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The production of lactic acid in diabetes following the adminis-
tion of insulin.

By E. TOLSTOI, R. O. LOEBEL, S. Z. LEVINE, and H. B. RICHARDSON.

[From the Russell Sage Institute of Pathology in Affiliation with
the Second Medical (Cornell) Division of Bellevue
Hospital, New York City.]

It is evident from recent work on normal animals that follow-
ing the administration of insulin in large doses marked changes
occur in the glucose, lactic acid,' and inorganic phosphate® con-
tent of the blood. Since these constituents seem to be intimately
concerned with the metabolism of carbohydrate, it was desirable
to extend the study of them to human beings, more especially to
diabetics. Also, since the combustion of glucose as well as the
formation of lactic acid has a profound influence on the respira-
tory quotient the metabolism was determined using the respira-
tion calorimeter of the Russell Sage Institute of Pathology.

Four patients with uncomplicated diabetes were studied. They
varied from extremely mild to moderately severe. In each case
the effect of a single intravenous dose varying from 8 to 33
units of insulin (Iletin, Lilly) was observed. The blood was
taken before,and between 1 and 2 hours after, the injection, and
analyzed for sugar, lactic acid, and inorganic phosphates. The
respiratory metabolism was determined in the calorimeter begin-
ning about 15 to 75 minutes after the injection and continuing
for 45 minutes. The patient was then removed from the calori-
meter, and a blood sample was drawn for analysis. Immediately
after, he was returned to the calorimeter and observed for an-
other three hours. For comparison, a three-hour basal observa-
tion of the previous day was used.

1 Briggs, A. P., Koechig, I., Doisy, E. A., and Weber, C. J., J. Biol Chem.,
1924, Iviii, 721.

2 Wigglesworth, V. B., Woodrow, C. E., Smith, W., Winter, L. B., J.
Physiol., 1923, 1vii, 447.
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The results in the table clearly demonstrate that the invariable
fall of blood glucose following insulin administration is not
always accompanied by a rise in lactic acid.

Three separate observations were made on patient E. V. In
only one instance was the lactic acid concentration increased
after insulin. Although the absolute drop in blood sugar was
greater in the other two, 214 mg., and 82 mg. per 100 cc. respect-
ively, no rise in the lactic acid was found.

With the patients J. D. and L. M. the blood glucose fell 38 mg.
and 60 mg. per 100 cc., yet the rise in the lactic acid was consid-
erable, while in patient J. M. the fall of the blood glucose noted
was small and no change in the lactic acid was observed.

These data justify the conclusion that the production of lac-
tic acid following the administration of insulin depends less upon
the absolute fall in the blood sugar than upon the level finally
reached.

It is also apparent that insulin may cause a rise of the respira-
tory quotient without producing any increase in the lactic acid
concentration. This rise can, therefore, be ascribed to the stim-
ulating effect on the oxidation of carbohydrate.

If the production of lactic acid were the direct result of the
fall in blood sugar it would not be expected with a rise. Data
were obtained on this point by means of adrenalin.

Four non-diabetic subjects free from any cardiac or hepatic
involvement were studied. After lunch 15 to 25 minims of adren-
alin were administered subcutaneously. Blood samples were drawn
before and exactly 1 hour after the adrenalin injectiont and an-
alyzed for glucose, inorganic phosphates and lactic acid. The
respiratory metabolism was not studied.

From Table II it will be seen that whenever the adrenalin pro-
duces a rise of blood sugar there occurred a concomitant lowering
of the inorganic phosphates, as well as a rise in the lactic acid.

Discussion.

These results do not favor the theory that insulin acts by
converting glucose into lactic acid. Although it causes a rise in
the lactic acid the effect is far from constant. Moreover, no
quantitative relation is apparent between the blood sugar and the
production of lactic acid, such as the theory of Briggs and his
associates would demand. With insulin a sharp fall in blood
sugar can be produced without an increase in lactic acid. With
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TABLE II.
Case Time | Glueose | Lactic acid | Inorganic P Remarks
mg. per | mg. per mg. per
100 ce. 100 ce. 100 ce.
1 Before 127 14. 2.6 Adrenalin MXV
1 hr.
After 235 31.5 2.0
Before 100 16.1 2.6
1 hr. Adrenalin MXV
After 170 26.6 1.76
2 Before 125 19.6 2.7
1 hr, Adrenalin MXX
After 250 371 1.9 same patient
3 Before 104 15.4 31
1 hr. Adrenalin MXV
After 230 21.0 1.5
4 Before 112 19.0 2.4
10 m. Adrenalin MXV
After 117 26.6 2.4

adrenalin a marked rise can occur, and instead of a fall in
lactic acid we observed an actual rise amounting often to 100 per
cent. The results suggest that there is some factor common to
the action both of insulin and adrenalin, which increases the
lactic acid in spite of the divergent effects on the blood sugar.
Such a common denominator might be a local asphyxia which is
a well known cause of the production of lactic acid.

A comparison of the effects of insulin and the adrenalin leads
to the following conclusions:

(1) Both extracts lower the inorganic phosphate of the blood.

(2) Extreme drops in blood sugar may occur with no change
in the lactic acid concentration. With our patients increases in
lactic acid were observed only when an insulin hypoglycemia was
produced and this may turn out to be the general rule.

(3) Lactic acid increases with an adrenalin hyperglycemia.

(4) Insulin causes an increase in the respiratory quotient over
and above that which can be accounted for by the production of
lactic acid. This is evidence of the stimulating action exerted
by the extract on the oxidation of carbohydrate.





