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bioavailability, and minimizing bio hazardous waste. We consider here the several
different types of microneedles, namely, solid, coated, dissolving, and hydrogel,
specifically designed for selected drug delivery strategies and therapeutic indications.
The manufacturing process, especially the creation of wax moulds, is described in detail,
highlighting material choice and manufacturing processes important for accurate
microneedle design. Applications of this technology range from pharmaceuticals to

cosmetics and diagnostics, taking advantage of its capacity to penetrate the stratum
corneum and trigger wound healing mechanisms. Challenges still exist in the form of
dose constraints, possible inflammation, and intricate manufacturing processes. Future
research directions involve biodegradable microneedles, biosensors integrated into the
microneedles for real-time monitoring, and nanotechnology-based drug delivery. To
address today's needs using multidisciplinary studies, it will unlock even more of
microneedle's potential towards effective patient-friendly healthcare options.

INTRODUCTION

Micro needles are Painless Delivery System
Micron-Scale Needles they Micro needles are tiny,
needle-like structures that measure up to 1 mm in
length and have a thickness in microns. Non-
Invasive Delivery They penetrate the skin in a

minimally invasive way, bypassing pain receptors
and blood vessels. Enhanced Drug Delivery of
Micro needles create micro channels in the skin,
improving the delivery of both hydrophilic and
lipophilic drugs, as well as macromolecular
therapeutics. Reduced Pain and Tissue Damage
Unlike traditional injections, micro needles
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minimize pain and tissue damage, making them a
more patient-friendly option. The information you
provided is correct. The concept of micro needles
was first patented in the 1970s, but it wasn't until
the 1990s that significant advancements were
made in their development and application. DMNs
are a type of micro needle composed of
biodegradable polymers that incorporate a target
drug. Once inside the skin, interstitial fluid
facilitates the dissolution or degradation of the
polymers, as well as the subsequent release of the
drug.

Advantages and disadvantages of micro needles
as a transdermal delivery tool:

e Enhancing the process
medication to patients:

of delivering

(1) Medication is directly injected into the body
through the stratum corneum.

(2) The drug action begins rapidly (there is a
capillary bed and lymphatic vessel in the
superficial dermis).

(3) The desired quantity of the drug is given by
controlling micro needle formulations.

(4) First-pass metabolism is avoided by micro
needles.

(5) High drug bioavailability is enabled by micro
needles.

(6) It is effective for vaccine delivery due to many
immune cells residing in the dermis.

e Improving the techniques used to ensure
patient safety and compliance

(1) Micro needles are painless and thus safe
because of the small length and girth.

(2) The level of expertise required is lower for the
application of the patch.

(3) Reduces or eliminates the bio hazardous waste
of sharps needles.
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e Streamlining the manufacturing process
Saves cost

(1) The optimised solid state formulation of micro
needle does not require the cold chain system

(2) Microneedle patches with the functions of the
drug, needle, and syringe consolidate the overall
size of the drug package.

(3) Microneedle patches save money in term of
dose sparing, manufacturing, logistics and cost.

e Memorized micro needle design limitations:

(1) Small micro needle size limits the drug dose
(2) Can cause mild temporary inflammation and
allergy

(3) Manufacturing of micro needle patches
incorporate complicated technologies.

Types of micro needles:

While the design of micro needles differs based on
the delivery route, micro needle type, and
mechanism of action of the drugs to be delivered,
most patches share certain commonalities. A
standard micro needle is a tapered pointed tip with
a length of 150-1500 pum, width of 50-250 um,
and tip thickness of 1-25 pum (Waghule et al.
2019). Micro needles are most commonly metal,
silicon, polymer, glass, or ceramic. The
pharmaceutical is typically deposited in nor on the
tip of the micro needle, which is secured to the
base substrate beneath to create an array. The
micro needle array is mounted on the patch
backing for convenience; this backing contains a
skin adhesive to enhance contact with the skin.
The micro needles are generally categorized into
four types (Fig. 1).

Solid micro needles are chiefly constructed of
metal and silicon, which have good mechanical
properties and are drug-free. Thus, after using the
micro needles, it is required to again apply the drug
to the area. On the other hand, when coated micro
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needles are used on the skin surface, the drug is
released simultaneously with the application. In
dissolving micro needles, the drug can be
incorporated into the biodegradable matrix, in
which case there is no sharp waste generated
following the application of micro needle.
Hydrogel micro needles make it possible to deliver
drugs slowly since the drug is placed in all
locations like the tip of the micro needle and also
the patch backing. Because the properties of micro
needles depend on the type, an appropriate, Four
type of Microneedle

Solid Coated Dissolving Hydrogel
MN MN MN MN
SC rel A el W R
ED \ ] A [ v 1 1!
DE

Dig.1 Schematic illustration of the types of micro
needles and their drug delivery methods. SC
stratum corneum, ED epidermis, DE dermis, MN
micro needles

e Solid micro needles:- These are very fine
needles, most often in micrometer range,
constructed from biocompatible material
(metal, silicon, polymer). They are "solid" in
the sense that they carry no drug with them.
What they are there to do is make openings.

e Mechanism of Action:

Formation of pores: When applied pressure to
the skin, micro needles drive through the
stratum corneum  (outer skin layer),
establishing microscopic pores.

Improved Drug Delivery: The stratum corneum is

the primary barrier to drug penetration. Through

the formation of these pores, the micro needles
circumvent this barrier.
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Enhanced Bioavailability: Once pores are formed,
a drug product placed on the skin surface can
penetrate more readily into the deeper layers of the
skin, such as the dermis, where capillaries exist.
This results in improved absorption into the
bloodstream and increased bioavailability (the
proportion of the drug that enters systemic
circulation).

Henry et al. 1998: This is a really early very
important paper that contributed to the idea of
delivering drugs transdermally using micro
needles.

Agent formulation: the agent may be formulated in
short. This means the drug being delivered may be
in some form. For instance, a patch, gel, or cream.
Coated Micro needle: Coated micro needles are a
unique method of transdermal drug delivery,
differing from solid micro needles in the manner
of drug administration. Here is a brief summary:
Drug Delivery Mechanism:

Rather than forming pores for future drug
application, coated micro needles have the drug
applied directly as a coating on the surface of the
micro needle. Upon insertion into the skin, the
coated drug dissolves and is released into the
layers of the skin.

Accurate Dosage: This technique provides more
accurate control over the dosage of drug delivered.
Versatility: Micro needles can be coated with a
broad variety of drugs, ranging from small
molecules to proteins and even vaccines.

Rapid Delivery: The drug is delivered into the skin
when the micro needles are inserted, allowing for
potentially quicker absorption.

Considerations: The coating process should be
such that the drug is evenly distributed on the
micro needles. The coating should be formulated
to release the drug efficiently after the micro
needles have penetrated the skin. The mechanical
stability of the micro needles is critical to ensure
that the coating is deposited into the skin layers
effectively. Coated micro needles essentially
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provide a direct and controlled route for drug
delivery across the skin, with improved
bioavailability and potentially better therapeutic
effects.

Dissolving Micro needle: These Dissolving micro
needles is an emergent innovation with many
advantages offered for transdermal drug delivery .
The principal characteristics of its composition
and mechanisms are discuses Dissolvable
microneedles are made from biocompatible and
water-soluble material like polymers-hyaluronic
acid or polyvinylpyrrolidone. These microneedles
are designed to encapsulate the drug within their
structure. Once they are inserted into the skin, the
microneedles degrade, delivering the drug into the
layers of the skin.

Microneedles represent a ground breaking
innovation in the field of drug delivery, offering a
novel approach that addresses many of the
limitations associated with traditional methods.
These tiny, needle-like structures, typically
ranging from a few micrometres to a millimetre in
length, are designed to penetrate the outermost
layer of the skin, the stratum corneum, to deliver
therapeutic agents directly into the epidermis or

dermis. [0, 1]

This  minimally invasive technique offers
numerous  advantages, including  painless
administration and reduced risk of infection

compared to conventional hypodermic needles.
Furthermore,  microneedles  enhance  the
bioavailability of certain drugs that tend to degrade
or are poorly absorbed when taken orally. This
technology has paved the way for new possibilities
in treating various diseases, as it allows for more
precise targeting of tissue and enables sustained
drug release over time. [2,3 ,4 ]

The potential of microneedles extends beyond
pharmaceuticals; they are also being explored in
the delivery of vaccines, allowing for efficient
immunization with minimal discomfort. Their
application is not limited to medical use alone;
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they have also found relevance in the cosmetic
industry for enhancing the penetration of skincare
products. As research and development continue,
microneedles are poised to become an integral part
of modern medicine, transforming how we
approach treatment and prevention, advancing
toward a future of more effective and patient
friendly healthcare solutions. [5,6 ,7]

Selection Of Materials For Wax Mould
Creation:

During Microneedle wax mould fabrication,
material selection plays a pivotal role to permit
accurate replication and productive
manufacturing. The wax choice, specifically,
directly affects the fidelity and usability of the
mould. Paraffin wax is widely utilized because of
its desirable characteristics, like low melting point,
which provides easy pouring and release from a
master mould. [35,42]

Its uniformity enables the recording of the fine
details that are characteristic of Microneedle
structures. Beeswax, usually mixed with paraffin,
can be employed for its natural adhesive properties
and smooth surface, though it might be more
expensive. [35 ]

Synthetic waxes such as polyethylene wax can
also be used, providing advantages such as even
melting and less shrinkage, which helps in
preserving dimensional stability. The hardness of
wax chosen is responsible for ensuring that the
mould is strong enough to withstand any pressure
from outside during handling without deformation
and yet flexible enough to facilitate easy removal
of the Microneedle structures after production.|
35] The additives can also be incorporated into the
wax to improve certain properties. For example,
stearic acid could be incorporated to enhance
mould release properties, thus minimizing the
chance of damage to fragile Microneedle
protrusions. In the end, the material used in
making wax moulds should find a balance between
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performance, expense, and the unique needs of the
Microneedle manufacturing process. [39,43]

Step-By-Step Guide To The Production Of
Microneedle Wax Moulds:

In order to produce a Microneedle wax mould,
start by choosing the right mould design,
customized for the particular application of the
microneedles. Prepare all the required materials,
which consist of a master template of the
microneedles, typically produced using silicon or
any other hardy material, and a proper wax, e.g.,
paraffin or beeswax. Get the work area ready in a
way that maintains cleanliness since even minute
particles can interact with mould accuracy. [35,39]
Begin by warming the wax to melting point with a
controlled heat source in order to provide even
uniformity. Once melted, slowly pour the wax
over the master microneedle template so that it
completely envelops the template to record its fine
details. Let the wax cool and become hard, which
might need to be done with great precision to avoid
deformities. Carefully remove the wax mould
from the template by exerting a small amount of
pressure to avoid causing any damage.
[35,41,44,45]

If defects are found, the procedure would have to
be redone from the melting of the wax. Once
successfully achieved with a wax mould, it can be
treated with post-processing methods, such as
trimming or polishing, to make it more accurate
and finer. It is crucial to treat the wax mould with
care in order to maintain its structural integrity
during these processes so that it can be used
successfully for future microneedle fabrication
procedures. [46,40]

Designs Of Microneedles:

Microneedles are a new technology that involves a
range of types and designs, each of which is suited
to particular applications and therapeutic
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requirements. In general, microneedles can be
classified according to their materials and forms.
Solid microneedles are used for pretreatment of
the skin or to enable drug delivery by means of
small punctures, increasing permeability without
any residues remaining in the skin. Dissolvable
microneedles, on the other hand, are made from
biocompatible polymers that biodegrade following
insertion, discharging the implanted drugs right at
the desired location. [8,9 ,6,10 ]

This reduces the problem of needle disposal,
providing an environmentally friendly method of
drug administration. Another form is the hydrogel-
forming microneedles, which uptake interstitial
fluid during skin penetration, swell, and form
channels for steady-state drug diffusion. These are
especially beneficial for long-duration release
formulations or for the delivery of drugs that
demand stable, controlled environments. Coated
microneedles are another design variability where
drugs are deposited on to the surface of solid
microneedles in such a manner that when the
microneedles penetrate the skin, the drug is
delivered effectively into the epidermis. [11,12
,13]  With respect to geometrical shapes,
microneedles are variable in size, length, and tip
sharpness, influencing penetration depth and pain
perception. Their array configurations are also
different, affecting their efficiency and user
experience. Through adjustment of these
variables, microneedles can be optimized for
multiple therapeutic applications, such as
vaccinations, insulin therapy, and cosmetic
use.[15,16]

Understanding The Wax Mould Fabrication
Process :

In the complex process of microneedle
manufacturing, the process of fabricating the wax
mould is a key factor in determining the small,

intricate  structures required for successful
application. A thorough knowledge of
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both the material properties and the technology
involved in the process is needed to comprehend
it. Wax is selected because of its good malleability
and ability to retain fine details, which is critical in
the fabrication of moulds that determine the
geometry and surface characteristics of the
microneedle. [35,36 ]

The procedure starts with the selection of good-
quality wax that is resistant to the following
processing steps without deforming. [35]

After selection, the wax is melted and cast into a
master mould, usually fabricated from a more rigid
material such as silicon, which is used as the
master mould for the microneedle structure. This
master mould carefully defines the shape and size
of each single microneedle. As the wax is cooled,
it hardens, capturing the exact characteristics of
the master mould, thereby creating the negative
replica to be employed as the basis for fabricating
the microneedles themselves. [37,38,35 ]

The cooling procedure needs to be regulated to
guarantee uniformity and avoid any warping or
introduction of defects, which would translate into
defects in the final Microneedle structure.
Precision during these preliminary stages is of at
most importance since even the slightest
discrepancy can adversely affect the effectiveness
and credibility of the microneedles that are
manufactured.  Appreciating  this  delicate
balancing act of material science and innovative
engineering is crucial for any party involved in the
manufacture of microneedles by wax moulds.
[39,40,41]

Mechanisms Of Action: How Microneedles
Work:

Microneedles function by a very interesting
mechanism of action involving the piercing of the
stratum corneum, the outer layer of the skin, to
provide therapeutic agents or elicit physiological
reactions without inducing major pain or
discomfort. These tiny needles, usually shorter
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than a  millimetre, are engineered to create
temporary micro channels in the skin, thereby
increasing the permeability and allowing direct
delivery of active ingredients.[16,9]

One of the main benefits of microneedles is that
they can bypass the outer skin barrier, which is
usually impenetrable to most drugs. Through their
micro-injuries, microneedles allow effective drug,
protein, and even vaccine transport directly into
the epidermis or dermis layers. [6,17]
Microneedling also initiates the body's own wound
healing process, which include the spreading and
proliferation of fibroblasts along with enanced
collagen and elastin production. This is especially
useful in dermatological treatments where
rejuvenation and healing of the skin are required.
Additionally, the relative non-invasiveness and
non-trauma of microneedles minimize the chances
of infection and scarring as opposed to the use of
common needles. The non-invasive nature of
microneedles imparts little pain during treatment
while achieving adequate efficacy for therapeutic
treatments. [18,19,5]

This helps to improve patient compliance and
provides new avenues in transdermal delivery
systems aimed at improving the bioavailability of
drugs that otherwise have difficulty in terms of
solubility and systemic circulation.

Applications And Benefits Of Microneedle
Technology:

Microneedle technology has come to be a
revolutionary method across many fields,
especially in medicine and cosmetics, with several
applications and advantages that have attracted
significant  interest from researchers and
practitioners. Microneedles, for the most part,
allow painless and minimally invasive drug
delivery, notably in transdermal patches that
improve the administration of vaccines, insulin,
and other drugs. This new method circumvents the
stratum corneum, or the outer layer of skin,
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enabling effective and targeted delivery of
therapeutic agents directly into the dermis or
systemic circulation, greatly enhancing patient
compliance and comfort by removing the
psychological deterrents inherent in conventional
hypodermic needles. [21,6]

In addition, Microneedle technology is also being
increasingly investigated in the field of
dermatology for cosmetic applications. The micro
channels generated by this method can induce
collagen production, thus enhancing skin texture,
elasticity, and diminishing the effects of aging,
including wrinkles and scars. The fact that
microneedles can be designed using different
materials—from metals and polymers to
dissolvable chemicals—also means that treatment
options can be tailored to specific therapeutic
applications. [22,23,24]

Apart from these applications, microneedles are
transforming diagnostics. By making it possible to
minimally invasive sampling of interstitial fluid
and other biological fluids, microneedles facilitate
real-time biomarker monitoring, with potential for
future developments in personalized medicine and
health monitoring. In general, Microneedle
technology continues to grow its reach through its
multifaceted  applications  and immense
advantages, ushering in a new age in medical and
cosmetic treatments. [11,8 ]

Challenges And Limitations In Microneedle
Development:

Microneedle technology is very promising in
many different fields, and especially in drug
delivery and cosmetics. Its progress s,
nonetheless, plagued with a number of challenges
and restrictions that must be overcome to totally
exploit its capability. One key challenge is in the
fabrication process. The demand for accurate
Microneedle design and homogeneity can be
challenging to handle, particularly upon scaling up
commercial production. Variation in Microneedle
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geometry or structure can lead to varying
therapeutic effects, making their reliability and
effectiveness questionable. [25,8,5]

Mechanical strength of microneedles is another
crucial issue. They should be strong enough to
penetrate through the skin barrier without
deformation or fracture, presenting a challenge in
material science. The choice of suitable materials
that are capable of withstanding insertion stresses
but degrade in a safe manner within body remains
important. In addition, skin heterogeneity between
individuals in terms of thickness, hydration, and
texture can affect microneedle performance.
[26,2,5]

It can be challenging to achieve uniform
penetration depth and drug delivery efficiency
because of these individual variations. [27]
Regulatory barriers also pose limitations, as
current frameworks might not entirely support the
novel features of Microneedle technology,
decelerating approval processes. Moreover,
patient acceptance and psychological barrier
related to needle use, irrespective of diameter, may
impact adoption rates. Solving these challenges
calls for multidisciplinary  research and
collaboration  between  material  scientists,
engineers, regulatory agencies, and healthcare
practitioners ~ to  customize = microneedle
applications properly and overcome present
limitations. [17,18]

Future Directions And Innovations In

Microneedle Research:

The potential of microneedle research in the future
is enormous, with potential innovation that can
change the way medical treatments and
diagnostics are done. Going forward, a number of
areas of emphasis are arising. One of the more
promising avenues is the creation of biodegradable
microneedles, which provide the advantage of
being safer because they will not require being
removed following drug delivery or monitoring.
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These advances can greatly improve patient
comfort and compliance, especially in chronic
treatments. [22,28 ,29,12 ]

Another innovative approach involves the
integration of biosensors within microneedles.
These smart systems can provide real-time
monitoring of biological markers, enabling
personalized medicine through precise, on-
demand drug delivery and health monitoring. The
convergence of microneedle technology with
digital health platforms may pave the way for
devices that autonomously regulate treatment
according to ongoing health information,
extending the limits of telemedicine and remote
patient monitoring. [21,22,27]

Nanotechnology will also have a central role to
play in the future development of microneedles.
By increasing the loading capacity and release
profiles of therapeutic drugs, nano carriers
incorporated into microneedles may provide more
effective therapies, particularly for multifactorial
diseases such as cancer. Further, studies are even
more directed toward designing microneedle
patches that can deliver a wider array of
substances, such as vaccines and biologics.
[14,22,7] These advances highlight a bright future
where microneedle technology is becoming
increasingly more versatile, patient-friendly, and
powerful in dealing with global health issues.

CONCLUSION

Microneedle technology has the potential to
replace traditional injections with minimally
invasive transdermal delivery advantages of
painless application, increased drug
bioavailability, and reduced biohazardous waste.
Solid, coated, dissolving, and hydrogel
microneedles offer various drug delivery functions
in pharmaceuticals, cosmetics, and diagnostics by
effectively puncturing the stratum corneum and
stimulating wound healing. Even though
limitations include dose limitation, potential
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inflammation, and  complex  production,
biodegradable microneedles, biosensors, and
nanotechnology drug delivery are under
investigation to overcome these limitations.
Finally, interdisciplinary is the key to realizing the
full potential of microneedles to revolutionize
patient-friendly care.
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