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Blood Inorganic Phosphates in Carbohydrate Metabolism.

M. Pryoan anp T. B. QuicLEy. (Introduced by E. C. Cutler.)

From the Laboratory of Surgical Research, Harvard Medical School, and Peter
Bent Brigham Hospital,

Depression of the blood inorganic phosphates after the adminis-
tration of dextrose has been demonstrated by Perlzweig, Latham,
and Keefer.! This observation has been confirmed by Sokhey and
Allen,? Harrop and Benedict, * and Bolliger and Hartman® with
both humans and animals receiving dextrose orally and parenterally.
Although this fall in blood inorganic phosphates after the adminis-
tration of dextrose appears to be the rule, it does not occur invar-
iably. Blatherwick, Bell, and Hill® in a series of experiments in
which dextrose was given orally to human subjects, found no con-
sistent change in the phosphate level and state that there is “some-
times an increase, or a decrease or no change at all.”

Insulin, on the other hand, has been found by Wigglesworth,
Woodrow, Smith and Winter’ to produce a marked drop in the
plasma inorganic phosphate level of the rabbit. Cori and Cori,®
Perlzweig, Latham and Keefer,* and Vollmer® have reported similar
results, and further, have demonstrated that injections of epinephrin
produce the same effect. Cori'” and Cori and Cori'* in seeking an
expanation for these changes found a marked increase in the hex-
vse-phosphate content of the skeletal musculature of the normal ani-
mal after the injection of either insulin or epinephrin. No change in
blood or muscle phosphates could be demonstrated in the adrenal-
ectomized animal, and they concluded that the depression of the
blood inorganic phosphate level following the injection of insulin
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was the result of an increase in the secretion of epinephrin called
forth by hypoglycemia. Ellsworth and Weinstein'® found varying
degrees of change in the blood inorganic phosphates in adrenalec-
tomized dogs after the injection of insulin.

Thus, the mechanism of the drop in plasma inorganic phosphates
after injection of insulin or epinephrin appears to be quite different
from that following the administration of dextrose. Cori'® and Cori
and Cori** have shown that after normal rats are fed dextrose there
is no change in the hexose-phosphate content of muscle such as
occurs following the injection of insulin or epinephrin. Further-
more, Pollock® found that the parenteral administration of glucose
produces the same fall in blood inorganic phosphates in normal and
adrenalectomized animals.

In the literature on this subject little attention has been paid to the
factors of diet and fasting. In this work dogs were used which had
been fed a high-carbohydrate, low-fat diet (CHO 170, F 70, P 80)
for at least 3 weeks hefore any experiment was carried out. Food
was withheld from 8 such dogs for 20 hours, and their intake of
water limited to 650 cc. each. They were then given one gm. of
dextrose ( Baker, C. P.) per kilo intravenously in 50% solution, and
blood samples taken every 10 minutes for 2 hours. Blood sugar levels
were determined by Folin’s micromethod' (using venous blood),
and inorganic phosphates by the technic described by Fiske and
Subbarow.”” This procedure was repeated at 3 intervals, after fasts
of 10, 8, 4, and 2 hours. The results are about the same in the 8
dogs: for purposes of convenience only one is shown in the accom-
panying table. It will he seen that the depression of the blood inor-
ganic phosphates varied directly with the duration of the fast
heyond 8 hours,

The same experiment was repeated, substituting 1 unit of insulin
(Mulford) per kilo for dextrose. Here the drop of the blood sugar
seemed to depend to some extent on the length of the fasting period,
while the drop in inorganic phosphates (average — 48% drop)
was fairly constant, and was related to the point of maximal or
“critical” hypoglycemia.

The adrenal glands were carefully removed in 2 stages from sev-
eral of the dogs and 4 were maintained in sufficiently good condition
tor 3 weeks to allow the same studies to be made. The results are
not in agreement with the Coris’® hypothesis that the adrenals are
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intimately associated with changes in the blood phosphate level
during the metabolism of carbohydrates since a consistent, although
irregular depression followed the injection of dextrose (as in Table
I). On the other hand, their view that insulin acts on the blood in-
organic phosphates through the adrenals is supported to some ex-
tent in that there was very little or no drop at all in these phosphates
after adrenalectomy.

In view of the fact that insulin increases glycogen-storage in the
diabetic animal, it was thought of interest to study its effect on
the blood phosphorus in adrenalectomized animals with pancreatic
diabetes. The pancreas and adrenals were removed from 2 dogs in
2 stages. About 5 hours after the second stage of the procedure
(removal of the left adrenal) each animal had apparently com-
pletely recovered from the light ether anesthesia and was only
slightly less than normally active. Twenty-five units of insulin
were then given intravenously (Table II).

In these animals a marked fall in blood phosphates, and a mod-
erate depression of the blood sugar level occurred. Both dogs died
in about 8 hours after the second operation. Further work on this
phase of the problem is in progress. Control animals showed a
steady decline of the blood glucose as had been previously demon-
strated, in the cat, by Long.*

The results, in general, suggest that the blood inorganic phos-
phates may be depressed by both glycogenesis and glycogenolysis.
Thus, the fall in these phosphates may well be linked with the con-
version of dextrose to glycogen in the liver, or glycogen to lactic
acid in muscle. The ultimate fate of these phosphates in such
processes has not as yet been revealed.

1. Starvation increases the degree of fall in blood inorganic
phosphates occurring in normal dogs after intravenous administra-
tion of dextrose. 2. Removal of the adrenals does not influence the
fall of blood inorganic phosphates following dextrose administra-
tion. 3. The injection of insulin has no effect on the level of blood
inorganic phosphates after removal of the adrenals. 4. Removal of
the pancreas and the adrenals accelerates the fall in inorganic phos-
phates, and decelerates the fall in blood sugar following the intra-
venous injection of insulin.
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