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Investigating the processes of metabol ism in the brain during the period of c l in ica l  death, we paid special  a t -  
tention to the dynamics of the changes in the system of high energy phospha t e s - c r ea t i ne  phosphate (cp),adenosine 
triphosphate (ATP), adenosine diphosphate (ADP), and adenosine monophosphate (A M P) , -  and the products of anaer-  
obic metabol ism,  pr imar i ly  lac t ic  acid. In contrast to a number of authors who conducted investigations on dogs 
[6], we conducted compara t ive  experiments on the rat and gopher (Citellus citellus,  summer season), in order to 
establish whether there is any pronounced increased resistance of the gopher to the state of c l in ica l  death [2] in con-  
nection with some pecul iar i t ies  of ~he brain metabol i sm of these animals under conditions of  anoxia and the absence 

of circulat ion.  

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

The animals were chi l led by the method that we have described - a combinat ion of hypoxia and hypercapnia 
[2]. In addit ion to a study of the brain metabol ism during c l in ica l  death at a body temperature of 0~ i .e . ,  under 
conditions of comple te  stoppage of the heart  and respiration, we conducted a series of experiments  on animals during 
various degrees of  hypothermia under conditions of acute asphyxia, induced by total c lamping of a pre l iminar i ly  
prepared trachea;  moreover,  the brain tissue was invest igated after the stoppage of respiration. The animals were 

k i l led  by immersing the head in liquid air at defini te  moments of c l in ica l  death or after stoppage of respiration. 
The brain tissue, pulver ized in l iquid air, was invest igated.  For the determinat ion of ATP, ADP, AMP, and lac t ic  
acid we used enzymat ic  methods and the corresponding test preparations. CP was determined according to the me t -  
hod of  Alekseeva [1], ATP, ADP, and AMP, according to the method of Thorn et  al. [6]; the l ac ta te  content was 
determined on the basis of the data described in the l i terature  [5], according to the prescription of the firm that 

produces the test preparations (Boeringer and Sons, Manheim).  

RESULTS 

Figure 1 presents the results of experiments  on rats at a body temperature of 15 ~ under conditions of asphyxia, 
caused by c lamping of the trachea. Cp disappears most rapidly from the brain tissue; this occurs in a period of 10 
rain after stoppage of respiration. The ATP concentrat ion decreases considerably more slowly; it  fell sharply after 
stoppage of the respiratory movements,  but remained at a re la t ively  low residual level .  The curve of ADP is of a two- 
phase character :  an increase during the period of agonal respiratory movements,  and then a decrease and return to 
the ini t ia l  level .  The AMP concentration increases from the very beginning, moreover, especia l ly  sharply during 
the second descending phase of lowering of the ADP level .  The lac t ic  acid level  rises to a maximum (approxi-  

ma te ly  15 g m o l e s / g ) .  

The change in the enumerated b iochemica l  parameters  was also invest igated at 4 temperature levels,  be -  
ginning with normal body temperature and ending with 0 ~ It was found that the general features of the dynamics 
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Fig, 1. Dynamics of the changes in the concent ra-  
t ion of h igh-energy phosphates and lac t ic  acid in 

the rat  brain under conditions of acute anoxia at a 
body temperature of 18 ~ Each point  is an average 
of data obtained on 8 animals.  The vert ical  l ine 
denotes the moment  of stoppage of the respiratory 
movements;  the t ime is counted from the moment  
of c lamping of trachea.  The in i t ia l  point on each 
curve shows the concentrat ion measured in rats with 
the same body temperature,  but without c lamping  
of the trachea.  On the r ight-hand o r d i n a t e - l a c t i c  
acid concentration.  

of the changes in the system of high-energy phosphates and 

lac ta te  are not specific for hypothermia of 15 ~ (see Fig. !). 

However, a lower body temperature (as a result of the slow- 
ness of metabol ic  processes) makes i t  possible to better  follow 
the changes that occur, and the basic pecul iar i t ies  of the dy-  

namics are more c lear ly  revealed.  

In a comparison of the data obtained with the results 
of experiments on gophers, a great  difference is detected.  
Figure 2 a presents data pertaining to CP, which were obta in-  
ed in experiments at a body temperature  of the animals of 
18 ~ It is quite evident  that the CP concentrat ion in the gop- 

her is reduced considerably more slowly than in rats, even 
after stoppage of the respiratory movements.  We should men-  
tion also that the period of agonal respiration in the gopher 
lasts considerably longer. The same results are also noted 
with respect to ATP (Fig. 2b). 

The amount of l ac t i c  acid increases more rapidly and 

reaches a considerably greater value in the gopher than in 
the rat. From Fig. 3 it  is evident  that immed ia t e ly  after the 

stoppage of respiration, its amount in the gopher is consider-  
ably greater than that in the rat, and, on the contrary, the 
amount of AMP is considerably lower in the gopher. This is 
even more pronounced at the thir t ieth minute after stoppage 
of respiration. The difference in the amounts of ATP and 
CP in these two species of animals was negl igible  (during 
the periods elapsed from the moment  of stoppage of the ago-  
hal respriatory movements).  It should be considered that 

these movements,  as we have already noted, continue con-  
siderably longer after c lamping of  the trachea in the gopher 
than in the rat. 

It is known that under conditions of a normal oxygen supply at a body temperature of t5 ~ the gopher consumes 
oxygen considerably more intensively than does the rat [4]. Nonetheless, the data obtained under conditions of 
severe anoxia indicate  greater resistance of the gopher, which thus cannot be explained by the lower level  of the 
general  oxidat ive metabol ism and is undoubtedly a result of a definite specif ic i ty  of the anaerobic processes in the 
tissues of this animal .  
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Fig. 2. Change in the concentrat ion of 
CP (a) and ATP (b) after c lamping of the 

trachea in tile brain of  the rat and gopher 
at a body temperature  of 15 ~ Each point 

represents an average of three experiments .  
The ver t ica l  lines denote the moment  of 
the last inspiration. 
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Fig. 3. Changes in the concentrat ion of h igh-energy 
phosphates and l ac t i c  acid in the brain of the rat and 
gopher during the first minute  (top) and in a period of 

30 minutes (bottom) after c lamping of the t rachea at 
a body temperature  of 15 ~ with respect to the in i t ia l  
level  (measured at  the same body temperature,  but in 
animals without c lamping  of the trachea)�9 The lac t ic  
acid concentrat ion shown in the figure is 10 t imes lower 

than the values found. Light columns) rat; shaded)go-  

pher. 
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Fig. 4. Changes in the concentrat ion of high-energy 

phosphates, AMP, and lac t ic  acid (LA) in the brain 
of the rat (left) and gopher (right) during c l in ica l  
death at  a body temperature of 0 ~ Each point average 

value of 3 to 8 experiments.  The in i t ia l  values were 
measured at a body temperature  of 15 ~ before the 
beginning of cooling to 0 ~ when respiration and c i r -  
culat ion had stopped. 

Figure 4 presents the results of experiments  with a rat and a gopher in a state of c l in tcaI  death a tbody tempera-  
ture of 0 ~ There is not only a stoppage of respiration, but also the absence of blood cirulation. From Fig. 4 i t  is 

evident  that the amount of high-energy phosphates (CP, ATP, and ADP) in the gopher varies more slowly, and the 
final amounts of the individual  metabol i tes  differ from those in the rat. The amount of lac t ic  acid in the gopher is 

almost  twice as great as that in the rat, while the increase in the amount of AMP is considerably less pronounced in 

the gopher. 

The data obtained indicate  that the brain tissue of the gopher is capable of more effect ive ut i l iza t ion of the 
anaerobic  energy resources than that of the rat. That might  explain,  i f  only part ia l ly ,  the pronounced increase in 
the resistance of the gopher to anoxia and its abi l i ty  to stay for a longer period of t ime in the state of reversible 

c l in ica l  death during deep hypothermia.  
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A l l  a b b r e v i a t i o n s  o f  p e r i o d i c a l s  in  t h e  a b o v e  b i b l i o g r a p h y  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  o f  t h e  a b b r e v i a t i o n s  a s  given in the  o r i g i n a l  R u s s i a n  journal ,  S o m e  or  all  of  th is  peA-  

odical  l i t e ra ture  may well  be available in Engl i sh  translation. A c o m p l e t e  l i s t  o f  the  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  back of this issue. 
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