Journal of Chemical Health Risks
www.jchr.org
JCHR (2024) 14(2), 2115-2127 | ISSN:2251-6727

Exploring Microneedle Systems for Transdermal Drug Administration
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KEYWORDS ABSTRACT:
Introduction: Transdermal administration of medication is a preferred method for administering therapeutic

Microneedles; medications. It is simple to administer and prevent drug deterioration in the gastrointestinal tract. However,

trar?sdermal the main obstacle to drug penetration is the stratum corneum. only tiny (<500 Da) and moderately
delivery; hydrophobic molecules can be administered transdermally. Microneedle (MN) arrays offer a painless
microneedle array; substitute to improve transdermal administration and skin permeability. Through the creation of microscopic
stratum corneum; holes, this technology has the potential to transport a wide range of therapeutic macromolecules to the
skin dermal microcirculation over the skin's surface in a way that is least intrusive to the surface and epidermis.

The medication compositions and microneedle design allow for the regulation of dosage, delivery rate, and
drug efficacy. This review covers microneedle systems, materials, and manufacturing methods.

Methods: Microneedle arrays can be made in a variety of methods. The most popular methods are micro
mouldings, laser ablation, chemical isotropic etching, injection moulding, additive manufacturing,
surface/bulk micromachining, and lithography electroforming replication.

Conclusions: Research on the use of microneedles for transdermal medication administration has gained
attention since this method of delivery potentially replaces current methods and improves patient
accessibility to medications. Four categories exist for microneedles: hydrogel, solid, coated, and dissolving.
Ceramics, silicon, metal, polymers, and glass are just a few of the materials used to make them. To impart
diverse sizes, forms, and features, various production processes are employed. Clinical experiments using
different medications are utilizing microneedles, which are still undergoing evolution.

1. Introduction administration requires expertise. So, the optimal
method of delivering a drug should be as
straightforward as taking it orally and have an
injection's high bioavailability [1].

Pharmaceutical efficacy depends on both the active
drug component and its delivery mechanism to the
body. Therefore, it's important to choose the best
strategy for drug administration based on the
characteristics of the drug. Oral administration is a
convenient way for patients to self-administer drugs,
but it might be hard to employ for biopharmaceuticals.

Transdermal drug delivery has several benefits,
including improved patient adherence, avoiding first-
pass metabolism, having a lot of skin surface area to
distribute the drug, and rapid dosage termination.

Injections provide excellent bioavailability and quick . .
However, only a few pharmacological formulations

medication effect but patient compliance is limited, and
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with ideal properties have been effectively sold to
provide drugs via the epidermis, this is because the
stratum corneum resists medication delivery. The issue
of it is possible to address inadequate medication
delivery by creating micron-sized needles that transfer
the medicine gently throughout the stratum corneum
[2].

The microneedle device disrupts the skin's surface layer
to administer drugs through a topical route via
diffusion. A patch with hundreds of microneedles helps
administer a therapeutic amount of medication. The
needle's dimensions must be optimized and limited to
the extent of the epidermis of the skin. Too lengthy and
dense needles can injure neurons in the dermal layer,
causing pain and irritation. The skin epidermis ranges in
thickness from 50 to 100 pm, with palms and soles
reaching up to 1500 um. Microneedles typically have a
sharp tip that measures 150-1500 pm in length, 50-250
pm in width, and 1-25 pm in thickness. Microneedle
tips can take many different shapes, including pointed,
pentagonal, cylindrical, triangular, octagonal, and many
others. Microneedle designs vary based on fabrication
method, distribution method, needle type, and drug
delivery needs [3].

The selection of biomaterial, stringent processing
parameters that restrict the kinds of medications that
may be employed, and the difficulty in accurately
controlling the kinetics and rate of drug release are
some of the present obstacles facing the development of
MN arrays. Because they are inexpensive and simple to
fabricate using micro-moulding techniques, polymer
MNs present an appealing alternative for drug delivery
that may be produced in large quantities. The
effectiveness of transdermal distribution of a variety of
hydrophilic compounds, including macromolecules and
high-molecular-weight proteins, has recently been
shown to be improved by polymer MNs. Water-soluble
and biodegradable polymers are among these MNs that
provide both the safe degradation or solvent dissolution
of MNs and the elimination of the risk of MNs staying
in the skin [4].

2. Transdermal drug delivery methods and the
structure of the skin

The three sections that make up skin are the outermost
layer (epidermis), which contains the stratum corneum,
the middle layer (dermis), and the innermost layer
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(hypodermis). There are various layers in the epidermis.
Dead cells make up the top layer, which sheds regularly
and is gradually replaced by cells derived from the basal
layer. Because collagen and elastin fibre are present in
the dermis, which joins the epidermis and hypodermis,
it offers strength and elasticity. The connective tissue
that links the skin's dermis to underlying structures is
called the hypodermis, and it contains adipose tissue for
fat storage and defence. The thickness of the epidermal
layer is 150-200 pm. Squamous epithelium that has
been stratified and keratinized makes up the epidermis.
It is composed of four or five layers of epithelial cells,
according to where it is located in the body. The stratum
corneum, the dead cells that make up the outermost
layer of the epidermis (10-20 pm), serves as a strong
barrier. 1t does not have any blood vessels within it.
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Figure 1: Structure of human skin.

The thickness of the dermis layer is 1.50-3 mm. The
fibro-elastic structure known as the dermis, gives the
skin its mechanical strength. A vast nerve and vascular
network are present in this stratum. It is made up of
vessels that carry blood and lymph, nerves, and other
elements like the roots of hair and glands that produce
sweat. The dermis is made of two layers of connective
tissue that compose an interconnected mesh of elastin
and collagenous fibres, produced by fibroblasts.
Potential injury to the dermal nerve endings is the cause
of the discomfort connected with parenteral medication
administration. One of the biggest challenges in drug
administration via the skin is getting past the intact
stratum corneum layer without damaging nerve endings.
By passive diffusion, only a small number of highly
effective pharmacological molecules with a molecular
weight of less than 500 Da and strong lipophilicity can
be given directly [5]. Several physical and chemical
strategies have been used to increase medication
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absorption via the skin. Chemical methods include
dissolving the stratum corneum lipid or making
medications more soluble by using penetration
enhancers such as surfactants, fatty acids/esters, and
solvents. Physical techniques such as iontophoresis,
magnetophoresis, sonophoresis, and electroporation
have been proven to be effective in establishing
channels for a limited number of medications to pass
through the skin [2].

3. Microneedle System and Drug Delivery

To administer the medication topically, the microneedle
delivery system briefly disrupts the skin's surface layer,
adhering to the diffusion mechanism. Similar to the
depth of the epidermis of the human skin, the needle's
size must be optimized and limited. In the dermis,
excessively long and thick needles can harm the nerves
and result in pain and suffering. Overall, the skin's
epidermis is between 50 and 100 pm thick, with the
palms and soles having patches as thick as 1500 pm.
Typically, the length, width, and tip thickness of these
microneedles range from 150-1500 pum, with a sharp
tip. There exist several shapes for microneedle tips,
including but not limited to pointed, pentagonal,
cylindrical, triangular, and octagonal shapes. Different
microneedle designs exist based on the medications to
be administered, the type of microneedle, the delivery
technique, and the production process. Depending on
the fabrication procedure used to manufacture the
microneedle, different microneedles are made from
different materials. We then go over a couple of the
materials' characteristics [3].

3.1. Mechanism

The diffusion mechanism is responsible for topical
medication delivery. Shortly, the skin is interrupted in
the microneedle medication delivery system [6]. To
administer enough medication to produce the required
therapeutic response, thousands of microneedles are
arranged in a certain pattern on a small patch that looks
like a typical transdermal patch sold in stores.
Bypassing the barrier layer, it pierces the stratum
corneum. The medication is injected directly onto the
skin's surface, or topmost the dermal layer, after which
it enters the bloodstream and, upon reaching the site of
action, manifests a medicinal effect [7].
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Figure 2: Use of microneedles to provide medication:
(A) microneedle loaded with medication dose; (B)
microneedle placed inside the skin; (C) drug discharge
into the skin.

Previously, to get beyond the stratum corneum'’s barrier
function, the skin was penetrated with a number of solid
microneedles. After treating the affected skin area, a
medicated patch was applied. The needles were
composed of silicon wafers. This method is called
"poke and patch." This method was also attempted to
non-invasively measure the glucose level by extracting
the interstitial fluid [8]. Later studies on microneedle
technology focused on creating solid microneedles that
were dip-coated with medication solution. Before the
drug's release, the skin was punctured. Using a “coat
and poke" technique, merely a tiny quantity of
medication (around 1 mg) possibly covered over the
microneedles, and consistent coating required
significant tuning. Following more investigation, the
"poke and release" strategy was developed. After being
administered, polymers and polysaccharides used to
make microneedles either slowly dissolved or broke
down. Using a range of easily available carbohydrates
and polymers, the “"poke and release™ method has the
benefit of allowing the drug release to be adjusted
according to need. Hollow microneedles were created
since it was still not possible to provide a significant
amount of medication using dissolvable or degradable
microneedles, unlike other physical methods. This
technique known as "poke and flow," engages in
puncturing the skin, thus permitting medication to seep
via microneedles that are hollow into the patch's
reservoir [9].
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4. Techniques for Transdermal Delivery Using
Microneedles

Important factors that impact the effectiveness of MNA-
based drug administration are mostly related to the
MNA's design (including its size, shape, and
manufacturing materials and procedures) as well as the
kind of active ingredient that is delivered. "Poke and
patch," "poke and flow," "coat and poke,” and "poke
and release" are some categories into which the various
tactics might be divided [10].

4.1. Poke and Patch Solid Microneedle

The "poke and patch™ method involved puncturing the
skin with solid MNA to generate tiny pores that
penetrate to the lowest levels of the epidermis. Because
the stratum corneum, the primary Dbarrier to
permeability, is broken down, this technique greatly
enhances the passive transport of medications through
the skin [11]. There are two steps in this approach:
Initially, the MNAs are used to puncture the skin and
are then extracted; second, the medication is
administered in a traditional dose form (cream, patch, or
solution), acting as an external drug reservoir. The
extended half-life and stronger antibody response of
microneedles make them ideal for wvaccine
administration. Solid microneedles are easier to make
than hollow ones, and they have better mechanical
qualities and sharper tips. It is also possible to create a
solid microneedle using silicon, metals, and polymers,
among other materials. Its ease of use in a clinical
application and its technological simplicity make it very
appealing. This method has several drawbacks and is
not without criticism. A primary disadvantage is that the
micropores are only open for a brief period, which
could result in an early cessation of the active
substance's delivery [12].

1
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Figure 3: Diagrammatic representation of the poke and
patch method with a solid microneedle array.
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4.2. Coat and Poke using Coated Microneedle

The "coat and poke" techniques are an additional
method for using solid MNA. This method entails
coating the surface of the solid microneedles with a
formulation that contains a medicine or vaccination
[13]. Following MNA insertion, this technique permits
medication diffusion from the coating layer into the
deep layers of the epidermis. According to the coating
layer's thickness, it usually carries a lesser quantity of
the medication. It is essential to be able to consistently
coat a controlled drug layer onto MNs to successfully
administer medication using a coated MN.

s

Figure 4: Diagrammatic representation of the coat and
poke method.

4.3. Hydrogel-Forming and Dissolving Microneedles
for Poke and Release

Various materials that are compostable and dissolve in
water can be used. To create a dissolving MNA, which
allows for the loading and release of medications as the
MNA dissolves following insertion [14,15]. Expertise
in technology is needed for the creation and
manufacturing of a dissolvable MN array. But complete
insertion, which is frequently challenging to achieve, is
also necessary for this form of MN, and its dissolution
is delayed. By regulating the pace at which the
formulation dissolves utilized as the MNA matrix,
dissolving microneedles can sustain regulated drug
release for an extended period, which is an
improvement over the "poke and patch” method.
Because the MNA can puncture the skin and is left in
place until complete breakdown, another benefit is that
the medication administration procedure is reduced to
just one step [16,17]. Dissolving MNA prevents the
production of sharps waste, lowering management costs
and lowering the risk of needlestick injuries. However,
the disadvantages include a possible decreased capacity
to puncture the stratum corneum and restricted drug
loading.
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Figure 5: Schematic illustration of the poke and release
approach.

These devices are intended to create continuous,
unlocked tiny pores between cutaneous capillaries by
absorbing skin interstitial fluid upon installation. With
this technique, less effective drugs kept in an attached
patch-style drug reservoir can be released [18,19].
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Figure 6: Schematic illustration of hydrogel-forming or
swelling MNA.

4.4. Poke and Flow using Hollow Microneedle

The "poke and flow" methods were developed to get
around the drawbacks of hypodermic injections by
injecting a medication solution under the skin [20,21].
The hollow microneedle is made up of a void or
unfilled chamber that can be utilized for preserving or
inserting drugs. A larger dose is used with the hollow
microneedle and amount of medication solution
handling capacity than the solid microneedle.
Moreover, a hollow microneedle can introduce the
medication into the dermis or viable epidermis, which is
appropriate for high molecular weight chemicals. In this
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approach, microneedles  function  similarly to
hypodermic needles, which are used to inject
medication formulations following skin perforation.
Because of their micrometric scale, the manufacturing
process is challenging and costly. In contrast, due to the
lower size of these needles, the average patient accepts
this procedure more than traditional injections.
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Figure 7: Hlustration of the poke and release method
schematically

5. MNA Fabrication

5.1. Materials

Depending on the design or components of the patch,
microneedles can be made of a variety of materials,
including metal and polymer. In general, the materials
used to make microneedles should be strong enough to
penetrate the skin. Non-dissolving microneedles are
biocompatible, inert, and powerful enough to penetrate
skin without triggering an immunological reaction. On
the other hand, water-soluble and biocompatible
matrices should typically be present in coated and
dissolving microneedles. Furthermore, it should break
down or dissolve in the body without causing toxicity.
During the microneedle patch manufacturing, storage,
and shipping processes, the matrices and medicines
must be compatible. The features of the several
materials that are utilized to make microneedles are
listed below [22].
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Table 1: Materials used to prepare microneedles

Synthetic polymers

Metals Natural
Biodegrad | Non- polymers
able Biodegr
polymer adable

polymer

Silicon [71] | Polylactic Polyviny | Thermopla
acid (PLA) | | acetate | stic starch

[75] (PVA) [78]
Stainless Polyglycoli | Alginic Carboxym
steel [72] c acid | acid ethylcellul
(PGA) [75] ose
[78]
Titanium Polylactide- | Gantrez | Amylopect
[73] co-glycolic | AN-139, | in
acid [75] a [78]
(PLGA) copolym
er of
methyl
vinyl
ether and
maleic
anhydrid
e
(PMVE/
MA)

Mesoporous | Polycarbon | Carbopol | Dextran,
silicon [74] | ate [76], | 971  P- | galactose

Polyvinylpy | NF, [78],

rrolidone polyether | Chondroiti

(PVP) [77] | imide n sulfate,
maltose
[79]

Silicon: Since silicon has sufficient mechanical strength
for skin insertion, solid and coated microneedles are
frequently made from it [23]. Deep reactive ion etching
and photolithography can be used to precisely make
silicon microneedles with small, sharp points that are
less than 100 um in length [24]. Nevertheless, the
procedure is costly, the equipment is pricey, and the
production rate is poor. There can be safety issues if the
silicon microneedle breaks off from the skin and
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remains in the tissue. Lately, silicon has been utilized
for reverse master moulds instead of solid
microneedles.

Metal: Metal materials have strong mechanical and
tensile strength; therefore, they can readily penetrate
through the skin. They're utilized to make solid, coated,
and hollow microneedles. Microneedles are often made
of stainless steel [25] or titanium (Ti) [26]. While
stainless steel is commonly utilized in microneedle
manufacture, compared to Ti alloy, it deteriorates more
quickly. Despite being greater in price, titanium alloys
are tougher structurally than stainless steel.

Polymer: Microneedles must be made from soluble in
water, biodegradable, and skin-insertion-durable
polymers [27]. The preferred technique for creating
polymer microneedles is solvent casting. By using this
method, the microneedle structure is used to make an
inverse mould, onto which a polymer mixture is poured,
given time to cure, and then removed from the mould.
Solvent casting is a technique applied for manufacturing
hydrogel or dissolving microneedles using a variety of
polymers, such as hyaluronic acid, CMC, polyvinyl
pyrrolidone, and poly (lactic-co-glycolic acid) (PLGA).
Typically, dissolvable, hydrogel-forming, solid, coated,
and hollow MN arrays are constructed with polymers.
[28].

Glass: Most hollow glass microneedles are created by
wet etching or using a micropipette extractor [29]. Its
durability is sufficient for implantation into the skin.
Sterilization is easy because the material is stable at
high pressures and temperatures and is biocompatible.
However, it fractures easily; specifically, granulomas or
inflammation may arise if the microneedle tip breaks
and remains in the skin tissue.

Ceramic: Alumina, calcium phosphate, and calcium
sulphate are examples of ceramic materials that have
been studied for their potential use in the production of
microneedles due to their biocompatibility and excellent
mechanical strength. [30].

Carbohydrate: By using the hot melt process,
carbohydrate microneedles are created using silicon and
metal microneedle templates [31]. These are affordable
alternatives for other microneedle materials, and more
significantly, they pose no health risks to people [32].
The typical sugar used to make microneedles is maltose.
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They provide several drawbacks in addition to their
advantages.

5.2. MN Manufacturing Method

Microneedle arrays can be made in a variety of
methods. The most popular methods are micro
mouldings, laser ablation, chemical isotropic etching,
injection moulding, additive manufacturing,
surface/bulk  micromachining, and lithography
electroforming replication.

Micro-Moulding:

The technique of micro-moulding entails copying the
master mould. A solution including a polymer and
active medicinal ingredients is used to cast the mould
[33]. For mass production, micro-moulding is regarded
as an economical technique [69]. For the manufacture
of MN, micro-moulding is frequently employed with
polymer material. When it comes to micro-moulding
processes, the PDMS has many benefits, including
inexpensive, convenient usage, stable temperature and
minimal surface energy [34,70]. The difficulties in
controlling the drug loading capacity the polymer's
mechanical properties, and penetration depth are the
limitations of this approach.

Demoulding

A ‘ ‘ ‘ —— PLGA
G PVP
Ahminium
Micro milling t
l Backing application and drying
B
VV VY A A AL
PDMS mould '
c PLA master Spray deposition
E Polymer/drug solution
Compressed air ﬂ:
+ O, plasma etching
D ,..'.’?_}_"-,3.., Atomized solution.
VVVV] == [¥Y¥Y]

PDMS mould

Figure 8: The method used to fabricate multilayer MNs
is (A) micro-milling aluminium masters. (B) PDMS
mould replication from the master. (C) Using oxygen
plasma for tip sharpening and micro-moulding to
fabricate PLA master. (D) Duplication of the PLA
master PDMS mould. (E) Fill the mould cavity with a
drug-containing polymer solution by spray deposition.
Polymer solutions are deposited one after the other to
produce multilayer MN. (F) To solidify the polymer,
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after covering the mould with the yellow supporting
substance, allow it to air dry. Demoulded solidified
multilayer MN array is removed from the mould (G).
PLGA and PVP layers are represented by green and red,
respectively.

Laser Ablation:

Laser ablation is a technique that uses a concentrated
optical laser beam to extract an object from a substrate
to produce microneedle arrays. For numerous purposes,
multiple substances have been treated at the micro and
nanoscale using lasers [35-42]. Numerous kinds of
lasers have been researched for microneedle array
production. CO? [43,44], UV excimer, and femtosecond
laser machines are a few of these. The production of
MNs is considered to be quick and efficient when using
the laser ablation approach. Reaching the material
sheet's burn point takes the laser beam between 10 and
100 nanoseconds [45]. You could also shape any metal
using a laser. The mechanical and structural
characteristics of MN are altered by this process, which
is linked to heat reactions near the cutting edge. This
could cause fatigue resistance or other unfavourable
effects in MNs, like cracking. The substrate is subjected
to minimal heat loads during the non-contact laser
ablation procedure. Nevertheless, in comparison to
other kinds of equipment, the laser is more expensive
[46]. For large-scale manufacturing, the laser ablation
approach is not appropriate [47].

. Castog PDMS on e
o Engraved petien Actyic sheet moukd PDMS pecdies
S— ‘ VVVVY .| p=
Ao o Qe Casting DDMS on the mosld POMS mosid
- M ‘ ﬁl m
\/ po— LoloN S
Al v v
AALLAAA | —
\/ Semi frosilaze
NN N Bobrmer mironesdle
A v v )
rL._l\._)l_lx_)l.!'._i*‘ - AARAAD
Acrylic sheet ‘ PDMS | Polymer ‘

Figure 9: Manufacturing of the MN mould: (A) The
suggested cross-over lines (COL) technique was
employed to construct the MN acrylic mould using a
CO; laser cutter. (B) Polydimethylsiloxane (PDMS)
MN moulds, which may be utilized to create a range of
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polymer-based MNs, were made using the acrylic
mould.

Lithography:

The master design for the geometric shapes is
transferred onto a substrate's surface using the
lithography technique [48-53]. Because
photolithography has several applications in the
microelectronics area, pattern transfer is the primary use
for it [54]. In other techniques, such as microelectronic
and micromachining, lithography is the first step
towards fabricating an MN. For lithography, the
photoresist needs to be precisely treated. Approximately
30-35% of the cost of producing integrated circuits is
attributed to this technology. It is possible to create
products from a variety of materials, such as glass,
metal, ceramics, and polymers. by lithography [55]. In
addition, it creates smooth vertical sidewalls and exact
geometries. However, this method required a
sophisticated  space  (cleanroom) and lengthy
manufacturing times [56].
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Figure 10: Using lithography, a 3D UHAR MN is
created. An illustration system for sketching lithography
with patterned pillars is displayed in the inset. 200mm
diameter and 3mm length stainless drills served as
columns and were arranged in a three-by-three array on
a PDMS frame. (A) After cooling, spin coating was
used on the SU-8 2050 photosensitive. (B) Lithography
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was carried out using drawing after the photoresist
made contact with the patterned pillar. (C) The drawing
resulted in the substrate and pillar appearing as an
extended conical bridge. (D) A stiff structure was
produced by curing the intended UHAR microneedle
mould. (E) A solid MN mould was created by the split
of the three-dimensional microstructure bridge. (F) The
solid MN moulds undergo chemical layering. (G) Using
a drawing system, electroless material was applied to
the upper part of the MN mould. (H) Conducting solid
microneedle moulds with nickel electroplating. (1)
Following the removal of the photosensitive MN mould
and electroless assurance, the hollow metallic MN array
was created.

Injection Moulding:

Another technique for fabricating MN is injection
moulding. The below figure illustrates how injection
moulding and the hot embossing technique are used to
fabricate MNs. The MNs were utilised for several
insertions without blunting the needle, demonstrating
their ability to tolerate strong forces. Hydrophilic
compounds with a high molecular weight could be
delivered via these needles. This method allows MNs to
be produced in large quantities at a reasonable cost.
Micro-injection moulding offers high insertion flow
rates, precise dosing, and excellent repeatability when
used to separate the moulding and polymer melt
injection processes. [57]. The injection moulding
technique has a limitation in regulating small shot sizes
because of the common screw size (15-150 mm) and
greater initial equipment costs [58].

INJECTION
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Figure 11. Step-and-repeat hot embossing and regular
injection moulding.
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Additive Manufacturing:

The production of MN arrays by producing additively,
or three-dimensional moulding, has garnered significant
attention in recent years. Layer by layer, the desired
material is deposited by a 3D printer to create an object.
Recent years have seen a sharp increase in the use of 3D
printing technology in tissue engineering implants
within the biomedical device business [59-67]. One
benefit of manufacturing an MN array with 3D printers
is the ability to modify design parameters and shorten
processing times [68].

L

Design CAD model SLA 3D print model 3D printed needle aray basin
2
n
Th+$ = o+ 5
. 3D printed b. Wash, UV core  C. Fill needie basin . UV cure and €. Obtain MNA
needle amay basin and bake with UV-curable resin bake master
1
( ) @D
N 2 N )
S -

X ~ h. Demoud to
f. Siicone cast obtain female
mould

Clear resin Grey resin _

Figure 12: An outline of the fabrication process known
as "Print and Fill" (1) A Form 2 SLA printer is used to
3D print the needle array basin design after it is
designed. (2) Production of MNA master moulds First,
a 3D printed needle array basin is taken; then, it is
washed, UV-cured, and baked; then, it is filed with UV-
curable resin; finally, it is subjected to a subsequent UV
drying and heating; finally, microneedle array master is
obtained; then, silicone is cast over MNA master;
finally, the silicone mould is degassed and then heated
in an oven; finally, it is demoulded to produce a usable
MN mould.
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Conclusion

Transdermal  medication  administration  using
microneedles, is gaining popularity in research due to
their ability to improve patient access to medications by
substituting traditional methods of administration.
There are categories for microneedles like solid, coated,
dissolving, or hydrogel compositions. They are
constructed from a variety of materials, such as
ceramics, silicon, metal, polymers, and glass. To impart
unique shapes, sizes, and characteristics, various
production processes are employed. Through clinical
trials, microneedles are still evolving and using
different medications. This approach has generally
yielded positive outcomes in experiments. This
approach has the potential to offer therapeutic benefits
in various fields. In the field of transdermal medication
administration, MNA has grown to be a resource with
significant presence and potential. Their enormous
potential resides in their capacity to interfere with the
less intrusive method, maintaining the skin's barrier
function rather than alternative techniques. It's nearly
painless to insert these devices because they don't go
through the skin's nerve terminations. However,
research has indicated that MNA produces significantly
less anxiety than other techniques, including injections,
which may lead to higher compliance rates, particularly
in the paediatric population. We have compiled the
research conducted in this field by numerous research
groups in this review. Different processes have been
used to produce MNs with varying designs. Not all of
them, though, can result in the intended improvement in
the delivery of the target molecule. Drug transport may
be impacted by a wide range of factors, including
proportions of length, weight, appearance, material
type, patch size, and length of application about MNs.
Researchers have put up various suggestions to explain
how these factors affect skin permeability. From basic
skin patches to point-of-care instruments, MNs have
revolutionized the field of transdermal pharmaceutical
administration.
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