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Few attempts have been made to study the changes in t issue metabol ism lying at the basis  of the 
functional dis turbances in the cent ra l  nervous sys t em in t raumatic  shock, and indeed only the f i r s t  steps 
have been taken in this direct ion.  

Kovach [8], for  instance,  found that in shock caused by f reezing the hind limbs of ra ts  in liquid air,  
the concentrat ion of creat ine phosphate in the bra in  increases  until the agonal state is reached.  In con- 
t r a s t  to this, in tourniquet shock and also in shock caused by rotation in a drum [9], t raumatic  shock [6], 
and pleuropulmonary shock [3], an ear ly  decrease  was found in the creatine phosphate concentrat ion with 
disturbance of the p roces se s  of oxidative phosphorylation.  These resul ts  were confirmed by studies of 
coupled phosphorylat ion in the mitochondria of the brain  t issue in tourniquet and t raumatic  shock [4, 5]. 
However, in all these investigations,  no account was taken of the sever i ty  of the p rocess  and the functional 
state of the nervous sys tem.  

In the presen t  investigations,  in which these fac tors  were considered,  an attempt was made to analyze 
the functional and biochemical  p roces se s  developing in the higher levels of the nervous sys tem (the brain) 
following severe  mechanical  t rauma.  

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

Experiments  were  c a r r i e d  out on 28 rabbits .  The severe  mechanical  t rauma took the fo rm of c rush-  
ing of the soft t issues of both hind limbs by the method descr ibed previously [2]. The behavior  of the 
animals ,  their a r t e r ia l  p r e s s u r e ,  e l ec t rocor t i cogram (E COG), respirat ion,  p r e s s o r  vascular  reflexes,  body 
temperature ,  and the concentrat ions of creat ine phosphate (CP), adenosinepolyphosphates (ATP + ADP), 
inorganic phosphate (IP), and lactic acid the brain  were studied. The phosphorus of all the fract ions was 
determined by the method of Fiske and Subbarow [7] and the lactic acid by iodometr ic  t i tration with p r ec i -  
pitation of the proteins by zinc hydroxide [1]. 

In the investigations of se r i e s  I the concentrat ion of high-energy phosphates and of lactic acid was 
determined in normal  conditions in 7 intact rabbits (see Table). 

In se r ies  II the concentrat ion of h igh-energy compounds and lactic acid was determined in 21 rabbits 
in various stages of shock produced by crushing the soft t issues.  The animals of this se r ies  were subdivided 
into four groups depending on the sever i ty  of the shock, taking into account the general  condition, the cha r -  
ac te r  of the ECoG and the level of the a r te r ia l  p re s su re .  

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

In the erect i le  phase of shock the rabbits  exhibited violent motor  excitation and the e lect r ical  act i -  
vity of their  ce rebra l  cor tex was intensified. At this period a marked decrease  was observed in the con- 
centrat ion of CP and A T P + A D P  in the brain.  The IP concentration rose  by 53% and the lactic acid concen- 
t rat ion by 10.7 t imes.  When the erec t i le  phase changed into the torpid phase, the concentrat ion of adenine 
polynueleotides rose  above the control  level and the IP level fell. With deepening of the torpid phase of 
t raumat ic  shock, the differences between the control  and the experimental  rabbits were no longer signifi-  
cant, apar t  f rom the lower  concentrat ion of CP and the higher level of lactic acid in the brain  tissue (see 
Table). The a r te r ia l  p r e s s u r e  of the animals in torpid phase II was much lower than in torpid phase I 
(54• and 70• mm respect ively)  and, judging by the animals '  behavior and the ECoG, the inhibition of the 
central  nervous sys tem was more  marked.  
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Concentration of Phosphorus Compounds and Lactic Acid in the Brain of Rabbits Subjected to Severe 
Mechanical Tranuma (M:km) 

Phase of shock 

Control �9 �9 
Erectile 
T0fpid �9 . 

I I  . . . 

I I I  . . . . 

Num- [ JPhost~a-tes-a-nd lactic acid (in rag%) 

bet of ]/ I I Lactic acid rabbits t CP p ATP* p IP P 
ADP 

5,4i0,3 
0,8-+0,2 

5 3,6-+0,6 
2,6• 

6 1,9s 

2i,0-+0,5 I 
<0,001 15,0-+1,1 

<0,025 23,2-+0,8 
<0,001 23,2-+1,2 
<0,5 16,3+1,2 

<0,01 

<0,05 
>0,2 
<o, 002 

12,8-+0,8 
19,6-+2,31 <0,02 

10,4+0,4~ <0,025 
10,7~0,6[ >0,05 
19,9-+1,7 t <0,601 

18--+1 
304--+ 17 

152-+16 
146_+13 
177+21 

Note, The significance of the differences of P was calculated relative to the control. 

<o,ooi 

<o,ooi 
<o,ool 
>0,25 

Arterial pressure (in ram), 
- - ~  /At the be - At the end 
Initial ~g.tm~ing of ~f the ex- 

Itrauma ~eriment 

102~4,5 135~3,5 114• 

100+7,7] 135___+ 9,,, 70+6,8 
100~2,7 136+ 5, 54+2,7 
ioo~_5,o 1136~11, 39Z-5,8 

<O,Ol 
<0, 05 
<0,05 

In the deep torpid phase of t raumat ic  shock (see Table, torpad phase III), the rabbits did not r eac t  to 
tactile and nociceptive stimuli.  Their  ECoG at the t ime the bra in  was taken for  b iochemical  analysis  was 
considerably flattened. The a r te r ia l  p r e s s u r e  at this time was 39• mm. Biochemical  analysis  of the 
brain  showed that the CP concentrat ion had fallen by 68% and that of ATP +ADP by 23% compared  with 
narmal ,  while the IF concentrat ion had r i sen  by 58% and the lactic acid by 6.2 t imes.  Comparison of these 
resul ts  with those obtained with the animals in the torpid phase 1I showed a more  marked and s ta t is t ical ly  
significant dec rease  in a r te r ia l  p r e s s u r e  (P<0.05) and a lower concentrat ion of ATP +ADP. On the whole 
the concentrat ion of phosphates was at the same level as in the erec t i le  phase.  

Analysis of the resul ts  of the functional and biochemical  investigations in animals with t raumat ic  
shock due to crushing of the soft  t issues showed  that marked changes of carbohydra te-phosphorus  metab-  
o l i sm took place in the brain  of the rabbits  in the phase of general ized exciation, cha rac te r i zed  by inten- 
sive breakdown of h igh-energy  phosphate and st imulation of g lycolysis .  In the erec t i le  phase of t raumat ic  
shock, a p r i m a r y  exhaustion of the energy r e sou rce s  of the central  nervous sys tem thus was already ap- 
parent,  and was due to thef lowof nocicept iveimpulses  and the hypoxia of the brain.  The protect ive in- 
hibition ar is ing in these conditions led to t empora ry  stabil ization of ATP +ADP at a fa i r ly  high level at the 
expense of breakdown of CP and inc reased  glycolysis .  

With deepening of the torpid phase of shock the adaptive reac t ion- inh ib i t ion  of the central  nervous 
s y s t e m - b e c a m e  inadequate to prevent  breakdown of the h igh-energy phosphates.  The increas ing  c i rcu la -  
tory dis turbances aggravated the hypoxia and hypoxemia, thus producing fur ther  dis turbances of oxidative 
phosphorylat ion and exhaustion of the energy re sources  of the central  nervous sys tem.  

The results of the these investigations thus confirmed and extended the findings concerning the dis- 
mrbance of oxidative phosphorylation in traumatic shock and demonstrated that when the animal organism 
is subjected to severe mechanical trauma, besides functional changes in the brain, changes develop in 
carbohydrate-phosphorus metabolism, leading to disturbance of the functions of other organs and systems 
and to death of the organism. 
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