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Many benefits, including avoiding hepatic first-pass metabolism, maintaining a constant
plasma concentration, safety, and compliance over oral or parenteral methods, come
with drug delivery via the skin. The largest obstacle to transdermal distribution,
however, is the fact that only a small number of strong medications with optimal
physicochemical characteristics can pass through skin barriers, intercellularly penetrate,
and attain therapeutic concentration through this mechanism. Considerable work has
gone into creating strategies to improve the medications' transdermal penetration. One
of the microscale physical enhancement techniques that significantly broadens the range
of medications available for transdermal and intradermal administration is the use of
microneedles. The length of microneedles is usually between 0.1 and 1 mm. Materials
for microneedles, types of microneedles, manufacturing processes, and transdermal
delivery uses are covered in this review. A wide range of materials, including silicon,
polymers, and stainless steel, have been utilized to create solid, coated, hollow, and
dissolvable microneedles. Numerous discussions have been held regarding their
implications for transdermal drug delivery. Ongoing delivery, effectiveness, affordable
fabrication, and large-scale manufacture are still problems, nevertheless. This review
covers the various techniques of microneedle patches, types, materials, advantages,
applications ,vaccine delivery and drug delivery.

INTRODUCTION

To improve the quality of health and extend human
life drugs have been delivered in a variety of
pathways. Drug delivery have seen improvements
from chewing of therapeutic leaves to capsules,
pills, injectables, and implantable devices[1]. To
relieve distressing symptoms for patients, higher

adsorption and transport of the drugs can be
achieved. Over the years, the therapeutic efficacy
of the drugs has been enhanced by targeting the
localized aliment region while reducing its toxic
effect to healthy cells[2]. Different routes of drug
delivery into the human body, includes
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transdermal, parenteral, oral, and inhalation routes
for the delivery of the drug to the targeted sites to
shows its action[3]. Route of administration of the
drug selection depends on 3 factors, namely
1.desired effect, 2.Type of the disease, 3.Type of
the product. For conventional and novel drug
delivery oral route has been used and it is the
oldest route. This route is convenient for the
patients because ease of administration and highly
preferred for the long-term medications. And also
oral route of administration having the side effects
which impacts the liver and kidney[3], [4].
Parenteral route is the administration of the drug
into the patient is other than the oral route, those
routes includes intravenous, intramuscular, intra-
arterial and subcutaneous route etc. Parenteral
route of administration is rapid delivery method,
and it is less painful so it is not preferred that much
by the patients[5]. Whereas inhalation route is less
painful compared to parenteral route and
comfortable. Drug delivers directly into the lungs.
This route increases the bioavailability of the drug.
But the risk associated with this route is
overdosing by self-administration  requires
multiple doses each day[6][3], [7][8], [9].

Finally for the administrating of the drugs through
the layers of the skin is focused by the transdermal
route. For example in neonates and geriatric
patient population they are unable to swallow the
oral drugs so, TDD route is used as the alternative
route to the oral route to deliver the drugs. And
also provide alternative for macromolecules/
protein / peptides to bypass the digestive track and
provide the good bioavailability[10]. This route
will transfer the active ingredients directly into
systemic circulation without gastrointestinal and
liver metabolism[11][12][13].

Transcutaneous delivery is ideal for delivering the
vaccines, and therapeutic reagents into the skin but
pain and fear accompany injection with syringe,
that is replaced with painless, less fear methods
like transdermal patches. An intriguing solution is
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a device bearing arrays of microneedles (a
microneedle patch) that is coated with or
encapsulates bio-active molecular that can be
delivered into skin by intradermal administration.
Because of the tiny size, microneedle patches
could eventually be widely used for dermal drug
delivery or vaccine delivery[14],[15].
Transdermal Drug Delivery:

Transdermal drug delivery applying the drug
directly to the skin, and the drug penetrates into the
skin through the stratum corneum and then passes
through epidermis and dermis. When the drug
reaches the dermal layer and it is available for
absorption[10],[16]. Different transdermal drug
delivery are represented in the figure 1.

' Transdermal Drug setnector P—
Delivery Systems

peptides

Figure 1. Different transdermal drug delivery
Transdermal drug delivery history into four
generations are divided by prausnitz and langer.
By using natural diffusion in patch-based
technologies providing low drug load in first
generation, whereas second generation is focused
on using the chemical precursors to actuate drug
delivery. Some technologies are involved in third
generation such as electroporation, thermal
ablation and microneedles, which can target the
drug upon entry into the stratum corneum. Finally
fourth generation involves the combination of
sensing modalities along with drug delivery
microneedles to control the release of
pharmaceutical agents with high precision.
Transdermal drug delivery has many advantages
over the delivery methods. some of the advantages
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like reduction of the side effects of drugs by
preventing the drugs passing through the critical
organs such as liver and kidney. TDD has the
ability to deliver the drug directly into the blood
with desired dosage in a sustained and controlled
manner[17]. Drugs with high doses and molecular
weights are not suitable for the passive
transdermal route, an active penetration enhancer
is required[18]. Major barrier to limit drug flux
into the skin is stratum corneum and it is the
outermost layer having both hydrophobic and
hydrophilic regions of biphasic skin layer ranging
from 10-20 micrometers [19].

Drugs can diffuse through the skin when they are
come in contact with the interstitial fluids, once the
stratum corneum is breached. And it is possible to
deliver the hydrophilic drugs through this method
are it may utilize the sweat glands as an other
method[20].

Materials Used In Microneedle Patches

The principal factor promoting MN manufacture is
their unbreakable and pliable skin penetration. The
MN manufacturing difficulty has been addressed
by taking into account a number of elements,
including material, manufacturing process, and
design. Different kinds of MNs have been created
using a range of materials seen in figure 2.
Polymers, metals, ceramics, and silicon are a few
examples of these materials[21], [22], [23], [24].

Glass

Silicon

AMAMAAMAA

Microneedie material of construction

Polymers

Figure 2. Different materials used in microneedle
Silicon
The first MN was created using silicon material in
the 1990s. Among its many benefits over other
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materials is silicon's inherent flexibility, which
makes it simple to manufacture MNs in the desired
sizes and shapes. MNs that are coated, hollow, and
solid have all been created using silicon. However,
there are drawbacks to silicon use as well,
including labour-intensive manufacture,
expensive pricing, and the potential to cause skin
fractures[25], [26], [27], [28].

Ceramic

Ceramic materials like alumina, with their
exceptional chemical characteristics and resilience
to compression, have been employed to create
MNs. On the other hand, alumina's tensile strength
is lower than that of other material[13]. Two more
types of ceramics that are used in the creation of
MNs are calcium phosphate dihydrate and calcium
sulfate dihydrate. Ceramic material can be utilized
to construct an MN utilizing a micro-mold process.
This method provides low-cost, scaled-up
production[29]. According to a study by Bystrova
et al., MNs made of alumina shattered when
applied to the skin by hand.

Metal

Because of their superior mechanical and
biocompatibility, metals are used in the production
of MNs[30]. Metals have high values for yield
strength and fracture toughness[31]. Metals are
stronger and more difficult to shatter than
silicon[13]. Titanium was the next metal used in
the construction of an MN after stainless steel[32]
. Even while metal MN can penetrate skin, using it
topically may result in an allergic reaction[33].

Polymer
For MN, polymers present a possible material
substitute. They are inexpensive, highly

biocompatible, and toxic-free[34]. Nevertheless,
their strength is inferior than that of silicon and
metals[31]. Polymers are typically used to create
solid, coated, hollow, and hydrogel-forming MN
arrays as well as dissolvable and hydrogel-forming
MN arrays[35],[26]. Biodegradable MNs have
been used to apply a variety of medications to the
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skin[36]. Poly (methyl methacrylate) (PMMA),
polylactic acid (PLA), poly (carbonate),
polystyrene, and SU-8 photoresist were among the
polymer types employed in the creation of
MNs[13].

Types Of Microneedle Patches
Solid MNs Coated MNs
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To create solid, coated, hollow, or dissolvable
microneedles seen in figure 3, a range of materials
have been employed, including silicon, polymers,
sugar, and stainless steel. Every variety of
microneedle has distinct qualities, benefits,
drawbacks, uses, and material types.

Hollow MNs Dissolving MNs Hydrogel-forming MNs
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Figure 3. Different types of microneedle patches

Solid microneedle patch

The purpose of this solid microneedle creation is
to promote drug administration to the dermis,
hence enhancing bioavailability and Kinetic
transport across the skin, by penetrating the
stratum corneum[37], [38]. In comparison to
intramuscular delivery, the solid microneedle is
suitable for delivery of vaccines as it lasts longer
and possesses a more robust antibody
response[39]. Compared to hollow microneedles,
solid microneedles are easier to make, have better
mechanical qualities, and have sharper points[40].
Furthermore, a solid microneedle can be made of
a variety of materials, including silicon, metals,
and polymers[25].

Hollow microneedle patch

The hollow microneedle is made up of a hollow or
empty core or chamber that can be used to inject
or store medication. The hollow microneedle has a
higher dose/amount of medication solution
handling capacity than the solid microneedle[41].
Moreover, a hollow microneedle can introduce the
medication into the dermis or viable epidermis,
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which is appropriate for high molecular weight
chemicals. Furthermore, it regulates the drug
release over time, making it appropriate for use
with formulations of liquid vaccines[42], [43].
Hollow microneedles are an active drug delivery
method that forms a path for drug diffusion into
the dermis based on a non-pressurized drug
reservoir, in contrast to solid microneedles, which
largely elute pharmaceuticals based on the osmotic
gradient. To allow for adjustable release kinetics,
hollow microneedles’ material composition and
manufacturing characteristics can be combined.
Depending on the purpose of the application,
pharmaceuticals at higher concentrations may
produce pharmacological profiles with burst
release, whereas medications put into a matrix may
allow for a steady-state drug release that lasts days
or weeks[44]. Hollow microneedles are similar to
hypodermic needles in that they can be made to
allow for pressure and flow rate adjustment.
Process variables that can be adjusted for quick
release, gradual infusion, or variable delivery rate
over time include the microneedle aspect ratio
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(height to base diameter ratio). The hollow
microneedle has been effectively used for a
number of vaccinations and vaccines over the
years. Nevertheless, because hollow microneedles
are comparatively weaker than solid microneedles
and necessitate meticulous attention to needle
design and insertion technique, they have garnered
less attention than solid microneedles. In addition,
there are technical issues with the hollow
microneedle that include leaking and blockage
when injecting[45], [46].

Coated microneedle patches

The solid-type MN coated with a medication
solution is the coated microneedle. Generally
speaking, the thickness of the coating layer
determines how much of the medication is
carried[47] .The capacity to consistently coat a
regulated drug layer onto MNs is critical to the
efficacy of drug delivery employing coated MNs.
Proteins and DNA can be delivered using a coated
MN in a minimally invasive way. A coated MN
has the benefit of quickly delivering the
medication to the skin; nevertheless, any
remaining medication at the needle's tip could
potentially infect further patients Lastly, the[48],
[49], [50]. outcomes of administering the vaccine
via coated MN resembled those of vaccines
administered via intradermal and intramuscular
methods[51].

Dissolving microneedle patch

Based on its features, the dissolvable MN method,
first debuted in 2005, shows promise. Among
these qualities are those that promote the quick
release of macromolecules and a single-step
medication application process that makes drug
administration simple[52], [53]. The dissolvable
MN tip can be loaded promptly via a two-step
casting method; upon insertion of the dissolvable
MN into the skin, the drug-load releases and
diffuses easily by dissolving the needle tip. Water-
soluble materials are most appropriate for the
manufacture  of the  dissolvable = MN.

Improvements in applying dissolvable MNs after
"poke-and-release™ have led to the conclusion that
this approach is superior to other approaches[54],
[55].Similarly, the best fabrication technique for
the dissolvable MN is the micro-mold
approach[42]. Because of their long-term
replacement inside the epidermal layer, detachable
(separable) MNs, which belong to dissolving
MNs, are known to avoid issues related to the
potential immune response following needle
disintegration, as shown in dissolving MNs. These
microneedle forms have a rapid rate of delivering
a suitable dosage of targeted medications to the
intended locations. While the arrowhead points of
detachable  MNs are  constructed  from
biodegradable scaffolds, the solid core of the
structures is composed of non-biodegradable
materials[56].

Swellable microneedle patches

Certain types of MNs known as "swellable MNs"
enlarge after coming into contact with the
cutaneous interstitial fluid. Swellable MNs offer
skin microchannels for the introduction of
additional drugs, just like other MN Kkinds.
Hydrophilic polymers with a high swell capacity,
such as acrylate derivatives and polyethylene
glycol, are the building blocks of swellable MNs.
It appears that adding more methods can enhance
MNs" hydrophilicity[56], [57], [58]. For example,
Chew et al. used UV radiation and hyaluronic acid
cross-linking to increase the hydrophilicity of
PEGDA polymer. The coating using photo-curable
compounds improved the MN attachment
performance as well. In a brief period of around 10
minutes, the manufactured matrix inflated rapidly,
releasing 90% of the loaded medication into the
aqueous phase. In this case, following the MN
fabrication procedure, this platform offers high
concentrate drug loading and an effective
delivery[59].

Smart microneedle patches
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The need for precise control release, high agent
absorption efficacy, and accurate elective cell
distribution with significantly fewer side effects
became crucial for professional self-health
administration ways as the MN delivery system
developed. Consequently, smart MNs were
presented as responsive drug delivery systems that
could adjust the rate, quantity, and timing of
transdermal cutaneous medication delivery in
response to external, endogenous, or multiple
events. Different responsive materials are used in
the design of smart MNs in this regard. Three
phases make up the smart MN synthesis process,
which results in selective drug release and an MN
matrix phase transition or shape-shifting (leaking,
swelling, and shrinking)[60], [61]. The process
involves three steps: (I) alterations in pH,
temperature, or osmotic pressure caused by the
environment; () interactions  between
biomolecules based on the interactions between
enzymes and substrates, or between antibodies and
antigens, or between hosts and guests, which can
be triggered by internal modification rates of
glucose, nitric oxide, thrombin, ROS, etc.; and
(1) various exogenous stimuli, including UV,
NIR, electricity, magnetic fields, and ultrasound,

which  cause dynamic bond cleavage,
isomerization, reduction, or ring-opening between
the structural materials used in MNs[62].
METHODS OF MICRONEEDLE PATCHES
There are multiple ways to fabricate
Microneedle arrays. Laser ablation, micro-
molding, chemical isotropic etching, injection
molding, additive manufacturing, surface/bulk
micromachining, and lithography-electroforming-
replication are the most widely used techniques.
Micro-Molding

The technique of micro-molding entails copying
the master mold. A solution including a polymer
and active medicinal ingredients is used to cast the
mold figure 4. Micro-molding is a mass production
technique that is thought to be economical[63]. For
the manufacture of MN, micro-molding is
frequently employed with polymer material[64].
When it comes to micro-molding processes, the
PDMS has a number of benefits, including low
cost, convenience of usage, low surface energy,
and thermal stability[65], [66]. The challenges in
regulating the drug load capacity, mechanical
behaviour of the polymer, and penetration depth
are the constraints of this approach [64].

(A) Polymer/drug ()
solution ‘
ll “— Biodegradable V g
[ Drugs polymer
Compressed | +— Water-soluble Insertion Implantation
gas ‘ polymer §
Atomized
solution * " B,
i T @
Water-soluble backing
Mold Sustained release  Rapid release

Figure 4.Micro-molding technique of microneedle patch

Laser Ablation

In order to produce MN arrays, laser ablation uses
a concentrated optical light beam seen in figure 5,
to remove material from a substrate. For a variety
of purposes, lasers have been utilized to treat
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materials at the micro- and nanoscale[67], [68],
[69]. Different kinds of lasers have been
investigated for the production of MN arrays.
These consist of femtosecond laser machines,
CO2, and UV excimers[70], [71]. The laser
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ablation technique is thought to be a quick and
efficient way to create MNs. It takes the laser beam
between 10 and 100 nanoseconds to get close to
the material sheet's burn point. Any metal could be
shaped with a laser as well. The MN structure and
mechanical properties are altered by this process
due to heat impacts at the cutting surface[72]. In
MNs, this could result in unfavourable outcomes

Laser ablation
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Microstructures

PDMS
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Microneedies
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like fatigue resistance or cracking. The substrate is
exposed to minimal heat loads during the non-
contact laser ablation process[73]. But when
compared to other kinds of technology, the laser is
more expensive. Large-scale manufacturing is not
a good fit for the laser ablation technique [72].

Applications

Drug delivery

In vitro tumor model
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Figure 5. Laser ablation technique of microneedle patch

Lithography

The geometric shape master pattern is transferred
onto a substrate's surface using the lithography
technique[74], [75]. Because photolithography has
so many applications in the microelectronics area,
it is mostly employed for pattern transfer.
Lithography serves as the initial stage in the
fabrication of an MN in other techniques, such as
microelectronic  and  micromachining.  The

photoresist must be precisely processed for
A B c

Liquid
(overT))

Class transition
(Tn=T.)

Contact with the
PAPPITRRT™ of the HEM
(drawing pillar)

Creation of
elongated structure
by drawing lithography

lithography. This process adds between thirty and
thirty-three percent to the cost of producing
integrated circuits[76] Glass, metal, ceramics, and
plastics are just a few of the materials that can be
produced using lithography. Moreover, it creates
smooth vertical sidewalls and exact geometries
figure 6. Nevertheless, this method necessitates a
sophisticated space (cleanroom) and more time for
production [71], [77].
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Fabrication of the
dissolving microneedie
of the HEM by antidromic
isolation
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Microneedle Patches For Transdermal Drug
Delivery

The goal of Microneedle (MN) technology is to
replace traditional syringe injections with an active
transdermal drug delivery method. The medication
is delivered with a minimally invasive effect by
penetrating the stratum corneum via the
microneedle array[33]. These arrays are made up
of tiny needles that range in height from 25 to 2000
um[78]. MNs have been employed in a variety of
fields, including cosmetics, illness diagnostics,
and the administration of medications and
vaccines. The structural configurations, forms,
materials, and manufacturing processes of MN are
diverse, and this review study provides additional
examples. According to Donnelly et al,
investigations using microneedles accounted for
thirty percent of the most recent scholarly
literature on "transdermal delivery technology.”
External variables include skin physiology,
physiochemical characteristics, and environmental
conditions can affect the MN drug delivery
route[79]. These include the temperature and
relative humidity close to the application region.
The release of medications into the skin layers will
be delayed by too sparse (low humidity);
conversely, excessive humidity (sweat) might alter
the osmotic gradient for transdermal drug delivery
by causing excess water and other salts to interfere
with drug release kinetics. Moreover, excessive
sweating can hinder the microneedle patch's
adherence to the skin, which would further delay
the release of medications through the skin.
Likewise, drugs may be less permeable into the
stratus corneum and beyond in the vicinity of the
skin at extremely high or low pH ranges[80].
Increasing skin temperature can improve drug
penetration because it increases skin vascular
diffusivity and  vasodilation[81].  Proper
microneedle measuring and dosage loading are
crucial when delivering delicate medications like
insulin and chemotherapy. Because digestion and
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first-pass metabolism are avoided, microneedle
patches usually require a lower dosage to provide
equal therapeutic efficacies than oral consumption.
When compared to the oral route, the
pharmacokinetics of microneedles demonstrate a
rapid absorption in the bloodstream, which can be
useful for treating localized disorders with
considerably lower drug loading. Compared to
solid microneedles, hollow microneedles may hold
larger dosages and function as drug reservoirs.
Using inkjet and spray atomization processes,
solid microneedles composed of ceramic or metal
materials can be coated with very accurate
medication compositions[82].The most frequent
ways to administer therapeutic medications are by
oral administration and parenteral injection, yet
both has a number of drawbacks. Acids and
enzymes in the digestive tract significantly limit
the bioavailability of medications taken orally.
Additionally, needle injections may result in
needle phobias or the development of infectious
diseases that compromise the effectiveness of
medications. systemic processes as well as certain
physiological elements. Drug delivery instruments
such as microneedle patches can be used to get
around these benefits. Microneedle patches were
first developed in 1990 to explore drug delivery,
and a wide variety of pharmaceuticals were
studied. For instance, Comier et al. used
transdermal administration to coat a microneedle
patch with desmopressin, a synthetic peptide
hormone, to treat enuresis. The outcomes
demonstrated that this was a child-safe and
effective approach that may replace the existing
ways, which included injection and intranasal and
oral administration[83]. Patients with type 1
diabetes must administer insulin on a daily basis in
order to improve their quality of life. However,
administering insulin by injection every day can be
extremely painful and traumatizing to the skin,
making it difficult for patients to maintain
adequate compliance. Therefore, a more
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comfortable method of administering insulin
ought to be explored. Microneedle patches for
insulin delivery have been thoroughly studied
since the advent of nanotechnology[84].
Additionally, advancements have been achieved in
the use of microneedle patches for insulin delivery.
Qiu et al. delivered lyophilized hydrogel insulin
using microneedle patches[85]. Dissolving
microneedle patches and its variations are used in
insulin delivery to increase the effectiveness of the
drug delivery process. These patches have the
advantages of quick diffusion, regulated release,
and strong mechanical strength. Microneedle
patches have been researched for self-
administration in cosmetic application to broaden
the scope of use.

Microneedle patches for Vaccine Delivery

One popular kind of MN used for vaccine
administration is a dissolvable MN. In place of the
conventional hypodermic injection needles used to
provide vaccinations, the dissolvable MNs were
employed. Dissolvable MNs are resilient,
biocompatible, scalable, and do not produce
biohazardous waste, in contrast to other types of
MNSs[86]. Vaccines against polio, HIV, Hepatitis
B, influenza, malaria, and diphtheria were
administered using soluble molecular
nanoparticles (MNs)[87], [88], [89].

Coated MNs arrays have been successfully
employed for vaccination purposes, while
dissolvable MNs are the most often used form of
MNs administration. Pig’s immune systems were
strengthened in a trial by using a coated MN and
the Bacillus Calmette-Guérin (BCG) vaccine,
which was easy, safe, and compliant to give.
Hepatitis C virus protein was effectively encoded
in a DNA vaccine coated on a microneedle in
another investigation. In mice, the microneedle
was successfully primed for certain cytotoxic T
lymphocytes (CTLs). Additionally, a coated
microneedle with influenza viral antigen was used
to vaccinate mice.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

Rather than administering the anthrax recombinant
protective antigen vaccination by injection, hollow
MNs have been used to do so. In a mouse model,
a hollow microneedle was tested as a vaccine
against plagque. Comparing an intramuscular
injection to a hollow microneedle used in a human
clinical trial for influenza immunization, the
immune system responded similarly [90].
ADVANTAGES

A microneedle is regarded as one of the best
transdermal drug delivery methods. Because
pharmaceuticals delivered via this approach avoid
important human organs like the liver[25].
Moreover, it provides a painless experience, which
removes the discomfort connected with IV
injections. It is therefore regarded as the greatest
option for those with trypanophobia (needle
phobia). The ease of use of microneedle
transdermal drug administration is facilitated by
the lack of training requirements for staff[91]. Any
medicinal agent's molecules are blocked from
passing through the stratum corneum and into the
dermis or epidermal layer of the skin. Without
inflicting any pain, a microneedle can transport the
medication into the top dermis or epidermis layer
by avoiding the stratum corneum barrier[92].
DISADVANTAGES

The use of a microneedle for transdermal
medication delivery comes with many drawbacks,
including the necessity for a good biocompatible
material, multiple patches in a given area, and an
extended application time. According to
Rzhevskiy et al., the MN patch route's difficulties
in obtaining relevant pharmacokinetic data can
affect the dose settings and perhaps cause
unfavourable side effects[93]. Bariya et al.
claimed that microneedle depth design should also
be strongly regarded while contemplating the
variances in the thickness of the stratum corneum
and other layers of the skin from a various patient
populations[94]. It is also necessary to put the MN
device perpendicular to the skin's surface in order
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to achieve optimal drug delivery and penetration
kinetics. There is a possibility that the drug dose
may escape, or the needles may struggle to
penetrate the skin at non-conformal angles.
Moreover, repetitive applications of microneedles
may result in scarring of the skin surface. There
may also be certain drawbacks with respect to the
shapes and conformation of needle structures, thus
affecting their efficacy. For hollow MNs, for
example, their micropores can sometimes get
blocked due to compressed tissue for certain skin
types, thus affecting their delivery kinetics and
penetrability. Drawbacks of wusing TTD
technologies at the applications include swelling,
infection, irritation, redness, pain etc[95], [96].
APPLICATIONS

MNs have drawn wide interest by academics,
scientists, and industry participants. Several
studies have proved the potential and capacity to
administrate MN in different sectors. These
include drug administration, vaccine delivery,
illness diagnostic, and cosmetics application.
Dissolvable MNs were utilized to give
vaccinations for malaria, diphtheria, influenza,
Hepatitis B, HIV, and polio[86], [87], [88], [89].
Rather than giving a conventional injection, a
rabbit received the anthrax recombinant protective
antigen vaccination using hollow MNs[90].
microneedle technology offers bioassays solution
with  painless  experience and  simple
implementation[97]. Microneedles containing
nanoparticles were able to recognize the
biomarkers in the early stage of osteoarthritis. An
enzyme based on microneedles was functionalized
to monitor alcohol in artificial interstitial fluid.
MNs have been widely used in cosmetic
applications, including skin treatment and hair
growth. Kim et al. developed a dissolvable MN
patch based on hyaluronic acid for the intradermal
delivery of ascorbic acid and retinyl retinoate.
Kumar et al. demonstrated the improvement of
local delivery of eflornithine (used to reduce facial
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hirsutism) both in vitro and in vivo through the use
of a solid MN. Additionally, MN technology was
able to treat two patients with alopecia areata
disease, and these patients experienced hair
growth following treatment. Metal microneedles
may not operate as easily as other types of
microneedles because longer microneedles
typically more than 1 mm are required to avoid
problems related to the porosity of electroplated
metals[98] .

CONCLUSION

We described the development and present uses of
microneedle patches as medication and vaccine
delivery vehicles in this review. Compared to
conventional distribution methods, the
transdermal route offers a convenient, painless,
and non-invasive approach of administering
reagents. More significantly, and this is a big plus
for the healthcare sector, microneedle patches
don't need to be stored or transported via a cold
chain in the future. Moreover, its implementation
ought to reduce medical waste from sharps,
injuries caused by needles, and the spread of
blood-borne infections in rural areas. Microneedle
patches are a potential reagent delivery technology
that improve medication delivery efficiency and
adsorption through controlled release into
bloodstream and circumvention of liver
metabolism. Furthermore, because the skin is the
largest organ and contains a multitude of immune
cells in both the dermis and epidermis,
intracutaneous delivery of vaccine antigen-coated
microneedle patches may enhance humoral
immunity and T cell response. Despite significant
advancements in research, the microneedle patch
is still not suitable for clinical use. To enhance this
delivery platform, more research in a variety of
disciplines, including immunology, materials
science, and vaccination, should be conducted.
Since microneedle patches are developing so
quickly, some researchers have already studied
primates. Microneedle patches are anticipated to
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be extensively used in clinical treatment and

immunization in the near future due to their likely

dose-sparing ability, safety, and ease of treatment
compliance.
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