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The blood of a l l  vertebrate animals,  except  for the mammals ,  contains nucleated erythrocytes. However, 
there is data in the l i terature that non-nuc lea ted  red ceils may also be encountered among the nucleated ones. A 
number of authors [2, 3, 6-8] have pointed out the existence of s imilar  erythrocytes in birds. There is mention of 
the presence of non-nucleated erythroeytes in the circulat ion even of the lower animals [10, 13]. 

We have studied the blood of the frog (Rana esculenta), the sazan, the common zheltopuzik,  monitor lizard, 

and golden eagle.  Non-nucleated erythrocytes were observed in the per iphera l  blood of a l l  these animals.  

Frog blood has been wel l  studied by many authors [1, 9, 11]. It contains erythrocytes which clear ly  shows a 
character is t ic  anisocytosis. 

M E T H O D S  

The work was carried out on five batches of frogs (consisting of seven animals  each).  Blood smears were taken 
and fixed with methyl  a lcohol  then stained with Giemsa-Romanowsky. The nucleus was placed cent ra l ly  in the 
erythrocytes, as a rule. Their s ize was usually of the order 5.5 �9 9.2 microns. The violet  karyoplasm contains large, 
a lmost  black, lumps of chromatin.  Non-nucleated erythrocytes are also found in the blood. This contradicts the 
opinion that s imilar  cells  are present only in the per ipheral  blood of ta i led amphibia  [13]. The form of such erythro-  
cytes in our preparations was v a r i e d - f r o m  round to oval.  Their s i zeva r i ed f rom 11 �9 27.6 to 16.3" 25.8 microns, i .e. ,  

the size of the non-nucleated ceils and the normal  (according to our data, their length was 18.4-2%6 microns and 
width 11-12.9 microns) did not differ essential ly (Fig. 1). 

Fig. I. 

Fig. 2. 

Fig. 1 Fig. 2 

Non-nucleated erythrocyte in the per ipheral  blood. Smear. Fixation: methyl  alcohol;  stain; 
Oiemsa-Romanowsky. Magn. 15 X90. 

Polar posit ion nucleus. Smear. Fixation: methyl  alcohol;  stain; Giemsa-Romanowsky. 
Magn. 15 X g0. 
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Fig. 3. Division of erythrocyte into nucleated ce l l  and non-nucleated cel l .  
Smear; Fixation: me thy l  alcohol;  stain: Giemsa-Romanowsky. Magn. 
15 x 90. 

TABLE I .  Number of Altered Erythrocytes in the Blood of 
Normal Frogs 

No. of 

animal  
to ta l  

8,025 
21,620 
16,280 

24,165 

14,840 

Erythrocytes counted 

with dis-  
non-nu-  

p laced dividing c lea ted  
nuclei  

(in %) 

1.89 

1.80 

1.98 

1.75 

1.48 

0.04 

0.07 

0.15 

0.I0 

0.i0 

0.00 

0.09 

0.03 

0.00 

0.07 

The results of studying the smears indicated that  

non-nuclea ted  erythrocytes arise frorn the nucleated 

cells d i rect ly  in the per ipheral  blood, This process be -  
gins with the movement  of the nucleus, which makes a 
turn, is displaced to the side and later to a polar posi-  

TABLE 2. Number of Altered Erythrocytes in the Bloodof 
Frogs with Respiration Via the Lungs 

No. of 
to ta l  

an imal  

1 17,530 

2 18,980 

3 16,840 

4 iI~180 

5 11,840 

6 lZi,090 
7 11,270 

8 7,250 

9 9,750 
10 18,730 

Erythrocytes counted 

with dis-  
non-nu - 

flaced dividing c lea ted  
nuc lei  

6.25 
5.57 

5.93 

5.98 

5.99 

7.20 

5.26 

5193 
7.56 

6.40 

(in ~o) 

0.32 0.14 

0.54 0.27 

0.65 0.12 

0.25 0.26 

0.62 0.14 

0.49 0.18 

0.32 0.15 

0.27 0.13 

0.51 0.25 
0.40 0.08 

tion. Then, from oneor both sides of the cel l  grooves are formed; in i t ia l ly  they are small ,  later becoming deeper 
(Figs. 2 and 3). It is evident  how the protoplasm with the hemoglobin almost ent irely migrates into the forming 
oval bag. After formation of the body of the non-nuclea ted  erythrocyte the connecting strandgrows thinner and 
breaks off. This leads to the division of the erythrocyte into two p o r t i o n s - a  larger and a smaller.  The lat ter  con-  
tains the nucleus, which does not differ in form from the nucleus of normal  erythrocytes. It is surrounded by a layer 
of protoplasm of 4.6 to 7.4 microns in thickness. The larger portion of the divided erythrocyte is round. 

The number of cells with displaced nuclei,  whichare  dividing, and the non-nucleated cells in the per ipheral  
blood of normal animals is presented in Table 1. Displaced nuclei  are comparat ive ly  frequent and non-nucleated 
cells very rarely encountered, which testifies that the formation of such erythrocytes in the majori ty  of instances is 
incomplete ,  k similar  picture has been described by Semashkevich [10], who ca l led  this process " internal  budding," 
during which the nucleus is displaced to one pole of the cell ,  while at  the other appears "a lump of dense protoplasm." 
Then the erythrocyte divides in h a l f - o n e  part receives the normal nucleus and the other remains without a nueleus. 
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The suggestion that the above described phenomenon is an ar t i fact  is withoutbasis,  since blood smears taken 
from the cardiac  ventr icle have been prepared with observance of a l l  precautions [12]. In addition, the leucocytes,  which 
were comple te ly  unaltered, served as a cri ter ion for the proper t rea tment  of the blood smears. Thus, it  remains to 

be c lar i f ied  whether to regard the format ion of non-nucleated ceils as a progressive phenomenon which arises in the 

amphibia  and reaches greatest  deve lopment  in the mammal ia ,  or whether it  is a degenerat ive process. To resolve 
this question a very s imple exper iment  was performed. 

Frogs were p laced for two weeks in water which had been wel l  boiled.  To avoid the natural  diffusion of gases 
the water was changed for fresh twice a day. The animaIs were p laced in the water so that their entire body was 
submerged in liquid with only the head emerging.  Such maintenance  must force the frog to manage breathing with 
its lungs, which, as a rule, are poorly developed.  The exclusion of cutaneous respiration creates the conditions for 

development  of hypoxemia.  

The results of study of blood from frogs kept in boi led water showed a marked change in the processes of for-  
mat ion  of non-nuclea ted  erythrocytes.  In Table  2 are presented the data concerning the composit ion of red cel ls  
in these frogs. 

Upon comparing the data in Tables 1 and 2 a marked difference is evident  in the number of erythrocytes with 
displaced nuclei  as wel l  as in dividing and non-nucleated cells.  In the exper imenta l  animals the number of e ry-  
throcytes with displaced nuclei  is increased four to six times; erythrocytes found in stages of division are increased 
four to seven times; the content of non-nuclea ted  erythrocytes is also increased approximately  five t imes.  

Consequently, the posit ive result of the exper imenta l  influence on the erythrocytes is unquestionable, and the 
appearance of non-nucleated erythrocytes in the per ipheral  blood of the exper imenta l  frogs must be considered as 

one of the reactions of the organism to hypoxemic  conditions. 

In the l i terature i t  is indicated that  non-nuclea ted  red blood ceils of mammals  require only tenths and even 
hundredths as much oxygen as the nucleated erythrocytes of amphibia  and reptiles.  As a consequence, the non- 
nucleated elements  are more economica l .  Their appearance in vertebrates, possibly, is re la ted with the struggle of 
the organism for economic expenditure of oxygen in its blood [4, 5]. 

It may be thought that the appearance of non-nucleated erythrocytes in the blood of exper imenta l  frogs is 
one the types of adaptat ion of their body to low oxygen supplies. This adapta t ion is carried out to a certain degree 
by a decrease in the oxygen requirement  of the blood itself. 

S U M M A R Y  

The blood of the frog contains nucleated and non-nucleated erythrocytes.  The latter appear in the per ipheral  
blood by division of the ce l l  into a smaller,  nucleated,  and a larger, non-nucleated part.  During exper imenta l  
hypoxia the number of nucleated erythrocytes in the blood stream of the frog increases by the same method five 
t imes over. It is known that the consumption rate in nucleated erythrocytes in co ld-b looded animals is scores of 
t imes higher than that of non-nuclea ted  erythrocytes as one of the body reactions to hypoxemic  conditions, and the 
erythrocytes as ceils  capable  of react ing to unfavorable conditions and forming non-nuclea ted  e lements  better 
adapted to transmission of oxygen. 

Our exper iment  warrants the supposition that the appearance of non-nucleated erythrocytes in invertebrates 
is apparently one of the types of adapta t ion of their bodies to a re la t ive ly  decreased oxygen supply. This is effected 
by a reduction of oxygen consumption in the blood itseK. 
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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. S o m e  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. 
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