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Lead Nitrate Inhibits the Induction of CYP1A mRNAs by Aromatic
Amines but not by Aryl Hydrocarbons in the Rat Liver®
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The effects of lead nitrate on the induction of hepatic cytochrome P450IA (CYP1A) isoforms,
mainly CYP1A2, by aromatic amines (2-methoxy-4-aminoazobenzene, 2-amino-3-methyl-
9H -pyrido(2,3-b)indole and 2-amino-1-methyl-6-phenylimidazo(4,6-b]pyridine) and
aryl hydrocarbons (3-methylcholanthrene, benzo[ alpyrene and g-naphthoflavone) in male
F344 rats were examined at the levels of mRNA, protein and activity of the enzymes.
Pretreatment of rats with lead nitrate suppressed the expression of hepatic CYP1A
enzyme(s), especially CYP1A2, at both levels of protein and activity of the enzyme(s) by
treatment with an aromatic amine or an aryl hydrocarbon. On the other hand, the lead
nitrate pretreatment suppressed the induction of CYP1A mRNA(s) by an aromatic amine
but not by an aryl hydrocarbon. These findings indicate that lead nitrate suppresses the
expression of CYP1A enzymes at both stages of post-translation of mRNAs and transcrip-
tional activation of the genes, and further suggest that the pathway for the transcriptional
activation of the CYP1A genes by the aromatic amines is different from that by the aryl
hydrocarbons.
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Administration of lead nitrate to rats induces the placental
form of glutathione S-transferase (1), a marker enzyme for
(pre)neoplasitic lesion in the rat liver (2), but decreases the
total amount of microsomal cytochrome P450 (CYP) en-
zymes, especially CYP1A2, in the liver (3-5). The changes
in hepatic enzymes induced by lead nitrate are similar to
those in liver hyperplastic nodules of the rat (5-7). The
decrease in the level of CYP enzymes including CYP1A2
might be attributable to the decrease in the level of heme,
an essential component of CYP enzyme, because lead
nitrate, like other ionic metals such as cadmiun, cobalt, and
nickel, induces heme oxygenase (8- 10). However, of these
metal ions, only lead ion showed an inhibitory effect on the
expression of CYP1A2 enzyme at the level of the mRNA (3,
4), suggesting that lead nitrate suppresses the expression
of CYP1A2 enzyme at both stages of post-translation of
mRNA and transcription of the gene.

Since CYP1A2 is induced concomitantly with CYP1A1 in
a CYP1A inducer-treated rat liver, induction of the CYP1A
enzymes is thought to occur through the same pathway.
However, although the induction of CYP1A enzyme(s),
especially CYP1A1, by an aryl hydrocarbon (Ah) is initiat-
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ed by formation of Ah-cytosolic Ah receptor complex (11-
13), some of the aromatic amine-type CYP1A inducers
have little affinity for the Ah receptor (14). Furthermore,
the aromatic amine-type CYP1A inducers, such as 4-
aminoazobenzene derivatives (15, 16) and carcinogenic
heterocyclic amines (17), induce predominantly CYP1A2
rather than CYP1A1, as opposed to the aryl hydrocarbon
type-inducers, such as 3-methylcholanthrene (MC), benzo-
(a)pyrene (B[a]P) and S8-naphthoflavone (8-NF), which
predominantly induce CYP1A1 (18-20). The differences in
biochemical properties between the aromatic amines and
the aryl hydrocarbons suggest that these chemicals induce
CYP1A enzymes via different pathways.

In this study, to understand the pathway of the expres-
sion of CYP1A enzymes, we examined the effects of lead
nitrate, an inhibitor of the expression of CYP1A enzymes
(3-5), on the induction of CYP1A enzymes in the rat liver
by different types of CYP1A inducers (aromatic amines,
CYP1A2-selective inducers; aryl hydrocarbons, CYP1A1-
selective inducers). We report herein that lead nitrate
inhibited the induction of CYP1A mRNA(s) by aromatic
amines but not by aryl hydrocarbons and suggest that at
least two pathways operate for the transcriptional activa-
tion of the CYPIA gene(s).

MATERIALS AND METHODS

Chemicals—2- Amino-6-methyl-dipyrido(1,2-a;3",2’-d]-
imidazole hydrochloride (Glu-P-1), 2-amino-3-methyl-9H -
pyrido[2,3-b]indole acetate (MeA aC) and 2-amino-1-meth-
yl-6-phenylimidazo(4,5-b]pyridine (PhIP) were kindly
donated by Drs. T. Sugimura and M. Nagao, National
Cancer Center Research Institute, Tokyo. Lead nitrate, 3-
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methylcholanthrene (MC), benzo[ a]lpyrene (B{a]P), and
f-naphthoflavone (8-NF) were purchased from Wako Pure
Chemical Industries, Osaka. 2-Methoxy-4-aminoazoben-
zene (2-MeO-AAB) was synthesized in our laboratory by
the method described previously (16).

Treatments of Rats with Chemicals—Male F344 rats
were purchased from Japan SL.C, Hamamatsu, and used at
7 weeks of age. They were kept in plastic cages in an
air-conditioned room. All rats were given a CE-2 diet
(CLEA Japan, Tokyo) and water ad lLibitum. Some of rats
were given an i.v. injection of 0.5 ml of lead nitrate (100
xmol/kg) dissolved in distilled water, followed 9 h later by
an i.p. injection of an aromatic amine (2-MeO-AAB,
MeAaC or PhIP; 0.22 mmol/kg), or an ary! hydrocarbon
(MC, B[a]Por 8-NF; 0.11 mmol/kg) in corn oil. Other rats
were treated with a CYP1A inducer (aromatic amine or aryl
hydrocarbon) alone. All rats were killed 15 h after treat-
ment with a CYP1A inducer. The liver from individual rats
was cut into several blocks and stored at —80°C until use.

Preparation of Liver Microsomes—The liver was homo-
genized with 3 volumes (v/w) of 1.15% KCIl using a
Polytron homogenizer (Kinematica, Switzerland). Micro-
somal pellets were prepared from the homogenates by
differential centrifugations as described previously (17)
and resuspended in 1.15% KCl. The amounts of protein and
CYP in microsomal fractions were assayed by the methods
of Lowry et al. (21) and Omura and Sato (22), respectively.

Mutation Test—Microsomal activity for mediating
mutagenic activation of Glu-P-1 (2 nmol/plate) was as-
sayed by mean of Ames’ bacterial mutation test using
Salmonella typhimurium TA98 as a tester strain, as de-
scribed previously (17). Throughout the present experi-
ment, the number of spontaneous revertant colonies (with-
out a substrate) was in the range of 10-40. Data shown are
the values obtained by subtracting the number of spontane-
ous revertant colonies from total number of colonies.

Western Blot Analysis of CYP1A Proteins—Western
blot analysis of CYP1A proteins was performed as de-
scribed previously (17). In brief, microsomal preparations
were solubilized with sodium dodecyl sulfate (SDS) and
developed by SDS-PAGE. The separated proteins were
transferred from the gel to a nitrocellulose sheet, then
immunostained by means of protein A-enzyme linked
immunosorbent assay (protein A-ELISA) using an anti-
CYP1A1 monoclonal antibody, APL-2, which is cross-
reactive with CYP1A2 (17), and 0.05% 3,3'-diaminoben-
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zidine tetrachloride (Sigma).

Northern Blot Analysis of CYP1A mRNAs—Total cellu-
lar RNAs of liver tissues were isolated by the method of
Chomczynski and Sacchi (23). RNA preparations were
denatured in 20 mM 3-(N-morpholino)propane sulfonate
buffer, pH 7.0, containing 2.2 M formaldehyde, 15 mM
sodium acetate, 1 mM EDTA, and 50% formamide, for 15
min at 60°C. Equivalence of loading was checked by
ethidium bromide staining of 28S and 18S rRNAs on a
formaldehyde-agarose gel. CYP1A mRNAs were assayed
as described previously (24) using oligonucleotide probes,
5 -GAGATGCTGAGGACCAGAAGACCG-3 for CYP1A1l
mRNA and 5'-TTCACTT-GGAGAAGCGTGGCCAGGCC-
3’ for CYP1A2 mRNA. The band(s) corresponding to
CYP1A mRNAC(s) on a sheet was quantitated with Bio-Rad
Molecular Imager GS-250, then sheets were submitted to
autoradiography at —80°C for 48 h with X-OMAT film
(Kodak).

TABLE 1. Effects of lead nitrate on the amount of total CYP
enzymes in hepatic microsomes and on the microsomal activity
for Glu-P-1 mutagenesis.

Microsomal activity for

CYP Lead nitrate C(\;ngtl);x::gnt Glu-P-1 mutagenesis
inducer pretreatment® . (revertant colonies/mg

protein) ;

protein)

None - 0.54+0.04 900+140
None + 0.25+0.05"° 430+ 10°
2-MeO-AAB - 0.46+0.03 8,100+ 1,200
2-MeO-AAB + 0.27+0.01¢ 2,700+ 160°
MeAaC - 0.50+0.02 5,300+ 480
MeAaC + 0.26 +0.01° 2,300+ 240°
PhIP - 0.63+0.04 1,300+120
PhIP + 0.23 +0.02° 310+ 20°
MC = 0.56+0.02 17,300+ 800
MC + 0.32+0.03° 8,200+ 600°
Bla]P — 0.52+0.02 15,300+ 900
Bla]P + 0.29+0.03° 7,100+ 380°
B-NF = 0.62+0.03 16,000+ 600
B-NF + 0.44 +0.03° 8,300+ 300°

The assays were performed using microsomes prepared from the
pooled livers of three rats in each experimental group. All data
represent the mean+ SE of triplicate samples. °—, without lead
nitrate; +, with lead nitrate. " “Significantly different from the
corresponding controls (assayed by Student’s ¢-test): ®p<0.01; “p<
0.001; p<0.05.

Fig. 1. Western blot analysis
of microsomal CYP1A proteins
in the liver of rats treated with
a combination of lead nitrate
and an aromatic amine or an
aryl hydrocarbon. Microsomes
were prepared from the pooled
livers of three untreated rats
(control) or three rats treated with
lead nitrate and/or a CYP1A in-
ducer, as described in “MATE-
RIALS AND METHODS.” The
microsomal preparation [60 ug
protein/lane foraCYP1A inducer-

untreated (control) rats; 40 xg/lane for 2-MeO-AAB-, MeAaC-, or PhIP-treated rats; 10 g /lane for MC, B[ a]P, and 8-NF -treated rats] was
subjected to Western blot analysis using an APL-2 MoAb reactive with both CYP1A proteins, as described in “MATERIALS AND METHODS.”
K, kilodalton. The experiments were repeated twice with similar results.
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RESULTS

We have previously reported that pretreatment of rats
with lead nitrate suppressed the induction of CYP1A2 by
2-Me0O-AAB at the levels of mRNA, protein and activity,
whereas simultaneous or post-treatment showed little
suppressive effect on the CYP1A2 induction (4). Therefore,
lead nitrate was given to male F344 rats 9 h before treat-
ment with a CYP1A inducer: an aromatic amine, 2-MeO-
AAB (16), MeAaC (17), or PhIP (25); or an aryl hydrocar-
bon, MC, B[a]P or 8-NF (18-20). Rats were killed 15 h
after treatment with the CYP1A inducer.

The total amount of CYPs in hepatic microsomes was not
significantly changed by treatment with any of the CYP1A
inducers (Table I). Pretreatment of rats with lead nitrate
resulted in a significant decrease in the total amount of
CYPs, as compared to the corresponding controls. Micro-
somal activity was assessed by means of a bacterial
mutation test using Glu-P-1 as a substrate for CYP1A
enzymes, mainly CYP1A2 (26). Treatment of rats with an
aromatic amine (2-Me0O-AAB, MeAaC, or PhIP) or an aryl
hydrocarbon (MC, B(a]P, or 8-NF) resulted in a significant
increase of the microsomal activity for the bioactivation of
Ghlu-P-1 (Table I). Increased levels of the microsomal
activity in CYP1A inducer-treated rats were significantly
reduced by pretreatment with lead nitrate.

Representative profiles of Western blots of microsomal
CYP1A proteins are shown in Fig. 1. Treatment of rats with
an aromatic amine (2-MeO-AAB, MeAaC, or PhIP) or an
aryl hydrocarbon (MC, B{a]P, or §5-NF) resulted in an
increase in the levels of CYP1A proteins (Table II). In all
cases, the increased levels of CYP1A proteins, especially
CYP1A2 protein, were suppressed by pretreatment with
lead nitrate. :

The effects of lead nitrate on the level of the CYP1A
mRNAs induced by the treatment with an aromatic amine
or an aryl hydrocarbon were further examined by Northern
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blotting. The level of CYP1A2 mRNA was increased by
treatment with either type of inducer (Fig. 2). Pretreat-
ment with lead nitrate suppressed the induction of CYP1A2
mRNA by the aromatic amines but not by the aryl hydro-
carbons. CYP1A1 mRNA was undetectable in CYP1A
inducer-untreated rats and in rats treated with an aromatic
amine (2-MeO-AAB or PhIP) (Fig. 3). Treatment with
MeAaC or an aryl hydrocarbon (MC, B(a]P, or 8-NF)
resulted in an increase in the level of CYP1A1 mRNA in the
rat liver. Pretreatment with lead nitrate suppressed the
induction of CYP1A1 mRNA by MeA aC but not by the aryl
hydrocarbon.

TABLE II. Suppressive effect of lead nitrate pretreatment on
the expression of CYP1A proteins in rat liver.

. : Amount of CYP1A proteins

Lead mt.rate—. CYP inducer- (arbitrary units/60 ug protein)
pretreatment treatment CYP1A1 CYP1A2

- none n.d" 0.06

+ none n.d 0.02 (33)

- 2-MeO-AAB 0.18 0.29

+ 2-MeO-AAB 0.11 (57)° 0.14 (48)

- MeAaC 0.50 0.60

+ MeAaC 0.32 (64) 0.28 (47)

= PhIP 0.04 0.12

+ PhIP 0.01 (25) 0.02 (17)

= MC 3.00 1.92

+ MC 1.91 (64) 0.86 (45)

- B(a]P 2.7 1.07

+ Bla]P 1.88 (67) 0.39 (36)

— B-NF 2.88 1.54

+ B-NF 1.64 (57) 0.66 (43)

Western blot analyses of microsomal CYP1A proteins were perform-
ed as described in the legend of Fig. 1, and the amounts of separated
CYP1A proteins on a nitrocellulose sheet were measured with a
scanning densitometer (Densito-Pattern Analyzer EPA-3000; Maru-
zen Petrochemical, Japan). The data shown represent the mean of
duplicate determinations. *—, without lead nitrate; +, with lead
nitrate. ®n.d; not detected. “Values in parentheses indicate per cent of
the corresponding controls (lead nitrate-untreated rats).

Fig. 2. Northern blot analysis of
CYP1A2 mRNA in the liver of rats
treated with a combination of lead
CYP1A2 nitrate and an aromatic amine or an
mANA aryl hydrocarbon. Total cellular
RNA preparations were obtained from
the pooled livers of three rats (control)
untreated with chemicals (lead nitrate
and CYP inducer) or three rats treated
with lead nitrate and/or a CYPIA
inducer, as described in “MATERIALS
AND METHODS." The RNA prepara-
tion (20 ug RNA/lane for the control
rats or aromatic amine-treated rats; 10
ug/lane for MC- or 8-NF-treated rats;
20 yg/lane for B(a]P-treated rats)
was subjected to Northern blot analysis
using a synthetic oligonucleotide probe
for CYP1A2 mRNA as described in
“MATERIALS AND METHODS.”
Amounts of CYP1A2 mRNA (per 10

ug total RNA) in experimetal groups
were compared with that of control
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Fig. 3. Northern blot analysis of CYP1Al
mRNA in the liver of rats treated with a combi-

8 54 nation of lead nitrate and an aromatic amine or
| CYP1A1 an aryl hydrocarbon. The assays were performed
= mRNA as described in the legend of Fig. 2 using a synthetic
18 2 oligonucletide probe for CYP1A1 mRNA. The ex-
periments were repeated twice with similar results.
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DISCUSSION

We have previously reported that lead nitrate inhibited the
induction by 2-MeO-AAB or MC of CYP1A enzymes,
especially CYP1A2, at the levels of protein and activity of
the enzymes (3-5). This was confirmed in the present
experiment. The lead nitrate-mediated decrease in amount
of total CYPs including CYP1A enzymes might be attribut-
able mainly to a decrease in the level of heme, an essential
component of CYP, because lead nitrate, like other heavy
metal salts, induces the heme oxygenase responsible for
degradation of heme (8-10). The level of CYP1A2 enzyme
induced by a CYP1A inducer, especially an aryl hydrocar-
bon, was preferentially decreased as compared with that of
CYP1A1 enzyme by pretreatment with lead nitrate. This
would be explained by the fact that CYP1A2 enzyme is less
stable than CYP1A1l enzyme (27).

Recently, we (4) have found that induction of CYP1A2
mRNA by 2-MeO-AAB in the rat liver was suppressed
efficiently by pretreatment with lead nitrate but only
slightly by simultaneous or post treatment, suggesting that
the decrease in the level of CYP1A2 mRNA occurs after the
lead nitrate-mediated decrease(s) in the expression and/or
activity of the cellular factor(s) responsible for the tran-
scriptional activation of the CYPI1A gene(s) by the aromatic
amine. Many studies using an aryl hydrocarbon as a CYP1A
inducer indicate that synthesis of CYP1A mRNA(s) is
initiated by the formation of a CYP1A inducer-Ah receptor
complex (11-13). However, in the present study, we found
that lead nitrate selectively inhibited the induction of
CYP1A mRNA(s) by the aromatic amines but not by the
aryl hydrocarbons, suggesting that cellular factor(s) other
than Ah receptor play an important role in the tran-
scriptional activation of the CYP1A gene(s) by the aromatic
amines. This is supported by the following evidence: (i)
aromatic amines such as tryptophan-pyrolysate compo-
nents can induce CYP1A(s) in DBA/2 mice nonresponsive
to the aryl hydrocarbon (28); (ii) some heterocyclic aro-
matic amines have little affinity for Ah receptor but show

Aryl hydrocarbons

definite activity for inducing CYP1A(s) in the rat liver
(14); (iii) 2-methoxy-4-nitroaniline is a selective CYP1A2
inducer (29), but the molecule lacks the structural unit
requisite for its binding to Ah receptor (30); and (iv)
acenaphthylene and its related tricyclic hydrocarbons
selectively induce CYP1A2 mRNA via an Ah receptor-
independent pathway in B6C3F1 mice (31).

Lead nitrate has been reported to be able to enhance the
production of tumor necrosis factor-a (32), which de-
creases the constitutive level of CYP1A2 mRNA in pri-
mary-cultured human hepatocytes (33). These findings
suggest that the decrease in the constitutive (3) and
aromatic amine-induced levels of CYP1A2 mRNA in the
rat liver caused by lead nitrate may occur, at least in part,
through a TNF- a-associated mechanism.

In this study we demonstrated that lead nitrate showed
different effects on the induction of CYP1A mRNA(s) by
different types of CYP1A inducers, namely, aromatic
amines and aryl hydrocarbons. This suggests that pathways
for transcriptional activation of the CYPIA gene(s) by
aromatic amines and aryl hydrocarbons are different from
each other.

We thank Mr. I. Imazeki, Chugai Pharmaceutial Co. Ltd., for his kind
donation of oligonucleotide probes for CYP1Al and CYP1A2
mRNAs.
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