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A B S T R A C T  

Following s t imulat ion of the vest ibular  nerve in the rabbi t ,  respiratory enzyme activities 
increased in Deiters '  nerve cells. The  anaerobic  glycolysis, measured as 10 -4 #1 CO2 
per  hour  per  cell, was found to decrease concomitant ly  by 25 to 40 per  cent, suggesting a 
Pasteur  effect. By contrast ,  in the sur rounding glia the anaerobic  glycolysis increased and  
the respiratory enzyme activity decreased, suggesting a Crabt ree  effect. The  evidence is 
discussed for a regulatory metabol ic  mechan ism opera t ing between the neuron  and  its 
glia. Hypoxia  of 8 per  cent  O~ caused an  increase of bo th  oxygen consumpt ion  and  CO2 
product ion  in the nerve cells, bu t  did not  change the glia values. 

I t  seems probable  tha t  a regulatory metabol ic  
mechanism exists between the neuron  and  the 
su r round ing  glia. The  base composit ion of the 
neurona l  and  glial R N A  showed a complemen-  
tar i ty wi th  respect to guanine  and  cytosine, the 
ratios being 33.5 and  28.8 for the neuron,  and  28.8 
and  31.8 for the glia (I).  W h e n  the vest ibular  
nerve was physiologically st imulated,  the amoun t  
of R N A  and  proteins increased in the Deiters '  
nerve cells as did the respiratory enzyme activities. 
The  inverse changes were found in the sur rounding 
glia (2). U n d e r  the same exper imental  conditions, 
a kinetic study of the succinate oxidizing enzyme 
system and  its t empera ture  dependence  showed 
tha t  there was a difference in behavior  between 
the neuron  and  its glia as a function of s t imulat ion 
(3). The  neuron  highly increased the capacity of 
its e lect ron- t ranspor t ing system. The  glia did not 
change  in this respect, nor  did the calculated 
act ivat ion energy of the react ion reveal any  tem- 
pera ture  dependence  wi th in  the range  37 ° to 
27°C. 

To gain more information on the linkage be- 

tween the two cell types, the anaerobic  glycolytic 

capaci ty  of the Deiters '  nerve cells and  its glia 

was studied. The  exper imenta l  conditions used 
were the same as those referred to above. In  
addit ion,  some studies were carr ied out  on ani-  
mals subjected to decreased oxygen tension. 

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

C O N D I T I O N S  

129 white rabbits weighing 1.6 to 1.8 kg were used. 
The vestibular nerve was stimulated by rotating the 
animal through 120 ° horizontally and 30 ° vertically 
with 30 turns per minute and for 25 minutes per day 
for l to ? days, as described by Hyd6n and Pigon (2). 

Moderate hypoxia was produced by subjecting the 
animals to 8 per cent 02  and 92 per cent N2 in a 
glass cage for about 15 hours. The flow rate of the 
gas was 3 liters per minute. The inlet and outlet of 
the gas were placed in opposite corners of the cage. 
The CO2 content of the gas used was found not to 
exceed 0.35 per cent as analyzed by the micro 
method of Scholander (13). Therefore, no CO2 
absorber was used. The arterial oxygen tension of 
the animals and hence the tissue oxygen tension was 
calculated to be below 30 mm Hg (14). No patho- 
logical symptoms could be observed during or after 
the experiment, nor did a microscopic study of the 
brain reveal any pathological changes up to 1 month 
after the experiment. 
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T h e  large nerve  cells wi th in  the  lateral  vest ibular  
nucleus,  the  so-called Deiters '  nerve  ceils, and  the  
gila su r round ing  each  nerve  cell were collected by 
free h a n d  dissection according to a t echnique  pre- 
viously described (4, 2). T h e  dry weight  of the  glia 
samples  m a t c h e d  tha t  of the  nerve  cells de te rmined  
by x-ray microspee t rography (5, 6) and  was 20,000 
p/~g for each sample.  

De te rmina t ions  of the  cy tochrome oxidase activity 
were carr ied out  by m e a n s  of a modif ied  micro diver 
t echnique  according to Z e u t h e n  (7). T h e  detai led 
use of this m e t h o d  in the  s tudy  of single neurons  and  
glial cells has been described by H y d 6 n  and  Pigon 
(2). T h e  following mater ia ls  were used for the  cyto- 
ch rome  oxidase assay:  0.0375 M phospha te  buffer, 
p H  7.4; 10 -4  M cy tochrome c (beef heart ,  S igma) ;  
0.0125 M sod ium ascorbate,  p repared  by neutra l iz ing 

had  been int roduced.  Calcula t ion  of CO2 product ion  
was m a d e  according to Zajicek and  Z e u t h e n  (8). 
CO2 product ion  was expressed in 10 -4 /zl CO2 per  
hour  per  nerve  cell or per corresponding weight  of  
glia. T h e  react ion mix tu re  used was slightly modif ied  
after Stoesz and  Le Page  (9). T h e  exper iments  were 
done in two series wi th  a potass ium concent ra t ion  of 
0.053 M and  0.026 M, respectively. 

T h e  react ion mix tu re  for the  first series consisted 
of sod ium phospha te  buffer,  p H  7.6, 0.0024 M; 
K H C O a  0.025 M; n icot inamide ,  0.04 M; K - A T P ,  
0.00033 u ;  K - D P N ,  0.0002 ~ ;  sod ium fructose 1.6 
d iphosphate ,  0.002 u ;  glucose, 0.01 M; MgC12, 0.0067 
M; sod ium pyruva te ,  0.005 ~ ;  KF ,  0.01 M; KC1, 
0.0154 M; sucrose, 0.1 M. For the  react ion mix tu re  
for the  second series, phospha te  buffer  and  bi- 
ca rbona te  were c h a n g e d  to sod ium salts. T h e  re- 

TABLE I 

Anaerobic Glycolysis of Deiters' Nerve Cells and Their Glia Following Vestibular Stimulation 

Dry  w e i g h t  of  t he  ne rve  cell  a n d  t he  gl ia  samples ,  20,000 #/~g. 
R a b b i t s  s t i m u l a t e d  for 25 m i n u t e s  pe r  day  for 7 days .  
V a l u e s  expressed  as 10 -4/~1 CO2 per  h o u r  per  s a m p l e  4- S.E.M. 

10-4#1 OO~ Controls V* Stimulated V Per cent changes 

N e r v e  cell  9.1 -4- 0 .96  33.2 7 .0  4- 0 .77 34.9  - - 2 3 %  
Gl ia  7 .4  4- 0 .86  36.6 12.7 -4- 1.41 38.4  + 7 2 %  

N u m b e r  of ana lyses ,  42. 
N u m b e r  of  a n i m a l s ,  14. 

s X l 0 0  
* V =  

m e a n  " 

ascorbic acid wi th  N a O H  jus t  before the  exper iment ;  
5 X 10 -4  M AIC13; 1 m g / m l  crystall ine se rum 
a lbumin .  

For  the  measu remen t s  of  anaerobic  glycolysis, a 
sl ightly modif ied m a n o m e t r i c  m e t h o d  was used,  
according to Zaj icek a n d  Z e u t h e n  (8), for determi-  
na t ion  of CO2 product ion.  T h e  exper imenta l  work is 
more  compl ica ted  t h a n  for respirat ion m e a s u r e m e n t  
because oxygen m u s t  be avoided,  and  all solutions 
used m u s t  be sa tu ra ted  wi th  5 per cent  CO2 and  
95 per  cent  N2. Glycolysis was de te rmined  in micro 
divers m a d e  from pyrex glass capillaries. T h e  divers 
were precondi t ioned by 12 hours  of  internal  exposure 
to CO2-bicarbonate .  Bicarbonate  solution t h rough  
which  5 per  cent  CO2 and  95 per  cent  N2 had  
previously been bubb led  was sucked into the  divers. 

T h e  nerve  cells and  glial samples  were placed in a 
drop of react ion mix tu re  sa tu ra ted  wi th  5 per cent  
CO2 and  95 per cent  N2. 

T h e  vessels which  conta ined  b icarbonate  solution 
were perfused wi th  5 per cent  CO2 and  95 per cent  
N2 t h rough  a thin polyethylene tubing.  T h e  perfusion 
was con t inued  for abou t  30 minu tes  after the  divers 

ma in ing  substances  were the  same  as those in the  first 
series. T h e  concent ra t ions  given are those in the  
final mix tu re  in the  diver. T h e  flotation m e d i u m  was 
m a d e  up  of 0.025 M K H C O 3  and  N a H C O 3 ,  re- 
spectively. Controls  consisting of divers wi th  comple te  
subst ra te  m e d i u m  bu t  no cells gave  no measurab le  
CO2 product ion.  All measu remen t s  were carr ied out  
at 37°C. 

T h e  de te rmina t ion  of R N A  in /~pg per nerve  cell 
was carr ied out  according to Eds t r6m (10, 11). R N A  
was ex t rac ted  from the cells with a buffered solution 
of r ibonuclease.  T h e  R N A  in the  extract  was de- 
t e rmined  in micro  drops by  a pho tograph lc -pho to-  
metr ic  m e t h o d  us ing  ul traviolet  rad ia t ion  at  2570 A. 
T h e  coefficient of  var ia t ion at  the  de te rmina t ion  of 
100 to 1000/~/~g of R N A  averages 5 per  cent. 

R E S U L T S  

Vest ibular  S t i m u l a t i o n  

T h e  i n t e r m i t t e n t  phys io log ica l  s t i m u l a t i o n  

caused  a m a r k e d  dec rease  o f  t he  g lycolyt ic  
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capaci ty of the vest ibular  nerve cells. In  contrast ,  
an  increase of glycolytic capaci ty was observed 
in the glia const i tut ing the immedia te  surroundings 
of the nerve cells. See Table  I. 

In  the second series of experiments comprising 
12 rabbi t s  and  29 analyses, a potassium concen- 

t ra t ion of 0.026 M was used. Principal ly the same 
type of changes in the neurons and  the glia was 
obtained.  

Note tha t  in bo th  series of exper iments  the 
values of the COs product ion  are higher  in the 
glia. 

T A B L E  I I  

The Effect of Hypoxia for 15 Hours on the Amount 
of RNA of Deiters' Nerve Cells 

Dry weight of the nerve cells, 20,000 ##g. 
RNA expressed as /z#g per cell -4- S.E.M. 

Controls* V:~ Hypoxia V 

1550 4- 35 30 1919 -4- 36 11 

Number  of analyses: controls,  180; hypoxia, 36. 
Number  of animals :  controls,  50; hypoxia,  3. 
* Control  values taken from Hyd6n and  Pigon 
(2) and  Egyhazi and Hyd6n (1). 

s X 100 
S V =  

m e a n  

H y p o x i a  

To make  possible a comparison between the 
effects of physiological s t imulat ion and  a m e d i u m  
grade hypoxia on the components  of the la teral  
vest ibular  nucleus, the a m o u n t  of R N A  and  of 
the cytochrome oxidase activities per  cell sample 
were determined.  

As is seen from Tables I I  and  I I I ,  the hypoxia  
caused a significant increase of the R N A  content  
and  of cytochrome oxidase activity of the nerve 
cell. The  enzyme activity of the glia, on the o ther  
hand ,  did not  change.  

The  hypoxia effected a marked  increase of the 
anaerobic  glycolysis of the nerve cells and  a slight 
increase of t ha t  of the glia (Table  IV).  Thus,  in 

T A B L E  I I I  

The Effect of Hypoxia for 15 Hours on the Cytochrome Oxidase Activity of Deiters' Nerve Cells and Their Glia 

Values expressed as 10 -4 #10~. per hour  per  cell sample 4- S.E.M. 

10-4/.d O,  Controls V* Hypoxia V 

Nerve cell 4.2 4- 0.61 58 14.2 -4- 0.83 35 
Glia 11.5 4- 0.84 30 11.3 -4- 0.58 21 

Number  of analyses: controls,  68; hypoxia,  54. 
Number  of animals:  controls,  17; hypoxia,  20. 

s X  100 
* V =  

m e R n  " 

T A B L E  IV 

Anaerobic Glyeolysis of Deiters' Nerve Cells and Their Glia after Hypoxia, 8per cent 03, for 15 Hours 

Dry weight of the nerve cell and  the glia samples, 20,000 ##g. 
Values expressed as 10 -4 #1 CO~ per hour  per  sample =}: S.E.M. 
Concent ra t ion  of K +, 0.053 M. 

10-4/11 CO2 Controls V* Stimulated V Per cent changes 

Nerve cell 9.1 4- 0.96 33.2 14.3 4- 3.22 67.5 + 5 7 %  
Glia 7.4 4- 0.86 36.6 8.6 4- 1.23 42.8 + 1 6 %  

Number  of analyses, 38. 
Number  of animals,  11. 

sXlO0 
*V- 

m e a n  " 
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neurons the changes were the reverse of those 
occurring during intermittent  physiological stimu- 
lation. 

D I S C U S S I O N  

Vest ibular  S t imu la t ion  

With the same type of vestibular stimulation 
experimental conditions, and material, it has 

PER CENT 
CHANGES 

+ 100 "CYTOCHROME 

-I00 
0 7 DAYS 

energy requirements of the neuron as compared 
with the glia. The decrease of the anaerobic 
glycolysis reported here in the nerve cells, when the 
respiratory enzyme activities increased, is most 
striking (Fig. 1). These changes have the character 
of a Pasteur effect. By the same type of considera- 

tions, the glia changes suggest a Crabtree effect. 

From the point of view of a regulatory mech- 
anism, the inverse qualitative differences and 

+100 

-I00 

 UCC,m 
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+100 'RNA +100 
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FIGURE 1 
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Survey of quantitative changes found in Deiters' nerve cells and glia after vestibular stimulation 
25 minutes per day for 7 days. 

previously been found that the amount  of R N A  
and protein and the respiratory enzyme activities 
in the nerve cells increased significantly. The glia 
responded with inverse chemical changes under 
these conditions (2). The results were obtained 
on a dry weight basis and made likely an in- 
creased neural enzyme production as a function 
of stimulation. The kinetic studies (3) showed 
that the nerve cell has a greater capacity of the 
electron-transporting system, reflecting higher 

quanti tat ive changes in the amount  of R N A  
and protein and the enzyme activities of the 
neurons and their glia suggest strongly that  such 
a mechanism operates between the two types of 
cells. The  increase of the anaerobic glycolysis 
in the glia, when the respiratory enzyme ac- 
tivities of the neuron increased and the inverse 
changes occurred in the neuron, suggests that 
the neuron has priority in its high energy re- 
quirements when function so demands. 
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The data discussed show that the neuron and 
its glia are linked in a coupled energetic system, 
the units of which can swing between two posi- 
tions. Such a regulatory mechanism provides 
great stability from a cybernetic point of view. 

Whether  a regulatory mechanism between the 
neuron and lts glia exists only at a metabolic 
level or also operates functionally is a problem 
for future studies. Hild and Tasaki (12) found that 
the resistance of the glial membranes was less 
than that of the neuronal membrane.  Neuronal 
currents could, therefore, flow through the glia 
and possibly serve as an informative link in a 
feedback system glia to neuron. 

H y p o x i a  

I t  has been inferred from results on muscle 
that increased function (stimulation) could 
induce cellular hypoxia. To judge from our 
results, the mechanism cannot be the same in the 
two instances in nerve tissue. It  is to be noted that 
the decreased oxygen tension used here did not 
cause any acute or late functional or pathological 
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