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A number of b iochemica l  investigations [1, 2, 3] have established that the most common sign of the evolution 
of energy metabol ism of the brain of vertebrates is an enhancement  of its intensity along with a higher economy and 
efficiency.  During the development  of the structure and function of the brain there occurs a gradual improvement  
of the mechanism of aerobic processes of metabol ism that are energet ica l ly  more efficient .  The association between 

respiration and oxidat ive  phosphorylation reactions is enhanced, as a result of which the content  of microergic  com-  

pounds in the brain increases and the rate of their metabol ism increases. 

These regulari t ies were established [6, 7] while studying the brain as a whole or its large divisions (cerebral  
cortex, cerebel lum,  stem). So far i t  has not been explained to what extent  they are true for individual  ce l lu la r  for- 
mations which differ from one another in phylogenet ic  age, structure, and function and which enter the system of a 
single analyzer .  At the same t ime such investigations are needed for understanding the relationship of the chemism,  

structure, and function within such a complex system as an analyzer .  

Our purpose was to obtain comparat ive  data on the regulari t ies of the processes of tissue respiration and asso- 
c ia ted phosphorylation in different links of the visual and motor analyzers of members of different orders of m a m -  
mals -Rodent ia  (rabbit),  Carnivora (cat),  and Primates (the lower monkey Macaca  Rhesus), which differ in complex -  

ity of the structure and function of the central  nervous system. 

M E T H O D  

In the study we used 12 mature rabbits, 15 cats, and 14 monkeys. We studied the formations of the visual and 

motor analyzers in the brain of these animals.  

For the investigation of the visual ana lyzer  we took an appropriate region of the cerebral  cortex (area 17), the 
la teral  geniculate  bodies, superior col l icul i  of corpora quadrigemina,  and retina. In the motor  analyzer  we investi-  
gated the cerebral  cortex (areas 2 and 4), ventrolateral  nuclei  of the thalamus, GolFs and Burdach's nuclei  of the ob-  

longata, and the lumbar intervertebral  ganglia.  

After decapi ta t ion  of the animal  these formations were extracted in the cold, and in the pulped tissue we de-  
termined the rate of respiration, loss of inorganic phosphate, and ca lcu la ted  the P/O coeff ic ient .  

The respiration rate was determined manomet r iea l ly  (a sample of 100 mg of fresh tissue per test). The incuba-  
tion mixture (2 ml) consisted of the following components in their  end concentration;  0.12 M NaCl, 0.05 M KC1, 
0.008 M MgC12, 0.012 M t r ioxymethylaminomethane  (tris), 0.025 M phosphate buffer pH 7.2, 0.01 M NaF, 0.002 M 
ADP, 0.05 M glucose, and a solution of hexokinase (1 mg of protein in 1 ml) ext rac ted  from baker 's  yeast  by the 

method of Sols et al .  [10]. 

Glutamic  and succinic acids in an end concentration of 0.017 M were used as oxidat ion substrates. A glucose-  
hexokinase system was used as acceptors of macroergic  phosphate. After a 20 min recording of the uptake of oxygen 
at 26 ~ the proteins in the tests were precipi ta ted with t r ichloroacet ic  acid  and in the centr i fngate we determined the 
loss of inorganic phosphate by Ennor and Rosenberg's method [9] as modif ied  by Kotel 'n ikova [5]. The loss of 
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Rabbit Cat Monkey 
A ~at .  O ~at.P 

o , 6 ~  0 , e ~  4 e ~ : - :  
0 , 4 ~  0 , 4 [  0,e ~ 

0,q  . . . .  
IZSO 

/ e, sl /'--- 
. d L." o.,g? 

' ~ ' - -  Glutamic  acid  
~=== Succinic acid 

Pig. 1. Rate of respiration and oxidat ive 
phosphorylation at different links of the 

visual (A) and motor (B) analyzers.  1) 
Retina; 2) superior collicuhis;  3) la tera l  
geniculate  bodies; 4) visual cortex; I) 

intervertebral  ganglia; II) nuclei  of Goll  
and Burdach; III) ventrolateral  nuclei  of 
thalamus; IV ) motor cortex. 

P/OD ~)')" ~ ~ Cat 3,0 M~ ~ A4O:  . . . . .  4.oi. 

Z , O -  2 , a [  z,o ~_f 

o - , ,  , o l  , , , o l  , 

, , , oI , , , O! , , , 

I .g 212g I X  ]EZt I EN" /_g- 
Ghitamic acid  

- - -  Succinic acid  

Pig. 2. Association t~etween the pro- 
cesses of oxidation and phosphorylation 
in different links of the visual (A) and 
motor (B) analyzers.  Designations are 

the same as in Fig. 1. 

inorganic phosphate in the exper imenta l  sample in comparison with the 
control was ca lcu la ted  by a standard curve plotted for certain weighed 

amounts of KHzPO 4. 

Results of the investigations were expressed in microatoms of ab-  
sorbed oxygen or of inorganic phosphate per 10 mg of fresh tissue per 1 h.* 

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

Figure 1 shows curves plot ted on the basis of the average data 
(Tables 1 and 2) obtained in experiments  on the determinat ion of the 
respiration rate and loss of inorganic phosphate in individual  links of 
the visual and motor analyzers of the rabbit ,  cat, and monkey with the 
use of g lutamic  and succinic acids as oxidation substrates. The charac-  

ter of the curves of oxygen uptake is s imilar  for both oxidation sub- 
strates. We can note the increase of respiration rate from the inferior 
formations of the analyzer  toward the cortex. These changes were ex-  

pressed less in  the rabbit  than in the cat  and monkey. 

The changes in the magni tude of the loss of inorganic phosphate 
in s imilar  formations of the analyzers of different animals  are s imilar  

in the main with those of the respiration rate, however, we did not ob-  
serve a comple te  para l le l i sm between these indexes. 

A certain leve l  of association between the processes of respiration 
and phosphorylation is character is t ic  for each link of the analyzer  sys- 
tem. This is expressed in the change of the value of P/O. Prom the 
data in Table  3 and in Fig. 2 i t  follows that  the value of P/O for both 
substrates in the cortex in comparison with other links of the analyzer  
is not maximal ;  the same magnitude of P/O is character is t ic  also for 
peripheral  divisions of t he  analyzer  system (retina and interver tebral  
ganglia).  In the switching links (the nuclei  of Goll  and Burdach of the 
oblongata and the ventrolateral  nuclei  of the thalamus in the motor 
analyzer,  as wel l  as the superior col l icul i  and la te ra l  genicula te  bodies 
in the visual analyzer)  the P/O coeff ic ient  is somewhat lower than in 
the cor t ica l  and peripheral  ends; this feature is more expressed in the 
monkey than in the rabbit  and cat.  

Unlike other animals  in the skin-motor  analyzer  of the rabbit  
the association between oxidation and phosphorylation decreases from 
the peripheral  to the cor t ica l  end of the analyzer .  

The respiration rate in s imilar  formations of the analyzers of the 
rabbit  is lower than in the eat  and in the monkey, wherein the uptake 
of oxygen in the cat  is even somewhat higher than in the monkey. The 
loss of inorganic phosphate of the cat  and monkey is greater than that 

of the rabbit; the increase of phosphorylation is more not iceable  on g lu tamic  acid  than on succinic.  The conjunc-  
tion of respiration and phosphorylation in the series r abb i t - ca t -monkey  is enhanced on g lu tamic  acid, whereas on 
succinic acid  it remains at almost the same level  with the exception of the peripheral  links of both analyzers in 
which the P/O ratio not iceably  increases. 

The results of the present investigation show that for each formation of the motor and visual analyzers there is 
a character is t ic  level  of respiration and oxidat ive  phosphorylation. As a rule the rate of oxygen uptake and loss of 
inorganic phosphate are least in the peripheral  ends of the analyzers; they are somewhat higher in the switching 

links and reach highest values in the cor t ical  ends. 

* The data obtained in the study were processed stat is t ical ly,  and the magnitudes of the mean square deviat ion (m) 

did not exceed 10-15%. of the average value.  
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This regularity is not manifested for the conjunction of ox i -  
dative processes, however, the magnitude of the P/O ratio for differ- 
ent formations of the investigated analyzers is not the same. 

The detected differences in the degree of conjunction of res- 
piratory and pbosphorylation reactions for each l eve l  of the ana- 
lyzer, as well  as regular changes of the relationships of these pro- 
cesses in the studied series of animals,  can apparently be associated 
both with unique features in the structure and function of the inves-  
tigated formations and with the development  and refinement of the 
processes of oxidative metabol ism as the structure of the brain be-  
comes  more complicated.  

The high and similar conjunction of respiration and phospho- 
rylation in cortical  and peripheral ends of an analyzer, formations 
appreciably differing in structure and function, indicates a certain 
commonness  in the direction of energy and plastic metabol i sm in 
them [4, 8]. 

The lower values of the P/O ratio in the switching links of 
the analyzers are possibly associated with the predominance in 
these structures of free oxidation needed for accomplishing all  as- 
pects of oxidative metabol ism which do not lead to the formation 
of macroergs. 

S U M M A R Y  

By means of colorimetric  and manometr ic  methods a study 
was made of the intensity of respiration and phosphorylation, as 
we l l  as of the conjugation of these processes in the individual c e l l -  
ular formations of the visual and motor analyzers in the brain of 
the rabbit, c a t  and monkey (41 animals were used). Succinic and 
g lutamic  acids were used as oxidation substrates. It was shown that 
within the analyzer l imits  on both substrates the oxygen intake and 
the decl ine of nonorganic phosphate were proceeding from the un- 
derlying links to the overlying ones. The conjugation of the oxida-  
tion and phosphorylation in the peripheral cortical  ends of the ana- 
lyzers was almost identical,  being somewhat greater than in the 
switch links. 

In the analogous links of the analyzers in the series rabb i t -  
- c a t - m o n k e y  the oxidative and the phosphorylating activity in- 
creased on both substrates. The conjugation of the respiration and 
phosphorylating activity processes on the glutamate exhibited a 
considerable rise, whereas on the succinate the P/O coeff ic ient  in-  
creased only in the peripheral links, and showed almost no change 
in the rest. 
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