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Some Considerations on the Mechanism of Recovery of the Irradiated
YOSHIDA Ascites Tumor Cells

By

Yukimitsu Tai M.D.
Department of Radiology. Faculty of Medicine, University of Tokyo

For radiation therapy, it is important for us to decide the time factors, such as the number of
sections and the interval between sections. And it is also well known fact that mitosis of ascites tumor
cells suffered from. any damage by a single irradiation reappear and increas gradually. But, the effect of
radiation on the biological material associated with those time factor has still been obscure. In order
to understand those mechanism which are clearly considered to be related to the multiplication of tumor
cell, the irradiated YOSHIDA ascites tumor cells are used as a model systern, and mitotic index of
tumor cell is applied as a indicator.

Fifty male rats (Wister strain) are inoculated intra-peritonealy with 2 million YOSHIDA ascites
tumor cells. Those are randamly devided in five groups which contain 10 rats respectively. Each
grup is exposed to 100, 300, 500, 700 and 1000 roentgens of radiation respectively by a single total body
irradiation. X-ray generates from 200 kv, HVL 1.4 mmCu is used. And five types of recovery curve
are obtained using the data calculated from the number of mitotic figures of those irradiated ascites tumor
cells. Thus, these recovery curve are analyzed, and following results are obtained.

(1) TItis found that the number of mitotic cells reappeared until mitotic activity recovery to the
preradiation level, depends upon the radiation dose delivered and increases.

(2) The concept of Hit Theory according to M. BLAU and K. ALTENBURGER can be applied
to interpret these recovedy curve. Here, regeneration number “u” is introduced, “u” is the least
number of regeneration which is needed for mitotic recovery and “p” is the probability of one regener-
ation of a unit time. If one know “u” and “p”, it is possible to mathematically estimate the slop of
‘Tecovery.

As a regeneration number, the value of five, six, seven and eight are statisticaly obtained res-
pectively to 300, 500, 700 and 1000 roentgens exposure groups. These results described above show

that the degree of radiation damage is demonstrated by the regeneration number “u” also.
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Baas, Afef7e B86E % & ) FEREE T 300
AERER AT LETT 3 2 23, BRI B s
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BOZURBO BN & 2R, B0
B2 A3 ETRWIEE T D, &2 5 Lacassague
("22) Arberti ('23) iz k b MFIESEL O W
B EBNEmiod 32 &3, & h, Canti
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#7160 gr Fitho Wister & Rat 2 EIBATEC
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L, HHEEE MG 24 150~ 200104 =%
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Hl X B2 4To 1.
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Tab. 1 Mitotic Index after a single total

body irradiation (100 and 300 roentgens
in air dose).

1no. offavera-| 95 |mo- of|lavera-
rat  |ge %o 2 lrat |ge %,
0 8 | 33.4 |100 10 | 37.6 [100

hour. %

10 6 |35.8|93.2| 10 |35.8|93.8
20 7 129.4|75.5] 10 | 26.0 | 69.1
30 7 | 18.3|47.6 ] 10 | 15.9 | 42.3
40 7 | 11.4| 29.7] 10 9.3 | 24.7
50 | 8 8.5 |22.1] 10 6.7 17.8
60 | 8 7.118.5| 10 3.3| 8.8

70 10 25| 6.7

7.4119.3 9 1.9| 5.0
22.959.6] 10 8.2 [21.8

39.7 |103.4 ) 10 |21.2 | 56.4
37.4197.4) 10 |30.8|81.9
32.2 | 83.8] 10 |33.4|88.8
13 7 |28.0 | 74.5
17 7 135.091.1
24 7T |31.1]80.9 7 129.0 | 77.1

48 7 |24.4|63.5] 7 123.8/63.3
100 T 300 T g’

W =1 | Wl
| oo|co|co|=a
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Tab. 2 Mitotic Index after a single totar
body irradiation (500 roentgens in air
dose).

hour. no. of rat| average %, %
0 10 32.5 100
10 10 28.8 88.6
20 10 18.8 57.8
30 10 12.8 39.4
40 10 6.3 19.4
50 10 3.5 10.7
60 9 2.7 8.3
2 10 0.5 1.5
3 10 0.3 0.92
4 10 3.65 11.3
5 10 7.34 22.6
6 10 11.6 5.7
7 10 15.0 46.2
8 8 20.5 63.1
10 10 27.7 84.6
13 10 30.9 95.1
15 8 31.0 95.4

Fig. 1 Recovery curve of Mitotic Index on
irradiated ascite tumor cells (%),

%o
50r
40 é _____ - ) _— .
30k ;‘ f’-:i ‘,(-‘;_./_ .
- = 1(0r
AF S o—a 300r
a—a 500r
10f / — 700r
- . . e—o [000r |
] 5 10 15 20 25h
Fig. 2 Inhibition of mitosis following
irrodiation.
%
100 o---- 100 p
y == 300r
a— 500p —=2
a—— 700r
x=-=1000r
50r
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Tab. 3 Mitotic Index after a single total
body irradiation (700 and 1000 roetgens
in air dose)

. of| a @ 10. of| average .
hour |P0: off averag % lrluo of| a rag 2%
o rat Yoo

rat

0 10 32.2 |100 8 41.2 | 100
10 10 24.6 | 89.8 8 28.6 69.2
20 10 17.4 | 54.3 8 20.3 49.2
Bl 10 9.9 | 30.7 9 9.3 22.5
40 10 3.3 |10.2 7 3.8 9.4
50 10 2.8 8.7 7 8.7 8.9
60 10 1.2 3.74 6 2.33 5.6

70 10 0.8 2.5
3 10 0.5 1.5 9 0.22 0.5
5 10 3.3 | 10.2] 10 1.00 2.4
6 10 7.3 | 22.7

7 { 10 | 11.0 |31.2] 9 | 6.4 | 155
gF[ 10 | 14.7 | 45.7

9 10 18.0 | 55.9] 10 16.2 39.2

10 10 20.4 49.6
11 10 21.4 | 66.9 9 20.0 | 48.4
12 * 10 22.6 | 54.7
13 10 24.5 |T6.41 10 25.0 60.5
14 9 26.3 63.7
16 8 30.7 | 95.7 8 27.3 66.1
13 8 30.6 74.1
24 8 24.5 | 76.1 6% 27.2 65.8

43 6 25.1 77.9
700 r 1000 r

Fig. 3 Recovery curve of mitosis after
irradiation (93). Sep’. 63
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Fig. 4 Recovery curve of mitosis after
irradiation (%).Sep’. 63
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THROBE LFEA E—F LT\ 3.
BRI & VRSB AL A & T 3RS
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B2 U, #4105 560451 TiE
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Prophase X b R4 U RHIzFE 2 2203, i
DL LR U TH BO8OBTME) g 58 BUL %G DIR
P, BMECHHAILTELEORIRREL, H
OXEFNLRLFMc 2 2ER RA LN 5 B2
2B, PLEDHAERMOEET 2E@MEA LN
MO7z. W — BRI E 52 - Mg s kg L <
SFECADB L E, ZOHBREMNT S hOEER
HBENEILERF L. K2 TRINZMITE
EHE Ui T L, Hcow 5000 BEREO
HARE BEAZIA LN AN27. ZOWMAER
bR B LA BURBAIRARIC 2 o 7= RRED B2
5N 248, Bosc X 261 42
R a»o2b0, RIREL TR LD, Bk
SEEROEE LT3 30, 2 OIS
hTws, ER T3 BdiEinc X 21062 22
Ganotbo, 29T RENCiRE Lt g3
A2 TRBMBEREEFBI LN D, F0OLLRE
OfEE HBAE -, REREL 25 E, IH2Z
Faholbd, RLEEL TR D, 2 ER
KDL 2 310, FOBSIUREO FIEHEHR
T dDEHEZ b5, #F UiE HF L sz
FEEEMIE S RN I 20 TH B0 0, &
SRRV 25 2w, BRSO EEE R
CThBR EDBHERALNTHIVETH 5
B, FEOEBRTIZORBRERIA LA L.
WBATRS L, BESSERMEOEE LD

HREZ B R SR 258 H2 %

Fig. 5 Number of new mitotic cells which
appear during the time interval r.
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Fig. 6 Number of mitotic cells which increase
during the time interval r.
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L Z DYRSE 3R E 4k % 1 Stage & BHL

Tab. 4

| <] | F
Hactix S8 ‘ a M3 f(VG-J' Vi (G))

G 2257.0] 4 | Sg/f 564.25|

Seii 2.87

n , DRI
G Ry | 8046.0| 41 206 24

GR | 10303.0, 45
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RREEOSBGETHIFIET I I TH AL,
BoG2u b Z s AR i & 2w, i
ViR B TOEE D 2 B R B 4520
DB (K5) gttiv)—gt) XFDMZ DR
B otivl 2 TOLEURKBOBMSG 32 b,
i 7z b AR SRR —E E 2 R0z idti-1
b ti ¥ T ADZGEHIIEN ti 25 tisa T
SEEETLTLEINL, ZO4%, HLLIA
IR TROATIIh 2 G E R b 2V, B
DTHEMEMF BT LTHEX B L, TOHMR
A TS E5%E T LTI bR DS
ThiZefe LToHnEsbhizvwbid Th
3. IRZ OHBRBOEMSE, £ D BARRA
1243 Ao - IR AT T BIETY B 3.
> TERER TOLERBO NG & X 4T
GERAE T OSEEE ETURT £ TICAD2%
ZUMIRE B E M B HE AR D L, HEICPTLTH
ZEMEZIURT 3 CICET R BE T 3
DT, LZHARIEL S 252 L RHERIE W 3.
Tab. 5 Total number of mitotic cells wh-

ich reappear until mitotic rate increase
beyoud the preradiation level.

Radiation Recovery time J E?tﬂi?éﬁgber
Dose after irr-| from re- cells
adiation | covery.
300r 10 h 10h 202.4
5001 15 h 14 h 282.2
700r 19h 17 h 336.4
1000r 25 h 23 h 505.0

I TCZOHEMFHNEEL ) KBRS T 3720
SR OSBREE H— L TB w753
FEE R COTEIC L 2ERERIEINEINY
—TCRTE SN TRE L (F4) FORE1%
THIC L 2 EREOZCEZED T, HllEL Y
(K1) SEOTEERTITRS  TIT A 2%
IR RO TH B LES TRENBWL, *
NICIR S h B D TEBICIE D 3 & AR RSk
YL DT3B Lbnb,. FERENETOT
DVEHEERRE T 210 38R AH X 3 & T ha$ |
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FRERRIEET 1230 b DT, RIEHISK &1
Stage » z7- B#H EORERZR LT3,

BEAAREE R b DIREOREF & LT, FoHE—
WCATFURLTEZBLO, 521HIfaN Tok
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(EEBOLDONTERCHMET 2L 52 T L)
R EIREZ SN BR, fhicy L4202 I
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L, A9 LeMRE L2 THiEba WD, §
BANELRL LY B HCEERMIE TR IE
ZbNIEREVETTH S, FalRERTZ
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FERLAZVAEZ B .
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FrEE1ET2L (K6)
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Tab. 6 X square value.

dose| : 10
hour\_ 300 500 700 00
2 3. 96
3 6.37 5.01
4 6. 50
5 10.12 8.13 7.82 7.15
6 9.86 9.83
7 13.93 | 11.43 | 11.35 | 10.32
8 13.40
9 15. 68 14.19 | 13.87
10 17.48 15.28
pt
F(t)= , xu=t emxdx /(W) (T )
p>0, u>0,t=0
BHLERSNRAELHET 546
X2 = 2pt rerrereiiiians -(8)

kﬁhff-&%%aﬁﬁL %MEIDVt r X
%R (3% 6) Square root iz E\ 74 (8) KA
WETHRo—EHHLCRELIETHY, Zo (8 £
RE2hsdhb, BB (7 REEHFEcES LT3R
EHRT 5.

ZZCELNENEL Y Square root iz
THEZEY —E RI2ES L3 B HEE
PEDT X (HERkDTWHE, ULP (PRRTZ
7XoRDB) FPET S (7. 8), Ll
LEAMERE S LT w2, oMy
2837 X HEIELALVRL, fEOTULP
DPRIIRALETH 3.

HIrWiey v <pEe M=

bEh, u fECEEchs e MNuw=W@)!thh
(MERFomMIETbERS.

F(t):fp' xu-1 e=x dx/(u-1)!
0
#E fi fg el

xu-1 e-xdx TE
0

Fig. 9 Theorstical recovery curve a
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Fig. 7 Square root paper.
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Fig. 8 Square root paper.
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Tab. 7 Regeneration number “u”.
u P
700 ?
300 5 0.99
500 G 0.84
700 7 0.80
1000 & 0.74

nd experi-

mental recovery curve of mitosis. Aug. 64
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