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=Abstract=

An Experimental Study on the Effect of Irradiation and cis-
dichlorodiammineplatinum(il) on the myocardium of Rats

Kyung—Ja Lee M.D.

Department of Therapeutic Radiology, College of Medicine,
Ewha Womans University

Purpose : The study was designed to investigate the effect of cis—dichlorodia-
mmineplatinum(II){cis-DDP) on the radiation-induced cardiomyopathy in the rat.

Materials and Methods : The myocardial damage was assessed by histopathologic
changes. In radiation alone group, radiation dose ranged from 1040 Gy X-ray in a
single dose and in combined group, cis—dichlorodiammineplatinum(Ii) at a dose of 6
mg/kg was given intraperitoneally immediately after irradiation of same dose with X
-ray alone group.

Results : The early changes by radiation included congestion, inflammatory cell in-
filtrations and fibrosis in myocardial interstitium with focal myocardial necrosis,
which was noted in 10 Gy group. Myocardial fibrosis was increased by increasing
dose of radiation but myocardial necrosis was not proportional to radiation dose. cis
-DDP alone group showed minimal degeneration of myocardium with surrounded by
inflammatory cell infiltrations. in combined group, myocardial fibrosis in 10 Gy group
were similar to radiation alone group, but 30 Gy and 40 Gy groups showed severer
changes. Electron microscopic examination showed disruption of Z-band and edema
of mitochondria with decreased matrix density in 20 Gy radiation group which were
severer in 40 Gy radiation group. Combined group showed endothelial changes and
disruption of Z-band worse than radiation alone group as well as increased connec-
tive tissue, which was considered as a hallmark of late change in radiation-induced
heart disease.

Conclusion : This results showed minimal enhancement of the radiation-induced
cardiomyopathy in rats by cis—DDP.
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AL A7 A WAe] e 7IHe® o4
$ko ‘4 Stewart Dol 2)3le] FAEol Ayl
2 faeksiatel A WA 5% AAke)
HEARAI AL l o3k o] Lx ol AAe] ukal
N3 7)o GHAA =HAoh A6 9
g Aol &k Ao Qdk AldaE A Ahd
Awszt A7l Ao A4 3 AgEE deAA
AFAEFE 2R, Telole 8ol WAIAE
o} YAE WEshe A9 Sk dled, 2 &
AL AIAEE FaA oSS Folx IHAlE 4
AARolE Ao 2H AEES FA)7] Y7ol
ok Al Fole WA ERE F73A7)E 2
o] glom o|R a7} AL gIs AsE
gFo] Fvlge] A®rHsw(therapeutic ratio)
= ZaE 5 7] dEed didel AHesr) Aol g
A7) dg s
cis—dichlorodiammineplatinum(II)(¢]3}  cis—
DDP)+= Telloll 714 wo] A& oA 2] 535
A A=y, FARGY, 2840, Fagt? L ok
PVl F& uke-g Ml kgrt. cis-DDP+
platinum complex&4 19694 Rosenbergs® el
oJste] gokahgo] Qlvkn Busglen, w3 WAL
3} zhgate] whapAlel abE SRR AbAle] &
£ AgedTollx YFEHZ AP, cis-DDP 2] WA}
Aol g F3EFA 2] 714 o} =7 R gAlsA g
A A koot WALAZALF ) A7) EXAIEA
(sublethal damage)®} %zﬂil/‘h"‘:*&(potentially
lethal damage)ell ¢|gt AZ38-& #|x|x]7le =H4
o] vk 3tHe ™, wak MM XA WY
z+A| (radiosensitizer) 24 Z-&8tlx st g,
olefgt #etAle] walAdel Ui FEG = FetA
TR, Ao FHEY, WAL ko) FghA R
7re) AR A wEr opeksielv. A F adri-
amycing A#e] &4 do gtk AML g
Ao, cis-DDP 2] AlAtel] digh =g} wkabAd
ZAbote] AsAhge olalzlA] gAlsHA &EA A
ek ool Azl RFe] Aol WAl zARe) cis-
DDPE Foslel AlAe) 2Age|sbs] wsle #4ag)

R
2

AR, cis-DDP7F A%
3¢ shebs}s] Slstod

o 24 AT e
oA WALAde] Epol w A
2 AYATE A=stalch.

AEUY A Uy

Agdiare A% 4-5/014, AF 200-300 gme]
#7)(Sprague-Dawley)48vte]S Ahgsto] A
Z7, Cis-DDPF-olw, WhapdzAl o, WAz
A} cis-DDP Fo] W4-F-9) 4702 g3
(Table 1). A ELL WAL AR} EARS-0]

= 34 4vjelE ARgslg e, cis-DDPFoF&
cis—DDP(Cisplan, Eo}xleF) 6mg/kgs #9 &
el Folebdnk, WaApARAL SEFE WAk
o2} 10 Gy, 15 Gy, 20 Gy. 30 Gy % 40 Gy
g 747 gdzAebgdet. Ak EARe) cis-DDP RS-
2wkl A zAL 2 Fe) cis-DDP(6mg/kg) S B7
o F4Jg Fo BN LS WAL S5

o] 10 Gy, 15 Gy, 20 Gy, 30 Gy % 40
Gy & wd@:Abstgch. gAAEA M S SFE o
22 7pEA F4uAAAFE 2 AAE A4
712 6MV 9 437147 (Linear accelerator NEC
1006X) & AHE-8le] FlA <] AlAbel] ddzAletgdr.
et} AT Azls 80 cm= AR

Age] 5 5F 30Yel FES AFEI) ot

oo

Table 1. Grouping of rats

Group Radiation dose(Gy) No. of rats
Normal control 4
4Cis-DDP 4
4Radiation 10 4
15 4
20 4
30 4
40 4
Radiation+cis—DDP
10 4
15 4
20 4
30 4
40 4
Total 48
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Table 2. Light Microscopic Findings of Myocardium

Interstitial tissue

Myocardial muscle

Group ;
cong inflamm fibrosis necrosis
Normal control — — — —
cis-DDP — + — —
X-10Gy —/+ +/++ + +/++
X-16Gy ~/+ —/+ —/+ +/+++
X-20Gy —/+ +/++ + ++/+++
X-30Gy —/+++ +/+++ + +/+++
X-40Gy — — 4+ 44
X-10Gy +cis-DDP - +/++ — +4/+++
X*15G\/+CiS’DDP — —/+ — +/+++
X-20Gy +cis-DDP — + + ++/+++
X-30Gy +cis-DDP — +/++ +/+++ s
X-40Gy +cis-DDP — +/++ +/++ 44+

cong : congestion, inflamm: Inflammatory cell infiltrations

— I No change. + : Minimal change, + + : Mild change
+++ : Moderate change, +++ + . Severe change

AT N3 ARE HEEte
AT 10% FAE=ZD st
inEosing@Ag A¥slel 3efsiv)do s 59
ot AAge]d AAE 9lEtd 1mme x3e
OsO. in phosphate buffer(pH 7.4)&e 247k
IAANF d2ER S5sta Epon 8124 Zuist
oq ‘ﬂ?éﬁl—?ljranyl acetate®} lead citrate2 94
8kl Az}adw) A (Hitachi Hu-600) o2 #asile
o Ate] B3t A2 AR Au AR S EdE
gty cis-DDP7} 39] AAellA] MhapdzAbel] u)x)
€ %2 nla wAs

MEyH

27 FAY A PR} wlwtel
o] B3] AL7Ae Table

29} 7t}
1. HA=Z
Ayvzgel ATEAe) 2945 (myofibri) ek

Rz Ao] Hiko 2 H-2]%o] Q18lt}(Fig, 1).
2. cis-DDPSo0iz#

cis—DDP T2 Aol T4l WA (de-

Fig. 1. Myocardium of normal control rat: Regu-
lar arrangement of myofibers is observed
(H&E, % 100)

generation) 3 F¢loll FFAEAFo] HA =Y}
(Fig. 2).

3. YA EAL CHEZ

WA ZEAL 10 Gy oA Ale] ZHaxAle] Av|
T FE, €8 9 dSAEREol
GyoldollA v< Alstsict. Al
oA Ro]7] Xabsle] 40 GyolA F5EE HAE
o}
A2 A= 10 GyTola Rolr] Aaksted
156Gy} 20 GyolA ol$ Asleizlork(Fig, 3) 30
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Fig. 2. Myocardium of cis-DDP only group:
Focal degeneration of myofibers and a
few inflammatory cells infiltation are no-
ticed(H&E, x 100)

Fig. 3. Myocardium of X-20Gy: Moderate infil-
tration of mononuclear cells in
interstitium with focal ischemic change is
seen(H&E, x 100)

Gy<t 40 Gyl =2 BE = Wkl
H]#|8LA] okghet.

4, YA ZEAIR} cis-DDP HEZ

AT} Az 4FAEIRL BAIRAL 10
GyH&-ZelA AulstA B.o]7] A28t 40 Gyl
A B$ AlSHA Rgom WAMIEAL 4573 v}
o Zolfe] glsick. AAA=RAS Af-sh= 20 Gy
BFoA velr] AAse] 30 Gy<t 40 Gy ¥4
A tS Al vebd e 24 WAl dZRA} S5
o nlste) Aw=st Astget(Fig. 4). AL=xk= 10
Gy W&7dA $5=2 FFENUT 30 Gyt 40
Gy H-&TolA AlSHA A F o] vhabdzAL 5o
ujgte] F=rt A= (Fig.b).

Fig. 4. Myocardium of X-40Gy with cis-DDP: Ir-
regular fibrosis in ischemic injured area(H
&E, x100)

Fig. 5. Myocardium of X-40Gy with cis—DDP:
Multifocal ischemic necrosis of myo-
fibers(H&E, x 40)

B. MX&H0izaH

AN EFe] ALAEZ(cardiocyte)el WIAE(
endothelial celle Aoz {FA5) it (Fig
6). WAMA=EA} 20 GyZolA Z-band7} FEEE
g375e] glglem Al (mitochondria)7l 3=
it AE7AL DE(matrix density)7} Zhaxo]
olglek. 20 Gy W&ZdA 20 Gy @5del v|5lo
Z-band®] s}=je} WAl 2] W3k} HE Alste| A
ow, WPAA Az o] HAFF U} 40 Gy
WAt zAL EFll4 Z-band <] =}H¥)e} WF)A 2
&8 FE5o|girk(Fig, 7). 40 Gy #HE&TelA A}
A 9] Aol Alstglom AEAL] L=t ASHA
AR 54 (cristag) o] FAEHA HolA] ste



Fig. 6. Electron microscopic findings of normal
heart of control rat: Normal cardiocyte
and endothelial cell {(x5100)

Fig. 7. Electron microscopic findings of heart
after X-40 Gy: Moderate Z—band disarry
and endothelial cell change(x 17000)

o} MPAPZAL Sl ulsho] Al WA o) ws}
7} 225 305H(Fig, 8).

U &

F¥ol AT HTdel MAPIARE AWse
A AR B SRS WA ek A
o) MpAtEge o 2AA s B ATE
wol o] gomi® ), F wwlo 2 Alded(pericar-
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Fig. 8. Electron microscopic findings of heart
after X-40 Gy with cis-DDP: Markedly
swollen mitochondria with decreased
matrix density and less prominent cristae
and severe endothelial cell change(x
42500)

ditis) ol 9§+ Ald4l-6-3}(pericardial fibrosis)$t 4l
FAr2 o (pericardial  effusion)e] A§7]a, =radA]
A 4438 (diffuse myocardial fibrosis)<l 3atel
&4Fo] dojudr}. ol Wslel A} Al w
2} Ahdel 4% (pericardial constriction), Adt
(pericardial tamponade)®} Al%A=(heart fail-
ure)E Zefisto] APEEHAl EelP. wkAldzAlel] o5t
Aol FR55L dAHZFNA 5.8%, fFHukstelA
3.4% 2] W= E ¥},

uhab s zabel ofgt AAbe] welxA)gta] WEs A
7R AR BRI 27|Wsts WAHAAEANE 6
-48217 o 2 WAldd(pancarditis) o.24] o|3A] A}
Zd(heteropic exudate)e] A, AlZ(myocar-
dium), A= (endocardium) g "3t J-H-=c).
e 7ol 2vbAlE uhAbARALE 2-70Y ol HEA] 3
gyin| Aol diF-E e E Kol =i A4
2 WA (myocardial degeneration)s} =i} 2
A8 AR SE3Y 7 . 2ole AR
F 704 olFRA Ahdel YA AHA AHEA(fi-
brous exudate)d} A43l7} A7|v, gkdAd AlTLA
a5 zalgte] wr)e) Fyua AgE4 (connec-
tive tissue)9 FFAeP®. Fajardost
Stewart® = E7)¢ 20 Gy&] BAIAE whdzA)s)

F4e]
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o 71 vl z=AgAysie vz E
TEE 5 glot AR AN 2R Y
AETL AEANY] #do R FASAY IAEE
AdPe] s, o)z WAMEANE 2-70dUe )
ol 7}4 Adtdeka akgirk. o]2i’t st WAk
A7 ATAREe) A"l A, BAER) WIAE
o &4, A, ZAETR g3, A, v)deshe] B
o037 <3t M (ischemia)el] <% Aolgts 714
& SR8k ok #9lck. McChensney 520l
oJstd o4 15-20 Gy<) wAMAE PddzAlste
ASAE WA 7HAzA e MfF4lo] #AEH e
B 20 Gyold AR A A=A FaIAE
E 5 AUk k. Lauk 520 st 3764
WARAZARE 10 Gyeld ©dzAlsle] AlgEe) 2

ol veben] 19y HFAARIR(LDw) S 15~
20 Gyel=t #4iek. 20 Gyold =413 A5 Aot
(epicardium)$] A AZ(mesothelial cell)7} F
ANAL AfzA 9] Hdo] A7|H AlTzzle) WA
3} A BEEa Sk Alds AlZe) whakad
&4 71AE vhay Ade) Hshs FAAEY A2
g vhgoln], Ae] WAL AR &4 o5}
of oJxtH o2 ATEA S 9153 HAo] on WA
ZALE 65 ool Yeld 4= slvkz kgt ulelA
A2 WARIZANE 306l Al WEkE sy
o} =3 Aldd Ao wiste) Axel Wele WAk
23w 3A| ek=rlx skt Warren® 5 AlZA)
Eo] Hsts 93 Az o) 49 9% Foly
ATARE WA dRIskx] odoka sl o]
S ASAEL WA, FAatet RAzAY AjFAle]
FARdEE 10 Gyell 4] Yehtr] Alatste] whaladake)
7HE5 o AlshA #EEcka gt Axpdn)
27L& McChensney5® 4l <5l AZAEe] ¥
A3 s3] F vimAZel AR BE Ak
F3o] Bglon whalileke] 71948 sy} Alsh
ARk shgleh. Azte] Asbe Fatdu|Ate v
ARAZAL 10 GyollA A9 FAl} AwskAl Ke)r)
APetel 156 Gyst 20 Gyold $5=2 Az} 4l
steigort 30 Gyst 40 Gyl AvlstAl Bilew
A AT} WabdEel] wlEstA] gten] o]:
Lauk5# 2] Azte} dR)st= 470t Alel 7}
AzxAel Afse 10 Gydlld Avlsid Bglod

o ofN om

40 GyolA FE5=2 2ok "0 Adeg 20
GyZ-llA WA ZE2] wigle} Z-bande] =7} 7n)
&A vebdon AHAL) 39 AE7Ae] der)
ZaEglen 40 GyTolx WmAxe] wslel Z-
band9l #3117} o Alsle{zlew o]z W& Faja-
rdos®} Stewart™7} WAFAlel o’ Al A-3het
Fape] HAgle] mAET] WA 2 £ o)zl 7}
Aoll dR|=e 27dolir)

F| ol FA R YAIA RS FGAE LS

757t $7kE A dow dshAl Folls w9 a3
E A= Aol vhe AMde] wheAaL gl
o] Z7raT}r} Fofellut FjhuE|e] A ¢k A=A
M= & A+ FHFe] FrlEe] HuIFsvN
therapeutic ratio)& 2318 72t € 4 7] w&
o olabell Agsl7|AN B APATF7} o] Foxof
g} gt zAlet JotAE HEgemA FgAs)
vhalAde]l g3E 27127k ARAe 19594 D’
Angio5*? o] WilmsEe} X8A] WA RARS} Acti-
nomycin-DE& #43le] WhapAls =} g ukg-o] o
S Al AE Bagh o) wpaldzARe) ATk A
Fahgel g g2 A9y AT oo, At
AzApet GekAE WL A 2 2 S
(additive)1#] 1 )49 A5=H8-(supraadditive)
A=A AF3A BRe AL Erbsd 1 olde
isobologrmel] 2}t zp8 E2]o] Q37| wjfolr}, §
shA|e} HALARALE HE-3 AT oW dA} 2AE
ek Zubd (endpoint) o2 sle] Aekd Zabz)g
dogjed] 8TEE WAMIEA @59 WapAdes,
Atz Abe} oAl S WEg Ao whAbAlEEe] )
€& Z7}&(enhancement ratio) &S Fojek-F
#olx}(dose effect factor, DEF)E} del. 5748
< gotAlL] FJT, kA L2k, Tk F AR
2l o] FH'SY, vpabAls, kAl A=k (dose rate),
Ak zALe} GobAlFo] 7he] A|77hA el wie} tleF
L S

gtA ¥ Adriamycing AR FA4o] k= A
Ae 7 o2 glo® 1 9]9] getAo] i d
F7} o}A wlE5d Ao}, cisDDPE Teljof wol
ARSEE FARA HH, TR, 2Es, ¢
290 22 WS HMeltky dgic). cis-DDP=
square—planar platinum coordination complex



E4] 19694 RosenbergEs?ell 9Jsle] g4 2 got
9 Ago] grkxm wEEw, 197149 Zaked
Drobnik® e 2]3}e] walxdzAlel 2h8-5he) walal <)
ANE FAAE F Utk ARle] dBiFew 1 F
B FEAYNA siF= v} cis-DDPe] kAl
Aol gt F742H8-9) 7]1Ae platinumeFaAlzl WAk
3} o] Azl DNAC) W3lE odeo]w DNASY 7
2 71t (strand)ell 278¢8] £4% guanine] A§ts}
o AAEAE o= Wkl g3 744
bz = ek, Richmond2l Power®= cis
-DDP7} wrAbAde] wi2bA (radiosensitizer) 24 &
$3e £3], AxnAZAN 2 2hgo] arim slg
29 Douple5™& cis-DDP7} vl zA}go] A
7}e EXA=A(sublethal damage)st R AR
Ab(potentially lethal damage)dl] 93 A Z3B-S
AAgelar g}, w3 Yans®e cis-DDP7t &
oFo] A4 (reoxygenation)E dog|mz s wk
AR BAE FAAIZIcka shd ot ofAlnx| g
& 71 AR skl

cis-DDPe} WAtz ko) 217373 Aol wle} 27}
Aert vpee a7} 7 28 A7l B3] o
T} o] =Hojgktl. Overgaardet Khan*e CiH
mammary carcinoma®) cis-DDP$} A zals
wgsled T8 50%7} Z4Ho](local control)=
= TCDsx& T3 Az, yrbdzAbd 30890 cis-
DDPE Foi3t 7§ Z74&o) 1.724 71 =92
WAPAZARRL S0} 44] 7H= 1.2-1.301300} A 34l
t}. Lelieveld3™2 oAl Foiol WaAbdzALE &
Alo Fuf Z71go) Y wghow AIZRibAe) e
E Forky slgdrl. Twentymans®®e Fofelj]
cisTDDP} whapxlzApzke] A7k Ad) we) Fofe)
A7 (growth delay)9] zlelr} gliclz shale
W, Douple5'V = w|Rubs-& #Astel X|717144)
e FAAE 2oz} slulvta shdct. AdzA
A& cis DDPFo8 WAl zA e} F A0 A A
$ 780 PE o, thEe uhAERAAE o
23 MAbEAbA Y] AR 57089 elr) Qe
BIaE AP0, webA cis-DDPF-oje} whalAz
AL 7xel AZRt A6 oiE Frkastel #gk Avke o)
Fetgdom Mz A WARIEAME A5
7] W&ol cis-DDP& WAIZ:A}2Fof Fojalgiry.
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cis-DDP &} ¥ E ol wigh 373242 714L &
AslA ghslA|x] ekghon) wpARAIFARAe| cis-DDP
g 7ol A% F7aAs) #& AL cis-DDP7} A
T A Eol dlg whaAbA A EAI ) ok & 4 gle
W, M dZALE Fo43 A4S FAaI & Ae
WAl z=Ael 28 E 244t (sublethal damage)
o) 38§ AA)gl= zHgo] ok g 4= i)

cis-DDP2} WAt zALE W83le] 788 T
3} YAz o] F5Ho) wel than Fofol A= 1.34-
216002 wyEglon, Adxz F AxE 15
M ZZ] A AAE(jejunal crypt cell)= 1.224,
5= 1.08-1.356%, AL 1.1-1.3%o = cjofs}
wh zeh ARbell A 9] Fkgel digt Bals ofA] ¢l
ot Axpe] AsjelA Ale) Fale wpAAEAL G
577 W47 2% 10 Gyl vehir] Alatstale
t}, 30 GyeoldolAe BHEFolA dAsHA A=
7} Astdet. AT Az Afste Hads
T3 BEF BF 10 GyTolA AvlskA el
30 GyolaeollA HW4telA HAsrt o Astedzict.
AR A oA Z-band 9] s3]} Wl=lA Ee] Wzt
71 wg-Foll M WA Sl Ridte] AASA Al
Aok, creih Ao Fabel ARErl WA EAL
237} cis-DDPH&F 25 whabidsk 10 GydolA
el r] ARbslglan whapAlakel) wiel Wslsl v)E st
2 wst7] wEel FAEe AEY 5 ek o] A
Hg V22 ko] gto g wpRALE REEAREla
AYga g 70do)F9] 2l wistE AAsto AF
A cis-DDP7} whatAlel gk Absah8-2 /-7
2788 AEsA shetalr] 28k A7) daesitn
AR E

o

>

Z £

cis~DDP7} Aol Al uialAle) g3t v <43
& sjetslr] ¢l3te] 3 48vielE djuboR WMAMA
24 254-(10,15,20,30,40 Gy, single dose),
cis-DDP FoJF(6mg/kg), WAHIZEALE cis-DDP
Foigh WaF o2 HREsle] Aol A elg s}
& Hasle] o83t 2 AFAE Aok

1. HatAE Aol o7k AlT-#atel HAEA 2] A
e Wb RARE 30de] 10 GytellA et
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AFstgom AT Afshe WA=l S7hEl
w2l o7t F7HE e AT A Axe AR
o wlgstA] eksket. AAARARAAL 20 GyDsT
AN FE=S Z-bands) szist AiAe) F3 o
Az A Zag BHeew 40 Gydld o
AE Hske B4

2. apdzAlel cis-DDPH§FollA A2l 24t
o} ZHAzA 9] Afshe WA 10 GyolA vebd
ow 20 Gy7He 2 Amr} Wbz} 9533
At 30 GyeoldelAE cis-DDP-8-ol
AbAZEAL 5T Hldte] At AAA At
k. AR AL WA IR} B
Toll ulshe] Wz A L] el AR L] FHol o
Astgem AXAS) s} o ASHA FhaEe 3
ST oA Al A ego] 7t A
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