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ABSTRACT

Microneedle technology is a new and important way to deliver medicine through the skin. It provides a simple and less painful
option compared to traditional methods like taking medicine by mouth or getting shots. Microneedles make tiny holes in the outer
layer of the skin, allowing different medicines, including small chemicals, proteins, and vaccines, to be delivered easily and without
pain. This review looks at different kinds of microneedles: solid, coated, dissolving, hollow, and hydrogel-forming. It also discusses
how these needles are made, how they deliver medicine, and how they are used in healthcare. The advantages of the technology,
like better patient adherence, avoiding the body's first breakdown of medicine, and the possibility for people to take it themselves,
are explained in detail. The review also talks about current problems in making products on a large scale, keeping drugs stable, and
getting approval from regulators. It points out future possibilities like smart microneedles and combining technology with digital
health systems. In general, microneedle technology is a big improvement in how drugs can be delivered through the skin. It could
change the way we use modern medicine and tailor treatments to individuals.

Keywords: Minimally Invasive Systems; Controlled Drug Release; Dissolving Microneedles; Patient Compliance; Biomedical
Applications.

INTRODUCTION

Microneedle technology is a new way to deliver medicine through the skin. It is less painful and more effective than traditional
methods like taking pills or getting shots'. Human skin acts as a natural shield that protects us from outside substances. However,
this protective quality also makes it hard for many medicine types, especially large molecules like proteins, peptides, and vaccines,
to get through the skin. Traditional transdermal patches work by allowing medication to pass through the skin on its own. This
method only works well for small, fat-friendly drugs, which limits the types of medicines that can be delivered this way.
Microneedles make tiny holes in the skin, which helps medicine get past the top layer of skin and into deeper layers, where it can
be easily absorbed into the bloodstream.

Microneedles were first thought of in the 1970s, but in recent years, a lot of research and new technology have made them a useful
way to deliver medicine. Microneedles are small, needle-shaped tips that are usually between 50 and 900 micrometres long?. They
are made to gently go into the skin without causing pain. Unlike regular needles, these don't go deep into the skin where nerves and
blood vessels are. This makes getting an injection almost painless and helps lessen the fear of shots. This feature helps patients
follow their treatment plans better, especially for those who need to take medicine often, like diabetics who require insulin shots or
people with long-lasting illnesses.

One big benefit of microneedle technology is that it can deliver many types of treatments, like small drugs, biological products,
genetic material, and vaccines. This is especially helpful for things like vaccination programs, where it’s important to make it easy
to give the vaccines and for patients to follow through. In the last few years, using microneedles to deliver COVID-19 vaccines has
become popular because it could make giving out and giving the vaccines easier®. Also, microneedles are being looked at for beauty
and skin treatments, like delivering anti-aging ingredients, acne medications, and targeted drug therapies for skin problems.

Different kinds of microneedles have been created, such as solid, coated, dissolving, hollow, and hydrogel-based microneedles.
Each type works in its own way and is meant for particular uses. Methods like lithography, micromolding, laser cutting, and 3D
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printing have made it possible to produce microneedles in large amounts while carefully controlling their size, shape, and how much
medicine they can hold*. Even with these improvements, there are still problems to solve, like finding affordable ways to make large
amounts of microneedles, ensuring they stay stable over time, and dealing with rules and regulations before they can be widely used
in medicine.

Microneedle Technology: An Overview

Microneedle technology is a new way to deliver medicine through the skin that solves the problems of traditional methods like
taking pills or getting shots. This new system uses tiny needles to gently go through the top layer of the skin?. It delivers medicine
without going too deep, which helps to reduce pain and lowers the chance of infection.

Usually, getting medicine through the skin has been difficult because the outer layer of skin blocks larger drugs and proteins from
passing through. Transdermal patches are commonly used to deliver small, fatty drugs, but they do not work well for water-friendly
substances and large molecules. Microneedles are a good option because they make tiny holes in the skin, which helps more
medicines get into the bloodstream.

The design of microneedles has changed a lot, with various kinds made for different uses®. Solid microneedles make tiny openings
in the skin to help medicines get absorbed better when applied afterward. Coated microneedles have a layer of medicine on them
that melts when inserted into the skin. Dissolving microneedles are made from special materials that break down over time. They
hold the medicine inside and slowly release it as they dissolve. Hydrogel microneedles expand when they touch the skin, which
helps release medicine slowly. Hollow microneedles act like small tubes to bring liquid medicine into the skin.

Ways to make microneedles include using techniques like lithography, micromolding, and 3D printing. These methods allow for the
production of many microneedles with great accuracy’. These improvements have increased their use in medicine, especially for
delivering vaccines. Microneedles help boost the immune response while being gentle on the skin. Giving insulin to diabetic patients
is another focus, providing a way that is less painful and easier than regular skin injections. Also, microneedles are becoming popular
in skincare and beauty treatments for issues like acne, dark spots, and signs of aging?®.

Besides medicine, microneedles show promise in wearable health sensors that allow for continuous health tracking, making them
an important part of personalized healthcare®. Even though there are many benefits, there are still problems with making sure each
batch is the same, keeping drugs stable, and getting the necessary approvals to use them widely.

As research goes on, new ideas like smart microneedles with sensors and controlled medicine release are changing the future of skin
treatments. Microneedle technology is changing how medicines are given. It offers a future where treatments can be pain-free, easy
to do by yourself, and very effective.

Types of Microneedles

Microneedle technology is a new and better way to deliver medicine through the skin. It helps overcome the problems that come
with regular skin patches and needle injections. Microneedles are very small needles, usually between 50 and 900 micrometres long,
that can go through the top layer of the skin without causing pain. This helps deliver medicine into the bloodstream. Different kinds
of microneedles have been created, all aimed at making medicine delivery better, being safe for the body, and ensuring that patients
will use them.

Solid microneedles are one of the first designs used to make tiny holes in the skin to help medicine get through better!°. These tiny
needles are used on the skin and taken out before putting on a skin medication. The tiny channels created help more medicine pass
through the skin. Solid microneedles work well, but they need another step to apply the medicine, which might make it harder for
patients to follow through.

Coated microneedles are better than solid microneedles because they have a layer of medicine applied directly to their surface!!.
These tiny needles help release medicine when they are put into the skin because the outer layer dissolves in the fluid around the
cells. The coating process helps place the right amount of medicine on a surface, but there are problems to solve, like making sure
the coating is even and that the right amount of medicine is used, to provide steady medicine delivery.

Dissolving microneedles are a new way to deliver medicine. These microneedles are made from special materials that can break

down in water and are safe for the body'?. When these tiny needles are put into the skin, they dissolve completely and release the
medicine inside into the body. This method removes worries about tiny needle leftovers in the skin, making it safer and encouraging
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patients to follow treatment better. Also, dissolvable microneedles allow for controlled release of medicine by changing the materials
used in them. However, we need to improve their stability and ability to hold drugs.

Hydrogel microneedles are a new type of needle that expands when they touch the moisture in your skin'?. This helps them release
medicine slowly over time. These microneedles are made from special gel materials that hold medicine, letting it slowly enter the
blood. Hydrogel microneedles have benefits like releasing medicine slowly and causing little irritation to the skin. They are
especially good for carrying large medicine molecules, like peptides and proteins. But scientists are still studying their strength and
how well they last over time.

Hollow microneedles have a tiny hole in the middle that allows liquid medicine to be sent through them'4. These microneedles work
like regular needles but they are much smaller, which makes them hurt less and feel more comfortable. Hollow microneedles allow
for accurate dosing and real-time control of drug delivery, making them good for biologics and vaccines. Even though they have
benefits, there are some problems, like the chance of needles getting blocked, complicated ways to make them, and the need for
extra tools to deliver medicine, like pumps that use pressure.

Every kind of microneedle has its own strengths and weaknesses, which makes them good for different treatments. The ongoing
development of microneedle technology aims to make medicines easier to absorb, improve comfort for patients, and allow people
to take their own medications'. Future studies will aim to improve material qualities, allow more medicine to be packed in, and
combine smart technologies to create better and more personalized ways to deliver drugs. Microneedle drug delivery could change
how we give medicine through the skin. It is a simple, effective, and easy way for patients to take medicine compared to traditional
methods.

Fabrication Techniques of Microneedles

Microneedle technology is a new way to deliver medicine through the skin. It allows drugs to be given effectively and with little
discomfort. Making microneedles is very important because it affects how well they work, how strong they are, and how well they
deliver medicine. Different methods have been created to make microneedles that are the right size, have sharp points, and are safe
to use in the body'®. These methods include making things using printing techniques, moulds, cutting with lasers, and 3D printing.
Each method has its own benefits based on the type of material and what it's going to be used for.

Lithography-based fabrication is a common method, especially for making microneedles from silicon and metal. This method uses
photolithography, where a light-sensitive material is shaped by using a mask to make microneedle structures. Silicon microneedles
made using a special process called deep reactive ion etching (DRIE) are very accurate and strong!”. This makes them good for
delivering medicine that needs to be sturdy. But the high price and weakness of silicon make it hard to use a lot in business situations.

Micromolding is a common technique, especially for making tiny needles from polymers and materials that can dissolve'8. In this
process, a main mould is made, usually using special techniques like lithography or micromachining. This mould is then used to
create microneedle arrays by pouring liquid plastics or drug-filled materials into it. After they are dried, the microneedles are gently
taken out while keeping their shape and medicine inside. This method is cheap and makes it easy to produce a lot of biodegradable
microneedles that dissolve in the skin and release the medicine slowly.

Laser cutting and engraving methods are also used to make microneedles, especially those made of metal and plastic!. Laser
micromachining is a method that provides very accurate cutting and can work on various materials. It creates sharp tips on
microneedles, which are needed for effective skin penetration. This method is good for quickly creating and customizing
microneedle arrays, but it might not work as well for making a lot of them at once like micromolding does.

The development of 3D printing has opened up new ways to make microneedles. This method allows the building of microneedles
one layer at a time, with precise shapes and complex designs that were hard to make with older techniques. Methods like
stereolithography (SLA) and two-photon polymerization (TPP) have been studied for making microneedles with complex designs
that are made for specific ways to deliver medicine?’. The main problem with 3D printing is that the tiny needles it makes might not
be very strong or detailed. They might need extra work after printing to make them tougher.

Each way of making microneedles has its pros and cons based on the kind of microneedles and how they will be used. For example,
solid and hollow microneedles usually need strong materials and careful making methods like lithography or laser cutting?!. On the
other hand, dissolving and hydrogel-based microneedles work well with micromolding and 3D printing methods. The way
microneedles are made affects how strong they are, how much medicine they can hold, and how well they work for delivering
medicine through the skin. As research progresses, using different making methods and discovering new materials will improve
microneedle technology, which will help it be used more widely in medicine and drug delivery.
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Drug Delivery Applications of Microneedles

Microneedle technology is a new and effective way to deliver medicine through the skin. It addresses the problems that come with
regular patches and needle injections. These tiny needles gently go through the outer skin layer, making it easier to use different
medicines and helping patients to stick to their treatment??. This technology has been studied a lot for delivering medicine, especially
in situations where regular methods have problems, like when skin doesn't absorb the medicine well, people are afraid of needles,
or when medicine needs to be taken often?.

One of the most important uses of microneedles is for giving vaccines. Regular vaccines usually need to be kept cold and given by
trained people, which can be hard to manage, especially in faraway places. Microneedle patches are a way to get medicine without
using a needle. This means people can use them by themselves without needing help from medical professionals. Many studies have
shown that using microneedles to deliver vaccines works well for influenza, measles, and more recently, COVID-19%*. These patches
can improve the immune system by focusing on certain skin cells that help present antigens, which makes the vaccines work better
even with smaller amounts. Also, microneedles can help create vaccines that don’t need to be kept in the fridge, making it easier for
people around the world to get them.

Another important use is in managing diabetes, especially for giving insulin. Insulin shots are painful and need to be given often,
which makes it hard for people to stick to their treatment?. Microneedles provide a simple way to deliver insulin without much pain
and with good control. Researchers have studied tiny needles that contain insulin. These needles dissolve when they go into the
skin, which helps keep blood sugar levels steady and manageable?®. Some new developments have combined tiny needles with
materials that react to blood sugar levels, allowing insulin to be released when needed. This makes managing diabetes easier and
more convenient for patients.

Microneedles might be useful for managing pain and numbing specific areas. Regular anaesthetic shots, like lidocaine, can hurt and
need to be given by a trained person?’. Coated or dissolving microneedles help deliver medicine quickly to specific areas, giving
pain relief in a controlled way. This application is especially helpful in skin care and small surgeries, where quick pain relief is
important and people want to feel as little discomfort as possible?.

Besides medicines, microneedles are also being noticed in beauty and skin care. They are commonly used to deliver anti-aging
products, acne treatments, and skin lighteners through the skin. Microneedles help large molecules like hyaluronic acid and peptides
to easily enter the skin, providing a painless way to refresh and improve the skin. This method is very popular for treating wrinkles
because it helps the good ingredients get deeper into the skin without needing needles or complicated steps?.

The technology has also been looked at for delivering biologics, like peptides, proteins, and RNA medicines*. Because these large
molecules usually do not absorb well into the skin and break down quickly in the digestive system, microneedles provide a good
option instead of taking medicine by mouth or getting injections. Many studies have looked into using microneedles to help deliver
treatments like monoclonal antibodies, gene therapy, and mRNA medicines. These methods have shown better absorption and
precise delivery of these treatments.

Microneedle technology can greatly change how medicines are delivered for different types of treatments. It can help medicine get
absorbed better, cause less pain, make it easier for patients to follow treatment, and allow people to give themselves the medicine.
This makes it a good choice compared to regular ways of taking medicine. As technology keeps improving, microneedles might
lead to better, cheaper, and easier medical treatments for patients in the future.

Pharmacokinetics & Mechanism of Action

Microneedle technology is a new and helpful method for giving medicine through the skin, especially for drugs that usually have a
hard time getting through the skin. It's important to understand how this technology works and how the body processes it to see its
value and how well it can help people.

The stratum corneum is the top layer of the skin, and it makes it hard for many drugs to pass through, especially those that are heavy
or not very oily*!. Traditional transdermal systems often have trouble getting drugs through the skin, which restricts their use to only
a few types of drugs. Microneedles solve this problem by making tiny holes in the outer skin layer, which allows drugs to reach the
deeper layers of the skin where blood vessels can help absorb them.

When used, microneedles gently go into the skin a little bit without hitting nerves or blood vessels, so it doesn’t hurt much or make
you bleed. This lets the medicine either spread into the skin layers by itself or be pushed in with help, depending on the type of
microneedle used. For example, in coated microneedles, the medicine is put on the outside of solid microneedles and quickly melts
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after they are inserted. Dissolving microneedles are made from materials that break down naturally. They hold medicine inside and
let it go into the body as the microneedles dissolve in the fluid around cells*2. Hollow microneedles can put liquid medicine straight
into the skin, which helps the body absorb it quickly.

Using microneedles to deliver drugs can greatly change how fast and how much of the drug gets absorbed into the body. Bypassing
the outer layer of the skin makes it easier for drugs that usually don't absorb well through the skin to be more available for use. The
effects can start quicker than regular skin patches, sometimes similar to shots under the skin, especially with hollow or fast-
dissolving microneedles®*. Also, microneedles can be designed to release the medicine slowly and steadily, depending on how they
are made and what materials are used. This can be very helpful for keeping drug levels in the blood stable, which helps the medicine
work better and makes it easier for patients to stick to their treatment.

How drugs move from microneedles into the skin depends on several things, like how easily the drug dissolves, the size of its
molecules, how wet the skin is, and the design of the microneedles. Drug movement through the skin follows Fick’s law of diffusion,
and the size and thickness of the microneedles can change how fast the drug spreads. Also, the blood flow in the skin layer helps
the medicine get into the bloodstream®*. Microneedle technology reduces the breakdown of drugs in the body before they work,
which is a big benefit compared to taking medicine by mouth.

Microneedle drug delivery works better than traditional skin patches in how the medicine is absorbed and how it acts in the body.
Microneedles help drugs pass through the skin easily and in a controlled way. They offer a new and user-friendly method for treating
issues both all over the body and in specific areas®. This expands the possibilities of delivering medicine through the skin beyond
what was usually possible.

Safety, Biocompatibility, and Patient Compliance

Microneedle technology is getting a lot of interest for delivering medicine through the skin. This is because it's not very painful,
people can use it themselves, and it helps medicine get into the skin more easily. As technology moves from being studied in labs
to being used in hospitals and businesses, making sure it is safe, works well with people's bodies, and that patients can use it easily
is very important for it to be successful and accepted in healthcare.

Safety is very important when using microneedles to deliver medicine. Microneedles go into the top layer of the skin but don't go
deep enough to hit pain nerves or blood vessels. This means there is much less chance of pain, bleeding, and serious side effects
compared to regular needles.’® But it's very important that microneedles are strong and stay in good shape. If microneedles break or
don't go in all the way, materials can get stuck in the skin, which might cause irritation or swelling. So, choosing the right materials
and testing their strength are very important when designing and making things. Most microneedles are made from safe materials
like plastics, metals, or silicon. For dissolvable microneedles, materials like hyaluronic acid or polyvinylpyrrolidone are usually
chosen because they break down easily, which helps prevent leftover substances in the skin.

Biocompatibility means how well the materials used for microneedles work with the body without causing any negative reactions.
A biocompatible system makes sure that the device does not cause any strong immune reactions, allergies, or harm when it is used?”.
Many tests done on skin in labs and on animals show that most microneedle systems are safe and do not cause problems for human
and animal skin. Biodegradable microneedles are good because they completely dissolve after use, so there's no sharp waste or
leftover materials. However, to get regulatory approval, we need to carefully check for harmful effects, irritation, and long-term
effects of breakdown products, especially when treatments are given multiple times.

Patients are more likely to follow their treatment plans when using microneedle systems compared to regular methods like injections.
Using microneedles doesn't hurt much or at all, which makes people, especially kids and older adults, less scared and anxious about
needles. Research has shown that many people are open to using microneedle patches for vaccines, insulin, and beauty treatments?,
Also, it's easier to use and can be done at home, which helps people stick to their treatment plans and makes it less stressful for
healthcare workers. This is especially helpful for long-lasting illnesses where people need to take medicine for a long time.

Even though microneedle systems have benefits, they still have problems that could make patients less willing to use them and
might pose safety risks. Using the medicine incorrectly by untrained people, differences in skin types, and outside conditions can
affect how well the medicine works. Also, groups like the FDA stress the importance of having consistent ways to apply products
and strong quality checks to ensure they work well every time™’.

Microneedle technology is a promising way to deliver medicine through the skin. It is safe, works well with the body, and is easy
for patients to use. As clinical studies and rules keep changing, current research shows that it can be very useful in different areas
of treatment, as long as production and use are done carefully and meet high standards.
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Challenges and Limitations

Microneedle (MN) technology has great potential to change how medicines are delivered through the skin. It provides a simple,
painless, and effective way to treat both whole body conditions and specific areas. Even with these benefits, there are many
challenges and limitations that make it hard to widely sell and use it in hospitals®.

One of the main problems is making and producing microneedles in large amounts. Making dissolving and hollow microneedles
involves careful and accurate work, along with special materials. Making sure that microneedles are all the same size, shape, and
amount of medicine they hold when producing them in large quantities is difficult and can be expensive. Also, based on how they
make things (like micromolding, 3D printing, or lithography), the cost of production might be too high for use in places with limited
resources.

One big problem is how much medicine can be added. Because microneedles are small, they can usually hold only a small amount
of medicine. This may not be enough for treating conditions that need larger doses. This limits their use to strong medicines that
need very small amounts, like micrograms or low milligrams. Also, some biologics or large molecules can have stability problems
when they are made, stored, or used, especially if they are exposed to heat or moisture during these processes.

There are also worries about how strong the material is and how well it can be inserted into the skin. Microneedles can reliably go
through the outer skin layer without bending or breaking based on things like the material they are made of, their shape, and how
they are put in. Materials like polymers used in dissolving microneedles might not be strong enough to insert properly into the skin
every time*'. This can result in not delivering the medicine fully or the device not working as it should. Sometimes, putting the
medicine in by hand can lead to uneven depth, which can change how well the medicine works.

Differences between patients make it harder for microneedles to work well. People have different skin types, thickness, moisture
levels, and flexibility, and these differences can affect how well microneedles go into the skin and how well they deliver medicine.
This variation makes it harder to create standards and find the right dose, especially when trying to distribute the medicine throughout
the body.

From a rules-making point of view, microneedle technology brings new difficulties for approval organizations like the FDA or
EMA. Since MN systems usually include parts of both medical devices and drugs, the rules for approval are more complicated*?.
Right now, there are no widely agreed-upon rules for the safety, effectiveness, and quality of microneedle products. This makes it
harder for these products to get approved and sold.

Teaching patients and getting them to accept the device are important too. Microneedles are usually easy to use, but people need to
be trained, especially when they are giving the treatment to themselves*. Using the wrong methods may cause the device to not
work properly or the treatment to be ineffective. People might worry about skin irritation, infections, or leftover material in their
skin, which can stop them from using it, especially if they have sensitive skin or a weak immune system.

While microneedle technology is a big improvement for delivering drugs, there are still many technical, regulatory, and user issues
that need to be solved before it can be widely used*. Continuing research, new ideas in materials and design, and teamwork between
schools, businesses, and regulatory agencies are important to solve these problems and fully realize the benefits of microneedle drug
delivery systems.

Future Perspectives and Innovations

The future of microneedle technology for delivering drugs through the skin looks very promising. This is due to fast improvements
in materials, medical engineering, and digital health tools**. Microneedles have already shown great promise in delivering various
medicines, but future improvements aim to make them work better, use them for more purposes, and make them easier for patients
around the world to get. As scientists keep looking for new materials and ways to make things, the next types of microneedles are
likely to be more accurate, adjustable, and easier for patients to use.

One of the most hopeful areas in microneedle technology is making smart microneedle systems. These are made to react to certain
body conditions like acidity, heat, or sugar levels, allowing for precise and timely release of medicine. For example, special tiny
needles that respond to glucose levels are being studied to give insulin to diabetic patients automatically. This could mean they
won't need to check their sugar levels or get shots as often. This combination of sensing and delivery methods is a big step toward
personalized medicine, where medication is given based on each patient's needs right when it's needed.
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Another cool new idea is using small microneedle patches that you can wear, along with digital health apps. These devices can keep
track of a patient's vital signs while giving them medicine, making it possible to treat them from a distance and automatically. For
long-term conditions like high blood pressure or hormone shortages, this type of system can help people stick to their treatment and
improve their health results. Also, microneedle patches can work with smartphones or wireless devices to gather and send data.
This allows doctors to check how patients are doing from a distance and change treatments if needed.

Biodegradable and eco-friendly microneedles are becoming more popular. Future designs will probably use eco-friendly materials
that cut down on medical waste and get rid of the need to dispose of sharp objects. Natural or specially-made polymers that break
down safely in the body can improve safety and help with large-scale production, especially in places with limited resources.
Researchers are also working on tiny needles that can give complex medicines like mRNA vaccines, DNA pieces, and special
antibodies. This could lead to new ways to treat diseases and improve immune responses*.

The beauty and skin care industry is exploring new uses for microneedle technology. This could lead to better ways to deliver anti-
aging treatments, improve skin health, and create custom skin care plans. Using artificial intelligence, microneedle patches can be
made to check skin problems and provide treatments that are specially made for each person's skin type and condition*’.

These new ideas look good, but for many people to use them, we need to solve some problems like making them in large amounts,
getting permission from the government, and keeping costs down. But teamwork between universities, businesses, and government
agencies is helping to speed up the process of turning research into medical treatments. Microneedle technology is being studied
and developed to change the way we deliver medications through the skin. It will also improve personalized medicine and less
invasive medical procedures. Microneedles can connect regular medicines with new digital treatments, giving patients safer,
smarter, and easier ways to get care.

Conclusion

Microneedle technology is a new and exciting way to deliver medicine through the skin. It provides a better option than traditional
methods like taking pills or getting shots with needles. This technology solves important problems with regular skin patches, which
often have trouble letting medicine through the skin because of its natural barrier, especially the outer layer. By creating micro-scale
pathways in the skin without reaching the pain receptors, microneedles facilitate the efficient and painless delivery of a wide range
of therapeutic agents, including small molecules, proteins, peptides, and even vaccines.

One of the biggest benefits of microneedle systems is that they are not very invasive. This makes it easier for patients to use them,
especially for those who are sensitive to pain from needles, like children and older adults. Their design allows people to use them
on their own, which cuts down on the need for healthcare workers and facilities. This is particularly helpful in places where resources
are limited. Microneedles work quickly and do not go through the liver first, which makes them great for drugs that don't work well
when taken by mouth. The different types of microneedles—solid, coated, dissolving, hollow, and hydrogel-forming—can be
customized to control how fast or slow the medicine is released. This helps improve treatment results.

In making medicine, microneedle technology can be made using different methods like lithography, micromolding, laser cutting,
and lately, 3D printing. These methods allow us to make microneedles from different materials, like metals, plastics, and materials
that can break down naturally. This means we can use them in many more ways. Recently, dissolving microneedles have become
popular because they are safe. They completely dissolve after being used, so there’s no risk of dealing with sharp waste or leftover
needle pieces.

Microneedles have shown promise in many uses, such as delivering vaccines, giving insulin, treating cancer, and helping with skin
conditions. Their ability to provide treatments like monoclonal antibodies and genetic materials like mRNA has created new
opportunities, especially with recent progress in genetic and personalized medicine. Also, they are important in skin care and beauty
treatments, like anti-aging products and skin patches with medicine. This makes them useful in areas beyond regular medicine.

Even though microneedle technologies show a lot of potential, they still have some problems to overcome. This includes the need
for affordable and flexible manufacturing, having clear rules, and thorough testing to make sure that products are safe and effective
for different groups of patients. The stability of some drugs in microneedle products, especially biological ones, is very important
to think about. Also, differences in patients' skin and the chance of not inserting properly or giving uneven doses should be looked
into more with additional research and improvements in technology.

In summary, microneedle technology is about to change how medicines are delivered, making it easier, more effective, and better
for patients. As research keeps solving current problems and improving how treatments are given, microneedles are likely to be
very important in the future of non-invasive therapies. As more schools, companies, and government agencies focus on them,
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bringing these ideas into regular healthcare seems possible and likely. They could greatly change how medicine and patient care
work.

REFERENCES

1. Arora M, Laskar TT. Microneedles: Recent advances and development in the field of transdermal drug delivery technology. J
Drug Deliv Ther. 2023;13(3):155-163.

2. Zhang W, Zhang W, Li C, et al. Recent advances of microneedles and their application in disease treatment. Int J Mol Sci.
2022;23(5):2401.

3. McNamee M, Wong S, Guy O, et al. Microneedle technology for potential SARS-CoV-2 vaccine delivery. Expert Opin Drug
Deliv. 2023;20(6):799-814.

4. Mathew E, Nadarajah A, Lim SH, et al. A Review of 3D-Printing of Microneedles. Pharmaceutics. 2022;14(12):2693.

5. Avcil M, Celik A. Microneedles in Drug Delivery: Progress and Challenges. Micromachines (Basel). 2021;12(11):1321.

6. Zhang X, Wang Y, He X, Yang Y, Chen X, Li J. Advances in microneedle technology for biomedical detection. Biomater Sci.
2024;12(20):5134-5149.

7. Karimi K, Fardoost A, Mhatre N, et al. A Thorough Review of Emerging Technologies in Micro- and Nanochannel Fabrication:
Limitations, Applications, and Comparison. Micromachines (Basel). 2024;15(10):1274.

8. Hamed R, Abu Nahia BJ, Alkilani AZ, et al. Recent Advances in Microneedling-Assisted Cosmetic Applications. Cosmetics.
2024;11(2):51.

9. Poudineh M. Microneedle Assays for Continuous Health Monitoring: Challenges and Solutions. ACS Sens. 2024;9(2):535-542.
doi:10.1021/acssensors.3c02279.

10.Milian E, Trentzsch L, Hiibner J, et al. Microneedles for transdermal diagnostics: Recent advances and new horizons.
Biomaterials. 2023; 299:122127.

11. Pereira RL, Vinayakumar KB, Sillankorva S. Polymeric microneedles for health care monitoring: an emerging trend. ACS Sens.
2024;9(5):2294-309.

12. De Decker I, Logé T, Hoeksema H, et al. Dissolving microneedles for effective and painless intradermal drug delivery in various
skin conditions: A systematic review. J Dermatol. 2023;50(4):422—-44.

13.Ji M, Zhan F, Qiu X, Liu H, Liu X, Bu P, et al. Research progress of hydrogel microneedles in wound management. ACS
Biomater Sci Eng. 2024;10(8):4771-90.

14. Carcamo-Martinez A, Mallon B, Dominguez-Robles J, et al. Hollow microneedles: A perspective in biomedical applications. Int
J Pharm. 2021 Apr 15; 599:120455.

15. Zhu DD, Zhang XP, Zhang BL, et al. Safety assessment of microneedle technology for transdermal drug delivery: a review. Adv
Ther (Weinh). 2020;3(8):2000033.

16. Abdulbaqi MR, Abdulelah FM. Microneedle types, fabrication techniques, and applications as an efficient drug delivery tool: A
Review. International Journal of Medical Toxicology and Legal Medicine. 2025;28(2s1):36-51.

17. Dardano P, Calié A, Di Palma V, et al. A Photolithographic Approach to Polymeric Microneedles Array Fabrication. Materials.
2015;8(12):8661-73.

18. Sartawi Z, Blackshields C, Faisal W. Dissolving microneedles: Applications and growing therapeutic potential. J Control
Release. 2022; 348:186-205.

19.Jalil, M.A., Islam, M.N., & Liang, H. (2022). Step-wise micro-fabrication techniques of microneedle arrays with applications in
transdermal drug delivery — A review. Comptes Rendus Mécanique, 350(4), 361-376.

20. Cordeiro AS, Tekko TA, Jomaa MH, et al. Two-photon polymerisation 3D printing of microneedle array templates with versatile
designs: application in the development of polymeric drug delivery systems. Pharm Res. 2020;37(1):174.

21.Luo X, Yang L, Cui Y. Microneedles: materials, fabrication, and biomedical applications. Biomed Microdevices. 2023;25(3):20.
22.Mdanda S, Ubanako P, Kondiah PPD, et al. Recent advances in microneedle platforms for transdermal drug delivery
technologies. Polymers (Basel). 2021;13(15):2405.

23. Malek-Khatabi A, Razavi MS, Abdollahi A, et al. Recent progress in PLGA-based microneedle-mediated transdermal drug and
vaccine delivery. Biomater Sci. 2023;11(16):5390-5409.

24.Nguyen TT, Oh Y, Kim Y, et al. Progress in microneedle array patch (MAP) for vaccine delivery. Hum Vaccin Immunother.
2021;17(1):316-327.

25.Gimeno EJ, Begelund M, Larsen S, et al. Adherence and persistence to basal insulin among people with type 2 diabetes in
Europe: A systematic literature review and meta-analysis. Diabetes Ther. 2024;15(5):1047-1067.

26.Chen C-H, Shyu VB-H, Chen C-T. Dissolving microneedle patches for transdermal insulin delivery in diabetic mice: Potential
for clinical applications. Materials. 2018;11(9):1625.

27.Bhattacharjee SA, Murnane KS, Banga AK. Transdermal Delivery of Breakthrough Therapeutics for the Management of
Treatment-Resistant and Post-Partum Depression. Int J Pharm. 2020; 591:120007.

28.Szabd A, De Decker I, Semey S, Claes KEY, Blondeel P, Monstrey S, et al. Photo-crosslinkable polyester microneedles as
sustained drug release systems toward hypertrophic scar treatment. Drug Deliv. 2024;31(1):2305818.

Page | 331



International Journal of Pharmacy and Pharmaceutical Research (1JPPR)
Volume 31, Issue 4, April 2025 ijppr.humanjournals.com ISSN: 2349-7203

29.Moniz T, Costa Lima SA, Reis S. Marine polymeric microneedles for transdermal drug delivery. Carbohydr Polym. 2021 Aug
15; 266:118098.

30. Kumar R, Akee RK, Martinez-Fructuoso L, et al. Structure elucidation, absolute configuration, and biological evaluation of
cyclic peroxides from the sponge Plakinastrella sp. Bioorg Med Chem Lett. 2024; 113:129963.

31.Li BS, Cary JH, Maibach HI. Stratum corneum substantivity: drug development implications. Arch Dermatol Res.
2018;310(7):537-549.

32.Moore LE, Vucen S, Moore AC. Trends in drug- and vaccine-based dissolvable microneedle materials and methods of
fabrication. Eur J Pharm Biopharm. 2022; 173:54-72.

33.Xu B, Liu H, Yang G, et al. Novel double-layered PLGA microparticles-dissolving microneedle (MPs-DMN) system for peptide
drugs sustained release by transdermal delivery. Int J Pharm. 2025 Feb 10; 670:125128.

34.Sargioti N, Levingstone TJ, O’Cearbhaill ED, et al. Metallic microneedles for transdermal drug delivery: applications,
fabrication techniques and the effect of geometrical characteristics. Bioengineering. 2023;10(1):24.

35.Jamaledin R, Makvandi P, Yiu CKY, et al. Engineered microneedle patches for controlled release of active compounds: recent
advances in release profile tuning. Adv Ther (Weinh). 2020;3(12):2000171.

36.Zhu DD, Zhang XP, Zhang BL, et al. Safety assessment of microneedle technology for transdermal drug delivery: A review. Adv
Ther. 2020;3(8):2000033.

37.Lutton REM, Moore J, Larrafieta E, et al. Microneedle characterisation: The need for universal acceptance criteria and GMP
specifications when moving towards commercialisation. Drug Deliv Transl Res. 2015;5(4):313-331. doi:10.1007/s13346-015-0223-
1.

38. Shin CI, Jeong SD, Rejinold NS, Kim YC. Microneedles for vaccine delivery: challenges and future perspectives. Ther Deliv.
2017;8(6):447-460.

39. Markiewicz E, Idowu OC. Personalized skincare: from molecular basis to clinical and commercial applications. Clin Cosmet
Investig Dermatol. 2018; 11:161-171.

40. Al-Japairai AKS, Mahmood S, Almurisi SH, et al. Current trends in polymer microneedle for transdermal drug delivery. Int J
Pharm. 2020; 587:119673.

41. Larraneta E, Lutton RE, Woolfson AD, et al. Dissolving microneedles for transdermal drug delivery: Advances and challenges.
European Journal of Pharmaceutics and Biopharmaceutics. 2016; 105:151-164.

42.Del Rio LA, Baeza D, Salazar N. Microneedle systems as medical devices for esthetical treatments: A risk assessment approach.
J Cosmet Dermatol. 2021;20(7):2052-2057.

43.Norman JJ, Arya JM, McClain MA, et al. Microneedle patches: usability and acceptability for self-vaccination against influenza.
Vaccine. 2014;32(16):1856-1862.

44.Chege M, McConville A, Davis J. Microneedle drug delivery systems: Appraising opportunities for improving safety and
assessing areas of concern. J Chem Health Saf. 2017;24(2):6—14.

45. Waghule T, Singhvi G, Dubey SK, et al. Microneedles: A smart approach and increasing potential for transdermal drug delivery
system. Biomed Pharmacother. 2019; 109:1249—-1258.

46.Leone M, Monkére J, Bouwstra JA, et al. Dissolving microneedle patches for dermal vaccination. Pharm Res. 2017;34(11):2223—
2240.

47.Hu F, Gao Q, Liu J, et al. Smart microneedle patches for wound healing and management. J Mater Chem B. 2023;11(13):2830-
2851.

How to cite this article:
Sagar Singh et al. ljppr.Human, 2025; Vol. 31 (4): 324-332.
Conflict of Interest Statement: All authors have nothing else to disclose.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which
permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no
modifications or adaptations are made.

Page | 332



