
EFFECT OF PARASYMPATHETIC DENERVATION 

ON OXIDATIVE PHOSPHORYLATION 

AND ADENOSINE-TRIPHOSPHATASE ACTIVITY 

OF MITOCHONDRIA IN THE LEFT AND RIGHT 

VENTRICLES OF DOGS 

L .  V .  S t o i d a  UDC 612.173.1-06:612.178.1 

Division of the left  or  r ight  vago-sympa the t i c  nerve  in the neck in dogs below the ganglion no-  
dosum leads  a f te r  3 days  to a dec rea se  in the ra te  of r e sp i r a t i on  and phosphoryla t ion in the 
mi tochondr ia  of the lef t  and r igh t  ven t r i c l e s  when pyruva te ,  succinate,  and ~ -ke tog lu t a r a t e  a re  
used as oxidation subs t r a t e s .  The Mg++-dependen tATPase  activity of the mi tochondr ia  of the 
lef t  and r ight  ven t r i c l e s  is  g rea t ly  inc reased  and the s t imulant  effect  of 2,4-dini trophenol on 
Mg ~-  -ac t iva ted  ATP as e  activi ty is  abolished. Thi r ty  days  a f te r  the operat ion the ra te  of r e -  
p i ra t ion  and phosphoryla t ion in the mi t0chondr ia  during Oxidation of pyruva te  and ~ - k e t o g l u -  
t a r a t e  st i l l  r e m a i n s  low, while during oxidation of succinate  it shows some degree  of n o r m a l -  
ization. The inc rease  in Mg~+-dependent ATPase  ac t iv i ty  and dec rease  in the s t imulant  effect  
of 2 ,4-dini t rophenol  a re  l e s s  marked .  

Removal  of the t rophic  influence of the autonomic ne rvous  s y s t e m  causes  s eve re  degenera t ive  changes  
Ju the hea r t  [7] and leads  to a d is turbance  of the m e c h a n i s m s  which regula te  the myoca rd ia l  me tabo l i sm.  
Changes in the prote in ,  nucleic acid, and energy  m e t a b o l i s m  of the myoca rd ium a f t e r p a r a s y m p a t h e t i c  dene r -  
vation have been studied in some detail ,  with allowance for  the specif ic  functions of i ts  d i f ferent  p a r t s  [3, 10, 
5, 8, 9], but too l i t t le  attention has  been paid to the content of oxidative enzymes  and to the p r o c e s s e s  of 
energy  format ion  in this s ta te .  The facts  descr ibed  in the l i t e r a tu r e  on this subject  are few in number  and 
they re l a t e  mainly  to the t i s s ue s  of the whole hea r t  [1, 10, 6]. 

In this  invest igat ion the effect  of pa ra sympa the t i c  denervat ion was studied on the fo rmat ion  of high-  
energy  phosphorus  compounds and on the ATPase  act ivi ty on the mi tochondr ia  of different  p a r t s  of the dog 
myoc ard ium.  

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  were  c a r r i e d  out on 33 dogs weighing 16-18 kg. The vago-sympa the t i c  ne rve  in 24 dogs 
was divided in the neckbelow the ganglion nodosum. Three  or 30 days a f te r  the operat ion the hea r t  was r e -  
moved under  th iopen ta l -barb i ta l  anes thes ia  (25 mg/kg)  and ar t i f ica l  r e sp i ra t ion  and per fused  in ice-co ld  0.15 
M KC1 solution. The mi tochondr ia  were  isolated by dif ferent ia l  centr i fugat ion in 0.32 M suc rose  solution 
with 0.01M EDTA (pH 7.4) and suspended in 0.25 sucrose  solution in 0.01 M T r i s  buffer  (pH 7A0).  The oxygen 
intake of the mi tochondr ia  was m eas u red  by a polarographic  method with a s ta t ionary  plat inum elect rode in 
constant  t e m p e r a t u r e  ce l l s  at 26~ in buffer  solution [2]. The exogenous oxidation subs t r a t e s  were :  a - k e t o -  
g lutara te  (with the addition of malonate) ,  succinate ,  pyruva te  (plus m a l a t e ) i n  a concentra t ion  of 1 0 # m o l e s  
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p e r  1 -ml  sample .  ADP was added in a quantity of 0.24 ~ m o l e .  The prote in  concentra t ion  in the mi tochon-  
d r i a  was 1.0-1.5 mg p e r  s am p l e .  Pa ra l l e l  t e s t s  we re  c a r r i e d  out on four  samples~  The ra te  of r e sp i r a t i on  
was e x p r e s s e d  in m i c r o a t o m s  O 2 pe r  second p e r  g r a m  mi toehrondr ia l  prote in .  The mi tochrondr ia l  A T Pase  
ac t iv i ty  was calcula ted f r o m  the i nc r ea s e  in inorganic  phosphorus  during hydro lys i s  of A T P  a f t e r  incubation 
for  10 min at 26~ in s am p l e s  containing 600 ~moles  KC1, 40 ~moles  MgC12 * 6H20, 10 ~moles  ATP-Na ,  and 
0.25 suc ro se  (pH 7.4). The mi tochondr ia l  p ro te in  concentra t ion was 0.3-0.5 rag p e r  sample  and the final 
concentra t ion  of added 2,4-dini t rophenol  was 3 x 10 -4 M. The ATPase  act ivi ty  was e x p r e s s e d  in m i c r o -  
a toms  phosphorus  p e r  mg mi tochondr ia t  pro te in  p e r  hour .  The concentra t ions  of  mi tochondr ia l  p ro te in  and 
phosphorus  were  es t imated  by L o w r y ' s  method [11, 12]. The exper imenta l  r e su l t s  were  subjected to s t a t i s -  
t ica l  ana lys is  by Student 's  method [4]. 

E X P E R I M E N T A L  R E S U L T S  
Under no rma l  conditions no significant d i f fe rences  were  found in the intensi ty of r e sp i r a t i on  and 

phosphoryla t ion between the mi tochondr ia  of the lef t  and r igh t  ven t r i c l e s  in dogs(Table 1). Division of 
both left  and the r ight  vago- sympa the t i c  nerve  led af ter  3 days  to a dec rea se  in the r a t e s  of oxidation and 
phosphoryla t ion in the mi tochondr ia  of both ven t r i c les  on all oxidation subs t r a t e s  (Table1). The coup-  
ling of r e sp i r a t ion  with phosphoryla t ion was dis turbed.  The ADP/O r a t i o n w a s  significantly below norma l  
only during oxidation o f ~ - k e t o g l u t a r a t e .  These  changes were  m o r e  marked  af ter  division of the r ight  vagus 
nerve .  

The use  of NAD-dependent  subs t r a t e s  and of succinate r evea led  d i f fe rences  in the oxidative and 
phosphoryla t ing act ivi ty of the mi tochondr ia  isolated f rom the lef t  and r ight  ven t r i c l e s  af ter  par t ia l  p a r a s y m -  
pathetic denervat ion.  

Thir ty  days  af ter  division of the left  or  r ight  vagus ne rve  the r a t  of r e sp i r a t i on  and of r e sp i r a t ion  
coupled with phosphoryla t ion was stil l  below no rma l  when pyruvate  and a - k e t o g l u t a r a t e  were  used as the 
oxidation subs t r a t e s .  When succinate  was  used these  p r o c e s s e s  had re tu rned  to no rmal .  

The Mg++-dependent ATP as e  activity of the mi tochondr ia  under  no rma l  conditions was equal in the lef t  
and r ight  ven t r i c l e s :  33.6 and 32.2 patoms P / m g / h  re spec t ive ly .  Addition of 2,4-dini trophenol (2,4-DNP) 
to the incubation med ium st imulated the r a t e  of ATP  hydro lys i s  by 100 %. 

Division of e i ther  the r ight  or  the lef t  vagus nerve  caused a s ignif icant  i nc rease  in Mg++-dependent 
A T P a s e  act ivi ty  3 days a f t e r  the opera t ion (by 60% in the mi tochoadr i a  of the lef t  ven t r i c le  and by 40% in 
the right).  The pe rcen tage  s t imulat ion of Mg++-dependent A T P a s e  activi ty by 2,4-DNP fell. These  changes  
were  l e s s  marked  on the 30th day. 

The d e c r e a s e  in the r a t e  of r e sp i r a t i on  and of the phosphoryla t ion coupled with it, the inc rease  in 
Mg++-dependent A T P a s e  ~ctivity,  and the d e c r e a s e  in the s t imulant  effect  of 2,4-DNP in the mi tochondr ia  
of the le f t  and r ight  ven t r i c l e s  a f te r  pa r t i a l  pa ra sympa the t i c  denervat ion p r e s u m a b l y  indicate ce r t a in  
des t ruc t ive  changes in the mi tochondr ia  and a dec r ea se  in act ivi ty of the oxidative enzymes .  This  conclu-  
sion is  in a g r e e m e n t  with va r ious  exper imen ta l  r e su l t s  [1, 10, 6] showing a dec r ea se  in enzymic activi ty 
and in the oxygen uti l izat ion in the hea r t  t i ssue .  

Removal  of cen t ra l  pa r a sympa the t i c  nervous  influences f rom the hea r t  a lso leads  to some dis turbance 
of the uti l ization of the energy  of h igh-energy  compounds by the myocard ium.  The w r i t e r s  have shown p r e -  
viously [9] that  division of the lef t  o r  r igh t  vagosympathet ic  t runk causes  an inc rease  in the c rea t ine  phos -  
phate concentra t ion in the t i s sue  of the lef t  and r ight  ven t r i c l e s  by 50-58%. While the A TP  content  r e m a i n s  
constant,  the ADP concentra t ion  r i s e s  to 40%, the AMP to 74%, and the A D P / A T P  ra t ion  inc reasds .  

Pa r t i a l  pa ra sympa the t i c  denervat ion of the hea r t  in the ea r ly  s tages  thus leads  to a dec r ea se  in the 
r a t e  of r e sp i r a t i on  and phosphoryla t ion  in mi techondr ia  isola ted f rom the myoca rd ium of the lef t  and r ight  
ven t r i c l e s  in dogs, an i nc rea se  in Mg++-dependent A T P a s e  act ivi ty of the mi tochondr ia ,  and a dec r ea se  in the 
s t imulat ing effect  of 2,4-DNP on the ATP as e  activity,  in the late  s tages  of denervat ion these  p r o c e s s e s  a re  
par t ly  r e s t o r e d  to no rmal ,  although the uti l ization of the energy  of h igh-energy  compounds by the myoca rd ium 
r e m a i n s  dis turbed.  
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