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Results on changes in the tissue oxygen tension may be of great value in determining the oxygen supply to the 
tissue. Tissue oxygen tension measurements have been made possible by the method of polarography [5]. It has 
been used frequently in recent years to determine the effect of various factors on the oxygen tension in the brain 
[1,2,3,5,8] the heart i[11,12] and in the skin and muscles [9,10,etc.]. 

It must be remembered that the changes in tissue oxygen tension may be brought about by at least three 
factors. There may be alteration in the blood gases, in the blood supply to the tissues, and in the rate of the oxidat- 
ive processes in them. To determine the cause, the effect of each of the three factors must be determined separately. 

We have studied alterations in the tissue oxygen tension caused by altering the oxygen content of arterial blood. 

M E T H O D  

Thirty-five acute experiments were carried out on eats under urethane anesthesia. 

Records were made of respiration (on a Pneumograph ), of arterial pressure (by mercury manometer), of 
relative changes in the oxygen saturation of the arterial blood (using a photocell), and of the oxygen tension in 
skeletal muscle and in brain tissue by a polarographic method [4,6,7]. 

To record changes in tissue oxygen concentration we used the following electrodes: a cathode consisting of 
a platinum wire 0.3 mm in diameter and insulated except for the tip by a polyurethane varnish, and a nonpolarizable 
anode, made of a silver wire 0.5 mm in diameter, covered with a layer of silver chloride deposited electrolytically. 
The platinum electrode was inserted into the tissue under test, and the silver electrode into a muscle, usually at a 
distance of 3-4 cm from the first electrode. A potential of 0.6 v was applied to the leads (and it has been shown 
that when oxygen is being reduced, the current at the platinum cathode is proportional to the oxygen tension in the 
solution, or in the tissue [4,10]). The current and its variations were recorded by a GZ8-47 galvanometer using the 
electric.al circuit described by Montgomery and Horwitz [10]. 

The arterial oxygen concentration was altered by arranging for the animal to breathe mixtures containing 
an increased or decreased amount of oxygen from a bag. 

RESULTS 

Ilt was found that in hypoxia, changes in the oxygen tension in the tissues follow the variations in the oxygen 
content of the arterial blood quite closely, lagging behind it somewhat in t ime- a reduced arterial, oxygen concen- 
tration usually began 1-5 seconds after breathing a mixture poor in oxygen, and a reduction in the tension in the 
tissues :followed a few seconds later (Fig. 1 a,b; Fig. 2 a,b). 

"/'he lag in the change of the tissue oxygen tension behind arterial tension occurred not only at the beginning 
but during the time that the mixture poor in oxygen is breathed: when after 1-1$fminutes the arterial tension settled 
at a reduced but almost constant level, the tisme tension continued to fall and settled at a fairly constant level 
5-7 minutes after the reduced oxygen mixture was given. 
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Fig. 1. Changes in oxygen concentration in the brain of a cat weighing 2.5 kg; 
experiment on 28/12/1959. Inspiration of mixture ( ' t ) ,  containing a) 13% of 
oxygen; b) 7%oxygen; c) 50%oxygen; d) pure oxygen. Curves from above 
downwards: a,b) respiration, oxygen tension in brain tissue; arterial oxygen 
saturation; arterial pressure; time marker (5 seconds); e,d) respiration, arterial 
blood oxygen saturation; arterial pressure; tissue oxygen tension; time marker 
(8 seconds). 

Fig. 2. Changes in oxygen tension in the gastroenemius muscle. Experiment 
on cat weighing 1.0 kg, 0/10/1980. A) Breathing a mixture ( ), containing 
0% oxygen; b) breathing pure nitrogen; c) breathing oxygen. Curves, from 
above downwards: time marker (5 seconds); respiration, oxygen tension in 
muscle; arterial blood oxygen concentration; arterial pressure. 

The reduced arterial tension may be to some extent compensated by a reflex increase in respiration. At the 
same time, to prevent the reduction of the oxygen tension in the tissues a whole number of mechanisms are brought 



into play, which include increase in blood supply to the tissue, and a change in the oxidative processes; however, 
these processes take longer to be established. 

After the oxygen-deficient mixture has been replaced by normal air, the recovery of the arterial blood oxygen 
saturation usually occurs quite rapidly, after 30-40 seconds~ only when more severe and repeated oxygen lack has 
been inflicted does the arterial blood oxygen saturation take longer to recover, 

Even after breathing air of a reduced oxygen content for as little as 1-3 minutes, usually a longer time was 
required :for recovery, which however was different for the different tissues. Oxygen concentration in the brain was 
usually restored in 3-4 minutes, and in many cases, particularly after a considerable hypoxia had developed after 
breathing a mixture containing 6-9% oxygen, there was an increase in the blood oxygen to a level higher than the 
original. The oxygen tension in muscle was frequently not fully restored in less than 6-8 minutes; only after very 
acute hypoxia was there sometimes a more rapid but short-lasting increase in tissue oxygen tension, after which it 
usually fell below the original value. 

Increasing the partial pressure of oxygen in the inspired mixture (Fig. 1 c,d; Fig. 2 c) caused only small in- 
crease in the arterial blood oxygen concentration; at the same time there was a very considerable increase in the, 
tissue oxygen tension which was better shown, the higher the concentration in the air breathed. Although when pure 
oxygen was given (Fig. 1 d) there was same increase in arterial blood oxygen concentration as with a 50%0 mixture 
(see Fig. 1 c), the increase in the tissue oxygen tension was better shown in the former case. 

It iis known that when atmospheric air is breathed, the arterial blood oxygen concentration is 95--96%; even 
when the partial pressure of oxygen in the inspired air is 40-50%0, the hemoglobin is almost 100% saturated. When 
the oxygen partial pressure is increased further, its concentration in the blood plasma increases, and although no 
further saturation of the hemoglobin is possible, there is a considerable increase in the partial pressure of oxygen in 
the blood, which is particularly important in connection with its diffusion from the blood into the tissues. This 
circumstance explains the changes in the degree of arterial blood oxygen concentration and tissue oxygen tension 
as related to an increased partial pressure of oxygen in the inspired air. 

When a changeover is made to breathing pure oxygen, changes take place in the same sequence as when the 
oxygen content of the air mixture is reduced: the changes in the tissue oxygen tension lag somewhat behind the 
arterial blood oxygen concentration. The same thing usually occurs at the changeover from breathing oxygen to 
breathing atmospheric air. However, quite frequently when the oxygen supply is removed, the fall in the tissue 
oxygen tension begins at the same time or even somewhat before the recovery in the saturation of the arterial blood, 

The explanation is that the initial reduction in the oxygen partial pressure in the blood plasma may produce 
an immediate reduction in tissue oxygen tension; at the same time, the plasma concentration may be sufficiently 
high to produce complete saturation of the hemoglobin. 

The restoration of the tissue oxygen concentration to its original level usually occurs 3-5 minutes after the 
cessation of breathing oxygen. 

It was pointed out above that changes in tissue oxygen tension accompanying a change in the partial pressure 
of the air breathed lags somewhat behind changes in arterial blood oxygen concentration. Here it should be noted 
that this time lag is shown to a different extent in the various tissues. Thus, in the brain the tissue change occurs 
from I to 5 seconds, and usually between 2 and 3 seconds after the beginning of the change in arterial oxygen 
saturation (see Fig. 1), in muscle the time delay is from 6 to 20 seconds, and usually lies between 8-12 seconds 

(see Fig. 2). 

A condition such as hypoxia produces a whole series of adaptive changes in the body, and in particular an 
increase in pulmonary ventilation and in the minute volume of the heart; there is also a redistribution of blood 
throughout the body and a change in the course of the oxidative processes. 

The reason for the differences in the latent period of the oxygen tension change for the different tissues is 
probably that the blood supply to these tissues changes unequally, and their oxidative processes are affected differ- 
ently. 

The blood supply to the brain is more abudant than to the muscles, and under normal conditions is greatly 
increased during hypoxia and in the subsequent recovery period; the effect is due to the greater surface area of the 
capillariies through which diffusion of gases takes place, so that there is a greater rate of diffusion toward the surface 
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of the electrode. In addition, brain tissue has a higher metabolic rate, which is comparatively little reduced during 
hypoxia; because of the greater demand for oxygen, the drop in oxygen tension in the brain may occur earlier than 
in muscle. 

After the oxygen deficient mixture has been withdrawn, the recovery of the oxygen tension in the brain also 
begins earlier (after 1--4 seconds) than it does in muscle, where it is delayed until 5-25 seconds after the onset of the 
recovery of the arterial blood oxygen saturation. As has already been pointed out, complete recovery of the oxygen 
tension in brain occurs more rapidly than in muscle. It is probable that this is mainly due to an increased blood 
supply to the brain~which occurs in hypoxia and in the subsequent recovery period. 

SUMMARY 

Experiments were performed on cats under urethane anesthesia. The effect of increased or decreased oxygen 
supply on oxygen tension were investigated. It was found that in hypoxia, changes in the tissue oxygen tension 
follow the degree of oxygen saturation of arterial blood, and are delayed slightly in time compared to the latter. 
The higher the oxygen concentration in the inspired air, the greater is the increase of the oxygen tension in the 
tissues. 

The latent period for the change in oxygen tension is shorter in the brain than in skeletal muscle. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all or this peri- 

odical l i t e ra tu re  may wel l  be ava i lab le  in Eng l i sh  t rans la t ion.  A complete l is t  of the cover-to- 

cover English translations appears at the back of this issue. 
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