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The hemoglobin (Hb) pattern in normal  adult and newborn ra t s  and in animals exposed to the ac-  
tion of hypoxia was studied by s tarch  gel e lec t rophores is .  Polymorphism of lib was demons t ra t -  
ed in the ra t s .  In young ra t s  slow Hb fract ions  are more  marked and its alkali res is tance  is 
grea ter  than in adult ra t s .  During adaptation to hypoxia there is a shift in the relat ive p ropor -  
tions of the f ract ions  toward an increase  in one of the slow fract ions,  but this is not the resul t  
of increased synthesis  of fetal  Hb. The e lec t rophoret ic  mobility of the f ract ions  was unchanged. 
The minimal  charac te r  of changes in Hb composition during hypoxia is an indication of the s ta-  
bility of Hb synthesis in these animals.  
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No general  agreement  has been reached in the l i terature on the question of changes in the proper t ies  of 
hemoglobin (Hb) during hypoxia. There  is information that the hemoglobin spect rum in ra t s  undergoes sub- 
stantial changes as a r e su l t  of hypoxia and anemia. The mobility of the fract ions is increased,  the protein 
content in some of them increases ,  and the Hb becomes more  res i s tan t  to alkaline denaturation [1-3, 5, 17] ; 
under these c i rcumstances  many of the changes discovered have been ascr ibed to increased synthesis of fetal 
Hb (HbF). However, investigations of changes in the f ract ional  composition of r a t  Hb following exposure to 
s imi lar  conditions either have not been observed at all or were negligible [10, 11, 16]. 

The e lec t rophoret ic  pattern of Hb f rom ra t s  adapted to hypoxia was studied. Albino ra t s  are a very 
suitable object for such investigations because their Hb is highly heterogeneous.  If the proper t ies  of a certain 
fraction cor respond best  to the new conditions and if Hb synthesis is sufficiently labile, it can be postulated 
that the production of that component is increased.  

Information in the l i terature on the fract ional  composition of Hb in r a t s  is very contradictory.  Best 
agreement  between the data is found in studies by s tarch  gel e lec t rophores is  [8, 9, 11, 12, 14, 15]. However, 
although some workers  express  the view that this c r i te r ion  exhibits polymorphism in ra ts ,  others have con- 
cluded that the Hb formula  of these animals is uniform. 

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

Noninbred male albino ra t s  were adapted to a p ressu re  chamber  by the method usually adopted in the 
labora tory  [ 1] and, after the end of the training period (30, 60, and 90 days) they were decapitated along with 
control  animals.  The Hb spec t rum of normal  newborn r a t s  also was determined.  Ery th rocy tes  were washed 
3 t imes with physiological saline and then hemolyzed with 10 volumes of water alkalified with ammonia, to p r e -  
vent crys ta l l iza t ion of the Hb. The hemolysate  on s t r ips  of filter paper was introduced into a thin layer (2 mm) 
of 13% starch gel. P re l imina ry  tes ts  showed that the presence of the erythrocyte  s t roma does not interfere 
with the fract ionation of Hb. A continuous buffer sys tem was used [13]. The dc voltage was 80-100 V applied 
to a plate with the gel measur ing  11 x 15 cm. The plate was placed on sponges immersed  in electrode dishes. 
E lec t rophores i s  continued for 2-3 h. The s t r ips  of gel were stained with Amido black and washed to remove 
excess  of dye by the usual method. The Hb spect ra  were photographed and the negatives examined densito-  
met r ica l ly .  The alkali r e s i s t ance  of the Hb was determined by Badyuk' s 1-minute denaturation method. 
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Fig. 1. Densi togram of hemoglobin fract ions f rom normal  adult (I, II, 
III) and newborn (N) ra ts .  1, 2, 3, 4, 5) Hb fract ions.  Start on the right. 

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

In its f ract ional  composition ra t  Hb was found to be nonhomogeneous (Fig. 1). Altogether five bands 
located at approximately equal distances apart  were identified. In 63 ra t s  ( two-thirds of all animals) f ract ions 
1, 2, 3, and 4 were present  (type I), and fract ions 1, 2, 4, and 5 were present  in nine ra t s  (type II).  In both 
groups the intensity of the fract ions was direct ly  proportional to their mobility. The last group (type III) con- 
sisted of 23 ra t s  in which all five fract ions were present;  the intensity of fraction 3 varied considerably in this 
group, but never exceeded the intensity of fraction 4; the protein content in f ract ions 4 and 5 varied accordingly.  
Type III was probably hybrid. Some workers  [12] also regard  fractionation into five bands as hybrid, but it has 
also been found in inbred ra t s  [ 14]. The resul ts  of the present  experiments  thus point to polymorphism of Hb 
in albino ra ts .  

Hypoxia caused slight changes in the relat ive proport ions of the Hb fract ions in the ra ts .  The resu l t s  of 
investigation of r a t s  with the type I Hb spectrum are given in Table i (the data for the other types could not be 
subjected to s tat is t ical  analysis because their numbers  were too small). In ra t s  trained for 30 days a tendency 
was found for an increase  in fraction 3. After training 90 days this increase became significant, as also did a 
decrease  in fraction 1. No changes in the mobility of the fract ions could be found. 

An increase  in the slow and a decrease  in one fast  fraction were thus found, in part ial  agreement  with 
the resu l t s  of a previous investigation [17] of the action of bleeding on the Hb composition. Since the slow 
fract ions are more  res i s tan t  to alkali than the fast  [4],  with a change in the relat ive proport ions of the f r a c -  
tions in favor of slow, the res i s tance  of the ra t  Hb to alkaline denaturation may be increased.  The physical  
role  of this change is not yet c lear ,  for the functional proper t ies  of the components are unknown. However, it 
is quite incor rec t  to associate  the increase in alkali res i s tance  with an increase  in the proportion of HbF, for 
this is absent in ra t s  and the formation of their Hb synthesis during the embryonic  period consis ts  of the suc-  
cess ive appearance of all the various "adult" f ract ions [7, 9, 11]. Although some fract ions at different periods 
of intrauterine development predominate quantitatively over the res t ,  this is no reason to regard  them as fetal. 

A cr i ter ion of alkali res i s tance  can be used to judge the quantity of fetal  Hb only in very limited cases .  
Even if HbF is found in animals of a given species,  this does not mean that it is more  res i s t an t  to alkaline den 
naklration than adult Hb. According to some data [6],  the alkali res i s tance  of Hb in newborn ra t s  is the same 
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TABLE 1. Frac t iona l  Composition of Hb of Rats  Adapted for Different  Per iods  to 
Hypoxia 

Trainin, 
�9 g Group of 

period,days anin{als 

30 

60 

90 

Control 
Experiment 
Co nt rol 
Experiment 
Control 
Experiment 

Number of 
animals 

10 
.15 

8 
11 
9 

10 

44,2_1,6 
42,0+1,7 
39,0+1,6 
38,8~1,4 
41,1+1,0 
37,9~1,1 

Hb fractions 

29,7~2,7 
30,3+4.8 
30,0-+-I, l 
30,0+I,1 
28,2-+-0,7 
28,8• 

18,0+0,7 
19,50,7 
20,0+. 1,5 
20,7--F0,7 
19,3_0,4 
21,1+0,7" 

*-Statistically significant  d i f fe rences  (P < 0.05). 

8,1i-I,9 
8,2-t-2,4 

11,0q-0,9 
10,5_+0,7 
11,5_1,0 
12,2i-0,9 

as in adult r a t s .  According to the r e s u l t s  of tile p re sen t  expe r imen t s  , it is 1.5 t imes  higher in newborn r a t s .  
However,  this is explained not by the p rope r t i e s  of HbF, but by the g rea te r  r ep re sen ta t i on  of slow, m o r e  a lkal i -  
r e s i s t a n t  f rac t ions  in newborn animals  (Fig. 1). Analysis  of the dens i tograms  showed that in newborn r a t s  the 
total of f rac t ions  3, 4, and 5, as a re la t ive  percen tage  of the total Hb content, is higher than in adults,  again by 
1.5 t imes .  

The red is t r ibu t ion  of the components  of Hb in the course  of adaptation to hypoxia possibly took place not 
on account  of a change in i ts  synthes is ,  but as a r e s u l t  of eonformat ional  changes of some f rac t ions  into others ,  
just  as is  obse rved  during aging of e r y t h r o c y t e s  in vivo and during their  prolonged keeping. This  phenomenon 
has  been observed  in r a t s  with phenylhydrazine anemia  [16]. The p re sen t  expe r imen t s  conf i rm the view ex-  
p r e s s e d  prev ious ly  [9, 16] r ega rd ing  the s tabi l i ty  of Hb synthes is  in r a t s .  The action of hypoxia during per iods  
c o m m e n s u r a t e  with the life of one individual is evidently insufficient to br ing about significant changes in Hb 
synthes is .  
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