© September 2021| 1JIRT | Volume 8 Issue 4 | ISSN: 2349-6002

An Overview on Nanoparticle-Enabled Wound Dressing
Patch

Nisha Thakre
Research Scholar, Madhayanchal Professional University, Bhopal (M.P) India

Abstract - The word ""nanoscale™ refers to particle sizes
ranging from 1 to 100 nanometers; however
nanopatrticles in the range of 50 to 500 nanometers are
suitable for medication delivery depending on the route
of administration. The way a medication is administered
can have a big impact on its effectiveness. When topical,
regional, or systemic effects are required, the skin has
long been a popular route for drug administration.
Because of electrostatic interactions, nanoparticles have
a strong affinity for biological membranes. Some studies
have discovered that surface charge has an impact on
membrane permeability, for example, the polymer
charge density of dendrimers has been found to have a
substantial impact on membrane permeability.
Nanoparticles (NPs), which have the potential to improve
medication penetration over the skin, have been used in
recent developments in TDDS. NPs can also offer
controlled release, administer both hydrophilic and
hydrophobic medicines, and decrease adverse effects,
and they are non-invasive when employed in a TDDS
manner. Skin patches with microneedles are another
emerging technique for TDDS. New studies have focused
on incorporating two TDDS techniques to overcome the
limitations of traditional drug delivery systems. Loaded
nanoparticles are used to create the structures, which
may also be used to make patches and wound healing
materials. The goal of this review paper is to show how
such patches and wound dressings may be processed in
new ways.

Index Terms - Nanoparticles, TDDS, Microneedles,
Transdermal patches, Wound healing patch.

INTRODUCTION

Topically administered medicaments in the form of
patches or semisolids (gels) that release medicines for
systemic effects at a predefined and regulated rate are
known as transdermal drug delivery system (TDDS)
(1 Because of its flexibility and ease in contrast to
other routes of delivery, the transdermal route has
garnered increasing attention in drug delivery @ It is
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one of the most appropriate, practical, safe, and cost-
effective ways to administer drugs.

The advantages of a transdermal drug delivery system
over traditional modalities of drug administration
include a regulated rate of drug release, avoidance of
hepatic metabolism, simplicity of termination, and a
long duration of effect. A medication is administered
to the inside of a patch that is worn on the skin for an
extended period of time in a reasonably high dosage.
The medication enters the circulation immediately via
the skin through a diffusion mechanism. Because the
patch has a high concentration and the blood has a low
concentration, the medication will continue to diffuse
into the blood for a long time, keeping a steady drug
concentration in the blood flow [,

Wound healing is the process of repairing the skin and
other soft tissues after an injury. An inflammatory
reaction happens after an injury, and cells below the
dermis (deepest skin layer) begin to produce more
collagen (connective tissue). The epithelial tissue
(outer skin) regenerates later. Wound healing is
divided into three stages: inflammation, proliferation,
and remodelling. Angiogenesis, collagen deposition,
granulation tissue development, epithelialization, and
wound contraction are all characteristics of the
proliferative phase. Angiogenesis is the formation of
new blood vessels by endothelial cells. Fibroblasts
expel collagen and fibronectin to build a new,
temporary extracellular matrix during fibroplasia and
granulation tissue development. Myofibroblasts grab
the wound margins and constrict using a process
similar to that of smooth muscle cells ¥, Epithelial
cells then crawl over the wound bed to cover it, and
the wound is then closed by epithelial cells.
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Transdermal drug delivery systems (TDDS) or patches

are controlled-release devices that contain a

medication for targeted treatment of tissues under the

skin or systemic therapy following topical
administration to the skin surface Bl. Although the
formulation matrix of various delivery systems varies,

TDDS are available for a variety of medicines. The

following are some of the ways they differ from

traditional topical formulations:

They feature an impermeable occlusive backing film

that protects the skin beneath the patch from losing a

lot of water;

e The patch's formulation matrix preserves the drug
concentration gradient inside the device after
application, ensuring that drug delivery at the
patch-to-skin interface is maintained; and

e An adhesive layer keeps TDDS in place on the
skin's surface, guaranteeing drug contact and
continuous drug administration.

Because the skin functions as a natural and protective

barrier, topical or transdermal  medication

administration is difficult. TDDS were first launched
to the US market in the late 1970s,but transdermal
drug administration had been used for many years.

There have been earlier instances of mustard plasters

being used to relieve chest congestion and belladonna

plasters being used as analgesics. When topical,
regional, or systemic effects are required, the skin has
long been a popular route for drug administration.

Nonetheless, because few medicines have the

properties necessary to penetrate across the stratum

corneum in sufficient quantities to reach a therapeutic
concentration in the blood, skin serves as an effective
barrier and provides challenges for transdermal
administration of therapeutic agents. Different
techniques have been studied, developed, and patented
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in attempt to improve medication transdermal
absorption. Transdermal medication administration
has regained popularity thanks to advancements in
physical ~ permeation-enhancement  technology.
lontophoresis, electroporation, ultrasound,
microneedles to open up the skin, and, more recently,
the use of transdermal nanocarriers are some of these
innovative advanced transdermal  permeation-
enhancement technologies 67,

Various techniques have been studied, developed, and
patented in attempt to increase medication transdermal
absorption. Transdermal medication delivery has
regained popularity due to advancements in physical
permeation-enhancement technology. lontophoresis,
electroporation, ultrasound, microneedles to open up
the skin, and, more recently, the use of transdermal
nanocarriers are only a few of these innovative
advanced  transdermal  permeation-enhancement
technologies.

THE SKIN OF A HUMAN

For decades, scientists have recognized the possibility
of exploiting undamaged skin as a route for
medication delivery to the human body. The skin, on
the other hand, is a highly tough barrier to the entrance
of materials, enabling only minute amounts of a
medication to pass through over time. To develop a
medication delivery system, one must first understand
skin anatomy and how it affects the drug of choice and
delivery mechanism.

With a surface area of 1.8-2.0 m?, the human skin is
the biggest organ in our body. The epidermis, dermis,
and hypodermis (subcutaneous layer) are the three
major layers (Fig. 1). The skin is a highly energetic
organ that protects the body from external influences
while also regulating heat and water loss.
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Fig. 2 The Human Skin
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ROUTES OF DRUG PENETRATION THROUGH
THE SKIN

Diffusion of medicines via the intact epidermis and
skin appendages is required for drug penetration into
the skin (hair follicles and sweat glands). These skin
appendages, which account for barely 0.1 percent of
total human skin, provide shunt routes across the intact
epidermis. The stratum corneum is recognised to
provide a barrier to drug penetration through the skin.
There are three primary penetration pathways that
have been identified.

THE INTERCELLULAR LIPID ROUTE

The stratum corneum's interlamellar areas, particularly
linker regions, have less organised lipids and more
flexible hydrophobic chains. The nonplanar gaps
between crystalline lipid lamellae and their
neighbouring cells' outer membrane are due to this.
Fluid lipids in the skin barrier are critical for lipidic
and amphiphilic molecules' transepidermal diffusion,
occupying those gaps for their insertion and migration
via intercellular lipid layers. Hydrophilic molecules
diffuse mostly “laterally” along surfaces of less
abundant water-filled interlamellar gaps or across such
volumes; polar molecules can exploit the empty space
between a lamella and a corneocyte outer membrane
to achieve the same goal.

THE TRANSCELLULAR ROUTE

Keratin is abundant in the stratum corneum's
intracellular macromolecular matrix, which does not
contribute directly to the skin diffusive barrier but
does promote mechanical stability and hence stratum
corneum integrity 81, For transdermal drug delivery,
transcellular diffusion is virtually irrelevant. Confocal
laser scanning microscopy was used to detect the
limited aqueous transepidermal channels. Regions of
poor cellular and intercellular lipid packing
correspond with wrinkles on the skin surface and are
also the areas of lowest skin barrier to hydrophilic
entity transfer. This channel of least resistance
connects clusters of corneocytes at points where such
cellular groupings have no lateral overlap. Pathway
broadening or multiplication, such as that induced by
exposing the stratum corneum to a strong electrical
(electroporation/iontophoresis), mechanical

IJIRT 152709

(sonoporation/sonophoresis), or heat stimulation, or
appropriate skin penetrants, can enhance the
contribution to transdermal drug transport.

FOLLICULAR PENETRATION

Because medication targeting to the hair follicle is of
significant relevance in the treatment of skin disorders,
follicular penetration has recently been a prominent
topic of study. Follicular orifices, on the other hand,
account for barely 0.1 percent of the total skin surface
area. As a result, it was thought to be a minor route for
drug entry. Hair follicles, on the other hand, have been
demonstrated in a number of studies to be a viable
alternative for medication penetration through the skin
1, Topical delivery of polystyrene nanoparticles has
also been advocated through follicular routes. They
were studied in both porcine and human skin (ex vivo)
(in vivo). Polystyrene nanoparticles aggregated
preferentially in the follicular openings, according to
surface pictures. The follicular localization was
promoted by the lower particle size, which enhanced
the dispersion in a time-dependent way. The study also
found that the penetration of both membranes is
identical (porcine and human skin). Differential
stripping has been used in various studies to
demonstrate the impact of microparticle size on skin
penetration. Nanoparticles can be used as medication
transporters via the follicle or as follicle blockers to
prevent topically administered drugs from penetrating.

MAIN FACTORS FOR NANO-BASED
DELIVERY SYSTEM
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Fig. 3 Nano drug delivery systems
Particle size, size distribution and zeta potential
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Drug release, physical stability, and cellular
absorption of nanoparticulate materials are all affected
by particle size and shape. Certain in-process activities
and circumstances, such as stirring rate, temperature,
type and quantity of dispersion agent, as well as the
viscosity of the organic and aqueous phases, impact
each system's yield and size distribution [0 1,
Dispersion’s zeta potential is required for dispersion
stability (12

Surface properties

The surface charge of nanoparticles has an impact on
their ability to adhere to cell membranes. In vitro and
in vivo, changing the particle surface charge might
regulate tissue binding and guide nanoparticles to
certain cellular compartments. Negatively charged
sulphated proteoglycan molecules dominate cellular
surfaces and perform critical roles in cellular
proliferation, migration, and motility (31,

Cell surface ocalize atio are made up of a
membrane-anchored core protein and one or more
glycosaminoglycan side chains (heparan, dermatan,
keratan, or chondrotine sulphates) that form a structure
that extends away from the cell surface.

Because of electrostatic interactions, nanoparticles
have a strong affinity for biological membranes 4!
Cell membranes are known to feature extensive
negatively charged domains that resist negatively
charged nanoparticles. The non-specific process of
nanoparticle adsorption on the cell membrane and the
creation of nanoparticle clusters are linked to the high
cellular  absorption of negatively  charged
nanoparticles [*51, The electrostatic interaction between
negatively charged particles and positively charged
sites might result in  ocalize ocalize ation and
subsequent membrane bending, favouring endocytosis
for cellular uptake [°. As a result, the surface
characteristics of nanoparticles can impact their
cellular absorption and intracellular distribution, and
surface charge can be used to  ocalize nanoparticles
to particular intracellular destinations (lysosomes,
mitochondria, cytoplasm, etc.) 7],

Some studies have discovered that surface charge has
an impact on membrane permeability, for example, the
polymer charge density of dendrimers has been found
to have a substantial impact on membrane
permeability. The most densely charged polymer aids
dye molecule transport through the membrane 81, In
another study, lipid coating of ionically charged
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nanoparticles increased endothelial cell layer crossing
by 3 or 4 times compared to uncoated particles,
whereas nanoparticles coating of neutral particles had
no effect on their permeation characteristics across the
endothelial cell monolayer )

Transdermal drug delivery methods had previously
been restricted to a small number of medicines with
varying molecular weights and lipophilicity, as well as
charge preferences. Because the skin has a negative
surface charge owing to phosphatidylcholine 2%, and
carbohydrates present in human cells include
negatively charged groups, cationic substances have a
beneficial impact on skin penetration. As a result,
transdermal permeability would be aided by
nanoparticles with a significant positive charge.

DERMATOPHARMACOKINETICS

The pharmacokinetics of topically administered
medicines in the stratum corneum  with
pharmacodynamic effects is referred to as
dermatopharmacokinetics. In
dermatopharmacokinetic approach, clever methods
(tape stripping and microdialysis) are used to evaluate
the cutaneous drug concentration at the application
site. Dermatopharmacokinetics has been demonstrated
in several studies to be a valid and repeatable approach
for assessing bioequivalence, and it is relevant to all
topical dermatological medication formulations.
Dermatopharmacokinetics is the study of topical
actives' concentration-time curves in the stratum
corneum. This is similar to plasma/urine
concentration-time curves for systemically or orally
administered medications. Although this process is
invasive, it is a method with tremendous promise for
providing information of high value and relevance,
and the idea is obviously applicable to microdialysis,
where drug is determined in the skin compartment in
which the microdialysis fibre is positioned. A chamber
within the skin might be used for sampling. It's a
unique situation. However, it is a technically hard
technique that necessitates a high level of
experimental dexterity.

Tape-stripping of the stratum corneum is a minimally
invasive approach for measuring drug levels in the
human stratum corneum in vivo. It entails applying
adhesive tapes repeatedly to a location that has been
treated with a topical preparation and measuring drug
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levels in stratum corneum samples collected on tape

strips.

Topical drug products, when applied to diseased skin,

cause one or more therapeutic responses, the onset,

duration, and magnitude of which are determined by

the relative efficiency of three sequential processes,

namely:

e the drug's release from the dose form

e drug penetration through the skin barrier, as well
as the production of the required pharmacological

impact
Because topical products deliver the drug directly to or
near the intended site of action,

dermatopharmacokinetics can be used to compare the
bioequivalence of two topical drug products by
measuring drug uptake into and drug elimination from
the stratum corneum 222 Two formulations that yield
similar stratum corneum concentration-time curves are
likely to be considered bioequivalent, just as two oral
formulations are.

Dermatopharmacokinetics can be used to compare the
bioequivalence of two topical drug products by
measuring drug uptake into and drug elimination from
the stratum corneum 2324 Because topical products
deliver the drug directly to or near the intended site of
action, dermatopharmacokinetics can be used to
compare the bioequivalence of two topical drug
products by measuring drug uptake into and drug
elimination from the stratum corneum. Two
formulations that produce similar stratum corneum
concentration-time  curves, just like two oral
formulations, are likely to be considered
bioequivalent. Dermatopharmacokinetics can be used
to compare the bioequivalence of two topical drug
products by measuring drug uptake into and drug
elimination from the stratum corneum [? 26l Because
topical products deliver the drug directly to or near the
intended site of action, dermatopharmacokinetics can
be used to compare the bioequivalence of two topical
drug products by measuring drug uptake into and drug
elimination from the stratum corneum(71,

The stratum corneum itself is the location of action in
some cases. Fungi live in the stratum corneum in
fungal diseases of the skin; hence
dermatopharmacokinetic assessment of an antifungal
medication in the stratum corneum is a direct
measurement of drug concentration at the site of action
(28 In cases when the stratum corneum has been
disturbed or injured, in vitro drug release can help with
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the bioequivalent evaluation 31 Because studies
show a favourable connection between stratum
corneum and follicular  concentrations, the
dermatopharmacokinetic method is still predicted to
be useful in these conditions. Although the exact
mechanism of action for some dermatological drugs is
unknown, the dermatopharmacokinetic approach may
still be useful as a measure of bioequivalence because
it has been shown that the stratum corneum acts as a
reservoir and that stratum corneum concentration is a
predictor of drug absorption (52,
Dermatopharmacokinetic principles should be applied
to all topical dermatological medication products,
including antifungal, antiviral, antiacne, antibiotic,
corticosteroid, and vaginally administered drug
products, for the reasons stated above. As a result, the
dermatopharmacokinetic method may be used to
document bioavailability and bioequivalence. Because
skin with illness shows considerable variability and
changes over time, bioequivalence evaluations
utilizing dermatopharmacokinetic studies are often
done in healthy people. Healthy participants were used
in bioequivalence tests for oral medication items,
which is consistent with previous research.
A dermatopharmacokinetic  approach is not
appropriate in the following situations:
e The stratum corneum is damaged by a single
application of the dermatological preparation.
e For otic preparations, unless the product is
intended for otic skin irritation; and
e For ophthalmic preparations, because the cornea
and stratum corneum are physically distinct.

WOUND DRESSING PATCH

Wearable patches have received a lot of attention in
recent years because of their unique benefits such as
flexibility, real-time  monitoring, noninvasive,
disposable, high integration, high sensitivity, and high
stability. With the growing demand for medical big
data and personalised medical care, there is also a
growing demand for wearable patches, and intelligent
wearable patches have a lot of potential in the next
generation of wound management. The biosensing
patches, for example, are based on biochemical and
physiological sensing of potential hydrogen (pH),
glucose, and temperature B3 Several reviews have
been published to date, focusing on self-healing
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materials, antibacterial ability, drug release, flexible
electron and artificial skin of wound healing, and
wearable patches. A comprehensive review that
focuses on various-aspect monitoring and smart drug
release of wound dressings, on the other hand, has yet
to be presented B+37],

Fig 4. Wound Dressing Patch

IDEAL DRUGS FOR
TRANSDERMAL DELIVERY
Only a restricted number of medicines can be
administered systemically at therapeutically relevant
rates because to the selective nature of the epidermal
barrier 8 Only a few medicines make up the whole
transdermal drug industry. Aside from potency,
moderate lipophilicity and low molecular weight are
two physicochemical drug properties that are
frequently recalled as favourable for percutaneous
administration % A substantial number of
pharmaceutical compounds, however, do not meet
these requirements. This is especially true for
macromolecules like insulin, human growth hormone,
or cyclosporine, which are notoriously difficult to
transport. The following are the physicochemical
characteristics of an optimal medication for
transdermal delivery:
e Molecular weight less than approximately 1000
Daltons.
o Affinity for both lipophilic and hydrophilic
phases.
e Low melting point.
e Should be potent, with short half life and be non-
irritating.
Overcoming poor skin permeability to xenobiotics can
be accomplished in a number of ways, and it is a
current  study topic. Depending on the

DERMAL  AND
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physicochemical nature of the molecule, its
effectiveness and applicability will differ from drug to
drug. New drug development is still a difficult process
that necessitates a significant amount of time and
money. Because the active compounds used in the
formulation have already been approved, formulation
change technologies provide a relatively simple
approach to creating new pharmaceuticals compared
to new drug discovery [“%41 They also provide a
relatively simple approach to creating new
pharmaceuticals compared to new drug discovery
because the active compounds used in the formulation
have already been approved.

ADVANTAGES OF DERMAL AND
TRANSDERMAL DRUG DELIVERY

Transdermal distribution allows patients to self-
administer medications in a convenient and pain-free
manner. It avoids frequent dosing and the peaks and
troughs in plasma levels associated with oral dosage
and injections, allowing for consistent drug

concentrations and the delivery of a medication with a

short half-life. All of this increases patient compliance,

which is especially important when long-term
treatment is necessary, such as in chronic pain

treatment and smoking cessation therapy [74243

e Another benefit of transdermal administration is
that it avoids hepatic first-pass metabolism and
the gastrointestinal (GI) tract for poorly
bioavailable medicines. The elimination of the
firstpass effect enables for a smaller dose of
medication to be delivered, making it safer in
hepatocompromised patients and reducing side
effects.

e When compared to other medicines on a monthly
basis, transdermal systems are typically less
expensive, as patches are designed to administer
medications for 1 to 7 days.

e Another advantage of transdermal delivery is that
with today's programmable systems, multiple
dosing, on-demand, or variablerate drug
administration is feasible, adding to the benefits
of traditional patch dosage forms.

e The transdermal route allows the use of a
reasonably powerful medication with less danger
of system toxicity, as seen by the growing market
for transdermal products.
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e In the event of toxicity, the patient can quickly
remove the transdermal patch ©44°:

DISADVANTAGES OF DERMAL AND
TRANSDERMAL DELIVERY SYSTEMS

Although dermal and transdermal delivery methods

offer several advantages over traditional topical

formulations, they nevertheless have a number of

drawbacks. According to Ranade and Cannon [61

cutaneous and transdermal delivery methods have the

following drawbacks:

o Not all medicines are appropriate for transdermal
administration.

e It is not possible to deliver drugs that need high
blood levels.

e The glue used may not be suitable for all skin
types.

e Drugs or medication formulations may induce
sensitivity or irritation, and this must be
considered early in the development process.

e Wearing the patches may or may not be pleasant.

e Because the formulation needs specialist
technology, it is more expensive to produce than
normal dosage forms, making it unaffordable for
most patients.

CHARACTERIZATION OF DERMAL AND
TRANSDERMAL DELIVERY SYSTEMS

Different techniques are used to describe dermal and
transdermal delivery systems.

Drug solubility determination

Early in the formulation process, determining the
drug's solubility in the transdermal/dermal matrix
might help to avoid the problem of crystallisation,
which is one of the instabilities in transdermal drug
delivery systems (TDDS). The formulation becomes
metastable as a result of the instability in the matrix,
which might be related to supersaturation, and changes
in the liberation/release rate of the drug from the
formulation during storage.

Micromeritic measurements

Particle-size, shape and zeta potential analysis

Light scattering is a common method for determining
the characteristics of colloidal and macromolecular
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dispersions, and it might be useful in determining the
parameters of particulate TDDS, such as ethosomes.
Wet laser diffraction sizing, also known as dynamic
light scattering (DLS), is used to determine particle
size and size distribution 7} Dynamic light scattering
may also be used to determine the size of a formulation
(e.g. using a Zetasizer). This is required in order to
determine the impact of size on drug release and
penetration through barriers in transdermal and dermal
administration, as well as to track stability over time.
A formulation’s zeta potential is extremely significant.
It is determined using Zetsizer or other methods and
provides information on the charge of the particles as
well as their inclination to aggregate or remain discrete
in a formulation.

Visualization by transmission electron microscopy
To observe skin structures and specific disturbances in
the skin, a combination of transmission electron
microscopy (TEM) and freeze fracturing, also known
as freeze fracture electron microscopy (FFEM), might
be employed. A micrograph picture is created by
passing an electron beam through a material that has
been prepared to improve the visibility of skin
structure features. The TEM's high resolution allows it
to see both structures and transition processes in the
epidermis. Epidermal granules 8, Langerhans cells
49 and lipids in the stratum corneum and epidermis
159 among other things, have been identified using
various methods.

In FFTEM, samples are frozen and then longitudinally
fracturing is performed under high vacuum, almost
parallel to the original skin surface Y The sample
might be subjected to further treatment before being
examined under high voltage. This type of imaging
can reveal information about the interaction of the
nanoparticle composition with the skin. FFEM
micrographs of treated stratum corneum frequently
show the lipid coated surfaces of corneocytes or the
lipid lamellae since the fracture will always travel
along the plane of least resistance.

Stability

Carriers' physical and chemical instability frequently
restrict their usage in medical applications [
Hydrolysis or oxidation of the phospholipid molecules
causes instabilities in ethosomes and other nanocarrier
formulations, which manifest as leakage of the
encapsulated medication and changes in vesicle size
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owing to fusion and aggregation 5253 Changes in size
and size distribution, entrapment efficiency, and
vesicle aggregation are all important indicators of
stability. These characteristics may be measured using
EM or DLS over time and under various storage
circumstances.

Small unilamellar ethosome vesicles showed a high
tendency to form aggregates due to increased surface
area exposed to the medium, despite the fact that
multilamellar and large unilamellar benzocaine-
loaded ethosome vesicles remained substantially
stable with time in terms of drug entrapment yield and
particle dimensions B4 This type of vesicle
aggregation implies a state of instability. Furthermore,
changes in storage conditions resulted in a significant
reduction in particle dimensions and drugentrapping
yield, as well as less regular morphology, for frozen-
and-thawed multilamellar ethosome dispersions,
whereas untreated multilamellar and unilamellar
vesicular dispersions remained homogeneous and
stable in terms of those parameters assessed over time
5% In analysing the stability of ethosomes, optical
properties, viscosity, and physical changes such as
cracking or creaming are also essential. Because
ethosomes are colloidal dispersion systems, they may
fracture and cream during storage, just like water-in-
oil emulsions. It has been suggested that a novel
optical analyzer, Turbiscan Lab® Expert, be used to
investigate the impact of optical properties on the
long-term stability of wvesicular colloidal delivery
systems [56. 57

CONCLUSION

To avoid a major infection that necessitates costly
treatment, the wound must be properly managed. It is
critical to have a method to improve wound healing in
order to have effective wound therapy. Transdermal
patches containing Nanoparticles are a type of wound
therapy technology that is non-invasive, easy to use,
and allows for consistent medication dosing. In this
review, the transdermal patch shows tremendous
promise as a medication delivery device for delivering
the active ingredient to the intended treatment region,
particularly the skin, because it can provide consistent
drug release and patient compliance due to its non-
invasive nature.
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