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Abstract—Edarly after administration of CS, to untreated, phenobarbital (PB)- and 3-methylcholanthrene
(3-MC)-pretreated C57BL/6 Cr mice: (1) the loss of cytochrome P-450 was enhanced by pretreatment
with both inducers, but to a greater extent with 3-MC; (2) the decrease in 7-ethoxyresorufin (ER) O-
deethylation activity was much greater than that of cytochrome P-450 in untreated and PB-pretreated
mice, but both paralleled values in 3-MC-pretreated mice, in which ER O-deethylation activity was
induced markedly, (3) the peak of the carbon monoxide-difference spectrum of microsomal reduced
cytochrome P-450 (about 448 nm) in 3-MC-pretreated mice shifted toward 450 nm after administration
of increasing doses of CS,; (4) similar tendencies were observed in vitro in items (1) to (3); (5)
electrophoresis of microsomal proteins revealed a loss of each protein band induced by PB and 3-MC
following CS, administration; (6) in the reconstituted monooxygenase system using partially purified
cytochrome P-450 and P-448 forms from PB- and 3-MC-treated rats, CS, suppressed the drug-metab-
olizing activities exhibited by the P-448 form but had little or no effect on those by the P-450 form; and
(7) in n-octylamine difference spectra of microsomes, loss of the 3-MC-induced high spin form of
cytochrome P-450 was evident. These results indicate that the 3-MC-inducible form of cytochrome P-
450 was more susceptible to CS, than the PB-inducible form. The hepato-necrogenic action of CS, was
not enhanced by PB or 3-MC pretreatment in mice.
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Several lines of evidence indicate that administration
of CS, decreases liver microsomal drug-metabolizing
enzyme activities [1-5]. Phenobarbital (PB) pre-
treatment is reported to increase the loss of liver
cytochrome P-450 content as well as hepatotoxicity
following CS, administration in rats [1, 6-8]. The in
vitro studies on the covalent binding of radiolabeled
CS, suggest that CS, is metabolized by the micro-
somal cytochrome P-450-containing monooxygenase
system and the reactive sulfur atoms released cova-
lently bind to microsomal membranes, causing the
destruction of the hemoprotein and hepatotoxicity
{9-12].

On the other hand, Hunter and Neal [3] examined
the ability of various thiono-sulfur-containing com-
pounds including CS, to reduce liver microsomal
cytochrome P-450 content and benzphetamine
metabolism in PB- and 3-methylcholanthrene (3-
MC)-pretreated rats, but no clear difference was
found between such treatments. Obrebska ef al. [13]
reported that CS, produces a slightly smaller
decrease of cytochrome P-450 in 3-MC-pretreated
rats than in PB-pretreated rats, although hydroxy-
lation activities of biphenyl and aniline were affected
more in 3-MC-pretreated rats. Torres et al. [14]
suggested an alteration of a CS,-sensitive population
of liver cytochrome P-450 hemoproteins, although
this has not been demonstrated. Thus, it is still
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uncertain whether there is any inducer dependency
in the action of CS, or what forms of cytochrome P-
450 are involved.

In a recent study using normal ddY mice [15], we
found that CS, produces a decrease in microsomal
cytochrome P-450-dependent monooxygenase activi-
ties, NADPH—cytochrome P-450 reductase (but not
NADPH-cytochrome ¢ reductase) activity, and the
magnitude of spectral changes induced by some sub-
strates to a greater extent compared with the loss of
cytochrome P-450 content. An explanation for this
may be that cytochrome P-450 molecules are func-
tionally more impaired than expected from the
chemically determined loss of the hemoprotein con-
tent, but another possibility, that destruction of
specific forms of cytochrome P-450 could also be
involved, has been suggested.

We examined the profile of the cytochrome P-
450 impairment following CS, administration in PB-
inducible ddY strain mice and in 3-MC- and PB-
inducible C57BL/6 Cr (BL) mice. The action of CS,
in the reconstituted monooxygenase system was also
tested using partially purified cytochrome P-450 and
P-448 forms from the rat liver.

MATERIALS AND METHODS

Animals and treatments. Male SPF-grade mice of
the ddY and BL strain (Shizuoka Agricultural Coop-
erative Association for Laboratory Animals, Japan),
6 weeks old, were used, with food and water given
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ad lib. throughout the experimental period. Pre-
treatments with inducers were as follows: PB was
dissolved in saline and given i.p. at a dose of 80 mg/
kg once daily for 3 days and CS, was given 24 hr
after the last administration; 3-MC (100 mg/kg, dis-
solved in olive oil) was given i.p. as a single dose 3
days before CS; administration. CS, (>99%, GC,
Wako Pure Chemicals, Japan) was dissolved in olive
oil and given p.o. at doses of 3, 30, 300 and 2000 mg/
kg. All solutions were freshly prepared and given at
a volume of 0.05 ml/10 g body weight. Control mice
received the vehicle alone.

Preparation of microsomes and enzyme assays.
Usually 1 hr after administration of CS,, mice were
killed by cervical dislocation and exsanguinated. The
livers were well perfused in situ with cold 0.15M
KCl solution, and 20% liver homogenates in 0.15 M
KCI-20 mM potassium phosphate {pH 7.4)-1 mM
EDTA were prepared. The homogenate was centri-
fuged at 9,000g for 20 min, and the supernatant
fraction without the fluffy layer was further centri-
fuged at 105,000 g for 1hr. The microsomal pre-
cipitate was suspended in 0.1 M potassium phosphate
(pH 7.4)-0.1 mM EDTA at a concentration of 20 mg
protein/ml and used for various assays while fresh.
Protein was determined by the method of Lowry et
al. [16].

Microsomal cytochrome P-450 and bs; contents
were determined by the method of Omura and Sato
[17]. The molar extinction coefficient of 91cm™!
mM ™! was used for calculation of the cytochrome P-
450 content in any microsomal sample. 7-Ethoxy-
resorufin (ER) and 7-ethoxycoumarin (EC) O-
deethylation, aniline (AN) hydroxylation and amino-
pyrine (AP) N-demethylation activities were assayed
as described previously 5, 15].

Substrate-induced difference spectra of micro-
somes, which were mainly examined 2 hr after p.o.
administration of 2 g/kg of CS,, were recorded with
1 mM n-octylamine in 0.1 M potassium phosphate
(pH 7.4)-50% glycerol, 1mM metyrapone and
0.1 mM SKF-525A in 0.1 M potassium phosphate
(pH 7.4) at a protein concentration of 2 mg/ml.

Sodium dodecy! sulfate—polyacrylamide slab gel
electrophoresis (SDS-PAGE) of microsomes was
conducted according to the method of Laemmli [18].
Microsomes (1 mg protein/ml) were dissolved in
50 mM Tris—HCl buffer (pH 6.8) containing 20%
glycerol, 1% SDS, 1% B-mercaptoethanol, 1 mM
EDTA, and 0.001% bromophenol blue and heated
for 2min at 100°. The separating gel
(14 x 10 X 0.1 cm) contained 7.5% acrylamide.
Electrophoresis was carried out at 10 and 30 mA/gel
during stacking and separation respectively. The gels
were fixed in 25% isopropylalcohol-10% acetic acid,
stained in the fixative containing 0.05% Coomassie
blue R-250, destained in 10% isopropylalcohol-10%
acetic acid and immersed in 3% glycerol. The wet
gel was placed on a glass plate, covered with a
cellophane sheet, and dried in air. Densitometric
scanning was done with a Shimadzu dual-wavelength
TLC scanner CS-910.

Experiments with isolated microsomes. The com-
plete reaction mixture contained 2 mg protein/ml of
microsomes, 200 uM NADPH with its generating
system {10 mM sodium isocitrate, 5 mM MgCl, and
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0.25 units/ml of isocitrate dehydrogenase), 107 to
1073 M CS, (added as methanol solution in a volume
of 10 ul) and 2 uM diphenyl-p-phenylene diamine
{DPPD) in a final volume of 10 ml of 0.1 M potassium
phosphate (pH 7.4)-0.1mM EDTA. DPPD was
added to minimize the degradation of cytochrome
P-450 due to endogenous lipid peroxidation. Control
mixtures contained no NADPH and, at a zero con-
centration of CS,, 10 ul of methanol was added. All
reaction mixtures were prepared in duplicate in 50-
ml capped flasks. Incubation was carried out at 37°
for 30 min with shaking, and the reaction was stopped
in ice. The microsomes were precipitated by cen-
trifugation, suspended in 2.0 ml of the phosphate
buffer, and assayed for protein, cytochrome P-450
content, and drug-metabolizing activities.

Experiments with reconstituted monooxygenase
system. Cytochrome P-450 and P-448 forms were
purified from livers of PB- and 3-MC-treated male
Sprague-Dawley rats [hereafter referred to as P-450
(PB) and P-448 (3-MC)] according to the method of
Guengerich and Martin [19]. Each major B, fraction
was used. Our final preparations of P-450 (PB) and
P-448 (3-MC), containing 9 and 13 nmol of cyto-
chrome P-450/mg protein, respectively, had the
absorption maxima of the reduced cytochrome P-
450—carbon monoxide complex at approximately
450.0 and 447.5 nm respectively. By SDS-PAGE, P-
450 (PB) exhibited virtually a single band at about
51,000 daltons, while P-448 (3-MC) showed a major
band at about 55,000 daltons and a minor 54,000
dalton band (Fig. 1). These values of optical charac-
teristics and subunit molecular weights are within
the range of several reported values [20]. Judging
from the specific hemoprotein content and elec-
trophoresis pattern, both preparations were not com-
pletely pure; however, no mutual contamination was
observed electrophoretically. NADPH-cytochrome
P-450 reductase was purified from PB-treated rats
by the method of Guengerich and Martin [19] and
was electrophoretically pure (Fig. 1}. Reconstitution
and incubation with CS, were done as follows. P-450
(PB) or P-448 (3-MC) (each 2.5 nmol), NADPH-
cytochrome P-450 reductase (0.5units) and
sonicated lauryl lecithin (50 ug) were mixed in a
volume of 0.1 ml and, after a few minutes, were
suspended in 0.1 M potassium phosphate buffer
(pH 7.4) containing deoxycholate (50 ug), EDTA
(1 mM), MgCl, (15mM), NADPH (200 uM) with
the generating system and CS, (5mM) in a final
volume of 0.5 ml. This mixture was prepared in a 10-
ml capped test tube and incubated at 37° for 30 min
with shaking. The reaction was stopped in an ice
bath, and aliquots of the reaction mixture were
directly assayed for drug-metabolizing activities.

Hepatotoxicity test. Untreated, PB- and 3-MC-
pretreated mice received 0.5 to 1.5 g/kg of CS, i.p.
and were killed by exsanguination 24 hr later. Blood
was collected in a heparinized syringe, and plasma
glutamic oxaloacetic transaminase {(GOT) [21] and
lactic dehydrogenase (LDH) [22] activities were
measured. A portion of the liver was sonicated in
8% trichloroacetic acid (TCA), and the TCA super-
natant fraction was determined for calcium by the
calcein-fluorometric method of Von Hattingberg et
al. {23].
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Fig. 1. Sodium dodecyl sulfate-polyacrylamide slab gel
electrophoresis of purified NADPH-cytochrome P-450
reductase, cytochrome P-450(PB) and P-448(3-MC) prep-
arations from rat liver microsomes. For details, see text.
The reductase (0.5 ug protein, well B), cytochrome P-
448(3-MC) (0.8 ug, well C) and cytochrome P-450(PB)
(1.0 ug, well D) were applied on 5-mm wide wells, Protein
standards (wells A and E) used were bovine serum albumin
(68 kD), catalase (58kD), glutamate dehydrogenase
(53 kD) and ovalbumin (45 kD).

Statistics. Statistical analysis was done by the
method of Bonferoni as described by Wallenstein et
al. [24] after the one-way analysis of variance, and a
P < 0.05 was considered significant.

RESULTS

Loss of microsomal cytochrome P-450 and drug-
metabolizing activities in vivo. The suppressive action
of CS, on the liver microsomal cytochrome P-450-
containing monooxygenase system was examined in
untreated or inducer-pretreated ddY and BL mice
1 hr after administration of CS, when the mono-
oxygenase activity decreases rapidly [15].

As shown in Fig. 2, in BL mice, PB-treatment
increased the cytochrome P-450 content, AN
hydroxylation and AP N-demethylation activities in
parallel, whereas ER and EC O-deethylation activi-
ties were increased to a greater extent. Adminis-
tration of CS, to untreated and PB-pretreated
animals produced the following changes: (1) loss of
cytochrome P-450, which was slightly greater in PB-
pretreated mice, was generally less as compared with
the decreases in drug-metabolizing activities, (2) the
decrease in ER O-deethylation activity was greatest
in both untreated and PB-pretreated mice, especially
in the latter, whereas EC O-deethylation was less
affected in PB-pretreated mice, and (3) AN hydroxy-
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lation activity also decreased to a considerable
degree as compared with the loss of cytochrome P-
450 irrespective of the PB pretreatment, whereas the
decrease in AP N-demethylation activity was similar
with that of the hemoprotein content.

In 3-MC-pretreated BL mice (1) the degree of
the loss of cytochrome P-450 was greater than that
observed with untreated and PB-pretreated mice,
(2) ER O-deethylation activity, which was increased
approximately thirty times by 3-MC pretreatment,
was much less affected as compared with the
untreated and PB-pretreated mice, and (3) the
degree of the suppression of ER and EC O-
deethylation and AP N-demethylation activities was
similar to the loss of cytochrome P-450, although
the decrease in AN hydroxylation activity was still
greater.

Originally these experiments were started with
ddY mice. Untreated and PB-pretreated ddY mice
responded to CS, almost as BL mice did (data not
shown), but a marked variation in the degree of the
induction by 3-MC was observed with ddY mice. In
the following study, therefore, we used the BL-
mouse strain, which has been shown to be genetically
responsive to 3-MC invariably accompanying the
induction of cytochrome P-448 [25, 26].

In vitro action of CS, on isolated microsomes.
Microsomes isolated from PB- or 3-MC-pretreated
mice (PB-microsomes or 3-MC-microsomes) were
incubated with CS, in the presence or absence of
NADPH. In the absence of NADPH, 10~3t0 107> M
CS, had little effect on microsomal cytochrome P-
450 content and drug-metabolizing activities. In the
presence of NADPH, however, these variables were
variably suppressed (Fig. 3). With PB-microsomes,
the suppression of drug-metabolizing activities,
especially ER O-deethylation and AN hydroxy-
lation, was greater as compared with the loss of
cytochrome P-450. In the case of 3-MC-microsomes,
loss of cytochrome P-450 was greater than that in
PB-microsomes and was almost paralleled by the
decrease in drug-metabolizing activities except for
AN hydroxylation which was suppressed to a greater
extent. These in vitro observations were nearly in
accordance with the in vivo results.

Microsomal spectral studies. During the preceding
in vivo experiments, the peak of CO difference
spectrum of the reduced 3-MC microsomes, about
448 nm, shifted to a higher wavelength after adminis-
tration of CS,, which is shown in Fig. 4 together with
the data obtained under a higher dose (2 g/kg) of
CS;. In vitro, 107*M CS, also shifted the peak to
450 nm only in the presence of NADPH.

The following spectral studies were done with
untreated, PB- and 3-MC-microsomes isolated 2 hr
after administration of a high dose of CS, (2 g/kg,
p.0.), to fully lower the cytochrome P-450 level.
Under such conditions, loss of cytochrome P-450 was
still greater in both PB- and 3-MC-microsomes, but
the cytochrome b5 content was unaffected (Fig. 5).

The magnitude of spectral changes induced by
metyrapone and SKF-525A was increased by PB
pretreatment and reduced by additional CS, adminis-
tration nearly in parallel with cytochrome P-450 con-
tent. However, 3-MC pretreatment increased only
the metyrapone-induced spectral change, and rather
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Fig. 2. Effects of CS; administration on microsomal cytochrome P-450 content and drug-metabolizing

activities in untreated, PB- and 3-MC-pretreated BL mice. Mice were killed 1 hr after administration

of CS,. Each microsomal sample was prepared from pooled livers of two mice. For details, see text.

Each point represents mean = SD (N = 3). Key: Significantly different from the controls at *P < 0.01]
and **P < 0.05.
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Fig. 3. In vitro effects of CS, on microsomal cytochrome P-450 content and drug-metabolizing activities
in isolated microsomes. Microsomes were prepared from pooled livers of fifteen PB- and fifteen 3-MC-
treated BL mice and incubated in the presence of NADPH and CS,. For details, see text. With CS,
alone, i.¢. in the absence of NADPH, no suppression was observed. The values are expressed as percent
of the controls. Each point represents the mean of duplicate assays, in which variations were kept within
5%. Key: (@) cytochrome P-450; (O) 7-ethoxyresorufin O-deethylation; ((J) 7-ethoxycoumarin O-
deethylation; (A) aniline hydroxylation; and (V) aminopyrine N-demethylation. Control values of these
items for PB- and 3-MC-microsomes were 1.62 and 1.77 nmol cytochromne P-450/mg protein, 0.23
and 2.14 nmol resorufin/mg protein/min, 6.33 and 7.46 nmol umbelliferone/mg protein/min, 158 and
157 nmol p-aminophenol/mg protein/hr, and 1.77 and 0.69 umol formaldehyde/mg protein/hr
respectively.
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Fig. 4. Shift of the peak wavelength of CO difference
spectrum of dithionite-reduced microsomes following
administration of CS, in 3-MC-pretreated BL mice. The
data were obtained from spectral drawings used for the
determination of cytochrome P-450 shown in Figs. 2 and 5.
Each point represents the mean SD (N = 3 at 0-300 mg/kg
and N = 2 at 2 g/kg). A single or double asterisk indicates
values significantly different from the control value at
*P < 0.01 and **P < 0.05.
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reduced the SKF-525A-induced change. CS,
administration considerably reduced the former
spectral change but only slightly the latter (Fig. 5).
In n-octylamine difference spectra (Fig. 6), about
a3-fold increase of AA (500~392 nm) in 3-MC-micro-
somes and its marked decrease after CS, adminis-
tration were noticed. This resulted in a decrease
of the AA (500-410): AA(500-392) ratio of 3-MC-
microsomes and its considerable increase after CS,.
On the other hand, PB pretreatment alone increased
the ratio, which was further increased after CS,
administration due to a greater decrease in AA (500~
392). Decrease in AA(peak—trough) following CS,
administration was greater in 3-MC-microsomes.
SDS-PAGE analysis. Pooled microsomes used in
the spectral assays were subjected to electrophoresis
and densitometry (Fig. 7). In untreated microsomes,
the effect of CS, administration on the protein bands
(peaks “a”, “b”, “c” and “d”) located at cytochrome
P-450 hemoprotein region was slight. In PB-micro-
somes, proteins at bands “b” and “c” increased and
a new band “e” appeared on the higher molecular
weight side of band “a”. Among them, bands “b”
and “c” were especially decreased by CS,. 3-MC

nmol/mg prot.
1.0
Cytochome bs

0.5}
)..
0
untreated PB 3-MC
4AA390-420
0 ~
SKF 525A binding
Q051

untreated PB 3-MC

N : €S2 2q/kg, po, 2hr

Fig. 5. Effects of a high dose of CS, on microsomal hemoprotein content and the magnitude of

metyrapone- and SKF-525A-induced spectral changes in untreated, PB- and 3-MC-pretreated BL mice.

Mice were killed 2 hr after administration of 2 g/kg, p.o., of CS,. Each microsomal sample was prepared

from pooled livers of four to five mice. Metyrapone and SKF-525A difference spectra of oxidized

microsomes were measured at 2 mg protein/ml. Bars represent the means + SD (N = 4 for untreated
group and N = 2 for other groups).
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Fig. 6. In vivo effects of CS, on n-octylamine difference spectra of liver microsomes in untreated, PB-
and 3-MC-pretreated BL mice. Microsomal samples were the same as described in the legend of Fig.
5. Typical spectral drawings are shown (protein concentration: 2 mg/ml). The R values are the means.

markedly and specifically induced the protein at band
“a”, which was located near the reported subunit
molecular weight (55 kD) for purified cytochrome P-
448 from 3-MC-treated BL mice [26]. This induced
protein band “a” was more clearly decreased by CS,.

Action of CS, in the reconstituted monooxygenase
system. For convenience, cytochrome P-450 prep-
arations used in this study, P-450 (PB) and P-448 (3-
MC), were obtained from PB- and 3-MC-treated
rats. Phospholipid vesicles embedded with NADPH-
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Fig. 7. Effects of CS, administration on liver microsomal protein patterns of untreated, PB- and 3-MC-

pretreated BL mice. Pooled microsomes described in the legend of Fig. 5 were used. Microsomes

(40 ug protein applied on 1-cm wide wells) were subjected to SDS-PAGE, stained, and scanned by
densitometer. For details, see text.
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Table 1. Effects of CS, on some drug-metabolizing activities in the reconstituted monooxygenase system
7-Ethoxyresorufin  7-Ethoxycoumarin Aniline
O-deethylation O-deethylation hydroxylation Aminopyrine
Cytochrome P-450 {nmol resoru- (nmol 7-hydroxy- (nmol p-amino- N-demethylation
preparation NADPH CS§; fin/min) coumarin/min) phenol/hr)  (umol HCHO/hr)
0.262 + 0.004 16.2 £ 0.9 0.146 = 0
- - —_— (100) (100) (100)
0.258 + 0.004 1690 0.147 = 0.001
- + _— (99) (104) (101)
P-450(PB} 0.267 = 0.001 14.2+0.2 0.157 = 0.003
+ - _— (102) (88) {108)
0.254 = 0.006 1190 01450
+ + —_— 97) (74) 99)
- - 0.296 = 0.018 1.85+0.01 18.0x0.3 00930
(100) (100) (100) (100)
- + 0.288 + 0.006 1.91 £ 0.05 196+ 0.4 0.094 = 0.001
97 (103) (109) (101)
P-448(3-MC) + — 0259 +0.009 1.87 + 0.04 178208  0.091 = 0.002
(88) (101) (99) (98)
+ + 0.171 = 0.006 1.50 + 0.02 10.2+£0.2 0.053 = 0.002
(58) (81) (57 (56)

For details, see text. Activities were expressed per 1 nmol of added cytochrome P-450. Values are given as means *
deviation of duplicate experiments. Values in parentheses are percentages to the controls.

* Activity was too low to be determined.

cytochrome P-450 reductase and P-450 (PB) or P-
448 (3-MC) were preincubated in the presence of
either or both NADPH and CS;, and the drug metab-
olizing activities were measured. As shown in Table
1, when the P-448 (3-MC}-embedded vesicles were
preincubated in the presence of both NADPH and
CS,, 19% of the EC O-deethylation activity and
about 43% of the ER O-deethylation, AN hydroxy-
lation and AP N-demethylation activities were sup-
pressed. In the P-450 (PB)-reconstituted system,
however, EC O-deethylation and AP N-demethyl-
ation were unaffected, although AN hydroxylation

activity was somewhat decreased. ER O-
deethylation was too low to be determined. In the
absence of NADPH or CS;, virtually no decrease in
the activities was observed. The reason for a slight
decrease in AN hydroxylation in the presence of
NADPH alone is unknown.

Hepatotoxicity studies. In rats, PB pretreatment is
reported to augment markedly CS, hepatotoxicity,
producing severe centrilobular necrosis [6, 7]. The
effects of PB- and 3-MC pretreatments on CS; hepa-
totoxicity were tested in mice. As shown in Table 2,
judging from the plasma GOT and LDH activities

Table 2. Effects of CS, on some variables of hepatic necrosis in untreated, PB- and 3-MC-pretreated mice

Dose of CS, Inducer Plasma GOT  Plasma LDH Liver calcium
(g/kg, i.p.)  treatment N KUy (units/1) (umol/g)
Untreated 8 97 + 21 525+ 74 0.62 = 0.05
0 PB 4 99 £ 24 486 = 110 0.66 + 0.08
3-MC 4 84 +27 446 + 81 0.67 +0.02
Untreated 12 82+11 444 + 53 0.66 + 0.05
BL Mice 0.5 PB 6 94 + 31 467 = 109 0.67 = 0.04
3-MC 6 9120 480 = 122 0.74 £ 0.11
Untreated 12 161 = 81 517 £ 144 0.77 £ 0.13
1.0 PB 6 183 + 36 587 £ 85 0.92+£0.29
3-MC 6 131 £ 27 532 = 149 0.75 = 0.08
0 Untreated 10 30x11 514 =101 0.65 £ 0.04
ddY Mice 0.5 Untreated 10 32+14 518 = 152 0.55 = 0.09
PB 10 711 412 + 69 0.56 = 0.07
1.0 Untreated 10 49+20 460 + 96 0.88 +0.38
PB 10 75+25 402 = 112 0.66 = 0.09
dd¥Y Mice 1.5 Untreated 6/10% 299 + 167 3820 + 3550 1.12+£0.29
(starved)* PB 5/10% 237 + 158 1810 + 1530 1.15 = 0.47

Values are given as means + SD.

* Animals were deprived of food 24 hr before CS, administration.

+ Number survived.
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and liver calcium content, the necrogenic action of
CS, was weak even at fairly high i.p. doses of CS, in
normal mice. Neither PB nor 3-MC pretreatment
augmented the CS; hepatotoxicity in BL mice. PB
pretreatment also did not enhance the hepatotoxicity
even at a lethal dose of CS, in the starved ddY mice.

DISCUSSION

First, the following findings and discussion suggest
that the 3-MC-inducible form of cytochrome P-450
may be more susceptible to CS, than the PB-
inducible form. (1) The decrease in microsomal cyto-
chrome P-450 content after CS, administration was
greater in 3-MC-pretreated mice than in PB-pre-
treated mice. The same tendency was observed in
vitro. {(2) In SDS-PAGE analysis, CS, adminis-
tration decreased each protein band induced by 3-
MC or PB to a greater extent with the protein band
near 55 kD induced by 3-MC. (3) In 3-MC-pretreated
mice, the peak wavelength of CO difference spectra
of reduced microsomes shifted to the red region after
CS, administration dose dependently. Adminis-
tration of carbon tetrachloride, however, which is
reported to specifically destroy the PB-inducible
cytochrome P-450 form {27], did not produce such a
peak shift in 3-MC-pretreated BL mice, even when
the microsomal cytochrome P-450 content was
decreased to less than half (our unpublished obser-
vation). (4) The profile of the suppression of the
drug-metabolizing activities is not simple to explain,
in general. However, the following point may be
noteworthy. ER O-deethylation activity, which is
reported to be specifically induced by 3-MC in rats
[28], increased to about thirty times in BL mice after
the inducer treatment. This activity was suppressed
markedly following CS, administration in normal
and PB-pretreated mice, whereas in 3-MC-pre-
treated mice the degree of the suppression was much
less and almost comparable to the decrease in cyto-
chrome P-450 content. This was also clear in vitro.
(5) In the reconstituted monooxygenase system using
partially purified P-450 (PB) and P-448 (3-MC), CS,
suppressed P-448 (3-MC)-dependent drug-metab-
olizing activities, but had little or no effect on P-
450(PB)-dependent activities. The validity of this
experiment is supported by a similar experiment
with carbon tetrachloride, in which the loss of drug-
metabolizing activities occurred only with the P-
450(PB)-reconstituted system as reported elsewhere
[29].

Spectral studies with cytochrome P-450 inhibitors
were done adjunctly, and a few points should be
noted. {1) In n-octylamine difference spectra, the
AA(500-410): AA(500-392) value (R) is suggested
to give an existing ratio of low spin to high spin forms
of cytochrome P-450 in microsomal membranes
{25, 30]. In BL mice, an increase in the AA(500-
392) value by 3-MC pretreatment and its decrease
following CS, administration, i.e. a considerable
increase in the R value, were evident. This suggests
that the high spin form of cytochrome P-450 induced
by 3-MC is more sensitive to CS,-induced destruction
of the hemoprotein than the low spin form. And (2)
SKF-525A and metyrapone have been suggested to
react selectively with different fractions of micro-
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somal cytochrome P-450 and the reactions to be
independent of each other [31]. In the present study,
3-MC caused a greater increase in the magnitude of
the metyrapone-induced spectral change, which was
decreased considerably following CS; admin-
istration, whereas the magnitude of the SKF-525A-
induced spectral change was only slightly affected by
3-MC alone or in combination with CS,. These
observations imply that metyrapone-binding cyto-
chrome P-450 fractions induced by 3-MC may be
more sensitive to CS,.

Second, the present study also supports our pre-
vious view [15] that functional impairment of cyto-
chrome P-450 may be greater than expected from a
chemically determinable loss of this hemoprotein.
For example, CS, produced a much greater decrease
in AN (type-2 substrate) hydroxylation activity as
compared with the loss of cytochrome P-450 content
both in vivo and in vitro irrespective of the inducer
pretreatment. This may be due partly to an alteration
of the substrate binding site, or its vicinity, of cyto-
chrome P-450 molecules, since the decrease in the
magnitude of metyrapone- and r-octylamine-
induced spectral changes (type 2) after CS, adminis-
tration was greater as compared with the loss of
cytochrome P-450.

Third, the loss of cytochrome P-450 following CS,
administration also occurred in PB-pretreated mice,
although less than in 3-MC-pretreated mice. SDS~
PAGE analysis also revealed some loss of the PB-
induced protein fractions at the hemoprotein region.
It is inconceivable, therefore, that the loss of cyto-
chrome P-450 can occur only with the 3-MC-
inducible cytochrome P-448 form. Furthermore, it is
reported that PB pretreatment of rats enhances not
only the loss of cytochrome P-450 in vitro [1] but
also microsomal bioactivation of CS; in vitro [10].
In our in vitro bioactivation system using partially
purified rat liver P-450(PB), CS, showed only aslight
or no effect, which could be due to the CS, con-
centration being still Jow. On the other hand, the
cytochrome P-448-form-mediated monooxygenase
activities were suppressed by CS,, indicating that
both bioactivation of CS, and the following suicidal
destruction of the hemoprotein can also occur with
the cytochrome P-448 form. Whether each form of
cytochrome P-450 in the microsomal membranes is
independently but variably responsible for both
bioactivation of CS, and the ensuing destruction, or
the cytochrome P-448 form is just more labile than
the P-450 form to the attack by the reactive sulfur
atom liberated through the bioactivation of CS;, or
both, remains to be determined.

Lastly, CS;-induced hepatotoxicity is proposed to
be mediated by the active metabolites of CS,, reac-
tive sulfur atoms, since PB pretreatment of rats
markedly augmented hepatic necrosis induced by
CS, and also increased covalent binding of sulfur
atoms to microsomal membranes in vitro ac-
companying the enhanced loss of cytochrome P-450
{32]. There are, however, no related data available
for 3-MC-pretreated rats. In the present study with
mice, PB pretreatment did not potentiate the hepato-
necrogenic action of CS, in BL and ddY mice, or in
starved ddY mice. In addition, 3-MC pretreatment
of BL mice, in which the loss of cytochrome P-450
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by CS, was greatest, did not enhance the hepatic
necrosis either. In our previous study with normal
ddY mice [15], oral administration of CS, up to 2 g/
kg did not produce hepatic necrosis as judged by
plasma transaminase levels and liver calcium
content, while, with i.p. administration, 1 g/kg pro-
duced very slight signs of hepatotoxicity and 1.5 to
2 g/kg was lethal, which was also seen in the present
experiment. Thus, 1g/kg of CS;, i.p., is an almost
maximum dose to examine the effects of the inducer
on the hepatotoxicity. In rats, it is reported that an
oral dose of 1 ml/kg of CS, produces marked hepatic
necrosis in PB-pretreated and fasted rats [6], while
an i.p. dose of 100-200 mg/kg is hepatotoxic under
similar conditions [33, 34]. Taking all these facts into
consideration, mice appear to be rather resistant to
CS; hepatotoxicity even under a marked loss of
cytochrome P-450. The reason for such a species
difference is unknown. We speculate that the hepato-
necrogenic action of CS; could not simply be
explained by the bioactivation mechanism, as exem-
plified by the destruction of cytochrome P-450,
alone. Other differences in the metabolic pathways
of CS, and cellular defense mechanisms between
both species also should be considered.

In conclusion, loss of liver microsomal cytochrome
P-450 content and the related monooxygenase activi-
ties was observed after CS, administration not only
in PB-pretreated ddY and BL mice but also in 3-
MC-pretreated BL mice, and the cytochrome P-448
form induced by 3-MC seems to be more susceptible
to CS;. However, the roles of the different forms of
cytochrome P-450 in bioactivation of CS, and its
relationship to the impairment of the hemoprotein
or development of hepatic necrosis remain to be
studied.
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