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Abstract: Transdermal management offers an avenue for delivering medications 

profoundly throughout the circulatory system and directly over the top layer of skin. It 

appeals to an array of experts because to its various biological advantages. The 

protective function within the stratum corneum poses an obstruction to medication 

distribution. Recent study data has shown that using microneedles to make the skin 

more permeable greatly improves transdermal distribution, particularly with regard to 

macromolecules. The microelectronics industry has produced microneedles in a range 

of dimensions, shapes, and polymers. The bulk of studies on drug delivery have 

concentrated on rigid microneedles, that have been shown in vitro to increase the skin's 

susceptibility to a range of substances including nanoparticles. Transdermal medication 

delivery can be improved by the use of microneedles. The present article discusses a 

wide range about microneedle variations and the ways they are manufactured. 

Microneedles that produce polymer provide an alternative. While soaking interstitial 

fluid instead of drugs, such innovative microneedles provide uninterrupted pathways 

among cutaneous microcirculation along with a connected patch-type reservoir. A few 

microneedles which have been officially approved for use in healthcare facilities by 

government bodies are also looked at. Additionally, it concentrates on the effective 

delivery of multiple medical chemicals via a variety of transporters, putting a special 

focus on the possible application employing microneedles within the transdermal 

approach. 

Keywords: Transdermal drug delivery, Injection, Needles, Permeation, Skin, Systemic 

circulation. 

INTRODUCTION 

Injection using a painful hypodermic needle is the most common 

option when oral drug administration is not possible due to 

insufficient drug absorption or enzymatic breakdown in the 

digestive system or liver. To administer drugs via the skin and into 

the bloodstream in clinical practice, hypodermic needles are 

utilized. Clinically significant but uncomfortable are injections 

made with hypodermic needles. Additionally, they could cause 

bruising, soreness, and bleeding at the administration site, and in 

some situations, they carry a danger of contamination. Additional 

issues with their use include the risk of unintentional needle sticks 

and the requirement to educate medical personnel on how to use 

needles properly. [1]. Numerous methods have been investigated to 

increase skin permeability, including chemical and lipid enhancers 

[2, 3], electric fields used in iontophoresis and electroporation [4, 

5], and pressure waves produced by ultrasound or photoacoustic 

effects [6, 7]. It has been discovered that 74% of currently 

available oral drugs are insufficiently effective to fulfil patients' 

demands. When distributing the clinically needed quantity of drug 

through the skin to produce systemic impacts, attention need to be 

paid towards the skin's morphological, biophysical, 

physicochemical, and additional features [8]. Since a result, the 

transdermal medication delivery method has become a cutting-

edge transporter in the most recent studies period [9] that solves 

both these attributes and the problems with traditional form of 

administration.   

The idea of microneedles was first put forth in the 1970s [10], but 

it wasn't tested out experimentally until the 1990s, when the 

microelectronics industry gave the sector the microfabrication 

equipment required to create such tiny structures. Since the initial 

transdermal drug delivery studies in 1998 [11], there has been a 

rapidly rising interest in the field, with the majority of activity in 

the microfabrication community to develop new needle fabrication 

technologies and the drug delivery industry to develop 

microneedles for pharmaceutical applications. Microneedles are 

becoming more and more popular to boost the transdermal delivery 

of small and big molecules. Over the last few decades, educational 
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institutions and pharmaceutical enterprises have developed 

microneedles roughly the same time that microfabrication 

techniques for producing them have advanced [12–15]. To increase 

medicine conveyance over the skin, transdermal microneedles 

enlarge pores on the surface to a diameter of microns [13,15]. The 

major focus about the current study emphasises the use of 

microneedles as an experimental approach enabling transdermal 

drug delivery which considerably enhances the results associated 

with medication ingestion through transdermal channel [16-17].  

DELIVERY OF MEDICATIONS THROUGH 

TRANSDERMAL NEEDLES 

The majority of research has been on creating minuscule skin holes 

with silicon or metal microneedles. The "poke with patch" method 

makes holes in the skin with microneedles, then covers them with a 

transdermal patch (or a prototype). If an electric field is provided, 

iontophoresis or diffusion may take place. Another strategy is 

called "coat and poke," in which the needles are initially covered in 

medication before being placed into the skin. A procedure which 

acts more akin to an insertion rather an incision has also been used 

to study hollow microneedle designs and processes. Cylindrical 

needles allow effective fluid flow down the shaft of the needle 

through the skin, while being a greater challenge to produce and 

use. This can lead to much quicker times for management which 

can be modified gradually.  

CLASSES OF MICRONEEDLES 

Hollow, solid, coated, and polymer microneedles can be 

categorised into four groups (Figure 1) [18]. Compared to 

conventional hypodermic needles, hollow microneedles are shorter. 

Such substance that is liquid medicinal product is injected using 

wells within Microneedles. The skin is punctured with solid 

microneedles. A patch is then put on after that. Microneedles (MN) 

that have been drug coated are known as coated MNs, whereas 

microneedles consisting of polymers that create hydrogels are 

known as polymer MNs. 

 

Figure no. -1 Different types of microneedles: solid, coated, dissolving and hollow from [19] 

Hollow microneedles 

Hollow microneedles have hollow bores at their centres. The 

device's shallow drilled, whenever placed underneath skin, creates 

an immediate passage towards the remaining lowermost layers 

beneath the epidermis without passing through the stratum 

corneum region underlying the skin. The majority of the time, 

these microneedles are utilised to inject skin-nearby medicinal 

solutions [21]. These are extremely costly to produce and need 

pricy micro production techniques [20]. These small needles 

contain a hollow bore that enables the faster diffusion through the 

interior of well-defined needles or pressure-driven flow of drugs. 

Drugs can be supplied inside of well-defined microneedles at either 

slower or quicker rates depending on pressure-driven flow or 

diffusion. Despite the creation of multiple vacuous microneedles, 

inadequate research evaluating how they could be utilised in the 

transport of chemicals inside skin is being undertaken. The 

aforementioned needles originated with a tiny pipette extractor and 

beveler, having an outer curvature of 60 Am, as well as penetrated 

entering the skin among 500 or 800 Am.  This study illustrates 

medication injection into the skin using microneedles. A 

commercially available 30 gauge hypodermic needle can be used 

to create hollow microneedles [23]. In HM, pressure may be 

adjusted to vary the flow rate, enabling quick bolus injection, 

gradual infusion, or variable delivery rates [22]. Additionally, a 

higher dosage of the medication solution may be administered via 

HM [14]. Hollow microneedles made of 30G stainless steel needles 

are manufactured [23]. A polyetheretherketone mould with holes in 

a 4 4 pattern was drilled (diameter: 9 mm). After that, needles with 

specified lengths of 300, 550, 700, and 900 m were inserted into 

the perforations.  

Solid microneedles 

To improve cellular absorption of molecules and gene transfection, 

these needles were introduced into nematodes and cells. 

Microneedles for transdermal administration applications that have 

been demonstrated to penetrate skin were created not long after this 

study was published. Hollow microneedles have a collection of 

protrusions which can be utilised to pierce the outermost layer of 

the skin prior to injecting a treatment as well as remove the later. 
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The aforementioned successfully transform the skin towards an 

opaque layer having micron-sized holes which enable medication 

molecules to get inside easily [20]. Needles are inserted into the 

skin for a predetermined amount of time to utilise them. Drug 

transfer into the viable epidermis is facilitated by the creation of 

microchannels by the use of microneedles. By coating with the 

medicine and inserting into the skin, solid microneedles can be 

made. The medicine will stay deposited inside the skin membranes 

after the removal of the microneedle carrying device. When placed 

under the skin, erodible microneedles disintegrate and make it 

simple to load drugs into them [24]. These tiny needles have the 

ability to puncture the top layers of skin, allowing for medication 

administration. Additionally, it has significant drawbacks. For 

instance, in solid microneedle arrays, the medicine given cannot 

readily pass through the skin's perforations because the 

microneedles keep them blocked. It was determined that applying a 

thick coating of drug formulation was not ideal since it lessened 

the microneedles' sharpness and made insertion more 

uncomfortable and challenging. These tiny needles may limit drug 

leakage, improving drug delivery effectiveness and opening the 

door to the introduction of several medicines [29]. 

 

Figure 2. Solid microneedles fabricated from silicon, metal and 

polymer 

The microneedles were effectively introduced into the epidermis of 

a pig, and progressive dissolution was observed at 0, 60, 120, and 

180 s [30]. The microneedles effectively penetrated pig skin while 

carrying methylene blue as a model medication [30]. The 

microneedles were effectively introduced into the epidermis of a 

pig, and progressive dissolution was observed at 0, 60, 120, and 

180 s [30]. The microneedles effectively penetrated pig skin while 

carrying methylene blue as a model medication [30]. A 

microneedle roller is a tool that rolls across the skin and has MN 

placed on a cylindrical surface [18]. 

In this case, microneedles may be rolled across the skin since they 

are positioned on a cylindrical surface. Vertical static Franz 

diffusion cells were used in in vitro tests on pig ear skin that had 

undergone microneedling. Control was passive diffusion across 

untreated porcine skin. For 12 hours, aliquots were obtained every 

two hours and analysed using liquid chromatography-mass 

spectrometry. Captopril and metoprolol tartrate were delivered 

over pig skin using stainless steel microneedle arrays (750 m) 

produced by Microneedle Systems. We investigated how these 

medicines' diffusion was impacted by microneedle rollers [31]. 

Vaccine delivery using solid microneedles is also promising. 

Contrary to intramuscular administration, microneedle-mediated 

vaccination can result in more powerful and long-lasting antibody 

responses [12]. 

Coated microneedles 

Coated microneedles are those that have a coating of a drug-

containment dispersion. In the literature, a wide range of methods 

have been employed to make coated microneedles. A method for 

creating smart microneedle coatings that uses electrohydrodynamic 

atomization (EHDA) principles has been documented in the 

literature [32]. An ethanol:methanol (50:50) vehicular matrix was 

used to perform the EHDA spraying setup with metallic 

microneedles that ranged in altitude from 600 to 900 m linked to a 

neutral conductor via various accumulation intervals and collecting 

methods. These researchers used this technique to make medical 

films having tiny particles or micrometer-scales [32]. The 

remaining coating formulation ingredients were 

polyvinylpyrrolidone (PVP, polymer matrix system) and 

fluorescein dye (possible pharmacological, sensory, or disease 

status indicators). Relying upon these additives and wrapping 

modification processes, fragments as well as filaments with 

diameters between 100 nm to 3 m and 400 nm to 1 m had been 

effectively covered on microneedles in a controlled as well as 

specific way [32]. Ma and Gill used a polypropylene glycol 

matrices comprising the medicine lidocaine, which is resistant in 

liquid, to encase rigid microneedles [33]. homogenous coverings 

have been achieved over microneedle edges. 

Dissolving microneedles 

These consist of the patient-friendly one-step application process. 

The "poke and release" technique is the foundation upon which 

dissolving microneedles are created. They are created using 

polymers such as polysaccharides. After application and 

breakdown, these microneedles deliver the medicine that is 

enclosed in them into the skin. The preferred method of 

manufacturing dissolving microneedles is micromolding. 

Molecules tend to be filled by medicament and additive mixtures 

prior becoming gently air-dried since many medicines and 

immunisations are thermolabile. The manufacturing method 

involves putting a polymeric mixture into female mouldings, 

forming the container's microcavities with tension or the absence 

of air, draining below normal circumstances, spinning, or strain, as 

well as additional steps [34–36]. 

INSERTION OF A MICRONEEDLE INTO THE SKIN: 

MECHANICS [37] 

The physical aspects of microneedle insertion, while receiving 

little attention, are essential for practical applications. Skin 

penetration requires microneedles with certain physical and 

geometrical properties. Others, as already mentioned, gain from 

high-velocity insertion whereas certain needle designs may simply 

be inserted by hand. When there is insufficient power, needles may 

break or bend before insertion. Individual microneedles were 

placed into the skin of human volunteers while the force as well as 

the displacement of the introduced needle was being measured. 

Skin resistance was utilised to determine if the needle had 

successfully entered the skin. The area of the needle tip had a close 

correlation with the insertion forces, which varied about 0.1 to 3.0 

N (i.e., 10-300 g).  

It was found that wall thickness had no effect on the degree of 

force required to insert solid and hollow needles with identical 

outer tip radii. Almost all of the devices under examination had 

margins of safety that were higher than one, and some of them 

were even considerably higher. The sterilised needles with the 
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largest margin of safety feature a thick wall for strength and a 

narrow tip radius for simplicity in insertion. 

IMPAIRMENT CAUSED BY MICRONEEDS [38] 

In particular, the potential of painless medication delivery makes 

microneedles intriguing. Skin anatomy makes it possible to 

penetrate needles through the stratum corneum without activating 

nerves since the stratum corneum barrier of the skin is nerveless. 

There is no proof that microneedles can penetrate the living 

epidermis, where nerves are located; with barely a 10 to 20 am 

penetration through the stratum corneum in current practise. 

Microneedles, as previously indicated, being subsequently inserted, 

no less than through the outer layer of skin probably sporadically 

through the outermost dermis. Despite this, microneedles remain 

considered to be harmless. This is probably as a result of the size 

that they are, minimising the possibility that these needles could 

irritation an organ or make it uncomfortable. 

FORMULATION DESIGN ELEMENTS [39] 

The ability of microneedles to penetrate skin without breaking is 

one of the general design criteria that should be taken into account 

while creating new ones. It is important to choose polymers with 

enough mechanical strength and biocompatibility. They shouldn't 

cause any discomfort. The shape of the microneedle is also crucial, 

and the sharpness of the tip has a significant impact on how easily 

it can penetrate skin. 

CONTROLLED DRUG RELEASE  

The regulated amount of medicine should be administered via the 

microneedles at a certain, planned rate. 

Penetration 

The medicine should be able to penetrate the bodily tissues with 

the necessary depth using the tiny needles. By gently pressing with 

around 10 Newton strengths, it is possible to put tiny needles into 

the skin without feeling any pain. 

 

Ruggedness 

Develop microneedles that can penetrate the skin deeply without 

snapping. If they are excessively lengthy, the upper section of the 

microneedles may not have adequate stiffness and may shatter 

before penetration, thus they should be made to the ideal size. 

Without delaminating or breaking, they must be able to endure the 

insertion force. 

SIZE OF MICRONEEDS 

Depending on the kind, different microneedles have different sizes. 

An average microneedle's length, base width, and tip diameter may 

be between 150 and 1500 microns, respectively. Microneedle tips 

come in a variety of designs, including triangles, rounded points, 

and arrows. The hollow microneedle arrays have lumen diameters 

of 30 micrometres and heights of 250 micrometres. A hollow 

microneedle array with a 150 mm center-to-center distance and a 

10 m distance between the axis of the lumen and the outer column 

axis is constructed. 

RESOURCES USED IN CONSTRUCTION 

For the creation about microneedles, materials like transparent 

material, fragile rubber, elements involving stainless steel, pure 

gold over zinc, palladium, which cobalt, among and platinum as 

well, as well as polymers that decompose are required. 

MICRONEEDLES' BENEFITS 

The capacity to create them and their simplicity in penetrating the 

stratum corneum are only two advantages microneedles have over 

traditional needles. Decreases the likelihood of suffering from 

illness or damage. To continually administer medications into the 

body, arrangements of cylindrical syringes containing either simple 

absorption or a pump-like technology may be utilised. By retaining 

the medications in a tiny, carefully regulated consumption, these 

gadgets offer highly precise dosage, complicated release trends, 

administration locally, and an enhancement in the metabolic safety 

of the pharmaceuticals [47]. Additionally, they may administer 

drugs to certain cells with extreme precision. 

 
Figure No 3: Different Penetration-Enhancing Techniques for Better Transdermal Drug Delivery [40] 
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MICRONEEDLE EVALUATION VARIABLES 

Microneedle in-vitro research 

Microneedles are used for in vitro testing in a variety of media, 

including agarose gel and methanol. To ascertain the properties of 

a novel testing substance or gadget, in vitro tests are utilised. The 

main goals of microneedle in vitro testing include optimising the 

microneedles, determining the penetration force and bending force, 

assessing the microneedle's strength, calculating the coating 

material's rate of dissolution, and estimating the effectiveness of 

drug delivery. 

Method 1 

The delivery effectiveness of the microneedles was evaluated in 

vitro. In this test, black ink is injected into the methanol-containing 

petridish using tiny needles that are integrated with a 

paradimethylsiloxane (PDMS) biochip. For this, isosceles and right 

triangle microneedles with 8.5 and 15 and 9.5 and 30 tip taper 

angles, respectively, have been employed [41]. 

Method 2 

In order to assess the solution's penetration and flow into the 1% 

agarose gel, the diluted Rhodamine B dye is injected through 

microneedles into the gel [41]. 

Method 3  

This approach evaluates the effects of inserting microneedles into 

porcine and pig corpse skin for 10–20 s and 5 minutes, 

respectively. The delivery effectiveness and dissolution rate of the 

coated substance, which is coated on the microneedle tip and 

coated with vitamin B, calcein, or sulforhodamine, are tested using 

this technique [41]. 

In vivo testing of microneedles 

Preclinical in vivo studies frequently employ mice, rabbits, guinea 

pigs, monkeys, and other creatures. To assess the negative effects 

as well as security of the medicine being evaluated, in vivo 

testing's primary goal is. The main goals of the in vivo testing of 

microneedles are to perform skin toxicity tests, determine the 

penetration force through various skin types, mechanical stability, 

and bending breakage forces, carry out numerous non-clinical 

safety studies and pharmacological studies, and determine multiple 

factors that include the immunogenicity of genotoxicity, skin 

sensitization, and allerginization. 

Method 1 

In order to assess the effectiveness of microneedles, hairless mice's 

tail veins were punctured. It is utilised to calculate the 

microneedle's force of entry into the skin [41]. 

Method 2 

To verify the effectiveness of the microneedles in vivo, Rhodamine 

B is administered intravenously into the tail of a laboratory mouse 

while the animal is sedated.. 

Method 3 

Utilising microneedles to administer vaccines has been tested using 

this technique. With the use of solid metal microneedles, this 

approach administers ovaalbumin, a model protein antigen, to 

hairless guinea pigs at a rate of 20 g every 5s to 80 g [42]. 

MICRONEEDLE-BASED DRUG TRANSPORT 

To give medications with microneedles, there are two main 

techniques: the poke technique and the poke with patch or coat. 

Microneedles coated with a dry-film antigen were injected into the 

skin of hairless guinea pigs in real time using a high-velocity 

injector. The largest insertion depth was discovered to be 300 Am, 

averaging 100 Am. By altering the volume of antigen solution 

deposited upon the needles along with the number of needles 

utilised, multiple doses may be administered. In the incision with 

patch procedure, tiny needles are used to create tiny holes within 

the skin beginning at first, then after they are taken out, a drug is 

put to the skin. Instead of using the coat-and-poke technique, 

wherein wraps the drug across the microneedle's exterior while 

injecting it into the skin? Therefore, the needles' area will serve as 

the means by which medications are spread [43]. This led to the 

development of plunge wrapping, which totally immerses tiny 

objects within the solution used for coating so it covers them [20]. 

Around the micrometre size, friction takes over. Some needles 

could be implanted easily via the aid of the hand, whereas others 

involve quick, forceful action [44]. 

Table1:  Various medications are delivered using various transdermal carriers 

DRUG  
THERAPEUTIC 

CATEGORY 
CARRIER CONCLUSION 

Ketoconazole  Anti-fungal Ethosomes A greater transdermal permeability [17] 

Clotrimazole  Anti-fungal Ethosomes 
improved dermal delivery with greater 

effectiveness [19] 

Ketoconazole Anti-fungal Ethosomes 
Improved efficacy in the treatment of 

dermatological infections [24] 

Bleomycin  Anticancer Electroporation  
the tumour is effectively treated with 

electrical pulses [25] 

5-fluorouracil  Antineoplastic Prodrug  25 techniques increased permeability [26] 

Diclofenac  NSAID Iontophoretic  
One hour to reach the effective plasma 

concentration.[29] 

Salbutamol Bronchodilator Iontophoretic  Enhanced transdermal flux [31] 

Betamethasone-17-benzoate  Anti-inflammatory Chemical stimulant In vivo bioavailability that is improved [26] 

 

DEVELOPMENTS IN DRUGS DELIVERY 

The needles have been altered by being downsized to a micron size 

in an effort to increase patient compliance and safety. Given that a 

microneedle is a device used at the micron size, it should be able to 

administer the drug without triggering any discomfort or requiring 

specific training. A microneedle's exact regional specificity of 

conveyance allows to get to areas including the cell centre, the 

suprachoroidal region in the eye, even the epidermis.The majority 

of microneedle approaches are being studied thus far in relation to 

cutaneous medication and vaccine delivery.. The barrier nature of 

the stratum corneum limits the use of traditional transdermal drug 
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delivery techniques. Experiments on improving pores in the skin 

have utilised a variety of psychological, behavioural, and physical 

strategies. For the administration of bio polymers such as insulin, 

hormones that stimulate expansion, immunobiologicals, amino 

acids, and peptides as microneedles might be manufactured as an 

affordable overlay which is simple for clients to place on 

[22].Numerous cosmeceuticals, as well as microneedles, which 

have generated a great deal of attention in the cosmetics sector, 

have been used to treat skin conditions such as acne shading, lines 

and scars, and skin tone [45]. 

Table 2: Microneedle applications for effective transdermal medication delivery [56, 58] 

Drug Transdermal system Application 

Anti restenosis Micro needle patches 
medication administration with specificity for 

atherosclerosis 

Insulin Microneedles Increased percutaneous administration of insulin  

Immunization 

(Antigen) 
Microneedle array patch system 

Effective immunization  

 

Lidocaine Hydrochloride 

 
Microneedle array 

penetration that is consistent and powerful across the 

epidermis and stratum corneum 

Recombinant Human 

Insulin 
Microneedles hydrogel patch long-lasting insulin release 

 

CONCLUSION 
Several alternative manufacturing procedures may be used to 

manufacture microneedles, which can then be created in a variety 

of sizes, shapes, and materials, according to a review of the 

literature. Porous microneedles have been investigated and shown 

to improve transdermal distribution when applied to the skin via 

the "dip and scrape," "coat along with poke," along with "poke 

with patch" methods. The use of microneedles, primarily as a part 

of a patch as well as an array, to effectively transport a variety of 

macromolecular drugs has been found to be possible. Multiple 

investigations indicate that the best delivery method is 

microneedling since it is effortless, efficient, and risk-free while 

also improving the medicine's management completely within the 

circulatory system. Over the upcoming years, it is anticipated that 

these risk-free methods would rank among the many crucial tools 

for regulated medication supply. This led it to the conclusion that, 

compared to earlier needle-based compositions for transdermal 

distribution, it was a stronger resistor. It has been demonstrated to 

inject small amounts of fluid into the skin. It is usually accepted 

that the diameter of the microneedle increases the possibility of 

activating painful receptors in the derma. Nevertheless there 

currently remains work to be conducted beforehand microneedles 

are often employed as ways to deliver medications in clinical 

treatment, the future prospects for the implementation of these 

medical devices is optimistic despite the aforementioned 

restrictions. 
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