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Radiosensitivity of Bone Marrow $tem Cells (2nd Report)

(Endogenous Spleen Colony Method)

Yoshimasa Tanaka, Yasumasa Kurcda and Masaji Takahashi
Department of Radiology, Tenri Hospital, Nara, Japan

In this experiment, the endogenous colony method was employed. This method is based on the
finding that mice irradiated with whole body radiation doses in the range from 500 to 800 rads develop
microscopically visible colonies of cells in the spleen within about 10 days after irradiation.

The histological examination of these colonies and dose survival curve in relation to ¥Fe uptake by
spleen were studied. We also examined the R.B.E. (Relative Biological Effectiveness) of 18 Mev electron
beam versus 200 KVp X-rays, the problem of early or late repair and the protective effect of AET by this
endogenous colony tecnique. The results were as follows:

1) The number of colonies and 3Fe uptake by spleen were decreased exponentially from 550 to
750 R and the radiosensitivity of endogenous colony forming cells was similar to that of transplanted colony
forming cells.

2) The R.B.E. of 18 Mev electron beam versus 200 KVp X-ray were 0.77 on the number of spleen
colonies and 0.89 on %5]JUdR uptake by spleen.

3) The initial maximum of recovery in the early repair process took place at about 5 hours after
the first dose fraction, followed by an intermediate minimum at about 10 hours.

4) 1In the late repair observed when the time interval between the dose fractions was over 24 hours,
larger total doses were required to produce the same level of surviving endogenous colony forming cells
as the time interval between the dose fractions increased.

5) The protective effect was found on the dose range from 500 to 750 R when AET (150 mg/kg)

was intraperitoneally injected.
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1) FRBE LT, dd i<y A (4#10
—13;8) {4HE28~358 THo7x.

FERJTHPAL 500~ TS0R &M% 1T\, 9H
iz 5°Fe citrate 313 %IUdR (5-Iododeoxyuri-
dine-'®1) 0.2uc #EEPICEAL ©. EARK24
R CHEMEE L, T oERR U ¥Fe 31 BIU
dR R A F§~ 7. 9Fe, IUR JBHER 13 7
&R U< (MatEolxgthe / EIEPIEABHEE)
X 100 (%) TR, Bk 77 VEIERTT,
2w = —HER L, NARCHBFORFE LN
G
2)  200kVp X#IC 35 18 MeV ~— % —
b e VETFHO RBE.

PS4 LTk 200kVp X §#, 0.5 mmCu
D74 AFx—%EHAL, 20mA, FflifEix 0.5mm
Cu 7o, $iiEEE 240 R/min, fESEHRHIE
HE60enTH - fo.  EFRRBANICIL Siemens ~
—x—te vy, =FaF—18MeV, HEHE
¥ 300R, It Siemens Dosemeter %
Wiz,

3) 2 prEEShe X B [EIE O e

a) RjE{E (Barly repair) o4
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2 EBM oMY 2, 6. I5ARET B
FHEEOHE & AT T,

4) AET (S, 2.aminoethylisothiourea dihy-
drobromide) i) SO ¥iET.

AET %BHie 150mg/kg % BRI HEA L
500~ 750R O T ~~D Fe {EEER TH-
e

3. EERHER

1) d-d Fi=w AL 500~ 750R 4R EFH 1T
Vv, T—10HBMICERAD 2 =—24 U5,

2 1 e GRR B REMEB O Frc 4
Utdbod k{{lTtkb, Fig. 11 550, 600,
650R 4 & RS Uik 4 U e M = » = —
T, BICRS ML #E ok TV
X, ar=—¥HEA LT BT Edibhns.

Fig. 1. Spleen colonies following whole body
irradiation with 550, 600, 630R.

HGBETHLH 1 ROBELALE L, KBkt
08940k Utz Erythroblasts ps b2 Tk b, *
D iz Myelocyte, Metamyelocyte, Megakaryoc-

yte % F &3, Granulopoiesis, 3, Erythropoiesis
btk FELTW5 (Fig. 2, 3).
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Fig. 2. Histology of spleen. Dark portions
shows spleen colonies.

Fig. 3. Histology of colonies Many Ery-
throblasts were seen.

Fig. 4. Mean number of colonies per spleen
and *“Fe uptake by spleen as a function of
exposure dose of X-rays.
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= YETH O R.B.E.
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Fig. 5. Spleen weight as a function of dose of
200kVp and 18MeV electron beam

(mg)
130 )
~—e___ Electron

43 —
= 1ot si T
KT L \
~oanl o
= ;]0 """‘1:-\
_g; | X‘Rd)" \‘
a5 70l g

500 600 700 800 Rads

Fig. 6. Mean number of colonies per spleen as

a function of dose of 200 kVp X-rays and 18
MeV electron beam.
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Fig. 7. TUdR-'*I uptake by spleen as a funct-
ion of dose of 200kVpX-rays and 18 MeV ele-
ctron beam,
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Table 1. The R.B.E.value of 18MeV electron
beam versus 200 kVp Xrays using the

indictors of spleen weight, number of
colonies per spleen and '*IUdR uptake

by spleen.
Spleen No. of | '*IUdR
Rads Weight | colonies | Uptake
(mg) |per Spleen| by Spleen
500 X-Ray | 130413 |50.4+ 4.2| (%)
Electron 126418 1. 66
600 X-Ray 91+ 5 27.0+ 4.5 1.05
Electron | 118425 |53.84 4.0, 1.43
700 X-Ray 87+ 7 [12.04+ 2.2 0.50
Electron 110+12 |36.0+ 3.5 0.78
750 X-Ray 79+ 8| 7.1+ 2.4 0.41
Electron 107419 |31.04+ 1.2| 0.68
Mean RBE 0.77 0.89

4) 2 pERGhe X 2 EE.

a) FiEE (Barly repair) o#jf
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L, ORI/ INE s D ke B ehic 7.
Zit ¥Fe ERREIFEIC LcRELE T EE R
Btz (Fig. 9).

b) #JEE (Late repair) 04 (Fig. 10,
11)
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Fig. 8. Survival ratios for endogenous colony
forming cells irradiated with fractionated
X-ray doses. First dose, 400 R; second dose,
320R. It shows kinetics of early repair of ra-
diation damage in colony forming cells.
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Fig. 9. %Fe uptake by spleen irradiated with
fractionated X-ray dose. Experimental cond-
itions are the same with Fig. &
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Fig. 10. Survival curves for endogencus colony
forming cells irradiated with X-rays given as
two-fractions separated by time intervals of 2
and 15 days. First dose, 400R; second dose,
320R.
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Fig. 11. *°Fe uptake irradiated with fractionated
doses by time intervals of 2, 6 and 15 days.
Experimental conditions are the same with
Fig. 10,
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Fig. 12. Protective effect of AET,
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Fig. 13. Circulating stem cells (Hellman, $)

No. of Spleen Colonies.
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FHLTW5,

ETFHo RBE BT 2HEzHENE R
bhn. EREPELERE R LS50
% 5hER15 MeV BT T0.87TOMEA H LT
% . Austin 13®17MeV BEFH T HAE o KA
LT 0.64£0.09% Fuller J.B.Y 235>
LDggapy T 0.7, Seaman'™2%: 3 5 X ¥ 0Ho
KT 0.5TH ok &\ 0T W5 B—IC 0.5~
0.9D{ENZ .

Ui LB RS2 R L. g
R ERIMEOE X h15MeV 0 BF# 0 R.
B.E.i3 0.70fi% i LT\ 523, BilfaniEx b
RIEEEL{—FHLTWS.

REBCHT 5 o EY R2BawEig
e BERCH BN COBRES B —R TR
V. Sinclairl® (2 k3 b B0 IR B
IHLIRTHAPTY AEHCTOERTRD S
& 9Co v $&E D =k ¥ — JHTEE T W AR
CHT HIEIMI S THB A (191.014%) 200
kVp X T1.09%THB E LD T 5,

—RC B35 R.B.E. &R BEHCII
DL ROz EREFBCANBERETETDOEET
AR & LTkt RB.E. of10%3F ¢
ERTAzLwwikrnd.

SEIBSCEIERY Bicbh o & LTy Elkind £
@ Chinese Hamster, HeLa Cell % i\ 7-SEERAS
H5. BRaxOAEEM=2 v =—Tx, Elkind®
@ Chinese Hamster ¢ % — 7" L L < —F LT
HH, FHOEKER O RO L S, Chinese
Hamster T3 2 sl & 5 F:f] ThH B, FHiaT
1SRRI & 10R & oD T\ d . COENRL 20
5 BMIEARWETH 578, Till, McCulloch!? ¢
%, AU WEER= » =R TS5, 115
Mg LT 5.

Hornsey, Silini'® 3=— 1) v v B 2 B
WT 5 — 7RI AEA D b, 9.5 T
A Lichsoic 2o T b,

ZEOMFROFERT % PN @ She X 5 Ml A
DFREIME & 2 tf 5 EEOBE»EOI L0 L
Ezbhd. b@dolizBEdRTHBROS
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ADITcDThB EEZBRA.

LB~ o124 ic s = 2 FiER
HWEEBERRIC ST TH B A, 213 Elkind 445z
IOTERYhEETH D, - oBEilicy:Col-
ony forming cell oMz LC\vicws. Lin L
&1 BEMf e ie % S B b MfRAEA Sk L
BEEO B e CEELER AT T
T2 HEORIENO 6L EFRIETHE CHE Y 4
TH5ORE ORFEEETEHhIITH 5 (Fig,
10, 11). 2% LR RA ST TH AT X
b 2 HEDOREIREAD T L M0 RZ i N
W EERFRLTWS . XEMEE CRAEY15
H U BT 4ft ez < over shoot Lz, o
EEZBRhA.

A E T ®Dose Reduction Factor (D.R.F.) %,
L1D{EZE A, W.W. Smith &84 3k ~ T
5N AL EEIDO D.RF. 2 RXbBHBAREL =
OHEMEM =2 » = — RIS ShichETh
HEEZbNhD. 30HAFRIMOE 2 DFFH
AVEMTHD LFAMC30E X BT 5. X, D
RF. #R>2OEKB ) v 5k, B Emeks
AT 2 S BB 0N 2 &L A, Hifi ko
WEHEZTE, AAEM =2 v = —E0oHH ¥ X
DTG,

Elkind $\»2T\s» % #1 ¢, Colony forming
cell fi%; Stem cell = 7%, 4 &MREHE, M
#o repopulation % B 3h % AER it DT,
BEROBIARE D, BHROMMEES, SR
LW L THBLIBEELZLRS.

® B

413 dd FJ= v 2% T 500~ 750R D4
HEGET -, NEKER=2 v = —EREC L b =
» = — DM, HEREER, Fo *Fe
JERR & OB % #8172, X, Colony forming
cell 1233 % B F#OR.B.E., HEES o EIE D
[, AE T O EGRELYFH~NROEREL B,

) BEHEEoMncSh T2 = = -3, i
HIERER 13t exponential (AT 5

2) 200kVp X#Ric 518 MeV <X—x
v VETFHO RBE. 13, fze=—2EEcL
FeRIZ20.77, WIUdR EETSR A 8IE L k-l
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b) 2, 6, 15HDMHETHEIRH L Lickic
ISR H TRIRA FEIHE LTS & & hibs
iz,

4) AET %A 150mg/kg % EREAICE
ALTBRZIE, 500~ 750R D EiHIc 72T

B R % R,
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