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During exposure  of albino r a t s  to oxygen under a p r e s s u r e  of 4 a tm  for  1 h (the preconvuls ive  
state)  and of 6 a tm  (convulsive state)  an i nc rea se  in the s e r u m  hemoglobin concentra t ion was 
found. The tota l  ion concentrat ion inc reased  a t  the same t ime.  By disc e i ec t ropho re s i s  in 
7.5% po lyac ry lamide  gel, changes in the ra t io  between the hemoglobin f rac t ions  in the s e r u m  
were  found in both s tages  of oxygen poisoning. An inc rease  in the concentra t ion of t r a n s f e r r i n s  
was  found during hyperoxia  under these conditions. If u r e a  was admin i s t e red  to the an imals  
before  the sess ion  of hype rba r i c  oxygenation, the changes observed  were  less  marked .  
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Oxygen under i nc reased  p r e s s u r e  (hyperbar ic  oxygenation) is  widely used in medicine and in var ious  
types of occupation. One of the compl ica t ions  encountered during the use of hyperba r i c  oxygenation in cl inical  
p rac t i ce  is  oxygen poisoning. 

The f i r s t  link in the chain of r eac t ions  in oxygen poisoning is the accumulat ion of f r e e - r a d i c a l  and p e r -  
oxide compounds.  Many f ac to r s  cons iderably  potentiate the p r i m a r y  hyperoxic  effect.  In the w r i t e r s '  view, 
the e scape  of hemoglobin f r o m  the e ry th rocy te s  into the blood s e r u m  and i ts  penet ra t ion  into the t i s sues  is one 
such fac tor .  This is because  of the abil i ty of heroin i ron to ca ta lyze  peroxidat ion of lipids [1]. 

In the invest igat ion desc r ibed  below the hemoglobin concentrat ion,  i ts  f rac t iona l  composi t ion,  and the 
total  concentra t ions  of i ron and t r a n s f e r r i n s  we re  studied in the blood s e r u m  of r a t s  exposed to the action of 
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TABLE i. C o n c e n t r a t i o n s  of Hemoglob in ,  I ron ,  and T r a n s f e r r i n  in  Rat Blood S e r u m  (in 

mg %) 

1. Control 
2. Administration of urea 

3. Exposure to 4 aim oxygen for 1 h 
P - ~  

4. Protection ~y urea against hyper- 
oxia (4 ann oxygen for 1 h) 

P1-4 
P~I- 4 

5. Hyperbaric convulsions(6 aim 
oxygen) 

P1-s 
6. Protection by urea against hyperoxia 

(6 atm oxygen) 
P1-5 
P6-6 

Hemoglobin Iron Transferrin 

26,1 I::[:I ,26 (20) 
29,10-+-I, 32 (20) 

>0,I 
38, t 0___2,25 (1o) 

<0,001 

3t ,20+-2,67 (10) 
< o ,  1 
< o ,  1 

47,60_____4,39 (10) 
<o ,OOl 

37,50+-5,60 (I0) 
<0, I 
>o,i 

1,22+-0,06 (20) 
1,05_0,04 (20) 

<o,o5 
1,93_+0,11 (10) 

<0,001 

1,21_o,11 (10) 
> o , I  
<o ,ooi 

2,35_0,26 (I0) 
<0,001 

l, 28+_0,30 (10) 
>0,1 
<o ,02 

1,54___0,06 (20) 
1 , 4 7 + - 0 , 0 7  (20) 

> 0 , 1  
2,06"+-0,15(10) 

<o,oi 

1,99-+-0,09 (10) 
<o,ooi 
>o,I 

1 , 9 2 •  ( I0 )  
<o,oi 

2,14+_o,17(1o) 
<o,oi 
>0,1 

t 
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Fig.  1. D e n s i t o g r a m s  of hemog lob in  f r a c t i o n s  f r o m  
r a t s '  blood s e r u m  af ter  exposure  to h y p e r b a r i c  
oxygen and p r o t e c t i o n  with u r e a :  1) con t ro l ;  2) 
i n j ec t i on  of u rea ;  3) oxygen 4 a tm;  4) oxygen 6 a tm;  
5) p ro t ec t i on  by u r e a  d u r i n g  exposu re  to 4 a t m  
oxygen; 6) p r o t e c t i o n  by u r e a  d u r i n g  exposu re  to 
6 a tm  oxygen.  

TABLE 2. Conten t  of Hemoglob in  F r a c t i o n s  
in  Blood S e r u m  of Ra t s  du r ing  Hyporoxia  (in 
,% of to ta l  hemoglobin)  

I II III IV 

Control 
Administration of urea 
Hyperoxia (4 atm, 1 h) Trace 
Protection by urea against 

hyperoxia (4 atm, I h) 
Hy.peroxia, 6 atm, convul- I~,6 
slons i Protection by urea against Trace., 
hyperoxia (6 aim) 

27,0 
21,3 
26,7 

30,7 
16,8 

32,0 

73,0 
78 7 
69,1 

69,3 
45,4 

67,8 

[races 

24,2 

Traces 

oxygen under  p r e s s u r e s  of 4 and  6 a tm.  In  a s p e c i a l  s e r i e s  of e x p e r i m e n t s  the a n i m a l s  w e r e  t r e a t e d  with a 
so lu t ion  of u r ea ,  an  an t ihype rox ic  p r o t e c t o r  [4]. 
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E X P E R I M E N T A L  M E T H O D  

Albino ra ts  of both sexes,  weighing 150-200 g, were used. Yhe pa ramete r s  of hyperbar ic  oxygenation 
were:  oxygen p res su re  in the chamber 4 or 6 atm, time of compress ion and decompress ion  3 min. Duration 
of the an imal ' s  stay in the p ressu re  chamber  1 h at 4 atm (the noneonvulsive fo rm of oxygen poisoning), and at 
6 atm until the development of convulsions. Urea was injected intraperi toneal ly (200 mg/100 g body weight) 
30 min before exposure to 6 a tm oxygen and immediately before compress ion  in the case  of exposure to4 a tm 
oxygen. Two ra t s ,  one intact and the other receiving urea,  were placed at the same time in the p res su re  
chamber.  In the case of exposure to 4 a tm oxygen the experiment  ended after 1 h. The experiment with 6 atm 
oxygen ended after  the unprotected animal had developed strong convulsions (under these conditions this was 
on average after  25 min). Animals protected with urea did not develop convulsions [3, 4]. 

The control  group consis ted of animals kept under normal  a tmospher ic  p res su re  - one intact, the other 
receiving urea. After decompress ion four animals were decapitated simultaneously - two f rom the p res su re  
chamber and two controls ;  their blood was collected and the se rum obtained. Hemoglobin in the blood se rum 
was determined spectrophotometr ical ly  [2]. The hemoglobin fract ions were  determined by disc e lec t rophores is  
with staining for hemoglobins by Ornste in 's  method [6]. Densi tometry of the gels was ca r r i ed  out at  540 rim. 
The relat ive quantity of hemoglobin in the f ract ions  was determined f rom the a reas  of the peaks on the densito-  
gram.  The total i ron concentrat ion was determined by the thiocyanate method [8] and the iron-binding capacity 
of the blood se rum by R a m s e y ' s  method [7]. 

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

The se rum hemoglobin concentration of the ra ts  after  exposure to 4 atm oxygen for 1 h was increased  
by 45.9%. During oxygen convulsions (exposure to 6 aim oxygen) the se rum hemoglobin concentrat ion 
increased  to 82.3% (Table 1). The increase  in the se rum hemoglobin concentration could be due to part ia l  
hemolysis  of the e ry throcytes  under hyperoxic conditions [10]. During oxygen poisoning changes also take 
place in the fract ional  composit ion of hemoglobin. The resul ts  of e lec t rophores is  in 7.5% polyacrylamide gel 
showed that the hemoglobin of the e ry throcy tes  was divided into four fract ions,  in agreement  with data in the 
l i terature [12]. On e lec t rophores is  of the blood se rum proteins of the ra ts ,  only two hemoglobin fract ions 
could be identified among them. 

After exposure to 4 aim oxygen for 1 h an increase  in the hemoglobin concentrat ion in two se rum f r a c -  
tions was observed in half of the animals.  Traces  of another two hemoglobin fract ions appeared in half of the 
cases.  This resu l t  indicates differences in the res i s tance  of the e ry throcytes  of individual r a t s  to hyperoxia. 
Daring convulsions (6 atm oxygen) four hemoglobin fract ions were  always found in the s e rum (Fig. 1, Table 2). 
This is evidence of p rogress ive  damage to the ery throcyte  membranes  with increas ing sever i ty  of oxygen 
poisoning. In animals  which rece ived  u rea  before exposure to 4 and 6 atm oxygen the s e rum hemoglobin con- 
centrat ion was 18.1 and 21.2% lower respect ive ly  than in the unprotected animals.  Less  marked changes also 
took place in the hemoglobin fractional  composition. Traces  of fract ions I and IV of hemoglobin, which appeared 
in the blood se rum of ra ts  after exposure to 4 atm oxygen for 1 h without protection by urea,  were absent in 
the protected animals.  During exposure to 6 atm oxygen, hemoglobin fraction I fell to the t race  level, and only 
in 70% of experiments  could t races  of f ract ion IV be observed (Fig. 1, Table 2). The decrease  in the se rum 
hemoglobin concentrat ion and res tora t ion  of its normal  fract ional  composit ion are  the r e su l t  of the protect ive 
action of urea  on the erythroeyte  membranes .  It was shown previously that administrat ion of urea  to the 
animals under the same conditions of hyperoxia reduced peroxidation of lipids in the brain and lung t issues 
[3]. 

An important  role  in the mechanism of oxygen poisoning may be played by "activated oxygen" (super-  
oxides, hydrogen peroxide, the hydroxyl radical ,  oxygen in a singlet state), which a r i s e s  in the e ry throcytes  
in reac t ions  with hemoglobin [11] and at the same time r eac t s  with heme as far as opening of the porphyrin 
ring. We found an increase  in the total se rum iron concentration of 58.2 and 91.8% respect ive ly  after  exposure 
to 4 and 6 a tm oxygen (Table 1). The increase  in the i ron concentration exceeded its level in the liberated 
hemoglobin, the reason  possibly being par t ia l  destruction of heine. 

Adminis t ra t ion of urea  to the animals  before the session of hyperoxygenation reduced the se rum iron 
concentration to the control  level (Table 1). The se rum t r ans fe r r in  concentration of the ra t s  exposed to 4 and 
6 atm oxygen was increased  by 33.7 and 24.6% respect ively.  This can be regarded  as a compensatory react ion 
to an inc rease  in the i ron concentration (Table 1). Administrat ion of urea  did not change the t r ans fe r r in  con- 
centration. 
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To summar ize  these resu l t s ,  i t  can be postulated that hemoglobin and its i ron-containing destruct ion 
products ,  l iberated f rom the e ry th rocy tes ,  a re  c a r r i ed  by the blood flow into the t i ssues ,  where  they initiate 
fur ther  peroxidation [5, 9]. Urea,  by prevent ing an increase  in the intensity of peroxidation reac t ions  in the 
membranes ,  inhibits the l iberation of hemoglobin f rom the e ry th rocy tes  and thereby reduces  the effect  of one 
of the most  impor tant  components of potentiation of the p r imary  toxic effect  of hyperoxia.  This is in ag ree -  
ment with the considerable  postponement  of hyperoxic  convulsions and normal izat ion of many stages of metab-  
o l i sm in animals rece iv ing  u rea  prophylact ical ly  before a sess ion of hyperoxia,  descr ibed  by the wr i t e r s  
previously and conf i rmed in the p resen t  investigation. 
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