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Long- te rm exposure to harmful  factors  such as ionizing radiation or  cytostatic agents leads to an i r r e -  
versible decrease  in the s tem-ce l l  pool of the hematopoiet ic  sys t em [2, 9] and a l so ,  perhaps,  of other  cell r e -  
newal sys tems .  The mechanism of this residual  damage is not yet c lear .  The s ize  of the s t em-ce l l  population 
is determined p r imar i ly  by the sel f -maintenance capacity of these cells [4, 6]. It has been shown that this unique 
proper ty  of polypotent CFUs (units forming colonies in the spleen) may be damaged as a resul t  of chronic i r -  
radiat ion [5, 10]. 

The aim of this investigation was to study the ability of mouse bone mar row CFUs to maintain their  own 
population in the late stages af ter  long- te rm external i r radiat ion.  

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

CBA mice aged 9-11 weeks were i r radia ted  daily on an experimental  137Cs T - r a y  source  in a dose of 0.5 
Gy (exposure dose rate 0.34 �9 104-0.44 �9 10-4 A/kg)  up to a total dose of 10 Gy. The number  of CFUs in the bone 
mar row of the i r radia ted  mice was determined by the exocolonization method [11]; the recipients  were i r radia ted  
on an ~GO-2 apparatus in a dose of 9.2 Gy. The seE-maintenance  capacity of the CFUs was determined by the 
number of CFUs in individual colonies formed by s tem cells of the animals studied [8, 12]. For  this purpose,  a 
cell suspension was prepared  f rom the bone mar row of mice of the experimental  and control groups and in-  
jected into lethally i r radia ted recipients  in a dose of 8-9 CFUs per  mouse.  After  10 days 12 to 15 colonies were 
isolated f rom the spleens of these p r ima ry  recipients ,  and each was careful ly f reed f rom surrounding t issue.  
A cell suspension was p repared  f rom the contents of each colony in 0~6-0.8 ml of medium, and this  was injected 
in equal amounts into three  o r  four lethally i r radia ted secondary recipients .  Nine days la ter  the number  of 
colonies growing on the surface of their  spleens was counted, and the number  of CFUs in each separa te  colony 
was determined.  SeE-maintenance capacity of the CFUs was studied 3, 6, and 12 months af ter  i r radia t ion in a 
total dose of 10 Gy. Three repeti t ions of the experiments  were done at each t ime of the investigation, and three  
donors (experimental mice and intact mice of the same age) and 10 to 12 p r i m a r y  recipients  were used in each 
of them. Ability of CFUs of the bone mar row to maintain their  own population was compared in the experimental  
and control animals,  and also in mice of the different experimental  groups,  by calculating the mean number  of 
CFUs per  colony and their  distribution among the colonies studied. 

In a separate  ser ies  the prol i fera t ive  activity of bone mar row CFUs was studied during and after  long- te rm 
irradiat ion.  The number of CFUs in the period of DNA synthesis was found with the aid of [3ft]thymidine with 
high specific activity, as descr ibed previously [3]. To determine the percentage  of CFUs taking pa r t  in mitosis ,  
three  or  four experiments were car r ied  out at each t ime of the investigation. 

The resul ts  were subjected to s tat is t ical  analysis by Student 's t tes t  (P __ 0.05). 

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

Daily i r radiat ion of CBA mice in a total dose of 10 Gy led to a s ta t is t ical ly  significant decrease  in their  
mean life span (624 ~ 24 days compared with 749 �9 34 days in the control;  P < 0.05). Pools of morphologically 
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T A B L E  1. N u m b e r  of C F U s  i n  I n d i v i d u a l  S p l e n i c  C o l o n i e s  a n d  F r e q u e n c y  of  C o l o n i e s  ( in  %). 

w i t h  D i f f e r e n t  N u m b e r s  of  C F U s  

Time after 
irradiation, Group of 
months animals 

Number of 
colonies 
studied 

Number of 
CFUs per 
colony 

Distribution of number of CFUs per colony 

0 ll--15 ]6--20 21--30 31--40 40 

Control 96 39,1-+5,5 0 13,4 15,7 9,5 9,5 14,4 

3 Experiment 
6 Experiment 

12--15 Experiment 

8,4+-8,2* 
15,0__.3,0" 
16,1+-2,4" 

40 
50 
50 

2O 

4 

1 - - 5  6 - - 1 0  

5,2 32,3 

4 24 
20 
2O 

15 
I0 
12 20 

# 
12 

L e g e n d .  H e r e  a n d  i n  T a b l e  2: *) P < 0 .05  c o m p a r e d  w i t h  c o n t r o l .  

TABLE 2. Proliferative Activity of Bone Marrow CFUs from Irradiated and 
Intact CBA Mice 

During irradiation After end of irradiation (10 Gy) 

per cent of CFUs time of investiga- group of animals per cent of CFUs 
total dose, Gy in S-period ' tion, months in S-period 

0 (control) 3,6+--3,4 1 control 3,2+__3,4 

2,5 
10 

60,0~15,0" 
46,0:i:9,7" 

Experiment 
Experiment 

30,5+-6,7" 
1,3_1,7 
4,9+_2,3 

identifiable hematopoietic cells and peripheral blood cells of these animals were completely restored 1-3 months 

after the end of irradiation. Residual radiation damage was found in the stem-cell pool, just as in mice of a 

different line irradiated under similar conditions [2]. The number of CFUs in the experimental CBA mice did 
not exceed 60% of the age norm bythe end of their life. 

The mean number of CFUs per colony was identical in intact mice of the three control groups (aged 6-9 

and 15-18 months). The distribution profiles of the number of CFUs in the colonies also were similar for these 
animals. Accordingly, the values obtained for mice of the control groups in these tests were pooled. As the 

data in Table 1 shows, in all splenic colonies formed by hematopoietic CFUs of intact mice which were analyzed, 
CFUs were found. 

About 50% of the colonies contained from six to 15 CFUs, and more than 40 CFUs were found in 14% of the 
colonies. 

The mean number of CFUs and their distribution among the individual splenic colonies growing after in- 

jection of bone marrow CFUs of irradiated mice differed appreciably from the corresponding values in intact 
mice. When bone marrow was injected 3 months after irradiationthe mean number of CFUs per colony was 4.5 

times less than the control value (P < 0.05). In 20% of colonies no CFUs were found, and most colonies (45%) 

contained from 1 to 5 CFUs (Table i). A tendency was noted for the number of CFUs to increase in colonies 
formed by stem cells of irradiated mice 6 and 12 months after irradiation, compared withthe previous time of 

testing (P > 0.05), but the mean number of CFUs per colony under these circumstances remained 2.5 times less 

than the control values (P < 0.05). However, the difference in the distribution of the number of CFUs among in- 

dividual colonies compared with the control was less marked than in the earlier stages of the experiments. 

Nearly half of all colonies tested contained 6 to 15 CFUs, and only in 4-5% of colonies were no CFUs found. 

The decrease in the self-maintenance capacity of hematopoietic CFUs of the irradiated animals can be ex- 

plained, first, by the preceding stimulation of their proliferative activity, leading to exhaustion of the stem-cell 
pool [6, i0]. In the process of daily irradiation all the bone marrow CFUs which survived were in a state of 
proliferation, the rates of which remained increased for at least 1 month after the end of irradiation also (Table 2). 

Increased proliferative activity ofthe hem~opoietic CFUs led to restriction of their ability to maintain 
their own population after acute irradiation or exposure to other harmful factors [I, 7, 9, i0]. Radiation-induced 
injuries to CFUs followed by their elimination may also have contributed to the disturbance of the self-mainte- 
nance capacity of the CFUs in the irradiated animals [13]. 
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Prolonged and repeated  i r rad ia t ion  thus induces a last ing d e c r e a s e  in the abil i ty of hematopoiet ic  CFUs 
to mainta in  the i r  own population. The dis turbance of this  unique p rope r ty  of CFUs is evidently linked with an 
i r r e v e r s i b l e  dec r ea s e  in the s t e m - c e l l  pool of the hematopoie t ic  s y s t e m  af te r  i r rad ia t ion .  

L I T E R A T U R E  C I T E D  

i .  N . F .  Barakina,  K. A. Dike, R. Guo, et  al. ,  Radiobiologiya,  16, 861 (1976). 
2. K . N .  Muksinova, Radiobiologiya,  19, 340 (1979). 
3. K . N .  Muksinova, Radiob~ologiya, 22, 199 (1982). 
4. I.L. Chertkov and A. Ya. Fridenshtein, The Cellular Basis of Hematopoiesis diematopoietic Precursor 

Cells) [in Russian], Moscow (1977). 
5. J. Gidali, I. Feher, and I. Bojtor, in: Late Biological Effects of Ionizing Radiation, Vol. i, Vienna (1978), 

pp. 447-454. 
6. L.G. Lajtha, Nouv. Rev. Fr. H~matol., 2_!I, 59 (1979). 
7. E.A. MeCulloch and J. E. Till, Am. J. Pathol., 65, 601 (1971). 
8. D. MetcaK and M. A. S. Moore, Haematopoietic Cells, Amsterdam (1971). 
9. A. Morley, K. Trainor, and J. Blake, Blood, 4__55, 681 (1975). 

I0. H. Schofield, Blood Cells, 4, 7 (1978). 
ii. J.E. Till and E. A. McCulloch, Radiat. Res., 14, 213 (1961). 
12. H. Vogel, H. Niewisch, and G. Matioli, J. Cell Physiol., 7__2, 221 (1968). 
13. K.H. van Wangenheim, G. E. Hubner, and L. Feinendegen, Radiat. Environ. Biophys., 17, 285 (1980). 

C I R C A D I A N  R H Y T H M S  OF S E X  S T E R O I D S  

D U R I N G  P R O L O N G E D  H Y P O K I N E S I A  

A.  N .  S h e k h o v a ,  N .  P .  G o n c h a r o v ,  
a n d  G .  V .  K a t s i y a  

IN F E M A L E  B A B O O N S  

UDC 612.621.31-06:612.766.2]" 52" 

KEY WORDS: baboons (Papio hemadryas); steroid hormones; hypokinesia; circadian rhythms. 

The widespread  c h a r a c t e r  of hypodynamia in modern  soc ie ty  necess i t a t e s  a comprehens ive  study of the 
effect  of this  ex t r em a l  f ac to r  on women and on the reproduct ion  s y s t e m  in pa r t i cu l a r .  The mos t  adequate model 
for  r e s e a r c h  of this kind is provided by f ema le  baboons (Papio hemadryas ) ,  in which the basic  p a r a m e t e r s  of 
activity of t h e  h y p o t h a l a m i c - h y p o p h y s e a l - g o n a d s  s y s t e m  a r e  ve ry  close to those in man [1, 3]. Since the c i r -  
cadian rhy thm of s e c r e t o r y  act ivi ty of the gonads is one of the  most  impor tan t  cha r ac t e r i s t i c s  of functional in-  
t eg r i ty  of the h y p o t h a l a m i c - h y p o p h y s e a l - o v a r i a n  s y s t e m  [8], exper imen t s  were  ca r r i ed  out on female  baboons 
in o rder  to  study c i rcadian  rhythms of hormona l  act ivi ty of t h e i r  ovar ies  and adrenals  during prolonged cl ino- 
s ta t ic  hypokinesia .  This paper  d e s c r i b e s  the r e su l t s  of a compara t ive  study of c i rcadian  rhy thms  of the e s -  
t radiol ,  p roges t e rone ,  t e s to s t e rone ,  and cor t isol  levels  in the pe r iphe ra l  blood p l a s m a  of unres t ra ined  female  
baboons and of baboons whose movements  were  r e s t r i c t e d ,  in different phases  of the mens t rua l  cycle .  

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

Exper iments  were  ca r r i ed  out on 1O matu re  fer t i le  female  baboons weighing 12-16 kg, aged 5-10 y e a r s ,  
with a s table  biphasic mens t rua l  cycle last ing 28-35 days.  The cycles  were  moni tored by noting swelling of the 
"geni tal  skin," which is the t a rge t  t i s sue  for es t rogens  and re f l ec t s  p ro l i f e ra t ive  p r o c e s s e s  developing in the 
reproduct ive  s y s t e m  in the fo l l icular  phase  of the cycle.  To study c i rcadian rhy thms  of the s t e ro id  levels  (con- 
t ro l )  blood samples  were  taken  f rom monkeys  unres t ra ined  in  t he i r  cages ,  with na tura l  a l te rna t ion  of daylight 
and da rkness ,  eve ry  6 h for  the 24-h per iod s t a r t ing  f r o m  12 noon in the fol l icular  (6th-Sth day) and luteal  (6th- 
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