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The effects of two sanrces of experimental error on
measurements of drug permeation throvngh excised
lwman stratum corneum fave been considered, namely

the presenice of holes in the membrane and the removel of
samples frome the system for analysis. The influence of

holes introduced in skin membranes during their prepa-
ration was sinidated using a numerical solution 1o Fick's
Second Law. Tlis showed quantitatively ithe errors in flux
and lag time which can occur. Experinenial measure-
ments of the in vitro diffusion of the drug clenhuterol
throwgh perforared stratum corneum membranes corvo-
horated these theoretical findinges. Fluorescence-mearked
dextran of molecular weigly 60.000 could be used to
identify the presence of holes during permeation experi-
ments. These macromolecular substances are waler-
soluble and do wnor pencrrate throush fntact stratum
corncum, The errorintroduced by the removal of samples
fron the svsten was also sinudated. Althowah small for
diffusion throwgh stratum corneuny by virte of the low
diffusivities tvpically found for this membrane . the error
corld he substariial for svuihetic memhranes where
diffusivitios are grearer.

CoStratum corneum - Holes - Permeation -

Keviwords
Dextrans.

The percutancous route of drug debivery canbe investivated
quantitatively using o vore techniques with excised skin
samples tken from man or animals, The exceed shin s ata-
chod within some sort of dittusion cetl tof which numcrous
desions are avatlable [ such that tteontacts the drug preparae
tion o its outer stde and an acceptor medium on s inner side.
The permeation of the drug through the sk is then churacter
sod directly from the rate of appearance ol the drug i the

i

aceeptor medium, The retevance ol suchin varo dati s dased
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Les effets de deny sources derreurs expérimentales
sur-la mesure de Uabsorption des principes actifs a
fravers distraturn corneum luonain exerlsé sont étudics
is'agitde laprésence de perforations dans la membrane
etdwprelevement d'échantillons pour analvse a partir di
svsieme. Llinfluence des perforations faites au cours de
la preparation des membianes de peau a é1é simulée pay
Femplol d'vne résolution numérique de la seconde foi de
Fick - Cecimeren évidence les erreurs de fluv et de temps
de latence qui peuvent surveniv. Les déterninations
cxperimentales de diffusion in vitro de clenbutérol
travers des membranes de stratum corneum perfordées
corroborent ces yésultats théorigues. La fluorescence de
dexiran de poids molécidaire 60.000 peut éire utilisée
pot mettre on evidence la présence de perforations au
cowrs dlexperiences de perméation. Ces substances
wmcro-molécnlaives sont solubles dans Pea et ne péne-
trent pas are ravers dwnostratum corneum infact. Les
ervewrs mduites par le prélévement d'échantillons
partiy diesysteme ont aussi ét¢ simulées. Bien que faibles
pour la diffusion a travers e stratum comeum die fuit de
la faible diffiesiviee constarée ponr cos membranes, eles
peuvent five appréciabley pour des membranes svithe-
tigues dont la diffusivité est beaucoup plus grande.

Maors clefs o Stratum corneuny - Perforations - Fermida-
tion - Dextrans.

provided the permeation of the drug through the outermaost

aver of the sk the soranmt cornena, is the rate-limiting step

for the orvive process ol percitancous absorption (21 Care

must, however, be taken with the preparation and use of the
excived shin it the iz vino studies are to vield reliable results.
Starting from the original excised skin tissue, one proveeds
with the removal of the subeutancous fat to leave so-called
cwhole skin e comprising the s cornepn, the viable

spidenmis. and a part ot the dermis, The two underiving Livers
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e presence of small holes is,

As part clenbuterol
ACTOSS X0 «m human stratum cornent. we examined the ervor
caused by the presence of holes in the membrane. Atheoretical
model was {1 ady state diffusion
through a perforated membrane, and the effect of hole size on
permeation simulated. The permeation of clenbuterol through
both intact and artificially-perforated stratiom coriennt mMem-
branes was then measured experimentally.
obtained compared with the simulated data. We also examined
the suitability of macromolecular dextrans as marker substan-

I'a study of the permeation of the drug

rst constructed for non-ste

and the results

ces 1o fest the integrity of a sivatuat cornenn membrane being

used for a routine i1 vige permeation experiment.

As a further aspect of this study, we also considered the
prablems associated with the removal of samples from the
diffusion cell. taken for analysis from the acceptor
whose volume is then maintained by adding an
cauivalent amount of blank butfer.
acceptor sohution to an extent depending on the volume of the

These are
solution,
The process dilutes the

sample removed. Some published samipling procedures require
the removal of Jarge volumes, which may lead 1o a substantial
errorin the measured permeation rate. We were able toexamine
the magnitude of this source of error using the theoretical model
developed for the first part of this study.

I. MATERIALS AND METHODS

1. Simulation of in vitro skin permeation

Fionre | llusirates the theoretical model used to simulate
non-steady state ditfusion of a drug through a perforated
- the applicable initial and boundary conditions are

this model it was possible to simulate the

membrane
also given. With

effec
sumples of any volume on the perme ation rate. We assumed a
lnear diffusion with constant di mmwl\ Dot nmuggh  finite,
isotropic mcmhr;mc :

cony - D oetey =0 Fg. 1

where el is the concentration at position x after time ¢, and
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ts of the presence of holes of any size and the removal of

Effects of hc

removal

Figure 1 - Model used to simulate diffusion through a perforated
stratum cornewm membrane.

the subscripts denote partial derivatives. Equation [ was solved
LANK and NICOLSON's fi

numerically using CRA
method [6]. To this end a matrix comprising equation [ and the

nite difference

initial and boundary conditions in finite difference form was
solved on an Epson PC AX3 personal computer using Pascal,
This vi MM the theoretical mass of drug in the acceptor

solution. m (1), . as a function of time fc
vity within seratien corneunt and hole.
membrane thickness. L. mz'tizim coefficient, K
FANE $12€. ¢

wany values of diffust-
D and by re \pt ctively.,

d percen-
e was drawn

tage hole size to memb . Assmooth cur

through the coordinates of mﬁ‘%: using thxmwdcgrw polyno-

mial splines.

2. Measurement of in vitro
skin permeation

iterol (MWL
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The water-sotuble, basic drug ¢lenbuy
pKa = 9.5) was used fo
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Stration cornern membranes (SCY wey
whole human skin excised from the inner thighs of cadavers
within 48 b post mortem by sequential heat and rypsin treat

e prepared from




Effects of holes and sample removal on diffusion through excised
stratum corneum membranes
A. Goplterich and G, Lee

ving 1o 25% RH. some of the SC samples
v perforated in their ¢

using a fine, hot needle. Figure 2 shows a typical preparation
viewed under the light mic E()\u)p& . the diameter (60 um for
the preparation shown in figure 2y could be readily measured.
The permeation of clenbuterol through both the 'mwt and per-
forated SC membranes was then measured at 35 £0.2°C using
aglass diffusion cell of standard design [7]. A pH 8 phosphate
butfer solution was used in both donor and acceptor compart-
ments, from the latter of which samples were removed at
regular intervals and assayed by reverse-phase HPLC with UV
detection (error < 29%). The results were expressed as coordina-
- Versus

ments [3, 4} After dr
|

were then artificial cometric centres

rug in the accep

tes of the mass of d
time, £

tor solution, m (1) .

Figure 2 - Perforated stratum corneum preparation viewed from ig
auler side.

The integrity of the SC membranes was examined by using
a fluorescence-marked, macromolecular dextran of molecular
wetght 60,000 (Sigma Chemicals, Miinchen., FRG) as marker
substance. This was dissolved together with the drug in the
dc‘mm‘ solution used for the permeation experiment. The sam-
ples removed {rom the acceptor solution were tﬁmumh ed for
drug by HPLC as before and for dextran by fluorescence
spectroscopy (Kontron Analytical SFM 25 “Eum imeter). For

each individual piece of perforated stration cornenm, a plot of

il l( t) oy FETBUS U was constructed.

il. RESULTS AND DISCUSSION

effectsof hole size on pu fmeationrate
{1y, /m_ versus
system, i,)\ 15

Forsimulations of the
we used the classic [8] dimensionless plots of n
Do/Le, v'}'n:u: m_is the total mass of drug in m<., :
Biffusivity mil
the thickne v«uf the stratunt corneren. Fioure.
the simulation of diffusion through perforated

i the stratent cornennt, Uis the time, and L
i shm\ ssuchdata

L Eachof
r momm‘;ﬂw

the i

fort :
the simulated curves shows the lag phase typreal Em
diffusion. followed by a pseudo-steady state phase which is

igmotd in shape owing to the non-sink boundary conditions
existing at both sides of the membrane. The effect of the holes
on the shape of these curves is guite marked for o (percer ]{agk*
hole size relative o membrane size) greatey than O.001%. For

this simulation we assumed 3 1o be 1 5.11‘»:;1\@?“ than I)‘ﬂ a4
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Figure 3 - Simulated curves of m () /m_ versus DVL? for increasing

percentage relative hole size (o).
would be typical for drug diffusion through strarum corneum
usivities of ca. 10 10 10 are found. Table |
shows for each of the four simulated curves the values for flux
through the membrane (J, pg/em® per by as measured at the
point of inflexion and lag time (v, hours) determined by extra-
polating back from this point to be time axis. For these caleu-
}micm\' we used a i\f“mmi SCdataof b =5 x 10" em® s and

O i The increase in the {lux observed is clearly propor-
(mmi to the hole size. Although even the presence of a small
hole (o= 0.001% is equivalent to a hole diameter of 35 um in
a 1 em® membrane) increases the flux, its existence would
probably not be obvious when examining experimental data as
the associated errorin the curve (figure 3) is quite small. The lag
time s also influenced by the presence of the holes, being
reduced even for the smallest value of ecsimulated here. Indeed,
for o= 0.19%, the lag time completely vanishes. Major errors
would, therefore, certainly occur were diffusivity calculated
fromthelag time of such data, since the presence of even a small
hole substantially alters the extrapolated lag time, but may not
from the shape of the curve. The wisdom of using
a marker substance o check the integrity of stranon cornenm
membranes during routine permeation experiments is thus
evident.

where diff Pomty!

bhe obvious

Table | - Flux (J) and extrapolated lag time (1) for simulated diffusion of
a drug through perforated straturm corneum.

Relative hole size Flux Lag time
o (%) Jd (g em? B = (h)
0 4.80 8.16
0.001 536 7.66
0.01 714 4.70
0.1 265 0

The influence of hole size on the permeation of clenbuterol
through the artificially-perforated SC membranes could be
determined experimentally, and is shown in figure 4 as plots of
m (), versust To “the intact SC
membrane is notshown Jitis marginally less steep than that for
the smallest hole size. These results compare well with the

maintain clarity, the curve for
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Ftcwm 4 - Experimentally-determin ned influence of percer
e () on the diffusion of clen nbuterol through ;wmratw‘

simulated profiles shown in figire 3, with increasing hole size
Jeading to increase flux and reduced fag time. These effects are,
however, greater in magnitude than those obtained from the
cimulation for comparable o values. For exa mm& there s
already no discernible lag time for o = 0.01%, although the
equivalentcurve in figrre 3 still shows anevi § nt Lx@ P IM\\ In
an effort to resolve this anomaly, we atiempted 1o t the
uxpcyimun g,
m (0, values obiai “mi from the numeric
mn} mxul simplex method, as di\uz«»ci fully elsewhere {7},

values to the corre xpumi ng. theot \;,m;
I simulation using an

This was. however, only successtul for the dat obta ined from
the intact SC nwﬂmr;mv m = (), which yielded tor D a w%m&
of 3.39 x 107+ 1.76 x 107 ¢m? s " and for K a value of 205

QU (= 3¢ thmc compare well with literature v alues [71. T Ew
experimental data obtained for the perforated SC membranes
could not be fitted adequately to the simulated data. The
simplex residual sumof sguare es did not converge satisfactorily
indicating that the model does not describe adequately E
process of diffusion through a perforated membrane. This is
most likely due to the existence of 1 forced convectional trans-
port of the drug throu gh the hole. as caused by the strong
convection currents existing within the stirred muptm fluid.
This effect wou E i then account for the greater diffusion rates

and smaller lag times obtained experimentally as compares 4
with the simulated data of corresponding o . Although this

finding limits the use of the model for the evaluation of d;muhc
model provides a useful. quant itative description of the magni-
tude of the errors 1o be expected due 10 the presence of holes,

The fluorescence-marked dextran proved itself to be avery
effective indicator of SC membrane integrity. It has the advan
tage of being macromolecular, yet also water-soluble. and
cannot. therefore, diffuse through intact SC membranes. In-
deed, its presence could not be defecte din the acceptor solution
7 days after starting @ diffusion experiment. Some of the
destran molecules from the donor solution were clearly adsor-
hed on to the outer surface of the SCLas can be seen from the
They appear o aggregate pr eferably in
Diespite this phenomenon. the

photograph i figure 3,
the regions of the hair follicles.
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Figure 5 - Photograph of the external side of stratum corneum used for
a permeation experiment showing adsorbed fluorescing dexiran mole
cules.

diffusion of clenbuterol was not quantitatively influenced by
ihe dextran, for which the above-mentionad Hitting pr acedure
yielded a D _of 2.64 x 107 cm’ s and a K of 251, The dextran
molecules were able to pass through perforated SCmembranes.
as Hlusirated in ffewre 6 for the smallesthole size examined (o =
0.0029%). thereby clearly identitying the presence of a hole.
The observed pseuc ido-steady state diffusion rate for the clenbu-
terol (0,64 pg/em® per hy is marginally higher than that scen
\\‘11}1 intact SC (060 pgfem® per ), the hole being so small in
this case. The measured lag time is shorter. As before, however,
it was not possible to fitthese results to the equivalent simulated
data. since diffusion through the hole is influenced by the
canvection currents existing within the acceptor solution.
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Figure 6 - Diffusion of clenbut terol and dextran through perforated
stratim corneum

Finally. the theoretical influence ot the remoy al of samples
from the acceptor solution on the di ffusion rate is iHustrated m
fioure 7. The mostextreme Gise of the complete exchange of the
aceeptor sobution with blank butfer every four hours is shown,
The observed increases in diffusion rate occur as aresult of the
sudden mereases i the con ‘UJHE%‘MN Ox‘micm across the

membrane associated with sampling. Figure 7 shows that thiw
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Figure 7 - Simulated curves of m (1) /m
axchange of the acceptor phase every 4

vomus D e fort

the complete

CITor 18 Emmxc ondy substantial when diffusivities are >
10 em” s Although not of great magnitude for experiments
with stratum corneum (where diffusivities are typically an
order of magnitude smaller). care should be taken when mea-
suring diffusion through artificial membranes, where
ditfusivities existand the ervor associated with sampling can be
ubstantial,

fower

In conclusion, we have shown quantitatively that the pre-
sence of holes within prepared SC membranes can lead o
substantial error i measured flux and lag time. This error can
20 luating diffusional d: im 1, particular-
ly.canlead o incorrect ealeulations of the diffusivity within the
SC Fluorescence-marked dexirans can, Emm ver, be very ¢f-
fectively used to check the integrity of the SC membranes. The
removal of samples trom the system does not cause substantial
membrane, @

unnoticed when eva

error for diffusion through an SC

5
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