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The number  of ch romosomal  aberra t ions  was significantly higher than in the control  in bone 
mar row cells of monkeys 3 months and 5 years  af ter  acute y - r a y  irradiat ion in doses of 550- 
650 R. The principal type of s t ruc tura l  r ea r rangements  of ch romosomes  are  acentr ic  t r ans -  
positions. The number  of ch romosomal  t ransposi t ions in the anaphases and telophases was 
grea te r  in monkeys examined 6, 8, and 12 years  after  i rradiat ion,  but the difference was not 
s tat is t ical ly significant. The late somatic effect of radiation is independent of the monkey 's  
sex. 

Cytogenetic effects of i r radia t ion are  found soon af ter  the procedure  and they are  expressed as an 
increase  in the nmnber  of s t ruc tura l  changes in the ch romosomes ,  death of the cei ls ,  and various other 
dis turbances  [2, 5, 6]. If the i r radia ted  ceils remain  viable, a cer ta in  percentage of them will c a r r y  a 
modified nuclear  s t ruc ture  [1, 7, 9]. The question of the quantitative principles governing late cytogenetic 
changes af ter  i r radiat ion has received little study [8]. 

The object of the present  investigation was to analyze the frequency of chromosomal  aberrat ions  in 
bone mar row cel ls  of monkeys at var ious  t imes  af ter  a severe  form of radiat ion s ickness  (LDT0_~0). 

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

Monkeys previously used in radiobiological  experiments to study the clinical  features  of radiation 
s ickness  were used in the investigation. The animals received whole-body i r radia t ion with Co 6~ T- rays  
in a single dose of 550-650 R. Monkeys of the species Maeaca mula (11 males ,  7 females) ,  surviving acute 
radiation s ickness ,  were  investigated cytogenetically at various t imes af ter  i r radia t ion (3 months, 5, 6, 8, 
and 12 years ) .  The experimental  resul ts  for  each t ime of investigation were added together because of the 
s imi la r i ty  of the late effect in the monkeys i r radiated in doses of 550-650 R. The natural level of mutation 
was studied in 12 control  monkeys.  ' 

Chromosomal  aberra t ions  were investigated in bone mar row cells obtained by puncture from the long 
bones.  The mater ia l  was fixed and t reated by the method descr ibed previously [4]. In each animal 300 
anaphases and 300 telophases were analyzed, and in 3 monkeys,  400,450,  and 500 cells respect ively  were 
studied. The af ter -ef fec ts  of radiation were a s sessed  from the number  and cha rac te r  of the chromosomal  
aberra t ions .  During analysis  of the mater ia l ,  single and paired fragments ,  chromatid and chromosomal  
br idges were taken into account during analysis  of the mater ia l  (adhesion bridges and deletions of ch romo-  
somes were not included in the analysis).  This paper gives the resul ts  of analysis  of 6050 cells  of i r r a -  
diated monkeys and 3850 cells  of control  animals.  The numer ica l  resul ts ,  describing the frequency of 
s t ruc tura l  injuries to ch romosomes ,  were analyzed by the s tat is t ical  methods described by Romanovskii  
(1947) in his book. 
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E X P E R I M E N T A L  R E S U L T S  

The spontaneous level  of c h r o m o s o m a l  a b e r r a t i o n s  in the bone 
m a r r o w  ce l l s  of the monkeys was de t e rmined  for  two age groups (3- 
5 and 9-11 y e a r s ) ,  co r r e spond ing  a pp r ox i m a t e l y  to the ages of the i r -  
r ad i a t ed  an ima l s .  As Table  1 shows,  with an i n c r e a s e  in the monkeys '  
age,  the number  of spontaneous c h r o m o s o m a l  a b e r r a t i o n s  i n c r e a s e d ,  
but the i n c r e a s e  was not s t a t i s t i c a l l y  s igni f icant  (P < 0.01). No s i g -  
nif icant  d i f fe rences  l ikewise  were  found in the spontaneous mutagenic  
effect in monkeys of d i f ferent  s exes .  

Table  1 a l so  gives the mean data for  s e v e r a l  groups of i r r a d i a t e d  
monkeys depending on the a n i m a l ' s  sex  and the t ime  a f t e r  i r r a d i a t i on .  
F o r  ins tance ,  for  two males  examined 3 months a f t e r  r ad ia t ion  s i cknes s ,  
the number  of c h r o m o s o m a l  abe r r a t i ons  was s igni f icant ly  h igher  than 
the cont ro l  values  (P < 0.01). In another  group of m a l e s ,  examined 5 
y e a r s  a f t e r  r ad ia t ion  s i ckness ,  the number  of c h r o m o s o m a l  a b e r r a t i o n s  
was a l so  s ign i f ican t ly  h igher  than the con t ro l  leve l  (P = 0.01). How- 
eve r ,  8 and 12 y e a r s  a f t e r  i r r a d i a t i o n ,  although the number  of a b e r r a -  
t ions was h igher  than the spontaneous level  in the ma les  examined,  the 
d i f ference  was no longer  s t a t i s t i c a l l y  s ignif icant  (P > 0.01). No s ign i -  
f icant  d i f ference  l ikewise  was found in the number  of c h r o m o s o m a l  f r a g -  
menta t ions  in i r r a d i a t e d  females  examined 6 and 8 y e a r s  a f t e r  i r r a d i a -  
t ion and the spontaneous level  of a b e r r a t i o n s  (P > 0.01). 

With an i n c r e a s e  in the t i m e  a f t e r  i r r a d i a t i o n  the number  of c h r o -  
mosoma l  a b e r r a t i o n s  in dividing ce l l s  at  the a n a p h a s e - t e l o p h a s e  s tage 
thus fel l  to the con t ro l  level .  

As Table 1 shows, 3 months a f t e r  i r r a d i a t i o n  the a b e r r a n t  ce l l s  
had one or  more  (2-3) anomal i e s .  La t e r ,  however ,  the number  of a b e r -  
r a t ions  in the ce l l s  was reduced ,  and by the end of the exper imen t ,  i . e . ,  
8 and 12 y e a r s  a f te r  i r r a d i a t i o n ,  as a ru le  the a b e r r a n t  ce l l s  had only 

one anomaly.  

The p r inc ipa l  types  of c h r o m o s o m a l  a b e r r a t i o n s  in the bone m a r -  
row ce l l s  of the i r r a d i a t e d  monkeys a r e  i l l u s t r a t e d  in Fig .  1. Ana lys i s  
of the r e su l t s  for  types  of s t r u c t u r a l  c h r o m o s o m a l  a b e r r a t i o n s  in the 
la te  s tages  a f te r  r ad ia t ion  s i cknes s  showed that  the number  of s ingle 
f ragments  was g r e a t e r  than the number  of p a i r s ,  but in no ca se  was the 
d i f ference  s t a t i s t i c a l l y  s ignif icant .  Ch romosoma l  a b e r r a t i o n s  of the 
b r idge  type we re  e x t r e m e l y  r a r e  in the i r r a d i a t e d  monkeys ,  whe reas  in 
the cont ro l  none whatever  were  found dur ing the inves t iga t ion  of 12 mon-  

keys .  

The r e s u l t s  on the whole indicate  that  in monkeys ,  r e g a r d l e s s  of 
the per iod  a f t e r  i r r a d i a t i o n  (except  the group of monkeys examined 12 
y e a r s  a f t e r  i r r a d i a t i on ;  P > 0.01) and of the sex of the animal ,  the mos t  
common type of c h r o m o s o m a l  a b e r r a t i o n  is the p re sence  of acen t r i c  
f r agmen t s .  S t a t i s t i ca l  ana lys i s  of the m a t e r i a l  showed that in the an i -  
mals  examined  3 months a f t e r  i r r a d i a t i o n ,  and a l so  in those examined 8 
y e a r s  a f t e r  i r r a d i a t i o n  (Table 1), the d i f ference  between the number  of 
acen t r i c  f r agments  and the number  of b r i dge s  is  c lo se  to s t a t i s t i c a l l y  
s igni f icant  (P = 0.03). S ta t i s t i ca l ly  s igni f icant  d i f fe rences  (P = 0.01) 
were  observed  5 and 6 y e a r s  a f t e r  i r r a d i a t i on .  

To s u m m a r i z e  the r e su l t s  of this ana lys i s  of the incidence of 
c h r o m o s o m a l  a b e r r a t i o n s  in hematopoie t ic  ce l l s  a t  the anaphase  s tage ,  
the i n c r e a s e d  cytogenet ic  effect  in monkeys is wel l  ma rked  dur ing  the 
f i r s t  5 y e a r s  a f t e r  i r r a d i a t i o n .  The number  of c h r o m o s o m a l  anomal ies  
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Fig. 1. Types  of c h r o m o s o m a l  abe r r a t i ons  in bone m a r r o w  
ce l l s  of monkeys i r r ad ia ted  in a dose  of 550-650 R: a) paired 
f r agmen t  (6 y e a r s  a f t e r  i r radia t ion) ;  b) two f r agmen t s  (3 months 
a f t e r  i r radiat ion);  c) c h r o m o s o m a l  br idge  (5 yea r s  a f t e r  i r r a -  
diation). 

in bone m a r r o w  anaphases  6 yea r s  and more  a f t e r  i r rad ia t ion  was not s ignif icantly higher  than the con-  
t rol .  These  r e su l t s  a l so  show that there  is no di f ference  between the late effects  of i r rad ia t ion  in an i -  
ma l s  of different  sexes .  Evidently the rad iosens i t iv i ty  of o rgan i sms  of different  sexes  is the s ame  [3], 
and the pos t - i r r ad i a t i on  p r o c e s s e s  in somat ic  cel ls  follow a s i m i l a r  cou r se  in o rgan i sms  of both sexes .  
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