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It was shown in a previous communication, on the evidence of both in vitro and in vivo experiments,
that the hypoglycemic effect of the antidiabetic preparation BZ-55 (nadizan, N-sulfanilyl~N!-butyl-carhamide)
was due to its inhibition of liver insulinase (an insulin-splitting enzymatic complex). The effect of this drug
could not be demonstrated at all in depancreatized animals, while in alloxan-diabetic animals it was only
effective if some residual insulin synthesizing capacity was retained in the pancreas. It was also found that,
both in normal and in depancreatized animals, nadizan enhanced the hypoglycemic effect of introduced ex-
traneous insulin. It was thus concluded that the hypoglycemic effect of the various sulfanilamide preparations
could only take place when insulin, whether endogenous or exogenous, was actually present within the body.

However, a number of problems still remained unsolved: 1) did nadizan, as claimed by some authors
[1, 8], exert any stimulating effect on the B~cells of the islet tissue of the pancreas; and, 2) was the enhance-
ment by nadizan of the hypoglycemic action of insulin due entirely to its inhibitory effect upon insulinase,
and consequently to the preservation of small amounts of the hormone from destruction, or was there also a
specific peripheral activation of insulin by the drug.

The problem was thought capable of solution only under conditions where the islet tissue function was
preserved completely, while liver insulinase was ineffective. If under such conditions nadizan should fail to
exert its hypoglycemic effect, or to activate introduced extraneous insulin, it could be taken as evidence that
the effect of the drug involved neither the islet tissue, nor the peripheral action of insulin itself, and that its
hypoglycemic effect was due purely to insulinase inhibition. The present work was based on this theory.

EXPERIMENTAL METHODS

Liver damage was caused in experimental rabbits through subcutaneous injection of CG1, (1 ml/kg body
weight, 3-5 injections at 48~hour intervals). Gross fatty infiltration was taken as a criterium of liver damage
(increase in fat content, on dry weight, to 27-37%; normal value ~ 16.6 +1.52%). The glycemic reaction to
insulin (0.1 unit/ kg), nadizan (0.3 kg) and the two factors given simultaneously was determined in all
animals before and after poisoning. Liver insulinase activity was determined in both normal and poisoned
animals by the method of Mirsky [3], and of Sklovskaia and Vol'kenzon [2], as follows. The livers were excised
and placed into a Petri dish cooled in ice, and ice~cold 1% sodium chloride solution was perfused through a
canula placed into the hepatic artery until the perfusate emerged clear. Portions of the washed liver, weighing
20-22 g, were chopped up and ground with an equal volumne of cold physiological saline solution in the pres-
ence of quartz sand. The homogenate was pressed through cloth, the exudate was ceuntrifuged and the filtered
supernatant wasdialyzed for 18 hours against distilled water. At the end of the dialysis period the precipitate
was centrifuged off and the supernatant filtered. The filtrate thus obtained contained the albumin fraction of
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TABLE 1

The Effect of CC1,-induced Liver Damage on Insulinase Activity and the Glycemic Reaction
to Insulin
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liver proteins, but not the low-molecular weight compounds like glutathione and cysteine, which are also ca-
pable of inactivating insulin; the extract was divided into two portions. Crystalline insulin, in amounts 1.5

units per 1 ml, was added to the first portion, the pH of the mixture was adjusted to 6.8 by the addition of the
appropriate amount of Na, HPO,, and the whole incubated for one hour at 38°. The second portion was similarly
treated, with the exception that the extract was inactivated by heating on the water bath for 30 minutes at
65-70°, before the addition of insulin, Insulin inactivation (and consequently, insulinase activity), was deter-
mined from the residual effect of the incubation mixture on the blood sugar of experimental rabbits, The in-
cubation mixtures were given to rabbits subcutaneously, the dose being equivalent to 0.8 units of insulin initially
present per kg. Blood samples were taken immediately before introduction of the reaction mixture and there-
after 1.5 and 3 hours after injection. Nadizan for intravenous injection was prepared as a 2.5% solution of the
pure substance in an alkaline solution (pH 8) of sodium bicarbonate.

EXPERIMENTAL RESULTS

It was shown in the previous communication [1] that, while the introduction to rabbits of insulin previous-
ly incubated with inactivated dialyzed liver extracts caused a mean decrease in blood sugar of 30%, insulin in-
cubated with intact liver extracts produced decrease in blood sugar of up to only 16% (mean value, 6%). It was
thus possible to conclude, in agreement with Mirsky [3, 4], that normal rabbit liver contained an insulin-destroy-
ing enzymatic complex, which Mirsky termed insulinase.

It will be seen from the data presented in Table 1 that, in the majority of cases, the untreated extracts
obtained from CCl, -poisoned rabbits, when incubated with insulin and injected into test animals, produced an
effect similar to that obtained with the inactivated normal liver extracts (the mean fall in blood sugar in the
former case was 36.4%, in the latter — 809%). Thus, during fatty degeneration caused by CGl, poisoning, the
liver was unable to destroy insulin, that is, the enzymatic complex insulinase was either ahbsent from livers in
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TABLE 2

The Effect of GG1,-induced Liver Damage on the Hypoglycemic Activity of Insulin and

Nadizan
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this pathological state or, if present, had a very low activity,

It may be expected that the depression of insulinase activity, observed in the damaged liver, would re~
sult in a higher overall hypoglycemic effect of insulin, when given to poisoned animals. As seen from Table 1,
this was actually the case; in all experiments, the single standard dose of insulin (0.1 unit/ kg) was more ef~
fective in the animals suffering from carbon tetrachloride poisoning, than it was in the same animals before
the administration of CGl, The mean fall in blood sugar caused by this dose in normal animals was 27.3%,
while after CC1, poisoning the corresponding value rose to 48,7%
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In normal rabbits, prior to CGl, poisoning, nadizan given intravenously caused, within two hours, a fall
in blood sugar of 30-45% (mean value, 40%); in CGl4-poisoned animals the same dose of nadizan produced a
fall in blood sugar of only 6.7-13.5% (mean value, 9.9%), that is, one within the limits of so-called spontaneous
variations in blood sugar expected in any 2-hour period (Table 2).

Thus, during liver damage and the concomitant inactivation of insulinase, nadizan showed no hypoglycemic
effect, even though the function and structure of the islet tissue remained intact; the reactivity to introduced
insulin actually increased. In CGl ~poisoned animals nadizan also failed to enhance the activity of added in-
sulin, an effect invariably produced in these animals prior to poisoning.

Dulin and Johnston [6], using hepatectomized rats and dogs, maintained on infused glucose, observed a fall
in blood sugar in these animals after introduction of tolbutamide (D-860) directly after operation. This effect
was attributed to a stimulation of insulin secretion. It should, however, be borne in mind that, under such ex-
tremely un~physiological conditions, tolbutamide may have had a non-specific effect on blood sugar levels,
particularly since hepatectomized animals develop hypoglycemia, at which stage glucose infusion stimulates in-
sulin secretion. The present authors consider the experiments described above as providing a more satisfactory
understanding of the role of liver in the hypoglycemic action of sulfonamides.

"The present results thus established that under conditions of liver damage which lead to insulinase inacti-
vation, nadizan had no hypoglycemic effect, nor did it enhance the effect of added insulin. The data show that .
nadizan has no effect on the peripheral action of insulin. The hypoglycemic effect of this drug is due to its
‘inhibitory action on liver insulinase.

SUMMARY

Preparation BZ-55 caused hypoglycemia in normal rabbits, potentiated the hypoglycemic effect of in-
sulin and inactivated insulinase of the liver. Insulinase is not found in rabbits with fatty dystrophy of the liver
caused by carbon tetrachloride intoxication. The hypoglycemic effect of insulin is increased. Administration
of BZ-55 (Nadizan) does not cause any hypoglycemic action and does not potentiate the effect of injected in-
sulin, although the insular pancreatic apparatus is uninjured. These experiments permit to draw a conclusion
that the hypoglycemic effect of BZ-55 is connected not only with the stimulation of the g-cells butalso with the
activation of the peripheral action of insulin. It is mainly caused by the inactivation of hepatic insulinase.

LITERATURE CITED

[1] S. M. Leites and N. P. Smirnov, "Abstr. of the All~Union Conference on the Mechanism of
Drug Action®, Riga, pp. 75~76 (1957); Problemy Endokrinol. No. 4, 3, (1958).

[2] S. S. Sklovskaia and D. V. Vol*kenzon, Biull. Exptl. Biol i Med. No. 11, 349 (1950).
[3] L A. Mirsky and R. H. Broh~Kahn, Arch. Biochem. v. 20, pp. 1-9 (1949).

4] L A. Mirsky et. al., Metabolism v. 5, pp. 156-162 (19586).

[5] A. Loubatieres, Bull. Soc. Chim. biol. v. 9, suppl., IV, pp. 63-75 (1957).

[6] W. Dulin and R. Johnston, Ann. New York Acad. Sc. Art. 1, pp. 177-191 (1957).

1080



