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P r e l i m i n a r y  adaptation of albino mice  fo r  12 days in a med ium containing 15-16% and 10-11% oxygen 
i n c r e a s e s  the latent  per iod of d e c o m p r e s s i o n  d i sease ,  a l levia tes  its cour se ,  prolongs the surv iva l  period 
of the expe r imen ta l  an imals ,  and lowers  the i r  mor ta l i ty .  The g r e a t e s t  i nc rease  in r e s i s t a n c e  is obtained 
by the use of a n i t r ogen - -  oxygen mix tu re  containing 10-11% oxygen. 

E x p e r i m e n t s  have shown [3, 5, 7, 10] the benef ic ia l  ef fect  of adaptation to anoxia in increas ing  r e -  
s i s tance  of the body to e x t r e m e  fac to r s  such as a low par t ia l  p r e s s u r e  or toxic concentrat ion of oxygen, 
ionizing radiat ion,  and s eve re  t h e r m a l  burns .  

The object  of this invest igat ion was to study the effect  of adaptation to anoxia on the development  and 
course  of decompres s ion  (caisson) d i sease .  

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

Expe r imen t s  were  c a r r i e d  out on 668 female  albino mice  weighing 16-26 g. The expe r imen ta l  ani-  
m a l s  were  kept in a closed chamber ,  2.5 m 3 in volume,  for  12 days in an a tmosphere  containing 15-16% 
(group 1) or  10-11% (group 2) oxygen. These oxygen concent ra t ions  in the chamber  were  produced by di- 
luting the a tmospher i c  a i r  with gaseous  ni t rogen,  and were  mainta ined throughout the expe r imen t  by per iod-  

ic venti lat ion with gas  m ix tu r e s  of appropr ia te  composi t ion.  
TABLE 1. Morbidi ty  and Morta l i ty  
of Control  and Expe r imen ta l  Animals  
(2nd day a f te r  adaptation) 

No. of animals 

/il G~oup of ~ 
animals ~ ~ �9 

1 14 4 
15 5 
16 3 

Control 14 4 
15] 5 
16 3 

2 14 5 
15 3 
16 4 

Control 14 5 
15 3 
16 4 I 

30 20 19 11 
32 28 27 5 
30 30 29 1 
30 25 24 6 
32 30 29 3 
30 30 30 - -  
30 8 5 25* 
30 18 17 13" 
30 28 26 4 
30 28 26 4 
3O 3O 29 1 
30 28 29 ] 1 

* P < O , O 0 1 .  

These  mix tu r e s  were  made up beforehand f rom ni t rogen and 
c o m p r e s s e d  a i r  in 40 - l i t e r  cyl inders .  To absorb  the carbon di-  
oxide e l iminated  by  the an imals  a granulated chemica l  abso rb -  
ent was placed in the chamber .  

The control  an imals  were  kept  under o rd inary  animal  
house conditions,  r ece iv ing  the same food and water  as the ex-  
pe r imen ta l  mice .  

On the 2nd, 15th, and 30th days  af ter  complet ion of the 
adaptation per iod the an imals  were  placed in a decompres s ion  
chamber  with a volume of 100 l i t e r s ,  the p r e s s u r e  in which was 
r a i sed  by introduction of a 4% n i t rogen- -  oxygen mix tu re  (4% 02 
and 96% N2) to 14, 15, o r  16 a tm (130, 140, and 150 m m  water ,  
r e spec t ive ly ) .  The c o m p r e s s i o n  t ime was 60 see.  The animals  
r ema ined  at max ima l  p r e s s u r e  for  15 rain, a f te r  which decom-  
p r e s s ion  was c a r r i e d  out without in terrupt ion to normal  a tmo-  
spher ic  p r e s s u r e  within 25 sec.  The  latent per iod and cl inical  
p ic ture  of the developing decompress ion  d i sease  and also the 
t imes  of death and the m o r t a l i t y  of the an imals  were  recorded .  

F r o m  5 to 10 expe r imen ta l  (adapted) mice  and the c o r r e -  
sponding number  of contro l  mice  of the same  weight were  used 
s imul taneous ly  in each exper iment .  
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Fig. 1. Dynamics of death of animals after 
end of decompress ion  (pressure 16 arm, ex- 
posure 15 min). Continuous line r ep resen t s  
control  mice,  broken line experimental  
mice. 
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Fig. 2. Mortali ty of mice  f rom decom- 
press ion  at various time after end of 
adaptation to anoxia. Unshaded columns, 
control; shaded columns, experimental  
animals.  

EXPERIMENTAL RESULTS 

The results given in Table 1 show that in experi- 
ments performed on the 2nd day after the end of adapta- 
tion to anoxia the resistance of the experimental animals 

to decompression disease was higher in every case than 
that of the control mice. The most marked positive ef- 
fect of adaptation, manifested by a decrease in morbidity 
and mortality among the experimental animals, was ob- 
served when a gas mixture containing 10-11% oxygen was 

used. 

The decrease in the positive adaptation effect with 
an increase in the maximal pressure was a regular phe- 
nomenon, and was explained by the progressive increase 
in the final saturation of the body tissues with nitrogen of 

the artificial gas mixtures. 

The experiments also revealed a marked difference 
in the clinical picture of decompression disease in the 
control and experimental animals. Whereas the former 
died as a rule as a result of the development of a rapidly 
progressive, convulsive form of disease, in the experi- 
mental animals, on the other hand, the disease mainly de- 
veloped more slowly, followed a protracted course, and 
took the form of collapse, paralyses of the limbs, etc. 
Corresponding differences were also found between the 
latent periods of the disease. For example, while the 
eventual mortality was in fact identical, of the 30 control 
animals 26 (86.7%) developed symptoms of a severe form 
of the disease (convulsions, collapse, paralysis) during 

the first 3 months after decompression from a pressure 
of 16 atm, whereas only 12 animals (40%) from among the 
experimental mice of group 2 developed the disease in 
the same period. 

The positive action of adaptation to anoxia was also 
shown by an increase in the survival period of the experi- 
mental animals. 

In the experiments  at a maximal  p res su re  of 16 arm, for instance, the morta l i ty  of the control  mice 
and the experimental  mice of group 2 was pract ica l ly  the same,  but considerable differences were found in 
the time of death. The resul t s  shown in Fig. 1 demonstra te ,  for example,  that, whereas 50% of the control  
animals died in the f i r s t  1.5 rain after  decompress ion,  it was about 3.5 rain before 50% of the exper imental  
animals died. 

Exper iments  ca r r i ed  out on the 15th and 30th days after the end of adaptation to anoxia revealed a 
p rogress ive  decrease  in the acquired res i s tance  of the experimental  animals to decompress ion  disease.  
By the 15th day after  the end of adaptation (Fig. 2), the differences in morta l i ty  between the control  and 
experimental  mice of group 2 were no longer significant, and on the 30th day their  mor ta l i ty  was 84.4 and 
90%, respect ively ,  i.e., prac t ica l ly  the same. The disappearance of the differences was more  marked still  
in the exper iments  with the animals of group 1. However,  it should be emphasized that the tendency, r e -  
fe r red  to above, for an increase in the latent period of the disease and in the survival  period of the exper i -  
mental  animals was still p resent  in these experiments ,  although less marked.  

Investigations of the blood and weight of the animals revealed definite changes in the experimental  
mice of group 2, p resumably  caused by their 12-day stay in a medium with a reduced (10-11%) oxygen con- 
tent~ These changes consis ted of the development of compensa tory  e ry throcy tos i s  and ieukopenia and a 
slower increase  in body weight than in the control  animals.  These indices in the control  and experimental  
animals two weeks after the end of adaptation were not significantly different. 
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The inc rease  in r e s i s t a n c e  of the animals  to decompress ion  d i sease  was evidently based on a com-  
plex group of changes developing in the body during adaptation to anoxia, including s t imulat ion of the adap-  
tive r e s p o n s e s  of the body (card iovascular  sys t em,  ex te rna l  r e sp i ra t ion ,  red blood cel ls) ,  the int imate m e -  
chanisms  of t i s sue  adaptation to anoxia, and r ead jus tmen t  of me tabo l i sm.  This is conf i rmed by the r e su l t s  
of extensive invest igat ions [1, 6, 9, 11] indicating, in pa r t i cu la r ,  the ve ry  marked  adaptive powers  of the 
ca rd iovascu la r  and r e s p i r a t o r y  s y s t e m s ,  changes in the ac id -base  balance,  and an  increase  in the act ivi ty  
of r e s p i r a t o r y  enzyme s y s t e m s  in the ene rgy  me tabo l i sm  of the t i s sue  cel ls ,  and many other  reac t ions  of 
the body to exposure  to low par t ia l  p r e s s u r e s  of oxygen. All these changes a r e  d i rec ted  toward protect ion 
against  anoxia, maintenance  of an adequate oxygen supply to the ce l l s  and t i s sues ,  and economic uti l ization 
of oxygen in me tabo l i sm.  Never the les s ,  the leading e lement  in the pathogenesis  of decompres s ion  d i sease  
is anoxia of the organs  and t i s sues  developing through the widespread  fo rmat ion  of in t ravascu la r  and ex t r a -  
vascu la r  gas bubbles [4, 12]. It m a y  the re fo re  be cons idered  that p r e l i m i n a r y  adaptation to a reduced oxy- 
gen concentra t ion in the a i r  is in the case  under  d iscuss ion a specif ic  fac tor  p repar ing  the animal  for  ex-  
posure  to acute anoxia and s t rengthening its adaptive reac t ions  in this direct ion.  The poss ibi l i ty  l ikewise 
cannot be ruled out that  the inc reased  r e s i s t a n c e  to the d i sease  may  be pa r t i a l ly  due to the development  of 
a s tate  of nonspecif ica l ly  inc reased  r e s i s t a n c e  in the adapted an imals  [2, 8], leading to an inc rease  in thei r  
r e s i s t ance  to over sa tu ra t ion  with an iner t  gas.  
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