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An uneven distribution of activity of oxidoreductases  in the r a t  vent r icu lar  myoeard ium was 
demonst ra ted  by a his toenzymlc method. The i r r egu la r  distr ibution of activity of lactate ,  
malate ,  and a -g lycerophospha te  dehydrogenases was most  marked  close to the apex of the 
hear t ,  where  it was expres sed  as "spotty" a reas  of increased  act ivi ty against a general ly  
uniform background of formazan  deposits .  Activity of mitochondrial  ~-g lycerophosphate  
dehydrogenase in all par t s  of the vent r ic les  was cha rac t e r i zed  by an i r r egu la r  distribution 
in the sa rcop lasm,  with an increase  in the d i rec t ion f r o m  in terca la ted  disk to nucleus.  I r -  
r egu la r i t y  of distr ibution of/3 -hydroxybutyra te  dehydrogenase act ivi ty was. d i scovered  in 
some animals and was sharply  defined in all par t s  of the myocardium.  The intensity of  the 
reac t ion  for detection of succinate dehydrogenase and of NAD- and NADP-ds 
var ied  only slightly. 
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In previous  papers  [2, 3] the wr i t e r s  drew attention to the distinctive cha rac te r  of distribution of ac -  
t ivi ty of cer ta in  enzymes in the r a t  hear t .  The object of the p resen t  investigation was to study the his to-  
enzymic  pa t te rn  of act ivi ty of some oxidoreductases in different  par ts  of the vent r icular  myoeardtum.  

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

The vent r icular  myocard ium of noninbred male albino ra ts  of three  age groups was used as the tes t  
object: 1) young ra t s  aged 3 months and weighing 120 g (6 animals) ,  2) sexually mature  ra t s  aged 1 year  and 
weighing 300-330 g (12 animals) ,  and 3) old ra ts  aged 2 years  and weighing 500-540 g (8 animals).  The ra t s  
were  decapitated,  the hear t  was quickly ex t rac ted  and kept in melting snow, cut into two halves in the frontal  
or horizontal  plane, and f rozen in liquid nitrogen; se r ia l  sect ions were  cut in a cryosta t .  Sections 10 p in 
thickness were  glued to sl ides and tes ts  ca r r i ed  out to detect the activity of NAD-dependent dehydrogenases:  
lac ta te  (LD), malate  (MD), ~-hydroxybutyra te  (/3-HBD), and a -g lyeerophospha te  (cytoplasmic a -GPD)  [9]. 
For  detecting activity of NAD- and NADP-diaphorases ,  reduced  forms of pyrtdine nucleot[des were  used. 
Activity of succtnate dehydrogenase (SD) and of NAD-independent a - G P D  (mitochondr[al a -GPD)  was de- 
t e rmined  by the method of Nachlas et al. [10]. Ni t ro-BT was used as e lec t ron  acceptor .  Some sections 
were  incubated in a floating state.  The level of enzyme activity was determined f rom the intensity of fo r -  
mazan deposition and was a s se s sed  visually b y ap lu s  sys tem,  f rom • ( traces) to 4+ (very high). 

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

The exper imental  resu l t s  showed that in the muscle cells of the ventr ic les  as a whole activity of SD, 
LD, and NAD- and NADP-dtaphorases was high (3+, 4+), activity of fl-HBD and mttochondrtal  ce-GPD was 
ve ry  i r r egu la r  (from • to 3+ or 4+), MD activity was average  (2+), and activity of cytoplasmic te-GPD was 
weak (*, 1+). 
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Fig. 1. Activi ty of oxidoreductases  in myoca rd ium of r a t  ven t r ic les :  a) r eac t ion  for  
MD: spots of inc reased  enzyme act ivi ty  in thickness  of myoca rd ium of left  ventr ic le  
(magnifying glass) ;  b) reac t ion  for  LD: spots  of inc reased  enzyme act ivi ty  in thickness 
of left  ven t r tcu la r  m y o c a r d i u m  (70 x); c) reac t ion  for  mitochondria l  a - G P D :  increased  
enzyme act ivi ty  in direct ion f r o m  in terca la ted  disk to nucleus (500 x); d) reac t ion  for  
fi-HBD: unequal enzyme act ivi ty  in adjacent  muscle  cells of left ventr ic le  (400 • e) 
reac t ion  for  fi-HBD: unequal d is t r ibut ion of enzyme act ivi ty in left  ven t r icu la r  myo-  
ca rd ium (50 • f) r eac t ion  for  fl-HBD: low enzyme act ivi ty in subendocard[al  l ayer  of 
r [ght  vent r ic le  (50 • 

Meanwhile, some  i r r egu la r i t y  of distr ibution of enzymic  activi ty among the different regions  or l aye r s  
of the ven t r ic les ,  and even in the muscle  cells t hemse lves ,  was found to be a cha rac t e r i s t i c  fea ture  of the 
m y c o c a r d i u m  of r a t s  of all age groups studied. The heterogenei ty  thus obse rved  had a number  of specia l  
fea tures  with r e s p e c t  to individual enzymes .  

In the reac t ion  for  LD, MD, and cytoplasmic  a - G P D ,  against  a genera l ly  uniform background of fo r -  
mazan  deposi ts ,  "spots"  of i nc reased  act ivi ty  were  found in the thickness  of the myoca rd ium of the left  and 
r ight  ven t r ic les ,  mainly  in the lower th i rd  of the hear t ,  and they were  pa r t i cu l a r ly  c l ea r ly  visible in s e c -  
tions cut in the frontal  plane (Fig. l a ,  b). These a r e a s  contained different numbers  of cells and f ibers ,  a r -  
ranged  in bundles,  and they were  topographica l ly  s i m i l a r  as r ega rd s  the reac t ions  for all  three  enzymes 
mentioned above. Incubation of the floating sect ions  yielded s im i l a r  r e su l t s .  

Mitochondrial a - G P D  act ivi ty  was dist inguished by a specia l  and constant pa t te rn :  It va r i ed  a lmos t  
f r o m  t r ace s  in the in te rca la ted  disks to r e la t ive ly  high (2+, 3+) in the center  of the cel ls ,  around the nuclei 
(Fig. lc) .  The act ivi ty  of this enzyme var ied  apprec iab ly  f r o m  cell to cell ,  and a lso  often between adjacent 
groups of muscle  f ibers .  

The intensi ty of the reac t ion  for  SD and the two diaphorases  var ied  chiefly only as r e g a r d s  the con- 
tent of finely granular  f o rmazan  in the cel ls ,  which was more  or less  dist inguishable against  the background 
of the darkly  s ta ined " l inear"  fo rmazan  deposits  [3]. 

In the reac t ion  for  f l -HBD the cha rac t e r  of distr ibution of enzyme act ivi ty  frequently was different in 
sect ions  of the hear t s  of different r a t s  of the s a m e  age group p laced  side by side on the s a m e  sl ide and in- 
cubated together .  In some  animals  (3 young, 4 sexual ly  ma tu re ,  3 old) act ivi ty  of the enzyme in the myo-  
cytes  was r e l a t i v e l y  uniformly high (2+, 3+) throughout the plane of the sect ion;  in the r e s t  it var ied  sharp ly  
f rom t r a c e s  to high over  the whole myoca rd ium in bundles a r r anged  side by s ide,  and s o m e t i m e s  even in 
two neighboring cells  (Fig. ld,  e). In the p r e s e n c e  of such  heterogenei ty  in the subendocardla l  l aye r s  of 
both ven t r i c l e s ,  weak f l -HBD act ivi ty  as a rule  was d i scovered  (Fig. lf). 
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Heterogenei ty  of distribution of enzyme activity evidently points to variat ion in the utilization of sub- 
s t ra tes  in different  bundles of muscle  f ibers  and in different  par ts  of the myocar_ d[um at any given moment  
of t ime.  This conclusion agrees  with the fact that the distribution of glycogen in the myocard ium [1], as the 
subst ra te  of energy  metabol ism,  is i r regu la r .  Considering the direct  dependence of the contract i le  function 
of the myocardium on its metabolic activity [8], the possibi l i ty  cannot be ru led  out that the enzymic he t e ro -  
geneity is connected with functional heterogenei ty  of the contracting myocard ium [4]. In view of the im-  
portant  ro le  of nones ter i f ied  fat ty acids [11] in energy metabol ism and of fl-HBD in the lipid metabol ism of 
hear t  muscle [6], it can be assumed that it is fi-HBD activity that re f lec ts  the state of myocardial  function 
to a cer ta in  degree and that the heterogenei ty  of its distribution charac te r i zes  the r e s e r v e s  of adaptability 
of the myocardial  muscle f ibers  to the changing mechanical  demands of the hear t .  The i r regu la r  dis t r ibu-  
tion of fl-HBD activi ty in the myocard iam of some animals and the absence of this enzyme in others  do not 
conf i rm the view that the hear t  muscle  cells can be divided, on the basis  of thei r  metabolic  p rope r t i e s ,  into 
his togenet ical ly  fixed types,  like skeletal  muscle f ibers  [7], and they requi re  fur ther  study with an analysis 
of the functional s tate  of the myocard ium before the beginning of the investigation. 

The constantly high activity of SD, the key enzyme of the Krebs '  cycle,  suggests that the c i t r ic  acid 
cycle,  where utilization of different  subst ra tes  used mainly for energy purposes  converges ,  guarantees the 
production of h igh-energy compounds requ i red  for act ivi ty of the hear t  in all of its cells.  

These resu l t s  r equ i re  discussion La connection with the specif ic i ty  of detection of so-ca l led  soluble 
dehydrogenases ,  dependent upon pyridine nucleotides.  Diffusion of the enzyme f rom the sect ion into the in- 
cubation solution with redact ion of the exogenous coenzyme presen t  in it, followed by the development of a 
diaphorase reac t ion  masking the act ivi ty of the specif ic  dehydrogenase studied [5], has been shown to be 
pos s ible. 

The resu l t s  of the p resen t  investigation point to the impossibi l i ty of such an e r r o r  in this case.  In 
fact,  i r r egu la r  fl-HBD act ivi ty even in adjacent muscle cel ls ,  in the p resence  of high and uniform NAD-dia- 
phorase  act ivi ty in the same areas  of the myocardium does not conf i rm the possibi l i ty of development of a 
diaphorase reac t ion  and, consequently,  any marked diffusion of the enzyme located in the mitochondria.  
Fur ther  evidence against the absence of a diaphorase reac t ion  is given by the re la t ive ly  weak, but i r r egu -  
l a r ly  local ized act ivi ty of MD and cytoplasmic a -G P D .  In this case,  redact ion of NAD probably does not 
take place because of the weak act ivi ty of the diffusing enzyme.  

The data on enzymic he terogenei ty  of the myocard ium must be r e m e m b e r e d  during any biochemica],  
and of necess i ty  total,  investigation of oxidative enzymes and during the quantitative analysis of the resu l t s  
of h is toenzymic reac t ions  by cy tospec t rophotometr ic  methods. 
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