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An Experimental Study on the Time Factor in Radiation Treatment of Cancer
By

Yoshiharu Tamakawa
Department of Radiology, School of Medicine, Iwate Medical University,
Morioka, Japan (Director: Prof. Dr. Sannosuke Tarusawa)

With a view to finding the time-dose relationship which is most effective in the healing of cancer
by radiation treatment, an experimental study was carried out. Subcutaneous tumor was produced
with Ehrlich ascites tumor in the subcutaneous tissue of the right shin of 2. mouce.

X-ray irradiation was then carried out using the total dose of 5,000 R, i.e. 500 R daily (I), 500 R
every 3 days (II), 500 R every 5 days (III), 200 R daily (IV); 3,000 R in a single dose (V); and 5,000
R in a single dose (VI).

Comparative studies were conducted on the inhibition of tumior growth and the 509, surviving
days in each group as compared with the control.

Inhibition of tumor growth was more pronounced in those groups with shorter over-all time of
irradiation. Inhibition was less in those cases which had undergone irradiation of longer over-all time.
50% surviving days were longest in group II, and were shorter in groups with histories of extremely
short or long over-all time of irradiation. It was also found that inhibition of tumor growth and life
prolongation effect do not always correlate. In group V only a single irradiation was done, and a good
life prolongation was seen. This could indicate that an administration of an adequate dose of irradiation
might produce desirable effects. Regarding groups II and IV, the former yiclded better results in both
inhibition of tumor growth and 509, surviving days.

These results suggest that different effects are obtained when single dosage are varied while the
total dose and over-all time of irradiation are kept constant, consequently the interval of irradiation
and number of fractionation being different.

In addition, the condition of the reticuloendothelial system cells at the site of irradiation was studied.
using silver impregnation stain technique. The appeararices of silver impregnated cells were frequent in.
the tumor tissues in the groups treated by fractionated irradiation. In the groups treated by single
irradiation, the appearances tended to be more predominant around the tumor tissues themselves. No-

clear-cut relationship was found between the rate of appearance of silver impregnated cells and the in-
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hibition of tumor growth or the 50%, surviving days.

X-ray irradiation on silver impregnated cells.
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This is probably due to the intense influence of

ERHME L.

o =RERFREGIUHE

A) EBkPE

1) SEEREHY : £k 4840 ddN KM~ v
ALEA 1L LT, 7A38r—Yicnh, 2
EEEE L TR h S8 icob, FEM20:
2 SREMUCREORD LR =7 AT %
fFR L. fAFhs LOERbhO= Y A4
=y 2 VM F Bkt & Alke B Bl
to. AR FH Lo~ v A 5 4361ETh
5.

2) FEERREE : FALKERRBIRTIER 2 b o
5% 5 iz Ehrlich K4 v 7. Ehrlich i
A & ddN = 7 2 FEe 0T, JIE,
IWASYO#RELBEL Lie. FRIKRS, ik
Y ofiEas#E L LT, Ebrlice kM7 B
IR T oo, TR L b Wil
AKid, EEBHEET7 HED~ v A% BE% L TR
L, BAmEREEEY & b\ Tk o[BS
FEFEL, 0.1ml Zich O 5 x10%&
5 X5 AREREKCHER LRV AL
TFHEE T 0.1ml F*oigf L -,

B) EEBJitk

1) B4 &5 K THEROER Y 1 cn
CinBBHEET HE»BRDZ & BT
fo. XERSEAEERHEE KXC-18 MZEMHhRE
EET, EEE 160 kVp, FREI20 mA, JHEHR
0.5 mmCu+ ().5mmAl (*&{ﬂﬁ‘@g_&i mmCu),
RABEEREOcn, AKX 62 R/min. T
5.

ST oo BFEBERT 1205 BEH S
h, floFMrr B Ehicnk <y A0EH
HOEXREB LS CACRE ST thof (B
2m) ¥ AR LT, AREMcHRE T CUES
BESL2OESLELTREEL, Sbk2mpgiiRc
AT Ieote (B8 1D,

2) REORHNESY « BEFL I ~VIFX
oL, BlcdEmEtoVIF2HE L.



1512

Fig. 1 Method of irradiation
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Fig. 2 Schematic representation of irradiation
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Table 1, The calculation of Sd,, in the group IV.

Days after No. of mice| Lethal . s Corrected .
LogX . Empirical | Expected h Weight
transplan- surving ercentage : 2 ah robit .
tation (X) (Xp) D p o g probit probit F(YC) (NW)
20 1.3010 41 0 — 2.7 2.321 3. 0996
40 1. 6020 35 14.6 3. 9463 4.1 3.975 16.4990
60 1.7781 18 56.1 5.1535 5.0 5.001 11. 4588
30 1. 9030 9 78.0 5.7722 5.6 5.768 5.0211
100 2.0000 7 82.9 5. 9502 6.0 5.949 3.0702
120 2.0791 3 90.5 6. 3106 6.4 6.306 0.90€0
140 2.1461 2 95.1 6. 6546 6.7 6.653 0.4154
160 2.2041 1 97.6 6. 9774 7.0 6.977 0.1311 _
180 2.2552 0 100.0 -— 7.2 7.592 —
_ ZNWXp _ ., ._ ENWYe _
Rp= “SNW 1.7142, Y= SRW 4.5978
SNW(Xp — Xp)? = 1. 4427 EINW(Yc - Ye)* = 41.8933
s _ _ — ZNW(Xp —Zp)(Ye—Fe) _ :
INW(Xp — Xp) (Yc — ¥c) = 7. 7410, b S NW(Kp =X = 5.3656
Ye=Yc + b(Xp — Xp) — 5. 3656 Xp — 4. 5999
Xp=m= 1.78915 When Yc=35
1) Confirmation of line.
o ENW (Xp' _— Xp) (YC — YCJIS L
2 - 2 __ = |}. - .
7= NNW(Yc — T¢) SN (Rp = Kp5 0.3579<11.070
in the case k=7, n=5, X (0.05) = 11.070
2) Confirmation of ‘bh*’
t2
g == bILNW (Xp — Xp)y — 0.0924< 0.1
(t==teo (0.05) = 1.95)
3) Standard deviation of m’’
—1lr 1 (m — Xp)? ]__ 00105
V(m = 0.0010509
W= v T Swes - o
V(m) =0.0324
m = 1.78915 -£ 0.03240
Table 2, Silver Impregnation for Reticulo- CEBER RS . Fo TEERA I CERER
endotherial Cells. Lf:.?f;%}%?ﬁ*@@]ﬁﬁﬁ%:ﬁtﬂlz Sdgg % 3R e,
1) Fix tiissu..es in 10 per cent bromformalin, I# Yc= 6.087Xp— 6.145
2) Cut section at 6 microns.
3) Float on 5 per cent potassium cyanide for m=1.8306=+0.0248
1-3 hours, Sd5=67.7+ 3.8
4) ]:N.as; in three changes of distilled water I8 Yc= 6.597Xp— 7.181
riefly.
5) Place on ammoniacal silver solution for 10- m=1.8465+0.0255
30 seconds. Sdsp=70.24& 4.0
6) Reduce in 3 per cent borax formalin. ; N Xp-- !
7) Wash distilled water briefly, I# Ye 5_'369 S
8) Fix in 5 per cent sodium thiosulfate for 5 m=1.7508=+0.0450
minutes or longer. Sdsp=56.3£ 5.5
DS e VB Yc= 5.366Xp— 4.600

10) Fix to slide.
) 11) Remove paraffin, clear in xylene and mo- m=1.789210.0324
unt in balsam. (Katsura S. et al) Sdyo=61.5+ 4.4
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Fig. 3, Growth curves of the tumors.
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Fig. 4, Relationship between death rate and
days after transplantation.
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Fig. 5, Relationship between death rate and
days after transplantation.
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Fig. 8, Death rate curves calculated in the
groups V, VI and VII.
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Fig. 9. Photomicrographs of the metalophil cells.
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Table 3, Appearance of metalophil cells.

Group I n\m\w v vl
BB NS
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o7 | A | M| 4 )+ + | H

i+ ||+ +|[+]+[+

Surround. | 17 | 4+ i + |+ i_‘l‘H_"_i
e 22 |||+ |+ [ H [+
L derl+ T+ # I wl+
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