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Background : The captopril reduces radiation induced lung injury and fibrosis. We designed a
study to evaluate the antifibrogenic effect of Captopril in radiation induced lung injury. Methods :
Fifty Sprague-Dawley rats were divided into radiation group (I) (n=30) and radiation plus cap-
topril group (I1) (n=15). The rats were sacrificed at 12 hours and 11 weeks after radiation. We
examined light microscopic, immunohistochemical and electron microscopic features in each

g groups. Results : In Group |, the lungs showed acute lung injury at 12 h. The lungs showed patchy
29 fibrosis with collagen deposits at 11 weeks. The severity of the alveolar injury and fibrosis was
correlated with radiation doses. The Group Il showed less severe lung fibrosis than Group .
The mean numbers of mast cells and myofibroblasts of Group Il were lower than Group | (p<
0.05). The TNF-2 and TGF- 3 were higher expressed according to radiation doses in Group
I, and less prominent in Group Il. Ultrastructurally, the alveolar cell injury and fibrosis were less
severe in Group Il. The TUNEL stains showed higher expressions according to radiation doses
in Group |, and expressed in Group Il. Conclusions : The captopril decreases the number of
mast cells and myofibroblasts, reduces collagen deposition and apoptosis of alveolar cells in
rat lungs after radiation, and so reduces the degree of pulmonary injury and fibrosis.
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10 Gy 20 Gy 30 Gy
Rad Rad+Cap Rad Rad+Cap Rad Rad+Cap
Findings
12h 11w 11w 12h 11w 11w 12h 1w 11w

Light microscopic

Alveolar collapse + +/++ + + ++ +H++ ++ +/+++ ++

Patchy consolidation - + + +H++ ++ +H++ ++ +++ ++

Edema + - - ++ - - +/++ - -

Pneumonitis - + + +H++ +H/+++ +H++ ++ ++/+++ +/++

Mast cell proliferation + + + +++ ++ + +H[+++ +++

Myofibroblast proliferation - + + - +H+++ +H++ - ++ +++

Collagen deposition - + + - ++ +/++ - 4+ ++
Electron microscopic

Alteration of capillary structure + + + +H++ ++ +H++ ++ +++ ++

Capillary endothelial injury + + +/+ ++ ++ + +++ +++ +/++

Alveolar epithelial cell injury + + +/+ + ++ +H++ ++/+++ +++ ++

Cellular debris in alveolar spaces - + +/+ + +/++ + 4+ A ++

Type Il epithelial cell proliferation - + + + + + ++ +

Collagen fiber deposits - +++ + - ++ +H++ - +++ ++

Collagen fiber density - + + - ++ +++ - 4+ ++

Gy, Gray; Rad, radiation only group; Rad + Cap, radiation with captopril group; h, hours; W, weeks; -, absent; +, mild; ++, moderate; +++, marked.

Table 2. Mean numbers of mast cells and myofibroblasts per one high power field in the rat lungs of radiation only and radiation plus

captopril groups*

W 10 Gy 20 Gy 30 Gy

Group MC MF MC MF MC MF
Rad 265+55 13+16 550+16.8 271477 462498 143445
Rad+Cap 20.345.1 07408 354479 7119 335+6.7 98+38
p value 0.001 0.300 0.000 0.000 0.000 0.027

*observed at 11 weeks after 6 MV radiation; The value is mean=standard deviation. Gy, Gray; MC, mast cells; MF, myofibroblasts; Rad, radiation only

group; Rad+Cap, radiation plus captopril group.
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Fig. 1. Light micrographs of the rat lungs at 12 h (A to C) and at 11 weeks (D to F) after radiation. (A) The lung shows focal alveolar collapse
(10 Gy). (B) Patchy area of alveolar wall collapse and injury is seen (20 Gy). (C) Diffuse area of inflammatory consolidation and alveolar edema
is seen (30 Gy). (D) Patchy fibrous thickening of the alveolar walls with mild collagen deposition is seen (10 Gy). (E) Markedly fibrous con-

solidation with abundant collagen deposition is seen (30 Gy). (F) Patchy fibrous consolidation with less collagen deposition is seen (30 Gy
plus captopril).
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Fig. 2. (A-C) Immunohistochemical stains for TNF-@ at 12 h after radiation exposure show more diffuse expressions according to the dif-
ferent radiation doses (A: 10 Gy, B: 20 Gy, C: 30 Gy). (D-F) Immunohistochemical stains for TGF- 3 at 11 weeks after radiation exposure
show more diffuse and intense in 30 Gy group (E) than 10 Gy group (D). The 30 Gy radiation plus captopril group (F) shows less intense
expression than radiation only group (E).
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Fig. 3. Transmission electron micrographs of the rat lungs at 12 h after irradiation in different radiation doses. (A) Mild collapse and alteration
of the alveolar walls are seen (10 Gy). (B) Alveolar wall collapse and interstitial edema (asterisks) are seen (20 Gy). (C) Marked epithelial
injury with abundant cellular debris (asterisks) is seen (30 Gy). AW: alveolar wall, AS: alveolar space, AC: alveolar capillary. (Original mag-
nification, A&B: x 3,000, C: x6,000).

Fig. 4. Transmission electron micrographs of the rat lungs at 11 weeks after 30 Gy irradiation (A) and 30 Gy irradiation plus captopril adminis-
tration (B). (A) Marked fibrous consolidation with collagen deposition (asterisks) of the lung parenchyma is seen. The alveolar space con-
tains abundant cellular debris (arrows). (B) The alveolar wall shows some cellular debris (arrow) and less prominent interstitial deposition
of collagen (asterisks). AS: alveolar space. (Original magnification, A&B: x 3,000).
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202 L3k oS Btk 3 79 249 AaA vt 9T B F99 vF, BAERe] e W3, v E 2
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Aok AR 30 GyE ARG & captoprils FoIgh oA (Fig. 4B).

AR dofd F9lol| olwA wAAdRe] o] Uk



152 A - Hat - 2MY 9| 20

> -l P
s * _‘-I.
2 { ¢ ‘i{:
e -, y
i I ¥ - = ..
5 . i I P W 1 :\' 4
.’ Y £ - P ]
<2
L= s
* o

% &
2 . [~ on
@) 7 ©
. :nl ‘g ';“:.: j .F ':' - s ' F-’n-‘ . - - r S, I“|I e _-q ‘;; :" -1’:.'?" t:‘f'd
e .,'{I. b L & T nd ¥ " L B > LR l.‘;‘r: . b e
- # - Y [ [} :u 3 e ] A -r‘ . WA !

Te g v ¥ A ! - " % s oty -yt = ¥ -

bew R TE [ o, ey gt ity - - " %" Nar's LR A
"ot Qes R W, 3 i ' g Te o "o % 40 220l
F oy %, L il D’ ‘ " > . - - :..." '4..,, g

. Baw : ol =" N ' B 4 i
. a-‘:.‘ T *"." ;. R *:":," » ...:-" -,‘-' 1 : ¥4 .'}'- u‘;:, ¢ Siey '...'"{:l" L
LY AR » & - - - - L i P - ;

. -qg:“ 3 A T B A Y R )] L T
! B 3 pe, % . - . e ) . s gmf) A
" '!‘_ N __,": e i - ,\w‘)-q.-; ‘r'_d- £ c.‘.‘,‘_ v ol b E .lb '; -“'v‘;_ At . :
2 L - L ad ‘ﬂ"‘sf g s} Fau A Ny aily A &y P e F U ) \
e . H e EF L N s B o o e e -
= 1y gy v, a3 IR T ik R i - ] i
“ad ,‘!-r Ty ..- ¥ "E 1'.‘. “in J‘" ifﬁ o -‘i B > 5" o il » .’t- i’a."’ﬂ -.I‘-l"l-":

5 . b ¥ ." F] 4 = o - " - P - - i L oL
q e = = % 01'..} " ‘._ " d l'k- - -‘ 'I*ﬂ * # . ﬁ:-.“ -1, - .
28° T2y . R =T LY R . ;1 4 e bl “ AN Sk RNy

= -',~?t¢.-;;r'. 0. ] \,"::H‘ oy Ty : T, R et Rl ".' "‘,.'\'- p"\i‘
. L) h < L] ¥ a3 P
; 'jl !' I g 4R T .!‘E = B0 :rq-'.“n;:‘ r1ey® rany i 4% e : *‘&F o Py
W et L, iy TR mpl RN e o ol . ¥ C S L Py
e e 3 e . ke e PRE NN Fi \ W wa™ L 5
B e INRROIC. S A AN b SIS AR o S Dy
¥ P r Ty in L I L] . - . Wil g aMt
“ ' o ) il 1 "Fl-‘ :-'.':l ‘I?'I' ‘: ‘: : ' : - ¥y wha | i'El- 4 .l'..r q: ;':,:1 .-‘ "J;‘_’lg
3 ;rt', '-.“ P _-1,'.. ‘I} Y ‘ha:h-i{;’*’ $ i .: - : o B ‘i"tr‘ . 1-.. e -:“‘f 'r1
L] "l 4 o " i Y - L]

o o N, WA T |, £ REFS T 308 X (e ey LRSS 8 R r A

f' i 2N a | ey ¥y 4! ol | * > Fi'ﬂr. ‘h . 8%, % n £ = [ ,! A ™
o BY 2, 8 Bl ' (D) S ety T {E)
S AL VAP | LT ) ) 4 o SRR i TN, Y, B

Fig. 5. (A-C) Light microscopic TUNEL stains of the rat lungs at 12 h after irradiation in different radiation doses show increased number of
TUNEL positive cells in 20 Gy (B) and 30 Gy (C) groups compared to 10 Gy group (A). The TUNEL positive expressed nuclei are mostly
those of respiratory cells rather than interstitial cells or inflammatory cells. (D) TUNEL stains of the rat lungs at 11 weeks after irradiation (20
Gy) show relatively increase of TUNEL positive expression in the interstitial cells and inflammatory cells. (E) The radiation (20 Gy) plus capro-
pril administrated group shows decreased number of TUNEL positive cells compared to the radiation only group (D).
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W] WA 2AF T 12417 AT 2ol Wt} AAF B

BEHT TUNEL Aold Ak 240 5 124170 2348 Si910m, A Zache 92 AR DRA L) AZARAL &
10 Gy e W5t} 20 Gy % 30 Gy oIH TUNEL 4 ¢ & AZBAAE o] 48 4842 338 & 99ekFig

=
o] T71E B & UATHFig. 5A-C). WA A} & 124 5D). I3 WA AL F 115 A3 A7 captoprile
7F 7 et Ao 3EA0E HEA X AEAEARE A} A ol Zol M WA B AP Blsle] TUNEL %
AL 2 BEERCH, AFHE, IHEAE 9 H 2z A o] Aubd o g HAaslth(Fig. 5E).
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Fig. 6. Electron microscopic TUNEL stains of the rat lungs at 12 h
after irradiation show various appearances of the electron dense
expression in the respiratory cell nuclei. (A) The nuclei of respira-
tory epithelial (Ep) and endothelial cells (En) show TUNEL positive
expression. (B) A TUNEL positive nucleus shows an irregular shape
with marginal electron dense expression (arrows). (C) The TUNEL
positive nucleus shows many rod or elongated bleb formation
(arrows) in the apoptotic nuclei suggesting a precursive sign of
the nuclear fragmentation. (D) A TUNEL positive nucleus shows
dust-like debris (asterisk) and an apoptotic nuclear body (arrow).
Original magnification: (A&D) x 11,000, (B) x 9,000, (C) x 7,200.
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B E = WARAEE 10 Gy, 20 Gy, 30 Gy RARLOA] )
&4 Ho 265, 550, 4622 747t SAHFHACE WA ZAF &
captopril e $08 ol M= 203, 354, 3358 24 E o] A
Y= ZARE Hlg| A v E S EAISHE 02 F281A 3
ATHp<0.05) (Table 2, Fig. 7). WA A} 3 115 A=k 4
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Fig. 7. Comparison of the mean number of mast cells per one high
power field between radiation only group (Rad) and radiation plus
captopril group (Rad+Cap) in the rat lungs after 11 weeks of irra-
diation. The mean numbers of mast cells of Group Il (*) were lower
than Group | (p<0.05). Gy, gray.
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Fig. 8. Comparison of the mean number of myofibroblasts per one
high power field between radiation only group (Rad) and radiation
plus captopril group (Rad+Cap) in the rat lungs after 11 weeks of
irradiation. The mean numbers of myofibroblasts of Group Il () were
lower than Group | (p<0.05). Gy, gray.
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wolA AEARALS] FdS FtnE el Ede] S0 Hel
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