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Pre l iminary  intraperi toneal  injection of sodium cholate and desoxycholate (2 rag/100 g body 
weight} into mice delays and alleviates the course  of decompress ion  sickness and reduces 
the mortal i ty .  Injection of the same compounds into the blood s t r eam of rabbits {6-20 
mg/kg) alleviates the manifestations of decompress ion  sickness.  

Resistance to decompress ion  sickness (DS) is determined by the state of reflex mechanisms forming 
responses  of the vascular  and re sp i ra to ry  sys tems to air  embol ism [11 ], and the central  component of DS [10 ]. 
Previously  the author has demonstrated a marked increase  in the res is tance  of rabbits to experimental  a i r  
embolism following administrat ion of bile acids. The action of these compounds was accordingly studied 
in DS. 

EXPERIMENTAL METHOD 

Experiments  were ca r r i ed  out on 222 mice and 10 rabbits.  DS was produced in the mice and LD~0 cal-  
culated. For  this purpose the a i r  p re s su re  inside a p r e s s u r e  chamber* containing the animals was ra ised 
for  40 sec up to 12 atm, exposure lasting for  15 min. Decompress ion was ca r r i ed  out for 25 sec.  The ex- 
per imental  group of animals received an intraperi toneal  injection of 0.2% sodium eholate or  desoxycholate 
in a dose of 2 rag/100 g body weight, made up in physiological saline, 30-50 min before  decompress ion.  
Control animals received the same volume of physiological saline. 

Resistance of the rabbits to DS was studied by a method s imi lar  to that of determination of the "non- 
decompress ion t ime." The air  p re s su re  in the chamber  was raised for  2 rain to 7 arm. The exposure to 
this raised p re s su re  lasted for 9-12 rain. Decompress ion was car r ied  out for  3 min. Depending on the dura-  
tion of exposure to the ra ised p r e s s u r e  and on individual sensit ivity of the animals,  various forms of DS were 
observed among the rabbits:  mild, moderate ly  severe,  and severe.  Bile acids {15-20 mg/kg  sodium cholate 
or  6-10 mg/kg  sodiumdesoxycholate)  were injected into the rabbits as a 1-2% solution into the margina l  
vein of the ear  30-50 min before decompression.  Experiments  with injection of bile acids alternated with 
control  experiments.  The total number of experiments was 58. 

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

Pre l iminary  injection of bile acids reduced the incidence of DS in the mice  and, in par t icular ,  the 
mortal i ty  (Table 1). 

* The investigations were ca r r i ed  out in the baro labora tory  of the department of underwater  swimming and 
l ife-saving service  of the S. M. Kirov Mili tary Medical Academy. 
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T A B L E  1. Ef fec t  of I n j ec t i on  of B i l e  Ac ids  on D e c o m p r e s s i o n  
S i c k n e s s  in Mice  

1! 
Number of animals 

developing disease remained free from disturbances 
Group of of which 

of which !remainder 
]with dis- recovered 

died ]turbance! 

including 
animals 

Experimental llllf 
Control IIi Difference 

P 

total 

47(42) / 2(I,8) 
63(567 ) 2(I ,8) 

(--i5) 
4,6 

<0,05 , 

4(3,6) 
,(O~9) 

(+2,7) 
; 1,3 

>0,t 

total not I 
develop- 
ing 

53(48) 
66(60) 

( ~ 2 )  
3,1 

>0,05 

62(56) 
t6(41) 
-~ 16 

(-.15) 
5,2 

<0,05 

58(52) 
45(40} 
LI3 

(,-12) 
3.1 

>0,05 

recovery 

4(3,6) 
1 (0 ,9 )  
+3 

(+2,7) 
1,3 

>0,1 

* F i g u r e s  in p a r e n t h e s e s  show p e r c e n t a g e s  r e l a t i v e  to t o t a l  n u m b e r  
of a n i m a l s  in g roup .  A l l  da t a  g iven  r e f e r r e d  to s t a t e  o v e r  a p e r i o d  
of 24 h. 

T A B L E  2. Changes  in D y n a m i c s  of 
D e c o m p r e s s i o n  S i c k n e s s  in M i c e  U n d e r  
the  In f luence  of B i l e  A c i d s  

Time from end of 
decompression 
(in rain) 

0--5 
(5--10 

11--30 
31--60 

I--24 h 

Total 

In the  e x p e r i m e n t a l  g roup  the  n u m b e r  of a n i m a l s  d e -  
ve lop ing  the  d i s e a s e  and,  in p a r t i c u l a r ,  the  n u m b e r  dying  
w e r e  r e d u c e d ,  whi le  the  n u m b e r  of a n i m a l s  r e m a i n i n g  w i t h -  

Number of animals out d i s t u r b a n c e s  a f t e r  d e c o m p r e s s i o n  was  s h a r p l y  i n c r e a s e d .  
groupi control group Some a n i m a l s  of the  e x p e r i m e n t a l  g roup  which  d e v e l o p e d  the  
- - - ~ /  ~ d i s e a s e  r e c o v e r e d ,  w h e r e a s  c o n t r o l  a n i m a l s  which  d e v e l o p e d  
~ '  ~ /  ~ ~ ~ '  ~ D S a s  a r u l e  d ied  t o w a r d  the  end of the  day .  I n a f e w a n i -  

~ { ~ ~ ~ ~ r e a l s  the  m o t o r  d i s t u r b a n c e s  p e r s i s t e d  f o r  s e v e r a l  d a y s .  
Unde r  the  in f luence  of b i l e  a c i d s  the  d y n a m i c s  of d e v e l o p -  

27 80 41 ~ 70 men t  of D S w e r e  m o d i f i e d ,  as  a r u l e  t ak ing  p l a c e  m o r e  s l owly  9 67 19 51 
6 60 05 49 (Table 2). 

47 
05 6261 ~ 9 46 In e x p e r i m e n t s  on r a b b i t s  an i n c r e a s e  in the  t i m e  of 

e x p o s u r e  to a r a i s e d  p r e s s u r e  in the  r e p e a t e d  c o n t r o l  t e s t s  
47 62 66 53 46 l ed  to the  d e v e l o p m e n t  of m o r e  s e v e r e  DS. W h e r e a s  in the  

f i r s t  c o n t r o l  e x p e r i m e n t  DS did not deve lop ,  an i n c r e a s e  of 
0.5 ra in  in the  e x p o s u r e  l ed  to the  d e v e l o p m e n t  of m i l d  DS, 

of 1 ra in  to  m o d e r a t e l y  s e v e r e  DS. R e p e t i t i o n  of the  t e s t  wi th  the  s a m e  e x p o s u r e  r e -  

experimental 

J 

53 

and an increase 
v e a l e d  r a t h e r  l e s s  m a r k e d  m o t o r  d i s t u r b a n c e s ,  but the  i n c r e a s e  in r e s p i r a t i o n  r a t e  was  u s u a l l y  g r e a t e r  
and m o r e  p r o l o n g e d .  

I n j e c t i o n  of  b i l e  a c i d s  a f t e r  an e x p o s u r e  of the  s a m e  length  as  in the p r e c e d i n g  c o n t r o l  t e s t  l ed  to 
c o n s i d e r a b l e  a l l e v i a t i o n  of the  m a n i f e s t a t i o n s  of DS. An i n c r e a s e  in e x p o s u r e  by  0 .5-1  min  a f t e r  i n j ec t i on  
of b i l e  a c i d s  (10 e x p e r i m e n t s )  l ed  to a l l e v i a t i o n  of the  m a n i f e s t a t i o n s  of DS in ha l f  of the  c a s e s ,  c ha n ges  
w e r e  a b s e n t  in two e x p e r i m e n t s ,  and only  in t h r e e  e x p e r i m e n t s  was  the  d i s e a s e  m o r e  s e v e r e l y  m a n i f e s t e d  
(one of t h e s e  r a b b i t s  r e c e i v e d  a r e d u c e d  dose  of cho l i c  ac id) .  In  one e x p e r i m e n t  in which  sod ium d e s o x y -  
cho la t e  was  i n j ec t ed ,  an i n c r e a s e  in e x p o s u r e  by  2 rain d id  not i n c r e a s e  the  s e v e r i t y  of the  DS. In r e p e a t e d  
c o n t r o l  t e s t s  with an e x p o s u r e  equal  to that  of the  p r e c e d i n g  e x p e r i m e n t ,  no d e c r e a s e  in the s e v e r i t y  of the  
d i s e a s e  was  o b s e r v e d ,  but  as  a r u l e  the  m a n i f e s t a t i o n s  of DS w e r e  m o r e  m a r k e d .  

In animals receiving several preliminary injections of bile acids, the course of DS was milder in the 

repeated control tests. Repetition of some control tests did not produce such marked changes. This sug- 
gests that injection of bile acids has a long after-effect and accelerates adaptation of the animals to DS. 
In experiments with administration of bile acids, the maximal respiration rate was much lower than in con- 

trol tests, especially in a severe form of the disease (135 ~:6 and 177 ~: 7 breaths/rain respectively); the 
duration of dyspnea also was reduced. 

Concerning the mechanism of action of bile acids it can be postulated that, with their marked neuro- 

tropic action [5, 6, 8, 9], they diminish the reactions of the nervous system due to decompression air em- 
bolism, as a result of which the disease follows a milder course. Support for this hypothesis is given by 

the fact that dyspnea was reduced in the animals developing the disease, and responses of the cardiovascu- 
lar system were improved following administration of bile acids in the air embolism experiments. Changes 
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in these  r e sponses  of the animal  lie at the bas i s  of inc reased  r e s i s t a n c e  to DS in t ra ined  animals  [12]. Bile 
acids evidently diminish re f lexes  f rom vascu l a r  in te rocep tors ,  as a resul t  of which the ref lex  spasm of the 
blood ves se l s  is reduced and this ,  in turn,  fac i l i ta tes  the propulsion of gas bubbles and reduces  the r i sk  of 
occlusion of the ves se l s  by emboli .  

At the same  t ime,  al lowance must  be made  for  the effect of bi le  acids on the  phys icochemica l  p rop-  
e r t i e s  of the blood and body t i s sues .  Injection of bile acids into animals  may  reduce  the su r face  tension of 
the body fluids and t i s sue  ex t rac t s  [7], while according to theore t ica l  calculat ions [3], the magnitude of the 
su r face  tension mus t  play a role  in the fo rmat ion  and convers ion of gas bubbles in the blood. The c h a r a c t e r  
and behav ior  of gas bubbles in a liquid depend on the su r face  tension [13, 14]. Sur face-ac t ive  subs tances  
affect  the veloci ty  of movement  of oxygen bubbles in a liquid, help to f o r m  s m a l l e r  bubbles,  and i nc r ea se  
the ra te  of solution of oxygen [16]. Synthetic su r f ace - ac t i ve  subs tances  can min imize  mani fes ta t ions  of 
a i r  embol i sm [12] and reduce  the mor ta l i ty  among ra t s  f rom DS [14]. Evidently a definite ro le  in the m e -  
chanism of action of bile acids is played by the i r  high su r face  act ivi ty,  the i r  abil i ty to be  adsorbed  on a 
phase  boundary,  and the i r  abili ty to fo rm unimolecular  l aye r s  with specif ic  mechanica l ,  diffusion, and other  
p rope r t i e s .  

The possibi l i ty  is not ruled out that  p r e l i m i n a r y  adminis t ra t ion  of bile acids may  influence the p r o c e s s  
of sa tura t ion  of the body t i s sues  with gases ,  which depends on the s ta te  of the r e s p i r a t o r y  and ca rd iovascu -  
l a r  s y s t e m s  [1, 4]. 

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

1. V . A .  Aver 'yanov ,  Effect  of External  Envi ronmenta l  T e m p e r a t u r e  on the Genesis  of Decompress ion  
Sickness .  Candidate 's  Disse r t a t ion  [in Russian],  Leningrad (1960). 

2. V . A .  Aver 'yanov ,  in: Functions of the Body in a Modified Atmosphere  [in Russian],  Vol. 3, Moscow - 
Leningrad (1964), p. 30. 

3. A . P .  Bres tk in ,  Gig. i San., No. 12, 26 (1952). 
4. A . P .  Bres tk in  and A. G. Zhironkin,  Fiziol .  Zh. SSSR, No. 7, 865 (1959). 
5. Ya. V. Ganitkevich,  Fiziol .  Zh. (Ukr.), No. 2, 197 (1963). 
6. Ya. V. Ganitkevich, Abs t rac t s  of Proceedings  of the 10th Congress  of the I. P. Pavlov All-Union 

Physiolological  Society [in Russian],  Vol. 2, No. 1, M o s c o w - L e n i n g r a d  (1964), p. 189. 
7. Ya. V. Ganitkevich, in: The Physiology and Pathology of Digestion [in Russian],  L 'vov  (1965), p. 41. 
8. Ya. V. Ganitkevich,  Byull. ]~ksperim. Biol. i Med., No. 9, 66 (1966). 
9. Ya. V. Ganitkevich, Abs t rac t s  of Proceedings  of the 21st Conference on Higher  Nervous Activity [in 

Russian],  M o s c o w - L e n i n g r a d  (1966), p. 86. 
10. P . M .  Grameni t sk i i  and A. A. Savich, in- Functions of the Body in a Modified Atmosphere  [in Rus-  

sian], Vol. 3, M o s c o w - L e n i n g r a d  (1964), p. 43. 
11. N . V .  Russeva ,  P r o b l e m s  in Compensat ion,  Exper imenta l  Therapy ,  and Radiation Sickness [in Rus-  

sian], Moscow (1960), p. 139. 
12. B. E iseman,  B. Baxter ,  and K. Prachuabmoh,  Ann. Surg., 149, 347 (1959). 
13. M. Gottlieb, J .  Phys .  Chem.,  6__33, 1687 (1959). 
14. P. Jontz and J .  Myer s ,  Am. Inst .  Chem. E n g . , J ,  6, 83 (1960). 
15. W. Malette,  J .  F i tzgera ld ,  and B. Eiseman,  Aerospace  Med., 3_~2, 176 (1961). 
16. K. Mancy and D. Okun, Internat .  J .  Air  Water  Poll . ,  5, 111 (1963). 

634 


