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Abstract :  Microneedles (MNs) represent a cutting-edge, minimally invasive method for transdermal medication delivery, providing a 

viable alternative to traditional hypodermic injections and oral medications. MNs are tiny structures, typically ranging from 150 to 1500 

μm in length, designed to penetrate the stratum corneum, the skin's outermost layer, and deliver drugs directly into the epidermis or 

dermis. This technique offers several advantages, including improved patient compliance due to its painless application, enhanced drug 

bioavailability by bypassing first-pass metabolism, and the possibility of sustained drug release. Various types of MNs exist, including 

solid, coated, dissolving, hydrogel, and hollow MNs, each designed with specific materials and mechanisms to suit different drug types 

and delivery requirements. The fabrication of MNs involves advanced techniques such as laser cutting, photolithography, and 3D printing, 

utilizing materials like silicon, metals, polymers, and carbohydrates. MNs have shown promise in delivering a wide range of therapeutics, 

including insulin, vaccines, and medications for chronic conditions like arthritis and diabetes. Despite their potential, challenges such as 

skin irritation, limited drug capacity, and manufacturing complexities need to be addressed for widespread adoption. Nevertheless, MNs 

hold significant promise in revolutionizing transdermal drug delivery, offering a more patient-friendly and effective approach to treatment. 

 

IndexTerms - Transdermal drug delivery, Microneedle patch, advanced manufacturing, polymers. 

 

Quick look at Skin’s Anatomy: 

 

                                      
figure 1: layers of skin 

The skin is a complex organ made up of three main layers: the epidermis, dermis, and hypodermis. These layers work together to protect 

the body and regulate temperature. The skin also contains hair shafts and glands, which contribute to its overall function. With an area of 

about 2m² in an average adult, the skin is the largest organ in the human body. 

A large portion of the body's blood (around a third) circulates through the skin. The epidermis, the skin's outermost layer, is about 150µm 

thick and constantly renews itself from a base of actively dividing cells. These cells move outward, differentiating as they go. Because 

the epidermis lacks its own blood supply, it relies on diffusion from the dermis below for nutrients and waste removal. The epidermis is 

made up of five layers: the stratum germinativum (basal layer), stratum spinosum, stratum granulosum, stratum lucidum, and the stratum 

corneum (SC). The SC is composed of dead, keratin-filled cells and acts as the skin's main barrier against external substances. The 

epidermis beneath the SC is called the viable epidermis. The SC's structure, with its layers of dead cells and fatty matrix, controls how 

easily molecules can pass through the skin. 

The stratum corneum (SC) layer of the skin is normally 10-15µm thick when dry, but it can expand to about 40µm when it's hydrated. 

The SC layer is made up of dead skin cells called corneocytes, which are filled with a protein called keratin. These corneocytes are 

arranged in a brick-and-mortar pattern, with the corneocytes being the bricks and a fatty substance called intercellular lipid matrix being 

the mortar. This structure helps to protect the skin from the environment and prevent water loss. 
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The dermis, also known as the corneum, is a strong layer of connective tissue derived from the mesoderm. It underlies and supports the 

epidermis. This layer is characterized by a dense network of collagen fibers interwoven with elastic tissue, particularly near the surface. 

The dermis is rich in various structures, including a network of small blood vessels, lymphatic vessels, nerves, hair follicles, sweat glands, 

and sebaceous glands. 

Skin pathways for transdermal delivery systems: 

There are three main ways substances can pass through the skin when using transdermal delivery systems: they can travel down hair 

follicles, go directly through the stratum corneum (the skin's outer layer), or pass through sweat glands. 

Introduction: 

                              
figure 2: microneedle patch 

Transdermal drug delivery systems offer advantages by avoiding first-pass metabolism and providing sustained drug release.[1] 

Microneedles are a method of transdermal drug delivery that allows for self-administration and high drug bioavailability. Microneedle 

drug delivery is a painless and minimally invasive technique that allows drugs to pass directly through the stratum corneum, the skin's 

main barrier to drug delivery.[2] The dose, rate of delivery, and effectiveness of drugs can be controlled using microneedle drug 

formulations. Microneedles are typically 150-1500 µm long, 50-250 µm wide, and have a tip thickness of 1-25 µm. They are commonly 

made of metal, silicon, polymer, glass, or ceramic.[3] 

Transdermal systems offer several benefits, including avoiding first-pass liver metabolism, improved patient adherence, consistent drug 

release, and reduced pill burden.[4] Microneedles are a promising technology for minimally invasive drug delivery, creating tiny pathways 

for drug solutions to enter the skin. Their sharp design, with submicron tips, allows for efficient skin penetration. Microneedles work by 

mechanically puncturing the skin, delivering drugs just below the stratum corneum where they are quickly absorbed into the 

bloodstream.[5-6] These microneedle punctures bypass the stratum corneum barrier, granting access to tissues rich in blood vessels for 

systemic delivery. This method can alter drug pharmacokinetics, often leading to faster absorption and onset of action. Furthermore, 

microneedle-mediated drug delivery can modulate the body's immune response, making it particularly useful for vaccinations.[7-9] 

Objectives[10]:  

table 1: objectives of microneedle patch and its medical impact 

Design Objective Medical impact 

Drug is delivered across the stratum corneum. 

 

Effective drug delivery 

Correct dose can be delivered. 

 

Effective drug delivery 

No need of expertise for patch application. 

 

Increased access to drug Cost savings 

Improvement of stability. 

 

Lower reliance on cold chain storage and 

transportation 

Elimination of sharp waste. 

 

Increased safety Reduced need for sharps waste 

disposal 

Single use, single dose, fully disposable.  

 

Increased safety Reduced drug/vaccine wastage 

No need of reconstitution. 

 

Increased safety Increased access to drug 

Lack of pain. 

 

Improved patient compliance 

Delivery feedback. 

 

Improved patient compliance 

Reduced wear time of patch. 

 

Improved patient compliance 

Low manufacturing cost. 

 

Cost saving 

Targeted delivery of drug to the skin. 

 

Faster onset of systemic delivery of drugs 

Improved immunogenicity of vaccines 

Reduced package size Cost saving 
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Advantages and Disadvantages:[11] 

Advantages: 

Microneedle drug delivery offers several advantages. It improves drug delivery by delivering drugs directly into the bloodstream, resulting 

in faster onset of action, accurate dosing, avoidance of first-pass metabolism, and high bioavailability. It's also effective for vaccine 

delivery due to the abundance of immune cells in the dermis. Microneedles enhance safety and patient compliance because they are 

painless, require minimal expertise for application, and reduce biohazardous waste. Finally, they improve manufacturing and offer cost 

savings as their solid-state formulation eliminates the need for cold storage, and the all-in-one patch design reduces packaging size. 

Disadavantages: 

Despite the advantages, microneedle drug delivery has some drawbacks. The small size of microneedles limits the drug dose that can be 

delivered. Temporary skin irritation or allergic reactions are possible. Manufacturing microneedle patches consistently requires advanced 

technology. Proper storage is needed to maintain the patches' integrity during distribution. Finally, there's a risk of microneedle fragments 

breaking off and remaining in the skin after application. 

Types of Microneedles: 

                                                     
figure 3:types of microneedles 

Microneedle design is tailored to the specific drug, delivery method, and mechanism of action. A typical microneedle is tapered and sharp, 

measuring 150–1500 μm in length, 50–250 μm in width, and 1–25 μm at the tip.[12] The drug is usually located on or within the 

microneedle tip, which is attached to a base substrate to form an array. This array is then fixed to a patch backing with adhesive for easy 

application. Microneedles are categorized into five main types: solid, coated, dissolving, hydrogel, and hollow. The ideal microneedle 

type is chosen based on factors like drug dose, desired onset of action, delivery duration, efficiency, packaging, waste disposal, and how 

long the patch will be worn.[13] 

Solid Microneedles: 

Solid microneedles are arrays of tiny, sharp tips made of a single material without any incorporated drugs. They work by creating 

microscopic holes in the skin's surface. After the microneedles are inserted and removed, the drug is applied to the treated area and passes 

through these pores, bypassing the skin's outer barrier (stratum corneum) and reaching the superficial dermis where it can be absorbed 

into the bloodstream. This increases the drug's bioavailability.[14] The pores can be kept open longer with certain reagents, allowing for 

extended drug delivery.[15] Essentially, solid microneedles create channels in the skin, facilitating drug permeation via passive diffusion 

when a drug patch is applied.[16] The drug then enters the capillaries for a systemic effect.[17] 

Coated Microneedles: 

Coated microneedles have a drug solution or dispersion applied to their surface.[18] Once inserted into the skin, the drug dissolves quickly 

and is released. These microneedles are typically solid microneedles coated with a water-soluble matrix that allows for rapid drug 

dissolution upon insertion.[19] The coating formulation's viscosity is crucial for ensuring it adheres to the microneedle during storage and 

insertion. The drug is usually concentrated at the microneedle tip for targeted delivery. Dip coating allows for precise control of the drug-

coated area.[20] Coated microneedles offer a fast onset of action due to the rapid drug dissolution in skin fluids. While the coating 

thickness can be increased through repeated applications, this approach may not be ideal for drugs requiring larger doses due to limitations 

in the amount of drug that can be coated.[21] 

Dissolving Microneedles: 

Dissolving microneedles are made from biodegradable polymers that encapsulate the drug. Once inserted into the skin, these microneedles 

dissolve upon contact with skin fluids, releasing the drug. The dissolving polymer also degrades within the skin, controlling the drug 

release rate. Their biocompatibility and ability to dissolve make them a good option for long-term therapies and improved patient 

compliance.[22] A key challenge in developing dissolving microneedles is ensuring even drug distribution within the needle. Therefore, 

proper mixing of the polymer and drug is crucial during manufacturing.[23] While dissolving microneedles can take time to fully dissolve, 

and complete insertion can sometimes be difficult, they offer the advantage of not creating sharps waste as they dissolve or disintegrate 

quickly.[24] They are often made using a solvent-casting method with water-soluble, biodegradable polymers like carboxymethyl 

cellulose and methyl cellulose. Saccharides like trehalose and sucrose are often added to promote disintegration and stabilize 

biomolecules. The drug-containing microneedle tip formulation needs to be compatible with the drug, strong enough for skin penetration, 

and have a low enough viscosity to properly fill the molds without air bubbles.[25-26] 

Hydrogel Microneedles: 

Hydrogel microneedles contain drug throughout the entire patch, including the tip, base, and backing. The drug is released slowly after 

application to the skin. These patches, primarily made of hydrogel, hydrate upon contact with skin fluids but don't dissolve.[27] The drug 

diffuses from the hydrated hydrogel into the skin, allowing for delivery of larger doses.[28] However, this slow release means the patch 

needs to be worn for an extended period. These microneedles are often made with super-swelling polymers, which have a hydrophilic 

structure that allows them to absorb significant amounts of water. When these polymers swell in skin fluids, they create channels that 

connect the bloodstream to the drug patch, effectively acting as a rate-controlling membrane. 
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Hollow Microneedles: 

Hollow microneedles contain a space within them that is filled with a drug solution or dispersion. They have openings at their tips, 

allowing the drug to be delivered directly into the epidermis or upper dermis upon insertion. This type of microneedle is often used for 

delivering large molecules like proteins, vaccines, and oligonucleotides.[29] The drug's flow rate and release pressure can be controlled. 

Because of the internal space, hollow microneedles can deliver larger drug doses. Maintaining a consistent flow rate is a critical factor for 

effective delivery with this method.[30] 

Approaches for Microneedles: 

Microneedle patches (MNPs) can be used in several ways for drug delivery. The "poke-and-patch" method involves first creating tiny 

holes in the skin with drug-free microneedles. Then, a drug-loaded patch is applied to the treated area, allowing the drug to slowly 

permeate through the microneedle-created pores.[31-34] This patch can be similar to regular transdermal patches and may contain agents 

to keep the pores open longer, extending drug delivery.[35] Alternatively, the drug can be placed directly on or within the microneedle 

tip and delivered upon insertion. In the "coat and poke" method, the drug is coated onto the microneedle surface in a rapidly dissolving 

matrix. The "poke and dissolve" approach uses microneedles made of a dissolving material that encapsulates the drug, releasing it as the 

microneedles dissolve in the skin.[36-39] Finally, the "poke and release" method involves encapsulating the drug within the patch backing, 

and sometimes the microneedles themselves, for sustained release. These patches often use hydrogels that swell upon contact with skin 

fluids, facilitating drug diffusion from the backing, through the microneedles, and into the skin. While other MNP methods exist, these 

four are the most prevalent.[40-46] 

Materials used for Microneedles: 

Microneedles are made from various materials, ranging from metals to polymers, and the specific material chosen depends on the 

microneedle design and patch components. A key requirement for any microneedle material is sufficient mechanical strength to effectively 

penetrate the skin.[47] 

Silicon: 

Silicon was the first material used for microneedles in the 1990s. Its anisotropic nature and crystalline structure make it versatile for 

creating various microneedle sizes and shapes. Silicon's mechanical strength is sufficient for skin penetration, making it suitable for solid 

and coated microneedles.[48] Fabrication techniques like deep reactive ion etching and photolithography allow for precise manufacturing 

of silicon microneedles with sharp tips as small as 100 μm.[49] However, these manufacturing processes are expensive, slow, and require 

specialized equipment.[50] A key safety concern with silicon microneedles is the risk of breakage and fragments remaining in the skin.[50] 

Currently, silicon is more commonly used in creating reverse master molds rather than for the microneedles themselves.[51-52] 

Metals: 

Metals are strong and can easily penetrate the skin, making them suitable for solid, coated, and hollow microneedles. Common metals 

used include stainless steel[53] and titanium[54], with others like palladium, nickel, and palladium-cobalt alloys also being employed.  

Stainless steel is the most frequently used due to its relative ease of use, but it corrodes faster than titanium alloys. While titanium alloys 

are stronger, they are also more expensive.[55] 

Ceramic: 

Ceramic materials, including alumina, calcium phosphate, and calcium sulfate, are biocompatible and mechanically strong, making them 

suitable for microneedle fabrication.[56] Alumina is particularly popular due to its chemical resistance. Other ceramics used in 

microneedles include gypsum and brushite.[57] More recently, an organically modified ceramic known as Ormocer® has also been 

explored for this application. 

Glass: 

Silica glass is biologically inert but fragile. Borosilicate glass, a combination of silica and boron trioxide, is more resilient.[58] Glass 

microneedles are usually hollow and made using wet etching or a micropipette puller.[59]  Glass offers adequate strength for skin 

penetration and is easily shaped into tapered needles. It can also be easily sterilized due to its stability at high temperatures and pressures, 

and it's biocompatible.  However, a significant drawback is its brittleness; if the tip breaks off and remains in the skin, it can lead to 

inflammation or granulomas. 

Carbohydrate:  

Carbohydrates, such as maltose (a common choice), mannitol, trehalose, sucrose, xylitol, galactose, and polysaccharides, can be used to 

create microneedles.[60] These carbohydrate materials are typically molded using silicon or metal templates. A drug-loaded carbohydrate 

mixture is poured into the molds to form the microneedles. The controlled dissolution of the carbohydrate regulates drug release within 

the skin. While carbohydrates are inexpensive and safe, their susceptibility to degradation at high temperatures can make the 

manufacturing process challenging.[61] 

Polymers: 

Polymers used for microneedles need to be water-soluble, biocompatible, and strong enough to penetrate the skin. Solvent casting is the 

most common manufacturing method, involving creating a mold, pouring a polymer solution onto it, drying, and then removing the 

formed microneedles. Dissolving and hydrogel microneedles are often made this way using polymers like hydroxypropyl 

methylcellulose[62], hyaluronic acid[63], carboxymethyl cellulose (CMC)[64], polyvinyl pyrrolidone[65], and poly(lactic-co-glycolic 

acid) (PLGA)[66]. Many other polymers are also used, including poly(methyl methacrylate) (PMMA), polylactic acid (PLA), PLGA, 

polyglycolic acid (PGA), poly(carbonate), cyclic-olefin copolymer, poly(vinylpyrrolidone) (PVP), poly(vinyl alcohol) (PVA), 

polystyrene (PS), poly(methyl vinyl ether-co-maleic anhydride), and SU-8 photoresist.[67] 

Microneedle fabrication techniques: 

Microneedle design begins with careful consideration of the drug (type and dose), desired pharmacokinetic and pharmacodynamic 

properties, and the intended application. Once these factors are established, the optimal microneedle design and materials are selected. 

The manufacturing process then depends on the chosen design and materials. 

Laser- mediated fabrication techniques: 

Laser cutting: 

Laser cutting is a common method for creating metal or polymer microneedles, especially those made of stainless steel.[68] A laser cuts 

a flat metal sheet according to a 2D design generated by CAD software. This 2D shape is then bent to form the 3D microneedle. 

Electropolishing can be used to refine the needle tips or smooth out any rough surfaces.[69] 
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Laser ablation: 

Laser ablation is another technique used to create metal or polymer microneedles.[70] While laser cutting cuts a sheet into a 2D shape, 

laser ablation engraves the material to create a 3D structure. This process involves directing a laser beam (like a CO2 laser) onto a 

substrate. The substrate absorbs the laser's energy and heats up, causing it to evaporate or sublimate. This controlled removal of material 

can be used to create an inverse mold with the desired microneedle pattern. 

Photolithography: 

Photolithography is a precise technique used to create solid or hollow microneedles, particularly those made of silicon or 

dissolving/hydrogel materials. It involves creating an inverse mold based on the desired microneedle structure. For silicon microneedles, 

the process begins with depositing a thin film sacrificial layer on a cleaned silicon wafer. A photosensitive polymer (photoresist) is then 

applied. A photomask with the desired microneedle pattern is aligned on the substrate and exposed to UV light. This exposure creates the 

pattern in the photoresist. After development, the exposed (or unexposed, depending on the photoresist type) silicon that isn't covered by 

the photoresist is etched away. This transfers the pattern from the photomask, through the photoresist, and onto the silicon, creating the 

microneedle structure.[70] 

Etching: 

Etching is a crucial step in microneedle fabrication, especially when using photolithography, as it defines the tapered shape of the needle 

tip. The size of the microneedle base and the spacing between needles are determined before etching. The etching process itself then 

determines the length and shape of the needles.[71] Etching is broadly categorized into dry and wet etching, each producing either isotropic 

(uniform in all directions) or anisotropic (directional) etching. 

Dry etching: 

Dry etching is commonly used for creating solid or hollow microneedles and can be divided into physical and chemical methods. Physical 

dry etching methods, like ion milling and sputtering[72], use ionized inert gases (e.g., argon or sulfur hexafluoride) propelled by high-

energy electrodes. The directed impact of these ions on the silicon substrate results in anisotropic etching, where only the unprotected 

areas are etched, while areas covered by an oxide film or photoresist remain largely untouched. Chemical dry etching, such as high-

pressure plasma etching, uses highly energetic plasma gas that reacts with the substrate surface, creating volatile byproducts that are 

removed, leading to isotropic etching. Reactive ion etching combines both physical and chemical methods, leveraging both plasma and 

sputter etching to control the etching process and achieve either isotropic or anisotropic results.[73] By carefully optimizing reactive ion 

etching, very sharp microneedle tips can be precisely fabricated. 

Wet etching: 

Wet etching is another method used to create metal or silicon microneedles.[74] It involves using a chemical etchant to create the desired 

pattern on the substrate. For silicon wafers, a potassium hydroxide solution is often used, and the varying etch rates depending on the 

crystal orientation of the silicon can be used to create sharp tips.[75] Wet etching is generally an isotropic process driven by chemical 

reactions, and it's considerably faster than dry etching. While wet etching is a low-cost method, it lacks the precision of dry etching, 

making it less suitable for creating very fine patterns. 

3D printing (Additive manufacturing): 

3D printing, an additive manufacturing technology, enables rapid prototyping with low cost and high throughput.[76] This technology 

has recently been applied to create microstructures, including microneedles.[77] Traditional microneedle manufacturing methods often 

struggle to produce complex shapes, but 3D printing overcomes this limitation. High-precision stereolithography (SLA), digital light 

processing (DLP), and fused deposition modeling (FDM) are some of the 3D printing techniques used to fabricate microneedles.[78] 

Microstereolithography: 

Microstereolithography (μSL) is a common technique in biomedical and tissue engineering,[79] used to create structures like t issue 

scaffolds, nerve guides, and cardiovascular stents. μSL builds 3D objects by photopolymerizing a liquid resin with a light source, typically 

UV radiation, in a controlled manner. A computer precisely controls the building platform and the light source (laser or projector), 

directing the light onto the resin surface to create the object layer by layer.[80] For example, μSL has been used to create microneedles 

from poly(propylene fumarate) mixed with diethyl fumarate (to enhance strength) for skin cancer treatment.[81] This system allowed for 

controlled release of the anti-cancer drug dacarbazine over five weeks by adjusting the drug dose and the molecular weight of the polymer. 

Continuous Liquid Interface Production (CLIP): 

Continuous Liquid Interface Production (CLIP) is a faster additive manufacturing technique compared to traditional layer-by-layer 

methods. CLIP uses light reflected from a DLP chip to photopolymerize a resin, similar to DLP.[82] However, CLIP avoids the slow 

peeling and repositioning steps required in traditional methods. This allows for much faster production of microneedles, reducing 

fabrication time significantly—from potentially hours to just 2-10 minutes. 

Two-photon polymerization (TPP): 

Two-photon polymerization (TPP) is a highly precise additive manufacturing technique with a resolution down to about 100 

nanometers.[83] It works by using multiphoton absorption to trigger polymerization of a resin, specifically through the excitation of a 

photoinitiator. Unlike standard stereolithography (SLA) which uses UV light, TPP uses a near-infrared laser, such as a titanium-sapphire 

laser. A key difference is that with TPP, the curing reaction happens only at the laser's focal point,[84] not along the entire beam's path. 

This allows for the creation of very intricate and complex 3D structures.   

Drug delivery by Microneedles: 

Proteins: 

Protein drugs hold great promise for treating various conditions like cancer, genetic diseases, and for vaccinations. However, their delivery 

is often hampered by issues such as instability and poor absorption. Factors like protein denaturation during storage and administration, 

as well as limited absorption and cell permeability due to molecular size, can reduce their effectiveness. Microneedle technology is being 

explored to improve protein drug delivery. Microneedles have shown promise for delivering various proteins, including insulin, 

desmopressin, erythropoietin, lysozyme, glucagon, glucagon-like peptide-1, parathyroid hormone, and growth hormone. A continuing 

challenge is selecting appropriate materials and formulations that maintain protein stability, particularly when scaling up production and 

storage for clinical use.[85] 
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Vaccines/Antibodies: 

Current vaccines are typically administered through subcutaneous injection. Microneedle-based vaccines are a newer area of research, 

showing promise for inducing antibody immune responses. A key benefit of microneedle vaccines is their ability to stimulate stronger 

local immunity compared to injections. This is because they deliver the antigen to dendritic cells in the skin, which play a crucial role in 

immune responses. Current vaccine availability is often limited by the need for cold storage and transport. Microneedle vaccine patches 

offer the potential for long-term preservation of the vaccine's ability to trigger an immune response and more flexible storage conditions. 

Monoclonal antibodies, used in various diagnostic and therapeutic applications, can target specific cells and modulate the immune system. 

Microneedle delivery of monoclonal antibodies has been explored to reduce overstimulation of certain immune cells and minimize side 

effects. However, antibody delivery faces challenges like reduced effectiveness and the risk of triggering an immune response against the 

antibodies themselves due to protein inactivation. Maintaining antibody stability within the microneedle is therefore essential.[86] 

Applications of Microneedle patches: 

The treatment of Osteoarthritis: 

Microneedle patches show promise for treating osteoarthritis (OA), a prevalent degenerative joint disease.[87] MNs offer several 

advantages for OA treatment, including bypassing liver metabolism, minimizing gastrointestinal side effects associated with oral 

medications, enabling sustained drug release, and allowing easy discontinuation if toxicity occurs. 

Multifunctional, bio-inspired MNs can deliver drugs to specific areas of the body flexibly and over extended periods. Studies in rats have 

shown that MNs loaded with glucocorticoids can effectively reduce swelling and inflammation in knee joints affected by OA.[88] MN 

patches have also been developed for meloxicam, a poorly water-soluble NSAID that often causes gastrointestinal issues. These patches 

demonstrated rapid drug release, effective skin penetration, minimal irritation, good bioavailability, and strong anti-inflammatory and 

analgesic effects. While MNs offer a potential solution to challenges like poor oral bioavailability and patient compliance in OA treatment, 

their use in this specific area remains under-explored. 

The treatment of Rheumatoid Arthritis: 

Beyond meloxicam for osteoarthritis, microneedle (MN) technology has been explored for delivering other drugs to treat rheumatoid 

arthritis, including methotrexate[89-91], artemether[92-93], alkaloids[94-95], capsaicin[96], neurotoxin[97], triptolide[98], 

paeoniflorin[99], sinomenine[100], and Etanercept[101]. MN transdermal delivery offers a promising approach for arthritis treatment by 

controlling drug release, reducing dosage, and minimizing side effects through minimally invasive delivery. Nanocarriers, like 

nanostructured lipid carriers (NLCs), have been used to encapsulate drugs and overcome solubility limitations, improving delivery via 

dissolving MNs.[95] NLCs also help avoid first-pass liver metabolism and toxicity, while MNs enhance drug delivery and create skin 

reservoirs for sustained release.[95] One study used an "in situ" phase transition strategy to convert a poorly soluble, crystalline drug 

(capsaicin) into a nano-sized, amorphous form suitable for transdermal delivery using dissolving MNs. This approach proved effective in 

treating inflammation associated with rheumatoid arthritis. 

The treatment of Dermatology Dermatosis: 

Skin diseases are a major area of microneedle (MN) research. While traditional skin patches, with their simple structure and slow drug 

delivery, have limitations in wound healing, MNs offer advantages. MNs possess porous microstructures and can incorporate antibacterial 

polymers, like chitosan, to deliver growth factors or drugs in a sustained or controlled manner, promoting tissue remodeling and preventing 

infection. Chitosan, a naturally occurring alkaline polysaccharide, is particularly useful due to its biodegradability, non-toxicity, 

biocompatibility, and natural antibacterial and blood-clotting properties. MN-based drug delivery offers improvements over topical 

application, which can have low transdermal efficiency, and subcutaneous injection, which involves short drug residence times and 

frequent administration. For example, chitosan-based MN patches have been developed for enhanced wound healing.[102] MNs can also 

improve the delivery of drugs like UK5099 and exosomes, overcoming their respective limitations. 

The delivery of Vaccines: 

Microneedles (MNs) have been extensively researched for vaccine delivery, making it a relatively mature field. MN vaccines offer 

advantages like room temperature storage and transport in a solid form, and can be used to deliver various vaccine types, including DNA, 

subunit antigen, inactivated, or live virus vaccines.[103] They provide a painless, non-invasive, and convenient administration method, 

eliminating the need for cold chain storage and transport, and reducing sharps waste. This is particularly beneficial in developing countries 

or rural areas with limited healthcare resources,[104] as it can also minimize the spread of blood-borne diseases. Given the recent threat 

of coronaviruses, the need for safe and effective vaccines is urgent.[105] Studies in mice have shown that MN delivery of MERS-CoV 

and SARS-CoV-2 vaccines can induce a stronger immune response compared to traditional injections, with long-lasting antibody 

production. Importantly, these MN vaccines remain effective even after gamma ray sterilization, a crucial step for human use. MN vaccine 

delivery has the potential to accelerate vaccine production and lower costs by reducing the required dose. Further advances in MN 

technology are expected to improve our preparedness for future pandemics.[106] 

The treatment of Cancer: 

Microneedles (MNs) are being used to deliver anticancer drugs (chemotherapy), photodynamic therapy (PDT), and photothermal therapy 

(PTT) agents directly to skin tumors, improving effectiveness while minimizing invasiveness. In mouse studies, delivering ovalbumin-

pulsed dendritic cells via cryomicroneedles resulted in stronger immune responses and slower tumor growth compared to traditional 

injection methods. These cryomicroneedles also preserved cell viability and proliferation, suggesting their potential for minimally 

invasive cell therapies.[107] Combining MN delivery with cancer immunotherapy is a promising approach.[108] Studies have shown that 

MN delivery of vaccines and adjuvants can induce stronger and longer-lasting immune responses compared to traditional injections. 

Combining photothermal therapy with chemotherapy also holds great potential for improving cancer treatment outcomes and preventing 

recurrence.[109] For example, layered MNs have been developed to deliver both chemotherapy drugs (like adriamycin) and photothermal 

agents (like gold nanorods) directly to cancer cells. These patches have shown improved therapeutic effects when combining 

chemotherapy and photothermal therapy. This type of localized MN delivery avoids the systemic side effects often associated with 

traditional anticancer drug administration. 

Usage in the Contraception field: 

Microneedle (MN) patch technology, after showing promise in various biomedical applications, is now being explored for 

contraception.[110] Researchers have developed long-acting contraceptive MN patches that are easy to use and avoid generating 

hazardous waste. These patches use biodegradable polymers, like PLGA, loaded with contraceptive hormones (e.g., levonorgestrel) to 
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provide sustained release over approximately one month. Studies have also indicated that effervescent microneedle patches may further 

enhance long-acting contraception.[111] 

The treatment of Diabetes: 

Insulin, a hormone crucial for blood sugar regulation, is often administered through long-term injections for both type 1 and type 2 

diabetes. However, insulin dosing can be challenging, and incorrect doses can lead to hypoglycemia, a potentially dangerous condition. 

Therefore, continuous blood sugar monitoring is essential for diabetics. Microneedle (MN) delivery of insulin is a promising area of 

research.[112] The "Smart Insulin Patch," developed by Zhen Gu's research group, combines a glucose-responsive insulin release 

mechanism with a hyaluronic acid (HA) MN array. These small MNs offer a less painful alternative to injections, improving pat ients' 

quality of life.[113-117] This technology continues to be refined for better glucose response. Beyond glucose-responsive systems, 

researchers have also developed pH-responsive MN patches that release insulin and other therapeutic agents based on the body's pH 

levels. Light-responsive MNs have also been created, which release drugs like metformin when triggered by near-infrared (NIR) 

light.[118] 

Other Applications: 

                                
figure 4: applications of microneedle patch 

While initially used to improve transdermal drug delivery, microneedle (MN) applications have expanded significantly. Beyond treating 

skin and other diseases, MNs are now used in areas like eye treatment, cell delivery, and blood vessel applications.[119] Hollow and 

porous MNs are particularly useful in biosensor research, showing promising results.[120] For example, porous MNs have been integrated 

with microfluidic chips for continuous interstitial fluid (ISF) sampling, enabling minimally invasive and long-term health monitoring. As 

different fields of study converge, MNs are expected to take on even more roles. Researchers are also exploring combining MNs with 

other drug delivery enhancement methods, like chemical enhancers, to deliver macromolecules. These combined systems could potentially 

create targeted drug delivery systems within the gastrointestinal tract.[121] 

Market survey: 

 

S.R 

 

PRODUCT 

 

MANUFACTURER 

 

TYPE 

 

APPLICATION 

 

1 

Derma roller Derma spark, Canada Solid Metal Scar Treatment 

2 MicroHyala CosMeD, Japan Dissolvable Intradermal Delivery of 

hyaluronic acid to 

combat skin aging 

3 Macroflux Zosano Pharma , USA Coated metal Hormonal  treatment for 

post-menopausal  

osteoporosis 

4 Qtrypa Zosano Pharma , USA Coated metal Delivery of zolmitriptan 

for the treatment of 

acute migraine. 

5 Micronjet600 NanoPass, Israel Hollow Silicon Vaccination: pandemic 

Influenza( H1N1 ) 

6 MicroCore Corium, USA Dissolvable Hormonal  treatment for 

post-menopausal  

osteoporosis 

7 Micro structured 

transdermal 

Patch 

3M Crop, USA Hollow 

polymeric 

Hormonal  treatment for 

post-menopausal  

osteoporosis 

8 Nano patch Vaxxas, Australia Coated 

polymeric 

Influenza vaccine 

delivery 

9 Dissolvable Micron Biomedical, 

USA 

Dissolvable Influenza and 

contraceptive drug 

delivery 
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10 IDflu*Intanza Sanofi,Pastcur Intradermal 

Micro needle 

Prefilled with influenza 

11 Soluvia Becton Dickinson, USA Hollow micro 

needle array 

Intradermal delivery of 

drug and vaccines. 

11 Drugmat TheraJeet Inc, USA Dissolvable 

micro needle 

Patch 

It delivery hundreds of 

micrograms of drug 

rapidly 

10 Dermapen  Micro needle 

array-based 

device 

Used for treating stretch 

mark and hair loss 

10 VaMat Theraject inc,USA  It dissolvable in micro 

needles 

11 Micro-Trans Valeritas inc, USA  The patients Skin 

Characteristics 

12 Nanoject Debiotech , Switzerland  Useful for Intradermal 

13 Janisys Janisys, Ireland  Actively delivery drug 

from transdermal 

patches 

14 BD Soluvia Becton Dickinson, USA  It is prefill able 

microinjection system 

15 Onvax Becton Dickinson, USA  It is skin micro abrader 

having plastic 

16 MicronJet NanoPass Inc, Israel  It can be used with any 

slandered syringe for 

painless delivery 

17 Macroflux Zosano Pharma Inc, 

USA 

 Metallic micro needles 

18 Micro saturated 

transdermal 

system 

technology 

(MTS) 

3 M Crop, USA  This technology is used 

to administered drugs 

 

 

REFERENCES 

1) Dharadhar S, Majumdar A, Dhoble S, Patravale V (2019) Microneedles for transdermal drug delivery: a systematic review. Drug Dev Ind 

Pharm 45:188–201 

2) Prausnitz MR (2017) Engineering microneedle patches for vaccination and drug delivery to skin. Annu Rev Chem Biomol Eng 8:177–

200 

3) [7] N. Akhtar, Microneedles: an Innovative Approach to Transdermal Delivery- a Review, (2014) 

4) Rios M Pharm Technol. 2007;31:54-64. 

5) Brazzle J, Pauptsky I and Frazier AB. IEEE Engineering in Medicine and Biology Magazine. 1999;18(6):53-58 

6) Brazzle D, Bartholomeuseuz R, Davies J, Andrade RA, Van Wageman and Frazier AB(2000) Proceedings 2000 Solid State Sensor and 

Actuator Workshop Hilton Head , S.C.,199-202. 

7) Marshall S, Sahm LJ, Moore AC. 2016. The success of microneedle-mediated vaccine delivery into skin. Hum. Vaccin. Immunother. 

12:2975–83 

8) Skountzou I, Compans RW. 2015. Skin immunization with influenza vaccines. Curr. Top. Microbiol. Immunol. 386:343–69 

9) Suh H, Shin J, Kim YC. 2014. Microneedle patches for vaccine delivery. Clin. Exp. Vaccine Res. 3:42–49 

10) Prausnitz MR (2017) Engineering microneedle patches for vaccination and drug delivery to skin. Annu Rev Chem Biomol Eng 8:178-181 

11) Jae Hwan Jung, Sung Giu Jin, Microneedle for transdermal drug delivery: current trends and fabrication(2021)51:504 

12) Waghule T, Singhvi G, Dubey SK, Pandey MM, Gupta G, Singh M, Dua K (2019) Microneedles: a smart approach and increasing potential 

for transdermal drug delivery system. Biomed Pharmacother 109:1249–1258 

13) Jae Hwan Jung, Sung Giu Jin, Microneedle for transdermal drug delivery: current trends and fabrication(2021)51:504 

http://www.ijrti.org/


  © 2025 IJNRD | Volume 10, Issue 4 April 2025 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2504300 International Journal Of Novel Research And Development (www.ijnrd.org) 
 

 

c651 

c65

14) Henry S, McAllister DV, Allen MG, Prausnitz MR (1998) Microfabricated microneedles: a novel approach to transdermal drug delivery. 

J Pharm Sci 87:922–925 

15) Brogden NK, Banks SL, Crofford LJ, Stinchcomb AL (2013) Diclofenac enables unprecedented weeklong microneedleenhanced delivery 

of a skin impermeablemedication in humans. Pharm Res 30:1947–1955 

16) J. Li, M. Zeng, H. Shan, C. Tong, Microneedle patches as drug and vaccine delivery platform, Curr. Med. Chem. 24 (22) (2017) 2413–

2422. 

17) M.R. Prausnitz, Engineering microneedle patches for vaccination and drug delivery to skin, Annu. Rev. Chem. Biomol. Eng. 8 (2017) 

177–200. 

18) K. Ita, Transdermal delivery of drugs with microneedles-potential and challenges, Pharmaceutics 7 (3) (2015) 90–105 

19) Haj-Ahmad R, Khan H, Arshad MS, Rasekh M, Hussain A, Walsh S, Li X, Chang MW, Ahmad Z (2015) Microneedle coating techniques 

for transdermal drug delivery. Pharmaceutics 7:486–502 

20) Gill HS, Prausnitz MR (2007a) Coated microneedles for transdermal delivery. J Control Release 117:227–237 Gill HS, Prausnitz MR 

(2007b) Coating Formulations for Microneedles. Pharm Res 24:1369–1380 

21) Chen Y, Chen BZ, Wang QL, Jin X, Guo XD (2017) Fabrication of coated polymer microneedles for transdermal drug delivery. J Control 

Release 265:14–21 

22) K. Ita, Transdermal delivery of drugs with microneedles-potential and challenges, Pharmaceutics 7 (3) (2015) 90–105 

23) M.R. Prausnitz, Engineering microneedle patches for vaccination and drug delivery to skin, Annu. Rev. Chem. Biomol. Eng. 8 (2017) 

177–200 

24) Sullivan S, Koutsonanos D, del Pilar MM, Lee JW, Zarnitsyn V, Choi SO, Murthy N, Compans RW, Skountzou I, Prausnitz MR (2010) 

Dissolving polymer microneedle patches for infuenza vaccination. Nat Med 16:915–920 

25) Edens C, Collins ML, Goodson JL, Rota PA, Prausnitz MR (2015) A microneedle patch containing measles vaccine is immunogenic in 

non-human primates. Vaccine 33:4712–4718 

26) Mistilis MJ, Bommarius AS, Prausnitz MR (2015) Development of a thermostable microneedle patch for infuenza vaccination. J Pharm 

Sci 104:740–749 

27) Al Sulaiman D, Chang JYH, Bennett NR, Topouzi H, Higgins CA, Irvine DJ, Ladame S (2019) Hydrogel-coated microneedle arrays for 

minimally invasive sampling and sensing of specifc circulating nucleic acids from skin interstitial fuid. ACS Nano 13:9620–9628 

28) Migdadi EM, Courtenay AJ, Tekko IA, McCrudden MT, Kearney MC, McAlister E, McCarthy HO, Donnelly RF (2018) Hydrogel-

forming microneedles enhance transdermal delivery of metformin hydrochloride. J Control Release 285:142–15 

29) K. Ita, Transdermal delivery of drugs with microneedles-potential and challenges, Pharmaceutics 7 (3) (2015) 90–105 

30) K. Cheung, T. Han, D.B. Das, Effect of force of microneedle insertion on the permeability of insulin in skin, J 

31) Henry S, McAllister DV, Allen MG, Prausnitz MR. 1998. Microfabricated microneedles: a novel approach to transdermal drug delivery. 

J. Pharm. Sci. 87:922–25 

32) Mikolajewska P, Donnelly RF, Garland MJ, Morrow DI, Singh TR, et al. 2010. Microneedle pretreatment of human skin improves 5-

aminolevulinic acid (ALA)- and 5-aminolevulinic acid methyl ester (MAL)-induced PpIX production for topical photodynamic therapy 

without increase in pain or erythema. Pharm. Res. 27:2213–20 45. 

33) Ding Z, Verbaan FJ, Bivas-Benita M, Bungener L, Huckriede A, et al. 2009. Microneedle arrays for the transcutaneous immunization of 

diphtheria and influenza in BALB/c mice. J. Control. Release 136:71–78 46. 

34) Wermeling DP, Banks SL, Hudson DA, Gill HS, Gupta J, et al. 2008. Microneedles permit transdermal delivery of a skin-impermeant 

medication to humans. PNAS 105:2058–63 

35) Brogden NK, Banks SL, Crofford LJ, Stinchcomb AL. 2013. Diclofenac enables unprecedented week long microneedle-enhanced delivery 

of a skin impermeable medication in humans. Pharm. Res. 30:1947– 55 

36) Daddona PE, Matriano JA, Mandema J, Maa YF. 2011. Parathyroid hormone (1-34)-coated microneedle patch system: clinical 

pharmacokinetics and pharmacodynamics for treatment of osteoporosis. Pharm. Res. 28:159–65 

37) Matriano JA, Cormier M, Johnson J, YoungWA, Buttery M, et al. 2002. Macroflux microprojection array patch technology: a new and 

efficient approach for intracutaneous immunization. Pharm. Res. 19:63–70 

38) Haj-Ahmad R, Khan H, Arshad MS, Rasekh M, Hussain A, et al. 2015. Microneedle coating techniques for transdermal drug delivery. 

Pharmaceutics 7:486–502 

39) Gill HS, Prausnitz MR. 2007. Coated microneedles for transdermal delivery. J. Control. Release 117:227– 37 

http://www.ijrti.org/


  © 2025 IJNRD | Volume 10, Issue 4 April 2025 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2504300 International Journal Of Novel Research And Development (www.ijnrd.org) 
 

 

c652 

c65

40) Hirobe S, Azukizawa H, Hanafusa T, Matsuo K, Quan YS, et al. 2015. Clinical study and stability assessment of a novel transcutaneous 

influenza vaccination using a dissolving microneedle patch. Biomaterials 57:50–58 

41) Rouphael NG, Paine M, Mosley R, Henry S, McAllister DV, et al. 2017. The safety, immunogenicity and acceptability of inactivated 

influenza vaccine delivered by microneedle patch: a randomized, partially blind, placebo-controlled phase 1 trial. The Lancet. In press 

42) Edens C, Collins ML, Goodson JL, Rota PA, Prausnitz MR. 2015. A microneedle patch containing measles vaccine is immunogenic in 

non-human primates. Vaccine 33:4712–18 51. 

43) DeMuth PC, Li AV, Abbink P, Liu J, Li H, et al. 2013. Vaccine delivery with microneedle skin patches in nonhuman primates. Nat. 

Biotechnol. 31:1082–85 52. 

44) Kommareddy S, Baudner BC, Oh S, Kwon SY, Singh M, O’Hagan DT. 2012. Dissolvable microneedle patches for the delivery of cell-

culture-derived influenza vaccine antigens. J. Pharm. Sci. 101:1021–27 

45) Lee JW, Park JH, Prausnitz MR. 2008. Dissolving microneedles for transdermal drug delivery. Biomaterials 29:2113–24 

46) Donnelly RF, Singh TR, Garland MJ, Migalska K, Majithiya R, et al. 2012. Hydrogel-forming microneedle arrays for enhanced 

transdermal drug delivery 

47) Dharadhar S, Majumdar A, Dhoble S, Patravale V (2019) Microneedles for transdermal drug delivery: a systematic review. Drug Dev Ind 

Pharm 45:188–201 

48) Hoang MT, Ita KB, Bair DA (2015) Solid microneedles for transdermal delivery of amantadine hydrochloride and pramipexole 

dihydrochloride. Pharmaceutics 7:379–396 

49) Donnelly RF, Singh TR, Tunney MM, Morrow DI, McCarron PA, O’Mahony C, Woolfson AD (2009) Microneedle arrays allow lower 

microbial penetration than hypodermic needles in vitro. Pharm Res 26:2513–2522 

50) Banga AK (2009) Microporation applications for enhancing drug delivery. Expert Opin Drug Deliv 6:343–354 

51) McGrath MG, Vrdoljak A, O’Mahony C, Oliveira JC, Moore AC, Crean AM (2011) Determination of parameters for successful spray 

coating of silicon microneedle arrays. Int J Pharm 415:140–149 

52) Lutton REM, Larrañeta E, Kearney M-C, Boyd P, Woolfson AD, Donnelly RF (2015) A novel scalable manufacturing process for the 

production of hydrogel-forming microneedle arrays. Int J Pharm 494:417–429 

53) Gupta J, Gill HS, Andrews SN, Prausnitz MR (2011) Kinetics of skin resealing after insertion of microneedles in human subjects. J Control 

Release 154:148–155 

54) Choi HJ, Bondy BJ, Yoo DG, Compans RW, Kang SM, Prausnitz MR (2012) Stability of whole inactivated infuenza virus vaccine during 

coating onto metal microneedles. J Control Release 166:159–171 

55) Amalraju D, Dawood AS (2012) Mechanical strength evaluation analysis of stainless steel and titanium locking plate for femur bone 

fracture. Eng Sci Technol Int J 2:2250–3498 

56) Ita K (2018) Ceramic microneedles and hollow microneedles for transdermal drug delivery: Two decades of research. J Drug Deliv Sci 

Tec 44:314–322 

57) A.C. Williams, B.W. Barry, Penetration enhancers, Adv. Drug Deliv. Rev. 56 (5) (2004) 603–618. 

58) D.V. McAllister, P.M. Wang, S.P. Davis, J.H. Park, P.J. Canatella, M.G. Allen, M.R. Prausnitz, Microfabricated needles for transdermal 

delivery of macromolecules and nanoparticles: fabrication methods and transport studies, Proc. Natl. Acad. Sci. U.S.A. 100 (24) (2003) 

13755–13760 

59) Dharadhar S, Majumdar A, Dhoble S, Patravale V (2019) Microneedles for transdermal drug delivery: a systematic review. Drug Dev Ind 

Pharm 45:188–201 

60) C.J. Martin, C.J. Allender, K.R. Brain, A. Morrissey, J.C. Birchall, Low temperature fabrication of biodegradable sugar glass microneedles 

for transdermal drug delivery applications, J. Control. Release 158 (1) (2012) 93–101. 

61) E. Larrañeta, R.E.M. Lutton, A.D. Woolfson, R.F. Donnelly, Microneedle arrays as transdermal and intradermal drug delivery systems: 

materials science, manufacture and commercial development, Mater. Sci. Eng. R Rep. 104 (2016) 1–32. 

62) Kim JY, Han MR, Kim YH, Shin SW, Nam SY, Park JH (2016) Tip loaded dissolving microneedles for transdermal delivery of donepezil 

hydrochloride for treatment of Alzheimer’s disease. Eur J Pharm Biopharm 105:148–155 

63) Du H, Liu P, Zhu J, Lan J, Li Y, Zhang L, Zhu J, Tao J (2019) Hyaluronic acid-based dissolving microneedle patch loaded with 

methotrexate for improved treatment of psoriasis. ACS Appl Mater Interfaces 11:43588–43598 

64) Cafarel-Salvador E, Tuan-Mahmood T-M, McElnay JC, McCarthy HO, Mooney K, Woolfson AD, Donnelly RF (2015) Potential of 

hydrogel-forming and dissolving microneedles for use in paediatric populations. Int J Pharm 489 

http://www.ijrti.org/


  © 2025 IJNRD | Volume 10, Issue 4 April 2025 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2504300 International Journal Of Novel Research And Development (www.ijnrd.org) 
 

 

c653 

c65

65) Li Y, Zhang H, Yang R, Laftte Y, Schmill U, Hu W, Kaddoura M, Blondeel EJM, Cui B (2019c) Fabrication of sharp silicon hollow 

microneedles by deep-reactive ion etching towards minimally invasive diagnostics. Microsyst Nanoeng 5:41 

66) H. Huang, C. Fu, Different Fabrication Methods of Out-of-plane Polymer Hollow Needle Arrays and Their Variations, (2007) 

67) Banks SL, Pinninti RR, Gill HS, Paudel KS, Crooks PA, Brogden NK, Prausnitz MR, Stinchcomb AL (2010) Transdermal delivery of 

naltrexol and skin permeability lifetime after microneedle treatment in hairless guinea pigs. J Pharma Sci 99:307 

68) Gill HS, Prausnitz MR (2007a) Coated microneedles for transdermal delivery. J Control Release 117:227–237 Gill HS, Prausnitz MR 

(2007b) Coating Formulations for Microneedles. Pharm Res 24:1369–1380 

69) Nejad H, Sadeqi A, Kiaee G, Sonkusale S (2018) Low-cost and cleanroom-free fabrication of microneedles. Microsyst Nanoeng 4:17073 

70) Dardano P, Caliò A, Di Palma V, Bevilacqua MF, Di Matteo A, De Stefano L (2015) A photolithographic approach to polymeric 

microneedles array fabrication. Materials 8:8661–8673 

71) Wilke N, Mulcahy A, Ye S-R, Morrissey A (2005) Process optimization and characterization of silicon microneedles fabricated by wet 

etch technology. Microelectron J 36:650–656 

72) Indermun S, Luttge R, Choonara YE, Kumar P, du Toit LC, Modi G, Pillay V (2014) Current advances in the fabrication of microneedles 

for transdermal delivery. J Control 

73) McAllister DV, Wang PM, Davis SP, Park JH, Canatella PJ, Allen MG, Prausnitz MR (2003) Microfabricated needles for transdermal 

delivery of macromolecules and nanoparticles: fabrication methods and transport 

74) Wilke N, Mulcahy A, Ye S-R, Morrissey A (2005) Process optimization and characterization of silicon microneedles fabricated by wet 

etch technology. Microelectron J 36:650–656 

75) Henry S, McAllister DV, Allen MG, Prausnitz MR (1998) Microfabricated microneedles: a novel approach to transdermal drug delivery. 

J Pharm Sci 87:922–925 

76) Ogundele M, Okafor HK (2017) Transdermal drug delivery: Microneedles, their fabrication and current trends in delivery methods. J 

Pharm Res Int 18:1–14 

77) Park BJ, Choi HJ, Moon SJ, Kim SJ, Bajracharya R, Min JY, Han H-K (2019) Pharmaceutical applications of 3D printing technology: 

current understanding and future perspectives. Int J Pharm Investig 49:575–585 

78) Krieger KJ, Bertollo N, Dangol M, Sheridan JT, Lowery MM, O’Cearbhaill ED (2019) Simple and customizable method for fabrication 

of high-aspect ratio microneedle molds using lowcost 3D printing. Microsyst Nanoeng 

79) Dharadhar S, Majumdar A, Dhoble S, Patravale V (2019) Microneedles for transdermal drug delivery: a systematic review. Drug Dev Ind 

Pharm 45:188–201 

80) Krieger KJ, Bertollo N, Dangol M, Sheridan JT, Lowery MM, O’Cearbhaill ED (2019) Simple and customizable method for fabrication 

of high-aspect ratio microneedle molds using low cost 3D printing. Microsyst Nanoeng 

81) Lu Y, Mantha SN, Crowder CC, Chinchilla S, Shah KN, Yun YH, Wicker RB, Choi J-W (2015) Microstereolithography and 

characterization of poly(propylene fumarate)-based drug-loaded microneedle arrays. Biofabrication 7:045001 

82) Johnson AR, Caudill CL, Tumbleston JR, Bloomquist CJ, Moga KA, Ermoshkin A, Shirvanyants D, Mecham SJ, Luft JC, DeSimone JM 

(2016) Single-step fabrication of computationally designed microneedles by continuous liquid interface production. PLoS ONE 

11:e0162518 

83) Takada K, Sun H-B, Kawata S (2005) Improved spatial resolution and surface roughness in photopolymerization-based laser nanowriting. 

Appl Phys Lett 

84) Serbin J, Egbert A, Ostendorf A, Chichkov BN, Houbertz R, Domann G, Schulz J, Cronauer C, Fröhlich L, Popall M (2003) Femto second 

laser-induced two-photon polymerization of inorganic organic hybrid materials for applications in photonics. Opt Lett 200238:301–303 

85) Lahiji SF, Jang Y, Ma Y, Dangol M, Yang H, Jang M, Jung H (2018) Effects of dissolving microneedle fabrication parameters on the 

activity of encapsulated lysozyme. Eur J Pharm Sci 117:290–296 

86) Xu J, Xu B, Tao J, Yang Y, Hu Y, Huang Y (2017) Microneedle assisted, DC-targeted Codelivery of pTRP-2 and adjuvant of paclitaxel 

for transcutaneous immunotherapy. Small 13:1700666 

87)  Liang R., Zhao J., Li B., Cai P., Loh X.J., Xu C., Chen P., Kai D., Zheng L. Implantable and degradable antioxidant poly(epsilon-

caprolactone)-lignin nanofiber membrane for effective osteoarthritis treatment. Biomaterials. 2020;230:119601. 

doi: 10.1016/j.biomaterials.2019.119601 

88) Zhang X., Chen G., Yu Y., Sun L., Zhao Y. Bioinspired Adhesive and Antibacterial Microneedles for Versatile Transdermal Drug 

Delivery. Research. 2020;2020:3672120. doi: 10.34133/2020/3672120 

89) Prasad R., Koul V. Transdermal delivery of methotrexate: Past, present and future prospects. Ther. Deliv. 2012;3:315–325. 

doi: 10.4155/tde.12.3.  

http://www.ijrti.org/


  © 2025 IJNRD | Volume 10, Issue 4 April 2025 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2504300 International Journal Of Novel Research And Development (www.ijnrd.org) 
 

 

c654 

c65

90) Abla M.J., Chaturvedula A., O Mahony C., Banga A.K. Transdermal delivery of methotrexate for pediatrics using silicon 

microneedles. Ther. Deliv. 2013;4:543–551. doi: 10.4155/tde.13.24 

91) Shende P., Salunke M. Transepidermal microneedles for co-administration of folic acid with methotrexate in the treatment of rheumatoid 

arthritis. Biomed. Phys. Eng. Express. 2019;5:025023. doi: 10.1088/2057-1976/aafbbb.  

92) Qiu Y., Li C., Zhang S., Yang G., He M., Gao Y. Systemic delivery of artemether by dissolving microneedles. Int. J. Pharm. 2016;508:1–

9. doi: 10.1016/j.ijpharm.2016.05.006.  

93) Zhang Y., Hu H., Jing Q., Wang Z., He Z., Wu T., Feng N.P. Improved Biosafety and Transdermal Delivery of Aconitine via Diethylene 

Glycol Monoethyl Ether-Mediated Microemulsion Assisted with Microneedles. Pharmaceutics. 2020;12:163. 

doi: 10.3390/pharmaceutics12020163 

94) Guo T., Zhang Y., Li Z., Zhao J., Feng N. Microneedle-mediated transdermal delivery of nanostructured lipid carriers for alkaloids from 

Aconitum sinomontanum. Artif. Cells Nanomed. Biotechnol. 2018;46:1541–1551. doi: 10.1080/21691401.2017.1376676.  

95) Guo T., Cheng N., Zhao J., Hou X., Zhang Y., Feng N. Novel nanostructured lipid carriers-loaded dissolving microneedles for controlled 

local administration of aconitine. Int. J. Pharm. 2019;572:118741. doi: 10.1016/j.ijpharm.2019.118741 

96) Dangol M., Yang H., Li C.G., Lahiji S.F., Kim S., Ma Y., Jung H. Innovative polymeric system (IPS) for solvent-free lipophilic drug 

transdermal delivery via dissolving microneedles. J. Control. Release. 2016;223:118–125. doi: 10.1016/j.jconrel.2015.12.038.  

97) Yao W., Tao C., Zou J., Zheng H., Zhu J., Zhu Z., Zhu J., Liu L., Li F., Song X. Flexible two-layer dissolving and safing microneedle 

transdermal of neurotoxin: A biocomfortable attempt to treat Rheumatoid Arthritis. Int. J. Pharm. 2019;563:91–100. 

doi: 10.1016/j.ijpharm.2019.03.033 

98) Chen G., Hao B., Ju D., Liu M., Zhao H., Du Z., Xia J. Pharmacokinetic and pharmacodynamic study of triptolide-loaded liposome 

hydrogel patch under microneedles on rats with collagen-induced arthritis. Acta Pharm. Sin. B. 2015;5:569–576. 

doi: 10.1016/j.apsb.2015.09.006 

99) 111. Cui Y., Mo Y., Zhang Q., Tian W., Xue Y., Bai J., Du S. Microneedle-Assisted Percutaneous Delivery of Paeoniflorin-Loaded 

Ethosomes. Molecules. 2018;23:3371. doi: 10.3390/molecules23123371.  

100) Wu X., Chen Y., Gui S., Wu X., Chen L., Cao Y., Yin D., Ma P. Sinomenine hydrochloride-loaded dissolving microneedles enhanced 

its absorption in rabbits. Pharm. Dev. Technol. 2016;21:787–793. doi: 10.3109/10837450.2015.1055766.  

101) Cao J., Zhang N., Wang Z., Su J., Yang J., Han J., Zhao Y. Microneedle-Assisted Transdermal Delivery of Etanercept for Rheumatoid 

Arthritis Treatment. Pharmaceutics. 2019;11:235. doi: 10.3390/pharmaceutics11050235.  

102) Chi J., Zhang X., Chen C., Shao C., Zhao Y., Wang Y. Antibacterial and angiogenic chitosan microneedle array patch for promoting 

wound healing. Bioact. Mater. 2020;5:253–259. doi: 10.1016/j.bioactmat.2020.02.004. 

103) Ali A.A., McCrudden C.M., McCaffrey J., McBride J.W., Cole G., Dunne N.J., Robson T., Kissenpfennig A., Donnelly R.F., 

McCarthy H.O. DNA vaccination for cervical cancer; a novel technology platform of RALA mediated gene delivery via polymeric 

microneedles. Nanomed. UK. 2017;13:921–932. doi: 10.1016/j.nano.2016.11.019.  

104) Li J., Zeng M., Shan H., Tong C. Microneedle Patches as Drug and Vaccine Delivery Platform. Curr. Med. Chem. 2017;24:2413–

2422. doi: 10.2174/0929867324666170526124053 

105) Kim E., Erdos G., Huang S., Kenniston T.W., Balmert S.C., Carey C.D., Raj V.S., Epperly M.W., Klimstra W.B., Haagmans B.L., et 

al. Microneedle array delivered recombinant coronavirus vaccines: Immunogenicity and rapid translational 

development. EBioMedicine. 2020;55:102743. doi: 10.1016/j.ebiom.2020.102743 

106) Arya J., Prausnitz M.R. Microneedle patches for vaccination in developing countries. J. Control. Release. 2016;240:135–141. 

doi: 10.1016/j.jconrel.2015.11.019. 

107) Chang H., Chew S.W.T., Zheng M., Lio D.C.S., Wiraja C., Mei Y., Ning X., Cui M., Than A., Shi P., et al. Cryomicroneedles for 

transdermal cell delivery. Nat. Biomed. Eng. 2021;5:1008–1018. doi: 10.1038/s41551-021-00720-1 

108) Duong H., Yin Y., Thambi T., Kim B.S., Jeong J.H., Lee D.S. Highly potent intradermal vaccination by an array of dissolving 

microneedle polypeptide cocktails for cancer immunotherapy. J. Mater. Chem. B. 2020;8:1171–1181. doi: 10.1039/C9TB02175B 

109) Moreira A.F., Rodrigues C.F., Jacinto T.A., Miguel S.P., Costa E.C., Correia I.J. Poly (vinyl alcohol)/chitosan layer-by-layer 

microneedles for cancer chemo-photothermal therapy. Int. J. Pharm. 2020;576:118907. doi: 10.1016/j.ijpharm.2019.118907 

110) Li W., Tang J., Terry R.N., Li S., Brunie A., Callahan R.L., Noel R.K., Rodríguez C.A., Schwendeman S.P., Prausnitz M.R. Long-

acting reversible contraception by effervescent microneedle patch. Sci. Adv. 2019;5:eaaw8145. doi: 10.1126/sciadv.aaw8145 

111) Lee Y., Li W., Tang J., Schwendeman S.P., Prausnitz M.R. Immediate detachment of microneedles by interfacial fracture for sustained 

delivery of a contraceptive hormone in the skin. J. Control. Release. 2021;337:676–685. doi: 10.1016/j.jconrel.2021.08.012 

112) Wang J., Yu J., Zhang Y., Kahkoska A.R., Wang Z., Fang J., Whitelegge J.P., Li S., Buse J.B., Gu Z. Glucose transporter inhibitor-

conjugated insulin mitigates hypoglycemia. Proc. Natl. Acad. Sci. USA. 2019;116:10744–10748. doi: 10.1073/pnas.1901967116 

http://www.ijrti.org/


  © 2025 IJNRD | Volume 10, Issue 4 April 2025 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2504300 International Journal Of Novel Research And Development (www.ijnrd.org) 
 

 

c655 

c65

113) 123. Yu J., Zhang Y., Ye Y., DiSanto R., Sun W., Ranson D., Ligler F.S., Buse J.B., Gu Z. Microneedle-array patches loaded with 

hypoxia-sensitive vesicles provide fast glucose-responsive insulin delivery. Proc. Natl. Acad. Sci. USA. 2015;112:8260–8265. 

doi: 10.1073/pnas.1505405112 

114) Yu J., Wang J., Zhang Y., Chen G., Mao W., Ye Y., Kahkoska A.R., Buse J.B., Langer R., Gu Z. Glucose-responsive insulin patch 

for the regulation of blood glucose in mice and minipigs. Nat. Biomed. Eng. 2020;4:499–506. doi: 10.1038/s41551-019-0508-y 

115) Wang J., Yu J., Zhang Y., Kahkoska A.R., Wang Z., Fang J., Whitelegge J.P., Li S., Buse J.B., Gu Z. Glucose transporter inhibitor-

conjugated insulin mitigates hypoglycemia. Proc. Natl. Acad. Sci. USA. 2019;116:10744–10748. doi: 10.1073/pnas.1901967116 

116) Ye Y., Yu J., Wang C., Nguyen N.Y., Walker G.M., Buse J.B., Gu Z. Microneedles Integrated with Pancreatic Cells and Synthetic 

Glucose-Signal Amplifiers for Smart Insulin Delivery. Adv. Mater. 2016;28:3115–3121. doi: 10.1002/adma.201506025 

117) Chen W., Tian R., Xu C., Yung B.C., Wang G., Liu Y., Ni Q., Zhang F., Zhou Z., Wang J., et al. Microneedle-array patches loaded 

with dual mineralized protein/peptide particles for type 2 diabetes therapy. Nat. Commun. 2017;8:1777. doi: 10.1038/s41467-017-01764-

1 

118) Liu T., Jiang G., Song G., Zhu J., Yang Y. Fabrication of separable microneedles with phase change coating for NIR-triggered 

transdermal delivery of metformin on diabetic rats. Biomed. Microdevices. 2020;22:12. doi: 10.1007/s10544-019-0468-8. 

119)  Kim Y., Park J., Prausnitz M.R. Microneedles for drug and vaccine delivery. Adv. Drug Deliver. Rev. 2012;64:1547–1568. 

doi: 10.1016/j.addr.2012.04.005 

120) Takeuchi K., Takama N., Sharma K., Paul O., Ruther P., Suga T., Kim B. Microfluidic chip connected to porous microneedle array 

for continuous ISF sampling. Drug Deliv. Transl. Res. 2022;12:435–443. doi: 10.1007/s13346-021-01050-0 

121) Chen W., Wainer J., Ryoo S.W., Qi X., Chang R., Li J., Lee S.H., Min S., Wentworth A., Collins J.E., et al. Dynamic omnidirectional 

adhesive microneedle system for oral macromolecular drug delivery. Sci. Adv. 2022;8:eabk1792. doi: 10.1126/sciadv.abk1792 

 

 

http://www.ijrti.org/

