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Abstract--Previous work has shown that member(s) of the cytochrome P450IIC sub-family play 
significant roles in the formation of diols of 7,12-dimethylbenz[a]anthracene (DMBA) and are 
particularly important in formation of the proximate carcinogen (DMBA-3,4-diol). To further 
characterize the role of members of this subfamily in DMBA-diol formation and to assess the part 
played by other P450s, DMBA metabolism has been investigated in microsomes prepared from animals 
pre-treated with isoenzyme selective inducers. The rates of formation of DMBA-diols in membranes 
from phenobarbital-treated rats were very low when NADH was used as reductant and rates were not 
altered when NADPH and NADH were used in combination rather than using NADPH alone. This 
suggests that cytochrome b5 is not involved in DMBA-diol formation in these membranes. Treatment 
of animals with clofibrate, pyrazole and dexamethasone produced regio-selective alterations in the rates 
of formation of DMBA-diols at the -3,4-, -5,6- and -8,9- positions. However, none of the inducers 
caused increases in the rates of DMBA-diol formation of any great magnitude suggesting that the 
isoforms which are the major induced proteins (P450IVA1, P450IIE1 and P450IIIA1) do not play a 
significant role in diol formation. The content of other P450s in these membrane are also altered and 
these were investigated by Western blot using antibodies to P450IIC6, P450IIB1 and P450IIIA1. The 
results of the Western blots show that the effects of the inducing agents on DMBA-diol formation can 
be explained by alterations of members of the P450IIC and P450IIB subfamilies. 

Treatment of Long-Evans rats by four or more 
hi-weekly administrations of 7,12-dimethyl- 
benz[a]anthracene (DMBA)I I causes an erythro- 
leukaemia in a high proportion of animals [1]. This 
model of chemical leukaemogenesis is of particular 
interest since pretreatment of the animals with the 
azo dye, Sudan II I  [1-(4-phenylazo-phenylazo)-2- 
napthol] prior to the administration of DMBA 
protects the animals from disease induction [2]. 
The Long-Evans model is also distinct in that 
administration of D M B A  to other rodents causes 
turnouts in other tissues [3, 4]. These species and 
tissue-selective effects elicited by D M B A  may relate 
to a differential in metabolic capacity to produce the 
ultimate carcinogen. 

The carcinogenic properties of (DMBA) are 
dependent  on metabolic activation to an ultimate 
carcinogen [5] which can mutate cellular proto- 
oncogenes [6-8]. Studies of D M B A - D N A  adduct 
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formation suggest that the ultimate carcinogen is the 
bay region diol-epoxide DMBA-3,4-diol-l ,2-oxide 
[9--12]. This is formed by a sequential pathway 
initiated by the formation of DMBA-3,4-oxide, 
catalysed by a cytochrome P450 (P450) or cyto- 
chromes P450 isoenzymes, and this intermediate 
may then be hydrolysed by epoxide hydrolase. 
The resulting trans-DMBA-3,4-diol (the proximate 
carcinogen) undergoes a terminal, P450 catalysed 
mono-oxygenation to form the ultimate carcinogen. 
In the rat DMBA can also be converted to other 
trans-dihydrodiols at the -5,6- and -8,9-positions and 
these metabolites have much reduced carcinogenic 
and mutagenic potential. The outcome of exposure 
to DMBA may therefore be determined by the 
relative capacity of animals to form these diol 
products. 

The identity of the specific P450s forming 
individual DMBA-metaboli tes  is being investigated 
by the use of agents which induce and/or  suppress 
the expression of specific P450 isoforms. For  instance, 
Sudan III causes a shift in the regio-selective 
metabolism of DMBA to products which are without 
toxic or carcinogenic properties and the animals 
become less susceptible to leukaemogenesis. Sudan 
III  elicits responses similar to those resulting from 
the administration of 3-methylcholanthrene (MC) 
and causes an increased level of hepatic P450IA1 
and consequent increased rates of formation of -5,6- 
and -8,9-diols [13, 14]. The formation of -5,6- and 
-8,9-diols in membranes from Sudan-treated animals 
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can be quantitatively inhibited by an antibody to 
P450IA1 [14]. 

The regioselective metabolism of DMBA is also 
altered by pretreatment of the animals with 
phenobarbital (PB) and the rates of formation of 
DMBA-3,4-diol and DMBA-5,6-diol are increased 
[14, 15]. Phenobarbital causes an increase in the 
hepatic content of at least three P450-gene sub- 
families [16-18]. Members of the P450IIC group are 
marginally increased by PB, while members of the 
P450IIB are greatly increased. Isoforms in the 
P450IIIA sub-family are greatly induced by preg- 
nenalone-16o:-carbonitrile (PCN) but are marginally 
increased by PB. Antibody inhibition studies and 
correlation between the expression of P450IIC in 
membranes from animals treated with various 
xenobiotics and rates of formation of DMBA-3,4- 
diol demonstrate that P450IIC plays a major role in 
the formation of the proximate carcinogen [14, 19]. 
Antibody and metyrapone inhibition studies [14] 
suggest that P450IIB may be important in the 
formation of the 5,6-diol. 

Cytochrome P450 catalysed reactions are depen- 
dent on a source of electrons which in most cases is 
supplied by NADPH via NADPH-cytochrome P450 
reductase [20]. However, some reactions are 
dependent on NADH as the reducing source and 
many NADPH-dependent reactions have increased 
rates when NADH is also present. Waxman and 
Walsh [21], studied various reactions catalysed by a 
purified P450IIC isoform in a reconstituted system 
and found a marked stimulation of ethoxycoumarin- 
O-deethylation, acetanilide hydroxylation and the 
oxidation of toluene and p-tolyl ethyl sulphide when 
cytochrome b5 and NADH were also present. 
Because of the involvement of P450IIC in the 
formation of DMBA-diols and the apparent role of 
cytochrome b5 in other P450IIC-mediated reactions 
[21], the ability of NADH to support DMBA-diol 
formation has been investigated. 

Although 90% of the production of 3,4-diol can 
be accounted by P450IIC in membranes from PB- 
treated animals other isoforms are likely to be 
significant in membranes from untreated animals 
[19]. One method of addressing this problem is by 
treatment of animals with xenobiotics which produce 
characteristic and selective changes of the hepatic 
content of constitutively expressed P450s. PCN is an 
inducer of P450IIIA [22] and members of this gene 
family can also be induced by treatment with other 
synthetic glucocorticoids such as dexamethasone 
[23]. Clofibrate increases the amount of a P450 which 
functions in the ~o and w-1 hydroxylation of medium 
length fatty acids and causes a 20-fold induction of 
P450IVA1 [24]. Treatment of rats with pyrazole [25] 
increases the membrane content of P450IIE1 which 
is involved in the metabolic activation of the pro- 
carcinogen N-nitrosodimethylamine and in the 
metabolism of various hydrocarbons such as benzene 
[26] and pentane [27]. The effect of treatment of 
animals with dexamethasone, clofibrate and pyrazole 
on the P450 content of hepatic microsomes provides 
a means of investigating the role of several P450s in 
the metabolism of DMBA. The effects produced by 
these agents on DMBA-metabolism and P450 
expression have been compared to the previously 
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characterised effects produced by phenobarbital and 
Sudan III. 

MATERIALS AND METHODS 

Chemicals. DMBA, glucose-6-phosphate sodium 
salt, glucose-6-phosphate dehydrogenase (yeast Type 
VII), NADH and NADP-Na were obtained from 
the Sigma Chemical Co. (Poole, U.K.). [GaH]DMBA 
(87.4Ci/mmol) was obtained from Amersham 
International (Amersham, U.K.). The radiochemical 
purity of this material was confirmed by normal- 
phase HPLC (97%). Solvents were of HPLC grade 
and were obtained from FSA Laboratory Supplies 
(Loughborough, U.K.). Acetone was redistilled over 
potassium permanganate. All other reagents were 
of analytical grade. 

Enzyme and antibody preparation. Antisera 
to cytochromes P450 (P450IIB1, P450IIC6 and 
P450IIIA1) were generously provided by Dr C. R. 
Wolf. The cytochromes were purified from adult, 
male, Wistar rats which were pretreated with 
phenobarbital and antisera produced in rabbit as 
previously described [28-30]. The specificity of these 
antibodies when used in Western blots and inhibition 
studies have been described [14, 31]. Anti-P450IIB1 
reacts with P450IIB1 and IIB2, anti-P450IIC6 
recognises several proteins of the IIC2 subfamily 
and anti-P450IIIA1 recognises a single antigen. 

Animal treatment and preparation from liver. 
Female Long-Evans rats taken from a random-bred 
colony maintained on commercial diet A1 (John 
Stewart, Larbert, Stirlingshire) aged 40--44 days were 
used. Treated animals received either; 0.1% (w/v) 
PB in drinking water for 7 days; 7.5 mg/kg Sudan 
in corn oil (o.g.) 24hr prior to killing; pyrazole 
(200 mg/kg) was dissolved in saline (0.9% w/v) and 
was administered as a single injection (i.p.) 
24 hr prior to killing; dexamethasone (200 mg/kg), 
suspended in corn oil, was given (i.p.) for 3 days 
prior to killing; clofibrate was via the diet (0.5% w/ 
w) for 10 days prior to killing. The clofibrate diet 
was prepared by mixing clofibrate dissolved in 
acetone with powdered Biosure diet. The acetone 
was allowed to evaporate overnight. 

Microsomes were prepared as previously described 
(32) in Tris-HCl (0.05M, pH 7.4 at 4°), KCI 
(1.15%w/v), EDTA (lmM).  The microsomal 
pellets were resuspended in potassium phosphate 
buffer (0.2 M, pH 7.0), EDTA (1 mM) to a protein 
concentration of between 10-20 mg/mL. For the 
metabolic studies the membranes were used 
immediately or were stored at -70  ° but for no longer 
than one week. Membrane protein was determined 
by the procedure of Bradford [33] using a bovine 
serum albumin standard, P450 by the method 
of Omura and Sato [34] and benzphetamine 
demethylase by determination of formaldehyde by 
the method of Nash [35]. 

Metabolism of DMBA with membrane samples. 
[3H]DMBA (10 #Ci, 50/tM) was incubated with rat 
microsomal samples (1 mg/mL) at 37 ° in the presence 
of an NADPH-regenerating system containing 
NADP + (0.4mM), glucose-6-phosphate (4.0mM) 
and glucose-6-phosphate dehydrogenase (4 units) in 
Tris-HC1 buffer (0.07M, pH 7.5 37 °) containing 



Metabolism of 7,12-dimethylbenz[a]anthracene in hepatic microsomal membranes 

Table 1. Electron transport systems involved in the metabolism of DMBA in hepatic 
microsomes 

1507 

Rate of diol formation (pmol/min/mg microsomal protein) 
Electron source DMBA-3,4-diol DMBA-5,6-diol DMBA-8,9-diol 

NADPH 15.57 ± 2.23 30.48 ± 3.25 11.29 ± 3.07 
NADH 1.10 --- 0.22* 4.47 ± 1.02" 1.93 ± 1.06" 
NADPH + NADH 17.99 ± 3.46 34.38 ± 0.88 13.16 ± 0.86 

[3H]DMBA was incubated with microsomal membranes (1 mg protein) from PB-treated 
animals in a total volume of 1 mL TKME. Reactions were initiated either by the addition 
of the NADPH regenerating mixture as described in Materials and Methods or the addition 
of NADH (0.4mM) or both reductants were added simultaneously. Reactions were 
terminated after 20 rain and initial rates of formation of DMBA-diols determined as 
described in Materials and Methods. Data was obtained with four separate microsomal 
preparations (duplicate determinations for each preparation) and show mean -+ SD for the 
pooled data. The significance of the addition of NADH on formation of DMBA-diols was 
assessed by Student's t-test. 

* P < 0.001. 

potassium chloride (215 mM), E D T A  (0.1 mM) and 
magnesium chloride (14 mM) in a final volume of 
1 mL. Reactions were continued for 30 min or for 
20 min when membranes from untreated animals or 
treated animals were used respectively. Under  these 
conditions, the formation of all three diols studied 
is linear with respect to time but formation of the 
hydroxymethyl-MBA metabolites are not linear and 
these have not been investigated in this study. The 
reactions were stopped by the addition of I mL of 
ice-cold acetone and the aqueous phase was extracted 
twice with 2 mL of ethyl acetate. The combined 
organic phases were dried and evaporated to dryness 
prior to HPLC. The recovery of input radioactivity 
was 95% and the residual radioactivity remained in 
the aqueous phase or was associated with proteins 
[14]. 

Analysis of  metabolites. Analytical HPLC was 
performed using a Gi lson/Apple  system (Gilson 
Medical Electronics F .A. ,  France/Apple  Computers, 
Hemel Hempstead) with a normal-phase silica 
column (Zorbax-SIL HPLC Technology, Maccles- 
field) as previously described [13, 14]. The dihydro- 
diols of D M B A  have been identified by comparison 
of their retention times on two different chro- 
matographic systems to authentic reference dihydro- 
diols and spectral properties of the eluted materials 
are in accord with published data [13, 14]. Typical 
retention times of the diols were: DMBA-3,4-diol,  
28rain; DMBA-5,6-diol,  48m in; DMBA-8,9-diol,  
65 min. The column eluate was collected in 1 mL 
fractions, the radioactivity determined in a liquid 
scintillation spectrometer and the initial rates of 
formation of the individual diols determined. 
Recovery of radioactivity loaded to the column was 
better than 85%. 

Determination of the P450 components of rat liver 
membranes. Microsomal proteins were resolved by 
SDS--polyacrylamide gel electrophoresis [36] on 10% 
gels pr ior  to electrophoretic transfer to nitrocellulose 
filters (Sehleicher and Schull) as described by Towbin 
et al. [37]. The P450s were visualized by immuno- 
staining, using antibodies to P450s, by the method 
of Domin et al. [38] using 4-chloro-l-naphthol as 
substrate. 

RESULTS 

The possible involvement of cytochrome bs in the 
formation of DMBA-diols has been investigated by 
a study of the role of N A D H  in these oxidation 
reactions. N A D H  and NADPH,  alone and in 
combination, were tested as reductants in reactions 
containing [3H]DMBA and microsomal membranes 
prepared from PB-treated animals. The results, 
shown in Table 1, confirm that formation of DMBA- 
diols requires the presence of N A D P H  and that 
reaction rates were very low when N A D H  was used 
as the sole source of electrons. In the presence of 
N A D H  alone, all three diols were detected but the 
rate of formation of the -3,4-diol, -5,6-diol and -8,9- 
diol were only 7, 15 and 17%, respectively, of the 
rates observed in the presence of NADPH.  Inclusion 
of both NADPH and N A D H  resulted in only a 
marginal increase (415%) in the rate of formation 
of DMBA-diols relative to N A D P H  alone but this 
was not statistically significant. 

The re#o-selective metabolism of DMBA has 
been investigated with microsomal membranes 
prepared from the livers of untreated and xenobiotic- 
treated rats. The membranes were initially charac- 
terised by their content of total P450 and by their 
capacity to demethylate benzphetamine which is a 
reaction catalysed by several PB-inducible isoforms. 
The results of these determinations are shown in 
Table 2. Treatment with Sudan did not appreciably 
alter the P450 content although a shift of the CO- 
difference spectra from 450 to 447 nm was observed 
(data not shown). PB caused a 2.8-fold increase 
in t h e  content of P450 while treatment with 
dexamethasone, pyrazole and clofibrate also 
increased the P450 content of the respective 
microsomal preparations by ~ 1.5-fold in each case. 
The rates of benzphetamine N-demethylation were 
also altered by some of the animal treatments. PB 
caused a 5.3-fold increase in demethylation compared 
to untreated while dexamethasone and clofibrate 
increased this activity by 2.3-fold and 2.6-fold, 
respectively. The treatments with Sudan and pyrazole 
did not effect catalysis with this substrate. 

The rates of formation of the DMBA-diols  were 
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Table 2. Effect of various inducers of P450 enzymes on P450 content and benz- 
phetamine-N-demethylation by rat hepatic microsomes 

Animal P 4 5 0  Benzphetamine-N-demethylase 
treatment (nmol/mg protein) (nmol/min/mg protein) 

Untreated 0.65 --. 0.05 2.52 --- 0.06 
Sudan 0.69 +-- 0.04 2.92 ± 0.09 
Phenobarbital 1.81 --- 0.05* 13.37 - 0.99* 
Dexamethasone 0.94 ± 0.10" 5.70 --- 0.40* 
Clofibrate 1.00 ± 0.17" 6.43 - 0.80* 
Pyrazole 0.92 ± 0.07* 2.60 ± 0.21 

Microsomal membranes (1 mg protein) were prepared from untreated animals and 
animals pre-treated with PB, Sudan, clofibrate, pyrazole or dexamethasone. The P450 
content and rates of N-demethylation of benzphetamine were determined as described 
in Materials and Methods. Data was obtained with four microsomal preparations for  
each animal treatment (triplicate determinations for each preparation) and show mean 
-+ SD for the pooled data. The significance of animal treatment on P450 content and 
benzphetamine demethylation was assessed by Student's t-test. 

* P < 0 .001 .  

determined using the membranes from the untreated 
and xenobiotic-treated rats. As previously reported 
DMBA is converted to three major diol products; 
DMBA-3,4-diol,  DMBA-5,6-diol and DMBA-8,9- 
diol (Table 3). Animals receiving Sudan III  or 
phenobarbital had altered capacities to form these 
diols as previously observed. Administration of 
Sudan suppressed the rate of formation of the -3,4- 
diol but caused increased rates of formation of 
the -5,6-diol (6-fold) and the -8,9-diol (16-fold). 
Treatment of animals with PB increased the rate of 
formation of the 3,4-diol (2-fold), the 5,6-diol (4- 
fold) and the -8,9-diol (2-fold). The other inducing 
agents also had regio-selective effects on the rates 
of formation of DMBA-diols. The formation of 
DMBA-3,4-diol was decreased when microsomal 
membranes from animals treated with dexameth- 
asone, clofibrate and pyrazole were used, to 21, 58 
and 38%, respectively of control values. Membranes 
from clofibrate treated animals had increased rates 
of formation of the -5,6-diol (3-fold) and the -8,9- 
diol (2-fold) but the formation of these diols by 
membranes from animals receiving dexamethasone 
or pyrazole were unaltered. 

The effect of treating animals with xenobiotics on 
the microsomal content of individual P450 isoenzymes 
was investigated by Western blotting. The membrane 
proteins were separated by SDS--PAGE, transferred 
to nitrocellulose and probed with antibodies raised 
to P450IIIA1, P450IIC6 and P450IIB1 (Fig. 1). The 
antibodies produce single, major immunostained 
bands but minor bands with much lower staining 
intensity were also observed when anti-P450IIIA1 
and anti-P450IIB1 were used. The minor bands may 
result from cross-reactivity of the antibodies with 
other proteins in the same gene subfamily but the 
intensity of immunostaining of these was not altered 
by animal treatment. Anti-P450IIIA1 produced a 
dominant staining band which was observed in each 
of the membrane preparations. The intensity of the 
major immunostained band was increased in 
membranes from dexamethasone-treated animals 
and to a lesser extent in membranes from PB-treated 
animals. The intensity of immunostain of the major 

band identified by anti-P450IIIA1 with membranes 
from Sudan, clofibrate and pyrazole-treated rats was 
not changed in comparison to that observed with 
membranes from the untreated animals. Anti-  
P450IIC6 reacted with a protein band present in 
each of the preparations and the intensity of staining 
of this was increased ( -2- fo ld)  when microsomal 
membranes from PB-treated animals were used. 
When membranes from Sudan, dexamethasone and 
pyrazole-treated animals were investigated the 
intensity of staining of the anti-P450IIC6-reactive 
material appeared to be decreased in comparison 
with membranes from untreated animals. The 
protein band reacting with anti-P450IIC6 with 
membranes from clofibrate-treated animals was 
unchanged in comparison to membranes from 
untreated animals. When anti-P450IIB1 was used 
with membranes from untreated animals two bands 
with differing staining intensity but of very similar 
molecular size were observed. The immunoreactive 
band of higher molecular weight was found to be 
greatly increased in the membranes from PB-treated 
animals and was increased to a lesser extent in 
membranes from clofibrate-treated and dex- 
amethasone-treated animals. Sudan III  or pyrazole 
treatment did not effect the immunostain intensity 
of either band detected by anti-P450IIB1. 

DISCUSSION 

Previous studies have provided evidence for the 
role of specific P450s in the regio-selective formation 
of DMBA-diols in rat-liver, microsomal membranes 
[13, 14, 19]. In membranes from Sudan-treated 
animals P450IA1 is responsible for the formation of 
most of the -5,6- and -8,9-diols. Other P450s are 
important in membranes from PB-treated animals 
and a member (or members) of the P450IIC family 
account for up to 90% of DMBA-3,4-diol  and 
50% of DMBA-5,6-diol  formation [19]. In these  
membranes the remainder of the -5,6-diol is formed 
by member(s) of the P450IIB family while P450IIC 
also plays a significant role in reactions leading to 
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Table 3. Effect of various inducers of P450 enzymes on the rate of formation of DMBA- 
diols by hepatic microsomes 

Rate of diol formation (pmol/min/mg protein) 
Animal treatment DMBA-3,4-diol DMBA-5,6-diol DMBA-8,9-diol 

Untreated 11.2 ± 2.0 11.7 --- 1.5 9.7 - 1.1 
Sudan 6.7 ± 1.2 71.7 ± 14.5" 159.2 ± 5.0* 
Phenobarbital 19.5 ± 7.4* 46.4 - 8.2* 19.3 ± 3.9* 
Dexamethasone 2.3 ± 0.7* 7.4 ± 0.6 11.7 ± 0.9 
Clofibrate 6.5 ± 1.4 34.1 ± 6.7* 20.2 ± 3.6* 
Pyrazole 4.3 ± 1.1" 7.5 ± 2.3 8.9 ± 1.6 

Microsomes (1 mg) prepared from untreated animals or pretreated as above were 
incubated in the presence of [3H]DMBA and intial rates of formation of DMBA-diols 
determined as described in Material and Methods. Data was obtained from three different 
membrane preparations (duplicate determinations for each preparation) and show mean 
± SD for the pooled data. 

* P < 0 .001 .  

Anti -P450111A1 

Ant i -P45011C6 

A n t i - P 4 5 0 1 1 B 1  

Fig. 1. Immunoblot analysis of P450 isoenzymes in microsomal membranes from rats treated with a 
variety of xenobiotics. Protein components of microsomal membranes from untreated animals (U) or 
animals treated with phenobarbital (PB), Sudan (S), dexamethasone (D), pyrazole (PY) or clofibrate 
(C) were resolved by SDS-PAGE and transferred to nitrocellulose as described in Materials and 
Methods. These were immunostained using either anti-P450IIIA1, anti-P450IIC6 or anti-P450IIB1. 

Protein loading to each lane was 10/~g microsomal protein. 

formation of the -8,9-diol. Although P450IA2, 
P450IIB2 and members of the P450IIC subfamily 
are expressed constitutively the results of these 
previous studies may have been influenced by the 
use of microsomes from Sudan or PB-induced 
animals. This study was undertaken to identify other 
P450s which may catalyse DMBA-diol formation, 
especially those isoenzymes which are expressed 
constitutively, and to further characterize the 
P450IIC isoform involved. 

Waxman and Walsh [21] found that the catalytic 
activity of a purified P450IIC (termed P450-PB1) in 
a reconstituted system was enhanced by the inclusion 
of cytochrome bs. If the P450IIC involved in the 
formation of DMBA-diols is identical to this isoform 
it might be expected that inclusion of NADH would 
increase the formation of these diols. Although 
inclusion of NADH with the DMBA-reaction 
mixture did cause a slight increase in the formation 
of DMBA-diols, this was within experimental error 

(Table 1). From the results presented in Table 1 
there does not appear to be a dependence on 
cytochrome b5 in the formation of DMBA-diols in 
these membranes. The P450IIC family is extensive 
in the rat and probably contains more than 10 genes 
[39] and proteins of at least five of these have been 
isolated [21, 22, 40, 41]. With the exception of the 
P450IIC isolated by Waxman and Walsh, none of 
these isoenzymes has a dependence on the NADH- 
cytochrome b5 reductase/cytochrome b5 system. The 
P450IIC isolated by Waxman and Walsh was also 
stimulated by metyrapone [21] but this agent has no 
stimulatory effect of DMBA-diol formation in 
microsomes [14]. These observations may indicate 
that the isoform isolated by Waxman and Walsh is 
not the P450IIC involved in DMBA metabolism. 
Alternatively, it may be that the catalytic properties 
of membrane-embedded P450IIC is modified by the 
bilayer environment and unlike the reconstituted 
system does not have a requirement for cytoehrome 
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b5 and is not stimulated by metyrapone. Differences 
in turnover number and regio-selectivity during 
DMBA metabolism when reconstituted systems 
are compared to microsomal membranes, have 
previously been noted [14, 42]. 

Treatment of animals with Sudan and PB produces 
characteristic regio-selective alterations in the 
metabolism of DMBA [13, 14, 19] and these are 
shown in Table 3. The effect of treatment of animals 
with inducers of specific P450s was investigated to 
identify other individual P450 isoenzymes which may 
be involved in the metabolism of DMBA. This 
included treatment of animals with clofibrate, 
pyrazole and dexamethasone which induce 
P450IVA1 [24], P450IIE1 [25] and P450IIIA1 [22] 
respectively. Typically these agents cause marked 
increases in the membrane content of tl~ese isoforms 
and increase catalytic rates associated with the 
oxidation of isoform-selective substrates. None of 
the inducers caused increases in the rates of DMBA- 
diol formation of any great magnitude (Table 3) 
suggesting that the isoforms which are the major 
induced proteins (P450IVA1, P450IIE1 and 
P450IIIA1) do not play a significant role in diol 
formation. However, the agents did cause some 
changes in diol formation and these appear to be 
associated with effects on other P450s. 

Treatment of animals with clofibrate induces 
P450IVA1 by as much as 20-fold [24] but also 
appears to cause an induction of member(s) of the 
P450IIB sub-family. This is indicated both by 
the increased benzphetamine demethlyase activity 
(Table 2) and the increase on Western blots of a 
protein detected by anti-P450IIB1 in membranes 
from clofibrate-treated animals (Fig. 1). The increase 
of P450IIB in these membranes correlates well with 
the observed increase in the rate of formation of 
the -5,6-diol (Table 3) whose production has been 
attributed to the action of P450IIB. The clofibrate- 
induced increase of P450IIB reported here is in 
contrast to the findings of Sharma et al. [43] who 
found that this treatment caused a decrease in 
benzphetamine-N-demethylation and ethoxyres- 
orufin-O-deethylation. In the work reported by 
Sharma et al. [43], Wistar rats were used and the 
differences between the results could therefore be 
due to strain difference. 

Treatment of rats with pyrazole causes an increase 
of P450IIE protein [25] and nitrosodimethylamine 
demethylase activity [44]. P450IIE1 has been shown 
to be involved in the metabolism of some 
hydrocarbons [26, 27] and therefore the effect ot 
treatment of animals with pyrazole on the metabolism 
of DMBA has been investigated. However, the 
effects of pyrazole are not simple since this agent 
can act as a suicide inhibitor of P450s and treatment 
of animals with this agent in v ioo causes reduced 
rates of oxidation of some substrates [44, 45]. In this 
study pyrazole was found to reduce the rate of 
formation of the -3,4-diol (Table 3) suggesting that 
a member of the P450IIC sub-family may be affected 
by the pyrazole treatment. This is supported by a 
slightly decreased content of P450IIC proteins in 
the microsomal membranes from pyrazole-treated 
animals (Fig. 1) while immunoblots of these 
membranes with anti-P450IIB1 or anti P450IIIA1 
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indicated that these isoforms were unaffected by 
pyrazole. Previous work in this laboratory has 
indicated that a PB-inducible isoform other than 
P450IIB may be more susceptible to suicide inhibition 
by pyrazole than are other isoforms (V. M. Morrison 
and J. A. Craft, unpublished data). 

In rats, dexamethasone induces P450IIIA1 but 
also suppresses the expression of P450IIC and 
induces P450IIB [46]. Previous work using an 
antibody to P450IIIA1 has indicated that this isoform 
is not involved in DMBA-diol formation and that 
conclusion is now supported directly by rate 
determination data with membranes from dexa- 
methasone-treated animals (Table 3). However, the 
concomitant induction of P450IIIA1 and suppression 
of P450IIC by treatment of rats with dexamethasone 
is intriguing and provides a means for investigating 
further the role of P450IIC in the metabolism of 
DMBA. The rate of formation of DMBA-3,4-diol 
was reduced in microsomal membranes from 
dexamethasone-treated rats by 80% (Table 3) 
but Western blots of these membranes when 
immunostained with anti-P450IIC6 showed a much 
smaller reduction in the content of P450IIC when 
compared to microsomal membranes from untreated 
animals (Fig. 1). Meehan et al. [46] found that 
treatment of rats with dexamethasone caused a 
slight induction of P450IIC-related mRNA, as 
demonstrated by Northern blots, but a reduction of 
P450IIC-related protein on Western blots. It was 
proposed that the effect of dexamethasone may 
therefore be complex and may induce some 
member(s) of the P450IIC family while suppressing 
the formation of others. The P450IIC which is 
involved in DMBA-diol formation appears to be 
one which is sensitive to dexamethasone suppression 
but this P450 may constitute only a small part of the 
total anti-P450IIC6-reactive protein. Because of the 
role of P450IIC in formation of the -5,6-diol it might 
be expected that this metabolite would also be 
formed at much reduced rates in the membranes 
from dexamethasone-treated animals. However, the 
rate of formation of the -5,6-diol was only 
slightly reduced (<30%) in membranes from 
dexamethasone-treated rats and the effect was very 
much less marked than for the -3,4-diol. Increased 
rates of benzphetamine demethylation (Table 2), 
and increased immunostaining with anti-P450IIB1 
with these microsomes indicate an increase in 
P450IIB sub-family (Fig. 1) which is also involved 
in DMBA-5,6-diol formation. The effect of an 
increase in P450IIB member(s) may thus cancel out 
the effect of decreased P450IIC member(s). Other 
studies have reported a dexamethasone-induced 
increase of P450IIB protein [46, 47] and mRNA 
[48]. 

The results of this work provide further indications 
that a member(s) of the P450IIC sub-family is 
involved in the formation of DMBA-3,4-diol and 
that both P450IIC and P450IIB are involved in the 
formation of DMBA-5,6-diol. Treatment of rats 
with xenobiotics which cause large increases in the 
membrane content of specific P450s, enabled the 
elimination of P450IVA1, P450IIE1 and P450IIIA1 
as playing major roles in DMBA-diol formation and 
the effects of these agents on DMBA-diol formation 
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appear to be mediated by alterations of P450IIC and 
P450IIB content. 
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