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3) TGF-beta & TNF-alphaS 0|28t HAX N 3|5}
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el EejzZ o ZHE 5 um T”"B] AHEL ntE
3-aminoprophy-triethoxysianeo] =Z¥ f-2 Edlo]=o]]
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0% EREANA RS AXA FFelA 5¥¢
Alstsiet. HUA #H4kska s JAE Hsle] 03% 4t
shrderel 100% wlghEe] E3telolla 3027 Aelsia
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$H(0.01M, pH 6.0)el] EFo] 5E7F T2 microwaveZ 4
£ 7)sle] Aol|A WzhXZ1ZX PBS (phosphate buffered
solution) & <FAIe T YUk dAQ] TGF: A1 (Serotec MCA
7903 TNF-2 & 7+ 1110002 3]43le] 37CellA 1 A
7+ EQF wbSA17l ¥ PBSE FAlstgit) ofxekA|Ql bio
tinylated link anti mouse antibody (DAKO, USA)E 37Tol]
A 20878 HFSA)A PBSE <FASHAL streptovidin biotin ¢
AADAKO, USA)E 37CoA 2087F ¥l-5-A]7]31 PBSE
FAlslgdrt. Immidazol buffer$} 3,3-diaminobenzidine tetra-
chloride (DAB) chromogen (DAKO, USA)S L:1E &3ls)
o HhA)7] Z ZReg Alslal Mayer's hematoxylin &
2 dzdAE AAsle] FEny dolla sl
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Fig. 1. Light micrographs of the lung injuries after 11 weeks in both radiation alone group and
radiation and captopril group according to different radiation doses. A to C:Radiation alone
administered group. There are more severe parenchymal alterations with fibrous consolidation in the
higher radiation dose (20 Gy and 30 Gy) than lower radiation dose (10 Gy). D to F:Radiation and

captopril administered group. The degrees of pulmonary fibrosis and parenchymal

injuries are less

severe than those of radiation alone group (A, D:10 Gy; B, E: 20 Gy; C, F:30 Gy). A to F=Original

magnification, x100.
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Fig. 2. Light micrograph of the lungs in 11 weeks after
radiation (20 Gy). The degree of collagen deposit and
fibrous alteration are more severe in radiation alone group
(A) than those of radiation and captopril group (B).
Trichrome stain, A & B=Original magnification, *200.

Table 1. Microscopic Changes According to Radiation Dose with or without Captopril

Dose 10 Gy 20 Gy 30 Gy
Time after radiation  12h 11wk’ 1lwk+Cap’  12h 1wk  1lwk+Cap 12h 11wk 11wk+Cap
Amount of fibrosis - + +/- - ++ +/++ — 4+ +/+++
TNE- @ expression + - - +4 - - +4+ - _
TGF-8 expression ~ +/++  +/- +/- 4/ 1 +/- ++ 4/ /-
Mast cell” +/- o+ +/ - + ++ 4+ s
*weeks, Tcapropril, Tincrease of number of mast cell, — :absent, + /— :trace, + :mild, ++ :moderate, ++ + :severe
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Fig. 3. Immunohistochemical stain of the lungs at 11 weeks
after radiation (A:10 Gy, B:30 Gy). The expression of TGF-
B is stronger and wider in 30 Gy than 10 Gy group. A &
B=Original magnification, x200.
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PAAZA 11 F B AgTollA] A4 10 Gy
24 Folle Fadog ) A4, 7134 F9) 9 3
9ol nAde] HAg #Y = ek 20 Gy =
A Folle 292 Azke] AR A2 H917) yojziew
30 Gy 24 Felle 293 HZFe] tf ngkdez o
FolAwA A4 #H 44 725 dAA] "It
Captopril A-&8t Agolde w93 Mo H=7)
captoprile AHg31A] ¢k Aol wlsA HA ] i
AchFig. 2).
4. TNF-a 3 TGF-f o} BXXNtst 27

TNF-¢ 8 TGF-8& WAAZA ¥ 12 A7 75 3
TAAE WA o] Foldl wel 1 wde] Frlslgl

Fig. 4. Transmission electron micrographs of the lungs at 12
hours after radiation in different radiation doses. A: 10 Gy.
Mild alteration of capillary and alveolar structures is seen.
B:20 Gy. Moderate alteration of capillary structure with
endothelial swelling and papilary projection is seen. C:30
Gy. Marked edematous change and capillary alteration with
severe papillary projection of endothelial cells (arrows) are
seen. A: x4,500, B: x15,000, C: x15,000.

t}. 113 A FollAE TGE- & WA ko] wolA ol
g} 2 whge] Zvlslglen] captopril FoiTolldE
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Fig. 5. Transmission electron micrographs of the lungs at 11

weeks after radiation (20 Gy). The degrees of fibrous
involvement and collagen deposits in the interstitium are
more severe in radiation alone group (A) than those of
radiation and captopril group (B). A: x6,000, B: x9,000.

uhso] vha Zhaslgich. TNE-a = WA S teF] 3t
APT BS54 AR kA captopril FodFoll A
8%)2] 9k9heh(Fig. 3, Table 1).
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Ee 78 277 dAsta 55T BAIER el Al
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Fig. 6. Scanning electron micrographs of the lungs at 12
hours after radiation in different radiation doses. A:10 Gy.
Relatively well preserved lung parenchyma with mild
alveolar damage is seen. B:30 Gy. Marked alteration and
damage of lung parenchyma with alveolar wall destruction
are seen. A & B=x230.
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Fig. 7. Scanning electron micrographs of the lungs at 11
weeks after radiation (20 Gy). The pulmonary alterations
with fibrous alveolar wall thickening and diffuse consoli-
dation are less severe in radiation and captopril group (B)
than those in radiation alone group (A). A & B=x570.

% Z7)sl$ickFig. 6).
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2) FAREXIEOIE AAH

WAAEA 212 A7 A AT F 10 GyE 2
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— Abstract

Histomorphologic Change of Radiation Pneumonitis in Rat Lungs :
Captopril Reduces Rat Lung Injury Induced by Irradiation

Jin Hee Kim, M.D.

Department of Therapeutic Radiology, Keimyung University Dongsan Medical Center, Taegu, Korea

Purpose : To assess the histomorphologic changes in the rat lung injury induced by radiation, to
determine whether captopril reduces the rat lung injury and to evaluate change in TNF-«¢ and TGF-8
in rat lung damage by radiation and captopril

Methods and material : Right lungs in male Sprague-Dawley rats were divided irradiation alone (10,
20, 30 Gy) or radiation (same dose with radiation alone group) with captopril (500 mgjL). Radiation
alone group were sacrificed at twelve hours and eleven weeks after radiation and radiation with
captopril group (captopril group) were sacrificed at eleven weeks after radiation with captopril. We
examined the light microscope and electron microscopic features in the groups.

Results : In radiation alone group, there were patch parenchymal collapse and consolidation at twelve
hours after radiation. The increase of radiation dose shows more prominent the severity and broader
the affected areas. Eleven weeks after radiation, the severity and areas of fibrosis had increased in
proportion to radiation dose given in the radiation alone group. There was notable decrease of lung
fibrosis in captopril group than in radiation alone group. The number of mast cells rapidly increased
with increase of radiation dose in radiation alone group and the degree of increase of mast cell
number and severity of coliagen accumulation more decreased in captopril group than in radiation
alone group. In radiation alone group, expression of TNF-& and TGF-pB increased according to
increase of radiation dose at twelve hours after radiation in both group. At eleven weeks after radi-
ation, expression of TGF-£ increased according to increase of radiation dose in radiation group but
somewhat decreased in captopril group. In the captopril group the collagen deposition increased but
less dense than those of radiation alone group. The severity of perivascular thickening, capillary
change, the number and degranulation of mast cells more decreased in the captopril group than in
the radiation alone group.

Conclusion : It is concluded that the effect of captopril in the rat lungs after radiation was considered
to be due to its effect on inhibition of mast cells and reduction of collagen deposition, and captopril
may be protect in lung damage after radiation. We observed expression of TNF-a and TGF-8
increased at the early phase after radiation and expression of TGF-£ increased in proportion to
increase of radiation dose at the chronic phase after radiation. This results will confribute to future
investigation in reduction mechanism of captopril in lung damage after radiation

Key Words : Radiation pneumonitis, Captopril, Radioprotector
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