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It is well known that one component of the response of the body to stress stimuli is activation of the adrenal glands
followed by release of both corticosteroids and catecholamines into the blood stream [10]. Considering the important role of
emotional stress in the pathogenesis of arterial hypertension, it is very interesting to study the role of a factor of humoral
regulation of the cardiovascular system such as adrenalin in the reactions of the hemodynamics observed during stress.

Emotiogenic stimuli are incapable of inducing a sufficiently standardized release of adrenalin from the adrenals, for
responses of animals to the same stimulus are highly individual. It is more promising to use preparations inducing sufficiently
selective stimulation of the adrenal medulla in man and animals. The list of such substances includes insulin and 2-deoXy-D-glu-
cose (2-DG) [2, 7].

In the investigation described below, adrenalin release from the adrenals was stimulated by 2-DG. The mechanism of
action of 2-DG is based on competition with glucose for a place on the carbohydrate carrier through the blood-brain barrier
{BBB) and through the neuron membrane, and on inhibition of the isomerase reaction predominantly in nerve tissue, causing
the development of intracellular glycopenia in neurons of the CNS [14], and inhibiting glycolysis. Preferential accumulation of
2-DG in the brain is due to the fact that the rate of glucose consumption by the brain (about 780 nmoles/g tissue/min) is 10-15
times faster than the rate of its utilization in the skeletal muscles and most other organs [13]. Glucose-sensitive zones of the
hypothalamus and medulla, descending influences from which potentiate activity in the adrenal nerve, are the most sensitive to
the action of 2-DG [9, 12]. Neurogenic stimulation of the adrenal medulla leads to adrenalin release followed by an increase in
the plasma glucose concentration [4].

Thus 2-DG stimulates adrenalin secretion from the adrenals through central activation of sympathetic efferent pathways,
which is very close to the stimulation of the adrenals observed in emotional stress. Because of the absence of information in the
literature on the hemodynamic consequences of injection of 2-DG, the aim of the investigation described below was t0o make a
detailed study of responses of the cardiovascular system 1o acute administration of 2-DG to conscious animals.

EXPERIMENTAL METHOD

Experiments were catried out on conscious male Wistar rats weighing 280-350 g. Under pentobarbital anesthesia, 24 h
before the experiment polyethylene catheters were introduced into the left veniricle and abdominal aorta of the rats. Responses
of parameters of the systemic and regional hemodynamics were studied with the aid-of isotope-labeled 15-u4 microspheres (NEN,
USA). Details of the method were described previously [1]. The suspension of microspheres was injected into the left ventricle,
and arterial blood samples were taken from the abdominal aorta. The number of microspheres in samples of organs and tissues
was determined on a "Compu-Gamma Model 1282" gamma-counter (LKB-Wallac, Finland).
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TABLE 1. Changes in Parameters of Systemic Hemodynamics -of Conscious Rats under the Influence of 2-DG
(250 and 500 mg/kg, intraarterially)

Changes in % after injection of 2-DG

Parameter Initial value -
15 minute 140 minute

'2-DG, 250 mg/kg {n = 15)
Average blood pressure, mm Hg 110,24:6,7 43437 57443
Heart rate, beats/min 3443415 —6,8+3,2 —5,143,6
Cardiac index, ml/min/100 g body weight 36,7+2,1 14,94+11,0 7,734-8,2
Stroke volume, ml 39403 20,5-4-5,0** 10,2435
Total peripheral vascular resistance, mm
~ Hg (ml/min/100 g) 3,154:0,31 —1,7+6,8 74101

2-DG, 500 mg/kg (n = 10)
Average blood pressure, mm Hg 97,56+4,8 —04+1,8 —2,34+1,0
Heart rate, beats/min 407412 — 14 2% —6+3
Cardiac index, ml/min/100 g body weight 43,8439 7,9+60 9,03+4-8 .4
Stroke volume, mi 41404 24,94-6,0%* 17,44:-8,5
Total peripheral vascular resistance, mm

Hg (ml/min/100 g) 2,39+0,25 —5,0+5,3 —6,047,6

Legend. Here and in Tables 2 and 3: *p < 0.05, **p < 0.01 compared with initial level, taken as 100%.

TABLE 2. Changes in Parameters of Regional Hemodynam-
ics in Conscious Rats Under the Influence of 2-DG (250
mg/kg, intraarterially, n = 15)

- Changes 1in per cent
Av. blood| . 'after injection of
Parameter pressure, 2-DG

mm Hg 15 minute L 40 mirute

Blood flow (in
ml/min/g) in:

skin 0,17+0,02 —68+16,3 —19,1+11.2
skeletal
muscles 0,2240,09  41,8420,8 34,7+:23,8
brain 1,4340,10 59,04+ 17,6* —3,34+4.3
small intestine 2604027 57,93+38,0 44,0423 .4
spleen 2,474+0,32  66,04-27,8* 120,64-52,8%
heart 7,2040,71  5434-179* 57,34-19,8%
kidneys 5844063 31,6415, 15,1494
adrenals 11,183,556 42.84+14,2% 89,64-52,3

2-DG was injected intraarterially into 15 rats in a dose of 250 mg/kg and into 10 rats in a dose of 500 mg/kg. In each
experiment the basic parameters of the hemodynamics were determined three times: before injection of 2-DG (basal level) and
15 and 40 min after injection of 2-DG. The 2-DG and pentobarbital (Nembutal) were obtained from "Serva,” West Germany.

EXPERIMENTAL RESULTS

Parameters of the systemic hemodynamics (blood pressure, cardiac index) showed no significant change after injection of
2-DG in doses of 250 and 500 mg/kg (Table 1). Significant lowering of the heart rate from 407 + 12 to 350 = 13 beats/min (p <
0.05) and an increase in the stroke volume of blood from 410 + 40 to 500 + 50 ul (p < 0.01) were observed 15 min after
injection of 2-DG in a dose of 500 mg/kg.

Relative changes in the velocity of the blood flow in several regions of the body were much more marked than changes
in the parameters of the systemic hemodynamics (Tables 2 and 3). The group of organs in which the blood flow was increased
included the brain, heart, adrenals, stomach, intestine, liver, and spleen. The blood flow was reduced in the skeletal muscles,
skin, diaphragm, and testes of the animals. No significant changes in the blood flow were observed in the kidneys. The intensity
of the changes in the blood flow in the organs and tissues in rats receiving 2-DG in a smaller dose (250 mg/kg) was less than the

responses of the rats of the other group. Responses of the blood flow in the skeletal muscles were opposite in direction on the
two groups of rats studied.
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TABLE 3. Changes in Parameters of Regional Hemodynam-
ics in Conscious Rats under the Influence of 2-DG (500
mg/kg, intraarteriaily, n = 10)

Av. blood| Changes in per cent after
Parameter pressure,| injection of 2-DG
mm Hg - -
15 minute 40 minute
Blood flow
(in ml/min/
g) in: skin 0,244-0,03 —13,2293 —21,34+6,2%
skeletal
muscles 0,234+0,06 —3554:10,5 38,84 14,6%
brain 1,98+0,18 105,34-16,2%* — 11,8483
small intestine 3,0440,30 72,334 17.8% 84,84-18,6*
spleen 2,34 40,37 30,84+23,3 150,64 43,5*
heart 7,94 4-1,04 53,9+12,1* 92,5+ 21,8%
kidneys 6,74-+- 0,62 6,0+7.5 23,9138
adrenals 47040,42 11464+205% 131,04 18,6%*

Taken as a whole the hemodynamic reactions in several regions in response to injection of 2-DG were very similar 10
those arising in animals and man in stress-inducing situations. For instance, an adrenalin-dependent increase in the cerebral
blood flow takes place in immobilization stress [11]. Raised plasma adrenalin concentrations are one cause of dilatation of
cerebral vessels [8], and an increase in the blood flow in different parts of the cortex, the globus pallidus, and ventral thala-
mus [17].

The combination of cardiovascular and endocrine responses to 2-DG arising in these experiments was very similar to
those arising in response to insulin-induced hypoglycemia. In experiments on anesthetized [3] and conscious rats [5] lowering the
plasma glucose concentration from 8.4-8.7 to 2.6-1.5 umole/ml caused a two-threefold increase in the blood flow in the brain,
whereas a lesser degree of hypoglycemia did not necessarily increase the cerebral blood flow [16].

Unlike the increase in the blood flow in the brain observed 30-90 min after injection of insulin [5], in the present
experiments an increase in the blood flow was observed on the 15th minute after injection of 2-DG, whereas at the 40th minute
the cerebral blood flow did not differ significantly from its initial value. The reasons for these differences are not yet clear. It can
be postulated that the increased plasma glucose concentration found under the influence of high adrenalin concentrations {3, 7]
can compete with 2-DG for the carrier through the BBB and neuron membranes, and can thereby reduce the glucose deficiency
in the brain. The hypothermia developing after injection of 2-DG may be an additional factor reducing the brain’s requirement
of glucose [7].

The increase in blood flow in the adrenals by 2.1-2.3 times is in good agreement with data on stimulation of adrenalin
secretion and increased activity in the adrenal nerve {2, 12]. It can be tentatively suggested that activation of the efferent fibers
in the composition of the adrenal nerve does not cause vasoconstriction. This statement is confirmed also by the results of
experiments [6] in which denervation of the adrenals led to reduction of the blood flow, i.e., to an increase in the vascular
resistance.

Reduction of the blood flow in the skeletal muscles against the background of the action of a large dose of 2-DG was
very unexpected, for it is widely believed that high concentrations of adrenalin can induce dilatation of muscular vessels through
activation of postsynaptic beta,-adrenoreceptors [15]. The increased vascular resistance in the skeletal muscles can be explained
by the increase in activity in sympathetic vasoconstrictor nerves, demonstrated for injection of 2-DG in man [7] and in conscious
rats [12]. In conclusion, it must be pointed out that responses of the systemic and regional hemodynamics induced by 2-DG (the
dose-dependent increase in the stroke blood volume, the increase in the blood flow in the brain, heart, and adrenals) are very
closely similar to emotiogenic changes in the hemodynamics. Taking into consideration previous data [12] on the ability of 2-DG
to potentiate the flow of impulses in the adrenal nerve and to increase the adrenalin concentration in the plasma preferentially
[2], there are good grounds for taking this substance to be a convenient pharmacological tool with which to simulate emotio-
genic responses of the cardiovascular system.
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Considering the important role of zinc and calcium in maintenance of the integral structure and function of cell
membranes [4, 7], cytochemical studies of these metals in the pancreatic islets of animals receiving diabetogenic agents are
interesting from the point of view of an explanation of the mechanism of the damaging action of these substances on insulin-pro-

ducing cells. The present investigation was carried out by highly sensitive methods of determination of zinc and calcium in cells,
developed by the writers [3].

EXPERIMENTAL METHOD

Experiments were carried out on 185 rabbits (intact and receiving single intravenous injections of the substances).
Substances injected into the animals are widely used for the production of experimental diabetes [1, 2, 5]: dithisone, 8-(p-
toluenesulfonylamino)-quinoline (8-TSQ), 8-(benzenesulfonylamino)-quinoline (8-BSQ) in doses of 40-50 mg/kg, and alloxan, in
a dose of 100-200 mg/kg. In a separate group of investigations, rabbits received an injection of oxin in a dose of 50 mg/kg. This
is an analog of 8-TSQ and 8-BSQ and, according to some workers [8, 10], it also exhibits diabetogenic properties.

The blood sugar level of the rabbits was determined by the Hagedorn Jensen method before and after injection of the
substances. The animals were killed S days after the injection. Pieces of pancreas were used for fixation in Bouin’s fluid, cold
acetone, and 70 degrees alcohol, saturated with H,S, and also to prepare frozen sections.
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