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ABSTRACT:

TDDS is the best and easily self-administered system. It interacts with the skin and delivers the medicament in
a controlled manner into the systemic circulation. It reduces/avoids the side effect related to oral therapy, like-
hepatic first-pass metabolism, GIT irritation, etc. The skin infusion enhancer technique has been advanced to
improve the bioavailability of the drugs. So various Transdermal dosage forms have been prepared like:
Transdermal patches, Gel, Cream, Ointments, etc. The Transdermal route is a viable option to enhance the
variety of drugs. Transdermal drug delivery has become the primary route of delivery for a variety of
medications that would otherwise be difficult to supply. There are some advantages to Transdermal medicine
administration. Primarily to prevent first-pass metabolism and a stomach environment that would render the
drug inactive in pharmaceuticals used to treat skin problems as well as for systemic effects to treat ailments of
other organs. The therapy of hormone replacement, pain management, smoking cessation, neurological
ilinesses and angina pectoris like as Parkinson's ailment are all examples of Transdermal products and
applications. Formulated to distribute the medicine into the systemic circulation at an optimal pace, it must
stick to the skin for the desired period and not cause sensitization or skin irritation. By-passing first-pass
metabolism to enhance bioavailability Keeping pharmacokinetic peaks and troughs to a minimum, Tolerance
and dosage are being improved. In Continuous Delivery, increasing patient compliance is important.
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INTRODUCTION:

Oral administration is the frequent method of
medication distribution with significant demerits
such as reduced bioavailability as a result of
hepatic first-pass metabolism and a proclivity for
causing oscillations in blood level (both for low
and high). To address these issues, a novel drug
delivery mechanism must be developed that avoids
first-pass metabolism, reduces stomach discomfort,
and boosts drug bioavailability. As a result, a

system for Transdermal drug delivery has been
created..(1)

These are self-administered systems in which
medications are distributed to the blood circulation
through the skin in a controlled way.(2) Because
only a few medications can be given through the
skin and the topical formulation must remain intact
with the skin surface, the use of Transdermal
patches has recently been limited..(3)

The medicine is permeated through multiple layers
of skin(as shown in fig(a)) by a different method
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than the systemic circulation in the prime organ of
the human body.(4)
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Fig (a): Skin Cross-Section

PATHWAY OF DRUG PERMEATION
THROUGH THE SKIN: (as shown in fig(b))
|I.Paracellular/ Intercellular route: The drug
across epithelium membrane by transfer to the
systemic circulation through the tight junction or
intracellular spaces.(5)

2.Transcellular/Intracellular route: The drug
pass through both apical membrane and basolateral
membrane:(6)
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Fig(b): Permeation pathway
ADVANTAGES OF TDDS:

e Avoid first-pass metabolism. Transdermal
medicine offers a continuous permeation of a
substance over a long period of time.(7)

e Patient compliance is increased

e Adverse events are reduced Intra &inter-patient
variability is reduced as a result of the shortened
medication regimen.(8)

¢ No interference with the liquids in the intestines
and stomach.(9)

e Maintains blood levels that are stable, constant,
and under control for a longer period of
time.(10)

DISADVANTAGES OF TDDS:

e It's possible that the area where the application
is made will become inflamed. Problems like
local edema and erythema can be caused by
either the medication or some other additives in
the patch formulation.(11)

e Many hydrophilic medicines slowly penetrate
the skin and offer little therapeutic efficacy. On
the other hand lipophilic drugs are more suited
for Transdermal delivery.(12)

e The role of skin's barrier changes from a region
to the next on the similar human, from patient to
patient with age.(13)

e TDDS are not able to attain maximum drug
concentrations in the plasma or blood.(14)

METHODS TO IMPROVE DRUG

DELIVERY THROUGH SKIN:-

Various methods involve improving the drug

delivery through the skin which is shown below:

I. Drug/ Prodrug: The use of a prodrug to mount
Transdermal distribution of a medicament with
a low partition coefficient value has been
recommended.(15). The prodrug is usually
attached to the pro moiety to expand the original
drug solubility and compound's partition
coefficient in the stratum corneum.(16)

2. lontophoresis: In this electrical current should
be used which is generally of 500 microamperes
cm? and it generally increases the flow of drug
across skin. The current profile, valency,
polarity, and other factors all influence this
process.(17)

3. Eutectic system: It is the system in which a
single chemical compound or element becomes
solid at minimum temperature as compared to
other composition.(18)

4. Electroporation: The medication is injected
into the skin using a brief, high-voltage electric
current. Due to electric pulses, the small pores
can be formed on skin .(19)Commonly used
High voltage of 1000v and a short period of
milliseconds. Lipophilic medicines with a
molecular weight more than 7 kg Dalton are
typically tested using this approach.(20)

5. Chemical Enhancement: Chemical
compounds are employed in this procedure to
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modify the skin barrier function, allowing the
medicine to easily enter throughout the skin &
into the systemic circulation.(21).Substances
used like amines, alcohol, fatty acids, esters,
surfactant, and phospholipids.

6. Ultrasound: Small sound frequency waves
more than kHz are employed in this, which
damage the skin barrier. The range is 20 kHz-10
MHz, with an intensity of up to 3W cm3, and it
improves drug Transdermal distribution.(22)

TRANSDERMAL PATCHES:

A Transdermal patch, also known as a skin patch is
a medicinal adhesive patch which is applied over
the skin to administer a certain quantity of drug
directly into stream of blood over the skin.(23).The
degree at which the liquid medicine confined in the
patch's reservoir can travel over the skin into the
stream of blood is controlled by an unique
membrane.(24).Some medications must be mixed
with other substances, such as alcohol, in order to
enter the skin and be utilized in a skin patch.?%(25)

When Transdermal patches are utilized in

certain situations:

o If the patient is experiencing unbearable side
symptoms such as constipation or dysphagia.

o Where dependable administration could help
with pain control.

e Patch can be utilized in conjunction with some
other enhancing systems to get collaborative
results.

TRANSDERMAL CREAMS:

Creams are consist of medicament which is
dissolved or suspended in emollient bases, used to
treat skin-related problems and give localized and
systemic effects to the skin.(26)

Types of cream:

1.0il-in-water

2.Water-in-oil

TRANSDERMAL GEL:

Gels are semi-solid dosage form, there is the
interaction between colloidal particles in vehicle
like:-(27)

e Aqueous

e Hydro-alcoholic
e Alcohol-based
¢ Non-Aqueous

TRANSDERMAL OINTMENT: Ointments are
the semi-solid dosage system which is practical
over skin, eyes, and mucus membranes and used to
treat dry skin to cuts, scrapes, burn, bites, and
hemorrhoids.(28)

TABLE (1): FORMULATION PARAMETERS
FOR TRANSDERMAL DRUG DELIVERY
SYSTEM:

1. Molecular weight

Less than 400 Dalton

2. Elimination half-life Between 2-6 hours

3. Dosze Should be less than 20mg/day

4. Plasma protein binding | Should not more than 80%

&, Oral bioavailakality Should be minimum

COMPONENTS OF TDDS:

|I.Polymer-matrix:  Polymer should be
biologically &chemically compatible with
drugs and other  excipients like adhesive,
permeation enhancer, plasticizer, etc.(29)
(Various type of polymer are shown in fig(c) )

Various type of Polymers
~ used in TDDS
Natural Synthetic Synthetic
Polymer Elastomers Polymer

1.Polybitadiene,
2.Polyisobutylene,
3.5llicone,
4.Nitrile,

1.Polyvinyl
alcohol,
2.Polyethylene,
3.HPMC, etc.

1.Cellulose derivatives,
2.Gelatine,
ac,

5.Acrylonitrile,
6.Neoprene,
7.Butyl rubber,etc.

i s,
5.Gums,
5.Chitosn,etc.

Fig(c): The polymer most commonly utilized in the
manufacture of transdermal medication delivery
systems

2. Adhesive: It's commonly utilized to secure a
Transdermal patch to the skin. The drug
generally penetrates through this adhesive layer
in a controlled manner.(23)

Some examples of adhesive generally used in
TDDS: Polyacrylates, polyisobutylene, and
silicon, etc.

3. Backing layer: It is generally used for giving
support to patches and giving appearance and
flexibility to patch. Mercury is most commonly
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used as a backing layer in many research works.
(30)
Other backing films are wused like -
Polyethylene, propylene glycol, polyester film,
etc.

4. Drug: It is an active ingredient and only a few
drugs used in TDDS which follows the
criteria/parameters of TDDS.

5. Permeation enhancer: These mainly
increase skin permeability and change the skin
barrier to allow the desired penetrate to pass
through.(31) ( Various type of permeation
enhancer shown in fig (d) )

Permeation Enhancers
Bmary Mls:ellaneous

\1

1.Pr opyle 1Urea,
Tl 2.Calcium

2.0leicacld thioglycolate,e

1 Sodlum L

1.Dioc! tvl
sulphosuccinate,

4 fluronls taurocholate,

F127
2.Sodium lauryl % 2.Sodium
sulfate, 2PluronicF68 | geoxycholate

Fig(d): Types of Permeation enhancer

The flux of drug is given by:

J=X xCD

e Here D = coefficient of diffusion

e C = diffusing species

e X = gpatial coordinate

e Plasticizers: It improves polymer brittleness
and provides flexibility to patches.(32)

Examples: Glycol derivatives, phosphate esters,

etc.

APPROACHES OF TDDS:

Membrane infusion controlled drug delivery
system: A amount controlling membrane of
polymer, which can be micro-porous or non-
porous, encapsulates the drug reservoir.(33)

Example:

o Nitroglycerine is a Transdermal device that
releases nitroglycerine once a day and is used to
treat angina pectoris.

e A Transdermal device that releases
scopolamine to treat motion sickness.
¢ Clonidine patch for hypertension.

e Adhesive dispersion type system: A drug
reservoir can be formulated by the dispersion of
drug into an adhesive polymer, hot melting the
drug-loaded adhesive, and then attaching it with
a plane sheet of medicament-impermissible
metallic plastic backing to produce a slim
layered reservoir of drug.(34)

For instance

e An Isosorbide dinitrate-releasing Transdermal
treatment device is used once a day to treat
angina-pectoris.

e Matrix-diffusion controlled system:-It is
made by dispersion of drug elements uniformly
with a liquid polymer (lipophilic) or a viscous
base polymer (hydrophilic).(35) It is made
using the solvent evaporation approach, which
involves dissolving a medicine or polymer in a
common solvent at a high temperature or in a
vacuum. Then, in compartments to form drug-
impermeable plastic baking, the mixture of the
drug is mounted onto a base plate, and the
adhesive polymer is dispersed around the
circumference to create a safety rim around the
disc. (36)

Example:

e For the treatment of angina pectoris, a
nitroglycerine-releasing transdermal device at a
daily dose of 0.5g/cm2 is used.

e Micro reservoir type system: -This system
combines matrix and reservoir diffusion drug
delivery technologies. This system is formed by
suspending the medicament in an ag. solution of
a water soluble liquid polymer & then using a
high dispersion approach to dissolve the drug
suspension consistently in a lipophilic polymer
such as silicone elastomers. (37)

example:

e Nitroglycerine is released through a
Transdermal device once a day to treat angina
pectoris.
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TRANSDERMAL DRUG DELIVERY
SYSTEMS ARE PREPARED USING THE
FOLLOWING METHODS:

Asymmetric TPX membrane method:
TPX (4-methyl-1-pentene) is a polymer. A
patch can be constructed for a backing
membrane made of type 1009 (heat-sealable
polyester film)(3m) with 1cm diameter of
concave.(38).The sample of drug is distributed
into the membrane, by covering of TPX
(asymmetric membrane with an adhesive layer)
and sealed.(39)
TPX asymmetric membrane permeation: A wet
inversion method or a dry inversion process is
used to make these membranes. In order to
make a polymer solution, TPX is typically
dissolved in non-solvent additives and a mixture
of solvent (9-cyclohexane) at 60°C. And this
polymer solution was held at 40°C for one day
(24 hours) earlier being spread over a plate of
glass with a Gardner knife to determine the
predetermined thickness. After the casting film
has been evaporated for half minute at 50°C, the
plate of glass is directly placed in a 25°C
coagulation bath. After the 8-12 minutes of
soaking, the membrane can be detached and air
dried in a oven at 500°Cup to 12 hours.

2. Circular-Teflon mold method: Polymers in

different proportion are present in various
solutions that are dissolved in an organic
solvent. Then figure out how much medication
is dissolved in 1/2 liter of the similar solvent.
The various permeation enhancers are then
dissolved in the other half of the solvent in
varying quantities. Then, add Di-N-butyl
phthalate, as a plasticizer in the drug solution
and polymer. The combination of drug-polymer
solution was then agitated for 12 hours earlier
being put in the circular Teflon mold. An
reversed funnel is used to control vaporization
of solvent in a laminar flow hood model with a
0.5m/s airflow rate and 24 hour evaporation
period followed. The film is then dried and
stored in desiccators containing silica gel at
250.5°C to eliminate ageing effects before
being evaluated. Within a week after its
production, this style of picture can be
appraised.(40)

3. Mercury-substrate method: To begin, the

medicament is dispersed in a solution of
polymer comprising of plasticizer. The
solution was then agitated for 10-15 minutes in
order to ensure a consistent mixture earlier
being added into a flat surface of mercury with
covering of reversed funnel to avoid
evaporation of solvent.(41)

. By using IPM membrane method: To

begin, the medicament is dispersed in a polymer
solution comprising of plasticizer. The mixture
was then agitated for 10-15 minutes in order to
ensure a standardized mixture before being
added into a flat surface of mercury with
covering of reversed funnel to avoid
evaporation of solvent.(42)

. By using the EVAC membrane method:

Propylene-glycol is used in the manufacture of
gels when the drug is insoluble in water. The
medication is first dissolved in propylene-
glycol, and then carbopol resin is included. In
order to neutralize the solution, sodium
hydroxide 5% w/w was added. The medicine is
then poured over the rate-controlling membrane
layer, backing layer is placed over the gel, and
the borders of the patches can be sealed with
heat for leak proof devices.(43)

6. Aluminum-backed adhesive film method:

The aluminum-backed adhesive film approach
is employed for Transdermal systems with
loading doses larger than 10mg that produce
unstable matrices. Chloroform is utilized in this
procedure. After dissolving the medicine in
chloroform, the sticky material is added to the
solution of drug. Aluminum foil is used to line
a custom-made aluminum former, and the split
ends are blanked off with securely fitting of
cork blocks.(44)

. By-using the free-film method: Cellulose

acetate-free film is made by pouring chloroform
on a surface of mercury. A solution of polymer
with a concentration of 2% w/w is
made.(45).Plasticizers is added at a 40 % w/w
concentration to the polymer weight. Place a
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glass ring on top of a glass Petri-dish with
mercury poured over the surface, then pour a
5ml polymer solution on the glass ring. Then,
insert a funnel over a Petri dish to control the
pace of solvent evaporation. A slim film formed
over the surface of mercury after the solvent
was evaporated completely. The dried film was
then split and stored into a desiccator between
wax paper sheets until needed.(46)

FACTORS AFFECTING TDDS:
e pH: The pH of the skin is acidic (4-6).

Generally said that the acidic pH of skin
provides a defensive mechanism against
microbes.(47).The pH of the skin affected the
penetration of unionized drugs for absorption.
The skin is destroyed if the formulation has a
very low or very high pH.(48)

Temperature: When the skin's temperature
rises, the medication becomes more permeable
to the skin. Heat raises the kinetic energy of
proteins, lipids, and carbohydrates in cell
membranes across the skin, as well as the
kinetic energy of medication molecules. Due to
the increase in temperature, the movement of
the drug is also increased to the dermis and it
decreases the local delivery of the drug. The
permeability of the cell membrane changes
when the temperature changes by about 5
degrees Celsius.(49)

Molecular weight: The drug's molecular
weight is inversely proportional to its skin
absorption. The diffusion coefficient is
influenced by the drug's molecular weight. Less
than 500 Daltons in molecular weight is
required. Lesser the molecular weight more the
rate of permeation due to increase the
concentration ~ of  various  permeation
enhancers.(50)

Partition coefficient: It's indicated by Log P,
and it's used to figure out how much of a drug's
concentration is distributed in an organic or
aqueous solvent.. When the hydrophilic drug is
applied topically then they are poorly absorbed
because in the stratum corneum the partitioning
of the drug is very low.(51).The blood flow

clears the absorbed drug rapidly then levels of
tissue become low.

¢ Biotransformation of the drug in the skin:
It converted the prodrug into an active
metabolite, and decreases its bioavailability. In
the skin, the biotransformation of the drug is
less as compared to observe in the liver.(52)

e Hydration: The penetration of medicines into
the stratum corneum increases as consequences
of hydration. Hydration causes the opening of
pores in the stratum corneum and increases the
bioavailability of the drug.(53) Hydration occur
the flux across the skin, and drug partitioning
and transport across the skin.

e Age: The pH of your skin varies as you get
older. When it comes to hydrophilic drugs, the
permeation of the medication through the skin
is slowed as people become older, and the
amounts of lipids, such as ceramide, decrease as
well.(54)

e Gender: Because males have a thicker cellular
epidermal layer than females, percutaneous
penetration is lower in males than in
females.(55)

e Sun exposure: When the skin exposure to the
sun then the stratum corneum has become
thinner and in the case of the sun-protected area
then the stratum corneum is thicker.(56)

e Blood flow: When the blood flows through the
dermis then the absorption of the drug is limited.
e.g. if any drug cause constriction of vessels
and it is specified by another route, then it
affects the blood flow through the skin.(57)

e Skin condition: Because the stratum-corneum
layer of skin is less water-bound in atopic
dermatitis, the skin becomes dry. When
compared to healthy skin, the pH of atopic
dermatitis patients increased.(58)

EVALUATION OF TDDS:

e The patch’s width: The width of the patch is
calculated by the mean of digital micro-meter,
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and the standard deviation and average
thickness ensure the thickness of the prepared
patch.(59).Transdermal  film thickness is
determined by the screw gauge, microscope dial
gauge, or micrometer at different points of
film.(60)

Weight of uniformity: The patches were
dried for four hours at 60 degrees Celsius before
being tested. The patches are divided into
sections and weighed using a computerized
balance. The average weight and standard
deviation data have been derived using
individual weights.(61)

Folding endurance: A section of a patch has
been chopped off and folded repeatedly in the
similar plug until it breaks down. The endurance
of patch is measured by the numeral of times we
will fold the patch from the same location till it
breaks.(62)

Percentage Moisture content: Each patch
is weighed separately and maintained at room
temperature for 24 hours in desiccators with
fused calcium chloride.(63)

The patches are re-weighed after 24 hours and

calculated its %age moisture content by the
formula: -

Percentage moisture content
_ Initial weight — Final weight
- Initial weight

e Content uniformity test: Only 10 patches

are chosen from all of the patches, and the
content of each patch is determined. If the
content uniformity is between 85% to 115% ( 9
patches out of 10 patches ) and for one
individual patch content uniformity is within the
limit of 75% to 125% then the Transdermal
patches pass the content uniformity test.(64).
Further test is performed for 20 patches and its
limit is in between 85% to 115% then a test is
passed.(65)

Moisture Uptake: For 24 hours, all of the
patches are maintained in a desiccator (at room
temperature). After 24 hours, the patches were
removed & subjected to a saturated potassium
chloride solution in desiccators at 84 percent

relative humidity until they reach a consistent
weight..(66)
%Moisture uptake is calculated as: -

Percentage moisture uptake
_ Fimal weight — Initial weight
- Initial weight

Shear Adhesion test: This determined the
cohesive strength of adhesive polymers. An
adhesive film is applied to the stainless-steel
plate. And the determination of shear adhesion
strength by measuring the time taken to pull the
film off from the plate. The longer the time
taken greater will be its shear strength.(67)

Drug content: Dissolve a little bit of the patch
in a solvent after cutting it. The solution is then
filtered by a filter medium, and the content is
determined using a suitable technology such as
UV or HPLC.(68)

Peel Adhesion test: The power compulsory
to eliminate an adhesive covering from a trial
substrate is known as peel adhesion. It is
influenced by the adhesive polymer's molecular
weight. And the test is based on the power
necessary to eliminate a single coated film from
a substrate at the angle of 180°. (69)(as shown

in fig (e))

STANDARD PANEL

ADHESIVE FILM

Fig (e): Peel tack test

Rolling ball tack test: It entails measuring the
distance covered by a ball of stainless-steel with
an upward-facing adhesive; the fewer adhesive
used, the further the ball goes. This test is used
to determine how soft a polymer is.(70)(as
shown in fig(f) )
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Fig(f): Rolling ball tack test

¢ Quick stick test (peel tack test): The peel
strength is necessary to breakdown the binding
between a substrate and an adhesive at 90
degrees at a pace of 12 inches per minute in this
test. The tack value is reported in units (ounces
per inch width) of force.(71)

e Probe Tack test: The probe comes into
contact with the glue, forming a bond between
the two. A tack is the power necessary to pull a
probe far from an adhesive at a constant
proportion.(72)(as shown in fig (g) )

pDEESIVE FILA

I [, 00U AR WEIGHT

PROBE

FORCE GAUGE

Fig (g): Probe tack test

e In-vitro drug release study: The USP
apparatus (V) (paddle over-disc method) is
utilized to release the medication from the
prepared patches in this approach. Patches are
cut into precise shapes, weighed, and adhered to
a glass plate with glue. After that, the glass plate
is submerged in 500ml of dissolving media
(phosphate buffer pH 7.4). The paddle is 2.5cm
away from the glass plate, and it regulates the
speed to 50 rpm. 5ml sample is withdrawn at a
specific time interval up to 24 hours and then
analyzed on UV  spectrophotometer or
HPLC.(73)

In-vitro skin infusion investigation:
Diffusion cells are utilized to carry it out. Take
a skin of a male rat, the weighting rat is 200g to
250g. Hair will be cut from the abdomen region
by the electric clipper, and the dermal side of the
skin will be washed with water to eliminate
sticking blood vessels and tissue. Equilibrated it
on dissolution medium for an hour before
starting an experiment then placed it on the
magnetic stirrer. The thermostatically regulated
heater keeps the temperature at 32+0.5 degrees
Celsius. The skin of rat is sandwiched between
the donor compartment and the compartment of
diffusion cell, with the epidermis pointing
upward. At various time intervals, a certain
volume of the sample is withdrawn from the
receptor compartment. Then the sample is
filtered out from the filter medium and analyzed
by a spectrophotometer or HPLC.(74)(as shown
in fig(h) )

OPEN IN AR

CELL CAP(DONAR)

THIN FINITE DOSE

SALINE SOLUTION INJECTION
ouT PORT
SKIV 7

CELL BODY(RECEPTOR)

s T ATER. JACKET

Fig (h): Franz diffusion cell

e Skin-Irritation study: Take a well rabbit with

having an avg. weight of 1.2kg to 1.5kg. Then
remove the hair of the rabbit from the dorsal
side and after removal of hair clean the dorsal
surface with rectified spirit and apply your
formulation or patch on the skin.(75).After 24
hours, the patch is removed- Then, depending on
the degree of the skin injury, assess the
condition of the skin.

Stability studies: Stability tests are conducted
in compliance with ICH guidelines for 6
months, keep the TDDS sample at 75+
5%Rhand40+ 5°C. The samples were taken at
various time interludes of days (such as 0, 30,
60, 120 and 180) and the content of drug is
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analyzed. Stability tests are performed in
accordance with ICH guidelines. FOR 6
MONTHS, keep the TDDS sample at 40+ 5°C
and 75+ 5% Rh. The samples are taken at
various time intervals of days (such as 0, 30, 60,
120 and 180) and the drug content is analyzed.
(76)

TABLE (2): NEW DRUG APPROVAL FOR
TRANSDERMAL DRUG DELIVERY
SYSTEM?:

Marketed company | Formulation Approval | Disease
Year
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CONCLUSION OR SUMMARY:

TDDS is a suitable, trouble-free and possibly
successful technique of delivering a range of
medications. Unfortunately, the skin is immune to
all but the tiniest molecules when it comes to
Transdermal  technology.  The  continual
administration of medicine, which results in
consistent drug levels, is the key merit of TDDS.
Another benefit is the ease of weekly or biweekly
application, which encourages patient compliance.
Transdermal drug delivery technologies have
showed a lot of promise in recent years, and they're
becoming more prevalent in health care. As of the
existence of a somewhat impermeable thickness of
the stratum corneum layer, Transdermal
technology has limits in terms of treatment rates.
Only lipophilic, low molecular weight powerful
drugs can be delivered Transdermal due to the
barrier created by human skin.
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