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One of the most  successful  methods  used to study the origin, dynamics of distribution,  and quantitative 
aspects  of the population of hematopoiet ic  stem cells  (HSC), thei r  p roper t ies ,  and thei r  re la t ions with other  
t issue ceils  of the internal  medium, is the method of splenic colonies,  although it is applicable only to mice [7]. 

it is only recent ly  that a method of cloning avian HSC in the bone mar row of lethally i r radia ted chicks 
has been developed [5]. The wr i t e r s  showed previously that a combination of this method with the method of 
natural  cell  m a r k e r s  [4] using sublethally i r radia ted chicks enabled the fate of both the donor ' s  and the rec ip -  
ient 's  HSC, forming colonies in the bone marrow,  to be studied [1]. 

In the present  investigation colony-forming ability of yolk sac cel ls  and of the quail embryo  itself,  at the 
stage corresponding to 48 h of incubation, and also of cells  f rom the yolk sac, limb bud, and anlage of the hear t  
of a quail embryo at the stage corresponding to 60 h of incubation. 

EXPERIMENTAL METHOD 

Hens of the Russian White breed and embryos of the Japanese quail Coturnix j.aPonica L., of the Pharaoh 
breed, were used. 

Full details of the experimental technique were described previously [i]. Chicks age 3 weeks, irradiated 
in a dose of 750 R (dose rate 50 R/rain), received an injection of 0.6 ml of a suspension of embryonic quaileells 
24 h after irradiation, into the marginal vein of the wing. Data on the sources of the cells of the suspension 
injected and the number of donor's cells injected into the irradiated chick are given in Table i. 

Depar tment  of Histology and Cytology, M. V. Lomonosov Moscow State Universi ty .  (Presented by Acad- 
emic ian  of the Academy of Medical Sciences of the USSR A. P. Avtsyn). Translated f rom Byulleten'  Ekspe r -  
imental 'noi  Biologii i Meditsiny, Vol. 90, No. 8, pp. 214-215, August, 1980. Original ar t icle  submitted January  
16, 1980. 
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T A B L E  i. N u m b e r  of D o n o r ' s  C e l l s  I n j e c t e d  in to  I r r a d i a t e d  

C h i c k s  

Source of cells of suspension 
injected (quail embryos) 

Embryo proper 
yolk sac 
Yolk sac 
Limb bud 
Anlage of heart 

Experiment 1 
Incuba- number( 
lion experi- number of 
time, h mental cells in- 

chicks jected 

48 15 2,2.106 
48 14 2,25.10 s 
60 10 5,6-10 s 
60 l~ 1,6.10 ~ 
60 1,9.106 

Experiment 2 

aumbero~ number of 
expeN - ceils in- 
mental jected 
chicks 

13 1,5.10" 
3,5.10 s 
3,9.108 
2,6.106 
2,3.10 ~ 

T h e  b o n e  m a r r o w  of  t h e  c h i c k s  w a s  f i x e d  7 - 1 0  d a y s  a f t e r  i n j e c t i o n  of  t h e  d o n o r ' s  c e i l s  a n d  t h e  n u m b e r  of  

b e n z i d i n e - p o s i t i v e  e r y t h r o e y t e s  of  t h e  m a c r o s c o p i c  c o l o n i e s  w a s  c o u n t e d .  A f t e r  m a c r o s c o p i c  c o u n t i n g  of  t h e  

c o l o n i e s  in  t h e  b o n e  m a r r o w ,  d e t e c t e d  b y  t h e  b e n z i d i n e  t e s t  i n  toto, a m i c r o s c o p i c  a n a l y s i s  w a s  m a d e  of  t h e  

c o m p o s i t i o n  of t h e  h e m a t o p o i e t i c  c o l o n i e s  in  t h e  o r g a n  [1]. A s  a r e s u l t  of a n a l y s i s  i t  w a s  p o s s i b l e  to  c a l c u l a t e  

t h e  r e l a t i v e  p e r c e n t a g e s  of e x o g e n o u s  (qua i l )  a n d  e n d o g e n o u s  (hen)  c o l o n i e s  f o r  e a c h  v a r i a n t  of  t h e  e x p e r i m e n t .  

EXPERIMENTAL RESULTS 

Microscopic analysis of the hematopoietic colonies in the bone marrow of the irradiated chicks, into 
which quail cells were transplanted, revealed a high proportion of exogenous colonies in each variant of the 
experiment. On the basis of the results it was possible to calculate the relative numbers of colony-forming 
units (CFUbm) in the suspensions of donor's cells studied and to compare colony-forming ability of the cells 
from different organs of the quail embryo (Table 2). 

It will be clear from Table 2 that the concentration of CFUbm in the quail embryo proper at 48 h of incu- 
bation was two orders of magnitude higher than in the yolk sac at both 48 and 60 h of incubation. However, the 
total number of CFUbm in the embryo proper was only 1.5-2.5 times greater than in the yolk sac, for at this 
stage of incubation the embryos proper contained about 106 ceils and the yolk sac 108 cells. The number of 

CFUbm in the yolk sac was practically unchanged from 48 to 60 h of incubation, although the number of cells 
in the organ increased almost two-fold during this period. This is evidence of the relative constancy of the 
number of CFU of the yolk sac in the period studied. However, from the end of the 3rd day of incubation after 
establishment of the circulation the number of CFU on the yolk sac increased and, in the opinion of many 
workers this takes place on account of its population from intraembryonic sources [2, 6]. 

Jurdic et al. [3] showed that the chick embryo at 48 h of incubation contains 33.7 4- II CFUbm. The 
number of CFUbm both in the quail embryo and in the chick embryo can be seen to agree closely at this stage 
of incubation, although these values were obtained by the use of different methods of counting the number of 
colonies in the chick bone marrow [i, 31. 

The concentration of CFUbm in the limb bud and anlage of the heart in the quail embryo was about equal 
(Table 2). The total number of ceils in the anlage of the heart at this stage of incubation averaged 0.5.106. 
The total number of cells in both anlagen was the same as the number of cells in the quail embryo proper at 
48 h of incubation. Hence it follows that the number of CFUbm detectable in the embryo proper at 48 h of incu- 
bation corresponds with the total number of CFUbm determined in the anlage of the heart and in the limb buds. 
Considering the exponential increase in the number of CFUbm in the period from 36 to 96 h of incubation [3], 
it can be tentatively suggested that most CFUbm contained in the embryo proper at 48 h of incubation were 

T A B L E  2. R e l a t i v e  N u m b e r s  of C F U b m  in  D i f f e r e n t  O r g a n s  of  Q u a i l  E m b r y o s  (M 4- m )  

Source of cells of suspension 
injected (quail embryos) 

Embryo proper 
yolk sac 
Yolk sac 
Limb bud 
Anlage of heart 

I Experiment 1 / Experiment 2 _ 
Incuba- percent ofexog -Lnumber of ben- number of quail~aumber of ben-I number of quail 

- "~ " "olonies per kCFU, ) net Icolonies per (CFUbm) per I 
~i~ h enoUS r~uaiD :idine-positive colonies ~idine-positive colonies 

h06 cells I10 cells 10 ceils colonies LO s cells , Dm ~ S G 

I 
48 58,2• 86,00-t-4,03 50,054-4,67 67,084-9,42 39.05--+7,29 
48 64,2+2,5 0,524-0,04 0,33".0,04 0,244-0,02 0, 164-0,02 
60 68,2~2,6 0,25+_0,04 0,174-0,03 0,214-0,03 0.15+_0,02 
60 66,9--__+2 7 88,804-7,3 59,4i"-7,28 24,33~3,85 16,284-3,23 
60 63,6_____1,8 67,88+_2,36 43,17"-2,72 45,864-8,5t 29.17+6,24 
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identified in the presen t  invest igat ion in the composi t ion  of the anlage of the hear t  and the limb buds.  The 
remain ing  CFUbm evidently were  located in o ther  regions  of the embryo .  

The r e s u l t s  thus indicate that  the reg ion  of the anlage of  the hear t  and l imb buds of the quail embryo  can 
s e r v e  as the ma in  source  for  HSC populating both in t raembryonic  and ex t r aembryon ic  hematopoie t ic  o rgans .  
It can also be postulated that the anlage of the blood, which initially is located in a r e s t r i c t ed  region of the v i s -  
ce ra l  l aye r  of the m e s o d e r m  (in the caudal par t  of the developing embryo) ,  in the course  of morphogenes i s  is 
d i spe r sed  and dis t r ibuted in the m e s e n c h y m e  of the anlagen of the embryonic  and definit ive hematopoie t ie  
o rgans .  
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The effect of hypoxia on functional systems of the body is currently being intensively studied [I, 2, 51. 
However, the immunologic reactivity of the body during hypoxia has hardly been studied at all [3, ii]. Analysis 
of immunologic reactivity at the present-day level must include a study of the basic cell processes responsible 
for immunogenesis [7, 8]. 

The object of this investigation was to study colony-forming stem cells (CFU) in the bone marrow, spleen 
and peripheral blood, and the migrating ability of CFU and also of T and B lymphoeytes of mice exposed to 
graded rapid acclimatization to hypoxia. 

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

(CBA • C57BL)F 1 hybrid mice  obtained f rom the "Stolbovaya 'r Nu r se ry  of Labo ra to ry  Animals ,  Academy 
of Medical  Sciences of the USSR, were  used in the expe r imen t s .  Fema le  an imals  age 3-4 months,  weighing 
initially 18-20 g, were  used. 

Graded rapid acc l imat iza t ion  to bypoxia was ca r r i ed  out in a p r e s s u r e  chamber ;  the an imals  were  
" r a i s e d  to an alt i tude" of 4000, 5000, 6000 and 8000 m at the ra te  of 50 m/sec ,  they were  kept at eaeh of the 
above "al t i tudes ~' for  1 min, and they were  then " lowered" in the course  of 2 min 40 see.  Rais ing  and lowering 
under these conditions were  repeated  15 t imes .  Tra in ing was given on three  success ive  days,  and the an imals  
were  invest igated during the 3-4 h a f te r  the las t  t raining sess ion .  The control  (intact) group of mice  was kept 
in an a tmosphe re  with a normal  oxygen concentrat ion.  

Insti tute of Biophysics ,  Min i s t ry  of Health of the USSR. (Presented  by Academic ian  of the Academy of 
Medical  Sciences of the USSR P. D. Gorizontov.)  T rans la t ed  f rom Byutleten '  l~ksper imental 'noi  Biologii i 
Meditsiny,  Vol. 90, No. 8, pp, 215-217, August ,  1980. Or ig inal  a r t ic le  submit ted June 26, 1979. 
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