MECHANISMS OF CENTRAL CONTROL OF THE BLOOD SUGAR

M. G. Amiragova and B. V. Stul'nikov UDC 612.826.1+612. 34

In acute experiments on adult cats injection of microdoses of insulin (0.025 unit/
kg in 0.025 ml physiological saline) into the posterior hypothalamic nucleus
caused the blood sugar level to be raised 10 and 70 min after the injection. The
change in the blood sugar level correlated with the EEG activation reaction of the
posterior hypothalamic nucleus in response to insulin injection, which spread to
the lateral hypothalamus. Meanwhile hormonal. action on the posterior hypothalam-
ic nucleus following bilateral coagulation of the lateral hypothalamus nc longer
caused the rise in blood sugar after 10 min. This suggests that the lateral hy-
pothalamus particpates in the formation of hyperglycemic responses within this
time interval of insulin action on the posterior hypothalamic nucleus.
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Recent investigations have conclusively proved that insulin can pass through the blood—
brain barrier [3, 9, 10, 12], a fact which suggests that insulin may particpate in the cen-
tral regulation of its own synthesis and of the blood sugar level. Some workers have shown
[7, 8, 13] that insulin, injected intracisternally, causes a greater fall of the blood sugar
level than if injected into the cerebrospinal fluid. However, the value of these investiga-
tions is diminished by the fact that the workers concerned used large doses of imsulin which,
on entering the general circulation, could induce a hypoglycemic effect and thereby mask the
true action of insulin on the brain centers. In addition, when injected intracisternally,
insulin acts on brain structures with different functions and the change in the blood sugar
level thus produced is the resultant of the integral response of the various central mech-
anisms controlling the blood sugar level. As has been shown in the writers' laboratory [4],
of all hypothalamic structures studied the posterior hypothalamic nucleus (PHN) is the most
sensitive to insulin. Other workers have postulated [6, 15, 17] that PHN participates in
the control of the blood sugar concentration but the mechanisms whereby this effect is pro-
duced are unknown.

The object of this investigation was to study these mechanisms by injecting microdoses
of insulin into PHN.

EXPERIMENTAL METHOD

Acute experiments were carried out on adult cats starved for 18-20 h before the exper-
iments began. The animals were anesthetized with urethane (1.5-2.0 g/kg). Electrodes were
inserted into the hypothalamic structures stereotaxically following coordinates taken from
Jasper and Ajmone-Marsan's atlas [11]. Insulin was injected into PHN in a dose of 0.025
unit/kg body weight in a volume of 0.025 ml. A1l insulin injection experiments were accom-
panied by recording of the EEG and histological verification. The results of experiments in
which an EEG response to injection of insulin was observed were included in the series. The
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Fig. 1. Changes in EEG after injection of microdoses of in-
sulin into PHN: 1) initial EEG; 2) EEG 1 min after injec-
tion of insulin; 3) EEG 10 min after injection of insulin;
4) EEG 30 min after injection of insulin. From top to bot-
tom: right PHN, right lateral hypothalamus, right ventro-
medial hypothalamic nucleus, left lateral hypothalamus,

left ventromedial hypothalamic nucleus, right PHN, right
lateral hypothalamus. Monopolar recording for right lateral
hypothalamus, bipolar for all other hypothalamic structures.
Calibration: 50 uV, 1 sec. Analysis: channel 1 — right
PHN, channel 2 — right lateral hypothalamus.

TABLE 1. Blood Sugar (in mg %) of Cats after Injection of
Insulin into PHN and in Control Experiments with No Action
on Hypothalamus (M * m)

After injection of insulin
Group of animals ?:gggnig; 8
. insulin after change in after change in after change in
16 min concentras somin | qonoeT | t0min goncentras
With intact lateral
hypothalamus
{urethane anesthe=
sia) 356+16 363 +22 +8+2 360413 [ 459 374418 | +17%5,1
0,02 >0,5 <0,02
With bilateral de-
struction of lat-
eral hypothala- .
mus {arethane
anesthesia) 32010 | 316+11 |—3,4+£5.5 323+10 | 4434 343+18 | 432410
>0,5 >0,2 <0,05
Control = no ac-
tion on hypo-
thalamus (ure-
thane anesthe- _
sia) 35711 | 35813 |4-0,3£2,7] 358+ 14 |+1,0+2,8] 359+14 |4+2,0+3,0
>0.5 >0,5 >0,5

Legend. Time of taking blood samples in control experi-
ments corresponds to times in experiments in which insulin
was injected into PHN.

blood sugar was determined [14] before and 10, 40, and 70 min after injection of the hor-
mone. The location of the electrodes was confirmed histologically [16]. Statistical analy-
sis of the experimental results was carried out by the difference method [2].

EXPERIMENTAL RESULTS

It will be clear from Table 1 that, in response to injection of insulin into PHN the
blood sugar level rose after 10 min (M + m = +8 = 2; P < 0.02). The change in the blood
sugar level after 40 min was not significant: Although in some experiments the blood sugar
level continued to rise, in others it was lower than initially. However, 70 min after
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injection of the hormone the changes in the blood sugar concentration were significant and
its mean level was significantly higher than initially (M £+ m = +17.0 £ 5.1; P < 0,02). It
is interesting to note that electrical stimulation of PHN also led to a statistically sig-
nificant increase in the blood sugar concentration at all times studied (for 60 min). This
points to the nonspecific character of this response to different types of PHN stimulation.

In response to injection of insulin into PHN, just as to its electrical stimulation,
the lateral and ventromedial zones of the hypothalamus also were involved in the EEG-activa-
tion process (Fig. 1). One of the writers [5] showed previously that electrical stimulation
of the lateral hypothalamus leads to elevation of the blood sugar level. To detect the
mechanisms of the rise of blood sugar in response to injection of insulin into PHN, a simi-
lar series of experiments was therefore carried out except that the lateral hypothalamic
structures were first destroyed electrically (by passing a direct current of 2-3 mA for 2-

3 min).

As Table 1 shows, coagulation of the lateral hypothalamus itself led to a marked de-
crease in the initial blood sugar level. Meanwhile destruction of the lateral hypothala-
mus also affected the changes in the blood sugar concentration in response to injection of
insulin into PHN. For instance, instead of the significant increase in blood sugar in re-
sponse to injection of insulin into PHN in animals with an intact lateral hypothalamus 10
min after the injection, in animals with destruction of this region the changes in blood
sugar at this time were not significant: Their mean value was —3.4 * 5.5 mg %Z (P > 0.05),
and changes in individual experiments were in different directions. The changes were of
the same character at the next time interval, after 40 min (M + m = +4.0 * 4.0 mg %; P> 0.2).
However, after 70 min the blood sugar level in all animals was higher than initially (M 2
m=+32 * 10 mg %3 P < 0.05).

It is interesting to note that under thiopental anesthesia no activation response of
PHN to injection of insulin could be detected electrographically (probably as a result of
blockade of its reticular structures). The changes in the blood sugar concentration de-
scribed above also were absent, so that correlation can be traced between the EEG reaction
and the change in blood sugar in response to injection of insulin into PHN.

The increase in the blood sugar concentration in response to action directed toward
PHN cannot be regarded as the result of a fall in the blood insulin level, for simultaneous
determination of insulin in the blood showed a significant increase in its concentration [1].

The results of these experiments thus show that elevation of the blood sugar level fol-
lowing injection of insulin into PHN is caused by the direct action of the hormone on that
structure and that the lateral hypothalamus participates in the mechanism of elevation of
the blood sugar in the initial period (the first 10 min); the mechanisms of elevation of
the blood sugar level in the later stages require special analysis.
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