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Abstract--In assessing the biological effects of exposure to a complex chemical mixture, it is important 
to determine how the behawor of one compound may be influenced by the presence of other compounds 
m the mixture In this study the effect of pre-exposure to an orgamc extract of diesel exhaust or to 
selected compounds in diesel exhaust on the binding of diesel exhaust compounds to DNA was 
determined The amount of radiolabel covalently bound to mouse lung DNA following lntratracheal 
admmistratmn of radiolabeled benzo[a]pyrene (BaP), 1-nltropyrene, 1,3,6-trimtropyrene, or a mixture 
of dmitropyrene was determined following pretreatment with benzo[a]pyrene, 1-nltropyrene, and dmsel 
exhaust extract Male CD-1 mice, 15-18 weeks of age, received 10 mg/kg of putative reducing agents 
by mtratracheal mstlllatmn and, after 24 hr, 0 03 to 1 2 mg/kg radlolabeled putatwe DNA binding 
agents Lung DNA was extracted, and covalent binding was quantnated by hquid sclntdlatmn 
spectroscopy 1-Nltropyrene was a potent lung DNA binding agent in the absence of reducing agents 
[Covalent Binding Index (CBI) = 970] and was extremely potent after benzo[a]pyrene pretreatment 
(CBI = 21,540, comparable to the CBI for aflatoxm B~) Similar results were obtained for DNA binding 
of dlmtropyrene and mnltropyrene with and without BaP pretreatment DNA binding of BaP was lower 
(CBI = 40) and less reducible (BaP-pretreatment CBI = 230) Pretreatment with dmsel extract caused 
an elevation m the binding of benzo[a]pyrene but little or no elevanon in the binding of the mtropyrenes 
Pretreatment with 1-mtropyrene did not increase slgmficantly DNA binding of any of the agents tested 
These results indicate that mtropyrenes brad readily to lung DNA and this binding may be increased m 
the presence of resplrable mixtures, especially those containing inducing agents such as BaP 

A i r b o r n e  toxicants  o f ten  occur  in combina t ions  with 
one  a n o t h e r  and  with var ious  carriers ,  and  the i r  
biological effects of ten  d e p e n d  on  the i r  in te rac t ions  
with one  a n o t h e r  m v t v o  One  of the  more  impor t an t  
types of  in te rac t ion  is the  induc t ion  by one  xenobxotlc 
of an enzyme respons ib le  for  the  me tabo l i sm of 
a n o t h e r  Induc t ion  of the  mixed- func t ion  oxldases 
has been  s tudied tho rough ly  [1], and  o the r  metabo l ic  
enzymes  are also inducible  [2] In assessing the  bio- 
logical effects of exposure  to a complex  mixture ,  it 
is i m p o r t a n t  to d e t e r m i n e  the  ex ten t  to which the  
me tabo l i sm of one  c o m p o n e n t  of the  mixture  can 
be faci l i ta ted or inh ib i t ed  by pr ior  or concur ren t  
exposure  to a n o t h e r  c o m p o n e n t  

The  cova len t  b inding  of a genotoxlc  c o m p o u n d  to 
D N A  in a target  t issue f requen t ly  provides  a rel iable  
measure  of the  effect ive dose of the  c o m p o u n d  [3, 4]. 
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Most  genotoxlcan ts  exert  the i r  effects t h rough  bind-  
ing to D N A ,  a l though  there  are except ions  [5], and  
there  is a h igh degree  of corre la t ion  within chemical  
classes be tween  covalent  b inding to D N A  and gen- 
otoxlclty [4, 6, 7] Thus ,  the  a l te ra t ion  of D N A  bind-  
ing due to p readmln i s t r a t l on  of an inducing agent  
may be  a measure  of the  potency  of the inducer  in 
increasing the  effective dose to D N A  der ived f rom 
a fixed admin i s t e red  dose. By measur ing  the  covalent  
b inding of a c o m p o u n d  to D N A  in the  presence  and  
absence  of inducers  we can assess an impor t an t  par t  
of the  biological  activity of the c o m p o u n d  

Benzo[a ]pyrene  (BaP§,  CAS Reg No 5 0 - 3 2 - 8 )  
is a carc inogen,  and  its b inding to D N A  has been  
measu red  in a var iety of systems [8-10] It is a known  
reducer  of aryl hyd roca rbon  hydroxylase  ( A H H )  
activity [11]. It is found  in many  e n v i r o n m e n t a l  mix- 
tures,  including diesel exhaus t  [12] l -N l t ropyrene  
(5522 -43 -0 )  is a m a m m a r y  carc inogen In rats [13], 
and it is a po ten t  D N A  binding agent  [8] It is p resen t  
at fairly high levels in diesel exhaust  [14] 1,3-, 1,6-, 
and 1 ,8-Din l t ropyrene  (75321-20-9 ,  42397-64 -8 ,  
and 42397 -65 -9 ,  respect ively)  are mutagenlc  in bac- 
ter ia  [15] and  m a m m a h a n  cells [16], and  1,3- and  
1 ,8-d in l t ropyrene  induce  inJection-si te  tumors  in rats  
[17] The  th ree  isomers  are p resen t  in roughly equal  
quant i t ies  in diesel exhaus t  [14]. 1,3,6-Trini tro-  
pyrene  (75321 -19 -6 )  ~s suspected  to be present  m 
diesel exhaus t  [18] and a mu tagen  [15, 16], but  little 
else is known  of its biological  effects Diesel  exhaust  
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particles have been shown to induce metabohsm of 
1-mtropyrene in rat nose and isolated perfused rat 
lung [19] and of benzo[a]pyrene in cultured lung 
epithelial cells [20] Inhaled diesel particles may 
induce AHH actlwty in some organs [21]; however, 
only a modest or no increase at all is seen in the lung 
after diesel inhalation exposure [21-23]. 

In previous work in this laboratory Mitchell [8] 
showed that benzo[a]pyrene, mtropyrene, and 2- 
ammoanthracene or their metabolites bind cova- 
lently to mouse lung DNA and that their lmtlal 
binding and persistence are influenced by mixed- 
function oxidase Inducers. The binding of 1-nltro- 
pyrene to lung DNA was strongly influenced by 
agents known to induce mixed-function oxldase 
activity; in Mitchell's study, prior admtmstratlon of 
benzo[a]pyrene resulted in a 160-fold increase in 
mtropyrene binding. 

To obtain information on the interaction of com- 
pounds in a complex mixture on the covalent binding 
of the compounds to DNA, we have measured the 
amount of radlolabel covalently bound to DNA fol- 
lowing administration of radmlabeled benzo[a]- 
pyrene, 1-nitropyrene, 1,3,6-tnnltropyrene, and a 
mixture of dmltropyrenes to mouse lung DNA (and/  
or the metabolic products of these compounds) 
The putative DNA binding agents were administered 
after pretreatment with an instilled vehicle or with 
10 mg/kg of instilled benzo[a]pyrene, 1-nltropyrene, 
or a dlchloromethane extract of diesel exhaust 
particles 

MATERIALS AND METHODS 

Purchased radlochemtcals [7,10-14C]Benzo[a] - 
pyrene (98% radiochemlcal purity, 45.6 and 
60.7mC1/mmole, depending on the batch) was 
purchased from Amersham (Arlington Heights, IL) 
and used without further purification The 45.6 mCi/  
mmole material was mixed with unlabeled BaP to 
produce a material with a specific activity of 
26 2 mCl/mmole 1-Nltro-[4,5,9,10-14C]pyrene 
(98% radlochemlcal purity; 43 mCl/mmole)  was cus- 
tom synthesized for ITRI by Amersham and used 
without further purification Identity was verified 
by direct exposure probe/mass spectrometry, no 
dmltropyrene was detected in the sample by this 
method Purity was assessed by high-performance 
liquid chromatography (HPLC) under the conditions 
used for purifying dmltropyrenes (see below); the 
radlochemical purity was >95% 

Synthesized radlochem~cals A mixture of 1,3-, 
1,6-, and 1,8-dmltropyrene was synthesized by 
nitration of a mixture of 14C-labeled 1-mtropyrene 
with an overall specific activity of 12.2 mC1/mmole 
using the method of Ll and Dutcher [16] Nitro- 
pyrene and mtnc acid (1 10 mole ratio) were dis- 
solved in 5 i dlchloromethane-acetic anhydride and 
heated for 2 hr at 40 ° Excess acid was neutralized 
with 20 ml of 0 2 M sodium carbonate and the aque- 
ous material discarded The organic-soluble material 
was enriched in dlmtropyrene by silica gel thin-layer 
chromatography in 100% dlchloromethane, a 
yellow-orange band near Rf = 0 6 was collected This 
product was purified by HPLC as described below 
A similar procedure was used to synthesize 1,3,6-  

trmltropyrene, but with 43mCl/mmole 1-nltro- 
pyrene as starting material and a 1 13 
mtropyrene nitric acid ratio, 3 hr of heat, and no 
TLC enrichment. 

The synthetic products were purified by HPLC 
using a modification of the method of Rosenkranz et 
al. [24] An analytical (4.6 m m x  25 cm) Zorbax CN 
column (Dupont, Wilmington, DE) was attached to 
an SP8100 programmable HPLC (spectra-Physics, 
San Jose, CA) and used in a normal phase gradient 
(0%-16% 2-propranol in hexane over 24 mln, flow 
rate 2 ml/mln,  ultraviolet detection at 254 nm) The 
identity and purity of the products were verified 
by mass ~pectrometry comparisons of the HPLC 
fractions with standards previously synthesized [16] 
The samples were introduced into the mass spec- 
trometer on the direct exposure probe as the sen- 
Sltlvlty was about 10-fold greater than the solid 
probe. The molecular ions of mono-, dl-, and tn- 
mtropyrenes were differentiated by the presence or 
absence of ions at m/z 247, 292, and 337. For 
additional verification, the (M-46) ions were also 
considered, for the m/z 201,246, and 291 are distinc- 
tive for each type of nitro derivative 

Diesel exhaust extract. Particles were collected on 
a 20 in x 20 in high volume sample filter from the 
exhaust of an 8-cyhnder Oldsmobile diesel engine 
mounted. The filter sample was collected over a 45- 
rain period while the engine was running on two 
Federal Test Procedure cycles [25] Organic-soluble 
compounds were extracted from the particles by 
somcatlon for 2 hr in dichloromethane [26] Extract- 
ames were filtered through Mllhpore ultrafilters 
(Bedford, MA), flash-evaporated to dryness, and 
reconstituted in dlchloromethane 

Other unlabeled compounds 1-Nltropyrene (98% 
pure) was synthesized by mtratlon of pyrene with 
nitric acid [27] and analyzed by HPLC for purity It 
contained 1% dlmtropyrene Benzo[a]pyrene (98% 
pure) was obtained from Eastman (Rochester, NY) 

Suspenstom for mtratracheal installation An 0.2% 
solution of gelatin (Bacto-Gelatm, Dlfco, Detroit) 
in 0 9% saline was used as a vehicle for the putative 
inducing and binding agents and as an instilling 
material for control animals. Putative inducing 
agents (benzo[a]pyrene, 1-mtropyrene, and diesel 
extract) were suspended by ultrasomcatlon in 0 2% 
gelatm/sahne at a concentration of 10mg/ml 
Radlolabeled putative DNA binding agents (benzo- 
[a]pyrene, 1-nltropyrene, dlnltropyrenes, and 
1,3,6,-trmltropyrene) were dissolved in a minimum 
volume of acetone (0 1 to 0.3 ml) and suspended in 
0 2% gelatin/sahne at concentrations ranging from 
0 03 to 1 1 mg/ml or 4 to 300/~Cl/ml. The acetone 
was removed by bubbling air through the suspension 
prior to instillation 

Ammal~ used Specific pathogen free male CD-1 
mice, 16 to 19 weeks o1 age and weighing 22-4l g, 
were used in these experiments The mice were 
raised in a bamer-mamtamed colony up to at least 
8 weeks of age and then transferred to adult housing 
m plastic shoebox cages with hardwood chip bedding 
They were house 1-9 to a cage and fed Wayne Lab- 
blox (Alhed Mills, Chicago) and water ad hb Three 
to five mice were assigned to each experimental 
group 
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Intratracheal insttllattons and sacrtfices Mice were 
instilled with ei ther  the ge la t ln -sa lme vehicle or one 
of the inducing agents be tween 8 :30  a.m and noon.  
Twenty-four  hours later each animal was instilled 
with a putative D N A  binding agent. The instillation 
technique was a modlf icanon [8] of the technique 
of Penfi and Cabrera  [28] The volume of mstllled 
material  in every case was 1/~l/g body weight,  so 
each animal received 220 to 410 ~g of a putative 
inducing agent and 0 63 to 41 gg or  0.08 to 12 ~tC1 of 
a labeled compound.  Each mouse was anesthetized 
with halothane before instlllatmns Animals  were 
killed by carbon &oxide asphyxiation 4, 28, and 
172 hr after instillation of the D N A  bmding agents. 

lsolatton and analysts of lung DNA The technique 
for D N A  isolation and quanti tat ion of covalent  bind- 
ing has been described [8]. D N A  content  was 
measured as absorbance at 260nm,  and covalent  
binding of radlolabeled substrates was measured by 
liquid scintillation spectroscopy on a Packard 3255 
spectrometer .  D N A  isolated by thts procedure  had 
260 n m / 2 8 0  nm ratios of ~ 1.98. D N A  binding of  
metabohtes  of the labeled compounds  was measured 
by the Covalent  Binding Index (CBI) [7], defined as 

(~moles b o u n d / m o l e  nucleotldes) 
CBI = 

(mmoles  admIms te red /kg  body weight) 

The  results are expressed as the mean CBI -+ S.E.M. 
for three to five mice The statistical significance of 
differences among CBI  values was assessed with 
Student 's  t-test. 
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Purity of the synthestzed materials. The mixture of 
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Fig 2 CBI of 1-mtro[~4C]pyrene to mouse lung DNA Mine 
were instilled with 1 ml/kg of an 0 8 mg/ml suspension of 
43 mC1/mmole 1-nltro[14C]pyrene m 0 2% gelatm/sahne, 
the instilled quantity was 0 8mg/kg Pretreatment con- 
dlnons were as in Fig 1 Asterisks indicate values s]g- 
mficantly different from the vehicle 4-hr and 172-hr values 

(P < 0 05) 

tines of the three Isomers as est imated by the peak 
areas of  the three H P L C  peaks. 

Filter samples obtained from two separate runs of 
the Oldsmobi le  diesel engine yielded 4 g of diesel 
particle of which 18% (by weight) was dlcbloro- 
methane-extractable .  

Unmduced and mduced DNA binding Covalent  
binding radices for benzo[a]pyrene and the three 
ni tropyrenes are given m Figs. 1-4 at the three 
sacrifice times, with and without pre t reatment  with 
the putative reducers The covalent  binding for each 
exper imental  group was compared  with the value for 
vehicle- treated animals killed at the same sacrifice 
time and receiving the same putanve D N A  binding 
agent. As shown, BaP, 1-nltropyrene. dinltropy- 
renes, t rmltropyrene,  a n d / o r  their metabohtes  were 
bound to D N A .  Pre t rea tment  with benzo[a]pyrene 
sigmficantly increased the binding for all the agents 
except t r lni t ropyrene,  and diesel extract increased 
the binding of benzo[a]pyrene at 4 hr Dtesel extract 
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Fig 1 Covalent Binding Indices (CBI) for binding of .x 
metabohtes of [14C]benzo[a]pyrene to mouse lung DNA o 
after pretreatment with 1 ml/kg of vehicle of 10 mg/ml 1- (9 
mtropyrene, diesel extract, or benzo[a]pyrene Twenty- 10 
four hours after pretreatment, mice were instilled with 
1 ml/kg body weight of a 1 0 mg/ml suspens]on of 22 mC1/ 
mmole benzo[a]pyrene m 0 2% gelatm/sahne, so the 
mstdled quantity was 1 mg/kg Sacrifice nines in hours are 
given in the key Bars and error bars m&cate mean -+ 
S E M for three to five mice Asterisks indicate values 
slgmficantly different from the vehicle 4-hr value 
(P < 0.05) The stansncal slgmficance of differences among 

CBI values was assessed with Student's t-test 
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Fig 3 CBI for a mixture of dmltro[14C]pyrenes to mouse 
lung DNA Mice were rest]lied with 1 ml/kg of an 0 8 rag/ 
ml suspension of a 12 2 mCl/mmole m]xture of 1,3-, 1,6-, 
and 1,8-&mtro[14C]pyrene m 0 2% gelatm/sahne, the 
mstdled quantity was 0 8 mg/kg Pretreatment condmons 
were as in Fig 1 The asterisk m&cates a value s~gmficantly 

different from the vehicle 4-hr value (P < 0 05) 
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Fig 4 CBI for binding of 1,3,6-trmltro[~4C]pyrene to 
mouse lung DNA Mice were instilled with 1 ml/kg of 0 7, 
0 07. or 0 03 mg/ml of a 43 mC1/mmole suspension of 
1,3,6-mmtro[~4C]pyrene in 02% gelatin/saline, the 
instilled quanmy was 0 7, 0 07, or 0 03mg/kg Pre- 

treatment conditions as in Fig 1 

had insignificant effects on binding of other agents 
and of BaP at other times, and pretreatment with 1- 
nitropyrene did not alter significantly DNA binding 
of any of the agents 

D I S C U S S I O N  

Umnduced DNA bmdmg of BaP and nttropyrenes 
The covalent binding index found for benzo[a]pyrene 
in lung at 4 hr in this study (40 -2-_ 17) is similar to 
that found previously [8]. The amount of unlnduced 
1-mtropyrene binding found in this study (CBI = 
9 7 0 - 1 8 0 )  is higher than that found by Mitchell 
[8] (CBI = 80). Dmltropyrene was a potent DNA 
binding agent (CBI = 720 -* 100) and tranxtropyrene 
appeared to be similarly potent (CBI = 660 +- 210) 

It ~s unclear why the unlnduced 1-nltropyrene 
binding was higher in this study than in that of 
Mitchell [8] The mice used in this study were older--  
16-19 weeks versus 8-10 weeks in the previous 
study--and there are examples of age effects on 
constitutive levels of metabolic enzymes that could 
result in higher binding in more mature animals [29] 
However, these effects are not pronounced within a 
narrow range of age in adult animals A more likely 
explanation for the difference would be an unid- 
entified change in the environment in which the 
animals were housed (chow, bedding, inhaled micro- 
organisms, etc.), such changes have been implicated 
as effective inducers of mixed-function oxldases 
[30, 3{] and could increase the constitutive levels of 
enzymes involved in 1-nltropyrene metabolism 

Potency of  benzo[alpyrene as an Inducer Figures 
1-3 show that benzo[a]pyrene pretreatment 
enhanced the binding of metabohtes of 
benzo[a]pyrene, 1-nitropyrene, and dlnitropyrene to 
lung DNA at 4 hr, 4 and 172 hr, and 4 hr after pre- 
treatment respectively The largest inductive effect, 
expressed as a ratio of induced to uninduced binding, 
occurred with 1-nltropyrene, for which the ratio was 
22' 1. This is smaller than the 160:1 ratio found by 
Mitchell [8] even though the induced CBI is higher 

in the present study (2,1540vs 12,510) It is, none- 
theless, a large increase and implies that the meta- 
bohc pathways leading to production of DNA 
adducts have been enhanced by the pretreatment 

The magnitude of the BaP-lnduced CBI values for 
mono- and dlnltropyrenes (21,540 and 2,920 respect- 
ively) is noteworthy It is in the same range reported 
by Lutz [7] for aflatoxln B1 (3,000-31,000, depending 
on species, organ, and conditions) Strictly speaking, 
Lutz's definition of CBI applies to systemic binding 
distant from the site of administration (e g binding 
in liver after an lntrapentoneal Injection), whereas 
our values are obtained in an organ (lung) adlacent 
to the site of administration (trachea) Thus, our 
values are not entirely comparable to those given in 
Lutz's tables Nonetheless, the large CBI values for 
induced binding of nitropyrenes in respiratory tissue 
indicate their potential for causing DNA damage 
when present in inhaled mixtures The potency of a 
compound as a DNA binding agent does not cor- 
relate perfectly with carclnogenlclty [32] or even with 
mutageniclty [7], so the large CBI values do not 
necessarily imply a high degree of carclnogenlclty 

Potency" of diesel exhaust extract as an reducer 
Diesel exhaust has not been shown to be a potent 
inducer of mixed-function oxldase activity in the 
lung [21-23] A modest increase in mixed-function 
oxldase activity was seen in one study [21] On the 
other hand, increased enzyme activity has been 
observed m the lung after intratracheal administr- 
ation of diesel particle extract with relative high 
doses (6 mg/kg body wt) [22] These results are in 
agreement with the data m the present stud) which 
Indicate that the inductive effect of orgamc extracts 
of diesel exhaust is weak as measured by DNA 
binding There was a significant increase m DNA 
binding at 4hr after diesel exhaust pretreatment 
only for benzo[a]pyrene, increases were absent or 
insignificant for the nltropyrenes It is of course 
conceivable that aryl hydrocarbon hydroxylase or 
some other activity is being induced to a considerable 
degree, but in a way that does not lead to increases 
in DNA binding for the agents studied 

Potency of nttropyrene a~ an mducer The results 
show that nltropyrene pretreatment did not affect 
DNA binding of any of the binding agents Either the 
receptor(s) which binds inducers hke benzo[a]pyrene 
fails to bind mtropyrene, or nltropyrene binds but 
does not activate an enzyme system, or ~t activates 
enzymes but the actl,~ations do not lead to DNA 
binding for any of the compounds under stud)' The 
first suggestion is supported by the recent finding 
[33] that l-nltropyrene does not compete for the 
2,3,7,8-tetrachlorodlbenzo-p-dloxln AHH receptor 
i n  r a t s  

Retentton of DNA adducts The retention time 
of any DNA lesion is important in assessing the 
significance of the damage We found a high degree 
of persistence of the covalent binding of metabohtes 
of benzo[a]pyrene and the nltropyrenes to DNA 
At 172hr the unmduced and reduced binding ot 
benzo[a]pyrene and mtropyrenes was about 75% of 
the 4-hr value BaP-mduced DNA binding of l- 
mtropyrene was more persistent than the unlnduced 
binding during the first week, the 172-hr value was 
85c/c of the 4-hr value after BaP induction, whereas 



Enzyme induction, DNA binding, complex chemical mixtures 2133 

the unmduced 172-hr value was only 20% of the 4- 
hr value The mechanism for this increase in per- 
s~stence is not obvious; tt may be that different 
metabolites and therefore different DNA adducts 
form xn reduced lung as compared to unlnduced lung, 
and that the adducts in the induced lung are less 
subject to repair On the other hand, the increase 
in persistence may arise from an alteration of a 
secondary metabohc pathway, e g inh~btt~on of an 
enzyme responsible for conjugating electrophihc 
metabohtes or lnhibmon of a DNA repair system. 
There ~s apparently a delicate balance between acti- 
vation and detoxlfiCatlon pathways on the fate and 
persistence of potential mutagens and carcinogens. 
It is known that differential reduction of cytochrome 
P-450 enzymes occurs after pretreatment with van- 
ous inducers Aroclor-1254 is known to induce both 
cytochrome P-450 and P-448 enzymes, whereas BaP 
primarily induces P-448 enzymes [34]. The mduced 
enzymes may have &fferent substrate speclfiClties 
[31] In addltton, the levels of other enzymes, such 
as epoxlde hydratase and UDP glucuronosyltransfer- 
ase, may be affected by pretreatment with chemicals 
and thus have an overall effect on the forms and 
persistence ot metabohtes bound to DNA [35]. 

The persistence of DNA binding of BaP and nitro- 
pyrenes suggests that processes other than actual 
repair are responsible for the clearance of adducts. 
Most of the DNA damage cause by agents such as 
4-nitroqulnohne oxide is repmred within 48 hr of 
exposure [36], and enzymatic DNA repair processes 
tend to act on a time scale measured in hours or days 
rather than weeks [37] DNA lestons produced by 
BaP and nltropyrenes may actually persist until the 
affected cell is removed from the organ and could, 
in principle, give rise to somatic mutations at any 
point between exposure and cell turnover. 

Mechantsm o f  reduction o f  D N A  bindmg. The 
mechanism of BaP and diesel exhaust mduced bind- 
ing of BaP and nltropyrenes to DNA is not under- 
stood completely One explanation of the induction 
of binding is that it derives from induction of an 
enzyme system responsible for converting BaP and 
nltropyrenes to electrophlhc interme&ates capable 
of binding to DNA.  BaP is known to be an inducer 
of A H H  and inhaled diesel particles have a moderate 
effect on the reduction of A H H  activity [21] A H H  
activity is reqmred for the conversion of ben- 
zo[a]pyrene to an mtermedmte capable of binding to 
DNA It is clearly established that polycychc aro- 
matic hydrocarbons such as benzo[a]pyrene are 
metabolized by the respiratory tract to metabohtes 
that are bound to DNA and are responsible for the 
initiation ot respiratory tract tumors However, httle 
Information exists on the metabolism and binding of 
nltroaromat~cs in these tissues It has been shown 
that rabbit lung explants and homogenates are capa- 
ble of metabohzlng and binding 1-mtropyrene to 
products that brad DNA [38]. In addition, lung ttssue 
~s capable of both oxidative and reductlve metab- 
ohsm which produce mutagemc metabohtes of l- 
nitropyrene [39] EI-Bayoumy et al [40] have shown 
that 1-nltropyrene reduces lung tumors in A / J  mice 
and suggests that the 4.5-&hydro-4,5-epoxy-l-nltro- 
pyrene ~s a potenhal lntermedtate m the activation 
process We have shown m this study that nitro- 

aromatics are metabolized and bound to mouse lung, 
m vtvo, and that the blndmg ts mcreased significantly 
following enzyme reduction. This study has also 
shown that the binding is persistent for several days 
after administration Mechanisms involving A H H  
activation of nltroarenes have been postulated [8], 
the activation probably involves nltroreductlon 
[41,42]. 1-Nltropyrene is nltroreduced by an 
inducible cytochrome P-448 in mammalian cells in a 
reducing atmosphere [43]  Induction of other 
enzymes may be an alternate or addmonal expla- 
nation for the increase m binding due to the pre- 
treatments Induction of cytochrome P-448 remains 
the most plausible explanation, however, smce that 
reduction ts itself well-documented and would lead 
directly to the results observed 

It is not known which resptratory tract ttssues 
and cells are at greater risk to injury from inhaled 
substances It has been reported that monooxy- 
genases are induced in both Clara cells and Type II 
cells after fl-naphthoflavone treatment [44] 
Additional studies show that rabbit alveolar macro- 
phages can metabohze 1-NP to products that are 
bound to DNA [38]. Studies on DNA damage in 
rabbit lung Clara and Type II cells suggest that Clara 
cells may be a target because they are primary sites of 
cytochrome P-450-dependent monooxygenases and 
have a low capactty for DNA repair and a capacity 
for proliferation. 

Conclustons. We found that metabolltes of benzo- 
[a]pyrene and nltropyrenes bound to mouse lung 
DNA and that this binding was increased by pre- 
treatment with benzo[a]pyrene, increased in some 
instances by diesel extract, and unaffected by mtro- 
pyrene pretreatment. The binding was quite per- 
sistent and was made even more so in some cases by 
the action of the mducers As evtdence accumulates 
that the nitroarenes are carcinogens [13, 17], it lS 
becoming increasingly clear that the capacity of these 
compounds to bind to DNA has biological 
significance 
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