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OF D E N E R V A T E D  M U S C L E S  
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The ratio between the activities of lactate dehydrogenase (LDH) and ma!ate dehydrogenase 
(MDH) was determined in the soluble fraction of the cytoplasm and the mitochondria Of 
intact and denervated soleus (red) and gastrocnemius (consisting mainly of white fibers) 
muscles of rabbits. LDH isozymes of the H type predominated in the cytoplasm of the 
intact soleus muscle and of the M type in the gastrocnemius muscle,  The ratio between 
MDHcyt/LDHcyt and MDHmit/MDHcy t activities was higher in the soleus than in the 
gastrocnemius muscle.  During the period of maximal development of neurogenie muscu- 
la r  atrophy (5 weeks after  division of the sciatic nerve) the isozyme spectra were s imilar  
and the ratios between MDHcyt/LDHcyt and MDHmit/MDHcyt activities were equalized. 
During recovery of the normal s t ruc ture  of the muscle cells (Tth-24th weeks after  de- 
nervation) the activity and isozyme composition of LDH and MDH in the cell s tructures of 
both muscles gradually approximated the control level. 

The red (tonic) skeletal muscles are  character ized by a high rate of metabolism linked with tissue 
respiration. In the white (phasic) skeletal muscles the chief source of energy is anaerobic glycolysis. 
Since energy metabolism differs in the red and white muscles, these muscles differ in the ratio between 
the activities of certain mitochondrial and cytoplasmic enzymes [6] and in their  lactate dehydrogenase 
(LDH; E. C. 1.1.1.27) isozyme spectra [3, 5]. Denervation of the red and white muscles considerably 
reduces the difference between them both in the character  of their metabolism and in the isozyme compo- 
sition of the cytoplasmic LDH [3, 7, 10]. 

LDH and malate dehydrogenase (MDH; E. C. 1.1.1.37), located in the soluble fraction of the cells, 
evidently compete for glycolytic NAD- H2 [4], the hydrogen of which is t ransported in  the composition of 
malate [8| and also, perhaps, of lactate [5] through the mitochondriaI membrane. 

The dynamics of changes in LDH and MDH activity in the sarcoplasm and mitochondria of the soleus 
and gastrocnemius muscles was studied at various times after  division of the sciatic nerve. 

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

Male rabbits weighing 2.5-3 kg were used. The methods of denervation, determination of activities 
of LDH and MDH and their isozymes, and determination of the protein content were described previously [2]. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

LDH activity in the sarcoplasm of the intact gastrocnemius muscle is higher, and in the soleus muscle 
lower than MDH activity (Table 1). The mean ratio between the specific activities of MDH/LDH in the 
gastrocnemius and soleus muscles was 0.68 (10.5:15.5) and 1.68 (5.48: 3.26), respectively. In the gastroc-  
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Fig.  1. Effect  of denervat ion on i sozyme  
spec t rum of lacta te  dehydrogenase  (LDH) 
in soleus (a) and gas t rocnemius  (b)musc les  
of the rabbi t .  Absc i s sa ,  t ime a f t e r  dene r -  
ra t ion  of musc les  (in weeks);  ordinate ,  
LDH i s o z y m e s .  

nemius  musc le  glycolytic  NAD �9 H 2 is evidently ut i l ized 
chiefly fo r  the reduction of pyruvate ,  whereas  in the soleus 
musc le  it  chiefly reduces  oxaloaceta te  into mala te .  LDH 
i sozymes  of the M type (Fig. 1), catalyzing the LDH reac t ion  
main ly  in the d i rec t ion  of lacta te  fo rmat ion  [9], in fact  p r e -  
dominate in the gas t rocnemius  musc l e .  In the intact  red  
musc l e s ,  on the o ther  hand, an aerob ic  LDH spec t rum was 
found and the MDHmit /MDHcy t ra t io  was higher than in the 
gas t rocnemius  musc le ,  namely  1.81 (9.90:5.48) and 0.53 
(5.59 : 10.5), r e spec t ive ly .  The conditions in the soleus 
musc le  a r e  thus favorab le  for  pyruvate  t r a n s p o r t  into the 
mi tochondr ia  and for  t r a n s f e r  of the reduced NAD. H 2 

through the mi tochondr ia l  m e m b r a n e  by the mala te  shunt. 

The act ivi ty  of both enzymes  in the s a r c o p l a s m  of the 
red and mixed  musc l e s  fel l  (par t icular ly  sharp ly  in the 
la t ter )  during the 5 weeks a f t e r  divis ion of the sc ia t ic  nerve .  
Dif ferences  in the ac t iv i t ies  of cy top lasmic  LDH in the two 
musc l e s  d e c r e a s e d  cons iderably  in the per iod  of max ima l  
development  of the a t rophic  changes [2]. Changes in 
opposite di rect ions  a lso  took place in the LDH i sozyme  
spec t rum of the denerva ted  musc les :  the content of type-  
M i sozymes  dec rea sed  in the gas t rocnemius  and that of 
type H d e c r e a s e d  in the soleus musc l e .  The LDH spec t rum 
in both musc l e s  was s i m i l a r  5 weeks a f t e r  denervat ion  (Fig. 
1), in a g r e e m e n t  with resu l t s  obtained by o ther  worke r s  
[1, 3, 7]. The MDH act ivi ty  in the s a r c o p l a s m  of both 
musc l e s  fel l  to values comparab le  with their  LDH activity;  
as a resu l t ,  5 weeks a f t e r  denervat ion the ra t io  between 

MDH/LDH act iv i t ies  in the cytoplasm was close to 1.26 for  the gas t rocnemius  and 1.01 for  the soleus 
m u s c l e s .  The specif ic  act ivi ty  of mi tochondr iaI  LDH was m o r e  than one o r d e r 0 f m a g n i t u d e ,  o r i f e x p r e s s e d  
pe r  g ram t i ssue ,  about th ree  o rde r s  of magnitude less  than the LDH act ivi ty  of the s a r c o p l a s m .  Despi te  
the low re la t ive  percen tage  of LDH in the mi tochondr ia  of the musc l e s ,  the mitochondria l  LDH isola ted  
f rom 1 g ram gas t rocnemius  musc le  ca ta lyzed the convers ion  on the ave rage  of 0.9 ~mole  subs t ra t e  in ] rain 
a t  25 ~ C (Table 1) and i t  could evidently s ignif icant ly affect  pyruvate  me tabo l i sm in the mitochondria  of that '  
musc l e .  The LDH activi ty in the mi toehondr ia  of the soleus musc le  was 10 t imes  less  than in the g a s t r o c -  
nemius  and its functional role  in the soleus musc le  appea r s  negligible.  Activi ty of mi tochondr iaI  LDH 
was not significantly changed in the denerva ted  m u s c l e s  and, consequently,  the ra t io  LDHmi t /LDHcyt  in-  
c r e a s e d  during the development  of neurogenic  m u s c u l a r  a t rophy.  

The ac t iv i ty  in the mi tochondr ia  of the denerva ted  gas t rocnemius  musc le  r ema ined  at the control  
level ,  while in the soleus musc le  it was 3.7 t imes  lower  than the control  by the 5th week a f t e r  denervat ion.  
The ra t io  between MDHmit/MDHeyt  ac t iv i t ies  in the gas t rocnemius  musc le  ro se  f rom 0.53 (5.59 : 10.5) to 
1.63 (5.60:4.25),  in a g r e e m e n t  with views regard ing  the inc reased  intensi ty of r e s p i r a t o r y  metabo l i sm in 
this musc le  a f t e r  denervat ion.  MDH act ivi ty  in the mi tochondr ia  of the soleus musc le  was reduced much 
m o r e  in the  mi tochondr ia  than in the s a r c o p l a s m  (Table 1), indicating a d e c r e a s e  in i t s  r e s p i r a t o r y  
m e t a b o l i s m .  Meanwhile the MDHmit /MDHcy t ra t io  was h igher  in the red  musc le  5 weeks a f t e r  denervat ion.  
Consequently,  no co r r e l a t i on  was found between the MDHmit /MDHcyt  ra t io  and the intensi ty of r e s p i r a t o r y  
me tabo l i sm in the denervated  red musc l e .  The dif ference between the specif ic  ac t iv i t ies  of MDH located 
in the mi toehondr ia  and s a r c o p l a s m  is evidently a m o r e  impor tan t  indica tor  of the functional act ivi ty of 
tile ma la t e  shunt in the two m u s c l e s .  Denerva t ion  of the musc l e s  led to d i sappearance  of the di f ference 
between the mitoehondriaI  and cy top lasmic  MDH act iv i t ies  in the two musc l e s .  

During r egene ra t ion  of the nerve  f ibers  and r e s to ra t i on  of the no rma l  s t ruc tu re  of the musc le  cel ls  
(7th-24th week a f t e r  denervation) [2] the act ivi ty  and i soenzyme composi t ion  of LDH and MDH in the cell  
s t r uc tu r e s  of the two musc les  gradual ly  approx imated  to the no rma l  level cha r ac t e r i s t i c  of intact  musc l e s  
(Table 1). 

The obse rved  changes in the act ivi ty  and i soz~me composi t ion  of LDH and MDH obse rved  in these  
expe r imen t s  point to s t imula t ion  of the function of the r e s p i r a t o r y  me tabo l i sm of pyruvate  in the per iod  of 
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neurogenic atrophy of the gastrocnemius muscle: the sharp decrease in LDH activity together with the 
relative increase in the content of its "aerobic 'I isozymes prevents the utilization of glyeolytic NAD �9 H 2 for 
the reduction of pyruvate into lactate and provides favorable conditions for the reduction of pyruvate in the 
mitoehondrion; the increase in the ratio between MDH/LDH activities in the sarcoplasm leads to the more 
rapid formation of malate from oxaloacetate in the sareoplasm , the transport of malate into the mitochon- 
dria, the utilization of the transported enzyme, and, consequently, the reducing potential in the reactions 
of t i s sue  m e t a b o l i s m .  

The opposi te  d i r ec t ion  of the changes in MDH and LDH ac t iv i ty  in the dene rva ted  red  musc le  prevents  
the movement  of pyruva te  and hydrogen of NAD �9 H 2 into the mi tochondr ia ,  so that  the condit ions for  s t imu-  
la t ion of anae rob ic  g lyco lys i s  a r e  c r e a t e d .  
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