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COMPARATIVE INVESTIGATIONS ON THE OXIDATION OF 

PYRUVATE IN LIVER AND BRAIN MITOCHONDRIA 

H. A. K U N Z *  

Department o/Physiology, Hallerianum, University o/Berne (Switzerland) 

In  connection with investigations on the role of thiamine in the excitat ion process 
of peripheral nerve 1, we have examined in detail the oxidation of pyruva te  in liver 
and brain mitochondria  (rat, pigeon), which is dependent  on the presence of thiamine 
pyrophosphate  (cocarboxylase). I n  the comparison of the two organs, we have come 
across conspicuous differences, which we wish to discuss here with regard to the 
central position of pyruva te  in cell oxidation. 

METHOD 

The p r e p a r a t i o n  of l iver  m i t o c h o n d r i a  was  carr ied  out  accord ing  to the  m e t h o d  of LEUTHARDT 
.aND Mf'LLER 2, the  i so la t ion  of b ra in  m i t o c h o n d r i a  fol lowing t h a t  of BROD¥ AND BAIN 3 (second 
modif icat ion) .  The e x p e r i m e n t a l  a n im a l s  (albino r a t s  of 15o-2oo g and  p igeons  of 25o-3oo g) were  
fas ted  for 24 hours  before t he  expe r imen t .  O x y g e n  c o n s u m p t i o n  was  measu red  m a n o m e t r i c a l l y  
in  a V~Tarburg a p p a r a t u s  a t  38° wi th  air  in the  gas  chamber .  The i n c u b a t i n g  m e d i u m  was  m a d e  up 
as follows: p y r u v a t e  o .oi  M ;  m a g n e s i u m  chlor ide  o.oo 3 iV/; adenos ine  t r i p h o s p h a t e  o.ooi  3I; 
p o t a s s i u m  p h o s p h a t e  buffer 0.05 ~V[ (pH 7-5) ; p o t a s s i u m  chlor ide  to  i so ton ic i ty ;  0. 5 ml  of a 25 To 
h o m o g e n a t e  of l iver  or b ra in  in i so tonic  p o t a s s i u m  chlor ide  or o.25 3// sucrose solut ion,  respec-  
t ive ly ,  co r respond ing  to  I25 mg of l iver  or b ra in  t i s sue  (wet weight)  per  s ample  (volume of each 
sample :  3 nil);  0. 5 ml  of m i t o c h o n d r i a  suspension,  co r respond ing  to 400 mg  of l iver  or 8oo mg  of 
bra in  t issue.  \Vhen ce reb rum and  cerebe l lum were used w i t h o u t  the  bra in  s t em s, only  a smal l  
increase  in oxygen  c o n s u m p t i o n  Was observed,  or none a t  all, in compar i son  wi th  a s imi la r  we t  
we igh t  ()f whole brain.  The e x p e r i m e n t s  were therefore  car r ied  out  w i t h  the  en t i re  brain.  Diphos-  
phopy r id ine  nuc leo t ide  was  not  inc luded  in the  samples  of b ra in  mi t ochond r i a  a, because  we could 
not  ascr ibe  to i t  a ny  effect on p y r u v a t e  ox ida t ion .  

RESULTS 

We first measured the effects of the individual components  of the incubat ing medium 
on pyruva te  oxidation (taken as O2-consumption ) in homogenate  and mitochondria  
suspension of the same liver or of the same brain material.  Marked differences in the 
respiration of the homogenate  and mitochondria  suspension of the two organs could 
be found. Liver shows a significant rise in the oxygen consumption of the homogenate ,  
when magnesium ions are added (Fig. I) and, even more noticeably, a complete 
dependence of the respiration of the mitochondria  on magnesium ions. The earliest 
effect on pyruva te  oxidation in rat-liver mitochondria  is observed at a concentrat ion 
of I .  Io ' 3[  Mg ++, and at 3 '  IO 3 3 I  Mg ++ the max imum enzyme act ivi ty  is reached. 
Brain homogenate  or mitochondria  suspension, on the other hand, show no reduct ion 

* With  the  aid of the  " E m i l  Bare l l -S t i f tung  zur F 6 r d e r u n g  der mediz in i sch-wissenschaf t l i chen  
l :o r schung" .  

Present  address :  Dr. H. A. Kunz,  P h a r m a k o l o g i s c h e s  I n s t i t u t  der  Univers i t / i t  Bern, Frei-  
burgs t rasse  3 o. 
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Fig.  i .  P y r u v a t e  o x i d a t i o n  in h o m o g e n a t e  and  mi to-  
chondr i a  of t h e  same r a t  l iver.  O r d i n a t e :  oxygen  
c o n s u m p t i o n  in  mms.  Absc i ssa :  t i m e  in minutes .  For  
compos i t ion  and  t o t a l  vo lume  of the  samples  see t ex t .  
- -  h o m o g e n a t e ;  - - .  - -  m i t o c h o n d r i a  ; K ~ comple te  
con t ro l  s ample ;  - M g  = w i t h o u t  m a g n e s i u m ;  - A T P  
= w i t h o u t  adenos ine  t r i p h o s p h a t e ;  - P y  = w i t h o u t  

p y r u v a t e .  
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Fig,  2. P y r u v a t e  o x i d a t i o n  in h o m o g e n a t e  and  mi to-  
J chondr ia  of the  same  b ra in  t i s sue  (3 rats) .  For  

e x p l a n a t i o n  of symbo l s  see Fig. ~, 

in pyruvate  oxidation in a magnesium-deficient medium (Fig. 2). Further, the res- 
piration of brain homogenate and mitochondria suspension is very slightly reduced 
in the absence of adenosine tr iphosphate and decreases by  only 30-50 % when oxidiz- 
able substrate (pyruvate) is deficient, while the respiration of liver homogenate and 
particularly liver-mitochondria suspension displays a very marked dependence on 
the adenosine tr iphosphate and pyruvate  content of the incubating medium. To 
determine whether this difference in the pyruvate  oxidation of brain and liver 
mitochondria occurs only in the rat  or is generally true of warm-blooded animals, 
we carried out similar experiments on pigeon liver and brain. In these we observed the 
same results, except that  the effect of addition of magnesium ions on pyruvate  
oxidation was less in pigeon-liver mitochondria than in the rat. 

A second conspicuous difference between brain and liver mitochondria was 
observed in the ability of certain thiamine compounds, w z .  thiamine phosphate, 
thiamine pyrophosphate (cocarboxylase) and acetylthiamine, to affect pyruvate  
oxidation by  liver mitochondria. Even in high concentrations thiamine itself inhibits 
pyruvate  oxidation only slightly or not at all. Cocarboxylase shows a stronger sup- 
pression than thiamine phosphate, a surprising finding, which perhaps could be 
explained on the basis of results which indicate that  a thiamine pyrophosphate 
compound is the coenzyme of oxidative decarboxylation 4. 

Further experiments have shown that  the depressing effect depends upon the 
amount  of mitochondria in contact with the high cocarboxylase concentration. For 
example, as shown in Fig. 4, the inhibition is decreased in samples containing the 
double volume of mitochondria, and in samples with a 4-fold volume of mitochondria 
suspension there is no inhibitory action at all. 
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In analogous experiments with brain mitochondria, on the other hand, we were 
unable to observe any inhibition of pyruvate oxidation, even with high concentra- 
tions of the above-mentioned compounds. Similarly, oxythiamine and neopyrithia- 
mine, i .e .  thiamine-like compounds, which strongly sfippress the oxidation of pyruvate 
in liver mitochondria 1, show no effect on the respiration of brain mitochondria in 
comparable concentrations. Sinfilar differences exist between the mitochondria of 
pigeon liver and brain. 
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Fig. 4. Inh ib i t i on  of p y r u v a t e  ox ida t ion  in ra t -  
l iver m i t o c h o n d r i a  by  h igh  concen t r a t i on  of th ia -  
mine  p y r o p h o s p h a t e .  For  compos i t ion  and  to ta l  
v o l u m e  of t he  s a m p l e s  see Fig. 3- K = control  
s amp le s ;  T D P  = samples  con ta in ing  t h i a m i n e  
p y r o p h o s p h a t e  (o.oi M).  The  indices  m e a n  ml  
mi tochond r i a  suspens ion  per  sample .  For  o ther  

Fig. 3. Effect  of t h i a m i n e  a n d  t h i a m i n e  corn- exp l ana t i ons  see t ex t .  
p o u n d s  on p y r u v a t e  ox ida t ion  in m i t ochond r i a  of 
ra t  liver. The  samples  con ta ined  0. 5 ml  of m i t o c h o n d r i a  suspens ion ,  p y r u v a t e  (o.oi M),  MgC12 
(0.003 M),  A T P  (o.ooi M), K - p h o s p h a t e  buffer  p H  7-5 (0.05 M), KC1 to isotonic i ty .  T h i a m i n e  
(T), t h i a m i n e  p h o s p h a t e  (TMP), t h i a m i n e  p y r o p h o s p h a t e  (TDP) and  a c e t y l t h i a m i n e  (ACT), 
ad ju s t ed  to p H  7.5 wi th  K O H ,  were added  i m m e d i a t e l y  before t he  expe r imen t .  Tota l  v o l u m e  of 

samples :  3 ml.  

DISCUSSION 

With regard to the effect of magnesium ions on pyruvate oxidation in the homoge- 
nates and mitochondria suspensions of liver, the preceding results may well indicate 
that magnesium ions are set free from the coenzyme-magnesium-protein complex-- 
the enzyme system of the oxidative decarboxylation--in the mitochondria, when 
the cells are broken up during the homogenizing process. An equilibrium may then 
be set up between the magnesium ions free in solution and those bound on the enzyme. 
In this case, one must assume that the free magnesium ions are distributed between 
the soluble fraction of the mitochondria and the solution in which they are bathed. 
In preparing the mitoehondria suspension from the homogenate, the magnesium ions 
in the surrounding solution are removed; this causes a further, strong dissociation of 
magnesium ions from the enzyme complex and thereby leads to the inactivation of 
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the enzyme. The addition of magnesium ions to the homogenate, and particularly to 
the mitochondria, shifts the equilibrium back again to the side of the undissociated, 
active enzyme system, leading to the rise in pyruvate  oxidation, which is seen in Fig. I. 
A further role of magnesium in pyruvate  oxidation is suggested by  BALTSCHEFFSKY 5, 

who recognized obvious morphological changes in rat-liver mitochondria in a mag- 
nesium-deficient incubating medium. According to him, one function (among others) 
of magnesium in oxidative phos'phorylation is to maintain the structure of the mito- 
chondria. The enzyme complex of the brain mitochondria, although analogous in its 
components to that  of liver, appears not to dissociate during the preparation procedure 
for reasons we are not yet  able to explain. Our observation agrees well with the results 
of OCHOA 6, who was able to remove detectable amounts of magnesium ions from 
pigeon-brain homogenate only after long dialysis (or precipitation with sodium pyro- 
phosphate). 

That  still further dissimilarities exist between liver and brain mitochondria is 
evident from the difference in the effect of the thiamine derivatives on the pyruvate  
oxidation in liver and brain mitochondria. The results of the foregoing experiments 
are perhaps best explained by  assuming that  these compounds penetrate the "mem-  
brane" of the brain mitochondria in only small concentrations or not at all, on ac- 
count of a different structure of this "membrane"  (higher lipid content?). Up till now 
no structural difference has been established by  electron microscopy between liver 
and nerve cell mitochondrid.  
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SUMMARY 

I. In  cont ras t  to mi tochondr ia  suspensions of m a m m a l  or bird liver (rat, pigeon), similar 
suspensions  of brain  do not  require the addit ion of magnes ium ions for the oxidative decarboxy- 
lat ion of pyruva te .  

2. The p y r u v a t e  oxidat ion in liver mi tochondr ia  is inhibited by th iamine compounds  (thia- 
mine phospha te ,  th iamine  pyrophospha te ,  acetylthiamine),  while the same compounds,  under  
comparable  conditions, do not  show any inhibi tory action on brain mitochondria.  

3. The exper imenta l  resul ts  are t hough t  to indicate t ha t  the  pyruvodehydrogenase  of the 
liver, unlike t ha t  of the brain, loses magnes ium ions by dissociation during the  prepara t ion  of the  
mitochondria .  The lack of inhibi tory effect of th iamine compounds  on the py ruva t e  oxidat ion of 
the  brain  is ascribed to a different s t ruc ture  and permeabi l i ty  of the " m e m b r a n e "  of brain mito- 
chondria.  
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