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Abstract
Transdermal delivery represents an attractive alternative to oral delivery of drugs and is poised to provide an
alternative to hypodermic injection too. Transdermal delivery has a variety of advantages compared with the other
routes. In particular, it is used when there is a significant first-pass effect of the liver that can prematurely
metabolize drugs. Transdermal delivery also has advantages over hypodermic injections, which are painful. In
addition, transdermal systems are non-invasive and can be self-administered. Perhaps the greatest challenge for
transdermal delivery is the only a limited number of drugs are amenable to administration by this route. It has been
difficult to exploit the transdermal route to deliver hydrophilic drugs, peptides and macromolecules, including new
genetic treatment employing DNA or small-interfering RNA (siRNA), has posed particular challenges. Another area
of great interest is the delivery of vaccines. In addition to avoiding hypodermic needles, transdermal vaccine
delivery could improve immune responses. Given the external placement and patient control over patches, it might
also be possible to develop modulated or pulsatile delivery, which could involve feedback control. Microneedles,
skin ablation, sonoporation etc. like physical methods for enhancement of transdermal delivery are currently
progressing through clinical trials for delivery of macromolecules and vaccines, such as insulin, parathyroid
hormone and influenza vaccine. Transdermal drug delivery has made an important contribution to medical practice,
but has yet to fully achieve its potential as an alternative to oral delivery and hypodermic injections.
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Introduction: For thousands of years, people have placed substances on the skin for therapeutic effects and, in the
modern era, a variety of topical formulations have been developed to treat local indications. Now a day, numbers of
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drug formulations are available in oral dosage forms like tablets, capsules, solution, suspension, emulsion, lozenges
etc. But for oral dosage forms bright as well as dark sides are also there like; first pass metabolism (Metabolism in
liver), degradation in GIT, irritation to GIT mucosa, less bioavailability and many more.
Throughout the past 2 decades, the transdermal patch has become a proven technology that offers a variety of
significant clinical benefits over other dosage forms. Because transdermal drug delivery offers controlled release of
the drug into the patient, it enables a steady blood-level profile, resulting in reduced systemic side effects and,
sometimes, improved efficacy over other dosage forms.[1] Besides these all benefits, transdermal patches are userfriendly, convenient, painless, and offer multi-day dosing. They offer improved patient compliance.[2]
Since the first transdermal patch was approved in 1981 to prevent the nausea and vomiting associated with motion
sickness, the FDA has approved, throughout the past 22 years, more than 35 transdermal patch products, spanning
around 13 molecules like fentanyl, nitroglycerin, estradiol, ethinyl estradiol, norethindrone acetate, testosterone,
clonidine, nicotine, lidocaine, prilocaine, and scopolamine.(Orange Book) Certainly, transdermal drug delivery is not
suited nor clinically justified for all drugs. And the skin barrier limits the number of drugs that can be delivered by
passive diffusion from an adhesive patch.
Skin as Barrier
One of the major limitations to successful transdermal drug delivery from the skin is itself, an excellent physical
barrier. Transdermal patches, passive or physically assisted techniques are limited by the dense tissue to deliver
molecules of a certain molecular size and methods that circumvent the skin barrier (i.e. ablative methods, jet
injectors or microneedles). Nevertheless, the barrier property of the skin poses a challenge for these methods as well;
less from an intercellular or chemical point of view, but instead from a mechanical perspective.
The mechanical and structural properties of the skin vary significantly with age, skin type, hydration, body location,
and between individuals[3,4]. Hence, general quantitative descriptions of the skin are very difficult to obtain. Stratum
corneum is generally regarded as the main physical barrier of the skin. The layer is relatively stiff compared to
underlying tissues.
Drug molecules in contact with the skin surface can penetrate by three potential pathways: through the sweat ducts,
via the hair follicles and sebaceous glands (collectively called the shunt or appendageal route), or directly across the
stratum corneum.
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The stratum corneum consists of 10-15 layers of corneocytes and varies in thickness from approximately 10-15 µm
in the dry state to 40 µm when hydrated[5,6]. It comprises a multi-layered “brick and mortar” like structure of keratinrich corneocytes (bricks) in an intercellular matrix (mortar) composed primarily of long chain ceramides, free fatty
acids, triglycerides, cholesterol, cholesterol sulfate and sterol/wax esters[7].
Limitations of Conventional Dosage Forms
Oral solid and liquid dosage form have many limitations in its performance like; Inadequate Absorption,
Degradation of the drug, less bioavailability, Extensive First pass metabolism, GI irritation, Sustained action is not
available. For SR tablets the sustained action is achieved but the first pass metabolism, bioavailability is the
problems that remain as they are.
Macromolecules such as Insulin cannot be administered via the oral route due to rapid enzymatic degradation in the
stomach, inactivation and digestion by proteolytic enzymes in the intestinal lumen, and poor permeability across
intestinal epithelium because of its high molecular weight and lack of lipophilicity.[8]
Nitroglycerine is available in the market in form of patches, SR tablets and buccal films are available. But the
advantages of the patches are numerous due to which it is used vary widely. Sustained action is provided by the
patch that can’t be provided by the SR tablets without first pass metabolism as well as the degradation due to the
acidic conditions in the GI environments. Study shows that the patch has provided good bioavailability and
sustainable effect than the SR release tablets.
Injections and infusions have major disadvantages such as painful, high risk of infection, if not done properly,
potentially fatal air boluses (bubbles) can occur.
Classification of Transdermal Delivery Systems
There are mainly 3 generations of the Transdermal Delivery System. The first generation of systems produces many
of today’s patches by judicious selection of drugs that can cross the skin at therapeutic rate with little or no
enhancement. The second generation has yielded additional advances for small molecule delivery by increasing skin
permeability and driving forces for transdermal transport. The third generation that will enable transdermal delivery
of small molecule drugs, macromolecules (including proteins and DNA) and virus based/ other vaccines through
targeted permeability of the skin’s stratum corneum.[9]
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Generally systems for transdermal delivery are divided in 3 categories which are Structure based, Electronic based,
and Velocity based. For each category underlying systems are shown below.[10]

Fig-1: Classification of Physical Enhancement Techniques for Transdermal Delivery System
Jet Injectors
The concept of skin-penetrating jet injectors dates back over 50 years.[11] The advancement on this technology was
slow at first, perhaps because of reports of unreliability of the jet injection in the form of occasional pooling of drug
on the skin’s surface and reports of bruising.[12] However, more recent research on the helium-driven particle
accelerators developed for transdermal delivery today appears to have stemmed from the gunpower-based
acceleration device (gene gun] developed by Sanford’s group in the late 1980’s for the delivery of genes into plant
cells.[13]
The transdermal jet-injectors propel drug molecules into the skin by production of a high-velocity jet (>100m/s) of
compressed gas (usually helium) or spring that accelerate drug particles through the nozzle of the injector device.
[Figure-2] Accelerated particles then penetrate the skin at a speed and distance determined by physical properties of
the device and particle size, velocity of the carrier gas and discharge pressure.[14] Insulin has been one of the first
molecules to appear in the clinical literature relating to the use of jet injectors, with early studies in the mid to late
1980’s reporting better absorption rates than traditional needle injection[15].
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Fig-2: Jet Injector
Jet injector employs a piezoelectric actuator to accelerate a micron-scale stream of fluid (40–130 µm diameter) to
velocities sufficient for skin penetration and drug delivery (50–160 m/s). Electronic control of the actuator expansion
rate offers more precise injections. Further, the injection parameters including expelled volume, jet pressure, and
penetration depth in soft materials vary with actuator expansion rate, but are highly coupled. Electronicallycontrolled jet injectors may enable the decoupling of injection parameters such as penetration depth and dose,
improving the reliability of needle-free transdermal drug delivery.[16] Lorentz-force actuated needle-free injector to
deliver a blend of bacterial collagenases to the skin has been reported by Hogan et al.[17]
A study of the jet injector delivery system has been performed by Schramm et al. which covered five areas i.e.
Pharmacokinetics (insulin and radioisotope markers), Tissue penetration and reaction, Pain and compliance issues
(alone and in comparison to traditional needle injections), General safety considerations, New clinical applications
(including combination with iontophoresis for the delivery of diclofenac and angiotensin).[14]
Powder vaccine delivery by jet injectors is also in its very early stages. It is difficult to induce cellular immune
responses of vaccines unless they are delivered into the cytosol of target cells. For this reason, powder vaccines are
prepared that are capable of being targeted to produce better pre-clinical and clinical results. For intracellular
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administration, particles are generally kept in the 1-3µm size range and plasmid DNA or protein particles
precipitated onto gold or tungsten beads, whereas for intercellular targeting of protein based vaccine antigens, agents
are usually formulated into powder-like particles with sugar excipients to produce particles on the 20-70µm size
range The clinical testing of jet DNA vaccination is still in it’s early days. These studies were reported to indicate
considerable potential for the further development of the technology. However, in mice, epidermal jet injection with
influenza vaccine powder (with and without adjuvants) resulted in the production of significant levels of
antibodies.[18]
But in delivery by jet injector necrosis, hair loss, and minimal bruising were observed at drug injected sites.[17] Poor
reliability as well as painful bruising and bleeding characterized old devices, due to the high and constant jet velocity
with which drugs are delivered. Toward improved reliability and reduced pain, Stachowiak et al. have developed a
jet injector capable of dynamic control of jet velocity during a single injection pulse by adjusting time at high
velocity, and delivered dose.[19]
From the above information we can conclude that jet injection administration of macromolecules is possible, and
that clinical results are indeed promising, but need obviously over the next few years needs further refinement. Since
1930, different types of jet injectors have been developed and used in clinical applications viz. immunization with
vaccines, insulin delivery, growth hormone delivery, local anaesthesia and even tattooing. Jet injectors were and are
still widely used in large vaccination campaigns, especially by the US War Department during the deployment of the
American army in countries at risk. The most important usage was probably in the WHO vaccination campaign
against smallpox. The feasibility of 600 or more subcutaneous injections per hour makes this the fastest
immunization system.
Jet Injectors Vs Other Conventional Methods
Agerso et al. has studied pharmacokinetics and pharmacodynamics of a new formulation of recombinant human
growth hormone (Zomacton®) administered by ZomaJet 2 Vision, a new needle-free device in comparison with
subcutaneous administration using a conventional syringe. The study was performed according to a randomized,
controlled, three-period crossover design. No withdrawal of subject was taken place due to adverse events. The local
tolerance assessment (assessed by inspection) revealed no differences between ZomaJet2 Vision application and
conventional injections by syringe. When using the ZomaJet 2 Vision, the absorption of hGH was faster, resulting in
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higher C(max) values. Comparison of the pharmacodynamic profiles of Insulin like growth factor-1 (IGF-1) and
Free Fatty Acids (FFA) demonstrated bioequieffectiveness. These results support the use of jet injectors as a viable
alternative to the traditional injections.[20]
Iontophoresis
Iontophoresis was initially developed to facilitate the delivery of ionised solutes, with inherently low partition
coefficients due to their charged state, across tissue membranes. The technique involves the application of a small
electric current (usually 0.5mA/cm2) to a drug reservoir on the surface of the skin with the same charged electrode as
the solute of interest placed together to produce a repulsion effect that effectively drives solute molecules away from
the electrode and into the skin.[15]

Fig-3: Iontophoresis
Iontophoresis generators produce continuous direct current which assures unidirectional flow of ions. The effect of
simple electrorepulsion is known to be one of the main mechanisms by which iontophoresis produces it’s
enhancement effects, though other factors including the possibility of increasing the permeability of the stratum
corneum in the presence of a flow of an electric current and electroosmosis of uncharged and larger water soluble
molecules.

[21]

Many drugs have been studied for delivery by iontophoresis. Some of them are Buprenorphine,
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Piroxicam, Chlorhexidine dihydrochloride, Gentamycin, Thiocolchicoside, Salbutamol, Timolol maleate, Dextran
sulphate, Diclofenac, Rotigotine, Leuprolide, Nalbuphine & its prodrugs, Vasopressin, Atenolol hydrochloride.[22]
Many types of iontophoretic systems are available in market like;
1. Iontophoresis (IP) and electroporation (EP) combination.
Iontophoresis has also been used along with other skin penetration enhancing techniques like electroporation, which
involves the application of high voltage (> 100 V) pulses for short duration (µs-ms) to increase the permeability
through the skin.[23] Electroporation is usually applied before iontophoresis, which causes the creation of increased
permeability skin due to exposure to high voltage pulses. Iontophoresis thus, when applied after electroporation
helps in extending the permeability state of the skin resulting in the rapid onset (which is not possible with
iontophoresis alone) and sometimes increased flux. Optimum time for electroporation is desired since if it is not
applied for proper time, it may not reduce the lag time sufficiently to produce the desired permeability of skin which
would otherwise facilitate the flux of the drug.[24] The increased transport by electroporation has been found due to
creation of electropores as well as local field induced electrophoretic drift.[25] Fang et al. studied the effect of
electroporation on the delivery of buprenorphine. They showed that application of 300 V or 500 V pulses increased
the buprenorphine flux by several folds over passive transport. Despite the pulsing time of 10 min, the cumulative
amount of buprenorphine in the receptor compartment increased constantly till the end of 8 h.[24] This suggested that
a drug reservoir was created within the skin from where the drug was able to permeate to receptor site after 10 min
of application, at a constant rate. Iontophoresis and electroporation have been used in combination for administration
of drugs such as Salmon calcitonin (SCT) and PTH combination, Buprenorphine, Tacrine Hydrochloride.[22]
2. Pulsatile/switching iontophoresis.
Many studies have been conducted where instead of using constant DC iontophoresis; DC in the form of short pulses
has been used. Drugs those can be given by pulsatile iontophoresis and for that the study has been performed are
Human Para thyroid hormone, Glibenclamide, Phthalic acid (PA), benzoic acid (BA), Verapamil (VR), LHRH and
Nafereline, Ketorolac, Salmon calcitonin (SCT) and PTH combination, Buprenorphine, Tacrine Hydrochloride.[22]
3. Reverse iontophoresis.
Reverse iontophoresis, a technique in which low electric current is applied to draw body fluid through the skin, is
widely applied now a days in devices meant for diagnostic application. This provides a convenient and non-invasive
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method for sampling of body fluids so as to permit simultaneous measurement of the desired substance in the body
fluid and thus to monitor them efficiently e.g., devices like Glucowatch® uses the reverse iontophoretic process to
continuously monitor the glucose level in the blood. It provides a needleless means of monitoring blood glucose
levels in diabetic patients. GlucoWatch® is approved for use in children and adults. The technique provides a
feasible method for rapid, linear extraction of phenylalanine and for easy detection and monitoring diseases like
phenylketonuria.[26] Caffeine, Theophyline, Lithium, Phenytoin are the drugs that can be delivered by reverse
iontophoresis.[22]
The degree of variability, safety and acceptability of iontophoresis has been addressed in only a few recent studies,
with older studies tending to report only the most dramatic effects of burns resulting from electrode contact with
skin. Local erythema under electrode application sites is a common reaction to iontophoresis and is thought to be
due to either microscopic cellular damage at sites of high current density leading to cytokine and prostaglandin
release and local vasodilatation, some form of direct stimulation or via provocation and release of substance-P and
calcitonin gene-related peptide at nerve endings in the dermis.[21] Singh et al. reported regional variations in both
skin irritation and barrier function following iontophoretic application of saline in humans. Erythema scores and skin
reactions were noticed to be greater at the chest than the abdomen or upper arm. Following iontophoresis of
unbuffered solutions in human volunteers, however the current applied in this study resulting in these effects
(80mA/min) was higher than would be recommended for normal iontophoretic treatment.[27]
There have been numerous research applications of iontophoresis in topical drug delivery for lower molecular
weight solutes (<500 Da). For macromolecules and protein and peptide structures there have also been a number of
studies including: calcitonin (salmon)[8], corticotrophin-releasing hormone[28], delta sleep-inducing peptide[29],
dextran sulphate, inulin, insulin, gonadotropinreleasing hormone, growth hormone-releasing factor, leuprolide
acetate, leutenising hormonereleasing hormone, neutral thyrotrophin-releasing hormone, oligonucleotides,
parathyroid hormone and vasopressin.[22]
In macromolecule delivery by iontophoresis, insulin (5808 units) has been investigated by Kanikkannan et al.[30]
However, basal rates of insulin needed by diabetics is 0.5– 1 mg/day and even this low basal drug input exceeds the
theoretical flux predicted for iontophoretically delivered monomeric insulin on a 10 cm2 area.[31] Although the flux
enhancement of ions during iontophoresis is due principally to the electrical potential gradient, secondary effects
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such as convective solvent flow contribute also to flux enhancement of peptide delivery. This effect is dependent of
physicochemical conditions of formulation.
Sonophoresis
Ultrasound has been used since the 70’s to enhance penetration through the skin, and in the mid 1990’s, extensive
research was conducted to find attractive alternative delivery systems to injections and oral Medications.

Fig-4: Sonophoresis
A number of these studies focused on facilitating transdermal permeability of various medicinal substances (e.g.,
insulin) by low frequency (20-25Khz) sonophoresis (LFS). During clinical evaluation of the effectiveness of
sonophoresis, experiments demonstrated that a significant fraction (~30%) of the intercellular lipids of the stratum
corneum, were displaced or removed during the application of low-frequency sonophoresis, increasing the skins
permeability by up to 800%. It was this initial research that provided the data for the sonic frequency, safe power
output levels and the design of the sonicator heads to develop the devices currently used. It is the method to move
drugs across the skin barrier where skin is made permeable under influence of ultrasonic waves. The technique has
been used frequently for over half a century, e.g. with hydrocortisone in combination with physical therapy of jointrelated complications (arthritis).[32]
Traditionally, frequencies above 1 MHz have been used in order to reach and simultaneously stimulate tissues (joints
and muscles) below the skin. However, during the past decade a considerable amount of research has been directed
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towards low-frequency sonophoresis (<100 kHz) shown to interact with the superficial skin tissue and increasing
transdermal transport by orders of magnitude.[33,34]
Thermal, chemical and mechanical alterations in the skin are considered to be the main transport enhancing
mechanism in sonophoresis. For low-frequency sonophoresis, the formation and collapse of bubbles within the cells
(cavitation) causes disruption of the skin tissue and is believed to be the predominant effect by which the method
works.[35] Administration of many different drugs, e.g. insulin, low-molecular weight heparin, and vaccine, have
been demonstrated feasible with low-frequency sonophoresis[33]. Typical acoustic intensities range from 0.25–1
W/cm2.
In 2004, Sontra Medical Corp. (a spin off from R. Langer’s lab at MIT) received FDA approval for the first
sonophoretic transdermal delivery system. The system, SonoPrep®, is aimed for lidocaine administration (pain
relief) and consists of a portable base unit connected to an ultrasonic horn that is pressed onto the area of skin to be
treated.[36]
Yuh et al. has performed the study of determination of the delivery of systemic liposomal doxorubicin to tumors
treated with pulsed high-intensity focused ultrasound in a murine model which has focused that doxorubicin
concentration in the tumors was significantly higher than those were not treated with high intensity focused
ultrasound. This study has shown the potential of the pulsed high-intensity focused ultrasound as an effective
method of targeting systemic drug delivery to tumor tissue.[37]
Low-frequency ultrasound was shown to increase the permeability of human skin to many drugs, including high
molecular weight proteins, by several orders of magnitude, thus making transdermal administration of these
molecules potentially feasible. It was possible to deliver and control therapeutic doses of proteins such as insulin,
interferon gamma, and erythropoeitin across human skin.
Ultrasound-mediated gene transfer technique has been used to produce growth factor like vascular endothelial
growth factor (VEGF)[38,39], and also macromolecules delivery like ß-galactosidase[40], neuroepithelial transforming
protein 1 (NET-1) siRNAs[41], angiopoietin (Ang)-1[39], microRNA (miRNA)[42], β-adrenergic receptor kinase
(βARKct) gene[43], plasmid DNA encoding human neprilysin (hNEP)[44], anti-angiogenic genes, endostatin or
calreticulin[45], Smad7 gene for type-2 diabetes[46], pBDNF-EGFP[47], DNA plasmids encoding for Gaussia
luciferase, β-galactosidase[48,49], miR-21-knockdown plasmid[50], cell transfection with plasmid vector pEGFP-N3[51],
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chemokine stromal cell-derived factor-1 (SDF-1)[52], and also for delivery to the nervous system like dorsal root
ganglion[53] to transfect neuronal cells, muscle, cardiac cells, solid tumours, liver, kidney and for transdermal
delivery.[38-51]
Ultrasound is easily approved for clinical use (delivery of chemotherapeutic, thrombolytic and gene-based drugs)
because of the low energy delivered and because it is non-invasive. Ultrasound has other advantages: it has good
penetration through soft tissue, does not damage cells or tissues (at appropriate intensities), and does not affect DNA
integrity. One limitation of this technique is that it can cause the breakdown of the cytoskeleton, thus altering,
among other mechanisms, the DNA trafficking inside the cells.[54]
Ultrasound application is a mechanical way to permeabilize cells, to be compared with electroporation, an electrical
way to cause cell permeabilization. Combination of sonoporation with the application of an electric field called
electrosonoporation. Greater efficiency was achieved when electrical pulses were applied in the middle of the
ultrasound wave delivery. Low-frequency ultrasound is thus a potential noninvasive substitute for traditional
methods of drug delivery, such as injections.
Microneedles
In recent years, attention has been drawn to a new type of delivery method where arrays of miniaturized needles are
used to penetrate the skin layer. Since the needles are short, they do not reach the nerve-rich regions of the lower
parts of the skin. As a consequence, the stimulus caused by microneedle insertion into the skin is weak and
perceived as painless[55,56] A microneedle is a needle with representative parts (e.g. diameter, length) on the micron
scale. However, this definition is rather bold as it includes most of the standard hypodermic needles used in medical
practice. Microneedles are significantly smaller than ordinary needles, especially concerning the length. They have
length of the needle shorter than 1 mm. Microneedle for the transdermal transportation of the active molecules is the
newer concept stated as the THIRD GENERATION CONCEPT. This third generation concept includes thermal
ablation, microdermabration etc.[9] By combining microneedles with a patch-like structure, a system can be realized
which essentially has all the favourable properties of a traditional transdermal patch, i.e. continuous release, ease-ofuse, unobtrusiveness and painlessness.[57]
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Fig-5: Microneedle
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. To increase the
permeability of the stratum corneum, it must be penetrated with very short needles as the easiest way. From many
decades, microneedles are developed and used to inject the drugs into the skin in a minimally invasive manner
within the epidermal layer where the drug delivered can diffuse in systemic circulation very easily.[58,59]
Microneedles: Types and Its Applications
A classification for microneedles usually used in literature is based on the fabrication process: in-plane or out-ofplane microneedles. In-plane microneedles 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. Out-of-plane microneedles on the other hand, protrude from
the substrate and are straightforward to fabricate in arrays.[60] The extremely slender needles were used as electrical
electrodes and designed to stimulate the visual cortex of the brain in order to regain sight. Related to this application,
in-plane, microneedle probes have been used for activity recording and cellular chemostimuli of brain tissue.[61,

62]

Solid, out of plane, microneedles have been used to penetrate the stratum corneum to facilitate EEG
(Electroencephalogram) measurements for anaesthesia monitoring.[63]
Microneedles have been used in many other different applications, ranging from neurostimulation to gene delivery
into individual cells. A common goal is to create a pathway to an object by physically circumventing some kind of
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barrier. In most applications this barrier is the skin. The rationale of using microneedles, as opposed to macro-scale
devices, is motivated either by the size of the target or the benefit of piercing in a minimally invasive manner.
The concept of an array of miniaturized needles for drug delivery purposes essentially dates back to 1976. Although
the concept of miniaturized needles for drug delivery was presented earlier, it was not until the 1990s that the
technique was tested experimentally. A reason for this was microfabrication techniques which were under
development at that time, enabled these micrometer-sized needles to be precisely fabricated in a potentially costeffective manner. The first reported study on microneedles for transdermal drug delivery came in 1998.[64]
Given the governing goal to deliver a substance across the skin for subsequent systemic distribution, by the means of
microneedles, several possible strategies can be employed to accomplish this. The simplest way, is to perforate the
skin with microneedles and then apply the drug onto the skin for subsequent diffusive spread into the body. The drug
can be applied to the skin surface as a gel or through a medicated patch to achieve prolonged release. Another way is
to precoat the microneedles with the drug before they are inserted into the skin. A third option is to fabricate the
microneedles in a biodegradable material that incorporates the drug. When the needles are inserted into the skin, the
needles dissolve and the drug is subsequently released.
If the microneedles are hollow, the drug can be actively injected into the tissue. Hollow needles can also be used
with passive, diffusion-driven, delivery. In that case, the needles merely functions as controlled and sustained paths
(channels) into the body. For moderately sized microneedle arrays, it is difficult to embed more than 1 mg. This may
be sufficient for certain highly potent drugs (e.g. vaccines). Higher delivery rates can be achieved with hollow
microneedles.
To maximize the delivery rate, a rational strategy for all the mentioned methods is to distribute the delivery over
several microneedles. That is, by using an array of needles over a larger skin area, it exposes a larger area of the drug
which promotes further diffusion to the capillaries. In-plane microneedles are difficult to fabricate in twodimensional arrays and are therefore less suited for general drug delivery applications.
As per the another classification microneedles have mainly 3 types; solid, solid with drug coated on outside of
needles and hollow to facilitate fluidic transport through needles and into lower epidermis. Solid microneedles
penetrate the skin to increase skin permeability for a variety of small molecules, proteins and nanoparticles and other
macromolecules from an extended-release patch. Alternatively, drug formulations have been coated on or
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encapsulated within microneedles for rapid or controlled release of peptides and vaccines in the skin. Hollow
microneedles have been used to deliver insulin and vaccines by infusion.[65]
Microneedles may be coated with the compound to be delivered including small molecules, proteins, DNA, and
virus particles.[65,66] Microneedles have been made up of water-soluble polymers that encapsulate various
compounds within the needle matrix.[67] These microneedles dissolve in the skin over a timescale of minutes and
thereby leave no sharp medical waste after use.
Advancements
Many advances are reported in the delivery to humans using microneedles. Wermeling and his colleagues have
studied the delivery of active molecule, naltrexone. Naltrexone was administered to healthy volunteers by
penetration of skin with microneedles. After applying a microneedle patch, blood levels of naltrexone reached the
therapeutic range. Transdermal delivery without microneedle have showed the level of naltrexone below
detection.[68]
Transdermal delivery by microneedles offers new direction to improve vaccine administration. These microneedles
increase skin permeability to drugs and particles.[69,70] Invivo experiments of animal studies show the delivery of
macromolecules like insulin, [71,72] oligonucleotides, inactive viruses(like anthrax vaccines), DNA[73], human growth
hormone[74], etc. Microneedle patches were reported to be painless by the volunteers and was generally well
tolerated. Other studies have showed the effective delivery of parathyroid hormone from coated microneedles, which
have advanced from animal studies through clinical trials.[9] Animal studies have showed delivery of live attenuated
virus, inactivated virus, protein sub-unit, and DNA vaccines against influenza, hepatitis B, yellow fever, Japanese
encephalitis and anthrax using microneedles.[75] The administration of influenza vaccine by the microneedles is
about to complete in phase-3 clinical trials and filing for registration in Europe by Sanofi Pasteur (Paris) and Becton
Dickinson (Franklin Lakes, NJ, USA) for their microneedle-based influenza vaccine.
Vaccine delivery by the route of the skin is targeting the potent epidermal Langerhans and dermal dendritic cells that
can produce a strong immune response at very low doses than deeper injection.[76] The smallpox vaccine was
administered via the skin with the help of a small needle device to cross the stratum corneum barrier. This
administration has not provided good control over delivery yet it was effective. This delivery has opened the doors
for the development of new delivery systems.[77] The scenario of today’s world is that where at least 1.3 million
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people were killed by the reuse of needles used for the vaccine delivery per year from hepatitis B and AIDS[78]. So
the new delivery technique can improve this scenario because of being the needle free and once only use. Since
usage of patch is very easy, any patient can use it and it gives more compliance to patients. The immune response
can also be increased by employing chemical adjuvant.[77]
The sMTS (Solid Microstructured Transdermal System) technology has been tested with a range of antigens and has
shown to produce an equivalent immune response to intramuscular injection with up to a 10-fold reduction in dose.
3M’s sMTS system has the ability to deliver a range of biopharmaceuticals and vaccines, systemically or
intradermally. sMTS enhances the efficacy of vaccines by targeting the antigen to key antigenpresenting cells (APC)
within the skin, thereby improving delivery efficiency and reducing dose requirements. sMTS arrays of 3M are
optimized for the depth of penetration into the skin and simplified systems of application required for placement of
the arrays.[79]
Major investments for transdermal vaccine patch are made and a number of academic and industrial laboratories
engaging in this field of research are continuously increasing.
Skin Ablation
The outermost layer of the skin, the main physical barrier of the skin, consists of dead keratinized cells. A
straightforward approach to increase transdermal transport is therefore to simply remove this layer or make pores to
cross that keratinized layer. A common approach among dermatologists and other professionals working with the
skin is to use adhesive tape to remove or weaken the layer.[80] As an example, it has been determined that a doubling
of the TEWL (Trans-Epidermal Water Loss), a measure of the skin permeability, occurs after approximately eleven
successive tape strips with standard surgical tape.[81]
Other techniques to remove the outermost skin layer include microjets of particles that cut through the layer and
thermal ablation methods making micro-conduits by burning away small micrometer-sized areas.[82] Since ablation
only occurs on the superficial layer of the skin, these methods are reported to be painless. Of the thermal methods,
different strategies are used to facilitate ablation, e.g. pulsed laser, arc discharge or short-duration resistive
heating.[83]
Prausnitz and their colleagues have shown that heating at very high temperature for very short time has marked
effect on skin permeability. Experiments were performed on porcine skin. Increase in permeability of the skin is not
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dependant upon duration of heating which was shown in this experiment. Increment of permeability was upto 760
folds depending upon temperature and nature of molecule (eg. lipophilic). Reason for this increment was due to lipid
melting in stratum corneum layer.[84] The study has suggested that the mechanism may involve decomposition and
vaporization of the stratum corneum, which removes tissue to generate micron-scale holes. Where as iontophoresis
and ultrasonic enhancement of transdermal transports, which each involve structural rearrangements of stratum
corneum on the molecular or nanometer scale.[10] It also differs from microneedles, which similarly make micronscale holes in the skin. [64]
This short duration resistive heating technique is commercialized by Altea Therapeutics Corp. Their Passport patch
system resembles a classical transdermal patch but has integrated heater elements that are in contact with the skin. A
separate handheld “applicator” activates the delivery by inducing a current into the patch’s heaters. The company is
developing the system for analgesics, insulin and vaccines alike the other transdermal methods mentioned.[83]
The other method for transdermal penetration enhancement is Laser ablation. Mid-infrared laser ablation of stratum
corneum enhances in vitro percutaneous transport of drugs. [Figure-6] As an evidence, Kalia et al. have shown the
effect of laser as a skin penetration enhancer for delivery of diclofenac across the skin. P.L.E.A.S.E.®
technology(Painless Laser Epidermal System) has been used to create micron size pores in skin to facilitate transport
of the drug. This experiment has shown the significant increase in permeation of the drug with use of P.L.E.A.S.E.®
technology.[85] Stratum corneum ablation with low intensity Er:YAG laser (light emission at 2940 nm) increased the
permeability of both lipophilic and hydrophilic drugs through nude mouse skin in-vitro.[86] Penetration enhancement
of the transdermal delivery of three narcotic drugs, including morphine, nalbuphine, and buprenorphine, with an
erbium:yttrium-aluminum-garnet (Er:YAG) laser pretreatment has shown by Lee et al. [87]

Fig-6: Skin Ablation by employing LASER
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This laser assisted Transdermal delivery enhances not only low molecular weight molecule delivery but also
macromolecules. There are numbers of studies performed for the evidence of macromolecule delivery across the
skin with use of laser ablation. 5-aminolevulinic acid (ALA) permeation enhancement has been shown with two
laser sources i.e. Er:YAG laser (Key III Plus KaVo) and a Q-switched neodymium(Nd):YAG laser (Lotis TII SL2132) on Pinna skin of the inner side of rabbit ear by Gomez et al.[88] Laser ablation of stratum corneum (SC)
enhances transdermal delivery of hydrophilic drugs. The influence of the infrared (IR) (lambda = 1,064 nm), visible
(lambda = 532 nm), and ultraviolet (UV) (lambda = 355 nm) radiations of a Nd:YAG laser on transdermal delivery
of 5-Fluorouracil (5-Fu) across skin was studied in vitro and has shown enhanced and controlled delivery of the
drug.[89]
The laser-assisted delivery of Antithymocyte globulin (ATG) and Basiliximab has been investigated by Yu et al. In
vitro delivery experiments were performed using dermatomed porcine ear and human abdominal skins. Er:YAG
fractional laser ablation has used to facilitate the penetration of ATG and basiliximab. In the experiment, ATG
concentration achieved in the laser-porated human skin was in the therapeutic range for providing local
immunosuppression.[90] Hsiao et al. have shown the penetrability of vitamin C and its derivatives with two types of
lasers viz. Er:YAG and CO(2) on balb/c nude mouce. They have shown greater penetration of vit-C and its
derivatives from laser treated skin than that of untreated normal skin.[91] In the same way Fang et al. have shown
increment of Fluorescein isothiocyanate (FITC)-labeled dextran (FD) (77kDa) penetration across the skin by
Er:YAG laser. [92] Insulin was also studied for skin penetration by the laser ablation. Q-switched ruby laser was used
for the skin poration in a streptozotocin-diabetic rat model. Decreased blood glucose level by around 80% has given
evidence of significant penetration of insulin across the skin.[93] Mid-infrared laser ablation by erbium:yttrium
scandium gallium garnet laser (lambda = 2.79 microns; 250 microseconds pulse width) of pig stratum corneum
enhanced the permeation of both hydrocortisone and gamma-interferon.[94] Bioavailability and bioactivity of human
growth hormone (hGH) delivered transdermally through microchannels (MCs) in the skin created by radiofrequency (RF) ablation on rat or guinea pig (GP) skin have been evaluated by Levin and his colleagues. The study
has shown increment of 75% (rats) or 33% (Guinea Pigs) bioavailability relative to subcutaneous (s.c.).[95]
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These studies have provided the evidences for the delivery of macromolecules across the skin using laser poration
technique. However, the structural changes caused by this technique are still needed to be assessed for safety and
reversibility where evidence of deeper level ablation effects exists.
For more than 50 years, proteolytic enzymes have been extensively used in laboratory settings for the purposes of in
vitro epidermal separation and keratinocyte isolation. Previous therapeutic applications for topically applied
proteases have been limited to wound debridement. But this study has given the extension of the proteolytic
enzymes to skin ablation. Proteases such as subtilisin, trypsin, and dispase have been studied for the skin ablation
and shown effective ablation of the hairless mouse and human skin.[96] This approach can be used for the
transdermal drug delivery. But it is essential requirement that drug has no evidential stability problem with these
enzymes.
Conclusion
The scientific and technological advances that enable targeted disruption of stratum corneum while protecting deeper
tissues have brought the field to a new level of capabilities that position transdermal drug delivery for increasingly
widespread impact on medicine. Overall, transdermal drug delivery offers compelling opportunities to address the
low bioavailability of many oral drugs; the pain and inconvenience of injections; and the limited controlled release
options of both.
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