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=Abstract=
Cardioprotective Potency of the Antioxidante Amifostine in the

Ischemic and Reperfused Isolated Rat Heart
Gang Bae Huh, M.D.*, Soo Bong Chaun, M.D. **, Song Myung Kim, M.D. **

Background: S-2-(3 aminoprophlamino) ethylphosphorothioic acid(WR-2721) is one of the
radical scavenging thiols. We tested its protective effects in the reperfused heart. Material
and Method. The experimental setup was the constant pressure Langenciorffs perfusion
system. We investigated the radical scavenging properties of this compound in isolated rat
hearts which were exposed to 20 minutes ischemia and 20 minutes reperfusion. Four
experimental groups were used:group I, control, Amifostine 50 mg(l mL) peritoneal injection
30 minutes before ischemia(group II), Amifostine 10 mg(0.2 mL) injection during ischemia
through coronary artery(group III),and Amifostine 50 mg(l mL) peritoneal injection 2 hrs
before ischemia(group IV). The experimental parameters were the levels of latate, CK-MB,
and adenosine deaminase(ADA) in frozen myocardium, the quantity of coronary flow,and left
ventricular developed pressure, and it’s dp/dt. Statistical analysis was performed using
repeated measured analysis of variance and student t-test. Result: The coronary flow of group
I and IV were less than group I and III at equilibrium state but recovery of coronary flow
at reperfusion state of group II, III, and IV were more increased compared with group I. The
change of systolic left ventricular devoloping pressure of group II and IV were .less than
control group at equilibrium state, which seemed to be the influence of the pharmacological
hypotensive effect of amifostine. But it was higher compared with group I at reperfusion
state. The lactic acid contents of group II were less than control group in frozen
myocardium.(Group I was 0.20+0.29 mM/g vs Group II, which was 0.10+0.11 mM/g). The
quantity of CK-MB in myocardial tissue was highest in group IV(P=0.026 I. 120.0+97.8
U/L vs 1IV: 2422+%79.15 U/L). The adenosine deaminase contents in the coronary flow and
frozen myocardium were not significantly different among each group.
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Conclusions:
and reperfusion injuries of myocardium.
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Amifostine seemed to have significant cardioprotective effect during ischemia

(Korean J Thorac Cardiovasc Surg 1998;31:845-54)
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Amifostine(WR-2721) B|5-2] Walter Reed T HT-4olA]
19503 = 36 kA oFA] A 8 o A WAl B
A9 g&o] FA=E 4400 M) FEFAA AL FAs}
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(Fig. 1).
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Chay o

Al# o) AH83t & Sprague-Dowley(3H Rattus norvegicus)
AZ "J”“ Tl °] 20“}"4 £ AHgsigled A9 AF

IS ol2d AAAYE tﬂi:r'- SH}E]E T Ad 30
£ A amifostine 200 mg/Kge E73o F4 svlel g, MT
A ARAE ARAGE Fosr] AA
amifostine 50 mg/Kg< 3’&"&%“—‘;“% 53 HAH ¥4 snie
Z, IVEE AF 2474 amifostine 200 mg/Kgs &7t &
ol% sulejz AE 3lgici(Table 1, Fig. 2).
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1) 28 2F (2FHERD
Ade) 245 3F HE AR AFAAE Langendorff
Fa uAdA Aoz sigich AAelele oRA &
Qg At ARsr19js] HEe A4S Langendorffd 3|
o] A% 2 WFHe modified Krebs-Henseleit$5<H (°]3}
K-H ¢5d)& AHgsiic}. #52 100 cmH02] FA 44
o X + 5% COy) 7122 7]

o] 71 ZH-& A3t carboxan(95%0,
s, diEdaed AHE SFARL AdaEgte] of
500 mmHg ©| 4}, ¥AEA #9Fo] 35~45 mmHg, pH7} 7.35~
745 WHE FAAZ

AR 2E2F FA] Y8 daRriE st AL
43}7) (constant temperature regulator, VWR scientific 1160,
UsA)S EHZ(FAAHE FAF 4845 Aldsde
AR L ALxE 37T AT A AY FA A ¥
A A ZFig. 3).
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Modified K-H#F 4L 44 SF NaCl 118 mM, KCI
4.7 mM, MgSO, - TH;O 1.64 mM, KH:PO, 1.18 mM, Glucose
5.55 mM, NaHCO; 24.88 mM, CaCl, - 2H,0 2.55 mM2] A&
Z go} 3 AGeE 37CE 7}3le] WEL o] A
o}#}7] (Whatman membrane filters, pore size 0.4 um,diameter
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Table 1. Experimental Groups

Groups No.  Name of Groups No. of cases
I Control 5
Amifostine 50mg(lml) injection into 5
I peritoneum before 30 min
Amifostine 10 mg(0.2 ml) injection 5
I into coronary artery during ischemia i
v Amifostine 50mg(lml) injection into 5
peritoneum before 2 hours
Total 20
WR-2721, Prodru
HoN — (CH,); = NH — (CH,), ~ S - POSH, S-2-(3 aminopropglamino)
Alkaline phosphatase l ethylphosphorothionic acid
dephosphorylation

HoN — (CH,); — NH = (CH,), - WR-1065, Active metabolite
Oxidation l
H,N — (CH,); — NH - (CHy), -
| WR-33278
H,N — (CH,); — NH — (CH,), -

Fig. 1. Chemical structure formulae and activation of WR
2721, Amifostine
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Fig. 2. Experimental protocol
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Fig. 3. Experimental Model

(99.95% platinum wire)s AUF F AT AE 7] (Pulse
stimulator, Model SD-9, Grass® Instruments Co.,USA)ell %1723}
o WFa7 % 3003 o|Ftd Sl QJFHoF ubFo
300 beat/min, 5-milisecond duration, 2-3voltage =] 3}t
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YA 22 YA (Preischemia) A S AF Fol| BFY
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Ay Aasde] F2 2@ AAdxze 24 vk
(Ulira Turrax T25, Janke & Kunel TKA®, Labotechik)& ©]-4-3}
of w2 wh A% AR 7] Sorvall P 4TE 1
A7 <t 35000 pmo R WA FEAA AFAE I
A3k 3583} creatinine-kinase MB, 4t} adenosine
deaminase EAE 9] AFAAE 22 AREIITh

a) Creatine Kinase MB &4

54 vAdx Ao A (Enzyme microparticle immune
test, EMIT)Y) 98] o]£3}e] IMX® CK-MB assay(Abbott
Lab, USAYE AH&-3te] A% ¥A8bgitt

b) Atz

AR A $AL {4 A AAl TDXTDX FLX
REA(radiative energy attention, Abbott’ Lab, USA) lactic acid
assay systemrs ©]-§-3}o] AEA 3G

6) Adenosine deaminase(ADA)
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2 0% Aols) BFAT} ADEF 208 Aols) #F
o 77 188 AA%] B ALFel 2 wBF UK
22 A3 Galanti ¥ Giusti®] calorimetric methodo] whe}
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USA) & A% +A35
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Al B4 g A Akl Exls e 139 A
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Table 2. Body and heart weight of experimental animals
(mean=+SD, gm)

Group No. of cases body weight Heart weight
I 5 209+21.8 1.03£0.06
I 5 224+8.94 1.04+0.09
I 5 2241894 1.0610.03
v 5 232+10.9 1.0110.06

Total 20 NS NS

NS : Not significance by statistical analysis.

Table 3. Change of coronary flow(ml/min)

Group Equilibrium  Reperfusion  Recovery rate(%)
I 9.6£3.90 8.0+2.33 88*
)| 831246 86+1.93 107
m 941147 9.1X138 97
v 784263  88+246 17
* P=0.047, I vs Il
= | 1t

279 AU fAA S CK-MBRBFHR A7 §
q3te] A2 AFAE vl £A 85 TH(Table D).
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2.63 ml% T

173 M7 {8 o}Fa 24 glo] A

7re] zpo)7} Bola gkovt nyd v 47t

7} 2A17FA ol amifostine 200 mg/Kg body weightS %
g oz oAlel s AHg "ate] lof HF A

22 5
A

gt
5 N
j=}

>

¢

Nlo ]

7

oA e
2 4 2 8
S

— 848 —




A9} 4)
1998;31:845-54

Table 4. Change of left ventricular developing pressure
(Mean=®Se, mmHg) _ -

ahALELE Amifostinel S1E

Table 5. Recovery percentage of LV-+max dp/dt, —dp/dt
(mmHg/sec)

Group Equilibrium Reperfusion Recovery rate(%)
I 90.0122.09 T 77.50T24.04 80*
I 62515931 92.50%18.43 152%
m 78.819.48 96.45+15.97 24*
v 81.3£12.50 96.25118.00 120*

* P=0.0057, I vs II, TII, IV, 1p=0.031, I vs II

o g7%on daere HEA AFZFY 5% IVES
8.78+246 mz 3 ¥A BEFE 117%% 2318 7815
o dzze EA BEE 0195t EEL dxTel
vl&] M A P= 00478 ] 314 E3kch(Table 3).

2% 925+1843 mmHg®: AL 152%%
oﬂ‘r:} Mz 3 8A 788+9.48 mmHg S L, A% a?—
1597 mmHg® 7HF E$tn HEA 124%%
st vEe H¥A 81311250 mmHgR o hARHF
9625+18.0 mmHgE ¥ A 120%% ). dxT2} 8L}
amifostine & & A X8t FollA= 2% HEA vld APFH
2o Al gEaAr 25 wobvh AEAA ADFA A
7re) 4L Qo 3EEL P=0,005E FAo] it
H8A A gHo] 17 IF Atelel P=0.031% 24 ]
QA 1T R IFol A RStrhTable 4).

4) U DIEAIR 2=E
a) T vlEAS H5F
84 2087 AL
o}

F 0%l BHRFF FAAN AT &
A E ?—x%s}odc} 172 38 A 552542042 mmHg/sec
A3, ABFEE 440011318 mmHg/sec® FHEA Y 77% 3} 1T
72 #8A 4150945 mmHg/sec R E, AAFF 5200£1109
mmHg/sec®  #8Ae]  128%AckIES HEA 5300+
779mmHg/sec3l 2, ABAFF 5750+ 541 mmHgfsec® #HA <]
111%9ch IVEL 384 4850+ 1207 mmHg/sec % I, AT
% 5600+ 1330 mmHg/sec® 318 A2 120%% ¢} x4
23k amifostine 2 A X g MIVEAAE 2F 384
Z} n]Bx)7} dgroy ARFE U vlEAE d2Tel

oy e Mot i L 8
R
no PeN e i IR
1 i955402 i‘:og(; 12t i335709 f;% 1021
v 3:865,?6 73:25707 123% 323050.8% f;g 115%*

* p=0.009, tp=0.047, Fp=0.009, §p=0.036, Tkp=0.021, **p=0.047

6000
5800 r

5600

5200 F TRty

5000 F \ _ I (128%)
—~ 1 (111%)t

4600

4400

4000 ' !

Equilibirum Reperfusion
Statistical significances were tested by analysis of variance
(Mann-Whitney test)

5400 r

4800 \ v (120%)f
4200

* P=0.009, 1P=0.009, TP=0.028

Fig. 4. Change of total dp/dt(mmHg/séc)

]3] amifostine &2 AX T REFA A Ut E5E
& J277 v)L3}le] amifostine 22 A A& 10, I IVEel
A P=0.009, 0.009, 0.028% 2|31 A| &3}ThFig. 4).

b) A $371% " EX (+dp/dysh ) o] 271¢F wlEA

(dp/dt)®] 2 5E

179 +dpdi= 3EA 31001287 mmHg/sec, HTFF
2550+1052 mmHgfsec® 3HEA Y 79%% 3, U9 +dp/dt=
384 2300+570 mmHg/sec, ATFF 3000612 mmHg/sec
2 €A 134%% 1, M2 Max +dp/dt= 5 EA 2950+
542 mmHgfsec, ABFI 3400487 mmHg/secE HH A
121%9 07, 12811 IVEY Max +dp/dts HEA 28501676
mmHg/sec, ATFIF 32004877 mmHgsecE HEA ] 123%
st

179 -dpdte 1 EA 24504800 mmHg/sec, | #H-7FF 1850
+ 380mmHg/sec® 38R 73%%2H, IF-dp/dis 3E
A 1850 +379mmHgfsec, A T-FF 2200779 mmHg/secZ. 3
¥A 121%$ 2, MTY -dp/dts HEA 2350379
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* P=0.009, 1P=0.009, TP=0.028

Statistical significances were tested by analysis of variance
" (Mann-Whitney test)

Fig. 5. Recovery of LV+max. dp/dt{mmHg/sec)

Table 6. Change of lactate and CK-MB in myocardial
tissue(mean£SD)

Group Lactate(mmol/gm) Ck-MB(U/L)

I 0.20%029 120.01+97.80*

1I 0.10t0.11 133.8£50.95

m 0.160.17 163.8134.04

v 020%0.12 2422179.15*%
* p=0.026

mmHgfsec, TFF 2350:-274 mmHg/secZ P A 102%

o, 283 IVE dp/di= ¥4 2000+ 586 mmHg/sec,
A#F3E 22004542 mmHgsec® FEA] 115% 3

s Aol Hd £571¢ v EAS H o] vE
X RE djzFol v amifostine XX Fo] Wk AHF
Folle dAsA 3 EHG

Hd $%718 v JEEL 177 UFlA+ P=0.009,
123 OIE Aoldl: P=0047, 1T IZZ IVE Akele
P=0.009% F2 Al dxFol ¥|&) amifostine> 2 M| T
ol A ¥¥chFig. 5, Table 5).

Hod olgbzist wEx 3IEEL 1TH ITAE
P=0.036,1F7 OIE AlololE P=0.021,28]% % IVE A
ol= P=0,047% FIAAUA ol v]3} amifostine T
A2 FoA ke (Fig. 6, Table 5).

APz 5245 A2 FAAE 1 FAXE 020
+029 mM/g °1GX, I FolAE 0.10+0.11 mM/gE 47F <l
= 0.16+0.17 mM/gE izl ul)

A5-2l 7

1998;31:845-54
2500
.

2300

L - (3%)§9*
2100 \\ I (121%) §

| - (102%)1|
1900 vV (115%)**
1700
1500 ! !

Equiibrium Reperfusion

* P=0.009, 1P=0.009, T P=0.028
Statistical significances were tested by analySIS of variance
(Mann-Whitney test)

Fig. 6. Recovery of LV+max. dp/dtimmHg/sec)

A Gghow Vel AE 0204012 mMgE HE T ¥|%s)
A Vgket Amifostine 0 & A x| FF FolA ool ulE @
oy 2AAH FAL lslckFig 7, Table 6).

6) MZZZ0|M2] CK-MBX|

AAFse] 5245 AZxAe] CK-MBYE 1 TollAMe
120+97.8U/Lo] G L IIF4| A+ 133.8450.95U/L°] § I T+
A= 163.8134.04U/L0 ]| G 2 IV A& 2422+79.15U/LE 4
235 714 =9kt 178 v e P=0.02622 #A
OA Gzl ulE) vEolAM EStehFig. 8, Table 6).

ADA®| iﬁ:i]:‘:— I 4011 A ﬂ%d 64+059U/L zﬂﬁr
090+060UL & 3 AAFF 2 o)z F7) 3}gict
I AE 3¥A 1.18+055U/L, ABHFF 070:057UL 2
ABEE 938 59%AEE ZFazgen, dxgel uH
HANE Bohoy ARFE dA3] FasglchimTedA
+ 338 A 088+£071UL, ALFF 040+035UL & AHAF
3 o3]9 459 AR FaEon, drye vis) HEA
e Egkoy AMBFF FAF] Fasle 71 FhIvVE
M= ¥ A 1.06+0.78UL, AFFF 156107 UL &
Ao ABHF 2F A3 ook 2 FAA
AL 9 itH(Table 7).

8) MZEELJC| ADA EAK]

A5 AzxAYe] ADA 9 fii4 =1 FolA 12874+
1823UL 93, OFelAE 129.08+14.96U/L, I F-olA<
129.94+12.29 ULIVZoAE 117.82422.35 ULEA VLol
dEFel 7b wekdhaed SAAL #9494 Asld
(Table 8).
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Table 7. Change of adenosine deaminase in coronary
flow(mean*S.E., U/L)

Group Equilibrium Reperfusion Ratio(%)
I 0.6410.59 0.90%0.60 141
I 1.18£0.55 0.70=0.57 59
I 0.88+0.71 0401035 45
v 1.06£0.78 1.56+1.07 147

Table 8. Change of adenosine deaminase in myocardial
tissue(mean*Se.E., UL)

Group Myocardium

I 128.74118.23

1I 129.08 £ 14.96

I 129.94+12.29

v 117.82£22.35
in] Xk

oF A%< 71A% At 4R Arplae BEASE 9
gole 1, 22 Arhuley g she Yujaldl o) AHEET g

So Sle] AT 2499 A7 e
soz A ol e WalbergS"e] SJ3} 745)
University of Wisconsin £9} AJdf|7pA] A slgict. o83t

RS BTEHL AT B LAY 2BFY ATVE,
ABF &4 T A, AAT RuF o o]a] HEES
SAR 7| =HlE Ajo] 9= Ao] AlAlelth

{3 ABFA A== AH FEVE ARy |AE
o A Qe AAE ASATIER A2 AYAH &
e 2Asd olzie A2 48 WA #91 Ael 7}
A g4 Foirh Axslel 23 o|2AEE PAAY
Eejged 2 Aesp Eiol Aolsr g,

Jumam' & AT A% #8719 94 A
allopurinol®} A E A F2]71F AAZ= vERl c v

lo

ahARSHH| Amifostineel &8 ¥ Az

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

0

Fig. 7. Change of lactate in myocardial tissue(mean SD.,
(mmol/gm)

[ ]

ml
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nyv

250 * P=0.026
200
150 mi*
mlil
100 &l
miv*
50

0
Fig. 8. Change of CK-MB in myocardial tissue(Mean SD,
UL
Statistical significances were tested by anlysis. of variance
(Mann-Whitney test)

B B2 25530 Ames®E PSS dAlelA 4
q A5t A% ATRA A5 ALz EHsgE. QA

oA A== SAHEA = catalase, bilirubin® urates-©] 1O
o olge 1 el o5 222 4 Qo &34
F3o] 7Fs3 vjgll ¢, v]EE E, beta-caroteneo o ATE
AR gA 7} 7Fsslek Sies'” 52 Atd AbEE ] ut
Z¥71e wet wpojgtdo] o, Atk —'13]—'— MNHeg F7d
4+ Qokn AAsisiT. W A BE OHlE ool
v Ao zat wejEld o]E catalaset} glutachione
perioxidaseS-¢] EA 9 7)Ao o) A% 7] AAS B
8 Abo) b W, BlEk O Mgkl B8t 2E Fl5E
Adste] wrejale EAEE YT 2 TE7) 9lejof 3)
g AFetez Qi) AEFHoE A3 At ¢
Al =t Feole] gatsAe) e Azt e 1Ay
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SAE A4 AZE wzehe ool St o] R3AEE
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