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Peroz ida t ion  p r o c e s s e s  in the t i s s ue s  a r e  l imi ted  because  of the low physiological  oxygen concentra t ions  
in them [1]. Sa tura t ion  of the body with oxygen ini t iates rapid  in t r ace l lu la r  lipid oxidation [10, 11, 13]. An 
i n c r e a s e  in the content  of lipid peroxides  in the body is one of the m o s t  impor tan t  a spec t s  of  the gene ra l  pa tho-  
genet ic  m e c h a n i s m  of oxygen poisoning.  That  is why, with a view to ensur ing  su rv iva l  of an imals  exposed to 
hyperox ia  it is e s sen t i a l  to take appropr i a t e  s teps  to r e s t o r e  the normal  body level  of lipid peroxides  as 
quickly as poss ib le .  

With this a im,  in the invest igat ion descr ibed  below the pr inc ip les  governing the dynamics  of the lipid 
peroxide  content  in var ious  t i s sues  of albino r a t s  were  studied immedia te ly  a f t e r  exposure  to hyperbar ic  
oxygen and in the pos thyperoxic  per iod.  

EXPERIMENTAL METHOD 

E x p e r i m e n t s  were  c a r r i e d  out on 48 m a t u r e  albino r a t s  of both sexes  weighing 150-200 g, kept on an 
o rd ina ry  diet.  The an imals  were  exposed  in a p r e s s u r e  c h a m b e r  to the act ion of oxygen under a p r e s s u r e  of 
5 a im,  in which they were  kept until the onset  of convuls ions o r  the t e rmina l  s tage of oxygen poisoning. To 
study the a f te re f fec t  ~ of hyperoxia  on the lipid peroxide  level ,  the an imals  were  used in the expe r imen t s  1, 
24, and 72 h a f t e r  the onset  of a dist inct  p ic ture  of oxygen poisoning. Intact  an imals  kept under  o rd ina ry  con-  
ditions in the animal  house were  used as the contro l .  

Lipid perox ides  we re  de t e rmined  in the brain ,  l iver ,  hear t ,  spleen,  ske le ta l  musc l e ,  and blood, which 
were  r emoved  without delay in the cold. F r o m  the above t i s sues  0.5% homogenates  were  p r e p a r e d  in K r e b s -  
R inge r  solution in the  p r e s e n c e  of a seo rb ic  acid, in a g l a s s  homogen ize r  with Teflon head, in the cold at  500 
rpm;  the homogenates  were  t r a n s f e r r e d  to conical  f lasks ,  sa tu ra ted  with oxygen fo r  3 rain,  a f t e r  which the 
f l asks  were  t ight ly  sea led  and incubated in a wate rba th  at 37~C fo r  60 min  with constant  shaking. The degree  
of peroxidat ion was judged f rom the accumula t ion  of malonic  dialdehyde (MDA) during incubation of the homog-  
enat es in the p r e s e n c e  of a s c o r b a t e .  In the w r i t e r s '  opinion, this  p a r a m e t e r  c h a r a c t e r i z e s  the quantity of 
lipid peroxidat ion produc ts .  

To de te rmine  MDA quanti tat ively,  a 0.65% solution of th iobarb i tu r ic  acid (TBA) was added to s amp le s  
p rev ious ly  fixed with an equal volume of a 10% solution of TCA. The reac t ion  of TBA with MDA at a high 
t e m p e r a t u r e  and in medium with acid pH is accompanied  by the fo rmat ion  of a co lored  t r ime th ine  complex ,  
which can be e s t ima ted  pho tomet r i ca l ly  a t  a wavelength of 532 um [1]. The content  of lipid peroxides  was 
e x p r e s s e d  in nanomoles  MDA/mg prote in ,  de te rmined  by the method of Lowry  et  al .  [12], using a m o l a r  e x -  
t inct ion coeff icient  of 1.56 x 105 M-1.  sec  -1. The r e su l t s  were  subjected to s t a t i s t i ca l  ana lys is  [8]. 

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

The r e su l t s  (Table 1) showed act ivat ion of peroxide  fo rmat ion  in all the t i s sues  studied and, in pa r t i cu la r ,  
in the bra in ,  whereas  the s m a l l e s t  amount  of  lipid perox ides  was found in the blood of the intact  an imals .  As 
Tab le  1 shows, during oxygen poisoning the re  was a sha rp  r i s e  in the concentra t ion of lipid peroxides  in the 
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TABLE 1. Content of Lipid Peroxides  (in nmoles MDA/mg protein) in Rat T i s sues  during 
Exposure  to Oxygen under  a P r e s s u r e  of 5 aim and in Pos thyperoxic  P e r i o d  (mean resu l t s  of 
eight exper iments)  

Immediately after hyperoxia In posthyperoxic period 
Tissue Control convulsive state terminal state 

I h 24 h 72 h 

Brain 
P 

Blood 
P 

Heart 
P 

Liver 
P 

Spleen 
P 

Kidneys 
P 

Skeletal 
muscles 

P 

9,06+-0,35 

1 86+__0,16 

2.04_0,22 

6,74+-0,22 

2,30+-0,14 

4,64 0,21 

4,40+-0,29 

12,97+__0,63 
<0,001 

3,35+-0,18 
<0,001 

5,08+-0,39 
<o,ooi 

8,31-4--o,32 
<o,ool 

4,40+-0,15 
<o,ool 

5,96+-0,26 
<0,005 

6,82+-0,48 

<o,ool 

14,18+__0,53 
<0,001 

3,51+-0,30 
<0,001 

6,30+-0,36 
<o,oo1 

8,80+-0,64 
<o,ol 

4,96+-o,22 
<o,ooi 

5,83+-0,34 
<o,oi 

8,09-_+-_0,40 

<o,ooi 

8,71• 
>o,5 

3,73+-O,lO 
<o,ool 

4,6o+-o,19 
<o,ool 

8,o6+-o,3o 
<0,005 

3,71 0,14 
<o,ooi 

6,o5-i-o,16 
<o,ool 

5,64+-0,25 

<o,01 

5,02~0,36 
<0,001 

2,24+-0,16 
>0,20 

2,32+-0,19 
>0,40 

4,20+-0,20 
<o,ool 

2,30+-0,11 
>0,50 

4,72+-0,24 
>0,60 

5,54+-0,16 

<0,005 

8,09+-0,51 
>0,10 

2,06+-0,20 
>0,40 

2,2o+-o,19 
>0,50 

6,62§ 
70,5O 

2,33+-0,20 
>0,50 

3,37+_0,30 
<0,005 

5,39+-0,34 

<005 

t i ssues  examined.  In both convulsive and te rmina l  stages these  changes were  mos t  marked  in the myocardium,  
followed (in descending order )  by the spleen, blood, skeletal  musc les ,  brain, kidneys, and l iver .  

The exper iments  to study the dynamics of the lipid peroxide content in the posthyperoxic per iod show 
the re la t ive  rapidly beginning (during the f i r s t  hour) normal iza t ion of the brain vesse ls  of these  compounds. 
The intensity of the normalizing effect  on these  compounds in the o ther  organs did not conform to a single 
plan, and during the period specif ied the concentrat ions of lipid peroxides  in them remained fa i r ly  high. It 
is an interes t ing fact that 24 h af te r  exposure  to oxygen in a p r e s s u r e  of 5 atm the i r  content reached  control  
values in the blood, hear t ,  spleen,  and kidneys, whereas  in the bra in  and l ive r  it  was 44.6 and 37.7% respec t ive ly  
below normal .  The data show that skeletal  musc les  were  the exception, for  the lipid peroxide level continued 
to remain  high in these  t i ssues  throughout the 72 h of the posthyperoxic  per iod.  During this same per iod the 
lipid peroxide content in the brain,  blood, hear t ,  l iver ,  and spleen succeeded in falling to the control  level,  and 
tn the kidneys it was significantly reduced (Table 1). 

It can thus be concluded that  the substantial  inc rease  in the content of lipid peroxides  taking place under  
the influence of hyperoxia in all the t i ssues  studied gives way in the posthyperoxic period to the development 
of the opposite effect.  The  rapid onset  of normal iza t ion  of the lipid peroxide level  in the t i ssues  (especial ly 
in nerve  t issue)  mus t  in all probabil i ty  be rega rded  as a t rue  indicator  of the abili ty of the animals  to survive  
a f t e r  exposure  to hyperoxia.  The phenomenon descr ibed  above, which can be r ega rded  as a manifestat ion of 
pro tec t ive  and adaptive reac t ions  of the body to the unusual conditions of exis tence c rea ted  for  it, is based, 
it may  be considered,  on the action of  powerful antioxidant sys tems  of nonenzymic and enzymic nature .  As a 
t r igger ing  mechanism in the development of many pathological d is turbances ,  lipid peroxtdation aggravates  
the toxic effects  of hyperoxia by initiating dis turbances of permeabi l i ty  of biological membranes  [7, 13], of 
enzyme activity, and of activity of o ther  regu la to ry  sys t ems  of metabolic  p roces se s  [2-5, 9, 14, 15]. However,  
bes ides  the compara t ive ly  rapid onset  of  normal izat ion of lipid peroxide  levels ,  the resu l t s  of the af te ref fec t  
of these poisons still  r emain  demonstrable  because  of the profound path .biochemical  changes that affect  the 
course  of t i ssue metabol ism.  

It is intended to pursue this r e s e a r c h  in the direct ion of a study of the ro le  of peroxides  of individual 
phospholipids in o rde r  to examine cer ta in  aspects  of  the path .genes  is of membrane  dis turbances under hyperoxic 
conditions and to seek effective ways of preventing toxic lipid oxidation through the use of various natural  and 
ar t i f ic ia l  antioxidants.  
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