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The intraperitoneal injection of cholate (10 mg per 100 g body weight) to
rats elevated the hepatic cyclic AMP levels by 1.5 to 2.0-fold. Furthermore,
the hepatic tyrosine aminotransferase was induced by this agent in the both
intact and adrenalectomized rats. These data together with previous findings
(ref. 4) contribute to an understanding of so-called “permissive effect”
produced by glucocorticoids on cyclic AMP mediated process.

Considerable evidence has accumulated which indicates that glucagon,
epinephrine, adrenocorticotropic hormone, and other hormones biologically
stimulate adenyl cyclase and thereby increase the intracellular cyclic AMP levels
in the respective target tissues (1). Investigations concerning the mechanisms
of hormone action have focussed on the adenyl cyclase system ; however, as
proposed in enzyme regulation, the behavior of the degradation of cyclic AMP
might be equally as important as that of its formation.

Schmidtke et al.(2) and Senft et al.(3) independently reported that rat
testicular and beef heart cyclic AMP phosphodiesterases were inhibited by such
steroid hormones as predonisolone succinate, 6-a-methylpredonisolone, and
cortisol. Recently, we observed that the other steroid compounds such as bile
acids also inhibit cyclic AMP phosphodiesterase in vitro (4). Therefore, it was
of interest to determine whether or not cyclic AMP accumulates in wvivo,
following the administration of bile acid. In this case, tyrosine aminotransferase
induction will be expected, since this is one of the enzymes induced by cyclic
AMP (5). When we injected cholate directly into the abdominal cavity of
adrenalectomized rats, hepatic tyrosine aminotransferase was induced through
cholate inhibition of cyclic AMP phosphodiesterase.

MATERIALS AND METHODS

White male Wistar rats, weighing about 200 g and on an Oriental Yeast
solid diet provided ad libitum were allowed free access to drinking water.
Bilateral adrenalectomy under ether anesthesia was performed within one week
following their purchase ; 19 NaCl was substituted for the drinking water
thereafter. Dehydrocholate (sodium salt) was purchased from Sigma. All
other chemicals were of reagent grade and were obtained from Miyata Chemicals,
Shimane.
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Assay for Cyclic AMP

Immediately after decapitation, the trunk blood was collected for assay of
corticosterone, into an iced tube for 15 sec. The liver (3g) was then removed
and placed in 10 ml of ice-cold 10% trichloroacetic acid. These operations
were completed within 40—50 sec. The liver was homogenized at full speed
for 2 min in a Teflon homogenizer in ice. The homogenate was then centri-
fuged at 8,500 X g for 30 min. The supernatants were extracted 3 times
with 8 volumes of ether. The extracts were then dried and redissolved in
0.02 M phosphate buffer, pH 7.5. Cyclic AMP was then measured by using
the protein binding assay of Gilman (6).

Assay for Plasma Corticosterone

The plasma was separated from the blood by clinical centrifuge and the
corticosterone was measured by a fluorometric method (7) ; in this procedure,
1 pg corticosterone per ml was used as standard solution.

Assay for Tyrosine Aminotransferase

Tyrosine aminotransferase was measured by a modification (8) of Diamond-
stone’s method (9). The reaction mixture contained 80 nmoles of pyridoxal-5'-
phosphate, 10 umoles of a-ketoglutarate, 30 nmoles of diethyldithiocarbamate,
100 nmoles of Tris-Cl~ buffer and appropriate amounts of 105,000Xg super-
natant of the liver homogenate as enzyme in a total volume of 1.0 ml. The reaction
was started by heating at 37°C. After incubation for 10 min, the reaction
was stopped by the addition of 4 ml of 1 M KOH. The KOH-treated samples
were incubated for 30 min at 37°C. The absorbance of the samples was read
at 331 nm in a Hitachi spectrophotometer (Type 100—60). To calculate the
amount of p-hydroxyphenylpyruvate formed, an effective extinction coefficient
of 19,900 M™! was used (10). One unit of enzyme was defined as the amount
of enzyme producing 1 nmol of p-hydroxyphenylpyruvate in 10 min. Protein
was determined by the method of Lowry ef al.(11).

RESULTS AND DISCUSSION

Elevation of Cyclic AMP in Liver after Cholate Administration to Rats

Previously, we observed that compounds such as predonisolone, hydrocorti-
sone, cholate and deoxycholate were potent inhibitors of partially purified cyclic
AMP phosphodiesterase prepared from rat liver. Therefore, the investigation
concerning the iz vivo significance of the in vitro inhibition of phosphodiester-
ase by steroid compounds was of special interest. We studied this factor
using cholate, as this agent has no effects as mineralocorticoids and glucocor-
ticoids. As shown in Fig. 1, the hepatic cyclic AMP content rose to a peak
at 15 min, and then gradually reverted to normal levels. To confirm further
the increase in cyclic AMP levels after cholate injection, other experiments
were carried out to yield the following results : (a) no influence of cholate on
the cyclic AMP assay system was observed, (b) no cyclic AMP could be
detected after the samples, the cyclic AMP levels of which were elevated by
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Fig. 1. Changes in cyclic AMP concentrations in rats liver following
the administration of cholate. The agents were injected intraperito-

neally in a dose of 10 mg per 100 g body weight, and rats were
sacrificed at the time indicated after injection. The results are the
mean + S. D. of five separate determinations.

cholate injection, were treated with cyclic AMP phosphodiesterase. These data
strongly suggest that injection of cholate elevates cyclic AMP contents in the
liver.

Effect of Cholate Administration on Tyrosine Aminotransferase and Plasma
Corticosterone

As cyclic AMP has been shown to increase the activity of a number of
hepatic enzymes involving tyrosine aminotransferase in wvivo, tyrosine amino-

TABLE 1. The Effect of Cholate Administration on Liver Tyrosine Aminotransferase
Activity and Plasma Corticosterone Levels on Adrenalectom:zed Rats

Injection Intact Adrenalectomized
Enzyme activity Corticosterone En7y£ne act71v1ty7 Coril(;o;teron; o
units/mg protein r/dl units/mg protein r/dl
Saline 18.98+2.11 26.96+4.25 7.27+1.67 2.1040,22

Cholate 112.89415,18%* 70.724-9.81*%* 25,34 19.69%k* 2,12 40, 55%k**

Cholate was given intraperitoneally, 10 mg per 100 g body weight and rats were
sacrificed 5 hr after the administration. Enzyme activity and plasma corticosterone
were determined as described in the assay method. Rats were used 1 week after
adrenalectomy. The values represent the mean + S. D. of 5 rats. The statistical
significance of the results was determined by the ¢ test. The increases of *, **,

and *** were significant at 0.5, 1, and 5%, respectively ; that of **** was insig-
nificant.

transferase activity following cholate injection was assayed. As shown in Table
1, intraperitoneally administered cholate increased hepatic tyrosine aminotrans-
ferase activity in normal and adrenalectomized rats by approximately 6 and
3.5 times, respectively. We used adrenalectomized rats for the present experi-
ment in order to avoid the effect of corticosterone increase on the enzyme
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activity. Changes in plasma corticosterone levels in both intact and adrenal-
ectomized rats after cholate administration are shown in Table I. Cholate
seems to produce a high plasma corticosterone in intact rats. In preliminary
experiments, we observed that bile acid inhibits both hydroxylation and
dehydroxylation of corticosterone by rat liver homogenate in the presence of
NAD and NADH, at 37°C.

It has been reported such compounds as methylxanthines (12, 13) puromycine
(14), 4-benzyl-2-imidazolidinoes (15, 16, 17), papaverine (18, 19), and others (20,
21, 22) act as inhibitors of cyclic nucleotide phosphodiesterase. Furthermore,
multiple forms of cyclic nucleotide phosphodiesterase were reported independently
from several laboratories (23, 24, 25). Although, it is unknown what form
of the enzymes can be influenced mainly by steroids including cholate,
other steroids including corticosterone may participate in induction of certain
enzymes by inhibiting cyclic AMP phosphodiesterase iz vivo. Therefore, our
observation contributes to an understanding of so-called “‘permissive effect”
produced by glucocorticoids on cyclic AMP mediated process (2, 4).
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