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The  polarographic method has started to be used to study the respiratory function of the blood. Thus, Colman 
and Longmuir [4], by adding ground myocardia l  tissue to the invest igated blood, induced a uniform removal  of oxy- 
gen from the blood, and, by measuring potarographical ly  the oxygen tension (pOt), were able to record the oxyhemo- 
globin dissociation curve. 

A polarographic study of the capac i ty  of the blood to release oxygen can be carried out even without adding 
a "breathing" preparat ion to it.  The device  we proposed for this purpose [2] is a ciosed polarographic microelec t ro-  
lyzer  With a quite small  working chamber (15-30 mma), having a re la t ive ly  large polar izabIe  mercury surface (on 
the order of 20 mm z) equipped with a magnet ic  mixer. 

The e lec t ro lyzer  (Fig. 1) is a glass vessel on legs. A cyl indr ical  depression 1 is in its e levated  bottom. The 
bottom of the vessel is ground down to surface 2. The depression contains pure mercury with sufficient room left  

for the blood and magnet ic  mixer 7. For this purpose, when the depression is f i l led  with mercury, a s teel  ball  of a 
known volume and an excess of mercury are p laced in it; the excess of mercury is removed by pressing with a flat  
ground glass, then the bal l  is removed. Electr ical  contact  with the mercury is accomplished through sea led- in  

plat inum wire 5 and mercury column 6 in a side capi l lary.  The depression contains the mercury, magnet ic  mixer, 
and invest igated blood, which is restr icted at the top by a moistened cel lophane strip 3 laid under plate  4 made of 
microporous ceramic .  The e lec t ro ly te  8 (physiological  salt solution or 0.14 M solution of HC1) poured into the 
vessel and the salt connector 9 permit  conducting the anode potent ial  to the e lec t ro ly t ic  cell .  A ca lomel  e lectrode 
with a mercury -ca lomel  dividing surface at least  50 t imes greater than the surface of the e lec t rode  in the e lec t ro-  

lyzer is used as the anode. 

The  e!ec t r ica l  circuit  of the e lec t ro lyzer  consists, consequently, of the following links: mercury column 6, 
p la t inum wire 5, mercury 1, invest igated blood, e lec t ro ly te  in the pores of plate 4 and in the circular  section of the 
moistened cel lophane strip 3 (which offer a smal l  resistance for the e lec t r i ca l  current and a larger resistance for the 

dissolved oxygen) e lec t ro ly te  8, and salt connector 9 of the ca lomel  electrode.  

The entire vessel is placed in brass water bath 10 in which the temperature  necessary for electrolysis is auto-  

mat ica l ly  maintained.  Magnet 12, which drives the magnet ic  mixer, rotates under the bottom of the bath at a con- 

stant rate. 

Electrolysis is usually carried out at a constant potent ia l  of 1.3-1.6 V (relat ive to the ca lomel  electrode) ,  at 

37 ~ and rotation speed of the magnet  not below 750 rpm. 

Before starting the work, a drop of invest igated blood is appl ied  with an excess on the surface of the mercury 

in the depression and covered with a plate ,  under which the cel lophane strip moistened with the physiological  solu- 
tion (without an excess of moisture on it) is placed.  The plate  is pressed with tweezers; the solution is carefully 
poured into the vessel, the salt connector inserted, and after equal iz ing the temperature,  the magnet ic  mixer is 
switched on first and then the circuit  of the polarograph. If there is no au tomat ic  recorder, the current of the gal-  

vanometer  is recorded visually every 15 or 30 sec with the use of a stopwatch. This recording is the in i t ia i  one for 

a l l  subsequent calculations.  
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Fig. 1. glectrolyzer  for studying the release 
of oxygen by blood. Explanation in text. 
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I) Change of the depolar iza t ion current Fig. 2. 

strength in t ime  depending upon the tempera-  
ture during electrolysis of donor blood saturated 

by a mixture of air  with 5~ CO 2 in a closed 
electrolyzer .  The volume of the chamber is 32 
mm a, d iameter  5.5 ram, rate of rotat ion of the 
magnet ic  mixer 100 rpm, Hb 10 g%; emf 1.375 
V; 1) blood; 2) physiological  solution saturated 

with air; II) curves of the nonuniform dissocia- 
t ion of oxyhemoglobin obtained on the basis of 
the curves of graph I. 

If blood saturated only with air is invest igated,  there is 
no need to take special  measures to maintain pO 2 constant in 
the sample when loading the electrolyzer .  However, when 
more accurate measurements of pCO 2 are required, the instru- 
ment can be charged with blood after saturating with gases in 
a table  box blown with a gaseous mixture of a given composi-  
tion. If electrolysis is carried out at  a vol tage  of 1.3-1.6 V 
re la t ive  to the ca lomel  e lectrode,  the oxygen is reduced at  the 
e lect rode according to the overal l  reaction. 

02 -I- 4e- 4OH~ 

The ions of the hydroxyl are neutra l ized by the buffer 
system of the blood or by buffer additions. 

The polarized mercury surface of the cathode on which 

pO 2 is mainta ined equal to zero owing to polar izat ion,  "absorbs" 
by diffusion of the oxygen from the blood plasma. The loss of 

plasma oxygen is made up by its uptake from erythrocytes as a 
result of dissociation of oxyhemoglobin.  

Before coulometr ic  electrolysis  of the blood, i t  is necces-  
sary to make more precise the magnitude of the cathode poten- 
t i a l  at which the entire electrolysis  will  be carried out. For 
this purpose, the invest igated blood (column height 0.5 cm) is 
poured into the instrument; the magnet ic  mixer is placed in 
the mercury; the cei tophane strip and plate  4 are not used. 
The position of the area of the diffusion current reducing O z of 
the blood to H20 is de termined in an open vessel with a large 
volume of blood during recording of the polarogram from 0 to 
2 V. Having determined the necessary cathode potential ,  the 
gas-saturated blood is e lec t ro lyzed  at  a constant potent ial  in a 

closed chamber,  using the cel lophane strip and plate 4. From 
the theoret ica l  investigations of the kinet ic  current [3,5] and 
from direct  experiments [4], i t  follows that  the strength of the 
depolar izat ion current passing through the galvanometer  is pro- 
port ional  to pO 2 of the blood. 

The  readings of the change of current in t ime  permit  

plott ing the first graph of the re la t ive  changes of the rate of 
oxygen released by the blood (Fig. 2, I). These data can be 
used for plott ing the graph of the curve of oxyhemoglobin dis- 
sociat ion under "conditions of continuous oxygen re leased by 

the blood (Fig. 2, II). We will  give an example  of plott ing the 
curve of oxyhemoglobin dissociation of blood by our method. 
Conditions: blood with sodium oxalate ,  Hb 119, volume of 
ce l l  16.7 mmS,. d iameter  8.5 mm; polar izat ion potent ia l  1.375 
V re la t ive  to a ca lomel  electrode;  the blood placed in the cel l  
of the instrument is saturated by air with pCO 2 40 mm Hg; 

temperature  37 ~ rate of rotat ion of magnet ic  mixer 800 rpm. 

Upon switching on the circuit ,  the l ight indicator  of the 
M-95 micrometer  shows 375 gA (see table),  then the current 
strength begins to drop, the rate  of which decreases with t ime.  
During the first min, the current strength is recorded every 10 

sec, then every 30 sec (see table).  After 780 sec of e lec t ro ly-  
sis, recording is stopped, the magnet ic  mixer is switched off, 
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table  

~ I  ~ . . I  ~,-,,.., 

~, 1~--_.. .~'22~ 
In p A  

Switched 
on 

10 
20 
30 
40 
5O 
6O 
90 

120 
150 
180 
210 
240 
270 
30O 
330 
360 

373 
211 (Io) 
168 
153 
141 
131 
126 

88 
80 
74 
67 
61 
55 
50 
44 

t Micro- I 
oulomhs [ 

l~ o + = m HbO~ 

1387,8 100,0 
1325,6 95,5 I 
1255,2 90,5 I 
1199,2 86,5 
1148,2 82,8 
1101,2 79,5 I 
1057,5 76,2 
973,5 70,3 
862,5 62,3 
764,5 55,2 
676,5 48,8 
596,5 43,2 
522,5 37,7 
455,5 32,2 
394,5 28,5 
339,5 24,5 
289,5 20,9 

~ I ~ f  ~0 

a~d m pa / 
I 

390 42 ] 40 
420 39 [ 37 
450 37 35 
480 30 28 
510 23 21 
540 19 17 
570 115 ~ 5 
6OO 
630 10,5 
660 8,7 
690 7,5 
720 6,5 
750 5,7 
780 5,2 

2,0 0 oo 

13,5 
11 

8,5 (11) 
6,7 
5,5 
4,5 
3,7 

3,2 ( l j  

,394 

,818 

Micro- 

[ cou lomb 

13o. g ~ I + = 0  

245,5 
205,5 
168,5 
133,5 
105,5 
84,5 
67,5 
54,0 
43,0 

HbO2 

18,4 
14,8 
12,1 
9,6 
7,6 
6,2 
4,9 
3,9 
3,1 

and electrolysis  is carr ied out for 5-10 rain without m ix ing .  The established current strength (2 pA) is taken as the 
residual current, i .e . ,  as zero. Then the entire second column of the table  is rewritten with the subtraction of 2 

from each number and the readings of the third column are obtained. We ca lcu la te  the value log (I0/It) for two 
numbers, for example ,  of the last 150 sec, taking as I 0 the current strength, for example ,  every 10 sec after the start 
of electrolysis.  These values are needed to ca lcu la te  the quantity of remaining microcoulombs with respect to two 
values of the current strength: 8.5 pA (630 sec) and 3.2 pA (780 sec). 

Calculat ion of the "residue" is performed by the formula 

Q 0.43.11-t see. 0.43-8.5(5.30) Q I1.'~,~. -- ~ 1o -- == 43.0. 30 
30 (log - -  / o g ~ )  30. (1 .818--  1.394) 

Then we perform graphic integrat ion by simple sequential  summation from the bottom up of the numbers of 
the third column of the table  up to the figure 111 inclusively.  Since the intervals varied from 10 to 30 sec when 
recording the current strength, we add to the sum not 126 but z~ 3 • 126, i .e . ,  84. Then we add 1/3 of 131, 141, 153, 
168, and 211 since their recording was carried out with 10-sec intervals. From the value of the original reading of 
the galvanometer ,  we add i/6 of its value (373/6 = 62. 2). These rules of summation follow from calcula t ing the 

value of the integral  by the t rapezoid method (see M. Ya. Vygodskii, Handbook on Higher Mathematics ,  Moscow, 
1961, p. 48) as the average of the values obtained by adding the row of numbers of the third column of the table,  

whereby it is done in one case from the bottom up and in another case from the top down. 

To determine the total  quantity of microcoulombs equivalent  to the oxygen contained in the oxyhemoglobin,  
i t  is necessary to muhip ly  1387.8 (in the fifth column of the table) by 30 sec, i .e . ,  by the main interval  used in re-  
cording the current strength. Having mul t ip l ied  any number of the fifth column of the table  by 30, we obtain the 
quantity of mierocoulombs corresponding to it,  which is equivalent  to the quantity of oxygen in the oxyhemoglobin 
at a given instant of t ime.  

To plot the dissociation curve, it  suffices to take the figure 1387.8 as 100% oxyhemoglobim On the axis of 
the abscissa, we plot the readings of the current strength given in the third column of the table  which are proportional 

to pO z (Fig. 3) and HbOz% on the axis of the ordinate. 

To ca l ibra te  the scale of pO z, we can perform electrolysis with normal donor blood and establish to what value 
of the diffusion current corresponds, for example  50% of the total  quantity of coulombs. In normal dissociation 

curves 50% HbO2/o corresponds to pO z 37 mm Hg [1]. 
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Fig. 3. Plotting of the oxyhemoglobin dissociation curve 

from the data of the table. Explanation in text. 

This method permits judging the affinity of hemoglobin for oxygen based on the current strength at the start 
of electrolysis, the half-l ife of HbO 2, and oxyhemoglobin dissociation curve. 

In addition to defibrinated blood, we can investigate hemolyzed blood or a solution of oxyhemoglobin. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter translitera- 
tions of the abbreviations as given in the original Russian journal. Some  or  al l  o f  t h i s  per i -  

od i ca l  l i t e r a t u r e  m a y  w e l l  be  a v a i l a b l e  in E n g l i s h  t r a n s l a t i o n .  A complete list of the cover-to- 
cover English translations appears at the back of this issue. 

214 


