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Abstract-In light of recent suggestions that hepatic microsomal aldrin expoxidation activity selectively 
reflects the phenobarbital (PB)-inducible form(s) of cytochrome P-450 (P-450p~), we tested the effect 
of pregnenolone-16cY-carbonitrile (PCN), a synthetic steroid that induces P-450pcry, a form of the 
cytochrome biochemically and immunochemically distinguishable from P-450~~. In hepatic microsomes 
prepared from rats receiving PB, 3-methylcholanthrene (3-MC), or PCN, the latter compound produced 
a greater increase in aldrin epoxidation activity relative to control than did PB, whereas 3-MC decreased 
enzyme activity. Moreover, the aldrin epoxidation activity in microsomes prepared from PCN- or 
PB-pretreated rats was selectively inhibited by form-specific antibodies directed against P-450ecN or 
P-45Opa, respectively, whereas anti-P-450 ~c antibodies-gave no inhibition with miciosomes prepared 
from induced or control animals. We conclude that P-450 PCN, P-45Ora, and probably other cytochromes 
P-450 catalyze aldrin epoxidation, precluding use of this enzyme as a specific marker of a single form 
of the cytochrome 

There is conclusive evidence that the hepatic micro- 
somal monooxygenases known collectively as cyto- 
chrome P-450 represent a family of structurally dis- 
tinct isoenzymes capable of oxidizing numerous 
environmental or endogenous substrates. Although 
tests of catalytic activity with model substrates have 
classically been employed to attempt to differentiate 
one form of cytochrome P-450 from another, it is 
clear that purified cytochrome P-450 isoenzymes 
exhibit overlapping substrate specificities (reviewed 
in Ref. 1). Hence, a given xenobiotic oxidizing 
activity, even when tested in the presence of “diag- 
nostic inhibitors” [2], may reflect the combined 
effects of several distinct molecular forms of cyto- 
chrome P-450. Nevertheless, in theory there might 
be substrates that are specifically and exclusively 
oxidized by a single form of cytochrome P-450. 
Indeed, it has been suggested that the conversion of 
aldrin to its epoxide derivative, dieldrin, is catalyzed 
selectively by P-450pa+, the major form of cyto- 
chrome P-450 in the liver of adult rats treated with 
phenobarbital (PB) [3-61. Thus, aldrin epoxidation 
is absent from fetal microsomes, is inducible only by 
PB, and is blocked by inhibitors of P-450pa-supported 
catalytic activity. However, aldrin monooxygenase 
is reported to be inducible by steroids in cultures of 
hepatoma cells [7] or fetal hepatocytes [5], systems 
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forms of cytochrome P-450 purified from rat liver micro- 
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wherein cytochrome P-450 is not inducible by PB. 
Moreover, the ontogenic appearance of aldrin epox- 
idation in rat liver parallels that of ethylmorphine 
demethylase [3], a monooxygenase activity prefer- 
entially induced by the steroid, pregnenolone-16Lu- 
carbonitrile (PCN) [8]. This inconsistency prompted 
us to test the hypothesis that aldrin epoxidation is 
catalyzed by P-45Opc~, a form of hepatic cytochrome 
P-450 predominant in PCN-treated rats that can be 
distinguished from P-450~~ by biochemical and 
immunochemical criteria [8]. Furthermore, P-450~~~ 
is inducible by steroids in hepatocyte cultures [9]. 
Relying on form-specific antibodies to P-450~8 and 
P-45Opc~, we now demonstrate that aldrin epoxida- 
tion is catalyzed by at least these two forms of cyto- 
chrome P-450. 

MATERIALS AND METHODS 

Materials. Male (175-200 g) and female (75-100 g) 
Sprague-Dawley rats were purchased from Flow 
Laboratories (Dublin, VA) and were housed in 
wire-bottomed cages with free access to chow and 
water. Aldrin and dieldrin standards were obtained 
from Supelco, Inc. (Belefonte, PA). All other chem- 
icals and reagents were of the highest purity com- 
mercially available. 

Analytical techniques. Microsomes were prepared 
as described [8] from the livers of male (18&200 g) 
or female (75-1OOg) rats prepreated by intraperi- 
toneal injections of PB (100 mg/kg in saline daily for 
4 days), 3-methylcholanthrene (3-MC) (20 mg/kg in 
corn oil daily for 3 days), PCN (75 mg/kg in water 
given orally every 12 hr for five doses), or their 
respective vehicle-treated controls. Protein content 
was determined calorimetrically [IO]. Aldrin epox- 
idation by microsomes in oitro was measured as the 
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Fig. I. Effect of cytochrome P-450 inducers on liver micro- 
somal aldrin epoxidation activity. Rats were treated with 
PB (males), 3-MC (males), or PCN (females), or the 
respective vehicles; liver microsomes were prepared, and 
conversion of aldrin to dieldrin in vitro was measured by 
gas chromatography (see Materials and Methods). Results 
were calculated as nmoles of dieldrin formed per min per 
mg of microsomal protein and are expressed as the percent 
(mean t S.D., N = 4 or 5) of respective control values 
which were 3.82 k 0.83 (N = 4) and 0.71 + 0.19 (N = 3) 

for males and females respectively. 

rate of formation of dieldrin determined by gas 
chromatography with the use of authentic dieldrin 
standards to monitor recovery [3]. In some experi- 
ments, IgG prepared from the sera of non-immune 
goats or goats immunized against purified cyto- 
chromes P-450 (provided by Dr. N. A. Elshourbagy) 
[S] (saturating amounts up to 15 mg IgG/nmole 
cytochrome P-450 based on preliminary experi- 
ments) was incubated with microsomes for 5 min at 
37” before addition of the other components of the 
reaction mixture. The dieldrin was quantified by 
measuring peak heights in comparison to a standard 
curve and correcting for recovery (average 85%) 
with the use of dieldrin standards (four concentra- 
tions per experiment). 

RESULTS ANDDISCUSSION 

We measured rates of dieldrin formation by liver 

microsomes prepared from rats treated with inducers 
and found that PB increased catalytic activity (by 
2-fold), whereas 3-MC decreased microsomal aldrin 
epoxidation (by 70%) as compared to the rates in 
microsomes prepared from control animals (Fig. 1). 
These observations are in agreement with those 
reported by Wolff et al. [3]. However. the highest 
increase in aldrin epoxidation was achieved using 
microsomes prepared from animals treated with 
PCN, a cytochrome P-450 inducer not tested by 
Wolff et al. (Fig. 1). This finding suggests that aldrin 
epoxidation is not exclusively supported by P-450pH, 
but may also be catalyzed by P-450~~~. 

It might be argued that the increase in aldrin 
expoxidation activity in PCN-treated livers resulted 
from an incidental induction of P-450~8 by PCN. One 
might test this hypothesis by comparing in a recon- 
stituted system the catalytic activities of purified P- 
450~~ and P-450~~~ but unfortunately the latter pur- 
ified hemoprotein is inactive in such a system [S]. 
Therefore, we tested the inhibitory effects of 
form-specific anti-cytochrome P-450 antibodies on 
aldrin epoxidation in microsomes from “induced” 
animals (Table 1). We chose to use antibodies rather 
than certain “diagnostic inhibitors” such as SKF- 
525A or 7,8-benzoflavone which have been used in 
the past to differentiate between the various forms 
of cytochrome P-450 [4] because the specificity of 
such inhibitors for isolated forms of cytochrome P- 
450 has not yet been established. In contrast, anti- 
P-450pe IgG and anti-P-450pcN IgG react specifically 
with P-450pe and P-450pcN, respectively, with no 
cross-reactivity as judged by Ouchterlony double 
diffusion analysis [8] or by immunoprecipitation tests 
[9, 111. The results revealed that anti-P-450pcN IgG 
significantly inhibited aldrin expoxidation activity in 
liver microsomes derived from rats treated with each 
of the three inducers tested, but not in microsomes 
from control animals (Table 1). The extent of inhi- 
bition of aldrin epoxidation by anti-P-450pcx IgG 
was comparable to its inhibition of ethylmorphine 
demethylase activity [8]. Significant inhibition by 
anti-P-450pB IgG was only detected in microsomes 
from PB-treated animals. These data are in line with 

Table 1. Effect of anti-cytochrome P-450 antibodies on aldrin expoxidation by rat liver 
microsomes* 

Aldrin epoxidation 
Source of liver microsomes (% of control value with non-immune IgG) 

Treatment Gender Anti-P-450pcN Anti-P-450pB Anti-P-450kfc 

Vehicle Female 114 98 k 104 145 
Vehicle Male 115 2 19 103 + 21 141 k 20 

PCN Female 56 2 14t 97 t 8 132 t 8; 
PCN Male 87 fir 12 94t 12 120 2 16 
PB Male 87 c St 33 5 7t 11828 

3-MC Male 59 k 6t 75 + 12 11228 

* Aldrin epoxidation was measured in liver microsomes prepared from rats receiving the 
indicated treatments (see Materials and Methods). For each microsomal preparation, the 
inhibitory effect of adding form-specific anti-cytochrome P-450 IgG was compared to that of 
a control incubation containing an equal amount of non-immune IgG. With the exception of 
the untreated female, all results represent means +- S.D. for three to five animals. 

i- Values achieving statistical significance (P < 0.05 by Student’s t-test). 
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the conclusion that aldrin epoxidation is actively 
supported by P-450~~~ as well as by P-450~~. The 
lack of inhibition by the three antibodies on activity 
in control microsomes implies the involvement of 
other basal forms of cytochrome P-450 as well. More- 
over, the possibility of sex-related differences in such 
postulated basal forms may be inferred from the 
levels of aldrin epoxidation in untreated animals 
(Fig. 1). 

Immunoquantitation of cytochromes P-450 has 
revealed that (a) microsomes from untreated rats 
contain low or undetectable amounts of P-450rcN 
and P-450ra [12-E] and that (b) PB treatment 
induces not only P-450rB, but P-450pcN as well 
[15,16]. This would explain (a) our failure to find 
inhibition of aldrin epoxidation in control micro- 
somes by anti-P-450rcN IgG or anti-P-450ra IgG, and 
(b) the inhibition of enzyme activity in PB micro- 
somes by anti-P-450rcN IgG. However, the inhibition 
of activity by anti-P-450rcN IgG in microsomes from 
3-MC-treated animals remains unexplained since 
3-MC does not prominently induce P-450~~~ [ 151. A 
possible clue in this regard is that anti-P-450Mc IgG 
actually increased aldrin epoxidation activity in all 
of the types of microsomal samples tested (Table 1). 
It is possible that P-450~~ in 3-MC microsomes 
inhibits aldrin epoxidation in some manner-for 
example, by converting aldrin to an inhibitory 
metabolite-(Fig. l), and that the low, residual 
activity reflects the presence of small amounts of 
other cytochromes P-450 including P-450~~~. Indeed, 
a recent statistical analysis of the time course of 
induction of various murine monooxygenase activi- 
ties suggested that aldrin epoxidation depends on 
the coordinated activities of several forms of cyto- 
chrome P-450 [17]. We conclude that the presence 
of aldrin epoxidation activity need not indicate the 
presence of P-45Ora, and that reliance on tests of 
catalytic activity as the sole means of characterizing 
cytochromes P-450 may lead to erroneous 
interpretations. 
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