June 2009 Volume 5 Issue 3

o Tnddian Gousal

Review

M SAIJ, 5(3), 2009 [277-287]

Diffusion cells for measuring skin permeation in vitro

Trade Science Ine.

Praveen Gaddam®, P.Muthuprasannat, K.Suriyaprabhat, J.Manojkumar?,
Bharghav Bhushan Rao!, Raju Jukanti?

Department of Phar maceutics, Hindu Collegeof phar macy, Amar avathi Road,Guntur, A.P., (INDIA)
2Department of Phar maceutics, S.Peter sCollege of Phar macy, Hanamkonda, A.P., (INDIA)
E-mail ; pavvi2pavvi@gmail.com
Received: 15" April, 2009 ; Accepted: 20" April, 2009

ABSTRACT

The assessment of percutaneous permeation of moleculesisone of the main stepsintheinitial design and later inthe
evaluation of dermal drug delivery systems. Theliterature reports numerous ex vivo, invitro and in vivo model s used
to determine drug skin permeation profiles and kinetic parameters, some studies focusing on the correlation of the
data obtained using these models with the dermal absorption in humans. This paper reviews various in vitro skin

models for study of permeation studies which can correlate to in vivo release.
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INTRODUCTION

Traditiona skinmodd sfromanima shavebeen used
forinvitroandinvivo studies. Practically, it would be
advantageous to use human cadaver skinfor perme-
ation studiesbut, for most investigators, human cadaver
skinisnot readily available. Also, theskin samplesare
typically obtained fromavariety of anatomica stesand
after many different disease states, which might alter
the percutaneous permeability of thedrugt®.

Most permeation testingis performed using hair-
lessmouseskin. However, other mode sare sometimes
used including rat, guineapig, rabbit and shed snake
skin, artificial composite membranes, and, morere-
cently, living skin equivalents?®l. Although thereare
many similar features between these modelsand hu-
man cadaver skin, no model hasyet been tested that
fully mimicsthe results obta ned with human cadaver
skin.

Hairlessmouse skin
The permeability of other anima mode spresentsa

problem when extrapol ating invitro datato make dos-
ing predictions. The hairlessmouseisused predomi-
nantly becauseitiseconomicd, atanable, easy to house
and hairless®. However, the permesbility and lipid com-
position of hairlessmouseskinarevery different tothose
foundinhuman cadaver skin. Hairlessmouseskintends
to bevery thinwith asmall stratum corneum and the
permesability of hairlessmouse skinin somestudieshas
been found to be 30-40-fold higher than human ca-
daver skin™9, A recent report compared the perme-
ation of three model drugs of varying lipophilicity
(tamoxifen, hydrocortisoneand caffeine) using human
cadaver and hairlessmouse skin™@, All of the percuta:
neous permeability parametersobtained from thetwo
skin model sweresignificantly different (p, 0.05). All
three drugshad ahigher permeability through hairless
mouseskin.

Pigskin
Weanling pig skin (i.e. skinfrom apigthat hasre-

cently been weaned) isrecognized asthe closest alter-
native to human cadaver skininits permeability and
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lipid composition. However, therearesomedight struc-
turd differences between weanling pig and human skin,
including bristles, more subcutaneousfat andlessvas-
culature™*2, Goreet al. eval uated the permeability of
tacrine (acentrdly acting acetylcholine-esteraseinhibi-
tor) using pig skin and human cadaver skin. Thedata
obtained for domestic pigs showslow intraand inter
animd variability. Inaddition, theintring c permeshility,
partition coefficient and diffusivity of pigskinarevery
similar to those of human cadaver skin3,

Living skin equivalents

Recently, theuseof living skin equivaentsand epi-
dermal equivalentshasbecome popul ar for permegtion
and invitrotoxicity studies?. The skin equivalents
used for permestion testing aretypically epidermal or
full-thicknessskin.

Full-thickness skin equival ents are composed of
both dermd and epidermd tissues, withthedermisbe-
ing constituted from acollagen matrix. The epidermal
substitutes are composed mainly of asheet of normal
human keratinocytesthat have been cultured at theair-
liquid interfaceto insure proper devel opment and ter-
minal differentiation™®. Theseskin equivaentshave
many advantages, including theability to diminateani-
mal experimentation. Also, they usehuman skin cells,
which provideskin propertiessimilar tothosefoundin
native human skin. Inthiscontext, itisinteresting that al
of thelipidsfoundin thenativehuman skinarefoundin
skinequivaents, but inreduced quantities1s. Theseskin
modelshave very diverse permeability characteristics
depending on thetissue culture protocols. A study by
Ogiso et d. examined drug penetrationthrough aliving
skin equivaent, Wistar rat and human cadaver skinf*¢l,
Thepenetrations of 5-fluorouracil, Indomethacinand
Dexamethasoneacrosstheliving skin equivaent were
approximately 15-54 timeshigher than acrosshuman
skin, with asignificantly shorter lagtime. For al of the
drugstested, theliving skin equivaent dso had ahigher
permesbility thantheWistar rat skin. For example, with
5-fluorouracil, theflux acrossWidtar rat skinwas 112.4
6 0.3 mg cm22 hr21, whereas that acrosstheliving
skin equivalent was 199.9 6 17.4 mg cm22 hr21. A
commonly used epidermal equiva ent for permesbility
testingisEpiDerm™ (Matech, Boston, MA,USA).This
consists of normal, human-derived epidermal
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keratinocytesthat have been cultured toformamulti-
layered, highly differentiated mode of the human epi-
dermis. El-Kattan et al. evaluated the permeation of
chlorhexidinedigluconate (an antimicrobid agent used
widdy to disinfect skin burns) intwo skinmode s (hair-
lessmouseskinand EpiDerm™)[17.18, Thelagtimefor
EpiDerm™ was close to zero whereas, for hairless
mouse skin, it was~16 h. The cumulative amount of
chlorhexidinedigluconateinthe receptor phase after
50 hfor EpiDermwas significantly higher than that of
hai rlessmouse skin usingasmilar gpplication method.
El-Kattan et d. concluded that EpiDerm™ was more
permegbl eto chlorhexidinedigluconatethan was hair-
lessmouse skin. Polymeric membranesand other arti-
ficial membraneshave dso been used for transdermal
experiments even though these membranes|ack the
complex histological structures present in the human
skinl*¥, These membranes showed higher permestion
relativeto anima and human skinmodels.

Invitro per meation methods

Theuseof invitro permeetion sudiesto control drug
permeetion acrossthe skin has seen extensiveresearch
in the past two decades. The permeation rate of the
drug acrossthe skin has been measured using severa
different kinds of invitro skin permegtion apparatus. A
typical apparatus hasthree main components®. The
first isthedonor compartment, wherethedrug isap-
plied uniformly. From thedonor compartment, thedrug
passesthrough apermestion barrier or membrane(i.e.
skin), which isthe second compartment, and into the
receptor solution, whichisthethird compartment. Prop-
ertiesof thereceptor solution, such astemperatureand
buffer compogtion, can haveasignificant effect ondrug
permeation through the skin. Typically, physiological
sdine or aphosphate-buffered sol ution maintained at
37°Cisused. Thiswill keep the skin surface at ap-
proximately 32°C, which simulatesthetemperature of
thehuman skin. Generdly, antibioticsand preservatives
are added to the receptor solution to prevent microbial
growth, enzymatic degradation, andto stabilizetheskin.
Drug permestion acrossthe skinisevauated using dif-
ferent invitro models. Theseinclude horizontal-type
skin permegtion system, Franz diffuson cdl and theflow-
through diffuson cel (discussed below).
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Horizontal-typeskin per meation system

Thishasbeenwidely used for theevauation of drug
permeation acrossskin. Thecell isdivided into recep-
tor and donor compartmentswith alow solution vol-
ume (3.5 ml) for each compartment and asmall mem-
brane area (0.64 cm2).They are continuously stirred
by amatched set of star-head magnets, which arero-
tated at aspeed of 600 rpm. The systemiscontrolled
by circulated thermostated water through awater jacket
surrounding thetwo compartments?.

Franzdiffuson cdl

Thecell iscomposed of two compartments: donor
and receptor. Thereceptor compartment hasavolume
of 5-12 ml and an effective surface area of 1.0-5.0
cm?. Thediffusion buffer iscontinuoudly stirred at 600
rpm by amagnetic bar. Thetemperatureinthe bulk of
the solutionismaintained by circul ating thermostated
water through awater jacket that surroundsthe recep-
tor compartment!>,

Flow-through diffusion cdls

How-through diffusion cdlshavetheadvantagethat
they can beused when the drug haslower solubility in
thereceptor compartment. In addition, thesecellscan
befully automated and connected directly to HPLC.
They have alarge-capacity donor chamber to allow
appropriateloading of theapplied compound and alow
volume (0.3 ml) receiving chamber that ensuresrapid
removal of penetrant at relatively low (1.5 ml h21 or
less) pumping rates. Furthermore, various sized sup-
port disksallow skin piecesassmal as4 mmindiam-
eter to beused?¥. Choosing asystem The percutane-
ous permeation of adrug acrossthe skinismeasured
by collecting receptor fluid using either static or con-
tinuousflow-through collection. The solubility of the
drug inthereceptor fluid determinesthediffusion-cdll
apparatusto beused. A gtatic diffusion cell such asthe
Franz diffus.on cell or horizonta -type skin permegtion
system can beused if the permestion of thedrug across
theskinwill not resultin aconcentration of 10% of the
maximal solubility inthereceptor fluid. By contrast, if
thedrug hasalow solubility inthereceptor fluid, afl ow-
through apparatusisrecommended. A further consid-
eraionisthat theactivity of hydrolyticenzymesreleased
during tissueisol ation might be higher with the static
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apparatusthan the flow-through apparatus®!.
Per cutaneous absor ption
Animal skin

Researchershavefor many yearsused skin excised
from rodentsand other animals. Skinfrom animalsis
much easier to obtain, the age and sex of theanimals
can be controlled, and large numbers of samplescan
ead ly beobtaned. Theprimary problemwithusingro-
dent skinasamodel for human skinisthat it can over-
estimate permeation relativeto that in human skin?629,
Thisproblemispartly associated with the effects of
hydrationwherein prolonged (Generaly2 4 h or longer)
exposureof rodent skin (hairlessmouse skinisthemost
notorious) to agueousdonor and receptor phasesbrings
about amarked diminution in thebarrier properties of
theskin™®. Theprimary difference between human skin
and rodent skinisthelipid composition and organiza-
tioninthe stratum corneum. Some species of rodent
skinmay beuseful in studying permestion of compounds
if thetotal exposuretimeisl2 hor less. It has been
suggested that hairlessmouse skin can, whenusing lim-
ited amounts of acetone, be used to provide rel evant
guidelines for risk assessment calculations and
bioavailability determinations*® although thisconclu-
sonislimitedto using acetonein small volumesto de-
posit apenetrant onto skin. Interestingly, many patents
areissued based on datacollected using rodent skin; it
ispossiblethat the utility of these patentsmay belim-
itedinclinicd practice.

Other models

A reliablemodd for human skin hasbeen ahighly
desirablegod for anumber of years. Thegoa remains
elusve nonethd ess, Sgnificant advancesarebeing made
in the area of tissue culture. For example, human
keratinocyte culturesgrown at theair liquid interface
have beenfound to devel op substantia barrier proper-
tiestowater diffusion™, Reconstructed human epider-
mishasbeen used to examinethenitroglycerin and su-
crose permeability!®. Houk and Guy havereviewed
theliteratureon variousmembranemodd ssuch asegg-
shdl membranes, composites, laminates, zeolites, Slagtic
and organic liquid membranes?. Reconstituted stra-
tum corneum films have a so been examined asapo-
tential mode for skin transport!??. However, prepara-
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tion of areconstituted membrane using asurfactant to
disaggregate Stratum corneuminto cellsrequiresintact
human skin, which could beused directly in permesbil -
ity experiments. At present, the most common means
to evaluatethein vitro permeability of skininvolvest
he use of excised human skin obtained during plastic
surgery or cadaversand from common |aboratory ani-
malssuch asrodents.

Diffusion cellsfor measuring skin permeationin
vitro

Key design and use parameters

A widevariety of diffusional systemshavebeen
developed for usewithratelimiting membranes(e.g.,
excised skin from alaboratory animal or from ahu-
man). Thesediffuson cdlsgenerdly havecommonele-
ments. two chambers, one contai ning the active agent
(donor vehicle) and the other containing astirred re-
ceptor solution, separated by apiece of excised skinor
other membrane. Thecdlsaregenerdly arangedinsde
by-side or vertical configurations. Inthe case of side-
by-side chambers, both chambers should be mixed
homogeneoudy. Mixingismost commonly accomplished
by magnetic tir bars; however, adequatemixingin dif-
fusion cellscanbeaproblemin several typesof diffu-
soncell design.

Controlling thetemperature has been accomplished
using water-jacketsor smply submerging theentirecdll
assembly into awater bath. Temperature gradientscan
beintroduced if the membrane flangeisnot properly
heated; such temperature gradients could be exacer-
bated by systemswith incompletefluid agitation. How-
ever, small temperaturevariationswill probably not Sg-
nificantly affect relativerates of penetration. A key con-
cernintheuseof diffusion celsiswhether thereis suf-
ficient agitationto prevent local concentrationsof drug
and to minimize static diffusion boundary layers. The
god, asfar aspossible, isto maintain sink conditions
during the experiment. It hasbeen shownthat asagita-
tion in thereceptor phaseincreases, the thickness of
theunstirred boundary layer decreases. the permestion
ratethereforeincreases®29, Sufftcient agitation of the
receptor fluid can minimizethe unstirred boundary lay-
ers, thereby minimizing diffusiona resstance. Under in
vivo conditions, itisgenerally assumed that diffusiond
boundary layersindermal capillariesareinsignificant.
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Thecalculation of diffusion coefficientswill includea
contribution from the boundary layer barrier and hence
result inan gpparent diffuson coefficient. The problem
of boundary layer effectscan beexaggerated whenrda
tively hydrophobic drugsand chemicdsarestudied in
vitro. When full thicknessrodent skinsareusedinin-
vitro permestion experiments, theresultsindicatethat
permeation isunderestimiated compared with that ob-
served invivo?-?, |t hasbeen hypothesized that com-
poundsof low water solubility havelow partition coef-
fidentsfromthelipoidal domainsof thestratum comeum
and theagueousenvironment of theviableepidermisor
theagueousreceptor fluid?”. Low partition co-efftcients
lower theoverall permestion rate accordingly. Invivo,

thedrug isabsorbed by theblood in capillariesthat lie
at adepth of about 150-200um from the surface of the
skin. Bronaugh and Stewart'®” have suggested that com-
pounds having an aqueous solubility of 10 mg/l or less
may demonstrate limited partitioninginvitroin ague-
ous receptor solutions. A technique used to obviatethe
problem of poor invitro/invivo correlationwhenusing
full thicknessskininvitro to evad uate hydrophobic com-
poundsistheaddition of solubilizing agentstothere-
ceptor solution, Examplesof useful solubilizing agents
include PEG-20 oleyl ether, octoxynol- 9 (Triton X-
100)27, bovine serum albumin (3% in buffer),

Poloxamer 188,PEG400,and ethanol .Animportant
requirement of solubilizing agentsisthat they must not
ater theinherent permeability orooerties of the skin.

The addition of PEG 400 to thereceptor solution re-
portedly leadsto asignificant dteration of theinherent
barrier propertiesof human skin. Also, methanolicand
ethanohc receptor sol ventscan damagefull thickness
rat skininvitro as assessed by variable cortisonefluxes.

It has been suggested that i sopropyl myristateisapo-
tentia receptor-phase solubilizing agent. Whilecertain
properties (bipolarity, inertness) make isopropyl

myristate attractiveasasolubilizing agent, itisimmis-
ciblewithwater, can potentia ly extract lipophilic com-
ponentsof skin, and hasbeenfoundtoincreasetheflux
of theophyliinein propyleneglycol following pretrest-
ment of hairlessmouse skin.

Hydration isanother variableto consider inlong-
term permestion experimentsunder in vitro conditions.
While somestudieshavefound theeffectsof hydration
inlong-term permestion experimentsto be negligible,
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other studies have demonstrated that certain rodent
skins, in particular hairlessmouse skin, are susceptible
to hydration leading to changesin permestion ratesover
time

Diffusion cellsfor measuringin vitro permeation

A myriad of cell designs have been used over the
past 30 years. However, most designsfall into one of
two genera categories. Sde-by-sdediffusion celsand
invivomimic diffusion cells. Theexamplesprovided
herein arefar from exhaustive: they werechosentoil-
lustrate some of the basic design considerationsand
some potential problemsencountered during therou-
tineuseof diffusion cellsfor invitro skin permeation
Sudies

Sideby sidediffusion cells

Side-by-sidediffusion cellsusually comprisetwo
chamberswherein one chamber containsthe permeant
in solution and the other contai nsthereceptor solution.
These two chambers are separated by a membrane
(skinin percutaneous permeation experiments). The
contents of one or both chambers can be agitated to
ensure adequate dispersion of thedrug moleculesand
to minimizethe static diffuson boundary layers. Con-
figurations of side-by-sidediffusion cellsinclude T-
shapes®® and identical L shapesd®®2%, Most cellsare
composed of glassasillustrated by the modified coni-
cal flask design of Wurster et al.'* (seefigure 2).

Thiscell hassevera drawbacks,most notably the
inability to agitatethe solutionsinternaly although the
authors propose gently shaking the entire gpparatusin
theplaneof themembrane. Theagpparatusissuspended
inawater bath for temperature control. Whilethisde-
sign was shown to be adequate for rapidly diffusing
compound (sarin), itsbroader gpplicability isunknown.

A congderably morecomplex designisthat of Hynn
and Smith™® (seeFigure2). Thechambers, unlikethose
used by Wurster et al .4, aremanufactured from brass.
Thesechambersarehd d together with anut-and-thread
assembly. The membrane is held clamped between
Orinas seated in theflanze surfaces. Relativelv large
Teflon stirrersare mounted vertical to themembrane;
thesegtirrersarein turn mounted onto shaftswhich pro-
trudefrom each chamber. Theseprotruding stirrer shafts
areattached to gearsinterlinked with asynchronous
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Figure1: Permeability cell for study of solution and gel
phasedonor sthedide device holdsthemembrane (skin)
between a relatively narrow tube connecting larger
tubesthetwo chamber sar eheld together with an alumi-

num chassis. Redran from wuster et al.®4.
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Figure?2: Sideby side per meability cell showing general
features .mixing is accomplished through rotation of
Teflon stirrer smounted per pendicular tothemembrane.
A synchronousmotor drivesthestirrersin each chamber
at thesamerate. Redrawn from flynn and smith®

motor. Removal of the chamber fluidisaccomplished
through sampling portsin both chambers. A perforated
screen can be used to support themembraneif required.
Theentire apparatus can beimmersed inawater bath
for control of temperature. Asdesigned, thedevicere-
quiresrdatively largeamountsof membrane whichlimits
itsusefulnessto skin availablein largeamounts. While
many of thefeaturesof thisside-by-sidearewel|-suited
for ng skin permestion under invitro conditions,
thecomplexity of thedesign (motors, shafts, cogs) make
the widespread use of thissystem limited despiteits
advantages over many other invitrodiffuson cels.
Another designfor side-by-sidediffusion cdlsis
showninfigure 3. Two glasschamberswitharela-
tively smdl diffusiond areaaretemperature controlled
by immersioninawater bath. Both chambersaredirred
with Teflon-coated magnetic bars, amagnetic tirrer is
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positioned bel ow the side-by-side cell systemto pro-
duce synchronousstirring of thebarsinboth cells. AS
withthe exampleshowninfigure 2, themembrane can
be supported with astainlesssted mesh. Thismeshcan
also be used to prevent distention of themembraneif
the receptor chamber is used to measure vapor diffu-
sion through skin. Receptor and donor samplingisac-
complished, through portslocated on each chamber;
each port can be sealed with Parafilmif needed. De-
pending ontheheight of thefluidinthesampling ports,
mixing may beinadequateif asubstantial portion of the
receptor (or donor) solutioniswithinthesampling port.

Another side-by-sidediffusicn cdll, the so called
VdiaChien cell, hasbeen studied extensively by Chien
and coworkersg®. These cells are composed of two
identical horizonta chambers, 0.9 cmindiameter and
3.8 cminlength: the stoppered sampling portsarever-
tical (seeFigure5). Theactivesurfacearea, sufficiently
amall for usewith biomembmaessuch ashumanskin, is
0.64 cm’. As can be seen in figure 5. The cylindrical
portionsof theceilsare enclosed in awater jacket al-
though themembrane connecting flangeisopento am-
bient temperatures. Fluid mixing isreduced in the con-
gtricted region of theflange; however, mixing and tem-
peratureequilibriumarereached rd ativev ranidlvinthis
cell. As noted by Smith and Haigh®¥, the design of
cellsasshowninfigure 5 hasled to the apparent re-
quirement of acomputationa correctionto account for
thenonideal design. Again, such correctionslead to, at
best, only minimal changesintheinterpretation of data
obtainedwithVdiaChiendiffusoncdls

A combination of ameagneticaly-stirred donor cham-
ber and afl ow-through receptor chamber hasa so been
developed (see Figure5). A uniquefeature of thisde-
sgnisthelocation of thereceptor fluid inlet positioned
at the center of themembranewhiletheeffluent iscol-
lected from the periphery. Thisdiffusion cell wasre-
portedly capabl e of efficiently removing the penetrant
from the membrane/receptor solution interface thus
maintaining maximum sink conditions.

Despitethedissimilarity between sde-by-sidede-
signsand assessing skin permeation under invivo con-
ditions, alargeamount of the skin permesgtion datahas
been collected skin using the side-by-side chambers.
Side-by-side designs expose the membrane (skin) to
solvent on both s desthroughout the experiment lead-
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Figure3: Glassdiffusion cell for study state permeation
experiments. A stainless stel screen isused asa support
of thebiological membrane, in thiscasethe stratum cor -
neum. Sirringisaccomplished by Teflon coated magnetic
stirring bar s. Redrawn from southwell bar ryt*

Figure 4: Skin permeation system (valia-chien). key:
A.inlet; B.glassstopper, c,samplingports, D,outlet; E,water
jacket; F,donor compartment(4ml); I,magnetic gtirring;
J,gtirring platform; K ,synchronousmotor; L ,connecting
tube; M ,on off button.redrawn from chein and valia®

ingto potential salvation effects. Nonetheless, thedata
collected in sde-by-sde chambersisuseful if thelimi-
tations of the design are acknowledged. Measurement
of permeation ratesunder conditionssimilar to those
encountered invivo requiresadifferent cell designas
explained below.

Diffusion cells designed to mimic in vivo condi-
tions

Systemsthat parallel conditionsfoundinvivoare
normally vertical with the bottom chamber designedto
hold areceptor fluid. The bottom chamber isagitated
or recycled in an attempt to maintain sink conditions
throughout the experiment. An advantage of the verti-
cal cell designistheability to vary the nature of the
donor vehicle. A film of materid can beapplied by sol-
vent evaporation; ointments, pastes, synthetic mem-
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Figure5: Flow throuh diffusion cell key:A,application
tube; B,removal tube; C,donor compartment stopper; D,
neoprenerubber washer,E,donor compartment;F,skin
specimen clampd between perspex blocks; Gstirrer;
H,clamping screw; | etlet tube;J,acceptor compartment;
K inlet tube, with drawn from astley and leving®?

Figure6: Glassdittusion cell congsting of alower cham-
ber with a sidearm for sampling of receptor phase.key,
A,skinspecimen,B.teflon pieces holding skin, C.clamp,
D.receptor chamber, E.polyetjylenesail, F.teflon coated
magnaetic stirrer, Redrawn from coldman et al %
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Figure7: Vertical diffusion cell for steady state per me-
ation experiments. The stainless steel screen is ued to
support fragite biologic membrane,such asthe stratum
cor neum.redrawn from southwell et al.”
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branesin serieswith skin, and entire transdermal de-
vicescanaso bestudied. Atmospheric conditions(e.g.,
humidity) can becontrolled inthesecellsaswell. Se-
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Figure8: Thefranzdiffusion cell redrawn from franz

quentia treatments, such as pretreatment with an en-
hancer followed by deposition of adrug, areeasily ac-
complished using vertical cells. Itisalso possibleto
conduct infiniteand finite dose experiments. Theactud
experimental desgnwill vary depending onthetype of
formulation under investigation. For instance, testing of
drug permestion from atopica vehicleto ddliver corti-
costeroidsisaccomplished through semi infinite dose
or finite dosetechniques. There have been anumber;
of vertical cellsdesigned and tested over the past 25-
30years. Oneof theearlier cellsisthat of Coldman et
al [,

showninfigure7. Thisstatic cell iscomposed pri-
marily of glasswithasidearm for sampling. A Teflon-
coated stirring bar isattached to apolyethylene sail to
provide mixing of thereceptor solution. Theskinisheld
inplaceby aTeflon disk on aflat ground glasssurface
at thetop of thereceptor chamber. The exposed sur-
face area of this cell was 0.30 cm? and the receptor
chamber volumewas|O ml, aportion of whichislo-
cated in the side-arm (mixing may not be adequatein
theside-arm). Fluid mixing and masstransfer charac-
terigticsof thisdiffusion cdl havenot beenfully investi-
gated.

Barry and coworkershave, in additionto aside-
by-sidedesign, examined avertica cell (seeFigure8).
Thiscell ismerely onehaf of the side-by-side cham-
bers(seefigure2) turned verticaly withadonor cham-
ber placed on top of the half-cell. As expected, cell
components are those of the cell shown in Figure 2
(dlasschambers, Teflon magnetic stir bar, glasssdearm
sealablewith Parafilm, stainless steel membrane sup-
port). Similar tothediffusion cell of Coldman et a .Y,
arelatively large portion of thereceptor solutionislo-
cated inthe poorly stirred side-arm. The Franz diffu-
sion cell isoneof themost widely used systemsforin
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vitro skin permesation studies. First disclosedin 1978
and subsequently marketed, thiscell hasasmall donor
compartment and adumbbel |-shaped receptor cham-
ber (see Figure 9). The bottom portion of the dumb-
bell-shaped chamber communicateswith anarrower
cylindrical tubewhichwidensintheupper part of cham-
ber near theareaof contact with themembrane. Inthe
original design, thecell was static and thereforehad a
singlesampling port (unstoppered). Thecentra part of
thereceptor chamber isenclosed in awater jacket for
temperature control. Portionsof the receptor chamber
and the entiredonor compartment are open to ambient
conditions. Aswith most vertica systems, thereceptor
chamber isagitated with aTeflon-coated magnetic stir
bar. A number of modificationshave beenintroduced
intotheorigina design by Franz. O-Ring flangeshave
been added; a second side-arm has been added to
permit flow-through operation, the donor compartment
canbesealed, and it can bemadein avariety of active
surfaceareadiameters. Whilethe Franz cell iswiddy
used, it hasseverd potentia draw backs, most notably
relaively poor mixing hydrodynamics. Poor mixing re-
sultsfrom thefact that agitationin thelower bulb must
betransmitted through the narrow cylinder. Thereis
consderableresistancetolaminar fluid flow throughthe
constricted portion of the receptor chamber leading to
astatic boundary layer at the interface between the
membrane and the receptor solution.

The poor mixing propertiesin thereceptor cham-
ber of Franz cellshave been studied. It wasfound that
thetimeto complete mixing, asmeasured by homoge-
neous dyedispersion, wasinadequateintheside-arm
and the upper portion of the dumbbel|-shaped recep-
tor cell inthat homogeneity was not reached until 30
mm had passed in some cases. Based on the data col -
lected with the Franz cell, two flow-through invitro
penetration cellsweredesigned to obviatethe problem
of poor mixing (see Figure 10). Twotypesof cellswere
prepared to accommodate two different surface aress.
The central designfeature of these cellsisthereceptor
chamber. Itsdiameter iswider than that of the Franz
cell to achieverapid and even stirring. Ascan be seen
inFigure 10, these cellsfeature aflow-through recep-
tor chamber. O-Ringsareabsent inthisdesigntheskin
issandwiched between two areas of ground glass. The
authorsreport that no leakage of material wasobserved
under any experimenta conditionsused.Using thetime
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Figure9: Flow through diffusion cells. Theupper cell has
areceptor volumeof 5.3ml;lower cell hasareceptor vol-
umeof 3.0ml.redrawn from Gammer et al.

Shbra
Figure10: Flow through skin penetration cell with active

surfacearea of 0.2cm?theflow rateof ther eceptor solu-
tion (isotonic saline,38c)was 10-20 mi/h.redrawn from
Marzullit*Z,

for homogeneous dispersion, both cell designsgave
nearly instantaneousmixing(< 309).

Flow through systems offer an dternativeto sam-
pling ports; by replacing the entire contents of there-
ceptor chamber on acontinuousbasis, sink conditions
aremore easily maintained. Asaresult, flow-through
cell design coupled with avertica chamber represents
conditionssimilar to those encountered invivo. Oneof
earliest flow-through cellswasthat of Marzulli®*? (see
Figure11). Thecylindrical design may not have opti-
mum hydrodynamics: theinlet to thereceptor solution
isnot directed toward or at themembrane. Remova of
the permeant may not be completeinthe Marzulli de-
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Figure11: Invitro skin penetration evapor ation cell from
Hawkimsand Reifenrath
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Figure12: Sratum corneum siliconemembranesandwich.
The stratum corneum is held in place with a silicone
adhesive Redrawn from Tiemessen et al.
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Figure13: lontophoreticdiffusion cell constructed of glass
effectivesurfaceareais0.8 cm2with adonor phasevol-
umeof about 0.5cm3. receptor phasevolumeisapproxi-
mately 7 cm3. A and B aretheelectrodechambers. Re-
drawn from Glikfeld et al.

sign. An obviousimprovement inthedesign would be
introduction of astirrer. At the sametime, stagnant dif-
fusionlayersare probably only of major concernwhen
usingrelatively lipophilic permeants.

A relatively complicated permesation cell for assess-
ing penetrati on-evaporation was designed with aflow-
through system and amagnetic stir bar (seeFigure 12).
Thereceptor chamber (thermostatically jacketed) is
stirred with amagnetic stir bar. The donor chamber
was designed to control evaporation from the surface
of theskin by forced, warmair ventilation.

————— Review

A problem with many Row-through systemsisthe
entrgpment of air bubblesunder the surfaceof the skin.
These bubblescanreducethediffusiona areasubstan-
tialy and should therefore be minimized by degassing
of solventsor the use of bubbletragps. Another problem
associ ated with the use of flow through Systemsisab-
sorption of drugs, in particular hydrophobic drugs, into
plastic tubing used to collect the eftluent from there-
ceptor chamber. Teflon used in magnetic stirrer could
also absorb hydrophobic solutesaswell.

Often, biologica membranesarefragileand there-
foredifficult to handle. In particul ar, measuring the per-
meability of sheetsof stratum corneum canbeaformi-
dabletask. Maintai ning aspecific water content inthe
Stratum corneum can a so be ademanding prospect.
While support structures have been used to maintain
theintegrity of the stratum corneum (seefor iostance
Figures4 and 8), anew technique has been devel oped
recently to control theintegrity and water content of
stratum corneum Sheets (see Figure 13). Itispossible
to control the humidity such that the Stratum corneum
insidethe sandwich adoptsawater content whichisin
thermodynamic equilibrium with salt solutionsoutside
themembrane. A minor drawback of thissystemisthe
need to determine not only the permesability of stratum
comeum, hut so that of thesilicone sandwich.

Diffusion cdlsfor intophoresisand phonophoresis

Thediffusion cellsdescribed in the previous sec-
tionsweredesigned to measure the passivediffusion of
drugs. lontophores sand phonophores saretechniques
used toincreasethe transcutaneousflux of drugs. lon-
tophoresisisdefined astheincreasein permestionrate
of amoleculeinduced by an applied current through
the skin. Whilethe conceptisrelatively old, it hasre-
celved considerabl e attention recently becauseit ap-
pears possibleto useiontophoresisto deliver certain
macromolecules, viz., peptidesand proteins, through
skin. phonophoresisisdefined astheincreaseinfate of
asolutethrough skin observed under theinfluence of
art ultrasonic perturbation344,

Diffusion cellsused iniontophoresis experiments
are simtlar to those used to assess passive diffusion
except el ectrodes have been added, onein the donor
chamber and onein thereceptor compartment. While
thistypeof apparatusworkswell experimentally, elec-
trodes can not be placed on opposite sidesof the skin
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Figure 14: Experimental setup used iniontophor esisex-
periment donor compartment volume of 8ml.reciver com-
partment volumeis8.5ml

invivo. Glikfeld et al .[*! designed aniontophoretic cell
for invitro studiesto account for thein vivo Situation
(seeFigure 14). Inthisdesign, both electrodes are ap-
plied to the same side of the membrane (skin). Such a
design should permit better gpproximation of drug de-
livery usingiontophoresisunder invivaconditions. The
cdl usedisbased onthat of Gummer et a.* and hence
should exhibit propertiessimilar to those claimed for
thediffusoncdl showninfigure 10.

Phonophoresisisrarely studied under invitro con-
ditions. Most experimentsinvolvethe useof existing
commercidly avail ableultrasonic equipment. Thesesys-
tems are too large to use under: in vitro conditions,
particularly with human skin. Design of aninvitrodif-
fusion cell capableof varying experimentd parameters
important in phonophoretic drug delivery would prob-
ably help accelerateresearchinthisarea.

Ultrasound (Sonophoresisand Phonophor esis)

Ultrasound involvesthe use of ultrasonic energy to
enhancethetransdermal delivery of soluteseither si-
multaneoudly or viapre-treatment and isfrequently re-
ferred to as 124 M.B. Brown et a. sonophoresis or
phonophoresis. The proposed mechanism behind the
increasein skin permeability isattributed to theforma:
tion of gaseous cavitieswithintheintercelular lipidson
exposureto ultrasound, resulting in disruption of the
SC“1, Ultrasound parameters such astreatment dura-
tion, intensity and frequency areall known to affect
percutaneous absorption, with thelatter being the most
important™“®. Although frequenciesbetween 20 kHz -
16 MHz have been reported to enhance skin perme-
ation, frequenciesat thelower end of thisrange (<100
kHz) are believed to haveamore significant effect on
transdermal drug ddlivery, with thedelivery of macro-

molecul esof molecular weight upto 48 kDabeingre-
ported“. The SonoPrep®device (Sontra Medical
Corporation) useslow-frequency ultrasound (55 kHz)
for an averageduration of 15 sto enhance skin perme-
ability. Thisbatteryoperated hand-held device congsts
of acontrol unit, ultrasonic horn with control panel, a
disposable coupling medium cartridgeand areturn e ec-
trode. Theability of the SonoPrep deviceto reducethe
time of onset of action associated with the dermal de-
livery of local anaesthetic from EMLA creamwasre-
cently reported®. In the study by Kost et al '™, skin
treatment by ultrasound for an averagetimeof 9sre-
sultedinthe attainment of derma anaesthesiawithin 5
min, compared with 60 min required for non-treated
skin. Theuseof other small, lightweight novel ultra-
sound transducersto enhancethein vitro skin trans-
port of insulin has also been reported by a range of
workergs:53,

CONCLUSION

Derma/transdermal absorptionisamulti factoria
multi step process, Therearemany barriersfor thetrans-
port of drugsthrough skinwhichisaffected by anum-
ber of factorsincluding the animal sourceand type of
skin, physicochemical properties of thetested com-
pound and delivery systems, aswell aspossibleskin
pretreatment and environmental factors. To assessthe
permestion studiesthe suitable mode isimportant to
interpret the data,For anumber of tested systemsthere
isacorrelation between in vitro/invivo dataacquired
inanimasandin humans. Yet, therearealso many ex-
amplesindicating poor correlation.

Inconclusion, invitro permestion experimentsand
anima modds, withal thar limitations, provideimpor-
tant tool sfor screening drug delivery systems, skin per-
meation enhancersand drug delivery carriers. Also,
thesetoolsmakeit possibleto estimatethe rank order
of percutaneous absorption of aseriesof molecules.

REFERENCES

H.Schaefer et al.; Arch.Dermatol.Res., 258, 241-
249 (1977).

S.E.Cross, M.S.Roberts; J.Pharm.Pharmacology,
45, 606-609 (1993).

A.Szuba, S.G.Rockson; Vasc Med., 2, 321-326
(1997).

[1]
[2]
(3]

Au Tudian Yourual



MSAIJ, 5(3) June 2009

Praveen Gaddam et al.

287

[4] L.Hakier-Sorensen, M.S.Roberts, K.A.Walters;
‘Dermal Absorption and Toxicity Assessment’, New
York, Marcel Dekker, 127-154 (1998).

[5] S.E.Cross, M.S.Roberts, K.A.Walters; ‘Dermal Ab-
sorption and Toxicity Assessment’, New York:
Marcel Dekker, 415-442 (1998).

[6] M.S.Roberts, K.A.Walters, M.S.Roberts, K.A.
Walters; ‘Dermal Absorption and Toxicity Assess-
ment’, New York: Marcel Dekker, 1-42 (1998).

[7] S.A.M.Hotchkiss, M.S.Roberts, K.A.Walters; ‘Der-
mal Absorption and Toxicity Assessment’, New York:
Marcel Dekker, 43-101 (1998).

[8] K.Kewal, M.D.Jain; ‘Drug Delivery Systems’,
PharmaBiotech.Basel, Switzerland HumanaPress.

[9] R.J.Scheuplein, I.H.Blank; Physiol.Rev., 51, 702-
747 (1971).

[10] R.C.Scott, P.H.Dugard, A.W.Doss; J.Invest.
Dermatol., 86, 201-207 (1986).

[11] H.Schaefer, A.Zesch, GStuttgen; Arch.Dermatol.
Res., 258, 241-249 (1977).

[12] A.S.Michaels, S.K.Chandrasekaran, J.E.Shaw;
Am.Inst.Chem.Eng.J., 21, 985-996, (1975).

[13] PM.Elias, GK.Menon; Adv.Lipid.Res., 24, 1-26
(1991).

[14] C.Ashill et a.; Pharm.Res.

[15] V.H.M&K et dl.; JInvest.Dermatol., 96, 323-327
(1991).

[16] T.Ogiso et a.; J.Pharm.Sci.Technol.Jpn., 58, 155-
163 (1998).

[17] A.El-Kattan et al.; Proc.Int.Symp.Control.Release
Bioact.Mater., 25, 611-612 (1998).

[18] A.El-Kattan et a.; Pharm.Res., 14, S-306 (1997).

[19] Y.Yamaguchi et a.; Chem.Pharm.Bull., 45, 537-
541 (1997).

[20] H.Schaefer, et a.; Skin Barrier: Principles of Per-
cutaneous Absorption, Karger, (1996).

[21] L.Yang et a.; Yao Hsueh Hsueh Pao, 25, 916-919
(1990).

[22] K.Setoh et al.; J.Pharm.Pharmacol., 47, 808-811
(1995).

[23] J.Stinecipher et al.; J.Toxicol.Environ.Health, 52,
119-135 (1997).

[24] C.A.Squier et al.; J.Pharm.Sci., 86, 82-84 (1997).

[25] R.O.Potts et al.; Pharm.Res., 6, 119-124 (1989).

[26] R.C.Wester, PK.Noonan; Int.J.Pharm., 7, 99-110
(1980).

[27] R.L.Bronaugh, R.F.Stewart, E.R.Congdon; Appl.
Pharmacol., 62, 481-488 (1982).

[28] R.C.Scott, M.Walker, PH.Dugard; Int.J.Cos.Soc.,
8, 189-194 (1986).

[29] J.R.Bond, B.W.Barry; J.Invest.Dermatal., 90, 810-
813 (1988).

———— Review

[30] M.Washitake.Y.Takashima, S.Tanaka, T.Anmo and
|.Tanaka; Chem.Pharm.Bull., 28, 2855-2861 (1990).

[31] A.Dyer, GGHayes, J.GWilsonand R.Catwall; Int.J.
Cosmet.Sci., 1, 91-100 (2000).

[32] K.Tojo, J.A.Masi, Y.W.Chien; Ind.Eng.Chem.
Fondam, 24, 368-373 (1999).

[33] K.Tojo, M.M.Ghannsm.Y.Sun, Y.W.Chien; J.
Controlled Rel., 1, 197-203 (2000).

[34] D.E.Wurster, J.A.Osrrenga, LE.Mstheson (Jr.);
J.Pharm.Sci., 68, 1406-1409 (1979).

[35] GL.FHynn, E.W.Smith; J.pharm.Sci., 60, 1713-1717
(1999).

[36] GL.Flynn, E.\W.Smith; J.Pharm.Sci., 60, 1713-1717
(2001).

[37] D.Southwell, B.W.Barry; J.Invest.Dermatol., 80,
507-514 (1983).

[38] K.Tojo, J.A. Masi, Y.W.Chien; Ind.Eng.Chem.
Fundam., 24, 368-373 (2002).

[39] E.W.Smith, J.M.Haigh, R.L.Bronaugh, H.L.
Maibach; ‘In vitro systems for assessment of drug
release from topical formulations and transmem-
brane permeation’, Percutaneous Absorption: Drug
Delivery, 2 Ed., Marcel Dekker, New York, 465-
508 (1989).

[40] M.E.Coldman. B.J.Paulsen, T.Higuchi; J.Pharm.
Sci., 58, 1098-1102 (1990).

[41] D.Southwell, B.W.Barry, R.Woodford; Int.J.
Pharm., 18, 299-309 (2003).

[42] FN.Marzulli; J.Invest.Dermatol., 39, 387-393
(2002).

[43] D.M. Skauen, GM.Zentner; Int.J.Pharn., 20, 235-
245 (2003).

[44] PTyle, PAgarwaa Pharm.Res., 6, 355-381 (2005).

[45] P.Ghkfeld, C.Cullander, R.S.Hinzand, R.H.Guy;
Pharm.Res., 5, 443-447 (2006).

[46] C.L.Gummer, R.S.Hinz, H.I.Maibach; Int.J.Pharm.,
40, 101-104 (2002).

[47] S.Mitragotri, D.Blankschtein,
Pharm.Res., 13, 411-420 (1996).

[48] S.Mitragotri; Adv.Drug.Deliv.Rev., 56, 589-601
(2004).

[49] S.Mitragotri, D.Blankschtein, R.Langer; Science,
269, 850-853 (1995).

[50] JKost, N.Katz, D.Shapiro, T.Herrmann, S.Kellog,
N.Warner, L.Custer; Proc.Int.Symp.Bioact.Mater,
(2003).

[51] K.Tachibana; Pharm.Res., 9, 952-954 (1992).

[52] A.Boucaud, M.A.Garrigue, L.Machet, L.Vaillant,
F.Patat; J.Control.Release, 81, 113-119 (2002).

[53] N.B.Smith, S.Lee, E.Maione, R.Roy, S.McElligott,
K.K.Shung; Ultrasound.Med.Biol., 29, 311-317
(2003).

R.Langer;

— P plericly Science
ﬂuVWMW



