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Recently discovered facts relative to the action of ionizing radiation on mammalianchromosomes have 
shown that ratiation damages the genetic material of the cell. As a rule the damage observed has been as- 
sessed by the time factor [I, 6], and no attempt has been made to study the relationship between the dura- 
tion of the cell cycle and the quantitative degree of radiation injury to the chromosomes. 

Experiments on monkeys, similar in their radiosensitivity to man as tissue culture experiments 
have shown [2, 5], are of great interest in the determination of the genetic dangers of ionizing radiation. 

The object of the present investigation was to study the degree of vulnerability of the genetic struc- 
tures of the marrow cells of monkeys to radiation injury and to determine the time during which the radia- 
tion injuries persist in a series of cell generations. 

EXPERIMENTAL METHOD 

The investigation was conducted on male macaques (Macaca mulatta) aged 21/2-3 years. Whole-body 
x-ray irradiation was applied to the monkeys in a dose of i00 R (voltage 180 kV, current 15 mA, filter 0.5 
mm Cu and i mm AI, focus distance 150 era, dose 2.8 R/rain). 

Material obtained 2 and 30 h, 5 and 15 days, and 3 months after irradiation was treated by the meth- 
od described previously [3]. Altogether 5700 cells were studied. The mitotic index was expressed as the 
number of mitoses per thousand marrow cells. 

EXPERIMENTAL RESULTS 

The results showing the frequency of the nuclear disturbances and the mitotic activity of the marrow 
of the monkeys irradiated in a dose of I00 R are given in the figure. By comparison with the controls, in 
which the number of chromosomal aberrations was 0.5%, in the irradiated monkeys a marked increase in 
the number of chromosomal aberrations was observed, amounting to 70.1% e h after irradiation. This in- 
dex showed a sharp fall 30 h after irradiation (21.6%), and the decrease continued until the fifth day. From 
then until the fifteenth day, the number of chromosomal aberrations remained unchanged, and a further de- 
crease in their number to 1.5% took place only 3 months after irradiation, when it was still three times 
higher then the control level (P -- 0.035). The high percentage (8%) of adhesions of chromosomes appearing 
soon after irradiation was also dependent on the time elapsing after irradiation. 

The results of the parallel study of the mitotic activity of the marrow cells in this particular variant 
of the experimental conditions revealed that the incidence of nuclear disturbances was inversely propor- 
tional to the mitotic activity. Two hours after irradiation (see figure), when the number of nuclear injuries 
in the ceils was maximal, a sharp decrease in mitotic activity took place (60 mitoses in I000 cells in the 
control compared with 15 in the experiment). Thirty hours after irradiation the mitotic activity had re- 
turned to the control level, at which it remained at all subsequent times of investigation. 

The types of chromosomal aberrations in the marrow cells of the monkeys, like the incidence of the 
radiation injuries, depended on the time elapsing after irradiation (see table). Two hours after irradiation, 

for instance, chromosomal aberrations were found as a rule in the form of acentric fragments, the frequency 
of which was 65.7%; the incidence of bridges or centrie fragments was 4.4%. A large proportion of the 
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Distr ibution of Pr incipal  Types of Chromosomal  Aberrat ions  in the Bone Marrow Cells of Monkeys 
at Various Times a f te r  I r radiat ion (in %) 

2 hours 
30 hours 
5 days 
15 " 
3 months 

Time ~um- 

after  )er oJ 
i r r a d i a -  ~ells 
tion 

1 000 
1210 
1 000 
1 000 

singh 
f r ag -  
ment~ 

4.0 
1.0 
0.6 
0.4 

m 

paire 
f rag-  
ment 

9.4 
1.9 
0.9 
0.4 

m 

chro -  
matid 
bridges 

0.8 
0.08 
0.2 

Chromosomal  aberra t ions  

chroma- 
rid bridges 
with I frag- 
ment 

1.6 
0.5 
0.08 

c h r o m a -  
tid bridges 
with 2 f r ag -  
ments 

0.7 
0.9 
0.08 

ch romo-  
some 
bridges 

3.3 
1.16 
1.1 
0.3 

ch romo-  
some 
bridges 
with 1 
f r ag -  
ment  

1.5 
0.33 
1.2 
0.2 

ch romo-  
some 
bridges 
with 2 
f r ag -  
ments  

1.2 

0.3 
0.2 

total 
hum be r 
of ab-  
e r r a -  
tions ,% 

70.1 
21.6 
4.63 
4.3 
1.5 

80- 

60" 

50. 

~0. 

30. 

30. 

10: 

0.5c, 2 h 30 h 5 days 15 days 3 months  

Nuclear  disturbances and mitotic activi ty 
of the m a r r o w  of monkeys i r radia ted  in a 
dose of 100 R. 1) Total number of chro-  
mosomal  aberra t ions;  2) aeentr ic  f r ag -  
ments;  3) centric;  4) mitotic activity; 5) 
adhesion of chromosomes ;  C) control.  
A b s c i s s a -  t ime after  i r rad ia t ion ;  o rd i -  
n a t e -  nuclear  dis turbances and mitot ic  
index. 

acentr ic  f ragments  consis ted of single (52.4%) and paired 
(13.3%) f ragments .  All the centr ic  f ragments  were ch ro -  
matid bridges (4.4%; see table). 

Thir ty  hours af ter  i r radiat ion the number of acen-  
t r ic  f ragments  fell to one fifth of its value at the p r e c e -  
ding investigation (13.4%), while the number of bridges was 
doubled (8.2%). The acentr ic  f ragments  were distributed 
as follows: paired f ragments  9.4%, single 4%. Meanwhile 
the chromosomal  bridges (6%) were more  numerous than 
the chromatid (2.2%). 

The marked difference in the percentage of bridges 
and f ragments  found 2 h af ter  i r radia t ion subsequently de-  
c reased ,  and was no more  than twice on the fifth and fif-  
teenth day; 3 months af ter  i r radia t ion the difference had 
disappeared.  Mainly paired f ragments  and chromosome 
bridges were seen 5 and 15 days, and also 3 months af ter  
i rradiat ion.  The number :of single f ragments  varied Within 
the control l imits at these t imes.  In the la ter  per iods 
(3 months) no ehromatid bridges were present  in the m a r -  
row cells of ei ther  the i r radia ted  or  the control monkeys.  

Analysis of the resul ts  thus revealed the high sensi t ivi ty of the genetic s t ruc tures  of the mar row cells 
of the monkeys to ionizing radiation. Radiation aberra t ions  were produced, and at the same time adhesion 
of the chromosomes  and marked depress ion of mitotic activi ty took place. The phenomenon of the inverse  
relat ionship between the frequency of the nuclear  dis turbances and the mitotic activi ty in the ea r ly  stages 
af ter  i r radiat ion has also been descr ibed for  the bone m a r r o w  of mice [6]. 

The m a r r o w  cells of the i r radia ted  monkeys fixed 2 h a f te r  i r radiat ion belonged to the i r radia ted  mi -  
tosis  group [3]. At the time of i r radia t ion these cells were in the postsynthetic phase,  as  shown by the p r e -  
dominance of single f ragments ,  the presence  of chromat id  br idges,  and the absence of chromosome bridges.  
Two hours later  the mitotic activi ty of the bone mar row was sharply  depressed,  and it was r e s to red  to its 
original level 30 h af ter  i r radiat ion.  Evidently the major i ty  of mar row cells had s tar ted on the second mi -  
tosis  at this time. This was in agreement  with the au thor ' s  ea r l i e r  observations [3]. In the second mi to-  
sis  in the m a r r o w  of the monkeys i r radia ted  in a dose of 100 R the percentage of nuclear  dis turbances was 
reduced by two-thirds.  In the next few generat ions,  corresponding to a period of five days, the percentage 
of nuclear dis turbances was reduced by more  than th ree -qua r t e r s .  The mitotic activi ty of the mar row r e -  
mained within the control l imits.  

The resul ts  show that the mar row ceils of the i r radia ted  monkeys with the mos t  severe  nuclear  dam-  
age are  nonviable and die in the f i r s t  cell generations.  The chromosomal  aberra t ions  which are  less  
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harmful  for the organism may evidently survive and are  t ransmi t ted  to the next cell generat ions.  A s imi -  
l a r  pat tern  of the dynamics of radiation injuries to the ch romosomes  has been descr ibed for  the sex cells 
of monkeys [4]. The possibi l i ty also is not ruled out that the damage to the genetic mater ia l  may  pe r s i s t  
for  a long t ime in the re t icu lar  cells of the mar row,  and that this damage may exer t  its effect on a ser ies  
of cell generat ions.  
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