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BonsBFR (Foby) EHVTI Y bO
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L7z, 5D OB O FEBIHE L 72,

WA D 7y M RigKZ 0T — L olgkEn
5 (0.35mg/kg) W CRRERRIEI-12, BXOR
DRI XS WTFHEER LemD 7 7 V) MR
WY, MEEMLIC TEE L 72, B IR E
FREMFOI A 7o bur X vEsh sl
T (Fo by, T0MeV, EEEC—2) %
vy, Bragg-peak 2EhEb¥ 5 Z LT (spread
out Bragg-peak), BEEBENOHEEXH— L
U7z, IBETEF I3 bregma 2 F0 & U 72 Fi#2 10
mm, A5 20 mDEFT, BRETERE I3FEE LD 5
mn& L, 60 Gy O—[ERE (FRETRERT 100 # i
®) &1Tol:. WEEREYIIRE: L D EE S+,
ZDOHBEHICEH, k2B THEL, BHE
5 AEBUTOIZ & MRIFRE 2175 7.

MRIHI7E @ 2 31 cmD /KR, #B{EE 2T
Wa &0z 2&%AMRERE (RS-200,
Siemens-Asahi Medical Systems Ltd. |,
Tokyo) # W/, W XEY 2k 7 o

% —rJ— F magnetic resonance imaging <MRI), radiation brain damage, radiation necrosis
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F—NVOBEEANRES I TAREMLL, H-1H
Alderman-Grant 2 A )b (N 8 cm, FIEE
H#85.26 MHz) DHNZEE L7, BIHIE S
BELUI0, 180NV RIFE % 24 Vic Az
RETHREL 2.
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2, WEE S5 » ARMBEED 7 v b EEE MRI TR ET
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LRVEZRIRS R SN2 (BRH), FEHICIZREE
FERBRDL(B), FFROREIZBS O F5E & EEE (E
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H#ER 511535 (1991)

3. WEHERMOEREE 2779, A) Evans blue DR
HUIIR &l & LBIRERBC R ons, MRIET
ERROR SN o IR b IRE S RA TS, B
2 ZABRC Y ER LV ESHOABR SN B DS
Evans blue O¥FH IR & zvs, B) RIS OB
HEES T, BiBEHE LV (Luxol Fast blue #fa),

W DFL (vacuolation) HSH Sh7zb DD
REERICIIRE RO o T,

3-BIRd L RmbELDORE o7
P OBEDE L <, MEBFEINCEE R
% BT 2R 2 T RREESE T, I REDS
Bon, WMREFESTCRIEEDREZRED
7z. Evansblue TOAREZELIHRICHH
AR Cl3H 5 HIMEEE DL 2R, FHKE
T AED CTHEETH - 7.

= B

Z[a] 1 1E 5 i O BT AR EESE O 1R B & UV
HEERET S0, BT (Fuby) zHw
T7 v MyEFRE 2175w, 20z &S
fRRE MR $BI1c TH 2 % 2 & 2Rl ade, EERE)
VI, BHC T v b7 E OB ORI SRS & 1T
BOBECROMEL %500 RESM
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ORBETH 5. FERMHER ST 2 SRR
3°Co BI N =7 v 7T, —fRICEHRZEHAWT
R LD BN E2RES 2039, O, IR,
KB, Bk EonEEBES s &R T
REMENE L, ELTT Y M OREOEVE
RSN AIRETH - 72%, M2 T, 7v MNKD
EE DZEIL% in vivo DERE L THRETT 52
&b EOHERE MR Z£E 2 LTIXRE#Th - 72,
BT (Fa b y) IXREBNTORES T
MEIFT, Braggpeak 267 2 YHAEELH
37, ZDOH—O Bragg-peak ZFWTI v MK
DOWES 21T72v>, Evans blue 12 X 1 My&AEIFT
DfEE % in vitro THRE L 728kEY 235 5 23,
Z DFETIIREEE D B % [R & i 7588 D fR gt
WIXEN D b OO¥— xRN T 2 MO EHE
EDRIGDE N EZRRETT 5 I2IEE L Twiswn,
% Z T4 E X spread-out Bragg peak %= FwT
FHIED S MO 5 mmE T OEH OFESAIE
—IZ 60 Gy ¥ 72 % & 5 CHRES 21TV, #FA0C &
BRIGDE N HERL 7.
B1limLLdic, REOEHBIIFRE L2
REEIc—3 L, WHEFESOME, F2 3R
BRAOFE IR sNEhot, £2K2, 30D
& 912 MRI Fr &8 L UHEHIIK T D ZHEFTRIIR
FE I IRIZIRE LB TR OBEDI M OBE DR
SERRERBLTW, 20X kDR
ECR SN, O SRS OEBES
WERT 2EERATE, SEIOLSCT Y
N BRE U e iR — RIS O RHAR O8]
ENHREE 5 5, A OSSN I3fE L O
BREORWER LM 23, BKMICRFEL &
35Dt 5 late delayed radiation damage
ThHaY, LObl), BEREERIIROERLE
FHE CHRETEBRED B2 5 BEOHAM % B8\ TFH
44 %, 2O (latent period) OEBRIIA
12T IR E T\ vy, ETEREESED
FEBFIMENEEEHIRLENT, WK
MR OB ENFHERE S LB - THEE LT 25T
DRl Z#ERT LEZ 5D, ERICHER PR
ARG 2 5 LEEFRE  COMMITE %



7 v Y OBERREESEER 6 & O MRIIZ & % 3l

29, PEROFEFRIMETT, BIIEPAIC & DK
SHERZMENREZ D, T v b TREBERIED
EEEZZFLT L, FRREHREIC X VNEN
FiilaoEEL 7)) 7THROBEETIIELH 5

LIRS NTWEY, ThbbEFETIEI VT
DOREENHFHIEE L DR REL, SETT
57260 Gy DS TIXNEMEE 7 7131Z
IZFIRACEER T EE 2 oh, HHREOR
WIESEE TOVER I X AR ERABLETH
%. SEIOEN TIINRDOREL Kb EFHT,
G IIHROBES L OCMEOEE» ok 3
A 2 JRBHREESE T, iR H@@ﬁ%h%fm
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DEALNREE TH-> D RIMERNKLES ) 7D
WA DOEED S EBbh, BESHEHRESE
BRLPTVET IR0 RIER R L 1228,
rodent X CIEEEND W EE I RERZEDR
v,

MRI A%, HEGHHREE S % 521 72 B i Tl
ZEiE, WEWCESLT 2 AEOFE, KU Lk
HEDODREEES R EOMARRD 5 LT 52HE
HEEIMLTBY, s dEE, MmEMEr o
EE R L OME FFDORELEE 2 5N T3,
UL, BRI MRI TR % 1) 2 1R
WEt 2177 5 W IXREE S E 1% {, Fire(b
R IS REE L CRNRMEOREDEE Y
b->THY, MRIFTR b IFFRFRNTH S, %
D 72 IEH I DI HR R D ERRAYIT R 13
B RV EEE 2R L, Z0 MRIIZX
LETRTTRD L XBES DL, WTOER
IH & (35 Gy, 6 MeV, photons) % D %L %
MRI TEE L 7:8& 135 555, BEFRZEL
THEEME L (2/6), F12ZDFRIZ—HETIX
ot —7, SEOKEFTIET T MRI
LOEFEFR (4/4) BPHE5ITBY, ZOMHE
BT EORBE L o NIl Tz & 5 g
HEEOEVWICL B EHRLRIZEZ S,

EHE N TIRIMEMBEIT D 72 D 1 TEIE, IR
#Fr L ERuGEEFOME/MNEHIZR S g
Wiz, EEFIORSEIC X #R CT 721X MRI

DOEFRNR OFEHIC X D MBANEERT D KepE Sl
DEEETH S, FHZ, BESMEEEDE VS MRI T

DEFZDERBEIIERTORELALNTWL S,
SEIR L7200 7 v M T IS RRE DR B
OfEIZH 5 b DD, MRI X in vivo TOINHE
BRI DS 2 /1% 12 3R TEAHS R v,
REITR SN 2 BEHRESEDOEE CT 5 L U
MRI TRIEFRESIFFPA T B4 N2 X 258
E DT 528, S, SEOFELZHVI
DREDFADAIREE R L TH S5, —H,
Evans blue I3EFEHBE L »ICMMF 7L TS v &
WEE L, MEMNICE F 2 23 MBI FS » Rse 3
% MBI T % - 0N CE S W AE
"R L %%, 4E® Evans blue D¥gH & Gd-
DTPA O&E#FiRE2% L ® % L, O Evans blue
O OFFH I MRI EOEEESEDIEL, @
7% GA-DTPA OB X CHBE(LOR S
N7 % Tl Evans blue ORH 3L, @)%/
MRI L& 5h3R % B - 7245812 Evns blue
DR ZRD Tz, s OFFIT+5Tidnwy
#, GA-DTPA k Evans blue OFF R OAHE X
n vivo & in vitro L BEVHRBRKE VL EE
25, 12 0O, @icowTid MRI 045 &
BEDMIFER & V& N D Evans blue 233642123
HUZHREEREZ 5, @IZonTiE, KR
SRR O BE Y E I T, IMRBEEOME 1zt 7
D AEEL L, b IERIMEND & NDBIT
BRoNZ S koTwd, —F, FAHEEE» >
IRNIWE 38 % 5%, GA-DTPA 13 Evans
blue X D AHFED/NE L, HELRT WD
Rz GA-DTPA DERZIRDIR S iz L
L7z, Gd-DTPA & Evans blue Dfi#& 25T L
e 1R 5 kv, Hecht-Leavitt, et al. @
13 GAd-DTPA OEFDOERIC DWW THERD 25
RE2RBRRTHWE, 34bb, Fal~OBHE
T, BFAER TEES 2 E L5008 Gd-DTPA
KEDVEBERINIHBELEINZVLWEERHY,
R S 2 OFFEREME DOBiBE S Xk VR %
Ebl, ZhiZLVEBENLEZERZD TN
505D THD, FHxIBEEIC GA-DTPA
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AR #11&3%

WCEE SN BED b LR D LB A S
N5 2 EREZRELTED (T. Hashimoto,
unpublished data), EEOHRIIBEZOHEB
D RIEF 7% b b IME DIRAE D RFE R % K3
2HDEEZTwE, SEOKRE T Mgk
FADOBEREREE DRI 1Z in vitro @ Evans blue
DIE > in vivo D GA-DTPA X 0§ TH -
7208, FERIC IR L7 HTREE D & D D in vitro
DFEI L DFHINSHNETHS, Gd-DTPA
¥ X U Evans blue 0% 582, #5545 ORHRE
@, TEFREFR > N ZhZORr RICE N IZ
H5bHO0, MKEMBEFIESEORES L R
BECHEOBEE Th-> THEMLIC LD B D
AREMBRB S NS,

& B

BFiR (Fa b)) O T RFLEES
ZFALTZ v MRORFTREH RS2 R L,
MRI 1z & ) IREHRIREN I £ 2 LRI 2 72, 60
Gy 1 RIEE&# 5 » HH D MRI TR % Fulniz
HeEr2E 2, GAd-DTPA I X 2 EE 2D T2,
Gd-DTPA ZMEAEEFT OMREFHRE & L CF
HTH 25, in vitro ® Evans blue DiFH & —
BLUBRWERMEH D, ZOEENSELETH
5. FIZEBRMNCRE RO MRI TR &
HBAEL E OBIRERS 223 % 2 L IO
HEEDREZTEET 2O KEETH L., &
E#REG L7eFERA WS 2 LT, SHEHEEHTRE
EIz 4 U 2 IEE XS OFRBOMEHNHED 51
52 RT3,

Eil iz

7u b VBEH RO T 720 TSR E 2
BEWZERTY A 7 1 b oV EHEIRO BRI HERK
LT, RO 2 FEE AR
EWFeE (ERHTSE A 02770695) DBHER & 5%
e,
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Development of Radiation Necrosis in Rat Brains and Its Evaluation with MRI

Takahiro HASHIMOTO',  Hiroo IKEHIRA!,  Koichi ANDO!,
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4-9-1 Anagawa, Chiba-shi, Chiba 260,
*Department of Neurosurgery, Tsukuba University

Radiation brain damage, especially radiation necrosis, is most critical and well-known se-
quelae after cranial irradiation. However, the etiology of radiation necrosis has not been fully
understood. In order to characterize and to investigate the pathogenesis of radiation necrosis,
the experimental techniques in small animals and the evaluation methods should be refined.

The authors developed focal radiation brain damage in rats utilizing protons of a single dose
of 60Gy with superior dose distribution and demonstrated the lesions caused by radiation on MRI
with 2T magnet. The damaged lesion was not uniform within the radiation field 5 months after
radiation. The corpus callosum was the most vulnerable site which showed low intensity on T,
weighted spin echo images with marked enhancement after Gd-DTPA administration. These
MRI findings are common in patients with radiation necrosis. Discrepancy between the area of
Gd-DTPA enhancement on MRI and that of Evans blue extravasation on excised brain might be
attributed to the different response and pathological conditions in different brain structures
following a single dose of radiation of 60Gy.

Further investigation on radiation brain damage in rats can be encouraged with the elegant
methods of both protons radiation and high resolution MRI described here.
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