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Dehydrogenase  act ivi ty  of isola ted nuclei of the normal  r a t  l iver  and of Za jde la ' s  hepa toma 
was invest igated.  High NAD. H2-dehydrogenase  act ivi ty  was found in the l ive r  nuclei, mainly  
in the m e m b r a n e ;  NAD. H2-dehydrogenase  act ivi ty  in nuclei of Za jde la ' s  hepatoma was 45% 
lower.  No activi ty of suceinate ,  g lutamate ,  i soe i t ra te ,  g lucose-6-phosphate ,  or  lac ta te  dehy-  
drogenase  or  ofNAD-bound ~-g lycerophospha te  dehydrogenase  was found. 

Detailed h is tochemica l  and biochemical  data on the concentra t ion and compar tmen ta l i za t ion  of the 
nuclear  adenos ine t r iphospha tases  a r e  avai lable  in the l i t e ra tu re  [6, 7]. Informat ion  on dehydrogenase  
act ivi ty  in the nuclei is main ly  confined to b iochemica l  data [2]. 

The w r i t e r s  have used cy tochemica l  methods to study the following dehydrogenases  in isola ted nuclei 
of the albino r a t  l iver  and Za jde l a ' s  hepatoma:  succinate ,  g lutamate ,  i soc i t ra te ,  g lucose-6-phospha te ,  NAD, 
lactate ,  and NAD-bound ~ -g lyce rophospha te  dehydrogenases .  

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

Dehydrogenase  act ivi ty  was studied in f i lms  made f rom suspens ions  of isola ted nuclei in isotonic 
suc ro se  solution and in f rozen  sect ions.  Nuclei  of the normal  r a t  l iver  and of the hepa toma were  obtained 
by a method based on the Chauveau pr inciple .  Sections of the f resh ly  f rozen ra t  l i v e r ,  12 tt thick, were  cut 
on a Slee (England) c ryos ta t .  

The cy tochemica l  detect ion of dehydrogenase  act ivi ty  was c a r r i e d  out by the method of Naehlas  et al. 
with slight modif icat ion [1]. Ni t ro-b lue  t e t r azo l ium was used as hydrogen ion acceptor .  To detect  NAD.H 2- 
dehydrogenase ,  reduced  NAD was added to the incubation medium in a concentra t ion of 3 m g / m l .  Slides 
with f i lms  of nuclei and sec t ions  w e r e  dr ied for  5-30 rain in a i r  at r oom t e m p e r a t u r e  and then incubated for 
20 rain in the cor responding  media  at 37~C. The spec imens  were  then dehydrated and mounted in ba lsam.  
Act ivi ty  of the enzymes  was judged f rom the number  of d i fo rmazan  granules  prec ip i ta ted  during enzymic  
reduct ion of t e t r azo l ium at the s i tes  of local izat ion of  the cor responding  enzymes .  A para l le l  s e r i e s  of 
control  t e s t s  was c a r r i e d  out without the addition of subs t ra t e  to the incubation medium.  In these  ca se s  no 
d i fo rmazan  granules  were  formed.  

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

A visual  study of the spec imens  of the l ive r  and hepatoma nuclei r evea led  no act ivi ty  of succinate,  
g lu tamate ,  i soc i t ra te ,  g lucose-6-phospha te ,  lactate ,  or  NAD-bound a -g lycerophospha te  dehydrogenases .  

High act ivi ty  of NAD. H2-dehydrogenase was found in the nuclei of the normal  r a t  l iver ,  main ly  in the 
nuclear  m e m b r a n e  (Fig. la) .  The content of this enzyme in nuclei of Za jde l a ' s  hepa toma was cons iderably  
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Fig. 1 Fig. 2 

Fig. 1. NAD.H2-dehydrogenase  act ivi ty in isolated nuclei of normal  r a t  l iver  (a) and of Za jde l a ' s  
hepa toma (b). Stained by Nachlas '  method, 900 x. 

Fig. 2. Distr ibution of NAD.H2-dehydrogenase  in f rozen sec t ions  of l iver  cel ls .  Stained by 
Nachlas '  method, 200 x. ~ 
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Fig. 3, Resul ts  of scanning i so -  
la ted nuclei  of l ive r  (on left) and 
Zajde la l s  hepa toma (on right).  

lower  (Fig. lb). The d i formazan  was dis t r ibuted as t iny dus t - l ike  
granules  c l ea r ly  outlining the nuclear  m e m b r a n e .  

A study of f rozen l iver  sect ions  revea led  high act ivi ty  of all the 
enzymes  tes ted  in the cytoplasm;  the contents of the nucleus r ema ined  
unstained. It  was imposs ib le  to local ize  the enzyme in the nuclear  
m e m b r a n e  by the study of NAD. H2-dehydrogenase in f rozen sect ions  
because its high act ivi ty  in the cy top lasm adjacent  to the nucleus 
m a s k s  the staining of the nucleus i t se l f  (Fig. 2). 

Ver i f ica t ion of the pur i ty  of  the i so la ted  nuclei under the 
e lec t ron  m i c r o s c o p e  conf i rmed  that NAD. H2-dehydrogenase  act ivi ty 
was in fact  local ized in the nuclear  m e m b r a n e  and could not be due to 
cy top lasmic  contamination.  

The re la t ive  level  of NAD. Hg-dehydrogenase act ivi ty  in the nuclei of normal  l iver  and of the hepa toma 
was also compared  cy tospec t ropho tomet r i ca l ly  by scanning the p repa ra t ions  on a universa l  au tomat ic - l igh t -  
ing MPS-50 m i c r o s p e c t r o p h o t o m e t e r  (Shimadzu, Japan).  The bean width was 2 ~ and its wavelength 585 nm. 
In each spec imen  30 nuclei were  scanned. As an example,  the r e su l t s  of scanning nuclei of the normal  l ive r  
and hepa toma a r e  shown in Fig. 3. The scanning line is t r apezo ida l  in shape and frequent ly  gives m a x i m a  at 
the beginning and end, cor responding  to the edges of the nucleus. The mean  height of the scanning curve  was 
de te rmined  by averaging  the a r e a s  of the component  s t r ips .  The mean  optical  densi ty  of the nucleus c o r -  
responded to the mean  height of the curve.  The  resul t ing  optical  density values  (in conventional units) were  
subjected to s ta t i s t ica l  ana lys is  in the o rd ina ry  way. 

The mean  density of the nuclei of the normal  ra t  l iver  was 0.11 •176 and of the Za jde l a ' s  hepa toma 
0.06 • The d i f fe rences  a r e  s ta t i s t ica l ly  significant (P < 0.001). Act ivi ty  of NAD -H2-dehydrogenase  
in the nuclei of Za jde l a ' s  hepa toma was thus 45% lower than that in the normal  l iver  nuclei. 

NAD. H2-dehydrogenase,  located in the m e m b r a n e s ,  ca ta lyzes  the reac t ion  of t ranshydrogenat ion  be-  
tween NAD.H 2 and NAD, and it thus takes  par t  in the regula t ion of r e sp i r a t i on  of g lycolys is  [7, 4]. NAD.H 2 
also takes  par t  in the "shutt le  m e c h a n i s m "  of NAD. H 2 oxidation, which has  been demons t ra t ed  in many  
t i s sues  and, in par t i cu la r ,  in the brain and l iver  [6]. However ,  this  mechan i sm does not function in tumor  
cel ls  [7]. This  may  poss ib ly  be because  of the low NAD. H2-dehydrogenase  act ivi ty in the m e m b r a n e s  of 
t umor  cel ls .  Evidence in support  of this view is given by the d e c r e a s e  in NAD. H2-dehydrogenase  act ivi ty 
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found in the nuclear membranes of Zajdela's hepatoma by comparison with its activity in normal liver nuclei. 
This fact requires  further verification with respect  to other tumors. 
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