is placed in a 500 mL paddle
containing a pH 7.4 phosphate buffer solution. It
is necessary to set the paddle at a distance of 2.5
cm from the plate at a speed of 50 rpm in order to
operate it. At appropriate intervals, samples (5-mL
aliquots) can be withdrawn for analysis by UV
spectrophotometer ~or HPLC by UV
spectrophotometer or HPLC. To calculate the
mean value, the experiment must be performed in
triplicate (Zhao et al. 2016).

7.14. In Vitro Skin Permeation Studies

An in vitro permeation study can be conducted
with diffusion cells. Westar rats weighing 200 to

250 grams will be analyzed at full thickness.
Electric clippers should be used to remove hair
from the abdominal region. Distilled water is used
to thoroughly clean the dermal side of the skin to
remove adhering tissue or blood vessels. It is
necessary to equilibrate the excised skin in
dissolution media or phosphate buffer pH 7.4
prior to the experiment. The diffusant is evenly
distributed over the skin once it has been
equilibrated via a magnetic stirrer. At 32°C + 0.5°C,
the temperature of the cell is maintained by a
thermostatically controlled heater. When the rat
skin piece is mounted between compartments of
the diffusion cell, its epidermis should face
upward into the donor compartment. At regular
intervals, a definite amount of sample medium
will be collected from the receptor compartment.
To maintain sink conditions, a fresh amount of
medium will be replaced. After filtration, samples
can be analyzed spectrophotometrically or by
HPLC. Divide the flux by the initial drug load (mg
cm?) to calculate the permeability coefficient.
Calculate the permeability coefficient from the
slope between steady-state values (mg cm?) and
time (hours) (Cilurzo et al. 2018).

Donor Compartment

Membrane

Water Jacket

Figure 5. Franz Diffusion Cell.

7.15.  In Vivo Studies

The only way to determine the effectiveness of
drugs is to test them in vivo. Studying variables in
vivo can provide insights into factors that cannot
be considered in vitro. To evaluate transdermal
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drug delivery in vivo, animal models can be used.
Most transdermal drug delivery systems are
evaluated using mice, rats, dogs, rabbits, and
guinea pigs.
pharmacodynamics data are collected after the

Pharmacokinetic and

patch has been applied to test animals (Singh and
Bali 2016).

7.16.  Skin Irritation Study

A healthy rabbit (weighing between 1.2 kg to 2.5
kg) can be used to test for skin irritations or
sensitizations. To clean the rabbit's dorsal skin
surface (50 cm?), an electrical clipper is required.
After that, apply spirit to clean the surface. The
patch can be applied to the skin. Remove the patch
after 24 hours. Based on the severity of the injury,
the skin is graded into five grades (Iwata et al.
2020).

7.17.  Stability Studies

In accordance with ICH recommendations, TDDS
samples should be stored for 6 months at 40°C
with 0.5°C and 75%) RH. In addition to removing
samples at 0, 30, 60, 90 and 180 days, the samples
are analyzed for the presence of drugs at each time
point (Amodwala, Kumar, and Thakkar 2017).

8. Future Perspective

The next generation of formulations will involve
liposomes, nanosomes, and microemulsions. It
includes steroids, antifungals, antibacterials,
methotrexate, interferon, and local anesthetics as
potential delivery agents. A growth rate of 25%
has been observed in recent years in the market for
transdermal devices. With the development of
novel devices and the increase in marketed topical
drugs, this figure is expected to increase in the
future. With further improvements in design,
transdermal analgesic delivery will likely continue
to gain popularity. In addition, efficacy and safety
are being improved through research.

Changing the skin barrier or modifying drug
molecules' energy could also increase drug flux
across the skin. A variety of 'active' transdermal
technologies have been investigated for drugs
since iontophoresis patches have been successfully

developed. An electroporation procedure involves
applying short electrical pulses of high voltage to
the skin in order to create aqueous pores. An
ultrasonic wave is used in sonophoresis to disrupt
the stratum corneum, and thermal energy (to
enhance the skin's permeability and enhance the
energy of drug molecules) is used to disrupt the
stratum corneum. Using magnetic energy,
magnetophoresis, it has been possible to increase
drug flux across the skin.

The use of transdermal patches may be beneficial
for chronic pain as well as acute pain. A wider
range of analgesics and improved delivery
methods will make this delivery method more
popular and applicable. Drug delivery systems
using transdermal routes are currently among the
most successful innovative research areas. This is
due to approximately 40% of drug delivery
candidates in clinical trials being topical or
dermal.

Transdermal drug delivery systems (TDDS) offer
a safe, fast, and convenient method of delivering
drugs. When medications are
through the skin, they are
maintained at a constant level in the blood plasma,
cause fewer side effects, and are more bioavailable
because they bypass the hepatic first-pass
metabolism. Additionally, it helps patients
comply with treatment regimens more effectively.
It has been considered safe to administer drugs
through the skin because it provides continuous
drug release into systemic circulation.

systemic
administered

9. Conclusions

It has been known that transdermal drug delivery
systems have been safe and effective for delivering
drugs since 1981. Transdermal patches have
undergone several advancements. Researchers are
highly interested in the Transdermal Drug
Delivery System due to its many advantages.
Numerous studies are being conducted today to
incorporate the latest drugs into this system. As a
result, clinicians may be able to provide their
patients with more therapeutic options through
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transdermal dosage forms. We have gained a
deeper understanding of how chemicals interact
with and influence the stratum corneum barrier
through various biophysical techniques in recent
years. Enhancers with optimal properties and
minimal toxicity will be designed by examining
how they interact with the stratum corneum and
determining structure-activity relationships for
minimizing toxicities.
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