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Recently discovered facts relative to the action ofionizing radiation on mammalian chromosomes 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 [1, 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 100 R (voltage 180 kV, current 15 mA, filter 0.5
mm Cu and 1 mm Al, focus distance 150 cm, dose 2.8 R /min).

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 100 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 cells was maximal, a sharp decrease in mitotic activity took place (60 mitoses in 1000 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 centric fragments was 4.4%. A large proportion of the
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Distribution of Principal Types of Chromosomal Aberrations in the Bone Marrow Cells of Monkeys
at Various Times after Irradiation (in %)

Chromosomal aberrations

Time ~leh -
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irradia- cells frag— frag- |matid tid bridges |tid bridges :ofr(:emo_ bridges |bridges Elflfber

tion ments| ments | bridges with 1 frag-|with 2 frag- bridges with 1 with 2 erra-
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tions,%
ment ments

2 hours | 1000 | 52.4 | 13.3 2.1 1.8 0.7 - - - 70.1

30 hours| 1000 4.0 9.4 0.8 0.5 0.9 3.3 1.5 1.2 21.6

5 days 1210 1.0 1.9 0.08 0.08 0.08 1,16 0.33 - 4,63

15 " 1000 0.6 0.9 0.2 - — 1.1 1.2 0.3 4.3

3 months| 1000 0.4 0.4 - - - 0.3 0.2 0.2 1.5

acentric fragments consisted of single (52.4%) and paired
(13.3%) fragments. All the centric fragments were chro-
matid bridges (4.4%; see table).
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Thirty hours after irradiation the number of acen-
tric fragments fell to one fifth of its value at the prece-
ding investigation (13.4%), while the number of bridges was
doubled (8.2%). The acentric fragments were distributed

—_— as follows: paired fragments 9.4%, single 4%. Meanwhile
15 days 3 months the chromosomal bridges (6%) were more numerous than
the chromatid (2.2%).

Nuclear disturbances and mitotic activity
of the marrow of monkeys irradiated in a
dose of 100 R. 1) Total number of chro-
mogomal aberrations; 2) acentric frag-
ments; 3) centric; 4) mitotic activity; 5)
adhesion of chromosomes; C) control.
Abscissa—time after irradiation; ordi-
nate—nuclear disturbances and mitotic
index.

The marked difference in the percentage of bridges
and fragments found 2 h after irradiation subsequently de-
creased, and was no more than twice on the fifth and fif-
teenth day; 3 months after irradiation the difference had
disappeared. Mainly paired fragments and chromosome
bridges were seen 5 and 15 days, and also 3 months after
irradiation. The number of single fragments varied within
the control limits at these times. In the later periods
(3 months) no chromatid bridges were present in the mar-
row cells of either the irradiated or the control monkeys.

Analysis of the results thus revealed the high sensitivity of the genetic structures of the marrow cells
of the monkeys to ionizing radiation. Radiation aberrations were produced, and at the same time adhesion
of the chromosomes and marked depression of mitotic activity took place. The phenomenon of the inverse
relationship between the frequency of the nuclear disturbances and the mitotic activity in the early stages
after irradiation has also been described for the bone marrow of mice [6].

The marrow cells of the irradiated monkeys fixed 2 h after irradiation belonged to the irradiated mi-
tosis group [3]. At the time of irradiation these cells were in the postsynthetic phase, as shown by the pre-
dominance of single fragments, the presence of chromatid bridges, and the absence of chromosome bridges.
Two hours later the mitotic activity of the bone marrow was sharply depressed, and it was restored to its
original level 30 h after irradiation. Evidently the majority of marrow cells had started on the second mi-
tosis at this time. This was in agreement with the author's earlier observations [3]. In the second mito-
sis in the marrow of the monkeys irradiated in a dose of 100 R the percentage of nuclear disturbances was
reduced by two-thirds. In the next few generations, corresponding to a period of five days, the percentage
of nuclear disturbances was reduced by more than three-quarters. The mitotic activity of the marrow re-
mained within the control limits.

The results show that the marrow cells of the irradiated monkeys with the most severe nuclear dam-
age are nonviable and die in the first cell generations. The chromosomal aberrations which are less
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harmiful for the organism may evidently survive and are transmitted to the next cell generations. A simi-
lar pattern of the dynamics of radiation injuries to the chromosomes has been described for the sex cells
of monkeys [4]. The possibility also is not ruled out that the damage to the genetic material may persist
for a long time in the reticular cells of the marrow, and that this damage may exert its effect on a series
of cell generations.
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