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Reports have recently been published on a new method of treatment of cerebrovascular
diseases by electromagnetic fields [7, 8].

In this connection it is interesting to study the action of an electromagnetic field in
the decimeter waveband (DMW irradiation) on restoration of brain function when the circula-
tion in the carotid arterial system is disturbed. The aim of the present investigation was
to study the action of DMW irradiation of the brain in rats after compression of the carotid
arteries on reproduction of a defensive conditioned reflex and on the DNA and RNA levels in
brain structures.

EXPERIMENTAL METHOD

Chronic experiments were carried out on 54 noninbred male rats weighing 150-200 g. The
cerebral circulation was disturbed by bilateral compression of the commen carotid arteries
under ether anesthesia for 10-12 min. The depth of disturbance of brain function and the
pattern of its recovery in all the rats were assessed quantitatively on the basis of the abil-
ity of the animals to reproduce a defensive conditioned passive avoidance reflex formed be-~
fore compression, The reflex was formed in a modified setup [11] consisting of an illuminated
(safe) compartment and a darkened (dangerous) compartment, connected by an opening. An elec-
tric current could be passed through the wire mesh floor of the darkened compartment. Under
the conditions used the rats received electrical stimulation with a voltage of about 40 V,

To form the reflex the animals were placed in the illuminated compartment of the apparatus
facing away from the opening. The rat quickly ran into the dark compartment where it received
an electric shock, which lasted until the rat returned into the safe compartment. After this
the rat was immediately removed from the apparatus and this concluded the procedure of reflex
formation, To test reproduction of the reflex thus formed the animal was replaced in the
illuminated compartment and the length of time it remained there before entering the darkened
compartment was recorded. If for 600 sec the rat did not move into the darkened compartment,
it was removed from the apparatus and the reflex was considered conventionally to be complete-
ly retained.

The experiment began with formation of the conditioned reflex in the rats. The stability
of its formation was tésted after 2 h., Operations were then performed on all the rats and
they were divided into two groups: control and experimental. Retentionof thereflex wasagain
tested 2 h after compression and on the 2nd day. In the experimental rats testing retention
of the reflex was preceded by DMW irradiation.

DMW irradiation was given by means of a G4-37A high-frequency signal generator, generat-
ing electromagnetic waves in the decimeter band with a frequency of 460 MHz. During irradi-
ation the cylindrical BYa2 093 292 source pointing along the axial line of the body was
firmly appliéd to the rat's head. Irradiation lasted 3 min. The energy flux densitv was
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Fig. 1. Action of DMW irradiation of rat's head after bilater-
al compression of the common carotid arteries on reproduction of
defensive conditioned reflex. Abscissa, time after compression
of carotid arteries (in days); ordinate, duration of rat's stay
in illuminated compartment before moving inte darkened cempart-
ment where it received an electric shock (in sec). Unshaded
columns — control rats not subjected to DMW irfradiation after
compression of carotid arteries; shaded columns — experimental
rats subjected to the action of DMW irradiation after compres-—
sion of carotid arteries. a, b) Conditioned reflex formation, c)
reproduction of reflex after compression of carotid arteries,

80 mW/cm®. The choice of dose was determined by the activating action of similar deses of
DMW irradiation on the genetic apparatus of brain neurons [5].

Animals which tolerated DMW irradiation on the 2nd day after the operation and survived
were decapitated by guillotine after retention of the reflex had been tested. The RNA and
DNA concentrations were determined [9] in tissues of the cerebral cortex and brain stem by
means of an SF-4A spectrophotometer in animals of three groups (five rats in each group): in=-
tact, experimental, and control. Rats with compressed carotid arteries, subjected to the
same manipulations except DMW irradiation, served as the contreol. The -experimental results
were analyzed by Student's t test and the WilcoxomMannWhitney U test,

EXPERIMENTAL RESULTS

The duration of the rats' stay in the illuminated compartment 2 h after reflex formation
was 600 sec, i.e,, complete retention of the reflex was observed (Fig. la). After compression
of the carotid arteries, reproduction of the reflex was worsened in both control and irradi-
ated rats (Fig. lb). DMW irradiation of the rat's head worsened reproduction of the reflex
by a much greater degree than in the control (P < 0.Q1l).

On the 2nd day after compression, immediately after repeated DMW irradiation the state
of the rats worsened sharply in 63.67 of cases, as shown by rapid and haphazard running of
the animals, sudden jumps, and convulsions which terminated in death of the rats. In the
control group on the 2nd day after the operation some rats also died, but far fewer (21.2%)
than in the experimental group, Comparison of mortality among rats in the experimental and
control groups and determination of the significance of differences in alternatiye variation
(n = 43; P < 0.01) showed that the lethal action ef DMW irradiation on the rats was signif-
icant. Investigations on eight intact rats showed that DMW irradiation of the rat’s head
in the same dose for 3 min daily for 6 days did not give rise to such effects,

Meanwhile in the experimental group, in rats which survived (36.4%) on the 2nd dav after
irradiation, complete reproduction of the reflex was observed (Fig. 1), Recovery of the re~
flex on the 2nd day after the operation in the control rats was appreciably better than en the
lst day but had not reached the initial value. Restoration of the reflex in the experimental
rats was thus more pronounced than in the controls (P < 0.0l1). Analysis of the time to form
the reflex in animals of the experimental group revealed that in the rats which survived the
duration of stay in the illuminated compartment was longer (5.2 + 1.6 sec) than in the case
of rats which died (3.2 * 0.9 sec).

The nucleic acid concentrations in brain structures were determined in rats which sur-
vived on the 2nd day after DMW irradiation and testing reproduction of the reflex. As Table
1 shows, compression of the carotid arteries itself significantly reduced the RNA concentra-
tion in the cerebral cortex., Irradiation of the head of a rat with compressed arterles sig—
nificantly increased the RNA concentration in the cerebral cortex compared with that In rats
with compressed arteries, but not irradiated; however, this procedure did not restore the ini-
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TABLE 1. Nucleic Acid Concentrations (in mg% phosphorus per drv weight of tissue)
in Brain Tissues of Rats of Different Groups (M * m)

. ; : Compression of carotid
Tissue Nl%(cjlelc Normal (group 1) grigrlgjs(ﬂ?;ud‘zc)amud arter?es + DMW irra-
aci group diation (group 3)
Cerebral cortex RNA 137,410,7 120,84-1,5* 126,0+1,2*
DNA 45,91-2,3 36,1+5,2 46,9+1,9
Brain stem RNA 102,94+4,9 105,8+6,1 111,075
DNA 34,3+1,8 48,1+10,1 50,4+4,3
*P < 0,05,

tial RNA concentration. Changes in the RNA concentration in the brain stem and DNA concen-
tration in all parts of the brain studied were not significant.

DMW irradiation of the rat's head in the early period of disturbance of the cerebral
circulation thus in some cases worsened the animals' state and caused convulsions, followed
by death, whereas in other cases it improved recovery of brain function as reflected in the
parameters of conditioned-reflex activity. This dissimilarity in the action of DMW irradia-
tion is probably attributable to individual differences between rats, for, as reflex forma-
tion showed, the animals differed in the speed of their response. Negative effects of DMW
irradiation were observed in rats which responded faster. 1In less reactive rats irradiation
improved the restoration of brain functiom.

Comparison of normalization of conditioned-reflex activity with an increase in RNA con-
centration, mainly in the cerebral cortex, under the influence of DMW irradiation suggests
one possible compensatory mechanism of the action of irradiation in the early stage of cere~
brovascular disturbance due to compression of the carctid arteries. Decimeter waves of an
electromagnetic field irradiate primarily structures of the cerebral cortex that are most
affected by circulatory insufficiency resulting from compression of the carotid arteries [2]
activate RNA synthesis in them, and in turn this promotes intensification of protein synthe-
sis, i.e., provision of structural materials for brain function. This hypothesis is support-
ed by data on activation of RNA synthesis in other forms of hypexia (adaptation to high
altitude hypoxia) [6], and also the results of investigations which showed the role of nucleic
acids in mechanismsof fixation of adaptive memory [4] and an increase in RNA concentration
in brain structures during the formation of positive and negative conditioned reflexes [1].

It is also important to discuss the results of the present experiments from the stand-
point of the possible use of DMW irradiation of the head under clinical conditions. Correla-
tion has been demonstrated between the appearance of paroxysmsand vascular diseases of the
brain, including those due to looping of the internal carotid artery [10]. If the blood sup-
ply in the vertebrobasilar system and the carotid arterial system is disturbed, pathological
manifestations appear, but they are not always similar in their course. In particular, epi-
leptic manifestations occurred in 21% of cases [3]. In the present experiments, on compres-
sion of the carotid arteries various different pathological manifestations were found, and
in some experiments convulsions terminating in death were observed in the animals. Under
these circumstances DMW irradiation after compression of the carotid arteries not onlv had a
beneficial action, but in the group of more reactive rats it caused convulsions and death of
the animals., Comparison of clinical observations with the results of the present experiments
suggests that in cases when animals are predisposed to epileptic fits, DMW irradiation ag-
gravates the development of pathological changes.

To conclude, DMW irradiation of the head may have an unfavorable action in circulatorv
disturbances in the territory supplied by the carotid arteries and this must be taken into
account in clinical practice,

LITERATURE CITED
1. V. K. Blondinskii and V. K. Fedorov, Zh. Vyssh. Nerv. Devat., No. 3, 513 (1974).

2. S. V. Gasteva, 0. N. Zamurtsev, D. A. Chetverikova, et al., in: The Circulation under
Conditions of High Altitude and Experimental Hypoxia [in Russian], Dushanbe (1978), vp.
82-83.

641



3. V. M. Koteleva, in: Proceedings of a Conference on the Problem of Epilepsy [in Russianl],
Erevan (1976), pp. 217-219,

4, 0. A. Krylov, in: Mechanisms of Memory Control [in Russianl}, Leningrad (1979), pp. 9-14.

5. 0. A. Krylov, Z. A. Sokolova, and L. V. Mikhailik, in: Biological Action and Therapeutic
Application of Physical Factors [in Russian], Moscow (1981), pp. 12-14.

6. F. Z. Meerson, R. I. Kruglikov, A. Z. Meerson, et al., Kosmich. Biol., 4, No. 2, 56
(1970).

7. N. I. Strelkova and A. B. Sitel', in: New Data on the Pathogenesis, Clinical Picture,
and Treatment of Nervous and Mental Diseases [in Russian], Kishinev (1977), pp. 354-358.

8. N. I. Strelkova, A. B. Sitel', and S. G. Maslovskaya, in: Problems in Experimental and
Clinical Health Resort Treatment and Physiotherapy [in Russian], Mescow (1979), pp. 78~
31.

9. R. G. Tsanev and G. G. Markov, Biokhimiya, 25, 152 (1960).

10. I. I. Epshtein, in: Proceedings of a Conference on the Problem of Epilepsy [in Russian],
Erevan (1976), pp. 108-112,

11. M. E. Jarvik and R. Kopp, Psychol. Rev., 21, 221 (1967).

RHEOLOGIC PROPERTIES OF RED CELL SUSPENSIONS FROM PATIENTS WITH ACUTE
MYOCARDIAL INFARCTION WITHIN THE PHYSIOLOGICAL TEMPERATURE RANGE
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Investigations of structural changes in erythrocyte membranes under the influence of
temperature within the range 34-43°C have shown that a structural phase transition takes place
in them [4, 11, 14, 15]. The viscosity of suspensions of red cells and their "ghosts" wvaries
as a nonlinear (stepwise) function of temperature between 34 and 42°C and pH 5.5 to 8.5 under
normal conditions in the region of phase transition., Inflections lie between temperatures of
37 and 40°C and pH between 7.3 and 7.5 [12]. Consequently, the nonlinear character of the
change in membrane viscosity depending on temperature or pH means that phase transitions in
membranes, just as in liquid crystal polymers [9], can be identified sufficiently definitelv.

We used viscosity as the parameter with which to investigate red cell membranes from pa-
tients with acute myocardial infarction, during its course. Special attention was paid to the
presence of inflections on the nT curves, for they can be recorded by a technique developed
by one of us (V.G.K.).

EXPERIMENTAL METHOD

Altogether 75 patients with acute myocardial infarction (40 during treatment and 35 in
the acute period) and also 20 healthy subjects aged 20-80 years were investigated. Bloeod
(0.3-0.5 ml) was taken from a vein or finger three or four times during treatment (lst, 9th,
and 30th days). The red cells were washed free from plasma with phosphate buffer containing
0.103 M Na HPO, and 0.155 ! NaH,PO,, pH 7.4 [10], without the addition of complex-forming
compounds, by centrifuging three times at 2-3°C. The speed of centrifugation was 1500-2000
rev/15 min. A viscosimeter with capillary tube 0.54 mm in section, 100 mm long, and with the
height of the column of liquid Ah = 20 mm above the capillary, was inserted into a centrifuge
tube containing the suspension in avolume of V= 0,2-0.3 ml (Fig. 1). The shear velocity was
2.5 sec™'. The tube was immersed inm a type UT-15 ultrathermostat or a waterbath to the extent
of three~quarters of its volume., The viscosity of the red cell suspension was measured be-
tween 34 and 42°C at intervals of 1°C from below upward. The incubation time of the suspen-—
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