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WAL ZA Foll TNFa, IL-1a, 9 IL-189 mRNA 23
FE7] 2710 fEEY 1 olFolE &3k’ TGFp
] platelet derived growth factor (PDGF) 5-9] 4841 Ao]|E
AL PARZA ¥ ez BAIY § Sk 4e3ol
veh}r] Aol F7haket>© wdt TGF 812 #(CSTBL6)SIA
25 Gysl BARZA F 270 Z7k5lo] 8544 A4H
o}

Angiotensin Iol}4] angiotensin T2 2] A3S dwhalsl= ACE
2| #l|(Angiotensin  converting enzyme inhibitor)Q] Captopril-&
agfoht ¥4 ARAX Bl F2 Ag3lE FEolrt”
Captoprilo] 224 %ZZo]=<l monocrotalineol] 2]3+ #H|4]
59 AA 2g0) e FHE Captoprile] WA
g =g B3 gzl oigk g4t AESQtk Captopril
2 A9 ol PAYzAZ A% W) SsARE B4
2 BAR g9 AY B AGESE AN 1D
0107} gJck. Captoprils] HAACE Y AEHG HZHA7]
= Z471-L ulEo|HQl thiol T3} 9 ACE A9} Hao]
Yeka® stglort, obdriA 1 AR Beel LeiaA %
ek

ol ¥ ATFE AR VA ol WANE ZAs}o] 2
FAE7)S EA D) Sl BB e gl
2284 4743 e z23teeinel oI TNFe 7 TGFAI
o] g PASIAL Captopril s A ZAS W 5o 4] o
AAZA o8 2A4A3 TNFo3h TGFA1S) Wl wst
£ WATe 2 A, Captoprile] WA Q3 HlEY BT
Aol Aol 27118] @i dolna} stk

rlo 2
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MMz o g
1.0 2

AHEEEE AF 4514, A% 250~300 g9 A
#|(Sprague-Dawley) 43vlelE Ag3ds, ARTS WA
S, Captopril?t WAHA HE7o 2 Rtk Z4

N e

Table 1. Grouping of Experimental Animals

Group 2 weeks 8 weeks  Total
Time (No) (No) (No)
Control 3 3 6
Radiation only 10 8 18
Captopril & Radiation 10 9 19
Total 23 20 43

LAESHZA Captopril &0 248 2

T Ao =g Fo3iA g2 AFAE AL
(Table 1)

2. 9

1) BARMZAL

372 ketamine (FFe}e}®, §3hokal, 50 mg/ml) 60 mg/kg
& wpvz ZAslel BRI ¥ olslz THTe] AR
E A3, 6 MV A¥7l7)(Linear accelerator, NEC
1006X, Japan)g ol-83te] AYFAE Azl 80 cm, B
AREE 2 Gy B Fol 125 Gyel PAUE BY =
Ashseh

2) Captopril 04

Captoprild} AH4 Bl-&-Fol|4] Captopril (%, Fitolel
EAloh, 50 mglkgld) Tl A4l 4lo) WARZA 150
B APF8AQ) 85744 Fofaigich

3) T A HIWY

M FEv AA

WAHZA F 255} 850 letmineo 2. v}31e}o] UHE
MES 5, &5 HAE HEs] SAa1E PG =
AAAZ 9t A N0.67M phosphate buffer saline, pH 7.3
of §3l|A171 4% paraformaldchyde -§H)ell 24417+ o] ¢ A
g 5, 3 mm FAR Axksle] T4 2AAA HEHEE
AA chx il Eaisigict Feb el AR L hemat-
oxylineosin (H-E) <34, Masson-Trichrome ¢J3-& A|3s}o]
Bk

(2) TNF ¢ 9} TGF 81 W% =32]3}319] 4

22| 38 A= peroxidase-antiperoxidase WS AME-
sk =A slelded] Eold z2A& 5 m FAZ AH
ol AU} FTLE ol Lele] Ystrsieh SR
o} Adalells 587 394 Ezton @382 100, 9, 80,
0% +AZ 77k 284 23 E< ARG vlSe] o
ol Agtel] oJ3t WS u7] A 10% A4 ¥Hez
087 BLAAT 2N WA peroxidased] BANE
AAlE7] S8 3% A3} Fhell 15ERF WA S5
42 A% 22 PBSO] SE7 WE F 15022 HA4
TNFe 3A|HyCult biotechnology b.v., Uden-the Netherlands;
mouse monoclonal antibody to human TNFa Clone:52B83)2}
TGFA1 ¥A|(Santa Cruz Biotechnology, Inc., Delaware, CA,
USA; rabbit polygonal antibody to carboloy terminus of human
TGFBNE AgollA] 22Xt b vhgAZc 242 14 3
At wbeAZl ¥ PBSE S5E7F 3W4 Alsla DAKO
(Santa Babara, CA, USA)Ae] LSAB kitZ A83}e] peroxi-
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dase-antiperoxidase ¥H-3-& ¥.2Zc}. Peroxidase Hh-3-2 ZA3Hs}t
A9} streptavidin® & Z}z} 20857F HF-2-A]7) 3 PBSE $oAll%H
th& AEC (3-amincethyl 9-carbaso)E HYRJZE, Meyer's
hematoxylin® 2. thzgd sl BQlaioich wogodae] 24
=z sftol=s 742t 14 $AE Az 2 FElA
e el eg oA e WHE AdT

4) &3 oy

2A2A Brhe PAUZAE 7 e S 23
HollA] Holx wWdE AddzTog i APFoA B
ot WE vizelslt AN F 27 E4)
47 14+ ~3+ 2 EFs}3a(Table 2), HY =22 3}3b Aol 4]

J- 2
B

Table 2. Grading of Histopathological Findings in Rats Lung

Parenchymal collapse, consolidation, hemorrhage, and
alveolar epithelial cell changes
14 :less than 10% of lung parenchymal changes
2+ :10~50% of lung parenchymal changes
3+ :more than 50% of lung parenchymal changes

Bronchial epithelium
1+ :mild proliferation of epithelium
2+ : moderate proliferation with papillary configuration
3+ :marked proliferation of epithelium with detachment
of epithelial cells

Perivascular edema
1+ :mild accumulation of edema fluid
2+ : moderate accumulation of fluid
3+ :marked accumulation of fluid with fibrin deposition

Blood vessels
1+ : vacuolization of vascular endothelial cells
2+ : vacuolization of vascular muscle layer
3+ :marked degeneration of vascular wall or thickening
of muscle layer with narrowing of the vascular
lumen

Hole kg2 #AE AIAE, A7l Je A,
71BA F e Pz S BEd wel

1+ ~3+2 BEFsigdel. 1+ 10%0]sle] slzae] A
7t Q= S 2+ 10~50%% AE, 3+ 50%0l149]
22 ellx] 7gt Fgube-S Hol= 2 3dgich AdTl
A Welzash AolEsel wale) Roli 2+olsket 3+o]
Ao & 1}7Fo]A] Fisher's exact test (SPSS program)® 733}
L FATFEL 5% ol3tZ sk

4 1}
1. #stsnld 2A

1) =R

ANz A $AEAL BRIgon, 2847
X HEY, AEFH o] AR FAE] YA
i, HA33 $329 ot HAAZH wE AolE gigich
% ovlE] F 2ujRlollA] FA Z1BAEHY] £78 Bk

2) UMM Cs3

HAA 5T HAAzA 2F Fo] SULAN T4
E8o| WAt 2ALAY AA=T vl A =)
Ad gt st 2 " £8e B, HAEAIAE
£ e, 25, sleje] Hitg 2yt 43 $¥5 2 Uiy
AZE 7Ate 2 RE Ealsiglon, ERFS] FFo| HY
cHFig. 1).

HAAZA 85 Folli 23 H T TS A3l £4bo] Ty
dek HAA g A3l S, J8A AuAEE
At =4 HtE Bglow, dabyol g wglel Uiy
AEe] s37} A B olal, Eido] FolAa Has
ol 323} i) 494l A2o] HcHFg. 2).

A

B

Fig. 1. Light microscopic findings of the left lung in the radiation only group at 2 weeks after
irradiation. There are severe -parenchymal patch consolidation, blood vessels with detachment of
endothelial cells and perivascular edema (A, arrow), and proliferation and detachment of alveolar

lining cells (B, arrow) (H-E stain, A & B: x25),
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A
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Fig. 2. Light microscopic findings of the left lung in the radiation only group at 8 weeks after
irradiation. The blood vessels show vacuolization and irregular thickening of muscle layer and
detachment of endothelial cells with extensive perivascular edema and fibrin deposition (A, arrow).
Bronchiole shows distorted lining epithelium with focal detachment (B, arrow) {(Masson-Trichrome

stain, A : X16, B: x33).

Table 3. Histopathological Findings of Left Rat Lung of the Radiarion only Group and the Combined Captopril and Radiation Group

at 2 and 8 Weeks after Irradiation

RT only (No) Cap and RT (No)
2 weeks 8 weeks 2 weeks 8 weeks

<2+ 3+ <2+ 3+ <24 3+ <2+ 3+
Collapse & consolidation 6 4 2 6 7 3 5 4
Hemorrhage 6 4 6 2 10 0 9 0
Edema 7 3 7 1 9 1 9 0
Alveolar epithelial cell change 3 7 8 0 8 2 9 0
Macrophage accumulation 6 4 5 3 9 1 7 2
Bronchial epithelium change 5 5 2 6 10 0 7 2
Blood vessels change 1 9 2 6 10 0 4 5
Perivascular edema 2 8 4 4 10 0 8 1
Perivascular fibrosis 7 1 8 1

RT : radiation, Cap : Captopril

3) Captoprild} HAIM HEF

HAAZA 25 Fol 2S5 e A% HEA 28, AT
A ASAE 7 o] =4 W Fo] HolA ogkon,
AH oz FFE o3 HElzd 44 wdE B
AQzA 8 F= 718A ZIAE, g3 HA e}
2%l Hla) £42) BE7} AsiAE Agrolsich

4) WA EHEE3} Captoprildt WAL HEBZIO| HT

(Table 3)

WALA2A 25 39 Captoprilet WAL B4 WA
=50l v HAEZZN FY, AZZAAE W3, S
JOIAE W, Yesh, YRR BEN 2 2AER
IS WAe] A B BANEA 85 -f;oﬂ
B B W3leh WBEY B MAL

A oex
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F=-Fof] v
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s AA B
2. TNFa? TGFp1 &

1) HAEZ

AAd=TNA AE FHAE, HF272] dHAE, 7%
A FHe] BZzA el INFa 9 TGFA1 A4 ATyt 32
et

2) WAM

AL zA 25 Fol WAdde] 24" 235 =9 TNFe
o e Azl vig) AEZAAANL 2 A2 o
AR ZedlA AASHA FrHE R e, J18A FHe] gLz
oA e Xo|7b gigich & AFAAAE g H2H
o] thAAMZAA TGFB1 FAET}F dAstA F7hd Hbd,

AZHBIAN 22

e
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A
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Fig, 3. Immunohistochemical stain of left lung in radiation only group at 2 weeks after irradiation.
TGF 81 reaction is markedly increased in alveolar lining cells (A, arrows) and macrophages in
alveolar space (B, arrows) (Peroxidase-antiperoxidase, A & B: x50)

Table 4. Cytokine Changes of Left Rat Lung of the Radiation Only Group and the Combined Captopril and Radiation Group at 2

and 8 Weeks after Irradiation

RT only (No) Cap and RT (No)
2 weeks 8 weeks 2 weeks 8 weeks
<2+ 3+ * <24+ 3+ * <2+ - 3+ <2+ 3+ *
TNFe  septal epithelium 2 8 6 1 1 9 1 7 2
lymphoid tissue 4 6 5 2 1 8 2 5 4
macrophage 2 8 6 1 1 7 1 6 3
TGFB1 septal epithelium 2 6 2 7 1 9 1 5 4
lymphoid tissue 3 4 3 7 1 8 2 4 5
macrophage 2 6 2 1 6 1 9 1 5 4

RT : radiation, Cap : Captopril, *:no reactive

7187 Fe Pxzz=Ae dzde visslA JelchFg.
3). BAA=A 8F F F sl AEZ oAl
ATk TGFA19] Walo] Z7jeigls RE £9]9] TNFas}
EAI AL g 719A F92 Pz=zAellAe] TGFA1L
"ol F7=A gkt

3) Captoprilz} LAIM HEF

PAdEA 27 Fo HAde]l =A3E HZF sy
TNFe 9 TGFAlE -2 5% o3t wdE Eix
ezl visl BdREs F7blA ggich PAAzA 3R
29| AolEFIQle] W 252 widle]l Hlal 1 F=r} A
AL AgelArct

4) YAM EFSEE} Captoprilt HAMM HEFZ

(Table 4)

Captoprilz} A4 M EToA 257 & TNFo o] S8
AQ BEFT v AZAANEE<00]) oW HE
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EAAEE<Om) 2 AL RYAEE<00NA B4
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¥ Captoprils} AA WHEFS) TNFo 2L Aol 9l
3, TGFA19] e slEze] AT E=009)olae i
ahe Hgolgic.
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Zl=lo] AL st A FFo] Hola HIFH ol
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AE A9AE7} welE Gn 9 FIBAFA Ax2A
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AL £A49) BEE 7E glol A&l glen, A%
A RS2 AolEFN AlzAlelse] wdo] z7ld] A5t
g Aol o]g|dt Ao|EFI1 A=Al =] o] HA
fEog olgsich: Rolr}?

TNFee #H9 24, A=A SAEE Fdol g
S5 WolalA 2719 Fed DA AFAEY =S &
Eshs 2 9454 AelmiRler gA Yt
TNFo £ E3ui]el] 24 2-g3le] A57|o] W7 2e
FTHIAA 2EAAAE Qo I3 A/ QA <
AE Foll AH Agste] AZAE doAA A2E ezt

SARSZALOL 218 F HE20

HAESHEA CaptoprilQ S0 st 337

t}. C57BL6 (radiation fibrosis-prone) <] oA 12.5 Gy<)
WAMzA 2% ¥ TNFo mRNA W] FiulzyEc &
AsHAl ZIVEIS AL, A ZA 8 Folls AYURT F
o2 3j¥go] Ru=on” B A%l AFE Johnstone?]
A3} fAsL F, AL G5F2 TNFe Udo] v
AzA 25 Fol| HZATAES] | Z7ke] RAMZANA &
AsHA 715} 85 o] ksl A Y F
Uit

HAAZAE T3ste] A9 A4 AFE I,
TGF 3, PDGF, Z128li TNFe 59| $u)E& Z7pA7> 75
TNFe& 454 AlEFIRIQA FA A84544 fAE
AEARA, TNFa FoiAlol] A9544 AolEFNS F5
st ARES dogld, e ARSAA AelEsRlEc)
e ko] A/=E HARFY Fo A= &t
TGFA & E7ldl wAAZA F dAdHoly A4 =HEc
Az Bzt E71E 3 Aol AE F4dl gk 24A
3 solr el S T3 AFEe7|A AR T4, Bl
o2 o] §Az wle] zy] W= W] HARSY AR
7t B wa AN E F GAllA TG 59 w3
2 A JFsAE G § 9ok CsTBLs 9
#Hol] RNA AR} EA4-X4¢(in situ hybridization techni-
ques)S o] &3 AVl TGFA1L 125 Gysl A=A
Foll FA) LY} 230 Frlsle] 8FIEA] A& IR
FR{A L I, IV Y sle]luudlel §Az} WHE 8FA
TGFB 18} fAsHAl Wdlsle] Wl Sepdl Hzle] &
Qs 67MEAlol tAl F7kEIdek. TGFAE thAlAlEIA
F2 AASAT? 1 9] AEZASANES g FA%E Y=
FoAE AL B AYdAE WAL DEZe
TGFA1 ¥ A zA 25 ol HE Z)AE9 tl4]
AXA AAstA S7ER L A=A 8F Fole uld]
AFollA A&H o2 ZlEE AL dAT § Uit

Captopril o2 2] Hol|4] monocrotalineol] 2]%t H|la1g
ott HASES Fadel sy 3V WA o3k £l
HBY 247 g AA0NNE el HEHYY. FHe
#Hlol| 4] Captopril& WA Z2AH10~30 Gy)$} FojAoll Capto
prile WAAzAZ Q3 Wge JsgelE AT,
hydroxyproline®} H|RRAES] 32g Ao A HpAA
o3t AAe=g AL = H2 slel 20~80 Gy2l
WS 103 FEzAG F s S A
Captopril W47 # Wert gastn AR A=st
RSP B AFNNE A=A Captoprilg F7}
gro 24 WAAzAZ Qg = £4o] AEIIY 2] WA
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A #HH@ 7oA AAA FHazste] Captoprile] WMAAES &
g Fslsi

a2} HAWEA] Captoprile] WA o2 QI3 AFAE 7
HAFE 47174 WEelA| gt Captopril- sulthydryl”]
£ s methylated opu] At FEAZ AZEZNA 2L
718 HAS AAllE 713 AE(radical scavengenZ A} vl
o)A thiol T3S Uehdct”® INFo: AH47] Bl 23t
o] AEEAL Uehle],? 714459 thiol& Ae] woh4)
AZN A LPS (lipopolysaccharide)el] ]3¢+ TNFa 59] Aol&
711 A AAFE? wdk Captoprile Ae] AuolE
AZA SAEDE whsfisle],® Agat o HE A9
FolA AEAHapoptosis)Z JAIZE B dFellA Capto
prilks WAL ZA BEgogsn XA} dAE
ollA] TNFe 9} TGFR19] wio] HxslAl 7439t} Cap
toprilo] thiol HF}tol] oJslel HIE A ANEY] A EeAA
WA A%t 25719 A& AAIAH TNFe 2t TGFAI
ARE AN ZA =719 HE4E AR AR
A7t=lck. o)9Jolls Captoprild ZZugelld 2 U7+
HgotAEel Z4e AAlie,® 29 Hely WALzl
Q3 HINHELS FEAA Qe FAF S At
W=l A)5AelE TAXT R QIS NEL] AETAE
o Aght.

¥ AollA & Captoprilo] WrARAGl 2%t z7] HiE4
797} 9ev] TNFe 9t TGFA10] Captoprile] bR
Zaner Aol AgE ¢ F JUAEL FF Captopril?]
k7] YA EZ AT J1AE sl AiAs ATie
dzkste] Captopril®] wh7] #HARFe AAAAE s,
HAE AIAE 9 HHAZ o|9]e] FANAE} 4o}
AZENA TGFB13 1 ko] Ao]E7]] o AAelzle) st
5 A4 9 AFHog EAste] ¥l Ho| Hesi
3 A7}

g3 Fulol] PAAE 2Al 25:(EI))9} 8527
FAHHT)) Foll dAsle A Welzg 449 Hy
spgtedell 93k TNFe$} TGFR19] WE abgslm,
Captoprilg WA =ALe} H-8-Fofsle] Captoprile] kAol
og dEd Havlded Aolelgle &g sty 4
g AYE sl ohgd 2 A ok

1) Captopril#} wBMAFA &2 WA 5T ulaA
A& Aort asiglon, WAAzA 2F T HE
A Y, A AFAE Wzl 73R AIAE H3, g3
3t 9 das] 2 A5 4% Z4HIR WA
24 8% Foll= 71BA ATAIE Wiz} A5 FEo]

ARt

2) A 573 vl2aA Captoprilsh WA 872
BARAZA 25 F INFeo] 992 € A9AE A2
o dHAE 8 7187 F4e fEzzAd4 FosA A4
E9lck TGFA1S SIE AL 3 A3 A EaA
Tl AEERY. A=A 8F F TNFe o 3T
Zol7k I, TGFA 1L AEZS] A Eellxgt Zhi-s)
€ 7¢e 23l

olge] A#HZ AF slofl Captopril & A=A} HEF
ofste] WA g =7 dAEge] LS A F
Aick. =& PAAZA 25 Foll= TNFe st TGFA19] 2
o] Zaw3 WAAZA 85 Foll= TGFA19] Wio] 3t
&£9E PEFo A, Captoprile] HEFE A HAA
B¥A2Ae] 7179 @Rl 954 A&7 TNFe st 4
F244 Aol E51Q TGFA10] Feidhs AAE 5 Y%l
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—— Abstract

The Radioprotective Effect and Mechanism of Captopril on
Radiation Induced Lung Damage in Rat

Mi Hee Song, M.D.", Kyung Ja Lee, M.D.", Heasoo Koo, M.D.T and Won Young Oh, M.D."

*Department of Radiation Oncology, National Medical Center
TDepartment of Radiation Oncology and TAnatomic Pathology, Ewha Women University

Purpose : It was reported that. Captopril (angiotensin converting enzyme inhibitor) had an effect to reduce
the pneumonitis and pulmonary fibrosis induced by radiation in rat. We performed this study to investigate
the radioprotective effect and mechanism of Captopril.

Methods and Materials : The comparison was made between the radiation only group and the combined
Captopril and radiation group by examining histopathologic findings and immunohistochemical stains (TNF
a and TGFB1) at 2 and 8 weeks after irradiation. Each group has 8 to 10 rais (Sprague-Dawley). 12.5
Gy of X-ray was irradiated to the left hemithorax in a single fraction. Captopril (50 mg/kg/d) mixed with
water was given per oral and continuously from 1 week prior to irradiation up to 8th week of the experi-
ment.

Resutlt: In the combined Captopril and radiation group, the histopathologic changes which were hemor-
rhage into alveolar space, changes of alveolar epithelium, bronchial epithelium and blood vessels, and
perivascular edema were less severe than in the radisation only group at 2 weeks. At 8 weeks, the
alveolar epithelial changes and perivascular edema were less prominant in the combined Captopril and
radiation group. At 2 weeks, the TNFa expression of the combined Captopril and radiation group was
markedly decreased at the alveolar epithelium (p<0.01), lymphoid tissue (p=0.06) and the macrophage of
alveolar space (p<0.01) compared with the radiation only group. Furthermore the TGF 81 expression was
significantly prominant at the alveolar epithelium (p<0.02) and the macrophage in alveolar space (p<
002). At 8 weeks, the expression of TNFa and TGFB1 of most sites, except TGFB1 of the macro-
phage of alveolar space (p=0.09), showed no significant difference between 2 groups.

Conclusion : This study revealed that early lung damage induced by irradiation was reduced with the
addition of Captopril in the latent and early pneumonitis phase. The expression of TNFa and TGFB1 at
2 weeks and TGFB1 at 8 weeks was further decreased in the combined Captopril and radiation group
than the radiation only group. From these results, it may be concluded that the proinflammatoy cytokine
(TNFa) and fibrogenic cytokine (TGFB1) probably play the role of the radioprotective mechanism in
Captopril.

Key Words : Captopril, Radioprotector
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