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Confl ict ing data  may  be found in the Soviet and Western l i terature on the effect  of increased oxygen concen-  
trat ion on the l iving organism. Most authors [2, 4, 7, 9] consider that  gaseous mixtures rich in oxygen (80-60%) 

cause a modera te  increase in the gas exchange indices. Meanwhile,  some authors [3] have found a low level  of gas 

exchange in persons breathing air enriched with oxygen to this degree. During exposure to mixtures with a higher 
oxygen concentrat ion (8-100%) a dist inct  depression of the gas exchange is observed in man and animals [3, 13]. 

Meanwhile,  an increase in the oxygen consumption has been described in these conditions [11]. Many of the inves- 
t igations ci ted above has been carried out  with the use of re la t ive ly  short exposures. Few investigations have been 

made of the influence of prolonged exposure to an environment  enriched with oxygen on the gas exchange of the 
organism. 

The ob jec t  of this invest igat ion was to study the dynamics of the gas exchange of animals during prolonged 
exposure to an environment  with an increased oxygen concentra t ion 

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

Experiments were carried out on 76 male  albino mice  of l ine CC 57W, aged three months, which were placed 
in groups of 10 at a t ime in two he rme t i ca l l y  sealed chambers.  The exper imenta l  group was placed in one chamber 
f i l led  with the hyperoxic  mixture, and the control group of mice was p laced  in the other chamber f i l led with air. 
The chambers were connected with a closed sys temfor regenera t ionof  the air, in which the carbon dioxide excreted 

by the animals was absorbed by a chemica l  a lkal ine  absorbent, the water vapor by s i l i c a - g e l  and a condensation 
device,  and the other metabo l i c  products of the organism by ac t iva ted  charcoal .  The chambers were vent i la ted by 

means of a blower. Oxygen was supplied au tomat i ca l ly  through a gas meter  to replace  that  used by the animals.  
The to ta l  oxygen Consumption was measured dai ly  over a period of 17 h (from 4 p .  m. to 9 a. m.).  The carbon 
dioxide excreted by the animals was es t imated by t i t rat ion of the chemica l  a lkal ine absorbent throughout the period 
of the exper iment .  The temperature in the chamber was kept at 20-23 ~ Twice dai ly,  at 9 a.m. and 4 p.m. ,  con- 
trol est imations were made of the composit ion of the gas in the chambers by means of a Haldane apparatus. The 

gas exchange was determined in the following conditions, denoting the length of continuous stay of the animals in 
environments with different oxygen concentrations:  with 40% oxygen 27 days (series I), with 60% oxygen 39 days 

(series II), with 80% oxygen 42 days (series III), and with 90% oxygen 10 days (series IV). 

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

In the animals  kept in an environment containing 40% oxygen mixed with nitrogen, the oxygen consumption 
rose during the first three days on the average by 20% over its in i t i a l  level ,  and the level  of oxygen consumption of 
control  animals  kept in an environment of air. Subsequently, the oxygen consumption of the mice of this group fel l  
to the in i t ia l  values, and their gas exchange was almost ident ica l  with that of the control  mice .  Replacement  of 
the hyperoxic  environment  with air after the 27th day of the exper iment ,  had no effect  on the leve l  of the oxygen 

consumption (Fig. 1). 

A different  picture was seen when the mice were kept in a mixture of nitrogen and 60% oxygen for 39 days. 
From the first day of the exper iment  the oxygen consumption of these animals began to increase and it reached its 
m a x i m a l  leve l  by the 25th-26th day of exposure (80% of  the in i t ia l  level) .  Later, the leve l  of the gas exchange 
gradually fell .  By the 34th day of the exper iment  and thereafter it was the same for the exper imenta l  and control  
animals.  After r ep lacemen t  of the hyperoxic  environment  by air, the gas exchange of the exper imenta l  animals 
showed no difference from that  of the controls (Fig. 2). 
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Fig. 1. Dynamics of oxygen consumption in a hyperoxie  medium with a 40% concent ra-  

t ion of oxygen. Here and in Figs. 2-4:  1) control; 2) exper imenta i  group of mice .  Along 

the axis of o rd ina t e s -oxygen  consumption (in m l / m o u s e / h ) ,  along the axis of abscissas 

- days. 
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Fig. 2. Dynamics of oxygen consumption in a hyperoxic  environment  containing 60% oxy-  
gen. Here and in Fig. 3, the broken line denotes an interruption in the recording of the 

oxygen consumption. 

Inhalat ion of hyperoxic mixtures (40-60% oxygen) was thus accompanied  by a transient increase in the oxygen 
consumption. In the first case, an increase in the oxygen consumption was observed for a short t ime (3 days) while 
in the second case i t  lasted longer (26 days). The higher lave l  of oxygen consumption in the mice of the exper imen-  
ta l  group in both series of exper iments  was accompanied by an increase in the excret idn of carbon dioxide by the 

animals.  No difference between the weight of the control  and exper imenta l  animals was observed as a result  of the 

exper ime nt. 

The results of these exper iments  showing an increase in the gas exchange of mice  kept in hypertoxic environ-  
menrs are in agreement  with those of the author's ear l ier  experiments  in which mice were kept for 5 days in an en-  

vironment containing 60% of oxygen [4]. 

The increased gas exchange in mice  kept in a hyperoxic  environment  may be the result of changes in the 
leve l  of the oxidat ive  metabo l ic  processes in the body associated with the modified gaseous composi t ion of the 
atmosphere [8]. On the other hand, the hyperoxic environment  increases the exc i tab i l i ty  of the respiratory center 
and increases the volume of the pulmonary vent i la t ion  [10], and this may also be a cause of the increase in the oxy-  
gen consumption. The subsequent restoration of the normal  l eve l  of gas exchange may  evident ly  be interpreted as 
a manifestat ion of the adaptat ion of the organism to the increased oxygen concentrat ion (40-60%) in the air. 

Conversely, in the animals  kept in an environment with an 80% concentrat ion of oxygen, from the first days 
a persistent fa l l  in the level  of the oxygen consumption was observed, to 27% of its in i t ia l  value.  The level  of the 
gas exchange fe l l  par t icular ly  sharply on the 8th-gth day of the exper iment .  Later the level  of the oxygen consump- 
tion became  s tabi l ized (44% below the in i t ia l  level).  The weight of the animals was decreased by 20% after the 
exper iment .  When the hyperoxic  environment was replaced  by air, the gas exchange of the mice  showed a tendency 
to return to normal.  However, during the 8 days after the end of the exper iment ,  the oxygen consumption fai led to 
return to its in i t ia l  value (Fig. 3), although the weight of the mice  was restored to its in i t ia l  level.  

In the exper iment  in which the mice inhaled a mixture containing 90% of oxygen, as in the preceding exper i -  
ment, after the first day of  exposure the oxygen consumption began to fall ,  and by the 4th day it had fal len to 60% 
below the in i t ia l  level .  On the 7th day of the experiment ,  some of the mice began to die. Replacement  of the hy-  

per toxic  environment by air was accompanied  by death of most of the animals.  At necropsy, edema of the lungs 
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Fig. 3. Dynamics of the oxygen consumption in a hyperoxic environment containing 
80% of oxygen. 

A i r  Y0% 02 Air 

.50 f 
$0 
~0 
3O 
Z0 
I0 
O 
Initial I 3 5 7 9 /! 13 15 17 1~ 2/ Z3 25 

Fig. 4. Dynamics of the oxygen consumption in a 
hyperoxic environment containing 90% of oxygen. 

was found. In the three surviving mice after the change to 
inhalation of air, a gradual increase of the oxygen consump- 
tion began, reaching its initial level on the 4th day (Fig. 4). 
Such a comparatively rapid restoration of the level of the 
gas exchange was probably due to the higher resistance of 
the surviving mice to the toxic action of oxygen. 

In these experiments, therefore, the prolonged stay 
(42 days) in an environment containing 80~ of oxygen did 
not cause their death, although the animals became apath- 
etic and adynamic, and their appetite diminished, There are 

reports in the literature that rats kept for long periods in a gaseous environment with the same concentration of oxy- 
gen developed pathological changes in the lungs [1, 6]. 

An environment containing 90% of oxygen proved frankly toxic for the mice. The animals beganto die onthe 
7th day of  exposure. According to reports inthe literature, mice die at the same times when inhalingpure oxygen [12]. 

The significant depression of the level of gas exchange in the mice in these experiments in environments con- 
taining 80% and 90% of oxygen was evidently connected primarily with the generaI depression of metabolism as a 
result of the excess of oxygen [5]. At the same time, other factors associated with the influence of oxygen on the 
cardiovascular system (vasoconstriction, slowing of the blood flow, slowing of the heart rate), or with disturbance of 
the function of the lungs (inflamatory phenomena, edema, atelectasis, a decrease in the volume of pulmonary ven- 
tilation, etc. [1,6 ,  13]), may also play a part. 
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