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EFFECT OF HYPERBARIC OXYGENATION ON SOME FUNCTIONAL AND MORPHOLOGICAL
PROPERTIES OF THE HEART AND ON CATECHOLAMINE METABOLISM IN
COMPENSATORY HYPERTROPHY OF THE MYOCARDIUM

S. N. Efuni, E. A. Demurov, Yu. B. Koloskov, UDC 616.127-007.61-085.835.12-07:
V. G. Teplyakov, and N. K. Khitrov [616,12-008,3:616.12-091

Less-marked hypertrophy and signs of myocardial degeneration developed in rabbits
exposed for one month to hyperbaric oxygenation (HBO) after the formation of
stenosis of the ascending aorta, and the contractile power of the left ventricle
was Increased more than in animals with stenosis of the aorta kept under ordinary
conditions. In rabbits with hypertrophy of the heart developing under conditions
of HBO increased powers of adaptation of the myocardium to physical exertion were
accompanied by an increase in the functional reserve of the sympathetic control
apparatus. HBO evidently favors the development of optimal adaptation of the
heart to an increased pressure load.

KEY WORDS: ’hyperbaric oxygenation; myocardial hypertrophy; catecholamines.

In recent years hyperbaric oxygen has been used on an increasingly wide scale in the
treatment of various heart diseases. The action of hyperbaric oxygenation (HBO) is based not
merely on its protective effect against hypoxia, but also on its ability to cause modifica-
tion to the activity of the energy-forming structures and enzyme systems of the cells and

Department of Hyperbaric Oxygenation, All-Union Scientific-Research Institute of Clinic-
al and Experimental Surgery, Moscow. (Presented by Academician B. V. Petrovskii.) Trans~
lated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. 84, No. 7, pp. 19-22, July,
1977. Original article submitted December 29, 1976.

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y.
10011. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is
available from the publisher for $7.50.

939



TABLE 1. Effect of HBO on Changes in Weight and Some Indices of Contractile
Activity of the Left Ventricle in Rabbits at Different Times after Aortic Sten—
osis (M + m)

Relative weight : Maximal |Coefficient
Time of in- of left ventricle, gzgfureezlfdileeﬂoien_ systolic . jof p}‘?.tenual
. Experimental condition / ke body weicht pressuge in [WOKing ca-
vestigation 8/ KB DOCY WEIBH | 1ricle, percent left ventri-|pacity of
cle, mm eft ventri~
Hg cle, percent
3rd day Mock operation ) 1,14==0,004 20,8=0,3 20812 —
@) ® ©)
Mock operation + HBO (1N l,llt(g),ll 19,?50,/ 20(%)t14 101
Tth day Aortic stenosis (11D 1,50i(g51(3* 15,5246;)0,5* 216(?)11 108
Aortic stenosis +HBO (V) | 1,34=0,07* 19,6=0,3F 262 23* 158+
(10) @®) (7)
Mock operation ¢9] 1,156%0,08 21,3=0,3 2035 —
7) & {6}
Mock operation +HBO {1 1,16t((7)504 21 ,32—; )0,2 198(i6)6 95
Aortic stenosis (XD 1,62i8,07* 20,9116)0,4 210(?)8 107
) (
Aortic stenosis + HBO (V) 1,40=0,02% 20,84?)0,5 25(41; 13% 157%
(7) ( )
25th=-28th day | Mock operation D I,IQi(%Oﬁ 21,32—‘;)0‘6 209(?)7 -
Mock operation + HBO (11) 1,15i(2),07 21 ,3%;)0,5 l91(-_."5)6 84
Aortic stenosis (1n 1,78=0,05* 22,3=0,1 250(315* 143*
(10) (4)
Aortic stenosis +HBO (1v) 1,520,041 21,1=20,5 280+=7* 180*
(10) @ 6

Legend. Number of animals shown in parentheses,
*Pr_111» Pr-1v < 0.05; tPrrr-1v < 0.05; *Pr_1v, Pryz-1v < 0.05.

also of the neuroendocrine regulation of the body. It is stated in the literature that HBO
stimulates regeneration of mitochondria [5], stimulates protein synthesis in the myocardium
[7], has a positive inotropic effect on the heart [6], and increases the activity of the
sympathico-adrenal system regulating the heart [3]. These facts suggest that HBO may have a
substantial effect on the mechanism determining the formation of adaptation of the myocardium
to an increased load.

In the investigation described below the effect of HBO on the dynamics of some function-
al and morphological properties of the heart and some stages of catecholamine metabolism was
studied during compensatory hypertrophy induced by stenosis of the ascending aorta.

EXPERIMENTAL METHOD

Compensatory hyperfunction and hypertrophy of the heart were induced in male rabbits
weighing 2,5-3.3 kg by reducing the diameter of the ascending aorta by half its initial value
by means of a tantalum coil. The operation was performed under hexobarbital anesthesia and
artificial respiration under aseptic conditions. Some of the experimental animals were ex—
posed to HBO (2 atm) for 1 h daily for 25-28 days. Another group of rabbits was kept under
ordinary conditions after the production of aortic stenosis. Rabbits undergoing a mock oper-
ation served as the control. Some of the control animals received the same sessions of HRO
as the experimental animals. The ECG and the real and maximal (during complete occlusion of
the ascending aorta for 5 sec) systolic pressure in the left ventricle (Ppax) were recorded
in all animals on the "Hellige" polygraph. The coefficient of potential working capacity of
the myocardium (n) was determined by a special formula [4]. Some of the experimental and
control rabbits were subjected to enforced physical exertion by swimming in water at a tem—
perature of 33-34°C for 3-5 min, with intervals of 5 min, on the 25th—28th day after the oper-
ation, until clinical signs of cardiac failure appeared, when they were sacrificed. The
weight of the left ventricle was determined as wet tissue and as its dry residue in all the
animals. The concentrations of noradrenalin, adrenalin, and dopa [2] also were determined in
the myocardium of the left ventricle. Morphological and histochemical investigations of the
myocardium were carried out by the usual methods.
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EXPERIMENTAL RESULTS

As Table 1 shows, the relative weight of the left ventricle increased progressively for
one month after application of the coil to the aorta. The dry residue of the tissue of the
left ventricle three days after stenosis of the aorta was reduced, but later it was almost
the same as in the control. After exposure to HBO the increase in the relative weight of the
left ventricle during the development of hypertrophy was less marked and no decrease in the
dry residue of the tissue of the left ventricle was observed in the early stages of cardiac
hypertrophy, indicating the absence of edema of the myocardium.

On the third and seventh days after stenosis of the aorta Ppay in the left ventricle
and n were the same as in the control, but on the 28th day they were increased. In rabbits
with aortic stenosis and treated with HBO, Ppax and n started to rise earlier during the in-
vestigation, and by the 28th day they were higher than their values in rabbits with aortic
stenosis but without HBO.

During the development of hypertrophy of the heart a progressive decrease was found in
the catecholamine concentration in the myocardium of the left ventricle, mainly on account
of noradrenalin (Fig. 1). This is in agreement with data in the literature [1] and, judging
from the change in the dopa concentration, it is probably connected with a decrease in cat—
echolamine synthesis. 1In rabbits with hypertrophy of the heart developing during exposure
to HBO, after a certain decrease in the noradrenalin level on the third day it rose gradually.
The dopa concentration in the myocardium of the left ventricle remained high throughout the
period of observation. This could indicate that under HBO conditions the mechanisms for the
maintenance of the noradrenalin reserves in the heart are preserved.

Rabbits with hypertrophy of the myocardium developing under HBO conditions were more re—
sistant to the development of acute heart failure during physical exertion. After sessions
of swimming of equal duration, they developed less marked hypodynamia, dyspnea, and tachy-
systole than rabbits with hypertrophy not exposed to HBO. Physical exertion in the control
rabbits was accompanied by an increase in the dopa concentration and with preservation of the
noradrenalin reserves in the heart whether or not they were exposed to HBO. 1In the rabbits
with aortic stenosis and not exposed to HBO, the dopa concentration in the myocardium did not
rise after swimming, but the noradrenalin reserves fell sharply. In rabbits with myocardial
hypertrophy developing under HBO conditions, the noradrenalin concentration also fell after
swimming, but still remained higher than in rabbits with aortic stenosis but without HBO, and
the dopa concentration in the myocardium rose., This could indicate that the increase in the
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Fig., 2. Succinate dehydrogenase activity in myocardium of left ventricle of rab-
bits on third day after stenosis of aorta: a) rabbits not exposed to HBO: dir-
regular decrease, foci of absence of enzyme activity; b) rabbits exposed to HBO:
uniform distribution of high enzyme activity. Ocular 7, objective 20. Reaction
by Nachlas's method.
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adaptive powers of the heart in rabbits with hypertrophy of the myocardium developing under
HBO conditions is accompanied by an increase in the functional reserves of the sympathetic
control system.

Morphological and histochemical investigations of the myocardium of the left ventricle
on the third day after aortic stenosis revealed marked hyperemia, small hemorrhages, signs
of cloudy swelling and fatty degeneration, interstitial and intercellular edema, and a sharp
decrease in activity of succinate, malate, and lactate dehydrogenases. On the subsequent
day progressive development of cardiosclerosis and a tendency toward normalization of enzyme
activity and for the degenerative changes to diminish were obgerved. In rabbits with hyper-
trophy of the myocardium developing under HBO conditions the severity of the degenerative
changes at all periods of the investigation, and especially on the third day, was much less:
Foci of micronecrosis were absent, only solitary fibers were in a state of granular degener-—
ation, the myofibrils were more compactly arranged, and marked activation of malate, lactate,
and succinate dehydrogenases was found (Fig. 2).

The conditions of HBO chosen thus have a significant effect on the dynamics of the mor-
phological and functional properties of the myocardium and activity of the sympathetic control
system during the development of hypertrophy of the heart. In rabbits exposed to HBO, ‘despite
the less marked hypertrophy of the myocardium, Ppax and n were higher than in animals with
hypertrophy developing under ordinary conditions. Considering the less marked changes in the
enzymes of tissue respiration in the experimental animals subjected to HBO and also the abil-
ity of HBO to stimulate regeneration of mitochondria [5], it can be postulated that HBO im-—
proves the energy metabolism of rabbits with aortic stenosis. - The greater activity of the
sympathetic control system of the heart and its higher functional reserves under these circum-—
stances help to maintain the contractile function of the heart at a higher level.

It can tentatively be suggested that HBO favors the development of optimal adaptation
of the heart to an increased pressure load when high functional activity is combined with
moderate hypertrophy of the heart [1].
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EFFECT OF HYPOXEMIA ON ERYTHROPOIETIC ACTIVITY OF ORGANS DURING PERFUSION

I. I. Gitel'zon, V. P, Nefedev, V. V. Mezhevikin, UDC 616.152,21,04-07:
V. A. Samoilov, Yu. V. Kotlovskii, and I. L. Yasnikov 616-003.971

The effect of hypoxemia in vivo for 45 min on erythropoietic activity of the kid-
ney, liver, spleen, and sternum was investigated by the method of normoxic per-
fusion of isolated organs. An increase in erythropoietic activity was found
after perfusion of the liver for 6 h, confirming that this organ participates in
the extrarenal excretion of erythropoietic factor.

KEY WORDS: hypoxemia; erythropoietic activity; perfusion of isolated organs.

Erythropoietic activity of the organs after hypoxemia was studied. Because of the pos-
sible role of several organs in the production of erythropoietic factor (EPF), the study of
the site of its formation in the intact organism is difficult. With a combination of hypox—
emia in vivo followed by normoxic perfusion of isolated organs, the role of individual organs
in the formation of the erythropoietic response can be investigated.

EXPERIMENTAL METHOD

Mongrel dogs aged 3-5 years and weighing 13-18 kg were used. Operations were performed
under intravenous thiopental sodium anesthesia with the use of listhenon as relaxant and with
controlled intubation respiration. Hypoxemia was produced in the anesthetized animal by
bleeding (40% of the blood volume) from the femoral artery for 5 min. To prevent hydremia
and hypovolemia, after bleeding the animals were givenan intravenous injection of an equal
volume of Ringer—Locke solution. The liver, kidney, or spleen was removed 40 min after bleed-
ing, rinsed with Ringer—Locke solution, and connected to the hemodynamic part of an apparatus
for controlled perfusion of isolated organs [1]. The medium for perfusion of the organs con-
sisted of a mixture of 407% heparinized autogenous plasma (10 units heparin/l ml plasma) and
60% medium No. 199. The sternum was perfused as a control, for neither bone marrow nor
muscle tissue is known to secrete EPF, Perfusion was carried out under normothermic (38 +
0.1°C) and normoxic (pO» of the arterial perfusion fluid 130-150 mm Hg) conditions, at pH
7.36~7.4. The hemodynamic perfusion parameters (arterial pressure P, volume velocity of the
blood flow Q, and arterio-venous difference for p0, A-V) were as follows: for the kidney,

P = 60-90 mm Hg, Q = 1.5-2 ml/g/min, A~V = 50~75 mm Hg; for the liver, P = 50-70 mm Hg in the
hepatic artery and 20 mm water in the portal vein, Q = 0.4-0.8 ml/g/min, A-V = 50-70 mm Hg;
for the sternum, P = 40-60 mm Hg, Q = 0,15-0.3 ml/g/min, A-V = 50-65 mm Hg; for the spleen,

P = 40-70 mm Hg, Q = 1.0~0.7 ml/g/min, A-V = 30-50 mm Hg. Each variant of the experiment

was repeated four times and the results were subjected to statistical analysis [2]. The
erythropoietic activity was determined in mice with posttransfusional polycythemia [7].
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