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Human Skin Aryl Hydrocarbon Hydroxylase

INDUCTION BY COALTAR

DAVID R. BICKERS and ATTALLAH KAPPAS, Division of Dermatology, Case Western
Reserve University, School of Medicine, Cleveland-, Ohio 44106, and The
Rockefeller University Hospital, New York 10021

A B S T RA C T Coal tar products, which are widely
used in treating dermatologic disease, contain nu-
merous polycyclic aromatic hydrocarbons, including
3,4-benzo[a]pyrene (BP). BP is among the most potent
environmental chemical carcinogens and is known to
evoke tumors in the skin of experimental animals and
perhaps also of man. In this study the effect of cu-
taneous application of coal tar solution (U. S. Pharma-
copeia) on aryl hydrocarbon hydroxylase (AHH) ac-
tivity in the skin of patients usually treated with this
drug was investigated. AHH, a cytochrome P-450 de-
pendent carcinogen-metabolizing enzyme appears to
play an important role in the activation of polycyclic
hydrocarbons into reactive moieties that can bind to
DNAand that may directly induce cancer. Application
of coal tar solution to human skin caused a two to five-
fold induction of cutaneous AHHin nine subjects. In
further studies, the incubation of human skin with coal
tar solution in vitro also caused variable induction of
cutaneous AHH. Maximum responses in both systems
occurred after 24 h and enzyme activity in vitro was
time- and tissue- and substrate-concentration de-
pendent. Studies in experimental animals showed that
topical application of coal tar solution caused induction
of AHHin skin and, after percutaneous absorption, in
liver as well. Assay of several defined constituents of
coal tar for AHH induction showed that BP was the
most potent inducer of AHHtested. These studies indi-
cate that topical application of coal tar solution in doses
ordinarily used in treating dermatologic disease causes
induction of AHHin human skin and suggest that such
induced enzymatic activity could relate to carcinogenic
responses to this agent in skin or, after percutaneous
absorption, in other tissues as well.

A portion of this work was presented at the 35th Annual
Meeting of the American Federation for Clinical Research,
April 1978. Clin. Res. 26: 297A. (Abstr.)

Received for publication 20 June 1978.

INTRODUCTION
Coal tar, a by-product of the gasification and distillation
of coal, is a widely used therapeutic agent in clinical
practice, particularly in the treatment of chronic derma-
toses such as eczematous dermatitis and psoriasis.
White (1) was among the first to stress the therapeutic
efficacy of crude coal tar and subsequently this agent
has become a mainstay in the treatment of numerous
inflammatory skin diseases. Goeckerman (2, 3) sug-
gested that the combination of skin application of coal
tar followed by exposure to ultraviolet radiation was
especially effective in treating psoriasis and this regi-
men continues to be the most commonmethod of man-
aging this disease to date.

The first evidence that some human cancers are
caused by exposure to environmental agents was the
report in 1775 by Sir Percival Pott which showed
an increased incidence of scrotal cancers in chimney
sweeps exposed to soot (4). Almost 150 yr elapsed
before studies in experimental animals verified that
repetitive application of crude coal tar to the rabbit
ear produced skin cancers (5). Subsequently, at least
one constituent isolated from coal tar, (3,4-benzo[a]-
pyrene), was shown to be carcinogenic for animal
skin (6-8).

Extensive epidemiologic studies in man have clearly
shown an increased incidence of skin cancer in
workers after chronic occupational exposure (usually
20-30 yr) to coal tar products (9-11). The occurrence
of tumors in human skin after prolonged exposure to
medications containing coal tar products has also been
reported though with much less frequency than that
associated with occupational exposure (12-15).

Cutaneous metabolism of polycyclic hydrocarbons
such as benzo[a]pyrene (BP)' after skin application,

IAbbreviations used in this paper: AHH, aryl hydrocarbon
hydroxylase; BP, benzo[a]pyrene; OH-BP, hydroxybenzo-
[a]pyrene.
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has long been thought to play a role in chemical car-
cinogenesis (16-18). Recent studies in experimental
animals suggest that aryl hydrocarbon hydroxylase
(AHH), an enzyme present in the skin, may be a critical
determinant of cutaneous carcinogenic responses to
polycyclic aromatic hydrocarbons such as BP by trans-
forming the parent compound into proximately reactive
metabolites (19). In previous studies from this labora-
tory it has been shown that AHHis present in human
neonatal foreskin and that the enzyme is induced after
incubation of cutaneous tissue in vitro with the poly-
cyclic hydrocarbon benzanthracene (20, 21). However,
no previous studies have assessed the possible AHHin-
duction effect of polycyclic hydrocarbons in human
skin in vivo.

Because coal tar application to the skin is a widely
used and accepted treatment for dermatologic diseases
in man and because coal tar contains polycyclic
aromatic hydrocarbons known to be inducers of AHHin
other tissues, it seemed important to assess the AHH
induction effect of the application of coal tar to the
skin of patients undergoing treatment with this agent.
In further studies, the in vitro system previously devel-
oped to study AHHactivity in neonatal foreskin was
extended to adult human skin in an effort to better
define selected aspects of the enzyme induction effect
of coal tar (20, 21). Studies were also performed in
experimental animals to determine whether skin appli-
cation of coal tar causes induction of hepatic drug me-
tabolism after percutaneous absorption of the topically
applied compound. In addition, preliminary experi-
ments were conducted in an effort to identify which,
if any, of several major known constituents of coal tar
can induce cutaneous AHHactivity.

METHODS
Patients. Six patients with generalized psoriasis and three

patients with severe atopic dermatitis whose disease had not
been treated topically for at least 3 mo were studied. All
subjects were nonsmokers and had received no systemic
medication for at least 1 mo before the study. Standard
coal tar solution (U. S. Pharmacopeia) which consists of
crude coal tar diluted to 20% with ethanol and polysorbate
80 was used. 100 ,ul of coal tar solution was applied to
clinically unaffected skin, approximately 1 cm in diameter, of
the lower lumbar region and the area immediately covered
with a simple gauze dressing. A second skin area at least 10 cm
away was not treated or was treated with the vehicle alone
(100,ul) and covered with the same type of gauze dressing. 24 h
later, after local anesthesia with xylocaine (1%), a 6-mmpunch
biopsy was obtained from the coal tar-treated and the control
areas, and each immediately placed in 9 vol of ice-cold 0.1 M
potassium phosphate buffer, pH 7.40.

Enzyme assay. The skin samples were minced finely with
scissors and homogenized with a Polytron Tissue Grinder
(Brinkmann Instruments, Inc., Westbury, N. Y.) and ground-
glass homogenizer. AHH activity was measured in whole
skin homogenate as described previously (22). The incu-
bation flask contained 2 ,um of NADPH, 3 jim of MgCl2,
0.5 ml of skin homogenate (3-5 mg protein), 100 nm of BP

in 0.05 ml acetone, and 0.1 M K2HPO4-KH2PO4buffer (pH
7.40) to a total volume of 1.05 ml. Samples were incubated
for 30 min in the dark at 37°C. Hydroxylation of BP was
expressed as picomoles hydroxybenzo[a]pyrene (OH-BP)
formed with a standard solution of 3-OH-BP generously
provided by Dr. Harry Gelboin. All results were corrected for
recoveries (65-70%) obtained when the 3-OH-BP standard
was added to skin homogenate and extracted in the usual man-
ner. Protein was determined by the method of Sutherland
et al. (23).

Culture technique. This was based upon the previously
described procedure (21, 22). Eagle's minimum essential
medium containing Earle's balanced salt solution (Grand
Island Biological Co., Grand Island N. Y.), fetal bovine serum
(Microbiological Associates Walkersville, Md.), glutamine,
streptomycin, nystatin, and penicillin G was used. 0.05 ml of
coal tar solution was dispersed in 10 ml of calf serum and the
resulting suspension was added to 190 ml of complete
medium, shaken at 42°C for 16 h in the dark and passed
through a Millipore filter (Millipore Corp., Bedford, Mass.).
This was necessary to assure maximum solubilization of the
relatively water-insoluble coal tar components. Control
medium without coal tar was treated in the same manner.

Skin from human breasts obtained at surgery for breast
neoplasms was immediately placed in cold control medium.
Under aseptic conditions, subcutaneous fat was trimmed away
and skin samples weighed, minced finely with scissors, and
placed either in control medium or in the medium contain-
ing coal tar solution. Unless otherwise specified, the skins
were maintained for 24 h at 37°C in a humidified atmosphere
of 5% CO2 in air. At the end of the incubation, medium
containing the minced skin was centrifuged, and the pellet
washed four times with 5-10 ml of 0.1 M K2HPO4-KH2PO4
buffer (pH 7.40). The washed skin pellet was then homog-
enized and the AHHassay performed on whole skin homog-
enate as above.

Animal studies. These were designed to assess the pos-
sible systemic effects of skin application of coal tar solution.
Coal tar solution (0.05 ml) was applied to the skin of neonatal
rats (4-6 days of age) and 24 h later AHHactivity measured
in skin and in liver. In further studies, an effort was made
to identify selected defined constituents of coal tar which
might have an AHH induction effect in skin after topical
application. For these studies 1%solutions of BP, anthracene,
phenanthrene, naphthalene, and pyrene in acetone or
benzene were prepared. Animals were treated with skin ap-
plication of 0.05 ml of each solution and cutaneous AHHac-
tivity determined 24 h later.

RESULTS

Effect of coal tar solution on human skin AHHin
vivo. The clinical diagnosis and AHH induction
response of the patients treated with coal tar are
shown in Table I. Skin application of coal tar caused
induction of cutaneous AHHactivity that varied from
two- to fivefold over the enzyme activity in untreated
skin areas. There was no sex difference in inducibility
nor did there appear to be any differences in induc-
tion between individuals with psoriasis or with atopic
dermatitis. The AHH induction response of each in-
dividual patient is shown in Fig. 1. Basal levels of
enzyme activity varied over at least a twofold range
but since these levels of skin AHHenzyme activity are
measured near the maximum sensitivity of the fluores-
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TABLE I
Clinical Profile of Patients

Patient Sex Age Diagnosis Skin AHHinducibility

yr -fold

D.W. F 38 Psoriasis 4.2
V.C. F 59 Psoriasis 5.4
H.B. M 42 Psoriasis 3.6
J.C. M 67 Psoriasis 2.4
R.T. M 71 Psoriasis 5.2
A.S. F 37 Psoriasis 3.8
W.H. M 22 Atopic dermatitis 4.0
L.S. M 25 Atopic dermatitis 3.7
V.D. F 20 Atopic dermatitis 3.3

cent method, it is likely that basal levels may vary
over a considerably wider range. Relative inducibility
of human skin AHHby coal tar did not appear to be a
function of the basal level of the enzyme.

Effect of in vitro incubation of human skin with
coal tar. 24 h after incubation with coal tar in
vitro induction of human skin AHH activity also
occurred. These data are shown in Fig. 2. The induc-
tion response and both basal and induced levels of
AHH acitivty were considerably less than those ob-
served in the in vivo studies. This is probably caused
by differences in absorption of the coal tar into the
skin and by the lower dose of coal tar used in the in
vitro experiments. The lower dose of coal tar for the in
vitro studies was necessitated by the relative insolubil-
ity of this substance in the culture medium.

Time course of the AHH induction response in
human skin incubated with coal tar in vitro. In these
studies pooled samples of human skin (derived from
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FIGURE 1 AHHinduction in human skin by coal tar solution.
Coal tar solution (100 ,ul) was applied to the skin and 24 h
later the site was biopsied. Skin homogenate was prepared and
AHHactivity determined.
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FIGURE 2 AHH induction in human skin in vitro. Minced
skin from human breasts obtained at surgery was incubated for
24 h in culture medium, in the presence or absence of coal tar.
AHHactivity was then determined in whole skin homogenate.

the tissue obtained at breast surgery) were minced and
divided into two groups. One group was incubated in
control tissue culture medium and the second group
incubated in medium that contains coal tar. Skin
samples were removed at various times after the start
of incubation and AHHactivity determined in whole
skin homogenate. The results are shown in Fig. 3.
There was an initial lag phase lasting about 8 h fol-
lowed by a 16-h period of linearly increasing AHHac-
tivity after which enzyme activity diminished. Because
maximum AHHactivity occurred after 24 h of incuba-
tion in coal tar-containing medium, this time was used
for further studies of the induced skin enzyme.

Properties of human skin AHHafter incubation with
coal tar in vitro. The effect of varying the amount of
tissue protein concentration on the AHHassay is shown
in Fig. 4. AHHactivity was proportional to skin pro-
tein up to a concentration of 5-7.5 mgof protein in both
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FIGURE 3 Time-course of the AHH induction response of
human skin cultured in vitro with coal tar solution. (Control
AHHactivity was 4.2+0.5 pmol OH-BP/mg protein per h.)
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FIGuRE 4 AHHactivity in human skin as a function of tissue
protein concentration. Skin was incubated in the presence or
absence of coal tar for 24 h. Skin homogenates were prepared,
diluted to the appropriate protein concentration, and AHH
activity determined.

control and coal tar-incubated skin. The effect of vary-
ing the time of incubation in the AHHassay is shown
in Fig. 5. The reaction was linear up to 30 min and
under these conditions was proportional to substrate
(BP) concentrations up to 50 nm (Fig. 6).

Microsomal AHH in other tissues such as liver is
known to require NADPHand molecular oxygen for
catalytic activity and to be inhibited by carbon monox-
ide. As shown in Fig. 7, after incubation with coal
tar in vitro, human skin AHHalso required NADPH
and oxygen, was inhibited at least 80% by carbon
monoxide, and was inhibited by 7,8-benzoflavone, a
known inhibitor of AHH in other tissues (24). These
data suggest that human skin AHH, like the enzyme in
other human and animal tissues, is cytochrome P-450
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FIGUtE 5 AHHactivity in human skin as a function of the
time of incubation with substrate (BP). Skin was treated for
24 h in vitro in the presence or absence of coal tar. Skin
homogenates were prepared and AHHactivity determined at
various incubation times.
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FIGURE 6 AHH activity in human skin incubated in the
presence or absence of coal tar for 24 h as a function of substrate
concentration. Skin homogenates were prepared and AHH
activity determined with various amounts of BP.

dependent. P-450 and P-448 refer to the general class
of microsomal heme proteins which serve as the termi-
nal oxygenase in oxidative metabolism of drugs and
various chemicals.

Animal studies. These experiments were carried
out to determine whether topically applied coal tar
solution could induce AHH in liver as well as skin
of treated animals. Our previous studies have shown
marked and sustained hepatic induction under similar
conditions with the polychlorinated biphenyls (22).
Coal tar solution diluted to 1% concentration (0.05
ml) was applied to neonatal rat skin; 24 h later skin
and liver AHHactivity were determined. The results
are shown in Table II. After topical application of the
solution, there was a greater than 10-fold induction of
skin AHH activity. Hepatic AHH activity also in-
creased markedly after skin application of the coal tar
solution indicating that substantial percutaneous ab-
sorption of the solution had occurred. In further studies
an effort was made to identify selected constituent(s)
of coal tar capable of inducing cutaneous AHH. The
results of these experiments are shown in Table III.
Of the defined constituents of coal tar that were ex-
amined, BP was the most potent inducer. However,
pyrene and anthracene also caused significant induc-
tion of cutaneous AHHthough of a considerably lesser
magnitude than that caused by BP. It is clear from
these studies that at least three known constituents of
therapeutic coal tar are capable of inducing AHHac-
tivity in skin after topical application.

DISCUSSION

AHHis a cytochrome P-450 dependent microsomal en-
zyme that catalyzes the oxidative biotransformation of
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NADPH+ AIR + 7,8-BENZOFLAVONE (O.lmM)
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FIGURE 7 Characteristics of human skin AHHafter incubation with coal tar in vitro for 24 h.
Enzyme activity of the complete reaction mixture is shown in the bottom panel. For each of the
experiments with different gases, incubation flasks containing the complete reaction mixture
(see Methods) were flushed for 5 min with the appropriate gas and immediately stoppered. AHH
activity was then determined. CO and nitrogen each inhibited human skin AHHby at least
80%. NADPHwas also required for catalytic activity. 7,8-Benzoflavone, a known inhibitor of
AHHactivity in other tissues, also inhibited the human skin enzyme by at least 75%.

polycyclic aromatic hydrocarbon carcinogens. The
enzyme has been found in numerous human tissues
including liver (25, 26), lung (27), placenta (28), pul-
monary alveolar macrophages (29), lymphocytes (30),
and skin (20, 21). Recent studies have suggested that
the inducibility of AHHby environmental carcinogens
such as BP may correlate with susceptibility to tumori-
genesis in experimental animals and in human popula-
tions though the precise relationship between AHH
inducibility and susceptibility to chemical carcinogen-

TABLE II
Effect of Coal Tar Solution on Neonatal Rat Skin and Liver

AHHafter Cutaneous Application

AHHactivity*

Skin Liver

Control Coal tar Control Coal tar

26.3±+1.9t 298+ 13§ 750±35 16,300--8995

* Expressed as mean+SE of six rats.
t Picomoles OH-BP per milligram protein per hour.
§ Results significantly different from respective controls
(P < 0.05).

esis remains controversial (31-34). Nebert et al.
(35) suggested that inducibility of AHHby polycyclic
hydrocarbons in inbred strains of mice is inherited as
an autosomal dominant trait and further, that skin

TABLE III
Effect of Selected Constituents of Coal Tar on Skin

AHHActivity in Neonatal Rats

AHHactivityt

Constituent* Control Treated

Benzo[a ]pyrene 28.7+2.8§ 329±+29
Anthracene 29.1+2.1 60.7+5.1"
Pyrene 27.7 ±+3.6 87.2±+10.2"
Phenanthrene 23.9+2.0 22.2±+1.7
Naphthalene 21.8+2.6 19.8+2.2

* Each was diluted in acetone or benzene to a concentration
of 1%and 0.05 ml applied to the skin. Controls received the
appropriate vehicle alone.
t Expressed as mean+SE of six rats.
§ Expressed as picomoles OH-BP per milligram protein per
hour.

It Results significantly different from respective controls
(P < 0.05).
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tumor induction by topically applied polycyclic hydro-
carbons occurs much more frequently in species such
as the C57-black mouse in which inducible AHHac-
tivity is also present. Kinoshita and Gelboin (31) have
also shown that pretreatment with inhibitors of AHH
activity such as 7,8 benzoflavone markedly reduces the
tumorigenic effect of dimethylbenzanthracene.

The importance of metabolism of BP in inducing
cutaneous tumors in experimental animals is clear from
studies showing that selected metabolites of BP, for
example BP-7,8-dihydrodiol, have a tumorigeneic ef-
fect equal to or greater than that of the parent
compound (36). Recent studies have shown that in ad-
dition to AHHactivity, a second microsomal enzyme,
epoxide hydrase is present in human skin and in the
skin of experimental animals (37). This enzyme con-
verts AHH-produced epoxides of BP into dihydrodiols,
which may then be oxidatively transformed a second
time by cutaneous AHHresulting in the production of
diol-epoxides. These diol-epoxides have been shown
to bind covalently to DNA among other macro-
molecules, a process which is thought to be an initial
link in the chain of events leading to tumor forma-
tion (38, 39).

The induction of tumors after chronic skin exposure
to soot and other coal tar products was first reported
more than 200 yr ago by Pott (4). Most coal tar-induced
skin tumors have occurred on the scrotum or on
cutaneous surfaces such as the hands and face which
are repeatedly exposed. Epidemiologic studies in Eng-
land have shown that the majority of skin tumors as-
sociated with exposure to coal tar products occurs
in workers who have intense cutaneous exposure for
extended periods of time, usually 20-30 yr (9). It also
appears that workers chronically exposed to coal tar
products are at higher risk for the development of lung
cancer and perhaps renal cancer, compared with age-
related controls (40). Whether this increased incidence
of cancer is related to AHHor other enzyme activity
in the target tissues has not been evaluated. It seems
clear, however, that chronic exposure to coal tar prod-
ucts for many years is usually required before an
increased incidence of human cancer can be shown to
occur.

Coal tar derivatives are widely used in the treat-
ment of commondermatologic diseases such as psoria-
sis and chronic eczematous dermatitis. Despite their
widespread usage, the apparent incidence of skin can-
cers directly related to such therapy seems to be rela-
tively low. However, there are a number of case reports
which indicate that skin tumors have developed in
patients who have repeatedly used large amounts of
coal tar for extended periods (usually years). Greither
et al. in reviewing the world literature were able to
find at least 13 cases of skin cancer seemingly directly

related to chronic application of coal tar products
to the skin (41). The most frequent sites of the skin
neoplasms were the genital areas (seven cases) and the
exposed areas (six cases). In all cases the coal tar prod-
uct had been chronically applied to the skin area in
which tumor formation occurred.

Hodgson (12) was among the first to suggest that coal
tar could cause skin cancer in patients treated with drugs
that contain these products. He reported a single case
of squamous cell carcinoma occurring in a 62-yr-old
man treated for 7 yr with twice daily application of
liquor picis carbonis, a coal tar derivative. Berenblum
(13) then showed that this solution was carcinogenic for
mouse skin and suggested that the carcinogenicity was
caused at least in part by the BP content of the product.
Rook et al. (14) reported a patient in whom two
squamous cell carcinomas of the thigh developed after
32 yr of self-treatment with 3% crude coal tar.

In animal studies, Shabad et al. (15) showed that
Locacorten-Tar (Ciba-Geigy Corp., Pharmaceuticals
Div., Summit, N. J.), a skin cream that contains 1.5% coal
tar, produced cutaneous tumors in 94%of mice treated
with skin application of the drug. Hirohata et al. (42)
have also examined the carcinogenicity of tar-con-
taining medications in mouse skin. In their studies,
some tar-containing medications were shown to con-
tain as much as 1.5 mg of BP per gram of drug wet
weight. Their data suggested that the BP content of
various tar-containing products correlates with the
tumorigenicity of these agents for mouse skin; how-
ever, no assessment of AHHactivity was carried out.

Other workers, however, with carefully chromat-
ographed fractions of coal tar that contained no detect-
able BP, showed that these non-BP containing fractions
of coal tar were tumorigenic in mouse skin (7). Poel
and Kammer(43) applied different coal tar oils to mouse
skin and found that oils without detectable BP were
nonetheless tumorigenic. These studies suggest that
the carcinogenicity of coal tar for skin of experimental
animals may be caused by both BP and additional
constituents.

The studies reported here have shown, for the first
time, that application of a coal tar product to the skin
of patients with dermatologic disease causes induction
of AHHactivity in cutaneous tissue. This induction re-
sponse occurred with doses of a U. S. P.-listed coal
tar preparation that are routinely used in treating these
patients. The AHHinduction response in human skin
showed considerable variation which ranged from two-
to fivefold. This is consistent with the concept that
the induction response of AHHin cutaneous tissue may
be, in part, determined by genetic factors. The small
number of individuals studied, however, precludes
more definitive interpretation at this time. We have
also shown that incubation of human skin with coal tar
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in vitro causes considerable induction of cutaneous
AHHactivity; this induction is similar in most respects
to that produced by skin application in vivo.

Our data also indicate that human skin AHHactivity
is dependent upon tissue and substrate concentration.
Furthermore, the co-factor requirements for maximum
activity of the skin enzyme are similar to those of
cytochrome P-450 dependent enzymes in other tissues
(44). Thus cutaneous AHHactivity was markedly re-
duced in the absence of NADPHor oxygen and was in-
hibited by carbon monoxide. In addition, 7,8-benzo-
flavone, a known inhibitor of AHH in the skin of ex-
perimental animals, also inhibited human skin AHH(24).

Because our in vitro studies showed that incubation
of human skin with a compound containing various
polycyclic aromatic hydrocarbons causes measurable
induction of cutaneous AHH, it is possible that skin or
perhaps fibroblasts grown from small biopsies of skin
could be used to assess AHHactivity and inducibility
in human populations.

The results also show that application of coal tar to
the skin of experimental animals causes induction of
cutaneous AHHand, after percutaneous absorption in-
duction of the hepatic enzyme as well. This is con-
sistent with previous work from this laboratory which
showed that skin application of the environmental pol-
lutant chemicals polychlorinated biphenyls causes
induction of cutaneous and hepatic AHH(22). Whether
such percutaneous absorption of coal tar solution (or
selected constituents) occurs in humans treated with
this agent is not known but is certainly a possibility
in patients who are repetitively treated with large
amounts of the drug.

Coal tar is a complex mixture containing 10,000 or
more compounds less than 500 of which have been
identified. BP is present in most coal tar-containing
medications in concentrations as high as 200 ug/g
(42). Of the several constituents of coal tar which were
tested for their effect on cutaneous AHH, BP had the
most potent induction effect. However, at least two
other constituents, anthracene and pyrene, also in-
duced the cutaneous enzyme. This suggests that the
total AHH induction effect of topically applied coal
tar solution may be a summation of the induction
effects of a number of separate chemicals in the
solution.

Finally, these data indicate that human skin has in-
ducible enzymes capable of responding to environ-
mental chemicals and topically applied drugs. This
further substantiates the concept that the skin func-
tions as an active metabolic interface between the
body and the environment. Such metabolic activity
may be one of the important determinants of the
pharmacologic potency of topically applied drugs. Fur-
thermore, enzyme activity of this type, which generates

reactive metabolic intermediates, may also be a critical
factor in carcinogenic and(or) toxic responses in skin and
perhaps, after percutaneous absorption, in other tissues
as well. The sheer size of the skin (3-5% body weight)
suggests that drug-metabolizing enzymes present in
cutaneous tissue could be one determinant of the
body's total metabolic response to exogenous drugs and
chemicals. Thus the traditional concept of the skin as a
passive barrier between the body and the environment
may require modification as further information ac-
cumulates concerning enzyme activity in this tissue.
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