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Abstract—Study of drug metabolizing enzyme activity was undertaken in skin microsomal and cytosolic
fractions of male and female rats. The presence of several isoforms was revealed from their activities
towards selected substrates and from their cross immunoreactivity using antibodies raised against purified
hepatic or renal cytochromes P-450, epoxide hydrolase and UDP-glucuronosyltransferases. Cytochrome
P-450 content was precisely quantified by second derivative spectrophotometry, 23.1 and 16.5 pmol/mg
protein in males and females, respectively. The monooxygenase activity associated to cytochromes P-
4501IB1 and P-450IA1 was determined through O-dealkylation of ethoxy-; pentoxy- and benzoxy-
resorufin. The activity ranged between 4 and 2 nmol/min/mg protein for male and female rats,
respectively. These results and Western blot analysis indicated that rat skin microsomes contain both
monooxygenase systems associated with cytochromes P-450IIB1 and P-450IA1. By contrast lauric
acid hydroxylation, supported by cytochrome P-450IVA1, was not detectable. Activities of epoxide
metabolizing enzymes (microsomal and cytosolic epoxide hydrolases; glutathione S-transferase) were
also characterized in skin. Microsomes catalysed the hydratation of benzo(a)pyrene-4,5-oxide and cis-
stilbene oxide at the same extent, whatever the sex, although the specific activity was 10 times lower
than in liver. The hydratation of trans-stilbene oxide by soluble epoxide hydrolase was four times lower
than in the liver. Conjugation of cis-stilbene oxide with glutathione in skin and liver proceeded at
essentially similar rates, as the specific activity of glutathione S-transferase in skin was only two
times less than that measured in hepatic cytosol. Glucuronidation of 1-naphthol, bilirubin but not of
testosterone could be followed in the microsomal fraction. Revelation by Western blot indicated that
both the isoforms involved in conjugation of phenols and bilirubin were present in skin microsomes.
By contrast, the isoform catalysing the conjugation of testosterone was apparently missing. When
immunoblotting was carried out using specific antibodies raised against the renal isoforms, the same
result was obtained. In addition, an intense staining corresponding to a 57 kD-protein was observed.
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Drugs and environmental pollutants can penetrate
and concentrate into skin, which represents one of the
body’s largest organs. Although the liver is the major
site for metabolization of these substances, extra-hep-
atic transformations, especially kidney or intestine,
bring a non negligible contribution to their overall
elimination from the body. In the liver, oxydation,
epoxide hydration and glucuronidation of drugs or
endogenous compounds, some of them potentially
toxic such as bilirubin, are catalysed by distinct iso-
zymes located bothin the membrane andin the cytosol
fraction. Each isoform can be differentiated by their
substrate specificity [1], theirimmunoreactivity [2], or
from their selective induction by phenobarbital, 3-
methylcholanthrene or clofibrate [3]. The study of
properties of such enzyme systems in skin has been
limited by the lack of sensitive techniques of measure-
ment and by the often poor performance of the sub-
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cellular fractionation. This present work was
undertaken to characterize in term of substrate speci-
ficity and immunochemical reactivity the activity
of monooxygenases cytochrome P-450IIB1- and
IA1l-dependent implicated in the O-dealkylation of
drugs, of epoxide metabolizing enzymes (epoxide
hydrolases, glutathione S-transferase), and of three
distinct forms of UDP-glucuronosyltransferases
measured with 1-naphthol, bilirubin and testosterone
as substrates, in rat skin.

MATERIALS AND METHODS

Animals treatment with inducers and preparation of
the microsomal fraction. Male and female Sprague—
Dawley rats from Iffa-Credo, (Saint-Germain
I’Abresle, France), weighing 180-220 g were housed
in an environmentally controlled room (12 hr light
cycle, 22°). They were fed a rodent chow (UAR Ali-
mentation, Villemoisson, France) and had tap water
ad lib. For the immunochemical characterization of
drug-metabolizing enzymes, male Sprague-Dawley
rats were treated with phenobarbital and 3-methyl-
cholanthrene. Phenobarbital (sodium salt, Fluka,
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Buchs, Switzerland), previously dissolved in NaCl
0.9% w/v, was injected intraperitoneally for 5 days at
the daily dose of 100 mg/kg body weight. 3-Methyl-
cholanthrene (Sigma Chemical Co., St. Louis, MO),
suspended in corn oil, was given intraperitoneally,
once at the dose of 80 mg/kg body weight. Control
animals received the vehicles, in the same conditions.
The rats were killed by decapitation after 12 hr fasting
on the sixth day.

Subcellular fractionation. Dorsal skin of rat was
shaved, cut in small pieces and then homogenized in
ice-cold 50 mM sodium phosphate buffer (pH 7.4)
containing 0.25M sucrose, 1mM EDTA, 0.1 mM
dithiothreitol, with an Ultra-Turrax apparatus
(TP 8872, Junke and Kunkel, StaufeniBr., F.R.G.)
in three strokes (1 min each) with 30 sec pauses in
between. The homogenate was filtered through two
layers of cheese-cloth and centrifuged at 1000 g for
10 min on a LKB Ultrospin 85 centrifuge (Bromma,
Sweden). The corresponding supernatant was there-
after centrifuged for 20 minat 10,000 g. The pellet was
discarded and the supernatant was centrifuged again
for 60 min at 105,000 g to give the cytosolic and micro-
somal fractions. The microsome pellet was homo-
genized with a Dounce in 100mM potassium
phosphate buffer (pH 7.4) containing 1 mM dithio-
threitol, 0.2 mM EDTA and 20% v/v glycerol. Hep-
atic microsomes and cytosol were prepared by the
technique of Hogeboom [4] in 1 mM Tris-HCl buffer
(pH 7.4), 250 mM sucrose. The subcellular fractions
were stored at —20° and used within a week. The qual-
ity of the skin microsomal fraction was estimated from
analysis by electron microscopy and measurement of
marker enzymes such as NADH oxydase [5] (mito-
chondria) and NADPH cytochrome c¢ reductase [6}
(microsomes). The protein content was measured by
the technique of Lowry et al. [7], with bovine serum
albumin as standard.

Determination of drug-metabolizing enzymes.
Cytochrome P-450 was quantitated from its second
derivative spectrum after binding to carbon mon-
oxide and reduction by dithionite on a Uvikon
R-820 spectrophotometer (Kontron, Rotkreuz, Swit-
zerland), as previously described [8]. The activities 7-
ethoxy-, pentoxy- and benzoxyresorufin O-dealky-
lase were measured by the methods of Burke and
Mayer [9] and that of Burke et al. [10]. The assays
were carried out at 37° with 0.4 uM ethoxyresorufin or
3.5 uM pentoxy- and benzoxyresorufin; the reaction
was initiated by 0.25 mM NADPH. The resorufin
formed was detected on a SPF 500 spectrofluorimeter
(Kontron, Rotkreuz, Switzerland). Hydroxylation of
lauric acid was followed as Salaiin et al. suggested [11];
the limit of detection of the assay was 0.03 nmol/min/
mg protein. Microsomal epoxide hydrolase activity
was monitored either with the fluorescent
benzo(a)pyrene-4,5-oxide (IIT, Chicago, IL) accord-
ing to the technique of Dansette et al. [12], or with
tritiated cis-stilbene oxide [13]. The activity of the sol-
uble epoxide hydrolase was determined in the cytosol
with tritiated trans-stilbene oxide as substrate [13] in
presence of 1mM 1-chloro-2,4-dinitrobenzene
(Sigma) to deplete glutathione. The activity of
glutathione S-transferase was followed with tritiated
cis-stilbene oxide and glutathione as co-substrates
[13]. Activity of three forms of UDP-glucuronyl-
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transferase was measured on fully activated micro-
somes with Triton X-100 (Prolabo, Paris, France)
using [1-!*C]naphthol [14] and [*H-1,2,6,7]testos-
terone (Amersham, Les Ullis, France) as substrates
[15], and with digitonin (Sigma) for monitoring bili-
rubin glucuronidation [16]. The detection limit for tes-
tosterone glucuronidation was 0.09 nmol/min/mg
protein.

Immunochemical characterization of drug-metab-
olizing enzymes. Microsomes were analysed by
sodium dodecylsulfate polyacrylamide gel electro-
phoresis [17], using 10% w/v acrylamide in the sepa-
rating gel and 5% w/v in the stacking gel. Proteins
were transfered electrophoretically with a Trans-Blot
system (Bio-Rad, Richmond, CA) at room tem-
perature, for 90 min at 70 Volts, in 20 mM Tris—HCl
buffer (pH 8.3) containing 20% v/v methanol and
150 mM glycine [18]. For the immunochemical detec-
tion, nitrocellulose sheets containing protein samples,
after protein transfer, were incubated for 30 min, at
room temperature in 150 mM sodium phosphate
buffer (pH 7.2) containing 140 mM NaCl, 3 mMKCl,
10% v/v new born calf serum and 0.2% Triton X-
100. IgG were purified from rabbit antibodies raised
against purified hepatic cytochrome P-450IA1 (P-450
induced by 3-methylcholanthrene), P-4501IB1 (P-450
induced by phenobarbital) [19], and microsomal
epoxide hydrolase (enzyme induced by
phenobarbital) [20]. The IgG, which recognize sev-

- eral forms of rat liver UDP-glucuronosyltransferases

(testosterone, androsterone, bilirubin, phenols) were
obtained from sheep [21]. Antibodies raised against
the renal isozymes conjugating bilirubin and phenols
were also used. The IgG were added, after dilution,
and the incubation was carried out for 1 hr at room
temperature. The sheets were washed four times with
the phosphate buffer and then incubated in a 1/500
dilution of peroxidase-conjugated sheep anti-rabbit
IgG (Pasteur Institute, Paris, France) for 1 hr, fol-
lowed by washing, as described above. Peroxidase
activity was detected with 3-3’-diaminobenzidine
(Sigma). The reaction was quenched after 5min
by immersing the nitrocellulose into water. The
characterization of UDP-glucuronosyltransferase
isozymes was monitored using the peroxidase-anti-
peroxidase complex, and the peroxidase activity
detected with 4-chloro 1-naphthol (Sigma) as sub-
strate as previously described [22]. The alkaline phos-
phatase immunostaining of Western blots was also
performed with nitroblue tetrazolium/S-bromo 4-
chloro 3-indolyl phosphate as substrate, as described
by the manufacturers (Promega Biotech).

RESULTS

Subcellular fractionation and activity of marker
enzymes

Figure 1 shows a typical electron microscopy pic-
ture of skin microsomes. They were arranged as
regular vesicles of similar diameter. Measurement of
marker enzymes of the different subcellular fractions
reveals, however, that some vesicles have been
broken down during the fractionation procedure as
10% of the activity of the NADPH cytochrome ¢
was also found in cytosol (Table 1). A weak con-
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Fig. 1. Observation by electron microscopy of the microsomal fraction obtained from rat skin. V,
microsomal vesicles; R, free ribosomes.

Table 1. Activity of marker enzymes in different subcellular fractions of rat skin

Subcellular

NADPH cytochrome ¢

fractions reductase NADH oxidase
Nuclei 2.3 +£0.17 (10.3) ND
Mitochondria ND 6.4 £ 0.8 (100)
Microsomes 22.4 £3.2 (100) 0.6 +0.02 (9.4)
Cytosol 2.9+ 0.4 (13.0) ND

The activity of marker enzymes was expressed in nmol/min mg protein. The
number between brackets corresponded to the activity percentage by comparison
with the value found in the specific subcellular fraction. ND, not detectable. Values
are the mean * SD from, at least, four different subcellular fractionations.

tamination of microsomes by mitochondria could be
observed on the basis of the NADH oxidase activity
(Table 1). Expressed per gram of tissue, the protein
contents in microsomes and cytosol from several
fractionations were 20 and 56 mg in the liver, and 1
and 15 mg in skin, respectively.

Monooxygenases and epoxide metabolizing enzymes
Cytochrome P-450 was detected and precisely

quantified in skin microsomes with the aid of second
derivative spectrophotometry (Table 2). Like in
liver, its content was lower in female than in male
rats. However, whatever the sex, the concentration
in skin was about 17 times smaller than in hepatic
microsomes. The 7-pentoxyresorufin and 7-ethoxy-
resorufin  O-dealkylase activity corresponding
respectively to two forms of cytochromes P-450IIB1
and IAl in skin microsomes also showed a difference
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Table 2. Cytochrome P-450 content and monooxygenase activities in rat skin and liver microsomes

Hydroxylation O-dealkylation
Lauric acid POR BOR EOR

Organs Cyt P-450 (IVA1) (1IB1) (IIB1 + IA1) (IA1)
Skin

Female 16521 ND 1.8+0.1 21+0.2 1.5+0.2

Male 23.1x1.8 ND 3713 44+09 36+0.3
Liver

Female 287 + 13 0.33£0.07 89=x1.1 382+35 19.7 0.9

Male 383 £ 22 0.43+0.01 13.8+3.1 492 +1.3 2342

The content in cytochrome P-450 was expressed in pmol/mg protein. The activity of pentoxyresorufin-
(POR), benzoxyresorufin- (BOR) and ethoxyresorufin- (EOR) O-dealkylases was expressed in pmol
resorufin/min/mg prot. Values are the mean * SD of, at least, three animals. ND, not detectable. The
limit of detection of lauric acid hydroxylation was less than 0.03 nmol/min/mg protein. The form of
cytochromes P-450 involved in monooxygenase reaction is indicated between brackets.

Table 3. Activities of epoxide metabolizing enzymes

Epoxide hydrolases

GST
Microsomes Cytosol

Organs BP-4,5-oxide CsSO TSO CSO
Skin

Female 0.16 + 0.03 0.11 +0.01 0.027 = 0.007 1.59 £ 0.10

Male 0.12 +0.05 0.16 = 0.02 0.043 = 0.010 1.65 £ 0.20
Liver

Female 2.1+0.2 1.02 £ 0.07 0.097 = 0.008 3.25+0.05

Male 3.8+0.5 1.74 £ 0.10 0.180 + 0.030 3.40 = 0.14

The activity of microsomal epoxide hydrolase, cytosolic epoxide hydrolase and glutathione
S-transferase (GST) was expressed in nmol/min/mg protein. The substrates were
benzo(a)pyrene-4,5-oxide (BP-4,5-oxide), cis-stilbene oxide (CSO) and trans-stilbene oxide
(TSO). Values are the mean * SD of at least three animals.

according to the sex. The same result was observed
with the 7-benzoxyresorufin O-dealkylase activity
involving both cytochromes P-450 IIB1 and IAl.
Compared to the liver, the rate of the reaction was
8 to 16 times less than in skin microsomes. Hydroxy-
lation of lauric acid cytochrome P-IVA1 dependent
was not detected in that fraction.

Hydratation of benzo(a)pyrene-4,5-oxide, cis-stil-
bene oxide and trans-stilbene oxide by the epoxide
hydrolases also occurred in skin microsomes and
cytosol (Table 3). No difference between sexes was
observed in the case of the microsomal isoenzyme,
while for the cytosolic form, the activity in male was
higher than in female skin. The specific activity of
cytosolic epoxide hydrolase in skin was 4 times lower
than in liver microsomes. By contrast, conjugation
of cis-stilbene oxide with glutathione was high in skin
microsomes, since the activity was only two times
lower than in hepatic microsomes (Table 3).

UDP-glucuronosyltransferases

Table 4 reports the specific activity of UDP-glu-
curonosyltransferases involved in the conjugation of
1-naphthol, testosterone and bilirubin. The optimal
rate of 1-naphthol glucuronide formation in skin was
10 times less than that in liver microsomes. Bilirubin
conjugation was even lower; no activity could be
detected in skin or liver microsomes when Gunn
rats were used (results not shown). Testosterone
glucuronidation was absent in skin under the con-
ditions of measurement used.

Immunoblotting

Figure 2 (A), which represents a typical Western
blot experiment indicates that antibodies raised
against rat liver cytochrome P-450IIB1 immuno-
reacted with cytochrome P-450 present in skin micro-
somes. Interestingly, from the migration of the
protein within the gel, its apparent molecular weight
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Fig. 2. Immunoblotting revelation of cytochrome P-450IIB1 (A) and cytochrome P-4501A1 (B) from

cutaneous and hepatic microsomes. The doses of the inducers administered intraperitoneally were (mg/

kg body weight), phenobarbital, 100 in saline, for 5 days; 3-methylcholanthrene, 80 once in corn oil.

Lanes a, b, skin of rats non-treated and treated with phenobarbital, respectively; lanes c, d, liver of rats

non-treated and treated with phenobarbital; lanes e, f, liver of rats non-treated and treated with 3-

methylcholanthrene; lanes g, h, skin of rats non-treated and treated with 3-methylcholanthrene; MW,
molecular weight standards.

Table 4. Activity of UDP-glucuronosyltransferases towards three substrates

Substrates

Organs 1-Naphthol Bilirubin Testosterone
Skin

Female 25+0.1 149x2.1 ND

Male 43+04 22.7+3.0 ND
Liver

Female 282+1.3 432 + 63 4.6 +0.2

Male 40.2+49 880 + 30 53204

The conjugation of 1-naphthol and testosterone was expressed in nmol/min/mg
protein and that of bilirubin in pmol/min/mg protein. Values are the mean + SD
of at least three animals. ND, not detectable. The limit of detection of testosterone
glucuronidation was less than 0.09 nmol/min/mg protein.

appeared lower than that of the corresponding liver
protein. On the other hand, the native cytochrome
P-450IA1 could not be detected in skin and was
hardly seen in liver microsomes (Fig. 2B). Only a
treatment with 3-methylcholanthrene, which induces
selectively this form allowed the detection of the
protein in the liver. Interestingly, a faint band could
also be observed in skin microsomes of rats treated
by the carcinogen (Fig. 2B), which suggests the pres-
ence of cytochrome P-450IA1 after induction.

When membrane epoxide hydrolase was
considered, the bands corresponding to cutaneous
and hepatic samples were located on the same mol-
ecular weight level (Fig. 3).

In the case of UDP-glucuronosyltransferase, the
results of the immunoblotting obtained using sheep
antibodies raised against purified renal isoforms
involved in conjugation of bilirubin and phenols were
shown in Fig. 4(A). This antibody recognized two
bands strongly stained in non induced and pheno-

barbital-induced rat liver, which were also present
in skin microsomes. In cutaneous microsomes, an
additional band corresponding to a protein with a
higher molecular weight (57 kD) could be seen (Fig.
4A). The immunostaining of the Western blot was
also carried out using an antibody with broad speci-
ficity recognizing at least four hepatic UDP-
glucuronosyltransferase isoforms active toward bili-
rubin (54kD), phenols (53kD), androsterone
(52kD), testosterone (50kD) (Fig. 4B). In skin
microsomes four bands were immunostained with
molecular weights in the range of 50-52kD. The
lower band was not observed in skin microsomes of
male rats.

DISCUSSION

The method used for preparation of the subcellular
fractions gave a good reproducible separation and
enrichment, as revealed by electron microscopy
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Fig. 3. Inmunoblotting revelation of epoxide hydrolase from skin and liver microsomes. Lanes a, b,

liver of rats treated and non-treated with phenobarbital, respectively; lanes c, d, skin of rats treated

and non-treated with phenobarbital; MW, molecular weight standards. The dose of phenobarbital used
is indicated in the legend of Fig. 2.

57kD»>

MW a b ¢ d

MW

a b e f c d

Fig. 4. Immunoblotting revelation of UDP-glucuronosyltransferase using IgG raised against purified rat
kidney (A) or liver (B) enzyme. Lanes a, b, liver of rats non-treated and treated with phenobarbital,
respectively; lanes ¢, d, skin of male rats non-treated and treated with phenobarbital; lanes e, f, skin of
female rats not treated with phenobarbital; MW, molecular weight standards. The protein bands
corresponded, from top to bottom, to the isozymes active toward bilirubin, phenols, androsterone and
testosterone. The dose of phenobarbital used is indicated in the legend of Fig. 2.

observation and measurement of marker enzymes.
The activity of NADPH cytochrome ¢ reductase,
which is representative of the endoplasmic reticulum,
was also detected in cytosol. A possible explanation
could be the release during the homogenization pro-
cedure from the membranes of the enzyme, since
most of its hydrophilic active portion is in the cyto-
solic face [23], or, more likely, the presence of micro-
some fragments, which did not sediment with the

experimental conditions used. A slight contami-
nation of microsome pellets by mitochondria also
occurred on the basis of NADH oxidase activity
(9.4% of the value measured in mitochondria)
detected in the microsomes. These contaminations
were acceptable and consistent with the final yield
in protein of the microsomes and cytosolic fraction,
which allows measurements of the enzyme activity
studied.
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The existence of total cytochrome P-450 was
routinely detected and quantified by second deriva-
tive spectrophotometry. This method was of
adequate sensitivity to give reproducible results. The
technique has proven to be useful to determine,
without ambiguity, the presence of the haemoprotein
at very low concentrations in tissues such as brain
subcellular fractions [24]. The presence of cyto-
chrome P-450 by spectral determination was
reported for the first time in rat skin by Bickers et
al. [25]. However, measurement of this pigment by
conventional procedures did not give actual con-
centration, because of the presence of interfering
haemoproteins. Some authors even failed to detect
cytochrome P-450 in skin microsomes [26]. The pres-
ence of this pigment was corroborated in this work
by measurement of the associated monooxygenase
activities and that of NADPH cytochrome ¢
reductase, which is known to catalyse the transfer of
electrons from NADPH to iron, and finally from
crossreactivity with antibodies raised against distinct
forms of liver cytochromes P-450. Indeed measure-
ment of monooxygenases that are representative of
different isoforms of cytochromes and the deter-
mination of their immunoreactivity strongly sug-
gested that, like in liver microsomes [19], at least
two forms of cytochrome P-450 (IIB1 and IAl)
should exist in skin. Dealkylation of 7-ethoxy- and
pentoxyresorufin is mediated by cytochromes P-
450IIB1 and P-450IA1, respectively, whereas deal-
kylation of benzoxyresorufin is cytochromes P-
450IIB1 and IA1 dependent [27]. If cytochrome P-
450IIB1 is a constitutive form in liver microsomes,
cytochrome P-4501 Al is a minor protein of the mem-
branes under non-inducing conditions. This explains,
probably why cytochrome P-450 IA1 was weakly
stained after Western blot experiment when liver
or skin microsomes of non-treated rats were used.
However, after 3-methylcholanthrene given intra-
peritoneally, an increase of cytochrome P-450IA1
content, as revealed from the immunochemical char-
acterization could be seen, even in skin. In a pre-
liminary experiment we found a corresponding
increase of about 60% of 7-ethoxyresorufin O-
deethylase activity in skin microsomes. Such induc-
tion has been reported to occur also when car-
cinogens are applicated topically in rats and mice
[28,29].

By contrast, the presence of cytochrome P-
450IVAL1, estimated from hydroxylation of lauric
acid, could not be detected. This protein also con-
stitutes a minor part of the total cytochrome P-
450, but its biosynthesis can be greatly enhanced
by hypolipidaemic compounds such as clofibrate or
other peroxisome proliferators [30]. We found that,
when rats were treated intraperitoneally by clofibric
acid (200 mg/kg/day for 5 days), cytochrome P-
450IVAL1 could be effectively induced in the liver
but not in skin microsomes (data not shown). Fur-
thermore the hypolipidaemic compound also failed
to increase bilirubin glucuronidation in skin, whereas
the corresponding activity in liver microsomes was
two times enhanced [31]. These results suggest that
the enzyme expression in skin differs from that in
liver.

Glucuronidation of 1-naphthol, testosterone and
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bilirubin allowed to differentiate three UDP-glu-
curonosyltransferase isoforms, because these sub-
strates are believed to be conjugated by separate
proteins in the liver [32]. In skin, besides bilirubin, 1-
naphthol glucuronidation was detected. Conjugation
of 1-naphthol and other planar monohydroxylated
substrates is catalysed by, at least, one transferase
selectively enhanced by 3-methylcholanthrene [1].
These results could be favourably compared with
those of Peters et al. [33], who localized by immuno-
fluorescence an UDP-glucuronosyltransferase active
toward 4-nitrophenol or bilurubin in the strarum
corneum of human skin. However, under the
measurement conditions used, testosterone glu-
curonidation could not be detected. The Western
blot immunostained with two antibodies, with
restricted and broad specificities, confirmed the exist-
ence of several isoforms of UDP-glucuronosyl-
transferase in skin. However the profile markedly
differed between the two organs. The antibodies
raised against phenol/bilirubin renal UDP-glucu-
ronosyltransferase revealed an additional protein
with a higher molecular weight in skin, and a marked
band between 52-53 kD was much more stained in
skin than in liver when the anti-liver UDP-glu-
curonosyltransferase antibody was used. Further
investigations are required to ascertain whether these
bands correspond to different isoenzymes or to same
isoenzymes differently glycosylated.

Interestingly, like in liver microsomes, the enzyme
exhibited latency. We have found that Triton X-100,
at the optimal detergent—protein weight ratio of 0.4,
activated the glucuronidation of 1-naphthol [34].
This result emphazised the role of the membrane
lipids in the modulation of UDP-glucuronosyl-
transferase activity in skin.

Two forms of epoxide hydrolases and a glutathione
S-transferase, which are involved in the detox-
ification of highly reactive chemical species [35]
were present in skin. Values of specific activity for
microsomal epoxide hydrolase obtained with
benzo(a)pyrene 4,5-oxide and with cis-stilbene oxide
in female and male skin rat were similar. Inter-
estingly, in term of specific activity, hydratation of
trans-stilbene oxide by cytosolic epoxide hydrolase
and especially glutathione conjugation of cis-stilbene
oxide proceeded at non negligible rates when com-
pared with hepatic cytosol. Skin offers an efficient
protection against potentially toxic epoxides, which
can penetrate or are formed through it.
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