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Effect of 3-amino-1,2,4-triazole on lipid metabolism
in the rat

(Received 1O January 1975 accepted 3 October 1975)

[t is known that catalase is a major component of peroxi-
somes {microbodies)[1]. The intraparticulate localization
of peroxisomal enzymes in rat liver was elucidated pre-
viously in this laboratory [2.3]. It was reported that
administration of ethyl-x-p-chlorophenoxyisobutyric acid*
[4.5] and 2-mcthyl-2-[p-(1,2,3.4-tetrahydro-1-naphthyl)-
phenoxy]-propionic acid* [6]. which are hypolipidemic
drugs. to male rats and mice. results in proliferation
of peroxisomes and a marked increase in catalase. An as-
sociation between peroxisomes and lipid metabolism was
suggested. In addition, it was reported that mutant “acata-
lasemic’ mice had an unstable catalase. which was readily
inactivated [7]. and had a low level of circulating sterol
and triglyceride [8]. Thus it was proposed that the de-
crease of catalasc activity was related to the inhibition of
liver sterol and fatty acid synthesis [9].

On the other hand. it is known that 3-amino-1.2.4-triazole
combines irreversibly with catalase in the hepatic cell and
inactivates this enzyme without affecting catalase syn-
thesis [10. 11]. In order to investigate the relationship
between liver catalase and lipid mctabolism. we have in-
quired into the cffect of AT-administration on liver cata-
lase activity and lipid content.

Animals and drugs— Male Wistar rats weighing about
150 g were fasted for 24 hr before sacrifice. 3-Amino-1.2.4-
triazole (AT) was purchased at Tokyo Kasei Kogvo Co.
It was dissolved in physiological saline in various concen-
trations. The rats were injected intraperitoneally (Lp.) at
a dose of 10ml of the solution per kg of body weight.
The control group received only saline. After the rats were
killed, the liver was perfused with approx 20 ml of ice-cold
saline and a 30 per cent homogenate in saline was pre-
pared.

Assay methods -Catalase activity was measured accord-
ing to the method of Liick [12]. A Hitachi 323 recording
spectrophotometer was used. Prior to measurement of
enzyme activity, the homogenate was treated with Triton
X-100 and then diluted with water. One unit of enzyme
is delined as the amount with a A value of 1. where &
is the decrease in extinction at 240 nm per second at 25 .
Liver and serum -riglyceride (TG) were assayed by the
method of Van Handel-Kawade [13] with modification:
phenythydrazine hydrochloride was used instead of chro-
motropic acid. Free fatty acid (FFA) was assayed by the
method of Kushiro ¢t al. [14]. Cholesterol was assayed by
the modified method of Zak-Henly [15]. Phospholipid was
determined according to  Fiske-Subbarow’s ashing
mcthod [16], and the inorganic phosphate produced was
measured according to the method of Lindberg and Erns-

ter [17].
To study the effect of liver catalase activity on lipid
metabolism. liver catalase activity and lipid content were

determined after the injection of AT (1 g/kg). The correla-
tion of these changes in the liver and the time relationship
are shown in Fig. 1. Liver catalase activity decreased to
7 per cent of control level at | hr after AT-injection and
this inhibition was continued for about 12 hr after the in-
Jection (Fig. 1-a). Liver TG level began to decrease at 1 hr
after AT-injection and then reached 40 per cent of control
level at 12 hr (Fig. 1-b). This decrease caused by AT-treat-
ment was statistically significant (P < (105). while changes

* Trade-names: Ethyl-g-p-chlorophenoxyisobutyrate.
Clofibrate;  2-methyl-2-[ p-(1.2.34-tetrahydro-1-naphthyl)-
phenoxyl-propionate. Nafenopin.

in the level of cholesterol. FFA or phospholipid were not
significant (Fig. 1-c.d.e).

On the other hand. lipid content of the serum did not
show a significant change, as shown in Fig. 2. Among the
parameters measured, serum FFA showed a tendency to
decrease. although this change was not a statistically sig-
nificant one compared to that of the control (Fig. 2-¢).
TG, cholesterol and phospholipid levels in the serum did
not vary significantly during this time (Fig. 2-a,b.d). Thus.
only the liver TG content changed significantly by the in-

jection of AT. and this change was found 1o occur

promptly after AT-injection.
The dose response of liver catalase and lipid content
to AT was further investigated (Fig. 3). Liver catalase ac-
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Fig. I. Changes in liver catalase activity and lipids after
a single injection of AT: a, catalase activity; b, triglycer-
ide: c, cholesterol; d, free fatty acid; e, phospholipid. Rats
received i.p. injections of cither AT (§ g/kg) or an equal
vol of 0.9 per cent NaCl and were killed at various time-
intervals thereafter. Each group consisted of 5 animals and
points represent the mean 4+ S.D. The solid line indicates
the values after AT treatment and the dotted line indicates
that of the control.
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Fig. 2. Changes in serum lipids after a single injection of
AT: a, triglyceride; b. cholesterol; ¢, free fatty acid; d,
phospholipid. Rats received i.p. injection of cither AT
(1 g/kg) or an equal vol of 0.9 per cent NaCl and were
killed at various time-intervals thereafter. Each group con-
sisted of 5 animals and points represent the mean + S.D.
The solid line indicates the values after AT treatment and
the dotted line indicates that of the control

tivity was not affected when AT was administered at a
dose of 0.01 g/kg body wt. However, the activity began
to decrease at a dose of 0.05g/kg body wt and showed
a linear decrease until it reached a dose of 0.5 g/kg. Along
with this change, the liver TG level also decreased and
reached 28 per cent of control at a dose of 2g AT/kg
body wt. Changes in cholesterol and serum TG levels were
not significant.

In order to investigate the change of TG level during
the low level of catalase activity in the liver, the liver cata-
lase activity was measured after the repeated injection of
AT for 3 days. As shown in Table L. liver catalase activity
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Fig. 3. Dosc-response curves for liver catalasc activity and
lipids of liver and serum after a single injection of AT:
a, catalase activity; b, triglyceride;, ¢, cholesterol. Rats
were injected 1.p. with various doses of AT and were killed
at 12 hr after the injection. Each group consisted of 5 ani-
mals and plots represent the mean value + S.D. The solid
line indicates the values for the liver and the dotted line
indicates that for the serum.

reached a markedly low level (9 per cent of control level).
The TG level was found to decrease by 37 per cent of
control level in the liver though decrease in the serum
was not as significant as that in the liver (76 per cent
of control). In addition, the liver weight increased in the
AT-treatment group. These results corresponded with the
results obtained by D'Acosta et al. [18] and Raisfeld et
al T19].

A relationship between liver catalase activity and lipid
metabolism has been suggested on the basis of the alter-
ation of catalase activity and lipid metabolism in acatalasc-
mia[8,21] and in rats dosed with hypolipidemic
drugs [6, 20]. Liver catalase activity and several lipid com-
ponents of the serum and the liver were measured after

Table 1. Effect of repeated injection of AT on liver weight, catalase activity and triglyceride, and serum triglyceride

Triglyceride
Number Liver weight Liver catalase activity Liver Serum
Group of rats (2/100 gb. w.)* (Unit/g liver)* (mg/g liver)* (mg/dh*
Control 7 344 + 021 499 + 89 59 + 1.1 714 + 129
AT 7 428 +0.39 45+ 10 22+ 04 54.5 + 149
(P < 0.0+ (P < 0.01)F (P < 0.01) (P < 001}

Rats received i.p. injection of either AT (1 g/kg) or an equal vol of 0.9%, NaCl at 12-hr intervals from 72 hr before
sacrifice. The rats were fasted for 24 hr prior to sacrifice and were sacrificed 12 hr after the final injection.

* The results are expressed as the mean + S.D.

t Comparison of treatment with saline control by Student’s r-test.
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the injection of AT, and the results are described in this
paper. Only the liver TG level decreased significantly alter
a single injection of AT (1 g'kg).

On the other hand. other lipids did not show any signifi-
cant change until 12br after AT-treatment. Catalase acti-
vity showed minimum activity at | hr after AT-udminis-
tration and this inhibition continued for 12 hr after AT-
administration.

The parallel changes in fiver catalase activity and TG
level wore again seen in the dose -response curve. though
the other lipid contents did not show any significant
change. In the present work. depression of the scrum TG
and cholesterol levels have not been found after a single
injection of AT, which produces a condition simifar to aca-
talasemia.

On the other hand. the serum TG level was decreased
hy repeated injection of AT. somewhat analogous to acata-
Jasemia. Since the amount of decrease in the liver TG level
was cqual to that scen after the single injection of AT.
it may be considered that the maintenance of lowered cata-
lase activity is not necessary for the occurrence of this
action, It is known that adminisiration of cthyl-z-p-chioro-
phenoxyisobutyrate. a hypolipidemic drug. increases cata-
lase activity. Furthermore. Reddy ¢t al. suggested a connec-
tion between catalase activity and lipid mctabolism
hecause of the fact that the decrcase of serum TG changed
parallel to the increase of catalase activity [6]. TG level
deercased along with liver catalase activity when AT was
used. suggesting that perhaps catalase itself is directly
related o TG metabolism. However, it appears that cata-
fase itsell is not dircetly related to lipid metabolism.

No report has previously been presented dealing with
AT action and its ciect on hepatic TG. Tt is assumed that
the depression of liver TG caused by AT is not dependent
on the acceleration of the release of liver TG into the blood
stream. of on an antilypolytic action of AT. This assump-
tion is supported by studies in progress which indicate that
the increase of serum FFA caused by the administration
of adrenalin was not inhibited by pretreatment with AT

Hipemi IsH
Tersuva SUGA
SHINKICHI NIINOBE

Dirision of Clinical Biochemisiry,
Tokyo Colfege of Phurmacy,
1432-1 Horinouchi, Hachioji.
Tokve 192-03,

Jeapan

Short communications

REFERENCES

1. C. De Duve and P. Baudhuin, Physiol. Rer. 46, 323
(1966).

2. H. Hayashi, T. Suga and S. Niinobe. Biochim. biophys.
Acta 282, 38 (1971

3. H. Hayashi, T. Suga and S. Niinobe. Biochim. biophys.
Acta 297, 110 (1973),

4. D. J. Svoboda and D. L. Azarnoff. J. Cell Biol. 30,

442 (19661
. 1. Reddy. M. Chiga and D. Svoboda. Biochem. hiophys.
Res. Communt, 43, 318 {1971}

6. J. K. Reddy. D. L. Azarnofl. D. J. Svoboda and J.
D. Prasad. J. Cell. Biol. 61, 344 (1974).

7. H. Aebi. H. Suter and R. N. Feinstein, Biochem. Genet.
2, 245 (1968).

% S. Goldfischer. P. S. Roheim, D. Edelstein and E. Esser.
Science 173, 65 (1971).

9. R. R. Cuadrade and L. E. Bricker. Biochin. biophys.
Actu 306, 168 (1973).

10. E. Margoliash. A. Novogrodsky and A. Schejter. Bio-
chem, J. 74, 339 {1960}

f1. V. E. Price. W. R. Sterling, V. A. Tarantola, R. W,
Hartley, Jr. and M. Recheigl. Jr.. J. hiol. Chem. 237,
3468 (1962).

12, H. Luck. in Methods of Enzymatic Analysis (Ed. H.-U.
Bergmeyer} Academic Press, New York, p. 885 (19631

13. M. Kawade and T. Onodera, Jap. J. clin. Puth. 11,
99 (1963).

14, H. Kushiro. Y. Tadano, K. Sovama and L. Fukui. Jap.
J.oclin, Parh. 18, 833 {19701

15. H. Yoshikawa and M. Kitamura, Igahy no Aywmi,
Japan 33, 375 (1960).

16. C. H. Fiske and Y. Subbarow, J. hiol. Chem. 66, 375
{1925).

17. O. Lindberg and L. Ernster. in Merhods of Binchemical
Analysis (Ed. DL Glick) Vol THL p. 7. Interscience. New
York (1956}

18. N. D'Acosta, J. A, Castro, M. I Diaz Gomez, E. C.
De Ferreyra. C. R, De Castro and O. M. De Fenos,
Res. Commun. chem. Pathol. Pharmac. 6, 175 {1973).

19. 1. H. Raisfeld. P. Bacchin, F. Hutherer and F.
Schaftner, Molec. Pharmac. 6, 231 {19701

20. J. K. Reddy, J. Histochem. Cytochem. 21, 967 (1973).

21. S. Goldfischer. A. N, Johnson, E. Essner, C. Moore
and R. H. Ritch, J, Histochem. Cytochem. 21, 972
{1973}

n



