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During the period of clinical death from mechanical asphyxia in dogs, changes take place in the 
physicoehemical propert ies of protein of the postimitochondrial supernatant f rom brain gray 
matter homogenates. The densitogram obtained by eleetrophoresis  of the proteins in polyacryl- 
amide gel is modified. The total protein concentration after centrifugation and total lactate 
dehydrogenase (LD) activity are  reduced. The combined fraction of unadsorbed fl and T globulins 
is reduced after adsorpiion on DEAE-Sephadex A-50 and the activity of LD isozymes (3+ 4+ 5) 
is considerably reduced. The disturbance of the behavior of proteins in sedimentation and 
electr ical  fields and changes in their adsorption propert ies ,  showing specific features at different 
times of clinical death, play an important role in the formation of the i r revers ib le  changes in 
the gray matter of the brain tissue. In the early recovery period successive restorat ion of the 
adsorption and sedimentation propert ies  of the protein is observed, whereas the electrophoretic 
spectrum does not return to normal during the f i r s t  day. 
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One of the most important problems in resuscitation is the question of restoration of brain function after 
revival [5]. The study of metabolic disturbances in the brain tissues themselves must evidently make a 
definite contribution to the solution of this problem. 

The object of this investigation was to study the electrophoretie and absorption propert ies  of proteins 
of the cytoplasmic fraction of brain gray matter  homogenates from dogs during clinical death from mechanical 
asphyxia and in the postresuscitation period. Total activity of lactate dehydrogenase (LD) and its isozymes 
was determined at the same time in the brain tissue, as an indicator of behavior of a protein whose physico- 
chemical propert ies  have been studied most fully [1, 12]. Investigations of protein metabolism from this 
aspect may help to determine some principles governing the formation o f  i r revers ib le  changes in the gray 
matter of brain tissue. 

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

Mongrel dogs weighing 9-15 kg were used in the experiments after Pantopon (4-8 mg/kg body weight) 
premedication. The terminal  state developed as a resul t  of mechanical asphyxia. After clinical death lasting 
5 rain the dogs were resusci tated by external cardiac massage combined with in t raar ter ia l  injection of physio- 
logical saline with adrenalin (0.1 mg/kg) and artificial ventilation of the kings [4]. In all groups of experiments 
the skull was trephined under thiopental anesthesia (10-20 mg/kg). 

In the experiments of group 1 on five animals, brain tissue was taken at the 5th minute of clinical death 
and in group 2 (5 animals) at the 10th minute; in group 3 (7 animals) biopsy was performed after 1 h of the 
postresuscitation period, and in group 4 (7 animals) after 24 h of the postresuscitation period. The control 
group consisted of 9 dogs. The brain gray matter homogenate was centrifuged with cooling and the postmito- 
chondrial supernatant fraction obtained for the investigation [8]. Protein concentration was determined by 
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Fig.  1. D e n s i t o g r a m s  f r o m  e l e c t r o p h o r e s i s  of p o s t m i t o c h o n d r i a l  supe rna tan t  p ro te ins .  
Cont inuous line. c on t ro l  group;  b roken  line: e x p e r i m e n t a l  group.  A) Af te r  c l in ica l  
death  fo r  5 min;  B) a f te r  c l in ica l  death  for  t0 min;  C) a f te r  24 h of p o s t r e s u s c i t a t i o n  
p e r i o d  fol lowing c l in ica l  death  for  5 min.  

T A B L E  1. Changes  in P r o t e i n  Concen t r a t i on  and LD Act iv i ty  in P o s t m i t o c h o n d r i a l  Supe r -  
na tan t  be fo re  and af te r  Abso rp t i on  on D E A E - S e p h a d e x  A-50  (M • m) 

Animals 

Total protein, After adsorption on DEAE-Sephadex A-50- 
[ [ unadsorbed globulin fraction 

Total LD activ, LD lsozymes "t " " 2 ] at er electropnoresis in PAG, mm 
mg/ml ity, IU/ml 1(8+4+5), I . . . . .  -:-:---- 

[ IU/ml [ " D "" .~. and ? gloDu- [ I a gm uims hns 

Control 
Experimental 

5 min of clinical death 
10 rnin of clinical death 
1 h after resuscitation 
24 h after resuscitation 

14,57• 

10,204-0,35" 
11,60__+0,18* 
9,80• 

12,15__.0,54" 

64 675+__2 564 

50 600+__.4 806* 
54 900"*5 559 
50 643• 109" 
54 560"*3 315" 

15 953"~1 230 

8 315"@2 961" 
4 213"+'2 611" 

10 791W-3 055 
16 418".3 177 

707"1-77 

520"*43* 
623~44 
480__51" 
712=t=78 

983"I- 107 

735-t-59, 
775-1-35" 
765_w-31 * 
953_-~152 

* P <  0.05 c o m p a r e d  with con t ro l .  

L o w r y ' s  me thod  and the ac t iv i ty  of LD and i ts  i s o z y m e  [6] was  d e t e r m i n e d  on the " E r a - l "  i n s t r u m e n t  ( f rom 
the f i r m  "Photovol t " )  at a wave leng th  of 340 nm. Abso rp t i on  of DEAE-Sephadex  A-50  was  c a r r i e d  out in bulk. 
E l e c t r o p h o r e s i s  of  p ro t e in  in 7% po lyac ryLamide  gel  (PAG) was  c a r r i e d  out  with equa l i zed  p ro t e in  c o n c e n t r a -  
tion. 

EXPERIMENTAL RESULTS 

E l e c t r o p h o r e s i s  of p ro t e in s  of  the supe rna t an t  f r a c t i o n  in PAG gave a c h a r a c t e r i s t i c  d e n s i t o g r a m ,  which  
is r e g a r d e d  as  spec i f i c  fo r  b ra in  t i s sue  [8]. Dur ing  c l in ica l  death  f r o m  m e c h a n i c a l  a sphyx ia  the behav ior  of 
the p ro te ins  in an e l e c t r i c  f ield changed,  as  r e f l e c t e d  in a shif t  of  the d e n s i t o g r a m  prof i l e  to the r ight ,  with a 
cons ide r ab l e  i n c r e a s e  in the 3 globul in  f r a c t i o n  ( f rom 10.6 • 1.9 to 31.7 �9 3.7%; P <  0.01) and wi th  a d e c r e a s e  
in the f r a c t i o n s  of  p r e a l b u m i n s  and Y globul ins  ( f rom 5 .3 •  0.4 to 3 . 8 •  0.8 and f r o m  9.9 �9 2.6 to 4 . 7 •  0.8% 
r e s p e c t i v e l y ;  P <  0.01). Lengthening  the dura t ion  of c l in ica l  death i n c r e a s e d  the changes  o b s e r v e d  (Fig. la ,  b). 
For  in s t ance ,  the 3 globul in  f r a c t i o n  i n c r e a s e d  to 35.9 • 1.8%, the p r e a l b u m i n s  d e c r e a s e d  to 2.0 �9 0.3%, and the 
T globul ins  fe l l  to 3 . 6 •  0.6% (P<  0.01). 

The e l e c t r o p h o r e t i c  behav io r  of the p r o t e i n s  s t i l l  r e m a i n e d  d i s t u rbed  dur ing  the f i r s t  day of the r e c o v e r y  
pe r iod  (Fig. lc ) ,  when the fl globul in  f r ac t i on  was  32.4 • 1.1%, t h e p r e a l b u m i n  f r a c t i o n  3.2 • 0.5%, and the 7 
globul in  f r a c t i o n  4.8 • 1.0% (P<  0.01). 

Changes  in the behav io r  of  p ro t e in s  in an e l e c t r i c  f ie ld  w e r e  due not only to d i s t u rbance  of the cha rge  on 
the mo lecu le s ,  but a l so  to a d e c r e a s e  in the p ro t e in  concen t r a t i on  in the p o s t m i t o c h o n d r i a l  superna tan t .  The 
r e s u l t s  given in Tab le  1 show that  dur ing  c l in ica l  death and in the f i r s t  hour  of  the r e c o v e r y  pe r iod  the total  
p ro t e in  concen t r a t i on  in the supe rna t a n t  fe l l  s ign i f ican t ly  ( f rom 14.6 • 0.5 to 9.8 • 0.2 m g / m l ) .  S imi lar  changes  
in the behavior  of p ro t e in  in a sed imen ta t ion  f ie ld  a f te r  t i s sue  i s c h e m i a  of  v a r i e d  e t io logy have been r e p o r t e d  
in the l i t e r a t u r e  [2, 11]. The r e s u l t s  showing changes  in LD act iv i ty ,  p r e s e n t  as  f ive  i s o z y m e s  in b ra in  t i s sue ,  
a r e  a l so  given in Tab le  1. Dur ing  c l in ica l  death to ta l  LD ac t iv i ty  fel l ;  in the r e c o v e r y  pe r iod  this  fa l l  cont inued 
and became  abso lu te ly  s t a t i s t i c a l l y  s igni f icant .  
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The changes in activity of LD isozymes (3 + 4 + 5) after adsorption of the postmitochondrial supernatant 
on DEAE-Sephadex A-50 were different in character. The decrease in activity was already significant after 
clinical death for 5 min, and it continued as the duration of clinical death increased, whereas in the early 
postresuscitation period isozyme activity returned to its initial level. The increase in these indices could be 
the result  of a disturbance of permeability of the vascular endothelium [10] or the cell membranes. The latter 
is confirmed by experimental data showing an increase in the activity of the organ-specific isozymes of acid 
phosphatase and LD (3 + 4+ 5) in ar ter ial  blood in the early postresuscitation period. 

It will be clear from Table 1-that the fractions of unadsorbed a ,  ~,-and y globulins decreased after 
electrophoresis in PAG. These results can be attributed to an increase in the absorption properties of the 
globulin fraction, and this is confirmed by the data showing a decrease in LD isozyme (3 + 4 + 5) activity. It 
can be tentatively suggested that this was the result  of dissociation of protein globules into subunits. Tissue 
hypoxia is known to be characterized by a reduction in the energy potential and a decrease in NAD concentra- 
tion, and these in turn induce rapid dissociation of complexes of protein subunits [7, 13]. Thus, during clinical 
death from mechanical asphyxia, the behavior of proteins ofbra ingraymat te r  in sedimentation and electrical 
fields changes, as do their  sorption properties.  The changes observed in thephysicochemical properties of 
the protein of the brain gray matter also were found by the wri ter  in terminal  states of other etiology, namely 
acute blood loss and compression ischemia of the brain [3, 9]. Lengthening the duration of clinical death, 
leading to gross neurological disturbances after resuscitation, i s  accompanied by quantitative changes in 
the activity of IX) isozymes and in the electrophoretic properties of the proteins. Inthe postresuscitation 
period after clinical death lasting 5 rain, successive recovery was observed, first  of the adsorption and later 
of the sedimentation properties of the protein, whereas normal behavior of the protein in an electric field 
was not restored during th~ first  day. It can be e(included from these results that cerebral hypoxia in terminal 
states leads  to injury of the protein molecular structure. 
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