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Research workers have recently paid great attention to the study of neuropeptides in the
organization of various behavioral acts. Particular interest in this respect is being shown
in the intestinal hormone cholecystokinin, which most workers regard as the hormone of satia-
tion {3, 5], since peripheral and central administration of cholecystokinin to hungry animals
reduces or completely suppresses their food consumption [1, 2]. During natural satiation
the blood level of cholecystokinin of duodenal origin rises considerably, and this may be one
of the factors inhibiting food behavior.

Cholecystokinin fragments, notably cholecystokinin octapeptide (CCK-8) have been found
not only in the gastrointestinal tract, but also in different parts of the CNS [4]. This
suggests that CCK-8 may play the role of neurotransmitter in the course of depression of
food-motivated excitation. Meanwhile CCK-8 may play a regulatory role in these processes,
and in that case the satiating effect is realized through other brain mediator systems. This
last hypothesis is supported by the results of an investigation [7] which showed changes in
brain monoamine levels after central injection of CCK-8.

Accordingly the aim of this investigation was to determine changes in monocamine levels
in limbic structures of the rat brain during natural satiation and during satiation of animals
receiving CCK-8.

EXPERIMENTAL METHOD

Experiments were carried out on 131 CFY male rats weighing 180-200 g. After food depriva-
tion the rats were given CCK-8 intraperitoneally. The animals were offered food 10 min later.
The rats were killed 30 min after presentation of the food. The quantity of food eaten was
the criterion of the level of food motivation. Food consumption was analyzed individually
for each animal. After appropriate morphological and histochemical treatment, the concentra-
tions of dopamine, noradrenalin, and serotonin in sections of the hypothalamus, mesencephalon,
amygdala, hippocampus, and corpus striatum were determined by the method in [6].

Food deprivation for 24 and 48 h was used, with two different doses of CCK-8: 5 and 10
ug/g body weight. Each group consisted of 24 rats.

Deprived animals receiving an intraperitoneal injection of isotonic NaCl solution (24
rats) and animals allowed food ad 1ib. (11 rats) were used as controls.

EXPERIMENTAL RESULTS

Intraperitoneal injection of CCK-8 considerably reduced the food consumption of the hungry
rats. For instance, the mean quantity of food eaten by the control group was 2.4 times greater
than in the group of rats receiving CCK-8 in a dose of 5 pg/kg and 2.5 times greater than in
the group of animals receiving CCK-8 in a dose of 10 ug/kg (Table 1).

To discover individual differences in the action of CCK-8 and changes in the monoamine
concentrations in limbic structures of the brain the animals as a whole were divided into
three groups depending on the quantity of food eaten: 1) rats with a high level of food motiva-
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TABLE 1
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TABLE 2. Monoamine Concentrations in Limbic Structures of Brain of Rats Allowed Food
ad 1ib. (in pg/g)

Monoamine Hypothalamus | Mesencephalon Amygdala Hippocampus Corpus striatum.
Dopamine 0,73+-0,04 0,397+-0,06 0,65+-0,005 0,184-0,04 4,81-+0,22
Noradrenalin 2,15+:0,08 0,69+0,05 0,36+-0,05 0,29-+0,05
Serotonin 1,85£0,07 0,955+0,11 1,2254-0,1 0,77=+0,07 1,09-£0,08

tion (food consumption over 0.88 g in 30 min), 2) rats with a low level of food motivation
(food consumption under 0.38 g), 3) rats with an average level of food motivation (food con-
sumption from 0.39 to 0.87 g). Within the context of the present investigation animals of
group 1 and 2 are of particular interest.

Analysis of the animals' behavior after injection of different doses of CCK-8 following
food deprivation for different periods and subsequent feeding gave the following results.
An increase in the period of déprivation caused a decrease in food consumption by the control
animals on average by 17%. The mean decrease in food consumption after administration of
CCK-8 preceded by deprivation for 48 h was 30% less than when preceded by deprivation for
h. An increase in the dose of CCK-8 to 10 ug/kg, after deprivation for 48 h, led to even
stronger depression of motivation in a smaller percentage of rats, whereas an increase in the
dose of CCK-8 after deprivation for 24 h led to a smaller weakening of food motivation in a
larger number of animals. The percentage of rats resistant to the action of CCK-8 was inde-
pendent of its dose and of the duration of food deprivation (Table 1).

24

Changes in monoamine levels in each structure in experimental rats compared with those
in the structures of intact animals with free access to food are given in Figs. 1 and 2.

Natural satiation of the animals was found to cause a characteristic change in dopamine,
noradrenalin, and serotinin levels (Table 2). Changes in monoamine levels depended on the
duration of food deprivation. Satiation after deprivation for 24 h led to a significant fall
in monoamine levels in the hypothalamus, a decrease in noradrenalin and dopamine concentra-
tions and an increase in the serotonin concentration in the amygdala, and an increase in
dopamine and serotonin concentrations and a fall in the noradrenalin level in the hippocampus
(Fig. la). Satiation after deprivation for 48 h did not cause such considerable changes in
monoamine levels in limbic structures. These changes were expressed mainly as a decrease in
the concentration of all monocamines in all structures tested (Fig. 2a).

Natural satiation of the animals after starvation for 24 h caused changes in monoamine
levels in the limbic structures of the brain similar to those observed in animals whose
hunger motivation was suppressed by injection of CCK-8 (Fig. 1b, c¢). Changes in monoamine
levels in brain limbic structures of rats whose food consumption was not reduced after in-
jection of CCK-8 also were similar to those accompanying natural satiation (Fig. 1d), but an
increase in the dose of CCK-8 to 10 ug/kg reversed the reaction of dopamine and serotonin in
the mesencephalon and of noradrenalin the amygdala, and changes in dopamine in the hippocampus
were considerably reduced (Fig. le).

The response of the monoaminergic system of brain limbic structures to satiation induced
by injection of CCK-8 after deprivation of food for 48 h differed qualitatively from that
after deprivation for 24 h and from the response to natural satiation. In particular, the
noradrenalin level was raised in all structures studied (Fig. 2c).
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Fig. 1. Changes in monoamine levels in limbic structures of rat brain during
satiation after food deprivation for 24 h, Ordinate, changes in monoamine
levels in deprived rats (in % of their levels in animals allowed food ad 1ib.).
a) Control animals, b, c¢) rats with a low level of food motivation after in-
jection of 5 and 10 ng/kg CCK-8 respectively, d, e) rats with a high level of
food motivation after injection of 5 and 10 ng/kg CCK-8 respectively. 1)
Hypothalamus, 2) mesencephalon, 3) amygdala, 4) hippocampus, 5) corpus stri-
atum. Empty columns — dopamine, obliquely shaded — noradrenalin, cross-—
hatched — serotonin.

Fig. 2. Changes in monoamine concentrations in limbic structures of rat
brain during satiation after food deprivation for 48 h. Legend as to Fig. 1.

When injected intraperitoneally, CCK-8 thus had a satiating effect, and the higher the
level of food motivation, the stronger this effect. The inhibitory action of CCK-8 on food
motivation evoked in rats by deprivation for 24 h is probably mediated through the monoamine
system of the hypothalamus, amygdala, and hippocampus. However, the results of the present
investigation suggest the presence of a different mechanism of the satiating action of CCK-8
under conditions of marked food motivation after long periods of starvation.
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One of the main effects of thyroid hormones is stimulation of oxygen consumption in
target cells [2]. The mechanism of stimulation of basal metabolism in hyperthyroidism is not
yet known. It has been shown that mitochondria isolated from tissues of hyperthyroid rats
perform oxidative phosphorylation in experiments <m vitro with high P/0 and ADP/O ratios and
high respiratory control [6, 10]. In the intact cell the state of mitochondrial function is
controlled by cytoplasmic regulators, whose action as a rule is to change activity of cation
carriers and metabolites in the inner mitochondrial membrane {1, 5, 11].

It can be tentatively suggested that stimulation of oxygen consumption in hyperthyroidism
is due to changes in activity of cytoplasmic regulators of mitochondrial metabolism. The aim
of this investigation was to test this hypothesis.

EXPERIMENTAL METHOD

Experiments were carried out on male albino rats weighing 100-120 g. Mitochondria were
isolated from the rats' liver by the method in {8]. The mitochondrial isolation medium con-
sisted of 0.3 M sucrose, 5 mM Tris-HCl, 1 mM EDTA, pH 7.5. Oxidation of succinate by the
mitochondrial suspension was measured polarographically. The kinetics of mitochondrial
swelling was determined from the change in optical density at 540 nm on the LMF-69 photom-
eter. Hyperthyroidism was induced by injection of thyroxine into the rats in a dose of 100
rg/100 g body weight daily for 5 days. The last injection of thyroxine was given 20 h before
sacrifice. Cytoplasm was isolated from the liver and heart of satiated rats by centrifuga-
tion of the homogenate (1 g/ml of isolation medium containing 0.12 M KCl, 5 mM Tris-HCl, pH
7.65) for 20 min at 30,000g. Immediately after centrifugation in the cold the supernatant was
heated to 97°C for 7 min, after which the denatured proteins and membrane fragments were
centrifuged. The thermostable fraction of cytoplasm was kept in a refrigerator at —10°C.

In the experiments with addition of thermostable cytoplasmic fraction to the mitochondrial
suspension, 0.12 M KCl was added in the control experiment.

EXPERIMENTAL RESULTS

Preincubation of rat liver mitochondria for 2 min with thermostable cytoplasmic fraction
of rat liver increased the rate of swelling of the mitochondria in iso-osmotic solution of
potassium phosphate in the presence of valinomycin (Fig. 1). Under these conditions valino-
mycin is known to induce high permeability of the inner mitochondrial membrane for Kt and
swelling of the mitochondria is limited by the rate of transport of the anion through the
mitochondrial membrane [5]. Consequently, in these experiments preincubation of the mito-
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