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CATECHOLAMINES AND MYOCARDIAL CONTRACTILE FUNCTION DURING
HYPODYNAMIA AND WITH AN ALTERED THYROID HORMONE BALANCE

G. M. Pruss, V. I. Kuznetsov, and A. A. Zhilinskaya
Vitebsk State Medical Institute

In experiments on rats the dynamics of the content of /187%

catecholamines and the contractile function of the myccardium

were investigated under hypodynamia (for a period of up to 30 days)
for a background of altered balance of thyrold hormones. It was
established that the content of catecholamines and contractile
function of the heart in conditions of rigorous hypodynamia change
according to phase. In the first 5 days the adrenalin content and
nr adrenalin content, and also, the strength and rate of contraction
of myocardial tissue were lowered. The administration of thyroidin
in small doses (1.5 mg per 100 g animal weight) raises the content of
catecholamines, increases the contractile function of the heart and
its tolerance. On the fifteenth day of hypodynamia the content of
naradrenalin in the heart approached the norm, the contractile function
of the myocardium improved and the administration of thyroidin had
but little effect. On the thirtieth day of hypodynamia the content
of noradrenalin, strength and rate of contraction of the myocardium
approached normal values, but the functional reserve of the heart

decreased.

In experiments on rats the contractile function of the heart and
the content of catecholamines in the myocardium were studied for 55
15, and 30-day severe hypodynamia, and also the possibility of direct
action on the indicated properties by small doses of thyroid hormones
(1.5 mg per 100 g of weight).

*
Numbers in the margin indicate pagination in the foreign text.




The experiments conducted showed that on the fifth day of
hypodynamia there occurs a decrease in the content of adrenalin (4)
and noradrenalin (NA) in the tissue of the left ventricle, a decrease
in the parameters characterizing the contractile function of the
myocardium: intraventricular r essure (VD), average and maximal rate
of Increase of pressure (SP.'° in the left ventricle, Opie's index
(O~te, 19053 I0),contractile index (IS) (following Veragut) and a
decrease in the tolerance of the heart for physical load. The
administration of thyroidin led to an elevation in the content of A
and NA in the myocardium, an increase in the properties characterizing
the strength and contractile rate of myccardial tissue, (VD, average
and maximum SPD in the left ventricle, TS), and also increase in
the cardiac stability under excess loads.

On the rirteenth day of hypeodynamia the content of NA, strength
and rate of contraction of the myocardium approached normal levels.

The functional reserve of the heart decreased.

The motor activity belongs to the number of basic factors,
determining the tevel or changed processes of the organism and the

condition ot its cardio-vascular system. Under the influence of

prolonged restriction of mobility, cardiac activity was disturbed, 7188

as was vascular tone (Kakurin, 1908; Buyanov and coauth., 1966,
Panterova, 19723 Miller et al., 19084, and others), orthostatice
stability of the organism (Lamb, Roman, 1961; Kotovskoya and coauth.,
1971). Tn the developnment of these changes the essentiul role belongs

v

to the disturbance of the regulatory apparatus of the circulation,
termed detrenirication ot the orpanism (Myasnikov and coauth., 1903
Mikhaylovskiy and coauth., 19¢7; Korobkov, 1968; Toffe, 1971;
Georpicevski and Mikhaylov, 1968). The energy of the mechanical
acetivity ot the myocardium is closely connected with catecholamines,
theretrore the regular interest in the content of noradrenalin and
adrvenalin in the heart under hypodynamia. Tt was shown  that under
restricted mobility there occurs a deerease In noradrenalin in the
tissues of the myocardium and the hypvothalamus of experimental
animales (Parin and coauth., 1909; Vitollo, Ushakov, 19703 Vitollo,
1971).
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The question of the condition of the contractile function of

the heart and its regulation under hypodynamia has not found the
necessary elucidation in the literature. The investigation conducted
by us had the purpose of studying the contractile capability of the
myocardium and the sympathetic influences c¢cn the heart according

o0 the data for content of catecholamines in the myocardium under
hypodynamia, and also the possibility of direct effect upon the
indicated properties by thyroid hormones.

Methodology

The investigations were carrlied out on 109 half-grown nonlinear
white male rats welghing 170-250 g for 5, 1% and 30 days of hypodynamia.
The experimental animals were contained in individual gripping cages
of organic glass, severely limiting their motor activity, thus
removing the possibility of squeezing. The control rats were contined
in groups of ten in cages measuring 1000 by 450 by 250 mm. Beth
groups of rats received food and water ad libitum. The weight of
the animals was determined every 5 days.

The content of A and NA in the lef't ventricle was determined by
the method of ¥. Sh. Matlinoy and T. B. Rakhmanovoy (1907) on the
MPF-2A "Hitachi" spectrophotofluorimeter,

)

Precise experiments ror the determination ot the paramefers orf
contractile functieon of the myvocardium were carried out under urethane
anesthesia (100 my per 100 g ot weipht intra-gbdominally) with a
closed chest cage and artiriceial respiration. In the cavity ot the
left ventricle a cannulus was introduced, connecting with the pickup
o' an c¢lectromanometer ot type EM2=01, The pressure in the cavity of
the left ventricle was repistered on a t'ive-channel elecetrocarvdiorraph
o' type EKG 5=01. The rate of chanmre ot pressure in the ventricele

was recorded with the help otta differentiating device., At the

oritice of the aorta the distal exits o the coronary arteries were

clothed with a speeial device, which ensured the rapid compression ot
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the aorta. FEleven contractions were produced, evoking, in such a
manner, contractions of the nyocardium of the left ventricle which
were maxlmal in strength and isometric in system. The duration of
each contraction was 30 sec, the interval between contractions 3
min., The recording pressure in the cavity of the ler't ventricle
was proeduced by 5 and 25 sec contractions. The rate of motion of
the photograpiic paper was 100 mm/sec.

The rollowlny propertics were determined: the frequency of
cardiac contractions; the magnitude of intraventricular pressure
unt 11 compresslon of the acr - and R in mm of
up 1 compression o ¢ acrta Rmax 5 max 25
mereury; time of increase of pressure in sec ; time ¢ relaxation

in sec.

on the basis of the data obtained ithe rollowing were calculated.
1. The averapge of 3D in the left ventricle by means of dividing
the pressure in the letf't ventricle by the time of increase of pressure

in mm or mercury/secce.

2. Oplet's index {(T0) == the producet of the peak Intraventricular /18

pressure by the rrequency of cardiae centractions, in mm of mercury
times 1/min X 1073,

3. The average rate of relaxation as the quotient of the
division of the pressure in the letft ventricle by the time or
relaxation, In mm of mercury/scec.

b, Maximual rate of development of tension of the walls of the
ventrical dp/dfmax in mm of mercury see (Sonnenblick et al., 1608).

H. By means ot the division of magnitudes characterizing the
contractile function ot the left ventricle by its welpght, the
Intensity of structural runctioning (TES) was caleulated in mm of
mereury.’m, a proverty which pgives some representation ot the

quant ity o tunctioning, accomplished by cach unit or myocardial

mass (Meerson, 10oh),

¢. The contractile index (18) accordine to the method or
Veraput and Krayenblhl (Veragut, Krayenbfhl, 1965) -- gu the
guotient o the dlvision of the maximum rate ot fnerease of pressure

in the ventricular cavity by the magnitude of the pressure at the

9
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point corresponding to maximal rate, in sec -1. IS characterizes

the rate of the contractile process. The rate of contraction does
not depend on the original length of muscle fiber, but consequently,
on the final diastolic pressure, that is it is not regulated by the
Frank-Starling mechanism. The change in contractile rate is most
closely correlated with the energetic expenditure of the heart.

The properties of contractile function of the heart in animals
of all the groups were determined before and after complete com-
pression of the mouth of the aorta. The relationship of the
subsequent magnitude to the first one was viewed as a property
characterizing the funetional reserve or the heart. The functional

— reserves of the myccardium were evaluated according to the "scale of
- - fatigue" (Bakli and coauth., 196&);*tak1ng the value of the pressure
in the left ventricle at the time of the first contraction of the
aorta as 100%¥. The stéepness of the slope of the curves at the time
of subsequent contractions characterizes the capacity of the heart
to perform with increased load for a long time, i.e. its tolerance.

Results and Discussion.

On the fifth day of hypodynamla a significant reduction in the
content of catecholamines in the myocardium was found: NA at 41,
A at 53% (Tabie 1). In this same period occurred the reduction in
the parameters characterizing the contractile function of the
myocardium as well: th vy 28%, average and maximum SPD in the left
ventricle by 40 and U7% respectively (at the time of contraction
by 41 and 34% respectively), IS by 24% (at the time of contraction
by 27%), Opie's index by 53% (during contraction by 32%) and the
rate of relaxation of the cardiac muscle by 44%, The frequency of /190
cardiac contractions diminished by 30% (during contraction by 28%).
For a unit of mass of the left ventricle there was found a great load
(to which the increase in IFS per th testifies). The relative
welight of the left ventricle was Increased. The data were completed

with the like data in the control group of animals (Table 2).




Table 1. Content of Jatecholamines in the Myocardium
under Hypodynamia (in mkg per 1 g of tissue).

Duration of Hypodynamia

Property Control

rats aroup of Animals
n=7 S5 days Sdays 15 days 15days 30 days
n=9 + thyr. n=11 + thyr. n=10
n=8 n=q
: joe L . s s
‘ 0,318 A&ﬁﬁ 0,412 0,430 0,480
1,5% 400N bl 40,050 EUN(R EINL)
" i.lu:;:‘.. } p:-l\"'l.' l;,-'\*:;.‘;, Pl-l<uol Pm("-:’ P. :005
f [ el
ot . wost 0, i 0,914 0,09 0,004
A sy | Co20,604 i“-‘s-'b' 20,04 20,024 +0,009
Py <01 :““\ " P UG | P05 | P <000
| | 2 Lol
.

n = numbeyr of animals

On the 15th day of the experiment there was noticed a tendency
toward the wegtoration of content of eptecholamines in the heart.
The quantity o NA increased by 18% and certainly was not to be
distinguished from the control, and A inereased by 30%, but turned

N
3%

)

out to be less than the norm by ; . As far as the contractile
rfunction of the heart is corcerned, several recorded changes had
a vlear tendency toward weakening, and other important properties
even became normaliced (th, the average SPD In the left ventricle

betore contraction or the aorta, T8 at the time ¢f contraction and

the rate ot relaxation of the myocardium).

On the 30th day of hypodynamia the content of MA {n the led't
ventriecle tnereased by 12% in comparison with the 15th day of hypo-
dynamia and constituted 90%2 of the control, while A was decreased by
4594,  The fundamental parameters, characterizing the strength and

v

rate of contraction of the myocardium, certainly were not to be
distinguished from those of the contrel proup ot animals, while

severigl properties became preater than in the control, Thus, 18




increased by 56% (during contraction of the aorta by 71%). Yet the
functional reserve of the heart was decreased.

In such a way, in the first period of hypodynamia (until the
15th day) the content of catecholamines in the myocardium decreases

- and the contractile function of the heart lessens. Through the

work accomplished in our laboratory (Zhilinskaya, 1971) it was
demonstrated that small doses of thyroidin restore the content of
catecholamines in the myocardium when these are reduced. This
allowed us to suggest that the doses of thyroidin close to
physiological ones, can raise the content of catecholamines in
the myocardium and, possibly, increase its contractile function under
hypodynamia. For the solution of this problem a series of experiments
were conducted, in which the strength and rate of contraction of
mycardial tissue were determined for the left ventricle in isometric
and isotonic conditions, and also the content of NA and A in the
myocardium of hypodynamic rats, to which small doses of thyroidin
were administered. _

Thyroldin was administered through z probe into the stomach in
a 1% amyloid paste in a dosage of 1.5 mg per 100 g of weight of the
rat. The administration of thyroidin was begun on the fifth day be-
fore the experiment and dally during the course of the test period
for hypodynamia. A starchy paste was administered to the control
rats.

Upon the determination of the content of catecholamines in the
left ventricle of the heart it turned out that on the 5th day of
hyprodynamia the application of thyroidin let to an increase in content
of NA of 54%, and of A by 97%. The data were compared with those
for the animals with a five-day curtallment of mobility withqyt
the administration of thyroidin (Table 1). The application of
thyroidin was accompanied by the increase of the following parameters,
which characterize the contractile function of the heart: th by 32%,
average SPD in the left ventricle by !5% (during contraction by 46%),
maximum rate of growth of pressure and IS during contraction by 69 and




48% respectively, and also the rate of relaxation of the myocardium
by 72%. Several parameters, such as IO, maximum SPD and IS, before

the contraction of the aorta rose in comparison with the animals

who had the 5-day limited motor activity and certainly were not
distinguished from those of the intact rats (Table 2). It is

necessary to observe that the increase of strength and rate of
contraction of the myocardium upon administration of thyroidin

in the applied dose is not accompanied by increase in frequency of
cardiac contractions, decrease in functional reserve or the heart

and decrease in body weight of the animals, which is characteristic

for the administration of large doses of thyroid hormones (Golber,
Kandror, 1969). Moreover, upon construction of the "scale of /191
fatigue" of the myocardium it turned out that upon subsequent
short-time contractions of the aorta the hypodynamic heart more
quickly and to greater extent reduces the strength of its contractions,
than such a heart in animals into which was introduced thyroidin
(diagram). In such a way, small doses of thyroidin averted to a
significant degree the fall in functional reserves of myocardium

under hypodynamia, and increased 1its tolerance.

"Scale of fatigue" of the myocardium
in rats of different experimental
g oups. On the x-axis -- ordinal

il
nu. bers of subsequent contractions ~ ol
of ithe aorta; on the y-axls -- de- o
crease in intraventricular pressure - e

after subsequent contractions of the Tes 1 s 1 id 3w
aorta relative to the pressure after - R

the first contraction, taken as 100%;

on the left -- 5, on the right ==

15 days

On the 15th day of the experiment, when the content of NA in
the heart certalnly could not be distinguished from the control,
the application of thyroidin did not lead to any significant changes
in the content of catecholamines in the heart. As far as the
contractile function of the myocardium 1s concerned, an insignificant
incre>se 1r several of 1its propertles was observed (Rmax 59 Rmax 053
average SPD, IO, IS and the rate of relaxation of the left ventricle),

which upon comparison with the animals who had the 15-day curtailwment




of mobility without the administration of thyroidin, turned out

to be insignificant. In connection with this, on the 30th day of
hypodynamia, when the content of NA in the myocardium was normalized,
we declined to apply thyroidin.

In such a way under hypodynamia was found a unidirectional
change in the content of catecholamines and contractile function of
the myocardium. Ir the future the content of NA, A lncreases and
the contact capacity of the heart improves.

The decrease in the content of NA in the myocardium testifies
to the decrease of sympathetic .nfluences on the heart, since it
was established that in warm-blooded animals a fundamental sympathetic
mediator, to be found in the myocardium, is NA and the greater part
of it 1is synthesized in the nerve endings (Kopin, 1964; Euler, 1956;
Goodall, 1951).

The mechanism of action of the catecholamines on the effector
cell has not been studied significantly. It is known, however,
that the weakening in sympathetic influences on the myocardium leads
to the disruption of the energetic security of the heart muscle, the
decrease of krist in the mitochondria and the disturbance of the
exchange of the rich energies of the phosphorus-containing bends
(Parin with coauth., 1969; Farell et al., 1966). The catecholamines
influence the synthesis of cyclic 3,5-AMP, by means of the
activation of adenocyclase, and it in its turn participates in the
activation of phosphorylase and lipase¢ (Govyrin, 1971, Sutherland,
Rall, 1960; Butcher et al., 1965). Lipolysis is activated not only
in the heart, but also in the fatty tissue, increasing the ingress
of unesterified fatty acilds into the plasma and heart. Thus the
catecholamines are not only fat-mobilizing factors, but also actlvators
of the uptake of free fatty acids by the myocardium (Andreev,
Korobova, 1970). These processes have significance for the
mobilization of the energetic resources of the myocardium, constitut-
ing the sympatho-adrenergic system. Except for the activating
influence of cyclic 3,5-AMP on the phosphorylase and lipase it was
found that 1t hastens the transport across the membrane of the Ca++
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ions and increases the capacity of subcellular membranes to conjugate
Ca++, and on the intake and association of Ca++ in the interfibrillary
spaces, as is kaown, depend the strength and rate ¢f cardiac
contractions (Kukovetz, 1971).

Supported by the fact that one »f the principal reasons for
the decrease 1in contractile function of the heart on the 5th day
of hypodynamia 1s the decrease in the content of catecholamines in
the myocardium, one has the fact that the application of small dcses
of thyroidin leads to the 1increase of the content of catecholamines
in the heart, and, along with this, its contractile function increases
also.

Our suggestion that thyroidin acts on the contractile function
of the myocardium principally mediated by NA is proved by the fact
that at normal content of NA thyroidin doeg not increase its level
and the contractile function of the heart almost does not change
(15th “ay of hypodynamia). However, the mediated influence is not
the only mechanism which leads to an increase in contractile function
of the myocardium. It 1s known thot for a physical load the
absorption by the hear. of unesterified fatty aclds decreases, while
the fraction of carbohydrates as substrates of oxidation, utilized
by the heart, increases. At the f'oundation of this phenomenon lies
the increase in activity of several ferments of the myocardium,
responsible for the intracellular transport of hydrogen, and in
particular of glycerine-l-phosphatoxidase and succinate dehydrogenase
(Kraus; Kirsten, 1970). As Reker observes (1967), the functioning
of the alpha-glycerophosphate cycle is in conjunction with the Krebus
cycle -~ this is precisely that which 1s necessary for the rarid
development of energy. Having temporary predominznce in the
vtilization of NAD-Hg, the alpha-glycerophospha*te cycle plays ihe
part of a powerful competitor oflactate dehydrogenase and in the
same way faclilitates the maintenance of a stationary concentration
of pyruvate, necessary for thke oxidation and development of energy
in the Krebs cycle. As a result of this the posslbllity increases

/194
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for the myocardium to utilize carbohydrates in the role of sub-
strate of oxidation. The 1increase in activity of glycerine-l-
phosphatoxidase in the heart is observed also upon the administration
of thyroid hormones in animals. In connection with this it is
suggested that the rate of decomposition of carbohydrates in the
heart 1s regulated by scutellate iron and that physical training
(hvypodynamia leads to detrenification) and thyroid hormones act

on the metabolism of the heart unidirectionally (Krauss, Kirsten,
1970).

In such a way the contractile functlion of the heart and the
content of catecholamines in the myocardium under hypodynamia is
characterized by phasal changes. In the first 5§ days the content
of catecholamines, contractile function of the myocardium and
. tolerance of the heart for a physical load are reduced. The
administration of thyroidin 1n small doses increases the content of
catecholamines, the contractile function of the heart and its
tolerance. On the 15th day of hypodynamia the content of NA 1:.. _the
heart approaches the norm, the fundamental properties, characterizing
the strength and rate of contraction of myocardial tissue, certainly
are not to be distinguished from the controls. The administration of
thyroidin in this period did not turn out to have a significant
influence on the content of catecholamines in the heart and its
contractile function. On the 30tn day of the experiment the content
of NA, the strength and rate of contraction of the myocardium of the
left ventricle were not to be distinguished from the normal magnitudes.
In the mechanism of cardiac disturbances under hypodynamy 1in the
subsequent stages of its development are included additional factors,
which constitute the subject of our investigations.
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