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SUMMARY

The administration of 3-methylcholanthrene to rats causes the formation of cytochrome
P;-450, a variant of cytochrome P-450. One concept holds that cytochrome P;-450 is formed
when 3-methylcholanthrene or one of its metabolites combines irreversibly with the type
I binding site of previously existing cytochrome P-450. Another concept submits that cyto-
chrome P,-450 is synthesized independently of cytochrome P-450 and very probably does
not contain 3-methylcholanthrene or one of its metabolites. The current study supports
the second concept. When phenobarbital, an agent known to induce the synthesis of cyto-
chrome P-450, and 3-methylcholanthrene are administered simultaneously, microsomal
levels of cytochrome P-450 hemoprotein, the binding of hexobarbital and aniline to this
hemoprotein, and microsomal 3-methyl-4-methylaminoazobenzene N-demethylase activ-
ity are elevated nearly to the sums of each of these measurements obtained when the in-
ducing agents are given singly. It was reasoned that if cytochrome P;-450 results simply
from the formation of a stable cytochrome P-450-polycyclic hydrocarbon complex, the
P-450 hemoprotein obtained after simultaneous administration of phenobarbital and 3-
methylcholanthrene should be entirely in the form of e¢ytochrome P,-450. Studies of the
induction of cytochromes P-450 and P,-450 led to the conclusion that the two hemoproteins
are synthesized independently of each other. If 3-methylcholanthrene or one of its metabo-
lites is incorporated into cytochrome P,;-450, the process must occur during the synthesis
of new hemoprotein.

tion (1-6). This hemoprotein was named
cytochrome P;-450 to designate a previously

Previous publications from our labora-
tory showed that the administration of 3-

methylcholanthrene and other polycyeclic
hydrocarbons to rats caused the induction
of a microsomal P-450 hemoprotein which
differed in certain of its physical and bio-
chemical characteristics from that found
in hepatic microsomes obtained from un-
treated animals or animals in which the
microsomal drug hydroxylase system had
been induced by phenobarbital administra-
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unrecognized species of cytochrome P-450.
Because it is not found in meaningful
amounts in the livers of untreated rats
and because of its apparent lack of a type
I binding site, cytochrome P;-450 might
be thought of as an aberrant cytochrome
(4). Cytochrome P;-450 is frequently re-
ferred to as cytochrome P-448 because it
gives a maximum absorption peak at 448
mp rather than at 450 mu when it is re-
duced and combined with carbon monoxide



698

(7). Schenkman and associates (8) proposed
that the changes seen in microsomal hemo-
protein after administration of polycyclic
hydrocarbons result simply from the irre-
versible addition of the inducing agent, or
one of its metabolites, to the type I binding
site of native cytochrome P-450. Others
have argued that cytochrome P-450 results
from the biosynthesis of new hemoprotein
without incorporation of the polycyclic
hydrocarbon or one of its metabolites (4,
7, 9-12). The current studies support the
latter view.

Simultaneous administration of maximal
stimulatory doses of 3-methylcholanthrene
and phenobarbital to rats causes additive
or nearly additive stimulation of micro-
somal levels of P-450 hemoprotein and
3-methyl-4-methylaminoazobenzene N-de-
methylase activity (1-3). If cytochrome
P;-450 is simply a stable cytochrome P-450-
polycyclic hydrocarbon complex, it should
be expected that when 3-methylcholan-
threne and phenobarbital are given simul-
taneously, the polycyclic hydrocarbon or
its metabolite would combine with the
cytochrome P-450 that formed as a result
of phenobarbital administration as well
as with that which was present initially or
which resulted from 3-methylcholanthrene
treatment. All of the newly formed P-450
hemoprotein should be in the form of cyto-
chrome P;-450. Instead, it appeared to be
the mixture of cytochrome P-450 and cyto-
chrome P;-450 that one might expect to
find if each of the hemoproteins were formed
independently (3, 4). This in itself might
dispose of the concept of a hemoprotein—
polycyelic hydrocarbon complex as the ex-
planation for the formation of cytochrome
P;-450, except that it can be argued that
phenobarbital and 3-methylcholanthrene,
both of which produce a type I binding
spectrum with microsomes from the rat,
may compete for the type I binding site
in vivo and prevent all of the hemoprotein
from combining with 3-methylcholanthrene
or one of its metabolites. The unstable cyto-
chrome P-450-phenobarbital complex thus
formed would dissociate during preparation
of the microsomes, with cytochrome P-450
being retained in the microsomes and phe-
nobarbital being released to the super-
natant fraction, whereas the stable hemo-
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protein complex formed with the poly-
cyclic hydrocarbon (cytochrome P,;-450)
would remain in the microsomes. The cur-
rent study was designed in consideration
of this possibility.

Phenobarbital sodium and 3-methyl-
cholanthrene were given to male Simonsen
rats (100-160 g) intraperitoneally in amounts
known to produce maximal or nearly
maximal inductive effects within 4 days.
Groups of rats received either (a) pheno-
barbital sodium (40 mg/kg/day in 0.9%
NaCl solution), (b) 3-methylcholanthrene
(20 mg/kg/day in corn oil), (c) both of
these inducing agents, or (d) 0.9% NaCl
or corn oil (control group) for 4 days.
Phenobarbital administration was then
stopped and daily 3-methylcholanthrene
administration was continued in all ani-
mals that had been receiving 3-methyl-
cholanthrene, whether with or without
phenobarbital, until the rats were killed
on successive days of the remainder of the
9-day experiment. Livers were removed 20
hr after the last injection, and microsomes
(105,000 X g pellet) were prepared as de-
scribed previously (2) and used on the same
day. The microsomal preparations were
assayed for total protein and total P-450
hemoprotein (P-450 + P;-450) contents,
the ratio of the ethyl isocyanide binding
peaks at pH 7.4 (Auss:Aus0), hexobarbital
(type I) and aniline (type II) binding, and
3-methyl-4-methylaminoazobenzene and
ethylmorphine N-demethylase activities by
methods described previously (2-4). These
measurements were selected because they
reflect the relative amounts of cytochromes
P-450 and P;-450 in the microsomes. Thus,
aniline binding, the A s:A4o ratio, and
3-methyl-4-methylaminoazobenzene N-
demethylase activity increase with the
formation of cytochrome P,-450 that follows
3-methylcholanthrene administration, while
hexobarbital binding is reduced and the
rate of ethylmorphine N-demethylation
is unaffected or reduced slightly (1-6).
Phenobarbital administration increases all
of these measurements with the exception
of the As:Ao ratio, which remains un-
changed. The effects of both inducing
agents are essentially complete after 4
days of injection. From previous experience
it was expected that changes in the micro-
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somes that had occurred as a result of 4
days of phenobarbital administration would
gradually disappear after its discontinua-
tion and would no longer be evident by the
9th day of the experiment. The properties
of microsomes from rats that had been
treated with 3-methylcholanthrene for 9
days were expected to remain essentially
unchanged from the 4th through the 9th
days of the experiment. At the end of the
experiment the properties of the microsomes
from animals which had received both
inducing agents were expected to depend
upon whether or not cytochrome P;-450
results from the direct combination of
hemoprotein and a polycyclic hydrocarbon
to form a stable complex. Shortly after the
discontinuation of phenobarbital adminis-
tration, residual phenobarbital should be
removed from the animal by biotransforma-
tion, thereby eliminating any competition
it might have exerted previously in prevent-
ing the polycyclic hydrocarbon from com-
bining with the type I binding site of cyto-
chrome P-450. The reaction between cyto-
chrome P-450 and 3-methylcholanthrene
would then be unimpaired by phenobarbi-
tal, and the newly formed cytochrome P-450
which resulted from phenobarbital ad-
ministration would be converted to cyto-
chrome P,-450. The level of cytochrome
P1-450 in the microsomes at the end of the
experiment would be higher than that
seen in animals which had received 3-
methylcholanthrene, but no phenobarbital,
by an amount corresponding approxi-
mately to the cytochrome P-450 formed as a
result of phenobarbital administration minus
the amount of cytochrome P-450 lost during
the biotransformation occurring while phe-
nobarbital was depleted. On the other hand,
if 3-methylcholanthrene or one of its
metabolites does not combine directly with
cytochrome P-450 to form cytochrome
P1-450, and the two cytochromes are
formed by independent processes, at the
end of the experiment the cytochrome P-450
that had been caused to appear as a result
of phenobarbital administration would have
disappeared, leaving only the cytochrome
P,-450 that had been caused to appear as a
result of 3-methylcholanthrene adminis-
tration. The latter should correspond
approximately to the amount of eytochrome
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P;-450 observed in microsomes from rats
which had received 3-methylcholanthrene
only throughout the experiment. The data
presented in Fig. 1 show the latter alterna-
tive to be the case.

At the end of 4 days of combined adminis-
tration of phenobarbital and 3-methyl-
cholanthrene, the increase in microsomal
content of CO-binding pigment (P-450 +
P;-450) was about 80 % of the sum of that
seen in microsomes from rats which received
the two inducing agents singly (Fig. 1A).
By the end of 9 days, levels declined to
normal in microsomes from animals which
had received phenobarbital alone for 4
days. The content of CO-binding pigment
of microsomes from animals which had
received both inducing agents declined
only to the level observed in microsomes
from rats which had received 3-methyl-
cholanthrene alone. Significantly, parallel
rates of decline in CO-binding pigment
were seen in the microsomes from these
two groups of rats. Concomitantly, the
ratio of the 455 mu and 430 myu peaks rose
in microsomes from the group receiving both
inducing agents, to the level seen in micro-
somes from animals which had received
3-methylcholanthrene only (Fig. 1B). Since
the elevation of this ratio is indicative of
the formation of cytochrome P,-450, it is
apparent from the figure that at 4 days the
microsomes from the rats receiving both
inducing agents contained a mixture of
cytochromes P-450 and P;450 and that
during the period from 4 to 9 days the cyto-
chrome P-450 that had resulted from
phenobarbital induction disappeared, leav-
ing only the cytochrome P;-450 that had
resulted from 3-methylcholanthrene induc-
tion. Thus, when parts A and B of Fig. 1
are compared, it is seen that both quantita-
tive and qualitative changes occur in the
hemoprotein when the two inducing agents
are used in combination, and that these
changes favor the view that phenobarbital
and 3-methylcholanthrene inductions are
separate phenomena.

Both phenobarbital and 3-methylcholan-
threne increase aniline binding to hemo-
protein (4). In Fig. 1C it may be seen that,
when used in combination, the two inducing
agents caused an increase in aniline binding
which was about 75% of the sum of the
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FiG. 1. Induction of cytochrome P-450 and P-450
by phenobarbital and 3-methylcholanthrene
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Rats were given phenobarbital sodium (PB),
40 mg/kg daily, intraperitoneally, for 4 days and/
or 3-methylcholanthrene (MC), 20 mg/kg daily,
intraperitoneally, for 4-9 days. Livers were re-
moved 20 hr after the last injection, and micro-
somes (105,000 X g pellet) were prepared and
used in the six determinations on the same day.
Preparations for spectral studies contained 1.0
mg of microsomal protein per milliliter. Incuba-
tion mixtures contained 0.4-0.7 mg of microsomal
protein per milliliter. The concentrations of
aniline and hexobarbital used in the binding
studies were 6.67 and 2.5 mM, respectively. The
concentrations of ethylmorphine and 3-methyl-
4-methylaminoazobenzene (3-MMAB) wused in
the N-demethylation studies were 2.0 and 0.2
mM, respectively. Results are given as percentages
of control values, which were obtained using
livers from 12 untreated rats at the beginning of
the experiment. Group C consisted of rats which
received only 0.99% NaCl or corn oil injections
during the first 4 days of the experiment. Each
point represents the mean value obtained from
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increases observed when each agent was
administered separately. Aniline binding
decreased during the 4-9-day period about
as rapidly in microsomes from rats which
had received both inducing agents as in
microsomes from animals that had re-
ceived phenobarbital alone. Moreover, the
level at the end of the experiment was the
same as that found in microsomes from
animals which had received 3-methyl-
cholanthrene only, which again supports
the view that cytochrome P-450 had dis-
appeared during the 4-9-day period, leaving
only the cytochrome P,-450 that resulted
from 3-methylcholanthrene administration.
The data present in Fig. 1D confirm the
observation that phenobarbital increases
and 3-methylcholanthrene decreases hexo-
barbital binding to hemoprotein. The
elevated hexobarbital binding value seen
in microsomes from animals which had
received only phenobarbital declined rapidly
after withdrawal of the drug and almost
reached the control level by the end of the
experiment. Hexobarbital binding by micro-
somes from animals which had received
both inducing agents declined to the sub-
normal level seen in microsomes from ani-
mals which had received 3-methylcholan-
threne only. Not only was the magnitude
of binding altered, but a qualitative change
in binding characteristics also occurred.
Hexobarbital gave a typical type I binding
spectrum with microsomes from untreated
and phenobarbital-treated animals, with a

five rats, and the vertical bars indicate the stand-
ard errors. The number of days refers to the days
on which injections were given, not the day the
animal was killed which was 20 hr after the last
injection.

1A A(A“a.qﬁo - A"O); 100% = 0.070 absorb-
ance unit/mg of protein. * B. Ratio of A(A s —
Adwo) to A(Ago — Auwo); 1009 = 0.70. *C.
A(Aas — Ao); 1009, = 0.023 absorbance unit/
mg of protein. * D. A(A3s0 — Auo); 1009 = 0.016
absorbance unit/mg of protein. *E. 1009, =
62.0 mumoles of formaldehyde formed per milli-
gram of protein per hour. ¢ F. 1009, = 487 mu-
moles of formaldehyde formed per milligram of
protein per hour.

* Dotted portion of curve indicates that a
modified spectrum was observed; values were
based on A(Aus — Audso-436)-
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peak at about 390 mu and a trough at
about 420 mu. The hexobarbital binding
spectrum seen with microsomes from ani-
mals treated with 3-methylcholanthrene
gave a spectrum with a peak at about 415
mu and a trough at 430435 mu. When
both inducing agents were administered,
microsomes showed a typical type I bind-
ing spectrum with hexobarbital at the end
of the 4-day period, but 3 days after with-
drawal of the phenobarbital the spectrum
changed to the modified type seen in
microsomes from animals which had re-
ceived 3-methylcholanthrene but no pheno-
barbital. This is interpreted to mean that a
mixture of cytochromes P-450 and P;-450
existed in the microsomes of the animals
given both inducing agents for 4 days,
and that after withdrawal of the pheno-
barbital, cytochrome P-450 gradually dis-
appeared, until by the 7th day its concen-
tration in the microsomes was reduced to a
degree such that the presence of cytochrome
P;-450 could be revealed by the modified
spectrum given with hexobarbital.
Phenobarbital induces increased micro-
somal ethylmorphine and 3-methyl-4-meth-
ylaminoazobenzene N-demethylation, but
3-methylcholanthrene induces the N-de-
methylation of the latter compound only
(1-3). In Fig. 1E it can be seen that the
increase in 3-methyl-4-methylaminoazoben-
zene N-demethylation obtained after 4
days of administration of both inducing
agents was about equal to the sum of the
increases obtained when each of the agents
was given separately. After discontinuation
of phenobarbital, the level of 3-methyl-4-
methylaminoazobenzene N-demethylase de-
clined to that observed in microsomes from
animals which had received 3-methyl-
cholanthrene only. This decline was essen-
tially parallel to that seen in microsomes
from animals which had received pheno-
barbital only. Ethylmorphine N-demethyl-
ase activity was somewhat less than normal
in microsomes from 3-methylcholanthrene-
treated rats during the 4-9-day period
(Fig. 1F). This was reflected in the decline
of ethylmorphine N-demethylase seen after
phenobarbital withdrawal in microsomes
from rats which received both inducing
agents, the decline being somewhat greater
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than that observed in microsomes fl\}om
rats which had received phenobarbital
only.

These studies support the view that
cytochromes P-450 and P,-450 are syn-
thesized independently of each other and
that cytochrome P,;-450 does not result
from a direct combination of cytochrome
P-450 with 3-methylcholanthrene or one
of its metabolites. If polycyclic hydrocar-
bons or their metabolites are incorporated
into cytochrome P;-450, the process must
accompany the synthesis of new hemo-
protein.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the able
technical assistance of Dr. Jon Teng and Miss
Viola Abbott.

REFERENCES

1. N. E. Sladek and G. J. Mannering, Biochem.
Biophys. Res. Commun. 24, 668 (1966).

2. N. E. Sladek and G. J. Mannering, Mol.
Pharmacol. 5, 174 (1969).

3. N. E. Sladek and G. J. Mannering, Mol.
Pharmacol. 5, 186 (1969).

4. D. W. Shoeman, M. D. Chaplin and G. J.
Mannering, Mol. Pharmacol. 5, 412 (1969).

5. G. J. Mannering, N. E. Sladek, C. J. Parli
and D. W. Shoeman, in ‘“Microsomes and
Drug Oxidations” (J. R. Gillette, A. H.
Conney, G. J. Cosmides, R. W. Estabrook,
J. R. Fouts and G. J. Mannering, eds.),
p- 303. Academic Press, New York, 1969.

6. C. J. Parli and G. J. Mannering, Mol. Pharma-
col. 6, 178 (1970).

7. A. P. Alvares, G. Schilling, W. Levin and R.
Kuntzman, Biochem. Biophys. Res. Com-
mun. 29, 521 (1967).

. J. B. Schenkman, H. Greim, M. Zange and
H. Remmer, Biochim. Biophys. Acta 171,
23 (1969).

9. A. P. Alvares, G. Schilling, W. Levin and R.
Kuntzman, J. Pharmacol. Ezp. Ther. 163,
417 (1968).

10. R. Kuntzman, W. Levin, G. Schilling and A.
Alvares, in ‘“Microsomes and Drug Oxida-
tions”’ (J. R. Gillette, A. H. Conney, G. J.
Cosmides, R. W. Estabrook, J. R. Fouts
and G. J. Mannering, eds.), p. 349. Academic
Press, New York, 1969.

11. C. R. E. Jefcoate and J. L. Gaylor, Biochem-
istry 8, 3464 (1969).

12. Y. Gnosspelius, H. Thor and S. Orrenius,
Chem.-Biol. Interactions 1, 125 (1969-1970).

[+





