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Changes  in the concen t r a t i ons  of i ron ,  coppe r ,  and zinc in the blood and bra in  t i s s u e , a n d  Jn 
the c e r u l o p l a s m i n  and ca rbon ic  anhyd ra se  act iv i ty ,  and the i ron  sa tu ra t ion  of the blood 
s e r u m  t r a n s f e r r i n  w e r e  found in asphyxia ted  rabb i t  f e tuses .  Admin i s t r a t i on  of e th imizo le  
r e v e r s e d  the pa thochemica l  changes  in asphyxia  and i n c r e a s e d  the life span of the f e tuses .  

Asphyxia still remains a leading cause of prenatal and postnatal mortality [5, II]. In some clinics 
ethimizole has been used with success for resuscitating infants asphyxiated at birth [6, 15]. 

The object of this investigation was to study the effect of ethimizole (imidazolecarboxylic acid ethyl- 
amide, a Soviet analeptie) on the tissue and blood levels of trace elements and metalloproteins, the metab- 
olism of which undergoes substantial changes in asphyxia [7, 8]. 

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

On the 29th day of p r e g n a n c y  the female  rabb i t  was  p laced  in a c o n s t a n t - t e m p e r a t u r e  bath.  L a p a r o t -  
omy  was  p e r f o r m e d  u n d e r  loca l  anes thes i a  and the fe tuses  r e m o v e d  f r o m  the u t e r u s ,  Fe ta l  asphyxia  was  
induced by l igat ion of the c o r d  [14]. Ten fe tuses  ac ted  as  the con t ro l  and asphyxia  was  p roduced  in 11 
f e t u s e s .  An inject ion of 0.3% e th imizo le  solut ion in a dose  of 0.3 m g / k g  body weight  was  given into the 
umbi l i ca l  v e s s e l s  of the 10 unasphyxia ted  f e tuses .  F inal ly ,  the s a m e  doses  of e th imizo le  w e r e  given to 10 
asphyxia ted  f e tuses .  

TABLE 1. Concent ra t ion  (in mg  %) of I ron,  Copper ,  and Zinc in 
Blood and Brain T i s s u e s  of Rabbi t  Fe tuses  (M • m) 

Test object 

Blood 

Brain 

Trace 
element 

Iron 
P 

Copper 
Zinc 

P 

Control 

62,60-+-2,25 

0,14-----0,04 

5,23-----0,14 

Asphyxia 

22,8~2,07 
<O,OOl 

O, 17---+0,004 
<o,5 

o,43-+-O,Ol 
o,ool 

Administra. of efilimizole 
m intact 
fetuses 

I r o n  [3 

Copper 

Zinap 

2,07--0,14 

0,27~0,02 

1,03~+0,06 

3,07-+-0,04 
<O,Ol 

o,38--O,Ol 
<o,ool 

1,98~o,o2 
<o,oi 

44,06--2,03 
<o,ool 

O, 19--0,01 
<0,5 

0,47--0,05 
0,001 

3,20--0,02 
<0,01 

0,27-+-0,01 
<0,5 

1,87-----0,03 
<0,01 

to asphyxiated 
fetuses 

39,1-+-2,02 
<0,001 

O, 15+0,02 
<0,5 

0,52-4-0,01 
0,001 

2,50--0,04 
<0,01 

0,34-----0,02 
<o,ool 

2,27--+0,03 
<o,ool 
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TABLE 2. Act iv i ty  (in conventional  units) of Meta l lopro te ins  in 
Blood Serum of Rabbit  Fe t u s e s  (M 4- m) 

Adminis~a. of ethimizole 
Investigated 
characteristic 

Iron saturadon of transfer- 
rin 

P 
Ceruloplasrnin 

P 
Carbonic anhydrase 

P 

Con~ol 

0,I9• 

n 

10,1-----0,04 

1,04+0,03 

Asphyxia 

0,12+---0,03 

~0,001 
8,0"+-0,32 
<~o,oI 

1,36• 
<o,ol 

to intact 
fetuses 

0,20+0,03 

%0,5 
8,3+0,40 
%0,01 

1,41*-0,05 
<O,Ol 

to asphyxiated 
fetuses 

0,17-*-0,01 

~0,5 
7,7+0,2 
~o,ool 

0,79--0,06 
~0,001 

The concent ra t ions  of i ron,  copper ,  and zinc,  the c e r u l op l a s m i n  ac t iv i ty ,  the i ron sa tura t ion  of the 
blood se rum t r a n s f e r r i n  [1-3], and the carbonic  anhydrase  ac t iv i ty  [12] were  de t e rmined .  The n u m e r i c a l  
r e s u l t s  were  subjec ted  to s t a t i s t i c a l  ana lys i s  [10]. 

EXPERIMENTAL RESULTS AND DISCUSSION 

It will be clear from the results in Table 1 that in asphyxia the serum iron concentration was re- 

duced whereas that in the brain was increased. Injection of ethimizole into intact animals also was followed 

by a decrease in the iron concentration in the blood and an increase in its concentration in the brain tissue. 

Meanwhile,  if  e th imizo le  was in jec ted  into asphyxia ted  fe tuses  the i ron  concent ra t ion  in the blood was 
lowered  and in the bra in  i n c r e a s e d  by a s m a l l e r  amount than in asphyxia ted  an imals  not r ece iv ing  e th imizo le .  

The copper  concentra t ion  in the blood was v i r tua l ly  unchanged in asphyxia  and a f te r  inject ion of e t h i m -  
izo le .  The copper  concent ra t ion  in the bra in  t i s sue  was i n c r e a s e d  in asphyxia .  With a combinat ion of 
e th imizo le  and asphyxia  the degree  of this  i n c r e a s e  was reduced .  

The zinc concent ra t ion  in the blood was c ons i de r a b l y  r educed  in asphyxia .  Af te r  admin i s t r a t i on  of 
e th imizo le ,  whether  in the absence  or  in the p r e s e n c e  of asphyxia ,  this  d e c r e a s e  was l e s s  m a r ke d .  The 
zinc concent ra t ion  in the bra in  was i n c r e a s e d  in asphyxia  and a f t e r  inject ion of e th imizo le .  

As the r e s u l t s  given in Table  2 show, the i ron sa tura t ion  of the blood s e r u m  t r a n s f e r r i n  was reduced  
in the fe tuses  with asphyxia ,  but in asphyxia ted  fe tuses  r ece iv ing  e th imizo le  it was indis t inguishable  f rom 
the con t ro l .  

The ce ru lop l a smin  ac t iv i ty  was reduced  in asphyxia  and e th imizo le  did not affect the degree  of this  
d e c r e a s e .  The ca rbonic  anhydrase  ac t iv i ty  was i n c r e a s e d  in asphyxia ,  whereas  the s imul taneous  inject ion 
of e th imizole  prevented  this  change.  

Changes in the ac t iv i ty  of the me ta l lop ro te in  enzymes  of the blood in s e v e r e  hypoxia a r e  r e g a r d e d  as 
a mani fes ta t ion  of i n c r e a s e d  "working capac i ty"  of an exis t ing enzyme or  i n c r e a s e d  syn thes i s  of new m o l e -  
cules  of the enzyme with co r re spond ing  changes in the concent ra t ions  of the t r a c e  e lements  r equ i r ed  for i ts 
format ion  [13]. The movement  of t r a c e  e l ements  f rom the blood into the t i s s u e s  may  a lso  have been aided 
by i n c r e a s e d  p e r m e a b i l i t y  of the b l o o d - t i s s u e  b a r r i e r  in asphyxia  [9]. 

The fact  that  e th imizo le  helps to r e s t o r e  the n o r m a l  concen t ra t ions  of t r a c e  e l ements  and ac t iv i ty  of 
the me ta l l oenzymes  in the fetus with asphyxia  must ,  in the w r i t e r ' s  opinion, be r e g a r d e d  as benef ic ia l ,  for  
the life span of fe tuses  in asphyxia  was i n c r e a s e d  by 5 4- 0.4 rain by admin i s t r a t i on  of e th imizo le  (P < 0.001). 

Since the changes in enzyme act iv i ty  and t r a c e  e lement  concent ra t ion  in organs  a f te r  in jury  take place  
be fore  ce l l  des t ruc t ion  [4, 12] de te rmina t ion  of the co r respond ing  changes mus t  play an impor tan t  ro l e  in 
the explanation of the genes i s  of asphyxia  and de te rmina t ion  of the e f fec t iveness  of i ts  t r ea tmen t ,  including 
by e th imizo le  admin i s t r a t i on .  

I~ 

2. 

LITERATURE CITED 

G. A.  Babenko, in: T r a c e  E lements  in Expe r imen ta l  and Cl in ica l  Medicine [in Russ ian] ,  Drogobich 
(1959), p. 5. 
G. A. Babenko, in: A T h e o r e t i c a l  and P r a c t i c a l  Conference on the Diagnos is ,  Cl in ica l  P i c t u r e ,  and 
T r e a t m e n t  of Tube rcu los i s  [in Russ ian] ,  I va no - F r a nkovs k  (1963), p. 43. 

1057 



3. G . A .  Babenko, in: The Resp i r a to ry  P r o p e r t i e s  of the Blood and Its Clotting Sys tem in Some Pa tho -  
logical Conditions [in Russian],  Ivano-Frankovsk  (1965), p. 7. 

4. G . A .  Babenko, Determinat ion of T race  Elements  and Meta l loenzymes  in Clinical  Labora to r i e s  [in 
Russian] ,  Kiev (1968), p. 136. 

5. I . M .  Lebedeva,  in: The Pathophysiology of In t rauter ine  Development  [in Russian],  Leningrad (1959), 
p. 189. 

6. A . P .  Kal 'chenko,  The T rea tmen t  and Prevent ion  of Neonatal Asphyxia by Eth imizole .  Author ' s  Ab-  
s t r a c t  of Candidate ' s  Disser ta t ion ,  Leningrad (1971). 

7. L. Ya. Molchanova, Copper ,  Zinc, and Ceruloplasmin  in the Blood Serum in Neonatal  Asphyxia.  
Author ' s  Abs t rac t  of Candidate ' s  Disser ta t ion ,  Smolensk (1970). 

S. N . N .  Neiko and E.  M. Neiko, in: T race  Elements  in Medicine [in Russian],  Dushanbe (1972), p. 65. 
9. N . N .  Neiko, in: The Action of Phys ica l  Fac to r s  on Animals  [in Russian],  Odessa  (1972), p. 593. 

10. I . A .  Oivin, Pa t .  Fiz iol . ,  No. 4, 79 (1960). 
11. L . S .  Pers ian inov ,  I. V. I i ' in ,  R. A. Meitina, et al. ,  The R e s p i r a t o r y  Function of the Fetal  Blood in 

Clinical  Obs te t r i cs  [in Russian],  Moscow (1971), p. 3. 
12. M . D .  Pod i l ' chak ,  Clinical  Enzymology [in Russian],  Kiev (1967), p. 236. 
13. I . P .  Popov,  Pa t .  Fiziol . ,  No. 6, 38 (1966). 
14. I .  Ya. Romm,  in: The Pathophysiology of In t rauter ine  Development  [in Russian] ,  Leningrad (1959), 

p. 209. 
15. V . A .  Strukov and A. P .  Kal 'chenko, Abs t rac t s  of Proceed ings  of the Second Congress  of Ped ia t r i c i ans  

of White Russ ia  [in Russian] ,  Minsk (1970), p. 17. 

1058 


