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Predicting Skin Permeability
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Published permeability coefficient (K,) data for the transport of a
large group of compounds through mammalian epidermis were an-
alyzed by a simple model based upon permeant size [molecular vol-
ume (MV) or molecular weight (MW)] and octanol/water partition
coefficient (K, ). The analysis presented is a facile means to predict
the percutaneous flux of pharmacological and toxic compounds
solely on the basis of their physicochemical properties. Further-
more, the derived parameters of the model have assignable biophys-
ical significance, and they provide insight into the mechanism of
molecular transport through the stratum corneum (SC). For the very
diverse group of chemicals considered, the results demonstrate that
SC intercellular lipid properties alone are sufficient to account for
the dependence of K, upon MV (or MW) and K,,. It is found that
the existence of an ‘‘aqueous-polar (pore) pathway’’ across the SC
is not necessary to explain the K, values of small, polar nonelectro-
lytes. Rather, their small size, and consequently high diffusivity,
accounts for their apparently larger-than-expected K,,. Finally, de-
spite the size and breadth of the data set (more than 90 compounds
with MW ranging from 18 to >750, and log K, ranging from —3 to
+6), the postulated upper limiting value of K, for permeants of very
high lipophilicity cannot be determined. However, the analysis is
able to define the physicochemical characteristics of molecules
which should exhibit these maximal K, values. Overall, then, we
present a facile interpretation of a considerable body of skin perme-
ability measurements that (a) very adequately describes the depen-
dence of K, upon permeant size and lipophilicity, (b) generates pa-
rameters of considerable physicochemical and mechanistic rele-
vance, and (¢) implies that the SC lipids alone can fully characterize
the barrier properties of mammalian skin.

KEY WORDS: skin permeability; partition coefficient; molecular
volume; lipid lamellae; stratum corneum.

INTRODUCTION

The skin’s barrier function is important both to the
transdermal delivery of drugs and to risk assessment follow-
ing dermal exposure to toxic chemicals. A significant data
base of transdermal delivery rates and associated physical
properties has been compiled for a broad range of com-
pounds. These data should, in theory, provide the means to
develop predictive models of percutaneous absorption. Fur-
thermore, such predictive models should be consistent with
transport mechanisms. To date, skin transport data have of-
ten been explained using a model with distinct permeation
behavior for compounds of specific polarities (1-4). For ex-
ample, it has been postulated that very polar compounds
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traverse the lipophilic stratum corneum (SC) via ‘‘aqueous
pores,”’ while the transport of very nonpolar compounds is
limited by their transfer from the SC into the aqueous, sub-
adjacent tissue. For compounds of intermediate polarity, SC
permeability appears to be linearly related to the membrane/
water partition coefficient (K,,,) of the permeant. While this
model is consistent with experimental observation, there is
no physical evidence supporting the existence of ‘‘aqueous
pores,”” and there is no clear indication of where one regime
ends and the next begins.

We have analyzed existing skin permeability data from
a variety of sources using a simple model which depends
only upon the size of the permeant and its octanol/water
partition coefficient (K,_). The compounds analyzed range
in molecular weight from 18 to over 750, possess log K,
values between — 3 and +6, and encompass broad therapeu-
tic and structural classes. Despite the profound structural
and physicochemical diversity of these compounds, we be-
lieve that the simple model proposed is sufficient to explain
the permeability behavior of the entire dataset. Further, the
choice of parameters is based upon a mechanistic under-
standing of SC permeability. Thus, we suggest that the
model is justified on the basis of simplicity, mechanistic rel-
evance, and predictive ability.

THE MODEL AND APPLICATIONS

The steady-state transport of molecules through biolog-
ical membranes is described as a solubility-diffusion pro-
cess. The permeability coefficient (K), relating solute flux
to the concentration gradient across the membrane, is ex-
pressed mathematically by Eq. (1),

K, = Ky - D/o N

where K, is the membrane/water partition coefficient of the
permeant, D, is the permeant diffusivity within the mem-
brane, and 9 is the diffusion pathlength. Because measure-
ment of K, is difficult, the more readily available octanol/
water partition coefficient (K, is often used instead. The
use of K, in Eq. (1) predicts, most simplistically, that a plot
of log K, versus log K., should be linear with a slope of
unity and intercept equal to log (D,,/9). Data from Scheu-
plein and Blank for the transport of water and n-alkanols
through human epidermis (5) are plotted in this way (i.e., as
log K, versus log K, in Fig. 1. These results show that
while log K, of the larger, more lipophilic permeants in-
creases linearly with increasing K, the small, polar mole-
cules deviate from this line. It is such an apparent indepen-
dence of log K, on log K, that has led to the hypothesis that
these hydrophilic species transport via an ‘‘aqueous chan-
nel,”” in a manner independent of membrane partitioning
(1-4).

Membrane transport as described above assumes that
D, remains constant for all permeants. However, even the
simplest descriptions of diffusion predict an inverse relation-
ship between D, and permeant size (6). For SC (and other
lipid membranes), it has been suggested that the functional
dependence of D, on molecular volume (MV) is exponential
(7-10), i.e.,
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Fig. 1. A plot of log K, versus log K, for water and n-alkanols
(methanol through octanol). The data are from Scheuplein and
Blank (5) for permeability through human epidermis. The line drawn
is the best fit to the data from propanol to octanol.

D, = D°: exp(—B - MV) @

where D° represents the diffusivity of a hypothetical mole-
cule having zero molecular volume, and B is a constant.
Substituting Eq. (2) into Eq. (1), followed by a logarithmic
transformation and rearrangement, yields Eq. (3),

log (K /K,.) = log (D) — B’ - MV 3)

where B’ = B/2.303. In Fig. 2, the data in Fig. 1 are replotted
according to Eq. (3), using molecular volume values calcu-
lated by the method of Bondi (11). The linear correlation (r2
= 0.99) is excellent, and values of 5 X 10 ~° cm/sec and 0.03
mol/cm?> are obtained for D%3 and B’, respectively.

The implication of the results presented in Fig. 2 is that
the normalization of K, by K, (i.e., K /K., = D,/d) leads
to an inverse dependence upon molecular volume for the

log Kp/Koct
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Fig. 2. The data from Fig. | replotted as log K /K, versus per-
meant molecular volume (MV).
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compounds examined. Thus, the (apparently) anomalously
high K, for the smaller, more hydrophilic penetrants in Fig.
1 can be explained by their (relatively) high diffusivities, due
to their small molecular volume.

The model, as expressed in Eq. (3), can be further re-
fined. The implied equality between K, and K is an ap-
proximation which suffers from two flaws: (a) it assumes
that the lipophilic environment of the SC is the same as that
of octanol, and (b} it ignores the anisotropic nature of the SC
lipid alkyl domains. The relationship between K, and K, is
better expressed, therefore, by Eq. (4) (12,13),

Km = [Koct]f (4)

where the coefficient f accounts for the difference between
the partitioning domain presented by octanol and that pre-
sented by the SC lipids. It has been shown, for example, that
a value of fless than unity implies that the partitioning do-
main of octanol is less polar than that of the membrane (13).
Combination of Egs. (1), (2) and (4) yields Eq. (5):

log K, = log (D%%) + f - logK,.. — B’ - MV (5)

It follows, then, that this model requires the multiple regres-
sion of log K, upon log K. and MV. Such an analysis will
provide values for f, B’, and D%s, all of which have assign-
able physicochemical significance.

Using a standard multiple linear regression program
(RS1, BBN, Cambridge, MA), Eq. (5) was used to examine
anumber of different sets of percutaneous permeability data.
It was first found that the data of Scheuplein and Blank (5)
for water and n-alkanols are not well fit by the model. The
reason is that, for this homologous series, K, and MV are
codependent: each methylene group adds a (fairly) constant
increment to both MV and log K ,. To illustrate the poten-
tial of the model, therefore, we combined a number of data
sets from Scheuplein and Blank (5) (water, n-alkanols, n-al-
kanoic acids, and alkanediols). The analysis of these data
according to the model [Eq. (5)] vields the parameters pre-
sented in Table I and accounts for 89% of the variance in log
K. Incorporation of data for 19 phenolic compounds [from
a different source (14)] leads to only minor changes in the
derived parameters (Table I) and maintains a very respect-
able correlation (* = 0.83). Another data set, which has
been cited as supportive of the existence of an ‘‘aqueous,”
polar pathway across the SC, is that of Ackermann et al. (3).

Table I. Multiple Regression Analysis of K, Data Using Eq. (5):
log{K(cm sec ")} = log(Dy/d) + f - log Koo — B' - MV

Data log(Dy/d)* bl 10° - g'* r n
A° -59=*03 0.82 = 0.13 17.6 = 0.7 0.89 23
B? -6.2x0.2 0.74 = 0.10 10.8 = 0.6 0.83 42
Cce -5.7=x0.5 0.72 = 0.07 95+19 0.89 19

¢ Dy/d units are cm sec ™.

b Value = SD derived from multiple regression analysis.

¢ From Scheuplein and Blank (5).

4 From Scheuplein and Blank (5); plus phenol data from Roberts et
al. (14).

¢ From Ackermann et al. (3); values derived using K. were
log(Dy/d) = —5.6 = 0.6; f = 0.50 £ 0.06; B” = —3.4 (x1.7) x
1073 2 = 0.86.
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In this case, permeability through hairless mouse skin was
measured, and the ether/water partition coefficient (K ,..)
was used as the lipophilicity correlate (Fig. 3). It has been
suggested previously that invoking a two-pathway explana-
tion for these data is not justified on statistical grounds (15)
and that a linear dependence of log K, on log K., provides
a perfectly adequate fit to the results for all compounds ex-
amined (n-alkanols, urea, thiourea, glycerol, glucose, and a
series of hydrocortisone esters). Analysis of these data with
Eq. (5) (replacing a K ., by K,.) also provides a statisti-
cally reasonable fit (/* = 0.86). In addition, the values of f
and B’ are very similar to those derived previously (Table I).
Thus, the model, as described by Eq. (5), appears to apply
equally well to human and mouse skin permeability data, for
compounds spanning a broad range of physicochemical
properties and structures.

For many compounds, molecular weight (MW) is often
a reasonable approximation of molecular volume. We have
analyzed the data above using Eq. (6) with MW in place
of MV,

log K, = log (D%9) + f-log K,c — B" - MW (6)

where B is a coefficient having significance similar to B’ and
includes a conversion factor for the substitution of MW for
MV. These results are shown in Table II. Comparison of the
coefficients in Tables I and II shows that analysis of the
individual datasets by either Eq. (5) or Eq. (6) yields similar
correlations; only the B” and B’ values differ because of the
substitution of MW for MV.

Recently, Flynn has compiled an extensive data set of
human epidermal permeability data, together with K, and
MW, for about 90 chemicals (4). These compounds range in
MW from 18 to over 750 and in log K, from -3 to +6. The
plot of log K, versus log K, (Fig. 4a) reveals no simple
relation (#* = 0.26). However, a multiple regression on log
K_.. and MW according to Eq. (6) provides a very reason-
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able fit (#* = 0.67) and values of the fitted parameters which
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Fig. 3. A plot of log K, versus log K, for n-alkanols, hydrocorti-
sone alkyl esters, and other hydrophilic permeants. The data are
from Ackermann et al. (3) using hairless mouse skin.
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Table II. Multiple Regression Analysis of K, Data Using Eq. (6):
log{K (cm sec™ ")} = log(Dy/d) + f - log Ko, — B” - MW

Data log(Dy/d)* bl 10% - g r n
A° —-58=03 081010 13.0x40 09 23
B¢ -60*02 070 = 0.09 5.0+03 082 42
ce -58+0.4 062 *0.06 42+01 08 19
D’ —-63+08 071 %006 6106 067 93

9 Dy/d units are cm sec ™.

® Value + SD derived from multiple regression analysis.

¢ From Scheuplein and Blank (5).

4 From Scheuplein and Blank (5), plus phenol data from Roberts et
al. (14).

¢ From Ackermann et al. (3); values derived using K., were
log(Dy/d) = —5.6 £0.5;f = 0.48 £ 0.05; 8" = —1.9+ 0.8 x 1073
= 0.87.

/ Data from Flynn (4).

are quite similar to the results obtained for the smaller data
sets (see Table II).

DISCUSSION

Equations (5) and (6) describe a simple model with
which to predict skin permeability. Data obtained in differ-
ent laboratories and with a broad range of compounds are
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Fig. 4. (a) A plot of log K, versus log K, for data compiled by
Flynn (4). The permeability coefficients were measured through hu-
man epidermis. (b) A contour plot of the dependence of log K, on log
K, according to Eq. (6). The (constant) molecular weight for each
contour is noted. The horizontal line represents a hypothetical upper

limiting value of K, of 10~% cm sec ™.
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well described by the model. In the most rigorous test of the
model, data compiled by Flynn on ~90 compounds (4) were
analyzed using MW instead of MV. The results of that anal-
ysis showed that 67% of the variability in the data is ex-
plained by the model. Further, there is no systematic varia-
tion in measured versus predicted K, and no apparent rela-
tionship between those compounds showing the greatest
positive (toluene and etorpine) and negative deviation
(naproxen, estradiol, atropine, and aldosterone). Compara-
ble results have been reported by Kasting et al. (9) using a
similar model and over 30 compounds (different from those
analyzed here). Given that 30% experimental variation in
permeability data is not uncommon (15), the analysis sug-
gests that the model completely describes the data. Analysis
of data from individual laboratories [e.g., Scheuplein and
Blank (5), and Ackermann et al. (3); see Table II] shows that
more than 82% of the variation can be accounted for by the
model. In addition, these results (compare Tables I and II)
show that the substitution of MW for MV provides an equiv-
alent fit. Kasting et al. similarly found that replacement of
MYV with MW reduced r? values by only about 0.05 (9). Thus,
for compounds ranging in molecular weight from 18 to >750
and in log K. from —3 to +6, the permeability through
human skin can be predicted by Eq. (7).

log K, (cm sec™') = —6.3 + 0.71 - log K,
- 0.0061 - MW @

A contour plot of this dependence of log K, upon log K.,
and MW is shown in Fig. 4b.

The results presented in Table II provide a quantitative
estimate of the error associated with each parameter in the
model. In particular, they show that both fand B” in Eq. (7)
have associated standard deviations of less than 10%. In
addition, f and B” have ¢ values of 11.1 and —10.7, respec-
tively, demonstrating that the probability of these results
occurring due to random chance is less than 10 * for each
parameter. In addition, the upper and lower 95% confidence
intervals of the predicted values of log K, span an average
value of 0.5 over the entire distribution. The predicted log K,
versus log K., together with the 95% confidence intervals
for chemicals of constant (400) MW, is shown in Fig. 5.
These combined results demonstrate that the model fits the
experimental data to a high level of statistical significance
and predicts values of log K, within rather narrow confi-
dence limits.

In addition to its predictive ability, the model also pro-
vides mechanistic insight into the skin’s barrier function. For
example, the molecular volume dependence explicit in this
model is consistent with transport through lipid lamellae (8).
Lieb and Stein analyzed the permeability of a number of
simple membranes (human and dog red blood cells, Chara
ceratophylla, and black lipid membranes) (8) using Eq. (3)
and derived values of B’ which are in good agreement with
the values derived here, suggesting a common mechanism of
transport through all membranes. Cohen and Turnbull de-
rived Eq. (2) from a statistical analysis of free-volume fluc-
tuations in the diffusing medium (7). Stein and others have
carried this argument further to suggest that the free-volume
fluctuations originate from rotational isomerization along the
lipid alkyl chains (8). Furthermore, several investigators
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Fig. 5. A plot of log K, versus log K, for compounds of constant
(400) MW. The solid line is that predicted by Eq. (6); the dashed
lines are the upper and lower 95% confidence intervals, which were
determined from the statistics of the multiple regression analysis of
the data in Ref. 4.

have pointed out that the reciprocal value of B’ is a measure
of the average free-volume available for diffusion. The g’
values determined here suggest an average free volume of
about 30 cm®/mol. This value takes on particular significance
in light of recent experimental results which show that water
permeability through the SC is correlated with increased free
volume within the lipid alkyl chains due to rotational isomer-
ization (17). Interestingly, a value of 30 cm*/mol is consistent
with those calculated for the incremental free volume formed
during rotational isomerization of the lipid alkyl chains (18).
Thus, the molecular-volume dependence of SC permeability
is (a) similar to that seen in other lipid membranes (8), (b)
consistent with a lipid free-volume fluctuation model of per-
meant transport (7), and (c) supported by the results of ex-
periments performed using mammalian SC (17).

Others have analyzed the molecular weight dependence
of SC permeability using a power function (i.e., D, ~ MW®)
(19). While these analyses provide a reasonable statistical fit
to the data, there is no physical significance to the exponent
. In contrast, the choice of an exponential MV dependence
[Eq. (2)] is justified on both experimental and theoretical
bases. Also, the derived coefficient (') has physical mean-
ing. Thus, the use of Eq. (2) has physical and mechanistic
relevance, as well as providing a statistically significant fit to
the data.

While the dependence of log K, on MV is very similar
between SC and simpler lipid membranes, the value extrap-
olated to zero MV (D%9) differs significantly. Whereas for
simple membranes, D% values near 10 cm sec ™! are ob-
tained (8), those for SC are of the order of 10~ %cm sec ™ '. In
simple membranes, 9 is equal to the bilayer thickness (i.e.,
about 50 A), while D° is approximately 1075 cm? sec ™.
Since the transport mechanism through the SC appears to be
similar to that through simple membranes, it seems unlikely
that D° for the SC will be significantly less than 107 cm?
sec~!. Consequently, the low value of D%9 derived from the
data presented here is most likely due to a very large o rather
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than a small D°. Given the relative values of D% for SC and
for simple biomembranes, we estimate 6 = 500 pm. Such a
result has been obtained from a variety of independent ex-
periments (20, and references therein). In other words, while
the SC and simpler membranes share a common mechanism
of transport through lipid lamellae, the extracellular lipid
domain in the SC provides a substantially longer diffusion
pathlength and, consequently, a significantly lower perme-
ability.

Often K, is used as an estimate of K, since the latter
is experimentally difficult to determine. As shown in Eq. (4),
these two partition coefficients are related, with the param-
eter f serving as a measure of the similarity between the two
lipophilic phases. Specifically, the finding that fis less than
1 suggests that the partitioning domain of octanol is less
polar than the membrane. Recently, Kasting ef al. (10) have
analyzed K, results using Eq. (6). However, they chose to
fix f = 1, arguing that other values were not statistically
justified. In contrast, we find that the values derived here for
f (Table II) are all significantly less than 1. We conclude,
therefore, that the partitioning domain of human SC lipids is
more polar than octanol. Similar analyses to that used here
have led to the same conclusion for the partitioning behavior
of lecithin bilayers relative to octanol (13). Consistent with
this conclusion are analyses of the data of Ackermann ef al.
(3) using both K., and K, values. The f value with K.,
(0.50 = 0.06) is significantly lower than that with K., (0.72
+ 0.07), and both are less than 1, reflecting the fact that both
organic phases are less polar than the partitioning domain of
the SC. Anderson ef al. (21) measured the SC/water parti-
tioning of a number of hydrocortisone esters and compared
the results to the corresponding K, ,. Analysis of these re-
sults with Eq. (4) led to a value of the exponent of 0.85,
similar to that obtained here, and supportive of the deduc-
tion that the partitioning domain of SC lipids is more polar
than octanol.

The model presented here provides a simple mechanis-
tic description of SC permeability. A number of investigators
have interpreted log K, vs log K, data, such as those shown
in Fig. 1, by a more complex model in which the transport
mechanism changes for permeants of differing polarity. In
particular, the apparent independence of log K, upon log
K, for small, polar compounds has led to the hypothesis
that these molecules traverse the SC via ‘‘aqueous pores’’
(1-4). The permeability of these small, polar compounds,
however, is explained on the basis of their molecular volume
(Fig. 2). Thus, it is not necessary to invoke the existence of
an ‘‘aqueous pore’’ to account for the permeability of these
compounds. Significantly, sucrose and glucose are among
the compounds analyzed here. The very low permeabilities
(K, values near 10~* cm sec™") of these highly polar and
relatively large compounds are adequately described by the
model, with differences between predicted and experimental
K, values that are well within the range shown by other
compounds.

The form of Eq. (6) indicates that the increase in K, with
increasing K., is offset somewhat by increasing molecular
size. However, it has been suggested that skin permeability
does not progressively increase with increasing lipophilicity
but, instead, reaches a limiting value. Perhaps the most per-
suasive evidence to support this contention is that skin
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stripped of its SC does not have an infinite permeability (22).
There is a residual resistance which remains due, at least in
part, to the diffusional barrier of the aqueous, viable epider-
mis and upper dermis. Other interpretations of skin transport
have also suggested that, for compounds of very high li-
pophilicity, the rate-determining step becomes the slow
transfer rate from the lipophilic SC to the aqueous, viable
tissue. However, analysis of the large data base presented
here does not require a rate-limiting K, value in order to
explain fully the dependence of K, on K., and MW, despite
the relatively high lipophilicities of some of the compounds
studied. Why is this the case? To answer the question it is
instructive to define reasonable values for the two alterna-
tive rate-limiting processes defined above.

The permeability coefficient (K,) of a reasonably sized
nonelectrolyte through the viable tissue between the SC and
the dermal microvasculature is given by

Ky = Dyfd, @®

where D, is the diffusion coefficient [typically in the range
of 107%-10~° cm? sec ™' (23)], and 4., is the diffusion path-
length (of the order of 100 pm). It follows then that K, is
about 10 % cm sec ™! (or about 0.1 to 1.0 cm/hr). Values for
lipid-water interfacial transfer coefficients have been re-
ported for a variety of small, nonelectrolytes (24), and are of
comparable magnitude to the K, calculated above. To in-
clude a limiting value of permeability into the model as de-
scribed requires that the definition of K, be extended to
account for the existence of two potential resistances in se-
ries.

K,~'=0dK, D, + K, ! 9)

P

If the above expanded form of K|, is substituted into Eq. (6)
and the regression analysis is repeated using values of K, of
10™* cm sec™! or greater, no statistically significant im-
provement in the fit of the data can be achieved. Indeed, the
quality of the fit often decreases because there are no data
which require a limiting regime of K,,. Nevertheless, this
conclusion does not rule out the possibility that a change in
the rate-determining step will ultimately occur. In fact, Eq.
(9) permits us to identify the physicochemical properties of
those compounds which will illustrate the phenomenon.
Substitution of Eq. (9) into Eq. (7) gives

log {K,”' = K,,~"} = 6.3 — 0.71 - log K,

+ 0.00061 - MW (10)

For the resistance associated with either transfer into, or
transfer through, the viable tissue to become rate-limiting
(.e., K,,~' > K, 7", it follows that

log (K,,”1) > 6.3 — 0.71 - log K., + 0.0061 - MW
(11

If we choose the calculated value of 10~ % cm sec ™! for K,
then Eq. (11) requires that

0.71 - log Kooy + 0.0061 - MW < 2.3 12)

The inequality in Eq. (12) predicts, for example, that for a
permeant of MW = 100, log K., must be greater than 4.1 if
the viable tissue transfer process (K,,) is to be rate-limiting.
For MW = 200, Eq. (12) implies that a permeant must have
log K., > 5.0 for the switch in rate-controlling processes to
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occur. This relationship is shown graphically in Fig. 4b. To
the best of our knowledge, no experiments have been per-
formed with such small and highly lipophilic compounds,
under experimental conditions amenable to this analysis. It
is physicochemically unreasonable, in some cases, to expect
that the necessary conditions of lipophilicity and size can be
achieved. Thus, the reason why the data base cannot be used
to establish a limiting value for K, is that it does not contain
any chemicals whose properties fit the criteria necessary to
define the regime. Practically speaking, this finding is per-
haps not surprising since such compounds would be ex-
pected to be extremely water-insoluble and difficult to work
with under the experimental conditions required to establish
steady-state penetration kinetics across skin from an aque-
ous donor phase into an aqueous receptor phase.

Saturated hydrocarbons represent a group of chemicals
which have small molecular sizes and high lipophilicities
[e.g., n-decane has MW = 142 and log K., = 6.2 (25)]. The
alkanes have physicochemical properties, therefore, that
would seem appropriate to test the predicted limiting value
of K. For a molecule of the size of n-decane, Eq. (12) would
be satisfied by log K., > 4.5, a criterion clearly met by this
hydrocarbon. Scheuplein and Blank reported the permeabil-
ity coefficients of several n-alkanes, in the vapor phase,
through dry human SC (23). These permeability coefficients
[K_(v)] are related to the conventional K, values (determined
using aqueous donor and receiver solutions and employed in
all analyses presented in this paper) by Eq. 13,

K, = K,(v) - [C,/C,] (13)

where C,, is the saturation solubility of the alkane in water
and C, is the saturation vapor concentration. Using values of
C,, and C, from the literature (23,26), alkane K, were cal-
culated from the published K, (v) values (see Table III). Re-
gression of the derived log K, values against log K., yields
a remarkably straight line (** = 0.99) with no evidence of a
limiting regime. As with the n-alkanol data (see above), anal-
ysis of the n-alkane results using Eq. (6) was not possible
since log K, and MW are codependent in these homologous
series. However, analysis using Eq. (3) (substituting MW for
MYV) vields a very reasonable correlation (* = 0.80) and
values for log (D%d) and 8" which are identical, within error,
to values obtained using other datasets. It is interesting to
note, therefore, that despite the apparent suitability of the
alkanes for probing the high-lipophilicity regime, they do not

Table ITI. Alkane K, Values Derived from Vapor Phase Permeabil-
ity Coefficients [K,(v)] Using Eq. (13)

Alkane log[K(v)]° logK b 10gK oei
n-Pentane -5.76 -3.92 3.62
n-Hexane ~5.54 —-3.62 4.00
n-Heptane —-5.20 —-3.20 4.66
n-Octane —4.80 -2.60 5.16
n-Nonane —4.54 -2.13 5.7¢
n-Decane —4.46 —1.94 6.2¢

? From Ref. 23 [K(v) units are cm sec™ 1.

b Calculated using Eq. (13) (K, units are cm sec V).
¢ From Ref. 26.

¢ Extrapolated from values for lower homologues.

Potts and Guy

define a limiting K, value. One reason is that the K (v) val-
ues were obtained using dry SC without an aqueous receptor
medium. In fact, the receptor phase provided a gaseous sink.
Thus, the derived K, values are calculated on this basis and
reflect the permeant interaction with a membrane in contact
with a perfect sink on its downstream face. Under these
conditions, therefore, the mechanisms which are predicted
to result in a change in the rate-limiting step (e.g., K,
above), cannot operate. Of note is the fact that under these
conditions the SC continues to behave as an ideal lipophilic
biomembrane and that log K, continues to increase with
increasing log K.

In conclusion, the apparently sigmiodal dependence of
log K, upon log K, inferred for data such as those shown in
Fig. 1 suggests a nonlinear relationship between these pa-
rameters. However, when MV is taken into account, the
data lie on a three-dimensional surface defined by log X, log
K., and MV. Overall, then, skin permeability can be de-
scribed by a simple, mechanistically based model of excel-
lent predictive capacity. Furthermore, the model does not
require the existence of either ‘‘aqueous pores’’ or a high-
lipophilicity limiting value of K, to account for a very wide
spectrum of data. In addition, the model agrees with a lipid
free-volume description of SC transport based on indepen-
dent biophysical data. Finally, the model is consistent with
transport through lipid lamellae in general and suggests that
lipid properties alone are sufficient to explain SC permeabil-
ity.
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