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Overa l l  bacter ic idal ,  complemen ta ry ,  and lysozyme act ivi ty  of the s e r u m  was studied in dogs 
a f te r  r e susc i t a t ion  f rom card iac  a r r e s t  last ing 10 and 12 rain. The bac ter ic ida l  and c o m p l e -  
m e n t a r y  act ivi t ies  of the s e r u m  were  reduced immedia te ly  af ter  resusc i ta t ion ,  but l a t e r  they 
increased.  The lysozyme act ivi ty was v e r y  high during the f i r s t  hour af ter  r e susc i t a t ion  and 
r ema ined  above i ts  initial level  for  5-6 days. 

The study of the s tate  of natural  immuni ty  in the per iod a f t e r  r esusc i t a t ion  is of cons iderab le  p rac t i ca l  
impor tance  because  one of the m o s t  se r ious  complicat ions  at  this t ime  is the development  of infection. In 
addition, in the per iod  of ca rd iac  a r r e s t  and r e c o v e r y  of vi tal  functions a f te r  cl inical  death it is poss ib le  to 
inves t igate  the ro le  of the nervous s y s t em  in the m e c h a n i s m s  of natural  res i s tance .  This  is pa r t i cu l a r ly  
t rue  if it is r e m e m b e r e d  that during card iac  a r r e s t  and resusc i t a t ion  the functional s tate  of the cent ra l  
nervous s y s t e m  undergoes r egu la r  changes which a r e  c h a r a c t e r i z e d  by a s e r i e s  of s tages  de te rmined  by 
the sensi t iv i ty  of its different  levels  to hypoxia. The m o r e  complex and, as a rule,  phylogenet ical ly  
younger functions a r e  affected ea r l i e r  and to a g r e a t e r  degree  [1, 5]. 

The re  is v e r y  litt le informat ion in the l i t e ra tu re  on changes in the indices of natural  immuni ty  in the 
per iod a f t e r  r esusc i t a t ion  [2, 4, 7]. 

In the invest igat ion desc r ibed  below, the dynamics  of the bacter ic idal ,  complemen ta ry ,  and lysozyme 
ac t iv i t ies  of the blood s e r u m  was studied in an imals  r e s u s c i t a t e d  a f te r  e lectrocut ion.  

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

Mongrel  dogs of different ages  and sexes  were  used. The an imals  were  e lec t rocuted  f rom the city 
supply s y s t e m  (127 V, exposure  3-4 sec).  

Resusc i ta t ion  was c a r r i e d  out by a combined method developed in P r o f e s s o r  V. A. Negovsk i i ' s  
l abora tory :  ar t i f ic ia l  r e sp i ra t ion ,  indirect  ca rd iac  massage ,  and i n t r a - a r t e r i a l  injection of physiological  
sal ine (about 50 ml) containing adrenal in  (0.5-1 ml) [5, 6]. 

The overa l l  bacter ic idal  act ivi ty  of the s e rum (against  Esche r i ch ia  eoli) was de te rmined  nephelo-  
m e t r i c a l l y  [8]. The complemen ta ry  act ivi ty  of the s e rum was m e a s u r e d  by the 50% hemolys i s  method [10]. 
L y s o z y m e  act ivi ty was e s t ima ted  by a tu rb id ime t r i c  method based  on the degree  of c lea r ing  of a suspension 
of acetone powder of M. lysodeikt icus  in phosphate buffer  a f te r  incubation for  1 h with the t es t  s e r u m  at 
37~ [3]. 

Two s e r i e s  of expe r imen t s  w e r e  pe r fo rmed .  In Ser ies  I r e susc i t a t ion  of the an imals  began 10 rain 
a f t e r  lethal  e lec t r ic  shock. The initial blood samples  were  taken (twice or three  t imes  during the week 
before  the exper iment  and on the day of the exper iment ,  immedia t e ly  before electrocution) and in the 
r e c o v e r y  per iod - immedia te ly  a f te r  r e c o v e r y  of the corneal  r e f l exes ,  2 h and 24 h la ter ,  and then eve ry  
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T A B L E  1. Changes  in  O v e r a l l  B a c t e r i c i d a l ,  C o m p l e m e n t a r y ,  and 

L y s o z y m e  A c t i v i t i e s  of B l o o d  S e r u m  of  Dogs du r ing  R e s u s c i t a t i o n  
a f t e r  10 -Min  C a r d i a c  A r r e s t  

Activity Initial 
of serum value 

Bactericid- 
al (in 
percent) 

P 
Comple- 

mentary(in 
units / ml ) 

P 
Lysozyme (i%units) 

43,6 

26,1 

14,8 

in recovery 
of corneal 
reflexes 

--12,8+-3,5 
<0,01 

--0,7-+!,4 

+ll,O_+ 1,7 
<0,001 

Time of observation 

2h 

--3,7__3,3 

+3,9-+ 1,2 
<0,01 

+7,9+- 1,7 
<0,001 

~4h 

+12,0+-5,2 
<0,05 

+4,8-+2,6 
<0,051 

+4,8-+t,2 
<0,01 

6 days 

--4,2+-8,1 

+5,9+-1,8 
<0,01 

+2,8+-1,3 
<0,051 

t4-1s days 

+8,2+-7,9 

+4,7+- 1,0 
<0,01 

+0,5+- 1,9 

1 P r o b a b i l i t y  of p o s s i b l e  e r r o r  d e t e r m i n e d  by W i l c o x o n ' s  c r i t e r i o n .  

T A B L E  2. Change  in O v e r a l l  B a c t e r i c i d a l ,  C o m p l e m e n t a r y ,  and 
L y s o z y m e  A c t i v i t i e s  of  B lood  S e r u m  of Dogs  d u r i n g  R e s u s c i t a t i o n  
a f t e r  12 -Min  C a r d i a c  A r r e s t  

Activity Initial 
of serum Ivalue 

Bactericid- 
al (in 

percent) 68,0 
P 

Comple- 
mentary (in 
un/ts/ml) 26,1 

P 
Lysozyme 
(in units) 13,9 

P 

in restoratior 
~f mspira- 
Eion 

--13,5_+2,2 
<0,01 

--5,4--+ 2, I 

<0,05 

+4,3_+2,1 

Time of observation 

30 miu 

--9,4_+ 3,8 
<0,05 

--4,7_+ I,I 

<0,01 

+6,4+- 1,5 
<0,01 

24h 

+16,4+-3,8 
<0,01 

+11,8• 

<0,011 

+5,8+- 1,5 
<0,02 

s - s days 

+24,6+- 6,0 
<0,01 

+8,6• 3,7 

<0,011 

+5,2- + 1,4 
<0,02 

9 days 

+13,1+-3,4 
<0,02 

+7,2+-2,7 

+3,4+--2,3 

1 P r o b a b i l i t y  of  p o s s i b l e  e r r o r  d e t e r m i n e d  by W i l c o x o n ' s  c r i t e r i o n .  

2 -3  d a y s  for  1 month .  In  S e r i e s  I I  r e s u s c i t a t i o n  began  12 ra in  a f t e r  e l e c t r o c u t i o n ,  The  i n i t i a l  b lood  s a m p l e s  
w e r e  t a k e n  a s  in S e r i e s  I, but  in the  r e c o v e r y  p e r i o d  b lood  was  t a k e n  i m m e d i a t e l y  a f t e r  r e s t o r a t i o n  of  r e s -  
p i r a t i o n ,  30 ra in  and 24 h l a t e r ,  and then  e v e r y  3 -4  d a y s  for  1 month .  

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

In the  e x p e r i m e n t s  of  S e r i e s  I nine of  the  16 dogs  s u r v i v e d ,  t h r e e  dogs  d i ed  on the  1st  day,  two on the 
3 rd ,  and  one on the 12th day  a f t e r  e l e c t r o c u t i o n .  The  d y n a m i c s  of  the  i n d i c e s  s t ud i e d  i s  shown in T a b l e  1. 

At  the  t i m e  of r e c o v e r y  o f  the  c o r n e a l  r e f l e x e s  a s i g n i f i c a n t  d e c r e a s e  in the b a c t e r i c i d a l  a c t i v i t y  of the  
s e r u m  was  o b s e r v e d ,  a l though 2 h a f t e r  r e s t o r a t i o n  o f  r e s p i r a t i o n  i t  had  been  s l i g h t l y  i n c r e a s e d ,  c l o s e  on 
the a v e r a g e  to the  i n i t i a l  l eve l .  H o w e v e r ,  24 h l a t e r  the  b a c t e r i c i d a l  a c t i v i t y  was  be low i t s  i n i t i a l  l eve l  in 
on ly  two dogs ,  and in the  r e s t  i t  was  s i g n i f i c a n t l y  h i g h e r  than i n i t i a l l y .  L a t e r ,  i nd iv idua l  v a r i a t i o n s  in 
b a c t e r i c i d a l  a c t i v i t y  of the  s e r u m  w e r e  o b s e r v e d ,  and  they  c o i n c i d e d  with  p e r i o d s  of  e l e v a t i o n  of the  a n i -  
m a l s '  r e c t a l  t e m p e r a t u r e .  F r o m  the s e c o n d  ha l f  of the  month  a s i g n i f i c a n t  i n c r e a s e  in b a c t e r i c i d a l  a c t i v i t y  
of the  s e r a  w a s  a g a i n  o b s e r v e d  and  i t  r e a c h e d  i t s  m a x i m u m  on the  30th day.  

The  c o m p l e m e n t a r y  a c t i v i t y  of  the s e r u m  showed  a t e n d e n c y  to d i m i n i s h  a t  the  t i m e  of  r e s t o r a t i o n  of  
the  c o r n e a [  r e f l e x e s .  H o w e v e r ,  2 h a f t e r  r e s t o r a t i o n  o f  r e s p i r a t i o n  i t  was  c o n s i d e r a b l y  i n c r e a s e d ,  and  i t  
r e m a i n e d  above  i t s  i n i t i a l  l eve l  t h roughou t  the  p e r i o d  of  o b s e r v a t i o n .  

The  l y s o z y m e  a c t i v i t y  of  the  s e r u m  of  the  e x p e r i m e n t a l  a n i m a l s  was  a l s o  doub led  at  the  t i m e  of 
r e c o v e r y  of  the c o r n e a l  r e f l e x e s ,  a f t e r  which  i t  f e l l  g r a d u a l l y  but  s t i l l  r e m a i n e d  s i g n i f i c a n t l y  h i g h e r  than i t s  
i n i t i a l  l e v e l  2 and 24 h a f t e r  r e s u s c i t a t i o n .  F r o m  the  s e c o n d  ha l f  of  the  month  the  s e r u m  l y s o z y m e  a c t i v i t y  
showed  a t e n d e n c y  to d i m i n i s h ,  and a t  the  end o f  the  month  i t  w a s  s i g n i f i c a n t l y  be low i t s  i n i t i a l  va lue .  
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In the expe r imen t s  of s e r i e s  II six of the ten exper imen ta l  dogs survived,  two dogs died on the 1st 
day, one on the 2nd day, and one on the 6th day. The r e su l t s  of this s e r i e s  of expe r imen t s  a re  given in 
Table  2. 

The bacter ic idal  act iv i ty  of the s e r u m  at the t ime of r e s to ra t i on  of r e sp i r a t i on  and 30 rain l a te r  was 
below its initial value in all  dogs. After  24 h, a significant i nc rease  in bac ter ic ida l  act ivi ty  was observed,  
and in all dogs this pe r s i s t ed  for 9-10 days.  

The compl em en t a ry  act ivi ty  at the t ime of r e s to ra t i on  of r e s p i r a t i o n  and 30 rain la te r  was significantly 
below its initial level.  After  24 h, all dogs showed an inc rease  in the complemen t  t i ter ,  which was sti l l  s i g -  
nif icantly r a i s e d  on the 6th day~ 

The lysozyme  act ivi ty  of the s e r u m  was higher than init ially immedia te ly  af ter  r e s t o r a t i o n  of r e s p i -  
rat ion,  I t  was higher  stil l  a f te r  30 rain and r ema ined  signif icant ly higher  than init ial ly for  5-6 days. 

In the course  of the observa t ions  regu la r  changes were  thus obse rved  in the bacter ic idal ,  c o m p l e -  
men ta ry ,  and lysozyme ac t iv i t ies  of the blood se rum,  indicating the par t ic ipat ion  of p ro tec t ive  m e c h a n i s m s  
mainta ining the natural  immuni ty  of the animal  in the pathophysiological  p r o c e s s  during the per iod  a f te r  
resusc i ta t ion .  T i s sue  hypoxia and a d is turbance  of nervous regulat ion,  e spec ia l ly  in the ea r ly  stage of the 
r e c o v e r y  period,  mus t  ce r t a in ly  impa i r  these  mechan i sms .  Evidence has  also been obtained that in s ev e re  
f o r m s  of shock the s e rum of an imals  p o s s e s s e s  a ce r ta in  toxici ty [9, 11, 12]. According to one hypothesis ,  
conf i rmed  exper imenta l ly ,  this toxicity is due par t ly  to the penet ra t ion  of bac te r ia l  endotoxin f rom the in-  
tes t ine [9, 12]o With this in mind, the poss ib i l i ty  cannot be ruled out that the dec rea se  in bac ter ic ida l  and 
c o m p l e m e n t a r y  ac t iv i t ies  in the p re sen t  exper imen t s  during the 30 rain a f te r  r e susc i t a t ion  ~nay be due to 
neutra l iza t ion of toxin enter ing the blood s t r e am.  The inc reased  lysozyme concentra t ion in the blood s e rum 
in the initial s tage of the r e c o v e r y  per iod  m a y  perhaps  be due to l iberat ion of this enzyme f rom cells ,  
e spec ia l ly  leucocytes ,  which a r e  probably  undergoing m o r e  rap id  des t ruct ion at this period.  The poss ib i l i ty  
l ikewise cannot be ru led  out that act ivat ion of the lysozyme act ivi ty  of the blood s e r u m  is one of the p r o -  
tect ive  and compensa to ry  r e s p o n s e s  of the living o rgan i sm.  

L I T E R A T U R E  C I T E D  

1o A . M .  Gurvich,  E lec t r i ca l  Activi ty of the Dying and Reviving Bra in  [in Russian],  Leningrad (19665. 
2. Vo G. Zhdanov, in: Proceedings  of the Second Plenum of the Siberian Branch of the All-Union Society 

of Pathophysiologis ts  [in Russian] ,  Chita (19585, p. 70. 
3. I~ A. Kagramanova and Z. V. Ermol'eva, Antibiotiki, No. i0, 917 (19665~ 
4. M.G. Kolpakov and O. V. Shushponnikova, in: Proceedings of the Fourth Plenum of Pathophysiologists 

of Siberia and the Far East [in Russian], Tomsk (1962), p. 49. 
5. V.A. Negovskii, The Pathophysiology and Treatment of Agony and Clinical Death [in Russian], Moscow 

(1954). 
6. V.A. Negovskii (editor), Fundamentals of Resuscitation [in Russian], Moscow (1966)o 
7. A.A. Sarkisyan et al., Abstracts of Proceedings of the 3rd All-Union Conference of Pathophysiologists 

[in Russian], Moscow (19605, p. 146. 
8. O.V. Smirnova and G. A. Kuz'mina, Zh. Mikrobiol., No. 4, 8 (1966)~ 
9. S. Jacob et al., Am. J. Physiol., 179, 523 (19545. 

i0. E.A. Kabat and M. M. Mayer, Experimental Immunochemistry, Thomas, Springfield, Ill. (19615. 
ii. S.H. Rutenburg and J. Fine, l>roc. Soc. Expo Biol. (New York), 91__, 217 (1956). 
12. F.B. Schweinburg et al., Proc. Soc. Exp. Biol~ (New York}, 95, 646 (19575. 

184 


