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The concentrat ion of h igh-energy phosphates (ATP, creatine phosphate), the total content 
of adenyl nucleotides, and the energy potential of the brain  cells did not change signifi- 
cantly in experimental  animals af ter  t r auma  to the soft t i ssues  of the thigh, until the t e r -  
minal phase.  The intensity of glycolysis  was increased.  In the terminal  phase anaerobic 
p roces se s  predominated somewhat over  aerobic.  The absence of changes in the concen-  
trat ion of h igh-energy phosphates in the rat  brain  in t raumat ic  shock is probably a s so -  
ciated with centra l izat ion of the c i rculat ion and it is evidence that no "cr i t ica l"  exhaustion 
of energy  takes place in the brain.  
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The state of the energy metabol ism in the bra in  is considered to play an important  role in the patho- 
genesis of t raumat ic  shock. However, there is little information on this subject in the l i terature,  and such 
as there is,  is cont rad ic tory .  According to some workers  [1-3],10, 11], in t raumatic ,  tourniquet, and hemor-  
rhagic shock the concentrat ions of ATP and ereat ine phosphate (CP) in the brain  are reduced by a varied 
degree and the levels of inorganic phosphate and lactate are increased.  Meanwhile other  workers  [9, 13, 
14] found no change in the ATP and CP concentrat ions in the brain  in lethal tourniquet shock until the ani- 
mal was in a terminal  state.  

The object of the presen t  investigation was to study the energy metabol ism in the rat  brain  during 
the course  of t raumat ic  shock. 

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

Exper iments  were ca r r i ed  out on 40 male albino rats weighing 130-170 g. Shock was produced by 
Cannon's method by crushing the soft t issues of the thigh. The erect i le ,  torpid,  and terminal  phases were 
distinguished in the course  of shock; the torpid phase was subdivided into the beginning, the period of s ta-  
bil ization of the a r te r ia l  blood p re s su re  (BP), and the end of the torpid phase. The BP was recorded by a 
m e r c u r y  manomete r  in the femoral  a r t e ry .  The energy metabol ism was studied during the period of sta-  
bil ization (BP 90-100 mm Ha), at the end of the torpid phase (BP about 40 mmHg),  and in the te rmina lphase  
(BP 25-30 mm Fig) of shock. The mean duration of shock was 70 min. Two groups of animals were used 
as the control:  intact ra ts  (control 1) and animals subjected to fixation and recording of the BP in the same 
manner  as the experimental  animals (control 2). The animals were killed under superf icial  e ther  anesthe-  
sia by immers ion  in liquid nitrogen. The bra in  was ground to a powder which was t r ans fe r red  quantita- 
t ively into cold 6% HC104 at the rate of 6.5 ml to 2 g of t issue and homogenized in a glass  homogenizer .  
The samples  were centrifuged in the cold for 15 rain at 3000 g, the residue was washed with 6% HCIO 4 to a 
final dilution of the t issue of 1 : 5, and they were again centrifuged under the same conditions. Pro te in-  
free t issue ext rac ts  were neutral ized with 5 M K2CO 3 to pH 3.5 for the determinat ion of pyruvate,  lactate, 
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ADP, and AMP, and to pH 7.5 for  the determination 
of ATP and CP. After 30 rain the residue was r e -  
moved by centrifuging and the supernatant fract ions 
were kept at 0~ and used for  analysis  within a f e w  
hours.  Pyruvate [5], lactate [6],ATP, and CP [7], 
and ADP and AMP [8] were determined by enzymic 
methods on the SF-4A spect rophotometer  at 340 nm. 
The energy potential of the brain  cells was ca lcu-  
lated by the method of Atkinson and Walton [4]. 

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

Fixation of the animals to the f rame and cath- 
e ter izat ion of the femoral  a r t e ry  under local anes-  
thesia caused no change in the energy metabol ism 
in the ra t s '  bra in  (Table 1, control  2). The concen-  
trations of the adenyl nucleotides, their total con- 
centration, and also the energy potential of the cells 
in the bra in  of the animals developing t raumat ic  
shock did not differ significantly f rom their original 
levels in all phases studied. The CP concentrat ion 
remained unchanged during the course  of the shock 
except for  a very  small  (1070) but significant de- 
c rease  during the period of stabilization. In the 
bra in  of the experimental  ra ts  an increase in the 
pyruvate concentrat ion was observed and it was 
about equal in degree in all phases.  During the de- 
velopment of shock the lactate concentrat ion rose 
gradually and in the terminal  phase it was almost  
twice as high as in the control .  In the period of s ta-  
bil ization and at the end of the torpid phase the lac-  
ta te /pyruvate  rat io was virtually indistinguishable 
f rom its initial value; in the terminal  phase it was 
significantly increased by 30?o on account of a more  
rapid r ise  in the lactate concentrat ion.  

In all the phases of t raumat ic  shock invest i-  
gated the content of h igh-energy phosphates and the 
degree of phosphorylatton, the total r e se rves ,  and 
the energy charge of the sys tem of adenyl neucleo-  
tides thus remained substantially unchanged. In- 
tensification of glycolysis  was marked by a s imulta-  
neous increase  in the concentrat ions of lactate and 
pyruvate,  so that the lac ta te /pyruvate  rat io increased 
a little only in the terminal  phase, indicating some 
predominance of anerobic p rocesses  over  aerobic 
during this period. 

The resul ts  show that the energy metabol ism 
in the rat  brain  during t raumat ic  shock is main-  
tained until the terminal  state at an adequate level 
for  keeping the content of high-energy phosphates 
within the original l imits .  This is probably achieved 
through central izat ion of the circulat ion in shock, 
as a resul t  of which the bra in  and heart  are provided 
with a bet ter  blood supply than the per ipheral  t i s -  
sues.  The absence of changes in the concentrat ion 
of h igh-energy compounds in the bra in  of ra ts  sub- 
jected to t raumatic  shock does not conf i rm the by- 
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pothesis  of the "c r i t i ca l "  exhaust ion of energy  in this vitally important  organ put forward by some authors 
[2, 3, 12]. However,  the resu l t s  descr ibed  above cannot rule out the possibl i ty  of exhaustion of energy in 
some local a reas  of the brain,  its nerve  cen te rs ,  individual cel ls ,  or  thei r  subunits, undetectable by analy- 
sis of the whole bra in  [9, 13]. 
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