
SUCCINATE DEHYDROGENASE ACTIVITY OF ISOLATED 

MYOCARDIAL MITOCHONDRIA IN CHRONIC HEART FAILURE 

No N. Kleimenova, Oo E. Kolesova, UDC 616.12-008.46-036.12-07-616. 
and YUo So Chechulin 12-008.931:577.152.121 

Succinate dehydrogenase  (SD) act ivi ty of mi tochondr ia  i so la ted  f r o m  the musc le  cel ls  of the 
chronical ly  fail ing hear t  was studied. Highest  SD act ivi ty was found in mi tochondr ia  of con- 
densed type. Low enzyme activi ty was obse rved  in or thodox mi tochondr ia .  SD act ivi ty in 
mi tochondr ia  of in te rmedia te  type was midway between act ivi ty of the enzyme in or thodox 
and condensed mi tochondr ia .  Orthodox and in t e rmed ia te  f o r m s  of mi tochondr ia  were  p r e -  
dominant  in the f rac t ion  tes ted,  ref lect ing lowered SD act ivi ty  in the hea r t  musc le  t i ssue .  
Biochemica l  invest igat ion of the mi tochondr ia l  f rac t ion  revea led  a s ta te  of  mild uncoupling 
of r e sp i ra t ion  and oxidative phosphorylat ion.  The obse rved  d e c r e a s e  in SD activi ty evidently 
c h a r a c t e r i z e s  a s ta te  of o v e r s t r a i n  of the ene rgy-produc ing  s t r u c t u r e s .  
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It was shown prev ious ly  that mi tochondr ia  isola ted f r o m  t i ssue  d i f fer  in the deg ree  of condensation of 
the m a t r i x  and in the s ize of  the space between the c r i s t ae .  Two main  types  of mi tochondr ia  have been d i s -  
tinguished: condensed and orthodox [7]. Some w o r k e r s  have  desc r ibed  the functional c h a r a c t e r i s t i c s  of 
mi tochondr ia  of  a p a r t i c u l a r  type [1, 5, 6]. T h e r e  i s  no gene ra l  ag reemen t  regard ing  the a s s e s s m e n t  of the 
energy-produc ing  s tate  of mi tochondr ia  with one or  another  configurat ion.  

The object  of this invest igat ion was to de t e rmine  succinate  dehydrogenase  act ivi ty of mi toehondr ia  
isolated f r o m  the musc le  cel ls  of the chronica l ly  fail ing hear t ,  as an indicator  of thei r  functional s ta te .  

EXPERIMENTAL METHOD 

Chronic hea r t  fa i lure  was produced by measu red  injury to the p o s t e r i o r  wall of the mi t r a l  va lve .  The 
my0card ium f rom 10 dogs with chronic  hear t  fa i lure  f r o m  6 to 12 months in  durat ion was studied. Fo r  
e l e c t r o n - m i c r o s c o p i c  study the t i s sue  of the ven t r i c l e s  and a t r i a  and the mi tochondr ia l  f rac t ion  were  fixed 
in 1% OsO 4 solution by Caulf ie ld 's  method and embedded in Araldi te .  The  mitochondr ia l  f rac t ion  was obtained 
f r o m  the myocard ium of the left ven t r i c l e  by dif ferent ia l  centr i fuat ion in 0.32 M sucrose  solution. The func-  
tional s tate  of the mi tochondr ia  was a s se s sed  as succinate  dehydrogenase  (SDi ac t iv i ty ,  de te rmined  by an 
e l ec t ron -Ms tochemica l  method [8]~ The  ra t e  of oxygen uptake and of oxidative phosphoryla t ion  was d e t e r -  
mined concurrent ly  with a closed C l a r k ' s  po la rographic  e lec t rode ,  and e x p r e s s e d  p e r  m i l l i g r a m  pro te in  of 
the mitochondria l  f ract ion.  P ro te in  was de te rmined  by  L o w r y ' s  method.  

E X P E R I M E N T A L  R E S U L T S  

E l e c t r o n - m i c r o s c o p i c  study of the myoca rd ium of the ven t r i c l e s  and a t r i a  showed a high glycogen 
content in the musc le  cel ls .  Accumulat ion of glyogen granules  was m o s t m a r k e d  in the a t r i a  musc le  cel ls  
(Fig. la)~ The mi toch0ndr ia  we re  c i r c u l a r  in shape,  0~ in d i a m e t e r ,  with a f ine-gra ined  ma t r ix  of 
ave rage  e lec t ron  densi ty .  The mitochondria l  c r i s t a e  were  curved in configuration and they frequently 
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Fig. 1. Myocard ium of left a t r ium:  a) accumulat ion of glycogen (G) granules  between mi to -  
chondria  (M) and myof ibr i l s  (MF), 50,000• b) musc le  cel ls  with va r i ed  succinate  dehydro-  
genase  (SD) act ivi ty.  15,000• c) mi tochondr ia  of a myocyte  with va r i ed  SD activity,  30,000 •  

anas tomosed with each o ther .  Somet imes  the m e m b r a n e s  forming the c r i s t a e  lost  the i r  c l e a r n e s s  of outline 
and seemed to sepa ra t e  into l a y e r s .  The  s t ruc tu re  of the A disks was indist inguishable f rom norma l  but the 
I disks in some cel ls  were  des t royed .  

The e l e c t r o n - h i s t o c h e m i c a l  study of the myocard ia l  musc le  cel ls  revealed  lower  t i s sue  SD activi ty 
than normal ly .  Th is  d e c r e a s e  in enzyme activi ty was ref lec ted  in fewer  musc le  cel ls  with high enzyme ac t iv -  
i ty and l o w e r  SD activi ty in each mitochondrion of the myocyte .  Meanwhile, he terogenei ty  of SD d i s t r ibu-  
tion was observed  in individual cel ls  and mi tochondr ia .  Two cells  lying side by side often d i f fered  sharply  
in enzyme  activity (Fig. lb) ,  indicating d i f fe rences  in the i r  functional s ta te .  Mitochondria even in the same 
cell  p o s s e s s e d  different  SD act ivi ty  (F ig .  lc}. tn some  mitochondr ia ,  for  ins tance,  the chelate g ranules ,  
indicating SD act ivi ty ,  were  concentra ted  on the c r i s t ae .  In other  mi tochondr ia ,  despi te  the i r  s t ruc tu ra l  
integr i ty ,  enzyme activity was weak.  

As a r e su l t  of the e l e c t r o n - m i c r o s c o p i c  study the i so la ted  mi tochondr ia  were  divided into three  
s t ruc tu ra l  types:  condensed, orothodox, and in te rmedia te  f o r m s .  Mitoehondria of the orthodox type had the 
lowest  SD activity (Fig. 2a}. The  mi tochondr ia  were  l a rge ,  thei r  ma t r ix  was e l e c t r o n - t r a n s p a r e n t ,  ard the i r  
na r row c r i s t a e  were  a r ranged  pa ra l l e l  to each o ther .  Dense granules  of  chela te ,  measu r ing  150 to 250 .~, 
were  located on the m e m b r a n e s  of  the c r i s t a e  and also between the ou te r  and inner m e m b r a n e s  of the mi to-  
chondria.  The  number  of g ranu les  was smal l .  

Mitochondria of  the condensed type had the highest  SD activi ty (Fig. 2b). These  mi tochondr ia  were  
s m a l l e r  than the orthodox, and the i r  [me-g ra ined  m a t r i x  p o s s e s s e d  cons iderable  e lec t ron  densi ty.  The  
chelate  g ranu les  were  v e r y  la rge  (3.00-450 .~) and filled la rge  a r e a s  of the space between the c r i s t ae  f r e -  
quently. 

SD act ivi ty in mi tochondr ia  of in te rmedia te  type was midway between the enzyme activity in the o r tho-  
dox and condensed mi tochondr ia  (Fig. 2c). 

In chronic  hea r t  fa i lure ,  i n t e rmed ia te  and orthodox types of mi tochondr ia  p redomina ted  in the f rac t ion  
of i so la ted  mi tochondr ia .  All three  types of mi tochondr ia ,  with their  d i f ferent  configurations and SD act ivi-  
t ies ,  could l ie side by side (Fig. 2d). 

Biochemical  invest igat ion of the mi tochondr ia l  f rac t ion  showed that the ra te  of oxygen uptake by the 
mi tochondr ia  in metabol ic  s tate  3 (with the addition of ADP) in the a t r i um fell to 1.5 ~A O2/g /sec ,  and in 
the ven t r ic le  it fell  to 2.0, f r o m  n o r m a l  va lues  of  2.86 and 3.9 #A O 2 / g / s e c  r e spec t ive ly  (Table 1). Compar i -  
son of the r e s p i r a t o r y  activity of the mi tochondr ia  in metabol ic  s ta te  3 with that in s tate  4 (V 4, without ADP}, 
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Fig.  2. Suecinate dehydrogenase  act ivi ty of isola ted mitochondria:  a) low enzyme ac -  
t ivit iy in mi tochondr ia  of orthodox type, 140,000x; b) Mgh SD act ivi ty in mi tochondr ia  
of condensed type, 140,000x; c) enzyme activi ty in in t e rmed ia te  mi tochondr ia  m i d -  
way between SD activi ty in condensed and or thodox mi tochondr ia ,  140,000 x; d) con-  
densed and orthodox mi tochondr ia  lying side by side,  120,000x. 

TABLE 1. R e s p i r a t o r y  Activi ty of Myocardia l  Mitochondria (in p.A Oz/g / see) 

Experimental conditions Control (10 dogs) _ Chronic failure (10 dogs) 
ventricle atrium ventricle atrium 

Active respiration of mitochondria (V s) 3,9-----0,02 
Respiration of mitochondria without ] 

aeceptor (V4) 1,0~0,01 
Respiratory control (after Chance) 2,9----- 0,05 

2,86~-0,07 [ 2,01";-0,04 

0,83~0,02 0,9----+0,03 
2,07-----0,04 2,00~0,03 

1,56----- 0,04 

0,83~0,0t 
1,86 ~-0,02 

by Chance ' s  method [4], revea led  a significant d e c r e a s e  in the r e s p i r a t o r y  control  in the left a t r i um and 
ven t r i c l e  {Table 1)o A dec r ea se  in the r e s p i r a t o r y  control  of this so r t  indicates  a d i s turbance  of the coupling 
of oxidation with oxidative phosphoryla t ion.  

The unequal SD act ivi ty  obse rved  in mi tochondr ia  of different  configuration, agrees  with the resu l t s  
of inves t igat ions  showing a close dependence of mitoehondria l  s t ruc tu re  on function. Fo r  ins tance ,  Kozyreva  
and Mityushin [3] cons ider  that the s t ruc tu re  of isolated mi tochondr ia  depends on the degree  of coupling of 
oxidation with phosphoryla t ion and on the p r e sence  of ATP of endogenous t y p e  in the mitoehondria~ Bakeeva  
[1] showed that the s t ruc tu ra l  f ea tu res  of mi tochondr ia  depend on the conditions of the i r  energy  metabo l i sm,  
and explained the d i f ference  between the morphologica l  types of both isola ted mi tochondr ia  and mi tochondr ia  

�9 in the t i ssue  by the osmot ic  p r o p e r t i e s  of the inner  mi tochondr ia l  m e m b r a n e  and the energy-dependent  d i s t r i -  
bution of ions between the space  of the m a t r i x  and the surrounding medium.  Beketova  [2] cons iders  that 
condensed mitochondr ia  a r e  in a s tate  of energy  accumulat ion,  whereas  orthodox mi toehondr ia  re f lec t  func '  
tional o v e r s t r a i n  of  the mi tochondr ia  and they a re  cha rac t e r i zed  by  the uncoupling of oxidation and phosphor -  
yla t ioa .  Consequently,  the d e c r e a s e  in myocard ia l  SD activity and the lower  eff iciency of the ene rgy - fo rming  
p r o c e s s e s  obse rved  in the p re sen t  exper imen t s  evidently re f lec t  max ima l  s t r e s s  and some degree  of exhaus-  
tion of energy-producing  p r o c e s s e s  in the hear t  musc le  ce l l s  during the development  of chronic  fa i lure .  

T h e  re la t ionship  d i scove red  between the degree  of SD act ivi ty ,  the intensi ty  of  oxidative p r o c e s s e s ,  and 
the configurat ion o f  the mi tochondr ia  is a qua l i t a t ive  c h a r a c t e r i s t i c  of the la t ter  and is  de te rmined  by the 
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functional state of mitochondria of different types. This confirms once again the well-known views of Packer  
[10] and Lehninger [9], according to whom respiration, coupled with oxidative phosphorylation, shows defi- 
nite correlation with conformational changes in the mitochondrial membranes.  

The results  showing differences in SD activity of mitochondria of different configuration, the predom- 
inance of orthod0x and intermediate forms in the fractions studied, the general lowering of SD activity in 
the heart  muscle tissue, depression of the oxidative metabolism of the mitochondria, and uncoupling of  oxi- 
dation and phosphorylation all character ize a state of functional overstrain of the energy-producing s t ruc-  
tures.  
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