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INTRODUCTION

The transdermal drug delivery system (TDDS), commonly known as "patches," is a dosage
form that is designed to distribute a therapeutically effective amount of drug over the skin of
a patient. The overall morphological, biophysical, and physiochemical aspects of the skin
must be studied in order to transfer medicinal agents via the human skin for systemic
action.’? Transdermal delivery not only allows for controlled, consistent drug
administration, but it also allows for continuous input of medications with short biological
half-lives and prevents pulsed entry into systemic circulation, which can result in undesirable
side effects. Transdermal drug delivery systems, controlled release systems, transmucosal
drug delivery systems, and so on are examples of novel drug delivery methods."®!

The stratum corneum, the outermost layer of the skin composed of keratin-rich cells

embedded in numerous lipid bilayers, is the primary barrier to most transdermal medication
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delivery. To circumvent the limited permeability of medications via the skin, a variety of
techniques have been proposed. The use of penetration enhancers, which increase the
permeability of the stratum corneum, is a popular method. These drugs partition into the
stratum corneum and interact with its contents to cause a reversible increase in skin
permeability.®” Permeation enhancers are agents that impair the skin's capacity to form a
barrier, making the skin more permeable and allowing medication molecules to pass through

more quickly.
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Skin structure

With a surface area of 1.7 m?, skin is the most accessible and largest organ of the body,
accounting for 16 percent of an average person's total body mass.[*% The skin's primary role
is to protect the body from germs, ultraviolet (UV) radiation, chemicals, allergies, and water

loss by acting as a barrier between the body and the external environment.™

The three main regions of the skin are

1. The epidermis, which contains the stratum corneum, is the outermost layer of the skin.
2. The dermis, the middle layer, and

3. The hypodermis is the innermost layer of the skin.[’>®

Epidermis

The epidermis is the skin's outermost layer, having a thickness of around 0.8 mm on the
palms of the hands and the soles of the feet.l*! The epidermal layers below the stratum
corneum are made up of multi-layered regions of epithelial cells, and the viable epidermis is
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often referred to as the epidermal layers.l***! The cellular content of the epidermis consists
predominantly of keratinocytes (approximately 95% of cells), with other cells of the
epidermal layers including melanocytes, Langerhans cells and merkel cells.* The stratum
corneum is the epidermis’ most superficial layer.*® It is in direct contact with
external environment, and its barrier properties may be attributed in part to its high density
(1.4 glcm® in the dry state) and low hydration (15-20%). The stratum corneum's cells are
mostly made up of insoluble keratins (70 percent) and lipid (20 percent).') The presence of
water in the stratum corneum is linked to the presence of keratin in the corneocytes.!**!

Dermis

The dermis is around 2—3 mm thick and is made up of collagenous (70%) and elastin fibers,
which provide the skin strength and flexibility.””) The dermis contains blood arteries that
supply nutrition to both the dermis and the epidermis. The dermis layer also contains nerves,

macrophages, and lymphatic veins.®

Hypodermis

The hypodermis, also known as the subcutaneous layer, is the skin's lowest layer and is made
up of a network of fat cells.!”! It is the layer that connects the skin to the body's underlying
tissues, such as muscles and bone. As a result, the hypodermis' main roles are physical shock
protection, heat insulation, and support and conductance of the skin's vascular and
neurological signals.*? Fat cells that reside in the hypodermis account for around half of the
body's fat, with fibroblasts and macrophages making up the rest of the hypodermis' cells.[**!

Barrier to drug permeation: The stratum corneum

The dead cells of the stratum corneum, which hinder the inward and outward circulation of
drug substances and have a high electrical resistance, are the principal barriers to absorption.
The stratum corneum is a heterogeneous tissue made up of Kkeratinized cells that have been
flattened. The outer layers of these cells are less densely packed than the granular layer
beneath them. As a result, the epidermal barrier becomes more impermeable in the lower
region, raising the possibility that a second barrier, the stratum corneum, exists at this level.

These horny cells have no nuclei and are therefore physiologically inactive.™
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Penetration enhancers

Permeation enhancers are defined as substances that are capable of promoting penetration of

drugs into skin and transdermal therapeutic systems offers a more reliable mean of

administering drug through the skin.™!

Properties of penetration enhancers™

1.

They should be pharmacologically inactive in the body. In other words, it should not bind
to receptor sites.

It should be nontoxic, irritant-free, and allergy-free.

The onset of effect must be quick, and the length of activity must be predictable and
appropriate for the drug being taken.

When the enhancer is removed, the horny layer should quickly and completely regain its
barrier properties.

When the barrier characteristics of the skin are eliminated, they should restore quickly
and completely.

All medications and adjuvants to be formulated in topical treatments and devices should

be chemically and physically compatible with the accelerant.

It should be a suitable solvent for drugs if it is liquid and will be utilised in large volume
fractions.
It should spread evenly on the skin and have a pleasant “feel” to it.

It should be easy to make dermatological preparations, transdermal devices, and skin

adhesives from it.

Advantages and Disadvantages of penetration enhancers?”

Advantages

1.

o &~ N

Using penetration enhancers, increase the drug's penetration rate to a level that is
sufficient for therapeutic efficacy.

It is useful for facilitating the absorption of non-absorbable medicines through the skin.

It can promote transdermal absorption of topical preparation.

It determines the rate of penetration in a transdermal drug delivery system.

Terpenes in propylene glycol solution, such as limonene, are good penetration enhancers
for cytotoxic drugs.

It also serves as a rate limiter.
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Disadvantages

1. The effective concentration of a drug differs from one drug to the next.

2. The use of various penetration enhancers in varied concentrations is entirely prohibited.
3. The physicochemical properties of enhancers have an influence on the body's side effects.

Types of penetration enhancers!*®!

1. Chemical enhancers

Mechanism of action

They act by three mechanisms

1. By disrupting the stratum corneum's lipid structure, which is highly organised.
2. By interaction with intercellular protein.

3. By improved drug or solvent partitioning into the stratum corneum.
Examples

1. Sulphoxides and similar  chemicals-dimethyl sulphoxide (DMSO),dimethyl
formamide(DMF), dimethyl acetamide(DMAC)

Azones

Pyrrolidones

Fattyacids—Lauric acid, Myristic acid and capric acid

oxizolidinones (4- decycloxazolidine-2-one)

Amine and Amides —Urea

Surfaceactiveagents—sodium lauryl sulphate, Benzalkonium chloride

© N o O s wN

cyclodextrins

2. Drug vehicle based

Mechanism

Interaction of enhancers with the stratum corneum and the development of a SAR for
enhancers with the best properties and the least toxicity.

Example

lon pairs and complex coacervates chemical potential adjustment.

3. Natural penetration enhancers

Mechanism

Mechanism for Terpenes It may increase one or more of following effects
1. Partition coefficient

2. Diffusion coefficient
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Lipid Extraction

3

4. Drug Solubility

5. Macroscopic Barrier Perturbation

6. Molecular Orientation of Terpenes Molecule with Lipid Bilayer
Example

1. Terpens-Menthol, Linalool, Limonene, Carvacrol.

2. Essential oil-Basil oil, Neem oil, Eucalyptus, Chenopodium, Ylang- Ylang.

4. Physical enhancers
Mechanism

Physical separation, magnetic separation, and ultrasonic separation are all methods for
improving penetration.
Examples
lontophoresis
Sonophoresis
Phonophoresis
Magnetophoresis
Electroporation
Thermophoresis
Radiofrequency

Needleless injection

© o N o gk~ wbh -

Hydration of stratum corneum

[ERY
o

. Stripping of stratum corneum

5. Biochemical approach

Mechanism

They act by modifying substances by converting it in to suitable form
Examples

1. Synthesis of bio-convertible prodrugs.

2. Co-administration of skin metabolite Inhibitors

6. Miscellaneous enhancers
Mechanism

Having Various Mechanism
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1. Lipid synthesis inhibitors

2. Phospholipids
3. Clofibric acid
4. Dodecyl-N,N-Dimethyl

Table no. 1: Examples of penetration enhancers.

Sr.no. | Drug Active ingredient Reference
1. | Acyclovir Dimethylsulfoxide 2]
2. | Bupranolol (BPL) 2-Pyrrolidone, 1-methyl-2- pyrrolidone, partially 122l

(BPL) methylated B-cyclodextrin (PMBCD)
3. | Acyclovir Dimethylsulfoxide 23]
4. | Piroxicam Saturated (lauric acid), monounsaturated (oleic acid) and 2]
polyunsaturated (linoleic and linolenic acids)
5. | 5-Fluorouracil, | Oleic acid (OA), ethanol, propylene glycol (PG) 23]
tamoxifen
6. | 5-Fluorouracil | 1,8-Cineole & Limonene 15]
(5- FU) &
Oestradiol
(CE)
7. | Lorazepam Surfactants (sodium lauryl sulfate (SLS), 271
cetyltrimethylammonium bromide (CTAB), benzalkonium
chloride or Tween 80
8. | Piroxicam Polyoxyethylene-2-oleyl ether (28]
9. | Piroxicam Polyoxyethylene-23-lauryl ether, Polyoxyethylene-2- oleyl 23]
ether, polyoxyethylene2-stearyl ether
10. | 5-Fluorouracil | Azone (AZ), lauryl alcohol (LA), and isopropyl myristate (50
(5- FU) (IPM)
11. | Piroxicam B-cyclodextrin 4]
(PX)
12. | Indomethacin, | Cardamom oil 32
Diclofanac &
Piroxicam
13. | Haloperidol Vitamins (ascorbic acid), Surfactants (cetrimide, 53]
polysorbate 20), Sulfoxides (dimethyl sulfoxide), Glycols
(polyethylene glycol 400, propylene glycol) and Amides
(urea)
14. | 17b-Estradiol | Glycerylmonolaurate (LAU), I-menthol (MEN), sodium 1341
(E2) caprate (CAP)
15. | Cyclosporin A | Ethanol, ethyl oleate, transcutol, isopropyl myristate, [35]
(CysA) ethanol, labrasol, propylene glycol, lauroglycol FCC
16. | Ligustrazine D-limonene, L-limonene, and a-terpinene 1301

Hydrochloride
(LH)
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Transdermal drug delivery system basic components
The drug.

Polymer matrix.

Permeation enhancers.

Adhesive.

Backing layer.

Release linear.

N o a b~ wDd e

Other excipients such as plasticizers and solvent

The drug

Properties®”

The drug's molecular weight should be less than 500 daltons.

The drug's affinity for both lipophilic and hydrophilic phases should be high.
The drug's melting point should be low.

The medicine should be effective with a daily dose of a few milligrames.
The drug's half-life (t1/2) should be short.

The drug must not cause skin irritation or an adverse reaction.

N o a s~ wDd e

Drugs that breakdown in the gastrointestinal tract and are inactivated by the hepatic first-

pass effect are good candidates for transdermal administration.

8. Tolerance to the drug must not develop due to transdermal delivery's near zero-order
release profile.

9. Drugs that must be administered for an extended length of time or that have side effects in

non-target tissues can be prepared for transdermal delivery.

Polymer matrix or matrices®

The polymer regulates the drug release from the device. For a polymer to be utilised in

transdermal patches, it must meet the following requirements.

i. The polymer's weight and chemical activity should be such that the specific drug
Molecular diffuses and is released appropriately through it.

ii. The polymer should be long-lasting.

iii. The polymer must not be harmful.

iv. The polymer should be simple to produce.

v. The polymer should be low-cost.
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vi. The polymer, as well as its degradation products, must not be poisonous or unfavorable to
the host.

Polymer used in transdermal drug delivery system®!

The backbone of TDDS is polymers, which regulate the drug's release from the device. The

drug can be dispersed in a liquid or solid state synthetic polymer basis to create a polymer

matrix. Furthermore, they must distribute a medicine consistently and effectively throughout

the product's stated shelf life and must be safe.

« Natural polymers: For example, cellulose derivatives, gelatin, shellac, waxes, gums, and
chitosan.

« Synthetic elastomers: For example, polybutadiene, polyisobutylene, silicon, nitrile,
acrylonitrile, neoprene, and butyl rubber.

« Synthetic polymers: For example, polyvinyl alcohol, polyvinyl chloride, polyethylene,
polypropylene, polyacrylate, polyamide, polyurea, and polyvinyl pyrrolidone.

Penetration enhancers!*”!

By modifying the barrier characteristics of the stratum corneum, penetration enhancers aid
drug absorption. Non-toxic, non-allergic, pharmacologically inert, tasteless, affordable, and
compatible with drug and excipients are all requirements for a penetration enhancer.
Intercellular lipid interactions can increase skin permeability by disrupting cellular structure

and thereby increasing skin permeability.

Other excipients*!

Adhesives

All transdermal devices are attached to the skin with a pressure sensitive adhesive that can be
placed on the device's face or in the rear and extends peripherally. Both adhesive systems
must meet the following requirements:

1. It should aggressively attach to the skin and be easily removed.

2. Shouldn't leave a sticky residue on the skin that can't be washed off.

3. Skin should not be irritated or sensitised., for example, Silicones, and polyisobutylene.

Backing membrane
Backing membranes are flexible and offer a good binding to the drug reservoir, as well as

preventing the drug from escaping through the top of the dosage form and allowing printing.
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For example, Metallic plastic, is an impermeable substance that protects the product while it

is being used on the skin. For example, cellulose derivatives and polypropylene silicon.

Linear
During storage, keep the patch safe. Before using, the linear is removed.

Types of transdermal patches*24*!

Single layer drug-in-adhesive

The drug is also contained in the adhesive layer of this system. The adhesive layer of this
kind of patch not only serves to adhere the numerous layers together, as well as the entire
system to the skin, but it also serves to release the drug. To the outer side of adhesive layer

there is lining of temporary liner and a backing.

Backing

%) Drug-in-Adhesive

Liner
Fig. Single layer drug-in-adhesive.

Multi-layer Drug-in-adhesive

In the same way that both adhesive layers are responsible for drug release, it's identical to the
single layer system. The multilayer system, on the other hand, adds a second layer of drug-in
adhesive material, usually separated by a membrane (but not in all cases). A temporary liner

layer and a permanent backing surround this patch.
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. Backing

%*J Drug-in-Adhesive

Membrane

oot

.'s Drug-in-Adhesive

Liner

Fig. Multi-layer Drug-in-adhesive.

Rservoir system

The drug reservoir is placed between an impermeable backing layer and a rate-controlling
membrane in this system. The drug can be released through a rate-controlling membrane that
is either microporous or nonporous. The drug can be in the form of a solution, suspension,

gel, or dispersed in a solid polymer matrix in the drug reservoir compartment.

Backing

B Drug

Membrane

— Adhesive

Liner

Fig. Reservoir system.

Micro reservoir system

The drug delivery system in this case is a hybrid of a reservoir and a matrix system. The drug
reservoir is created by suspending the drug in an aqueous solution of a water-soluble polymer
and then homogeneously dispersing the solution in a lipophilic polymer to produce thousands
of inaccessible, microscopic drug reservoir spheres. This thermodynamically unstable
dispersion is quickly stabilised by applying crosslinking agents to crosslink the polymer in

situ.

www.wipr.net | Vol 10, Issue 10,2021. |  1SO 9001:2015 Certified Journal | 391



Shelke et al. World Journal of Pharmaceutical Research

 Backing

- Adhesive

B Drug
" Liner
Fig. Matrix system.

Drug in adhesive system:- The drug reservoir is created by dispersing the drug in an
adhesive polymer and then spreading the medicated adhesive polymer on an impervious
backing layer by solvent casting or melting (in the case of hot melt adhesive). For protection,

unmediated adhesive polymer films are put on top of the reservoir.

Backing
%*. Drug-in-Adhesive
Liner
Fig. Drug in adhesive system.
Matrix dispersion system:- The drug is dispersed uniformly in a hydrophilic or lipophilic
polymer matrix in this type. In a compartment made from a drug impermeable backing layer,
a drug-containing polymer disc is fixed to an occlusive base plate. Instead of applying

adhesive to the face of the drug reservoir, a strip of adhesive rim is formed by spreading it

around the circumference.
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Evaluation parameters

1. Interaction studies!***!

Excipients are a necessary component of almost every pharmaceutical dosage form. The
compatibility of the drug with the excipients, among other things, determines the stability of a
formulation. To make a stable product, the drug and excipients must be compatible with one
another, therefore any possible physical or chemical interaction must be detected, as it can
alter the drug bioavailability and stability. Compatibility studies are important in the
formulation development of new excipients that have never been utilised in formulations
containing the active ingredient. By comparing their physicochemical properties such as
assay, melting endotherms, characteristic wave numbers, absorption maxima, interaction
studies, etc. are often carried out in Thermal analysis, FT-IR, UV, and chromatographic

procedures.

2. Thickness of the patch!*®
Using a digital micrometer, the thickness of the drug-loaded patch is measured at several
points and the average thickness and standard deviation are calculated to ensure the thickness

of the created patch.

3. Weight uniformity®*®!

Before testing, the prepared patches must be dried at 60°C for 4 hours. A defined patch area
must be split into distinct sections and weighed in a digital balance. Individual weights will
be used to establish the average weight and standard deviation.

4. Folding endurance!®
A strip of a specified area must be cut uniformly and folded repeatedly at the same place until
it breaks. The value of the folding endurance was determined by the number of times the film

could be folded in the same place without breaking.

5. Percentage moisture content!*®!

The prepared films must be weighed individually and maintained at room temperature for 24
hours in a desiccator containing fused calcium chloride. After 24 hours, reweigh the films and
use the formula below to calculate the percentage moisture content.

Percentage moisture content = [Initial weight- Final weight/ Final weight] x100.
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6. Percentage moisture uptake!*®!

To maintain a RH of 84 percent, the weighed films must be stored in a desiccator at room
temperature for 24 hours in a saturated potassium chloride solution. After 24 hours, reweigh
the films and use the formula below to calculate the percentage moisture uptake.

Percentage moisture uptake = [Final weight- Initial weight/ initial weight] x100.

7. Water vapour permeability (WVP) evaluation®*”!

The water vapour permeability can be determined using the foam dressing method, which
uses a natural air circulation oven instead of an air forced oven. The WVP can be calculated
using the following formula.

WVP=W/A

Where, WVP is expressed in gm/m? per 24hrs,

W represents the amount of vapour permeated through the patch in gm/24 hours, and A

represents the surface area of the exposure samples in m?.

8. Drug content!*”]

A certain area of the patch must be dissolved in a precise volume of a suitable solvent. The
solution is then filtered via a filter medium, and the drug content is determined using the
appropriate method (UV or HPLC technique). Each value represents average of three

different samples.

9. Uniformity of dosage unit test!*®!

A accurately weighted portion of the patch should be cut into small pieces and transferred to
a specific volume volumetric flask, dissolved in a suitable solvent, and sonicated for
complete drug extraction from the patch, and made up to the mark with the same. After
allowing the solution to settle for about an hour, the supernatant was diluted to the required
concentration using a suitable solvent. The solution was filtered through a 0.2m membrane
filter and then analysed using a suitable analytical technique (UV or HPLC) to determine the

drug content per piece.

10. Polariscope examinationt*®!

The purpose of this test is to use a polariscope to examine at the drug crystals on the patch.
To determine if the drug is present in crystalline or amorphous form in the patch, a certain
surface area of the piece should be kept on the object slide and the drug crystals should be

observed.
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11. Shear adhesion test!*®!

The purpose of this test is to determine the cohesive strength of an adhesive polymer. The
molecular weight, degree of crosslinking, polymer composition, type, and amount of tackifier
applied can all influence it. A specified weight is hung from an adhesive coated tape that is
applied to a stainless steel plate, causing it to pull in a direction parallel to the plate. The time
it takes to pull the tape off the plate is used to assess shear adhesion strength. The longer the

time take for removal, greater is the shear strength.

12. Peel adhesion test!*®]

Peel adhesion is the force required to remove an adhesive covering from a test substrate in
this test. The peel adhesion capabilities were governed by the molecular weight of the
adhesive polymer, as well as the type and amount of additives used. A single tape is applied
to a stainless steel plate or a backing membrane of choice and then tape is pulled from the

substrate at a 180° angle, and the force required for tape removed is measured.

13. Thumb tack test!*®]
It is a qualitative test used to determine the adhesive's tack property. The relative tack
property is detected by simply pressing the thumb on the adhesive.

14. Flatness test!*]

Each film should have three longitudinal strips cut off it, one from the centre, other from the
left side, and another another from the right side. Each strip's length was measured, and the
difference in length due to non-uniformity in flatness was calculated using percent

constriction, with 0 percent constriction equivalent to 100 percent flatness.

15. Percentage elongation break test™®”
The percentage elongation break is determined by measuring the length shortly before the
break point and using the formula below to calculate the percentage elongation.
Elongation percentage = L1-L.2/L.2 x100
Where, L1 is the strip's final length and L2 is the strip's initial length of each strip.

16. Rolling ball tack test™!
This test determines how soft a polymer is when it relates to talk. In this test, a 7/16-inch-

diameter stainless steel ball is released on an inclined track and rolls down, coming into touch
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with horizontal, upward-facing adhesive. The tack, which is measured in inches, is

determined by the distance the ball travels along the adhesive.

17. Quick stick (peel-tack) test?®!
The tape is pulled away from the substrate at 90°C at a speed of 12 inches per minute in this
test. Tack value, which is given in ounces or grammes per inch width, is the peel force

necessary to break the bond between adhesive and substrate.

18. Probe tack test!®"!

The tip of a clean probe with a specific surface roughness is brought into contact with
adhesive in this test, and a bond between the probe and the adhesive is produced. The probe
is then mechanically broken when it is removed. Tack is the force necessary to pull the probe

away from the adhesive at a constant rate. It is measured in grams.

19. In vitro drug release studies™”

For assessing the release of the drug from the prepared patches, the paddle over disc method
(USP apparatus V) can be used. Dry films of defined thickness will be cut into a specific
shape, weighed, and adhered to a glass plate. After that, the glass plate was immersed in 500
mL of dissolving media or phosphate buffer (pH 7.4), and the apparatus was equilibrated at
32+0.5°C. The paddle was then placed 2.5 cm away from the glass plate and rotated at a
speed of 50 rpm. Samples (5-mL aliquots) can be taken at intervals of up to 24 hours and
examined using a UV spectrophotometer or HPLC. The experiment should be repeated three

times so that the mean value can be calculated.

20. In vitro skin permeation studiest*!

A diffusion cell can be used to conduct an in vitro permeation research. Male Wistar rats
weighing 200 to 250g have full thickness abdomen skin. Hair from the abdomen region
should be gently removed with an electric clipper; the dermal side of the skin should be
completely cleaned with distilled water to remove any adhering tissues or blood vessels, then
equilibrated in dissolving medium or phosphate buffer pH 7.4 for an hour. Before starting the
experiment, the diffusant was placed on a magnetic stirrer with a small magnetic needle to
ensure even distribution. A thermostatically controlled heater was used to keep the cell
temperature at 32+ 0.5°C. The epidermis of the isolated rat skin piece should face upward
into the donor compartment and be mounted between the compartments of the diffusion cell.

At regular intervals, a sample volume of specified volume should be withdrawn from the
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receptor compartment and replaced with an equal volume of fresh medium. Samples should
be filtered using a filtering medium and analysed using spectrophotometry or HPLC. The
slope of the curve between the steady-state values of the amount of drug permeated (mg cm™)
vs. time in hours was used to calculate flux, and permeability coefficients were calculated by

dividing the flux by the initial drug load (mg cm).

21. Skin irritation study!*®!

Healthy rabbits can be used to test for skin irritation and sensitization (average weight 1.2 to
1.5 kg). The rabbit's dorsal surface (50cm?) should be cleaned, and hair should be removed
from the clean dorsal surface by shaving. The surface should then be cleaned with rectified
spirit, and representative formulations should be applied over the skin. After 24 hours, the
patch should be removed, and the skin should be examined and graded into five grades based

on the severity of the skin injury.

22. Stability studiest*!

The TDDS samples must be stored at 40.55°C and 75.5% RH for 6 months in order to
undertake stability studies according to ICH guidelines. The samples were taken at 0, 30, 60,
90, and 180 days and analysed for drug content as needed.

CONCLUSION

Less absorption, more uniform plasma levels, improved bioavailability, decreased adverse
effects, efficacy, and product quality are all advantages of using a transdermal drug delivery
system for therapeutic therapy. When it comes to providing medication to small children and
the elderly, transdermal distribution enhances and simplifies patient compliance. Penetration
enhancers are used to increase the drug availability through intact skin. This article discusses
the nature of the skin and its barrier, as well as penetration enhancers, formulation, and
evaluation of transdermal patches. The transdermal medication delivery system has the

potential to become one of the greatest innovative drug delivery systems in the future.
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