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Exper iments  on 28 dogs showed that  the content of  f ree  amino acids tes ted  in l ive r  homoge-  
nares is inc reased  during cl inical  death  and this  is accompanied  by a smal l  i nc r ea se  in act ivi ty  
of  a s p a r t a t e -  and a l a n i n e - a m i n o t r a n s f e r a s e s .  In the e a r l y  r e c o v e r y  per iod a fu r the r  a c c u m u -  
lation of f r ee  amino acids accompanied  by changes in the i r  re la t ive  p ropor t ions  is found in 
the l iver .  During the f i r s t  hour a f t e r  r e s to ra t ion  of ca rd iac  ac t iv i ty  and r e sp i r a t i on  the t r a n s -  
aminase  ac t iv i ty  in the l i ve r  t i s sue  fal ls  while that  in the blood s e r u m  r i s e s .  After  admin i -  
s t r a t ion  of insulin and glucose  to an ima l s  in the r e c o v e r y  per iod the amino-ac id  level  in the i r  
l iver  is lower  than in un t rea ted  dogs and a tendency for  it to r e tu rn  to no rma l  is obse rved  
sooner .  

An urgen t  p r o b l e m  in present--day rean imato logy  is the elucidation of the in t imate  m e c h a n i s m s  of the 
onse t  and cour se  of " resusc i t a t ion  s i c k n e s s "  [8]. The re  is expe r imen ta l  and cl inical  evidence that  an i m p o r -  
tant  ro le  in th is  s y n d r o m e  is p layed by pathology of  the l i ve r  [9]. After  r e susc i t a t ion  m a r k e d  d i s tu rbances  
of the anti toxic,  p r o t e i n -  and p ro th rombin - syn thes i z ing ,  and e x c r e t o r y  functions of the l ive r  develop in the 
e a r l y  r e c o v e r y  per iod  [15]. The RNA and DNA content in the l i ve r  t i s sue  is reduced [5], ac t iv i ty  of  the u r i -  
d y l - t r a n s f e r a s e  s y s t e m  fal ls  [14], and the por ta l  blood flow is reduced [3]. Protec t ion  of the l ive r  against  
hypoxia by per fus ion  with oxygenated blood cons iderab ly  improves  the prognos is  of  r e susc i t a t ion  [16]. 

The object  of this invest igat ion was to study the metabol ic  amino-ac id  r e s e r v e s  in the l iver  of dogs 
dur ing cl inical  death and in the ea r ly  per iod of r e c o v e r y  a f t e r  resusc i ta t ion .  Activity of a s p a r t a t e -  (2.6.1.1) 
and a l a n i n e - a m i n o t r a n s f e r a s e s  (2.6.1.2) was de te rmined  s imul taneous ly  in l ive r  t i s sue  homogenates  and in 
the blood s e r u m .  

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

Exper iments  w e r e  c a r r i e d  out on 28 male  dogs weighing 12-14 kg. The f emora l  v e s s e l s  we re  exposed 
on both s ides  under  local  anes thes ia  with procaine .  A polyethylene ca the te r  for dr ip infusion of 0.2% t h i o -  
pen t a l - sod ium solution was introduced into one of the veins .  Clinical death las t ing 2-4 mill was induced by 
f r ee  bleeding f r o m  the f em ora l  a r t e r y  a f te r  injection of heparin.  Resusci ta t ion  was c a r r i e d  out by Negov- 
sk i t ' s  combined method.  Consider ing the objects  of  the invest igat ion,  nei ther  adrenal in  nor  glucose was 
added to the blood for  infusion. In the cou r s e  of  the exper imen t  the sy s t emic  a r t e r i a l  p r e s s u r e ,  r e sp i r a t i on ,  
and ECG were  r eco rded .  Samples  of  l ive r  t i s sue  were  taken before  bleeding,  during cl inical  death,  and at 
va r ious  t imes  of the r e c o v e r y  per iod (10, 20, 30, and 60 rain). The t i s sue  was fixed in liquid ni t rogen.  The 
s e r u m  t r a n s a m i n a s e s  in the a r t e r i a l  blood were  invest igated.  The content of f ree  amino acids was d e t e r -  
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mined by descending s t r ip  paper  ch roma tog raphy  [17, 18] with 
ce r ta in  modif icat ions  [4, 10]. Activity of  a s p a r t a t e -  and a lanine-  
a m i n o t r a n s f e r a s e s  (GOT and GPT, respec t ive ly)  was studied by 
the method of Rei tman and Frankel  [20] in Paskh ina ' s  modi f i ca -  
t ion and e x p r e s s e d  in co lo r ime t r i c  units .  

EXPERIMENTAL RESULTS AND DISCUSSION 

The level of all the amino acids studied in the liver homog- 
enates increased during the period of clinical death caused by 
arterial blood loss (Table I). The increase was greatest for ala- 
nine and lysine and least for phenylalanine as well as for valine 
and methionine determined together. 

In the early recovery period the content of amino acids in 
the liver homogenates continued to rise. At a time of stabiliza- 
tion of the arterial pressure 20 rain after resuscitation, with the 
appearance of regular respiration, restoration of the normal ECG 
picture, and recovery of the corneal reflexes,the lysine content 
was 2.7 times higher than initially, the alanine concentration 94% 
higher, glutamic acid + threonine 75.6%, and phenylalanine 73.3% 
higher. The concentration of the amino acids studied still re- 
mained high in the liver 30 and 60 rain after resuscitation. In 
the period of clinical death and, still more, soon after resuscita- 
tion, accumulation of free amino acids accompanied by changes 
in their relative proportions, possibly indicating protein renewal, 
were thus observed in the liver. 

During clinical death the GOT and GPT activity in the liver 
homogenates was slightly increased. In the early recovery pe- 
riod, however, the activity of the aminotransferases fell. At the 
10th minute after restoration of cardiac activity and spontaneous 
respiration, for instance, the GOT activity in the liver homoge- 
nares was reduced by 17.1% (P < 0.001) and the GPT content by 
19.8% (P < 0.001). 

Inc reased  a m i n o t r a n s f e r a s e  ac t iv i ty  was detectable  In the 
blood s e r u m  during the per iod of p reagony and agony. This e f -  
fect  was  m o r e  c l ea r ly  mani fes ted  in the ea r ly  r e c o v e r y  per iod ,  
in a g r e e m e n t  with data in the l i t e r a tu re  [7]. Under these  con-  
dit ions a g r e a t e r  i nc rea se  was found in the act ivi ty  of GPTwhich ,  
unlike GOT, is not f i rm ly  bound to the in t race l lu la r  s t r u c t u r e s  
[19] and is eas i ly  l ibe ra ted  into the blood s t r e a m  when the l ive r  
cel ls  a r e  damaged.  As a r e su l t  the ra t io  SGOT/SGp T fell  f r o m  
1.6 in the control  to 1.1 10 rain a f t e r  resusc i ta t ion .  

Analysis  of these  r e su l t s  suggest  that  the i nc r ea se  in the 
in t r ace l lu l a r  r e s e r v e s  of f ree  amino acids in t e rmina l  s ta tes  is 
a mani fes ta t ion  of cell  damage  and of the inhibition of a m i n o -  
acid ut i l izat ion in metabol ic  r eac t ions ,  including the synthes is  
of  pept ides and pro te ins .  Another mani fes ta t ion  of cell  damage  
is the d e c r e a s e  in GOT and GPT act ivi ty  in the r e c o v e r y  per iod 
in the liver'-and the s imul taneous  i nc r ea se  In the i r  act iv i ty  in 
the blood s e r u m .  In this case  the phenomenon of e l iminat ion of 
enzymes  f r o m  the cell  into the ex t race l lu l a r  fluid and blood, 
f ami l i a r  with r e s p e c t  to the m y o c a r d i u m  and l iver ,  is obse rved .  

The  obse rved  accumulat ion of f ree  amIno acids during 
cl inical  death and resusc i t a t ion  in other  t i s sues  a lso  (the bra in ,  
for  example  [2, 13]) sugges ts  that  the i nc r ea se  in the in t r ace l lu -  
l a r  amino -ac id  r e s e r v e s  in the l i ve r  is the r e su l t  of the deve lop-  



ment  of  a nonspecif ic  d i s tu rbance  of the "metabol ic  pool ~ of  ce l l s  of  var ious  t i s sues  in hypoxia.  The in-  
c r e a s e  in the amino -ac id  content in the t i s s ue s  evidently d e t e r m i n e s  the i n c r e a s e  in the i r  concentra t ion in 
the blood s e r u m ,  for  unlike the i r  t r a n s p o r t  into the ce l l s ,  which takes  place against  the c o n c e n t r a t i o n g r a -  
dient,  the i r  outward m o v e m e n t  f r o m  the cel l  takes  place  by diffusion. 

Under the conditions of s e v e r e  hypoxia auto lys is  p r e s u m a b l y  is intensif ied in the cel ls  as the r e su l t  
of d i s tu rbance  of the in tegr i ty  for  i nc reased  pe rmeab i l i t y  of  the l y s o s o m a l  m e m b r a n e s ,  followed by the l ib-  
e ra t ion  of hydrolyt ic  enzym es ,  including t i s sue  p r o t e i n a s e s ,  into the cy top lasm.  The "injury ac idos i s "  
thus developing [1] m a y  be respons ib le  for the d i s turbance  of f r ee  amino-ac id  me tabo l i sm.  

Another  poss ib le  cause  of the i nc r ea s e  in the in t r ace l lu la r  amino-ac id  r e s e r v e s  m a y  be the inhibition 
of prote in  r e syn thes i s .  In t e r m i n a l  s ta tes  this takes  place as a r e su l t  of exhaust ion of the energy  r e s e r v e s  
of  the cel l ,  a d e c r e a s e  in the hmct ions  of  the insu lar  appa ra tus ,  and an i nc rea se  in the act ivi ty  of the l ive r  
insul inase  [12]. 

In view of public r e p o r t s  that  insulin and glucose a r e  highly effect ive in resusc i t a t ion  [6, 11], this 
combination was used in one series of experiments. Injection of insulin (0.3 unit/kg) simultaneously with 
glucose (40% solution, 3-5 ml/kg) immediately after the resumption of cardiac activity led to a lower level 
of amino acids in the liver tissue homogenates taken at various times of the recovery period than in the 

liver of untreated dogs (P < 0.05). In addition, when insulin and glucose were injected in the recovery pe- 
riod atendeneytoward restoration of the normal metabolic reserves of amino acids was observed sooner. 
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