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SUMMARY

The mechanism of the suppression of an ethanol-inducible cy-
tochrome P-450 (P-450DM/j) by pituitary hormone has been
studied in rats. The hepatic content of P-450DM/j protein quan-
titated by Western blots was low but was 2-fold higher in male
than female untreated rats (75 and 34 pmol/mg of protein,
respectively). The content was increased 2.6-fold (male) and 5.6-
fold (female) by hypophysectomy and the sex-related difference
was abolished. Treatment of hypophysectomized rats with hu-
man growth hormone (hGH), but not with prolactin, reversed the
increased amounts of P-450DM/j protein. The hGH-induced
suppression was more effective with the continuous infusion
than intermittent injection. The hepatic level of P-450DM/j mRNA,
determined by the use of a 23-mer oligonucieotide probe, was
also changed by hypophysectomy and/or hGH-treatment, largely
in parallel with the changes in the content of P-450DM/j protein

and microsomal p-nitrophenol and aniline hydroxylations. These
results suggest that growth hormone exerts the suppressive
effect on P-450DM/j through a somatogenic receptor-mediated
process. In another growth ted condition, diabe-
tes, the hepatic level of P-450DM/j mRNA was also increased to
a level similar to that in hypophysectomized rats, but the protein
content was 2- to 3-fold higher in diabetic than hypophysecto-
mized rats. These results indicate, in addition to the reduction of
serum growth hormone level, the presence of another stimulatory
factor, which acts translationally or posttranslationally in livers of
diabetic rats. On the other hand, coordinate changes in the level
of P-450DM/j protein and the mRNA in hypophysectomized rats
indicate that growth hormone acts rather directly and suppresses
the level of P-450DM/j mainly at a pretranslational step in rat
livers.

Recent studies on the expression and regulation of hepatic
P-450! indicate that the change in hormonal levels is a major
factor in the alteration in the contents of P-450s that are
expressed constitutively in rat livers (2-12). In our recent
papers (9, 10), several hepatic P-450s have been shown to be
divided into two groups, neonatal and pubertal P-450s, depend-
ing on the age of the appearance in rat livers. Constitutive
expressions of neonatal P-450s such as P-450b, P-450e, P-448-
H, and P-450¢;.; reach their maximal levels by 4 weeks of age
(7-11). At pubertal periods, their contents were rather sup-
pressed, in accordance with the development of the growth
hormone-dependent regulatory system.

In rats, a cytochrome P-450, P-450DM/j (P-45011IE) (13-16),
exists and is suggested to be involved in a number of toxicolog-
ically important reactions including the metabolic activations
of nitrosamines (14, 17), carbon tetrachloride (18, 19), and

! P-450 isozymes P-450b, P-448-L, P-448-H, P-450e, P-450f, P-450-male, P-
450-female, P-450DM/j, and PB-C correspond to P-450b, P-450c, P-450d, P-
450e, P-450f, P-450h, P-450i, P-450j, and P-450k, respectively, of the terms used
by Swinney et al (1).

acetoaminophen (20). Although P-450DM/j is induced by the
treatment of rats with various agents including isoniazid (13),
dimethylsulfoxide (21, 22), low alkyl alcohols (21-23), ketones
(14, 23), and pyrazoles (22, 24), this enzyme is detectable in
low amounts in livers of untreated rats. Hepatic content of P-
450DM/j is also shown to be increased in diabetic or severe
fasting conditions (25, 26) and to act as a salvage function of
gluconeogenesis (15, 27).

On the developmental change in the amount of P-450DM/j,
the rates of microsomal aniline p-hydroxylation (28) and di-
methylnitrosamine demethylation (22), which are mainly cat-
alyzed by P-450DM/j, are higher in the livers of immature than
adult rats. Hepatic content of this P-450 is also known to be
higher in male than female rats, although P-450DM/j is de-
tectable in the livers of both male and female rats (22). These
results suggest that the hepatic level of P-450DM/] is regulated
by a similar mechanism but in a manner different from other
neonatal P-450s, which are regulated by growth hormone. In
addition, recent studies (29) have shown that the synthesis of
P-450DM/j protein is stimulated by both pre- and posttrans-

ABBREVIATIONS: P-450, cytochrome P-450; hGH, a methionylated human growth hormone; SDS, sodium dodecy! sulfate; PRL, prolactin.
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lational mechanisms in rat livers. Therefore, the effect of
pituitary growth hormone on the level of both P-450DM/j
mRNA and the protein has been studied. The present data
clearly indicate that growth hormone suppresses the hepatic
level of P-450DM/j, mainly by a pretranslational mechanism,
in rats.

Experimental Procedures

Materials. Goat anti-rabbit IgG was purchased from Cappel Labo-
ratories (Cochranville, PA), and alkaline-phosphatase-rabbit IgG was
from the Binding Site Ltd (Birmingham, UK). Hydrocortisone acetate,
triiodothyronine, ovine PRL, nitroblue tetrazolium, and 5-bromo-4-
chloro-3-indolyl phosphate were obtained from Sigma Chemical Co.
(St. Louis, MO). hGH and somatomedin C were generous gifts from
Sumitomo and Fujisawa Pharmaceutical Co. (both Osaka, Japan),
respectively.

Animal treatment. Sprague-Dawley rats were obtained from Clea
Japan (Tokyo). Hypophysectomy was performed at 7 weeks of age (4,
5). The animals were allowed to recover for at least 1 week and were
given a subcutaneous injection (2 IU/kg of body weight) twice a day or
osmotic infusion (0.01 IU/h) of hGH for 7 days, as reported previously
(8). PRL and somatomedin C were administered by the same method
as hGH. Streptozotocin (65 mg/kg, intravenously) was given to adult
8-week-old rats. The animals showing more than 1% urinary glucose
with Combistix-II (Miles-Sankyo Ltd, Tokyo) were judged to be dia-
betic at 3 days after the injection, and these had higher blood sugar
levels of 360 to 520 mg/dl at 5 weeks after the injection. At 3 weeks
after the streptozotocin injection, some diabetic rats were treated with
porcine insulin (Insulatard; Nordisk Gentofte, Denmark) (12.5 IU/kg,
subcutaneously) twice a day for 2 weeks. Hepatic microsomes were
prepared 14-18 hr after the last dose, as previously reported (4). At the
same time, some portions of livers were collected for the preparation
of RNA fractions.

Immunochemical quantification. SDS-polyacrylamide gel elec-
trophoresis was performed according to the method of Laemmli (30),
using 7.5% gels for the analyses. Microsomal proteins were electro-
phoretically transferred to nitrocellulose paper (Bio-Rad) and probed
with anti-rabbit antibodies raised against P-450DM/j, which was pu-
rified from the liver of streptozotocin-induced diabetic rats (16). P-
450DM/j corresponds to P-450j (1, 13), P-450,. (14), and RLM6 (15)
as judged from the chemicophysical properties and the N-terminal
amino acid sequence (16). The antibodies used did not cross-react with
purified preparations of P-450b (8), P-450e (8), P-450f (31), P-450g
(31), P-450-female (P-450i) (2), P-448-L (P-450c) (32), P-448-H (P-
450d) (32), or P-450g4.1/pp.1 (11) but weakly cross-reacted with P-450-
male (P-450h) (2) and PB-C (P-450k) (7, 33). The latter two forms
were, however, separable from P-450DM/j in Western blots and did
not interfere with the quantitation of protein. Alkaline phosphatase
activity on the immunoblots was quantitated essentially by the method
of Blake et al. (34).

RNA blots. Total RNA was prepared by the guanidine thiocyanate
method of Chirgwin et al (35). The amount of RNA was determined
from the absorbance at 260 nm using a Beckmann Du-65 spectropho-
tometer. Total RNA (20 ug) was subjected to electrophoresis at 20 V
on 1.2% agarose/2.2 M formaldehyde gels and was transferred to Nytran
(NY13N; Schleicher & Schuell). Filters were hybridized with a °P-
labeled oligonucleotide probe in 0.5 M sodium phosphate (pH 7.2)
containing 7% SDS, 1% bovine serum albumin, and 1 mM EDTA, at
42°, overnight after prehybridization with 15 mM sodium chloride/1.5
mM sodium citrate, pH 7.0 containing 0.5% SDS. The filter was washed
sequentially with 0.2 M sodium phosphate (pH 7.2), 1% SDS, and 1
mM EDTA at 42° for 30 min twice, essentially following the method of
Church and Gilbert (36). The filter was exposed on a X-ray film at
—80°. The 23-mer oligonucleotide has a sequence of 5'-TCCAGT-
GACTGAAGGTGTTCCTT-3’, which is complementary to base pairs
763 to 784 of the P-450j sequence (37) and was synthesized on an
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Applied Biosystem 381A DNA synthesizer. The probe was 5’-end
labeled with [y-**P]ATP (specific activity, 3000 Ci/mmol; Amersham)
and T,-polynucleotide kinase (Pharmacia P-L biochemicals) and pu-
rified with a NACS column (Bethesda Research, Gaithersburg, MD).
The specific activity of the oligomer used for hybridization was about
5 X 10° cpm/pmol. Determination of the relative abundance of P-
450DM/j mRNA was done using slot blots, similar to the method of
Northern blot except that 10 ug of total RNA was used and the
abundance was corrected from that of S-actin mRNA (38). The level
of the hybridizable mRNA was estimated by the radioactivity on the
blots.

Other assay methods. Protein concentration was determined by
the method of Lowry et al (39) with bovine serum albumin as the
standard. Microsomal hydroxylations of p-nitrophenol (40) and aniline
(4) were measured spectrophotometrically. A typical reaction mixture
consisted of 1.0 mg of microsomal protein, 50 mM sodium/potassium
phosphate (pH 7.4), 0.1 mM p-nitrophenol or 5 mM aniline, and an
NADPH-generating system containing 0.8 mM NADP, 8 mM glucose-
6-phosphate, 1 unit/ml glucose-6-phosphate dehydrogenase, and 6 mm
magnesium chloride, in a final volume of 1 ml. The reaction was started
by the addition of the NADPH-generating system and was incubated
for 15 min at 37°. Statistical significance was determined using Stu-
dent’s ¢ test.

Results

Effects of hypophysectomy and supplement of hGH on
the content of P-450DM/j in rat livers. Hepatic content of
P-450DM/j protein was quantitated by Western blots using an
alkaline phosphate method. As shown in Fig. 1, P-450DM/j
protein was immunostained at a slightly higher position (53
kDa) than male-dominant P-450-male (2) and PB-C (P-450k)
(1, 33) (both 52 kDa) in liver microsomes of untreated rats.
The specific content of P-450DM/j was increased 2.6-fold by
hypophysectomy of male adult rats, and the enhanced level in
hypophysectomized rats was decreased by the intermittent
injection of hGH (Table 1) to mimic the secretory pattern of
growth hormone in male rats (41). Hepatic content of P-
450DM/j was further reduced to 40% of the intact male level
by the continuous infusion of hGH, which mimicked the secre-
tory pattern in the female rats.

The hepatic content of P-450DM/j in female rats was nearly
2-fold less than that in adult male rats but was increased by 3-
to 6-fold after hypophysectomy. Therefore, no significant dif-
ference was detected in the hepatic content of P-450DM/j
between male and female hypophysectomized rats. Similar to
the treatment of hypophysectomized male rats, hepatic P-
450DM/j content in female hypophysectomized rats was de-
creased by the intermittent injection of hGH to a level similar
to that in intact male rats and by the continuous infusion to
the level of normal female rats.

In our previous papers, both phenobarbital-inducible P-450b
(8, 42) and male-dominant P-450., (11, 42, 43) are shown to
be suppressed by pituitary growth hormone in rats. In these
experiments, contents of both P-450b and P-450¢,., in rat livers
were, like P-450DM/j, increased by hypophysectomy, but their
levels were almost completely suppressed by the continuous
infusion of hGH (8, 11, 43).

Although hGH has both somatogenic and lactogenic binding
affinities in rat livers (44), treatment of hypophysectomized
male rats with ovine prolactin had no significant effect on the
content of P-450DM/j (Fig. 2), indicating that the suppression
of P-450DM/j is mediated through the somatogenic action of
growth hormone. Somatomedin C (insulin-like growth factor
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P-450DM/j ~y_

Fig. 1. Immunobilots of P-450DM/j protein
in liver microsomes of intact, hypophysec-
tomized, and hGH-treated rats. Each lane
contains 10 xg of microsomal protein ob-
tained from adult intact (/ane one), hypo-
physectomized (/ane 2), hypophysecto-

P-450-male 7 T

+
PB-C 1 2

TABLE 1

Microsomal content of P-450DM/j in livers of male and female rats

Data obtained are indicated as the mean + standard deviation of the number of
the animals indicated (n). Percentages relative to the corresponding control are
also shown in parentheses. Hypox, hypophysectomized; GH(s), hGH-treated inter-
mittently twice a day for 7 days; Gl-l(‘),hGH-infusedbyeomhuousosmoncmﬁ:sion
for 7 days.

P-450DM/jprotein
Treatment n
Male Female

pmol/mg of protein
None 3 74.8 + 3.5 (100) 34.0 + 5.4 (100)
Hypox 4 1926 + 26.7* (257) 189.9 + 20.2* (559)
Hypox + GH(s) 4 83.3+7.9(111) 83.4 + 7.2* (245)
Hypox + GH()) 3 324 + 3.8° (43) 375 +7.2(110)

* Significantly different from the respective nontreated controis (p < 0.05).

P-450DM/j protein

(nmol/mg protein)

0 0.1 0.2
Female | | o
H ) —
H+GH(s) (3) |.'
H+PRL(s) (3) =
H+PRLG) (3) =
Male
H @ }_.
H+Smc (4) |__
H+Ts 3) |— *
H+HC 3) |—*

Fig. 2. Effect of PRL, somatomedin C, trilodothyronine, and hydrocorti-
sone on the content of P-450DM/j in hypophysectomized rats. Data are
shown as relative levels as compared with the hypophysectomized male
and female controls. Columns and bars indicate the mean + standard
deviatlonofmerelativevaluesobtamdfromtmeetosevendtfferent
animals as shown in parentheses. * different from the hypo-
physectomized group (p < 0.05). H, hypophysectomized; GH(s), hGH-
treated intermittently (2 IU/kg twice a day for 7 days) (i) PRL(s), ovine
PRL-treated intermittently (2 IU/kg twice a day for 7 days); PRL (i), ovine
PRL-treated by continuous infusion (0.01 IU/hr for 7 days), Smc, soma-
tomedin C-treated intermittently (100 ug/kg twice a day for 7 days); Ts
trilodothyronine-treated (50 ug/kg once a day for 7 days); HC, hydrocor-
tisone acetate-treated (30 mg/kg for 3 days). Other experimental details
are described in Experimental Procedures.

mized and treated with hGH intermittently

3 4 (/lane 3), or hypophysectomized and in-

fused with hGH continuously (/ane 4) rats.
Experimental details are described in Ex-
perimental Procedures.

I), which is produced under the influence of growth hormone,
has growth-promoting properties (45, 46). Therefore, somato-
medin C was also given to hypophysectomized rats. However,
no significant effect was observed on the hepatic contents of
P-450DM/j by the administration of somatomedin C (100 ug/
kg of body weight) twice a day for 7 days. Similar results were
also observed with the continuous infusion (4.2 ug/hr for 7
days; data not shown). These results suggest that the suppres-
sive effect of growth hormone is rather direct in livers and is
not mediated by the production of somatomedin C. In addition,
treatment of hypophysectomized rats with triiodothyronine (50
ug/kg for 7 days) or hydrocortisone acetate (30 mg/kg for 3
days) showed slight decreases in the hepatic content of P-
450DM/j.

Effect of hypophysectomy and treatment with hGH on
microsomal p-nitrophenol and aniline hydroxylations.
Reinke and Moyer (40) reported that microsomal o-hydroxyl-
ation of p-nitrophenol was increased after chronic ethanol
treatment of rats. In addition, this activity is also shown to be
changed in parallel with the hepatic level of LM3a, an ortholog
of P-450DM/j, in livers of rabbits (47).

Therefore, microsomal p-nitrophenol hydroxylation was cho-
sen as a probe for confirming the change in P-450DM/j levels.
As described in Table 2, microsomal hydroxylation of p-nitro-
phenol in male and female rats was increased by hypophysec-
tomy and decreased to a level of intact male rats by the
intermittent injection of hGH into hypophysectomized rats. In
addition, the cathechol formation was further reduced by the
continuous infusion of hGH to a level similar to that of intact
female rats. Microsomal p-hydroxylation of aniline was also
increased after hypophysectomy and was suppressed by either
intermittent or continuous treatment of hGH in hypophysec-

TABLE 2

Microsomal hydroxylation of p-nitrophenol and aniline in
hypophysectomized and growth hormone-treated rats

Microsomal activities are shown as the mean + standard deviation of the data
obtained from three to five different animals as indicated (n). Abbreviations used
are the same as described in Table 1.

e —
Treatment n
p-Nitrophenol Andine
nmol/mg of protein/min

Male

None 3 0.81 +0.10(100) 0.88 + 0.04 (100)

Hypox 5 1.19+0.03*(146.9) 1.06 + 0.02* (120.5)

Hypox + GH(s) 3 0.87 £0.12(107.4) 0.71 £ 0.09* (80.7)

Hypox + GH({i) 3 0.45+0.03*(55.6) 0.47 £+ 0.06* (53.4)
Female

None 3 0.58 +£0.11 (100) 0.27 + 0.02 (100)

4 1.15+0.06" (198.3) 0.98 + 0.04” (363.0)

Hypo:
Hypox +GH(s) 4 0.86+0.08°(148.3) 0.69 + 0.04° (255.6)
Hypox + GH() 3 0.68+0.09(117.2) 0.64 + 0.08° (237.0)

* Significantly different from the respective nontreated controis (p < 0.05).
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tomized rats. Williams and Simonet (48) have recently shown
that microsomal demethylation of dimethylnitrosamine and
content of P-450j are increased by hypophysectomy. In this
paper, hepatic content of P-450j was elevated 5- to 10-fold, but
the rate of the demethylation was increased less than 2-fold in
hypophysectomized as compared with intact rats. The authors
explain the difference as caused by the decrease in the activity
of NADPH-cytochrome P-450(c) reductase in hypophysecto-
mized rats. In the present study, the changes in microsomal
hydroxylations of p-nitrophenol and aniline were largely con-
sistent with those of the Western blots and confirmed the
suppressive effect of growth hormone on hepatic P-450DM/j.
Effect of growth hormone on P-450DM/j mRNA. Ace-
tone and isopropanol are reported to induce the hepatic content
of P-450DM/j protein (P-450,.) without increasing the level of
the mRNA, but the increase in the diabetic state is reported to
be the result of the increase in the level of P-450DM/; mRNA
(29, 49). These results indicate that P-450DM/j protein is
regulated by both a transcriptional and a translational mecha-
nism or stabilization of protein in rat livers. To further under-
stand the mechanism of the growth hormone-mediated control
of P-450DM/j, changes in the hepatic P-450DM/j mRNA were
measured using a specific oligonucleotide probe, which corre-
sponds to a part of the nucleotide sequence (37) of P-450DM/j
(base pairs 763 to 784). As shown in Fig. 3, a single hybridizing
spot with the **P-labeled oligonucleotide was detected in North-
ern blots of hepatic RNA isolated from intact, hypophysecto-
mized, or diabetic male rats. Changes in the relative level of P-
450DM/; mRNA were also quantified with slot blots. Similar
to the changes in the protein content, the hepatic level of P-
450DM/j mRNA was increased 2- to 5-fold by hypophysectomy
(Fig. 4). In addition, the treatment of hypophysectomized rats

LR

Cont H

STZ

Fig. 3. Northern blot of P-450DM/j mRNA in livers of intact, hypophysec-
tomized, and streptozotocin-induced diabetic rats. Cont, intact; H, hy-
pophysectomized; STZ, streptozotocin-induced diabetic rats. Total RNA
(each 20 ug) was applied for the analysis. Other experimental details are
described in Experimental Procedures.
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Relative abundance of
P-450DM/j mRNA

0 1 2 3
i I Malé
None (5) :}—
a
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Fig. 4. Relative levels of P-450DM/j mRNA in the livers of intact,
hypophysectomized, and hGH-treated rats. Abbreviations used are the
same as described in Fig. 2. Columns and bars indicate the mean +
standard deviation of the data obtained from the number of animals
shown in parentheses. **Si different from the nontreated male
and female controls. Sex of the animals, female and male, is indicated
with and without underline, respectively. The abundance of P-450DM/j
mRNA was measured by slot blots and corrected from that of g-actin
mRNA as described in Experimental Procedures.

with hGH suppressed the level of P-450DM/j mRNA effectively
in rats infused with hGH continuously and in those treated
with hGH intermittently. These results indicate that growth
hormone suppresses hepatic level of P-450DM/j mainly by
acting at the pretranslational step of the biosynthesis.
Comparison of hypophysectomized and diabetic states.
In our recent paper (9, 10), the alteration of hepatic P-450b, P-
450¢5.,, and P-450-male in diabetic rats has been shown to be
caused mainly by the decrease in the serum growth hormone
level. P-450DM/j is known to be increased in the diabetic state
(14-16, 22). Thus, the levels of P-450DM/j mRNA and the
protein were compared in diabetic and hypophysectomized rats.
As shown in Fig. 5B, levels of P-450DM/j mRNA were largely
the same between hypophysectomized and streptozotocin-in-
duced diabetic rats. This is consistent with the idea that the
changes in P-450 populations in livers of diabetic rats are
mainly ascribable to the reduction of the growth hormone-
mediated process (10). In contrast to the mRNA level, hepatic
content of P-450DM/j protein was, however, 2.3-fold higher in
diabetic rats than in hypophysectomized rats (Fig. 5A). In
addition, treatment of diabetic rats with insulin effectively
reduced P-450DM/j mRNA and the protein to their levels in
intact rats, although similar treatment of hypophysectomized
rats with insulin had no significant effect on the content of P-
450DM/j protein and increased the mRNA level 3-fold.

Discussion

The present study clearly indicates the mechanism of the
suppressive regulation of hepatic P-450DM/j by pituitary
growth hormone. As described in Table 1, hepatic content of
P-450DM/j protein was increased by hypophysectomy of male
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P-450DM/j protein
(nmol/mg protein)
0 01 02 03 04 05 ¢ 2 4

Relative abundance of
P-450DM/j mRNA

6 8§ 10

I
H 4) l. A
H @ | F

STZ N

STZ +INS ) :'_ *

Fig. 5. Hepatic levels of P-450DM/j protein (A) and

B mRNA (B) in hypophysectomized and diabetic rats.
STZ, streptozotocin-induced diabetic rats; INS, insulin-
treated; H, hypophysectomized. Sex of the animals,
female and male, is indicated with and without under-
line, respectively. *Significantly different from hypophy-
sectomized group (p < 0.05). Other experimental de-
tails are the same as described in Fig. 4.

H+INS @& l.

and female adult rats and was lowered by the supplement of
hGH by either intermittent injection or continuous infusion,
which mimicked the secretory pattern of growth hormone in
male and female adult rats, respectively. In these experiments,
hGH-mediated suppression was more effective in rats infused
continuously than in those treated intermittently with hGH.
These results are consistent with the observed sex-related
difference in the hepatic content of P-450DM/j protein in rats
(2-fold higher in the livers of male than female rats) (Table 1).
Hepatic content of P-450DM/j is reported to be higher in the
livers of immature than in adult rats (22, 23). Similar devel-
opmental profiles are also known with other hepatic P-450s,
which are suppressively regulated by pituitary growth hormone
(8, 9, 11). Although growth hormone is not the sole regulatory
factor for the developmental changes in the amounts of hepatic
P-450s, temporal changes in the hepatic level of somatogenic
receptor and in serum growth hormone level could explain the
developmental changes in the P-450DM/j content in rat livers
as follows: similar to other neonatal P-450s, the hepatic level
of P-450DM/j increases rapidly after birth (1 to 3 weeks of
age), at which the level of serum growth hormone is high but
the level of somatogenic receptor is negligible in the liver (50),
and then the content is gradually repressed with the develop-
ment of the liver somatogenic receptor and a re-increase in
serum growth hormone level during pubertal periods (4 to 9
weeks of age). Consistent with this idea, P-450DM/j (P-450,.)
mRNA is reported to increase in the livers of immature rats
during the maturation stage (23).

As shown in Fig. 2, PRL and somatomedin C (insulin-like
growth factor I) had no significant suppressive effect on the
hepatic content of P-450DM/j. Similar to the response of P-
450DM/j, other growth hormone-sensitive P-450s, P-450b, P-
450e, P-4504.,, and P-450-male, were also refractory to the
treatment with PRL or somatomedin C (8, 11, 51)% These
results suggest that pituitary growth hormone exerts the stim-
ulative or suppressive effects through a common somatogenic
receptor-mediated process in rat livers.

As shown in Fig. 3, the hepatic level of P-450DM/j mRNA
was changed largely in parallel with the change in the protein
content; the level was increased in hypophysectomized rats and

2 Unpublished data.

decreased by the supplement of hGH to hypophysectomized
rats. These results indicate that growth hormone affects
P-450DM/j mainly at the pretranslational level of the activa-
tion. In this experiment, the relative level of P-450DM/j mRNA
was rather higher in the liver of normal female than male rats.
Similar results were also obtained with the level of the mRNA
in growth hormone-treated hypophysectomized male and fe-
male rats. The reason for the apparent discrepancy between
the levels of P-450DM/j protein and mRNA is unclear, but
these results may imply the additional involvement of an un-
known factor other than growth hormone, which also affects
the hepatic level of P-450DM/j mRNA in livers of rats.

Specific mRNA for P-450DM/j is known to be elevated in
the liver of diabetic rats (29, 49). In this study, the levels of P-
450DM/j mRNA were largely similar to each other in the cases
of hypophysectomized and diabetic rats, although the amount
of P-450DM/j protein was 2.3-fold higher in diabetic than in
hypophysectomized male rats. Hong et al. (25) reported that
the level of P-450DM/j mRNA was elevated in the severely
fasting state, in which the serum level of growth hormone is
also low (52). These results may indicate that the main cause
of the elevated level of P-450DM/j mRNA in diabetes is the
depletion of growth hormone in rats. Song et al. (29) reported
that a major component of the P-450DM/j induction response
in rats is stabilization of the specific mRNA. Therefore, growth
hormone may stimulate the degradation of P-450DM/j mRNA
in rat livers.

In agreement with previous results (49, 53, 54), treatment of
diabetic rats with insulin reversed the increased content of P-
450DMY/j to the levels of intact male rats. Similar treatment in
vivo has also been shown to restore the levels of other growth
hormone-susceptible P-450s in rat livers (10). Hepatocytes
prepared from streptozotocin-diabetic rats were, however, re-
ported to be resistant to the insulin effect on hepatocytes (55).
Regarding the mechanism of the insulin action, we have re-
cently shown that insulin exerts the effect on growth hormone-
susceptible P-450s, P-450-male and P-450b, through the estab-
lishment of a quasi-normal hormonal state (10). In the present
study, treatment of hypophysectomized rats with insulin had
no significant effect on the amount of P-450DM/j protein and
rather increased the mRNA (Fig. 5A). These results also sup-
port the idea that insulin mediates the normalization of hepatic
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P-450s indirectly, probably through the hypothalamus-pitui-
tary, but not directly on livers.

In our previous papers (8, 11, 43), expression of neonatal P-
450s including P-450b, P-450e, and P-450¢,., in hypophysecto-
mized rats, which were susceptible to growth hormone, were
almost completely suppressed by continuous infusion of hGH.
Hepatic content of P-450DM/j in hypophysectomized rats was,
however, not completely diminished by the continuous infusion
of hGH. In addition, the content of P-450DM/j protein, but
not of the mRNA, differed between two growth hormone-
depleted states in hypophysectomized and diabetic rats (Fig.
5). The reasons for these differences are unclear, but diverse
chemicals such as acetone, isopropyl alcohol, and imidazole
have been shown to induce hepatic P-450DM/j or the related
protein without increasing the specific mRNA level (26, 29, 56).
The blood levels of carbohydrate or fatty acid metabolites are
also known to be elevated in the diabetic condition and have
been suggested to be a cause of the induction of P-450DM/j
(15, 54, 57). Therefore, an unknown component(s) derived from
fatty acid and/or carbohydrate metabolism may also contribute
to the enhancement of P-450DM/j protein in diabetic rats
through an additional mechanism for an increase in either
translation or protein stabilization. In agreement with this
view, the hepatic content of P-450DM/j in hypophysectomized
rats was decreased by treatment with triiodothyronine or hy-
drocortisone (Fig. 3), which are known to modify the carbohy-
drate metabolism in the liver.

In conclusion, our results indicate that pituitary growth
hormone acts at a pretranslational step for the synthesis of P-
450DM/j and suppresses the hepatic level in rats, although the
alteration in the level of unknown translational or posttrans-
lational agent(s) is also responsible as an additional factor on
the apoprotein content of P-450DM/j in hypophysectomized
and diabetic rats.
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