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THE INFLUENCE OF INTRAVENOUS GLUCOSE ON
BLOOD-INSULIN ACTIVITY, AND ALSO ON THE GLUCOSE UPTAKE
OF THE DIAPHRAGM AND OF THE ADIPOSE TISSUE OI' RATS
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SUMMARY

1. after the intravenous injection of glucose into normal male rats, we have
measured the plasma-insulin activity, ihie glucose uptake of the diaphragm and of
cpididymal adipose tissue from 5-go min after the injection. We have observed an
increased uptake of glicose by the diaphragm and a rise of insulin in the blood
10 min after the injection. In the adipose tissue we have observed an inhibition of
glucose uptake at 2ll times up to 60 min.

2. 10 min after the injection of L-leucine the blood insulin rises and there is
an increase in the uptake of glucose by the diaphragm and by the epididymal adipose
tissue.

3. The inhibition of uptake of glucose by adipose tissue, observed after intra-
venous injection of glucose, is not produced in adrenalectomized rats. It is suggested
that hyperglycemia produces secretion of glucocorticoids which are responsible for
the inhibiton of the uptake of glucose in adipose tissue.

INTRODUCTION

In 1952 PERLMUTTER, WEISENFELDT AND MuFsoN! found no evidence of increased
blood-insulin activity after the intravenous injection of glucose, CANDELA, ROVIRA
anp CANDELA®?, however, were able to demonstrate, in dogs, that the hyperglycemia
produced by this means gives rise to a rapid increase of insulin in the bloed, which
recedes shortly afterwards, to reappear some time later. WHITNEY AND YouUNG4
studied the plasma-insulin activity and the glucose uptake of rat diaphragm after
the intravenous injection of glucose. They found an activity less than normal 30 min
after the injection, the glucose uptake first increasing and later falling below iae
noiinal.

Bearing in mind the foregoing results, the question arises whether hyperglycemia
results in the release of insulin only, with muscle as one of its destinations, or whether
it also produces secretion of other hormones whose target may be different tissues.

* Part of Doctoral Thesis.
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MATERIAL AND METHCGDS

Male Wisttar rats. from our colony, of 120-160 g weight, were kept 1620 h in a dark
room, withemt noise, and at z¢”, either with free access to food or fasting and with
free acoess to water.

Im the case of adrenalectomized rats the adrenalectomy and post-operative care
was acconding to the usual practice. When the wound was cicatrized and the animal
completely mecovered, the effect of an injection of glucose was investigated in the
same mammer as with normal rats.

At the times after injection of either glucose or L-leucine indicated in the section
RESULTs the rats were Killed by decapitation. The blood was heparinized for the
determimation of plasma insulin as described in another paper®. Immediately after
collectimg the blood, the diaphragm and the adipose tissue of the epididymis of each
animal wene removed. The hemidiaphragms (200 - 5 mg) and the adipose tissuc
(200 = 35 myg) were incubated in Warburg vessels, charged with Krebs—Henseleit
buffer and comtaining 3 mg of glucose/ml at 37.5°. The time for the determination
of the mptake of glucose by the diaphragm was 1.5h, for that of the epididvmal adipose
tissue, 5 h. Glocose was estimated by the Somogyi-Nelson method.

RESULTS

The experiments were cariied out in three groups. In the first group, the effect of
intravemoms imjection of ghacose on the glucose uptake of diaphragm and of epididvmal
adipose tissue, 270 .50 on the level of insulin in the plasma was assessed over a time
course off ¢o mii. zn the second group, the effects were studied 10 min after the intra-
venons imjection of L-leucine. In the third, the effect of adrenalectomy was studied.

The resulits of the first group of experiments are shown in Table I and represented
graphically im Fig. 1. It can be seen that injection of glucose produces a significant
increase im the wptake of glucose by the diaphragm, compared with non-injected
controls, 1o amd I35 min after the injection. In the adipose tissue, there is a significant
decrease im the glucose uptake at all times studied, exccpt at 60 min. The level of
insulin im the plasma is raised sigrificantly only at 1o min, after which the values
rermain mermal wp to go min. From this we may infer that the injection of glucose
produces am increased secretion of insulin, as observed previously 3.3,

Im Table §T are chown the results obtained 1o min after the injection of L-leucine
from which It is clear that this amino acid produces a significant increase both of
plasma imsulin and of glucose uptake in diaphragm and adipose tissue. Comparison
of the effiects of glucose and of L-leucine administration suggests that when the se-
cretiom of Emsulm Is not produced by hyperglvcemia, this hormone is bound both
by muscle and by adipose tissue, thus facilitating the massage of glucose into the
interior of the cell in both tissues.

Tablle II shows the results obtained 1o min after injection of glucose into
adrenalectomized male rats. The glucose uptake of adipose tissue, and of diaphragm,
iz greater im the adrenalectomized rats than in the normals and the plasma insulin
is higher. Injection of glucose does not result in a lewering of the uptake of glucose,
as in the adipose tissue of normal animals, but in a significant increase in all three
parameters.
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Fig. 1. Effect of intravenous injection of glucose on the glucose uptake of isolated diaphragm (A),
and of adipose tissue (B) and also om the plasma-insulin effect (C). Blood-sugar levels at removal
of tissue, shown in D

DISCUSSION

These results confirm that hyperglyecemia produces an increase in the secretion
of insulin. The greater uptake of glucose by the isolated diaphragm of the rat, removed
after injection, first demonstrated by WBITNEY AND YOUNG, may be due to the binding
of insulin, released froma the pamcreas, by muscle; the insulin could then exercise
a stimulating effect on the uptake of glucose i vitro. This effect is, however, not ob-
served in the adipose tissue, dospite the greater insulin sensitivity of this tissue com-
pared with that of striated mmscle. As can be seen in Table I, except at 60 min after
injection, the effect observed is am imhibition of the uptake of glucose. This inhibition
is not produced if the stimulus for insulin secretion is L-leucine, (assuming that this
amino acid elicits an increased seeretion of this hormone) (Table II), or if hyper-
glycemia is produced im adremalectomized animals (Table IIT). These facts lead us
to conclude that the injectiom of glucose not only produces secretion of insulin, which
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increases the uptake of glucose by the diaphragm and raises the level of insulin
in the plasma, but also stimulates the adrenal gland. The latter effect gives rise to
a secretion of glucocorticoids which produce the inhibitory effect on the glucose
uptake observed in the adipose tissue.

The adipose tissue is considered to be the most probable site of action of the
glucocorticoids. RIET-CORREA, MAGALHAES AND KRAHL® have observed that the
stimulation by insulin, in vitro, of glucose uptake in epididymal adipose tissue of
the rat is noticeably inhibited by a previous injection of cortisone acetate. MUNCK’
and Muxck axp Koritz? have demonstrated, ¢n vivo and in vitro, that cortisol,
corticosterone and deoxycorticosterone reduce the glucose uptake of epididymal
adipose tissue. In the light of our experiments with adipose tissue from adrenalecto-
mized rats, we consider this interpretation to be, quite likely, correct.
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