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Insufficient a t tent ion is paid in the l i terature to methods of measurement  of the oxygen metabol ism in the 

organs and tissues of the l iving animal .  The polarographic method is the most suitable for this purpose, using any 

form of solid polar ized cathode.  The cathode must make contac t  with the tissues only through a defini te  part of 
its me ta l l i c  surface of str ict ly constant  area ( ~ 1 - 3  ram2); the rest of the cathode must be careful ly  insulated e l e c -  
t r ica l ly .  The mater ia l  of the cathode must be chosen so that  i t  is ful ly polar iz ing and, at the same t ime,  enables 
reproduction of the measurements.  The e l ec t r i ca l  c i rcui t  of the apparatus must be s imple.  We recommend the 
use of a modif ied visual polarograph, in which, in contrast to the usual circuits  of polarographs with a solid c a t h -  
ode [1 ,3] ,  the four-vol t  bat tery,  po ten t iometer ,  vol tmeter  and ca lomel  e l e me n t  are absent. The suggested c i r -  
cui t  is i l lustrated in Fig. 1. It consists of two electrodes ,  a ga lvanometer  G and a shunt R. 

The resistance of R must be equal  to the external  c r i t i ca l  resistance of the ga lvanometer ,  the necessary 
sensi t ivi ty of which is obtained by means-of the rider D. 

A similar  c i rcui t ,  but with A u - Z n  electrodes ,  has been used in the construction of the "oxygen lead ~ for 

measurement  of the dissolved oxygen in the depths of reservoirs [4]. The polar ized cathode was gold p la te  and 

the anode a zinc p la te .  The necessi ty of having an external  source of tension and of regulat ing and controll ing 
i t  was e l imina t ed ,  because the zinc,  dissolving in the water,  maintains a constant potent ia l  difference required 
in the Au--Zn e lec t rode  couple to reduce the oxygen on the gold to hydrogen peroxide.  

We tested the app l i cab i l i ty  of this e lec t rode  couple  to the recording of the oxygen metabol i sm in the mus- 

c le  of the rabbit  (see Fig. 3). In the recording,  diff icul ty  was exper ienced in insulating the gold e lec t rode .  We 
therefore looked for another e lec t rode  couple  which would be more read i ly  prepared.  The most sui table couple 
was found to be copper a m a l g a m - i r o n .  As polar ized  cathode we used ordinary lacquered copper armature wire 
PEL with a d iameter  of 0,5-0.9 ram. The insulating coat ing provided on this wire, when appl ied by the method 
used in the factory,  usually possesses high mechan ica l  and e l e c t r i c a l l y  insulating properties.  The tip of the wire,  
sharpened to a point,  is carefu l ly  ama lgamated  with mercury.  The second e lec t rode  is an ordinary carbon s teel  
needle .  Stainless or any other type of s teel  with a passive surface is unsuitable for this purpose. The surface area  
of the steel  e lec t rode  is not of s ignif icance:  i t  should be at least  2 -a  t imes as large as the ac t ive  surface of the 
a m a l g a m a t e d  e lec t rode .  F lexib te  leads with vinyl  chlor ide  insulation,  soldered to the e lec t rodes ,  are connected 
to the shunt of a mirror ga lvanometer ,  possessing a sensi t ivi ty of not less than 10 -8 a /mm of the scale  and an in-  
ternal resistance of not less than 1000 ohm. 

As shown by a ca l ibra t ion  exper iment  in vitro (Fig. 2), the e lec t rode  couple  C u ( H g ) - F e  which we se lec ted  
gives a l inear  relat ionship between the strength of the surging depolar iza t ion  current and the oxygen concen t ra -  
t ion in the solution. The surging current when working with a fixed cathode in polarography is defined as the 
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Fig. 1. Electrical circuit of the apparatus. 
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Fig. 2. Calibration chart of an electrode couple 
copper a m a l g a m - i r o n ,  Area of amalgam sur- 
face 1.6 mm ~. Ringer's solution, T = 20*. 1) Ex- 
posure 30 see; 2) exposure 60 see. 

current recorded during a short, conventionally chosen and 
accurately reproducible t ime of exposure (for example,  30 or 
60 sec) after the closure of the circuit,  before the current is 
established and while it still continues to fall [2]. 

The A u - Z n  electrode couple with a gold cathode of 
equal surface area gives precisely the same calibration curve. 
Consequently, in accordance with the changes in the strength 
of the depolarization current it is possible to estimate the 
changes in the oxygen metabolism in the tissue in which the 
amalgam electrode is implanted. 

We reproduce two experiments on rabbits using a gold 
(Fig. 3) and amalgam (Fig. 4) electrodes. Both experiments 
were carried out in the laboratory of the physiology and pathol- 
ogy of respiration and circulation of the blood (Head-Prof .  
M. E. Marshak) of the Institute of Normal and Pathological 
Physiology (Direc tor -Act ive  Member AMN SSSR V. N. Cherni- 
govskii). In both cases the gas mixtures of different composi-  
tion were supplied for respiration into the dissected trachea. 
The active e l ec t rodes -ama lgam and g o l d - w e r e  implanted in 
the thigh muscle, the other electrodes anywhere at a d i s t a n c e  
not less than I cm from the first, The strength of the polar iza-  
tion current was recorded by means of a mirror galvanometer 
(sensitivity 460 mm/~a, internal resistance 535 ohm, external 
critical resistance 4200 ohm, t 2.5 see). The true value of 
the depolarization current of the electrode was calculated 
from the ratio between the resistance of the shunts and the ga l -  
vanometer. At the initial moment  of closure of the switch K 
the galvanometer  gives a brisk surge of current, and usually 
after 2-5 rain, in the course of which an approximately station- 
ary process of diffusion of oxygen molecules can be established 
at the cathode,  the light indicator of the galvanometer begins 
to oscillate slowly near some mean value in accordance with 
the existing state of the oxygen metabolism in the area of tis- 
sue that is being investigated. 
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Fig. 3. Ohanges in oxygen metabolism in the thigh muscle of rabbit no. 1 
depending on the composition of the inspired gas mixture. Electrode cou-  
ple g o l d - z i n c .  Area of gold electrode 3 mm 2. Visual recording of mean 
values of current after every minute (April, 1956). 
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Fig. 4. Changes in oxygen metabol ism in the thigh muscle 
of rabbit  no. 2 depending on the composit ion of the inspired 
mixture. Electrode couple copper amalgam-- i ron .  Area of 
ama lgam surface 1.3 mm 2. Visual recording of mean va l -  
ues of current after every 15 sec (November,  1956). 
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As the curves show, besides the smal l ,  continuous spontaneous changes in the oxygen metabol i sm,  which 

are of intrinsic interest ,  induced variations in metabol ism rapidly become established,  depending on the compos i -  

t ion of the inspired mixture;  the inspiration of pure oxygen increases the diffusion of oxygen into the tissues ap -  
proximate ly  twofold. 

The oxygen metabol ism in the tissue can be expressed quant i ta t ive ly  in mil l igrams of oxygen diffusing into 
the tissues and reduced on I cm 2 area of the polar ized cathode in 1 sec. This value is proportional to the current 
density on the surface of the cathode and is ca l cu la t ed  by Faraday 's  second law; the g ram-equiva len t  of oxygen is 
taken to be 16 g, for under these conditions hydrogen peroxide is formed. 

The strength of current remaining after comple te  anoxia of the tissue should be regarded as the oxygen zero; 
in the tissues there are other substances which are reduced along with oxygen on the cathode,  and which form a 

small  a lgebra ic  i t em which must be subtracted from the ga lvanometer  readings. It is curious that  the density of 
this current was found to be small  and equal  at the end of the two exper iments ,  although the oxygen metabol ism 
differed very considerably during the exper iments .  

The; polar ized  ca thode ,  when implanted  in a tissue, may imi ta t e  the respiring ce l l ;  the oxygen ut i l ized by 
the cathode from the tissue forms an equivalent  e l ec t rochemica l  depolar iza t ion  current,  which may be recorded 
by the galvanometer .  The number of molecules  of oxygen diffusing to the polar ized cathode in unit t ime ,  and 
the equivalent  e l ec t r i c  current are dependent  on many factors: the par t ia l  pressure of oxygen in the blood,  its c o -  

ef f ic ient  of diffusion, the ve loc i ty  and volume of the blood flow in the capi l la r ies ,  the temperature ,  and the in -  
tensity of the oxygen demand by the surrounding cei ls .  

These factors, however,  taken as a whole, de termine  the pat tern of the oxygen metabol i sm in the tissue. 
The method described is therefore an integrat ing indicator  of the oxygen metabol i sm in the tissue. 

S U M M A R Y  

The author suggests a very s imple method for the measurement  of oxygen metabol i sm in animal  tissues, 
which is based on a s impl i f ied  polarograph system and electrodes with internal  ga lvanic  effect .  Electrodes, used 
for the above purpose, consist of a copper cathode with ama lgama ted  act ive surface,  a needle  from ordinary ca r -  
bon steel  acting as an anode. The cathode is made from lacquered copper winding PEL, 0 . 5 - 0 . 9 r a m  in d i a m -  
eter  by amalgamat ing  the cone-shaped  t ip with mercury.  The above pair of e lect rodes ,  connected through a 
ga lvanometer ,  is inserted into tissues and oxygen metabol ism is assessed through ga lvanometer  readings.  
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