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Abstract:

Transdermal drug delivery system is the conventional
option fir the oral drug delivery system. In this system the is
administer through the skin membrane and design for
higher bioavailability and to avoid 1st pass metabolism of
the drug. In transdermal drug delivery system transdermal
patches are used. This article discusses about the
environment friendly transdermal patches. In this article we
discuss about the skin anatomy and physiology, function
and composition of skin, advantages and disadvantages of
the transdermal drug delivery systems. The factors affecting
on transdermal system are physicochemical factors such as
partition coefficient, molecular size,diffusion coefficient,
skin hydration,temperature and pH. And Biological factors
such as Skin condition, Aged Skin,Skin Barrier properties
in the neonate and young infant. For transdermal drug
deliverysystem the basic components are polymer matrix,
the drug, permeation enhancers, pressure sensitive
adhesives(PSAs), baking laminates, release linersand other
excipients.

This article discusses about the use of ecofriendly or
sustainable polymers such as natural biodegradable
polymers eg.cellulose, starch synthetic biodegradable
polymers such as polyester and polyamides for making
polymer matrix a basic component for transdermal patches
in TDDS. For improving the transdermal drugpermeation
the natural or sustainable permeation enhancer such as
menthol is used which does not giveany harmful effects to
the patient as well as environment. For sustainable baking
laminates polylactide polyester is used which replaces the
traditional petroleum-based material which are not
environment friendly. In plasticizers limonene,pinene are
used as an alternative for the traditional petroleum-based
materials. This review article also discusses about the
preparation and evaluation for the ecoftiendly transdermal
patches or transdermal drug delivery system.Thisreview is
all about the use of natural or sustainable materials or the
polymers inenvironmental fiiendly or eco-friendly
transdermal patches or transdermal drug delivery system .

I. Introduction:

Novel drug delivery system (NDDS) is the
area of research for the drug delivery or for drug
administration.There are many types of drug
delivery systems involved in NDDS. These involves
Oral drug delivery system,Intravenous drug delivery
system,Intramuscular ~ delivery  system  and
Transdermal drug delivery system.

Oral drug delivery system is one of the
most commonly used drug delivery system.Oral
drug delivery system have advantages such as easily
administered by patients,having high patient
compliance. It also havedisadvantages such aslow
bioavailability due to first pass metabolism, need
high dose of drug.1

Parenteral drug delivery system involves
intramuscular,intravenous and transdermal drug
delivery system.3. These systems have higher
bioavailability =~ than  oral  drug  delivery
system.Parenteral drug delivery needs sterilization
techniques and  various  equipmentsduring
manufacturing and administration of the drug .2,

Transdermaldrug  delivery system is
another conventional option for oral drug delivery
system.

Transdermal drug delivery system is
defined asthe drug delivery is design for
administration of the drug through the patient skin
and attain a systemic effect of drug in
therapeutically effective amount.4. These kinds of
dosage formsinclude transports of drug through the
layers of skin or dermal tissue such as the stratum
corneum which is the top layer of epidermis.

The first transdermal drug delivery
system,Scope developed in 1980, contained the drug
Scopolamine for treatment of  motion
sickness.1. TDDScontains patches containing drug
or active pharmaceutical ingredient to reach into
systemic circulation through the layers of the skin .5

The medicated adhesive patches is set over
the skin to deliver the specific amount of drug to the
systemic circulation .5.
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Anatomy and Physiology of the skin —

1. Epidermis
Dermis
3. Subcutaneous layer (Hypodermis)

Layers of the Skin
Layers of the epidermis: Stratum corneum
Stratum lucideum
Stratum granulosum
Stratum spinosum
Stratum basale

Epidermis

Hypodermis

1. Epidermis:-

It is outer most layer of theskin.Its thickness is about
0.5-1.5mm.

Epidermis is composed five distinct layers.These are
A. Stratum basal (Basal layer)-

It is the deepest layer also known as stratum
germinativum.

B. Stratum spinosum (Prickle cell layer)-

It is located above the stratumbasal.In this there is
composition of several layers of polyhedral
keratinocytes.

C. Stratum granulosum (granular layer)

It is thin layer of 3-5 cell layers above the stratum
spinosum.Keratinocytes in this layer flatten and
accumulates granules such as Keratohyalin granules
which contains the precursor to keratin and Lamellar
granules which releases lipid rich secretion that acts
as water sealant, contributing to the skin'sbarrier
function.

D. Stratum Lucidum(clear layer)-
It is a smooth translucent layer only found in thick
skin (palms of hand and soles of feet).

E. Stratum corneum (Horney Layer)

This is theuppermost layer of skin .it is composed of
20-30 layers of corneocytes.

This layer prevents water loss and entry of
microbes.§

2.Dermis :-

It is middle layer of the skin.It is located between
aepidermis and subcutaneous layer.9.Dermis is the
complex connective tissue layer of mesenchymal
origin .7,8

3. Hypodermis :-

The hypodermis is also ~ called as subcutaneous
layer or superficial fascia, is the layer located
beneath the dermis.

FUNCTION AND COMPOSITIONS :-

- Anchors the skin to the underlying fascia
(surrounding bone).

- Mainly composed of adipose tissue (fat
storage).

- Provides softening and insulation.

- Contains well- vascularized, loose, areolar
connective tissue.8,9

ADVANTAGES :-

- The administration of drug is done without
any help.

- It is safe and effective.

- It can easily withdraw when needed.

- Having lower side effect.

- Improve patient compliance.

- Enhance therapeutic efficacy.10.
DISADVANTAGES :-

- Size greater than 500 Dalton is not
applicable in TDDS.

- May cause side effects such as allergic
reaction.

- Less dose of drug is available.

- It is delivered to ionic drug .14

- Some drugs are uncomfortable.

- Long time adhere is difficult.1

Factors affecting TDDS —
Physicochemical properties-

1. Partition coefficient

2. Molecular size

3. Diffusion coefficient

4. Skin hydration

5. Temperature and PH

6. Enhancement of Transdermal permeation.
7. Composition of drug delivery system
Biological factors —

1. Skin condition

2. Aged Skin

3. Skin Barrier properties in the neonate and

young infant
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Physiochemical Properties

1. Partition coefficient (K)—

The ideal Partition coefficient is required for better
action. Most effective partition coefficient for
intermediate transdermal delivery is log K*1-3. For
highly lipophilic drug

(log K<3)favorable for intracellular route,for
hydrophilic drugs (logK<l1)it is permeated through
transcellular route. Drug having high partition
coefficient are not prepare to leave .16,17
2.Molecular size and shape -

Drug absorption is inversely proportional to
molecular  weightand  transdermal  flux.Ideal
molecular size for transdermal delivery is<400.
Molecule having smaller size penetrate rapidly than
larger one.

3.Diffusion coefficient —

Drug penetration depends on diffusion coefficient of
drug. At the constant temperature it mainly depends
onproperties of drug, diffusion medium and their
interaction.

4.Skin hydration-

Skin hydration is most important factor for
enhancing skin permeation so the humectant is used
to retain moisture of skin in transdermal delivery. 17
5. Temperature and PH-

The human body maintains temperature of 320C
to370C throughout the skin. Drug permeation is
directly proportional to temperature as the
temperature falls diffusion coefficient decreases and
increase in temperature leads to increase in diffusion
through the tissue. Weak acid and weak base
dissociate based on Ph and pka or pKb values. The
drug concentration determines by the proportion of
unionized drug.

6.Enhancement of transdermal permeation-

Some enhancers are used for enhancement of
transdermal permeation. These are the substances or
excipients are used for synergistic action without
showing its properties. Some examples of enhancer
are dimethylsulphoxide acetone etc.

7.Composition of drug delivery system-
Composition may not affect release properties but
may affect its permeability functionality. For
example, methyl salicylate is more lipophilic than

the penetration. Skin condition alters in disease state
patient the disease state of the patient affect
penetration.

2.Aged skin-

The moisture content of the skin decreases with
aging. The young skin is more permeable than older
skin. There is a destruction of epidermal junction
and the area available for transmission into the
dermis is invisible over the age. Thus, skin is one of
the important factors affecting the penetration in
TDDS.

3.Skin barrier properties in the Neonate and Young
Infant-

The skin surface of the newborn is slightly
hydrophobic,relatively dry and rough compared to
older infants. Stratum corneum hydration stabilizes
from age of three months.15,16,17

Basic components of TDDS-

1.Polymer matrix/drug reservoir

2.Drug

3.Permeation enhancers

4.Pressure-sensitive adhesives (PSA)

5.Backing laminates

6.Release liners

7.0ther excipients like plasticizers and solvents 18
.1

1.Polymer matrix/drug reservoir-

Polymers are backbone of TDDS.the polymer
controls the release of the drug from the device.
Polymer should be non-toxic, stable,inexpensive
biocompatible and easily manufactured.17

Types of polymers-

1.Natural polymer- ex. shellac, gelatine, gum
arabica, starch

2.Synthetic  elastomers-ex. Neoprene, silicone
rubber,butyl rubber, hydrine rubber.

3. Synthetic polymers- ex. Polyethylene,polyvinyl
alcohol, polyvinyl chloride(PVC)

Eco-Friendly Polymermatrix-

Environment friendly polymer matrices are key to
developing more sustainable materials,primarily by
reducing reliance on fossil fuels and minimizing end
of life environmental impact.These are divided into
on the basis of their sources or their degradation

parent acid, i.e. salicylic acid, and its percutaneous properties
absorption is high when applied to skin in a lipoidal TYPES OF ECO-FRIENDLY POLYMER
vehicle. MATRICES :-

1. Bio-based polymers (polymers from
Biological factors- renewable resources)
1.Skin condition- 2. Polymers with improve end of life options
Many solvents such as acids and alkalis like
chloroform, methanol damage the skin cells enhance 1. Bio-based polymers —
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These are the matrices derived from the natural
sources such as plants or micro -organisms not from
petroleum.

Biopolymers are made from natural resources such
as various biowaste from horticulture and crops
which produce as byproducts. Theseproducts are
biodegradable because they contain
carbon,oxygen,nitrogen which composed their
structural back bone .Bio-based polymer are good
alternative for traditional petroleum based polymers.

2. Plant based bio polymers :-

These are derived from renewable plant origin these
are biodegradable polymers. They are obtained from
plant such as potatoes,cornetc.from these plants we
can obtained bio-polymers such as starch, cellulose,
chitosan.

Biopolymers  having  properties such  as
biocompatibility, biodegradability and nontoxicity.

PLANT BASED
BIOPOLYVIERS
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1. Cellulose

Cellulose is present in carbohydrates. It is non
toxic,biodegradable used in transdermal drug
delivery system as transdermal patches.Cellulose is
natural biopolymer obtained from the cell walls of
various types of wood pulp like hard
wood(eucalyptus, birch) and plants like
cotton,kenafand plant residues such as rice
husk,corn stalks 19, 20.

Non plant sources of cellulose are bacterial cellulose
which obtained from the genus
Gluconactobacter,Cladophorales which is certain
species of marine green algae.

Cellulose as polymer matrix in TDDS gives
excellent biocompatibility, high water permeability
compatibility with other excipient and lack of
toxicity compare to other synthetic polymers.21. So,
the use of cellulose as polymer matrix in
transdermal patches are environment friendly

because it decomposed easily and does not harm
environment.

2.Starch

Starch is most primarily used polymer matrix after
cellulose in transdermal patches. This is a
polysaccharide containing to glucan polymers
amylose and amylopectin.22

Starch is derived from various sources like
potato,corn,rice,barleyetc.

Starch as a polymer matrix is cheap, sustainable and
non-toxic comparing to other synthetic polymer.
Biopolymers obtained from starch represent a
biobased replacement for petroleum derived plastics
like polystyrene that are frequently used in
packaging due to their light weight. Starchallows to
be used to achieve controlled and sustained drug
release in transdermal patches.21,23.

2 .Polymer with improved end of lifeoptions:-

These are biodegrable polymers used in transdermal
patches inTDDS. These materials are design to
break down into non-toxic biocompatible
byproducts like carbon dioxide, biomass and
water.These polymers are classified into two

catergories
1. Synthetic biodegradable polymers
2. Natural biodegradable

polymers(biopolymers)

1.Synthetic biodergradable polymers —

Synthetic biodegradable polymers are manmade
polymers designed to decompose naturally into non
toxic products(such as water, carbon dioxide and
biomass) through the action of microorganism,
enzyme or environmental condition like heat and
moisture.

Classification

l.polyester-eg Poly lactic acid, Polyglycolic
acid,PLGA (poly lactide-co-glycolide)
2.Polyanhydride — egPoly adepic acid

3. polyamides-eg poly amino acids, poly imino
carbonate

4. phosphorusbased polymers -eg
polyphosphates,polyphosphonates

5. others-eg poly uretheanes,poly ortho ester.24

2.Natural biodegradable polymers

Natural biodegradable polymers are
macromolecules that occur naturally in living
organisms and environments and can be broken
down into simple, non toxic substance like
water,carbon dioxide, methane and biomass through
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the enzymatic activity of microorganism such as
bacteria and fungi

In polymers with improve end of life option
synthetic biodegradable polymers are preferred over
the natural biodegradable polymers because of
microbial contamination, batch to batch variation,
uncontrolled hydration rate and reduce viscosity
during storage

Synthetic biodegradable polymers are used because
it overcomes the limitations of natural
biodegradable polymers .25,26

2.The Drug:-

Drug is a substance which is wused in
treatment,mitigation, diagnosis,prevention of any
disease or disorder in human or animal after
administration into their body.

For successfully transdermal drug delivery the drug
is choose very carefully. The drug used in
transdermal patches have many advantages such as
the drug cannot undergoes first pass metabolism, the
drugs having short half life or having Iless
therapeutic window can used in transdermal patches.
Drug suitable inTDDS are captopril, atenolol,
carvedilol, verapamil, hydrochloride, clonidine,
etc.17

3.Permeation enhancer :-

To improve the transdermal drug delivery
penetration enhancers are used. Penetration
enhancers are the substances which accelerates or
increase the permeability of the SC to give higher
therapeutic effects of the drug.These are also called
sorption promoters or accelerants.

Types of permeation enhancer :

1. Chemical enhancer

2. Physical enhancer

1.Chemical enhancer :-

These are enhancer which use to improve
penetration of the drugs which are used topically
through the skin. They increase and optimize the
drug thermodynamic activity by acting as co-
solvents. They increase is the release of drug into
the skin from the vehicle by increasing the partition
coefficient of drug.

They should be non toxic, nonirritant, does not
produce any allergic reaction

Example — alcohols(ethanol), fatty acids (oleic
acids), surfactants (nonionic, cationic, anionic).17,
27,28

2.Physical enhancer:-

Iontophoresis and ultrasound (phonophoresis or
sonophoresis) techniques are examples of physical

means of enhancement that have been used for
enhancing  percutaneous  penetration (and
absorption) of various therapeutic agents.17

Eco friendly chemical enhancers :-

- These enhancers are derived from natural
sources mainly plants which includes essential oils
and terpenes example — menthol, limonene, clove
oil, etc. fatty acids and lipids the natural components
that resemble the lipid in the skins outer layer eg of
fatty acids and lipids are oleic acid and linolenic
acid. Other  plant derived compounds
polysaccharides from aloevera and urea which is
naturally present in the skin .30

- Menthol as a permeation enhancer in
trans dermal patches —

Menthol increases the drug permeation into the skin.
It gives cooling and local anesthetic effect as
playing role as permeation enhancer.The skin
penetration of menthol is limited only to upper
fraction of stratum corneum in the presence of
aluminium acetotartarate.30The menthol containing
drug products are used which applied onto the
skin.It is an ecofriendly permeation enhancer used
in transdermal patches to improve transdermal drug
delivery system. Well known example of menthol
containing transdermal patches are combination of
menthol with methyl salicylate(salonpas) which
gives cooling and analgesics effect. Menthol also
reduces inflammation and swelling by improving
circulation in peripheral blood vessels. 1 menthol by
acting as drug skin permeation enhancer it increases
skin absorption by altering the barrier properties of
stratum corneum .29.

4.Pressure- sensitive adhesive (PSA):-

Pressure sensitive adhesive may be applied
either on the surface and on the backing layer of the
device. Pressure sensitive adhesives are viscoelastic
material that forms an instant bond with a surface
when light pressure with applied without the need
for heat, water or solvent activation and leave no
residue when removed. The PSA can be located
around the age of TDDS or be laminated as a
continuous adhesive layer on the transdermal drug
delivery system surface. In pharmaceutical and
transdermal drugdelivery systems, PSAs are used to
maintain close contact between the device and the
skin while allowing easy removal without causing
damage or irritation.31,32,33,17

PSA should be biocompatible with the drug
and other excipient. It should be stable in various
environmental conditions such as humidity,
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temperature, fluctuations.18,17. It should be inert in
nature, It should not interfere with or reduce drug
permeation. example of PSA polymers used in
TDDS are hydrocarbon, resins, polysiloxanes
(silicon basedPSAs), polyacrylate copolymers
(Acrylics) with are synthetic PSAs used in
transdermal patches for local or systemic drug
delivery.35.The natural and environment friendly
natural polymer based adhesives are chitosan and
alginate are used to make transdermal patches such
as hydrogel patches.34.They are fully biodegradable
and ideal for microneedle TDDS applications. They
are eco-friendly so does not harm environment.So,
these PSAs are used to make environment friendly
transdermal patches in TDDS.

Synthetic biodegradable PSA are polylactic acid and
polylactic-co-glycolic acid.

5.Backing laminates :-

Backing laminates used in transdermal
patches are essential for protecting from the
environment, for enhancing appearance, flexibility
and protect the active layer of the drug.There are
many petroleum based backing laminates are used to
make transdermal patches example of backing
laminates used in transdermal patches are
polyethylene, polyolefin films, polyester
filmsetc.36. These polymers are hard to degrade
naturally by biological processes so it can cause
environmental damage to overcome from these
problems the natural backing laminates are used as a
sustainable alternative.

The eco-friendly backing laminate
materials used in transdermal patches are
polylactide (a biobased polyester that discovered as
replacement for petroleum based backing laminates
such as polyethylene terephthalate)Poly(ethylene
2,5-furandicarboxylate) (PEF) used as replacement
for PET in multilayer packaging film.37.These
materials  contribute more effective  waste
management system than the traditional petroleum
based polymers.

The backing laminates used for transdermal
patches should be chemically resistant, it should be
compatible with the drugs and other excipients such
as permeation enhancer, it should be non-toxic, it
should have higher flexibility, it should have good
oxygen transmission and higher moisture vapor
transmission rate .17,18

6.Release liners :-

Release liners provide protection to the
patch during storage and it should remove before the
application to the skin the liner is directly in the

contact with the TDDS.38,39.A release liner is
typically made of paper, plastic film such as
polyester or polyethylene or aluminum foil coated
with a release agent like silicone and Teflon.39. It is
main function is to prevent premature adhesion,
contaminationand storage.

The liner must be chemically inert, flexible
and easily removable without affecting the adhesive
strength or drug release characteristics of the patch.
In the TDDS, release liner also helps maintain
product stability and uniformity until
application.40,41,42.

7.0ther excipients like plasticizers and solvents :-
Other excipients consist plasticizers such as
dibutyl phthalate triethyl citrate, propylene glycol
and solvent such as chloroform methanol are used.
In environment friendly transdermal patches ethanol
limonene,terpenes (pinene,menthol) these natural
compounds are used as alternative options for
traditional solvents.Eco-friendly plasticizers such as
glycerol and polyethylene glycol, citrate esters
(triethyl citrate, acetyl triethyl citrate), vegetables oil
(sunflower oil) are used in transdermal.42
Plasticizers are generally used to give or provide
flexibility to the transdermal patch and also
processability to the patch. Plasticizers should be
able to provide desire thermal -electrical and
mechanical characteristics to the end product.
Plasticizers improve the resistance and tear strength
of the polymer film.43
Deep ecutectic solvent (DES)and natural deep
eutectic solvent (NEDES) such as ethanol ,terpenes
,and water are used in transdermal delivery system.
Because they are less toxic biodegradable and
having high drug solubilization ability . They are
eco-friendly and cheap and does not cause any harm
to the environment and thus used to make eco-
friendly transdermal patches in transdermal drug
delivery system.44.

<> Strategies for preparation of eco-
friendly transdermal patches —

1.Selection of natural polymers

Polymers playcrucial role in transdermal patches or
in TDDS. For making environment friendly
transdermal patches selection of natural polymers is
very important .For making environment friendly
transdermal patches in TDDS use of biopolymers or
use of sustainable materials are essential over the
synthetic ones. Natural polymers such as chitosan
,alginate ,starch ,cellulose are usedfor making
polymer matrix , backing layer ,adhesivesetc.These
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are biodegradable and reduce environmental harm.
For making ecofriendly and biodegradable
transdermal delivery system the patches should be
formulated using natural polymers .

There are many sources of natural polymers . they
are derived from natural sources such as plants(eg
ofplant based polymer is sodium alginate )35,36 ,38

2.Solvent casting method-

Solvent casting method is widely used for
preparation of polymer film forenvironment friendly
drug delivery systems. Solvent casting is the method
in which the polymers are dissolved in solvent and
to remove the solvent drying is carried out at the
specific temperature and cast into films . Solvent
casting is widely used method for Omaking the
composite films by dissolving the materials into the
organic solvents or water to achieve desired
dispersion and homogenesity of the film forming
solution. The solution is poured into the petri plate
or glass sheet. After this the plates placed for drying
into hot air oven at least 14- 14 hrs . The time is
depends upon the solvent and their constituents
Carboxymethyl cellulose and guar gum with
nanomaterial an active natural antioxidant film is
made by solvent casting method 36,44,45,56.

In this method there is no requirement of special
equipment for experiment

3.Phase inversion:

Phase inversion is also known as Non-solvent
induced phase separation It is widely used
technique for making polymeric membranes for
both flat sheets and hollow fiber membrane
types.The polymeric membranes made by using
phase separation having size ranging between
nanometer to micrometer. By comparing various
thermogenic separation processes like caryogenic
distillation phase inversion is beneficial because it
hasadvantages such aslower energy requirements
,compactdesigning ,mechanical simplicity etc.

In transdermal patches due to asymetrical membrane
structure it provides control release of the drug
through the membranebecause of micropores this
method provides versatility by adjusting with
polymer concentration, solvent non solvent type,
polymer type etc.By phase inversion it enhance the
permeability of the skin.

4.Electro spraying or electro spinning :-

Electrospinning is most popular method for
fabrication nanofibers by providing the strong
electric charge in the polymers solution which
results into formation of nanofibers. Electrospinning

is simple technique and cost effective and having
potential to scale up and having ability to spin broad
range of polymers. The morphology of the resulting
fibers such as diameter, surface area, and
orientations is strongly governed by electrospinning
parameters, allowing precise control over material
properties.

Electrospraying is also called EHD automization
(EHDA) it is the modified version of
electrospinning. It is the technique used to make
micro and nanoparticles for drug delivery system.
These technique is also wused for making
biodegradable polymeric micro and nano particle for
in transdermal patches in TDDS.

5. Biodegradable microneedles:

Hypodermic needles and transdermal patches are
most comely used in transdermal systems
Biodegradable microneedles are great alternative
option for transdermal patches and hypodermic
needles. Hypodermic needles are less acceptable by
patients because it causes pain after administration
and transdermal patches have limited drug dose
delivery. Microneedles are the option for drug
delivery system which overcomes all the
disadvantagesof =~ hypodermic needles and
transdermal patches.51,52.

> Evaluation test for transdermal patches:
Transdermal patches are made to enhance the
efficacy and patient compliance. Transdermal
patches are used for deliver the small amount of
drug through the skin.

Evaluation studies for transdermal patches becomes
important for ensuring the desired therapeutic
effects and determining the changes or
reproducibility due to environmental conditions.
Evaluation of transdermal patches involves
1.Physicochemical evaluation.

2. In-Vitro evaluation studies

3.In-Vivo evaluation studies

1.Physicochemial evaluation

A.Thickness of the patch

Thickness of patch is determined at various points
of patch.Thethickness of the patch is measure by
digital micrometer or screw guage,dial guage at
different points of the film of the transdermal patch.
To ensure the thickness of patch the average
thickness and standard deviation for same patch is
determined.

B. Weight uniformity:
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To evaluate the weight uniformity minimum 10
randomly selected patches are used for weighing.
Before testing the patches are dried at 600C for 4
hrs. The average weight and deviated values of the
patches are calculated for the weight uniformity of
the patches.

C. Determination of drug content:

The specific area of the film or the patch to be
evaluated is dissolved in the suitable solvent in
specific volume for a specific time period.Then the
solution is shaken wupto 24 hr in shaker
incubator.Thenthe solution is filtered through the
suitable filter medium. Then filtered solution is
analyse through the various techniques such as UV
spectroscopy,HPLC etc. Each value represents the
average of three samples.

D. Drug excipients interactions studies:

These studies are mandatory for the determination
of the interactions between the drug and the
excipients. These studies are carried out for
preparing the compatible and stable product.These
studies are carried out using techniques such as UV
technique, IR  techniques  chromatographic
techniques by comparing their physiochemical
properties such as assay, melting points,adsorption
maxima etc.

E. Moisture content:

The moisture content is calculated by the formula.
The formula for the moisture content is

%moisture loss = [(initial weight - final wt)/final
wt]x100. For moisture content the prepared film is
weight initially and placed into the desicator
containing calcium chloride for 24 hrs at room
temperature. After the interval reweighed the sample
and put the initial value and final value into the
moisture contentformula.

F. Swellability Test:

A Swellability Test (also known as a Swelling Index
Study) is a critical physicochemical evaluation for
transdermal patches, especially those utilizing a
hydrogel or hydrophilic polymer matrix. It measures
the capacity of the polymer matrix to absorb fluid
(like skin perspiration or moisture) and expand. This
expansion is vital because the drug release rate in
many patches is controlled by the relaxation and
swelling of the polymer chains. As the polymer
swells, the "mesh size" of the polymer network
increases, allowing the drug molecules to diffuse out
more easily. Adhesion Over-swelling can weaken
theadhesive properties, causing the patch to fall off

the skin. Swelling studies are often followed by
Surface pH tests. If a patch swells too much and has
an extreme pH, it may cause skin irritation
(erythema)

G. Folding endurance:

The stirp of patch is cut evenly. Fold the strip
repeatedly from the same place until it breaks. The
number of times the strip is folded it gives the value
of folding endurance. Higher value of folding means
higher flexibility of the transdermal patch.

H.Flatness test:

In the development and quality control of
transdermal drug delivery systems (TDDS), the
flatness test is a physicochemical evaluation used to
ensure that the patch maintains a smooth, uniform
surface without constricting, curling, or warping
over time. Flatness Indicates that the patch surface is
perfectly smooth and stable. It will likely adhere
uniformly to the skin. Low Flatness (High
Constriction)means the patch may "peel off" at the
edges or fail to provide a consistent surface area for
drug permeation. This is often corrected in the
formulation stage by adjusting the concentration of
polymers or plasticizers. 18,1.

2.Invitro evaluation studies

Invitro evaluation studies are conducted outside the
living organism. These are also called as Invitro
release testing studies. This laboratory method is
used for measuring the rate and extent of drug
release. Invitro studies in TDDS is conducted on
diffusion cell of abdominal skin of male wistar rats.
The release of drug by in-vitro evaluation in TDDS
is determined by various methods such as The
paddle over disc, The cylinder modified USP Basket
etc. In Invitro studies the drug permeation is
measured in the presence and absence of the
permeation enhancers. The drug permeation
percentage is calculated and plotted against the time.
The flux is determined from the slope of the curve
constructed by the steady state values of the
cumulative amount of drug permeated (mg/cm) vs
time. Permeation coefficients(cm/hr) were conclude
by dividing the flux by initial drug load.19,55

3.Invivo evaluation studies

In vivo evaluation studies are the studies conducted
within the whole body of human or the animal to
study the pharmacokinetics profile of the drug and
also the efficacy and safety of the drug. The in-vivo
studies give true results which variesin in-vitro
studies. In-vivo studiesin TDDS are carried out on
animal model and human model.55
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Animal model:

In animal model mouse, wistar rats, hairless dog,
guinea pig, rabbit etc are used. In animal model
small scale studies are conducted. In this the non
hairy animals are more preferable than the hairy
animals to conduct the evaluation studies. Before
the clinical trials the evaluation study for
transdermal drug delivery system is conducted on
animal model.19

Human models:

In this model the largescalestudies are
conducted. In human modelstudy is conducted for
determining the side effects, skin irritation and
bioavailability of the drug on human skin. This
study or the clinical trials is conducted in phases
such as phase 1, phase 2, phase3, phase4the patch is
tested or applied on the human volunteers. In phase
1 the study in conducted in small number of
volunteers to determine the safety of the drug and
the transdermal drug delivery device. Phase 2 is
conducted to determine the efficacy and to
determine the required amount the drug for the
patient. Phase 3 is conducted on large scale human
volunteers to determine the safety and efficacy of
the drug or the device to the humans. Phase 4 is post
marketing studies on the humans to determine the
therapeutic effect, side effects, adverse effects on
the skin of different humans.19

II.  Conclusion

Transdermal drug delivery systems make
medicine easier and more comfortable for patients
by delivering through the skin in a controlled way
.They help to improve treatment effectiveness while
reducing side effects and the need of frequent
dosing .Using natural and biodegradable materials
makes these patches safer for both people and
environment by using the modern techniques like
electrospinning and biodegradable microneedles
.Transdermal patches are the very good option for
the drug delivery . Transdermal patches are simple
,ecofriendly , cost effective and safe for long term
clinical use drug delivery system .
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