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Transdermal drug delivery systems (TDDS) offer a promising avenue for efficient drug
administration, bypassing the limitations of traditional routes. This review delves into
the latest advancements and innovative approaches revolutionizing TDDS. Beginning
with an exploration of the intricate anatomy and physiology of the skin and the
mechanisms governing drug penetration, it provides a foundational understanding
crucial for optimizing transdermal delivery. The review then scrutinizes the advantages
and drawbacks inherent in TDDS, elucidating their potential for enhancing patient
compliance and therapeutic efficacy while addressing challenges such as limited drug
permeability and skin irritation. Moreover, it delineates various types of TDDS, ranging
from passive to actively assisted methods, each tailored to accommodate diverse
therapeutic needs. A focal point of this review is the examination of electrically driven
or assisted methods, including iontophoresis, sonophoresis, electroporation,
photomechanical waves, microneedle technologies, thermal ablation, vesicles,
polymeric nanoparticles, and nanoemulsion-based systems. These cutting-edge
techniques harness the power of electrical, mechanical, and thermal stimuli to facilitate
precise drug delivery, augmenting permeation through the skin barrier and optimizing
therapeutic outcomes. Furthermore, the review scrutinizes methodological
advancements, such as diffusion cell techniques, tape stripping, and microscopic and
spectroscopic methods, essential for evaluating drug-vehicle interactions and
modulating the stratum corneum for enhanced permeability. It also underscores recent
strides in modifying drug vehicles and skin barriers to overcome challenges in drug
delivery, paving the way for tailored and efficient therapeutic interventions. In
summary, this review encapsulates the dynamic landscape of advancements and
innovative strategies shaping the future of transdermal drug delivery. By synthesizing

*Corresponding Author: Pathan Daud A. Khan

Address: Department of Quality Assurance, MCE’s Allana College Of Pharmacy, Pune.

Email ><: Jamiljs1325@gmail.com

Relevant conflicts of interest/financial disclosures: The authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential conflict of interest.

3

=<

j} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES 1566 | Page


https://www.ijpsjournal.com/

Pathan Daud A. Khan, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 5, 1566-1587 |Review

current knowledge and highlighting emerging trends, it
offers valuable insights for researchers, clinicians, and
pharmaceutical developers striving to harness the full
potential of TDDS for improved patient care and treatment
outcomes.

INTRODUCTION

Transdermal drug delivery structures (TDDS) are
a form of medication delivery device that works by
handing over capsules via an affected person's
skin.  Additionally called "patches,” these
structures are designed to provide a therapeutically
powerful amount of the drug for systemic
consequences. To attain this, the pores and skin's
comprehensive morphological, biophysical, and
physicochemical properties should be considered.
Transdermal transport has several advantages over
different drug delivery methods, which include
injectables and oral routes. For example, it
increases patient compliance by fending off the
need for common dosing and reduces the hazard of
first-skip metabolism. It also offers the drug in a
managed and consistent way, which removes
pulsed access into the systemic move and
decreases the danger of aspect results. Due to the
advantages of transdermal drug shipping,
numerous types of novel drug delivery systems
have emerged, which include transdermal drug
shipping systems, controlled release systems, and
transmucosal shipping structures. These systems
have the potential to offer even more blessings to
sufferers by way of enhancing drug efficacy and
reducing aspect results. One of the giant blessings
of transdermal drug shipping is the hassle of
hepatic first-pass metabolism, which can lessen
the quantity of drug that reaches the bloodstream.
By bypassing this system, the drug can be added
greater correctly, which may enhance its healing
performance. Additionally, transdermal drug
delivery can help preserve the regular plasma
degrees of the drug, which can be especially
beneficial for drugs with quick organic half of
lives. The primary transdermal gadget changed
into permitted by the FDA in 1979. Known as
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Transderm-SCOP, this system is designed to save
you nausea and vomiting associated with a
journey, specifically through the sea. In view that
then, several transdermal drug transport systems
had been advanced for numerous applications,
inclusive of ache control, hormone substitute
therapy, and smoking cessation. The proof of drug
absorption via the skin may be located in various
ways, which include measurable blood ranges of
the drug, detectable excretion of the drug and its
metabolites in the urine, and the medical reaction
of the patient to the remedy. Those techniques can
assist decide the effectiveness of the transdermal
drug shipping device and determine whether or not
it is the first-rate alternative for a specific affected
person. In conclusion, transdermal drug shipping
structures offer several blessings over other drug
shipping techniques. They can improve patient
compliance, reduce the risk of side consequences,
and enhance drug efficacy. With the improvement
of recent transdermal drug transport systems,
patients can count on even greater blessings from
this revolutionary drug delivery approach.
Transdermal drug transport systems (TDDS) have
become a more and more famous way to supply
remedies to sufferers. These structures use a patch
that is placed at the pores and skin and provides a
remedy through the pores and skin and into the
bloodstream. The patch is made up of numerous
elements, each of which serves a selected cause.
API: one of the key components in a TDDS is the
drug itself. The drug is in direct contact with the
release liner and is designed to be absorbed
through the skin. Examples of medicine that may
be brought through TDDS include nicotine,
methotrexate, and estrogen.  Liner: This is
designed to guard the patch in the course of storage
and is generally crafted from materials like
polyester film. This helps to make sure that the
drug stays stable and effective till it is prepared for
use.
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Adhesive: it's almost every other critical element
of a TDDS. This is what lets the patch paste to the
skin and delivers the medication systemically.
Adhesive substances utilized in TDDS consist of
acrylates,  polyisobutylene, and silicones.
Permeation enhancers: those are also used in
TDDS to assist control the release of the drug.
These substances can include terpenes, terpenoids,
pyrrolidones, and solvents like alcohol, ethanol,
and methanol. Surfactants: substances like sodium
lauryl sulfate, Pluronic F127, and Pluronic F68
also can be used.The backing layer is used to
protect the patch from the surroundings. This
accretion is normally made from materials like
cellulose  derivatives,  polyvinyl  alcohol,
polypropylene, and silicon rubber. It facilitates
making certain that the patch remains intact and
strong throughout use. Usually, TDDS is a safe
and effective manner to supply medication to
sufferers. By expertise in the one-of-a-kind
substances utilized in these systems, healthcare
carriers can ensure that their sufferers get the
medicine they need correctly and effectively.
Anatomy and Physiology of skin
Penetration of drug through skin:
Understanding the anatomy and physiology of skin
is crucial when it comes to transdermal delivery of
drugs. Skin is the largest organ in the human body,
and it plays a vital role in protecting the body
against harmful microbes and producing sensory
responses. The skin is also responsible for
administering drugs to the body, and its different
layers are crucial for the delivery process. The skin
is made up of three primary layers, each with a
unique function. These layers are the epidermis
(20-89  pm),  dermis(0.3-3 mm), and
hypodermis(1-2mm).  The epidermis is the
outermost layer of the skin, which consists of a
striated, vascular, and cellular structure. This layer
is present in different regions of the body with
varying thickness. It has two types of epidermal
layers, the stratum corneum and the viable

and
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epidermis. The stratum corneum is also known as
the honey layer and is responsible for preventing
the penetration of drugs into the body. It is the
outermost layer of the skin and is made up of 10-
25 layers of keratinized dead cells known as
corneocytes. The lipid-soluble topical agents can
penetrate this layer, but they act as a principal
barrier to the penetration of drugs. The lipid
molecules are aligned in multiple bilayers, which
prevent excessive loss of water from the body.
The viable epidermis is located beneath the
stratum corneum and comprises several layers
such as stratum granulosum, stratum lucidum,
stratum spinosum, and stratum basal. This layer is
responsible for the penetration of drugs through
the skin. The dermis is made up of connective
tissues such as lymph, nerves, and blood vessels.
It is responsible for providing oxygen to the skin
and eliminating waste products and toxins. Sweat
glands and hair follicles are present in this region.
The hypodermis is the deepest layer of the skin and
comprises subcutaneous fat tissue. It supports the
dermis and epidermis helps regulate body
temperature, provides mechanical protection, and
supports nutrients.  When it comes to the
penetration of drugs through the skin, drug
molecules penetrate directly to the stratum
corneum through three pathways, hair follicles,
sweat ducts, and sebaceous glands. The molecules
migrate through the barrier, and this migration
happens because of the external force applied to
individual solute molecules. The penetration of
drugs through the outer membrane of the stratum
corneum obeys Fick's first law. The law states that
the flux s directly proportional to the
concentration gradient. The flux is determined
using an equation that takes into account the mass
of the compound, the area of the cross-section, and
the time. The molecular transport of drugs through
the barrier is determined by fluxes, and it is crucial
for the transdermal delivery of drugs.
J=m/At
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where,
J=Flux,
m=Mass of compound,
An area of cross-section,
t=Time.
The molecules are migrating through the barrier;
this migration happens because of external force
applied to individual solute molecules [9].
Penetration of drugs through the outer membrane
of the stratum corneum obeys Fick’s first law.
Fick’s first law states that flux is directly
proportional to the concentration gradient. Fick’s
first law determined using an equation.
dm/dt=—DS (dC/dx)
ADVANTAGES & DISADVANTAGES OF
TDDS:
Advantages Of TDDS
e Reduce the peak plasma levels of the drug this
leads to a decrease the side effect
e Reduce the fluctuation in plasma levels of
drugs
e Avoid 1st pass metabolism of the drug It is a
painless treatment
e Enhancement of patient compliance
e Reduction of dosing frequency
e Easy elimination of drugs in increased toxicity
Disadvantages Of TDDS
e Drugs having very low or high partition
coefficients fail to reach the systemic
circulation
e Patients having higher molecular weight fail
to penetrate the stratum corneum
e High melting of the drug due to low solubility
of both water and fat
Types of Transdermal Drug Delivery System:
Transdermal drug delivery systems (TDDS) are
becoming increasingly popular due to their
numerous benefits such as controlled drug release,
fewer side effects, and improved patient
compliance. TDDS can be classified into three
types: reservoir system, matrix system, and micro

reservoir system. (TDDS) are becoming
increasingly popular due to their numerous
benefits such as controlled drug release, fewer side
effects, and improved patient compliance.

TDDS can be classified into three types: reservoir
system, matrix system, and micro reservoir
system.

reservoir system:

It is a type of TDDS where the drug reservoir is
aligned between the backing layer and rate-
controlling membrane. The drug may be in the
form of suspension, gel, or solution, which is
dispersed on the solid polymeric matrix. It is an
effective way to deliver drugs that have a high
permeability rate. Matrix System, on the other
hand, is classified into two types of systems: drug
adhesive system and matrix dispersion system. In
the drug adhesive system, the drug reservoir is
formed by the dispersion of the drug to an adhesive
polymer. It is then spread on the medicated
adhesive polymer or melted on the backing layer.
In the matrix dispersion system, the drugs are
homogeneously dispersed on the lipophilic or
hydrophilic polymer matrix. The drugs having
polymer are fitted on a particular base plate. From
a drug impermeable backing layer, it self-spreads
to form a strip of adhesive rim instead of applying
the adhesive or phase of the drug reservoir.
Microreservoir System:

It is a combination of matrix and reservoir
systems. In this system, the drug is first dissolved
in an aqueous solution of a water-soluble polymer,
and then it is dispersed in lipophilic polymers to
form microscopic spheres of the drug reservoir.
This system provides a sustained release of drugs
over an extended period. In summary, TDDS has
revolutionized drug delivery, providing a
convenient and efficient way of administering
drugs. The choice of TDDS depends on the type of
drug, its properties, and the desired therapeutic
effect.
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ADVANCEMENTS IN  TRANSDERMAL
DRUG DELIVERY SYSTEM(TDDS):

External stimuli can improve skin permeability of
drugs and biomolecules, compared to topical
application. This enhanced transdermal drug
delivery system (TDDS) is known as active
transdermal delivery, which delivers drugs faster
and more reliably. This method can also accelerate
the therapeutic efficacy of delivered drugs and
these stimulis can be mechanical , electrical, or
physical which increases the permeability of drug
to layers of skin .

Electrically Driven/Assisted Methods :
Transdermal delivery refers to the administration
of drugs through the skin. Electrically assisted
methods have been developed to enhance the
absorption of drugs into the skin. These methods
use electrical devices to deliver energy to the skin.
According to Prausnitz and Langer's classification
and Morrow et al., these energy-driven methods
can be divided into two generations.The second
generation of electrically assisted methods
includes iontophoresis and noncavitational
ultrasound. However, the impact of iontophoresis
on the stratum corneum (SC) is limited since it
does not create microchannels or remove the SC,

unlike the third generation methods of
electroporation,  sonophoresis, and thermal
ablation. Prausnitz and Langer classify

iontophoresis as the second generation since it has
limited impact on the SC. The third generation of
methods creates microchannels or removes the SC,
which improves drug absorption through the skin.
Overall, electrically assisted methods have shown
great potential in enhancing transdermal drug
delivery, and further research could lead to their
widespread use in the medical field.
lontophoresis

lontophoresis is a technique that uses a small
externally applied potential difference(less than
0.5 mA/cm2) to promote the movement of ions
across the membrane. This enhances skin
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penetration and increases the release rate of drugs
that are difficult to absorb. The efficacy of
iontophoresis depends on the drug molecule's
polarity, valency, mobility, and the applied
electrical cycle. It is less dependent on biological
parameters and can include electronic reminders

for patients to change dosages to increase
compliance.
Sonophoresis
Transdermal drug delivery is a promising

approach for administering drugs into the body.
The use of ultrasound frequencies generated by an
ultrasound device (sonophoresis) has been shown
to improve the effectiveness of this method.
Studies have demonstrated that low-frequency
ultrasound is more efficient in facilitating drug
movement by creating an aqueous path in the skin
through cavitation. This process involves the
creation of small bubbles in the skin's fluid, which
then collapse, creating micro-jets that push the
drug molecules into the skin.To achieve this, drugs
are mixed with a specific coupler, such as a gel or
a cream, which transmits ultrasonic waves to the
skin. The ultrasonic waves disturb the skin layers,
creating an aqueous path through which the drug
can be injected. The energy values between 20 kHz
and 16 MHz have been found to be effective in
creating these passages through the skin.In
addition to facilitating drug penetration,
ultrasound also increases the local temperature of
the skin area, creating a thermal effect that further
promotes drug penetration. Researchers have
successfully delivered a variety of drugs using this
method, including mannitol and high molecular
weight drugs such as insulin, regardless of their
solubility, dissociation and ionization constants,
and electrical properties, including
hydrophilicity.Despite the promising results, the
exact mechanism of drug penetration through this
method is not yet completely understood, and
problems with device availability, duration of
exposure and treatment cycles for delivery, and
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undesirable side effects including burns persist.
Therefore, further research is needed to optimize
this method and make it more widely available for
use in drug delivery.

Electroporation

Electroporation is a technique that utilizes high
voltage electric pulses ranging from 5 to 500 V for
short exposure times (~ms) to permeabilize the
skin and improve drug delivery. This method
involves the formation of small pores in the
stratum corneum (SC) that allow for easier
diffusion of drugs. To ensure safe and painless
drug administration, the electric pulses are
introduced using closely positioned electrodes.
Electroporation has been shown to be a very safe
and painless procedure for drug delivery, and has
been used to successfully deliver low molecular
weight (MW) drugs such as doxorubicin,
mannitol, or calcein, as well as high MW ones such
as antiangiogenic peptides, oligonucleotides, and
the negatively charged anticoagulant heparin.
However, like any technique, it does have its
disadvantages. One of the main drawbacks is its
limited delivery loads, meaning that it may not be
suitable for administering large amounts of drugs.
Additionally, the process can cause massive
cellular perturbation, sometimes even resulting in
cell death. It can also lead to heating-induced drug
damage and denaturation of protein and other
biomacromolecular therapeutics. Overall,
electroporation is a promising technique for drug
delivery due to its ability to enhance drug
permeability through the skin. However, it is
important to carefully consider its limitations and
potential drawbacks before implementing it as a
drug delivery method.

Photomechanical Waves

The use of photodynamic waves to transmit drugs
through the skin is an emerging area of research.
These waves are able to penetrate the skin's outer
layer, the stratum corneum (SC), by creating a
temporary channel. This allows the drug to pass
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through and reach the intended location in the skin.
Photomechanical waves are produced by exposing
the skin to low levels of radiation. This limited
ablation is typically achieved with an exposure of
approximately 5-7 J/cm2 to reach a depth of 50-
400 um. The advantage of this technique is that it
results in a longer increase and duration of skin
permeability as compared to other direct ablation
techniques. However, it is important to control the
properties of the photodynamic waves to ensure
that the product is delivered to the intended depth
in the skin. A single laser pulse can also generate
a wave that increases skin permeability within
minutes, allowing macromolecules to diffuse into
the skin. This technique has been shown to
successfully deliver dextran macromolecules of 40
kDa weight and 20 nm latex particles using a
single photodynamic laser pulse of a 23-ns
duration. In summary, photodynamic waves
represent a promising approach for transdermal
drug delivery. By creating temporary channels in
the skin, they allow drugs to reach their intended
location without the need for invasive procedures.
With further research and development, this
technique has the potential to revolutionize drug
delivery and improve patient outcomes.
Microneedle

The microneedle drug delivery system has
emerged as a groundbreaking technology that has
revolutionized the field of transdermal drug
delivery. It involves the use of tiny, micron-sized
needles that pierce the skin and deliver drugs
directly into the bloodstream. Microneedle
technology is an active area of research, and
scientists are focused on optimizing the
technology for effective insertion and geometric
measurements required for efficient drug delivery.
Microneedles come in several types, including
solid microneedles, coated microneedles, hollow
microneedles, dissolving microneedles, and
hydrogel-forming microneedles. Each type of
microneedle is used depending on the type and
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purpose of drug administration.  Solid
microneedles make a physical path through which
drugs can be absorbed, while coated microneedles
facilitate delivery of drugs coated on the surfaces
of the needles as they enter the skin. Hollow
microneedles are designed to deliver the drug
continuously via needle bores into the skin, while
dissolving microneedles dissolve in the skin, and
the drugs are released gradually from the
microneedle matrix. Hydrogel-forming
microneedles utilize a drug-containing reservoir
integrated with blank microneedles upon
application. The fabrication of microneedles has
been widely investigated, with the objective of
developing materials that are safe and effective for
use in drug delivery. Microneedles can be made
using various materials, such as metal, ceramic,
polymers, and silicon. The prepared microneedles
can be of several types, including solid
microneedles, drug-coated microneedles,
dissolving microneedles, naturally delivered

melting needles, and microneedle patches
combined with diverse patch types. This
technology has shown promising results in

enhancing transdermal absorption of various
active compounds, including small and large
molecules, and macromolecules. Solid
microneedles have been used to deliver a wide
variety of drugs, including bovine serum albumin,
amantadine  hydrochloride, levodopa, and
ovalbumin. Similarly, coated microneedles have
been investigated for enhancing the delivery of
desmopressin,  insulin, DNA, exendin-4,
botulinum toxin-A, and peptide-A. Hollow
microneedles have also been utilized for
transdermal delivery of insulin, potassium
chloride, and vaccine nanoparticles. Dissolving
microneedles have been explored for delivery of
vancomycin  hydrochloride, vitamin  B12,
rilpivirine, dutasteride, bevacizumab, albendazole,
insulin, and sumatriptan. Hydrogel-forming
microneedles have been used effectively to
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enhance transdermal absorption of various drugs,
including  ibuprofen  sodium,  ovalbumin,
donepezil, bevacizumab, metformin
hydrochloride, and macromolecules, such as
proteins. Microneedles has several advantages
over other drug delivery methods. It can improve
patient compliance by reducing the need for
frequent dosing, reduce the risk of side effects, and
enhance drug efficacy. Since the drugs are
delivered directly to the bloodstream, it helps in
avoiding pain during drug administration.
Microneedles allow loading of a greater amount of
drug into the associated drug-loaded reservoir than
could be loaded into the microneedle arrays
themselves, leading to increased drug
concentrations  delivered into the  skin.
Furthermore, the wuse of hydrogel-forming
microneedles only requires a one-step application
process, leading to ease of
administration.microneedle technology is a
promising drug delivery method that has shown
significant potential for enhancing transdermal
drug absorption. With the development of new
fabrication techniques, patients can expect even
greater benefits from this innovative drug delivery
approach. By understanding the different types of
microneedles and the materials used to
manufacture them, healthcare providers can ensure
that their patients receive the medicine they need
safely and effectively, thereby improving patient
outcomes and quality of life.

Thermal Ablation

Transdermal drug delivery systems have
experienced a rapid evolution in recent years, with
new techniques and technologies being developed
to improve drug delivery efficacy, reduce side
effects, and enhance patient compliance. One such
technique is thermal ablation, which involves the
application of localized heat to create
microchannels in the skin for enhanced drug
delivery. This technique provides precise control
of drug delivery, with the degree of alteration of
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the stratum corneum structure being proportional
to the locally -elevated temperature. The
microchannels created are small enough to avoid
any discomfort for the patient, and this technique
offers effective delivery of both small and high
molecular weight compounds. Laser and
radiofrequency methods are commonly used to
induce thermal ablation.Chemical enhancers are
another approach to improve transdermal drug
delivery. These enhancers work by increasing drug
penetration through the skin. They can be used
alone or in combination with other penetration
enhancers to create synergistic systems that can
significantly enhance drug delivery. Such systems
include eutectic mixtures and nanoparticle
composite self-assembled vesicles, which work by
increasing the solubility of the drug in the skin
and/or by altering the skin's permeability.Recent
research has focused on utilizing molecular
simulation methodologies to better understand the
skin lipid barrier, mechanisms regulating
penetration of molecules across the skin, and
transport of penetration enhancers. This has led to
the development of advanced transdermal drug
delivery systems like microemulsions and vesicles
that can deliver drugs more effectively and with
fewer side effects.Transdermal drug delivery
systems have significant potential to improve
patient compliance and reduce healthcare costs.
With the development of novel techniques like
thermal ablation and the use of chemical
enhancers, patients can benefit from better drug
delivery efficacy and reduced side effects. Further
research and development in this field can lead to
the creation of even more effective and targeted
transdermal drug delivery systems, bringing about
a new era of drug delivery that is safe, efficient,
and convenient for patients.

Vesicles

Vesicles are colloidal particles made up of
amphiphilic molecules arranged in a bilayer with
water inside them. They are used for transdermal
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absorption of both water-soluble and fat-soluble
drugs and can provide sustained release of stored
drugs. Liposomes, transfersomes, and ethosomes
are the most commonly used vesicle systems.
Liposomes are soft, circular vesicles that can
encapsulate both water-soluble and fat-soluble
substances, but are limited to the surface of the
skin. Transfersomes have the unique ability to
penetrate skin pores and carry macromolecular
drugs.Ethosomes and transfersomes are types of
lipid-based systems used for delivering drugs
through the skin. Ethosomes have better stability
and last longer than transfersomes because they
contain ethanol, which helps in drug penetration
and retention. Transfersomes, meanwhile, are
highly deformable and can penetrate the skin
deeply, but they may not be as stable as ethosomes.
These vesicle systems are an effective and
versatile way to deliver drugs through the skin and
are widely used in various fields such as
dermatology, cosmetics, and transdermal drug
delivery systems.

Polymeric Nanoparticles

Polymeric nanoparticles (NPs) are garnering
considerable interest in drug delivery systems.
These nanocarriers, falling within the 1 to 1000 nm
size range, are typically made through
polymerization and crosslinking, often employing
biodegradable materials such as gelatin and
polylactic acid (PLA). Polymeric NPs offer
advantages like targeted and controlled drug
release, altering drug dynamics in vivo to prolong
drug residence time in the bloodstream, thus
enhancing bioavailability while minimizing
toxicity and side effects. They also excel in
protecting unstable drugs from degradation and
ensuring sustained drug release, overcoming
limitations of lipid-based systems. Polymers like
polylactic acid, PLGA, polycaprolactone, and
natural polyesters like chitosan, gelatin, and
alginate are widely used in forming polymeric
NPs, which can take forms such as nanospheres,
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nanocapsules, and polymer micelles.Polymeric
NPs boast high mechanical strength and
nondeformability, but they face challenges in
breakdown, leading to extended drug storage.
Following storage, drug release occurs, with drugs
diffusing into deeper skin layers. Thus, polymeric
NPs promise targeted and controlled drug
delivery, improved bioavailability, and reduced

side effects, with their robust mechanical
properties  overcoming lipid-based  system
limitations.

Nanoemulsion

Nanoemulsions, characterized by low viscosity
and thermodynamic stability, consist of small oil
droplets dispersed in an aqueous phase, stabilized
by surfactants. With droplet sizes ranging from
100 to 1000 nm, nanoemulsions offer excellent
wettability, making them ideal for topical skincare
products. They provide benefits like high
solubilization  capacity, physical stability,
improved bioavailability, ease of preparation,
energy efficiency, and long shelf
life.Nanoemulsions exhibit quicker transdermal
time and better absorption compared to
conventional topical preparations. They can be oil-
in-water, water-in-oil, or bicontinuous/multiphasic
emulsions, with oil-in-water nanoemulsions
finding increased use as drug delivery systems for
lipophilic compounds. Overall, nanoemulsions
represent a versatile ingredient with numerous
benefits in skincare and pharmaceutical
applications.

METHODS USED DEPENDING UPON
TYPES AND PURPOSE OF DRUG TO BE
DELIVERED:

In transdermal drug delivery systems (TDDS), it is
crucial to evaluate the efficiency and effectiveness
of drug delivery. The methods employed for this
evaluation vary depending on the type and purpose
of the drug being delivered. However, the three
most commonly used techniques include the use of
diffusion cells, tape stripping, and microscopic and
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spectroscopic examination. Each of these methods
employs a unique analysis approach to determine
the efficacy of drug delivery.

Diffusion Cell Method

The diffusion cell method represents the
cornerstone of assessing Transdermal Drug
Delivery Systems (TDDS), offering researchers a
meticulous lens into how drugs traverse the skin
barrier. Among the various setups, the Franz
diffusion cell configuration reigns supreme,
embodying a nuanced interplay between the skin,
pharmaceutical compounds, and formulation
intricacies.At its core, the Franz diffusion cell
comprises three pivotal components meticulously
designed to mimic real-world scenarios. Firstly,
there's the chamber designated for drug
application, akin to a stage where the
pharmaceutical actives make their debut. Then, a
selectively permeable membrane takes center
stage, akin to the skin's barrier, allowing for the
controlled diffusion of drugs. Finally, the acceptor
media chamber serves as the audience, eagerly
awaiting samples to dissect and analyze, mirroring
how drugs interact with bodily fluids post-
application.Within the realm of diffusion cells,
two archetypes dominate: static and flow-through
cells, each offering distinct advantages. Static
cells, exemplified by the Franz setup, provide
researchers with the flexibility to position the
donor, membrane, and acceptor units vertically or
horizontally, catering to experimental needs. It's
worth noting that Franz cells can assume two
forms — open or closed from the top — each
influencing pressure dynamics and subsequently
affecting penetration measurements. However,
recent technological strides have ushered in
automated diffusion cell systems, relegating
manual setups to obsolescence. These automated
marvels streamline experimentation, mitigating
human errors while expediting data acquisition.By
leveraging the diffusion cell method, researchers
embark on a profound journey, unraveling the
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intricate dance between drugs and the skin's
physiology. This method serves as a beacon,
illuminating the path toward TDDS refinement by
elucidating how formulation nuances sculpt drug
delivery outcomes. In essence, the diffusion cell
method emerges not just as a tool but as a guiding
compass, steering researchers toward
transformative advancements in transdermal drug
delivery.

Tape Stripping

Tape stripping is a widely favored method in
dermatological research, offering a gentle yet
effective means of exploring how topically applied
formulations interact with the skin's outer layer,
known as the stratum corneum (SC). This
technique involves delicately removing a portion
of the SC using specialized adhesive tape,
followed by a meticulous examination of the skin
residues left on the tape surface. Typically,
researchers conduct tape stripping after allowing
sufficient time for the applied formulation to
interact with the skin. Depending on the
experimental setup, the formulation may either be
rinsed away or left in place to maintain its original
composition for subsequent analysis.Consistency
is paramount in tape stripping experiments to
ensure reliable results. Applying the adhesive tape
with uniform pressure minimizes variations in skin
removal and ensures accurate data interpretation.
Moreover, the rate at which the tape is removed
influences the amount of SC material extracted;
slower removal rates enhance adherence and yield
a more comprehensive sample.Once the samples
are collected, various analytical methods can be
employed for further analysis. High-performance
liquid chromatography (HPLC) offers precise
quantification of specific compounds, while
spectroscopic  techniques provide valuable
qualitative insights. Among these techniques,
attenuated total reflectance-Fourier transform
infrared spectroscopy (ATR-FTIR) stands out as a
powerful  tool. ATR-FTIR  spectroscopy
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illuminates molecular interactions by measuring
changes in atomic vibrations and bonding angles
induced by infrared radiation absorption or
scattering. This method generates detailed spectra,
allowing researchers to discern qualitative and
quantitative information regarding the depth of
penetration and composition of the extracted
substances.While tape stripping combined with
ATR-FTIR spectroscopy presents a robust
approach for characterizing skin penetration,
interpreting the results can be challenging. The
overlap of characteristic peaks between the skin
and the analyte compounds necessitates careful
analysis to differentiate and attribute observed
spectral features accurately.Thus, tape stripping
serves as an invaluable technique for investigating
the penetration of topical formulations into the
skin's SC layer. By integrating various analytical
methods, particularly ATR-FTIR spectroscopy,
researchers gain comprehensive insights into
formulation behavior and skin interactions.
However, careful interpretation of results is
essential to extract meaningful conclusions from
tape stripping experiments.

Microscopic And Spectroscopic Methods
Microscopic and spectroscopic methods are
widely employed in the field of dermatology to
gain insights into the spatial distribution of drugs
within different skin layers and to shed light on the
mechanism of penetration. These techniques have
proven to be valuable tools to evaluate the effect
of physical and chemical enhancers on skin
permeability and to examine the therapeutic
effectiveness of different formulations. Confocal
laser scanning microscopy (CLSM) and two-
photon fluorescence microscopy (2-PFM) are the
two most commonly used microscopy-based
techniques in dermatology. CLSM is a non-
invasive method that utilizes fluorescence
microscopy to examine skin structure without
destroying tissue samples. This technique has been
widely adopted to visualize fluorescent model
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compounds in the skin and to diagnose common
skin dysfunction and identify malignant lesions.
CLSM can be used for both in vivo and in vitro
conditions to probe the mechanism underlying the
promotion of transdermal transport by
nanoparticle formulations. Fluorescent markers
such as fluorescein, Nile red, and 5-
bromodeoxyuridine can be included in the
encapsulated nanostructured formulations to
examine their penetration profile across skin tissue
or skin appendages .Two-photon microscopy, on
the other hand, is a more advanced imaging
technique that has become an important tool for
imaging skin cells. This setup commonly uses a
Ti-sapphire laser as the excitation source and
works with an adjustable Ti-sapphire high-
frequency pulsed laser that emits red and near-
infrared rays in the wavelength range of 650-1100
nm. The most significant advantage of two-photon
microscopy is that the total energy delivered to the
specimen is much lower than that of other
techniques.  Additionally, the two-photon
excitation phenomenon involves fluorescence
excitation of the sample in very small focal
volumes, thereby reducing the possibility of
photobleaching and photodamage. Skin samples
can be studied without cryofixation or sectioning,
and deep tissue imaging is possible using infrared
excitation for UV-absorbing fluorophores.
Although two-photon microscopy has some
limitations, including the need for relatively
expensive lasers and complex cooling systems,
and a lower lateral resolution than other
technologies, these limitations are not significant
in practice. Thus, microscopic and spectroscopic
methods have proven to be valuable tools in
dermatology, providing important information
about the spatial distribution of drugs within
different skin layers, shedding light on the
mechanism of penetration, and examining the
therapeutic effectiveness of different formulations.
CLSM and two-photon microscopy are two
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commonly used techniques in this field, each with
its advantages and limitations.

ADDITIONAL INNOVATIVE
APPROACHES:
Transdermal drug delivery presents notable

advantages, including bypassing  first-pass
metabolism and ease of self-administration.
However, the dense cellular structure and
hydrophobic nature of the stratum corneum (SC)
present challenges for certain drugs in
conventional transdermal delivery systems.
Various factors influence drug absorption into the
skin. Skin physiology, such as SC thickness and
lipid content in different skin layers, affects
absorption rates. Capillary density in specific areas
and the presence of hair follicles and sweat ducts
also impact drug absorption. Body temperature
influences vasodilation and blood flow, affecting
absorption rates. Occlusive systems can enhance
drug permeation by over-hydrating the skin. For
effective absorption, drugs must exhibit sufficient
solubility in both water and oil, typically reflected
in a log partition coefficient (Log P) between 1.0
and 3.0. Molecular size also plays a role, with
optimal absorption observed for compounds under
600 Da. The degree of ionization and melting point
of the drug further affect skin permeation.To
address these challenges, researchers have
developed various methods to enhance drug
absorption through the skin. These methods are
categorized based on their generation and
enhancement strategy. The first generation
involves formulations like sprays, gels, and creams
applied directly to the skin, utilizing passive
diffusion for absorption. However, this method has
limitations, leading to the development of more
advanced enhancement techniques. Barry and
Morrow have classified enhancement approaches
into five methods, as depicted in the figure. These
methods encompass a range of strategies to
optimize transdermal drug delivery, offering
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potential solutions to overcome barriers and
improve drug absorption

Drug Vehicle Interaction

Drug-vehicle interaction serves as a promising

avenue for improving skin  absorption,
encompassing  four  distinct  techniques:
drug/prodrug selection, ion pairing, eutectic

systems, and chemical potential or thermodynamic
methods.  Classified as  second-generation
transdermal drug delivery systems by Prausnitz
and Langer, these strategies aim to enhance skin
permeability without causing damage to deeper
skin layers.One such technique is the prodrug
approach, where an inactive moiety is linked to a
drug through covalent interactions, rendering the
modified drug more hydrophobic than the active
form. This modification is crucial as the primary
barrier of the stratum corneum consists of
nonpolar lipids. Upon administration, the prodrug
is metabolized into the active drug, thereby
enhancing pharmacological activity. Examples of
drugs investigated using this method include
stavudine, naltrexone, and bupropion.lon pairing,
another method, is suitable for ionized drugs that
are not readily absorbed through the stratum
corneum. By adding the opposite ion species into
the drug formulation, a neutral paired compound is
formed, facilitating enhanced skin permeation.
Upon application, the ion-paired molecules release
the parent drug, which is then absorbed into the
circulation. Drugs such as risedronate and
bisoprolol have been successfully delivered using
this method.Despite their advantages, drug-
vehicle interaction methods have limitations.
Prodrugs may lead to toxicity due to unpredictable
metabolism and the potential production of toxic
metabolites. Additionally, toxicity assessments of
both the linking agent and the prodrug itself are
imperative. The complex synthesis process and
limited applicability to small molecules further
constrain the prodrug approach. Furthermore,
while ion-pairing and prodrug delivery methods
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offer enhancements, they still rely on passive
diffusion techniques, highlighting the ongoing
challenge posed by the stratum corneum in
transdermal drug delivery.

Stratum Corneum Modifcation

The stratum corneum (SC) is the outermost layer
of the skin and acts as a barrier for transdermal
drug delivery. Therefore, modifying the properties
of the SC can lead to improved permeability of
drugs into the skin. Two methods that have gained
prominence in recent years for modifying the SC
are skin hydration and the use of chemical
enhancers.Skin hydration is a process that involves
increasing the skin's water content and humidity,
enabling the drug to more easily permeate into the
SC. Several methods have been employed for
maintaining water content, including the use of
occlusive dressing and patches, preventing water
loss by adding lipid excipients to the formulation,
and increasing skin humidity using humectants.
Research has shown that after hydration, the lipid
bilayer of the SC separates, altering the
permeability of the skin  significantly.
Furthermore, skin hydration using an occlusive
system may reduce the diffusion resistance of the
skin to xenobiotics and positively affect the flux of
numerous drugs by increasing the amount
permeated and ultimately affecting the absorption
rate into the skin.Chemical enhancers, on the other
hand, function by disrupting the lipid bilayer of the
SC, interacting with proteins, or modifying the
partition coefficient of the drug.The safety of
transdermal enhancers is crucial, as they're widely
utilized in various products to enhance drug
permeation through the skin. However, not all
chemicals are suitable for this purpose. They must
meet several safety criteria: being inert, non-toxic,
non-allergenic, non-irritating, ensuring rapid
effects, aesthetically pleasing, and allowing quick
recovery of skin barrier function post-use.
Adhering to these standards ensures effective drug
delivery without compromising skin health or
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safety. Different types of chemical enhancers have
been identified and categorized based on their
mechanism of action. Some of the commonly used
enhancers include fatty acids, alcohols,
surfactants, urea, and terpenes. Fatty acids interact
and modify the lipid domains of the SC by
disrupting lipid bilayer packing, resulting in
increased drug permeation through the skin.
Alcohols increase drug solubility in the SC by
altering the solvent properties of the SC, resulting
in an improvement in drug partitioning.
Surfactants solubilize the lipids of the SC,
disrupting the lipid and protein domains, and
penetrate through the lipid bilayer. Urea disrupts
SC lipids, increases the water content of the skin,
and initiates keratolytic activity, thereby
improving skin absorption of drugs. Terpenes, on
the other hand, modify the solvent nature of the SC
and improve drug partitioning into the SC, in
addition to disrupting the SC lipid bilayers and
modifying drug diffusivity.While chemical
enhancers show promise in enhancing the
transdermal delivery of drugs, some of them can
be toxic and cause skin irritation at high
concentrations.  Moreover, the  effective
concentration for each type of chemical enhancer
varies for each drug. Therefore, a combination
approach, using different types of chemical
enhancers, has been employed to investigate the
different ways of increasing drug permeation
across the skin. This combination has been
categorized as the third generation of transdermal
enhancement methods. Thus, the modification of
the SC is a promising approach to improve the
permeability of drugs into the skin. Skin hydration
and the use of chemical enhancers are two methods
that can be employed for modifying the SC. While
chemical enhancers show significant promise,
their safety and efficacy must be carefully
evaluated before being used in pharmaceutical
products to ensure that they are inert, nontoxic,
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nonallergenic, nonirritant, and do not cause any
damage to the skin barrier function.
CONCLUSION:

In conclusion, the exploration of advancements
and innovative approaches in transdermal drug
delivery systems (TDDS) illuminates a promising
frontier in  pharmaceutical research and
development. Beginning with an in-depth
understanding of the intricate anatomy and
physiology of the skin, coupled with insights into
drug penetration mechanisms, researchers have
laid a solid foundation for optimizing drug
delivery through this route. The analysis of the
advantages and disadvantages of TDDS
underscores its potential to revolutionize drug
administration, offering benefits such as improved
patient compliance, sustained release, and reduced
systemic side effects. However, challenges such as
limited drug permeability and skin irritation
necessitate ongoing innovation and refinement in
TDDS design.A comprehensive review of the
various types of TDDS reveals a diverse array of
delivery systems tailored to specific therapeutic
needs, ranging from passive diffusion-based
methods to actively assisted approaches. Of
particular significance are the electrically driven or
assisted methods, including iontophoresis,
sonophoresis, electroporation, photomechanical
waves, microneedle technologies, thermal
ablation, vesicles, polymeric nanoparticles, and
nanoemulsion-based systems. These cutting-edge
techniques harness the power of electrical,
mechanical, and thermal stimuli to enhance drug
permeation through the skin barrier, thereby
optimizing therapeutic  efficacy.Furthermore,
methodological advancements such as diffusion
cell techniques, tape stripping, and microscopic
and spectroscopic methods play a pivotal role in
evaluating  drug-vehicle interactions and
modulating the stratum corneum for enhanced
permeability. These techniques provide crucial
insights into the dynamics of drug delivery,

1578 |Page



Pathan Daud A. Khan, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 5, 1566-1587 |Review

facilitating the design of more efficient and

targeted delivery systems.In light of the

advancements discussed, it is evident that

transdermal drug delivery holds immense potential

for revolutionizing healthcare by offering non-

invasive, convenient, and patient-friendly

alternatives to traditional routes of drug

administration. However, continued research

efforts are essential to address remaining

challenges and harness the full potential of TDDS

in improving patient outcomes and advancing

therapeutic interventions.
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