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Removal of the inferior cervical and stellate ganglia abolishes the property of moderate hypoxia
(7-8% 0, in N,) to increase the reserves of acetylcholine (ACh) and acetylchcline-like substances
in the heart and leads to exhaustion of these reserves during deep hypoxia (3-4% O, in N,). Under
hypoxic conditions reduction of the noradrenaline (NA) reservesin the heart by reserpine weakens,
whereas perfusion of the heart with Krebs—Henseleit solution containing NA, potentiates the
action of ACh on the isolated heart. In hypoxia, exogenous NA raises the potassium level in the
myocardium. It is suggested that NA stimulates cholinergic mechanisms and modified potassium
metabolism in the myocardium. Exhaustion of the NA reserves in hypoxia leads to functional
isolation of the heart not only from sympathetic, but also from parasympathetic influences.
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Acetylcholine (ACh) inhibits the transport of noradrenaline (NA) from the terminals into the synaptic
space [10] and cyclic AMP formation in the myocardium [9], as a result of which the response of the heart to
sympathetic stimuli is weakened.. There are few data on the influence of the sympathetic system on the cho-
linergic mechanisms of the heart, and the role of this interaction in nervous regulation of the myocardium in
hypoxia has not been studied. Dependence of the ACh content in the heart and ifs action on the myocardium
on the state of the sympathetic regulation during hypoxia was studied in the investigation described below.

EXPERIMENTAL METHOD

Forty male rabbits weighing 2.5-3.0 kg and 45 male albino rats weighing 180-200 g were used. In the
experiments of series I the ACh concentration was determined in the tissues of the heart after bilateral
removal of the inferior cervical and stellate ganglia (10-12 days before the investigation) in rabbits exposed
to moderate and deep hypoxia in a gas mixture containing 7-8 and 3-4% O, in N,. The action of exogenous ACh
in increasing concentrations (1-1079, 5-107%, and 1- 1078 g/ml) on the hearts of rats isolated by Langendorf's
method was investigated during hypoxic perfusion (Krebs' solution saturated with a gas mixture containing
30% 0Oy, 65% Ny, and 5% COy). In the experiments of series II hearts were used after preliminary reduction of
their NA reserves by administration of reserpine to the rats (4 and 2 mg/kg Rausedil, intraperitoneally, 24
and 12 h before isolation of the hearts). In the experiments of series III, with the same reduced oxygenation,
the isolated hearts were perfused for 10 min with Krebs—Henseleit solution containing NA (200 ng/ml of NA
hydrotartrate, calculated as base), and the action of ACh was tested 5 min later. The effect of ACh on isolated
hearts of intact rats during normal (95% O,, 5% COs) and hypoxic perfusion was studied in the control.

General hypoxia was produced in rabbits and hypoxic perfusion of isolated rats' hearts with recording
of the actual systolic pressure in the left ventricle and the cardiac rhythm, and with calculation of an index of
integral cardiac function (Opie's index) were carried out by methods described in [4, 7]. To assess the
effectiveness of procedures directed against sympathetic regulation the NA content was investigated in the
hearts of animals of the various groups [3]. The concentration of free ACh [1], the content of free and reserve
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Fig. 1. Effect of sympathectomy on changes in content of free ACh
and of various fractions of AChLS in heart tissue of rabbits during
exogenous hypoxia: a) 7-8% O,; b) 3-4% 0,. 1) Hypoxia (control);
2) sympathectomy + hypoxia. Ordinate, difference (A) between ex~
perimental and corresponding control indices.
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Fig. 2. Changes in actual systolic pressure in left ventricle (p?v,
cardiac frequency (S), and Opie's index for isolated rats' hearts

under influence of different doses of exogenous ACh during hypoxia,
depending on NA concentration in heart. ACh in doses of: a)

1-107° g/ml, b) 510~ g/ml, (1 -10°% g/ml. 1) High oxygenation

(95% 0y, 5% CO,); 2) hypoxic perfusion (30% O,, 65% N,, 5% CO,);

3) reserpine + hypoxic perfusion; 4) NA + hypoxic perfusion. Ordinate,
difference (A) between experimental and corresponding control
indices.

acetylcholine-like substances (AChLS) [8], and cholinesterase (ChE) activity were determined in the left
ventricle of the rabbits' hearts.

EXPERIMENTAL RESULTS

The NA concentration in the rabbits' hearts 10-12 h after sympathectomy was reduced compared with
the control (from 1.31 to 0.71 pg/g; P< 0.05). Moderate hypoxia (7-8% 0,) increased the concentrations of
free ACh and AChLS in the control and sympathectomized rabbits, but the increase in their level in the heart
after sympathectomy was considerable. In the sympathectomized ahimals moderate hypoxia caused a decrease
in the AChLS reserves in the heart, and not an increase as in the control. The concentrations of free ACh and
AChLS in the heart increased in the sympathectomized rabbits during deep hypoxia, but this increase, uniike
in the control, was smaller than during moderate hypoxia. The content of stored AChLS in the heart of the
sympathectomized animals was reduced by 80% during deep hypoxia, compared with only 30% in the control
(Fig. 1). ChE activity in the myocardium of the control and sympathectomized animals at both levels of
hypoxia fell to equal values. The increase in the content of free ACh and AChLS in the heart of the experimental
rabbits was probably due to increased liberation of thesé¢ substances from the depots rather than to inhibition
of their hydrolysis. Exhaustion of the AChLS reserves stored in the heart of the sympathectomized animals,
during deep hypoxia, was not associated with any increase in liberation of ACh and AChLS, evidence of their
reduced formation.
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Unlike in the control, during hypoxic perfusion of the heart the negative inotropic effect of ACh was not
manifested over the whole range of its concentrations tested. On the contrary, the negative chronotropic
effect of ACh on the heart was potentiated under these conditions. As a result of dissociation between the
inotropic and chronotropic reactions of the heart, the index of integral myocardial function (Opie's index) fell
under the influence of ACh by a lesser degree during hypoxic perfusion than under normal conditions. The
decrease in the ACh reserves in the heart [6] and inhibition of the response of the heart to the parasympathet-
ic mediator may lead to weakening of vagus nerve effects inhibiting myocardial activity. Similar changes
take place in the sphere of sympathetic regulation during deep hypoxia [4, 7], suggesting functional isolation
of the myocardium from regulatory nervous influences.

Reserpine caused a decrease (from 1.15 to 0.60 ug/g; P< 0.05), whereas perfusion of the isolated heart
during hypoxia with Krebs—Henseleit solution containing NA caused an increase (from 0.66 to 0.97 pg/g; P<
0.05) in the concentration of sympathetic mediator in the heart. Reserpine weakened the negative inotropic
action of ACh but did not change its rhythmic effect, so that Opie's index of cardiac function fell only slightly
during hypoxia. Perfusion of the heart with NA under hypoxic conditions had little effect on the negative ino-
tropic action of ACh, but its negative chronotropic action (especially in doses of 5- 107% and 1-107% g/ml) was
increased compared with the control. Correspondingly, under the influence of ACh Opie's index fell signifi-
cantly (Fig. 2).

The ACh and AChLS content in the heart during hypoxia thus depends on the state of the extracardiac
sympathetic innervation. Sympathectomy abolishes the ability of moderate hypoxia to increase the ACh and
AChLS reserves in the heart and promotes their exhaustion in deep hypoxia. In hypoxia the intensity of the
inhibitory effect of the parasympathetic mediator on cardiac activity is controlled by NA. The decrease in the
NA reserves in the heart prevents, whereas an increase, on the contrary, facilitates manifestation of the
inhibitory effect of ACh on the heart during hypoxic perfusion. ACh formation in cholinergic neurons depends
on the potassium concentration in them [11]. An increase in the intracellular potassium concentration increases
the resting potential of the postsynaptic membranes and potentiates the reaction of the myocardium to media-
tors [2]. During hypoxic perfusion of the heart, NA in a dose of 200 ng/ ml increased the potassium concentra-
tion in the myocardium (from 7.5 to 9.5 mg/g dry tissue; P< 0.05), although during high oxygenation of the
heart this effect of NA was not significant. The sympathetic innervation probably controls the state of the
cholinergic mechanisms of the heart through the action of NA on potassium metabolism in the myocardium.
Deep hypoxia causes functional isolation of the heart from nervous influences stimulating and inhibiting its
activity. Functional isolation of the heart from parasympathetic influences may be connected with inhibition
of activity of extracardiac sympathetic mechanisms.
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