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SUMMARY

The administration to rats of polycyclic aromatic hydrocarbons such as
3-methylcholanthrene, 3,4-benzo(a)pyrene and g-naphthoflavone caused a signif-
icant elevation of hepatic choline kinase activity. On the other hand, pheno-
barbital-type inducers(phenobarbital, 1,1,1-trichloro 2,2-bis(p-chlorophenyl)
ethane(DDT) and hexachlorobenzene) did not stimulate the activity at all. The
administration of either cycloheximide or actinomycin D completely depressed
the elevation of choline kinase activity induced by polycyclic aromatic hydro-
carbons, indicating that the elevated activity by these chemicals could be due
to the change in the enzyme level. These results strongly suggest that induc-
tion of choline kinase are involved in the sequence of events leading to the
jnduction of hepatic drug metabolism by polycyclic aromatic hydrocarbons.
INTRODUCTION

It has been known for quite some time that a wide variety of drugs,
carcinogens, other environmental chemicals and steroids induce their metabolism
and/or that of other compounds via induction of cytochrome P-450, a key enzyme
of microsomal mixed-function oxygenase system{(1,2). PB and 3-MC have been
proposed to represent two prototype inducers, the former inducing the cyto-
chrome P-450 species and the latter, so-called cytochrome P-448 species{3,4).
More species of this cytochrome have been reported(5-11). Although several
laboratories have made considerable progress toward the purification and charac-
terization of multiplie forms of cytochrome P-450(12-17), the difference in the

mechanism of induction process by individual inducer has not been fully under-

stood.

Abbreviations: PB, phenobarbital; 3-MC, 3-methylcholanthrene; g-NF, g-
naphthoflavone; 3,4-BP, 3,4-benzo(a)pyrene; PCBs, polychlorinated biphenyls;
DDT, 1,1,1-trichloro 2,2-bis{p-chlorophenyl)ethane; HCB, hexachlorobenzene.
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On the other hand, the fact that most of these inducers are highly lipo-
philic and expected to interact with intracellular membrane components, has led
us to study the effect of administration of the typical inducers on membrane
1ipid metabolism(18,19). We have found that there exists a possible relation-
ship between induction of microsomal drug-metabolizing system and modulation
of phospholipid metabolism, especially of phosphatidylcholine biosynthesis in
rat liver(19,20). One of the most striking differences in the effect of PB
and 3-MC on phosphatidylcholine metabolism was seen toward the activity of
choline kinase[EC 2.7.1.32], a first key enzyme in phosphatidylcholine biosyn-
thesis; 3-MC caused a significant increase in choline kinase activity while PB
decreased the activity(20).

In the present study, we examined what a mechanism may be involved in the
stimulation of choline kinase activity after the administration of 3-MC-type
inducers, together with the time course comparison of the induction process

between cytochrome P-448 and choline kinase activity in rat liver.

METHODS

Inducer Treatment of Animals: Young Wister male rats(100-120 g) were used
for all experiments. 2 rats were housed in one cage each, fed standard labora-
tory chow and allowed free access to water. 3-MC, g-NF, 3,4-BP, PCBs(Polychlo-
ro Biphenyl, tetra, from Wako Pure Chemical Industries Co. Ltd., Japan) and DDT
were dissolved in hot corn 0il while HCB was dispersed in corn ¢il under brief
sonication. PB(Na salt) was dissolved in saline. A1l chemicals were injected
i.p. to the experimental group at a dosage of 50 mg(3-MC, 3,4-BP), 40 mg(g-NF),
30 mg(DDT), 80 mg(PB) and 100 mg(PCBs, HCB) per kg, respectively. Control ani-
mals were given equivalent volumes(0.25 ml per 100 g body wt.) of vehicle. In-
jection was performed at 18:00 otherwise indicated and animals were killed 16
hr after the injection, i.e. at 10:00 in the next morning. Food was removed
from the cage throughout experimental period. Cycloheximide was administered
at a single i.p. dose of 2.5 mg per kg in saline at the time of 3-MC injection,
while actinomycin D(1 mg per kg in saline, i.p.) was administered twice 1 hr
before and 6 hr after the 3-MC injection. In the time course study, the exper-
iment was started at 10:00 by a single i.p. dose of 3-MC injection. Food was
removed for the first 24 hr and every night-time thereafter(22:00 through 10:00
in the next morning).

Assay for Choline Kinase and Cytochrome P-450: A 20%(W/V) homogenate of
liver was prepared in 1.15%(W/V) KCT containing 10 mM Tris-HC1, pH 7.4, using
a Teflon pestle homogenizer. The homogenate was centrifuged twice at 15,000 x
g for 15 min and the supernatant was centrifuged at 105,000 x g for 60 min. The
resulting supernatant was used for choline kinase assay. The microsomal pellet
was rehomogenized in a proper amount of isotonic KC1 and recentrifuged at
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105,000 x g for 30 min. The washed microsomes were used for cytochrome P-450
determination according to the method of Omura and Sato(21). Choline kinase
activity was assayed by a slight modification of the method of Weinhold and
Rethy(22) as described elsewhere(20).

RESULTS AND DISCUSSION

Choline kinase is located in the soluble portion of the 1iver cell. The
reaction rate was constant for 30 min and proportional to the amount of enzyme
preparation within the range of 0.6 mg protein per incubation.

The induction patterns of both choline kinase activity and microsomal
cytochrome P-450(P-448) up to 96 hr after a single administration of 3-MC are
compared in Fig. 1, where the activity and the cytochrome content are represent-
ed on the basis of mg protein(A and C) and whole Tiver(B and D), respectively.
The activity of choline kinase showed a marked decrease at 12 hr in both control
and experimental groups probably due to its diurnal rhythm. This decrease in
control animals was partly reversed at the later periods where the activity was
assayed in the morning. However, the later activities in the control group were
kept relatively low when compared to that of O-time control, indicating that
overnight fasting resulted in a diminished activity of choline kinase. Recently,
Groener et al.(23) also reported that fasting caused a decrease in choline kinase
activity in rat liver. The administration of 3-MC resulted in a considerable
increase in choline kinase activity. This stimulatory effect by 3-MC was sig-
nificant as early as 6 hr after the administration, reached to the maximum level
(100% increase) by 48 hr and was sustained at 96 hr with either representation
of the activities(Fig. 1A and B). On the other hand, the induction of cytochrome
P-450(P-448) became significant 12 hr after the 3-MC administration, reached to
the maximum at 72 hr, then gradually decreased, as was clearly shown in Fig.
1C and B. The overall patterns of induction by 3-MC administration of both
cytosolic choline kinase activity and microsomal cytochrome P-448 in rat liver
were very similar to each other when reffered to the function of time, suggest-
ing that the increase in choline kinase activity may be involved in the mecha-

nism of induction by 3-MC of hepatic microsomal mixed-function oxygenase system.
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Induction patterns of cytosolic choline kinase activity(A and
B) and microsomal cytochrome P-450(C and D) in rat liver fol-
Towing 3-MC administration. The experimental details are
described in 'Methods' section. Open and closed circles repre-
sent the values from 3-MC-treated and control animals, respec-
tively. Bars are means + S.E. of triplicate measurements from
three animals. The number in parenthesis represents % of con-
trol value({average).

In order to clarify the nature of the increase in choline kinase activity

in rat liver by

3-MC administration, several experiments were performed, in

which a well-known inhibitor of protein synthesis{cycloheximide) or mRNA synthe

sis(actinomycin

D) was injected to both control and experimental animals. As

shown in Table I, either of the inhibitors completely blocked the 3-MC-mediated

increase in choline kinase activity in Tiver 105,000 x g supernatant fraction,

indicating that

3-MC could elevate a formation of the new enzyme protein, and
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TABLE I

Effect of cycloheximide and actinomycin D on 3-MC-mediated increase

in choline kinase activity in rat liver

Choline kinase activity

nmol/min per nmol/min per
mg protein whole Tiver
Expt. 1.
Control 2.36 + 0.36 722 + 70
Cycloheximide 1.95 = 0.36 600 + 28
3-MC 3.87 + 0.65* 1153 + 83*
3-MC + Cycloheximide 2,27 £ 0.32 707 + 50
Expt. 2.
Control 2.24 + 0.23 643 + 47
Actinomycin D 2.37 £ 0.15 670 + 35
3-MC 3.62 + 0.69%* 1075 + 205*
3-MC + Actinomycin D 2.24 + 0.36 646 + 102

Treatment of animals and other experimental details are described

in 'Methods' section. Values are means : S.E. of triplicate measure-
ments from four animals.

* Significantly (p< 0.01) different from untreated control values.

that the site of action of 3-MC leading to the induction of choline kinase
synthesis could be beyond the transcriptional level. The former possibility

has alsoc been supported by the following criteria(data not shown); 1) the in

£
] 200
Q
&
w
E
g ]
a
=
e
=7
g
£ 8 1004
>,
5 ° v
R 2
e
o 1 a
fg
a
(7))
3-MC-Type
Fig. 2. The effect of different types of inducers of microsomal mixed-
function oxygenase system on cytosolic choline kinase activity
in rat liver. Treatment of animals and other experimental

details are described in 'Methods' section. Bars represent
means + S.E. of triplicate measurements from three or four rats.
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vitro addition of 3-MC to the enzyme preparation did not stimulate choline
kinase activity at all. 2) a degree of increase in the specific activity(nmol/
min per mg protein) following 3-MC administration was much higher when compared
with the partially purified choline kinase preparation(through 30-45% ammonium
sulphate precipitation, DEAE-cellulose column chromatography).

Next, to define whether the induction of choline kinase is specific for
3-MC or a general event for polycyclic aromatic hydrocarbons, i.e. cytochrome
P-448 inducers, the effect of well-known inducers of microsomal mixed-function
oxygenase system on choline kinase activity was investigated. As shown in Fig.
2, it was clearly demonstrated that the induction of choline kinase in rat liver
is a very common event for so-called cytochrome P-448 inducers including PCBs,
which have been proposed to be a mixed type of inducer of both PB and 3-MC(24-
27).

The overall results strongly suggest that the induction of choline kinase
are involved in the mechanism of induction of microsomal mixed-function oxygenase
system caused by 3-MC-type but not by PB-type inducers in rat liver. The physi-
ological significance of choline kinase induction by polycyclic aromatic hydro-
carbon carcinogens in relation to hepatic phosphatidylcholine metabolism is now

under investigation in this laboratory.
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