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ABSTRACT

Micro needle could be a metric linear unit sized needle its height of 10- 2000um and also the dimension has 10-
50um, which might penetrate through the cuticle layer to dermal tissue directly while not pain. Microneedles are
the wide utilized in the transcutaneous drug delivery system they're painless, efficient, safe, convenient, less
invasive, and simple to self-administer with a high drug bioavailability. They're divided in to 4types solid
microneedles, coated microneedles, dissolving microneedles, hollow microneedles. Differing kinds of
microneedles play totally different roles in numerous analysis fields. Within the recent years, microneedles have
oftentimes wont to deliver medication, genes, proteins, RNA & vaccines & have achieved wonderful therapeutic
result. In addition, recent biological applications & clinical trials are introduced. Small needles are often improved

3D printing & digital technology contribute to the development of microneedle fabrication technology.
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INTRODUCTION

Microneedles carries with it a plurality of micro-projections, usually starting from 25-2000um tall, of various shapes,
that area unit hooked up to a base support. Application of MN arrays to biological membranes will produce transport
pathways of micro meter dimensions.' MNs even be used for sampling body fluids, such for measurement the glucose
levels in diabetic medical aid transdermic delivery has the advantage of by passing the primary pass impact &
permitting sustained unleash of the drug but drug delivery is tough because of the barrier created by the horny layer.
Microneedle area unit platform for transdermic drug delivery, it's simple to self-administer, & it exhibits a high drug
bioavailability. The dose, delivery rate, & effectuality of the medication will be controlled by the microneedle style &

drug formulation.
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Fig.1 Schematic illustration of the types of microneedles and their
drug delivery methods. SC stratum corneum, £D epidermis, DE der-
mis, MN microneedles

Although the microneedle style varies betting on the delivery technique, form of microneedle, and action of the
medication to be delivered, most patches have sure common options. A typical microneedle has the form of a tapered
sharp tip with a length of 150-1500 pm, a width of 50-250 pum, and a tip thickness of 1-25 um." Microneedles area
unit sometimes fabricated from metal, silicon, polymer, glass, or ceramic. The drug is mostly placed in or on the
microneedle tip, that is fxed to the bottom substrate beneath to create associate degree array. The microneedle array is
connected to the patch backing for easy use; this backing includes a skin adhesive to enhance contact with the skin. The
microneedles area unit usually classified into four types (Fig. 1). Solid microneedles area unit primarily fabricated from
metal and semiconducting material, which give sturdy mechanical properties and don't contain medication. Therefore,
once applying the microneedles, it's necessary to any apply the drug to the area. In distinction, once coated
microneedles area unit applied on the surface of the skin, the drug is delivered at the same time with the applying. In
dissolving microneedles, the drug can be enclosed within the perishable matrix, during which case no sharp waste is
created once microneedle application. Hydrogel microneedles enable medication to be delivered slowly because the
drug is contained altogether areas like the tip of the microneedle and also the patch backing. Since the characteristics of
microneedles vary with the kind, a suitable design ought to be selected for the microneedles according to the drug dose,

onset of action, delivery amount, delivery efciency, packaging, sharp waste, and patch-wearing time.

Solid microneedles

300 ym

Fig.2 a Silicon solid microneedles (i (Henry et al. 1998) and ii (Park and ii (He et al. 2020). *Reprinted with permission from (Du H et al.
et al. 2010)), b coated microneedles (i. ii (Shakya et al. 2017) and iii (2019) ACS Appl Mater Interfaces 11:43.588-43.598). Copyright
(Chen et al. 2017)), ¢ dissolving microneedles (i (Tas et al. 2017) and (2019) American Chemical Society

ii (Du et al. 2019)*), and d hydrogel microneedles (i (Yu et al. 2015)
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Solid microneedles square measure Associate in nursing array containing microscale tapered sharp tips composed of
one material while not any medication or excipients, they're inserted into the skin, creating micron-sized pores on the
skin surface (Fig. 2a). When the drug is placed on the treated space, the drug passes through the horny layer, the most
important barrier of the skin, through these pores; it's simply transferred to the capillaries in the superficial stratum,
increasing the bioavailability of the drug.”! The agent is also developed as a traditional pad or topical skin

formulation.™

Coated microneedles

Coated microneedles Solid microneedles square measure Associate in Nursing array containing microscale tapered
sharp tips composed of one material while not any medicine or excipients, they're inserted into the skin, creating
micron-sized pores on the skin surface (Fig. 2a). When the drug is placed on the treated space, the drug passesthrough
the stratum, the biggest barrier of the skin, through these pores; it's simply transferred to the capillaries in the
superficial derma, increasing the bioavailability of the drug.!® The agent is also developed as a traditional pad or topical
skin formulation.® In coated microneedles, the surface of a solid microneedle is coated with a soluble matrix so the

I8 The coating insulation ought to form a film

drug dissolves apace into the skin when microneedle insertion (Fig. 2b).
on the surface of the microneedle and maintain adhesion throughout storage and insertion into the skin. To realize this
purpose, the coating formulation ought to have adequate viscousness. The placement where the coating formulation is
placed ought to be thought-about. Generally, it's economical to position the medicine solely at the tip wherever the
microneedle enters the particular skin. In the case of dip coating, the drug-coated space will be controlled via regulation
the depth to that the microneedle is unfit into the coating formulation.’®®! The drug-coated space can be determined by
dominant the physical phenomenon of the coating formulation, therefore regulation the spreading of the microneedle.
In coated microneedles, the drug will quickly dissolve within the skin, leading to a quick onset of drug action. The
thickness of the coating will be exaggerated by repetition the formulation coating; but, it's not appropriate for drug

delivery because it needs an oversized dose thanks to dose limitations.[****

Dissolving microneedles™**®!

Microneedles themselves may be manufactured from soluble or biodegradable materials that contain the medicine and
possess sufficient mechanical strength to penetrate the skin (Fig. 2c¢). Insertion of a dissolving microneedle into the skin
doesn't generate sharps waste as a result of it apace dissolves or disintegrates upon contact with the skin fluid.
Dissolving microneedles are primarily factory-made using a soluble perishable compound via a solvent casting
methodology. Perishable, cellulose-based polymers such as Carboxy Methyl cellulose (CMC) and alky! cellulose are of
times used. Saccharides (e.g. trehalose and sucrose) are enclosed within the microneedles; they promote disintegration
of the formulation and stabilize biomolecules. The formulation of the drug-containing tip ought to exhibit compatibility
with the drug, give mechanical strength, and have a sufficiently low viscousness for flling the microscale mildew space
well while not air bubbles. The bottom substrate containing no drug could have the next viscousness than the tip, may

be automatically weak, or could also be a water-insoluble material.

Recently, many studies are conducted for shortening the microneedle patch-wearing time via separating the
microneedle tips apace from the bottom substrate without needing the ideas to completely dissolve within the skin. Li
et al. according a microneedle patch capable of apace separating once skin insertion by cutting off force. The

mechanical strength of the microneedle was controlled by tack a drop on the microneedle additionally, the microneedle
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tip was separated at intervals two main from the base substrate that was composed of a foamable material. Jun et al.
developed insertion-responsive microneedles for immediate separation of the micro needle after skin application. alittle
single wall was designed on the aspect of the microneedle base; the structure enabled speedy mechanical separation of
the tip from base. However, like dissolving and coated microneedles, this system is inexpedient for delivering giant
doses; studies are being conducted for increasing the number of drug that may be incorporated in these micro

needles.**??

Hydrogel micro needles?*?%

In gel microneedles, the drug is contained all told areas of the microneedle tip, base substrate, and patch backing and is
discharged at a slow rate whereas the patch is applied to the skin (Fig. 2d). The micro needle patches are primarily
composed of gel, and after they encounter fuids in the skin, they're hydrous however not dissolved. A high quantity of
the drug within the gel is delivered to the skin through diffusion. Since the drug may be incorporated within the entire
microneedle patch, this system is appropriate for big dose delivery; but, its disadvantage is that the patch-wearing time

is long as a result of the drug delivery rate is slow.

Materials for micro needles”!

Various materials, from metal to compound, square measure utilized in microneedles, looking on the look or parts of
the patch. Generally, microneedle materials ought to have sufficient mechanical strength for skin insertion. Non-
dissolving microneedles square measure inert, biocompatible, and sufficiently sturdy for skin insertion while not
causing Associate in Nursing response. In distinction, the matrices of the coated and dissolving microneedles ought to
typically be water-soluble and biocompatible. Additionally, it ought to dissolve or disintegrate within the body while
not inducement toxicity. Compatibility between the matrices and medicines is vital throughout the producing method,

storage, and transportation of the microneedle patches.

Metal

Metal materials exhibit high mechanical and tensile strength; therefore, they will simply labor under the skin. They are
used to manufacture solid, coated, and hollow microneedles. In general, stainless-steel and metallic element (Ti) are
typical metal materials utilized in microneedles. Stainless steel is that the most used metal material for microneedle
production; but, it exhibits a quicker corrosion rate than Ti alloy. Ti alloys possess stronger mechanical strength than

unsullied steel; but, they're costlier.[”

Polymer

The polymers used for microneedle manufacture ought to be water-soluble, biocompatible, and automatically sturdy for
skin insertion. The foremost common technique for manufacturing compound microneedle is that the solvent casting
method. This technique involves getting Associate in Nursing inverse mildew from the microneedle structure, running
a compound formulation on that, drying it, and peeling it from the inverse mildew. Dissolving or colloidal gel
microneedles square measure factory-made victimisation the solvent casting technique with numerous varieties of
polymers such as hydroxypropyl methylcellulose, hyaluronic acid, CMC, polyvinyl pyrrolidone, and poly(lactic-co-
glycolic acid) (PLGA).B+*
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Glass

Glass microneedles square measure primarily hollow and ready victimization wet etching or micropipette puller. It
exhibits sufficient strength for skin insertion, sanctioning simple process of the tapered form. It is easy to sterilize as a
result of it's stable at warmth and pressure; the fabric itself is biocompatible. However, it breaks easily; specifically, if
the tip of the microneedle is broken and it remains within the skin tissue, it will cause inflammation or
granulomas.*2

Ceramic

Since ceramic materials like corundom, orthophosphate, and calcium sulfate exhibit biocompatibility and supply
sufficient mechanical strength, studies have explored their use within the preparation of microneedles.[*”! (Figure. 3).
Microneedle fabrication techniques when planning a microneedle, the target of the microneedle is taken into account
first. The drug kind and dose, desirable pharmacokinetics/pharmacodynamics, and targets for use square measure
thought of. Next, the foremost optimized microneedle style and materials square measure determined. The producing
method for microneedles varies betting on the planning or material. Once specializing in the economic side, a method
such as solvent casting, that is simple to line up, is used. In distinction, if the main target is on the accuracy, precision,
and reproducibility of needle production, production of metal or semiconducting material microneedles supported
MEMS technology may be considered.we'vegotsummarized varied ways reportable till date for microneedle

manufacture.

Fabricationtechnology

Microneedle master molds square measure primarily factory-made by deep reactive particle etching for fabricating the
tiny microneedle tips, the scale of that ranges over many tens of micrometers with high accuracy and reliability.
Because the instrument and maintenance square measure dear, the barrier to enter the feld of microneedle analysis is

high, and the technology of production has been restricted to certain firms.

3Dprinting

As the technology for 3D printing advances, microneedle manufacturing has been conducted victimization entry-level
3D printers. As a result of the value and maintenance of 3D printers are cheap, they'll be simply utilised for varied
applications. CAD software package allows the planning of novel shapes of microneedles. 3D printing will
significantly shorten the product development time thanks to speedy fabrication and modification of the prototypes.
However, there's a limit to the materials that may be used, and therefore the low resolution of entry-level 3D printers
remains a tangle. Though there square measure high-resolution 3D printers, the instrument value is high. Nevertheless,
3D printing studies have continuing to beat the restrictions. It's expected that the 3D printing technology can alter North

Americannation to supply bespoke microneedle patches betting on individual symptoms.

CONCLUSION

Microneedles area unit a stratum drug delivery system that's rapidly growing in analysis because of the benefit of
accelerating patient access to medicine through substitution alternative routes of administration. Microneedles may be
classified as solid, coating, dissolving, and colloidal gel formulations. They are composed of varied materials like Si,
metal, polymer, glass, and ceramic. Varied producing techniques are utilized for transmission distinctive shapes, sizes,

and proper - ties. Microneedles still evolve through clinical trials and utilize varied medicine. Most studies have
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incontestable favorable results victimization this technique. This system has the potential to produce therapeutic effects

in multiple fields.
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