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ABSTRACT

Transdermal drug delivery systems(TDDS), also known as “patches,” are
dosage forms designed to deliver a therapeutically effective amount of
drug across a patient’s skin. To cross the drug from transdermal patches to
blood there are many barriers for transport. To increase the passage of
drugs through skin permeation enhancers are widely used. The role of
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permeation enhancers are mentioned in thisreview, Apart from permeation
enhancers there are some other statergies to increase the permeation of
drugs through skin. In this review, we focused about various methods to
enhance the permeation of drug from transdermal drug delivery through

sKkin. © 2009 Trade Sciencelnc. - INDIA

1.INTRODUCTION

Theskinisthelargest organ of the body, account-
ing for morethan 10% of body mass, and the one that
enablesthebody tointeract most intimately withitsen-
vironment. In essence, theskin consistsof four layers.
Stratum corneum (SC) (nonviable epidermis), Epider-
mis (viable epidermis), Dermis, and subcutaneoustis-
Sues.

Theuseof topica productswasevident inancient
times, and therearereports of systemic benefitsof topi-
cal anti-infectiveand hormonal agentsin the 1940s.
Modern transdermal patch technol ogy wasintroduced
inthelate 1970s.

Themaininterestsin derma absorption assessment
areintheapplication of compoundstotheskinfor loca
effectsindermatology (e.g., corticosteroidsfor derma:
titis); For trangport through the skinfor systemic effects
(e.g., Nicotine patchesfor smoking cessation) for sur-

face effects(e.g., sunscreens, cosmetics, and anti in-
fective) totarget deeper tissues(e.g., Nonsteroidd anti
inflammatory agents[NSAIDs| for muscleinflamma-
tion); and unwanted absorption (e.g., solventsinthe
workplace, agricultura chemicds, or alergens).

The skin becamepopular asapotentia Stefor sys-
temicdrug delivery becauseit wasthought to avoid the
problemsof ssomach emptying, p effects, and enzyme
deactivation associated with gastrointestinal passage,
to avoid hepatic first pass metabolism and to enable
control of input.

2. Methodsfor enhancingdrugdelivery acrossskin

Overcoming the barrier status of skinisof prime
concernfor thesuccess of atransdermd patch. A prod-
uct development scientist often uses permeation
enhancer(s) that increasetherate of transfer of drug(s)
acrosstheskinin addition to that thereare someactive
and passive methodsfor Enhancing transdermal drug
delivery .Inthisreview, wefocusregarding thedifferent
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TABLE 1: M echanism of someclassesof per meation enhancers

Representative

Class compounds M echanism of interaction with skin and enhancement of drug per meability
Hvdrating and occlusive Hydrates the stratum corneum, evidence for increasing permeability of both
ydraling ; hydrophilic and lipophilic compounds, increases fluidity or disorder of intercellular
Water topical preparations . ) : ) : . .
. . bilayers; occlusive dressing and vehicle prevent water loss from skin and provides
occlusive dressings :
full hydration.
Alcohol Co transports with the drug through the lipid channels, partial extraction of lipids
Orcn Polyols (PG) Replaces bound water in the intercellular space, enhances penetration of lipophilic
rganic drugs.
solvents Sulfoxides (DMSO) Partition into the corneocyte, binds k_eratln; at hl_gher concentration increases lipid
fluidity and disrupts lipoid packing
Pyrrolidones I nteracts with both the keratin and lipid component of stratum corneum.
Fatty acids Oleic acid Increases fluidity of the intercellular lipids: shorter chain(c10-12) and branched or
y unsaturated chain fatty acids;the vehicle used might be synergistic.
Ascaridole ,1,8-cineole, Disruptsintercellular lipid order, increases electrical conductivity, and indicates the
Terpenes . ) .
L-menthol,D-Limonene opening of polar pathway in stratum corneum.
Polysorbates(Tween) Penetrates into skin, micellar solubilization of stratum corneum lipids.
(riur:fgﬁ.t(?rg; ali(;:l);%xeﬁitlhsy(lg? 5) Penetrates into skin, extracts lipid from stratum corneum

onic, anionic) g im lauryl sulfate

1-dodecyl hexahydro-
2H-azepin-2-one and
certain derivatives
Phosphatidy! lecithin
Phospholipidsfrom soya or egg lecithin

Azone

Binds to intracellular keratin in comeocytes, removes some of the intercellular
lipid, increasestransepithelial water loss alter processing of epidermal lipids.

Disrupts skin lipids in both the head groups and tail regions

Diffuses into stratum corneum, perturbs intercellular lipids, enhances drug

partitioning into skin

methodsto enhancethe transdermal permestion.
2.1. Per meation enhancers

Human skinisaremarkably efficient barrier, de-
signed to keep “our insides in and the outsides out”’.
Thisbarrier property causesdifficultiesfor transderma
/topical ddlivery of thergpeutic agents. Onelong stand-
ing gpproach toincreasetherange of drugsthat can be
effectively delivered viathisroute hasbeen to use pen-
etration enhancers, chemical sthat interact with skin
constituentsto promotedrug flux. To date, avast array
of chemicashasbeen eva uated as penetration enhanc-
ers(or absorption promoters), yet theirinclusioninto
topica or transdermd formulationsislimited.

Although many chemicalshave been evauated as
penetration enhancersin human or anima skins, todate
none has provento beideal. Some of the more desir-
able propertiesfor penetration enhancersacting within
skin havebeengivenas

e They should benon-toxic, non-irritatingand non al-
lergenic.

e Theywouldideally work rapidly, and the activity
and duration of effect should be both predictable
and reproducible.

e They should haveno pharmacologicd activity within
the body-i.e. should not bind to receptor sites.

¢ The penetration enhancers should work unidirec-
tiond, i.e. should allow therapeutic agentsinto the
body whilst preventing theloss of endogenous ma-
terial fromthe body. When removed from the skin,
barrier properties should return both rapidly and
fully.

¢ The penetration enhancers should be appropriate
for formulationintodiversetopicd preparations, thus
should be compatiblewith both excipientsand drugs.

¢ They should be cosmetically acceptable with an
appropriate skin “feel”

e Thevariouspermesationenhancerslisedin TABLE
1 act by different mechanismstoincreasethe per-
meability of drugsacrossstratum corneum.

2.2. Passivemethodsfor enhancing transder mal
drugdelivery

The conventional meansof applying drugsto skin
includethe use of vehiclessuch asointments, creams,
gelsand “passive” patch technology. More recently, such
dosageformshave been developed and/or modifiedin
order to enhancethedrivingforceof drug diffusion (ther-
modynamic activity) and/or increase the permesbility
of the skin. Such approachesinclude the use of pen-
etration enhancersl, supersaturated systems?,
prodrugs or metabolic approacht®4, liposomesand other
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vesicles>d. However, the amount of drugthat can be
ddivered using these methodsisstill limited sincethe
barrier properties of the skin are not fundamentally
changed.

2.3. Active methods for enhancing transder mal
drugddivery

These methodsinvolvethe use of external energy
to act asadriving forceand/or act to reducethe barrier
nature of the stratum corneum in order to enhance per-
mestion of drug moleculesintotheskin. Recent progress
in these technol ogies has occurred as aresult of ad-
vancesin precision engineering (bioengineering), com-
puting, chemical engineeringand materia sciences, dl
of which have hel ped to achievethecreation of minia-
ture, powerful devicesthat can generatetherequired
clinicd response. Theuse of active enhancement meth-
ods has gained importance because of the advent of
biotechnology inthelater half of thetwentieth century,
which hasled to the generation of therapeutically ac-
tive, largemolecular weight (>500 Da) polar and hy-
drophilic molecules, mostly peptidesand proteins. How-
ever, gastrointestina enzymesoften cause degradation
of such moleculesand hencethereisaneed to demon-
strate efficient delivery of these moleculesby alterna-
tive admini stration routes. Passive methods of skin de-
livery areincapabl e of enhancing permesation of such
large solutes, which hasled to sudiesinvolvingtheuse
of dternativeactive strategies such asthose discussed
here.

2.3.1. Electroporation

Theuse of electro permeabilization, amethod of
enhancing diffusion acrosshiological barrierswasstud-
ied®, Electroporationinvolvesthe gpplication of high-
voltage pul sesto induce skin perturbation. High volt-
ages (=100 V) and short treatment durations (millisec-
onds) are most frequently employed. Other electrica
parametersthat affect delivery include pulse properties
such aswaveform, rate and number’®. Theincreasein
skin permesability issuggested to be caused by thegen-
eration of transient pores during e ectroporation®®. The
technol ogy has been successfully used to enhancethe
skin permeability of 5 Transdermd Drug Ddlivery Sys-
tems, including biopharmaceuti calswith amolecular
weight greater that 7 kDa, the current limit for ionto-
phoresisisdescribed by Denet™. Other transdermal
devicesbased on € ectroporation have been proposed
by variousgroups**4 however, moreclinical informa-
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tion on the safety and efficacy of thetechniqueisre-
quired to assessthefuture commercial prospects.

3.3.2.1ontophoresis

Thismethod i nvolves enhancing the permeation of
atopicaly applied thergpeutic agent by the application
of alow level dectric current either directly totheskin
or indirectly viathe dosage formi*>9, Increasein drug
permesation asaresult of thismethodol ogy can be at-
tributed to elther one or acombination of thefollowing
mechanisms: Electrorepulsion (for charged sol utes),
Electroosmosis (for uncharged solutes) and
Electropertubation (for both charged and uncharged).

Parametersthat affect design of aniontophoretic
skin ddivery systemincludee ectrodetype, current in-
tensity, pH of the system, competitiveion effect and
permeant type. The Phoresor™ device was the first
iontophoretic systemto be gpproved by the FDA inthe
late 1970sas aphysica medicinetherapeutic device.
In order to enhance patient compliance, theuse of pa-
tient friendly, portable and efficient iontophoretic sys-
tems have been under intense devel opment over the
years. Previouswork has al so reported that the com-
bined useof iontophoresisand el ectroporationismuch
more effectivethan either techniqueused a oneinthe
delivery of moleculesacrossthe skin®?3, Thelimita
tionsof ionotophoretic systemsincludetheregulatory
limitson theamount of current that can be usedin hu-
mans (currently set at 0.5mA cm?) andtheirreversble
damage such currents could do to the barrier proper-
tiesof theskin. In addition, iontophoresishasfailed to
significantly improvethetransdermal delivery of mac-
romol eculesof >7,000 DA,

3.3.3. Ultrasound (Sonophor esisand phonophoresis)

Ultrasound involvesthe use of ultrasonic energy to
enhancethetransdermal delivery of soluteseither si-
multaneoudy or viapretreatment. Theproposed mecha
nism behind theincreasein skin permeability isattrib-
uted to theformation of gaseouscavitieswithinthein-
tercelular lipidson exposureto ultrasound, resultingin
disruption of the SC?4. Ultrasound parameterssuch as
trestment duration, intensity and frequency ared| known
to affect percutaneous absorption, with thelatter being
themost important®!, Although frequencies between
20 kHz- 16 MHz have been reported to enhance skin
permeation, frequenciesat thelower end of thisrange
(<100kHz) arebdieved to haveamore significant ef-
fect ontransderma drug delivery, with theddivery of
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macromol ecul esof molecular weight up to 48 kDabe-
ing reported?!, The SonoPrep® device (SontraMedi-
cal Corporation) useslow-frequency ultrasound (55
kHz) for an average duration of 15 seconds(sec) to
enhance skin permesbility. Theability of the SonoPrep
deviceto reducethetimeof onset of action associated
withthedermd ddivery of locd anaestheticfromEMLA
cream wasrecently reported. Inthe study by K ost’?7,
skin treatment by ultrasound for an averagetimeof 9
sec resulted in the attainment of dermal anaesthesia
within 5 min, compared with 60 min required for non
treated skin. Theuseof other smal, light weight novel
ultrasound transducersto enhancetheinvitro skintrans-
port of insulin has also been reported by arange of
workerg?-3,

3.3.4. Laser radiation and photomechanical waves

Lasershavebeen usedinclinica therapiesfor de-
cades, and thereforetheir effects on biological mem-
branesarewd | documented. Lasersarefrequently used
for thetreatment of dermatological conditionssuch as
acneand to confer “facial rejuvenation” where the laser
radiation destroysthetarget cellsover ashort frame of
time (~300ns). Such direct and controlled exposure of
theskintolaser radiation resultsin ablation of the SC
without significant damageto theunderlying epidermis.
Removal of SC viathismethod hasbeen showntoen-
hancetheddivery of lipophilicand hydrophilicdrugs. A
design concept for atransdermal drug delivery patch
based on the use of pressurewave has been proposed
by Doukasand Kolliag®Y.

3.3.5. Radio-frequency

Radio frequency involvesthe exposure of skinto
high frequency atering current (~100 KHz), resulting
intheformation of heat induced micro channelsinthe
membranein the sameway aswhen|laser radiationis
employed. Therate of drug delivery iscontrolled by
the number and depth of the micro channelsformed by
thedevice, whichis dependent on theproperties of the
microel ectrodes used in the device. The Viaderm de-
vice (Transpharmal.td) isahand held el ectronic de-
vicecongsting of amicro projection array (100 micro-
el ectrodes/cnm?) and adrug patch. Themicroneedlear-
ray isattached to the e ectronic deviceand placedin
contact with the skin to facilitate theformation of the
micro channels. Treatment duration takeslessthan a
second, with afeedback mechanismincorporated within
thedectronic control providing asgnd whenthemicro

channels have been created, so asto ensurereproduc-
ibility of action. Thedrug patch isthen placed on the
treated area. Experimentsin rats have shown that the
deviceenhancestheddivery of granisetron HCL,, with
blood plasmalevelsrecorded after 12 hours(hr) raising
30timesthelevelsrecorded for untreated skin after 24
hr. A smilar enhancement in dicl ofenac skin permegtion
was also observed in the same study®2. Thedeviceis
reported not to cause any damageto skin, with thera-
dio frequency induced micro channel sremaining open
for lessthan 24 hr. The skin delivery of drugssuch as
testosterone and human growth hormone by thisde-
viceisalsocurrently in progress.

3.3.6. Magnetophoresis

Thismethodinvolvesthe gpplication of amagnetic
fieldwhich actsasan externd driving forceto enhance
thediffusion of adiamagnetic soluteacrossthe skin.
Skinexposuretoamagneticfield might dsoinducestruc-
tural aterationsthat could contributeto anincreasein
permeability. In vitro studies by Murthy™® showed a
magnetically induced enhancement in benzoic acid flux,
whichwasobservedtoincreasewith thestrength of the
applied magneticfield. Other invitro studiesusing a
magnet attached to transdermal patches containing
terbutdinesulphate (TS) demongtrated an enhancement
in permeant flux which was comparableto that attained
when 4% isopropyl myristate(IPM) was used as a
chemica enhancer. In the same work the effect of
magnetophoresison the permestion of TSwasinvesti-
gatedinvivo usingguineapigs. Thepreconvulsivetime
(PCT) of guineapigs subjected to magnetophoretic.
Brown. treatment was found to last for 36 hr, which
wassmilar tothat observed after gpplication of apatch
containing4% IPM. Thiswasin contrast totheresponse
elicited by the control (patch without enhancer), when
theincreasein PCT was observed for only 12 hr. In
humean subjects, thelevelsof TSinthebloodwerehigher
but not significantly different from those observed with
the patch containing 4% IPM. Thefact that thistech-
nique can only be used with diamagnetic materia swill
serveasalimiting factor initsapplicability and prob-
ably explainstherdativelack of interestinthemethod.

3.3.7. Temperature (“Thermophoresis”)

Theskinsurfacetemperatureisusualy maintained
at 32°C in humans by arange of homeostatic controls.
Theeffect of elevated temperature (non-physiological)
on percutaneous absorption wasinitially reported by
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Blank4. Recently, therehasbeen asurgein theinter-
est of using thermoregulation asameansof improving
thedeivery profileof topicd medicaments. Previousin
vitro studies have demonstrated a2-3fold increasein
flux for every 7-8°C risein skin surface temperature.
Theincreased permestion following hest treatment has
been attributed to anincreasein drug diffusivity inthe
vehideand anincreaseindrug diffusivity intheskindue
toincreased lipid fluidity. Vasodil atation of the subcute-
neous blood vessels as a homeostatic response to a
risein skintemperature aso playsanimportantrolein
enhancingthetransdermal delivery of topically applied
compounds®2¥, Theinvivo delivery of nitroglycerin,
testosterone, lidocaine, tetracaine and fentanyl from
transdermal patcheswith attached hesting deviceswas
showntoincreaseasaresult of the elevated tempera-
tureat thesiteof delivery. However, theeffect of tem-
perature onthedelivery of penetrants>500 Dahas not
been reported. The controlled heat aided drug delivery
(CHADD) patch (ZarsInc., Sdlt Lake City, UT) con-
sists of apatch containing aseries of holesat thetop
surfacewhichregulatetheflow of oxygenintothepatch.
The patch generatesheat chemicdly inapowder filled
pouch by an oxidative processregulated by therate of
flow of oxygen through the holesinto the patch. The
CHADD technology wasusedintheddivery of aloca
anaesthetic system (lidocaineand tetracaine) froma
patch (S-Caine®) and found to enhance thedepth and
duration of theanaesthetic actionin human volunteers,
when theresults obtained in active and placebo groups
were compared.

ZasInc., together with Johnson and Johnson, sub-
mitted aninvestigationa new drug (IND) gpplicationto
the FDA for Titragesia™ (a combination of CHADD
disksand Duragesic Patches, thelatter containing fen-
tanyl for treetment of acutepain). Kulezaand Dvoretzky
also have described aheat delivery patch or exother-
mic pad for promoting the delivery of substancesinto
theskin, subcutaneoustissues, joints, musclesand blood
stream, which may be of usein the application of drug
and cosmetic treatments. All these studies described
employed an upper limit skin surfacetemperature of
40-42°C, which can betolerated for along period (>1
hr). In heat-patch systemswhere patient exposure to
heat is< 24 hr. In addition, theissue of drug stability
may also need to be addressed when elevated tem-
peraturesare used. Thermopertubation referstotheuse
of extremetemperaturesto reducetheskinbarrier. Such
perturbation hasbeen reported inresponseto using high

—=> RegUlOr Peper

temperaturesfor ashort duration (30 ms), with littleor
no discomfort, using anovel patch system. Thesein-
vestigators devel oped apolydimethylsiloxane (PDMYS)
patchfor nonintrusivetransdermal glucosesensingvia
thermal micro ablation. Ablation was achieved by
microheatersincorporated within the patch. The heat
pulseisregulated by meansof aresistive heater, which
ensuresthat theablationislimited withinthe superficia
dead layersof theskin. Averagetemperaturesof 130°C
arerequired for ablation to occur within 33 ms, after
which SC evaporation results. Other heat assisted
transdermd delivery devicesunder devel opment include
the PassPort® patch (Altheatherapeutics) which ab-
latesthe SC in amanner similar to the PDM S patch.
The exposure of skinto low (freezing) temperatures
has been reported to decreaseitsbarrier function but
has however not been exploited asameans of enhanc-
ing skinabsorption. Thefina group of active enhance-
ment methods entail sthe use of aphysica or mechani-
cal meansto breach or by passthe SC barrier.

3.3.8. Microneedle based devices

Oneof thefirst patentsever filed for adrug deliv-
ery devicefor the percutaneousadministration of drugs
was based on thismethod®". Thedevice as described
inthe patent consistsof adrug reservoir and apluraity
of projections extending from the reservoir. These
microneedles of length 50-110 mmwill penetratethe
SC and epidermisto deliver the drug from thereser-
voir. Thereservoir may contain drug, solution of drug,
gd or solid particul ates, and the various embodiments
of theinventionincludethe use of amembraneto sepa
rate the drug from the skin and control release of the
drug fromitsreservoir. Asaresult of the current ad-
vancement in microfabrication technology in the past
tenyears, cost effectivemeansof developing devicesin
thisareaare now becomingincreasingly commonts49,
A recent commercialization of microneedletechnology
isthe Macroflux® micro projection array devel oped
by ALZA Corporation. The macroflux patch can be
used either in combination with adrug reservoir or by
dry coating the drug on the microprojection array the
latter being better for intracutaneousimmunization. The
length of the microneedles has been estimated to be
around 50-200 mm and thereforethey arenot believed
toreach thenerveendingsin thedermo epiderma junc-
tion. Themicroprojections/ microneedles(either solid
or hollow) create channelsintheskin, alowing theun-
hindered movement of any topically applied drug. Clini-
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cd evduaionsreport minimal ated discomfort and
skinirritation and erythemaratingsassociated with such
systemsarereportedly low. Thistechnology servesas
animportant and exciting advanceintransderma tech-
nology because of the ability of thetechniqueto ddiver
medicamentswith extremes of physicochemical prop-
erties (including vaccines, smal molecular weight drugs
and large hydrophilic biopharmaceuticals). Describethe
production of anintracutaneousmicro needlearray and
provide an account of itsuse (microfabrication tech-
nology). Variousembodimentsof thisinventioncanin-
cludeamicroneedlearray aspart of aclosed loop sys-
tem “smart patch” to control drug delivery based on
feedback informationfromanaysisof body fluids. Dud
purpose hollow micro needle systemsfor transdermal
delivery and extraction which can be coupled with
electrotrangport methodsared so described by Trautman
andAllen®Y, Thesemechanica microdeviceswhichin-
terface with electronics in order to achieve a pro-
grammed or controlled drug release arereferred to as
microelectromechanical sysems(MEMYS) devices.

3.3.9. Skin punctureand perforation

These devicesare similar to themicroneedle de-
vices produced by microfabrication technol ogy. They
includethe useof needlelikestructuresor blades, which
disrupt the skin barrier by creating holesand cutsasa
result of adefined movement when in contact with the
skin. Godshall and Anderson described amethod and
apparatusfor disruption of the epidermisinarepro-
duciblemanner. The gpparatus consistsof apluraity of
microprotrusionsof alengthinsufficient for penetration
beyond the epidermis. The microprotrusionscut into
theouter layersof the skin by movement of thedevice
inadirection parale totheskin surface. After disrup-
tion of theskin, passive(solution, patch, gel, ointment,
etc.) or active (iontophoresis, electroporation, etc.)
delivery methods can be used. Descriptions of other
devicesbased on asimilar mode of action have been
described by Godshall, Kamen, Jang“2.

3.3.10. Needlelessinjection

Needlelessinjectionisreportedtoinvolveapain
freemethod of administering drugstotheskin. This
method thereforeavoidstheissues of safety, painand
fear associated with the use of hypodermic needles.
Transdermd deliveryisachieved by firingtheliquid or
solid particlesat supersonic speedsthrough the outer
layers of the skin by using a suitable energy source.

Over theyearsthere have been numerous examples of
both liquid (Ped-O-Jet®, lject®, Biojector2000®,
Medi-jector® and Intrgject®) and powder (PMED™
device, formerly known as powderject® injector) sys-
tems. Thelatter has been reported to deliver success-
fully testosterone, lidocai ne hydrochl oride and macro-
moleculessuch ascacitonin andinsulin®“**, Problems
facing needld essinjection sysemsincludethehigh de-
velopmental cost of both the deviceand dosageform
and theinability, unlike some of the other techniques
described previously, to programme or control drug
ddiveryinorder to compensatefor inter subject differ-
encesinskin permeability.

3.3.11. Suction ablation

Formation of asuction blister involvestheapplica
tion of avacuum or negative pressureto removethe
epidermiswhilgt leaving thebasal membraneintact. The
cellpatch® (Epiport Pain Relief, Sweden) isacom-
mercidly availableproduct based on thismechanism. It
comprisesasuction cup, epidermatome (toformablis-
ter) and device (which contains morphine solution) to
be attached to the skin. Thismethod which avoidsder-
md invasivity, thereby avoiding pain and bleeding, is
adsoreferredtoasskinerosion. Such deviceshavedso
been shown to induce hyperaemiain the underlying
dermisininvivo studies, which was detected by | aser
Doppler flowmetry and confirmed by microscopy, and
isthought to further contribute to the enhancement of
dextran and morphine seenwiththismethod. Thedis-
advantages associ ated with the suction method include
theprolonged length of timerequiredto achieveablis-
ter (2.5 hr), dthough thiscan bereduced to 15-70 min
by warming theskinto 38°C. In addition, dthough there
isnorisk of systemicinfectionwhen compared with the
use of intravenous catheters, the potential for epider-
mal infectionsassoci ated with the suction method can-
not beignored even though the effects might beless
serioug®.

3.3.12. Application of pressure

The application of modest pressure (i.e. 25 kPa)
has been shown to provide apotentialy noninvasive
and simple method of enhancing skin permeability of
mol ecul es such as caffeineé“’. Theseworkers attrib-
uted theincreasein transcutaneousflux to either anim-
proved transapendaged route or anincreased partition
of the compound into the SC when pressure was ap-
plied. Thismethod may also work because of thein-
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creased solubility of caffeinein the stratum corneum
caused by theincreasein pressure.

3.3.13. Skin stretching

Thesedeviceshold theskinunder tensonin either
aunidirectiona or amultidirectiona manner®49, The
authorsclaim that atension of about 0.01-10 mPare-
aultsinthereversibleformation of micropathways. The
efficiency of the stretching processwas demonstrated
by monitoring the delivery of adecapeptide (1 kDa).
Brown et a. acrossthe skin of hairlessguineapigsby
using amicroprotrusion array. Theresultsof the study
showed that the bi directional stretching of skin after
microprotrusion piercing alowed the pathwaysto stay
open (i.e. delayed closure), thereby facilitating drug
permeation to agreater extent (27.9+ 3.3mgcm?ht)
thaninthe control group (9.8+0.8 mgcm?h?), where
the skinwasnot placed under tension after microneedle
trestment. However, increased skin permegtioninthe
absence of microneedlepretreatment wasnot foundto
occur. Other methodsinvolving the useof skinstretch-
ing with subsequent use of delivery devicesbased on
electrotransport, pressure, osmotic and passive mecha
nisms have a so been suggested, but thevalue of skin
stretching a onewithout the benefit of asecondary ac-
tivedelivery deviceremainsto be seen.

3.3.14. Skin abrasion

Thesetechniques, many of which arebased ontech-
niquesemployed by dermatol ogistsin thetreatment of
acne and skin blemishes (e.g. microdermabrasion), in-
volvethedirect removd or disruption of the upper lay-
ersof the skinto enhancethe permeation of topically
gpplied compounds. Theddivery potentid of skin abra-
sontechniquesisnot restricted by the physicochemica
properties of the drug, and previous work hasillus-
trated that such methods enhance and control the de-
livery of ahydrophilic permeant, vitamin C vaccines
and biopharmaceutical §°°2, One current methodis
performed using astream of aluminum oxidecrystals
and motor driven frai ses Sage and Bock a so describe
amethod of pretreating the skin prior to transdermal
drug delivery which consists of a plurality of
microabraders of length 50-200 mm. The deviceis
rubbed against theareaof interest, to abradethedite, in
order to enhance delivery or extraction. The
microabraders microprotrusonsterminaeasblunt tips
and thereforedo not penetrate the SC. The devicefunc-
tionsby removing aportion of the SC without substan-
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tidly piercingtheremaining layer. Someof these meth-
odsare claimed to offer advantages such asminimal
patient discomfort, increased patient compliance, ease
of useand lessrisk of infection when compared with
their more“invasive” predecessors such as ablation and
the useof hypodermic needles/cannulasto deliver me-
dicamentsacrossthe skin.

4. CONCLUSION

Theincreasing complexity of transderma drug prod-
ucts, thegrowing number of medicationsavailablein
such dosageforms, and reports of potential safety con-
cernscontributeto theneed for cliniciansto understand
the principlesof transdermal drug delivery, safe usage
techniques, and proper patient counseling points. The
futurefor transderma drug delivery hingesonhow itis
perceived by companiesinvolvedin drugdiscovery. In
thepast it hasbeen used asan alternativeto oral ddliv-
ery to overcome problems associated with that route.
If transdermal delivery continuesto beviewed inthis
context thenfutureadvancesarelikely to beincremen-
tal, asthedrugswill not have been selected withaview
totheir suitability for transderma ddivery. Theempha
ssof thesuitableincludes potent drugswhereindividu-
alization of the doseisdesirable. Another factor that
might beimportant for thefuturedirection of transderma
delivery isthecurrent surgeininterest innanotechnol ogy.
Application of developmentsin nanotechnol ogy could
lead to systemswhere asingle device could monitor
drug levelsby sampling through the skin and thus pro-
vide controlled delivery of thedrug. Theattractiveness
of thetransdermal routefor application of thistechnol-
ogy isobviousbecause of the accessibility of the de-
vicefor adjustment, control and removal.
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