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ABSTRACT
The delivery of drugs into systemic circulation via skin has generated lot of interest in recent time. Transdermal drug delivery is now a promising route of drug
delivery system. The transdermal drug delivery system has potential advantages of avoiding hepatic first pass metabolism, maintaining constant blood levels for
longer period of time, decrease side effects, decrease gastrointestinal effect that occur due to local contact with gastric mucosa and improved compliance. The
success of transdermal drug delivery system depends on the ability of the drug to penetrate through the skin in sufficient quantities to achieve desired therapeutic
levels. In this article, the most recent editorial briefing on transdermal drug delivery systems by physical enhancement is intended to summarize the progress made
in TDDS research and development.
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Drugs are rarely administered as pure chemical substances alone
and thus the most commonly employed drug delivery systems include tab-
lets, capsules, pills, injections, topical and mucosal formulations. For most
of the drugs, conventional methods of drug administration are effective,
but some drugs are unstable and or toxic and have narrow therapeutic ranges2.
Oral drug delivery is by far the most convenient mode of delivering drugs
especially when repeated or routine administration is required3. While this
has the notable advantage of easy administration, it also has significant
drawbacks namely poor bioavailability due to hepatic metabolism (first
pass) and the tendency to produce rapid blood level spikes (both high and
low), leading to a need for high and/or frequent dosing, which can be both
cost prohibitive and inconvenient4. To overcome these drawbacks there is
a need for the development of new drug delivery system; which will im-
prove the therapeutic efficacy and safety of drugs by more precise  (i.e. site
specific), spatial and temporal placement within the body thereby reducing
both size and number of doses.

The goal of an ideal drug delivery system is to deliver a drug to a
specific site, in specific time and release pattern. The traditional medical
forms provide drug delivery with peaks, often above the required dose
(Figure 1).
 

The constant drug level in blood or sustained drug release to
avoid multiple doses and bypassing of the hepatic “first-pass” metabolism
are the main challenges for every delivery system5. This transdermal deliv-
ery system should not only control the therapy of drug but also do so in a

patient compliant fashion. Effective delivery of the formulation in a physi-
ologically compatible manner is thus the next challenge in the drug devel-
opment cycle. Careful selection of a delivery system is critical to succeed
in the further stages of drug safety and metabolism.

Human skin is an attractive portal for administration of active
pharmaceutical ingredients. This route, referred to as the Transdermal
Drug Delivery, is an alternative route for systemic delivery of drugs through
intact skin to reach the systemic circulation in adequate extent to elicit a
desired therapeutic response6. The initiative of delivering drugs through
the skin is ancient, as far back as the 16th century B.C., the Ebers Papyrus
recommended that the husk of the castor oil plant be crushed in water and
placed on an aching head7.

In recent decades, transdermal drug delivery has been an active
field of biomedical research with rapid development in both the extent and
the depth of investigation. The success of transdermal delivery depends on
the ability of the drug to permeate the intact skin in sufficient quantities to
achieve its desired pharmacological action. The first transdermal patch
(0.5 mg Scopolamine, TTS-S, Novartis, Basel, Switzerland) was approved
by US Food and Drug Administration in 1979 to treat motion sickness8 ,  9.
Depending upon the drug, the time of duration of transdermal delivery is
generally from 1 to 7 days10. The transdermal route is one of the major
pathways for delivering potent therapeutic agents to the human body.

Advantages and Limitations

Transdermal drug delivery has many advantages over the con-
ventional drug delivery and also some limitations which can be discussed as
follows.

Advantages1, 6,  7,  11, 12, 13

♦ Provides a noninvasive alternative to parenteral, subcutaneous and
intramuscular  injections.

♦ Avoids first-pass metabolism in the gastrointestinal tract and liver,
which allows drugs with poor oral bioavailability and/or short biologi-
cal half-lives to be administered at most, once a day, and which can
result in improved patient compliance.

♦ Avoid the complications of gastric irritation, stomach emptying and
pH effects.

♦ To enable control of input, as exemplified by the termination of drug
delivery through removal of the device.

♦ Suitable for patients who are unconscious or suffering from vomiting.
♦ Decreases the dose to be administered.

Figure 1: Drug concentration in blood during drug delivery
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♦ Not affected by food intake.
♦ Provides constant blood levels in the plasma for drugs with a narrow

therapeutic window, therefore minimizing the risk of toxic side ef
fects or lack of efficacy.

♦ Sustained release of drug for long durations to reduce the dosing fre
quency.

♦ Programmed delivery from conventional transdermal patches is not
easy but the techniques that use active processes, such as an electric
current,can deliver the therapeutic agent in a  time-dependent man
ner.

Limitations1, 6, 11, 14

♦ The variability in transdermal absorption owing to site, disease, age
and species differences.
♦ Only relatively potent drugs are suitable candidates for transdermal

deliv ery as the natural limits of drug entry imposed by the skin’s
impermeability.

♦ Some patients develop contact dermatitis at the site of application
from one or more of the system components, necessitating discon
tinuation.

♦ TDDS cannot achieve high drug levels in blood/plasma.
♦ The metabolic enzymes in the skin may create a trouble, and some

drugs are almost completely metabolized before they reach the cuta
neous vasculature.

♦ Another difficulty that can arise, which is sometimes overlooked, is
that some drugs can be broken down before penetration through the
stratum corneum (SC) by the bacteria that live on surface of the skin.
♦   The use of transdermal delivery may be uneconomic.

PERMEATION ENHANCEMENT

Transdermal permeation, or percutaneous absorption, can be de-
fined as the passage of a substance, such as a drug, from the outside of the
skin through its various layers into the bloodstream. The success of
transdermal drug delivery system depends on the ability of the drug to
penetrate through the skin in sufficient quantities to achieve therapeutic
levels15. The penetration enhancers (also called sorption promoters or
accelerants) which penetrate into skin to reversibly decrease the barrier
resistance16. The impermeability of the skin has led to the development of
a number of enhancement strategies. These can be broadly divided into
chemical approaches and physical penetration enhancement. In this ar-
ticle, the most recent editorial briefing on transdermal drug delivery sys-
tems by physical enhancement is intended to summarize the progress in
TDDS research and development.

The stratum corneum (SC), most outer layer of skin, consists of
a well-organised layer of dead corneocytes intercalated with lipids, which
present a significant barrier to the diffusion of agents into the body. In
order to overcome this barrier and enhance permeation, a number of chemi-
cal and physical enhancement techniques have been developed either alone
or in combination. Though chemical enhancers increase delivery of agents
by perturbing the SC barrier through interaction with proteins or by fluidi-
zation of the SC lipids, their extensive use is limited by their potential skin
irritation17. However, due to low permeability coefficients of macromol-
ecules, the enhancement effects required to ensure delivery of pharmaco-
logically effective concentrations are likely to be beyond the capability of
chemical enhancers tolerated by the skin.

Therefore, several technologies, based on physical disturbance
or removal of SC layer, have been developed for the transdermal delivery
of some troublesome drugs as the development of such techniques have
overcome the limitations of chemical enhancement techniques1 8 ,  1 9 ,  2 0.
Various techniques for physical penetration enhancement of permeants
are summarized as follows.

Iontophoresis

The delivery of drugs into systemic circulation via skin has gen-
erated a lot of interest during last decade. Iontophoresis is one of the

physical approaches in enhancement of transdermal permeation. The idea
of applying electric current to enhance the penetration of electrically
charged drugs into surface tissue was probably originated by Pivati in174721.

Iontophoresis is a non invasive method of boosting high concen-
tration of a charged substance, generally medication or bioactive-agents,
through a biological membrane by the application of a small electric cur-
rent (usually 0.5 mA/cm2)22, 23. Drug compounds can be classified chemi-
cally as ionic, zwitterionic or neutral. Ionic compounds can be further
subdivided into cationic or anionic species. The proportion of the com-
pound, which exists in the ionic state depends on whether the compound is
a salt, an acid or a base, on its associated pKa or pKb values, and the pH of
the solution/matrix in which it exists24. Coulomb’s Law states that “like
charges repel” which means that by placing a cationic solution under the
anode, when a current is applied the positive ions will be drawn toward the
cathode electrode. The human body conducts electrical signals very well,
as demonstrated by neuronal action. Thus, when an electrode is applied to
the skin, the current flows through the skin and the ionic substance is
drawn into the body25.

Iontophoresis is a symmetric process that transports ions across
the skin in both directions. Anodal iontophoresis occurs when an anode
electrode (+ Ve charge) is placed in a positively charged drug solution
(cations) and cathode electrode (- Ve charge) is placed in a receptor solu-
tion in a near by location. Cathodal iontophoresis is the reverse of anodal
iontophoresis and involves the movement of an anion (Figure 2).

Figure 2: Anodal and Cathodal Iontophoresis

There are three possible pathways by which drug enters to the systemic
circulation; transcellular (through cells), paracellular (around cells), or appendageal
pathways (sweat glands, sebaceous glands, or hair follicles)26. Hair follicles have
diameters on the order of tens of microns and could present shunt pathways for
ion permeation across the highly resistive outermost layer (stratum corneum) of
the epidermis27. At the pH 7.4, the skin is negatively charged28 and because of this
original negative charge in the superficial skin layers, it is relatively easy to
introduce basic drugs29. Hence, a positively charged ion penetrates more easily
across the skin than a comparably sized anion30.

Three main mechanisms enhance molecular transport by iontophoresis:

  i.  Charged species are driven primarily by electrical repulsion (migration) from
the drivingelectrode31,
 ii.  The flow of electric current may increase the permeability of skin 18

iii. The electroosmotic solvent flow, which enhances the flux of both charged and
neutral   molecules.

The electroosmotic flow occurs from anode to cathode, thus enhancing
the flux of positively charged (cationic) drugs and making it possible to deliver
neutral drugs32. The solvent flow states that iontophoresis causes water, a very
effective penetration enhancer, to enter the stratum corneum by electroosmosis.
Dissolved drugs can be carried across the skin along with the penetrating water
during iontophoresis20.

A large number of factors are involved in the movement of ions and
molecules across the skin when an electric field is applied. Efficiency of transport
depends mainly on polarity, valency and mobility of the charged species, as well as
electrical current applied and formulation components18, 33. The relative impor-
tance of electrorepulsion and electroosmosis depends on the physicochemical and

 Anodal inotophoresis
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electrical characteristics of the membrane and of the permeant.

In addition, the skin’s negative charge can be reduced, neutralized, or
even reversed by the iontophoresis of certain cationic, lipophilic species34. The
skin behaves as a capacitor in an electric circuit, so that the effective current
decreases with duration of continuous DC application. In order to avoid this
polarization, pulsed DC iontophoresis have been effectively used35.

Iontophoresis is a controlled release method in which the rate of drug
delivery can be modulated after delivery has been initiated36 by alteration of the
applied current, thus tailoring therapy for specific conditions. The iontophoresis
approach has been investigated for increasing skin permeability of ketamine37,
diclofenac38, flurbiprofen39, methotrexate40, 41, nafarelin42, timolol maleate43,
etc. Iontophoresis is often used in combination with various drug delivery methods
to improve the transdermal transport which include chemical enhancers,
electroporation, sonophoresis, microneedle, ion-exchange materials, laser etc44,

45.

Electroporation

Transdermal drug delivery is enhanced by electroporation of the stra-
tum corneum46. Skin electroporation (electropermeabilization)47 creates tran-
sient aqueous pores in the lipid bilayers by application of short electrical pulses.
These pores provide pathways for drug penetration that travel straight through
the horny layer48.

Two main pulse protocols have been employed to promote transport;
intermittent application of short high-voltage pulses (about 1 ms and 100 V across
the skin) and a few applications of long medium-voltage pulses (about 100 ms and
> 30 V across the skin)49. During and after the physical disruption of the lipid
bilayers of the stratum corneum, molecular transport occurs by electrophoresis50,
electroosmosis51, and/or diffusion52. New aqueous pathways would be created within
the stratum corneum due electroporation of its lipid bilayers53. Molecular trans-
port through transiently permeabilized skin then occurs due to different mecha-
nisms, mainly by electrophoresis and enhanced diffusion50. Thermal effects may
be involved54 and it is recognized that localized Joule heating associated with
electroporation is likely to contribute to increased permeability of stratum cor-
neum by lipid chain melting. Electroporation increase the permeation of transdermal
delivery of large molecules55. The molecular weight of the permeants influencing
the route of transport, the smaller the molecular weight, the more intracellular the
penetration.

Ultrasound

Phonophoresis, or sonophoresis is a technique by which therapeutic
ultrasound is used to introduce pharmacologic agents, usually anti-inflammatory
or analgesic drugs, through intact skin into the subcutaneous tissues56. The ultra-
sonic energy (at low frequency) disturbs the lipid packing in stratum corneum by
cavitation18.

Application of low frequency ultrasound (20-100 kHz) enhances skin
permeability more effectively than high frequency ultrasound (1-16 MHz). The
mechanism of transdermal skin permeation involves disruption of the stratum
corneum lipids, thus allowing the drug to pass through the skin. A corresponding
reduction in skin resistance was observed due to cavitation, microstreaming and
heat generation57. Reverse ultrasound technology may also be used for the extrac-
tion of interstitial fluid samples for analysis58. The low frequency (20 kHz) rather
than therapeutic ultrasound (1 MHz) increases enhancement a thousand-fold59.
Below a threshold value for cavitation (which depends on conditions), permeation
is inversely proportional to frequency. Therapeutic ultrasound is normally gener-
ated by a transducer that converts electrical energy to ultrasound by utilising the
piezoelectric principle. Ultrasound does not pass through tissues with 100% effi-
ciency and much of the energy is attenuated by the dual processes of scatter and
absorption. The amount of heat absorbed depends on the absorption characteris-
tics of the tissue being irradiated and the amount of ultrasonic energy passing
through it.

The intensities used by ultrasonic therapy devices, heat the tissues by a few
degrees centigrade and this is thought to be a major factor of any biological effect.

Absorption of the ultrasound depends upon the molecular weight of material and
its physical properties60. The propagation of an ultrasonic wave within the skin
has two main physical consequences: heating and cavitation, and these mecha-
nisms may be linked as cavitation may cause heating61. The overall consequence
is increased skin permeability due to increased fluidity of intercellular lipids by
heating or mechanical stress and/or by enlarging intercellular space, or by creating
permanent or transient holes through corneocytes and keratinocytes as a conse-
quence of cavitation and/or by driving the drug and the vehicle through the
permeabilize skin by convection. This increase in skin permeability to drugs may
not persist after the end of sonication62. Other investigations have shown a
possible deactivation of skin enzymes by ultrasound63, effect of pulsed delivery,
synergistic co-operation of ultrasound with iontophoresis64, penetration enhanc-
ers65 and electroporation66, phonophoresis used to probe the relative contribution
of the follicular route to the penetration of hydrophilic permeants67. Now, it is
clear that the effect of ultrasonation depends on the nature of the drug, the
formulation base, and the conditions of ultrasound application68.

Photomechanical waves

Pressure waves (high amplitude pressure transients) generated by lasers
is one of the newest platform of drug delivery. These pressure waves are compres-
sion waves and thus exclude biological effects induced by cavitation. Their ampli-
tude is in the hundreds of atmospheres (bar) while the duration is in the range of
nanoseconds to a not many microseconds, 100 ns – 1 As. In addition, the term
photomechanical waves have often been used for laser generated pressure waves.
Pressure waves have been used to permeabilize the SC and facilitate the transport
of macromolecules into the viable skin 69. They have also been shown to facilitate
drug delivery into microbial biofilms70. PW can also permeabilize the nuclear
envelope and facilitate the delivery of macromolecules into the cell nucleus71. A
single pressure wave is adequate to permeabilize the SC and allow macromolecules
to diffuse into the epidermis and dermis72. Furthermore, drugs delivered into the
epidermis can enter the vasculature and produce a desired systemic effect. For
example, insulin delivered by pressure waves resulted in reducing the blood glucose
level over many hours.  A PW can facilitate the delivery of macromolecules, the
size of proteins and DNA plasmids, in the epidermis and deep into the dermis. The
PW does not transport the drug through the SC. The diffusion of the drug occurs
under the concentration gradient through the channels produced by the PW. The
mechanism of permeabilization is probably caused by the disruption of the hydro-
philic domains of the SC. The application of pressure waves did not cause any pain
or discomfort73.

Magnetophoresis

Magnetophoresis utilizes the magnetic properties of materials by ap-
plying a magnetic field across a membrane. The magnetic field provides the
driving force for substances with any of the following magnetic properties; ferro-
magnetism, paramagnetism, or diamagnetism 26. The magnetophoresis approach
has been investigated for terbutaline sulphate74.

Radiofrequency-driven microchanneling

These radiofrequency currents created an array of microchannels across
the stratum corneum deep into the epidermis75. The high frequency electrical
current conducted through the aqueous medium of the stratum corneum generates
heat that brings about an instant removal of cells beneath the electrode. Due to
high velocity (1 ms per electrode), it is postulated that only heat conduction
results in the creation of microchannels, and other mechanism such as electro-
chemical reaction do not take place. Skin electroporation, which is operated by
low duty cycle, high intensity electric field pulsing, is also believed to create
transient aqueous microchannels50.

This forms RF-microchannels on the outer layer of the skin through
ablation of cells. The microchannels are designed to penetrate only the outer
layers of the skin, where there are no blood vessels or nerve endings, resulting in
minimal skin trauma and neural sensation75. RFMicroChannels are formed rapidly
(within a second), adding to the user’s comfort. The dimensions and density of the
RFMicroChannels created can be predicted and controlled carefully, depending on
the requirements of the drug. This enables the required dosage of the drug to be
controlled very precisely76.
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Microneedle

Microneedles (MNs) represent a unique technological approach to en-
hance drug permeation across the stratum corneum 77. The development of
microneedles those are long and robust enough to penetrate only the outer most
layer of skin (stratum corneum), but short enough to avoid stimulating nerves has
the potential to make transdermal delivery of drugs more effective78. The first
microneedle arrays reported in the literature were etched into a silicon wafer and
developed for intracellular delivery in vitro by Hashmi et al. Henry et al.79 con-
ducted the first study to determine if microneedles could be used to increase
transdermal drug delivery.

Microneedles are classified between hollow and nonhollow solid
microneedles80.  Most of the work has focused on making microscopic holes in the
skin by inserting solid microneedles made of silicon or metal. The ‘‘poke with
patch’’ approach uses microneedles to make holes and then apply a transdermal
patch to the skin surface. Transport can occur by diffusion or possibly ionto-
phoresis if an electric field is applied. Another approach is ‘‘coat and poke,’’ where
the needles are first coated with drug and then inserted into the skin. There is no
drug reservoir on the skin surface; the entire drug to be delivered is on the needle
itself. A variation on this second approach is ‘‘dip and scrape,’’ where microneedles
are first dipped into a drug solution and then scraped across the skin surface to
leave behind drug within microabrasions created by the needles81.

Microneedles that encapsulate drug and subsequently dissolve or de-
grade in the skin have been fabricated from polymers, such as slow-degrading
polylactic-co-glycolic acid and rapidly dissolving sugar82. For pure drug infusion,
hollow microneedles provide means for actively driving a liquid drug into the
tissue, which can lead to much faster rates of delivery that can be modulated over
time. The microneedle array is applied to the skin surface so that the microneedles
(usually about 150 µm in length)83 crosses stratum corneum without going much
deeper should be capable of delivering drugs into the permeable regions of skin
without stimulating nerves found deeper in the tissue84. A broad range of com-
pounds such as calcein (623 Da), insulin (6000Da), bovine serum albumin (66000Da)
and polymeric nanoparticles are delivered at significant rates through skin
permeabilized by microfabricated microneedles20. Extensive work was done on
the delivery of insulin using microneedle to modulate the blood glucose level85.

Macroflux®

Macroflux® technology is another novel transdermal drug delivery
system that ALZA Corporation has developed to deliver biopharmaceutical drugs
in a controlled reproducible manner that optimizes bioavailability and efficacy
without significant discomfort for the patient86. The system incorporates a tita-
nium microprojection array that creates superficial pathway through the skin
barrier layer to allow transportation of therapeutic proteins and vaccines. When
applied onto the skin manually or by an applicator, microprojections penetrate
and create superficial pathways through the skin barrier layer to allow drug deliv-
ery. The array can be combined either with passive or iontophoretic delivery
systems87.

Needle-Free Injections

The earliest needle free injectors became available as early as 1866,
when the French company H.Galante manufactured an “Apparatus for aqua punc-
ture”88. Jet injections utilize a high-speed stream of fluid to puncture skin and
deliver drugs intradermally, subcutaneously, and intramuscularly without the use of
a needle. Jet injections were first developed in the 194089. These devices have
been found to have several advantages in human applications, including faster
delivery of injected compounds to the circulatory system than traditional subcuta-
neous injections90.  A jet injector device that is capable of delivering electronically
controlled doses may offer improved consistency and reduced pain 91. Jet injection
is an important needle-free  delivery method for administration of insulin, human
growth hormone, and vaccines92, 93. Some of the needle free injectors under
development are Intraject ®, Implaject ®, Jet Syringe ®, Iject ®, Mini-ject ® and Crossjet ®

20.

PowderJect system

        The PowderJect system sprays solid particles (20-100 µm) through stratum

corneum into lower skin layers, using a supersonic shock wave of helium gas.
Powderject system involves the propulsion of solid drug particles into the skin by
means of high-speed gas flow. This needle-free method is painless and causes no
bleeding and damage to the skin57. The use of compressed gas to force solid drug
particle through a convergent divergent nozzle using compressed helium. Drug
particle velocities of up to 800 m/s were obtained at the nozzle exit. Adjusting the
momentum density of the particles within the gas flow optimizes the depth of
penetration of the drug particles. Particle velocity is controlled within the device
by three parameters namely nozzle geometry, membrane burst strength and gas
pressure. Powderject system consists of a gas canister that allows helium gas at
high pressure to enter a chamber at the end of which drug cassette containing
powdered drug between two polycarbonate membranes At the release, virtually
instantaneous rupture of both membranes causes the gas to expand rapidly, form-
ing a strong shock wave that travels down the nozzle at speed of 600–900 m/s.
The leading products in development include lignocaine and levobupivacaine for
local anaesthesia, proteins (follicle stimulating hormone and â-interferon) and
hepatitis B, DNA and other vaccines.

Controlled Heat Aided Drug Delivery System

The use of heat to enhance percutaneous absorption has received in-
creased attention in recent years94. Heat increases skin temperature that leads to
increase in microcirculation and blood vessel permeability, thus facilitating drug
transfer to the systemic circulation. Drug solubility, both in the patch formulation
and within the skin increase with a rise in temperature. Zars, lnc (Salt Lake City,
UT, USA) has developed a technology that takes advantage of heat’s ability to
increase transdermal permeation. This technology is known as Controlled Heat-
aided Drug Delivery (CHADD) system. CHADD system is a small heating unit
that can be placed on top of a traditional patch. An oxidation reaction within the
unit provides heat at a limited intensity and duration. The disadvantage of this
technology is that heat can slightly compromise the barrier function of the skin 95,

96.

Skin Abrasion
The skin abrasion technique involves the direct removal or disruption of the upper
layers of the skin to facilitate the permeation of topically applied medicaments.
Some of these devices are based on techniques employed by dermatologists for
superficial skin resurfacing which are used in the treatment of acne, scars, hyper
pigmentation and other skin blemishes97, 98.  The abrasion methods reported in
the literature include the use of adhesive strips, abrasive pads, and
microdermabrasion. Microscission can rapidly and painlessly produce small, open
microconduits (small holes) by means of a gas-entrained stream of inert, sharp
particles on the skin 99. Carlisle Scientific (Carlisle, MA) is currently in the process
of developing a pen like handheld device called the microscissioner. In addition,
Med Pharm Ltd. (Charlbury, United Kingdom) had recently developed a novel
dermal abrasion device for the delivery of difficult to formulate therapeutics
ranging from hydrophilic low molecular weight compounds to biopharmaceuticals.
In vitro data have shown that the application of the device can increase the
penetration of angiotensin into the skin 100 fold compared to untreated human
skin2091. Increase in water permeability of rat skin that was subjected to both tape
stripping and sandpaper abrasion, and indicated that the former technique caused
more damage to the barrier than the latter one100 but of Lactate dehydrogenase
leaching shows that needle puncture to the stratum corneum is much safer than
sandpaper abrasion101.

Laser Radiation

This method involves direct and controlled exposure of a laser beam to
the skin which results in the ablation of the stratum corneum without significantly
damaging the underlying epidermis102. Removal of the stratum corneum using this
method has been shown to enhance the delivery of lipophilic and hydrophilic
drugs103. A handheld portable laser device has been developed by Norwood Abbey
Ltd. (Victoria, Australia) that has been approved by the U.S. and Australian regu-
latory bodies for the administration of a topically applied anaesthetic. However,
the structural changes caused by this technique still need to be assessed for safety
and reversibility, particularly at the higher intensities that may be needed to
enhance the penetration of large molecular weight solutes where evidence of
deeper level ablation effects exist 104. The erbium: yttrium-aluminum-garnet (Er:
YAG) laser promotes the transdermal delivery of narcotic analgesic and insulin105 .
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