PHYSIOLOGY

NERVOUS REGULATION OF "HE TONE
OF THE CORONARY VESSELS

M. A. Kondratovich and M. M. Povzhitkov UDC 612.187.17

The view has been expressed that the tone of the.coronary vessels is not under nervoug influencee
[7, 15, 16], Meanwhil~, many facts demonstrate the existence of nervous control of the coronary vessels.
Most investigators believe that the coronary vessels possess a definite vasomotor tone [6], maintained by
vasomotor influences transmitted along \he sympathetic nerves {3, 17, 18],

It is difficult to form a definite conclusion regarding the participation of the vagus nerves in the
transmission of vasomotor influences to the coronary vessels because of the extremely contradictory
nature of the data in the literature. Nor is the problem of the reflex regulation of the coronary circulation
any more clearly understood.

The many contradictory data concerning the nervous regulation of the tone of the coronary vessels
are due primarily to the use of different and frequently inadequate techniques for its investigation, Moest
authors have used the method of measurements of the volume velocity of the coronary blood flow, although
it cannot differentiate between active reactions of the coronary vessels and passive reactions associated
with concomitant changes in the systemic arterial pressure, the strength ard frequency of the cardiac
contractions, and so on.

The object of the present investigation was to study the character of the reaction of the coronary
vessels to stimulation of the efferent fibers of the vagus nerve and to discover the degree of participation
of the coronary vessels in the systemic vasomotor reflexes evcked by stimulation of the receptors of the
carotid sinuses and the central ends of the divided vagus and sciatic nerves.

EXPERIMENTAL METHOD

Experiments were carried out on 14 noninbred dogs weighing 5-15 kg under chloralose anesthesia
(100 mg/kg bedy weight, intravenously). The thorax was opened in the fourth left intercostal space under
controlled respiration. The descending branch of the left coronary artery was dissected; its peripheral
end was connected with the outlet pipe of a pump giving constant output {a resistographj. The inlet pipe
of the pump was connected to the central end of the carotid or femeral artery. In experiments to siimulate
the cfferent fibers of the vagus nerve, leading to a sharp fall in the systemic arterial pressure any, con-
sequently, of the pressure in the inlet pipe of the pump, the latter was connected to the artery cf a donor
dog and the coronary artery was perfused throughout the experiment with donor's blood, The equivalent
volume of blood was returned from the femoral artery of the experimental animals to the donor's vein by
means of a second pump. To prevent the blood {rom clotting, heparin was Injected.

The perfusion pressure in the desce.. jing branch of the left coronary artery and, in some experi-
mentis, in the femoral artery also was recorded in step with the systemic arterial pressure. Depending on
the character of the changes in perfusion pressure when the perfusion was carried out in constant inflow
conditions, changes in the tone of the vessels in the investigated regions could be estimated [5].

Carotid sinus vascular reflexes were evoked by an increase or decrense in the perfusion pressure
in the carotid artery. The nerves were stimulated by rectangular pulses of current with a frequency of
50 cps, pulse duration 10 msec, and voltage 0.1-2 V, in the case of stimulation of the vagus nerve, and
7-10 V in the case of stimulation of the sciatic nerve.
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Fig. 2. Reactions of the coronary
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: - vecsels to stimulation of the ef-
Fig. 1. Reactions of the coronary ferent fibers ol the vagus nerve
vessels to stimulation of the ef- by an electric current of voltage
ferent fibers of the vagus nerve by 0.1 V(aA), 0.5V (B}, and 0.7V
an electric current of voltage 2V {C). From top to bottom: donor's
in the presence of adequate (A, C) blood pressure; its zero line;
and an increased (B) volume of perfusion pressure in thecoronary
perfusion of the descending branch artery; marker of stimulation; blood
of the left coronary artery with pressure of the experimental dog;
donor’'s blood. From top to bottom: zero line of perfusion pressure in
perfusion pressure in coronary the coronary artery; time marker
artery; donor's blood pressure; 10 sec.
marker of stimulation; blood pres-
sure of experimental dog; zero line EXPERIMENTAL RESULTS AND DISCUSSION
of perfusion p'ressure in coronary Stimulation of the peripheral end of the divided vagus nerve
artery; zero line of donor's blood . .

. always led to changes in the tone of the coronary vessels. How-
pressure; zero line of blood pres- - ) ;
- . . ever, these changes were inconstant, Most commonly dilatation
sure of experimental dog: time ,
of the coronary vessels was observed, but occasionally constrie-
marker 10 sec, , . . . :
tion or a biphasic reaction was seen,

The experimental results showed that the vagus nerve may exert both vasoconstrictor and vasodilator
infiuences on the coronary vessels, However, an explanation was required of the mechanisms responsible
for the direction of the reaction of the coronary vessels during stimulation of the peripheral end of the
divided vagus nerve.

Comparison of Fig. I, A and B, illustrating the effect of successive stimulation of the peripheral
end of the vagus nerve in the same experiment, shows that stimulation of equal strength producedidentical
changes in the cardiac activity, but changes of different direction in the perfusion pressure in the coronary
artery. This supports the view that the changes in perfusion pressure in the coronary artery during stimu-
lation of the efferent fibers of the vagus are primarily the result of changes in the tore of the coronary
vessels and are not connected with changes in the activity of the heart. The same figure demonstrates
an attempt to discover the relationship between the direction of the reaction of the coronary vessels to
stimulation of the-efferent fibers of the vagus nerve and the height of the initial perfusion pressure in the
coronary artery, itself connected with the level of the minute volume of perfusion. In the presence of an
adequate perfusion pressure (Fig. 1, A) stimulation of the vagus nerve caused a pressor reaction of the
coronary vessels,. whereas the same stimulation against the background of a perfusion pressure raised
hy 30 mm Hg led to dilatation of the coronary vessels (Fig. 1, B). However, the next stimulation, carried
out at the initial perfusion pressure (Fig. 1, C), was accompanied not by constriction, but again by dilata-
tion of the coronary vessels.

Hence, neither in this nor in other analogous experiments could a relationship be established between
the direction of the reactions of the coronary vessels to stimulation of the efferent fibers of the vagus nerve
and the level of the initial volume of perfusion of the coronary artery.
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Fig. 3. Reactions of the coro-
nary vessels during depressor
{A) and pressor (B) carotid-
sinus reflexes, From top to
bottom: perfusion pressure in
femoral artery; perfusion
pressure in carotid sinus;
periision pressure in coro-
nary artery; systemicarterial
pressure. The straightlines,
the marker of stimuiztion, and
the time marker correspond to
the zero lines of the mano-
meters.
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An attempt was also made to discover a relationship between the
direction of the reactions of the coronary vessels and the strength of
stimujation applied, The results of one such experiment are shown in '
Fig. 2. Comparicon of the {ragments A, B, and € shows that an increase
in the voltage of the stimulating current from 0.1 V10 0.5 and 9.7V
strengthened the vasoconstrictor influence on the coronary blood vessels,
but the direction of the reaction remained unchanged,

These resuits do not reveal why stimulation of the efferent fibers
of the vagus nerve caused sometimes dilatation, sometimes constriction,
and zmnetimes a Zphasic reaction of the coronary vesseis, All that
can be said is that the course of the reaction of the coronary vessels in
one direction or anotler was independent of the initial volume of per-
fusion and of the strength of the stimulation applied.

The question of the participation of the coronary vessels insys-
tematic reflex vascular reactions is no less complex.

During a pressor carotid-sinus reflex evoked by compression of
the coronary arteries, some authors have observed an increase in the
coronary blood flow [10], while others have observed differsnt reacticns:
usually an increase, less comnionly a decrease [12].

During a depressor carotid~sinus reflex the corenary blood flow,
according to some investigators, is increased {14], but according to
others [13] it is decreased. In experiments on a heart-lung-head pre-
paration [2, 19] a decrease in the coronary blood flow was observed,

As a whoic Lowever, these results cannot be used to solve the problem
of the degree to which the coronary vessels participate in carotid-sinus
reflexes. Only the experiments of N. V. Kaverinz {3} showed that during
autoperfusion of the coronary artery at a constant minute volume the
coronary vessels were constricted during the pressor carotid-sinus
reflex. The results of the present experiment showed that during a
depressor carotid-sinus reflex the coronary vessels were clearlydilated
(Fig. 3, A), and during a pressor reflex they were constricted (Fig. 3, B).

The data for the changes in the coronary blood flow during stimulation of the afferent fibers of the
somatic nerves are also contradictory [1, 4, 8, 2].

In the present experiments stimulation of the central e¢nd of the divided sciatic nerve led to anin-

crease in the perfusion pressure in the coronary artery, evidence of constriction of the coronary vessels.
Simijlar results were obtained previously by N. V. Kaverina [3] during stimulation of the tibjal and median
nerves. During stimulation of the central end of the vagus nerve, various suthors have cbserved some-
times inconstant variations in the coronary blood flow {8, 9], sometimes an increase [10], and sometimes
a decrease {11].

In the present experiments stimulation of the central end of the divided vagus nerve ied toinconstant
changes in the tone of the coronary blood vessels. In cases when the systemic reaction of the blood pres~
sure was depressor, the coronary vessels were dilated. During stronger stimulation of the vagus nerve,
when the systemic reaction was pressor, the coronary vessels were constricted.

LITERATURE CITED

1,  G. N. Aronova and T. A. Maeve, Fizicl. Zh. S58R 44, No. 10, 952 (1958},

2. I. A. Baryshnikov, N, V. Bekauri, and E. A. Moiseev, Proceedings of the 1. P, Paviov Physiological
Institute [in Russian}, No. 4, Leningrad, (1949}, p. 211,

3. N. V. Kaverina, The Pharmacology of the Coronary Circulation [in Russian}, Moscow (1963).

4. A. V. Tonkikh, A. I. Il'ina, and S. I. Teplov, Fiziol. Zh. SSSR,I_S, 753 (1959).

5. V. M. Khayutin, V. M. Donchakov, and V. L. Tsaturov, Byull Eksp. Biol. 45, No. 2, 117 (1958).

6. N. Brachfeld R. G. Monroe, and R, Gorlin, J. Physiol., 199 (1960), p. 174,



7. R, W, Eckstein, M. Stround, C. V. Dowling, et al., Am. J. Physiol., 162 (1950}, p. 266.
8. C. W. Green, Am. J. Physiol., 113 (1¢35), p. 399,

8, Idem, Ibid., 113 (1935), p. 361.

8. O, Heidenreich and L, Schmidt, Puiig. Arch. Ges. Physiol., 263 315 (1956).

11, M. Hochrein and W. Gross,Ibid., 229,642 (1932).

12, 2, Hochrein and 1. Keller, Arch. Exp. Path, Pharmak., 160, 205 (1931).

13. i, Jordan'and C. Faucon, Compt. Bend. Soc. Biol., 152 (1858), p, 1543,

14, 1. Marcou and I, Carbunesco, Compt. Rend. Soc., Biol., 116 (1934), p. 561.

15. 8. Okinaka et al,, Am. Heart J., 56 (1958), p. 319,

16. R. E. Shipley, A. Rotta, D. E. Gregg, et al., Am, J. Physiol., 133 (1941), p. 445.
17. M, Szentivanyi and E. Kiss, Acta Physiol. Acad. Seci., Bung., 11 (1957}, p. 357.
18, Al Srzentivanyi and I. Navy, Quart. J. Exp. Physiol., 44 (1859}, p. 67.

18. G. Stella, J. Physiol., 73 (1931), p. 45.

All sbbreviations of periodicals in the abows bibliography are letter-by-letter translitera.
t2ons of the abbreviations as given in the original Russian journsl., Some or all of this perie
cdical literature may well be available in English translation. A complete list of the coverdos
cover English translations appears st the back of the first issue of this year,



