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Biological Effect of High Dose Rate Irradiation with Electron Beam

I. Early Skin Reactions in the Mouse

Hiroto Nishio, Katsumasa Saito, Kimihiko Abe, Saburo Amino and
Shujiro Okamoto
Department of Radiology, Tokyo Medical College
Tetsuo Inada

Physics Division, National Institute of Radiological Sciences

Research Code No.: 499
Key Words:  High dose rate, Electron beam, Early skin reaction

Early skin reactions on mouse legs after irradiation of pulsed electrons were studied for dose rate
effect in terms of average and instantaneous dose rates. The dose rate dependency was confirmed as
an increase of reaction scores at instantancous dose rates higher than 107 rad/min. The maximum ef-
fect was observed at the instantaneous dose rate of about 1 x 108 rad/min regardless of average dose rates.
This result suggests that the relatively slow processess such as the reoxygenation effect are not the pre-

ferential modification factors for the high dose rate irradiation.
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4 HiZ -2\~ T 500rad/min & 6,000rad/min & &
HICERE R R, = OMEEREIF% jejunal crypt
cell D2 m = R BT 2EC R THHERL
o LTuw5®, X iz Hornsey, Bewley i
LDs/5 HiZ 2T, 6K rad/min & 100~ 500
K rad/min DHic Ny MEIREHCIE 2628 1w at,
O MERIHCIXZER DD L HME LT L5,
R, REPQRERER (2 Hic b B
) REFEBALT, =9 A0 LDy/30HI2\T,
“Co v #RL T4 F v 7 X & D M HEHHEE
EXPEL TS,

DX 35 LDy oW TORBERIKEDOER
HyFE#E7 &, Denekamp, Fowler® iz L oT 75
TE S i B EUSFEBO MBREKEH: @ onwT
b, XYENLHES I OHERCE - TUREED
5 50O TIXinV & OB x4 Ul F o T#EE
DRBRERA T 1 7 v 7 %D OB R EINZICHRT)
OREWT BT 5 EHRIGHITED scoring L5
vAZ ALYy 7 e BhRETO FHEERE
Kellerer, Brenot'® JZ{fff 5T u-test Zo ¥ A\ T =
DOREDTEHF At D T+ 5.
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Fig. 1. Daily changes in early skin reactions after
various doses of irradiation at an instantaneous
dose rate of 2.36x 107 rad/min
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Table 1. Average and instantaneous dose rates
used in this study

Instanta-
neous

(rad/min)

4,4% |1.16%X | 3.7X (0.94,1.25,
10° 107 107 |1.75% 10°

Average 700 2,400 | 6,000 | 15,000

3,0003s X ¢ 5,000rad MBGIEE @ peak (113~14
A b, D peak score {HIX, Zh
Fh 3.1% 0.2% X0 3.54 0.3TH0%.

LI, 3,000rad 35X ©F 5,000rad 0 BT 4
i% Table 1 1C/R7 6 MOFEERIC T, FH12HFD
BEE B ZIn, Zh boRE RGO A ZLl
X b, ¥ peak score {HERDI.

Zh X h{§ic peak score % plot 17 @ A3
Fig. 2IcR bbb T4 ¢ 4.4%10%, 1.16%107,
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7/ 107 100 100

Instantaneous dose rate (rad/min)
(with various average dose rate)

Fig. 2. Peak skin reactions observed at various-
sets of average and instantaneous dose rates
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L A L 1.25%10% rad/min, 1.75X 108 rad/min
123U Score o peak (X i35 @R R
THRERALE.

DIEDRER X V2 XWER B T2k 4.4X
108 H1.75% 108 rad/min 5 FERERIT 5\ TR
BREFER DB SO EE L.

¥ PR EERC S5 1 % 1 X108 rad/min FijEk
DOFRERBICHIERKIFE D peak KHEET S L
DLBbRhD.
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HAREZRARY &M 536k H95

= AWl = ---Instantaneous
b
Aversge
T
Instantanecus  Average
PPS PH W dose rate dose rate
(rad/pulse) (Jtsec) (rad/min} (rad/min)
Usual 80 1.57 4.0 2.28x10'
Medium 4.7 3.16 3.3 6.04x10" 7300 400
High 23.0 5.34 3.4 0.9610"

Fig. 3. Schematic representation of variables in desired settings of average and

instantaneous dose rates
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TR % 7,3004400rad/min © (% ¥ —E
{iEL L Fig. 3 Z & { PPS, rad/pulse, pulse f§
(¢ sec) 2EZ B LI Bleok ZMolE
R R e 1 e .

Z 5 LR ZMoBHR 2. 28X 107, 6.04
%107, 0.96X 108 rad/min 2O\ THijHE & [EIC
early effect @ Score © #EHZ{bIfE % 0ét L
Score peak #{57-.

Z @ Score peak % plot L #- @ #' Fig. 4 ¢
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Fig. 4. Peak skin reactions versus three instanta-

neous dose rates as denoted in Fig. 3, at fixed
average dose rate of 7300 rad/min
The solid curves are those taken from Fig. 2

H 5, Fig. 4 0FEEITHTHD Fig. 20 40 & [
—ODO i ThHS.

COEBIY Fig. 40 L i Fig. 2 &
FfE oM%Y RTEIR% 3,000rad, 5,000rad o
gruop TR \WTCH 5L Z EaTE .

CCTH AT OFEE 072,28 107rad/
min OEHHIES % Usual, 6.04310%rad/min #
Medium, 0,96x 108 rad/min % High & 4, L
fo. Th bOAHERBHREOHLET /b b,
Usnal » Medium, Medium % High, High X
Usual IC0 W THREDENFEIET H Om L 5 hic
DTHIER L.

o Jigh & LTt @ U-test (Mann-Whitney
rank-order test) # JH\ 7z,

D5 BRIT Table 2 107

3,000rad, 5,000rad gruop i Medium-High
ZERVC TR L EHERC S\ TLE RS H C &

=L

—

Table 2.
instantaneous dose rate dependence of early
skin reactions

Summary of significance tests on the

~ 095% Significance level for |
Z>1.96 or Z<—1.96 - ’
%o | commien | 2 RO
Usual-Medium 3,47 yes i
5,000 | Usual-High -+2.50 ves i
Medium-High -+0.61 no
Usual-Medium ! +3.88 . yes
3,000 | Usual-High | -+3.06 | yes
| MediumHigh 0.3 | o
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wHEID 270,

Ll DR & b 32 vk & DR R SRR
W ERCKFT b0 EFE .

v 5 %

IV—1 Score system

HEHRC X B EE RGO R, &z ofkH
LT OV FR-ZRBIRIT 2 wT, JHRPA
VY . —FRIOTE Y, FOERMiEE L
T Score system D 4P DT L T
%, AL 5 Score {HE LTHRPD L O
TR, O system OFERIHTEO FL4HEEE D
#5597, Kellerer, Brenot!® 2L C w5 X 5
o, =@ Score {EIL / V35 A ) o 7B TH
b, 2, Score 3 OFEfiHS Score 1.5 F
FEO2fERLEIR DI, 2T, AEROEN
T 5 INE BRERIED KAMC BI4 % U-test FjE%w
2L A, EAZED 0.5~ 3.5 L B
Score {HIZ D\ T OHEFEEOBLEITIL BERIA B
“Df-. Ffo, 5,000~ 6,000rad REHT kBN
I B 0 5 58 S\ T & Score fi
RS, 1,000~ 2,000rad BBEEED FhiL,
[FIMARIPCEE L, {& Score fHIC 4H3%. X
DT Score {H% KB b1, BAE O
KisHE, BHRERHFECOWCEEERSD. T
Teh B EIEO K & S ORBLAEMHIR 4
L—BlHC kb, ZoksinHEEC {4, Lo
¥ ARERRIC B\ Tk, #EH Score i FrkfE
(Peaked Skin Reaction) 1T X — C RGO I
XX EZHLERA. AL, ZZT—%Hh
JBEPY (16J8) @ Score deviation o i TILE#E
HWDRFEETHED (T2 Y »2) LEEL,
S5l 3 X OEERERZE OB A A LT

IV—2 L E THFH:E ORS

L E T X 5408 o0%{biL, vwh¥d5RB
Efié LTHEZBRTED, £ ofERb 5.
LR, WHFLEMEERMIE 0L BIRIT OV TR
B BHNIZR B EDL E THFHEEI - 20K
BRTHD, WIhdLOBAEIILET= 100
KeV/p sEC B L T—FHLTW5BD, =0
L E THRFFHERSS, =& Tz bhicimRiai
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BEBEM LI x — vEFRTCERER L. ©
nBHORER Gl o4MRREOKE S, i
ERRER R T b © Ol N A E Tk
o,

ATERVC iR~ X 5 W IE BT EDS 7 v 35 A |
Yy 7 ETREN, AFRMRECEAT S 0T
Wi\ 5 21, L E THFHEOR B EfED Al
EBRCAKFET AN THA. LhrL, MEoh
MCHDRIBAREES 2 5L ET & REGE
RITOWTIK, ChLho 22y ¥ o iR s
R = 2 ¥ -REOWE L LTHENTES
DTIEIE) D 5.

ARG ERL Fig. 210 /R L, &E
1 X108 rad/min & B\~ T B bh i, Zhik
‘I —BRIT” 51 Fy 2 BFRALV AR
BEOWRE (~psec) 1 [ 160erg/psec | o =3
n¥F—RER LS.

= AR 3510 % ButiehR & 1%
100KeV/p OLETIZ S\ Tk ETD Lok
FEELLS. Shik 1.6x107° erg/A off=% 1
¥ — i T 24T % 53, Barendsen® (XD X 57k
JBS % 5950KeV D afft % FlWTisoinofe. &
D aFROMMEEIT 1.55% 102 cmfusec TH B b,
ZhiE TR FIEPIC” [24.6erg/psec |
D= FF—RERL 5.

PLEoinE BRI 1 oTh, WED =
FAF-RERC BT, Alob0lEL bh
5. Tickhb, BAREHRESE L EXSRL E
THEHRC X B Lo =3 ¥ -5 0 6.56%
D = 1 F —fR G % S HIC—FRIC psec FRED
IRFRE] 4 BV HERF 5 = LIS T 5 & o L3
xXH.

IV— 3 PigitiasR & RlEE R

O EIRE X, 9Co-1 Tk Zomo
OFBRITRITE LD, A ZRBOEH R TR
AL Rch., FEREIGD o OfBSRiT 4
FTahie 2T, ZoBRiREREOHEEDOFH D
Cieh 55 LEx bhic, RERCER LS4
F v 7 OBFERAN AL, 40~ 100pps DERE L
JABENC T, S AN 2.6~ 4.5pusec DfETAZE
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Thote., ZORRE LUBNGEE RIS
Ro10*~10%7 K TH 2tk

Hornsey, Bewley!® %, = Z CER LT\ %4
o COMEERL)E ¥ i hypoxic cell ® reoxy-
genation IC X% $DLEX, ZORRILTA >
v 7 ¢ SAARDMEERBPNCEE Tivd z,
A3 AR DN T SRS ERC CHRRT 5
LTS, L Lish BAERIERIE—EDF
BRERCSNTH, BEEEROERC X vk
WERIGHELT D L RR L. 2Oz b,
AEEERC T 3 9 fo $ESREE 13 reoxygenation
DYNE “‘slow process” I X % 3 © L 1T &2 8
Ly,

BHERERO HRELTHEZIhT WS 0
1T, Levich et al'®, @ -0 AlF 15msec @ fipsht
BROLE BRI X % sy 0 4 BRFER A~ D %) 8
#H%B. Zhik, CNS syndrome ~DEH 7 %hEA
PR T, FFERRH Y & AR RIC IR
52 BT ER LD EOBEMEHNAYEL T
5.
ARBC I EERIGE, CN S & 0B
LIEL, FOMBREED FPhiL “rapid pro-
cess” 1T L B AEMBROEME LT L v
NNVTD 7 FHNVRED FREEFORHTF L
ATOF DNA repair OAJREMEO NN X 255G 00
ErtBbhs.

L& L, Z@ DNA repair 3 100msec LI
WIREMEDS SR E M T 5050, psec ~2L A 1TH)
THIEDOELIFET D0 E S0 @by,

Vv i &

=Y ADRYFFRIEE B NS 15 » 7 BT
&5 HEREFEOERIIRHN I 2 IR DK
Bxzi.

1. RERRESR 4.4X10% ~ 0.94X 10® rad/min
DIFFIRIT BT, KIE Score ILfGERE L L
CRBEOHEMEZR Lic., X o CENRIGOMER
WEESFET b0 LR hic.

2. PBRMEMGESR 1.25X108 ~ 1, 75X 10%ad/min
DFIFIT T[T Score [REREIR & & i
Uiz, X2oC BRI 1 X10° rad/min STE5HH

HAREZB RS 6% HoB

BCAR B REAF OMAENFIET B b D LiSH =
iz,

3. —EOFHHERC T B RIS RS
BROBIC LY, PAEOKEE—BT 5 ki
WD, XOT, I TrikEd, BB
BRCHERETI0 LRI R,

Bikfbdedich, e ZHE, CRBEIE GRS
EEBR LS X CHRESL #E: BEL e, &8
EREFERNA Y 2 QRS L D 77 7 bhi,
s, Ao EE EI3E, M34E A& E S i e
SRS TRHEL ..
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