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SUMMARY

The administration of 3,4-benzpyrene, 3-methylcholanthrene, or phenobarbital to male
rats stimulated the N-demethylation of 3-methyl-4-methylaminoazobenzene (3-MMAB)
by hep atic microsomes, but only phenobarbital stimulated the N-demethylation of ethyl-
morphine. Simultaneous administration of maximum stimulatory doses of 3-methyl-

cholanthrene and phenobarbital resulted in additive stimulation of N-demethylation
of 3-MMAB, whereas similar treatment with 3,4-benzpyrene and 3-methylcholanthrene did
not stimulate 3-MMAB N-demethylation beyond that observed when either was admin-

istered singly. Thioacetamide prevented increases in N-demethylation resulting from

phenobarbital administration, but had little effect on increased drug metabolism resulting
from 3-methyicholanthrene administration. It was concluded that 3,4-benzpyrene and
3-methylcholanthrene stimulate hepatic microsomal drug-metabolizing activity by the
same mechanism and that phenobarbital stimulates drug metabolism through a different
mechanism.

During phenobarbital administration parallel increases were observed in the N-demeth-
ylase activities and in the cytochrome P450 content of microsomes; when phenobarbital
was discontinued, microsomal N-demethylase activities and cytochrome P-450 content
decreased in a parallel manner. Thioacetamide, administered alone, caused concomitant
decreases in N-demethylase activities and cytochrome P450 content. When given with
phenobarbital, thioacetamide prevented the usual increases in N-demethylase activities

and in cytochrome P450 content seen when phenobarbital is administered. Polycycic
hydrocarbons caused an increase in microsomal P450 content and in 3-MMAB N-demeth-

ylase activity, but the increases were not parallel. No increase in ethylmorphine N-demeth-
ylase activity occurred even though the content of microsomal hemoprotein was elevated.

These studies suggested either that cytochrome P-450 is not rate-limiting in the over-all
ethylmorphine N-demethylation reaction or that the administration of polycyclic hydro-
carbons causes the synthesis of a microsornal hemoprotein different from that which was

present initially in that it is capable of participating in the .V-demethylation of 3-MMAB,

but not of ethylmorphine.
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INTRODUCTION

It was recognized early that agents which
stimulate increased activity of the micro-

somal enzymes involved in the metabolism
of drugs can be classified into two groups:
those which induce the increased metab-
olism of a wide variety of drugs, and those
whose inductive effects are directed toward
a much smaller number of substrates (1,
2). The first group is made up largely of
drugs and insecticides. Phenobarbital is the

agent in this group most frequently

employed in induction studies. The second
comprises largely polycyclic hydrocarbons.
3-Methylcholanthrene and 3,4-benzpyrene

are the most frequently employed agents
in the latter group. That phenobarbital and
the polycyclic hydrocarbons differ in the
specificity of their inductive effects im-
mediately suggests that more than one
mechanism of induction may exist.

The N-demethylation of 3-methyl-4-

methylaminoazobenzene is stimulated by

both phenobarbital and 3-methylchol-
anthrene. If these two agents produce their
inductive effects on the N-demethylation

of 3-methyl-4-methylaminoazobenzene by
different mechanisms, and if they are given

simultaneously in maximum stimulatory

doses, the resulting increase in N-demethyl-
ating activity should equal the sum of the
increases obtained when each is given alone.

On the other hand, if a single mechanism
is involved, the stimulatory effect seen
when both agents are administered together

should be no greater than when the more
potent of the two is used singly, and it

could be less.
Both types of inducing agents are

thought to produce their effects by causing
an increase in the synthesis of the micro-
somal enzymes responsible for drug metab-
olism. This conclusion is based largely on
the observation that inhibitors of protein

or nucleic acid synthesis, such as ethionine,

actinomycin D, and puromycin, prevent

induction (3-10). The work of Laird (11)

and of Adams and Busch (12) suggested

that thioacetamide might also be used to

block induction. Thioacetamide caused a

marked decrease in microsomal protein and

RNA. At the same time RNA accumulated

in the nucleus, and it was proposed that
the decrease in protein and RNA in the
microsomes was due to suppression of the

release of RNA from the nucleus. Support
for this proposal was provided by Stocker

and Yokoyama (13), who reported that
thioacetamide inhibited the migration of

RNA labeled with 3H-cytidine from the
nucleus to the cytoplasm. Thioacetamide
was employed in the current studies with

the expectation that it would block
induction produced by both phenobarbital
and 3-methylcholanthrene. Contrary to
expectations, although thioacetamide pre-
vented induction due to phenobarbital, it
had little or no effect on induction caused

by 3-methylcholanthrene.
For reasons already given, 3-methyl-4-

methylaminoazobenzene was used as a

substrate in these experiments. Ethyl-
morphine was also employed because its N-

demethylation is stimulated by pheno-

barbital, but not by 3-methyicholanthrene.
Increases in the rates of drug metabolism

that result after inducing agents are
administered, and the declines in rates
that follow when the inducing agents are

withdrawn, have been shown to parallel
closely the increases and decreases in levels
of microsomal cytochrome P-450 (14, 15).
Time course studies were therefore con-
ducted to determine the effect of thio-
acetamide on cytochrome P-450 levels of
microsomes from rats treated with 3-
methyicholanthrene, 3,4-benzpyrene, and

phenobarbital during periods when the
inducing agents were administered and for
several days after their withdrawal.

MATERIALS AND METHODS

Male Holtzman rats (90-125 g) were

employed. Phenobarbital sodium (in 0.9%
NaCl) was injected in daily doses of 40
mg/kg for 4 days, or, if a maximum

inductive effect was desired, 50 rng of
phenobarbital sodium per kilogram were

injected twice daily for 5 days. 3,4-Benz-

pyrene (in corn oil) and 3-methyicholan-
threne (in corn oil) were administered in
doses of 20 mg/kg/day for 4 days; this
amount of eit.her compound produced a
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maximum inductive effect. Thioucetamide
(in 0.9% NaCl) , 50 mg/kg, was adminis-

tered either alone or with the inducing
agents. ‘ ‘Untreated’ ‘ animals received either
corn oil or 0.9% NaC1. All injections were

made intraperitoneally.

Preliminary investigations showed that
thioacetamicle depressed food intake to
about 50% of normal. Accordingly, in one

series of investigations, where the effect of

thioacetamide on induction was studied,
pair-fed animals were used. In all other

experiments the animals were fed ad
libitum.

Livers were removed 20 hr after the last

injection or, in the time course studies, at
24-hr intervals after injections were dis-
continued. The rats were stunned by a blow

on the head, decapitated, exsanguinated,

and quickly hepatectomized, after which
the excised livers were placed in ice-cold
1.15% KC1 solution. All further procedures
for the preparation of the enzyme were
carried out at 0_40. A 25% homogenate
was prepared in 1.15% KC1 solution using
a Dounce homogenizer fitted with a loose

plunger (15 strokes). The homogenate was

transferred to polypropylene centrifuge
tubes and centrifuged at 9000 X g� for
20 mm in a refrigerated Lourdes centrifuge,
model LRA (rotor No. 9RAl. The super-
natant fraction, containing the microsomal

plus soluble fraction, was diluted so that
each milliliter contained the equivalent of

250 mg of liver tissue when untreated

animals were used and the equivalent of

100 mg of liver tissue when animals treated
with inducing agents were used. When

microsomal cytochrome P-450 levels were
determined, a 105,000 X g fraction was
prepared from livers perfused in situ with

cold, 1.15% KC1 solution to remove blood.
This was prepared by centrifuging the
9000)< g supernatant fraction in a Spinco
model L ultracentrifuge (rotor No. 50) at
105,000 X � for 60 mm at 2#{176}± 2#{176}and

suspending the pellet in a 1.15% KC1
solution so that each milliliter of the
suspension contained the equivalent of 250

mg of wet liver. All fractions were used

on the day they were prepared.

M ic i’osomal ethylmorphine and 3-MMAB2

�\-demethylase activities were determined

using the following reaction mixture
adjusted to pH 7.4: TPN (Sigma) , 2
p�moles ; potassium l)hosphate buffer, 2

mmoles ; semicarbazide hydrochloride, 37.5
pinoles ; nicotinamide, 20 jimoles ; magne-
sium chloride, 10 .�moles ; disodium glucose

6-phosphate ( Sigma) , 20 pnioles ; 3-
NIMAB,3 1 �umole, or ethylmorphine hydro-

chloride, 5 �moles ; 1 ml of tissue prepara-
tion; and sufficient 1.15% KC1 solution to

give a final volume of 5 ml. 3-MMAB was
added to the reaction mixture in 10 �.d of
ethanol. Reactions were started by the ad-
dition of tissue preparation. The mixture
was incubated with shaking (120 oscilla-

tions/min) at 37#{176}in open, 25-ml Erlen-
meyer flasks in a Dubnoff metabolic shaker.

Incubation times were 10 mm when 3-

MMAB was the substrate and 15 mm when

ethylmorphine was used. Reaction rates
were linear during these time intervals. The

reactions were stopped in one of two ways.

When 3-MMAB was used as the substrate,
2- or 4-ml aliquots of the reaction mixture

were removed and placed in a 50-ml conical

distilling flask containing 4 ml of a freshly

prepared 30% trichloracetic acid solution.

AT_Deineti�ylation of ethylmorphine was

stopped by the addition of 2 ml of a 5.5%
zinc sulfate solution.

Formaldehyde produced by the oxidative

N-demethylation of ethylmorphine was
measured by a modified method of Nash

(16) as previously described (17), except
that a 5.5% rather than a 5.0% ZnSO4�
7H20 solution was employed. The method

of MacFadyen (18) as described by
Takemori and Mannering (19) was used
for the determination of formaldehyde

resulting from N-demethylation of 3-
MMAB.

Microsomal cytochrome P-450 was

determined essentially as described by
Omura and Sato (20), using a Beckman

2 The abbreviation used is: 3-MMAB, 3-

methyl-4-methylaminoazohenzene.
‘This compound was kindly supplied by Dr.

J. A. Miller, MeArdle Laboratory for Cancer

Research. University of Wisconsin.
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model 1)B dual-beani sl)ectrol)hotonleter

and quartz cuvettes ( 1 -cm light path ) . To
two cuvettes containing the same fraction

of microsoinal l)rel)al’ation ( equivalent to
either 125 oi� 250 ing of wet liver) ai�d

0.2 M potassiui� phosphate l)UffeF, 1)H 7.4,
in a volume of 3 ml, weie added a few
inilligranis of solid sodiuni (lithionite. The

final pH was 7.0. Carbon lnonoxi(le was

bubbled through one of the cuvettes lot’
30 sec. The difference in absorption at 450

inp flhiIlllS that at 500 mp. was used as the

estimate of (‘vtochrome P-450 eoncen-
tration.

The glycogen content of the tnieI’OsOt��s

was determined by the method of Mont-

gomery (21).

RESULTS

Effect of phenobarbital, 3-inethqlchol-

(lfl threne, and 3,4-benzpyrene on 3-M�1IAB

.V-deineth�jlation. In agreement with tin

original observations of Conney anti

(‘0-Workers ) 3, 5), phenoharbital, 3-methyl-
cholanthrene, and 3,4-ben zpyrene treat-
ment caused an increase in the 3-MMAB
.V-demethylase activity of hepatic micro-
somes (Fig. 1). Simultaneous admin-
istration of maximum stimulatory doses of
3-methylcholanthrene ant I plienobarbita 1

resulted in additive stimulation of enzyme
activity, indicating that these cOml)Ouuds

produce their inductive effects by different
mechanisms. On the other hand, the

simultaneous administration of maximum

stimulatory doses of 3,4-beuzpyrene and 3-
inethvlcholauthi’ene (li(I not enhance the

N-demethylation of 3-MMAB above that
observed when either polycyclic hydro-
carbon was administered singly, thus

indicating that these compounds produce

their inductive effects by the same

mechanism.
Effect of phenobarbital, 3-met hyichol-

ant hrene, and 3,4-benzpyrene on ethyl-

morphine N-deinethyla tion. Administration

of 3-methylcholanthrene or 3,4-benzpyrene
to male rats did not increase the micro-
somal N-demethylation of ethylmorphine

(Fig. 2). As reported previously (22), how-
ever, hepatic microsomes from pheno-
barbital-treated rats showed enhanced

C MC MC PB PB

BLP MC

F’ i(.. I . Effect of ph(’noburint(li, 3-1n(’tii!,ichoian-

th rca e, and 3,4-benzpyren e mini mnjst ration on the
.\-demethijlation of �-M �1! .1 B by hepatic m ierosome.s

Hats were treated for 4 dav� with 0.9% NaCl or

(0111 oil (C) ; 3-methvlcholaitt hrene, 20 mg/kg

daily (MC) ; 3,4-henzpyrene, 20 mg/kg daily (BZP)

or l)henobarbital sodium, ‘�() mg/kg twice daily

(PB). Each bar represents the meaii and stan(lard

error of at least five animals.

* p < 0.01 when comparetl to t’ciiit mis (C

ethyllnorl)hine .\-deniethylase activity. In

accordance with expectation, simultaneous
acinministration of 3,4-benzpyrene and 3-
inethv leho lanth rene had no stimu latory

effect on ethylmorphine .\-(Iemethvlation,

1101’ did the simultaneous administration of
3-methy leholant hrene an(I phenol )arbita I
stimulate activity above that observed

when phenobarl)ital a lone was given.

Effects of thioacetamide on stimulation

of N-deinethyla tion by phenobarbital and

3-met hyicholan thren e. The effects of

thioacetamide on the ethylmorphine and 3-
MMAB N-demethylase activities of hepatic

microsomes from untreated, 3-methyl-
cholan threne-treated, an(I phenobarbital-
treated rats are shown in Figs. 3 and 4.
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C MC BZP MC PB PB
+ +

BZP MC

FIG. 2. Effect of phenobar&it.al, 3-methy!cholan-

threne, and 3,4-benzpyrene administration an the

N-demethylation of ethy!morphine by hepatic

microsomes

Rats were treated as described in Fig. 1. Each bar

represents the mean and standard error of at least

five animals. For abbreviations, see the legend to

Fig. 1.

* p <0.01 when compared to controls (C).

Thioacetamide alone decreased both N-

demethylase activities. When thioacetamide

was given concurrently with 3-methyl-
cholanthrene, ethylmorphine N-demethylase

activity was decreased (Fig. 3). This was

expected because 3-methylcholanthrene
does not stimulate the activity of this
enzyme system. When given simultaneously
with thioacetamide, phenobarbital no

longer produced a stimulatory effect on the
N-demethylation of ethylmorphine or 3-
MMAB (Figs. 3 and 4). In contrast thio-
acetamide did not prevent the stimulation

of 3-MMAB N-demethylation by 3-
methylcholanthrene (Fig. 4). However, the
total N-demethylating activity was not as
great as when 3-methylcholanthrene was

administered without thioacetamide. This

need not be interpreted to mean that the

stinmulatory effect had been partially
inhibited by thioacetamide. Evidence will
be presented to show that the enzyme
system resulting de novo from 3-methyl-

cholanthiene administration differs from

#{149} that which existed initially (23). The 3-

MMAB-N-demethylating activity seen
after 3-mnethylcholanthrene treatment with-
out thioncetamide administration represents

the sum of the activities of the normally
occurring enzyme, the level of which is
maintained during the course of 3-methyl-

cholanthrene administration, and the

enzyme that results de novo after 3-methyl-

C C-R TA PB PB-R PB MC MC-R MC
+ +

TA TA

FIG. 3. Effects of thioacetamide administration on
the N-demethy!ation of ethylmorphine by hepatic

microsomes from phenobarbital- and 3-methylcho!an-

threne-treated rats

Rats were treated for 4 days with 0.9% NaCl or

corn oil (C); thioacetamide, 50 mg/kg daily (TA);
phenobarbital sodium, 40 mg/kg daily (PB); or

3-methylcholanthrene, 20 mg/kg daily (MC). All
animals were fed ad libituin except where the

designation R appears, in which cases the food
intake was restricted to the amounts consumed by
thioacetamide-treated rats. Each bar represents
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C C-R TA PB PB-R PB MC MC-R MC

+ +

TA TA

FIG. 4. Effects of th ioacetamide athninistraiion on
the N-dernethy!ation of 3-,bIMAB by hepatic micro-

somes from phenobarbital- and 3-methy!choianihren C-

treated rats

Rats were treated as described in Fig. 3. Each bar
represents the mean and standard error of at least

four animals. For abbreviations, see the legend
to Fig. 3.

cholanthrene treatment. The reduction of
3-MMAB N-demethylase activity resulting

from the administration of thioacetamide
alone can be interpreted to mean that the
synthesis of the normally occurring enzyme

is prevented by thioacetamide. Accordingly,
when thioacetamide is given with 3-methyl-

cholanthi-eiie, time total activity is reduced
by about the same amount that had
previously been contributed by the
normally occurring enzyme. Thus, while the
synthesis of the normally occurring enzyme
is inhibited by thioacetamide, synthesis of

the enzyme system appearing in response
to 3-methylcholanthrene does not appear
to be inhibited by thioacetamide.

During the course of these experiments,

it was noted that thioacetamide decreased

food intake by approximately 50%. It was
thus considered necessary to repeat the
experiments using pair-fed rats. As may

be seen in Figs. 3 and 4, restricted feeding
increased the levels of time drug-metaboliz-
ing enzymes, but net differences obtained

with the various treatments were essentially
no different from those obtained with ani-

mals fed ad libitum. The values in Figs.

3 and 4 are expressed in terms of activity
per gram of liver; had they been expressed
in terms of activity per milligram of
protein, it is conceivable that no differences
would have been observed.

Thioacetamide did not exert its effect on

the N-demethylase activities by causing

a deficiency in glucose 6-phosphate de-

hydrogenase levels, as shown by the
failure of exogenous glucose 6-phosphate

dehydrogenase (Sigma Chemical Company)

to restore activity. When added directly to
the incubation medium in a concentration

of 1 X 1O� �+r, thioacetarnide did not inhibit
the N-demethylation of ethylmorphine or
3-MMAB.

Rats did not lose weight during the 4
days of thioacetamide treatment, but, un-
like control animals, they did not gain
weight (Table 11. Nevertheless, liver
weights were time same in treated and un-

TABLE 1

Effect of thioacetamide treat men! on body weight, !iver weight, and liver g!ycogen !ere!s in anile rats

Thioacetamicle, 50 mg/kg, was administered daily for 4 (lays. All determinations were made 20 hr after
the last injection. Each value represents the mean of four animals.

Treatment Body wt (A) Liver �vt (B) B: A X 100 Liver glycogen

g 11 % c/lao c
None, day 0 125 5.33 4 .26
None, day 4 147 6.20 4 .22 6.75
Thioacetamide, clay 4 119 6. 18 5. 17 3.29
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treated animals. (flycogen levels were

reduceti al)oUt 5Q�%:, but I’eturfle(l to normal

within 3 (lays after time cessation of thio-

acetamitle treatment. The rats had a normal
appearance during thioacetamide treatnient;

110 overt toxic symptoms were observed.
Effects of thioacetamide on changes in

cytochro in e P-450 levels produced by

polycyclic hydrocarbons and by pheno-

barbital. Time course studies relating
microsomal cytochrome P-450 levels to N-
demethylase activities at-c shown in Figs.

5-11. T)uring the 4 (lays of treatment with
thioacetamide, cytoch rome P-450 levels
and time activities of both N-demethylases

decreased in a parallel manner until values

were only about 10-20% of control values

(Fig. 5). When thioacetamide was dis-
continued, .V-denmethylase activities and
cytochrome P-450 levels increased in a

parallel manuel- and i-cached at least 80%.
of normal values within 5 days. Assuming
from these observations that thioacetanmide
almost completely blocks time synthesis of

cytochrome P-450, it would appear that time
half-life of this cytochrome is less than 2

days.

200

a-

I I 1 1 Days

FIG. 5. Effect of thioacetamide administration on

microsoma! N-demethylation and cytochrome P-450
levels

Rats received thioaeet.amide, 50 mg/kg, daily for

4 days (arrows). o-#{149}-o, Cytochrome P-450

levels; 00, 3-MMAB N-demethylation;

0- - -0, ethylmorphine N-demethylation. Mean

control values were: et hylmorphine N-demethylase,

8.1 �moles of HCHO formed per gram of liver per
hour; 3-MMAB N-demethylase, 2.9 /hmoles of

HCHO formed per gram of liver per hour; cyto-

chrome P450, 0.085 (�i1�� - A500). Each point

represents the mean of three animals.

Fit;. 6. Effect of phenobarbital wlmtnistration on

nucrosonial �\-demethylation and cytochronte P-450

levels

Rats received phenobarbital sodium, 40 mg/kg,

daily for 4 (lays (arrows). o-l-o, Cytochrome

P450 levels; 0-a, 3-MMAB .V-demethylation;

0- - -0, ethylmorphine N-demethylation. Mean

control values are given in Fig. 5. Each point
represents the mean of three animals.

The adlninistl-ation of phenobarbital to
i-ats caused paiallel increases in ethyl-

morphine and 3-MMAB N-demethylase
activities and in the cytochi-ome P-450

content of microsomes; cessation of pheno-

barbital ti-eatment resulted in parallel

50C

400

� 300

5 6 7 8

FIG. 7. Effect of concurrent administration of

phenobarbital and thioacetamide on microsomal

.V-deinethylation and cytochrorne P450 levels

Rats received phenobarbital sodium, 40 mg/kg,
plus thioacetamide, 50 mg/kg, daily for 4 days

(arrows). 0-1-0, Cytochrome P450 levels;

0-0, 3-MMAB N-demethylation; 0- - -0,
ethylmorphine N-demethylation. Mean control

values are given in Fig. 5. Each point represents the
mean of three animals.
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FIG. 8. Effect of 3-methy!cholanthrene a(lnunistra-

tion on microsomal N-demethylation and cytochrome

P-450 levels

Rats received 3-methylcholantlirene, 20 mg/kg,
daily for 4 days (arrows). � Cytochrome

P450 levels; 0- 0, 3-MMAB N-demethylation;

0- - -0, ethylmorphine N-demethylation. Mean

control values are given in Fig. 5. Each point

represents the mean of three animals.

returns to normal values (Fig. 6). Thio-

acetamide administered concurrently with

phenobarbital prevented the increases in
cytochrome P-450 content and in both N-

demethylase activities (Fig. 7) -

500

400

0
0)

� 300

0,

� 200
Q.

00 - ��-------

0 T�-� � ..�

I I I I Day

FIG. 9. Effect of 3,4-benzpyrene administration on

microsomal N-demethylation and cytochrome P-450

levels

Rats received 3,4-benzpyrene, 20 mg/kg, daily

for 4 days (arrows). 0-- -0, Cytochrome P.450
levels; 0 0, 3-MMAB N-demethylation;

0- - -0, ethylmorphine N-demethylation. Mean

control values are given in Fig. 5. Each point rep-

resents the mean of three animals.

400

I I 1 1 Days

lu;. 10. Effect of concurrent administration of

3-methylcholanthrene and thioacetamide on microsonial

N-demethylation and cytochrome P-450 levels

Rats received 3-methylcholanthrene, 20 mg/kg,
plus thioacetamide, 50 mg/kg, daily for 4 days
(arrows). 0-� -0, Cytochrome P450 levels;
0-0, 3-MMAB N-demethylation; 0- - -0,

ethylmorphine N-demethylation. Mean control
values are given in Fig. 5. Each point represents the
mean of three animals.

Parallel increases in the two N-dc-
methylase activities with increases in cyto-
chrome P-450 content wei-e not seen when

3-methylcholanthrene or 3,4- benzpyrene
was employed as the inducing agent (Figs.
8 and 9) . In agreement with previous
results, no increases in et.hylmorphine N-

FIG. 11. Effect of concurrent adnunistration of

3,4-benzpyren e and thioacetamide on nzicrooomal

N-demethy!ation and cytochronze P-450 levels

Rats received 3,4-benzpyrene, 20 mg/kg, plus

thioacetamide, 50 mg/kg, daily for 4 days (arrows).

0- -0, Cytochrome P450 levels; 0-0,
3-MMAB .V-demethylation; 0- - -0, ethylmor-
phitse N-demethylation. Meats control values are

given in Fig. 5. Each point represents the mean of
three animals.
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demethylase activities were observed. The

increases in 3-MMAB N-demethylase
activities were considerably greater than

the increases in cytochrome P-450 content.
Results were quite similar when thio-
acetamide was given simultaneously with
the polycyclic hydrocarbons, but all values
were lower (Figs. 10 and 11) . These values
were lower by nearly the amount observed
when thioacetamide alone was administered.

It is to be noted that 3-MMAB N-de-

methylase activity and cytochrome P-450
levels did not return to normal values

within the 5 days following the cessation
of treatment with the polycyclic hydro-
carbons, as was the case when pheno-

barbital treatment was discontinued. This
more persistent effect of the polycyclic
hydrocarbons has usually been explained
on the basis that these compounds are
stored in fat depots and released over a
prolonged period. An alternative explana-
tion might be that the hemoprotein formed
as a result of polycyclic hydrocarbon
administration is less readily degraded
than that formed as a result of pheno-
barbital administration.

DISCUSSION

Gillette (24, 25) determined the activities

of several drug-metabolizing enzymes in

hepatic microsomes from immature female
rats receiving maximum stimulatory doses

of 3,4-benzpyrene and phenobarbital,
administered singly or in combination.
Microsomes from rats given both 3,4-
benzpyrene and phenobarbital metabolized
acetanilide, monomethyl-4-aminoantipy-
rene, zoxazolamine, and phenacetin more

rapidly than did microsomes from rats
given only phenobarbital or 3,4-benzpy-
rene, although these effects were not ad-

ditive in all cases. On the other hand,
microsomes from rats that received maxi-
mum stimulatory doses of both 3,4-benz-
pyrene and 3-methyicholanthrene oxidized

zoxazolamine, acetanilide, and phenacetin
at about the same rates as did those from
animals given either 3,4-benzpyrene or 3-
methyicholanthrene alone. Hart and Fouts
(26) reported that simultaneous adminis-

tration of chiordane and phenoharhital to

male rats did not stimulate the metabolism

of hexobarbital or aminopyrine beyond the
rate observed when either was given alone.

Mullen et at. (27) observed additive
stimulatory effects on zoxazolamine hy-
droxylase activity when chiordane was
administered with either 3,4-benzpyrene or
3-methylcholanthrene. These studies and
the present investigation strengthen the
view that inducing agents such as pheno-

barbital and chlordane stimulate the
metabolism of drugs by one mechanism and

that the polycyclic hydrocarbons stimulate
drug metabolism by a different mechanism.

There are several ways by which induc-
ing agents can increase enzyme activity:

(a) by increasing enzyme synthesis, (b) by
causing the synthesis of a more active
enzyme, (c) by directly activating existing

enzyme, (d) by indirectly activating exist-
ing enzyme, or (e) by stabilizing the
enzyme. Agents that induce drug metab-

olism are not effective in vitro, and experi-

ments designed to show that they produce
their effects by altering the level of some

enzyme activator or inhibitor were negative
(28) . The stimulatory effect of these com-

pounds is not mediated through hormones
of the testis, adrenal, pituitary, or thyroid

gland, since removal of these glands does

not prevent induction of drug metabolism

(3, 29, 30). All these findings argue against
direct or indirect activation of the enzymes
immediately involved in drug metabolism.
Because inhibitors of protein or nucleic
acid synthesis, such as ethionine, actino-
mycin D, and puromycin, also inhibit the

stimulation of drug-metabolizing enzymes
by agents such as phenobarbital and the
polycyclic hydrocarbons, it has been argued

that induction is due to increased synthesis
of enzyme protein (3-10). However, the
concept of increased enzyme synthesis is
not required to explain induction; increased

activity would also result if the stimulatory

compounds stabilized the drug-metabolizing
enzymes to resist catabolism or if they
prevented the synthesis of the catabolizing

enzymes. Blockers of protein synthesis
would still prevent induction because they
would prevent the accumulation of the
new enzyme being formed at. it� usual rate.
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Another possibility to be considered is
that synthesis may take place in such a
way that there is no net increase in the

amount of enzyme but that the newly

formed enzyme possesses a higher specific
activity. Induction of alkaline phosphatase
activity in growing HeLa cells by prednis-

olone appears to occur in this manner (31).

This mechanism might better explain the
action of 3-methylcholanthrene, which, un-
like phenobarbital, produces its inductive

effects without causing great increases in
microsomal protein (3, 8, 32, 33).

Actinomycin D, an inhibitor of DNA-
directed RNA synthesis, inhibits induction
by both phenobarbital and 3-methyl-
cholanthrene. Thus, it has been postulated
that these agents initiate their inductive
effects at the transcriptional level of protein
synthesis (7, 8) . If this hypothesis is cor-
rect, and if thioacetamide depresses micro-
somal protein synthesis by suppressing the
release of RNA from the nucleus (12, 13),
thioacetamide should also inhibit induction
of drug metabolism by phenobarbital or 3-

methylcholanthrene since it would prevent
the release of mRNA from the nucleus into

the cytoplasm. In view of these consider-
ations, some explanation is needed to ac-
count for the finding that thioacetamide
prevented induction by phenobarbital, but

not by 3-methylcholanthrene. The following
speculations ai-e offered.

1. Phenobarbital and 3-methyicholan-
threne each might cause the synthesis of a
unique mRNA; the release from the nucleus
of the mRNA caused by phenobarbital

treatment might be prevented by thio-
acetamide, but that caused by 3-methyl-

cholanthrene treatment might not. This
hypothesis requires that the two inducing
agents cause the synthesis of different mes-
sages which code for the synthesis of two

different enzymes N-demethylating 3-
MMAB. Evidence for the presence of two
such enzymes in rat liver will be presented
(23).

2. Phenobarbital might stimulate induc-
tion at the transcriptional level of protein
synthesis, but 3-methyicholanthrene might
cause its effect at the translational level.
This hypothesis requires that phenobarbital

increase the synthesis of a relatively un-

stable mRNA. Thioacetamide would block
phenobarbital induction by preventing the
release of this unstable message from the

nucleus. 3-Methyicholanthrene would not
induce enzyme activity by this mechanism,
but would act by allowing the expression of

a relatively stable cytoplasmic mRNA. Al-
though thioacetamide would be expected to

block the release of this mRNA from the
nucleus, an immediate supply from the
nucleus would not be necessary for
induction to occur. If 3-methyicholanthrene

acts through a relatively stable cyto-
plasmic mRNA, the thioacetamide block
at the level of mRNA release from the
nucleus would be circumvented temporarily.

The existence of unstable and stable mRNA
is well documented (34) . It is understand-
able that actinomycin D should inhibit
phenobarbital induction, for it is known

to act at the transcriptional level. If, as
this hypothesis demands, however, 3-meth-
ylcholanthrene causes its effect at the
translational level, some explanation is

needed for the action of actinomycin D in
preventing induction by 3-methylcholan-
threne. The well-established action of

actinomycin D on mRNA synthesis does
not exclude the possibility that it may also

affect other cellular mechanisms.
3. A third possibility is that the mRNA

involved in phenobarbital stimulation is

templated in the nucleus, but that involved
in 3-methyicholanthrene stimulation is
templated in the cytoplasm. Thus actino-
mycin D, which inhibits transcription, and

puromycin and ethionine, which inhibit
translation, would inhibit induction by both
agents, but thioacetamide, which prevents
the release of mRNA from the nucleus,
would prevent induction by phenobarbital

but not by 3-methylcholanthrene. This
hypothesis is consistent with recent reports

that RNA is templated off cytoplasmic
DNA. and the suggestion that this RNA
codes for the synthesis of microsomal and

mitochondrial membrane protein (35).
4. A fourth possibility is that the enzyme

activity resulting from phenobarbital treat-
ment is sensitive to some other cellular
effect of thioacetamide, e.g., alteration of
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the endoplasinic reticulum (36) , whereas
that resultmg from 3-methylcholanthrene
treatment is not.

The thioacetamide-treated rats appeared
quite normal grossly and did not lose
weight, although they did not gain weight

at the normal rate. This suggests that thio-
acetamide does not have an all-or-none
effect On protein synthesis, but that its

action is selective. Conceivably, the in-

ductive effects of both phenobarbital and
the polycyclic hydrocarbons might have
been achieved if higher doses of thio-
acetamide or a different injection schedule

had been employed. In any event, with the
doses and dosage schedule used in the cur-
rent study, it can be said that thioacet-

amide was selective in its inhibition of the
inductive effects caused by phenobarbital
and the polycyclic hydrocarbons, and this

serves to distinguish the two inductive
processes.

The parallel increases in iates of (Irug
metabolism and cytochrome P-450 levels

during the administration of phenobarbital
and their subsequent parallel decreases to
normal values after the withdrawal of the
barbiturate (14, 15) have led to the
conclusion not only that cytochrome P-450
is a necessary component of the drug-

metabolizing system, hut that it may be

the rate-limiting component. The observa-

tion that the polycyclic hydi-ocarbons cause
an increase in cytochrome P-450 content
without increasmg ethylmorphine N-dc-
methylase activity (Figs. 8 and 9) suggests

either that cytochrome P-450 is not rate-

limiting in the over-all reaction involving
the N-demethylation of ethylmorphine in

microsomes from untreated rats or that the

polycyclic hydrocarbons cause the produc-

tion of a new cytochrome P-450 different

from that which existed previously in that
it functions in the N-demethylation of 3-
i\IMAB, but not of ethylmorphine. Evi-
dence that the latter possibility is the case

is presented in the following publication
(23).
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