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Epidermal lipids and skin morphology are assumed to substantially influence skin permeability. Although
these parameters have been studied extensively, available data are hard to interpret as data have been
gathered at different experimental conditions. Therefore, the aim of this study was to provide detailed
information on these parameters for four different mammalian skin types.

Lipids were extracted from heat separated epidermis, the total epidermal lipid content was measured
and the epidermal lipid composition was quantitatively determined by high-performance thin-layer
chromatography. Furthermore, vertical and horizontal cryostate skin slices were analysed by light
microscopy for thickness of the horny layer, epidermal thickness, density, depth of anchorage and diam-
eter of the hair follicles.

The highest total epidermal lipid content was detected in rat epidermis, followed by bovine udder, dog
and pig epidermis. Considering the amount of single lipid fractions, cholesterol, cholesteryl ester and free
fatty acids were found to be the major constituents of epidermal lipids in all the examined species. How-
ever, as confirmed by hierarchical cluster analysis the epidermal lipid profile and morphology showed
marked differences between all the examined species.

� 2008 Elsevier B.V. All rights reserved.
1. Introduction

In vitro percutaneous permeation studies are performed to ob-
tain detailed information about transdermal drug absorption, an
important field of research in toxicology, cosmetics and both hu-
man and veterinary medicine. Accepted models of transdermal
drug transport are, e.g. Franz type diffusion cells and isolated per-
fused organs (pig ear and bovine udder) [1–3]. Although these
experiments are conducted under reproducible conditions, the re-
sults show considerable interspecies and interindividual variances.
Therefore, the prediction of drug behaviour in its intended applica-
tion is complicated and sometimes even impossible based on
in vitro experiments.

Basically, differences in the barrier strength between different
skins may be explained by differences in the skin morphology
and in the epidermal lipid composition. Considering the latter,
the influence of the total epidermal lipid content on the rate of per-
cutaneous permeation has already been established by a strong
correlation between the amount of extracted skin lipids (e.g. by a
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treatment with acetone or methanol) and the amount of drug per-
meation [4–9].

The skin permeability barrier is described to be a function of its
lipid composition [10]. In many reports [11–14], ceramides (45–
50%), cholesterol (25%) and free fatty acids (10–15%) are described
to be the main fractions of epidermal lipids. Moreover, other epi-
dermal lipids were found in mammalian skin [15], which poten-
tially influence the percutaneous permeability barrier, although
they represent only small lipid classes.

Unfortunately, up to now literature data for the skin lipid com-
position of commonly used in vitro skin types are not consistent,
and comprehensive data on skin lipid profiles are only available
for neonatal mouse, pig and human epidermis [16–18]. Compara-
ble data for commonly used models are therefore desirable to facil-
itate the interpretation of results from different permeation
studies.

Beyond that, several studies revealed an influence of different
morphological skin parameters on percutaneous permeation. Some
reports [19–22] described that the rate of transdermal drug trans-
port is related to stratum corneum thickness, whereas Elias et al.
[23] described no correlation between skin permeability and stra-
tum corneum thickness. Several investigations [24–26] showed dif-
ferences between the percutaneous permeation of physiological
skin and scar skin, which seem to be related to the presence and
the absence of hair follicles, respectively. Panchagnula et al. [27]
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on the other hand were not able to establish a correlation between
hair follicle density in 16 different species and percutaneous per-
meation of water and cumarin.

Based on these problems, the aim of this study is to provide an
extensive description of the epidermal lipid composition and skin
morphology of four in vitro skin types, which was obtained under
standardised conditions [28–34]. It represents the preliminary
work for a comparison of physicochemical skin characteristics with
results of in vitro percutaneous permeation experiments, in order
to explain the correlation between skin properties and transdermal
drug transport.
2. Materials and methods

2.1. Experimental animals

Skin samples were obtained from rats (abdominal and back
skin), cattle (udder skin), pigs, and dogs (both lateral abdominal
skin). Cattle skin from adult, lactating holstein frisian cows was ob-
tained from the slaughterhouse, while skin from the other animals
(dog: one pug (1 year old), one eurasian (2 years old) and five bea-
gles (5 months old), pig: hybrid (5 months old), rat: wistar (1 year
old)) was taken from animals that were sacrificed for reasons not
related to this study in the University of veterinary medicine Han-
nover foundation. All animals were male except the cattle.

2.2. Separation of the epidermis

After clipping the coat, the epidermis was separated by a mod-
ified method of Kligman and Christophers [35] (cows: n = 15, pigs:
n = 13, dogs: n = 8, and rats: n = 6). Therefore, the skin was placed
upside down for 120 seconds on a plate heater (Thermoplate S,
Desaga, Wiesloch, Germany) at a temperature of 60 �C. Subse-
quently, the epidermis was isolated from the dermis with a pair
of methanol cleaned tweezers. It was dried over several days in
an oven (Memmert, Schwabach, Germany) at 30 �C, until a con-
stant weight was reached.

2.3. Lipid extraction

The lipids were extracted following the procedure of Folch et al.
[36] that was modified by Melnik [37]. Different lipid extraction
methods were compared to get a maximum amount of lipid ex-
tracted (e.g. acid and alkaline extraction with chloroform/metha-
nol (2:1) as well as the usage of hexane and ethyl acetate). Since
the neutral extraction with chloroform/methanol (2:1) led to the
highest lipid amount extracted in all the examined lipid classes,
this kind of method was chosen in this study. All solvents were
of HPLC grade and were purchased from Merck, Darmstadt,
Germany.

According to Melnik [37], 100 mg epidermis (dry substance)
was hydrated by incubation with 500 ll NaCl solution (300 mM)
for 15 min. Chloroform/methanol (2:1) was added at a volume of
5 ml. After shaking for 2 h at room temperature, 100 ll NaCl-solu-
tion (300 mM) was added and was incubated at room temperature
for 10 min. Centrifugation at 2500 rpm for 10 min led to the
appearance of 2 phases: an upper hydrophilic layer and an under-
lying layer containing lipid in an organic solution. 3.5 ml of the lat-
ter were transferred through cotton wool into a lipid-free glass vial
and were evaporated to dryness at room temperature under a
stream of nitrogen. The amount of extracted epidermal lipids of
each sample was weighed on a precision scale (Kern & Sohn GmbH,
Balingen, Germany). Afterwards, 250 ll chloroform/methanol (2:1)
was added, followed by air- and lightproof storage at �20 �C until
required.
2.4. Analysis of epidermal lipids

The lipid extract of each sample was analysed by planar high-
performance thin-layer chromatography (HPTLC).

2.4.1. Lipid standards
Different lipid standards of the highest purity available were

purchased from Sigma–Aldrich, Steinheim, Germany. The follow-
ing lipids were used as a standards on the HPTLC-plates: sphingo-
myelin and L-a-phosphatidylcholine representative of the
phospholipids; oleic acid used as standard for free fatty acids; glyc-
eryl trioleate as representative of triglycerides; cholesterol oleate
as cholesteryl ester; ceramide 4 [AS] (hydroxy fatty acid ceramide
from bovine brain) and ceramide 3 [NP] (non-hydroxy fatty acid
ceramide from bovine brain) [38]; galactocerebrosides, cholesterol
sulfate, and cholesterol. To set up a calibration curve four different
concentrations of the standard solution (lipids dissolved in chloro-
form–methanol 2:1, V:V) were used (1.875; 1.250; 0.625;
0.125 lg/ll). Alkanes are represented by homologous hydrocarbon
chains (C15–C35) and are of exogenous origin [39,40]. Therefore,
they were not analysed in this study.

2.4.2. HPTLC conditions
One microliters of lipid extract was applied on a precleaned and

activated HPTLC-plate at a distance of 4 mm from the edge of the
plate and of 5 mm to the next sample using a microliter syringe
(Hamilton, Bonaduz, Switzerland).

The lipids were separated in a horizontal development chamber
(CAMAG, Berlin, Germany) at room temperature using the follow-
ing solvent systems: I: 1.5 cm chloroform:ethanol:acetic acid (80 %,
18%, 2%), II: 4 cm chloroform:methanol:acetic acid (91.4%, 4.3%,
4.3%), III: 4.5 cm hexane:diethylether:acetic acid (72.7%, 18.2%,
9.1%). All chemicals were of the highest purity available and were
received from Labscan, Dublin, Ireland except diethylether (Merck,
Darmstadt, Germany) and acetic acid (AppliChem, Darmstadt, Ger-
many). Afterwards, the HPTLC-plate was dried at room tempera-
ture for 15 min.

2.4.3. Derivatisation
The plate was dipped into an aqueous solution of copper sulfate

pentahydrate (125 g/L) and phosphoric acid (125 g/L) for 30 s
(Merck, Darmstadt, Germany). Lipid spots were visualised by heat-
ing the HPTLC-plate on a plate heater (Thermoplate S, Desaga,
Wiesloch, Germany) at 180 �C for 30 min, resulting in the charring
of the lipids.

2.4.4. Densitometrical analysis
Lipid fractions were identified by comparison with the comi-

grated lipid standards, and were quantified using an ordinary office
scanner (Highscreen, Aachen, Germany) along with digital image
analysis (ScionImage� 4.0.3.2., Scion Corporation, Maryland,
USA). After background subtraction (adjustments: rolling ball
130, horizontal background subtraction), the lipid amount was cal-
culated from the grey value referring to the appropriate calibration
curve.

2.5. Histology of the skin

2.5.1. Skin preparation
Fresh excised skin was embedded in tissue freezing medium

(Leica Instruments GmbH, Nussloch, Germany), and was frozen
in liquid nitrogen. 8 lm thick vertical and horizontal slices were
obtained by utilizing a cryostate (HM 560, Microm, Walldorf, Ger-
many). Afterplacing on glass slides (Roth, Karlsruhe, Germany), the
skin samples were stained with haematoxylin–eosine in accor-
dance with the standard procedures [41].
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2.6.1. Materials
All the chemicals used for histological examination of the skin

samples were of analytical grade. The following chemicals were
obtained from Merck, Darmstadt, Germany: Eosin G, Mayers
haemalaun solution for microscopy, and hydrochloric acid. Fur-
thermore, ethanol (Labscan, Dublin, Ireland) and acetic acid 100%
(AppliChem, Darmstadt, Germany) were used for analysis.

2.6.2. Analysis
A light microscope (Axioscop 50, Zeiss, Jena, Germany) was uti-

lized to evaluate the morphological skin parameters. The thickness
of both the horny layer and the epidermis as well as the depth of
the anchorage of hair follicles was obtained by perpendicular mea-
surement to the skin surface (ScionImage� 4.0.3.2., Scion Corpora-
tion, Maryland, USA) (from 10 different areas 100 measurements
were recorded for each animal). Furthermore, the density and the
diameter of the hair follicles were detected. Different parameters
were studied in three animals of each species.

2.7. Hierarchical cluster analysis

Similarities in the complex lipid profiles and in the morpholog-
ical skin parameters between the examined samples were investi-
gated using hierarchical cluster analysis. Therefore, data were
mean centered and data clusters were detected based on the
euclidian distance between the data sets using Matlab 5.2 (The
MathWorks Inc., Natick, USA). The hierarchical cluster analysis of
the epidermal lipid composition was based on all lipids except tri-
glycerides, since they are assumed to represent contaminations
from the environment [18,42,43].

2.8. Statistics

All test values are given as mean and standard deviation. Statisti-
cal analysis was performed by using GraphPad Prism� 4.01 (Graph-
Pad Software, Inc., San Diego, USA). One-way ANOVA with Tukey’s
multiple comparison post hoc test was utilized to compare the mean
values of the four species with a confidence interval of 95%.

3. Results

3.1. Total lipid content and epidermal lipid composition

The epidermal lipid content of the examined species showed
considerable differences (Fig. 1). The lowest amount of lipids was
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Fig. 1. Total epidermal lipid content of four different species observed by extraction
following Folch et al. method [36] that was modified by Melnik [37]; *p < 0.05 (one-
way ANOVA); (rat: n = 6, cattle: n = 15, dog: n = 8, and pig: n = 13).
found in pig skin, followed by dog, cattle and rat skin (significantly
different results were found between porcine skin and the skin of
all other species).

Furthermore, the lipid profile showed marked differences be-
tween the species (Table 1).

3.1.1. Polar lipids
Polar lipids are subdivided into two lipid classes: phospholipids

and cholesteryl sulfate. The polar lipids of the four examined skin
types represent only a small group of epidermal lipids with
amounts smaller than 0.5 wt% of the epidermis. They were found
with the highest amounts in pig epidermis (up to 0.46%), followed
by dog (0.24%), cattle (0.19 %), and rat skin (0.19 %). Significant dif-
ferences were found between pig skin and both dog and rat skin for
phospholipids, and between rat skin and both cattle and pig skin in
the case of cholesteryl sulfate.

3.1.2. Neutral lipids
Neutral lipids with amounts higher than 3 wt% of the epidermis

were found in the all examined species in the following order: rat
(4.71%) > cattle (3.63%) > dog (3.54%) > pig (3.20%). Significant dif-
ferences were found between pig skin and both dog skin and rat
skin for cholesterol. The content of cholesteryl ester differed signif-
icantly between dog and rat, cattle, and pig skin, as well as be-
tween rat skin and both cattle and pig skin. No significant
differences between the examined species were seen for free fatty
acids and triglycerides.

3.1.3. Sphingolipids
The sphingolipids consist of ceramides and galactocerebrosides.

Significant differences between cattle skin and rat skin were seen
for ceramide 3, while cerebrosides differed significantly between
cattle skin and both dog and rat skin. Ceramide 4 was only detect-
able in porcine skin (Table 1).

3.1.4. Additional lipid fractions
Each individual showed lipid bars next to cholesteryl ester and

ceramides on the HPTLC-plate which could not be identified. In
Fig. 2, they are marked by the boxes. For both dog and cattle bars
next to ceramide 3 and ceramide 4 were detectable. Other un-
known lipid bars were found next to cholesteryl ester for rats, cat-
tle and pigs.

3.2. Histological examinations

Both horizontal and vertical skin sections were used to analyse
morphological skin parameters (Table 2). Both hair follicle density
and thickness could be differentiated for primary and secondary
follicles, while these two types showed no difference in the depth
of anchorage.

3.3. Hierarchical cluster analysis

Fig. 3 demonstrates the relationship between the examined
individuals based on the similarity of the whole epidermal lipid
composition. Generally, the similarity in the lipid profile within
the four examined species resulted in large clusters of highly
similar individuals of the same species (clusters 1, 3, 4, and 6).
However, especially in pigs and cattle some individuals exhibit
a highly different lipid profile, resulting in the formation of a
mixed cluster (cluster 2). As compared to other cattle, these indi-
viduals differ considerably in the amounts of cholesteryl ester,
galactocerebrosides and ceramide 3, while pigs in this mixed
cluster show a different content of the polar phospholipids, cho-
lesteryl sulfate and ceramide 4 than most other pigs contained
in cluster 6. In cluster 3 one rat is differentiated from the others



Table 1
Lipid weight percent of the epidermis and the total epidermal lipid content of four different species (rat: n = 6, cattle: n = 15, dog: n = 8, and pig: n = 13).

Lipid Lipid weight percent of epidermis [%] Lipid weight percent of total epidermal lipid content [%]

Rat (n = 6) Cattle (n = 15) Dog (n = 8) Pig (n = 13) Rat (n = 6) Cattle (n = 15) Dog (n = 8) Pig (n = 13)

Phospholipids 0.1 0.2 0.1 0.2 1.4 3.1 1.8 6.7
Cholesteryl sulfate 0.1 0.2 0.1 0.2 0.5 2.6 0.9 3.3
Cerebrosides 0.0 0.3 0.1 0.2 0.0 2.6 0.6 2.7
Ceramide 4 [AS] – – – 0.3 – – – 4.0
Ceramide 3 [NP] 0.1 0.2 0.2 0.2 0.3 2.0 1.6 2.5
Cholesterol 0.9 1.2 1.0 1.5 5.6 10.3 7.9 20.8
Free fatty acids 1.8 1.5 1.0 1.3 11.1 12.0 7.6 18.3
Triglycerides 1.2 0.6 0.1 0.2 7.6 3.8 1.0 3.1
Cholesteryl ester 0.8 0.4 1.5 0.2 5.2 3.0 11.4 3.2

Total amount of analysed epidermal lipids 5.0 4.8 4.2 4.6 31.7 37.5 32.8 60.8
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Fig. 2. High-performance thin-layer chromatogram of four different species and the
lipid standards; the boxes mark the unknown lipid fractions (except ceramide 3
[NP] and ceramide 4 [AS]).
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by the high content of phospholipids. Variabilities in the quanti-
ties of cholesterol, free fatty acids and cholesteryl ester in a split
of the dog cluster.

Regarding the examined morphological skin properties (Fig. 4),
hierarchical cluster analysis demonstrates that rat skin and dog
skin as well as bovine udder skin and pig skin, since the thickness
of the viable epidermis as well as the hair follicle density differs
considerably between cluster 1 and cluster 2.
Table 2
Results of the histological examination of the skin of four different species (n = 3); all da
secondary hair follicle.

Species (n = 3) Mean

Rat Cattle Do

Thickness of the viable epidermis [lm] 9.9 57.3
Stratum corneum thickness [lm] 7.2 10.1
Hair follicle

Diameter PH [lm] 89.3 52.9
Diameter SH [lm] 19.6 16.4
Density PH [amount/cm2] 336.1 394.2 4
Density SH [amount/cm2] 5872.2 365.1 29
Density of all hair follicles [amount/cm2] 6408.3 759.3 33
Depth of anchorage [lm] 549.6 810.5 9
4. Discussion

This study provides detailed data on physicochemical skin char-
acteristics of four different skin types, which can be used in in vitro
permeation experiments. In the discussion of similarities and dif-
ferences to former studies, the high biological variability of these
parameters depending on breed, age, season, feeding and sex
[43–46] has to be kept in mind. Furthermore, published data have
been generated using many different methods, including the use of
different skin materials and methods of lipid extraction and quan-
tification. Finally, skin lipid profiles are prone to environmental
contamination, e.g. contamination from stable or dermal fat tissue
resulting in increased amounts of triglycerides or alkanes
[39,42,43].

A detailed summary of the factors influencing the epider-
mal lipid analysis is therefore provided in the following sec-
tion to appraise the following discussion on single skin
characteristics:

1. Skin material: Depending on the kind of material used for
extraction, different lipid fractions are found in the lipid sam-
ples. In concert with Vicanova et al. [47], Holleran et al. [48],
Hedberg et al. [42], and Wertz and Downing [49], the whole epi-
dermis was used for lipid extraction in this study, while other
research groups analysed lipids from the stratum corneum
[15,50] or epidermal cells [16].

2. Treatment of skin material: The same skin layer may be obtained
by different kinds of treatments. In the present investigation,
the epidermis was obtained by heat separation based on Klig-
man and Christophers [35], while other methods describe the
use of cantharidin or salt solutions [35,51]. The influence of
these differences remains unclear.

3. Method of extraction: Former reports describe different methods
of lipid extraction, which may result in different recoveries of
single lipid fractions based on individual solubility in the used
ta are given as means and standard deviations (STD); PH, primary hair follicle; SH,

STD

g Pig Rat Cattle Dog Pig

9.8 34.4 0.9 8.5 0.7 3.2
12.0 14.6 0.5 0.6 0.0 1.2

54.6 97.9 34.1 4.0 3.4 2.7
17.5 18.0 0.8 2.2 1.2 3.5
16.7 47.3 55.5 43.0 192.2 10.9
50.0 4.9 1797.2 80.0 798.6 0.9
66.7 52.2 1842.7 83.0 990.8 11.8
38.8 820.0 66.7 139.9 149.0 152.4
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solvent systems. For our investigation the method of Folch et al.
[36] that was modified by Melnik [37] was used; nonetheless
the methods by Bligh and Dyer [52] and Gray [53] are also com-
monly used. Furthermore, as applied in this study, dried skin
material may be used to standardise the weight of raw material
[44,54], as well as undried skin to describe the lipid content of
skin in its physiological state [36,47,50].

4. Analytics: The analytics in this study is based on HPTLC using a
sequence of three solvent systems, followed by dipping in a der-
ivatisation solution and ashing. As for this and other methods it
may be expected that results are highly influenced by the selec-
tivity and sensitivity of the analytics.

5. Presentation of results: Different kinds of result declarations
restrict the possibility to compare data in the literature. Wertz
and Downing [49], Lampe et al. [15] as well as Gray and Yardley
[55] relate the lipid fractions to total epidermal lipid content,
while Weerheim and Ponec [50] relate single lipid fractions to
main lipid components of the skin. Furthermore, the conversion
of single lipid fractions on the dry weight of extraction material
is a commonly used method to represent data [56–58]. To pro-
vide a good comparability to former reports, we related the
lipid weight percent to both total epidermal lipid content and
dry weight of the epidermis.
4.1. Total epidermal lipid content

In this study, the highest amounts of epidermal lipids were
found in rat back and abdominal epidermis, followed by bovine
udder, dog and pig abdominal epidermis. These findings confirm
those of Gray and Yardley [16], who described marked interspe-
cies differences in the lipid content of epidermal cells. In these
examinations, rat epidermal cells contained 20% lipids, which is
more than 2-fold higher than in porcine cells (8% lipids). The
striking similarity to the results of this study (16% in rat skin
and 7.8% in pig skin) may nevertheless be not overstressed, as
Gray and Yardley [16] used isolated epidermal cells only and
omitted the horny layer. Nevertheless, a higher lipid content of
rodent skin, which seems not to be restricted to the horny layer,
is confirmed by the results of both studies. For bovine udder skin,
the present study revealed a total epidermal lipid content of
13.7% as compared to 6.5% found in a previous study [29]. Canine
epidermis includes 13.4 % lipids, but lipid data about this species
are not available in the literature.

4.2. Hierarchical cluster analysis

With regard to the lipid profile, the hierarchical cluster anal-
ysis reveals a high number of similar individuals, but also the
existence of different groups of individuals within each exam-
ined species. Except for the rat, variations in more than one li-
pid class were responsible for the formation of multiple
clusters. Interestingly, cattle from different origins did not vary
more than other species, which were held under the same con-
ditions. For example, dogs were divided into two clusters, one
with a pug and a beagle, and the other with an eurasian and
five beagles, although the six beagles came from the same hus-
bandry. It remains to be clarified whether these differences are
correlated to differences in the epidermal barrier strength, and
which individual and environmental factors influence the skin
lipid profile.
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4.3. Lipid composition

Considering the amount of single lipids, cholesterol, cholesteryl
ester and free fatty acids were found to be the major constituents
of skin lipids in all the examined species. However, it may not be ru-
led out that other lipids are decisive, as only a small fraction of lipids
could be analysed in this study. Additional lipids were detected in
the chromatographic analysis, and according to their position on
the HPTLC-plate some of these unknown lipids seem to represent
several kinds of ceramides [59–64] and highly non-polar wax esters
[65]. The source of these lipids remains unclear. Nevertheless, they
may influence percutaneous permeation, since they can interact
with topically applied test substances. Beyond inherent epidermal
lipids or contaminations from dermal lipids, hair lipids may be a part
of the unknown lipid content, as hair residuals were still prominent
in the heat separated epidermis. Hair cuticula cells offer a lipid enve-
lope, which is comparable to the lipid envelope of epidermal corneo-
cytes [66–69], and the extract of mammalian hair contains
ceramides and polar phospholipids [70] and different amounts of
glycosphingolipids, cholesteryl sulfate, sterols, and both wax and
sterol esters [65,71]. This suggestion is confirmed by the observation
of a correlation of hair follicle density with the amount of unknown
lipids (pig vs. rat). The identification of these unknown lipids as well
as the influence of major and minor lipid skin fractions on barrier
properties has to be engaged by further examinations.

4.3.1. Skin morphology
Beyond lipid profiles, this study describes morphological skin

characteristics of the four different skin types. The thickest horny
layer was found in pig skin, followed by dog, cattle and rat skin.
The hierarchical cluster analysis of the morphological skin charac-
teristics showed relations between canine skin and rat skin as well
as between dog skin and pig skin caused by the thickness of the
viable epidermis as well as the density of hair follicles.

Comparison with the results in the literature [20,29,72–76]
show matchable data to some extent, e.g. the epidermis of the
pig showed a thickness of 34 lm in concert with Meyer [72], while
other data differ from available results. In such a way, the thickness
of the horny layer of rat skin can be mentioned, which was mea-
sured to be 12–21 lm thick in examinations by Scott et al. [20],
whereas a thickness of only 7 lm was found in this study. Meyer
[72] described several influences on morphological skin character-
istics such as breed, sex or age of the animals. These influences
have to be considered to explain the differences in the results of
the present investigation with former reports.

In conclusion, this study describes in detail both the epidermal
lipid composition and the skin morphology of four different skin
types, which have to be compared with percutaneous permeation
rates of hydrophilic and lipophilic drugs, to obtain a correlation
between skin morphology and transdermal drug transport. A sec-
ond study will be presented to correlate the obtained physico-
chemical skin characteristics with in vitro percutaneous
permeation rates.
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