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The oxygen affinity of hemoglobin (Hb) obtained 
by hemolysing erythrocytes d i rect ly  after blood 
centrifugation and decanting the plasma (without 
the usual washing of erythrocytes with physiologi- 
cal saline) is higher than that of Hb prepared from 
washed erythrocytes [6,7]. It has been hypothesized 
that this phenomenon may result from the effect 
of plasma (P) which remains in the microspaces 
between erythrocytes after centrifugation and comes 
in contact with Hb. The data presented below are 
the results of experiments undertaken to verify this 
hypothesis. Cerebrospinal fluid (CF) and K-phos- 
phate buffer (B) were also used to compare their 
effect with that of P. Human and animal Hb ful- 
fills two most important functions in the organ- 
i sm:  respiratory and buffering (due to the ability 
of its ionogenic groups to interact with the ligands 
in the surrounding medium). 

In the present work we studied the relation- 
ships between these functional properties of Hb. 

MATERIALS AN D M ETHO DS 
Human Hb and blood P of heal thy men and 
women and CF of patients with craniocerebral 
trauma were used. Hb was prepared from unwashed 
erythrocytes. The effect of native P (NP) and of 
P preliminarily boiled with or without alcohol and 
centrifuged to remove insoluble material (15 min, 
8,000 rpm) (PPA and PP, respectively) was stud- 
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ied. To 1 ml of 0.99-1.31 retool/liter Hb, 0.2-0.3 
ml of NP, PPA, PP, CF, and B were added. The 
oxygen affinity of Hb was measured with the aid 
of a system of four consecutive desaturators en- 
abling the measurement time to be markedly re- 
duced. The method of spectrophotometry [2] with 
subsequent pumping of the air out of the desatu- 
rators was used (37~ The correlation between 
the dynamics of affinity and the pH was calculated 
by the formula: AH+=Alogps0/ApH. The buffering 
properties of Hb were measured by titering with 
0.1 M HC1 and 0.1 M NaOH. 

RESULTS 

As reported by Berkovskii et al. [1], a 20% Hb 
solution may contain up to 0.8 g/dl nonHb pro- 
teins. In our experiments, 1 ml of erythrocytes 
after moderate centri_fugation entraps some 0.02 ml 
residual plasma which, when unwashed, may in- 
teract with 0.3 g Hb obtained by hemolysing this 
volume of erythrocytes. As shown in Table 1, 
human Hb prepared from unwashed erythrocytes 
exhibits moderate oxygen affinity at 37~ (Ps0 is 
approximately 24 m m  Hg); 0.3 ml of P with 
mean pH 7.8 increases the pH of the Hb solu- 
tion by 0.1 unit and the oxygen affinity by al- 
most 40%. The effects of NP and PP are similar, 
although the pH of the latter constitutes 7.9-8.0. 
Alkalinization of Hb solutions resulting from the 
addition of NP or PP is insufficient to provide an 
explanation of the P50 shift as being due to the 
Bohr effect, because AH + exceeds the standard val- 
ues for this effect more than threefold. 
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TABLE 1. Oxygen Affinity (mm Hg) and ~H of Hb Solutions (X--rex) 

E x p e r i m e n t a l  c o n d i t i o n s  Ps0 (n=7) p H  (n=6)  ] 2xH § 

C o n t r o l  Hb  
Hb + 0.3 ml  P 
Hb + 0.3 ml  PP 

C o n t r o l  Hb  
Hb + 0.3 mA B 

C o n t r o l  Hb  

Hb + 0,2 ml  PPA 

23.64-1.5 
15.74-1.4"* 
16.54-1.5"* 

(n=4)  
22.3-+-0.5 
17.64-0.3" 

(n=7) 
27.74-1.1 

(n=5) 
20.6---2.1" 

7.454-0.04 
7.55"-0.03*** 
7.554-0.04 * 

(n=5) 
7.32"-0.01 
7.58-----0.02* 

( n = 6 )  
7.36"-0.02 

(r~=5) 
7.554-0.02* 

m 

- 1 . 7 9  

- 1 . 5 7  

- 0.40 

- 0.67 

Note. Here and in Table 2: *) p<0.01; "') p<0.05; "*') p<0.01. 

As seen f rom Table 1, the oxygen affinity of 
Hb increases by the usual "Bohr" ratio along with 
the pH. 

When boiled in the presence of  alcohol, P 
preserves the capability of markedly increasing the 
oxygen affinity of Hb; at the same time, treating 
with alcohol twofold reduces the resulting value, 
the correlation between Ps0 and pH approaching 
the Bohr effect. 

The effect of P on Hb depends upon the con- 
centration of the latter: the effect augments along 
with the dilution (Table 2). The solution becomes 
more alkaline, but the essence of the phenomenon 
is least of all explained by the Bohr effect. 

CF also strongly influences Hb, the oxygen 
affinity of the latter increasing in the same degree 
as in the presence of NP in the diluted solutions 
(Table 2). 

In this case, the changes of pH are virtually 
the same, AH + fivefold exceeding standard values 
of the Bohr coefficient. Thus, at least, there is no 
mismatch between the results of experiments with 
P and the hypothesis that residual P is probably 
the cause of the increased oxygen affinity of Hb 
obtained from unwashed erythrocytes. Moreover, 
Hb exhibited the same strong response to the ad- 
dition of CF. In contrast to the effect of B, the 
nature of the effects of P and CF  is obviously 
least of all associated with H § 

The data in Tables 1 and 2 show that along 
with the altered oxygen affinity, the buffering prop- 
erties of Hb also change. As previously reported 

[6,7], Hb is capable of changing the pH of the 
aqueous med ium by means of ion exchange. In 
our experiments, the distilled water in which Hb 
was dissolved had an initial pH of about 6.5, and 
under  the influence of Hb its alkalinization oc- 
curred (pH 7.28-7.35). P and CF (pH 7.82 and 
7.80, respectively) raised the pH of the Hb solu- 
tion to 7.44-7.46. This additional effect cannot be 
attributed to buffering properties of  the proteins, 
because P and CF differ hundreds of times with 
respect to this parameter [4]. The results of titering 
Hb solutions with acid and alkali are evidence that 
after the addition of P, the buffering capacity of  
Hb in terms of  acid and alkaline equivalents in- 
creases by a factor of 4 and 2, respectively (Table 
3). Hence, under  the influence of blood P, other 
ionogenic groups of the protein become accessible 
to t i t rat ion,  this indicat ing its conformat iona l  
changes. Under  the influence of PP the effect is 
somewhat reduced: the binding of acid equivalents 
is 35% and of basic equivalents 25% higher than 
in the control. 

Thus, under the influence of P, both the buff- 
ermg capacity of Hb and its ability to interact with 
02 change. For example, a more variable respon- 
siveness of the titered groups is observed. In fact, 
the NP and PP responses of oxygen affmity of Hb 
are similar, whereas those of  its ability to bind 
acid and basic equivalents are markedly different. 

The above effects suggest a comprehensive ex- 
planation. They are probably determined by the 
low-molecular-weight ligands contained in P and 

TABLE 2. Effect of P and CF on Hb Solutions of Different Concentration (n = 6) 

Hb  c o n c e n t r a t i o n ,  m M / l i t e r  and  
e x p e r i m e n t a l  c o n d i t i o n s  Ps0, m m  Hg p H  AH + 

0.99--  1.31 c o n t r o l  Hb  
b) Hb  + 0.3 ml  NP, p H  7.82 
c) Hb + 0.3 ml CF, p H  7.80 
0 .50- -0 .65  c o n t r o l  Hb  
b) Hb + 0.15 mt  NP, p H  7.82 

28.74-2.1 
20.0"-1.9" 
16.74-0.8" 
28.4---2.3 

16.14-1.3"* 

7.314-0.03 
7.39-4-0.03 *'* 
7.44"-0.05** 
7.35---0.02 
7.45----*---0.04* 

-1.96 
-2.70 

-1.79 
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TABLE 3. Buffering Capacity of Hb (ml/ApH} before and after Adding 0.2 ml NP 

Experimental  condit ions 

Control  
Experiment 
Control  
Experiment 

Solution used for t i tration 

N a O H  

0.024-----0.001 
0.045• 
0.040-----0.020 
0.050• 

HC1 

0.025-----0.004 
0.116• 
0.029~0.003 
0.039~0.001 

CF and, in addition, by the effect of water mol- 
ecules on the ionogenic groups of Hb. Biologically 
active compounds contained in the body fluids 
examined are thermostable but are partially de- 
stroyed when boiled with alcohol. Although P and 
CF vary greatly in terms of their chemical com- 
position [4], the degree of their influence on the 
oxygen affmity of Hb is almost equal. Inorganic 
ions, which are known to reduce the oxygen af- 
finity of Hb [5], cannot be such ligands. Judging 
by the fact that the correlation between Ps0 and 
pH outruns the range of the Bohr effect, H § also 
has little effect. On the other hand, water may 
markedly alter the properties of Hb (including its 
dissociation into dimers and monomers) by hydrat- 
ing the ions in t h e  Hb molecule, this increasing 
the oxygen affinity [3,5,9]. Hence, the present data 
draw attention to unknown features of the interac- 
tion between Hb and factors in body fluids and 

their possible participation in regulating functions 
of vital importance. 

REFERENCES 
1. A. L. Berkovskii, A. V. Sokolov, A. B. Livshits, I. L. 

Smimova, and A. A. Kozlov, Gematol. Transfuziol., N_o 11, 
29-31 (1991). 

2. I. N. Voronova and V. V. Gladilov, Lab. Delo, No 11, 
662 (1976). 

3. G. N. Zatsepina, The Properties and Structure of  Water 
[in Russian], Moscow (1974). 

4. B. I. Zbarskii, I. I. Ivanov, and S. R. Mordashev, Bio- 
logical Chemistry [in Russian], Moscow (1951). 

5. L. I. Irzhak, Hemoglobins and Their Properties [in Rus- 
sian], Moscow (1975). 

6. L. I. Irzhak, Fiziol. Zh. SSSR, 74, No 4, 564 (1988). 
7. L. I. Irzhak and A. V. Tyurnin, Ibid., 71, No 7, 867 

(1985). 
8. V. A. Kabanov (Editor), Practical Guide to High-Molecu- 

lar-Weight Compounds [in Russian], Moscow (1985). 
9. O. Ya. Samoilov, Structure of Aqueous Solutions of Elec- 

trolytes and Ion Hydratation [in Russian], Moscow (1957). 


