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Abstract: Transdermal drug delivery systems (TDDS) are designed to administer a consistent and effective
dose of medication through the patient's skin. These pharmaceutical preparations are self-contained, discrete
dosage forms designed to be placed topically on intact skin to release the active component at a controlled rate
by penetrating the skin barriers. This medication provides a continuous and prolonged administration of a
substance at a consistent rate. TDDS, or transdermal drug delivery system, has gained significant attention as
a non-invasive method of administering drugs to vulnerable patient populations, such as pediatric and
geriatric patients. This approach is considered easy to administer and helps overcome the bioavailability issues
associated with conventional drug delivery, which can be hindered by poor absorption and metabolism. TDDS
has various advantages compared to conventional methods of drug administration. It is less intrusive, more
patient-friendly, and can circumvent first-pass metabolism and the corrosive acidic environment of the
stomach that happens when medications are taken orally. Multiple methodologies have been devised to
augment the transdermal permeability of diverse pharmaceutical substances. Recent advancements in
transdermal drug delivery systems have facilitated the precise delivery of medications to the intended site of
action by improving the penetration of drugs through the outermost layer of the skin, known as the stratum
corneum, resulting in enhanced drug availability throughout the body. This review seeks to provide a concise
overview of the several methods employed in the production of TDDS, as well as their evaluation, therapeutic
uses, clinical considerations and current advancements. These advancements have resulted in the development
of intelligent, biodegradable, and highly efficient transdermal drug delivery systems.

Keywords: transdermal drug delivery system; skin permeation; permeation enhancers; quality by
design approach; therapeutic applications

1. Introduction

The transdermal drug delivery system (TDDS) has garnered significant attention due to its
numerous advantages compared to conventional drug delivery systems. These advantages include
its simplicity, predetermined dosing, ease of handling, and the ability for self-administration [1].
Transdermal delivery provides a competitive advantage over injectable and oral formulations by
enhancing patient compliance and bypassing the first-pass impact. TDDS is a versatile
pharmaceutical preparation consisting of many layers, which can vary in size, and contain one or
more active chemicals. It is designed to be applied to the intact skin in order to be absorbed into the
bloodstream [2]. The medicine is transdermally delivered into the bloodstream at a predetermined
rate and then distributed throughout the body before reaching the intended location. Most
transdermal patches are designed to gradually release the active ingredients over many hours to days
once they are placed on the skin. The medicine initially permeates the stratum corneum and
subsequently traverses the underlying epidermis and dermis without any drug build-up in the
dermal layer [3]. Transdermal delivery offers both controlled and continuous administration of
pharmaceuticals, ensuring a steady supply of medication. It is particularly beneficial for drugs with
short biological half-lives, as it prevents the intermittent release of drugs into the bloodstream, which
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can lead to unwanted side effects. The quantifiable concentrations of the medication in the blood,
detectable elimination of the drug and its byproducts in the urine, and the patient's clinical reaction
to the provided pharmacological treatment can be employed to ascertain the percutaneous drug
absorption [4].

Nevertheless, the restricted practical applicability of TDDS is due to the low skin permeability
of certain medicines. The layered physiological composition of the skin serves as the primary obstacle
to transdermal drug delivery (TDD), and only certain medicines with particular physicochemical
characteristics can permeate the skin and enter the systemic circulation [5]. The percutaneous
absorption is influenced by various elements, including the drug's physical and chemical qualities
such as molecular weight, solubility, partitioning coefficient, and dissociation constant. Additionally,
the type of the carrier vehicle and the circumstances of the skin also have a role [6].

Various approaches and formulation strategies have been developed to enhance the transdermal
permeability of medications by overcoming the skin's physiological barrier. TDDS is composed of
pressure-sensitive adhesives that ensure the adhesion of the preparation to the skin [7]. The product
consists of a backing sheet that is impervious to both the active chemicals and water. Before placing
the patch on the skin, it is necessary to remove the protective liner that covers the releasing surface
of the patch. Transdermal patches have long been a subject of interest and have been utilized to
administer medications such as nicotine, fentanyl, nitroglycerin, and clonidine for the treatment of
diverse ailments [8]. The constraints and disadvantages related to the bioavailability of conventional
formulations justify the need for the development of TDDS to improve drug delivery and
penetration. The numerous advantages of various nanocarriers used in TDDS have attracted
significant interest from pharmaceutical experts and dermatologists [9]. Various medications are
offered in the form of transdermal patches, and the specific location where these medications are
applied can differ according to their therapeutic classification [10]. The duration of drug release is
also variable depending on the administration of these medications. The advantages and limitations
of TDDS are shown in Table 1 and Table 2 respectively.

Table 1. Advantages of TDDS [11, 12].

Advantages

The concentration of the drug can be reduced due to improved bioavailability, protecting sensitive drugs from the
harsh conditions of GIT
A simplified medication regimen leads to improved patient compliance and reduced inter and intra-patient variability
Dose frequency can be reduced, circumvents first pass effect of drugs
Can be used for chronic conditions that require drug therapy for a long period of time
Prevent the hassle of parenteral therapy since TDDS are non-invasive
Sustained release of drugs, Offers long duration of action, maintains a more uniform plasma drug concentration
It delivers a steady-state infusion of a drug over an extended time.
Therapeutic failures associated with intermittent dosing can also be avoided
Reduces the systemic drug interactions, self-administration is possible
The drug can be terminated at any point of time by removing the transdermal patch

Table 2. Limitations of TDDS [12, 13, 14].

Limitations

The drug must have some desirable physicochemical properties for penetration through the stratum corneum
Skin irritation or contact dermatitis at the site of application due to the drug, excipients and enhancers of the drug
used to increase percutaneous absorption
The barrier function of the skin changes from one site to another on the same person, person to person and with age.
Variability of application site conditions
Only potent drugs are suitable for transdermal drug delivery
Unsuitable for large molecules (M.wt above 500 Daltons), drugs metabolized in the skin and undergo protein binding
in the skin
The therapeutic efficacy of the medication can be affected by cutaneous metabolism



https://doi.org/10.20944/preprints202401.0524.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 January 2024 do0i:10.20944/preprints202401.0524.v1

The dosing option is limited. Inconsistent absorption

1.1. Skin Permeation as a Barrier

It is essential to provide a concise overview of the skin's function as a protective barrier to
enhance comprehension of the fundamental principles underlying the advancement of new
technologies associated with TDDS. The skin, which makes up around 16% of an adult's overall body
weight, is the biggest organ in the body. Therefore, it has a crucial function in preserving homeostasis
and serves as a barrier against external environmental dangers, both chemically, physically, and
biologically [15]. The skin has a surface area of approximately 2 square meters. It consists of five
layers in the epidermis, namely the stratum corneum (SC), stratum lucidum, stratum granulosum,
stratum spinosum, and stratum basale. The outermost layer is formed by the stratum corneum, as
shown in Figure 1a and 1b. The SC is a dense structure composed of fully matured keratinocytes that
are spread out in a lipid-rich environment. It has a thickness of around 10um and is recognized as
the step that controls the speed of absorption through the skin [16]. An undamaged and healthy
stratum corneum serves as a barrier against both hydrophilic substances and big molecules. SC covers
the viable epidermis consisting of numerous skin layers made of viable keratinocytes, which is
followed by the dermal layer consisting of connective tissues, fibroblasts and other extracellular
components such as hair follicles and glands. In order for a medicine included in the TDDS to enter
the bloodstream, it must initially permeate through the layers of the skin. Several variables can
influence the transdermal transfer of medications, including skin permeability, surface area,
application duration, and metabolic activity of the skin. Non-ionic and moderately lipophilic
medications effectively accomplish sufficient absorption and penetration through the skin [17]. The
transdermal medication delivery is restricted to medicines with a molecular weight of no more than
500 Daltons due to the SC's resistance to molecular diffusion. Nano-drug delivery systems with
advanced capabilities can effectively penetrate the epidermis and specifically target locations for
treating skin-related illnesses [18]. These nanocarriers effectively bypass the stratum corneum barrier
by enhancing drug solubility and penetrating the skin, enabling the precise delivery of the desired
dosage of the drug to the intended location [19].
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Figure 1. (a) Layers of the skin-schematic sectional view. (b) The epidermis layer of human skin.

1.2. Factors Affecting Transdermal Permeability

Transdermal drug delivery is not suited for all medicinal compounds. The physical and chemical
features of the drug, including its molecular weight, solubility, partition coefficient, and dissociation
constant, as well as the type of the carrier vehicle and the condition of the skin, all contribute to
percutaneous absorption. Drugs within the molecular weight range of 100-800 kDa, possessing
sufficient lipid and water solubility, are capable of penetrating the skin [20]. The optimal molecular
weight for a medication intended for TDDS should be approximately 400 kDa or lower [21].
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1.2.1. Physico-Chemical Properties of Parent Molecule

e  Solubility and Partition Coefficient

The solubility of a medication directly affects its capacity to permeate the skin and impact the
rate and degree of drug absorption. pKa is a measure of the drug's ability to dissolve in a solvent,
and the stratum corneum affects the movement of the drug from the solvent to the skin [22].
Enhancing the lipophilic nature of the medicine can increase its ability to permeate the skin, allowing
it to enter through the stratum corneum. However, it does not pass through the epidermis since its
water solubility has been reduced [23].

¢  pH Condition and Penetrant Concentration

An optimal pH level is beneficial and solutions with either high or low pH might cause skin
damage. The absorption rate increases as the concentration of the drug in the vehicle increases [24].

1.2.2. Physico-Chemical Properties of Drug Delivery System

¢  Release characteristics and Composition of drug delivery system

The release rate of a drug is determined by its solubility in the vehicle. The rate of release of
drugs will be influenced, as well as the permeability of the stratum corneum, through moisture and
interaction with skin lipids. The more the lipophilicity, the greater the drug absorption [25].

1.2.3. Physiological and Pathological Conditions of Skin
e Lipid Film and Skin Hydration

The lipid film functions as a barrier to inhibit the loss of moisture from the skin. The defeat of
this coating will reduce the rate at which medications are absorbed via the skin [26]. One way to
obtain skin hydration is by applying plastic sheeting to the skin, which results in the buildup of sweat,
condensed water vapors, improved porosity, and enhanced hydration [27].

° Effect of Vehicle

The absorption of the medicine and its effect on the skin can be influenced by a vehicle through
its impact on their physical state [28]. Paraffin-based products have a higher level of occlusiveness,
whereas water-in-oil based products have a lower level of occlusiveness. The presence of humectants
in bases will cause skin dehydration and reduce the rate of absorption through the skin [29].

1.2.4. Biological Factors
e  Skin Age and Skin Condition

The skin of a fetus, young individuals, and elderly individuals is more porous than the skin of
adults. The viability of the dermis is higher than that of the dermis. The local and systemic
bioavailability of a topically administered medicine can be influenced if it undergoes metabolism
during penetration [30].

2. Kinetics of Transdermal Permeation

An understanding of the kinetics of skin permeation is crucial for the effective creation of
transdermal therapeutic systems [31]. The process of transdermal medication penetration consists of
the following sequential steps, shown in Figure 2:

(a) Absorption by the outermost layer of the skin, known as the stratum corneum
(b) Drug permeation through the viable outer layer of the skin
(c) Absorption of the drug by the network of small blood vessels in the upper layer of the dermis

[32]

Permeation is only possible if the medication exhibits specific physicochemical features. The
equation provided represents the rate at which a substance passes through the skin, known as
permeation rate (dQ/dt):
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dq
dr =F(Ca— C)

Where C; and C, are the concentrations of skin penetrant in the donor compartment (on the
surface of stratum corneum) and in the receptor compartment (body) respectively. P;is the overall
permeability coefficient of the skin tissues. The permeability coefficient is given by the relationship:
_ K Dss

hs

K, represents the partition coefficient for the transfer of the penetrant molecule from a
transdermal therapeutic system to the stratum corneum. D is the apparent diffusivity for the
steady-state diffusion of the penetrant molecule through the skin tissues, and h; is the total thickness
of the skin tissues. Given that K, Dss and h; remain constant under the above conditions, it may be

Ps

inferred that the permeability coefficient remains constant as well.

A constant rate of drug permeation can be obtained only when C;>>C,. i.e., the concentration of
drug at the surface of the stratum corneum (C,;) is consistently and substantially greater than the
drug concentration in the body (C,). Then the equation becomes:

dq
—=FC
dt s “d

The rate of skin permeation (dQ/ d¢) 1s constant provided the magnitude of C; remains constant
throughout skin permeation [33]. Hence, the drug should be released from the device at a rate (R;)
that is either constant or greater than the rate of skin uptake (R,). i.e., R.>>R,, which is shown in the
Figure 3.
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Surface Solution Epidermis Dermis
Subdermal Tissue

Figure 2. Schematic representation of the relationship between the rate of drug release (Rr) from a
transdermal drug delivery system (TDDS) and the rate of drug absorption (Ra) by the skin.

Since R, is greater than R,, the drug concentration on the skin surface C; is maintained at a
level equal to or greater than the equilibrium or saturation solubility of the drug in the stratum

corneum Cj. i.e.,, C;>>Cs. Hence a maximum rate of skin permeation [(dQ/ dt) m] is obtained and is

given by the equation [34]:

(dQ/dt)m = B G

The equation above demonstrates that the highest rate of skin permeation is determined by the
skin permeability coefficient (Fs) and its equilibrium solubility in the stratum corneum (Cs). Drug
absorption via the skin seems to be restricted by the stratum corneum. The kinetics of skin permeation
can be analyzed using in-vitro investigations utilizing a freshly excised skin sample affixed to a
precisely calibrated skin permeation cell [35].
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3. Basic Components and Classification of TDDS

The TDDS consists of many layers to facilitate the transport of medication from the skin to the
bloodstream [36]. The Figure 3 below illustrates the fundamental elements of a TDDS. The backing
layer functions as the outermost layer of the TDDS and protects the other layers from the surrounding
environment. The backing layer must possess impermeability to both the medication and penetration
enhancers. The typical composition of this layer consists of a pliable and impermeable substance,
such as polyethylene, polypropylene, or polyester [37]. The adhesive layer functions to affix the patch
onto the skin and secure its position. The product is composed of a potent, pressure-responsive,
hypoallergenic adhesive that is mild on the skin. Widely utilized adhesives include silicone
adhesives, polyisobutylene, and polyacrylate-based adhesives [38]. The drug reservoir is the
fundamental component of TDDS. It comprises pharmaceutical substances that are administered
transdermally. The formulation is designed to gradually release the medication at a consistent pace
throughout a specific duration. The drug-release membrane regulates the rate of drug release from
the patch [39]. Membranes consist of semipermeable substances that enable regulated passage of
medicines. Polyethylene sheets, ethylene vinyl acetate copolymer, and cellulose acetate serve as
membranes that limit the rate of a process.

ORUG RESERVIOR
BAKING ALM

ORUG RELEASE MEMBRANE
ADHESIVE

Figure 3. Basic components of a TDDS.

3.1. Polymer Matrices

The polymer regulates the release of the medication from the device. The polymer's molecular
weight, glass transition temperature, and chemical activity must be carefully selected to ensure
optimal diffusion and release of the specific medication [40]. The ideal characteristics of the material
include stability, non-reactivity with the medicine, ease of manufacturing and fabrication, and cost-
effectiveness. The polymer and its byproducts must be biocompatible with the host. The polymer's
mechanical characteristics should not undergo substantial deterioration when significant quantities
of active substances are integrated into it [41]. The polymers utilized in TDDS encompass natural
polymers, synthetic elastomers, and synthetic polymers are shown in Table 3.

Table 3. Polymers used in TDDS. [42].

Natural Polymers Synthetic Elastomers Synthetic Polymers
Polyvinyl chloride, polyvinyl
. . Polybutadiene, hydrin yviny - POYVIRY
Cellulose derivatives, zein, . . alcohol, polyacrylate,
. rubber, polysiloxane, silicone
gelatin, waxes, shellac, gums polypropylene, polyethylene,
. L rubber, butyl rubber, . .
and their derivatives, o polyamide, polyuria,
. acetonitrile, styrene-
proteins, natural rubber and ) polymethyl methacrylate,
butadiene rubber, neoprene .
starch epoxy and polyvinyl

and nitrile ;
pyrrolidone

do0i:10.20944/preprints202401.0524.v1
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3.2. Drug Reservoir

The drug reservoir comprises drug particles that are either dissolved or dispersed throughout
the matrix, facilitated by solvents and cosolvents. The selection of the drug for the effective
development of TDDS should be done with meticulous consideration [43]. The Table 4 below shows
some of the ideal characteristics of a drug for transdermal delivery.

Table 4. Ideal characteristics of a drug. [44].

Physicochemical Properties Biological Properties
Only potent medications with a daily dosage
in the range of a few milligrams per day are
appropriate
The half-life of the drug should be short and
he drug should not induce an allergic
response
Drugs that undergo degradation in the
The drug should possess a low melting gastrointestinal tract or are rendered inactive
point by the hepatic first-pass effect are
appropriate choices for TDDS
Drugs that require prolonged administration
or have adverse effects on tissues other than
the intended target can also be developed as
TDDS

The molecular weight of the drug should
be less than 1000 Daltons

The drug should have an affinity for both
hydrophilic and lipophilic phases

3.3. Permeation Enhancers

Permeation enhancers are chemicals that modify the skin's barrier to allow for increased
penetration of desired substances. The flux ], of a drug across the skin can be written as [45]:

D dc
/= dx

The diffusion coefficient, denoted as D, is influenced by various factors such as the size, shape,
and flexibility of the diffusing molecule, as well as the resistance of the membrane. The concentration
of the diffusing molecules is represented by C, while x represents the spatial coordinate [46].
Permeation enhancers are believed to influence one or many layers of the skin in order to promote
the penetration of substances into the skin. Several compounds have been examined for their capacity
to increase the permeability of the stratum corneum [47]. They are categorized in the following
manner, shown in Table 5. List of transdermal chemical penetration enhancers with active ingredients
and mechanism of action is given in Table 6.

Table 5. Classification of permeation enhancers. [48, 49].

Miscellaneous

Solvents Surfactants Binary systems
Y sy compounds

They are used to enhance polar
pathway transport, especially of
hydrophilic drugs. These compounds

They increase the penetration by

swelling the polar pathway and by These systems open up the

These include urea

fluidizing lipids. heterogeneous multilaminate
& 1P are, however, skin irritants. & (hydrating and
.. pathway as well as the .
Anionic surfactants can penetrate and . keratolytic agent), N, N
Examples: continuous pathways.

interact strongly with the skin and can dimethyl-m-toluamide,
calcium thioglycolate,
eucalyptol and soyabean

casein.

Water, alcohols, alkyl methyl

induce large alterations in the skin.
sulfoxides, dimethyl acetamide, &

Cationic surfactants are more irritant
than anionic surfactants, hence they
have not been widely used as skin
permeation enhancers.

Examples:
dimethyl formamide, pyrrolidones, Propylene glycol-oleic acid,
propylene glycol, glycerol, silicone 1, 4 butane diol-linoleic acid.

fluids, and isopropyl palmitate.
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Of the three classes of surfactants,
nonionic surfactants have been
recognized as those with the least
potential for irritation and are widely
used.

Examples:

Anionic surfactants: Dioctyl
sulphosuccinate, sodium lauryl
sulphate, decodecylmethyl
sulphoxide.

Nonionic surfactants: Pluronic F127,
Pluronic F68.

Bile salts: Sodium taurocholate,
sodium deoxycholate, sodium
tauroglycocholate.

Table 6. Chemical penetration enhancers and their mechanism of action. [50-55].

Chemical penetration

Drugs used Mechanism of action
Enhancers

Zidovudine Disrupt the lipid bilayer of the stratum corneum (SC),
Imipramine hydrochloride increased drug partitioning in the SC
Naloxone
Dimethyl sulphoxide Hydrocortisone
Naloxone
Bupranolol
Ketoprofen
Alcohols leocal.ne Alter the drug solubility in the SC, extract the lipids of SC
Thymoquinone
Propranolol
Fatty acids Flurbiprofen Interact with the lipid bilayer.
Theophylline
Metronidazole Disrupt the lipid bilayer of the SC, increase the hydration
Indomethacin of the SC

Terpenes

Disrupt the lipid bilayer of the stratum corneum (SC),
denature the proteins of the SC

Pyrrolidone Change the solubility properties of the SC

Urea

Table 7. Other excipients used in TDDS. [56, 57].

Adhesives Backing membrane

The attachment of transdermal drug delivery systems It is a material that is impervious and provides protection
(TDDS) to the skin has been achieved through the to the product when applied to the skin. Example:
utilization of a pressure-sensitive adhesive. The adhesive is Metallic plastic laminate, plastic backing with absorbent
applied either on the front or rear of the device and extends pad, occlusive base plate, adhesive foam pad (flexible
around the edges. It must meet the following criteria: polyurethane)
Should not cause irritation or sensitization to the skin upon
contact. The medication should firmly adhere to the skin ~ They are flexible and provide a good bond to the drug
throughout the dosing period without being displaced by reservoir
activities.

It should have a simple removal process and should not
leave a permanent residue on the skin. Should come into
direct contact with the skin. Commonly employed pressure-
sensitive adhesives encompass polyisobutylenes, acrylics,

Prevent drug from leaving the dosage form through the
top

and silicones.
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3.4. Classification of TDDS

The TDDS can be classified into two major categories namely; rate-programmed transdermal
drug delivery system and physical stimuli-activated transdermal drug delivery system [58], as shown
in Figure 4.

*Drug in reservoir
*Drug in matrix

¢Drug in adhesive
*Drug in microreservoir

e Structure based systems (example: Microneedles)
*Velocity based systems (example: Jet propulsion)
e Electrically based systems (example: Microneedles)
e lontophoresis
e Electroporation
*Sonophoresis
¢ Photomechnaical waves

Figure 4. Classification of TDDS.

4. Quality by Design (QbD) Approach of TDDS

The optimization of transdermal drug delivery systems (TDDS) is achieved through the use of
experimental design techniques [59]. The study focuses on investigating the impact of temperature
and occlusion on drug flux by examining the stability of thermodynamic changes, crystallization, and
polymer crosslinking. Utilizing the Quality by Design (QbD) methodology in the production of TDDS
assures the excellence, security, and effectiveness of the end pharmaceutical product, resulting in an
effective formulation optimization [60]. Design of experiment (DoE) enhances the quality of the final
formulation in this particular instance by minimizing the number of necessary trials. These
experiments have been verified using various mathematical models. The models employed include
the Box-Behnken design, central composite rotatable design, surface response composite design, and
randomized fractional factorial design [61]. The ANOVA statistically confirmed the factors that had
a substantial impact on the dependent variables. The implementation of QbD in the creation of
pharmaceutical products leads to enhanced manufacturing and development efficiency, as well as
the identification of potential dangers and characteristics that may impact product quality [62].

Recently, a number of researchers have been utilizing the QbD methodology in the creation of
TDDS in order to get superior pharmaceutical goods [63]. This is accomplished by comprehending
and managing the formulation, materials, and manufacturing variables. The application of QbD has
been utilized to enhance the drug release and targeting, as well as to optimize the pharmacokinetics
and pharmacodynamics features of TDDS [64].

Critical Quality Attributes (CQAs)

CQAs are generally related to the selection of the correct amount of excipients and drugs, which
affects the performance of the product [65]. The critical quality attributes are described in the fishbone
or Ishikawa diagram as shown in Figure 5.
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Approaches Used Components Production Techniques
Asymmetric TPS membrane metho
Membrane permeation - controlled Polymer matrix
Adhesives

Circular Teflon mould method

Adhesive dispersion - type

Backing layer
Drug reservoir

Mercury substrate method \

IPM membrane method "

Matrix diffusion-controlled

Permeation enhancers

Micro-reservair type EVAC mermbrane method b

Plasticizers

Aluminium baked adhesive film method.

Patch width
Py Uniformity of weight

Adhesive mixing operations robe tack tes'
)/ Folding endurance

p

Temperature

Raw materials control

Molecular weight

Partition coefficient Adhesive coating and drying

Moisture content
Hydration Gel dispensing (reservair) Shear adhesion test
Sun exposure / Peel adhesion test

Patch sealing process

Skin condition

Rolling ball tack test
Biotransformation of drug j

Primary packaging Quick sfick test; stabil
In-vitro release study &

Factors Affecting Processing Steps Skin iritation study

Characterization

Figure 5. Ishikawa (Fishbone) diagram to assess critical quality attributes (CQAs) of TDDS.

5. Approaches Used in the Development of TDDS

Transdermal dosage forms are composed of multiple layers, each with a distinct purpose,
forming a fundamental structure. An impermeable covering that keeps the system from becoming
wet during use [66]. The second layer functions as a drug reservoir, providing a consistent supply of
medication for a predetermined duration. Adjacent to the reservoir is the rate-controlling polymeric
membrane that governs the rate at which a medicine is released over a predetermined period. The
medicine administered by the system permeates the skin and reaches the systemic circulation [67].
The drug delivery rate from the TDDS typically exceeds the maximum absorption capacity of the
skin. Therefore, despite potential differences in skin permeability, a consistent rate of medication
absorption into the bloodstream is attained [68]. There exist four distinct approaches for acquiring
TDDS:

5.1. Membrane Permeation-Controlled Systems

The drug reservoir in this system is enclosed within a shallow compartment made of a drug-
impermeable metallic plastic laminate, as shown in Figure 6. Additionally, there is a rate-controlling
polymeric membrane that can either be microporous or non-porous, and it has a certain drug
permeability characteristic [69]. The medication molecules are exclusively allowed to be released via
the rate-controlling membrane. The drug particles in the drug reservoir compartment are either
disseminated within a solid polymer matrix or suspended in an unleachable, viscous liquid medium,
such as silicone fluid, resulting in the formation of a paste-like suspension [70]. To ensure close
contact between the TDDS and the skin, a thin coating of adhesive polymer that is compatible with
drugs and hypoallergenic, such as silicone or polyacrylate adhesive, can be placed on the outer
surface of the membrane that controls the rate of drug release. The drug release rate of this particular
TDDS can be adjusted by altering the polymer composition, permeability coefficient, thickness of the
rate-limiting membrane, and adhesives [71]. The continuous dispensation of medications is the
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primary benefit of this approach. However, there is a possibility of an unintentional rupture of the
rate-controlling membrane, leading to dose dumping or the sudden release of the entire drug content
[72]. A few examples of this system are shown in Table 8.

Drug Reservoir Drug Impermeable Metallic
H Plastic Laminate
1 '

1 ]

& & & & & & B
2555 HHRIRIRIRIRIRE
! E CL L =L -t T

[!__—,_-w_a-....-__—Q—-ﬂ..-ﬁ-.__ﬁ-.._-,-\—.f—,,-_.g
ll I
» v .
Adhesive Layer Rate Controlling
Polymeric Membrane

Figure 6. Membrane-moderated transdermal drug delivery system.

Table 8. Examples of membrane permeation-controlled systems. [73-76].

TDDS Use
Nitroglycerin-releasing transdermal patch
(Transderm-Nitro)
Clonidine-releasing transdermal patch

Once a day medication in anginal pectoris

7 days of therapy for hypertension

(Catapres)
Estradiol-releasing transdermal patch ~ Treatment of menopausal syndrome for 3-4
(Estraderm) days

Scopolamine-releasing transdermal patch

(Transderm-Scop) 72 hours of prophylaxis for motion sickness

The intrinsic rate of drug release from this type of drug delivery system is explained by:
dq Cr

dt Ap, +p,

Where Cr is the concentration of the drug in the reservoir compartment. Pa and Pm are the
permeability coefficients of the adhesive layer and the rate-controlling membrane respectively. Pa
and Pm are defined as follows,

p Km/r.Dm

= ———
/-

Ka/m Da

P, = 2
a ﬁa

K /rand K, are the partition coefficients for the interfacial partitioning of the drug from the
reservoir to the membrane and from the membrane to the adhesive respectively; D,, and D, are the
diffusion coefficients in the rate-controlling membrane and adhesive layer respectively; h,, and h,
are the thickness of the rate-controlling membrane and adhesive layer respectively. Substituting the

equations for P, and B,, the equation for the intrinsic rate of drug release (‘;—f) becomes [77],
d_Q — Km/r.Ka/m.Dm-Da
dt  Kpyr Dpm.#q + Koym Dg. 2o

The above equation defines the intrinsic rate of drug release from a membrane-moderated drug

Cr

delivery system.

5.2. Adhesive dispersion-type systems

In this particular transdermal drug delivery system (TDDS), the drug reservoir is produced by
directly dispersing the drug in an adhesive polymer, such as poly(isobutylene) or poly(acrylate)
adhesive [78]. The medicated adhesive is then spread onto a flat sheet of drug-impermeable metallic
plastic backing using either solvent casting or hot melt techniques, forming a thin drug reservoir
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layer. Above the layer containing the drugs, thin layers of non-medicated, adhesive polymer with a
specified permeability and consistent thickness are applied to develop an adhesive diffusion-
controlled drug delivery system, shown in Figure 7.

Drug-~-impermeable
metallic plastic laminate

Adhesive P Drug reservoir
DT el Tl T Y gee w WIS
‘ a y e r PTG " TITTVITITACSITSFIIrs |

layer

Rate-controlling
adhesive layer

Figure 7. Adhesive-dispersion type transdermal drug delivery system.

An example of this type of system is Isosorbide dinitrate releasing TDDS for a once-a-day
medication of angina pectoris and transdermal controlled administration of verapamil. The rate of
drug release in this system is defined by:

aqQ _ Ka/r D,
dt 4,

K,/ is the partition coefficient for the interfacial partitioning of the drug from the reservoir layer
to the adhesive layer [79].

This particular TDDS can also be altered to allow for the manipulation of the drug loading level
in small increments, resulting in the formation of a gradient of drug reservoir across multilaminate
adhesive layers, as shown in Figure 8. An example of this system is the nitroglycerin-releasing TDDS.

Cr

Drug-
impermeable
mettalic plastic

orminece— > [

X FAASESSUNIN
-
» e o e le% "% :’ e °.o.°.°.. reservoir
RE—>*, % o° . e o .._.: % e o o..O . gradient

' layers
J_, l l (R1>R2>R3)

Figure 8. Drug reservoir gradient-controlled TDDS.

The drug release rate in this system is defined by:
d_Q — Ka/r .Da
dt A ()

hq (t) is the thickness of the adhesive layer for the diffusion of drug molecules with time. To

compensate for this time-dependent increase in diffusional path due to the depletion of drug dose by
release, the drug loading level is also increased with the thickness of diffusional path A (h,), to

A (£a)

achieve a constant drug release profile [80].

5.3. Matrix Diffusion-Controlled Systems

The drug reservoir in this system is produced by evenly distributing drug particles within a
polymer matrix that is either hydrophilic or lipophilic. Subsequently, the medicated polymer is
moulded into a medicated disc, possessing a specific surface area and controlled thickness [81]. The
drug particles can be dispersed in the polymer matrix through two methods: either by uniformly
mixing finely ground drug particles with a liquid polymer or a highly viscous base polymer, and
then crosslinking the polymer chains, or by homogeneously blending drug solids with a rubbery
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polymer at a high temperature. The drug reservoir can also be created by dissolving the drug and
polymer in a common solvent and then evaporating the solvent in a mould at a higher temperature
or in a vacuum [82]. The polymer disc, which holds the drug, is then attached to an occlusive base
plate within a compartment made of a drug-impermeable plastic backing. The adhesive polymer is
thereafter applied evenly around the circumference to create a band of the adhesive rim around the
medicated disc, as depicted in Figure 9. A good example of this technology is the transdermal
therapeutic system that releases nitroglycerin and delivers it continuously through the skin [83].

Occlusive base plate Impermeable backing

(aluminium foil) Absorbaid (polyethylene cover strip)
Adhesive rim J’ i i -\ Drug reservoir
(micro porous zerylic polvmer) (Drug / hydrophilic polymer matrix

Figure 9. Matrix diffusion-controlled TDDS.

The rate of drug release from this system is defined as:
dQ _ [ACpr]w
dt | 2¢
where A is the initial loading dose dispersed in the polymer matrix. C, and D, are the solubility
and diffusivity of the drug in the polymer respectively.

5.4. Microreservoir Type or Micro-Sealed DissolutionCcontrolled Systems

This system is a hybrid of the reservoir and matrix diffusion drug delivery methods. The drug
reservoir is produced by combining the drug solids with a water-soluble liquid polymer solution,
and then uniformly dispersing the drug suspension within a lipophilic polymer using a high-energy
dispersion technique [84]. This process results in the formation of distinct and non-leachable
microspheres that serve as the drug reservoir. The rapid stabilization of this thermodynamically
unstable dispersion is achieved by promptly cross-linking the polymer chains in-situ, resulting in the
formation of a medicated polymer disc with a consistent surface area and fixed thickness. If
necessary, the device might be additionally coated with a biocompatible polymer layer to alter the
method and rate of drug release [85]. A transdermal therapeutic system is created by placing the
medicated disc in the middle and surrounding it with an adhesive rim, which is shown in Figure 10.
A specific example of this kind of technology is the TDDS which releases nitroglycerin for the
treatment of angina pectoris once a day. The microreservoir technology exhibits zero-order release
kinetics while mitigating the risk of dose dumping [86].

Occlusive base plate Adhesive foam plate
(aluminium foil disk) l l(flexible polyurethane)
C())O &8 C(D)O OO OC)OOO 6:3 Microscopic
Adhesive rim 4] io C{ i (=] drug reservior

Polymer matrix

Figure 10. Microreservoir dissolution-controlled TDDS.
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The rate of release of drugs from the micro-reservoir system is defined by:

aQ DpD4.m. K, [ g D;S;. (1 —n)(l N 1 )]
dt  Dyhy+ Dgh,. m.K, [ " h K K

Where m = a/b, here a represents the ratio of drug concentration in the bulk of the elution
medium, while b represents the drug concentration at the outer edge of the polymer coating [87]. n
represents the quotient of the drug concentration at the inner boundary of the interfacial barrier
divided by the drug solubility in the polymer matrix. The drug diffusivities in the liquid layer
surrounding the drug particles, the polymer coating membrane covering the polymer matrix, and the
hydrodynamic diffusion layer surrounding the polymer coating are represented by D), D, and Dy
accordingly. The thickness of these layers is denoted by h,, hj,and hy. K, K, and K,, are the
partition coefficients that describe the distribution of the drug between different compartments,
specifically from the liquid compartment to the polymer matrix, from the polymer matrix to the
polymer coating membrane, and from the polymer coating membrane to the elution solution,
respectively. S; and S,, represent the drug's solubilities in the liquid compartment and the polymer
matrix, respectively. This drug delivery system follows either a partition control or matrix diffusion-
control mechanism [88].

6. Production of TDDS

The production of TDDS on a large scale requires the use of manufacturing technologies that are
either novel or adapted from the conventional pharmaceutical sector.

6.1. Asymmetric TPX Membrane Method

The backing membrane will consist of a heat-sealable polyester film, specifically type 1009, with
a diameter of 1cm and a concave shape. The drug sample is placed into the concave membrane, which
is then coated with a TPX poly (4-methyl-1-pentene) asymmetric membrane and sealed with an
adhesive layer [89]. To produce a TPX asymmetric membrane, either a wet inversion method or a dry
inversion approach is employed.

6.2. Circular-Teflon Mould Method

Polymers are dissolved in an organic solvent in different proportions to create solutions. The
determined quantity of the drug is dissolved in half the volume of the identical organic solvent. The
permeation enhancers are dissolved in the remaining portion of the organic solvent and subsequently
combined [90]. Di-N-butyl phthalate serves as a plasticizer and is included in a drug-polymer
solution. The entire mixture should be agitated for a duration of 12 hours and thereafter transferred
into a round Teflon mould. The moulds should be positioned on a flat surface and covered with an
inverted funnel to regulate the evaporation of the solvent in a laminar flow hood model with an air
velocity of 0.5 m/s. The solvent is allowed to evaporate for a duration of 24 hours. The films that have
been stored need to be kept for a further 24 hours at a temperature of 25+ 0.5° in a desiccator that
contains silica gel. This is done in order to eradicate any impacts caused by ageing before evaluation
[91]. The films must be assessed within a week of their preparation.

6.3. Mercury-Substrate Method

The medicament is dissolved or dispersed in a solution of polymer comprising of plasticizer.
The solution was then agitated for 10-15 minutes to ensure a consistent, homogeneous mixture and
poured into a flat surface of mercury with a covering of an inverted funnel to avoid evaporation of
the solvent [92].

6.4. By Using the IPM Membrane Method

This technique involves dispersing the medicine in a solution composed of water and propylene
glycol, which also contains carbomer 940 polymers. The mixture is then agitated for a duration of 12
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hours using a magnetic stirrer. To counteract the dispersion, triethanolamine is added to neutralize
it and increase its viscosity. A solution gel can be generated by using a buffer with a pH of 7.4,
particularly when the drug's solubility in an aqueous solution is extremely low. The gel that is
produced will be incorporated into the IPM membrane [93].

6.5. By Using the (Ethylene Vinyl Acetate Copolymer) EVAC Membrane Method

To develop the desired transdermal therapeutic system using this method, one can utilize a 1%
Carbopol reservoir gel along with polyethylene (PE) and EVAC membranes as rate-controlling
membranes. When the medicine is not able to dissolve in water, propylene glycol is employed to
create the gel formulation. The medication is solubilized in propylene glycol. Carbopol resin will be
introduced into the aforementioned solution and neutralized using a 5% w/w solution of sodium
hydroxide. The gel-based drug is applied onto a backing layer sheet that covers the designated area.
A rate-limiting membrane will be applied onto the gel and the edges will be sealed using heat to
achieve a device that is impermeable to leaks [94].

6.6. Aluminium-Backed Adhesive Film Method

The aluminium-backed adhesive film approach is appropriate when the initial dose of the
medication exceeds 10mg. Chloroform is employed as a solvent in this procedure due to its ability to
dissolve a wide range of medicines and adhesives. The drug will be dissolved in chloroform, and an
adhesive material will be added to the drug solution and dissolved. An individually crafted
aluminium mould is coated with aluminium foil and sealed at the ends with snugly fitting cork blocks
[95].

6.7. By Using the Free-Film Method

The production of cellulose acetate-free film involves the application of chloroform over a
mercury surface. A polymer solution with a concentration of 2% w/w is prepared. A plasticizer is
incorporated into the polymer at a concentration of 40% by weight. A glass ring is positioned on a
glass petri dish, and then mercury is poured onto the surface. Subsequently, dispense 5ml of polymer
solution onto the glass ring. Position a funnel on a Petri plate to regulate the rate of solvent
evaporation. A thin layer developed on the surface of mercury once the solvent had fully evaporated.
The dehydrated coating was thereafter divided and preserved in a desiccator, sandwiched between
sheets of wax paper until it was required [96].

7. Enhancement of Transdermal Drug Delivery

In order to improve the absorption via the skin and increase the effectiveness of therapy,
medications need to possess a low molecular weight (less than 1kDa), an affinity towards both lipid-
based and water-based substances, a short duration of action, and a non-irritating effect on the skin.
Several variables influence the ability of drugs to pass through the skin, including variations across
species, length of exposure, age and site of the skin, temperature of the skin, moisture levels in the
skin, pre-treatment techniques, application region, condition of the skin, and physical properties of
the substance being absorbed [97].

7.1. Active Drug Delivery

External stimuli, such as electrical, mechanical, or physical stimulation, have been found to
increase the ability of medications and biomolecules to pass through the skin, compared to applying
drugs topically. Active transdermal delivery, also known as TDDS with appropriate equipment,
efficiently and consistently delivers medications into the skin at a rapid pace. This kind of improved
TDDS can expedite the therapeutic effectiveness of administered medications [98]. The advantages
of various delivery methods are shown in Table 9.

do0i:10.20944/preprints202401.0524.v1
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7.2. Passive Drug Delivery

Chemical penetration enhancers (CPEs) facilitate the diffusion of drugs through the skin or
enhance their ability to dissolve in the skin, resulting in the development of highly potent
formulations, microemulsions, and vesicles. Their action is accomplished by disrupting the
structured lipid bilayer, interacting with proteins in the cell membrane and intercellular proteins,
disrupting lipids between cells, increasing moisture in the outermost layer of the skin, and improving
the partition coefficient of drugs. Penetration enhancers can be utilized either independently or in
conjunction with chemical penetration enhancers to provide enhanced skin penetration, surpassing
the effectiveness of individual chemicals. Over 300 chemical penetration enhancers have been
employed in various TDDS to aid the transportation of pharmaceuticals over the stratum corneum.
An ideal enhancer should possess the qualities of being non-toxic and biocompatible, while also
exhibiting predictable and consistent activity and duration of effect [99].

Table 9. Advantages of various delivery methods of TDDS. [100-106].

Methods Advantages
Improves the delivery of polar molecules and high molecular
Iontophoresis weight compounds, easy to administer, continuous or pulsatile
delivery of drugs
. Strict control of transdermal diffusion rates, greater patient
Sonophoresis . . . .
approval, less risk of systemic absorption, non-sensitizing
Electroporation Highly effective, re}?roducible, rap.i<‘il ’Fermination of drug
Active delivery delivery, not sensitizing
Improve the transfer of molecules across the plasma
Photomechanical waves membrane without loss of viability, do not cause pain or
discomfort
Painless administration of the active pharmaceutical
Microneedle ingredient, faster healing at the injection site, no fear of needle,

specific delivery of the drugs

. Avoid pain, bleeding and infection, better control and
Thermal ablation e . .
reproducibility, low cost and disposable device

Long-term thermodynamic stability, excellent wettability, high

Nanoemulsion solubilization capacity and physical stability
Targeted and controlled release behaviour, high mechanical
Passive delivery Polymeric nanoparticles strength, and both hydrophilic and lipophilic drugs can be
loaded
. Sustained drug release behaviour, controls the absorption rate
Vesicles

through a multilayered structure.

8. Evaluation of TDDS

The development of a transdermal drug delivery system necessitates a thorough and systematic
evaluation at several phases. Various evaluation processes are shown in Table 10.

Table 10. Evaluation methods of TDDS [107-111].

Physico-chemical evaluation In-vitro evaluation In-vivo evaluation
Compeatibility study In-vitro release study Animal models
Thickness test Skin irritation study Human volunteers
Uniformity of weight Stability study Toxicological evaluation

Drug content
Moisture content
Adhesive evaluation
Tensile strength
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Folding endurance
Water vapour transmission study
Microscopic study

8.1. Physico-Chemical Evaluation — Adhesive Evaluation

The pressure-sensitive adhesives are evaluated for the following properties:

8.1.1. Peel Adhesion Properties [112]

Peel adhesion refers to the amount of force needed to detach an adhesive covering from a
designated surface for testing purposes. An essential characteristic of TDDS is that the adhesive must
ensure sufficient adherence of the device to the skin without causing any harm when removed. The
molecular weight of the adhesive polymer, the kind and quantity of additives, and the composition
of the polymer all have an impact on these qualities. The testing involves quantifying the amount of
force needed to extract a solitary tape with a coating, which is affixed to a substrate, at a 180"
inclination. The absence of any residue on the substrate signifies 'adhesive failure', which is a
desirable outcome for TDDS. The presence of remnants on the substrate suggests a "cohesive failure,"
which indicates a lack of cohesive strength in the coating, shown in Figure 11.

—

Backing :
film T

Achasive film

Figure 11. Peel adhesion test.

8.1.2. Tack Properties [113]

Tack refers to the capacity of a polymer to stick to a surface with minimal applied pressure.
Finger pressure is crucial in TDDS. The adhesive strength of tack is influenced by the molecular
weight and content of the polymer, as well as the incorporation of tackifying resins into the polymer.
Tests conducted to evaluate the performance of tack include:

(a) Thumbtack Test [114]

This is a subjective test in which evaluation is done by pressing the thumb briefly into the
adhesive.

(b) Rolling Ball Tack Test [115]

This experiment measures the distance of a stainless steel ball as it moves along an adhesive
surface facing upwards. The lesser the tackiness of the adhesive, the greater the distance the ball will
travel, as given in Figure 12.
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Adhesive film

Figure 12. Rolling ball tack test.

(c¢) Quick-Stick or Peel Tack Test [116]

The peel force necessary to separate the adhesive from the substrate is quantified by applying a
90" angle force to the tape, peeling it away from the substrate at a rate of 12 inches per minute, shown
in Figure 13. The force is measured and documented as the tack value, which is denoted in ounces or
grams per inch width. Higher values correspond to more tackiness.

a— Backing film

Adhostve ilm "

Stainloss stael plate
Figure 13. Peel-tack test.

(d) Probe Tack Test [117]

The probe makes contact with the glue, resulting in the formation of a bond between them. Tack
is the measurement of the force, expressed in grams, needed to separate a probe from an adhesive at
a constant rate, shown in Figure 14.

Adnhesive film

P ———
TEEDRTTHACTINS
[ I —

Probe Annular weight

Force gaugs

Figure 14. Probe tack test.

8.1.3. Shear Strength Properties [118]

It quantifies the adhesive polymer's ability to stick together. The sufficient adhesive strength of
a device ensures that it remains in place during application and does not leave any residue upon
removal. The molecular weight, as well as the type and quantity of tackifier used, have an impact on
it. Shear strength or creep resistance is assessed by measuring the duration required to detach an
adhesive-coated tape from a stainless steel plate while applying a predetermined weight that pulls
the tape in a direction parallel to the plate, shown in Figure 15.


https://doi.org/10.20944/preprints202401.0524.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 January 2024

Figure 15. Shear strength test.

Stainless steel plate

[ Adhesive

coated tape

Weight

do0i:10.20944/preprints202401.0524.v1

19


https://doi.org/10.20944/preprints202401.0524.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 January 2024 do0i:10.20944/preprints202401.0524.v1

20

8.2. Patch Width [119]

The width of the patch is determined using a digital micrometer, while the average thickness
ensures the desired thickness of the created patch. The film thickness is measured using a screw
gauge and a microscope dial gauge at various locations on the film.

8.3. Folding Endurance [120]

A section of TDDS has been cut and subsequently folded multiple times in a manner like a plug
until it eventually fractures. The durability of the patch is determined by the number of times it can
be folded from the same spot until it breaks.

8.4. Percentage of Moisture Content [121]

Every individual transdermal patch is individually weighed and then kept at room temperature
for a duration of 24 hours in desiccators with fused calcium chloride. After 24 hours, the patches are
weighed again and the moisture content percentage is determined using the following formula:

Initial weight — Final weight
Initial weight

% moisture content =

8.5. Moisture Uptake [122]

The patches are stored in a desiccator at room temperature for a duration of 24 hours. After a
duration of 24 hours, the patches are taken off and exposed to a concentrated solution of potassium
chloride in desiccators at a relative of 84% until they attain a stable weight. The calculation of
moisture uptake percentage is determined using the following formula:

Final weight — Initial weight
Initial weight

% moisture uptake =

8.6. Content Uniformity Test [123]

A total of 10 patches have been selected for the purpose of this study, and the specific content of
each patch has been determined. The content uniformity test is considered acceptable if 9 out of 10
patches have a content uniformity ranging from 85% to 115%, and if the remaining individual patch
falls within the limit of 75% to 125%. An additional examination is conducted on 20 patches, with
their acceptable range set at 85% to 115%. If the results fall within this range, the test is considered
successful.

8.7. Drug Content [124]

Dissolve the patch in a solvent following its cutting to the desired dimensions. Subsequently,
the solution is passed through a filter media and the constituents are identified using an appropriate
analytical technique, such as a UV visible spectrophotometer or High-performance liquid
chromatography.

8.8. In-Vitro Drug release [125]

In-vitro studies assist in the design and development of TDDS. These investigations can aid in
investigating how the drug is absorbed via the skin before its formulation into a transdermal
therapeutic system. The data acquired from in-vitro investigations of the developed TDDS can be
utilized to optimize the formulation prior to conducting more expensive in-vivo tests.

For this study, excised skin is placed on skin permeation cells. The use of excised skin is
commonly preferred for in-vitro investigations due to the fact that the stratum corneum, which is a
biologically inactive tissue, serves as the primary barrier for drug permeation. The diffusion through
the stratum corneum occurs through a passive process. The use of hairless mouse skin is
advantageous due to the absence of any potentially harmful hair removal procedures. Additionally,
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this species is readily accessible and allows for the excision of skin specimens immediately prior to
the permeation study. An appropriately designed in-vitro apparatus ensures that the drug delivery
mechanism originates exclusively from the TDDS. Some examples of in-vitro membrane permeation
apparatus are the Valia-Chien (V-C) cell, Ghannam-Chien (G-C) membrane permeation cell, Jhawer-
Lord (J-L) rotating disc system, Franz diffusion cell, and the Keshary-Chien (K-C) cell. The Franz
diffusion cell and the K-C cell are the most commonly utilized among them. The K-C cell, a modified
iteration of the Franz diffusion cell, possesses a receptor volume of 12 ml and a skin surface area of
3.14 cm? shown in Figure 16. The receptor solution is agitated by a star-head magnet that rotates at a
consistent pace of 600 revolutions per minute, powered by a 3-watt synchronous motor. The heater,
which is regulated by a thermostat, maintains a temperature of 32+0.5°C. Periodically, a specific
amount of the sample is taken from the receptor compartment and analyzed with a
spectrophotometer.

CONOR COMPARTMENT
(cell cap)

SAMPLING
PORT
TRANSDERMAL SYSTEM

SAMPLING PORT

SN —" J
mm
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Figure 16. Keshary-Chien (K-C) cell.

8.9. Skin Irritation Study [126]

Skin irritation and sensitization studies can be carried out on healthy rabbits. The hair of the
animal has been removed from the dorsal side. Clean the surface with a rectified spirit and place the
patch on the skin. After 24 hours, the patch is removed. Depending on the degree of skin injury, the
skin condition has been assessed.

8.10. Stability Study [127]

These studies are conducted in compliance with ICH guidelines for 6 months. The samples are
kept at 40+5°C and 75+5% relative humidity and are analysed at various time intervals such as
0,30,60,120 and 180 days.

8.11. In-Vivo Evaluation

In-vivo evaluation of TDDS can be carried out using animal models, human volunteers and
biophysical models.
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8.11.1. Animal Models [128]

Animal models are favoured due to the substantial time and resources needed to conduct
investigations in humans. The species utilized for both in- vivo and in-vitro testing encompass mouse,
rat, guinea pig, rabbit, hairless mouse, hairless rat, cat, dog, tiny pig, horse, goat, squirrel, and rhesus
monkey. Multiple experiments have been conducted to ascertain which animal models offer the most
precise predictions of the device's performance when tested on humans. The conducted experiments
have resulted in the subsequent findings:

Small, hirsute animals are not highly effective prediction models for human in- vivo transdermal
drug administration. The penetration values seen in these animals exceed those observed in humans.
This observation is corroborated by in-vitro measurements. Shaving or depilating the skin of these
animals for investigation can cause alterations in the skin's resilience. The rhesus monkey is the most
reliable model for in-vivo assessment of TDDS. The application site is typically the forearm or
abdomen, as these areas tend to have the least amount of hair on the animal's body. Drawbacks
associated with utilizing this particular animal species encompass cost , necessary handling skills,
and challenges related to accessibility. The utilization of rhesus monkeys is further restricted due to
ethical reasons. Promising alternative animal models for predicting transdermal medication
distribution in humans include weanling pigs and nude mice with human skin grafts. The challenge
faced while utilizing these animals lies in their unavailability and the necessary facilities and
expertise needed for their handling.

8.11.2. Human Models [129]

The last phase in the advancement of a transdermal device entails gathering pharmacokinetic
and pharmacodynamics data subsequent to the administration of the device on human participants.
A human-based in-vivo assessment should provide relevant data with minimal risk to the
participants within a suitable timeframe. This method entails assessing percutaneous absorption by
an indirect approach of quantifying radioactivity in waste products from the body after applying the
labelled drug topically. To determine the absorbed drug percentage, it is necessary to assess the
elimination that occurs after the medication is administered parenterally. Optimal patient compliance
is essential for the successful completion of the process, since it typically spans a duration of 5-7 days.
This approach can be extremely beneficial for researching penetrants, including steroids and
cosmetics. The percentage of transdermal absorption rate is subsequently determined as:

% dose absorbed

Total radioactivity excreted after topical administration
= - — p — — X
Total radioactivity excreted after intravenous administration

8.12. Cutaneous toxilogical evaluation [130]

This can be done by evaluating the contact dermatitis. Contact dermatitis can be either, contact
irritant dermatitis or contact allergic dermatitis.

Contact irritant dermatitis: Which results from direct toxic injury to cell membrane, cytoplasm
or nuclei. Two types of protocols are used for evaluation. Ten days primary irritation test and twenty
one days irritation test.

Contact allergic dermatitis: It involves a host immunological reaction to an antigen. It can be
screened by the guinea pig maximization test.

9. Regulatory Guidance

The design of the systems might vary from drug-in-adhesive matrix systems to more intricate
systems that necessitate microelectronics. Several guidelines were issued about the advancement of
TDDS concerns. Transdermal products possess characteristics that can potentially cause skin
irritation and/or sensitization. These effects may be attributed to either the delivery method itself or
the system working together with the drug component. In order to reduce these adverse occurrences,
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the guidance presented recommendations that were necessary to carry out during the process of drug
development [131].

Current transdermal drug delivery systems and topical patches contain an excessive quantity of
active pharmaceutical ingredients compared to the desired amount to be administered to the patient.
An additional quantity of the drug substance is required to ensure efficient delivery of the desired
drug dosage to the patient. This excess drug remains in the system after use. The presence of residual
drug substances in TDDS and topical patches has the potential to significantly affect the quality,
effectiveness, and safety of these products, including the risk of abuse. Therefore, it is imperative to
guarantee the utilization of a suitable scientific approach in the design and development of these
items. The strategy should aim to decrease the remaining drug substance to the greatest extent
possible while taking into account the current technological capabilities [132].

If the active ingredient may achieve the desired clinical impact through a different
pharmacokinetic profile than that of an immediate-release form, then a prolonged-release dosage
form may be deemed suitable. A sustained-release formulation may provide several benefits
compared to an immediate-release form. This guidance offers suggestions for the planning and
execution of research aimed at assessing the adhesive efficacy of a TDDS or a topical patch, which is
being presented to support an Abbreviated New Drug Application (ANDA) [133].

Implementing a Quality by Design (QbD) strategy can streamline the process of developing
TDDS and topical patches that have been specially designed to meet the needs of patients and address
post-use considerations. Specifically, it can assist in the development of a product that delivers the
optimal dosage of medication through the skin while decreasing the drug load, hence reducing the
remaining amount of medication. Quality by Design (QbD) applies to both the development of new
products and the process of reformulating current products. Furthermore, it can result in enhanced
comprehension and continual improvement of the product during its entire lifespan [134].

10. Potential Applications of Transdermal Products

With the progress of technology and research, a wide range of prospective uses for transdermal
patches have been investigated. The TDDS significantly influences the administration of different
medications in the areas of pain control, central nervous system ailments, cardiovascular illnesses,
and hormone treatments [135]. The United States approved the first transdermal patch containing
scopolamine for systemic delivery in 1979. This patch was specifically designed to alleviate motion
sickness. The Transderm-Scop four-layer system is a round, flat patch with a thickness of 0.2mm and
an area of 2.5cm2. The product includes 1.5 milligrams of scopolamine and is specifically formulated
to administer roughly 1mg of scopolamine consistently through the microporous membrane that
controls the release rate [136]. Additionally, there are other over-the-counter (OTC) transdermal drug
delivery system products, including nicotine, capsaicin, and menthol. Nitroglycerin is used as a
preventive therapy for angina. The substance has a short plasma half-life and reaches elevated levels
in the bloodstream. When ingested orally, it undergoes fast hepatic metabolism and the transdermal
approach circumvents this first-pass effect. A number of nitroglycerin-containing TDDSs have been
developed, including Minitran, Nitro-Dur, Transder-Nitro and Nltrodisc. These products maintain
nitroglycerin drug delivery for 24 hours after application [137].

The Japanese market approved the first antihistamine transdermal patch, emedastine
difumarate, in 2018 for the treatment of allergic rhinitis. Its impact is enduring, persisting for a
duration of 24 hours following administration. The Food and Drug Administration (FDA) approved
the first Parkinson's patch containing rotigotine in 2007. This patch is designed to be applied once a
day. The FDA has recently granted approval for the use of ruxolitinib cream, the first topical Janus
Kinase Inhibitor (JAK), in the treatment of mild to moderate atopic dermatitis. Hyaluronic-based
systems are gaining popularity due to their widespread use in the pharmaceutical industry, where
they are valued for their improved permeability and biocompatibility. The initial transdermal system
for hypertension, Catapres TTS (clonidine transdermal therapeutic system), is offered in several sizes,
wherein the quantity of medication discharged is directly related to the dimensions of the patch [138].
The clonidine stored in the reservoir starts to pass through the rate-controlling membrane and the
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skin, entering the systemic circulation. Nicotine TDDS deliver a continuous supply of nicotine into
the bloodstream, serving as a replacement therapy to aid patients in achieving and maintaining
cessation from smoking. The patches available commercially contain nicotine doses ranging from 7
to 21mg. These patches are meant to be used daily for a period of treatment lasting between 6 to 12
weeks [139]. Examples of various TDDSs are summarized in Table 11.

Methylphenidate is a transdermal device with an adhesive-based matrix. It is specifically used
to treat attention deficit hyperactivity disorder (ADHD) in children. It is offered in different dosages
and administers the specified dose over a duration of 9 hours. The ortho Evra transdermal system is
a contraceptive patch of the thin matrix type that includes 6mg of norelgestromin and 0.75mg of
ethinyl estradiol. It releases the specified amount into the bloodstream every 24 hours [140]. The
testosterone TDDSs known as Testoderm and Androderm are offered in different dosages for the
purpose of hormone replacement therapy in males with testosterone insufficiency. The estradiol
hormone, namely in the form of the Estraderm TDDS, is used for managing moderate to severe
vasomotor symptoms related to menopause, female hypogonadism, primary ovarian failure, and
atrophic diseases. The TDDS provides a constant release of estradiol when applied to unbroken skin
through the rate-limiting barrier [141]. Various new drugs approved as TDDS are given in Table 12.

Table 11. Summary of transdermal patches [142-150].

Drugs Indications
Nicotine Cessation of tobacco smoking
Fentanyl CII (Duragesic) Moderate/severe pain
Buprenorphine CIII (Bu Trans) Relief for severe pain
Oestrogen, Levonorgestrel, Estradiol Treat menopausal syndrome‘s, postmenopausal
osteoporosis
Ortho Evra or Evra (norelgestromin, .
. . Contraceptive
ethinyl estradiol)
Nitroglycerin Angina pectoris and relieves pain after surgery
Scopolamine Motion sickness
Clonidine Anti-hypertensive
MAOI selegiline Anti-depressant
Methylphenidate Attention deficit hyperactivity disorder (ADHD)
Asenapine Antipsychotic agent
Vitamin B12 (Cyanocobalamin) Supplement
Rivastigmine, Donepezil Alzheimer’s disease
Asenapine Bipolar disorder
Bisoprolol Atrial fibrillation
Clonidine Hypertension, Tourette syndrome, ADHD
Dextroamphetamine ADHD
Granisetron Anti-emetic
Lidocaine Treatment of pain
Oxybutynin Overactive bladder
Rotigotine Parkinson’s disease
Testosterone Hypogonadism in males
Selegiline Depression
Table 12. New drug approval for TDDS. [151-160].
Drug name Formulations Approval year Use
Tazarotene Lotion 2019 Acne
Asenapine Transdermal system 2019 Schizophrenia
Trifarotene Cream 2019 Acne
Tribanibulin Ointment 2020 Actinic keratosis

Clascoterone Cream 2020 Acne
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Abametapira Topical lotion 2020 Head lice removal
Calcipotriene and betamethasone .
. . Cream 2020 Plaque, psoriasis
dipropionate
Minocycline Topical foam 2020 Rosacea
Lactic acid, citric acid and potassium . _
. Vaginal gel 2020 Contraceptive
bitartrate
Ethinylesyradiol and levonoegesterol Transdermal system 2020 Contraceptive
Ruxolitinib Cream 2021 Atopic dermatitis
Butenafine hydrochloride Cream 2021 Fungal skin infection
Fentanyl Patch 2021 Pain
Tretinoin benzoyl peroxide Cream 2021 Acne

11. Clinical Considerations of TDDS

The patient must be advised of the following general guidelines while using the TDDS [161-
163].

e  The extent of percutaneous absorption can differ depending on the location of the application.
The intended primary application location is indicated in the package insert for each product.
The patient should be informed about the significance of utilizing the prescribed location. After
a period of one week, it is possible to reuse skin sites.

e  The use of TDDS should be limited to skin that is clean, dry, and devoid of hair. Additionally,
the skin should not be oily, irritable, inflamed, damaged, or callused. Increased skin moisture
can enhance the rate of drug penetration beyond the targeted level. The presence of excess
sebum on the skin can hinder the ability of the patch to stick to the intended area.

e  Avoid applying skin lotion at the location of application. Lotions alter the moisture of the skin
and have the potential to modify the partition coefficient between the medication and the skin.

e It is not advisable to cut TDDSs (to decrease the dose) as this compromises the integrity of the
system.

¢  The unit should be removed from its protective packaging, taking caution to avoid any tearing
or cutting. Remove the protective backing carefully to reveal the sticky layer, making sure not
to touch the adhesive surface with your fingertips. To achieve consistent contact and adherence,
it is necessary to firmly apply pressure to the skin location using the heel of the hand for
approximately 10 seconds.

e  The TDDS should be positioned in a location where it is not susceptible to friction from clothing
or bodily motion. It is permissible to keep it on while showering, bathing, or swimming. If a
TDDS becomes dislodged before the intended time, one can either try to reapply it or replace it
with a new system.

e It is important to wear a TDDS for the entire duration specified in the product's instructions.
Subsequent to that time frame, it ought to be eliminated and substituted with a new system as
directed.

e  The patient must be advised to properly cleanse their hands before and after applying a TDDS.
Using precautions and avoiding touching the eyes or mouth while handling the system is
important.

e  If the patient experiences sensitivity or intolerance to a TDDS, or if skin irritation occurs, the
patient should seek reevaluation.

¢ When removing a used TDDS, it should be folded in half with the adhesive layer to prevent any
possibility of reuse. The patch that has been used, and still contains traces of medication, should
be placed inside the pouch of the replacement patch and disposed of in a way that is safe for
children and pets.
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12. Conclusion and Future Challenges

This article provides valuable insights into the TDDS, its evaluation techniques and therapeutic
applications serving as a convenient reference for research scientists engaged in trasndermal drug
delivery system development.

TDDS is a highly valuable means of administering drugs, offering numerous advantages
compared to alternative delivery routes. They have the ability to circumvent the digestive system and
initial metabolism in order to achieve sustained medication release over a prolonged duration,
resulting in enhanced therapeutic effectiveness. TDDS is a method of delivering medication that does
not require intrusive procedures. It can be used on age groups who are more susceptible to harm,
such as children and elderly patients. The large surface area and easy access to the skin make it a
handy and patient-friendly target for drug delivery. The physical methods employed in the
administration of transdermal patches are designed to deliver a diverse array of medications,
particularly those that are water-soluble and large in size. Transdermal patches offer a handy and
effective method of delivering drugs for various medical conditions. But these drug delivery systems
encompass the potential for toxicity resulting from incorrect dosage, inadequate adherence, limited
drug permeation, skin irritation, or patch malfunction. It is limited to lipophilic, low molecular
weight medicines due to the barrier properties of human skin.

The transdermal method of drug administration is gaining widespread acceptance due to recent
technological advancements and the ability to deliver drugs directly to the site of action without
breaking the skin membrane. Nevertheless, transdermal technologies are constrained by the
relatively impenetrable thickness of the outer stratum corneum layer. Scientists are attempting to
overcome this obstacle of low permeability by physical and chemical methods. These technologies
have demonstrated considerable potential in recent years and are increasingly widespread in the field
of healthcare. The intricate nature of chemical TDDS that hinders their commercialization.
Furthermore, chemical techniques have a significant limitation in terms of transporting hydrophilic
macromolecules, such as proteins. However, only a limited number of commercially available TDDS
have employed physical methods, particularly for hydrophilic medicines and macromolecules. They
possess substantial potential as they enable the development of effective treatments using both
hydrophobic and hydrophilic active ingredients.

Enhancing our understanding of diverse biological interactions and polymer mechanisms is
necessary to optimize this drug delivery system. They have garnered significant attention due to its
numerous advantages compared to traditional drug delivery methods. Further research and
development are necessary to enhance the safety and effectiveness of this drug delivery technology.
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