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Table 1. Grouping of Experimental Animals

Time 2 weeks 8 weeks Total

Group No. No. No.
Control 3 (3 3 (3) 6 (6)
Radiation only 10 (10) 8 (10) 18 (20)
Captopril & radiation 10 (10) 9 (10) 19 (20)
Total 23 (23) 20 (23) 43 (46)

(No); initial animal numbers
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Cruz Biotechnology, Inc., Delaware, CA, USA; rabbit affinity-

Santa
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serum)= AH-&-sk3ict.
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Table 2. Grading of Histopathological Findings in Rat Heart

Fibrin deposition or fibrosis
1+: slight accumulation of fibrin (2 weeks) or
fibrosis (8 weeks)
2+: moderate accumulation of fibrin (2 weeks) or
fibrosis (8 weeks)
3+: severe accumulation of fibrin (2 weeks) or
fibrosis (8 weeks)
Perivascular edema and interstitial edema
1+: none
2+: slight (focal)
3+: moderate to marked (diffuse)
Inflammatory cell infiltration
(mononuclear cells: lymphocytes, macrophages, mast cells)
1+: none or minimal
2+: focal (one or two)
3+: multifocal or diffuse

A th(Table 2). 25l AS
5 wad UAAE 3 d
15, A ek G el 4

E3st 4 B9 E Tl AEE IAAEA

w ARG ol WelzAshe A4S AWitew
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Ak A 3 A A AE el A Aol Ae] E
FE A F2 HZT 64 F 26, WAL 24 =S F 27

T 10¢]] F 1oll, AL 24 S F 8FT 8ol T L, W
A4 24 0 cpoprl Mg F 87 9 % 4olTNFa
dale] 9= 3el)7t AL s e

ol 22318k AA oA Kol upLo Alul Ay
ok, Aoz o] Al BSlolA e 4§ A E pericar-
dial fibroblast), 3 utd A9 2 4] 3 (subendothelial fibro-
blast), A=, A1 WHATALE, o, Aol e of
4 el Amol Wl 1+, 2+, 32 Eielleh 1k
10% ols}e & Woli 7%, 2+4& 10% o]4
50% olstel A%, 3+i 50% ol4el zHol 2 WS
Hol A$= Hich

TNF-a9} TGF-B19] 75 BE ZAE ooz Aol
ARE Q. & A B A TCRLe) A4 WAL 24
S5 F 2FFolA A 16, A4 1619 A
= % gFFollA] AA 147} kS (non-reactive) & & 119}
ul ol 4 Alslskeleh. ek PDRGSE FGR-23 74| Al
A Alal AXo] BYE E3E AA| F TGF-ple <dAo|
FAWEE 0 A gl Tl 2T 6ol F 20, %
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A z2A GE F2EF 106 Fo6dl, AA 24 TE Wl Hes 1+, 2+, 3+ollA 47 14, 24, o=
F 85 el F doll, WA =A 4 captopril & ¥ 25 VoA E Fipsle] 72t F9 T8 ol w3 F sl
T 10¢]] F 8], WA A B captopril W& ¥ 8FF 9 ol & AA FETE v #oE AL o] AFE
o % acloll Al Aol AeE 9e. EF EL RS

Zb FollA e At A4 Ape], vz 7+ F3te]
zbo], A =A ghEd} WA 9l captopril W&t E<I—
9l ?}fl%'gﬂ %6& %zﬂ@ BAL 9)s}le] Ridit (relative A
to an identified distribution) -4 A}&slo] n| a9l
Hz7 o & Fisher’s exact testS Ag3l9l o, GO 1) =22
p<005Z Felgich. 7 AN T ANE FHoE ulm  wERTold Azl SArde PAelglrh. 277 Al
a7 Sstel WEsTh. Welzd &3 AolEstel A A A4 Aaeh A el WaEe BE

Fig. 1. Light microscopic findings of atrium at 2 weeks after irradiation. (A) There are marked fibrin deposition, edema and
mononuclear cell infiltration in the radiation only group (grade: pericardial fibrin deposit 3, endocardial fibrin deposit 1, interstitial
fibrin deposit 3, perivascular edema 3, interstitial edema 3, inflammation 3). (B) There are decreased edema and inflammation in the
combined group of captopril and radiation (grade: pericardial fibrin deposit 3, endocardial fibrin deposit 3, interstitial fibrin deposit
2, perivascular edema 1, interstitial edema 1, inflammation 1)(Masson-trichrome stain, 1A: x10, 2B: x6).

Fig. 2. Light microscopic findings of the atrium at 8 weeks after irradiation. (A) There are pericardial, endocardial, and interstitial
fibrosis in the radiation only group (grade: pericardial fibrosis 2, endocardial fibrosis 3, interstitial fibrosis 3, edema 1, inflammation
1). (B) There are decreased fibrosis in the combined group of captopril and radiation (grade: pericardial fibrosis 1, endocardial
fibrosis 2, interstitial fibrosis 1, edema 1, inflammation 1)(Masson-trichrome stain, 2A: x6, 2B: x6).
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7h e BE FSjollA] A K AsAl Hyom A4
2Hp=0.006)01| 4] & A&}t

3) Captoprilz2t SAIM HEF

WAL 2 A} 2F Fof] A

S QA AR A fs A
3 4T Aol Hold sister ANAoE 3

£ olste] Welzgade Holq txF ulmsle]
el ARd A% Z7H PlgAT FAHoE
S8 Aol glelekFig. 1B). w3 WelhH A7
£ Aol glol Ayt A4 el Aol = Gsleh
WAL 24 85 F At A4z Aol7k glala
AR 24 BETH FYA IS giFe] gaugle

T ulaele] JAe] AT A F7he
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Ko e dn
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Table 3. Comparison of Histopathological Changes of the Heart between the Radiation Only Group and the Combined Group of

Captopril and Radiation at 2 and 8 Weeks after Irradiation

2 weeks (No)

8 weeks (No)

(A) Atrium *RT " C+RT (p-value) *RT " C+RT (p-value)
1+ 2+ 3+ 1+ 2+ 3+ 1+ 2+ 3+ 1+ 2+ 3+
Fibrin deposit (2 weeks) or fibrosis (8 weeks)
Pericardial 1 3 5 3 5 2 0.047 0 1 6 2 1 2 0.008
Endocardial 2 4 3 7 2 1 n.s. 0 4 2 2 1 n.s.
Interstitial 2 6 1 5 4 1 n.s. 1 3 4 2 2 1 n.s.
Edema
Perivascular 5 1 3 5 5 0 ns. 5 0 2 5 0 0 n.s.
Interstitial 3 3 3 5 3 2 n.s.
Inflammation 3 1 5 6 2 2 n.s. 4 0 3 4 1 0 n.s.
2 weeks (No) 8 weeks (No)
(B) Ventricle *RT " C+RT p-value *RT " C+RT p-value
1+ 2+ 3+ 1+ 2+ 3+ 1+ 2+ 3+ 1+ 2+ 3+
Fibrin deposit (2 weeks) or fibrosis (8 weeks)
Pericardial 7 2 1 6 4 0 ns. 3 4 1 6 1 2 n.s.
Endocardial 6 3 1 6 4 0 ns. 4 4 0 4 4 1 n.s.
Interstitial 2 6 2 7 3 0 0.019 2 5 1 4 4 1 n.s.
Perivascular 2 6 2 5 5 0 n.s. 0 3 5 2 5 2 0.064
Edema
Perivascular 2 4 4 5 5 0 0.042 8 0 0 8 1 0 n.s.
Interstitial 3 4 3 7 3 0 0.042
Inflammation 4 6 0 6 4 0 ns. 6 2 0 6 3 0 n.s.

*RT: radiation only group,

" C+RT: radiation with captopril group

- 45 -



CHEHU AR 83| X 2004:22(1):40 ™ 54

HEAIM ZA} EFS21} captopril B} BEAMM ZA}
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Fig. 3. Comparison of histopathological changes of the heart between the radiation only group and the combined group of captopril

and radiation at 2 and 8 weeks after irradiation: (A) Atrium (B) Ventricle.

Fig. 4. Immunohistochemical stain of atrium in radiation only group at 2 weeks after irradiation. (A) TGF-p1 (Arrow) reactions are
markedly increased in pericadium, endocardium (grade: pericardial 3, endocardial 1, interstitial 3). (B) TNF-a (Arrow) reactions are
increased in pericadium (grade: pericardial 3, endocardial 1, interstital 2) (Peroxidase-antiperoxidase, 3A: x6, 3B: x10).
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2t p=0.047, 412} p=0.008, Ato]d; p=0.047)ell4] F7}
k9l ow, PDGF= AZeh(p=0.021), 417H=Hp=0.034)0]]
A, FGF2% 4174 (p=0.021)ol| 2] "AsA] F7lstglet. A
Aol A= TNF-a9} TGE-plo] Ato] A (p=0.034, p=0.016)o]]
Al Z7tglal, PDGFE Abo] A (p=0.034)oll 4] FGF-29] 7%

Table 4. Comparison of Cytokine Changes of the Heart between the Radiation Only Group and the Combined Group of Captopril

and Radiation at 2 and 8 Weeks after Irradiation

2 weeks (No)

8 weeks (No)

(A) Atrium *RT " C+RT *RT " C+RT
p-value p-value
1+ 2+ 3+ 1+ 2+ 3+ 1+ 2+ 3+ 1+ 2+ 3+
TNF-a
Pericardium 0 3 6 1 5 4 0 1 6 2 2 2 0.049
Endocardium 1 2 6 4 4 2 0. 045 2 2 3 3 2 1 n.s.
Interstitium 3 1 5 8 2 0 0.017 5 2 0 4 2 0 n.s.
TGF-p1
Pericardium 1 2 5 3 3 4 1 2 4 1 1 3 n.s.
Endocardium 1 1 6 6 2 2 0. 021 0 3 4 2 2 1 0.096
Interstitium 3 0 5 6 4 0 0.066 3 2 2 5 0 0 0.052
PDGF
Pericardium 0 1 5 1 1 6 0 3 1 1 0 3 n.s.
Endocardium 0 3 3 3 5 0 0. 017 2 1 1 2 2 0 n.s.
Myocardium 0 3 3 2 4 2 3 0 1 2 2 0 ns
FGEF-2
Pericardium 0 1 5 2 2 4 1 1 2 3 0 1 n.s
Endocardium 1 1 4 5 0 3 3 1 0 4 0 0 n.s
2 weeks (No) 8 weeks (No)
(B) Ventricle *RT " C+RT “RT T C+RT
p-value p-value
1+ 2+ 3+ 1+ 2+ 3+ 1+ 2+ 3+ 1+ 2+ 3+
TNF-a
Pericardium 3 1 6 5 5 0 0.044 0 6 2 5 4 0 0.009
Endocardium 6 3 1 10 0 0 3 5 0 8 0 1 0.067
Interstitium 3 3 4 9 1 0 0.006 7 1 0 9 0 0 n.s.
TGFp-1
Pericardium 5 2 2 4 4 2 2 1 4 5 4 0 0.062
Endocardium 7 1 1 9 1 0 5 1 1 8 0 1 n.s.
Interstitium 3 3 3 9 1 0 7 0 0 9 0 0 n.s.
PDGF
Pericardium 2 1 3 2 5 1 8. 0 2 2 2 2 0 0.061
Endocardium 1 1 4 7 1 0 0.006 2 1 1 4 0 0 n.s.
Myocardium 0 3 3 7 1 0 0.002 4 0 0 4 0 0 ns.
FGF-2
Pericardium 4 1 1 7 1 0 8. 3 1 0 4 0 0 n.s.
Endocardium 0 3 3 7 1 0 0.002 4 0 0 4 0 0 n.s.

*RT: radiation only group, " C+RT: radiation with captopril group
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Abstract

The Radioprotective Effect and Mechanism of Captopril on
Radiation Induced-Heart Damage in Rats

Seung-Hee Chang, M.D.*, Kyung-Ja Lee, M.D.* and Heasoo Koo, M.D."

Departments of *Radiation Oncology and TAnatomic Pathology, Ewha Womans University, Seoul, Korea

Purpose: Captopril (angiotension converting enzyme inhibitor) is known to have a radioprotective effect in the
lungs, intestines and skin, but its effect in the heart is unclear. To investigate the radioprotective effect and
mechanism of captopril in the heart, the histopathological changes and immunohistochemical stains were com-
pared with radiation alone, and radiation combined with captopril, in the rats.

Materials and Methods: The histopathological changes and immunohistochemical stains (TNFq, TGFp1,
PDGF and FGF2) were examined in the radiation alone and the combined captopril and radiation groups, 2
and 8 weeks after irradiation. Each group consisted of 8 to 10 rats (Sprague-Dawley). Irradiation (12.5 Gy) was
given to the left hemithorax in a single fraction. Captopril (50 mg/Kg/d) mixed with water, was given orally and
continuously from the first week prior to, up to the 8th week of the experiment.

Results: In the radiation alone group, the ventricle at 2 weeks after irradiation showed prominent edema
(p=0.082) and fibrin deposit (p=0.018) compared to the control group. At 8 weeks, the edema was decreased
and fibrosis increased compared to those at 2 weeks. The histopathological changes of the combined group
were similar to those of the control group, due to the reduced radiation toxicity at 2 and 8 weeks. The
endocardial fibrin deposit (p=0.047) in the atrium, and the interstitial fibrin deposit (p=0.019) and edema (p=0.042)
of the ventricle were reduced significantly in the combined group compared to those in the radiation alone
group at 2 weeks. The expressions of TNF-q, TGF-B1, PDGF and FGF-2 in the radiation alone group were
more increased than in the control group, especially in the pericardium and endocardium of the atrium at 2
weeks. At 8 weeks, the pericardial TNF-a and TGF-B1 in the radiation alone group continuously increased.
The expressions of TNF-o, TGF-p1 and PDGF were decreased in the combined group at 2 weeks. At 8
weeks, the expressions of TNF-a in the atrial and ventricular pericardia were markedly reduced (p=0.049,
p=0.009).

Conclusion: This study revealed that the early heart damage induced by radiation can be reduced by the
addition of captopril in a rat model. The expressions of TNF-a, TGF-B1 and PDGF were further decreased
in the combined compared to the radiation alone group at both 2 and 8 weeks. From these results, it may be
concluded that these cytokines probably play roles in the radioprotective mechanism of captopril from the
radiation-induced heart toxicity, similarly to in other organs.

Key Words: Captopril, Radioprotector, Heart
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