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Abstract:  

Transdermal drug delivery offers a number of advantages including improved patient compliance, sustained release, 

avoidance of gastric irritation, as well as elimination of pre-systemic first-pass effect. However, only few medications 

can be delivered through the transdermal route in therapeutic amounts. Various formulation approaches used to 

systemically deliver drug molecules include use of prodrugs/lipophilic analogs, permeation enhancers, sub saturated 

systems and entrapment into vesicular systems. Further, the adhesive mixture, physical system of the delivery system 

and release liner influence drug release and its permeation across the skin. The novel microneedle dual-delivery method 

combines the advantages of hypodermic syringes and transdermal patches Microneedles can be used to enhance 

transdermal drug delivery and have been extensively investigated in recent decades for drug and vaccine delivery as 

well as minimally invasive patient monitoring.  In this review different types of microneedles are described and their 

methods of fabrication highlighted and focus on a range of critically important aspects of microneedle technologyThe 

last part of this review discusses concerns and challenges regarding microneedle use.            
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Introduction: 

Transdermal drug delivery means that a pharmaceutical compound is moved across the skin - the dermis - for 

subsequent systemic distribution. Hence, strictly semantically  this does not only include the more commonly 

understood “patch”, but also traditional subcutaneous administration by means of a hypodermic needle and a syringe as 

well as novel techniques such as microneedles. Following conventional terminology, a microneedle is a needle with 

representative parts (e.g. diameter) on the micrometer length scale. However, this definition is rather bold as it includes 

most of the standard hypodermic needles used in medical practice. Although there are many examples of 

“microneedles” with lengths of a few millimeters described in the literature, a common understanding of microneedles 

is that the length of the needle is shorter than 1 mm. What can be said is that microneedles are significantly smaller than 

ordinary needles, especially concerning the length. 

Microneedles were made using microfabrication technology, which is the same technology used to make integrated 

circuits. An advantage of this approach is that microfabrication readily makes structures of micron dimensions in a way 

that is easily scaled up for cheap and reproducible mass production. In addition to extensive work using 

microfabrication for nonbiological purposes, this technology has been used for biological applications to fabricate two 

dimensional arrays of electrodes used to excite neurons and record their activity and three-dimensional arrays of 

pyramid like structures to facilitate transfection of microorganisms. To adapt this technology for transdermal drug 

delivery, we created three-dimensional arrays of sharp-tipped microneedles of approximately 150 µm in length. 

Various types of needles have been fabricated as well, for example: solid (straight, bent, filtered), and hollow. Solid 

microneedles could eventually be used with drug patches to increase diffusion rates; solid-increase permeability by 

poking holes in skin, rub drug over area, or coat needles with drug. Hollow needles could eventually be used with drug 

patches and timed pumps to deliver drugs at specific times. Arrays of hollow needles could be used to continuously 

carry drugs into the body using simple diffusion or a pump system. Hollow microneedles could also be used to remove 

fluid from the body for analysis – such as blood glucose measurements – and to then supply micro liter volumes of 

insulin or other drug as required.  The hollow needle designs include tapered and beveled tips, and could eventually be 

used to deliver micro liter quantities of drugs to very specific locations. The researchers demonstrated that an array of 

400 microneedles can be used to pierce human skin delivering drug macromolecules. Very small microneedles could 

provide highly targeted drug administration to individual cells. These are capable of very accurate dosing, complex 

release patterns, local delivery and biological drug stability enhancement by storing in a micro volume that can be 

precisely controlled. 

Anatomy of skin: 

The skin is the largest organ of the human body and has several functions. It is a physical barrier towards the 

environment, it regulates body temperature and fluid loss, it conveys sensory information to the nervous system, and it 
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processes immunologic information to the immune system. The skin can be divided into three main layers: the 

superficial epidermis, dermis and hypodermis, see figure 1. The epidermis is approximately 50–150 m2 thick and 

consists largely of constantly renewing, outward moving cells called keratinocytes. Apart for these cells, most of the 

antigen-presenting Langerhans’ cells are located in the epidermis. The outermost layer of the epidermis is the stratum 

corneum, a 10– 20 m2 thick layer of 15–30 stacked, dead, cornified cells. These so-called corneocytes are flat, hexagon-

shaped and partly overlapping cells with a diameter of approximately 30 m2.  

The cells are mechanically coupled to each other through special protein rivets and together with stacked layers of lipids 

they form an interlinked mechanical scaffold . The stratum corneum forms the major constituent of the water barrier in 

the skin . The dermis represents the bulk of the skin and the predominant components are collagen fibers and a smaller 

amount of elastin. This fibrous network gives tensile strength and elasticity to the skin and also provides support for 

nerve and vascular networks.In the upper, papillary, region of the dermis the collagen fibers are small and loosely 

distributed. The deep, reticular region contains densely packed, bundled, collagen fibers mainly running parallel to the 

skin surface and along certain directions, called Langer’s lines. The dermis rests on the hypodermis (subcutis) which is 

composed of loose fatty connective tissue. Its thickness varies considerably over the surface of the body as well as 

between individuals.  

 

 

Anatomy of transdermal patch 

1. Peel of Layer/Release Liner: During storage patch is covered by a protective liner that is removed and discarded 

before application of patch to the skin. It carries very a thin release coating and provides low energy surface for ease of 

removal. 

 2. Backing: Backing laminate is used to provide flexibility, appearance and need for occlusion. It must be compatible 

with formulation and printable. Examples of backing are polyester film, polyethylene film, aluminium and polyolefin 

film. 
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 3. Rate Controlling Membrane: It governs the drug release from the patch to control the availability of the drug or 

limits the passage of drug. Examples of rate controlling membrane are Ethylene vinyl acetate (EVA) copolymer, 

Microporous polypropylene andpolyethylene. 

 4. Chemical Penetration Enhancers: Penetration enhancers can act on the stratum corneum intracellular keratin, 

influence desmosomes, modify intercellular domains, or alter the solvent nature of the stratum corneum, which results in 

a decrease of the skin barrier resistance. Penetration enhancers are chemical compounds which are themselves 

pharmacologically inactive, but can partition into and interact with the SC constituents when incorporated into a 

transdermal formulation, thereby reducing the resistance of the skin to drug diffusion. Ideal Properties of penetration 

enhancers They should be non-toxic, non-irritating and nonallergenic. They would ideally work rapidly, and the activity 

and duration of effect should be both predictable and reproducible. They should have no pharmacological activity within 

the body—i.e. should not bind to receptor sites. The penetration enhancers should work unidirectionally, i.e. should 

allow therapeutic agents into the body whilst preventing the loss of endogenous material from the body. When removed 

from the skin, barrier properties should return both rapidly and fully. The penetration enhancers should be appropriate 

for formulation into diverse topical preparations, thus should be compatible with both excipients and drugs. They should 

be cosmetically acceptable with an appropriate skin ‘feel’. Chemical Classification of Enhancer Because there are so 

many chemical classes of enhancers available, the following section will review some recent data for a selected group of 

enhancers. In general, the data suggest that enhancers may be placed into several groups depending on their activity. 

Those compounds that enhance drug concentrations across the skin (transdermally) and into the skin (locally) Those that 

enhance the permeation of drugs transdermally Those that increase local skin-drug concentrations, but which do not 

produce significant transdermal enhancements Those that act as retardants, producing low local-drug concentrations and 

low transdermal fluxes (often significantly lower than controls) . 

5. Pressure Sensitive Adhesives (PSAs) :PSAs are the material that adhere to a substrate by application of light force 

and leave no residue when removed, they form interatomic and intermolecular attractive forces established at the 

interface, provided that intimate contact is formed.  The properties of the PSA layer in a TDDS depend on the 

incorporated drug, the components of the TDDS (eg. backing film), the excipients (eg, penetration enhancers, 

solubilizers), and the chemical composition of the PSA. Widely used PSA polymers in TDDS are polyisobutylene 

(PIB)-based adhesives, hydrocarbon resins, rosin esters, acrylics and silicone based PSAs. 
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                      Transdermal patch. 

Microneedles for drug delivery 

The concept of an array of miniaturized needles for drug delivery purposes essentially dates back to 1976 and a patent 

(filed 1971) from Gerstel and Place at Alza corp. 22. In this patent, a drug delivery device featuring miniaturized 

projections (i.e. microneedles) and a drug reservoir is claimed. The needles are small enough to penetrate only the 

stratum corneum and can be either solid or hollow. Delivery from the device may occur through diffusion or through 

convection by applying a force to the backing of the reservoir. Figure 8 shows a drawing from the original document 

illustrating the device. Although not fully to the point, some predecessors to Gerstel and Place’s patent exist, especially 

for vaccine delivery.    

To achieve physiologically relevant delivery rates, microneedle-based drug delivery is preferably made with arrays of 

needles over a certain area. To insert microneedle arrays with a large number of needles into the skin without using a 

special insertion tool (e.g. a high-velocity plunger), the insertion force needed to pierce the tissue has to be minimized. 

In addition, since the patch is aimed to deliver drugs, it should penetrate regardless of skin type or age of the subject, or 

the present humidity. All these factors may change the needed penetration force considerably. Thus, it  

is reasonable to believe that safety margins of 3–5 times may be required, demonstrated experimentally by Davis et al., 

penetration of microneedles into the skin is strongly linked to the interfacial area between the microneedle and the skin 

S A small interfacial area gives a low insertion force. In other words, a sharp needle, where the interfacial area is 

minimal, will penetrate the tissue better than a blunt needle. 

It can be argued that an array of hollow microneedles, aimed for convective drug delivery, require far fewer needles to 

achieve therapeutic delivery rates. Thus, since fewer needles can be used, the insertion force of the needles does not 

necessarily need to be minimized. This is basically true. However, if a small number of needles are used, the delivery 

rate per needle needs to be higher than in the case of many needles. While a high flow rate may lead to significant flow 

resistance in micrometer-sized needle bores 8, the main fluid dynamical limitation lies in the tissue. A microneedle 

inserted into skin will cause a large deformation of the tissue around the insertion area. As a consequence, the tissue will 
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be highly compressed, which leads to a concurrent reduction of the fluidic permeability in the tissue. By partially 

retracting the needle after insertion, and thus relieving the compressed tissue, the flow resistance is decreased 9–10. In 

summary, to achieve therapeutic delivery rates with microneedles without leakage, the delivery has to be made  

over a certain area using many needles. In turn, to allow insertion by hand, an array with many microneedles requires a 

sharp needle where the insertion force is low. 

Microneedle Types 

 A classification for microneedles usually used in literature is based on the fabrication process: in-plane or out-ofplane 

microneedles. In-plane microneedles (figure 3a) are fabricated with the shaft being parallel to substrate surface. The 

advantage of this arrangement is that the length of the needle can be very accurately controlled.  

A disadvantage is that it is difficult to fabricate two-dimensional arrays. Outof-plane microneedles  on the other hand, 

protrude from the substrate and are straightforward to fabricate in arrays. Instead, the length and high aspectratios 

become significant challenges in the fabrication of these kinds of needles. Another useful point of distinction is whether 

the microneedles are solid or hollow. Hollow needles with a needle bore, or lumen, allow an active liquid transport 

through the microneedle.  

                                                                                                                                                                                                             

The following sections will give an overview of drug delivery microneedles, related fabrication techniques and design 

principles.  

1. MEMS: 

 Microelectromechanical Systems (MEMS) or Microsystem Technology (MST) refers to devices with sub-millimeter 

features. MEMS extend the fabrication techniques developed at the microelectronics industry to add mechanical 

structures onto microdevices. As such, MEMS devices can be made to interact with the surroundings, control fluidic 

flows or simply be used as small-scale mechanical devices. Typical MEMS devices are 4 Estimated cost at UNICEF for 

disposable needle and syringe including safety disposal; i.e. the cost is based on very high volumes.  

2. Solid microneedle arrays: 

One of the first microneedle arrays for drug delivery, although not transdermal, was presented 1993 by Dizon et al25. 

The array, featuring pyramidal-shaped silicon spikes at densities of thousands per square centimeter, represents one of 

the most basic designs of microneedles. The needles are etched in potassium hydroxide (KOH) solution and the 

geometry is defined by controlled undercutting of the etch mask in combination with the anisotropic etch rates in 

monocrystalline silicon. Through the controlled etch (with intersecting crystal planes); the needles have an extremely 

sharp apex with a tip radius below 100 nm 26. The array was used to transfect cells by coating the needles with foreign 

DNA before pressing the array onto cell cultures.   
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3. Hollow microneedle arrays: 

 In contrast to solid microneedles, hollow needles offer the possibility of active injection of the drug into the tissue. The 

apparent advantage of this is that a considerably larger amount of drug can be delivered for a given time, thus opening 

for applications where relatively large amounts are needed to obtain a therapeutic effect. Additionally, pressure-driven 

delivery adds the possibility to precisely steer the flow rate and to obtain a more controlled delivery.  

4. Dissolving Microneedles : 

Interest in dissolving microneedles is high because of a number of advantages. These include the one-step application 

process which is convenient for patients. Dissolving MN are fabricated on the basis of the “poke and release” principle. 

They are made from polysaccharides or other polymers. These MN release encapsulated drug into the skin following 

application and dissolution. Micromoulding is the preferred fabrication method for making dissolving MN. Certain 

drugs and vaccines are thermolabile so moulds are often filled with solutions of drugs and excipients and then dried 

under mild conditions. The fabrication process involves pouring the polymer solution into  female molds, filling the 

microcavities of the mould under vacuum or pressure, drying under ambient conditions, centrifugation or pressure [35–

37]. Master structures for MN supporting arrays, and pressing tools were created by Chen et al. using proprietary 

electro-discharge-machining technology [38]. Each master structure consisted of 64 (8 × 8) microstructures. 

Polydimethylsiloxane (PDMS) molds were created as exact inverse-replicates of the master structures. To prevent 

adhesion to PDMS molds, all master structures were sputter-coated with platinum [38]. PDMS molds were fabricated by 

pouring PDMS solution over the master structure and allowing the polymer to cure overnight at room temperature. The 

cured PDMS molds were then peeled from the master structures and used to make the chitosan microneedles, polylactic 

acid supporting arrays, and polycaprolactone pressing tools. 

5. Coated Microneedles : 

Coated microneedles refer to microneedles which are coated with the drug-containing dispersion.  A plethora of 

techniques has been used in the literature to prepare coated microneedles. An approach using electrohydrodynamic 

atomisation (EHDA) principles in the preparation of smart microneedle coatings was reported in the literature [45]. 

Stainless steel (600–900 µm in height) microneedles were coupled to a ground electrode (in the EHDA coating set-up) 

with the deposition distance and collecting methodology varied for an ethanol:methanol (50:50) vehicle system. The 

authors used this technique to prepare nano- and micrometer-scaled pharmaceutical coatings [45]. Fluorescein dye 

(serving as potential drug, sensory materials or disease state markers) and polyvinylpyrrolidone (PVP, polymer matrix 

system) formed the remaining components of the coating formulation. Based on these excipients and by varying the 

coating process, particles (100 nm to 3 µm) and fibres (400 nm to 1 µm) were deposited directly on MNs in controlled 

and selectable fashion [45]. Ma and Gill used a polyethylene glycol matrix containing a water insoluble drug lidocaine 

to coat solid microneedles [46]. Uniform coatings were obtained on microneedle surfaces. In vitro dissolution studies in 

porcine skin showed that microneedles coated with PEG-lidocaine dispersions resulted in significantly higher delivery 
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of lidocaine in just 3 min compared with 1 h topical application of 0.15 g EMLA®, a commercial lidocaine-prilocaine 

cream. 

6. Hydrogel-Forming Microneedles: 

The first two microneedle-based products, just recently marketed, Soluvia® and Micronjet®, are based on metal and 

silicon, respectively [47]. However, the current trend in microneedle-based research has recognized biocompatibility 

problems associated with the use of silicon and the potential for inappropriate re-use of silicon or metal microneedles, 

which remain fully intact after removal from a patient’s skin. This has led to a multiplicity of technologies aimed at 

overcoming this shortcoming. In this regard, recent effort has focused on microneedles formulated from aqueous 

polymer gels. One of these approaches involves the use of hydrogel-forming microneedles [47]. One of the differences 

and advantages in comparison with regular dissolving polymer microneedles is that by using this drug delivery system, 

delivered doses of drugs and biomolecules are no longer limited to what can be loaded into the needles themselves. 

 

 

Preparation of Microneedles: 

Micro molding microneedles[12] 

method of microneedle preparation 

 Molding : 

Micromolds were fabricated using photolithography and molding processes. In brief, a female microneedle master-mold 

was structured in SU-8 photoresist  by UV exposure to create conical (circular cross section) or pyramidal (square cross 

section) microneedles tapering from a base measuring 300 µm to a tip measuring 25 µm in width over a microneedle 

length of 600–800 µm. A male microneedle master-structure made of polydimethylsiloxane was created using this 

mold. The PDMS master-structure was sputtercoated with 100 nm of gold to prevent adhesion with a second PDMS 

layer cured onto the male master-structure to create a female PDMS replicate-mold. Excess PDMS on the female 

replicate-mold was trimmed so that the mold fit within the 27-mm inner diameter of a 50 ml conical tube. This 

metalcoated male master-structure was repeatedly used to make replicate-molds that were repeatedly used to make 

microneedle devices.   
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Preparation of microneedle matrix : 

To serve as microneedle matrix materials, ultra-low viscosity carboxymethylcellulose (CMC), amylopectin and bovine 

serum albumin (BSA) were dissolved in deionized water. Water was then evaporated off until the concentration of 

solute (e.g., CMC) was approximately 27 wt%, which resulted in a viscous hydrogel. CMC was concentrated by heating 

at 60–70 °C at ambient pressure or vacuuming at −50 kPa at room temperature. Amylopectin and BSA were 

concentrated only by the heating method at 60–70 °C or 37 °C, respectively. Solute concentration was determined by 

measuring solution mass before and after evaporation. Viscosity of concentrated hydrogels was measured using a 

Couette viscometer. In some cases, a model drug was added by hand mixing to solubilize or suspend the compound in 

the concentrated hydrogel. Three model drugs were added at final concentrations of 0.15–30 wt% sulforhodamine B 

(Molecular Probes), 20 wt% BSA (Sigma), or 5 wt% lysozyme (Sigma). The term “model drug” is used to indicate that 

these compounds have physicochemical and transport properties representative of certain classes of drugs, but not to 

suggest that these compounds have pharmacological activity representative of drugs.   

Casting: 

 To mold microneedles from concentrated hydrogels, 100–300 mg of hydrogel was placed on a female PDMS mold in a 

conical centrifuge tube (Corning) and centrifuged in a 45° angled rotor at 3000 × g and 37 °C for up to 2 h to fill the 

microneedle mold cavities and dry the hydrogel. To prepare microneedles with model drug encapsulated only within the 

microneedles and not in the backing layer, 8–10 mg of hydrogel mixed with model drug was filled just into the 

microneedle cavities in the mold and then dried under centrifugation for up to 30 min. Residual hydrogel on the surface 

of the mold was removed with dry tissue paper and 100–200 mg pure hydrogel without drug was then applied and dried 

onto the mold to form the backing layer. To  

prepare microneedles with model drug encapsulated only in the backing layer and not within the microneedles, the same 

2-step process was followed, except pure hydrogel was filled into the microneedle mold cavities and a hydrogel mixed 

with model drug was used to form the backing layer.   

Other methods  

Laser cutting : 

Microneedles were cut from stainless steel sheets using an infrared laser. The desired microneedle shape and dimensions 

were first drafted in AutoCAD software. Using this design, the infrared laser was operated at 1000 Hz, 20 J/cm2 energy 

density and 40% attenuation of laser energy to cut the microneedles. A total of three passes were required to completely 

cut through the stainless steel sheet. A cutting speed of 2 mm/s and air purge at a constant pressure of 140 kPa was used. 

Microneedles were either prepared as individual rows of needles (‘in-plane’ needles) or as two-dimensional arrays of 

needles cut into the plane of the stainless steel sheet and subsequently bent at 90° out of the plane (‘outof-plane’ 

needles).    
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Cleaning and bending microneedles : Laser-cut stainless steel microneedle arrays were manually cleaned with 

detergent to de-grease the surface and remove slag and oxides deposited during laser cutting, which was followed by 

thorough rinsing in running water. To prepare ‘out-of-plane’ microneedles, microneedles cut into stainless steel sheets 

were first manually pushed out of the sheet using either forceps or a hypodermic needle (26 gage, 1/2 inch long) while 

viewing under a stereo microscope, and then bent at 90° angle with the aid of a #9 single-edged razor blade.   

Mechanism of action 

The temporary mechanical disruption of the skin and the placement of the drug or vaccine within the epidermis, where it 

can more readily reach its site of action. Temporary mechanical disruption of the skin. The biomolecules form of drug is 

encapsulated within the microneedles, which are then inserted into the skin and drug is released into the bloodstream 

from a patch. The needles dissolve within minutes, releasing the trapped cargo at the intended delivery site. There is no 

need to be removed and no dangerous or bio-hazard are made of a biodegradable substance. A small area of patch is 

covered by hundreds of microneedles that pierce only the stratum corneum, thus allowing the drug to by pass this 

important barrier (Figure 5). The tiny needles are constructed in arrays to deliver sufficient amount of drug to the patient 

for the desired therapeutic response 

Methdology&Different techniques involved in preparation of microneedles 

 

1. Poke with patch approach 

2. Coat and poke approach 

3. Biodegradable microneedles 

4. Hollow microneedles  

5. Dip and scrape 

Poke with patch approach: 

This technique involves piercing an array of solid microneedles into the skin followed by application of the drug patch 

at the treated site. These results in trans port of drug across skin can occur by diffusion or possibly by iontophoresis if an 

electric field is applied. 

Coat and poke approach: 

Needles are first coated with the drug and then inserted into the skin for drug release by dissolution. The entire drug to 

be delivered is coated on the needle itself.  

Biodegradable microneedles: 

 It involves encapsulating the drug within the biodegradable, polymeric microneedles, followed by the insertion into the 

skin for a controlled drug release. 
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Hollow microneedles: 

It involves injecting the drug through the needle with a hollow bore. This approach is more reminiscent (suggestive of) 

of an injection than a patch. 

Dip and scrape: 

Microneedles are first dipped into a drug solution and then scraped across the skin surface to leave behind the drug 

within the micro abrasions created by the needles. The arrays were dipped into a solution of drug and scraped multiple 

times across the skin of mice in vivo to create micro abrasions. Unlike microneedles used previously, this study used 

blunt-tipped microneedles measuring 50 200 m in length over a 1cm2 area. 

Evaluation parameters(In vitro and In vivo) 

In-Vitro study of Microneedles In vitro evaluation microneedles are accomplished by using various mediums like 

agarose gel and methanol to insert the microneedles. In vitro tests are used to determine the characteristics of new test 

device or compound. The main key objectives of the in vitro testing of microneedles involves optimization of the 

microneedles, finding out the penetration force and bending force, evaluation of strength of microneedle, determination 

of the dissolution rate of coating material and the estimation of the efficiency of drug delivery. Various methods 

employed for conducting in vitro studies are as follows 

 Method 1:In vitro methods tested the delivery efficacy of the microneedles. In this test, the microneedles are integrated 

with Paradimethylsiloxane (PDMS) biochip and black ink is injected by the microneedles into the petridish, which 

contains methanol. The right triangular microneedles with 8.5 and 15 tip taper angles and isosceles triangular 

microneedles with 9.5 and 30 tip taper angles have been used for this purpose . 

  Method 2 :In this method, the diluted form of Rhodamine B dye is injected through the microneedles into the 1% 

agarose gel to evaluate the penetration and flow of the solution after penetrating into the 1% agarose gel .  

Method 3 :Inserting microneedles into the porcine cadaver skin and pig cadaver skin for 10s to 20 s and 5 minutes 

respectively are evaluated by this method. This method is used to test the delivery efficacy, dissolution rate of the coated 

material, which is coated on the microneedle tip, coated with vitamin B, calcein or sulforhodamine .  

 In Vivo Testing of microneedles : 

To conduct the in vivo preclinical study, generally mice, rabbits, guinea pigs, mouse and monkey etc are used. The main 

motive of the in vivo testing is the determination of safety as well toxicity of the tested compound. The key objectives 

behind in vivo testing of the microneedles includes to perform skin toxicity test, determination of penetration force in 

different skin, mechanical stability, bending breakage force, to perform various non-clinical safety study and 

pharmacological study, determination of various parameters like immunogenicity, genotoxicity, skin sensitization and 

allerginisation, study, developmental toxicity, acute and chronic dermal toxicity, carcinogenicity.  
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Method 1 :This in vivo method involves testing of microneedles by pricking the microneedles into vein of the tail of 

hairless mice. It is used for the determination of the penetration force of the microneedle into the skin .  Method 2 :This 

method of in vivo testing of the microneedles, Rhodamine B is injected into tail of laboratory mouse-tail and 

anaesthetized for the determination of penetration force and bending breakage force .  

 Method 3:This method has been performed for the evaluation of vaccine delivery via microneedles. Ovalbumin is used 

in this method, as a model protein antigen and administered into hairless guinea pig by using solid metal microneedles 

at the rate of 20 μg ovalbumin in 5s up to 80 μg .  

 Method 4: In this method rabbits have been used to evaluate the vaccine delivery. The anthrax vaccine containing 

recombinant protective antigen (rPA) of Bacillus anthracis has been administered in the rabbits via solid and hollow 

microneedles .   

Drug transport via microneedles: 

Drug delivery through microneedles can occur via two main pathways i.e. poke with patch or coat and poke method. In 

case of poke with patch technique pores are firstly made on the skin by microneedles and then after the removal of 

micro needles drug is applied on the skin. Where as in case in coat and poke method the microneedle surface is coated 

with the drug and then these microneedles is applied on the skin. So, drug transfer will occur via the needles surface . 

With the development of polymeric microneedles, a third approach was further developed in which drugs can be 

encapsulated in the polymeric matrix and released from the polymer upon application on the skin. Encapsulation of 

drugs within the polymeric core has an advantage of a higher drug loading as compared to other systems developed so 

far. Hence encapsulation of drugs within the microneedles has received most attention from transdermal drug delivery 

scientists in the past few years . Among all these approaches, coated microneedles are the most attractive mode for the 

delivering a rapid bolus consisting of high molecular weight molecules into the skin and can be considered similar to a 

simple band- aid like system for self administration. Further, this mode may also enhance their long term stability even 

at room temperature. Among variety of coating techniques like dip coating, roll coating and spray coating, dip coating is 

particularly appealing for coating micro needles because of its simplicity and ability to coat complex shapes. Dip 

coating has been developed to coat macroscopic objects mostly by submerging them completely within the coating 

solution because surface tension becomes dominant on the micron scale . Microneedles having the specific geometric 

pattern and required physical properties can only be capable for insertion into the skin. Some needles can easily be 

inserted by hand whereas other needles required high velocity insertion force. 

 Challenges : 

There is a tremendous amount of research being carried out to study the influence of MN on transdermal drug delivery. 

There is immense potential for the use of these micron-sized needles for transdermal drug delivery enhancement. 

However, for these needles to find widespread clinical applications, a number of challenges also have to be addressed 

including irritation, microbial contamination and the delivery of therapeutically relevant concentrations of drugs. There 
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is also a limited choice of appropriate biomaterials, lack of mechanical strength, poor control of drug delivery, and 

limitation of drug loading dose . Potent drugs requiring low doses and vaccines seem to be the drugs most likely to be 

delivered in therapeutically useful concentrations. Another challenge is the delivery of macromolecules- products of 

biotechnology. These molecules have high molecular weights and also high hydrophilicity making them particularly 

challenging to deliver across the skin. There is also the concern that some MN such as those fabricated from silicon and 

some polymers may not have adequate mechanical strength to pierce the skin. The ideal scenario is to fabricate MN 

with a low insertion force and a high fracture force. It is also cumbersome for MN to be applied in a two-step manner, 

that is to porate the skin first and then apply a patch. In this regard, the use of  hydrogel-forming microneedles is 

particularly interesting. There is also the need to balance penetration enhancement with painlessness.  

Conclusion: 

The microneedles require a very low insertion force to be inserted into skin, potentially allowing arrays with hundreds 

of such microneedles to be inserted into skin by hand without any aids. It can penetrate human skin in vivo at clinically 

relevant sites. It can be hermetically sealed through thin membranes and be opened at the time of delivery by applying 

pressure or inserting the sealed needles into skin tissue. 
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