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A Quantitative Study of Chronic Radiation Injury on
Striated Muscle of Mice

Yasunobu Maehara
Department of Radiology, Gunma University School of Medicine, Maebashi, Japan
(Director: Prof. Teruo Nagai)

Research Code No. : 404
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miuscle

Chronic radiation injury on striated muscle of mice was quantitatively studied by radiotracers, 9= Tc-
red blood cell (**mT'c-RBC), #*=Tc-human serum albumin (#*=Tc-HSA) and 201T1-chloride.

Left lower extremity of each mouse was locally irradiated with 3,000 R.

Microscopic examinations revealed histological changes indicating chronic radiation injury on the

. 112th day after irradiation.

Vascular volume measured by #=Tc-RBC was increased even on the 1st day and reached a peak on
the 14th day. The mean vascular volume reached a second peak on the 112th day.
Vascular permeability to HSA increased even on the 1st day and showed also a biphasic response to

reach the highest second peak on the 112th day.

201 c-extraction ratio was low on the 3rd and 7th days. This result in combination with increased
vascular volume may indicate the presence of direct muscular injury on early days after irradiation.
201Tl-extraction ratio became lower again on the 56th and 112th days accompanying with an increased

vascular volume.

Thus, these hemodynaric indicators could be useful means for detection of chronic radiation injury

on irradiated muscle.
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BHEECRD bh sl cit, EEMACE
t, 2, MEORMEL, MmEEEoIRE S e
DHAEREDERRBEMILBDLIL, 205 b,
I MDA CHE, MEEOIRE, Mm%
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P, BHEEORIECEE RE Y ¥R LT
BEEzZ bR T BH290-8)
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II. RFE

1. X

A5 8 Biic\ s L10B#E D dd Rk~ v 2 %
F Tz,

2, BHEEEL S UICBEHEE

<V AFE (g) H72D0.05mg D~V b A
2 —NEEBEARE L BT CREL, £
TRSHI3Mm B cRLERK L, £F
JB2 D %125.16 X107'C/kg(2,000R, L F2,000R &
%)\ LT7.74X107'C/kg(3,000R, LLF3,000
RETHIOMBEHRTT LI, FREERE I, 180kV
BRXBREEGEZ) % B\ o, BEE&EI1X180KV,
25mA, SSD 40cm T, 0.5mmAl+1.0mmCu @
7 ang =Rz, F8EIE, 1. 1mmCu Th -
7o, MRERIL, 5.074X107*C/kges (118R/%) T
Holc,

3. AR O RIS M EE R RS
RUFERD & U S KB DRIE

(1) BaRISHESE OB BREHHER

= FBT3,000R fB4H#6 1, 3, 7,14, 28, 56,
1288 L 7c= v A X BIEBH L, A AR
MrAr~<Y vEFEL, HE $E% i L CREY
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WBEf L7, ¥/, BAMES6H, 112HD =Y R T
X, e ) R L OB IC S RS s
ERBD ORI MEER LT,

(2) BIHEBEKEORE

T3, 000R RS H56 B 5 X O'112H &8 L
To= v AZWRER L, TAKXBHESDO 22
hIHL, feiibie, ThFfhoBEE (9) X BlE
L, 2\WT, BEREREREE (F)I8%) ©
80 X10*Torr D&4FT 1 BHEEEHEEE L 7z,
RER@OQYIE L, BERIEEREEND,
BB SKEERRIC Lichi - TRDE,

DA KE= E@i@ﬂ%{g( i;;’a)i ;1093

DWTREKEOZE (total water ratio, LLF
TWRYZHRIC Licdi - Tk, Hiiasgo s
K& HERECHIE LT,

TWR =B B0 & 7k &
FEFR BRI AR ELE D Sk

MEHFAIMRENZ, two sample rank test (U
test) MOz I o fo,

4 FTFTAY F—TH B EED
MR DIEEERE BHORET

1) Pv—¥-

b=t =& LT, *"Tefkiiik (" Tec-red
blood cell, LAF*™Tc-RBC), *™Tc-t b il 7
7 3 v (%™ Tc-human serum albumin, L) Foem
Tec-HSA), ik v o 4.TI1201 (**'Tl-chloride,
LUF2'TD & i,

#“mTe-RBC 1%, Pavel', Hamilton'?& @ in
vivo BEEREEIC Lichio TIERL L7, bbb,
1AL 2 Kidmg # B 7 7 2 r ) vE
Fo b BLIOATAY b= THER e
RHKSml CHEML, =¥ 25 00.2ml ¥ BEE
MRAGEELI:, 2TNFHIT, £1F5F 9 2
(FAF KRy boFTFT747 —THER B3
WwWitontrsFrxhy (B152474 7+ —
BT BB 573, 7x10° Bg/ml (10mCi/
ml, BIF10mCi/ml &3 %) ©*"TcO; 0.2ml %
R#IR2 HBIEL, in vivo T¥"Tc-RBC % fER,
L, 2WCaHIc< o AR IMIERER L CERMm
L, ~) v InEBRARKTHERL, 3.7X10°Bg/
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ml (100£Ci/ml, ELF100Ci/ml &3 %) D*® " Te-
RBC HESHE R FR L, 7= bicERICH -,
9mTe.HSA Y, F24x7A073vFy b (E]
FEATAY b= THERH) " TcO; &Mz T
{ERL L7z, oW CTABAEHRTHRTL, 100:Ci/ml
D" Tc-HSA ESEEER L, 7o bic EERICH
Wz,

201T] ik, bz ) v A—TR0IESHE (B1 5
TATAY b= THER ERREKTHERL,
100xCi/ml D*' T1 HEHE A ERL L, FEBRICH W
7=

(2) *#*mTc-RBC, *™Tc-HSA O #: < 7 AA
BT HEEEDHER

dd k= v A0 MK % E L T H\ERIEH
b EFRER LB, 100£C1/ml o%*m
Tc-RBC HH#0.2ml %, JEBH < v A B#EIRH:
DEFE L, B 1 R BB R L TR L,
R—S—ym= b /T 74— THEROWE R
T UOEASTe e % HIFE L7z, 2 X40ecm O BB
i, 85% » &2 / — L ORBABHEY Az, BHE1
RIS OFERET ~ 7 A M TIx, 93%5°°™Tc-
RBC & LTHEL T, RBEIZL T, 100xCi/
ml " Tc-HSA HEH#0.2ml  B#IR) b 8T
L, MEFPCOXEE X ——2e=}F3F
7 4 B RWTREE Ui, BR300, 2 RFETI,
FhZEh99%, 93%H3*™Tc-HSA & LTHELT
Wie, Th b, HEFEOHREYLIZIER
BRTHh, *"Tc-RBC, *"Tc-HSA 1%, FHiz=v
AEATEELTCHFELTWAZ EBRER IR
fo

(3) ¥"Te-RBC % H \~ 7z vascular volume
ratio (VVR), *"Tc-HSA # H\ 7= HSA-distri-
bution space ratio (HSA-DSR), **'T1 % H\»
7c21Tl-extraction ratio (**'T1-ER) ® #ERFAY#E 5
ETHORZBEE, 1 B1BIRERBL<
7 A% WL, thth, Erv-3—%RE
Bk 5 0> SERRBE T L e, B30 (™ Te-
RBC, *"Tc-HSA, ' T1 88 7o\ L 2 Byfsk
(mTc-HSA BRI~ v AR BIEHABRL, 1o
bicEAARHEEOAFMYHL, ThEho
BEELEELL, ToBrEbie, Hiakokk

(48)

= v AR & A\ T B AR IR MR R 1 B4 2 R REBRE

HEE (cpm) XA — b V2 A F V=TT RAF A
ARC-221 (7m &) #HWTHE L,

DT, BEICX 2HABENEES D O
AL V- —BOBELE KRR LI - TR
7o,

BN EER VO v - —BoE{L

_  [RR SR A A A B 0B 7o D OB (cpm/g)
SRR LA E B B 7 D D BUREE (cpm/g)

L b v—y-goBElE, (a) * Tec-
RBC #ER Tk vascular  volume ratio (LUF
VVR), (b) **™Tc-HSA iR Tz HSA-distri-
bution space ratio (BA'F HSA-DSR), (c) *'Ti
R T Tl-extraction ratio (LI F*'T1-ER)
L7k,

FEteF AR, two sample rank test (U
test)MNZ X -7,
II1. #& e

1. HERUER RS o) ISR IS P 2 R D A
ROFERR & I hHERE = 7k 8 iRl E

(1) RIS B R o R R RO =2
B3, 000R BEF Lic = ¥ A T T, BB
FE OFER T EHRD Bl s, SRE 7ol i E R
BB D L hich -, BHELL2A OFEHET
v, FHIEORMEL, HRECBREOER, BIko
e EHS, JEHEAIZE bR bihvis (Fig.
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n" ; a',

i

Fig. 1 Mouse striated muscle on the 112th day
after irradiation with 7.74>107'C/kg (3,000R).
Diffuse fibrosis is observed in the interstitial
space. Varied myocytes representing atrophy are
surrounded by diffuse fibrosis. Mallory’s stain. X
200.
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1),

(2) BiHEEEKEOHIE

3,000R FEEI#456H 3 L O112AFB Lo =& &
& total water ratio (TWR) X, Fh¥F
N1.07, 1.11& FERIHXRBF & il L T & fEC

#Hotz(Tablel), & ICBEHEIIZHD TWR 1

AR (p<0.05) HHETH Y, HASkaKEDH
my@D bR,

2. FRSHIC & 5 vascular volume ratio (VVR),
HSA-distribution space ratio (HSA-DSR) o
ERFEZE AL

1) VVR o #EREy2E(k

#mTe-RBC % AT, 3,000R B&#H#% o VVR
DRERAIZEALIT >\ THE L7 (Table 2, Fig.
2.

VVR I, BE#1128 e, JEBE S EEE
IHB L TRl (p<0.05) Th-1, BEELE
TTTICEEL LY, BHEEI4AEII1.68L85
nige — 7 (p<0.05) MWD LA, Fi-, BE
#®56H, 112HD VVR L, BH#E 1 HOoFhic

Table 1 Changes in total water ratio (TWR) in
the irradiated muscle with 7.74 x10~'C/kg (3,000
R)

Days after irradiation

Control 56 days 112 days
No. of mice 15 20 22
TWR 1.01(0.06) 1.07(0.01) 1.11"(0.006)

Total water (TW) is calculated as following formula:
wet weight(g) — dry weight(g)
= wet weight(g)
Total water ratio{TWR) is calculated as following formula:
TW in the irradiated muscle
TW in the non—irradiated centralateral muscle
TWR is presented as mean{unbiased variance).

™

TWR

Table 2 Changes in vascular volume ratio (VVR)
in the irradiated muscle with 7.74x10~'C/kg
(3,000R)

Days after irradiation
Control 1 3 1 14 28 56 112
No. of mice | 7 7 T 1 1 T 7 5

VVR .02 1.14 1.22 1.21 1.68 1.36 1.38 1.60
(0.007) (0.008) (0.034) (0.050) {0.183) (0.094) (0.060) (0.152)

Vascular volume ratio (VVR) is calculated as following formura:

VVR Radicactivity of **Te —RBC in the irradiated muscle(cpm/g)

gL THEME (p<0.05) THH, BHEIZED
VVRZ1.60L BETH -7, TidB, 3,000R
DRFTBHICI Y, VVR BB LM CEE LY,
BHEUBICE -2 03B bh, X5IBHK56
H, 12 EBEUEIET 2 @287 5 i,

(2) HSA-DSR @& Kry2E1L,
9 Te-HSA # v, 2,000R s\~ L3,000R 1B

B0 HSA-DSA DERMHEIZ>WTHRE L
e, 773 v D IMEERYE D TUE S UE, HSA-
DSR (%, *"Tc-HSA BHEHORMOERE L
W, LhEfEisbneZr bhi, o, om
Te-HSA #E #3040 HSA-DSR (30min) & it
# 2 5fElo> HSA-DSR (2hrs) 122\~ -C HBste st L

—

3,000R M4 #C 1%, HSA-DSR(30min) & HSA-

DSA (2hrs) 12 & bz, BEM£112H % CTHICIER
B LB L CEE (p<0.05) TH o1z (Table
3, Fig. 2). F/cH#E 2 Rf#k o HSA-DSR(2hrs)
(X, Hiz HSA-DSR(30min) X b & B{ETH - 7,

2.50 /i HSA-DSR(2hrs)

2.00 / _® HSA-DSR(30min)

1.009 —====Control

1 3 7 14 2 55 112days
Days after irradiation
Fig. 2 Changes in VVR and HSA-DSR in the -
irradiated muscle with 7.74 X10'C/kg (3,000R)

Table 3 Changes in HSA—distibution space ratio
(HSA—DSA) in the irradiated muscle with
7.74%107'C/kg (3,000R)

Days after irradiation
Control | 3 1 14 28 36 12

No. of mice | 7 1 1 7 T 1 1 T

HSA-DSR | 1.01 1.18 1.27 1.26 1.48 1.19 1.45 1.99
(30min) (0.011) (0.009) (0.026) (0.039) (0.034) (0.020) (0.039) (0.432)

No. of mice | T 1 1 1 [} 1 1 T

HSA-DSR | 0.99 1.39 1.48 1.32 1.53 1.55 1.59 2.50
2hrs) (0.003) (0.030) (0.043) (0.059) (0.02) (0.102) (0.041) (0.630)

Radicactivity of * Tc —RBC in the non—irradiated contralateral
muscle (cpm/g)
VVR is presented as mean{unbiased variance).

ABFI604E12 25

HSA-distribution space ratio(HSA-DSR) is calculated as following formula:

Radioactivity of ® Tc-HSA in the irradiated muscle{cpm/g) N

Radicactivity of ® Tc-HSA in the non-iradiated contralateral
muscle{cpm/g)

HSA-DSR

HSA-DSR is presented as mean{unbiased variance).
HSA-DSR{30min) indicates HSA-DSR at 30 minutes after intravenous ™ Tec-HSA
administration and H5A-DSR(2hrs) indicates one at Zhours after administration.



1552

X RBHELH, 38, 1I2BCRHEEEE
(p<0.05)238BD bhic, ¥ RHEH56H, 112H
® HSA-DSR (2hrs) i, BEH 1 BD % h & H#k
LTH B2AEM (p<0.05) Thot, &L ICR
§1#112H » HSA-DSR (2hrs) 13, # 3 &l (p<
0.05) THhoic.

wmTc.RBC i\ ic VVR RT3 &, R4
#1H, 3H, 112H® HSA-DSR (2hrs) (383 &
I VVR X Y b &fE (p<0.05) THho%, L
2L VVR 2 e — 7 2R LIcIREH£14 5 © HSA-

1.754
HSA-DSR(2hrs)
1.50 WR
.25 o HSA-DSR(30mim)
n ", TR
£ \ /.—-—'_'_.’,-"’
o 1.00 *—a— - o » i
N -
\{__. o«
0.75
=
13 7 1 @3 56 112 days

Days after irradiation

Fig. 3 Comparison between HSA-DSR and VVR
in the irradiated muscle with 7.74x10-'C/kg
(3,000R)

1.75
Weo HSA-DSR{3000R.2hes)
' - ® 1HSA-DSR(3000R, 30min)
\ .4,./
Q9 .=l g e——— 1 3
s 1.5 —_
] -~ = HSA-DSR(2000R, Zhrs)
¢ P /h T8 HSA-DSR(2000R 30min)
= g5
1.004 —— Control
1 3 7 14 days

Days after irradiation

Fig. 4 Comparison between HSA-DSR (3,000R)
and HSA-DSR (2,000R)

Table 4 Changes in HSA—distribution space ratio
(HSA—DSR) in the irradiated muscle with
5.16x10~'C/kg (2,000R)

Days after irradiation
Control 1 3 1 14

No. of mice 1 1 5 1 5
HSA-DSR 1.01 1.13 1.05 1.23 .17

{30min) .01 (0.0m4) {0.005) {0.033) (0. 005}
No. of mice 1 T H 1 H
HSA-DSR 0.99 113 1.06 1.23 1.18

12 hrs) (0.003) (0.01) (0.003) (0.020) (0.023)
HSA-DSR is pr d as mean (unbi

(50)

= v ARER & B A B R M R B - 5 B AT R

DSR %, HMHFEHEREBD Aot o
», VVR X h ${EETH -7 (Fig. 3),

—7, 2,000R BE#E T4, HSA-DSR it & 3
2, FERRSEE & B L CEME (p<0.05) THote
(Table 4, Fig. 4), UL, BEZUMS14AK &
BB X Ho7c s, HSA-DSR (30min) &
HSA-DSR Qhrs) Dfelicid 4 Z2RIFE D Lt
sz,

3. BB&HIC & %'Tl-extraction ratio (2°'TI-
ER) &Rzt

PITT & HvC, 3,000R RS D' TI-ER 0
R ZE LIz o\ THREE L7z (Table 5, Fig. 5).

BH# 1 BHO™TIERZ, 1.16% &{E (p<
0.05) THotcdy, WBEHE 3 A, 0.8323ER
S BEICHE LT LIRS (p<0.05) &
Teote, BEHBIAAIE, 1.065, JERS T BE
ERIERIUME & Te o o b, FoOERER L, Bat
#56H, 112HIIX, ThZEh0.84, 0.86& B S
AEE (p<0.05) &in-ic, BHEHE 3 HLUED
2TLER %, VVR % HSA-DSR & bz L CH &

Table 5 Changes in **Tl-extraction ratio (2"TI-
ER) in Lhe irradiated muscle with 7.74 X10-*C/kg
(3,000R)

Days after irradiation
Control 1 3 1 14 28 56 112
No. of mice | 7 1 1 7 1 i ) 7

MTER | 0.97 1.16 0.83 0.70 1.06 0.97 0.84 0.8
(0.008) (0.019) (0.021) (0.009) (0.024) (0.039) (0.021) (0.084)

"'TI-ER is calculated as following formula:

Radioactivity of Tl in the irradiated muscle{cpm/ii)

7.
ELES Radicactivity of ®'Tl in the non-irradiated
contralateral muscle (cpm/g)
MTLER is pr ted as mean (unbiased variance),
1,25
1.00-85—% < - Control
\\\ . 2014
. \ .\ ~o————0 "'TLER
= \
0.7 \ .
.\ i
. ~—.
S e o MTLER.
0.50 VVR
13 1 14 28 96 112days

Days after irradiation

Fig. 5 Changes in **TI-ER in the irradiated mus-
cle with 7.74x10-'C/kg (3,000R)

AAERSE #$45% F2w
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ICEME (p<0.05) TH-7z, *TIER & VVR
D TI-ER/VVR i, BHEE 3 HUBERE
0.5 FCThote, &< ICBEH#IIZH ©2OT]-
ER/VVR 10.54 L I b IEMETH - 7z,

IV. & %

EIEE O B AR LRI & 7 VI E
DORHEEDO IR, MEROBIIC L 5EEN
HBERBREHYERLLTWAEEZLBRT W
62}3151-3). gﬁ&ﬁiﬁcj;ﬁgﬁzmmms) I ‘.h“{’ F‘E 5‘]’&
BRI B H ORI T, MmERNEER IR
E, EMmEOME, mERE- - MEOFE, M
BBk © & MBIk O ILAR T £ OB LB bh
HEEhTWS, Xbic, MEKEESBOGHELN
ETT 5 & &b, A EMIEOA R R o847,
FMME ORHES T, MMEHEHIR O M & EE R E %
MR O ILE T & X 5 R /MEERA AL REEH
BHONBIICEBEZRhT\3B,

I I E D turn over OFEEE DT
<O, e ORSHRESE M B BT B _E B
fat BERBRE®9NEThUTITCHSEXRT
W3, Fi, MEFRGAROMALZED turn
over b D TEL ', in vitro w3135 it ERk
ZiER, EMCBE LEMR L rERBRECH
B0L T3,

SGEIERICH o~ v ABEBUBESI, fixed
postmitotic cell T& % BEEAHMIAE? 22 H 72 5, in
vivo IEH M 8kh TH b BUHRERSZE M 0 S8
DO &2MTH B, WHHHMIEOMIEZEE O turn
over D TE T E T\ 5B, Fio, HEL
3 O I8 P B AR L — AR Y 7o 48 78 P9 B A B 2D,
P Bl iz 1% incomplete tight junction H37E
THRDEIRTWS,

JAFTIZ3,000R fBET L 7o o i 8% 0 2L %
BRI LT A5 &, REH112B 1, B
IRMERE A, AR OREEEME, BIRDILE L &5
B OMCED bR, ZhboiFRIE, BiHEgo
BRI REE 0 EMBENATR & Lccicifs
SRTWAPMNERE G 57, Lichisa T, 2E
BRICHB VT, 3,000R FREHEE112H I & hsis
BERIEHREERRIEL T\ 5 2 & 2%, Mk
CHERR S hiz, ¥, BAMELI2E X, HEGS

FEFI604E12 F 25 H

(51)
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KEDR LIRS FRD Sht, ZhiX, fi]s
DORBROEELFETHTHEENE 2B h
e, £ I T, BEBEYBEHHINZEETE LT,
FUATAV =T ERACCERNERNTIEY
H1T L7,
BUHRBHEERECE S ¥ CoNBTEROSE
L X BE T 572, in vivo THE L f-%m
Tc-RBC % Fi\~T vascular volume ratio (VVR)
DEALIOWTHE Lic, BHEOME« 0 MmE D
Z Ak 2\ T photomicrography % i\ < & £
BB 128 3 U 7= Dimitreich? & o # 4 1
I hiE, BEHEHD HEMME OZE & MR IR
DITHBZBD B, X Hi120Gy BHE 5 Bzt
MEEFFOBWMLLBBHERB EERT W5, Lk
L, W L eEMNEOHAEN RS L, E%
TSIRAE CHIPAZE L T 7 B o 41 & A A E Y
CHEEXHE 2L IR 3L IR T\5, Li
Ao, EHBAOMERLEOTL (L T
% MELEOBFTEEL) o THEEREED S E
ToEcoRMECH - T, HENCERKIZ
BT LREBOTHETH S, " Tc-RBC
HAWicAEBO VVR X, MEHE+ OB T
BEELTUH—F L I9md Ll s
AR O ME RE O BEEIIE < Kk L
TWwbEEZbhS, HfEOER L sBED
I8 o> 95 B o 388 e ML 55 8 B oD SRV ERE Tz & %
~= 2 )y PORFFERIC L b, VVRAE
HEBINHEEZLNBD, ThbPERRCIE
fidss LBEETCH-T, LL, it
B RN B, ThbOMEBRAX T
EEzbhic, ERHEAOMEEE LB L D
FEIhWERERELRE,
FEBROMER, 3,000R BEE1HH1128 %
THIC VVR ILIEEL R L T, 3, BEH#14
BO VVRIZL.68L € — 27 #FR LT i, Ehic
HFEANTE & B EEEE O b b h i B %
112E1ik, VVR 31.60 & OSN3 5 @@ 238
Dbz,
SPIOLINGHO TR L iRk R L, T
b O RERAUHEEFIZ00 MEFEEOEiC
DWTHRE Licilidiic g, Bk - clmE



1554

AT 5 L Th T b, Song HME, 20Gy
FRET Uiz LRk vt, BHESR» LR
400 ¥ CoOBEPR oM, MEERBOHEM
mbbhicELTwa, BAREIV—H—ELT
FA\ 7z Takahashi?” b o#idic L i, =7 25
THE T, 40Gy BHEHEI4A H H8H ¥ TME
BEOHEMPBED b, RBHH8HICE -2 HFR
BbhbEIhTWE, ThbDBEV DR
13, REBROMBHEHS6H £ TD VVR OE(L &%
h—HL T35,

ARBROBREN B, v ARUAESE T,
3,000RBS#E 1 HxbEMERESL H» OMER
BammL, —Ev—-2%RL, EHICEENC
TSRS H80 & o e A RFHIIC B O 5 0
EEzbRhB,

T SRS EERIEICE S ¥ TOMATEEDE
BEIOVEoDIREL LT, 7473 vl
EHEBEOELITOWTKRE L, fiFD7 A7
I VIR TIENA~BH L, DR FH
REEERH - T WAL T3, BT -
TIERNEE S LRE, 747 3 voOIllERER
PESTTET B LD+ STFHEENS, BEMRFL
R, BLHSA X7 A7 volE
FEREIEOWTOHEELF Db RS,
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