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ABSTRACT
Nanoparticles are known for their versatility as carriers, and it is providing drug stability, controlled drug release, and
increased bioavailability. Transdermal drug distribution uses nanoparticles as a means of cross the skin barrier and
allowing targeted as well as long-lasting drug release. Non-invasive transdermal delivery is an attractive option,
encouraging patient compliance and comfort levels. Throughout this review, we look at current developments and
challenges while employing nanoparticles to deliver transdermal drugs. The combination of nanoparticles with
transdermal delivery has great potential to address barriers in traditional drug administration pathways, providing a path
to personalized and effective therapeutic interventions for a wide range of medical conditions. As research advances, these
advances may revolutionize drug delivery, opening new opportunities for better patient outcomes and improved healthcare

practices.
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1. INTRODUCTION

One of the least invasive and patient-friendly
ways to administer a therapeutic agent is through
the transdermal route. Not only does it increase
the  Dbioavailability @ of medication by
concentrating the drug molecules in a specific
area of the skin, but it additionally minimizes the
risk of potential undesirable side effects.
Therefore, transdermal medication
administration is a desirable substitute for oral
administration and hypodermic administration'.
It could be wused in more than just
pharmaceuticals, it could be used in skin care,
including cosmetics. Since it is mainly local
administration, it prevents local accumulation of
medication concentration as well as non-specific
transport to bodily tissues that are not specifically
targeted by the drug?.

Skin diseases are among the most prevalent non-
fungal disorders worldwide. TDDS is among the
most effective medication delivery systems in
relation to skin diseases owing to its elevated
bioavailability and minimal toxicity to the
system as well as improved patient compliance®.
There are many different types of TDD systems
under development, such as: microneedle
injections, chemical Penetration Enhancers,
Ultrasonic Penetration or Abrasion Physical
Barrier Disruption Systems Nanocarriers®. This
route of drug administration results in higher
plasma concentrations and increased

bioavailability than other drug forms containing
the same active ingredient’.

The benefits of transdermal administration are:
No suffering, no blood loss, low dosage, easy
self-administration and, high drug integrity. It
lowers the risk of side effects from injectable or
oral administration. When medications are
applied transdermallly, they penetrate the
circulatory system gradually Prevent the liver’s
first-pass effect. Boot the healing outcome.
Decrease the number of times that drugs are
administered long term self-administration is
possible Patients with inconvenient traditional
administration®.

Nanoparticles can be encapsulated to enhance the
physicochemical properties of medicines and
control the release kinetics. Nanoparticles can
improve the medicines pervasiveness through the
stratospheric layer (SC) and improve retention in
various skin layers’. The medication enters the
bloodstream through the skin and travels across
the body’s systems before arriving at its intended
location®.

Transdermal Drug Delivery with Nano
Nanoparticles have grown in popularity in the
medicine delivery industry. Nano particles have
unique properties that allow them to improve the
rate at which drugs pass through the skin’s
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barrier. Nano-based drug delivery systems offer
several benefits, including controlled drug
release better medication stability decreased
greater medication efficacy systemic side effects
characteristics of Sustained drug release
improved patient compliance convenient drug
administration’.

2. TYPES OF ELEMENTAL
NANOPARTICLES

2.1. Metallic Silver Nanoparticles

Utilizing silver nanoparticles, there have been
anthropogenic processes since ancient times. The
low likelihood of certain mutations resulting in
Ag-NP resistance has become crucial in the battle
of microbiologists against an ever-increasing
range of pathogens that are resistant to traditional
antibiotics. Due to its relatively low toxicity,
allergenicity, and good patient tolerance, Ag-NP
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has become increasingly popular in many parts
of the world*. AgNPs are known for their wide-
ranging and highly effective anti-microbial and
anti-cancer properties. Other biological activities
have also been studied in AgNPs, such as
immunogenicity, bone and wound healing
enhancement in vaccinations, and antidiabetic
effects’!. Transdermal medication delivery
systems are among the many applications that
have made extensive use of silver nanoparticles.
Because their antibacterial qualities, these
nanoparticles have been used to drug delivery
systems to improve therapeutic outcomes’®.
Studies have demonstrated that AgNPs capacity
to penetrate skin varies depending on their form.
AgNPs  shape-dependent skin penetration
emphasizes how crucial it is to take nanoparticles
properties into account when creating topical
medications with high efficacy and little
systemic toxicity!.

Anti-
inflamatory

Bio-
sensing

Figure 1: Application of silver nanoparticle

2.2. Gold Nanoparticles

Gold nanoparticles in the 18 to 37 nm range
promoted severe toxicity to the spleen, liver, and
lungs'?. AuNPs have a variety of chemical-
physical properties that make them ideal for
high-tech applications like sensing,
optoelectronics, biotechnology, nanomedicine,
diagnostics, therapeutics, drug delivery systems,
and of course, their potential toxicity. One of gold
nanoparticles primary benefits is that they can be
fine-tuned in size, composition, and function, and
thiol-based ligands can be used to create stable,

covalent, and chemically tuneable layers'.
Transdermal patches are enhanced with gold
nanoparticles to improve drug delivery with
these cutting-edge methods, side effects are
reduced, and medication efficacy is increased’®.
Research aims to advance drug penetration
through the skin by using them in transdermal
patches. Gold nanoparticles increases medication
delivery effectiveness by utilizing techniques
including targeting skin lipids and forming
microchannels”’.

2.3. Alloy Nanoparticles
17



Alloy nanoparticles differ in their structural
properties from the bulk samples'®. In
Transdermal  medication  delivery  alloy
nanoparticles are becoming more and more
popular.  Alloy nanoparticles  maximize
therapeutic efficacy while reducing side effects
by utilizing their special qualities such as
controlled release and biocompatibility’s. With
advantages including local targeting, lower
toxicity, and avoiding hepatic metabolism, alloy
nanoparticles tiny objects with a diameter of
approximately 1-1000nm are becoming more and
more popular in transdermal drug delivery”.

2.4. Magnetic Nanoparticles

The magnetic drug delivery system works by
delivering magnetic particles that are filled with
drugs as to the tumour location affected by
magnetic field outside the body. Magnetic
nanoparticles offer the ability to be administered
in a systematic manner nonetheless, focused to a
particular location throughout the human body
that is nonetheless locally specific through the
application ~ within a  magnetic  field".
Transdermal medication delivery is significantly
aided by magnetic nanoparticles. Due to their
intrinsic magnetism, which  improves
interactions with skin carriers and transdermal
penetration, targeted drug administration is made
possible®. They present a promising option for
meeting future medical demands because of their
potential to transform clinical care. For medical
applications, coating these nanoparticles 1is
necessary to ensure safe medication release and
reduce toxicity®!.

2.5. Iron Oxide Nanoparticles

Fe;0 4 nanoparticles are widely used in energy
storage, magnetic fluids, biosensing,
biotechnology, catalysis, separation methods,
and environmental modification applications. In
biotechnology, targeted drug/genetic delivery
systems are used for targeted drug delivery, MRI,
contrast enhancement, hyperthermia, bio
photonics, detection, diagnosis, and magnetic
field-assisted radiation therapy of cancerous
cells'®. Transdermal medication delivery has
demonstrated the potential of super magnetic
iron oxide nanoparticles®?.  Transdermal
administration methods are non-invasive, and the

skin is easily accessible, which makes it a
desirable strategy for achieving localized drug
concentrations with minimal systemic toxicity®’.
To overcome the limits of current treatment, a
novel strategy is used that incorporates a
microneedle transdermal patch loaded with iron
nanoparticles for weekly iron supplement
delivery®*.

3. FUNDAMENTALS OF TRANSDERMAL
DRUG DELIVERY

3.1. Skin Barrier

Skin serves as the body’s outermost layer, and
it’s exposed to an extensive range of external
sources of oxidative stress, such as UV rays and
contaminants'’. Skin contributes significantly to
the survival of both animals and humans. Human
skin acts as a barrier against the environment; its
beautifully designed structure allows for one-
directional ~ channelization. ~ The  primary
functions of skin include protection, maintaining
water levels, regulating body temperature, etc'®.

3.2. Nanocarriers as skin Penetration

Largest organ in the human body is skin and
performs several different functions like
regulating body temperature, avoiding fluid and
salt loss, and preventing the entry of pathogens
like virus, bacteria, allergen, and toxic chemicals
into the body. Skin penetration is a major area of
research because of the advantages of skin such
as easy accessibility, less systemic side effects
and increased therapeutic efficacy. The SC
function as a major impediment to the passage
among molecules and nanoparticles throughout
the skin. Nanoparticles (NPs) have been studied
on a cellular level for a variety of biomedical
applications. Smart nanoparticles that respond to

external environmental conditions such as
temperature or pH (by varying their
hydrophilic/hydrophobic ~ properties)  have

demonstrated promising results when addressing
the multiple skin condition. However, due to the
complex nature among the skin, it is important to
tailor Nanoparticles to the chemical and
physicochemical properties of the skin.
Additionally, understanding how different cells
and tissues react to nanoparticles within the skin
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is essential for the use of Nanoparticles for

pharmaceutical applications'’.
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Figure 2: Drug Molecules during Skin Penetration

3.3. Skin Disease treatment with transdermal
nanocarriers

Skin disorders are one among the most prevalent
non-fungal disorders worldwide. The TDDS has
shown to be successful treatment for skin
diseases since it is so high bioavailability and low
systemic toxicity as well as improved patient
compliance. Both medical professionals and
patients choose the TDDS to treat skin conditions
according to previous studies. The advantages of
using the TDDS greater than topical or oral
medications include direct skin- contact effects
without first-pass effects increased
bioavailability in the liver; Maintains a stable
blood volume with no peak or effects that peat or
valley; low frequency of systemic side impacts; a
high level of patient adherence Quick
discontinuation of drug administration?’.

4. IMPORTANCE OF NANO BASED DDS

Drug delivery systems is a field that deliver
medicinal substances or active substances
derived from nature their intended site for the
management of different illnesses has grown
significantly in recent years. There are many

methods for delivering drugs that have been
effectively employed lately. Nonetheless, there
are still certain difficulties that need to be
addressed and cutting-edge technologies must be
created to bring medications to their intended
locations. The medication delivery with a
nanotechnology system 1is currently being
researched to enable the advancement of drug
delivery system?!.

4.1. Fundamental of methods
nanotechnology for creating drug
Nano systems can be used to deliver drugs at the
illness’s site to enhance the absorption of poorly
soluble drugs, to target drugs to a particular
location, as well as to enhance drug
bioavailability. Since nanoparticles have a
greater easily taken up by cells as opposed to
larger molecular, they can be used as efficient
delivery and transportation systems. For
medicinal purposes, drugs can be incorporated
within the matrix of particles or adhered to the
surface of their particles. Nanoscale structures
with diverse components in addition to bioactive
qualities have been studied used for the delivery
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of drugs and gens purposes. A successful strategy
for reaching effective medication administration
is to systematically create nano systems based on
knowledge of how they interact with their target
cell population, the biological environment, the

cell receptors as disease progresses, and the
mechanisms and sites drugs action, drug
retention, administration of numerous drugs,
molecular  processes, and the disease
pathobiology with relation to consideration??,

target cell surface receptors, and modifications to
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Figure 3: Applications and objectives of nanomedicine in several biomedical research fields
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Figure 4: Classes of Nanomaterials for Medical Domain

progress in the production of nano-drugs using
imaging, treatments, or diagnostics. The
primary objectives of nanomedicine systems

4.2.1. Delivery of Drug

Initial nanoparticle-based drug delivery

systems based on nanotechnology comprise one

or more therapeutically active drugs that unite,

scatter, or adsorbed on polymer matrix. Over

the past few years, there has been significant
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are to improve tissue delivery biological
accessibility, extend the duration of injectable
medicines, and administer medicinal products
orally. Nano drugs are administered at low
doses, resulting in significant improvements in
their pharmacological properties and a
decreased risk of health and side effects®.

4.2.2. Diagnostic Techniques

In recent years, imaging has become one of the
most powerful tools for diagnosing disease.
Advancements in magnetic resonance imaging
(MRIs) and computer tomography (CTIs) are
impressive, but nanotechnology provides in
vitro and in vivo diagnostic tools that are
sensitive and highly precise, far beyond the
capabilities of modern equipment. Like all
advances in diagnostics, the goal is to enable
doctors to diagnose disease early. It is expected
that nanotechnology will enable cellular
diagnostics  and  possibly  sub-cellular
diagnostics®*.

4.3. Method of Preparation

4.3.1. Method
Evaporation
Evaporation of solvent involves the preparation
of polymer solutions in volatiles and the
formation of emulsions by evaporation of the
solvent. Ethyl acetate was initially used as the
solvent but has since been replaced by ethyl
acetate due to its improved toxicity profile. The
solvent is evaporated, and the emulsion
converted into nanoparticle suspension. The
solution 1s dispersed through the continuous
emulsion phase using conventional methods
such as single emulsion, such as oil in water and
two-phase emulsion (water within water). Once
the emulsion is formed, it is homogenized, and
the solvent is evaporated. Continuous magnetic
stirring can be done either at ambient
temperature or with lower pressure can be used.
After solidifying, the nanoparticles are gathered
and cleaned to get rid of the surfactants. The
final product is then lyophilised?’.

4.3.2. Double Emulsion
evaporation method

of Emulsion/ Solvent

and Solvent
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Double emulsions can be used for micronutrient
delivery, mineral delivery, as well as
medication administration because of special
structure and encapsulation properties. Double
emulsions offer several benefits over other
encapsulation methods: They can be used
directly as wet emulsions or mixed with other
methods such as spray-drying to produce
transportable powders The double emulsion can
be ready using a two-step or one-step process.
The one-step method combines the oil and the
watery phase in one step, often using
microfluidics to control droplet size and form.
The emulsion interface is engineered by
selecting the appropriate ingredients to increase
the stability of encapsulated components.
Simulatively responsive block copolymers or
nanoparticles can stabilize the emulsion,
eliminating the need for separate emulsifiers
and improving the process efficiency?®.

4.3.3. Salting out Method

The method of salting out uses the Salting-Out
effect to precipitate nanoparticles. Because salts
are present in the system, no solvent diffusion
step is required. The organic phase of the
emulsion includes the polymer in an aqueous
water-machined a natural solvent. The solvent
is dissolved in water while swirling the
emulsion to reduce ionic strength and improve
solvent diffusion. As the dissolver migrates
transforming from the natural to the anhydrous
phase, nanoparticles are precipitated in the
dilution process. The filtering acrossflow
removes the salting out agent and nanoparticles
are extracted?’.

4.3.4. Emulsion Diffusion Method

Under the emulsion diffusion process, the
polymer-containing solvent is dispersed from
emulsion droplets to the external phase
(typically water). Due to the solvent diffusion,
nanoparticles are precipitated out of the solvent
as the polymer changes solubility?®.

4.3.5. Method of Solvent Displacement and
Precipitation

Using the solvent displacement approach, the
addition within a polymer dissolved in an
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aqueous semipolar organic solvent. The
polymer is then precipitated into colloidal
particles. The preferred method for nanoparticle
preparation by solvent displacement is to
quickly introduce the organic component of the
solvent into the anhydrous phase. The faster the
organic phase is mixed with the anhydrous, the
smaller the colloidal particles will be. The
speed at which the solvent that is organic passes
using the interface determines the particle size.
Higher  velocities result in  smaller
nanoparticles?’.

4.4. Evaluation

4.4.1. Particle Sizes and Zetapotential

The scanning electrons microscope (SEM) was
employed to measure the size of the particles in
the nanoparticles. The polymer load affects the
size of the particles and ranges between 350 and
600nm. Zeta potential and particle size were
calculated using the Zetasizer™.

4.4.2. Entrapment Efficiency

The difference between the total amount of drug
utilized to generate the nanoparticles and the
amount of drug present in the aqueous solution
was used to calculate the amount of drug
entrapped in the nanoparticles medium?'.

4.4.3. Scanning Electron Microscopy (SEM)
Prepared nanoparticles are analysed for surface
morphology  using  scanning  electron
microscope (SEM) analysis. All formulations
were prepared by coating silica wafers with
nanoparticle  suspension,  adhering  to
aluminium stubs fitted with sticky tapes,
covered in gold sputter coat, and their
morphology examined at 20 kV>2,

4.4.4. Differential Scanning Calorimetry
(DSCO)

The data of DSC is obtained to understand the
thermal behaviour of the medication in
nanoparticles. Nanoparticles and polymers
were deposited right into the various sealed
aluminium pan of conventional size and were
scanned at temperatures ranging from utilizing
an empty aluminium pan as a heating pan, 25°C
to 300°C with a heating rate of 10°C/min in a
nitrogen environment™.

4.4.5. Diffraction Analysis of X-rays

X-ray diffraction (XRD) is an effective method
widely used to investigate the structure of
components, including nanoparticles. When
applied to nanoparticles, XRD provides
valuable information about their crystal
structure, size, and orientation®*.

4.4.6. Fourier Transform Infrared (FTIR)
Spectroscopy

FTIR in nanoparticles analyses infrared light
absorption to reveal composition, surface
modifications, and structural characteristics,
aiding in quality control, synthesis
optimization, and understanding interactions
for diverse applications like drug delivery and
nanomaterial research®.

4.5. Applications of Nanotechnology in
Pharmaceutical Sciences

Pharmaceutical Nanotechnology is concerned
with the creation and evolution of
nanostructures such as nano-atom, nano-
molecule or nano-compound nanostructures
with wavelengths ranging from 0.1 nm to 100
nanometres. Nanotechnology in pharmacy is
helping to develop more sophisticated drug
delivery systems and is therefore an important
and effective alternative to traditional dosage
forms such as tablets, capsules, etc.
Pharmaceutical nanotechnology has
significantly contributed to overcoming some
of the drawbacks of traditional dosage forms>®.
The field of nanotechnology has completely
transformed pharmacology by enabling the
creation of medication delivery methods that
are more effective and less likely to cause
adverse side effects. Recent developments and
medication delivery applications highlight the
potential use of nanotechnology in diagnosing
and treating diseases. Nanomedicine utilizes
nanotechnology to enhance drug delivery to
target organs, enabling physicians to achieve
optimal drug effectiveness and safety’’.

The emergence of nanotechnology over the past
35 years has opened many doors in medical
science, particularly in drug delivery.
Biotechnology has produced some powerful
drugs, but many of them face challenges in
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delivering them in biological systems. The

nanotech and drug delivery market will have a
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industry’®.
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4.2. Nanotechnology used in different medical field

5. NANOPARTICLES TDDS

5.1. Reservoir type Transdermal Patch

A reservoir TDDS has the capacity to disperse
medication consistently and under control for
an extended length of time*. A reservoir- style
transdermal drug delivery device is a patch
with a liquid drug layer kept apart from the
skin by a rate- regulating membrane. At a
regulated pace the medication diffuses through
the membrane and into the skin. By altering the
membranes composition and thickness this
kind of technology can simply be changed to
deliver medications with various
physicochemical qualities*’.

5.2. Matrix system

5.2.1. Drug Adhesive System

Drugs are delivered via adhesive patches used
on the skin in the drug delivery method applied
topically a revolutionary method*!. In the
Medication in Adhesive structure the drug is
directly distributed throughout a sticky
polymer, when applied to the skin, the drug
permeates through the adhesive*.

5.2.2. Matrix Dispersion system

One kind of Transdermal drug delivery method
is matrix dispersed system, which have a drug
uniformly distributed within a polymer
matrix*. The medication permeates the skin
barrier after diffusing from the matrix to the
skin’s surface*.

5.3. Micro reservoirs type transdermal
patch

The Micro-reservoir system is an intriguing
method  for  transdermal  medication
administration®. This technique uses small
shapes as the supply of drugs, which are
produced by stopping the use of drugs particles
in an aqueous liquid polymer solution that
dissolves in water. Next, utilizing a high shear
mechanical stress, these micro-reservoirs are
uniformly distributed throughout a lipophilic
polymer*S,

5.4. Membrane matrix Hybrid type patch

The characteristics of both matrix and
membrane-based Transdermal patches are
combined in a membrane matrix hybrid type
patch. It utilizes a matrix structure for ease of
construction while incorporating a membrane
to enhance drug delivery efficiency*’. The
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purpose of these patches is to deliver
medications under epidermal  control.
Membrane matrix hybrid provide improved
drug release control, yet matrix patches are like
build*®,

5.5. Regimens of TDDS

5.5.1. Patch application and Wear time

The process of applying patch involves
cleaning and drying the area to be covered,
removing the backing, and pressing the patch
firmly into the skin. Depending on the
medicine and patch, the wear period can vary,
although it usually lasts anywhere from a few
hours to several days*’. Current market patches
have a wear time of seven to eight days,
depending on the pharmaceutical kind and
dosage. For example, once daily application of
nitro-glycerine patches, which are worn for 12
to 14 hours before being removed>’.

5.5.2. Duration of Therapy

Achieving the desired therapeutic effects of
Transdermal  therapy, = which  applies
medication via patches, depends on how long
the treatment is administered for. A patient’s
unique circumstances, the drug being taken,
and the illness being treated all influence how
long therapy is advised to last. Transdermal
patches often have a predetermined duration of
use, such 72 hours, during which they are
intended to administer medication gradually
and then need to be replaced. Maintaining
constant medication levels in the body and
maximizing treatment effectiveness need
adherence to the recommended therapy
duration®'.

5.5.3. Patch placement

The area of the upper arm, upper back, belly,
chest, and thighs are where patches are placed.
Based on  variables including skin
permeability, absorption site has special
benefits. For optimal drug absorption and
therapeutic results, the patch must be placed
correctly’!.

5.5.4. Monitoring and Adjustment

Drug Delivery and skin moisture are two areas
where Transdermal patches must be monitored
and adjusted®>. Optimal therapy outcomes
require constant monitoring and adjustments of
Transdermal drug delivery system. Assessing
drug absorption skin integrity and potential
side effects are all part of routine monitoring.
Patch placement adjustments, adhesion
checks, and skin reaction management are a
few examples of adjustments™,

5.5.5. Adhesive properties and patch
integrity

Pressure sensitive adhesives are the glue that
transdermal drug delivery systems use to stock
to the skin. These adhesives are vital for
preserving patch integrity since they adhere
with little pressure. The three main
characteristics of an adhesive are peel
adhesion, creep resistance, and tack®*. To stop
drug leakage or dislodgment, the patch must
also retain its integrity while being worn.
Successful transdermal medication
administration requires ensuring adequate
adhesion and patch endurance.

6. EVALUATION OF NANOPARTICLES
TDDS

6.1. Flux

The rate at which nanosized drug carriers can
cross the skin’s protective layer and reach the
bloodstream is known as the flux of nano
transdermal drug delivery®. Several variables,
including the drug’s qualities, the skin’s
features, and size, shape, charge, and
composition of the nanocarriers, affect the
flow of nano transdermal drug delivery’’.
Particularly for hydrophilic and
macromolecular medications, nano
transdermal drug administration can attain a
greater drug flow than traditional techniques.
Medicines to be delivered to the skin, precise
management of flux guarantees efficient and
regulated release, maximizing therapeutic
benefits and reducing adverse effects’®.

6.2. Permeation Enhancers

Skin permeation enhancers are agents that can

make the skin more permeable to medications

applied  topically  using  transdermal
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nanocarriers>’. Enhancers of skin permeation
are compounds that make the skin more
permeable to medications deposited by
nanocarriers®®. Drugs can be delivered via the
skin barrier using a revolutionary technique
called nano transdermal drug delivery, which
makes use of nanocarriers such liposomes,
nanoparticles, and dendrimers*®. Functional
nano systems could increase drug
concentration in the internal tissues®'. And
improve drug penetration across the skin
barrier®!. Drug can enter the skin and arrive at
the target skin layers or the systemic
circulation using skin penetration enhancers,
which make the skin more permeable®?.

6.3. Ex vivo

Ex vivo skin penetration is a technique use to
assess a medications capacity to pass through
the skin barrier after being administered Trans
dermally. It entails putting the drug
formulation typically delivered from human or
animal sources to a section of skin that has
been removed, then tacking how much of the
medication eventually reaches the other side of

E-ISSN 0975-2633 | PRINT ISSN 0975-5284
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the skin®. Usually, removed skin from humans
or animals®. It is used to evaluate the
effectiveness and quality of products®.
Improve treatment efficacy by shedding light
on the drug behaviour outside of the stratum

corneum>’.

6.4. In vivo

In vivo Transdermal medication distribution
refers to the application of medication via the
skin, obviating the need for the digestive track.
It provides better patient compliance and
regulated discharge®’. Transdermal drug
delivery in vivo research aims to penetrate the
epidermal barrier for efficient administration
of medicinal and cosmetic items®®. The
permeation process is affected by variables like
drug concentration partition coefficient, and
molecule size®’. Studies conducted in vivo are
essential for converting results from In vitro
and Ex vivo research into practical
applications because they shed light on the
intricate relationships that exists between the
medication, the skin, and the systemic
circulation®®,

Table-1: Nanocarrier-based transdermal medication delivery.

Classification Method of Drugs Treatable References
Penetration Illnesses

Dendrimers Intercellular 8-methoxypsoralene 69
route

Transferosomes | Intracellular Dexamethasone Skin Disease 70
Pathway

SLNs Accessory Fluconazole Pityriasis 71
pathway rosea

NLCs Accessory traconazole Fungal 72
pathway infection

Nanoemulsions | Accessory Methotrexate Psoriasis 73
pathway

Microemulsions | Accessory Retinol palmitate Acne,  skin 74
pathway aging,

psoriasis
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7. CURRENT & FUTURE PROSPECTS

In Future developments in nanotechnology in
combination with personalized formulations will
allow for the accurate regulation of medication
release kinetics and giving idea to the new era of
drug administration that is patient-centric and
effective. Non-intrusive transdermal delivery
approaches  promise  improved  patient
compliance. These approaches are essential for
the future of healthcare and are expected to
revolutionize drug administration.

8. CONCLUSION

According to this review Nanoparticles can be
improve the stability and solubility as well as to
improve bioavailability when it is encapsulated
with the drug. Also, it gives unique advantages
like improved medication stability, targeted
distribution, and controlled release which can
Significantly enhance the efficacy and safety of
treatments. The main purpose of using
Transdermal administration of medication is to
provide a non-distant and convenient technique
for medication administration. Also, this route
allows for a sustained and controlled release of
drugs, maintaining steady therapeutic levels and
minimizing fluctuations. The combination of
transdermal nanoparticles-based drug delivery
gives an attractive option provides an extensive
array of medical conditions. Also, this
combination allows for exact regulation of
medication release kinetics, prolonged healing
effects, and reduced adverse consequence.
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