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We described in the preceding paper?) that the administration of basic cupric acetate,
which was shown to protect or delay the hepatic carcinogenesis in the rat fed 4-dimethylamino-
azobenzene(DAB), stimulated remarkably the activity of azo-bond reduction system in the
liver homogenates. This information led us to speculate that a role of copper might be con-
cerned with the detoxication of the carcinogen, by which the contact of the target with the
carcinogen was hindered. The activities of other enzymes or enzyme systems are expected
to be varied by the administration of cupric acetate with the carcinogenic dye.

Lactate dehydrogenase(LDH) in the liver of rat was shown to be affected by the admini-
stration of the carcinogenic aminoazo dye, but not changed by the noncarcinogenic dye.?
The LDH isozyme pattern of lung was changed by the inhalation of beryllium which induced
pulmonary carcinogenesis in the rat.9

In this paper, we described the changes of the activity and the isozyme pattern of LDH
in the liver of the rat fed DAB with and without basic cupric acetate.

Experimental

Animals——Female Wistar rats weighing from 100 to 150 g at the start were used and devided into 4
groups consisted of 40 rats respectively. One group of rats received 0.09% DAB(), the second 0.5% basic
cupric acetate hexahydrate(ii) and the third 0.09% DAB and 0.5% basic cupric acetate hexahydrate(iii) in
maize diet. The fourth group received mazie diet alone(iv) and served as a control. Those experimental
diets were given five days a week, and CE-2 (Nippon Clea Ltd.) was given for two days; on Tuesdays and
Wednesdays.

Preparation of Liver Homogenates and the Supernatants The rats in each group were killed by decapi-
tation and the livers were immediately perfused with chilled 1.159% KCl, rapid excised, weighed, and homo-
genized below 4° in 1.15%, KCI with a teflon homogenizer of Potter-Elvehjem type. 109 liver homogenates
thus prepared were centrifuged at 7000 g for 30 min at 0°. This supernatant was used for assay of the
enzyme activity.

Assay of Total Activity of LDH The activity of LDH, that is the sum of all the activities of LDH
isozymes, were measured by decrease of NADH according to a modified Hill’s method.?

pyruvate + NADH 4 H* == i-lactate + NAD+

The reaction mixtures contain 0.2 ml of the sample solution diluted the above supernatant and 6 ml of the
solution (1 m! of 0.25M lithium pyruvate, 25 ml of 0.1m phosphate buffer, pH 7.2, and 4 ml of distilled water).
The reaction was initiated by adding a definite amount of NADH corresponding to Egyp my, 0.600—0.700.
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The mixtures were shaken mechanically at 37° for 30 min, and E,,, myu Was measured at the start and at the
end. From the difference of those two Egyy my, values, an activity unit was calculated as follows:

LDH activity=_Eg my X 1000/mg liver tissue/30 min

Separation of LDH Isozyme® LDH is
constituted from five isozymes. The isozymes unit
were separated by electrophoresis on an agar gel X 10

plate in veronal buffer at pH 8.4 in this experiment.
The separation was conducted in the cold room
at 5—10° for about 90 min with a constant cur-
rent 55 mA and resultant voltage 110—120 V.
The spot of each isozyme was detected by stain-
ing LDH with nitrobluetetrazolium.
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Fig. 2. Diagram of Lactate Dehydrogenase Isozyme Patterns of Livers
of Rats Fed DAB and/or Basic Cupric Acetate for Varying Times Se-
parated by Agar Gel Electrotrophoresis
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level to the control in the initial stage, was dropped after 6 weeks from the start. Considering
that the LDH activity did not decrease in the group of rats fed cupric acetate with the dyes,
a role of copper might be to recover the LDH activity that was reduced by the administra-
tion of DAB.

Isozyme Pattern of LDH

The main component of LDH isozyme in the rat liver was LDH; fraction. When 29
homogenate was applied to the electrophoretic separation, only LDH; component was detected
on the plate. If 109, homogenate was subjected to the separation, LDH, fraction, as well as
LDH; fraction, was appeared. The administration of cupric acetate with and without DAB
did not change the isozyme pattern observed in the control, while the administration of DAB
alone was appeared to affect the isozyme pattern. As shown in Fig. 2, LDH, fraction was
newly found in group(i) after 11 weeks from the start, and this pattern seemed to resemble
that of the primary tumor induced by DAB. From the above facts, it was found that the
administration of cupric acetate repressed the change of the LDH isozyme pattern in the course
of carcinogenesis in the liver of the rat fed DAB.

Discussion

The administration of DAB, though reduced the total activity of LDH, gave rise to the
appearance of a new LDH isozyme, LDH, fraction, which was never detected in the homo-
genate of the control. The fact indicates that the administration of DAB might mainly
repress LDHj fraction of LDH isozyme, and that thereby the total activity is reduced. The
appearance of aerobic fraction, LDH, might be related to the induction of hepatic carcinoma
by feeding DAB, because another aerobic fraction, LDH,, was appeared in primary carcinoma.
Thus, the effect of feeding DAB might be related to the repression of anaerobic fraction of
LDH, and the feeding of copper might recover the activity and isozyme pattern of this enzyme.

The above facts were added to support of the results of the previous report which indicated
that the administration of basic cupric acetate stimulates remarkably of azo-reduction and
protects the hepatic carcinogenesis in the rat fed DAB.
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Adenosine 2- (IVa) and 38’-phosphate 5’-pyrophosphate (Va) are the known compounds,
of which the former was obtained from the enzymatic hydrolyzate by Kaplan, ef al.3) and the
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