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Late Radiation Fibrosis in Rat Lung Following Protons and
250 kV X-Rays Irradiation
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Department of Radiology, School of Medicine, Osaka University

Research Code No. : 404.3

Key Words : Lung fibrosis, Profon beam irradiation,
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To investigate the biological effectiveness of proton beams in the development of pulmonary
fibrosis the lungs of male 7-week-old Wistar rats were locally irradiated with a single dose of 10-—50 Gy
of 250 kV X-rays and modulated, 250 MeV protons at Particle Radiation Medical Science Center
(PARMS).

Animals were sacrificed serially after 3, 6, 9 and 12 months at which times the development of the
fibrotic lesion in alveolar walls and peribronchial connective tissues was assessed quantitatively by
analysis of microscopic images of Azan-Mallory stained sections.

Fibrosis index (FI) values in alveolar walls and peribronchial tissues were defined as the fraction
(in percent) of a specific image area, the gray level of which represents collagen deposits.

Using this FI values, the increase of fibrotic lesion following 0—40 Gy of X-rays irradiation as a
function of time were observed better in alveolar walls than in peribronchial tissues.

Compared with 250 kV X-rays, 30 Gy of proton beams irradiation produced less increase in the
time course of FI values of alveolar walls and dose-response curve at 12 months later suggested that
the fibrotic lesion in alveolar walls after protons exposure of the doses above 30 Gy might develop more
slowly.
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Fig. 1 Roentgenogram of rat lung showing
anteroposterior portal for partial irradiation to
the periphery of right middle lobe.
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BERF L X b BRI L ictk, TR TR D
Pt % Z S ICBEE L —EoBHTHYBHL
fo. BIELOBETFREH, XHEBHEHOS » %
51210, 20, 30, 40, 50Gy BEHF =41 TR
L7z (Table 1),
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DRELXBHTHOCETHRHMAEHL .
rad ZHHRER0.95% Ay, HEFT1.31~1.38
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Table 1 Number of irradiated rats in each
dose and radiation type.

Daose(Gy) 0 0 20 30 40 50  Total
X-ray 24 24 B 24 18 126
Proton 4 12 38 19 4 77
Control 30 30
Total 233
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Fig. 2 Depth-dose curve of modulated proton
beam with 2cm SCOBP in water.

Gy/min, ¥#1.35Gy/min T - 7z,
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PR TFRERS € v £ — (Particle Radi-
ation Medical Science Center (PARMS), Uni-
versity of Tsukuba) O T iGEMHBHEEY
fER LY, 2emoikigE 7 5 » 7 ¥ —2 (SOBP:
Spread-out Bragg Peak) #W 359 » v 7 4
LR —% @B L 7m250MeV D F#%Y, Xbic
$i, 7 2 v A, Mix-DP 35 X Qi 5 7 v — ¢
EE LT, SOBPiZF » MifidiE & 5 &R
S L7 (Fig. 2). BHEFHOMLH;I1lem EOHT
SERIEERR L7,
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Fig. 3 Schematic diagram of proton dosimetry.
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1) FHiffixf 5

Azan-Mallory 0 HBIERATHEFLRLBER
M2 AT DB O &M, I UEEX
RIE O & B RMERE AR E Lz, SF
T RO A HEBC AR L TS DB
BENFRET AL &, SELABTRS » b
v RE 5 AR Lo i R & B L T X b oE
WEEARS bR Ea b (Fig. 4), W5
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Fig. 4 One-year-old rat lung showing abundant
collagen fibers in peribronchial region and few
deposits of collagen in alveolar walls. (Azan-
Mallory stain, X400)

Azan-Mallory & 2 T o ME A 2 v
T, MBSV TRBBRCIEIBELYS T
WHREFEEEANLH A FTEY, K AEEE
COWTIREAR ETZ o2 8 5 WA 3RS
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7 — t & OEIZ600nm LAT 0 ¥ & O 5 & TR
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BN T 57 4212 —SC-60 (BLEHZ 4 /A-8)
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mm<E/27w—4s74+0sHRI (BE+EE7 4
NR) BERLEEEE, L7402 — 2
72\ T35mm H F — 7 4 v 2 SUPER HR400 (35
TERE 7 4 v 2) %R L REARBCT - 1,
BB HETHE bR e/ 78 —A7 4 A A FD
BIFEICEE - LBEGHETIEWETH D,
ke, SESZE, EMMmMERERE S r5 -
EERRBSIEBLREL, ThUNDORE R
2 OHHEOBNE LR, Fig. 5 o kik
TRICRBEO » 7~ & RIET 5 SC-607 4
nr—FRE 7 e — aBRRT, LELRRT
CToicdiceE/ 7 e - 2BRARYRELTL
5,

IDE/ IR —-AT7 4 MAYABERET, 5
BREE T+ H 25 CTC 8000 (i EBEE) = X
DEBRL, 7v—2aF 42814 —icX h512x
S12[3R, 8 v v F256MHOFT 4 o x LEELE L

T, AAEGME 2 v o — 215048 (75 7 4
AIRANLT 4+ A7V ACRTEEERLE, =
D AT AT =2 2 — 2 HP 1000(Hewlett-
Packard) &#Fi3h, WERBIFICX b4 OFE

Fig. 5 Colormicrophotograph of alveolar region (a) and "negatl.ve image of
monochrome one with 600nm sharp-cut filter (b) obtained 12 months after 30Gy
of X-ray irradiation. Collagen deposits colored blue in figure (a) were discerned
in enhanced gray level in figure (b), wherein the other components in alveolar
walls presented lower gray level than collagen deposits but higher than alveolar

space. (Azan-Mallory stain, X400)
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3) MR LDIEE

tigF ey s aeAvCiifaEEci—2o0%
Jra—n74na BT, [filakE EMmEEs
B < BRRABESEE 4 0 BB & FifEER 0 B R
Mmoo EREHOLE LTHEOEELELEH
Lo, Mo %IEET HHHE v < v ORBER,
Fig. 6 2N CRT kit R L—ERIEOHRS
ST ARFAv LD A 5oL, kR
DR—HFO»F-ERELESBRTI LKLY
REL, BEHOEANLB/ LA LEENERE
SR OFHEY F ORI 5 EIEEE(LofE
i (FI1{# : Fibrosis Index value) & L7z, S
T EEEGTIBEREDO SMITIB - TS WE
HEBE—2D® /) 77— AEBIOE3~52
FIREL, HEHEBCT 5 RESSOEBHER
YEHLEFOFIE: L,

E

i
Fig. 6 Histogram of the gray levels along a one-
pixel-width horizontal line (white arrow) super-
imposed on digitized monitor image of mono-
chrome microphotograph of alveolar region. The
X- and Y-axes represent the location (0—512)
and the gray level (0—256) of a pixel on the line,
respectively.
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FEEREBECR _TEES#HSITE T2t
-#EX AV, p<0.05%FFL L1,
# =5

X R TEI268ED 5 H165H, BT R BT
o5 b S EABERPIT L, BETER
B CcAETFLEEAREHOS » b 2ACTUTD
fER T B,

1. fmfast

D X SRR L UEBAFED FIEO &R
mZk (Fig. 7)
XGRHAEHEHRECIZIH AT CHR A FI
fEEEmL, 75 F —wiRTHENED bh
7=, 30, 40Gy BETIZ20Gy BELEBIL TX b K&
WFIfExRL, 23230, 40Gy ME D = Dk
@ FIEZENRD Shinhote, WHIERH
o FIEGCOHEZEL T2 %LU TOELR
L, BHFEOMEBIMEREZED bRigh o i,
2) 30Gy BB FIED#ERZE/L(Fig. 8)

40~
i 40Gy ..--74
- 20 / 30 Gy
g / W6y

10 = —

= P ~ control
0 — T
0 3 8 9 12 Month

Fig. 7 Fibrosis index value of the alveolar walls
as a function of time for rats exposed to 20, 30,
40Gy of X-rays and nonirradiated. (mean+S.E.

M.)

i T
: & o
; s

-

Fig. 8 Fibrosis index value of the alveolar walls
as a function of time for rats exposed to 30Gy of
K-rays and protons. (mean=+S.E.M.)
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0 1:1 2‘() 8‘0 dIO SID Dose (Gy) o \Il.) 2‘0 3‘0 4‘0 !EIO Dasa (Gy)
a b
Fig. 9 (a) Fibrosis index value of the alveolar walls 12 months after the expo-
sure of X-rays and protons. (mean:+S.EM.) (b) Sigmoid curves fitted by least
square method.
100 7 100 -
80 80 4
40 Gy ) proton

§ 60 4;—<i§>< 2 6y g 60 - . ___:{‘4_____&.——3—-::%
g = — %E — Xeray
o o as

20 4 20 4

o : - : — 0 r T : ; -
[+] 3 & 9 12 Month ] a -] a 12 Maonth

Fig. 10 Fibrosis index value of the peribronchial
tissues as a function of time for rats exposed to
20, 30, 40Gy of X-rays. (mean+S.E.M.)

BTHREHED FIER T hoBHRFHcs
Wb X RBHEHE L D EMEERRL, WEORE
FEicRBEERENRD bR, X8 BFER
HHEEL b FIEZEREACHENT 5 25, BT
TRXMBLIRLY IHANBI2Y BEOM
b HENER 2R L,

3) 124 B E#EFO FIfE (Fig. 9)

10, 20Gy RSk X #%, BB F#R &% FlfEic
RENRBD LR o7, 330Gy Ll Eo RS X
5FIERMEEL L 77 b —%RL, »OBFEH
BHBO S MEE L R TEAS L LB E R
Fiighote, sigmoid oG EHEBR Y KE
L, /P FEETHEFT LI FIESBD L e
7% RBE 130.90 (Dx=24.0Gy, Dp=26.7Gy)
THoTe.,

2. [UEZ ARG

D X RBHEEO FIH0 FEEHZL (Fig. 10)

EREF LD FIMMREMER Y =T, 0
BWhhRIMRETEOhcBiIrE L £, *
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Fig. 11 Fibrosis index value of the peribronchial
tissues as a function of time for rats exposed to
30Gy of X-rays and protons. (mean+S.EM.)
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prolon P

{ e 5
] }/""
E ‘ Xeray
c 40

20

a T T T T
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Fig. 12 Fibrosis index value of the peribronchial
tissues 12 months after the exposure of X-rays
and protons. (mean+$.E.M.)

7293 ALUBIER T LN TS5 b — &R
Tadso e, Toi2 LBREE FI 8 & R 20Gy B
30, 40Gy B X b FEICEMELR TR L3, 30, 40Gy
WEEORICIIENTED b hich - 1,

2) 30Gy BS# o FI {ED FRHE/L (Fig. 11

X, BFHRBHIEL L FIERERH I
WEMEZR LY, BHEOMICHEREZLTDS
nisiho 7.

3 12» A%ERO FIE (Fig. 12)
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X 8%, BBFRREHE L L i Eominc iy FI
EZEL o EIER YR L, MRETR bR
& 5 7220Gy B £30~50Gy oI 1t 5 211
wdbhT, Tl XK, BFERAEEOMCLE
BELZRRBDohih s,

Z =

R, SOHEOBES I X 5 FHIEE
JGREEIEPNC S LT, FMicEb s BATeEFE
ELTRIRTE2HBEETH S, 055 RS
D 5 HTRIAGIO i 3R B R A 5RO B
DRDONDEGSHFET 52, HaHEEE &
% fififeE O T HIEE LR AHRE L BT 5 = & At
BOHLRTE DY, AP AERNFHRERFE L v
2 — BT BMEEERERL CheSTHLTV 5
(Table 2),

RESR D HHFRIE BRI % B CES o BT 414
ZHBE LICBRERXRE L X 5 LT hidiisE
DL b TFEERERNK X B AR
WAL T, LEREOBHIZER EXT LB
WHERS ., BFREBECIBFROET S
TR TFRE L COWEBEHENE, Tiobb A=
FAF - L > THREDRE, NI HIHEEL,
RERIBEHETOKRE =% L ¥ — 5 (Bragg

Table 2 Proton radiotherapy for lung cancer

in PARMS.*

5 Ase TNM Histology plroten, Local - Followup
1 77 300 scCC 84.0 + 44/ A
2 T4 200 adeno -79.5 = 27/D
3 67 220 SCC 90.5 + 32/A
4 77 100 SCC 85.0 + 21/D
5 61 110 SCC 76.0 + 20/D
6 72 300 scC 92.0 + 7/D
7 59 200 SCC 83.0 + 21/A
8 84 100 adeno 93.0 — 15/A
9 75 200 adeno 77.0 - 6/A

10 71 200 adeno 56.0 + 6/A
11 71 300 adeno 56.0 + 6/A
12 67 100 adeno 80.0 + 2/D
13 67 200 adeno 85.5 + 4/A

*Results of analysis in Mar, 1989. (by courtesy of Prof.
Kitagawa, T)

SCC: squamous cell carcinoma, adeno: adenocar-
cinoma,

A alive, D : dead

FRL 24 4 A25A
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peakDIEK, 2V 21— av, £—35 2 BkoP
) ZITH5Z itk h, BEREOHRIC e
TERIREIRG D RTRE T B 52930~ g 5 Kbz
P D A0 < BT IRRAE M 0 B IF B B L
THET HEHHER T 5585 CHEFITH b,
BT —FIBEE RS & i\ o & & I © o bt
BAE TG ERD BT 89,

b5 F AR O I H A3 5 SR A 2 i 2 2
DRFEE, B9, KA, HREee, A
e EDOBRECHEEMPPO LR L LTS
fToh T, EEMESKY NS ETHHEE
{OBfThhTWAHH, MoWHEECER Li-
BEF 1% < 7z \~, Danielsson &1 & 5 &, 185
MeVEEFREBWTIPTD Y+ F ok K
4 Xtem O fBHE T—[3,000rad © BE % 1T -
TeEE, 26 ALIA, 5F12H AL
ETL, 2f0kioERFENEEIECRKEc &
HYRB, BRULKELMEE FE K
RERLIEDDOREL, KB L LR D
BN ZELE AL RERRD BRI, &4
Urano 5%, ~v 2£&3i 8 ~18Gy 0BT
— BB T VEHMEEC X 51808 Bizks it
H50% B E L RDOCOy BAE T LE L&
EDRBE #1.11~1.16 & B L7-19,

AT T LR EE D BRI LI S 1) 2 KRESHY
B wTRI30Gy BTk, BFHRBHEEDH
RHMEMEZEAL 2B R IC IR T 5 FTREME VRIS X
o OB IA—EBR L TTbhTE b,
EROFECHEBSROBEOECRRE LIS =
&, Tieb bR TFHO MR 3T 5 Fr5
RPEEBLTOBAEEYRELTHW%, —HI2H
RBEORHEEEAE BT 5 &, 10, 20Gy BTt
FRAHRICZERBD bhisw ok LT, 30, 40,
S0Gy TR WTFhSBTROFH/N X\ FI
ZIRTEE SRR DR, hOWmBEER LS - h 530
GyUEDBREBR TR ThI20Gy BL H A X
K 2RIERUC FIERR LA, 2oz &nk FI
ECFH L7212 B 5 o Bl BE G HE M2 L1z 35\~
T20Gy &30Gy DR MB RV ELET B L &
xbhd, ¥129FEOFIEELHE L ORG
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a5 R B dose-effect curve X h, FI{HE251C
%35 RBE 230.90 Lt & hic, RBEXZzoH
\v% end-point & L COEMERZHR-CERLEE & T
L EHRE e Eic Xk Rie s, & OfEL modulat-
ed proton beam %\ cEROHE & b —HT
549, ZABFGE D BER AR TR AT SERL L T fif
BaBE D MM LoBEE L T, 250kV X &
BT ORICENEL B 0ENMIA LTI
Wk, e £ 124 B ¥ TD30~50Gy DEF

wmatcir, X SRICE L TRERTLOET

NEELTWAAREEERETLIEELZLRS,
FLTHERIGHCEL T, £458RHRCIET
BOATECEDOHAR L ABROHRELEL 523, —H
BEOKEWOSEIRERThhICHE T LTS
BHREEE A HENDH D,

FB SR D SR AEME A L E B B 3 5
EELTR, BHEEROFIBREOTDHS
collageniz HLEAH RANICEH T\ Hhydroxy-
proline DEXEE L, 1 L ¥fEPELRE, DNA
i HAVIHRGEEERE L OLEIRE L THHEN
FRLCHWERT LAY Ll ZDHik
CREEESTICEET Sk, [ELnNER
B, BB & iciE« OREW ST SRR
OEXYTFHELTETZ LI d, KRR LRME
OHBIEAOEGRAE LS BESHEEHED
BIE I X 5 BT LoFHER, [B)Ihc X %M
BHEE~DOIGAMNEE S h Tk Y, hydroxypro-
line TEE#: & H# L CHEIBUCRHEE L E XL DR T
W3 51).

SEYABEEASHICoOWTIZI2H A# o0 FIfE
WEKEENADbRN, X & BFREHC
Eirfe ot ZhiRRiREE - SE S AEESO
BT LR BROERY B L TV 5THEH
BB, BEMET(LOBER G5 FIED
RN Y BB T o BERKER ORI
FELTHoTcLbELZLNS,

#® 8B

RERFHTFHRERYE v 2 —0250MeV 5
FRIZE B 7 o+ OMARBHE O RMEEZEL
%, 250kV X 2 5B & L UEGAECES B
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