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Acute Radiation Death of Mice with Massive Total Body

Irradiation with Co Gamma Rays
By

Kyoichi Fujii
Department of Radiology, Faculty of Medicine, Kyushu University, Fukuoka
(Directer: Prof. H. Irie)
Studies have been done with massive radiation dose rate of 30,000 r/min and 15,000 r/min of 80Co
ga.mma. rays.
1. Time of death during irradiation was obtained from analysis of the electrocardiogram of mice.

Total doses to death were (124,000+17,400) r with the dose rate of 30,000 r/min and (123,000 10,000)
r with 15,000 r/min.

2. From the observation of survival time after irradiation of various doses, the experimental formula
was obtained as follows;

Ts==660 exp (--0.097 D) (hr)
for the dose rate of 30,000r. Where D was doses in Kr units. And the gradient coefficient of this formula
was 15%, steeper than that of the formula with the dose rate of 8,000 r/min reported by Takeshita and
Fujii in 1963.

3. The total dose to death of mice during irradiation increased 209, by the injection of Contornin,,
compared with the control mice, with the dose rate of 30,000 r/min.

4. It was found that the two different types of reactions to massive radiation were exist. The first
type consisted of 1) acute ataxic phase, 2) lethargic inactive phase, 3) false hyperactive convulsive phase
and 4) true hyperactive convulsive phase, and this type of reaction was observed in mice received less
than 60,000 r. The second type consisted of 1) lethargic inactive phase and 2) hyperactive convulsive
phase, and this type of reaction was observed in mice received more than 60,000 r.

5. “An initial pitching phenomena” of the base line of the electrocardiogram was obserbed in this
experiment. The total doses of these two groups were quite identical. Applying these value to the
formula-—Ts=660 exp (—0,097 D)—, the survival time became about 4.8 days and it seems to be coincide
with 3.5 days effect reported by Rajewsky to the intestinal death of irradiated mice.

6. Brain, lung, heart, liver, spleen, small intestine, adrenal glands, ovary and kidney were examined
histopathologically. Many small bleeding lesions were found in the brain. And some substances like

Glycogen granulas disappeared in the liver cell, and endothelial cells of central artery of the spleen were
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slightly vacuolated.
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Severe congestions were demonstrated in all organs except small intestine,examined.

But these changes did not explain the cause of acute radiation death.
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Fig. 2 Fixation apparatus for electrocardiogram
of mice.
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Table 1. The total dose to death and the durvival time during
irradiation on mice with Co-60 60y rays
Kinds of Co-60 Dose rate Number of Total dose Survival time |

sources *x10* rfm mice x 105 minute
IKC 0.64 10¢ 1.2,4- 0.6, 18.8+ 1.0
WWKC 1.5, 12Q 1.2,4- 0.1, 7.94 0.5

i 16K C 3.0, 12Q 1.2,4- 0.1, 4.0+ 0.5

: o ()T (Mean value already reported)

| JKC 0.85~0.77 1.1+ 0.0,

Table 2. The total dose to death during irradiation after injection of drags

Kinds of CO-60| . - Total dose Survival time
Sottross Kinds of drugs | Number of mice (x10, 1) (minute)
16K C Contomin 118 1.5:4- 0.1, 5.0+ 0.6
3KC Contomin TR 1.5:4 0.1, 19.8+ 1.3
JEC Phenobarbital 24Q 1.5+ 0.1, 20.1+ 1.4
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Table 3. The total dose to death during irra-
diation in December 1963 (winter
time) and June 1964 (summer time)

x10°r

Dec. 1963 | Jun. 1964 | Dose rate rjm
I6K(C 12,4+ 1+, | (10.,+ 1. 2.9;,x10%
0KC | 12,4+ 0. [(7.54+1.7) 1.4,x10*
3KC | 11,7+ 0. | 10.,4+ 0. 0.8,x10¢

HAREZHHRY MR 525% B15

(hr)
5000 1100
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T: 16KC
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2
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=
B
g 10F \ _
s . 0.4
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S S %
1

0 20 10 60 & 100 120 140 160
Total dose in Kr

Fig. 7
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| 22 sec 11,000

28 sec 14,000 x

3min22 sec
101,000

A : start point of initial pitching of base
line
: end point of initial pitching
: middle point of initial pitching
: recovery of initial pitching
: last pitching
Fig. 8

o w2

B RS ER N HE8K L. (Fig.8) Z ol
&R L, RAEESEL VEFEOL 2 & BT L
Wi R HEIR L, Z OBEEORKGE R, B0k
T I ToORRE, ZoMORIEEIIOVWTE ED
%5k, Table 4 DV TH 5.

oM AB &, 16KC T, 19: 6sec.
10KC T, 52+14 sec, BiEFROM F T o fk
FsRps L, 16KCT, 1.3%10%, 10KCT,
L1X10r Thor. AP EHEDOKTT S SB
I TR S Wi o FErskp s &, 16KC
TIX 1L.79X10r, 10KC T, L76X10Mr ¢k
IRt L7z, oz, 16KC, 10K C Tt
W7 1.8%10r & v S5 4 Fig. 6 @ Mean
Survival Time @OEH FzFE¥TAH 3 E, 7,000
=116 =% 4.8H127%2 © Rajewsky @ 3.5
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Hferiyedn gt U72Bar & LT, B, OB
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BETRAE, Bobhiahotz.

AR A T, MEEERZELX, 3KCOZh
HL TEREES Lhod:,

Bk, AF ukeBERD - T, K
R UCCKE, N, RS, IEEsE RS
® THIZEET, ZRMETO R A & o TIRER L 7:
A, BREDTTIMLZ FD FURk 0N 2 ZHAD
F2. BE 3 KC T 7z, AN TFHEO—E 0FjE
fafL o LD o0, AL
. (Fig.9, 10)

Fig. 9 Small bleeding lesion in the brain. 100

Table 4. Initial pitching of base line of E.C.G. with mice

: . Total time from the start of | Total dose from the start of
Source Diun:;%;?npitég? ngf irradiation to the end of irradiation to the end of
initial pitching initial pitching
16K C 194 6 (sec.) 37+ 5 (sec.) 1.7,x10¢r
10K C 52414 73+11 1.7;x10*
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Fig. 11. Vaenolisation of the endothelial cells
of central ortery of the spleen.

Fig. 12. liver. » 100

2, Allen et aP)D 5 e, /NG D&%
Wk, DT EE, NAF REOFTRIITED 72
bR YAl

Iifi, CEEZOWTHSBE, BHIATEME D 7=
FIZ3KCEERRTH 528, ZoFME+ 3KC
OFE T 3 &, JEFEICHCERICEDRS.

[ <k, BREEFOFMOMHIZ, 3 KCDEE[E
Rz, ARG IBIIR N R O 22 B 25 % 38D 72 %

FAR IR A AR W25 i1 8

Fig. 13. enlargement of liver cell x 400
Fig. 11, 12: glycogen granula like substances
were disappeored in the liver cell.

WoEmAEREHo7=. (Fig. 11)

BT, 7V o—% v SRk o4 & T4
DFEHALERZE L2 72, 3 KC OB & Ak
THBH. AFEMILATH 7. (Fig. 12, 13)

B, OSRHE, BB ow T, KR D Ekko
HA 72 S0 2 32 7.

BT oW TR, FREELERD MO,
V, BiEE CER
BARZoERIZHEPA L7 A, ddK @ =
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M@ LTy 72. ik b, gIosss
fEI2 & B3 3 TOMMOZET) & v 5 ik &
hiz: 85, %, Strain D E Y2 FFEEF T
DIWHFHNE, FRA EERT T E1E, BE#HST,
BHO CF# 1, ddN Rvv X D%EE H#E LT

BATHIZDEDLTWBEEIS.

T EE 3 ORIz oOWT, HEIFEHR LS
KCIZk 24 BT 5. 5£SIBRI3BELRED
LEEE L L TAH S, Fhix, IBRI394E 6 H o
fEv:, BBHIBSEIZH DI H LT sy & b
KEBEIRCEDLZOT, —JGBA LT, #%
TEMMNZRT L) b bBRET 5.

Table 11237 812, 3KC (#3064 %
10%r/min. ) T ( 1.2:0.64) X10r, 10KC
( 1.5 10r/min.) Tk, ( 1.23+ 0.10) X 10
r, 1I6KC ( 3.08% 10r/min.) Tix, ( 1.24%
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Lok CEATB T BEMED BRI L EZOTH
FWTHAH.

MR, B, T OB & A,
B, B, GO, FFIE P ONEE, M, B,
SEBUC DWW To s, RUIE E EIRRCRER L&
B BRBEDTE M 2 T 7=,

BRI & B L TR Rc B2 2 b B LT
B0, BChHB. BMEOFTCHRR=M, RO
FMIIEFEETH Y, X, &P/ NEmBEE
GERD TS, Z ORI E 250 25
LB H B BN BN, FicRLA S5
LBIRAERIIIN 2% £ & OBIRTH 5. i
LM EOTRMER, AIEE 20T vhE
Bbh3., ZofizonwtSEnE—Boksy
LTAzw.

Frtfa o BRI DTS &, FRBLOFH
LR Lc o WTd, ERESENAEZ Eh oS
TERET L T4 & B,

FERE LT, MW 03 D 31T
D&Y LRk D7,

W LTS, EFEEEN X A, £k
FHRRE L SEER L TfTE .

VI i =

RN B AREF STHgeRT o 9Co fasds iz
HBI N —60010KC, 16K C D&E 2 61
LT, HAfIS84E12H, EMa04:6 H @ —[@l, dd-
K=o 22 HRLT, BRESATRFL:.
FIZI6KCT (3.08~2.93) X10'r/min, 10K
T (1.54~1.44) X10%/min. TH-o7-.

HILF 7 ¥ ¥ 29 —DWENC & W IECORER S
f3o7=.

FERIS84E12 H BT, MHNIET 3 T
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FHEOPEfHEIE, 16KCT ( 1.24% 0.17) X10°
r, 0KC X ( 1.23k 0.10) X10°r T3 o7-.
FERIS94E 6 H DB T, NPIET T Toik
SO, 16KC T (10a%x 1) X 10°r,
10KCT ( 7.5 1.7) X10%r =3 o,
PR Ts (hr) 2, F4HE D (Ko
LR ERD B 2, 16KC T,
Ts= 660 €-0-097D ...... @

L7 %, 10KCTI, 16KC LFEA EEED:E
W7otz

BKCTRwr. Ts= 660 e0-082D ...... @&
KT 2 L ARE15% & o Tw 3.
6KCT, av b 3v#4EMAT3LETSE O
FedRdx, (1.5sk 0.19) X10°r k7 b, 4
LZWH D& BT hiE, #20%55in L T\ 23
W2l X, ZOECE cofiix, 3KCT
P IVEERLERBRLFRA LR CERETH
7z,

<Y 2 DRSS R OB O AR R 0 4 i
BYBIZE #4175 &, 60,000r DITFHASEEE Z bl L
DIEHREE T&. JETE COEERES T2,
ZhiE, mOZHODEE LTRENT:.

(1) acute ataxic phase == lethargic inac-
tive phase ;== fals hyperactive convulsive

phase—true hyperactive convulsive phase

(2) lethargic inactive phase — hyperactive
convulsive phase

(1)i%, 60,000r DL EMESSRRCERA L, 2ix2h
D ERAEERc @A L.

W. Langham et al ¢ terminal phase i,
B 2EE Lm0t T NIESEDTET 0¥
ERT A4 THORBCEHRTZVDLEX 5
h3.

RATBIREE LE 5 { o, OERLE, 0B
FBE. Zh, BosIRERC ko T
GZbh%d 3OS, EERFEE LURE
TRTSG 2 KR 272t E X bh3. “h
1%, 3KCORHTIBFEA EQBMhn hote.

COBEHET 3 TofEE, 16KCT 1.79X
10'r, 10KC T 1.76X10'r THho7-. IZOfE

TR A EE CEZ R L7z,
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IO 1.8X10 #, Pyl EEE 0
BIRZRTORL Wk 3 &, A 17m5HI34y 4.8
HThor. ZhidRajewsky Dz 3 3.5H%FHR
EBEZA LT A EBbn 3. ZOBEEKT
I CORE & AR &0,

O BIFRRE ] X AR R =

RS RHEHBIREZRT IO LBI SN 3.

ZOfiitk, intestinal death 4Ef% & cerebral
death i & M CH LS TOEBRD BETH 3.

AMAINCRER T 2 &, B SEo/NEmE
Y, il 7 v a— v BT O W4
RO oMb, JF, GO N, B, 58
B, BEEUVEE CREELATMEBD. L
L, AT, R EEI BN B H DX
D07z,

ZOREOEE R, MM EESE KR SEER
UM ER46E B A B HUSE SN B & TREL .

C ORPFFECH LIRS T S o ATCSERESER,
HAREBEREETTREDESRE o« Butassy
SEADT A ICE RMBELET.

X, SNEFREAKREUER, FEE WKW EE,
EUERERTFHRERTE-EtLr, ke 0fH ¢l
AMBIEEIRE  LicHELiERMR LS.

2o b RAHICE L, MRIAIRED T & o 2 TR A
HERBYF, HARRTF WY RT A RS RRFE B =
BEURER = 4 P REEoH 4, <7 2AOfFICHIBH
HEE LAMERRIEMER O 2, RO A el
CEHBIW A EEFBRRARTERAASE o #
EE L L by,

CoPREFSICb, RF38, 30EELE « A
-5 AARETFIMEMHERNE o EamEceme
T, TOJ|BEE A L ARLTHEYELE T,

References

1) H.B. Gerstner: Acute radiation syndrome
in man, U.S. Armed Forces Med. J.. 9, 313
—354, 1958,

2) Quastler. H.: The Nature of Intestinal
Radiation Death. Radiation Research, 9,
469—477, 1958,

3) Rajewsky. B.: Probleme der Ganz-und Te-
ilkdrperbestrahlung. Strahlentherapie 100,
5—15, 1956,

4) Langham, W., Woodward K.T., Rothermel
S.M., Harris P.S., Lushbaugh C.C. and Sto-
rer J.B.: Studies of the Effedt of Rapidly

— 45 —



46

Delivered, Massive Doses of Gamma-Rays
on Mammals. Radiation Research 5, 404—
432,1956.

5) Allen R.G., Brown F.A., Logie L.C., Rovner
D.R., Wilson S.G., Jr.and Zellmer R.W.:
Acute Effects of Gamma Radiation in Prim-
ates, Radiation Research, 12, 532—539, 1960,

6) Storer ].B., Harris P.S., Furchner J.E. and
Langham W.H.: The Relative Biological
Eifectiveness of Various Ionizing Radiatio-
ns in Mammalian Systems, Radiation Rese-
arch 6, 188—288,1957.

T) T - B KBERS < v AOBIEHR, F
—#, HEM£EE, 1, Vol. 23, 40-—47, 1963.

8) B T ¢ KBEREH~ v A OHFEHRE, 5
—#, HE£HE, 3, Vol 23, 300—307,1963.

9) Andrews H.L.: Species Differences in Re-

AARES RS aHERE M2E 515

sponse to High Radiation Doses, Radiation
Research 9, 469—477,1958.

10) Haley Thomas J., Snider Ray S.: Respo-
nse of the Nervous System to Ionizing
Radiation, Academic Press, New York and
London, 1963.

11) BB : PRHEER e T2 BUER o 8
MR 384 BE R Jo R & 1 63 (B B i BRAR).

12) NBS Hand-book, 54,

13) B. Rajewsky, O. Heuse, and K. Aurand:
Further Studies on the Problem of whole
body irradiation of white mice, Z, Naturi-
orsch, 86, 157—159,1953,

14) B. Rajewsky: Radiation death in mamma-
Is., In Radiobiology Symposium, 1954 (Z. M~
Bacg and P. Alexander, eds.), Academic
Press, New York, 1955,

— 46 —



