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Water and mannitol were used as test penetrants to study the effect
of age on the skin permeability of the Wistar-derived Alderley Park
(AP) rat and Sprague-Dawley (SD) rat. Whole-skin membranes
were prepared from rats aged 10 to 120 days, while epidermal mem-
branes were prepared from rats aged 24 to 32 days. The results
indicated that the skin permeabilities of the two strains were very
similar for either whole-skin or epidermal membranes. The influence
of age on skin permeability was found to be negligible for the AP rat,
and a small decrease in whole-skin permeability was observed for
SD rats above 80 days of age. A statistically derived expression
(‘‘the separation efficiency factor’’) was used to determine the op-
timum age for preparing intact epidermal membranes; these were 26
days for AP rats and 28 days for SD rats. Histological examination
of whole-skin membranes for both strains revealed that the stratum
corneum and epidermal thickness did not alter significantly with age
(10 to 120 days old). Dermal thickness, hair follicle depth, and, to a
lesser extent, the surface area occupied by hair follicles all appeared
to be influenced by age, although these changes had no detectable
effect on skin permeability.
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INTRODUCTION

Percutaneous absorption studies have helped to im-
prove the therapeutic efficacy and identify the dermal tox-
icity of topical agents. With the ethical and practical prob-
lems associated with human experiments, a wide range of
laboratory animal skin alternatives has been used to predict
human skin absorption. As a result, the absorption rate for
different chemicals has been compared using a common spe-
cies (1,2) or several species (3,4). However, there has been
little consideration of the effect that using different strains of
the same species may have on comparisons of absorption
data.

Structural changes in skin have been related to age (5-
7), most notably between preterm and infant human skin
(8,9). However, studies of the effect of age on skin perme-
ability have produced conflicting evidence showing an in-
crease (10-12), a decrease (13-19), or relatively no change
(12,13,15,20,21) in permeability with an increase in age for
human and animal skin membranes.

In this study, the in vitro absorption of two test pene-
trants, water and mannitol, was measured through whole-
skin and epidermal membranes prepared from Wistar-
derived Alderley Park (AP) rats and Sprague-Dawley (SD)
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rats. By measuring the permeability of rat skin over an ex-
tensive age range (10 to 120 days old), both interstrain com-
parisons and the assessment of the influence of age have
been made. Whole-skin samples were also taken for histo-
logical examination of the structural development of rat skin
for both strains over this age range.

MATERIALS AND METHODS

Chemicals

[**C}Mannitol (sp act, 60 mCi mmol ~') and [*H]water
(sp act, 270 mCi mmol~') were supplied by Amersham In-
ternational, Amersham, UK. ['*C]Mannitol was diluted in
distilled water to give a final activity of approximately 2.5
nCi ml~! and made up to a concentration of 1 mg ml~?! with
unlabeled mannitol (supplied by Sigma Chemical Co., Poole,
UK). Tritiated water was diluted in 0.9% physiological saline
to give a final activity of approximately 2.5 wCi ml~!. Op-
tiphase MP scintillation fluid was supplied by LKB and man-
ufactured by FSA Laboratory Supplies (Loughborough,
UK).

Membrane Preparation

Alderley Park rats (strain Alpk:APfSD) were supplied
by the Barriered Animal Breeding Unit (Alderley Park,
Cheshire, UK). Sprague-Dawley rats [strain Crl:CD
(SD)BR] were supplied by Charles River UK Ltd. (Margate,
Kent, UK). Whole-skin membranes were removed from the
dorsal region and epidermal membranes were prepared using
a chemical separation technique (22).

In Vitro Percutaneous Absorption Studies

Prepared membranes were mounted on horizontal-
membrane static glass diffusion cells (exposure area, 2.54
cm?) and maintained at 30°C in a water bath. A solution of
0.9% physiological saline was used as the receptor fluid. The
integrity of the membranes was initially assessed by measur-
ing the permeability of tritiated water (400 pl cm ™2 skin,
occluded, Day 1). The absorption of [**CJmannitol was then
studied (200 ul cm~2 skin, occluded, Days 2—4), and the
steady-state absorption rates were calculated for each pen-
etrant. From the absorption rate, a permeability coefficient
(cm hr ') was calculated and this was the final expression of
the permeability of each penetrant.

The “Separation Efficiency Factor”

This statistically derived formula was used to quantify
the efficiency of preparing ‘‘intact’’ epidermal membranes
from different aged rats. The separation efficiency factor
(SEF value) was calculated at each age using the following
expression:

SEF =
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An epidermal membrane was deemed intact if it displayed a
tritiated water permeability similar to that obtained using
whole skin (<2.5 X 1073 cm hr 1) (22).

Histology

Histology was performed on whole-skin samples over
the age range 10 to 120 days old. This included the exami-
nation of stratum corneum thickness, viable epidermal thick-
ness, dermal thickness, hair follicle depth, and the skin sur-
face area occupied by hair follicles.

RESULTS

Influence of Strain

Graphical comparisons of the permeability of AP rat and
SD rat whole skins are presented in Fig. 1 for the two test
penetrants over the age range 10 to 120 days old. The mean
permeability coefficients (K ) obtained for each strain of rat
were compared at each age, treating each penetrant indepen-
dently (two-sided Student’s ¢ test: P < 0.05 indicated by
asterisks). The skin permeabilities of both strains of rat were
very similar, and where significant differences were re-
corded, they were comparable to the magnitude of the vari-
ation in skin permeability found between rats of the same
strain.

The overall mean K|, values (=SE) for whole-skin mem-
branes calculated over the entire age range were also similar
for both strains for water [AP rat = 1.43 (=0.05) x 10~ > cm
hr=!, n = 178; SDrat = 1.53 (x0.06) X 10" *cmhr~', n =
150} and mannitol [AP rat = 3.23 (20.17) x 10~ *cm hr ™},
n = 178;SDrat = 2.89(20.17) X 10 *cmhr~ !, n = 150].
Interstrain similarities were also indicated by the overall
mean K, values obtained for epidermal membranes for water
{APrat = 1.16 (=0.08) X 10" cm hr~!, n = 30; SD rat =
1.41 (=0.08) X 1073 cm hr™!, n = 22] and, to a lesser
extent, mannitol [AP rat = 2.30 (x0.27) X 10" *cm hr ™%, n
= 30; SD rat = 0.89 (20.15) X 10" *cm hr™!, n = 22].
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Influence of Age

The mean K, value at each age was statistically com-
pared with the overall mean K, value for the entire age range
for each penetrant; any significant differences were high-
lighted by asterisks (two-sided Student’s ¢ test; *P < 0.05,
**p < 0.01). Generally, age did not affect the skin perme-
ability of either strain of rat for the test penetrants. For
instances, where significant differences were recorded for
AP rat skin permeabilities, the difference between the mean
K, at these ages and the overall mean K, was less than a
factor of two. However, for SD rats, there was an indication
of a decrease in whole-skin permeability for 100- and 120-
day-old animals, where the mean K_’s at these ages were
significantly less than the overall mean K, value for both
penetrants.

The effect of age (24-32 days only) on the permeability
of the test penetrants (mean K,) through AP rat and SD rat
epidermal membranes was also examined (Fig. 2). The mean
K, values did not differ significantly from the overall mean
K, value, although the permeability of water through 30-day-
old AP rat epidermis was significantly higher (P < 0.05).

A “‘separation efficiency factor’’ (SEF value) for epi-
dermal membrane preparation from AP rats and SD rats was
calculated at each age. For AP rat epidermal membranes, the
SEF value was greatest for 26-day-old rats, decreasing for
older animals. A similar relationship between the SEF value
and age was exhibited for SD rat epidermal membranes, the
maximum SEF value occurring at 28 days of age.

Histology

Changes in the structure of skin as determined by his-
tological examination were studied over the age 10120 days.
For both strains of rat, there was very little variation with
age for stratum corneum thickness (range, 16.3-24.8 pm)
and viable epidermal thickness (range, 14.0-20.1 pm). Age
did influence the dermal thickness (range, 264 pm at 26 days
for AP and 796 pm at 60 days for AP rats), minimum hair
follicle depth (range, 144 pm for AP at 24 days and 734 pm
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Fig. 1. The effect of age on the mean permeability coefficient (K,,) +
SE (7 < n < 18) for water and mannitol through AP rat whole skin.
Two-sided Student’s 1 test between the mean K, at each age and the
overall mean K,: (*) P < 0.05; (**) P < 0.01. (M) AP/water; (A)
SD/water; () AP/mannitol; (A) SD/mannitol.

Fig. 2. An interstrain comparison of the mean permeability coeffi-
cient for water and mannitol through AP rat and SD rat epidermal
membranes at each age. Two-sided Student’s ¢ test: (*) P < 0.05;
(**) P < 0.01. (W) AP/water; (A) SD/water; () AP/mannitol; (A)
SD/mannitol.
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at 36 days for SD rats), and the surface area occupied by hair
follicles (range, 0.008 mm?/mm? for SD rats at 120 days and
0.034 mm?mm? for SD rats at 10 days). Similar age-related
changes in skin structure were exhibited by both strains of
rat and this observation was supported by a statistical inter-
strain comparison of the histological data.

DISCUSSION

Wistar-derived Alderley Park rats and Sprague~-Dawley
rats are commonly used animals in this laboratory and are
both outbred strains of albino rat. Ideally, for interexperi-
mental comparisons, variables should be reduced to a min-
imum to enable valid and concise interpretation of the data.
By comparing the skin permeability of two similar strains of
rat, a basis could be established to assess the effect of using
more varied rat strains. Using two test hydrophilic pene-
trants we have examined any differences between the skin
permeabilities of the two rat strains over the age range 10—
120 days.

It was of further interest to investigate interstrain per-
meability for the in vitro percutaneous absorption of li-
pophilic penetrants. Using the selected chemical separation
technique, epidermal membranes could be physically pre-
pared only from rats aged 24 to 32 days old, and then with
varying degrees of success (indicated by the SEF values).
Therefore, in order to investigate fully any change in in vitro
skin permeability over the desired relatively wide age range,
it was necessary to use whole-skin membranes and hydro-
philic penetrants. It must be realized, however, that any
apparent relationship might not be directly applicable to li-
pophilic molecules, and this will require further investiga-
tion. In addition, any patterns seen in an animal model such
as the rat might not be reflected in humans.

A comparison of the permeability of whole skin and
epidermis to water has previously been used as an indicator
of the success of intact epidermal preparation (3,22). In this
study, significant differences were reported between whole-
skin and epidermal water permeabilities for AP rats aged 28
and 30 days and SD rats aged 24 days (two-sided Student’s ¢
test, P < 0.05). However, there was no significant difference
between the water permeability for whole-skin and that for
epidermal membranes at the suggested optimal ages for epi-
dermal preparation (i.e., AP rat = 26 days and SD rat = 28
days; P > 0.05). Epidermal membranes are necessary to
study the in vitro absorption of lipophilic penetrants, and the
age of the animal concerned may be an important feature in
the success of any chosen technique.

A number of reported studies have examined the effect
of age on the skin permeability. Wester et al. (20) found
similar amounts of testosterone absorbed through newborn
and adult rhesus monkey skin. y-Benzene hexachloride was
absorbed through newborn guinea pigs faster than through
2-month-old animals, although the differences were not
found to be statistically significant (14). Many studies have
compared young and adult rat skin permeability (12,17-21).
The studies used different dosing regimes (itself representing
a factor that can affect rates of absorption), but there ap-
pears to be an overall indication that young rat skin is more
permeable than adult rat skin; this evidence is, however,
equivocal.

Dick and Scott

A study using male Fischer 344 rats demonstrated rela-
tively consistent in vitro skin absorption of 2,3,4,7,8-penta-
chlorodibenzofuran over the age range 36 to 120 days and of
2,3,7,8-tetrachlorodibenzo-p-dioxin over the age range 36 to
96 days (19). However, for both penetrants, where a con-
stant dose per surface area was applied, there was a statis-
tically significant increase in skin permeability for 10-day-old
animals (up to a twofold difference). Workers using hairless
mice found that, for both hydrocortisone (23) and a series of
alkanols (24), in vitro skin permeability increased with age to
a maximum at 25 days. This was followed by a rapid de-
crease in permeability over the next 25 days before an even-
tual leveling-off at about 100 days of age. This suggests that
the permeability of hairless mouse skin is markedly more
sensitive to the age of the animal than the permeability of the
two rat strains used in this study.

From the data obtained in this study, age did not influ-
ence the permeability of whole-skin or epidermal mem-
branes. For AP rat whole skin, the slope of the regression of
the relationship between age and permeability to water and
mannitol could not be distinguished from zero (P > 0.05),
i.e., there was no linear relationship between skin perme-
ability and age. For SD rat whole skin, the test for linear
regression indicated that an inverse relationship may exist
between age and skin permeability for both water and man-
nitol (P < 0.01), i.e., a decrease in permeability with in-
crease in age. However, this relationship was lost if the data
for 100- and 120-day-old rats were omitted. Rats older than
this are not commonly used in percutaneous absorption stud-
ies, particularly in vitro studies, and consequently, they
were not included in this series of experiments. The test for
linear regression did not indicate any correlation between
age and permeability for epidermal membranes for either
strain (P > 0.05).

The stratum corneum is known to be the principal bar-
rier in percutaneous absorption. The stratum corneum thick-
ness of AP rats and SD rats was relatively unaffected by age,
and this may have contributed to the consistency in the per-
meabilities of water and mannitol. Although changes in der-
mal thickness did occur with age, this would not be expected
to affect the permeability of skin in vivo, as chemicals are
usually absorbed into the vascular supply serving the epider-
mal-dermal junction.

For both the AP rat and the SD rat, changes in whole-
skin thickness were attributed principally to changes in the
dermal thickness, since the stratum corneum thickness and
viable epidermal thickness were relatively constant. For AP
rat and SD rat skin, a similar relationship was observed for
dermal thickness and hair follicle depth over the age range 10
to 60 days. Although the dermal thickness increased slightly
above 60 days of age, the corresponding hair follicle depth
decreased.

Hair follicles have been considered as possible routes of
absorption, particularly for slowly absorbed penetrants.
Scott et al. (26) measured the hair follicle opening area ob-
tained from different species and observed that the perme-
ability of more slowly absorbed penetrants (mannitol and
paraquat) increased as the follicle opening area increased,
although faster-absorbed penetrants (water and ethanol) did
not appear to be influenced by follicle opening area. In this
study, the hair follicle opening area did seem to decrease up
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to about 28 days of age for both AP rats and SD rats, al-
though most values were between 0.010 and 0.025 mm? hair
follicles mm ~ 2 skin. These minor fluctuations in follicle area
were not sufficient to influence the absorption of mannitol or
water through the rat skin, although the decrease in follicle
opening area for SD rats over 80 days old may be linked with
the decrease in skin permeability already discussed.

The age band where the structural attributes of both AP
rat and SD rat skin were most variable was between 10 and
36 days of age. This age band also corresponded to fluctu-
ating mean K, values for both strains of rat (Figs. 1 and 2).
This suggests that changes in the structure of skin with age,
in particular, hair follicle depth and dermal thickness, may
have a minor influence on the percutaneous absorption of
water and mannitol. However, the changes in skin perme-
ability were too small to propose any positive relationship
with skin structure.

CONCLUSIONS

The skin permeability properties of the two strains of rat
(Alderley Park and Sprague-Dawley) were similar for water
and mannitol over a wide age range for both whole-skin
membranes (10 to 120 days old) and epidermal membranes
(24 to 32 days old). Generally, there was no effect of age on
the permeability to selected penetrants. However, the data
indicated that the permeability of SD rat whole skin de-
creased above 80 days of age.

From the expression used to calculate the ‘‘separation
efficiency factor,”” the optimum ages for preparing intact
epidermal membranes from AP rats and SD rats (using a
chemical separation technique) are 26 and 28 days, respec-
tively.

The histology of the whole-skin samples revealed that
both stratum corneum thickness and viable epidermal thick-
ness remained relatively constant over the age range 10 to
120 days. However, dermal thickness, minimum hair follicle
depth, and, to a lesser extent, the surface area occupied by
hair follicles were all influenced by the age of the rat for both
strains.

ACKNOWLEDGMENT

The authors wish to acknowledge the assistance of
Fiona Smith for the histological examination of skin tissue.

REFERENCES

1. A. Rougier, C. Lotte, and H. I. Maibach. The hairless rat: A
relevant animal model to predict in vivo percutaneous absorp-
tion in humans? J. Invest. Dermatol. 88:577-581 (1987).

2. C. Ackermann and G. L. Flynn. Ether-water partitioning and
permeability through nude mouse skin in vitro. I. Urea, thio-
urea, glycerol and glucose. Int. J. Pharm. 36:61-66 (1987).

3. R. C. Scott and M. A. Corrigan. The in vitro percutaneous ab-
sorption of diquat: A species comparison. Toxicol. Vitro 4:137-
141 (1990).

4. R. P. Moody, C. A. Franklin, and L. Ritter. Dermal absorption
of the phenoxy herbicides 2,4-D, 3,4-D amine, 2,4-D isooctyl,
and 2,4,5-T in rabbits, rats, Rhesus monkeys and humans: A
cross-species comparison. J. Toxicol. Environ. Health. 29:237~
245 (1990).

5. S. Shuster, M. M. Black, and E. McVitie. The influence of age

10.
11.

12

13.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

887

and sex on skin thickness, skin collagen and density. Br. J.
Dermatol. 93:639-643 (1975).

. B. A. Gilchrest. Age-associated changes in normal skin. In

B. A. Gilchrest (ed.), Skin and Aging Processes, CRC Press,
Boca Raton, FL, 1984 pp. 17-35.

. A. M. Kligman, G. L. Grove, and A. K. Balin. Aging of human

skin. In C. E. Finch and E. L. Schneider (eds.), Handbook of
the Biology of Aging, Van Nostrand, New York, 1985 pp. 820~
841.

. D. P. West, S. Worobec, and L. M. Solomon. Pharmacology

and toxicology of infant skin. J. Invest. Dermatol. 76:147-150
(1981).

. N. J. Evans and N. Rutter. Development of the epidermis in the

newborn. Biol. Neonate 49:74-80 (1986).

R. H. Wildnauer and R. Kennedy. Transdermal water loss of
human newborns. J. Invest. Dermatol. 54:483-486 (1970).

A. Kligman. Perspectives and problems in cutaneous gerontol-
ogy. J. Invest. Dermatol. 73:39—-46 (1979).

P. V. Shah, H. L. Fisher, N. Chernoff, M. R. Sumler, R. J.
Monroe, and L. L. Hall. A comparison of the penetration of
fourteen pesticides through the skin of young and adulit rats. J.
Toxicol. Environ. Health 21:353-366 (1987).

E. Christophers and A. M. Kligman. Percutaneous absorption
in aged skin. In W. Montagna (ed.), Advances in the Biology of
the Skin, Pergamon, Oxford, 1965, pp. 163-175.

. L. M. Solomon, D. P. West, J. F. Fitzloff, and A. M. Becker.

Gamma-benzene hexachloride in guinea pig brain after topical
application. J. Invest. Dermatol. 68:310-312 (1977).

. J. J. McCormack, E. K. Boisits, and L. B. Fisher. An in vitro

comparison of the permeability of adult versus neonatal skin. In
H. 1. Maibach and E. K. Boisits (eds.), Neonatal Skin, Struc-
ture and Function, Marcel Dekker, New York, 1982, pp. 149-
164.

F. N. Marzulli and H. I. Maibach. Permeability and reactivity
of skin as related to age. J. Soc. Cosmet. Chem. 35:95-102
(1984).

J. B. Knaak, K. Yee, C. R. Ackerman, G. Zweig, and B. W.
Wilson. Percutaneous absorption of triadimefon in adult and
young male and female rats. Toxicol. Appl. Pharmacol. 72:406—
416 (1984).

H. L. Fisher, P. V. Shah, M. R. Sumler, and L. L. Hall. In
vivo and in vitro dermal penetration of 2,4,5,2',4',5' -hexa-
chlorobiphenyl in young and aduit rats. Environ. Res. 50:120-
139 (1989).

Y. B. Banks, D. W. Brewster, and L. S. Birnbaum. Age-related
changes in dermal absorption of 2,3,7,8-tetrachlorobenzo-p-
dioxin and 2,3,4,7,8-pentachlorodibenzofuran. Fundam. Appl.
Toxicol. 15:163-173 (1990).

R. C. Wester, P. K. Noonan, and H. I. Maibach. Recent ad-
vances in percutaneous absorption using the Rhesus monkey
model. J. Soc. Cosmet. Chem. 30:297-307 (1979).

P. V. Shah, H. L. Fisher, N. J. Month, M. R. Sumler, and
L. L. Hall. Dermal penetration of carbofuran in young and adult
Fischer 344 rats. J. Toxicol. Environ. Health 22:207-233 (1987).
R. C. Scott, M. Walker, and P. H. Dugard. In vitro percutane-
ous absorption experiments: A technique for the production of
intact epidermal membranes from rat skin. J. Soc. Cosmet.
Chem. 37:35-41 (1986).

C. R. Behl, G. L. Flynn, E. E. Linn, and W. M. Smith. Percu-
taneous absorption of corticosteroids: Age, site, and skin-
sectioning influences on rates of permeation of hairless mouse
skin by hydrocortisone. J. Pharm. Sci. 73:1287-1290 (1984).
C. R. Behl, G. L. Flynn, T. Kurihara, W. M. Smith, N. H. Bel-
lantone, O. Gatmaitan, W. I. Higuchi, and N. F. H. Ho. Age
and anatomical site influences on alkanol permeation of skin of
the male hairless mouse. J. Soc. Cosmet. Chem. 35:237-252
(1984).

R. J. Scheuplein. Mechanisms of percutaneous absorption II.
Transient diffusion and the relative importance of various
routes of skin penetration. J. Invest. Dermatol. 48:79-88 (1967).
R. C. Scott, M. A. Corrigan, F. Smith, and H. Mason. The
influence of skin structure on permeability: An intersite and
interspecies comparison with hydrophilic penetrants. J. Invest.
Dermatol. 96:921-925 (1991).



