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SUMMARY

Recently, we succeeded in isolating and purifying to apparent homogeneity the pnedom-
inent form of cytochrome P-450 in hepatic microsomes from rats treated with the
prototype “catatoxic” steroid, pregnenolone-16a-carbonitnile (PCN), and showed that this

form (termed P45OpCN) is structurally distinct from the major hepatic forms of cytochrome
P-450 in rats treated with the traditional inducens, 3-methylcholanthrene or phenobarbital
[J. Biol. Chem. 255:1279-1289 (1980)]. In the present study, we prepared antibodies
specific for P4SOPCN and used radial immunodiffusion to measure the concentration of
this cytochrome in hepatic microsomes prepared from rats treated with PCN on various
other steroidal or nonstenoidal inducers. In untreated control rats, the level of P45OpCN

was undetectable (<15 nmoles/g of microsomal protein), representing less than 2% of

total cytochrome P-450 measured as CO-binding hemoprotein. This finding excludes
P4SOPCN as a major form of cytochrome P-450 in the basal steady state. Following
treatment with PCN, the total cytochrome P-450 concentration increased 2-fold, whereas
the level of P45OPCN rose more than 20-fold (317 nmoles/g of microsomal protein).
Accumulation of immunoreactive P45OPCN was also observed in microsomes prepared
from rats treated with dexamethasone (>30-fold), 6a-methylpnednisolone (>10-fold), and
spironolactone (>12-fold). In contrast, a variety of other steroids, including glucocorti-
coids, androgens, estrogens, and progestins, and steroids structurally related to PCN,
failed to induce immunoreactive P45OPCN. The nonstenoidal inducer, phenobarbital,
increased the microsomal concentration of immunoneactive P4SOPCN more than 13-fold,
whereas this protein remained undetectable following 3-methylcholanthrene treatment.
The dose of dexamethasone (a potent glucocorticoid), required for achieving a maximal

increase in immunoneactive P45OPCN was at least 10 times higher than that required for
maximal induction of tynosine aminotnansfenase activity, a measure of glucocorticoid
potency. Moreover, doses of PCN that increased the concentration of P45OPCN produced
a significant decrease in tyrosine aminotnansfenase activity. We conclude that PCN and

selected other stenoidal and nonsteroidal inducers promote the accumulation of P45OPCN

on forms closely related to P45OPCN by a process dissociable from events mediated by the

classical glucocorticoid receptor.

INTRODUCTION

Cytochrome P-450, a key element of the hepatic mi-
crosomal monooxygenase system, plays an important
role in the biotransformation of a diverse array of foreign
and endogenous compounds. The concentration of cyto-
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chrome P-450 in liver is inducible, rising on falling upon
the administration on withdrawal of many lipophilic
chemicals. Because the amount ofcytochrome P-450 may
be rate-limiting for the metabolism of many toxic, mu-

tagenic, on carcinogenic substances, there is intense in-
tenest in discovering how environmental chemicals pro-

mote the accumulation of this hemopnotein. Although it
was believed at first that cytochrome P-450 was a single,
catalytically unspecific enzyme, recent progress in isola-

tion and purification of individual cytochrome(s) P-450
has revealed a family of hemoprotein isoenzymes with
different catalytic specificities (1). The two best-studied
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forms of the cytochrome in rat liver are cytochrome P-
450 and cytochrome P-448, which predominate in animals
treated with the prototype inducers, phenobarbital or 3-
methylcholanthrene, respectively (2-7). It has been sug-

gested that steroids may constitute a “third class” of
cytochnome P-450 inducens. Selye (8) identified a group
of protective steroids (termed “catatoxic” steroids) Ca-
pable of accelerating the metabolic clearance of toxic
substances administered to pretreated rats. The most

potent catatoxic steroid, PCN,3 also caused proliferation
of hepatic smooth endoplasmic reticulum (9) and in-
creased levels of cytochrome P-450 in the liven (10, 11).
The possibility that PCN induced a form of cytochrome
P-450 differing from those induced by phenobarbital or

3-methylcholanthrene was suggested by the unique pro-
file of microsomal drug-oxidizing activities in PCN-

treated rats (1 1) and also by the fact that antibodies
directed against the phenobarbital- on the 3-methyicho-
lanthrene-induced forms of cytochrome P-450 failed to
block the enhanced 6$-hydnoxylation of testosterone cat-

alyzed by microsomes from PCN-treated rats (12). Re-
cently, we isolated and purified the principal form of

hepatic cytochrome P-450 from rats treated with PCN
(referred to here as P4SOpCN) (13). We showed that this
form is biochemically and immunochemically distinct
from P4SOpB or P448MC (13). By using antibodies as a
means for measuring P4SOpCN specifically, we have re-
ported that PCN markedly accelerates de novo synthesis
of P45OPCN in primary cultures of adult rat hepatocytes
(14). In the present study, we have examined the induc-

tion of P4SOpCN by PCN and other steroids in rat liver in

vivo.

MATERIALS AND METHODS

Materials. Sodium phenobanbital was obtained from
Amend Drug & Chemical Company (Irvington, N. J.),
and 3-methyicholanthrene from Eastman Kodak Com-
pany (Rochester, N.Y.). PCN, fluoxymestrone, and 6a-
methylprednisolone were generously provided by The
Upjohn Company (Kalamazoo, Mich.). Ethylestrenol

and nandnolone were purchased from Organon, Inc.
(West Orange, N.J.). All other steroids were purchased
from Sigma Chemical Company (St. Louis, Mo.).

Animals. All experiments were carried out using fe-
male Sprague-Dawley rats (Flow Laboratories, Dublin,
Va.), weighing 80-160 g, individually maintained in wire-

bottomed cages with free access to commercial chow and
water. Administered compounds were dissolved in non-
mal saline (10 mi/kg) containing a few drops of Tween
80, with the exception of 3-methylcholanthrene, which
was dissolved in corn oil (1.6 nil/kg). All treatments,
including the appropriate vehicles for control animals,

were given once daily for 4 days by gastric gavage (except
where otherwise noted).

Preparation of solubilized liver microsomes. After an
overnight fast, rats were killed by decapitation. Livers
were perfused retrograde with iced phosphate-buffered
saline (pH 7.4), excised immediately, and homogenized

.1 The abbreviations used are: PCN, pregnenolone- 16a-carbonitrile;

P45O1.(-N, P450pH, and P448M� refer to the major forms of cytochrome

P-450 purified from rat liver microsomes prepared from animals treated

with PCN, phenobarbital, and 3-methylcholanthrene, respectively (13).

at 0#{176}in 0.1 M potassium phosphate (pH 7.4) (4 mI/gm)
with the use of a motor-driven Teflon pestle. A portion

of each liven homogenate was centrifuged at 31,000 x g

for 30 mm, and the supernatant was frozen for subsequent
assay of tynosine aminotransfenase activity. The remain-
ing portion of the homogenate was centrifuged at 18,500
x g for 20 mm, and the supernatant was transferred to a

fresh tube and was centrifuged at 105,000 x g for 60 min.
The resulting micnosomal pellet was resuspended in a
small volume of 0.05 M potassium phosphate buffer (pH
7.4) containing 25% glycerol and 0.1 mi�i sodium EDTA
to give a concentration of 15-20 mg of protein per mffli-
liter, and stored at -20 #{176}. There was no loss of cytochrome
P-450 content as measured spectrally or of P4SOPCN an-
tigenicity when microsomes were stoned for up to 3
months. Microsomes were solubiized on ice by combin-
ing four pants of the microsomal suspension with one

part of 0.05 M potassium phosphate buffer (pH 7.4)
containing 0.1 mM EDTA, 4.5% NaCl, 1.67% sodium
cholate, and 1.0% Nonidet P40 (Bethesda Research Lab-
oratories, Rockville, Md.), using a hand-operated Teflon
pestle. The solution was centrifuged for 30 min at 105,500

x g, and the supernatant containing solubiized micro-
somal proteins was used for spectral measurement of

total cytochrome P-450 and for the immunodiffusion
studies described below. This protocol for solubiization
released 85-90% of the total CO-binding hemoprotein in
microsomes prepared from control rats and 60-70% of
that from steroid-treated animals without detectable de-

naturation of the hemoprotein to cytochrome P-420. No
attempt was made to correct for incomplete release on
loss of cytochrome P-450 in the solubiization process,
and all data are expressed on the basis of solubiized
material.

Gel diffusion techniques. Radial immunodiffusion was
performed according to the technique of Mancini et al.
(15) with certain modifications. The immunodiffusion
medium contained 0.9% agarose, 0.9% sodium chloride,
0.1% sodium azide, 10% glycerol, and 0.1 m’vi sodium
EDTA, all dissolved in 0.05 M potassium phosphate

buffer (pH 7.4). Freshly prepared gel diffusion medium
was heated at 100#{176}in a double boiler to melt the agarose

and was then allowed to equilibrate to 55#{176}in a water

bath. Form-specific anti-P450pcN IgG (0.6 ml containing
17.5 mg of protein) was warmed to 55#{176}and then com-
bined with 15 ml of the agarose medium. The mixture
was poured smoothly and quickly onto the hydrophiic

surface of a Gel Bond Film (8.5 x 10 cm) (FMC Conpo-
ration, Rockland, Me.), maintained in a level position
and allowed to harden. This method gave gels of uniform
thickness, and results were identical with those obtained
using gels formed with a U-frame spacer. Circular wells
were created with use of a 2.5-mm punch, and aliquots

(7 ;.d) of test antigen solution were added to the wells.
Preliminary tests were made to estimate the concentra-
tion of immunoneactive P45OPCN in each solubiized mi-
crosomal preparation, and the solution was adjusted to
a final concentration of approximately 1 nmole of
P45OPCN per mffliiter. Accordingly, the protein concen-
tration varied widely among different samples (2-15 mg/
ml). Serial dilutions of purified P45OpcN (1.81 nmoles/ml,
based on reduced-CO binding hemoprotein content)
served routinely as standards for each gel. Duplicate
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measurements of test samples were made on opposite
ends of each gel. Gels were incubated at 4#{176}in a humid
chamber for 7-10 days to allow complete equilibration.
Because precipitin rings were poorly visible at this stage,
the gels were washed by further incubation in phosphate-
buffered saline (pH 7.4) for 2-4 days at 4#{176}.After the gels
were blotted and dried, they were stained with 0.5%
Coomassie Brilliant Blue in 45% ethanol and 10% acetic
acid. Precipitin rings were measured against an illumi-
nated white background with the use of a calibrated
eyepiece magnifier, and the area within each precipitin
ring was calculated. By preparing a linear regression plot

of the ring sizes produced by different amounts of the
P45OpCN standard, the concentration of immunoreactive
P45OPCN in a test solution could be calculated. A portion
of a typical gel is shown in Fig. 1.

Ouchtenlony double-immunodiffusion analysis was
performed using the same diffusion medium and support.
Wells (3 mm) were punched at 10-mm intervals using a
hexagonal template, and test solutions were added to
each well. Diffusion was allowed to proceed in a humid

chamber at 4#{176}for 48 hr. Subsequently, the gels were
washed and stained by the same procedure described for
radial immunodiffusion gels.

Preparation of P45OPCN antigen and antibody.
Methods used in purification of P45OPCN, in preparation
of form-specific antibody (IgG fractions) directed against

P4SOPCN, and in verification of antibody specificity have
been detailed in a previous publication (13). The major
form of hepatic microsomal cytochrome P-450 from
PCN-tneated rats was purified to apparent homogeneity
as judged by gel electrophonesis and was used to immu-
nize goats. An IgG fraction of the antiserum was prepared

by ammonium sulfate precipitation followed by DEAE-
cellulose chromatography (13). The IgG fraction was
adsorbed against Sepharose-bound microsomes prepared

from 3-methylcholanthrene-tneated rats to remove anti-
bodies that might recognize either proteins other than

cytochrome P-450 or antigemc determinants common to
other forms of cytochrome P-450 (13).

Other assays. The concentration of microsomal cyto-
chrome P-450 was determined as its dithionite-neduced
CO difference spectrum using an extinction coefficient of
91 mM� cm’ as described by Omura and Sato (16).
Spectra were recorded with an Arninco DW2-A spectro-

photometer equipped with a Midan digital electronic
baseline correction (American Instrument Company, Si-
yen Spring, Md.). Tynosine aminotnansfenase activity was
measured by the method of Diamondstone (17) as mod-
ified by Granner and Tomkins (18). Activity of the en-
zyme was expressed as nanomoles of p-hydroxyphenyl
pyruvate produced per minute pen mffligram of micro-
somal protein, with the assumption of 19.9 as the miii-
molar extinction coefficient. Protein was measured by
the procedure of Schactenle and Pollack (19), with the
use of crystalline bovine serum albumin as standard.

RESULTS

The radial immunodiffusion assay gave sharp precipi-
tin rings when form-specific anti-P45OPcN IgG was al-
lowed to react with either purified P45OPCN or solubilized
hepatic microsomes prepared from PCN-treated rats

(Fig. 1). No precipitin rings appeared when purified

PURIFIED PCN

CYTOCHROME P450

CONTROL MICROSOM ES

HALO
AREA
(mm2)

PCN INDUCED
MICROSOMES

I M M U NOREACTIVE

PCN CYTOCHROME P450

(nmol/ ml)

2.0

FIG. 1. Radial immunodiffusion assay for P4SOPCN

A portion of a radial immunodiffusion gel that had been washed,

dried, and stained for protein as described under Materials and Methods

is shown at top. The upper rou’ contained serial dilutions of purified

P4SOPCN (7.8 nmoles/mg of protein). The lower two rows contained

solubiized hepatic microsomes prepared from control rats ( 14.0 mg of

protein per milliliter) or PCN-treated rats (0.9 mg of protein per

milliliter). The area contained within each standard precipitin ring,

excluding the central well (halo area), was plotted against the P4SOPCN

concentration to obtain a standard curve ( bottom).

P448MC or P4SOPB was tested (data not shown). Repeated
determinations of a given sample gave less than 5%
variation provided that purified standards were used on

each gel. Cholate and nonionic detergents were omitted
from the formulation of our gels because, contrary to the

experience of Thomas et al. (20), who used antibodies
directed toward other forms of cytochrome P-450, we
found that inclusion of these detergents not only failed
to improve the sensitivity of the assay, but actually
interfered markedly with the precipitation reaction. Also
in contrast to the results of Thomas et al. (20), we
detected only a diffuse haziness rather than a clear
precipitin ring using solubiized hepatic microsomes pre-
pared from untreated rats, even when the concentration
of protein added to the wells was as high as 15 mg/mi

(Fig. 1).
When we treated rats with PCN and measured the

concentration of total CO-binding hemoprotein in he-

patic microsomes, the value was approximately 2 times
higher than that obtained with microsomes prepared
from control animals (Fig. 2). This finding confirms pre-
vious reports on the magnitude of induction of total
cytochrome P-450 by PCN (10, 14, 21-23). In contrast,
the concentration of immunoreactive P4SOPCN as mea-
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FIG. 2. Comparison of the effects of PCN and other agents on induction of total cytochrome P.450 and immunoreactive P45OPCN

Groups of rats were treated by gavage with the indicated agents at a dose of 100 mg/kg daily for 4 days, with the exception of 3-

methylcholanthrene, which was given as a daily dose of 20 mg/kg (see Materials and Methods). The rats were then killed, liver microsomes were

prepared and solubiized, and measurements were made of total cytochrome P-450 ( bar) and immunoreactive P4SOPCN ( hatched area). Results

are expressed as nanomoles of cytochrome P-450 per gram of microsomal protein. Numbers in parentheses indicate immunoreactive P45OPCN

expressed as a percentage of the total cytochrome P-450. Brackets indicate standard error of the mean for three to four animals.
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sured by radial immunodiffusion in microsomes from
PCN-treated rats was 317 nmoles/g of microsomal pro-
tein, while being undetectable in microsomes from con-
trol animals (Fig. 2). Since the lower limit of accuracy of
the immunoassay is about 15 nmoles/g of microsomal
protein, this change represents at least a 20-fold induc-

tion of P4SOPCN. Whereas P4SOPCN appeared to represent
28% of the total cytochrome P-450 in PCN-tneated rats,
it constituted less than 3% of total cytochrome P-450 in

control animals. This finding excludes P45OPCN as a major
form of hepatic cytochrome P-450 in the basal steady
state.

Three steroidal agents other than PCN-spironolac-
tone, 6a-methylpnednisolone, and dexamethasone-gave
readily detectable levels of immunoneactive P45OPCN in
hepatic microsomes. Each agent induced an antigen that
was indistinguishable from P45OPCN as judged by Ouch-
tenlony double-immunodiffusion (Fig. 3). Thus, when
purified P45OPCN was compared with solubiized liver
microsomes from rats treated with PCN, dexamethasone,
spironolactone, 6a-methylprednisolone, or phenobarbi-

tal, we observed fusion of the pnecipitin lines without
spun formation, consistent with antigenic identity. In
contrast, we were unable to demonstrate pnecipitin lines

using liver microsomes prepared from control or 3-
methylcholanthrene-treated rats. Dexamethasone was a

more potent inducer than PCN, increasing total cyto-
chrome P-450 more than twice that in controls, and
increasing immunoneactive PCN cytochrome P-450 to

441 nmoles/g of micnosomal protein as measured by
radial immunodiffusion (Fig. 2). In contrast, spironolac-
tone and 6a-methylprednisolone produced minimal (if

any) increases in total cytochrome P-450, and yet in-
creased immunoreactive P4SOPCN significantly (148 and
175 nmoles/g of microsomal protein, respectively).

We also studied 3-methylcholanthrene and phenobar-
bital as traditional representatives of two classes of cy-
tochrome P-450 inducers. Both agents produced the ex-
pected increases in total cytochrome P-450 (Fig. 2). How-
even, immunoreactive P4SOPCN remained undetectable
following 3-methylcholanthrene treatment, whereas this
protein was increased by phenobarbital treatment to a
value (192 nmoles/g of microsomal protein) in the same
range as that seen following spinonolactone or 6a-meth-
ylpnednisolone treatments (Fig. 2). However, because
phenobarbital increased total cytochrome P-450 to a far

greater extent than did the steroid inducens, immuno-
reactive P4SOPCN represented only 12% of total cyto-
chrome P-450 in the phenobarbital-treated animals, as
compared with more than 23% for all steroidal treatments
(Fig. 2).

To exclude the possibility that induction of immuno-
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corticoid properties of these steroids. However, we found
that other well-established glucocorticoids, including hy-

drocortisone, triamcinolone, prednisone, and cortisol,
failed to induce immunoreactive micnosomal P4SOPCN at

daily doses of 50 mg/kg (Table 1). Furthermore, dose-
response comparisons of the effects of dexamethasone

treatment on P45OPCN and on tyrosine aminotransferase
activity, a widely accepted index of glucocorticoid po-
tency (26), showed that the onset and maximal induction
of tyrosine aminotransfenase activity were elicited by at
least 10-fold lower doses of dexamethasone than were
required for induction of P45OPCN (Fig. 5). Moreover,
PCN and dexamethasone had opposite effects on tyrosine
aminotnansferase activity. Doses of PCN that were in-
sufficient to induce P45OPCN produced a significant de-
crease in tynosine aminotransfenase activity (Fig. 5). It
had been reported previously that PCN lacks glucocor-
ticoid properties as monitored by tyrosine aminotrans-
ferase activity in mouse liver (27) or by hepatic glycogen
deposition or thymus involution in rats (28). Thus, in-
duction of PCN cytochrome P-450 by dexamethasone or
PCN can clearly be dissociated from glucocorticoid ef-
fects.

DISCUSSION

Beginning with the earliest years of cytochrome P-450
research, it was suspected that the cytochrome existed
as multiple isoenzyme forms. One reason for this belief

TABLE 1

Steroids that failed to induce immunoreactive P45OPCN

FIG. 3. Ouchterloney double-immunodiffusion analysis

In each of the two experiments shown, the center well contained

form-specific anti-P45OPCN IgG. Outer wells contained approximately

50 pmoles of purified P45OPCN (PCN-STD) (top) or immunoreactive

P45OPCN in solubiized hepatic microsomes prepared from rats pre-

treated (clockwise from top) with dexamethasone (DEX), spironolac-

tone (SPL), PCN, phenobarbital (PB), or 6a-methylprednisolone (M-

PRED). The gel had been washed, dried, and stained with Coomassie

Blue to enhance contrast.

reactive P45OpCN was a nonspecific effect of steroid treat-
ment, we tested a variety of androgens, progestins, ana-

bolic steroids, estrogens, glucocorticoids, and minenalo-
corticoids. None of the stenoidal agents listed in Table 1
induced P45OPCN when given i.p. at a daily dose of 50 mg/
kg. It should be noted that this list includes strongly
“catatoxic steroids” (ethylestrenol, fluoxymestrone) (8),
steroids reported to induce cytochrome P-450-dependent
drug metabolism [testosterone (24), methyltestostenone
(25)], and steroids that are structurally similar to PCN.
Some representative structures of inducers and nonin-
ducens of immunoneactive P45OpCN in vivo are shown in
Fig. 4.

A final series of experiments tested the hypothesis that
induction of immunoreactive P45OPCN by dexamethasone
on Ga-methylpnednisolone represented a previously un-
recognized manifestation of the well-documented gluco-

Each agent was given to a minimum of two rats at a dose of 50 mg/

kg by i.p. injection daily for 4 days. The animals were killed, hepatic

microsomes were prepared and solubiized, and immunoreactive

P45O�CN was measured by radial immunodiffusion as described under

Materials and Methods. In each case, the microsomes contained un-

detected quantities of P45OPCN (less than 15 nmoles/g of microsomal

protein) when tested at protein concentrations as high as 15 mg/ml.

Adrenal corticosteroids

Corticosterone

Cortisol

Fludrocortisone

Hydrocortisone

Prednisone

Progestins

Norethindrone

19-Nortestosterone

Progesterone

Estrogens

17a-Estradiol

17$-Estradiol

Mestranol

Androgens

Androstenedione

Fluoxymestrone

17a-Methyltestosterone

Nandrolone

Testosterone

Pregnenolone derivatives

Pregnenolone

16-Dihyd.ropregnenolone

16a-Methylpregnenolone

16a-Methyl-16,17-epoxypregnenolone

16$-Methyl-16,17-epoxypregnenolone
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was that many types of experimental manipulations that ities. For example, treatment of female rats for 3 days
produced changes in the content of total CO-binding with spironolactone increases hepatic micnosomal ethyl-
hemoprotein in hepatic microsomes (e.g., treatment of morphine demethylase activity by 7-fold, but has no
rats with an inducer) often failed to produce proportional significant effect on the concentration of total cyto-
changes in the proffle ofmicrosomal drug-oxidizing activ- chrome P-450 measured spectrally (25). The explanation

for this type of discrepancy remained ambiguous until

a,

�
the advent of techniques to isolate and purify individual

molecular forms of cytochrome P-450, coupled with the
,� -�

� � 200
.� i�
.� :� 0

4� ‘:1 �

.� �
2 �

�

demonstration that antibodies could serve as specific

reagents (20, 29) for examining the metabolism of cyto-

chrome P-450 isoenzymes individually. Using an immu-
nochemical approach for the present studies, we found
that treatment of rats with PCN leads to a dramatic
accumulation of P45OPCN in hepatic microsomes, whereas
this drug produces only a modest increase in total cyto-
chrome P-450 concentration. Moreover, we have identi-
fled other steroids (e.g., spironolactone and 6a-methyl-

pnednisolone) that increase the micnosomal concentra-
tion of immunoreactive P45OPCN accompanied by little or

no increase in total cytochrome P-450. Our results are
entirely consistent with analogous immunochemical ex-
aminations of hepatic microsomes prepared from rats
treated with phenobarbital or 3-methylcholanthrene (3,
6, 7). For example, Thomas and co-workers (6) found
that these agents promoted the accumulation of P4SOPB

and P448MC, apparently at the expense of other basal
forms of the cytochrome present in untreated animals.
Furthermore, analogous to our results using steroids
other than PCN, they reported that chemicals other than
the prototype inducens, phenobarbital on 3-methylcho-
lanthrene, were capable of promoting the accumulation
of these immunoreactive cytochrome(s) P-450. In sum-
mary, present and published studies provide direct evi-
dence that the induction process involves radical altena-
tions in the isoenzyme proffle of cytochrome(s) P-450, all

of which are subsumed under much less conspicuous
changes in total CO-binding hemoprotein content. It is
not yet clear to what extent the accumulation on loss of

the individual cytochrome(s) reflects changes in their
rates of synthesis or degradation (or both) in the basal
steady state.

3 to 30 00 300

specific content

Daily Dose of Steroids ( mg per kg)
FIG. 5. Dose-response comparisons of the effects of PCN or dexa-

methasone on liver tyrosine aminotransferase activity and P45OP(-N

Groups of rats received by gastric gavage the indicated doses of PCN

or dexamethasone suspended in normal saline (10 mI/kg) daily for 4

days. The animals were then killed, and the cytosolic and microsomal

fractions of liver homogenates were prepared for measurements of

tyrosine aminotransferase activity and immunoreactive P450p(’N, re-

spectively, as outlined under Materials and Methods. Brackets indicate

standard error of the mean for three animals. Asterisks indicate a value

significantly different from control (p <0.05) by Student’s t-test.
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The radial immunodiffusion assay is inexpensive and
simple to perform. However, the test was not sufficiently

sensitive to measure the concentration of P45OPCN in
untreated female rats, although other workers have been
able to measure small amounts of P4SOpB and P448MC in

untreated rats of both sexes (6, 7). Indeed, because our
antibody precipitated P45OPCN weakly, we found it nec-
essary to increase the sensitivity of the procedure by

washing and staining the gels for protein precipitates.
Because we have demonstrated de novo synthesis of
P45OPCN as measured by immunopnecipitation of the
radiolabeled cytochnome in freshly isolated hepatocytes

prepared from untreated rats (14), we believe that
P4SOPCN exists in liver in the basal steady state. A second

limitation which applies to all immunochemical tests is
that, despite efforts to prepare specific antibodies, the
immunodiffusion assay may measure not just a single
form of cytochrome P-450, but rather a group of similar

forms sharing one or more major antigenic determinants
in common with P45OPCN. Finally, it should be noted that

the absolute concentration of cytochrome P-450 mea-
suned by radial immunodiffusion is dependent on the

spectrally determined concentration of hernoprotein in
the purified standard. To the extent that the standard
may contain immunoneactive apocytochrome P-450, the
radial immunodiffusion assay will underestimate the con-
centration of immunoneactive cytochrome P-450 in mi-
crosomes. This consideration may pertain particularly to
highly purified P4SOPCN which has a spectrally measured
specific hemopnotein content, approximately one-half
that of highly purified P4SOPB or P448MC (13). The prob-
lem may be further compounded if the results for im-
munoreactive P45OPCN are expressed as a percentage of
total CO-binding hemoprotein because spectral assays
detect neither apocytochrome P-450 nor small amounts
of cytochrome P-420, the denatured form of cytochrome

P-450. Notwithstanding these limitations, the assay pro-
vides a basis for accurately comparing changes in the
microsomal content of immunoreactive P4SOpCN pro-
duced by different inducens at various doses.

Induction of P45OPCN in vivo by various steroids ad-
ministered at a uniform high dose did not appear to be
related to steroid structure or to classical steroid func-
tions. P45OPCN induction did not seem to be associated
with androgenic, estrogenic, pnogestational, glucocorti-
coid, on minenaloconticoid activities. For example, not all
inducens of P4SOPCN are steroids (e.g., phenobarbital),

and not all steroids that increase cytochrome P-450-de-
pendent drug-oxidizing activity induced P4SOPCN. Fur-
thenmone, some “catatoxic” steroids failed to induce
P45OPCN, whereas others (dexamethasone, spironolac-
tone) induced the cytochrome only when given in doses

higher than those required for catatoxic activity (8).
Thus, although PCN, dexamethasone, spironolactone,
and 6a-methylprednisolone may alter metabolism of
drugs and toxins at least in part by induction of P4SOPCN,

this mechanism is not a universal explanation for the
protective effects of all catatoxic steroids. The availabil-
ity of a hepatocyte culture system capable of expressing
induction of P45OPCN (14) will greatly facilitate future
detailed studies of steroid structure-activity relation-
ships.

Recognition of dexamethasone as a potent inducer of

P4SOPCN opens the way for future investigations of the
mechanism of the induction process. Dexamethasone is

an extensively studied pure glucocorticoid having mini-
mal androgenic or minenalocorticoid activities (30).

There is solid evidence that the glucocorticoid activities
of dexamethasone are mediated through a high-affinity
cytoplasmic receptor that binds the hormone, translo-

cates the steroid into the nucleus (30), and then in some
manner elicits expression of several genes, including ty-
rosine aminotransferase. There is a precedent for an

analogous receptor-mediated induction of cytochrome P-
450 in the recent demonstration of a genetically con-
trolled, stereospecific cytoplasmic receptor that interacts
with polycyclic aromatic hydrocarbons for induction of

hepatic aryihydrocarbon hydroxylase activity (31). It
might be argued that induction of P45OpCN by dexameth-

asone reflects simply another of the “pleiotropic” gluco-
corticoid responses (32). However, higher doses of dexa-
methasone were required for induction of P4SOPCN than
for induction of tyrosine aminotransferase activity (Fig.
5). Furthermore, PCN actually depressed tyrosine ami-
notnansferase activity (Fig. 5) while at the same time
increasing P4SOPCN. Finally, there was no relationship
between the relative potency of glucocorticoid analogues
such as prednisone and tniamcinolone and induction of

P45OpCN. These results suggest that P4SOPCN induction is
mediated by a mechanism other than the glucocorticoid
receptor. Conceivably this mechanism could involve a

second, lower-affinity dexamethasone “receptor(s),” as
has been described in liver microsomes (33). This postu-
lated lower-affinity mechanism may have relevance to

such physiological states as stress, or to clinical situations
in which large doses of steroids are employed therapeu-
tically.
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