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Radiation-induced cell disintegrations in cultured
rat hepatoma cells JTC 2

Masatoshi Sakka

Tohoku University School of Medicine, Sendai 980, Japan

Research Code No.: 400

Key Words:  Cell disintegration, Pedigree analysis, Age distribution of
cell loss, Cellular radiobiolog y

Disintegration of hepatoma cells of rat were recorded by time lapse cinemicrography for more than
5 days and about 1000 pedigrees were analyzed. Five generations were followed up in control and
2 or 3 generations in irradiated cells. Cells were attatched on vessel wall spreading themselves in in-
termitotic phase while thev stood up from the wall in mitotic phase taking a roun form. When a cell
disintegrates in interphase the disintegration is called Dg and one in mitotic period Dg. The frequency
of Dgs’ is about 3 times as much as Dgs’. An age of a distintegrated cell in generation | and 2 was
measured as the previous mitosis was age O. Generation times of the comparable generations of surviv-
ing sister branches of the same pedigrees were used as controls, Most disinteration took place at the
same age with surviving sisters indicating a determined, not at random, age of cell death. A cell in an
initial state flowed to any one of the followins states with or without irradiation; surviving, disintegrated,
end cell or escaping out of observation field. A single exposure of 400 to 900 R induced a typical re-
productive death but effective extinction of clones was observed only in small pedigrees. Temporary
hypothermia and hyperthermia immediately after exposure had no remarkable lethal effects on several

early generations.
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Table 1. Number of cell disintegration in mitotic perion (Dg) and in interphase (Dg)
400R G600R
Control
NT HT LT NT HT LT
Dr 49 69 15 15 106 64 108
l Ds 35 25 11 4 29 31 33

NT: Cultured at normal temperature

HT: Kept for 1 hr at 40—43°C after irradiation followed by NT
LT: Kept for 5hr at 20—23°C after irradiation followed by NT
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Table 2. Comparison of the length of viable and lethal branches of pedigrees in generations 1 and 2

400R

600 R

Control
Generation NT

HT NT HT LT

1 S 5

S NS 5 NS

2 S NS

NS NS NS NS

V : Viable branches
L : Lethal branches
S : Significantly langer than matched pair
NS: Not significant between matched pairs

Table 2-2. Examples of significance test of
the length of viable and lethal branches in
generations 1 and 2

Control
Generation |
Viable Lethal
e X 1,259 949
| v 187,395 | 373,732
to =211
Difference Yes
X 920 1,379
R Vv 199,107 | 318,160
to 2.30
Difference Yes B
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Table 3. Changes in flow rate in consecutive

generations after a single exposure

/( oy ()

955

%

Exposure Gene- " N*

|Tation | ps o | Pn,o | Pe,o
0 8.2 6.0 2.1 233
1 8.9] 9.7 5.1 | 395
2 13.5| 9.6 21.8 615

Control
3 8.8 7.7|51.4 | 664
"4 | 63| 6.1|68.8| 479
| 5 | 2.2] 59191.8] 135
0 4.2 111.0 1.7 118
1 19.2 | 25.1 9.6 187
400R 2 14.8 | 30.8 | 16.6 162
"3 | 8.6 |24.8|50.5| 105
4 3 28 63 32
0 |23.6] 6.1 | 5.5 183
1 27.6 | 25.4 1.9 212
600 R 2 125.5]37.510.1| 209
3 |22 28 28 97
4 19 16 56 43
0 14.5]19.4 1.9 103
1 17.5 | 625 | 7.5 120
900 R

900 2 |14 |66 | 8 50
3 9 5 4 11

# Number of pedigrees observed
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Table 3-2.

Changes in flow rate in consecutive

generations after a single exposure followed by
a temporal high temperature (40—43°C) for 1 hr

Exposure Gel.:le- “d N*
ration | p5 o | Po,o | Pr,o0

RS 3 0 63

1 {20 |10 1 98

Control 2 |17.5| 9.9 2.3 131

3 |21.9| 7.3(26.4 178

4 |15.4| 3.4 [100.0 | 117

5 | 8 0 |33 12

0 [17.1] 4.8 6.6] 105

1 | 14.3119.7| 8.1 147

400R 2 |15.2]22.5|24.1| 151

316 [35 |50 91

4 10 |25 |75 20

0 [25.7| 7.2 2.1 140

1 [19.6]22.8] 5.1 158

600R 2 [16.4[40.4 | 16.4 | 146

3 |22 |29 |49 69

| 4 |17 8 0 12

* Number of pedigrees observed

Table 3-3. Changes in flow rate in consecutive
generations alter a single exposure followed by
2 temporal low temperature (20—23°C) for 5 hr

Gene- %
Exposure bl N¥
ration P,o | Pp,o| PE,0
0 17 13 0 23 |
1 13 13 0 31
Control 2 11 18 14 44
3 6 0 43 72
4 0 3 92 77
0 10 0 3 29
1 17 23 6 47
400 R 2 12 22 18 50
3 6 6 50 49
4 0 0 0 34
0 15.3 9.2 1.2| 163
1 . : .8 2
G00R 19.2| 40.8 3.8 213
2 8.1] 63.5 12.1 148
3 6 65 10 31
0 35 8 3 64
900R 1 29 45 0 62
2 21 42 13 24

# Number of pedigrees observed
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Table 4. Frequency (%) of pedigrees in
which all branches were expired

h Exposure NT HT LT

—“aonzl.‘ol 13 17 i
400R 28 28 19*
600R 27 46T 21 .
900R 577

# Significantly lower than matched pairs
1 Significantly higher
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Table 5. Frexuvency (%) of branches which

where lost out of field

-E:.xpos:ure l . NT I 'HT LT
Control | 9.1 22.6 5.1
100 R 12.4 13.0 9.6
600R 24.7 20.6 ) 14.3
900 R 15.5 0 - 31.6
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Table 6. Tentative flow rate of fractionated

irradiation
Resultant flow
Generation | 2 3 -+---s--on rate in the

generation
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