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Abstract-The effect of aryl hydrocarbon hydroxylase induction on the covalent binding of l-nitropyrene 
(l-NP), benzo[a]pyrene (BaP), 2-aminoanthracene (2-AA), and phenanthridone (PNDO) to mouse 
lung DNA was investigated. Cytochrome P-450-dependent monooxygenases were induced in mouse 
lung by intratracheal instillation of BaP, Aroclor-1254, or coal gas condensate (CGC) 24 hr before 
instillation of 13HJBaP, k3H]-2-AA, [‘%J-l-NP, or [‘4C]PND0. All inducing agents increased the amount 
of radioa~vity of [3H)BaP, [3H]-2-AA, and [‘%I-I-NP or metabolites bound to DNA. However, 
pretreatment with BaP resulted in the highest amounts of radiolabels covalently bound to DNA. At 
4 hr after instillation of radiolabels in BaP-induced mice, the amounts of [3H]BaP, [3H]-2-AA, and [‘“Cl- 
l-NP bound to DNA were increased 5.4-, 5.2-, and 160-fold above that of control levels; the amount 
of l-NP bound to DNA was fifty times higher than the amount bound by BaP. Labeled compounds 
were still bound to DNA 1 week after administration. [14C]PND0 was not bound to DNA in uninduced 
or induced mice. Based on the amount of labeled compounds bound to DNA, pretreatment of mice 
with BaP and CGC induced enzymes with similar specificities; however, enzymes induced by Aroclor 
were less effective in the metabolism of labeled compounds to DNA-bound products. These data show 
that specific cytochrome P-450-dependent monooxygenases are inducible in mouse lung and suggest that 
pre-exposure to inducing agents may be important in the potential toxicity to proximal tissues in direct 
contact with inhaled xenobiotics. 

Man is exposed to airborne environmental chemicals 
that are emitted into the environment at an increas- 
ing rate. The sources of many pollutants are chemical 
manufacturing plants, refineries, energy production 
facilities, and automotive vehicle exhaust [l]. There 
is special concern about the potential health effects 
of emissions, products, and by-products that are 
released into the environment after combustion or 
conversion of fossil fuel [2]. In addition, the relation- 
ship between cancer and aromatic compounds and 
fossil fuel energy sources is of concern. This is docu- 
mented in epidemiological studies of coke oven 
workers, gas works operators, and workers in experi- 
mental coal liquefaction plants, where high inci- 
dences of lung tumors were found [ 11. 

Although the exact molecular mechanisms of tox- 
icity, mutagenicity, or carcinogenicity are not well 
understood, it is known that many environmental 
chemical carcinogens are metabolically activated to 
electrophiiic reactants that subsequently bind to 
cellular macromolecules before exerting their effects 
[3]. The enzyme system responsible for the metab- 
olism of many xenobiotic agents is the microsomal 
cytochrome P-450-dependent monooxygenase 
system. Microsomal enzymes are induced in man and 
animals after exposure to pure or complex mixtures 
of chemicals such as cigarette smoke, diesel exhaust, 
coal gas condensate (CGC), polychlorinated bi- 
phenyls, and petroleum pollutants [4-lo]. It has also 

been reported that extracts of particulate urban air 
samples were effective in inducing lung microsomal 
monooxygenases [ll]. The induced enzymes can 
both activate and detoxify xenobiotic materials [12]. 
The spectrum of chemicals metabolized by the micro- 
somal enzymes indicates their broad specificity for 
xenobiotics 1131. Additional studies have shown that 
the levels of specific enzymes are increased by dif- 
ferent inducing agents [ 141. These enzymes may have 
an increased capacity to metabolize the inducing 
agent to metabolites that bind to DNA [8]. Polycyclic 
aromatic hydrocarbons, nitroaromatics, heterocyclic 
aromatics, and aromatic amines are among the 
most toxic, mutagenic, and carcinogenic materials 
produced by combustion and conversion of fossil 
fuels and are likeiy to interact with cellular DNA 
[15-181. 

Although the exact molecular mechanism of 
chemical carcinogenesis are not fully understood, 
interaction of chemicals with cellular macromole- 
cules is probably related to the event (or events) 
leading to neoplastic transformations. A positive 
correlation has been found between cancer and 
chemicals covalently bound to DNA [19]. The pur- 
pose of the present studies was to determine how 
induction of microsomal enzymes by benzo[a]pyrene 
(BaP), Aroclor-1254, and CGC affects the binding 
of aromatic hydrocarbons of specific chemical classes 
to mouse lung DNA. 
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MATERIALS AND METHODS 

Male laboratory-reared CD-1 mice, specific patho- 
gen-free, 8 to lo-weeks-old, were used. They were 
fed Wayne Lab Blox (Allied Mills, Chicago, IL) 
and provided water ad iib. BaP (98% pure) and 2- 
aminoanthra~ene (98% pure) were obtained from 
the Aldrich Chemical Co. (Milwaukee, WI). 
Aroclor-1254 was obtained from Analabs, Inc. 
(North Haven, CT). CGC was obtained from an 
experimental low Btu coal gasifier at Morgantown, 
WV. CGC contains primarily aliphatic hydrocarbons 
and polycyclic aromatic hydrocarbons with their 
alkylated derivatives, nitrogen heterocycles and 
polycyclic aromatic hydrocarbons with polar func- 
tional groups [20]. [1.3,6-3H]BaP (98% radio- 
chemical purity; 50 Ci/mmole) was obtained from 
the New England Nuclear Corp. (Boston, MA). 
2-Amino-/G-3H]anthracene (98% radiochemical 
purity; 3.2 Ci/mmole) and l-nitro[4,5,9,1fY4C]- 
pyrene (98% radio~hemical purity, 43 mc~mmole) 
were obtained from the Amersham Corp. (Arlington 
Heights, IL). Radioactive dinitropyrene was unde- 
tectable in this preparation by radioanalysis of appro- 
priate high pressure liquid chromatographic fractions 
or mass spectrometry. [9-14C]Phenanthridone (96% 
ra~ochemical purity, 1.1 mC~mmole) was syn- 
thesized and purified as described by Dutcher and 
Mitchell [21]. All other chemicals and organic sol- 
vents were analytical reagent grade and were used 
without further purification. 

A microcrystalline suspension of BaP or an emul- 
sion of Aroclor-1254 or CGC was prepared in 0.2% 
gelatin in saline by brief exposure to an ultrasonic 
probe 

i 
Branson model S125, Danbury, CT). BaP 

(10 mg kg body wt), Aroclor-1254 (lOmg/kg body 
wt), or CCC (10 mg/kg body wt) was intratracheally 
instilled into mice to induce microsomal enzymes 
24 hr before administration of labeled compounds. 
Labeled compounds, with specific activities as 
described above, were prepared as microcrystalline 
suspensions and intratra~heally instilled into mice 
at a dose of 0.5mg/kg body wt. The intratracheal 
instillations method was essentially that described by 
Brain et al. [22] with several minor modifications. 
Briefly, the particle suspension or emulsion was de- 
livered to the Lungs through the trachea of an anes- 
thetized mouse with a no. 22-guage needle, 40mm 
long, inserted between the vocal folds. All animals 
received 0.100 ml suspension or emulsion per 100 g 
of body weight and were kept upright on the slanted 
board for 1 min to make sure no material was 
regurgitated. 

Microsomal aryl hydrocarbon hydroxylase (AHH) 
was determined according to the method of Nebert 
and Gelboin [23]. Enzyme activity was determined 
in duplicate under conditions of linearity, both in 
respect to time and protein concentration. The 
enzyme activities are expressed as picomoles of 3- 
OH-BaP formed per milligram of protein per minute. 
Protein concentration was determined using a biuret 
method [24]. Bovine serum albumin was used as a 
standard. 

Three mice from each treatment group were killed 
at 4 hr, 1 day, and 7 days after administration of 
labeled compound. At the time of sacrifice, the lungs 

were removed and homogenized in 10 vol. of 1% 
sodium tri-isopropylna hthalene 

P 
sulfonate/6% 

sodium 4-aminosalicylate 2% sodium chloride/6% 2- 
butanol 1251 using a tissumizer (Tekmar Co.. Cin- 
cinnati, OH). The homogenates were shaken twice 
with aqueous-saturated phenol, and the residual 
phenol and unbound radioactivity were removed 
from the aqueous solution by extensive diethyl ether 
extractions, which continued until radioactivity in 
the ether reached background levels. The DNA was 
isolated by precipitation in ethanol. After washing 
in ethanol, the DNA was purified by dissolving in 
30 mM sodium chloride/3 mM sodium citrate and 
sequentially digested for 1 hr with 50 ~g/ml ribo- 
nuclease (preheated at 80” for 10 min) and 1 hr with 
lOO~g/ml proteinase K. The DNA was further 
shaken twice with chloroform-isoamyl alcohol (5 : 1, 
v : v), precipitated in ethanol, washed repeatedly with 
ethanol, dried, and resuspended in 10mM Tris/ 
10 mM MgClz (pH 7.0). The DNA was quantitated 
by the absorbancy at 260 nm (A2@), and covalently 
bound radioactivity was determined by scintillation 
counting (Packard Tri-Carb 2660 Packard Instru- 
ments, Downers Grove, IL). The quantity of labeled 
compound bound to DNA was calculated from the 
specific activity of the labeled compound and 
expressed as femtomoles of covalently-bound chemi- 
cal per microgram of DNA. 

To determine the amount of labeled compound 
that was bound non-covalently to DNA after iso- 
lation and purification. a procedure similar to that 
described by Lutz [26] was done. Lungs from control 
animals were homogenized in buffer containing a 
detergent as described earlier; 0.0175 mg of labeled 
compounds was added to the homogenates. It has 
been shown that the use of a detergent contained in 
the homogenizing buffer was effective in inhibiting 
enzymatic activity [25]. It was assumed that under 
these conditions metabolic activation of test com- 
pounds to reactive derivatives did not occur. The 
incubation was carried out in the dark to exclude 
photo-oxidative reactions, which might also lead to 
covalently-bound chemical. After 0.5 hr shaking 
at 37”, the DNA was isolated and purified, and the 
specific activity was determined as described pre- 
viously. These experiments indicated that little or no 
radioactivity was bound non-covalently to DNA after 
isolation and purification. The radioactivity associ- 
ated with DNA after incubation of lung homogenates 
with labeled chemical in the enzyme denatured sys- 
tem was always less than 0.5% of the amount in the 
metabolically active system. 

RESULTS 

The dose-response of chemicals on the induction 
of microsomal hydroxylase activity (production of 3- 
OH-BaP from BaP) in mouse lung is shown in Fig. 
1. BaP, Aroclor-1254, and coal tar induced AHH 
activity to maximal levels at doses of approximately 
8 mg/kg. AHH activity induced by BaP remained at 
about the same level with doses up to 30 mg/kg. The 
ievel of AHH activity induced by Aroclor-1254 was 
lower with higher doses of Aroclor. At higher doses 
of CGC, enzyme activity was markedly lower than 
in controls at doses of SO mg/kg. The decreased 
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Fig. 1. Lung microsomal AHH activity in CD-l mice at 
24 hr after instillation of different quantities of BaP, 
Aroclor-1254, or CGC. Mice were killed at 24 hr after 
instillations, and AHH activity was measured. Each point 
represents the average hydroxylase activity of four animals. 

AHH activity with dose may be due to enzyme 
inhibition or cellular toxicity. 

After instillation of [3H]BaP, [3H]-2-AA, [14C]-l- 
NP and [14C]PND0 in control animals, covalently- 
bound radioactivity was associated with lung DNA 
at 4 hr, 1 day, and 7 days after administration of 
labeled compound (Fig. 2). The highest molar equiv- 
alent amount of labei bound to DNA was found with 
[*4C]-l-NP, where it exceeded the amount of [‘HI- 
BaP bound by 1.7-fold. After induction of micro- 
somal enzymes by BaP, the amounts of [3H]BaP, 
[3H]-2-AA, and [14C]-l-NP were all increased over 
the amounts bound in uninduced control animals 
(Fig. 3). The amounts bound in induced over control 
animals were 5.4-, 5.2- and 160-fold for rH]BaP, 

CONTROLS 

4 Hours 1 Day 7 Days 
TIME AFTER iNSTlLLATlON OF 

LABELED COMPOUND 

Fig. 2. Covalent binding of [jH]BaP, [Wf-2-AA, [%I]-l- 
NP and [“CIPNDO to mouse lung DNA. Mice were treated 
with vehicle (gelatin-saline) 24 hr before administration of 
labeled compounds (OS mg/kg). Bars represent the 

mean 2 SE. of three animals. 

PRETREATMENT: BENZO(a)PYRENE 

Fig. 3. Effects of BaP (10 mg/kg) pretreatment on the 
binding of radiolabeled BaP, 2-AA, I-NP and PNDO to 
mouse lung DNA. Additional details are described in the 

legend of Fig. 2. 

t3H]-2-AA, and [14C]-l-NP respectively. Increased 
amounts of labeled compound were still present 7 
days after administration. At that time, the amount 
of [‘4C]-l-NP bound to DNA was -73 times that of 

D- 

O- 

O- 

l- 

l- 

PRETREATMENT: COAL GAS 
CONDENSATE 

4 Hours 1 Day 7 Days 
TIME AFTER INSTILLATION OF 

LABELED COMPOUND 

Fig. 4. Effect of coal gas condensate (10 mg/kg) pretreat- 
ment on the binding of radiolabeled BaP, 2-AA, I-NP, 
and PNDO to mouse lung DNA. Additional details are 

described in the legend of Fig. 2. 
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PRETREATMENT: 
POLYCHLORINATED BIPHENYLS 

(Aroclor-1254) 

Fig. 5. Effect of pretreatment by polychlorinated biphenyls 
(Aroclor-1254; 25 mg/kg) on the binding of radiolabeled 
compounds to mouse lung DNA. Additional details are 

described in the legend of Fig. 2. 

[3H]BaP. Little [14C]PND0 radioactivity was bound 
to DNA in uninduced or induced animals. 

Pretreatment of animals with CGC also increased 
the amount of [3H]BaP, [3H]-2-AA, and [‘4C]-1-NP 
bound to mouse lung DNA, but not as much as that 
bound after BaP induction, except for [3H]BaP (Fig. 

4). Lower amounts of [3H]-2-AA and [‘4C]-1-NP 
were found in CGC-pretreated mice than in BaP- 
pretreated mice although the amount of [14C]-1-NP 
bound to DNA was still higher than for [3H]-BaP 
and [3H]-2-AA (-16 fold higher than for 3H-BaP). 
Labeled compounds initially bound to DNA were 
still above control levels 1 week after administration. 

Pretreatment of mice with Aroclor-1254 increased 
the amounts of [3H]BaP. [‘HI-2-AA, and [14C]-l-NP 
bound to lung DNA (Fig. 5). However, Aroclor- 
1254 induced the smallest increase in the amount of 
[‘4C]-1-NP bound to DNA in induced mice. The 
amount of [‘4C]-1-NP bound was still -lO-fold more 
than that of [3H]BaP. In addition, the binding of 
[‘4C]-1-NP after this induction method was not as 
persistent as for the other methods. Only 5% of the 
radioactivity bound at 4 hr after administration was 
present 1 week later, whereas in BaP-pretreated 
animals 80% of the bound activity present 4 hr after 
administration was still present 1 week later. 

Because of the extremely high amounts of [‘“Cl- 
l-NP bound to lung DNA in induced animals, a 
range of l-NP doses was instilled in mice induced 
with BaP to determine the binding over a wide range. 
A linear relationship was found for bound [‘4C]-1- 
NP over a range from 0.25 to 25 mg/kg (Fig. 6). The 
lowest dose administered was 0.03 mg/kg, in which 
the amount of bound [14C]-1-NP detected in mouse 
lung DNA was -5 times background radioactivity 
levels. 

DISCUSSION 

The presence of airborne chemicals with the ability 
to induce microsomal enzymes suggests that 
increased microsomal cytochrome-dependent P-450 
monooxidase activity could exist in populations with 
high environmental exposures to airborne chemicals 

DOSAGE OF l-NITROPYRENE (mg/kg) 

Fig. 6. Effect of dosage of 1-nitropyrene on the covalent binding of 1-nitropyrene metabolites to mouse 
lung DNA. Mice were treated with BaP 24 hr before administration of [%I-l-NP; covalent bound 

material was determined 4 hr later. Each point represents the mean ? S.E. of four mice. 



AHH, covalent binding, aromatic hydrocarbon and mouse DNA 549 

and may contribute to an increase in carcinogenesis 
from environmental chemicals. A positive cor- 
relation was found between cancer and chemicals 
covalently bound to DNA [19]. It was reported that 
carcinogenicity is -3 times better correlated with 
DNA covalent binding in uiuo than to mutagenicity 
in the Ames test [27]. It had been shown previously 
that cytochrome P-450-dependent monooxidase is 
induced to maximal levels in mouse lung at 1 day 
after a single administration of BaP [28], CGC, and 
Aroclor-1254 [8] and that a positive correlation was 
found between induction of enzymes and binding of 
BaP to mouse lung DNA (81. An excellent cor- 
relation has been found between the quantitative 
binding of chemicals to DNA and carcinogenicity 
[26]. Where sufficient data are available, the most 
striking correlation is seen between DNA binding 
and hepatocarcinogenesis with many different 
chemical classes [26]. Fewer studies in other target 
tissues do not show as good a correlation between 
DNA binding and carcinogenicity. Cohen et al. [29] 
have shown that pretreatment of mice with 2,3,7,8- 
tetrachlorodibenzo-p-dioxin (TCDD) inhibits the 
carcinogenicity of both BaP and dimethylbenz- 
anthracene (DMBA) when they are applied to mouse 
skin as tumor initiators. Pretreatment with TCDD 
also causes a marked decrease in the binding of t3H]- 
DMBA to DNA, whereas the binding of [3H]BaP to 
DNA is increased markedly, which suggests sig- 
nificant differences in metabolic activation and 
detoxification of BaP and DMBA. Additional studies 
showed that butylated hydroxyanisole, a-angelica 
lactone. and Pnaphthoflavone (PNF), in general, 
inhibit DNA adduct formation in mouse liver and 
forestomach; however, adducts in the lung remain 
at the same level or increase slightly [30,31]. Pre- 
treatment with PNF and aroclor also results in a 
decrease and increase in total binding, respectively, 
but the binding does not correlate with specific 
adduct levels. In these studies the levels of pul- 
monary enzymes induced by pretreatment were not 
reported, although it was mentioned in one study 
that the level of induction was only slight [31]. Thus, 
it is difficult in these studies to assess the role of 
induced enzymes in the metabolic activation of xeno- 
biotics in lung tissue. The present study is consistent 
with those of Eastman et al. [32,33], which showed 
the appearance of a BaP diol-epoxide-DNA adduct 
and the persistence of 3-methylcholanthrene (3-MC) 
bound to DNA after pretreatment with aroclor as an 
enzyme inducer. Kouri et al. [34] reported that an 
increased formation of 3-MC-induced sarcomas was 
observed after enzyme induction by TCDD pre- 
treatment. The present study showed that BaP and 
CGC pretreatments were also effective in increasing 
the binding of [3H]BaP, [3H]-2-AA and [“‘Cl-l-NP 
to mouse lung DNA. These data are consistent with 
Nebert’s hypothesis [35], which suggests that tumors 
and toxicity after administration of carcinogenic 
polycyclic aromatic hydrocarbons can be expected 
to occur in proximal tissues of responsive strains, 
i.e. at sites that have come into direct contact with 
xenobiotics. Thus, when assessing the effect of 
enzyme induction on the activation of carcinogens, 
not only the dose and type of carcinogen but also the 
route of administration, the time, and the target 

organs of tumors or toxicity relative to the site of 
administration are all very important. A difference 
in enzyme specificity for metabolism and covalent 
binding of BaP metabolites to DNA after induction 
by different inducing agents was not apparent in 
the present study. This suggests that the enzymes 
induced were similar in specificity for the metabolism 
of BaP. 

2-Aminoanthracene is a potent carcinogen [36]. 
Its most unusual characteristics are its specificity for 
epithelial tissues of different animal species and abil- 
ity to produce malignant tumors of a variety of 
histological types in rodents [37]. 2-Amino- 
anthracene is also a potent bacterial mutagen after 
metabolic activation of microsomal preparations 
from mammalian organisms [38]. Although the car- 
cinogenic and mutagenic properties of 2-AA are 
known, little information is available on the in uiuo 
metabolic activation of 2-AA and its interaction with 
mammalian DNA [17]. The present study showed 
that pretreatment of mice with BaP, Aroclor-1254, 
or CGC induced microsomal enzymes that were 
effective in the metabolism of 2-AA to reactive inter- 
mediates that bound covalently to lung DNA. The 
amount of 2-AA or metabolites bound to DNA was 
similar to the amounts bound by BaP metabolites, 
but less than the amount bound by l-NP metabolites. 
The binding was also persistent at 1 week after 
administration. Specific inducible enzymes for the 
metabolism of 2-AA to electrophilic agents were not 
apparent after induction with BaP, Aroclor-1254, 
or CGC. These data indicate that specific enzymes 
involved in the metabolism of primary amines are 
inducible to approximately the same degree by all 
three agents used in this study. 

1-Nitropyrene is found in airborne particulate mat- 
ter and in diesel exhaust emissions. Nitropyrenes are 
among the most mutagenic chemicals in bacteria 
[18]. 1-Nitropyrene is an animal carcinogen [39] and 
a direct acting mutagen in the Salmonella assay [ 181. 
It is thought to be metabolically activated by nitro- 
reductases present in bacteria [18]. It has been sug- 
gested that the mutagenicity is dependent upon the 
formation of adducts between DNA and nitro- 
pyrene metabolites [40]. The increased amounts of 
l-NP covalently bound to lung DNA after pre- 
treatment of mice with BaP, Aroclor-1254, or CGC 
and the persistence of the apparent l-NP-DNA 
adducts indicate that cytochrome P-450 type enzymes 
are important in the metabolism of nitropyrene in 
mouse lungs to metabolites that bind to DNA. The 
positive correlation between the amounts of admin- 
istered l-NP and the binding of l-NP metabolites to 
lung DNA also suggests that not only are l-NP 
metabolites bound tenaciously to mouse lung DNA 
but that the enzyme system responsible for their 
metabolism is effective in metabolizing this com- 
pound over a wide dose range without any apparent 
evidence of binding site saturation. This is similar to 
compounds of many different chemical classes that 
have been reported to have a linear dose-binding 
relationship [26]. 

The increasing amounts of radioactivity bound to 
rat lung DNA after metabolism of [14C]-l-NP are 
similar to the increase in radioactivity bound to DNA 
in bacterial cells after metabolism of l-NP [40]. How- 
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ever, it is not known with certainty that nitro- 
reductases are the primary enzymes involved in the 
metabolism of l-NP to metabolites that bind DNA 
[40]. It was reported that xanthine oxidase, a mam- 
malian nitroreductase, catalyzes the binding of [3H]- 
l-NP to DNA [41]. The present study indicates that 
CGC contains primarily cytochrome P-448-inducing 
chemicals because similar levels of binding of l-NP 
were found after BaP and CGC pretreatment. In 
contrast, the amounts of l-NP bound at different 
times in Aroclor-1254-induced mice indicate that 
specific enzymes responsible for the metabolic acti- 
vation of l-NP were not induced by polychlorinated 
biphenyls to the extent induced by CGC or BaP. 
Aroclor-1254 is known to induce both cytochrome 
P-450 and P-448 enzyme systems (421. It is not known 
which metabolites are formed by induced enzymes 
and covalently-bound to lung DNA. However, it is 
known that 3-MC-induced cytochrome P-448 and 
phenobarbital (and possible Aroclor-1254)-induced 
P-450 enzymes have different substrate specificities. 
Induced cytochrome P-448 enzymes have higher O- 
deethylase and monooxygenase activities, pref- 
erential metabolism of BaP to 7,8-diols, 9,10-diols 
and 9-hydroxy-BaP, and 2-acetylaminofluorene to 
5-hydroxy, ‘I-hydroxy, and N-hydroxy metabolites 
[43]. In contrast, induced cytochrome P-450 enzymes 
have higher 0- and N-demethylase activities and 
preferentially metabolize BaP to 4,5-diol and 1,6- 
and 3,6-quinones [42,43]. Thus, the induction of 
cytochrome P-448 and P-450 enzymes by xenobiotics 
may affect the form and persistence of metabolites 
bound to DNA. Whether the particular enzyme 
induced is similar to one that has been reported for 
the metabolism of dinitropyrene in cultured mouse 
lymphoma cells will require further investigation 
[441. 

The lack of any appreciable binding of phen- 
anthridone (PNDO) indicates that microsomal 
enzymes important in the metabolism of nitrogen 
heterocyclics such as PNDO are not present in mouse 
lung, are present in very low concentration, or are 
not inducible by agents used in this study. The lack 
of PNDO binding also indicates that detoxification 
pathways may be more prevalent for PNDO or that 
the reactive species may bind to other macro- 
molecules. It has been reported that PNDO has some 
direct and indirect mutagenic activity in the Ames 
Salmonella test [45]. 

Some progress has been made in the charac- 
terization of P-450 isoenzymes in rabbit lung [46] and 
nasal tissues of other species [47]. It was reported 
also that monooxygenases are induced in rabbit lung 
[46], in Clara cells, and in Type II cells after p 
naphthoflavone treatment [48]. The cytochrome P- 
450 enzymes in the nose, trachea, and lung may play 
a major role in the metabolism, disposition, and fate 
of inhaled xenobiotic material. It has been reported 
that BaP, 2-AA, l-NP, and PNDO are all rapidly 
cleared from the respiratory tract of rats after in- 
halation [21,49,50]. However. the amount retained 
by tissues may be covalently bound to macro- 
molecules, including DNA [50]. It was found that 
the amount of parent compound (l-NP) remaining 

* C. E. Mitchell. unpublished results. 

in lung tissue 1 week after instillation was very small; 
the amount of DNA covalently bound products that 
would be formed from this parent material would 
be only a fraction of the bound products actually 
observed 1 week after instillation of l-NP. * Thus, it 
appears that the persistent binding 1 week after 
instillation is not due tc, the slow clearance of l-NP 
from the lung but, more likely, due to the inefficient 
removal of l-NP adducts, which may be affected 
largely by normal DNA turnover in target cells in 
the lung [51]. 

In summary, the present study showed that pre- 
treatment of mice with BaP, Aroclor-1254, and CGC 
induced cytochrome P-450-dependent monooxy- 
genases that increased binding of several chemicals 
to lung DNA. This information is consistent with 
the hypothesis that organs at risk to toxicity from 
xenobiotics in responsive strains are those that come 
into direct contact with the xenobiotics. Additional 
studies are needed to determine the role of organ- 
specific induced enzymes, their chemical specificity 
toward different chemicals, the specific DNA adduct 
or adducts formed, their repair, and their relation- 
ships to toxicity and binding of chemicals to DNA. 
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