
These results,  together with data in the l i terature [1], suggest that chronic loss of bile leads to a signifi- 
can~ disturbance of the structure and function of the outer membranes of cells of the intestinal epithelium. 
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EFFECT OF OXYGEN AND HYPERGRAVITATION 

ON ALVEOLAR SURFACTANT 
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The effect of prolonged (up to 66 h) exposures to pure Oxygen and of brief (5 rain) inhalation of 
oxygen combined with gravitational overloads produced by longitudinal acceleration (Sg) on the 
surface tension and surface potential of the alveolar washings from the lungs of albino rats  was 
studied. Under both experimental conditions atelectasis of the lungs was formed, with a de- 
crease in the surface activity of the surfactant. The mechanisms of the changes in surfactant 
activity during hyperoxia, alone and combined with hypergravitation, are discussed. 
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It is now generally accepted that prolonged normobaric hyperoxia, lasting several hours, causes disorders 
of respiration (the Lorrain-Smith syndrome) and atelectases of the lungs as a result  of the toxic action of oxy- 
gen on lung tissue [1, 3, 5]. It is also known that similar respiratory changes may arise following brief (for a 
few minutes) inhalation of pure oxygen, but combined with hypergravitation caused by exposure to longitudinal 
(+Gz) or t ransverse (+Gx) acceleration [6, 8]. Atelectases of the lungs are considered to develop under these 
conditions on account of the increased regional inequality of ventilation of the lungs, their deformation, and the 
rapid absorption of oxygen by blood in the pulmonary capillaries from the unventilated alveoli [8, 14]. 

At the same time, absence or inactivation of the surface-active substance of the lungs (surfactant) is 
known to facilitate the formation of atelectases [4, 13, 15]. In particular, a decrease in alveolar surfactant 
activity has been found after prolonged exposures to oxygen [7, 10, 12]. 

Since both prolonged and brief exposures to oxygen, if combined with acceleration, lead ultimately to the 
development of atelectases of the lungs, changes in the surface-active properties of the surfactant are to be 
expected in both experimental situations. In accordance with this hypothesis the state of the surfactant was 
studied in the lungs of rats  exposed for different times to oxygen and also in ra ts  exposed to acceleration com- 
bined with inhalation of air and of pure oxygen. 

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

Experiments were carried out on 53 male albino rats  weighing 140-170 g. In the experiments of series 
I (17 rats in the experimental and five in the control group) the animals were kept for between 6 and 66 h in a 
chamber through which pure oxygen was passed at the rate of 0.5 l i te r / ra in  per rat .  Carbon dioxide was ab- 
sorbed by the KhPI absorber. 
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TABLE 1. Effect  of Different  E x p o s u r e s  to Oxygen on Indices  of Surface  Activity of  Lung 
Surfactant (M �9 m) 

Parameter tested 

) min' dynes/cm 
K 

.S, conventional units 
A~, mV 
69, conventional units 

Control 

22+-1,5 
0,91 +_0,05 

82+-8 
159+-10 
33 +-6 

2I +0,4 
0,99-t-0,02 

72 +-2 
145-t-3 
24 +-2 

Experimental group 

period of exposure to oxygen,- h 

22 44 

20+--2 25+-4,8 
1,08+-0,20 0,84+-0,14 

88+-8 76+-13 
147+-16 135+_12 
34 _ 7 22 +-9 

66 

39• 
0,39 +0,02' 

41-4-4* 
58___7* 

8,8___0,7* 

Legend.  Here  and in Table  2, a s t e r i s k  indicates  va lues  for which P < 0.05 compared with 
control .  
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Fig. I F~. 2 

Fig. 1. Changes in surface tension (A) and surface potential 03) of alveolar washings. 
Here and in Fig. 2: continuous lines denote hysteresis loops of surface tension and sur- 
face potential in control group; broken lines - the same after exposure for 66 h. Abscissa, 
va lues  of S (in %). 

F ig .  2. Changes  in surface  tens ion  of a lveo lar  washings  in control  (A) and after exposure  
to acce l era t ions  (+Gz) combined with inhalation of air 03) and oxygen (C). 

In the e x p e r i m e n t s  of  s e r i e s  11 (24 an imals  in the experimental  and seven in the control  group) the rats  
w e r e  fixed to a turntable  with a radius  of  4.2 m,  in a f rame  with a s y s t e m  for continuous supplying of  oxygen,  
and exposed  to longitudinal acce l era t ions  (+Gz) with an intensity  of  5 g for 5 min while  inhaling air or  98.5% 
oxygen.  

Washings  w e r e  obtained f rom the a lveo lar  surface ,  containing surfactant  [15], 15-30 rain after the end 
of  exposure  f rom the rats  while  anes thet ized  with pentebarbital .  The  surface  tens ion  of the a lveo lar  washings  
w a s  m e a s u r e d  on a modif ied Wi lhe lmy's  balance [2]. The  surface  act ivity of  the wash ings  was  e s t imated  f r o m  
the  m i n i m a l  sur face  t ens ion  (Ymin), the stabil ity index of the surfactant  (K) [4], calculated by the equation: 
K = 2 ( T m a x - T m i n ) / ( T m a  x + Ymin), and the area  of  the h y s t e r e s i s  loop on the graph of  area  plotted against  
sur face  tens ion  (S). Further  informat ion on the state of  the  surfactant  was  obtained by s imul taneous ly  record ing  
the surface  potential  (A ~o) and the area  of  the h y s t e r e s i s  loop (S~o) of  the surface  potential ,  on the grounds that 
the pos s ib l e  oxidat ion of  phosphol ipids  mus t  change the dipole m o m e n t  of the s u r f a c e - a c t i v e  m o l e c u l e s  and mus t  
lead to a change in the amplitude of  the surface  potential .  The  method of measur ing  surface  tens ion  and the 
surface  potential  was  descr ibed  prev ious ly  [2]. In s o m e  of  the an imals  invest igated the lungs w e r e  examined 
morpho log i ca l l y  (macroscop ica l ly  and h i s to log ica l ly ) .  

EXPERIMENTAL RESULTS 

As Table 1 shows, keeping the rats in an atmosphere of oxygen for between 6 and 44 h caused no signifi- 
cant changes in surface tension or surface potential of the alveolar washings. No macroscopic evidence of 
edema of the lung and no atelectases likewise were discovered in them. 

When exposure to oxygen was prolonged to 66 h a significant (P < 0.001) increase in Train and a decrease 
in the amplitude of the surface potential A~ and in the area of the hysteresis loop S~ were observed (Fig. I). 
Morphological examination of these animals revealed multiple subsegmental atelectases, massive transudation 
into the pleural cavity, and evidence of pulmonary edema. 
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TABLE 2, Effect of Accelerations (+Gz) durirg Inhalation of Air 
and Oxygen on Surface Activity of Lung Surfactant (M • m) 

Parameter tested 

7 min' dynes/cm 
K 
S, conventional units 

Control 

17.0 2,1 
1,11 +0,08 
117• 

Inhalation of 

air [ oxygen 

15,7• ] 24,8• 
1,13• 0,85-t-0,08" 
122• 97-t-9 

24 h later 

15,1 +__2,5 
1,16+0,11 
131+18 

In the experiments of ser ies  1T with inhalation of pure oxygen combined with gravitational overloads, 
despite the short duration of exposure (5 rain) massive atelectases also were observed in all the experimental 
animals, but without any accompanying signs of pulmonary edema or  of transudation into the pleural cavity. 
Meanwhile, as is clear from Table 2, combined exposure for 5 min to the action of oxygen and hypergravitation 
was accompanied by changes in the indices of the surface-active properties of the surfactant similar in magni- 
tude and direction to those following exposures of 66 h to pure oxygen. 

However, exposure to identical levels of acceleration combined with inhalation of atmospheric air was 
not followed by any change in the morphological structure of the lungs or in the indices of surface activity of 
the surfactant (Fig. 2). 

The indices of surface tension of the surfactant did not differ significantly 24 h after exposure to acceler-  
ation in an atmosphere of oxygen from the analogous values in the control group, and morphological examina- 
tion revealed no atelectases in the lungs of the experimental animals. The readily revers ible  atelectases of 
the lungs found in ra ts  after exposure to +Gz in an atmosphere of oxygen and the changes in surface tension 
of the alveolar surfactant thus support the hypothesis that surface-active substances participate in the forma-  
tion of atelectases of the lungs. 

Alveolar surfactant is known to prevent collapse of the lungs and to maintain the morphological stability 
of the alveoli by reducing the surface tension when the volume of the lungs decreases  [4, 15]. Since compres-  
sion of the lungs during hypergravitation and absorption of oxygen from unventilated alveoli cause a reduction 
in their volume [9], it can tentatively be suggested that compression of the alveoli and a reduction in the area 
of the surfactant film covering their  walls cause partial desorption of molecules of surface-active substance 
into the hypophase, and so reduce the surface activity of the surfactant. 

The possible displacement of some surfactant molecules into the hypophase of the alveolar lining may 
perhaps also explain the gradual collapse of the alveoli which takes place during prolonged shallow breathing 
[131. 

By contrast to this predominantly physical mechanism of changes in surfactant activity, long exposures 
to oxygen are accompanied by injury of the endothelium of the pulmonary capillaries, an increase in the perme-  
ability of the alveolar-capil lary membrane, and transudation of plasma into the alveoli. The intraalveolar fluid 
and plasma components of the blood cause washing out and inactivation of the surfactant [11]. The presence 
of massive transudation into the pleural cavity and pulmonary edema in ra ts  after exposure to oxygen for 66 h 
can therefore be explained by the changes observed in the surface potential and surface tension of the alveolar 
surfactant. 

Both prolonged exposures to oxygen and short exposures accompanied by hypergravitation thus lead to 
changes in the surface-active propert ies  of the lung surfactant. However, the mechanisms lying at the basis 
of these changes are evidently different in nature. During hypergravitation they probably consist essentially 
of desorption of surfactant molecules into the hypophase of the alveolar film on account of its compression, 
whereas in the case of prolonged exposures to oxygen they consist of washing out and inactivation of the alveolar 
surfaetant by a transudate of blood plasma. 
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B L O O D  G A SES  IN C R A N I O C E R E B R A L  H Y P O T H E R M I A  

Sh .  D.  P e n n e r  a n d  B .  N.  N i k i t e n k o  UDC 615.832.9.032.81.015.4:612.127 

Experiments on dogs showed that during craniocerebral  cooling from 38 to 28~ the partial 
pressure  of oxygen in the blood increases  whereas that of carbon dioxide decreases .  In deep 
hypothermia (24~ the concentration of the blood gases is lower than at 28~ but is still higher 
than initially. These changes are due to the long persis tence of adequate pulmonary ventilation 
in the hypothermic organism. 

KEY WORDS: hypothermia; partial pressure  of oxygen; partial p ressure  of carbon dioxide. 

An important advantage of craniocerebral hypothermia is its ability to depress the level of oxidative 
processes considerably. In this connection it is interesting to investigate the intensity of carbon dioxide forma- 
tion and also the pattern of oxygen transport and utilization in the hypothermic organism. For this purpose 
the partial pressures of oxygen and carbon dioxide in the blood were studied in dogs during craniocerebral 
hypothermia. 

EXPERIMENTAL METHOD 

Experiments were carr ied out on 25 dogs weighing 10-15 kg. After tr imeperidine premedication and 
intravenous hexobarbital anesthesia the animals were t ransfer red  to basal e ther -a i r  anesthesia. The animal 's 
head was placed in the Kholod-2F factory-made hypothermic apparatus. Mixed venous blood and blood from 
the femoral  a r t e ry  were taken before exposure to cold and as the body temperature  fell at 38, 36, 34, 30, 28, 
and 24~ The blood gases were analyzed by the AZIV-2 apparatus. The partial p ressure  of oxygen in the 
ar ter ia l  (PaO2) and venous (prO2) blood was measured by means of the polarographic attachment to the apparatus. 
The partial p ressure  of carbon dioxide (paCO 2 and PvCO2) was determined by means of the Siggaard-Andersen 
nomogram, with correct ion for temperature  by Rosenthal,s method [9]. 

The depth and frequency of the respi ra tory  movements, the minute volume of respirat ion (MVR), and the 
oxygen consumption were measured with the META 1-25 spirograph. 

The resul ts  were subjected to statistical analysis by the Minsk-32 computer. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

As the body temperature  fell from 38 to 28~ the partial p ressure  of oxygen in the ar ter ial  and venous 
blood increased. At the end of cooling (24~ the partial p ressure  of the blood gases was lower than at 28~ 
although still higher than initially (Table 1). 

The pattern of oxygen t ransport  is closely connected with the processes  of entry of the gas into the body. 
During local brain cooling the depth and frequency of respirat ion change, so that MVR in the case of superficial 
or  moderate hypothermia (36-32~ was higher than initially, whereas during moderate or  deep hypothermia it 
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