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The writers demonstrated previously that the rat liver contains a thermostable glycol-
ipopeptide with a molecular weight of about 6000 [6, 14], to which the name insulin-dependent
cytoplasmic regulator (IDR) was given because its activity increased after injection of in-
sulin into the rats. IDR increases the accumulation of Ca't ioms in liver mitochondira in
vitro [6], inhibits pyruvate transport into the liver mitochondira [14], inhibits gluconeo-
genesis in fragments of liver [1] and of the renal cortex [5], stimulates glycogen synthesis
in the isolated diaphragm [2], and has a hypoglycemic action after injection in vivo [1].

It is well know that starvation and muscular work stimulate the outflow of glucose from
the liver through activation of glycogenolysis and gluconeogensis [4, 10]. Gluconeogenesis
and glycogenolysis in the liver are controlled by cAMP and Ca'' ions, which activate them
[10, 13], and by IDR, which is an endogenous inhibitor of glycogenolysis and gluconeogenesis
in the liver [1l, 5]. It can accordingly be postualted that during muscular work and starva-
tion the cause of stimulation of gluconeogenesis and glycogenolysis i1s not only an increase
in the concentrations of the intracellular activators (cAMP and catt ions), but also a de-
crease in activity of the inhibitor (IDR).

The object of this investigation was to study the possiblity that IDR participates in
the regulation of glycogenolysis, gluconeogenesis, and glycogen synthesis during starvation
and muscular work and in the recovery period after muscular work.

EXPERIMENTAL METHOD
Male albino rats weighing 150~160 g were used. The rats swam in a bath for 2 h at 31-32°C.

Activity of IDR in the thermostable fraction of cytoplasm from the rat's lifer and heart
was measured by the method described previously [1]. Cytosol was obtained by centrifuging
the liver or heart homogenate (30,000g, 20 min) with 0.25 M sucrose and 5 mM Tris~HCl, pH 7.4
in the ratio of 1 ml incubation medium to 1 g. The cytosol fraction was heated to 97°C for
7 min and the proteins then removed by centrifugation. The rat liver mitochondria were iso-
lated in 0.3 M sucrose, 5 mM Tris-HCl, pH 7.4, at 5000g.

Transport of ca™ ions into the mitochondria was measured by a pH-metric method based
on the kinetics of exchange of ca’™ ions for H' ions in cubation medium containing 0.1 M KC1,
5 mM succinate, 0.7 mM phosphate, 0.7 ug/ml rotenone, 2 mM Tris~HCl, pH 7.0. Glycogen was
measured by the anthrone method [8].

EXPERIMENTAL RESULTS

As shown in Fig. la, starvation for 48 h caused weakening of the stimulating action of
the thermostable fraction of liver cytosol on the calcium capacity of rat liver mitochondria.
The increase in this parameter on the addition of small quantities of cytosol was due to the
presence of IDR in the thermostable fraction of cytoplasm {6]. Consequently, activity of IDR
"in the liver falls during starvation. A similar effect of a fall in IDR activity also was
found in the experiments with liver cytosol from rats which had been swimming for 2 h (Fig.
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Fig. 1. IDR activity in rat liver under nor-
mal conditions, after swimming and after star-~
vation. a) Swimming for 2 h, b) starvation
for 48 h. 1) Control cytoplasm, 2) experimen-
tal cytoplasm. Abscissa, quantity of cytosol
(in ml), ordinate, calcium capacity of liver
mitochondria (in present).

TABLE 1. Changes in Glycogen Content in
Liver and Heart of Rats (in mg/g tissue)
during Swimming and in Recovery Period
after Swimming (M * m)

Experimental conditions Liver Heart
Control (n=12) 12,01,7 6,0+0,5
Swimming for 2 h (n=9) 2,04:0,5 1,4+:0,2
Swimming for 2 h+recover

period (%: 8) Y 4,24+-0,8 9,8+0,8
Note. Control and experimental rats starved for 12 h,
200ﬁ a b
|
1 {
100
4
.
Ut T F T T
071 2 3 4 5§ 0 1 2 3 4 §

Fig. 2. IDR activity in liver (a) and heart
(b) of rats during swimming and in recovery
period after swimming. Arrow pointing down-~
ward denotes beginning, arrow pointing upward
denotes end of swimming. Abscissa, time (in
h); ordinate, IDR activity (in percent of nor-
mal).

1b). However one of the most likely causes of the fall in liver IDR activity during starva-
tion and muscular work is a fall in the plasma insulin concentration, which has been des-—
cribed for these physiological states [4, 7]. Nevertheless, the possibility cannot be ruled
out that the fall in IDR activity is a result of an increase in the concentration of cate-
cholamines, glucagon, and somatotrophic hormone in the plasma [15], for a decrease in IDR
activity was observed after injection of adrenalin into rats [6]. In this connection it must
be noted that the maximal level of increase of calcium capacity of the mitochondria obtained
from rats after starvation and swimming was reduced by the addition of thermostable cytoplasm
(Fig. 1), although previously, on injection of insulin into the rats, no change was observed
in the maximal effect of cytosol [6],

It is well known that gluconeogenesis in the hepatocytes may be limited by the velocity
of pyruvate transport from cytosol into mitochondira, for pyruvate carboxylase is located in
the mitochondria and the efficiency of the monocarboxylate carrier in liver mitochondria is
very low [6]. The normally high IDR activity is one mechanism that determines the low vel-
ocity of pyruvate transport from cytosol into mitochondria and, correspondingly, the low ac-
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tivity of gluconeogenesis, for IDR inhibits pyruvate transport [{14]. A fall in IDR activity
as a result of starvation and muscular work ought to lead to stimulation of pyruvate trans-
port from cytosol into mitochondria and stimulation of gluconeogenesis in the hepatocytes.
Stimulation of pyruvate transport from cytosol into mitochondria during starvation and mus-
cular work is evidently not entirely the result of a decrease in IDR activity, for glucagon
and catecholamines, whose concentration is increased in the physiological states under ex-
amination [4, 7, 15], stimulate pyruvate transport by increasing the H* ion gradient on the
mitochondrial membrane [11l]. It is diffdicult to conclude which of the mechanisms of stimula-
tion of pyruvate transport examined above is more efficient. Most likely synergism is exhib-
ited in their action. One conclusion of the present investigation is that correlation exists
between inhibition of insulin secretion by the pancreatic beta cells [4, 7] and IDR activity
in the liver during starvation and muscular work; the fall in IDR activity, moreover, is one
cause of stimulation of glyconeogenesis.

Consequently, both during starvation and during muscular work IDR activity falls in the
rat liver. Since IDR is a inhibitor of glycogenmolysis and gluconeogenesis in the liver [1,
5], it will be evident that a fall in IDR activity is one of the mechanisms of stimulation
of glycogenolysis and gluconeogenesis in the liver during starvation and muscular work. Be-
sides a fall in IDR activity during starvation and muscular activity, an increase also is
observed in the cAMP concentration in the liwver, due to secretion of glucagon and catechol-
amines [4, 15], and this strongly stimulates gluconeogenesis and glycogenolysis. The writers
showed previously that cAMP has no direct action omn IDR activity in liver homogenates. Nev~
ertheless the possibility cannot be ruled out that in intact hepatocytes cAMP may reduce IDR
activity by increasing the Ca’ concentration in the cytoplasm [13], for catt ions in physio-
logical concentrations depress IDR activity in liver homogenates [3].

Catecholamines increase the concentration of ionized Ca™ in the cytoplasm during inter-
action with the o~adrenoreceptor; this effect, moreover, is not connected with an increase
in cAMP concentration [13]. Consequently, the fall in IDR activity in the liver during star-
vation and muscular activity is a result both of a fall in the plasma insulin concentration
and of a rise in the ionized Catt concentration in the cytoplasm.

Glycogenolysis in the liver and heart, which is stimulated by swimming [7], is replaced
by glycogen resynthesis after the end of swimming (Table 1). There is a parallel increase
in IDR activity in the liver and heart (Fig. 2). If the decrease in IDR activity during
swimming is due mainly to a fall in the plasma insulin concentration, the increase in IDR ac-
tivity after the end of swimming must evidently be the result of the rapid rise in the plasma
insulin concentration, which takes place on the cessation of muscular work [7]. Glycogen re-
synthesis in the liver and heart is also connected with an increase in the insulin concentra-

tion.

As Fig. 2 shows, the decrease in IDR activity during swimming is manifested more strongly
in the liver than in the heart. In the recovery period after swimming the increase in IDR
activity takes place much more strongly in the heart than in the liver. IDR activity in the
heart 2 h after the end of swimming was significantly higher than before swimming, whereas in
the liver IDR activity was slightly weaker than initially (Fig. 2a). Since IDR inhibits gly-
cogenolysis [1] and stimulates glycogen synthesis [2], it can be postulated that the increase
in IDR activity in the recovery period after muscular work is one cause of glycogen resynthe-~
sis in the liver and heart. As Table 1 shows, glycogen resynthesis takes place faster in the
heart than in the liver. It was found previously that glycogen synthetase activity in the
heart is much higher after muscular work than initially, although this effect was mnot found
in the liver [12]. Consequently, correlation exists between the rate of glycogen resynthe~
sis, the change in glycogen synthetase activity, and IDR activity in the heart and liver in
the recovery period after muscular work.

Tt is difficult to explain differences in the changes in IDR activity in the liver and
heart during and after swimming purely by a change in the plasma insulin concentration. Ev-
idently not only insulin, but also other factors are concerned in the regulation of IDR ac-
tivity. It may be that IDR activity in the heart is also controlled by kinins, for kinins
have an insulin-like action on metabolism processes in muscles and their concentration rises
during muscular work [9]. TIf this is so, the increase in the concentration of kinins during
muscular work must weaken the depression of IDR activity in the heart caused by hypoinsulin-
emia during muscular work, and over compensation of IDR activity in the heart in the recov-
ery period is due to summation of the action of kinins and insulin on IDR activity.

898



Changes in IDR activity in the liver and heart during starvation and muscular work and
in the recovery period after muscular work are thus one mechanism of regulation of gluconeo-
genesis, glycogenolysis, and glycogen resynthesis.
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The organism responds to stress by a 'sterotyped" form of biochemical, functional, and
structural changes, the degree of which is assessed on the basis of changes in concentrations
of hormones of the pituitary-adrenal system.

The attention of research workers is currently drawn to the study of cellular and mole-
cular mechanisms of stress injuries in effector target organs. The role of the GABA system
in limitation of the stress syndrome has been described and data published on the state of
receptor membranes [10]. Hormone reception and barrier, detoxication (the cytochrome P-450
system), and other functions of cell membranes are easily disturbed during the action of pro-
uets of lipid peroxidation (LPQ), one of the most common mechanisms of injury to biomembranes
that determines the effects of a number of physical and chemical factors [5]. The attention
of research workers is thus beginning to be diverted toward other, as yvet inadequately stud-
ied mechanisms of stress, but which are also, like changes in the endocrine system, general
and nonspecific in character.

This paper describes the study of the state of some parameters of the system of the in-
hibitory neurotransmitter GABA, certain functions of cell membranes, and the possible role
of LPC, and it also assesses the effectiveness of antioxidants in the prevention of stress
injuries, in a model of poisoning by the widely used industrial monomer acrylonitrile (AN),
during the production and use of which cases of acute poisoning have been observed [13].
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