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The dynamics  of some indices of ni t rogen me tabo l i sm in the brain  was studied in dogs a f te r  lethal 
blood loss  and in the pos t r e susc i t a t i on  per iod.  The investigation showed that the main source  of 
ammon ia  in the b ra in  during the development  of the o rgan i sm and in the s ta te  of cl inical  death is g lu ta-  
mine .  In the r e c o v e r y  per iod  a f t e r  resusc i t a t ion ,  however ,  g lutamine b e c o m e s  a r e m o v e r  of a m m o -  
nia and the main  s ou rce  of am m on i a  b e c o m e s  the labi le  amino groups of pro te ins .  
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Dis turbances  of ca rbohydra t e  and phosphorus  me tabo l i sm in ne rve  t i s sue  in the t e rmina l  s tate  and af ter  
r e susc i t a t ion  a re  the aspec ts  of this p rob l em  which have so far  rece ived  the mos t  study [1, 6, 10]. However,  
the c o r r e c t  management  of the pos t r e susc i t a t ion  per iod cal ls  for  an Investigation of other  types of me tabo l i sm 
also.  The re  a re  only isolated r e f e r e n c e s  in the l i t e ra tu re  to ammonia  format ion  in brain  t i ssue  In t e rmina l  
s ta tes  and in the pos t r e susc i t a t ion  per iod [1, 2]. 

In the invest igat ion descr ibed  below the concent ra t ions  of ammonia  and glutamine,  g lu taminase  and gluta-  
mine sy s the t a se  act ivi ty,  and t h e  prote in  content  in the bra in  t i s sue  of dogs were  studied during the t e rmin a l  
s ta te  and in the pos t r e susc i t a t ion  per iod.  

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

Exper iments  were  c a r r i e d  out on 80 noninbred male  dogs weighing 13-16 kg. Clinical  death was produced 
by unres t ra ined  a r t e r i a l  bleeding. Resusc i ta t ion  was ca r r i ed  out by Negovski i ' s  combined method. In all  
e~:periments followed by resusc i t a t ion ,  the durat ion of c l in ical  death was 2 raIn 30 sec.  The skull was t rephined 
in the t e m p o r o p a r i e t a l  region under modera te ly  deep m o r p h i n e - e t h e r  anes thes ia .  Brain  samples  were  removed  
during anes thes ia ,  during agony, and at the end of 1, 5, and 10 rain of cl inical  death. In the exper iments  with 
r e susc i t a t i on  bra in  s am p l e s  were  taken 1, 24, and 72 h, and 1 week a f te r  reanimat ion .  Immedia te ly  af ter  
r emova l ,  the brain  t i s sue  was fixed In liquid ni trogen.  Ammonia  and glutamine were  de te rmined  by mic rod i f -  
fusion dist i l lat ion [9, 12]. Pro te in  amido groups were  de termined in the res idue .  Readily hydrolyzed amino 
groups were  de te rmined  a f t e r  hydrolys is  for  10 min in 1 N H2SO r at 100~ and prote in  amino groups more  
r e s i s t an t  to hydrolys is  were  de te rmined  a f te r  hydrolys is  under the s a m e  conditions for  2 h. Glutamine syn-  
the tase  [3, 11] and g lu taminase  act ivi ty  of the bra in  also were  determined.  React ive  amino groups and SH 
groups of prote ins  were  d e m o n s t r a t e d  h is tochemical ly  [8]. The numer i ca l  r e su l t s  were  subjected to s ta t i s t i ca l  
analysis  [5, 7]. 

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

The ammonia  concentra t ion  in the bra in  of the dogs was increased  and the glutamine concentrat ion 
reduced during the s tage of agony (Table 1). With the development  of cl inical  death these changes increased  in 
seve r i ty .  For  Instance,  at the fifth minute of c l in ical  death the ammonia  concentra t ion was 2.1 t imes  higher 
than initially,  whereas  the glutamine concentra t ion was reduced by 41%. The inc rease  in the brain ammonia  
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TABLE 1. Changes  in C o n c e n t r a t i o n s  of A m m o n i a ,  G l u t a m i n e ,  and P r o t e i n  Amido  
Groups  and Also  in G l u t a m i n a s e  and G l u t a m i n e  Syn the tase  Act iv i ty  in B r a i n  T i s s u e  a f te r  

Le tha i  Blood Loss  and in the R e c o v e r y  P e r i o d  (M • m) 

Index studied 

Ammonia 

n 

P 
Glutamine 

n 

P 
Glutaminase 

r$ 

P 
Glutamine synthetase 

?l 

P 
Readily hydroiyzed 

protein amino 
groups 

/2 

P 
Protein amino groups 

more resistant to 
hydrolysis 

n 

P 

�9 Morphine-ether 
anesthesia 

0,59+-0,025 
13 

6,28-*-0,23 
13 

3,95=0,158 
12 

3,192--+0,175 
12 

19,75+- 1,104 
12 

44.45----- 1,017 
12 

Agony 

0,92-+-0,041 
13 

<0,001 
3,92-- 0,20 

13 
<0,001 

4,19+-0,333 
12 

>0,5 
3,407+- O, 185 

12 
<0,5 

18,55= 1,637 
12 

>0,5 

44,85~3,072 
12 

>0,5 

end of 
1st rain 

1,12+-0,053 
13 

<0,001 
3,56--0,13 

13 
<0,001 . 

4,46+-0,249 
12 

<0,1 
2,507+-0,161 

I2 
<0,01 

15,27= 1,276 
12 

>0,01 

52,68+- 2,792 
12 

>0,01 

Clinical death 
end of 
5th rain 

1,24+- 0,061 
13 

<0,001 
3,5m0,I 1 

13 
<0,001 

4,51---+0,248 
12 

<0,1 
2,281=0,124 

12 
<0,001 

13,37--- + 1,060 
12 

> 0,00l 

58,36--- + 3,174 
12 

> 0,001 

end of 
lOth min 

1,43-----.0,077 
13 

<0,001 
2,9--0g6 

13 
<0,001 

4,73+- 0,242 
12 

<0,02 
1,628+- O, 183 

12 
<0,001 

9,63= 1,042 
12 

<0,001 

51,16=2,518 
12 

> 0,02 

After resuscitation 

Index studied 
l h  24h 72h I week 

Ammonia 
n 

Glutamine P 
lZ 

P Glutaminase 

P 
Glutamine synthetase 

/2 

P 
Readily hydrnlyzed 

�9 protein amino 
groups 

lZ 

P 
Protein amino groups 

more resistant to 
hyttrotysis 

n 

P 

1,05 +- O, i O0 
9 

<0,001 
6,95+-0,323 

9 
<0,2 

1,43=0,147 
9 

<0,001 
2,169 + 0,254 

0,783----- 0,048 
9 

<0,00I 
6,06-----0,193 

9 
<0,5 

1,802-- O, 157 
9 

<0,001 
1,852----- O, 183 

0,835+0,053 
5 

<0,001 
6,735= O, 12 

5 
<0,1 

1,88~-0,123 
5 

<0,001 
2,104----- 0,077 

0,625+---0,048 
5 

>0,5 
6,31--0,168 

5 
>0,5 
3,1---+0,134 

5 
<0,001 

2,985= O, 144 
9 

<0,01 

17,72=2,580 
9 

<0,5 

44,16~1,6~ 
9 

>0,5 

8 
<0,001 

l 1,67= 0,729 
8 

<0,001 

49,69 +-- 2,419 
8 

<0,1 

5 
<0,001 

10,5=0,575 
5 

<0,001 

49,0--- + 1,919 
5 

<0,1 

5 
<0,5 

17,6-----1,152 
5 

<0,2 

45,7= 1,823 
5 

>0,5 

Legend.  A m m o n i a ,  g lu t amine ,  and amido  groups e x p r e s s e d  in m i l l i g r a m  p e r c e n t  

a m m o n i a  n i t r o g e n  pe r  g r a m w e t  weight  of t i s s u e ;  g l u t a m i n a s e  ac t iv i ty  i n m i l l i g r a m s  of 
a m m o n i a  n i t r o g e n  pe r  g r a m  wet weight  of t i s s u e ;  g Iu tamine  s y n t h e t a s e  ac t iv i ty  in 
m i c r o m o l e s  g l u t a m y l h y d r o x a m i c  acid pe r  g r a m  wet weight  of t i s s u e .  

c o n c e n t r a t i o n  ev iden t ly  took p lace  at the expense  of a r educ t ion  in g lu t amine .  Inves t iga t ion  of the ac t iv i ty  of 
e n z y m e s  of g l u t a m i n e  m e t a b o l i s m  showed a m a r k e d  i n c r e a s e  in g l u t a m i n a s e  ac t iv i ty  in the b r a i n .  However ,  the 
degree  of th is  i n c r e a s e  sugges t s  that  the d e c r e a s e  in the g lu t amine  c o n c e n t r a t i o n  in the b r a i n  t i s s u e  was due 
not  only to i ts  m o r e  rap id  b reakdown,  but  a l so  ev iden t ly  to a r e d u c t i o n  in the r a t e  of i ts  s y n t h e s i s .  In fact ,  
whe rea s  du r ing  agony a s m a l l  i n c r e a s e  in g l u t a m i n e  syn the t a se  ac t iv i ty  was obse r ve d ,  by the end of the f i r s t  
m inu te  of c l i n i c a l  death  this  had given way to inh ib i t ion ,  which deepened in s u c c e s s i v e l y  l a t e r  s t ages .  

The combin ing  s i te  of this  e n z y m e  i s  known to con ta in  two SH groups ,  and if these  a r e  b locked  i ts  ac t iv i ty  
fa l l s  sha rp ly  [14]. The e x p e r i m e n t s  showed that  at the end of the fifth minu te  of c l i n i c a l  death the i n t ens i t y  of 
the r e a c t i o n  for p ro t e in  SH groups  in r e s i d u a l  n e u r o n s  was much lower than in the anes the t i zed  dogs. The 
p o s s i b i l i t y  thus cannot  be ru l ed  out that  a change in the con ten t  of f r ee  p r o t e i n  SH groups  plays  an i m p o r t a n t  
ro le  in the fal l  of glutamhae s y n t h e t a s e  ac t iv i ty  in the b r a i n  d u r i n g  t e r m i n a l  s t a t e s .  
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Considering the important  role  of protein amido groups in ammonia metabolism [4, 13] and their  high 
functional activity in the brain, their  concentrat ion was studied. During agony a tendency was observed for the 
quantity of labile amino groups to dec rease  and for the number of stable groups to increase ,  though this was 
not significant. These changes increased later.  Labile amino groups can be considered to be one source  of 
ammonia in brain t issue,  whereas the groups more  res is tant  to hydrolysis  part icipate in the removal  of 
ammonia.  

With the development of cl inical  death the react ion for amino groups in proteins became somewhat weaker 
in sections through the ce reb ra l  cortex,  and by the end of the fifth minute of clinical death this react ion was 
st i l l  present  only in the nucleolus and the nuclear  membrane.  In some par ts  of the cytoplasm of the res idual  
neurons a weak react ion also was still  observed.  

The ammonia concentrat ion in the braIn t issue 1 h after  the appearance of the f i rs t  spontaneous inspira-  
tion sti l l  remained high and the glutamine level was actually a little higher than that in the anesthetized dogs. 
The ammonia concentrat ion fell 24 h after  resusci ta t ion,  although not to its initial value. The brain ammonia 
concentrat ion was re s to red  after  1 week. Glutamine is evidently not the source  of ammonia formation in the 
r ecove ry  period af ter  resusci ta t ion.  

The investigations showed that the rapid r ecove ry  of the glutamine concentration in the postresusci ta t ion 
period was due, not to res to ra t ion  of its normal  metabolism but, on the cont rary ,  to the grea te r  inhibition of 
breakdown than of synthesis .  As a resul t ,  In the post resusci ta t ion  period glutamine can behave as a r emover  of 
ammonia.  

The concentrat ion of amido groups of brain proteIns was unchanged i h after resusci ta t ion,  but after 24 h 
a decrease  in the labile amino ni trogen and an increase  in the concentrat ion of stable amino groups were ob- 
served.  The resu l t s  of Investigations of other functionally active groups of brain proteins 1 h after  r e susc i t a -  
tion showed a tendency for their  concentrat ion to r ecove r .  

The main source  of ammonia  in the r ecove ry  period after  resusc i ta t ion  is thus evidently the readi ly  
hydrolyzed amino groups of the brain  proteins,  whereas during agony its main source  is glutamine. 
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