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Modification of 3′-AMP Forming Enzyme Activity by a Potent
Immunosuppressant, ISP-I/Myriocin, in Liver of Mice Treated
with Carbon Tetrachloride
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The effect of ISP-I/myriocin on adenosine 3′-
monophosphate (3′-AMP) forming enzyme activity in
carbon tetrachloride (CCl4)-induced hepatitis was ex-
amined. The 3′-AMP forming enzyme activity in mouse
liver was enhanced by the treatment of CCl4. The in-
crease in the activity in cytosol may result from the
leakage of the enzyme from mitochondria via the dam-
age of mitochondrial membrane induced by CCl4. Pre-
treatment of mice with ISP-I/myriocin for 24 hr, sig-
nificantly inhibited both the CCl4-induced activities of
serum alanine aminotransferase and the 3′-AMP form-
ing enzyme in the supernatant of liver homogenate
prepared immediately after the organ excision. These
results suggest that the inhibitory effects of ISP-I/
myriocin may be due to inhibition of lipid peroxidation
of intracellular membranes caused by CCl4, in turn
inhibiting the leakage of the 3′-AMP forming enzyme
from mitochondria to cytosol. Our results demon-
strated for the first time that ISP-I/myriocin has a pro-
tective effect on the CCl4-induced hepatotoxicity.
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INTRODUCTION

Adenylate cyclase is known to be regulated by a
number of extracellular and intracellular signals.
Intracellular adenosine 3′-monophosphate (3′-AMP),
one of the degradation products of RNAs, has been
pharmacologically classified as a P-site inhibitor of
adenylate cyclase.1) The 3′-AMP forming enzyme,
one of the ribonucleases, has been shown to exist
not only in homogenates of various organs in rat2)

but also in soluble fractions of rat liver mitochon-
dria.3,4) However, the physiological and pathophys-
iological roles of 3′-AMP and the 3′-AMP forming
enzyme still remains to be elucidated.

Carbon tetrachloride (CCl4) is widely accepted
as a cause of hepatic necrosis and fatty liver. The
toxicity of CCl4 is mediated by a highly reactive
trichloromethyl radical to produce lipid peroxides
in the hepatocellular membranes.5) The damage of
cellular membranes via lipid peroxidation results in
leakage of intracellular enzymes, including cytosolic,
mitochondrial and lysosomal enzymes. Therefore,
CCl4 may serve as a tool for studying the pathophys-
iological roles of the 3′-AMP forming enzyme in
mitochondria.

ISP-I/myriocin, as a potent immunosuppressant,
was found to inhibit allo-reactive cytotoxic T lym-
phocyte generation6) and induce apoptosis of an IL-
2-dependent cytotoxic T cell line, CTLL-2.7) The
ISP-I/myriocin-induced apoptosis is probably
triggered by the inhibition of serine palmitoyl-
transferase, which catalyzes the first step of sphin-
gosine biosynthesis, and the condensation of serine
and palmitoyl-CoA.8) Palmitoyl-CoA is also a sub-
strate for carnitine palmitoyltransferase I, which fa-
cilitates passsage of long-chain fatty acids into
mitochondria for β-oxidation.9) When the biosyn-
thetic pathway of sphingolipids were inhibited by
ISP-I/myriocin, the activity of the 3′-AMP forming
enzyme in mitochondria might be influenced and the
effect of CCl4 on membrane lipid peroxidation of
mitochondria might be modified.

Recently, our preliminary results revealed that
the activity of the 3′-AMP forming enzyme was in-
fluenced by CCl4. In the present study, we exam-
ined the effect of ISP-I/myriocin on the activity of
the 3′-AMP forming enzyme in the situation of hepa-
titis induced by CCl4. We found that ISP-I/myriocin
modified CCl4 induced both the activities of the 3′-
AMP forming enzyme and serum alanine amino-
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transferase (ALT).

MATERIALS AND METHODS

Materials —–—  ISP-I/myriocin was obtained as de-
scribed previously6) and stored as a methanol solu-
tion at –20°C. CCl4, olive oil, chloroacetaldehyde
and the glutamic-pyruvic transaminase-ultraviolet
(GPT-UV) test kit Wako were purchased from Wako
Pure Chemicals Co. (Osaka, Japan). Poly(A) and 3′-
AMP were from Yamasa Shouyu Co. (Chiba, Japan).
A high performance liquid chromatography (HPLC)
column (150 × 4.6 mm i.d.) of Chromatorex ODS
(DU0005MTP, 5 µm) was kindly supplied by Fuji
Silysia Chemical, Ltd. (Aichi, Japan). Other chemi-
cals of reagent grade were commercially obtained.
Male ICR strain mouse (3 weeks old) were obtained
from Charls River Japan, Inc. (Hino, Japan).
Treatment of Mice with ISP-I and CCl4 —–—  In
all experiments, food and water were available ad
libitum. ISP-I (0.1% w/v) dissolved in methanol was
diluted with olive oil to make the final concentra-
tion of 0.0025%(w/v). The diluted ISP-I or vehicle
(olive oil) was intraperitoneally given to mice at a
dose of 4.0 ml/kg body weight. At 24 hr after ISP-I
or vehicle administration, 10%(v/v) CCl4 dissolved
in olive oil or vehicle was intraperitoneally injected
at a dose of 4.0 ml/kg body weight. At 24 hr after
CCl4 administration, blood was withdrawn from the
abdominal aorta under diethyl ether anesthesia, and
the serum was prepared. The activity of ALT in the
serum was measured using a GPT-UV-test kit Wako.
Preparation of Liver Homogenate —–—  The liver
obtained from ISP-I or CCl4-treated mice was re-
moved rapidly and weighed. The liver (1 g) was
homogenized immediately after removal in 19 ml
of 1 mM EDTA, 0.25 M sucrose and 5 mM 2-
mercaptoethanol containing 20 mM Tris/HCl buffer,
pH 7.5. The homogenate was centrifuged at
18000 × g for 15 min. The supernatant obtained was
kept at –80°C until use, and used as a crude enzyme
solution.
Determination of 3′-AMP Forming Enzyme Ac-
tivity —–—  3′-AMP forming enzyme activity was
determined as follows. The reaction mixture (55 µl)
consisted of 20 mM EDTA containing 0.1 M acetate
buffer (pH 5.6), 25 µg poly(A) and 5 µl of the crude
enzyme solution. After incubation of the mixture at
37°C for 60 min, the reaction was terminated by the
addition of 55 µl of 15 mM ZnCl2 in 0.5 M perchlo-
ric acid. The enzymic products were derivatized with

chloroacetaldehyde for fluorescence detection.10) The
derivatized compounds were analyzed by a reversed-
phase HPLC using a column of Chromatorex ODS
maintained at 45°C.4)

RESULTS AND DISCUSSION

The histochemical localization of the 3′-AMP
forming enzyme has not yet been clarified, but its
enzymic activity has been confirmed to exist, at least
in hepatic mitochondria.4) The enhancement of the
activity of the 3′-AMP forming enzyme in cytosol
may be due to the leakage of the activity from mito-
chondria and other subcellular organelles in impaired
cells. There is no report mentioning the change of
3′-AMP forming enzyme activity in the pathophys-
iological situation. It is of interest to examine
whether or not CCl4 could affect 3′-AMP forming
enzyme activity in acute hepatitis.

As shown in Table 1, serum ALT activity was
greatly enhanced 24 hr after CCl4 administration.
Under these situations, the activity of the 3′-AMP
forming enzyme in the supernatant of homogenate
obtained from fresh liver was increased by CCl4 ad-
ministration. These results suggest that leakage of
the activity from mitochondria to cytosol might be
enhanced by the damage of mitochondrial mem-
branes via lipid peroxidation induced by CCl4. The
increase in 3′-AMP forming enzyme activity might
contribute to the RNA metabolism involving the
elimination of RNAs in impaired hepatocytes, and
the turnover of RNAs in regenerative or repaired
hepatocytes. At present we do not have enough in-
formation to warrant further discussion on this phe-
nomena. The detailed pathophysiological signifi-
cance of this enzyme remains to be elucidated.

Fujita et al.6) reported that allo-reactive cytotoxic
T lymphocyte generation in BALB/c mice was in-
hibited by ISP-I/myriocin, intraperitoneally admin-
istered in the range of 0.01 to 1.0 mg/kg body weight.
The growth of the cytotoxic T-cell line in mice,
CTLL-2, was also inhibited,8) and the cell death by

Table 1. Effect of CCl4 on the Activities of Serum ALT and
the 3′-AMP Forming Enzyme in Mouse Liver

Treatment ALT 3′-AMP forming enzyme

IU/l nmol/mg

None 100± 8 0.45±0.07

CCl4 4500±399 0.71±0.04*

Each value represents the mean ± S.E. of five animals.
*Significantly different from control group (p < 0.01).
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apoptosis was enhanced by the addition of ISP-I/
myriocin to the culture medium in an in vitro ex-
periment.7) Interestingly, ISP-I/myriocin-induced
apoptosis was delayed, requiring more than 32 hr to
occur, following one or more cell divisions.7) As ISP-
I/myriocin might affect sphingolipid metabolism in
a number of cells other than CTLL-2 via the inhibi-
tion of a serine palmitoyltransferase, the compound
might have some influences on hepatic functions in
acute hepatitis induced by CCl4. Taking these results
reported and our speculation into consideration, the
effect of 24 hr-pretreatment of mice with ISP-I/
myriocin on CCl4-induced acute hepatotoxicity was
examined at a dose of 0.1 mg ISP-I/myriocin per kg
body weight under the experimental condition de-
scribed in Method. Pretreatment of mice with ISP-I/
myriocin significantly inhibited the CCl4-induced
increase in the activities of serum ALT and the 3′-
AMP forming enzyme as shown in Fig. 1-(A) and
1-(B), respectively. Simultaneous administration of
CCl4 and ISP-I/myriocin was less effective in de-
creasing CCl4-induced enhancement of both activi-
ties [Fig. 1-(A) and 1-(B)]. Single administration of
ISP-I/myriocin had no significant effect on 3′-AMP
forming enzyme activity at 24 and 48 hr after its ad-
ministration (data not shown). These results sug-
gested that ISP-I/myriocin might suppress the leak-
age of the activity of the 3′-AMP forming enzyme,
at least from mitochondria, due to the inhibition of
the damage of intracellular membranes by the CCl4-
induced lipid peroxidation, and could modify the
activity of the 3′-AMP forming enzyme in acute
hepatitis induced by CCl4. To our knowledge, this is
the first paper describing that ISP-I/myriocin might
have a protective effect on the CCl4-induced hepa-
totoxicity.

3′-AMP is known to be classified as a P-site in-
hibitor of membrane-bound adenylate cyclase.1)

Bushfield et al.2) reported that streptozotocin-induced
enhancement of 3′-AMP contents in rat liver was
reversed by insulin treatment. Together, this finding
with our results obtained in the present study, sug-
gested that the activity of the 3′-AMP forming en-
zyme could be affected by changes in pathophys-
iological circumstances. The formation and accumu-
lation of 3′-AMP by the activation of the 3′-AMP
forming enzyme may affect cell functions via the
inhibition of adenylate cyclase and AMP-dependent
enzymic reactions. Clearly, further work is needed
to understand the physiological and pathophysiologi-
cal roles of the 3′-AMP forming enzyme.

Fig. 1. Inhibitory Effect of ISP-I/Myriocin on CCl4-Induced
Enhancement of Activities of Serum ALT (A) and 3′-
AMP Forming Enzyme in Mouse Liver (B)

Each value represents the mean ± S.E. of five animals. #Significantly
different from control group (p < 0.01). *Significantly different from
the CCl4-treated group (p < 0.01).
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