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The influence of low levels of ethanol on the simultaneous diffusion and metabolism of B-estradiol
(Eyp) in hairless mouse skin was quantitatively evaluated. A wide range of diffusion/metabolism
experiments was conducted with full-thickness skin, stripped skin, and dermis at the various ethanol
levels. The experiments were carried out in a two-chamber diffusion-cell system where ethanol was
present in both the donor and the receiver chambers at equal concentrations. Analysis of the exper-
imental data with several enzyme distribution models further showed that the best model was that for
which the enzyme activity resided totally in the epidermis and near the basal layer of the epidermis.
The ethanol effects were separated and quantified in terms of the diffusion and metabolism parame-
ters. Aqueous ethanol, even at low concentrations (<25%), was found to have two important effects
on E,; transport: ethanol functions as an inhibitor of the enzymatic conversion of E,g to estrone (E,)
in the viable epidermis, and ethanol is able to enhance the transport of permeants across the lipoidal
pathway of the stratum corneum.

KEY WORDS: ethanol; diffusion enhancer; metabolism inhibitor; B-estradiol; hairless mouse skin;
quantitative biophysical model.

INTRODUCTION

Recently, the diffusion and metabolism of B-estradiol
(E,p) in hairless mouse skin was quantified in vitro by the
two-chamber diffusion cell experiments (1). In order to in-
terpret the data, a general three-layer model with three pos-
sible enzyme distributions was considered (Fig. 1): Model A,
Model B, and Model C. Analysis of all of the data showed
that Model C was superior to Model B and Model A.

The influence of ethanol as a transport enhancer for E,,
and other permeants in hairless mouse skin on a general
basis was investigated recently (2,3). The experiments were
carried out in a two-chamber diffusion cell system where
ethanol was present in both the donor and the receiver cham-
bers at equal concentrations. At high ethanol levels (>50%),
a significant increase in new pore formation in the stratum
corneum has been observed (3). At 100% ethanol, pore path-
way diffusion dominated the permeation for all solutes, irre-
spective of polarity. At low ethanol levels (<25%), there was
no significant new pore formation; however, the diffusion of
the solutes via the lipid pathway of the stratum corneum was
greatly enhanced.
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The objective of this research was to analyze the prob-
lem of how ethanol at iow levels (=25%) in both sides of the
skin at equal concentrations may influence the simultaneous
diffusion and metabolism of E,; (to estrone, E,) in hairless
mouse skin employing the recent baseline studies as a start-
ing point. A question of particular interest was whether this
study would also be consistent with Model C being superior
to Model B and Model A.

MATERIALS AND METHODS

Much of the materials and methods information has
been previously presented (1). Here, these are briefly de-
scribed along with new information.

Materials

E,e and E, (Sigma Chemical Co., St Louis, MO) were
used to make the standard mixtures in methanol (Baker
Chemical Co., Phillipsburg, NJ). Normal saline (McGaw,
Irvine, CA) and pure ethanol (US Industrial Chemical Co.,
Tuscola, IL) were used to prepare the solvent mixtures for
all experiments (vol% of ethanol: 2, 8, 15, and 25). Analyt-
ical-grade acetonitrile (Baker Chemical Co., Phillipsburg,
NIJ) was used in the preparation of the HPLC mobile phase.
Liquid scintillation fluid, Ready-Solv CP (Beckman Insti-
tute, San Ramon, CA), was used as obtained commercially.
[6,7-3H]E2B (60.0 Ci/mmol) and [6,7-°HIE, (51.8 Ci/mmol)
were obtained in their ethanol solutions from New England
Nuclear, Boston, MA. The ethanol was evaporated with the
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Fig. 1. Enzyme distribution models used in data interpretation.

aid of a nitrogen stream before *H-E,; or *H-E, was used for
diffusion/metabolism experiments.

Male hairless mice (strain SKH-HRI1) at ages of 12-15
weeks old were obtained from Temple University, Philadel-
phia, PA.

Skin Membrane Preparations

The mouse was sacrificed by spinal dislocation. Two
pieces of skin preparation were obtained from the abdominal
region of each mouse. Three kinds of fresh membranes (full-
thickness skin, stripped skin, and dermis) were prepared.
Full-thickness skin, consisting of stratum corneum, viable
epidermis, and dermis, was obtained freed from adhering fat
and other debris. Stripped skin, consisting of the epidermis
and the dermis, was obtained after the stratum corneum was
removed by a cellophane tape (Scotch tape, 3M Co., St.
Paul, MN) stripping technique (4). Dermis was obtained by
removing the epidermal half of the skin using a dermatome
(4). The dermis thickness was measured with a micrometer
after the experiment by sandwiching the membrane between
two glass slides (4).

Diffusion/Metabolism Experiments

The diffusion/metabolism experiments were conducted
using a two-chamber diffusion cell (5) with the ethanol/saline
compositions the same in the donor and the receiver cham-
bers. The experiments were carried out with two permeants
(E,; and E,), three skin membranes (dermis, stripped skin,
and full-thickness skin), and two membrane configurations
(configuration 1, dermis facing the receiver chamber; and
configuration 2, dermis facing the donor chamber). In each
chamber, a stainless-steel (Carpenter stainless type 316L)
stirrer with a small stainless-steel propeller was affixed to a
150-rpm constant-speed motor. The skin membranes were
sandwiched between the half cells and clamped. In a typical
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experiment, exactly 2.0 ml of an ethanol/saline solution was
pipetted into both the donor and the receiver chambers and
allowed to equilibrate for 10 min at 37°C. A predetermined
amount of *H-E,; or *H-E, was then added into the donor
chamber and aliquots were withdrawn from the receiver
chamber at predetermined time intervals after steady state
was attained. The same volume of ethanol/saline solution
was added back to the receiver chamber to keep a constant
volume. Except when taking a sample, the sample port was
covered to avoid evaporation during the experimental pe-
riod. The receiver chamber was always kept at sink condi-
tions (=10% of the donor concentration).

HPLC-Fraction Collector-Liquid Scintillation Counting

Separation of *H-E,; or *H-E, was performed by inter-
facing the HPLC (high-performance liquid chromatograph)
with a fraction collector. The HPLC system was a V4 vari-
able wavelength absorbance detector (ISCO, Lincoln, NE),
a 110B solvent delivery module (Beckman Institute, San Ra-
mon, CA), and a C6W injector (Valco Institute, San Anto-
nio, TX). The species were resolved by a reversed-phase
column, Resolvex CI18 (10 pm), 250 X 4.6 mm (Fisher Sci-
entific Co., Pittsburg, PA) with acetonitrile-water (40:60) at
wavelength 280 nm. The radioactive samples were mixed
with the nonradioactive standard mixture solution to give the
HPLC chromatograms. Each species was collected on a
FOXY fraction collector (ISCO, Lincoln, NE) with mode 3
and cycle 0. The fraction collector was programmed to give
fraction sizes based on the peak signals from the ISCO de-
tector with a built-in peak separator. Each fraction was an-
alyzed by liquid scintillation counting (Beckman LS 750,
Beckman Institute, San Ramon, CA).

RESULTS AND DISCUSSION

Influence of Ethanol on Experimental Fluxes

At steady state, the following equations were used to
calculate the forward fluxes for the drug (J A and the me-
tabolite (J ;) and the back flux for the metabolite (g ) from
the experimental transport/metabolism data:

(dAx g/dt)

Jag= % 1)
dAg r/dt

JB,f:( B;{ ) @
(dAp.p/dr)

Jpp = % 3)

Here § is the effective diffusion area, A, ; is the drug
amount transported into the receiver chamber, Apx and
Ap p are the metabolite amounts transported into the re-
ceiver and the donor chambers, respectively, and ¢ repre-
sents time.

Equations (1) to (3) may underestimate the correct
fluxes because the amount of permeant retained in the
epidermis/dermis is not negligible compared to the permeant
in the receiver chamber. A procedure for correcting the flux
values was recently developed (1,6), and it has been applied
where appropriate to the experimental data.
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Fig. 2. Influence of ethanol on the normalized forward flux of E,,
(A) and on the normalized forward flux (l) and back flux (O) of its
transdermal metabolite, E,, with stripped hairless mouse skin in
configuration 1. Each data point represents the mean and standard
deviation of four determinations.

Normalized fluxes are defined as the fluxes given by
Egs. (1) to (3) divided by the donor concentration of the
permeant/substrate. In the case of experiments of either E,
or E, with the dermis membrane, no significant metabolism
was found and the normalized forward fluxes of E,; and E;
are, therefore, simply equal to the dermis permeability co-
efficients of E,, and E,, respectively, which (as shown later)
are essentially the same.

Figures 2-5 summarize the observed normalized fluxes
determined in diffusion/metabolism experiments with
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Fig. 3. Influence of ethanol on the normalized forward flux of E,
(A) and on the normalized forward flux (W) and back flux (O) of its
transdermal metabolite, E,, with stripped hairless mouse skin in
configuration 2. Each data point represents the mean and standard
deviation of four determinations.
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Fig. 4. Influence of ethanol on the normalized forward flux of E,g
(A) and on the normalized forward flux () and back flux () of its
transdermal metabolite, E,, with full-thickness hairless mouse skin
in configuration 1. Each data point represents the mean and stan-
dard deviation of four determinations.

stripped skin and with full-thickness skin in the cases where
E,4 is the permeant/substrate. Some of the main features of
these data are the following. First, the influence of ethanol
on transdermal metabolism is strong in all cases. Even at
2%, ethanol inhibits the E,; — E, metabolism by a factor of
10 in terms of both forward and back fluxes of E,. Second,
with stripped skin the ratio of the back-to-forward fluxes of
the metabolite (E,) is significantly greater for configuration 1
(Fig. 2) than for configuration 2 (Fig. 3). This result may be
explained by little or no metabolic activity in the dermis (1),
which serves only as a diffusion barrier; therefore, enzyme
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Fig. 5. Influence of ethanol on the normalized forward flux of E,,
(A) and on the normalized forward flux (M) and back flux (O) of its
transdermal metabolite, E,, with full-thickness hairless mouse skin
in configuration 2. Each data point represents the mean and stan-
dard deviation of four determinations.
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Fig. 6. Influence of ethanol on the normalized forward fluxes of E,
with hairless mouse stripped skin ((J) and full-thickness skin () in
configuration 1. The forward and back fluxes of E,z (not shown
here), the metabolite of E,, generated during E, transport through
the skin, were <5% (in 15% ethanol case) to 10% (in 2% ethanol
case) of the E, fluxes.

access by substrate, metabolism, and back diffusion of me-
tabolite is greater for configuration 1 than for configuration
2. Finally, with the full-thickness skin data, the strong influ-
ence of the stratum corneum as a transport barrier can be
seen. As the permeability coefficient of the stratum corneum
is significantly smaller than that of dermis, the ratio of the
back-to-forward fluxes of metabolite (E,) is much greater for
configuration 2 (Fig. 5) than for configuration 1 (Fig. 4), this
being the opposite of the stripped skin results discussed
above.
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Figure 6 summarizes the experiments in which E; was
the permeant/substrate. Only the forward-flux data for E,
are presented because conversion E, — E,; was lower and
because, even at 2% ethanol, the fluxes of E,, were less than
5 to 10% of those of E,.

Analysis of Model with the Experimental Data

The model approach was previously presented (1) and
used in the analysis of experiments on the simultaneous
transport and metabolism of E, in hairless mouse skin. The
present situation differs in that it involves the examination of
the influence of ethanol on both the transport parameters
and the metabolism parameters in the models.

The model for hairless mouse skin is composed of »
layers where n may be three or four. In the steady state, we
may write

d’Cyp
ng,[ a2 - kiC2|3 =0 4)
d’C,
Dl,i —_dxz + kiCZB = 0 (5)

where the D’s are the diffusion coefficients and the k’s are
the first-order enzyme rate constants. The C’s are the con-
centrations and the coordinate x[0 = x < h(thickness)] is the
depth in the membrane. The subscripts 28 and 1 refer to the
E,z and E, and i refers to the ith layer of the skin. Full-
thickness skin is then considered as a three-layer (stratum
corneum, epidermis, and dermis) or a four-layer (stratum
corneum, basal layer of epidermis, the remainder of the epi-
dermis, and dermis) membrane as depicted by Model A,
Model B, or Model C (see Fig. 1). The D’s and k’s, in gen-
eral, may have different values for the different components
of a membrane, but they are assumed to be constant within

Table I. Analysis of Model B and Model C with Experimental Fluxes in Saline Case: Diffusion and Metabolism Parameters Deduced from
the Models”

Stripped skin,

Full-thickness skin,

Configuration® Configuration®
Model Parameter 1 2 1 2 Average

B kx 10 1.10 = 0.20 6.60 = 1.60 1.01 = 0.32 2.99 = 0.41 3.05 = 3.05*
Py x 10 7.61 = 1.41 23.1 +9.60 15.4 = 11.4*
P X 104 0.21 = 0.07°¢ 6.45 + 1.82 3.33 £ 3.62*
Py X 10° 9.70 + 3.15 2.12 = 0.64 591 + 4.64*
P, % 10° 0.94 = 0.29¢ 9.52 = 2.02 523 + 4.88*

C k x 10 8.20 = 1.40 6.90 = 1.50 7.00 = 1.30 6.30 = 1.80 7.10 £ 2.02
Py X 10° 2.18 = 0.43 1.99 = 0.75 209 = 0.73
P, x 10° 2.47 + 0.86 2.16 = 0.71 232+ 0.73
Py X 10° 9.42 + 1.20 8.36 = 1.91 8.89 = 1.93
Py, x 108 10.8 + 1.39 1.5 +2.53 1.1+ 275

2 Model B, the enzyme is homogeneously distributed in the epidermis; Model C, the enzyme is located in the basal layer of the epidermis
near the dermoepidermal junction. Parameters [k, first-order enzyme rate constant (sec™?), P, . and P, ., epidermis permeability
coefficient (cm/sec) of E,g and E;; and P, ¢ and P, ,, stratum corneum permeability coefficient (cm/sec) of E,; and E,] are expressed as
the mean + SD (n = 4) and determined with the dermis permeability coefficient of Eg and E;: P, 4 = 1.0 X 107 cm/sec and Py=

1.1 x 1074 cm/sec.

b Configuration 1: stratum corneum — epidermis — dermis. Configuration 2: dermis — epidermis — stratum corneum.
¢ Qut of the physical meaningful range.

* Significantly different.
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Table II. Analysis of Model B and Model C with Experimental Fluxes in 2% Ethanol Case: Diffusion and Metabolism Parameters Deduced
from the Models®

Stripped skin,

Full-thickness skin,

Configuration” Configuration®
Model Parameter 1 2 1 2 Average

B k x 107 0.96 = 0.20 1.45 = 0.30 1.05 = 0.22 1.15 + 0.24 1.15 = 0.33
Py X 10° 1.95 = 0.67 1.66 + 0.61 1.81 = 0.60
P, X 10° 0.76 = 0.25 2.11 = 0.71 1.43 + 0.89*
Py X 108 7.43 =235 742 =227 7.42 = 2.06
P, x 10° 6.29 = 1.57 8.30 = 2.19 7.30 = 2.04

C k x 107 4.10 = 1.03 3.56 £ 0.72 3.50 £ 0.53 4.00 x 0.68 3.79 = 0.60
Pype X 10* 2.00 + 0.69 2.43 = 0.61 2.22 = 0.63
P, x 10* 1.89 = 0.73 2.23 £ 0.63 2.06 * 0.64
Py X 10° 8.03 =+ 0.91 6.56 = 1.33 7.29 = 1.31
P, x 10° 103 =+ 1.08 103 * 1.75 103 * 1.31

2 See Table I, footnote a.
b See Table 1, footnote b.
* Significantly different.

a particular membrane component or a subcomponent. The
thicknesses are assigned values of 20, 20, and 250 pm for
stratum corneum, epidermis, and dermis, respectively. For
Model C, the basal layer will be assumed to be the lower
one-third of the epidermis.

Equations (4) and (5) may be solved analytically or nu-
merically as described previously (1) when the experimental
flux data are available. With boundary concentrations, com-
puter iterations were done to fit the calculated fluxes to the
experimental data. Three parameters were adjusted in best-
fitting the data from each set of experiments to each model.
The epidermis permeability coefficients for E,z and E, and
the first-order enzyme rate constant were first simulta-
neously deduced using stripped skin experimental fluxes and
the predetermined dermis permeability coefficients of E,,
and E,. Then these predetermined epidermis and dermis per-
meability coefficients were used with the full-thickness skin
experimental fluxes to deduce simultaneously the ‘‘best’

values for the stratum corneum permeability coefficients of
E,z and E, and the enzyme rate constant.

In the discussion that follows, the results of model anal-
ysis for Model B and Model C are presented; Model A may
be eliminated because of negligible enzyme activity in the
dermis. The comparisons of the experimental data with
Model B and Model C are presented in Tables I-V for eth-
anol levels from 0 to 25%.

Previously (1), it was argued that Model C was clearly
better than Model B when the solvent was pure saline. This
situation is reviewed in Table 1, which shows that the vari-
ous parameter values deduced from the several independent
experiments were consistently much more constant when
they were deduced using Model C than with Model B. Es-
sentially all parameter values in Table I for Model B varied
far beyond the experimental uncertainties, while all param-
eter values for Model C were constant within their respec-
tive standard deviations.

Table III. Analysis of Model B and Model C with Experimental Fluxes in 8% Ethanol Case: Diffusion and Metabolism Parameters Deduced
from the Models*

Stripped skin,

Full-thickness skin,

Configuration® Configuration®
Model Parameter 1 2 1 2 Average
B k x 10° 2.50 = 0.63 3.20 = 0.81 2.98 = 0.65 3.00 £ 0.74 2.92 + 0.66
Pyge X 10° 2.02 +0.70 217 * 0.75 2.10 + 0.65
P, X 10* 0.62 = 0.21 1.04 = 0.36 0.84 = 0.35
Py X 10° 3.48 = (.86 3.24 £ 0.74 3.36 = 0.73
Py, x 10° 7.59 + 1.84 5.76 + 1.23 6.67 = 1.73
C k x 10° 9.48 = 2.96 124 = 3.69 8.01 = 2,99 8.56 + 1.87 9.61 = 3.07
Py X 10° 2.36 % 0.52 1.77 = 0.42 2.13 = 0.58
P % 10° 2.86 = 0.74 1.84 = 0.45 230 + 0.77
Py y X 108 3.30 + 0.76 3.50 + 1.07 3.41 = 0.84
Py, X 10° 9.24 + 1.84 7.33 = 2.09 8.28 + 2.04

2 See Table I, footnote a.
b See Table 1, footnote b.
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Table IV. Analysis of Model B and Model C with Experimental Fiuxes in 15% Ethanol Case: Diffusion and Metabolism Parameters Deduced
from the Modeis®

Stripped skin,

Full-thickness skin,

Configuration® Configuration®
Model Parameter 1 2 1 2 Average
B k x 10° 1.74 = 0.35 3.02 = 0.61 1.54 = 0.31 1.35 = 0.27 1.91 = 0.77
Py X 10* 2.05 + 0.64 2.11 = 0.67 2.08 = 0.57
P, X 10° 1.22 + 0.44 1.33 + 0.41 1.28 + 0.39
Py < 10° 3.25 = 0.80 3.19 = 0.73 3.22 = 0.69
P, x 10° 5.98 = 1.39 4.71 = 1.18 5.35 £ 1.35
C k x 10° 5.00 = 0.58 4.09 = 0.83 6.63 = 0.62 5.30 = 1.00 5.11 = 1.12
Py X 10* 2.05 = 0.82 1.95 = 0.32 2.10 = 0.53
Py, x 10* 1.85 = 0.21 2.36 = 0.62 2.09 = 0.49
Py, X 10° 3.23 = 0.64 3.20 = 0.85 3.22 £ 0.67
P, x 10° 6.40 = 1.07 5.36 = 1.58 5.88 = 1.33

“ See Table I, footnote a.
b See Table I, footnote b.

In the presence of ethanol, it is apparent from examining
Tables II-V that Model C is generally better than Model B,
especially at the lower ethanol levels. However, the superi-
ority of Model C over Model B is much less clear when
ethanol is present than when the experiments are run in sa-
line alone. It is believed that this poorer distinguishability
between Model C and Model B in the presence of ethanol is
related mainly to the fact that, when the metabolism rates
are high, the distinguishability between Model C and Model
B is great but when the metabolism rates are reduced, the
distinguishability is poor. This concept is illustrated in Ta-
ble VI; it was assumed that Model C was valid and Model B
was used to deduced the Model B parameters. As can be
seen from the last column in Table VI, Ratio (conf. 2/conf.
1), when metabolism rates are large, the Model B deduced
parameter values (k, P, ,g, and P, ;) for configuration 1 and
for configuration 2 differ much more than when the metab-
olism rates are low.

Ethanol Effects on the Parameters for Diffusion
and Metabolism

The transport parameters obtained using Model C are
presented in Fig. 7. Here the epidermis and stratum corneum
permeability coefficients for E,; and E, are presented along
with the dermis permeability coefficients that were obtained
from dermis transport experiments and corrected to 250-pum
thickness.

It is seen that both the epidermis and the dermis per-
meability coefficients are relatively independent of the eth-
anol concentration. In view of the strong dependencies of
the thermodynamic activity coefficient for E,; or E; upon
ethanol concentration, these results are best explained by
considering both epidermis and dermis to limit transport via
aqueous/ethanol pore pathways (3).

The modest decreases in the stratum corneum perme-
ability coefficients for E,; and E, may be explained by a

Table V. Analysis of Model B and Model C with Experimental Fluxes in 25% Ethanol Case: Diffusion and Metabolism Parameters Deduced
from the Models?

Stripped skin,

Full-thickness skin,

Configuration® Configuration®
Model Parameter 1 2 1 2 Average
B k x 10° 1.00 = 0.21 1.81 = 0.37 0.99 = 0.20 1.01 = 0.24 1.20 = 0.43
Py X 10* 1.90 = 0.48 1.98 = 0.60 1.94 = 0.39
P, % 10° 1.08 = 0.31 1.52 + 0.30 1.30 = 0.36
Py X 10° 3.00 + 0.75 3.00 = 0.60 3.00 = 0.68
P, x 10° 5.50 = 1.38 3.50 = 1.98 4.76 = 1.11
C k x 10° 3.30 = 0.60 3.50 + 0.40 3.43 £ 0.51 3.42 = 0.68 3.41 = 0.48
Py x 10* 2.10 = 0.40 1.92 + 0.35 2.01 = 0.35
P, x 10* 2.05 = 0.45 1.93 = 0.30 1.99 + 0.35
Pog o % 10° 3.11 £ 0.60 2.89 = 0.59 3.00 = 0.55
P, x 10° 5.56 = 1.10 5.40 = 0.98 5.48 = 0.94

% See Table I, footnote a.
¢ See Table I, footnote b.
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Table VI. Calculations Showing That the Distinguishability Between Model C and Model B Is Great-
er at High Metabolism Rates”

Ratio
Case? Parameter? Conf. 1 Conf, 2 (Conf. 2/Conf. 1)
8 k (sec™ ) 0.53 4.05 7.6
Py . (cm/sec) 5.90 x 1073 3.10 x 1074 5.3
P, (cm/sec) 3.00 X 107° 1.65 x 10~* 55
0.8 k (sec™ ) 0.13 0.45 3.5
Py . (cm/sec) 1.10 x 1074 2.60 x 1074 2.4
P, . (cm/sec) 4,00 x 1077 1.40 x 10~* 3.5
0.08 k (sec™ ) 0.02 0.045 2.3
Py . (cm/sec) 1.70 x 10~* 2.10 x 107* 1.2
P, . (cm/sec) 6.50 x 10~° 1.20 x 10~* 1.9
0.008 k (sec™ ) 0.002 0.004 2.0
Py . (cmi/sec) 1.97 x 1074 2.00 x 1074 1.0
P, . (cm/sec) 7.00 x 1077 1.20 x 1074 1.7
0.0008 k (sec™ ) 0.0002 0.0004 2.0
Py . (cmisec) 2.00 x 104 2.00 x 10~° 1.0
P, . (cm/sec) 7.00 x 1073 1.20 x 10~* 1.7

% Model C was assumed to be absolutely correct and Model B was used to deduce Model B parameters
(k, first-order enzyme rate constant; P,, . and P, ., epidermis permeability coefficient of E,; and E))

with stripped skin.

® These numbers are the Model C k values; also, Model C Pype = Py =2 x 107" cm/sec.

combination of two opposing factors: (a) transport via a li-
poidal pathway which results in rather large decreases in the
thermodynamic activities of the two permeants when parti-
tioning favors the solvent phase in the presence of ethanol
and (b) significant transport enhancement by ethanol. Gha-
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Fig. 7. Ethanol effect on the intrinsic permeability coefficients of
E,g (filled symbois) and of E, (open symbols) with dermis (<, ¢),
epidermis ((J, M), and stratum corneum (A, A). Each data point of
dermis (normalized thickness, 250 wm), determined directly with
E,g and E, represents the mean and standard deviation of three or
four determinations (either configuration 1 or configuration 2). Each
data point of epidermis and stratum corneum represents the mean
and standard deviation of eight determinations.

nem et al. (3) have shown that E,;, E,, and other permeants
may be enhanced about 8- to 10-fold by ethanol at 25%:; the
present data are consistent with their findings. The ethanol
enhancement of E,;, E;, and ethanol itself has been ob-
served both in hairless mouse stratum corneum and in hu-
man stratum corneum (6).

The apparent first-order enzyme rate constants (k) de-
duced from Model C are shown in Fig. 8 for all ethanol
levels. Numerically, the decrease in k as a function of etha-
nol concentration (Cg,oyy) may be described by a competi-
tive inhibition kinetics expression:

100 5

1071 4

k (/s)

1072 4 f

10° T T T T xl
0 5 10 15 20 25
Ethanol Concentration (v%)

Fig. 8. Ethanol effect on the intrinsic first-order enzyme rate con-
stant in the basal layer of epidermis with E,g. Each data point rep-
resents the mean and standard deviation of 16 determinations. The
dotted curve is Eq. (6) with a k,, value of 0.10%.
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where the intrinsic enzyme rate constant, k,, was deter-
mined from the saline experiment to be about 0.70 sec ~! and
the inhibition rate constant, &, was calculated to be about
0.10 (vol%) by curve-fitting.

As it is known that the solubility of estradiol increases
greatly with increasing ethanol concentration (2), it was
thought that the enzyme inhibition may be partly related to
this phenomenon (i.¢., the lowering of the chemical potential
of E,4 with increasing ethanol). When ethanol concentration
increases from 0 to 25%, there is an approximately 20-fold
increase in E,; solubility (2,3). This, however, is not suffi-
cient to account for the more than 200 times decrease in the
enzyme rate constant, & (Fig. 8). It is noteworthy that
17B-hydroxysteroid dehydrogenase is an enzyme in rat skin
(7) catalyzing the E,; — E, reaction. The enzyme, located in
skin microsomes, has a preference of NADP as cofactor.
Acute ethanol exposure has been reported to inhibit the ac-
tion of mixed function oxidase in rat hepatic microsomes
(8,9). This inhibition has been interpreted as competitive ki-
netics by some investigators (10,11).

CONCLUSION

Ethanol participates in two important ways with regard
to the transport and metabolism of E,, in skin. It acts as a
transport enhancer for E,; across the stratum corneum and
acts as an inhibitor of the metabolic conversion of E,; — E,
in the epidermis. In the present study, the usefulness of the
physical model approach is demonstrated in gaining insights
and in quantifying the transport and metabolism of E,; in
hairless mouse skin. The analysis strongly supports the spe-
cific model (Model C) in which the metabolic conversion of
E,z — E, and the ethanol inhibition of this biochemical re-
action take place in the basal layer of the epidermis.
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