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Hyperba r i c  oxygenation (2 arm, 40 min) prevents  the dec r ea se  in intensi ty of oxygen absorpt ion,  the 
i nc rea se  in content of f r ee  sulfhydryl  groups,  and the l a rge  i nc rea se  in the level  of f ree  r ad ica l s  obse rved  
in the l ive r  of albino r a t s  a f te r  extensive blood loss .  Hyperba r i c  oxygenation prevents  the development  of 
an agonal s ta te  in m o s t  exsanguinated animals .  

In r ecen t  yea r s ,  cons iderable  in te res t  has been shown in the t r ea tmen t  of pathological  conditions by 
hype rba r i c  oxygenation [1-6, 9-11]. However ,  the mechan i sm of act ion of oxygen on the o rgan i sm when 
given at an inc reased  p r e s s u r e  has not yet  been fully explained. 

The object  of  the p re sen t  invest igat ion was to study the dynamics  of cell  me tabo l i sm  ( t i ssue  r e s p i r a -  
tion and content of sulfhydryl  groups and f ree  radica ls )  in the l i ve r  in acute pos themor rhag ic  anemia  during 
hyperba r i c  oxygenation. 

EXPERIMENTAL METHOD 

The liver of 377 albino rats of both sexes, weighing 150-250 g, was investigated soon after decapita- 
tion. Bleeding was carried out from the jugular vein in a volume of 2.8~c of the body weight at the rate of i~ 
every I0 rain. Oxygenation under a pressure of 2 atm with I00~ oxygen was carried out in a pressure cham- 
ber, with a volume of 90 liters, using absorbents of carbon dioxide, water vapor, and gaseous substances. 
Compression and decompression of the animals were applied for 5 rain. The tissue respiration was studied 
manometrically in a Warburg apparatus: The tissue was homogenized on ice in Krebs-Ringer phosphate 
buffer, pH 7.7; the gaseous medium consisted of atmospheric air, and the temperature was kept constant at 
+ 37.5 ~ [12]. 

Free sulfhydryl groups were estimated by amperometric titration of 1 ml supernatant in 29 ml 0.13 M 
iris-buffer solution, pH 7.4 [8] with 0.001 M silver nitrate solution, using a vibrating platinum electrode [7]. 
The active electrode was standardized relative to glutathione. The method of electron paramagnetic reson- 
ance was used to detect free radicals, the spectra being recorded on a type RE-1301 radio-spectrometer 
under standard conditions, and analyzed with respect to signal amplitude in relative units~ 

In the experiments of series I, tissue metabolism in the liver was studied in intact i~nimals; in series 
II 30 rain after the beginning of bleeding, i.e., immediately after its end (phase I of anemization); in series 
III 60 • I0 rain after the beginning of bleeding, with the appearance of agonal respiration (phase of 2 of ane- 
mization); in series IV 70 rain after the beginning of bleeding, the animal receiving hyperbaric oxygenation 
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T A B L E  1. Changes  in T i s s u e  Resp i r a t i on  and Content  of  F r e e  
Sul fhydryl  Groups  and F r e e  Rad ica l s  in the L i v e r  of Albino Ra t s  
a f t e r  Blood L o s s  and H y p e r b a r i c  Oxygenat ion (M + m) 

Animals studied 

Healthy (hyperbaric oxygen-, 
ation; 2 atm, 40 min) 

Tissue respiration Sul fhydryl 

~ !O z absorption (/Aiters/ groups 
'~ ]100 mg dry tissue) ,,~ipmoles/100 
"6 total ~E ;rag lyophfl- 

I lsth 2ndh [in 6'~ izedti~sue 
z I 12 h z~ 

Free radicah 

E 
Z~ 

20 155• P<0,00170+-2 225• 

21200+_2 127---4 
P<0,001 

201177• t P>0,199-+4 276• 2C 

I 
Intact 48 170+_2 101+_2 1271• 20 6,40+_0,1 71 100 

! 

34o_+3 2o Phase 1 213211_+11 129_+2 20 7,00+-0,13 
P<0,001 P<0,001 

nemization Pha~e 2 (agony) 22 7,60_+0,15 16 149• 
,8 ~lood % ofl~ body P<0,001 P<0,001 

eight) Anemization+ 327++_4 20 6,60_+0,1 18 117• 
hyperbaric oxy- P>0,1 P<0,00! 
genation 

6,10• 
P<O,05 

21 104+2 
P>O,1 

dur ing the las t  40 rain of the per iod  of anemiza t ion ;  in s e r i e s  V a f te r  heal thy an ima l s  had been  kept  fo r  40 
rain at  a r a i s e d  oxygen p r e s s u r e .  

EXPERIMENTAL RESULTS 

The results in Table 1 show that the intensity of cell respiration in the liver was increased only in 
phase I of anemization, to a rather greater degree in the second hour of the investigation (by 28%). How- 
ever, in phase 2 of anemization (the stage of agony) the level of cell respiration was reduced by 17%. If 
hyperbaric oxygen therapy was given to the animals in a state of anemization, the intensity of oxygen assi- 
milation remained high, despite the fact that the degree and duration of anemization were similar to those 
in the untreated animals. 

The content of free sulfhydryl groups in the liver of the anemized animals was increased, more espe- 
cially (by 19%) in phase 2 of anemization. Hyperbaric oxygenation of the exsanguinated animals was accom- 
panied by restoration of the normal content of sulfhydryl groups. The content of free radicals in the liver 
was increased particularly sharply (by 49%)inphase 2 of general anemization. During hyperbaric oxygen 
therapy the level of paramagnetic particles in the liver tissue of the anemized animals was lower than in the 
agonal state, and remained within the characteristic limits of phase 1 of anemization. 

It is important to note that more than two-thirds of the anemized animals treated with oxygen under 
increased pressure remained viable, and their motor activity (movement coordination, ability to walk) was 
restored, while all untreated animals died within 60 • I0 rain of the beginning of bleeding. 

Hyperbaric oxygenation thus prevented the decrease in intensity of oxygen absorption, the increase in 
content of sulfhydryl groups, and the marked increase in level of free radicals observed in the liver during 
agony. The development of the agonal state in most anemized animals also was prevented by hyperbaric 
oxygen therapy. 

l o  

2. 

3. 

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

V. A. Belov and E. V. Kolesov,  in: P r o c e e d i n g s  of the 1st  Al l -Union  Confe rence  of Ped i a t r i c  Surgeons  
[in Russ ian] ,  Moscow (1965), p. 57. 
L. A. Boke r iya ,  H y p e r b a r i c  Oxygenat ion  dur ing C i r c u l a t o r y  A r r e s t ,  A u t h o r ' s  A b s t r a c t  of Cand ida t e ' s  
Dis se r t a t ion  [in Russ ian] ,  Moscow (1968). 
A. A. Vishnevski i ,  L. L. Shik, and I. P.  Be rez in ,  t~ksper.  Khir . ,  No. 1, 3 (1967). 

1362 



4. F .M.  Danovieh and L. B. Kantsaliev, Vestn. Khir., No. 6, 112 (1968). 
5. T .M.  Darbinyan and G. I. Seregin, ]~ksper. Khir., No. 1, 53 (1967). 
6. V.A. Kozak, M. S. Lobodyuk, S. L Mikhailova, et al., Grudnaya Khir., No. 6, 3 (1964). 
7. O.A. Songina, Amperometric Titration [in Russian], Moscow {1967). 
8. R .E .  Benesh, H. A. Lardy, and R. Benesh, J. Biol. Chem., 216, 663 (1955). 
9. J. Boerema, Am. Heart J.,69p 289 {1965). 

10~ Fundamentals of Hyperbaric Medicine, Washington (1966). 
11. Hyperbaric Oxygen Therapy [in Russian], Moscow (1968). 
12. Wo W. Umbreit et al., Manometric Methods of Study of Tissue Metabolism [Russian translation], 

Moscow (1951). 

1363 


