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Remova l  of the in fe r ior  ce rv ica l  and s te l la te  ganglia abol ishes  the p rope r ty  of m o d e r a t e  hypoxia 
(7-8% O 2 in N 2) to i n c r e a s e  the r e s e r v e s  of acetylchol ine (ACh) and ace ty lchc l ine- l ike  subs tances  
in the hea r t  and leads to exhaust ion of these  r e s e r v e s  during deep hypoxia (3-4% O 2 in N2). Under 
hypoxic conditions reduct ion of the noradrena l ine  (NA) r e s e r v e s  in the hea r t  by r e s e r p i n e  weakens,  
whereas  perfusion of the hea r t  with K r e b s - H e n s e l e i t  solution containing NA, potent ia tes  the 
act ion o f  A Ch on the isola ted hear t .  In hypoxia , exogenous NA r a i s e s  the po tass ium level  in the 
myocard ium.  I t  is  suggested that NA s t imula tes  chol inergic  m e c h a n i s m s  and modif ied po tass ium 
me tabo l i sm in the myocard ium.  Exhaustion of the NA r e s e r v e s  in hypoxia leads to functional 
i sola t ion of the :hear t  not only f rom sympathet ic ,  but also f r o m  pa ra sympa the t i c  influences.  
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Acetylchol ine (ACh) inhibits the t r a n s p o r t  of noradrena l ine  (NA) f r o m  the t e rmina l s  into the synaptic  
space  [10] and cycl ic  AMP format ion  in the myoca rd ium [9], as  a r e su l t  of which the r e s p o n s e  of the hear t  to 
sympathe t i c  s t imul i  is  weakened. There  a r e  few data on the influence of the sympathe t ic  s y s t e m  on the cho-  
l inergic  m e c h a n i s m s  of the hear t ,  and the ro le  of this in terac t ion  in nervous  regulat ion of the myoca rd ium in 
hypoxia has  not been studied. Dependence of the ACh content in the hea r t  and i ts  act ion on the myoca rd ium 
on the s ta te  of the sympathe t ic  regula t ion  during hypoxia was studied in the invest igat ion desc r ibed  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% 02 in N 2. The action of exogenous ACh 
in increasing concentrations (i. 10 -9, 5.10 -9, and i. i0 -8 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% O2, 65% Nz, and 570 CO2). 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 I0 rain with Krebs-Henseleit solution containing NA (200 ng/ml of NA 
hydrotartrate, calculated as base), and the action of ACh was tested 5 rain later. The effect of ACh on isolated 
hearts of intact rats during normal (9570 0 2, 570 CO 2) 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 o3 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 [i], the content of free and reserve 
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Fig. 1. Effect  of sympathec tomy on changes in content of f r ee  ACh 
and of var ious  f rac t ions  of AChLS in hea r t  t i s sue  of rabbi t s  during 
exogenous hypoxia: a) 7-8% 02; b) 3-4% 0 2. 1) Hypoxia  (control); 
2) sympa thec tomy+  hypoxia. Ordinate,  di f ference (A) between ex-  
pe r imen ta l  and cor responding  control  indices.  
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Fig. 2. Changes in actual  sys to l ic  p r e s s u r e  in left ven t r ic le  (Ply, 
ca rd iac  f requency (S), and Opie ' s  index for isolated r a t s '  hea r t s  
under influence of different  doses  of exogenous ACh during hypoxia, 
depending on NA concentra t ion in hear t .  ACh in doses  of: a) 
1 .10  -s g /ml ,  b) 5 "10-s g /ml ,  (1 �9 10 -a) g / m l .  1) High oxygenation 
(95% %, 5% cop; 2) hypoxic perfusion (30% 02, 65% N2, 5% CO~.); 
3) r e s e r p i n e +  hypoxic perfusion;  4) NA + hypoxic perfusion.  Ordinate,  
d i f ference (A) between exper imen ta l  and cor responding  control  
indices.  

ace ty lchol ine- I ike  subs tances  (AChLS) [8], and cho l ines te rase  (ChE) act ivi ty we re  de te rmined  in the left 
ven t r i c le  of the r a bb i t s '  hea r t s .  

EXPERIMENTAL RESULTS 

The NA concentra t ion in the r abb i t s '  hea r t s  10-12 h af ter  sympa thec tomy was reduced  compared  with 
the control  ( from 1.31 to 0.71 /~g/g; P<  0.05). Moderate  hypoxia (7-8% 02) inc reased  the concentrat ions of 
f r ee  ACh and AChLS in the control  and sympa thec tomized  rabbi t s ,  but the i nc rea se  in their  level in the hea r t  
a f te r  sympa thec tomy was considerable .  In the sympa thec tomized  an imals  modera t e  hypoxia caused a d ec r ea se  
in the AChLS r e s e r v e s  in the hear t ,  and not an i nc r ea se  as in the control .  The concentra t ions  of f r ee  ACh and 
AChLS in the hea r t  i nc rea sed  in the sympa thec tomized  rabb i t s  during deep hypoxia, but this i nc rease ,  unlike 
in the control ,  was s m a l l e r  than during mode ra t e  hypoxia. The content of s tored  AChLS in the hea r t  of the 
sympa thec tomized  an imals  was reduced  by 80% during deep hypoxia, compa red  with only 30% in the control  
(Fig. 1). ChE act ivi ty  in the m y o c a r d i u m  of the contro l  and sympa thee tomized  animals  at  both levels  of 
hypoxia fel l  to equal values.  The i nc rea se  in the content of f r ee  ACh and AChLS in the hea r t  of the exper imenta l  
r abb i t s  was  probably  due to i nc rea sed  l iberat ion of these subs tances  f r o m  the depots r a t h e r  than to inhibition 
of the i r  hydrolys is .  Exhaustion of the AChLS r e s e r v e s  s to red  in the h e a r t  of the sympa thec tomized  an imals ,  
during deep hypoxia, was not a s soc ia ted  with any inc rease  in l iberat ion of ACh and AChLS, evidence of their  
reduced  format ion .  
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Unlike in the control ,  during hypoxic perfusion of the hear t  the negative inotropic effect  of ACh was not 
manifes ted  over  the whole range  of i ts  concentra t ions  tested.  On the cont ra ry ,  the negat ive chronotropic  
effect  of ACh on the hea r t  was  potentiated under these  condit ions.  As a r e su l t  of d issocia t ion between the 
inotropic mad chronotropic  reac t ions  of the hea r t ,  the index of in tegra l  myoca rd ia l  function (Opie's  index) fel l  
under the influence of ACh by a l e s se r  degree  during hypoxic perfusion than under no rma l  conditions. The 
dec rease  in the ACh r e s e r v e s  in the h e a r t  [6] and inhibition of the r e sponse  of the hea r t  to the p a r a s y m p a t h e t -  
ic med ia to r  may lead to weakening of vagus nerve  effects  inhibiting myocard ia l  act ivi ty.  Similar  changes 
take place in the sphere  of sympathet ic  regulat ion daring deep hypoxta [4, 7], suggest ing functional isolat ion 
of the myoca rd ium f r o m  regu la to ry  nervous  influences.  

Rese rp ine  caused a d e c r e a s e  (from 1.15 to 0.60 #g/g ;  P < 0.05), whereas  per fus ion  of the i so la ted  hea r t  
during hypoxta with K r e b s - t t e n s e t e i t  solution containing NA caused an i nc rea se  ( f rom 0.66 to 0 .97/~g/g;  P< 
0.05) in the concentrat ion of sympathe t ic  med ia to r  in the hear t .  Rese rp ine  weakened the negative inotropic  
action of ACh but did not change i ts  rhy thmic  effect,  so that  Opie ' s  index of ca rd iac  function fel l  only slightly 
during hypoxia. Per fus ion  of the hea r t  with NA under hypoxic conditions had little effect  on the negat ive ino-  
t ropic  action of ACh, but  i ts  negative chronotropic  action (especial ly  in doses  of 5" 10 -9 and 1 .10  -8 g /ml)  was 
inc reased  compared  with the control .  Correspondingly ,  under the influence of ACh Opie ' s  index fel l  s ignif i -  
cantly (Fig. 2). 

The ACh and AChLS content in the hea r t  during hypoxia thus depends on the s ta te  of the ex t r aca rd i ac  
sympathe t ic  innervation.  Sympathectomy abol ishes  the abili ty of modera t e  hypoxia to i nc rea se  the ACh and 
AChLS r e s e r v e s  in the hea r t  and p romotes  thei r  exhaustion in deep hypoxia. In hypoxia the intensi ty 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 [ii]. An increase in the intraeellular potassium concentration increases 
the resting potential of the postsynaptic membranes and potentiates the reaction of the myocardium to media- 
tors [2]. During hypoxie 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. 

L I T E R A T U R E  C I T E D  

1. K . B .  Vinnitskaya,  Lab. Delo, No. 2, 89 (1972). 
2. B. Hoffman mad P. Cranefield,  Elec t rophysiology of the Hear t  [Russian t ranslat ion] ,  Moscow (1962). 
3. V . V .  Men'shikov,  in: Invest igat ion of the Functional  State of the Adrenal  Cor tex  and the Sympatho-  

Adrenal  System under Clinical  and Exper imenta l  Conditions [in Russian] ,  Moscow (1963), p. 149. 
4. V . P .  Nuzhnyi, N. K. Khitrov,  and A. M. Alaverdyan,  Fiziol.  Zh. SSSR, No. 4, 539 (1977). 
5. V . A .  Sveshnikov mad E. Ya. Pekker ,  Lab, Delo, No. 6, 327 (1965). 

J 

6. N .K .  Khi t rov and A. A. Abinder,  Probl .  Endokrlno[. ,  No. 6, 90 (1972). 
7. N .K .  Khi t rov and A. I. Svistukhin, Patol.  Fiziol . ,  No. 2, 21 (1975). 
8. S. Hes t r in ,  J. Biol. Chem. ,  180, 249 (1949). 
9. M . N .  Levy, Circula t .  Res . ,  29 ,437 (1971). 

10. K: LSffelholz and E. Museholl ,  Arch.  P lmrmaeol . ,  265, 1 (1969). 
11. P . J . G .  Mann, M. Tennenbaum, and J. H. Guastel ,  Biochem. J . ,  33_., 822 (1939). 

544 


