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ABSTRACT The inducibility of hepatic mixed—
function oxidases (MFO) was examined in adult
rats following ip or dermal applications of 1—
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nitropyrene (1-NP) at a daily dose of 30 mg/kg
for 3d. The liver weights, hepatic microsomal
cytochrome p-450 and b; contents, and 7-
ethoxycoumarin O-deethylase and benzopyrene
hydroxylase activities of rats treated with 1-NP
ip were induced significantly. In contrast, hepatic
aminopyrine N-demethylase activity was unaffect-
ed. Pretreatment of rats with 1-NP applied on
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the skin did not alter significantly the liver
weights and hepatic MFO activities. These results
indicate that 1-NP is a 3-methylcholanthrene-
type inducer of hepatic MFO but it is not
absorbed by the skin of adult rats.
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Nitroarenes are by-products of incom-
plete combustion processes and have been
found in extracts of diesel and gasoline
emissions, fly ash particles, carbon blacks,
cigarette smoke condensates and urban
atmosphere(”’, 1-Nitropyrene (1-NP) is the
most abundant nitroarene in the environ-
ment®, Tt has mutagenic activity in the
Salmonella typhimurium test®, induces
sister chromatid exchanges in Chinese
hamster lung and ovary cells and is
carcinogenic to male rats®,

Although a major route of human ex-
posure to nitroarenes is via the skin, little
is known about the percutaneous absorption
of 1-NP. A recent study has demonstrated
that a single topical application of a mix
ture of 1-NP and dinitropyrenes on neona-
tal rats induces significantly the hepatic
MFO activities®. Since the skin of mature
animals is less permeable to chemicals than
the skin of newborn animals(™, the purpose
of this investigation was to examine the
effects of 1-NP administered ip and dermal-
ly on the hepatic MFO in adult rats.

MATERIALS AND METHODS

Chemicals 1-NP was purchased from
Aldrich Chemical Co. and purified by TLC
as previously described®. The purity of
1-NP was determined to exceed 99.5% by
HPLC. Aminopyrine was purchased from
Aldrich Chemical Co. 7-Ethoxycoumarin,

7-hydroxycoumarin and N-2-hydroxy-
ethylpiperazine-N’ - 2 —ethanesulfonic  acid
(HEPES) were obtained from Sigma Chemical
Co. [®*H]Benzopyrene was purchased from
New England Nuclear., NADP, glucose-6—
phosphate and glucose—g-phosphate dehydro-
genase were products of Boehringer Mann-
heim Canada Ltd. All other chemicals
utilized were of the highest purity com-
mercially available.

Animals Male Wistar rats weighing
about 250 g were purchased from the Ani-
mal Care Centre, the University of British
Columbia, Vancouver. The rats, housed one
per stainless steel cage, were maintained on
a 12-h light/12-h dark photoperiod in the
Animal Care Facility, Simon Fraser Univer-
sity. The rats were allowed food and water
ad 1lib, but food was withdrawn from the
rat overnight before they were sacrificed.

Rats were treated ip or dermally for 3
d with 1-NP (30 mg/kg) dissolved in pea-
nut oil (15 mg/ml). Control rats were treat-
ed with the same volume of peanut oil.
The rats were decapitated on the next day
after the last treatment. Pretreatment of rats
dermally with 1-NP was carried out on a
shaved area (about 4 cm?) of the midback
of rats. 1-NP was- applied to the skin of
each rat with a microliter pipet. The treat-
ed area was covered by gauze which was
wrapped securely by bandage.

Preparation of liver microsomes The
rat liver was rinsed in an ice-cold 1.15%
KCI-HEPES 0¢.05 mol/L (pH 7.3) solution,
The liver was homogenized with KCI-
HEPES in a Potter-Elvehjm homogenizer
as described by Bend et al¢®, The homoge-
nate was centrifuged at 10 000xg for 20
min in a Sorvall RC-5 B Refrigerated Super-
speed Centrifuge, The post-mitochondrial
supernatant was removed and recentrifuged
at 105 000 x g for 1 h in a Sorvall ODT75B
Ultracentrifuge to obtain the microsomes,
Microsomal pellets were resuspended in
KCI-HEPES. Protein concentrations were
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Tab 1. Effects of intraperitoneally administered or dermally applied 1-NP on hepatic microsomal

MFO activities of rats (x-+SD)

Intraperitoneally injected(n=6)
Control Treated

Dermally applied(n=3)
p Control Treated p

Cytochrome p-450/448(nmol/
mg protein)

Cytochrome bg(nmol/
mg protein)

Aminopyrine N-demethylase
[nmol HCHO formed/
(mg protein.min)7]

7-Ethoxycoumarin O-deethylase 0.55+0.10 0.90+0.09 <{0.01

[nmol product formed/
(mg protein.min)]
Benzopyrene hydroxylase
[nmol product formed/
(mg protein.min)’]

0.47+0.16 0.691+0.18 <0.05

0.38+0.02 0.491+0.06 <0.01

5.,39-+0.57 5.48+1.14 >0.05

0.43+£0.03 0.87+0.09 <{0.01

0.57£0.,08 0.60£0.04 >0.05

0.38+0.02 0.41+0.09 >0.05

5,07£0.35 5.171+0.36 >0.05

0.671+0.01 0.66-0.06 >0.05

0.524+0.,11 0.57£0.22 >0.05

determined by the method of Lowry et af,”
using bovine serum albumin as the standard.

Hepatic  microsomal MFQO  assays
Microsomal cytochrome P-450 and by
contents were measured by the methods of
Omura and Sato!",

A typical incubation mixture contained
1.5 mg microsomal protein, (.25 ml HEPES
1.0 mol/L buffer(pH 7.4). 0.3 mg MgSO,,
4.3 mg NADP, 4.5 mg glucose—6-phosphate,
2 units of glucose-6—phosphate dehydrogen-
ase and the substrate, The mixture was
adjusted to a final volume of 2 ml with
distilled water. Incubations were carried
out in 20-ml glass liquid scintillation vials
at 37°C for 15 min. The mixtures were
preincubated for 5 min before substrate
addition. Substrate concentrations were
aminopyrine 5 umol/L: 7-ethoxycoumarin
0.2 umol/L; and benzopyrene 0,16
umol/L. Aminopyrine N-demethylase acti-
vity was measured by the formation of for-
maldehyde¢'®>. 7-Ethoxycoumarin O-deethyl-
ase activity was determined by measuring
the formation of 7-hydroxycoumarin¢'®,

RESULTS
Effects of 1-NP on the bepatic MFO of

rats following ip administration Pretreat-
ment of rats with 1-NP ip resulted in in-
creases in their liver weights. The liver to
body weight ratios of treated and control
rats were 3.2540.31g and 2.98+0.16 g
(X+SD), respectively.

Table 1 summarizes the effects of 1-
NP on the hepatic MFO of rats. Microso-
mal 7-ethoxycoumarin O-deethylase and
benzopyrene hydroxylase activities and cyto-
chrome P-450 and by contents of the rat
were induced significantly by 1-NP pre-
treatment. In contrast, 1-NP pretreatment
appeared to have no effect on the hepatic
aminopyrine N-demethylase activity of rats.

Effects of 1-NP on the hepatic MFO
of rats following dermal applications The
liver weights of rats pretreated with 1-NP
dermally were not altered significantly. The
liver to body weight ratios of the treated
and control rats were 2.95+0.05 g and
2.89+0.05 g, respectively.

Table 1 summarizes the effects of 1-NP
on the hepatic MFO of rats. Neither micro-
somal P-450 and b; contents nor microso-
mal aminopyrine N-demethylase, 7-ethoxy-
coumarin O-deethylase and benzopyrene
hydroxylase  activities ' were  altered
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significantly by 1-NP pretreatment.

DISCUSSION

Our results indicate that 1-NP is a 3-
methylcholanthrene-type (3—MC-~type) induc-
er of hepatic MFO of rats. This conclusion
is based on the observation that hepatic
7-ethoxycoumarin O-deethylase and benzo-
pyrene hydroxylase activities are induced
significantly by ip 1-NP to rats whereas
hepatic aminopyrine N-demethylase activity
is unaffected (Tab 1). Benzopyrene hydroxyl-
ation is mainly catalyzed by cytochrome
P-448 whereas deethylation of 7-ethoxycou-
marin is metabolized by both cytochrome
P-450 and P-448. Therefore, a 3-MC-type
inducer of hepatic MFO enhances both 7-
ethoxycoumarin—O-deethylase and benzopy-
rene hydroxylase activities(!®’. N-demethyl-
ation of aminopyrine is catalyzed by cyto-
chrome P-450 which is enhanced mainly
by phenobarbital~type inducers of hepatic
MFO¢®, Since 1-NP has no effect on
hepatic aminopyrine N-demethylase activity
but enhances both 7-ethoxycoumarin-O-
deethylase and benzopyrene hydroxylase
activities, it is a 3-MC-type inducer of
hepatic MFO.

Our study does not show that 1-NP is
absorbed by the skin of mature rats since
the hepatic MFO activity is not altered sig-
nificantly following dermal applications of
1-NP (Tab 2). This result is contradictory
to the report that hepatic MFO is induced
by a single topical application of a mixture
of nitroarenes to the skin of newborn
rats‘®, A plausible explanation for the dis-
crepancy may be that nitroarenes are not
absorbed by the skin of adult rats or the

amount absorbed is not significant enough
to affect the hepatic MFO. Another possi-

bility may be that the induction of hepatic
MFO activity reported by Asokan et al‘®is
due to the percutaneous absoption of nitro-
arenes other than 1-NP or is the result of
a combined effect of several nitroarenes,

In summary, our data demonstrate that
1-NP is a potent 3-MC-type inducer of
hepatic MFO of rats. However, it does not
appear to be absorbed appreciably by the
skin of adult rats.
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