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A Study on the Role of Catecholamine in Reperfusion Damage of

Ischemic Heart in Rat . Effect on Xanthine Oxidase Conversion

Myung-Suk Kim, M.D., Ho-Jin Yoo, M.D., Myung-Hee Chung, M.D.,

Jung-Kyoo Lim, M.D., Young-Suk Lee, M.D.
Department of Pharmacology, Seoul National University College of Medicine

The present study was performed to investigate the role of catecholamine in the genesis
of reperfusion injury of ischemic heart. The possible involvement of catecholamine in the
xanthine oxidase-linked production of oxygen free radicals was studied. Langendorff prepara-
tions of rat hearts were made ischemic for 60 min followed by reperfusion. Upon reperfusion
norepinephrine(NE) was significantly released into the coronary effluent regardless of oxyge-
nation of the perfusing solution. Both the increased releases of creatine phosphokinase(CPK)
and malondialdehyde(MDA) and the production of superoxide anion in the ischemic-reperfused
hearts were significantly reduced by the treatment with either reserpine, a catecholamine
depletor, or propranolol, a B-adrenergic receptor blocker. In the reserpinized hearts, infusion
of exgenous NE reversed the releases of CPK and MDA and the superoxide anion production
to the original higher levels. The releases of CPK and MDA as well as the production of
superoxide anion induced by NE in the reserpinized hearts were significantly depressed either
by allopurinol, a specific competitive inhibitor of xanthine oxidase(XOD), or by the calcium
removal from the perfusing solution. Compared with the XOD activity of control ischemic
hearts, that of the hearts treated with reserpine or propranolol showed lower activity in the
oxygen radical producing O-form and higher activity in D/0-form. In the reserpinized ischemic
hearts, infusion of exogenous NE increased 0-form, but decreased D/0-form of XOD. The
changes in XOD activities induced by exogenous NE was prevented by phenylmethylsulfonylf-
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luoride(a serine protease inhibitor) and pimozide(a calmodulin inhibitor) as well as by calcium

removal from the perfusing solution.

It is suggested from the results that in the inchemic-reperfused hearts of rat catecholamine

participates in D/0 to 0-form conversion of XOD by promoting the calcium-calmodulin-depen-

dent proteolysis and plays a contributing role in the production of oxygen free radical.

KEY WORD : Catecholamine * Ischemic heart + Oxygen free radical *

Xanthine oxidase.
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Reperfusion injury °

2 ojgt7] =4 hARO So] Arazride] wA I}
#A deEega AEHT U
Catecholamine2 S @ Tl X 43 % Fa =
2122) in vivo @ in vitro 2 &4 ol A theke] cate-
cholamine $9 & 4715 o3t} dirtol g %
Hoti FFHoBE AT JAIE YOoUGHW),
Catecholamine®] 9§ AT&dL p-ot=#ud
FEA TR UE AXWEY A3 TEF F4
7t} ol E A2 EE7 ¢ I YA pho-
sphate 4t 53 #7o] QIS Hiso &
oW B21.28) o] & catecholamine AHH] ¥ o} gt
9] As AHE 9 AE AR #AHE da
g g Eo] AIEdd E3 Fag 48 &
ZHolgte Fgo] AURATHA6230) g}, o
FHFEE BF83l catecholamineo] 93 4l
&3, 53 ¥ ABFHF &4l oA cate-
cholamine$] @Al #eto & o}F =¢o] HI
A+E Hol Bt} F, catecholamined] &2 ¥4 £
3 71-8& o]y §=A], catecholamineo] 23 AFA
i A4 A R Ahgge Aol FF
o2 ATENE doZ FxE FEY AAA,
OE 7t5e ALgdz A47d 2 EXHEH ca-
techolamine] 4% AT{AL ojn A, ol=gv}
d F8AE 5% catecholamine] ZEEo] 42
&4 2 B A 7 eA RSl
FEAZ AFFRA A2 TE 43 7t
T ALY VR ¥F, N5E TP B2
589 4&lA xanthine oxidase(XOD)¢ 8
Aol AR 23 XODE purine AL
#F Aol A hypoxanthine, xanthine uric acid
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Ao o] EAFTYD. XODE Euf gl
Aa FE&A 24 NAD'E o] &3t dehydroge-
nase®d (D¥), 0,8 AAFEAZ 3o ety
Zg AA8E oxidaseB(0F) 28 0, %
NAD* & thzo] o] &8+ 3l& $313< D/0F ol
QomB, FgAd YAz NH XODE At
o AR THE FAFDICE g RE EA 3}
B gy HExHMNE DY 4 Fo] Aax
g gd e AAsEE 03z HdEgH9 o D
—038 AL calcium, calmodulin— & o
W)z o ste] Yool A YT
Xanthine oxidase®] D—0% #H&o] g &
Holghz AL L Y Y2 A 4 o] catechola-
mine 27t F7tHE A% AXH &g =
712 A3t XODY D-’O?‘* %o 51‘3
uetA] AT AFFA AFLFTF O X}VHQ

o® 0Fe XODE $¥ AiaAdB HAol
T3 2195E Udg Ao oA

EAPgME olgge 7teAdS HES] 4
3t 8z FE4F 4¥F JE-AFFHAA
catecholamine®] F2] ¥ 4 Aotz AA
Ao A catecholamine®} XOD& #AE HESIT
P 4=
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L A8 sd-Aa[ &4

A3 glol AF 200g W9 Sprague-Daw-
leyAl 8H ) a7 (100iu.)& B2 FAska 45
TF AFEEE AN AIF FFA3% 8
AZE A FEsdoh YAE AdE SolA
F9 9 Ax 2 2 AWE AATF Langendorff
ARABEFH o] JERS AHsd At pae
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2T, AFAE WA BY 2R 2
Hedg £ AeE 33 dyA g daAsa, 4F
HE AAZFIY AdFAL 95% 0,—5% CO, &

J7t2g A E ¥344)2] Krebs-Henseleit(K-H)

%% 9 (NaCl 118mM, NaHCO;3 27.2mM, KCl 4.&
mM, MgSO40 1.2mM, KH,PO4 1mM, CaCl, 1.25
mM, glucose 11.1mM, pH 74)& 100Cm
H,0¢ 8oz #Rstfal, Ad32x7F 37C2

FANES BRA) 228 YF FAHA
o 242 X3E KHEACZ I5EF DR
o ARYde A AN BYVRY 2

Avtgo] 4R & 3R EX95% N,—5% COy
2 ¥3td A4k K-H §922 dFT o5 60
#3%¢ Langendorff #7349 dEY JlgetE
wto} total global ischemia® =35t 31 83 H
Zotol = 95% Ny—5% CO.2 ¥3A]711, glu-
coseE AAF AL K-HEH G700 A3&
G R4 FEE v A UxE
w2t 608 Fd AYF HAol FAAE
Arrr: A9 Bol A9} glucose’t EEH
K-H&9 o2 2087 ABAF3S AIELE
T3t Zgol fle deHdAY ABHF &Y
#AS Aol e 34 K-HEA & A4 K-
LA ZHS AAST 0.lmM EDTAE 7}
3}

r

oo do

2. Norepinephrine(NE) &3

FEF ABFA AL 58T BRYE Wol
Anton & Sayre3® o] HHH & o] &81] NE9 555
S48t A5 a7 25micl 04N°] HEZ pe-
rchloric acid® ¥ 3 #4 aluminum oxide 400mg#
EDTA 200mges Y% NaOHZ pHE 862 =
HA a3 58 FN AAA B3 AFY A
A% 10ml FHTE Fr7std A £EF 44
vt AEAg AA}Ach 10ml FFHRFE
o 2 wyow 4 wHEEA AAH$F 005N
perchloric acid 3mlE 73t 1585 EETS
1027 30,000g(100) 2 Q4 ®elst] Jedg
do] NE ZH ol o] &3ttt 435 < 04miol phos-
phate buffer(0.5M, pH7.0) 0.2mi$} 0.25% potas-
sium ferricyanide 0.04mlE& ¥ 3 EEYS,
0.4ml alkaline ascorbate €94 Iml FHFFE YL
excitation ; 409nm, emission ; 519nm®l| A} fluoro-
spectrometer(Perkin-Elmer, Model 1000) & o] &
3l ¥F =8 £A 3] 2 blankE A = potassium
ferricyanide t21ol & #F¢] bufferg ¥ Ach

125

3. Creatine phosphokinase ¥ malondialdehyde
%%
ANBF 710F AL 58T BFARYE Po}
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IS &HTE, X FAEAQ creatine phosphoki-
nase(CPK) ¢} A #4tsl 4H&9 81 malon-
dialdehyde(MDA) & ZHgo 2 AoF{F &
de B2 Aot

CPK 4 & 25T, 3ml ¥-8-7 (imidazole 100mM,
glucose 20mM, MgCl, 10mM, ADP 1mM, AMP 10
mM, creatine phosphate 20mM, NADP 0.7mM, cys-
teine 10mM, hexokinase 0.94U/ml, G-6-PDH 0.48
U/ml, pH 6.9)°14 NADP7} NADPHE &9+
A& 340nmol A  UV-Spectrophotometer(Hitachi,
Model 139) 2 &3 = WstE 71538 o 3340
40)

MDA+ thiobarbituric acid9 ¥ 2.2 & 3lY v
. 24ml A8 BFA] 067% thiobarbituric
acid$} glacial aceticacid 1: 1 £ 0.6mlE 21
100C F& 2o A 608 FF WA g A&
o2 Y 52nmiAlMd FFEE A
MDA ¥T=& &34 E=152X105M/CmE ©]
&3t A Abatg o2,

4. Superoxide anion{(03 ¢ =3

HEA T ABF &4 AdxEgzde] A4S
AH #Fs] A% $HY Uz FRA A
039l 93 ferricytochrome C & ¥g & o] &3
935}43)'

AHAFA HED et AZF3 FUPZE
%38} ferricytochrome C(100uM)E 0.5ml/min2
£ FYHHEA 0% HHoz BAAFAS
wol  ZA] 418nmoll A spectrophotometer(Cam
Spec. M30D)E o}&3td FFEE ZF3A
AL A 1 R Age 2%9) sodium dithio-
nite 24 S FH7Istd goldle ferricytochrome
CE &3 &AM 7 F FFEE 2N
A 8% 9 F cytochrome C9 ¥ & ZA st
#4389 ferrocytochrome C& F3A5(1.3=10°
M1 Cm) 2t 23389l ferricytochrome C2 &%
AT (66X10' M CmD) & o] &3t AFBFFol
Y9 ferricytochrome C8 4¥& A

b

5. Xanthine oxidase 4 .23
A2 Langendorff TFA 3o A wojd A
A Aol Yol F&FHeo EL3slgul. 5ml

k&M (Tris/HCl 100mM, DTT 10mM, EDTA 1
mM, pH 8.0)& 718l A=A x & F polyt-
ron(Brinkmann, U.S.A) 2 & 73 3 A7 thE 1000
gol A 2085 AA s FEAS AU
30,000g9l A 1A1Z Bt AR 3 F 13T
Aol 38m ammonium sulfate &8 A3 3
7F8led 1.6M~24M XA GX A7 3, 20,000
gl 1085 bA] A4 &8ty XODE #+&
A4 &4t o] XOD AHAEE 50mM Tris-HCI
SA(pH 8.0) o) &A1 A AL S SH A
o] BE &L 4T o] 3l A At} XOD
g4 242 2ml ¥ A (Tris/HCl 50mM, xanthine
60uM, XODA] £ 0.8ml, pH 8.0)°] NAD* (167.5.M)
g F7EAY =5 HrekA o 2 A xan-
thineol uric acid2 A3}sl+= A& UV-spectropho-
tometerE o] &8 200nMol A =AY 1, A
° 2 NADH A4 € 340nmell A UV-Spectropho-
tometer (Hitachi, Model 139)2 =3 =3}
NAD* &A 3ol A uric acid A S ST dd &
74 %o a2tA 0.5mM pyruvate, 1.2U/ml LDHE
H7hst22 A NADHE oA AHsiAlA NADHe
23 D-8 XODY JA & A3 =5 3t} XOD
g4 =9 A4k xanthine©l uric acidZ A FEH
290nmel M el FFA4(85X10° M1 tmi)e}
NADH®] 340nmell A ¢} &FZA4(622X10° M™!
Cm™ DE o&stgeny 25CoA Imoled uric
acid == NADH7F A=A 3te £48488 1
unit2 3+ th NAD* 7} £ 213} 2 pyruvate$} lactic
dehydrogenase® H7tstAl €& =X uric
acide AL A} HHde 290nmelA
NADHol 913t &3 %(21X10° M1 CmDE w3
B2 A uric aciddl 9% F¥x= F79HE &3
Ach. Alge dHETE LowryS¥e Wiyog
2339 X0DY DE, 08 ¥ D/OF Y +HL
Kaminski®t Jezewska® o] W9je] Z3td th
Zol el

(1) NAD* & #7lstA] & wrgzzdoA &&
OE AA FEAZ 3o 290nmolA & F
4= :08+D/0Y

(2) O, @ NAD* 7} &7 &4 & 290nmoll A
Z3% FAE 0¥ +NADHO) 98l BE A

o nif



=(D¥ +D/0%)

(3) 02, NAD* 2 pyruvate} LDH7F 44 A] 290
nmoll A 23F A% 08 +D/0¥+DF

(4) 0.9 NAD'T &4 A] 340nmelA 23§ &
A= I NADHel 93 #2448 (D/0% +D¥) e
E 7R 3}

D¥=(3)— (1), 08 =(2)—(4), D/OF=(D -
[@-@W)=z 4z ALY

o TN

1. Norepinephrine 2

A4 K-H §9¢ 608013 A& F/AZ O
ZAFol - NE #2l & 4.38nmole/5min/g wet wt.
2 ol Pko} 60t 3 o] Ati
33 AFF Ao+ NE 27} 26.11nmole/5min/g
wet wt.2 A Fol) vl A < 6ulf FrtetActh
U o) olo] 95% Ny+5% CO.2 AL E
¥ AdE2zHE FAT KHEYHe2 A
#HFE NP NE9 feles daxggde
2 AFFAZA G o]zt gle 24.98nmole/Smin
/g wet wt.2 A F7FstAch AbAEdE A A
ZA9 SOD$} catalaser 3ol o] AFAFA
NE #&Z7te] Ay 9FE nxx Fxon
Cat T-free 2719 AFAF Aol NE w27t =3t
Z7beke A ee 24 (Table 1).

o]l AToA HEo) o] & AFFA NEY
fd F7te AxTF g ALF de ARF
&4 & ol xtAHQl el 7t bt ¥ F <t
FHEE ABFAA AAA Y2 Aol ol F
NE fele Cat 7ol oJ&HQ ojdALZ AR H
Fel=

2. AEAT ABF &4 3 catecholamine

1) Creatine phosphokinase 2l

T4 BRI fFEH Yee Axd 54
9] creatine phosphokinase(CPK)& &332 2 M
HYEANZ ABFA NEELS FEIT ol
catecholamine® M ¥&4te #d oF ¢ 1 %

Table 1. Release of endogenous norepinephrine
from ischemic myocardium of isolated rat

hearts
. No. of Norepinephrine!
Condition . )
Animal (n mole/5 min/g wet wt)

Control? 8 4.38+0.71
Reperfusion®

Oxygenated 7 26.11+0.62

Oxygenated, ¢ 22.49+0.50

Quygenated, ¢ 37.40+059

Hypoxic 6 24.98+0.68

1: Mean+SEM.

2 ! Non-ischemia and non-reperfusion

3 ¢ Ischemia-reperfusion was induced by total obst-
ruction of coronary flow for 1 hr and then follo-
wed by reperfusion of normal oxygenated or hy-
poxic K-H solution for 20 min.

4 1 SOD(1250 U/mD) and catalase(3000 U/ml) were
infused during reperfusion period by using infu-
sion pump at a rate of 0.5 ml/min.

47Ae A ee AEIRY 60F7Y HE
o o]l AMB/FA CPK = F33] 73k
30.82U/5min/g wet wt.E R agozd AA
£ 29 SOD, catalase ¥ 213t 9.3¢U/5min/g
wet wt.2 83 A=A} Reserpined HA A
(Img/kg, A8 24hr D 48hr A EZ}F AP 3 ca-
techolamine$ ZAAIZ A3 & o] & A
#AFA A E CPK #87F 11.9U/5min/g wet wt.2
A A Bls) A3 JA =L B-adrener-
gic &84 Z3 & propranololS X7 A%
9] A2 & 6.48nmole/5min/g wet wt.2 T =T
v ok 1/4 o) 8t & A48 H(Fig 1). 9 cate-
cholamineg T Z A7l reserpine WX X 4 Fof-
8 ¥ ATFA NEE 932 R AFAE
%ol CPK #&l7F thAl #A 3] F718td 276
nmole/5min/g wet wtE X A t}H(Fig. 2).

2) Malondialdehyde A%

A A48 g9 g A4 5 malondial-
dehyde(MDA)E ZA 22N AFFA 34
A2 £4 3} catecholamine® #AE F A AT
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Fig. 3ol A<} o] 3| ¥F AAFA MDA A4
14.17nmole/5min/g wet wto] 1 2.9, SOD, catalase
Foo & drgd@ g AAT F e CPK
FrelolMe oAt EA8 AAHAT =T
reserpine®} propranolol& * A& FAME 1Y F
A #7F A MDAR &+ 242} 1.67nmole/5Smin/g wet
wt, 6.48n mole/5min/g wet wt.2 thZFol| 48l
A3 dAFHAH(Fig. 3). A reserpined X
A% 7ol NEE AFS s Sde P o]
A#FA MDA”F 17.58nmole/Smin/g wet wt.2
A #A3] FrhstAcH(Fig 4).
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Normal  Control SOD/. Reserpine Propranolof
perfusion CAT

Ischemia-Reperfusion

Fig. 1. Release of creatine phosphokinase(CPK) in
ischemic-reperfused rat hearts. Isolated rat
hearts were subjected to 60 min of global is-
chemia followed by reperfusion with oxygena-
ted K-H solution. Normal heart was perfused
continuonsly with oxygenated K-H solution for
60 min. SOD(1250 U/ml) and catalase(3000
U/ml) were infused at a rate of 0.5 ml/min
during reperfusion. Reserpine was administe-
red intraperitoneally at a dose of 1 mg/kg two
times at 24 hr and 48 hr before the experi-
ment. Propranolol(10 uM) was infused at a
rate of 0.5 ml/min from 5 min before global
ischemia and throughout the reperfusion pe-
riod. CPK activity was measured in the coro-
nary effluents collected during the first 5 min
of reperfusion. Mean value+ SEM. n=6(*p<_
0.01)

CPK Release(U/bmin/g wet wt)

Control Reserpine Reserpine/

NE

Fig. 2. Effects of exogenous norepinephrine on crea-
tine phosphokinase release during reperfusion
of ischemic myocardium of reserpinized rat.
Method and condition of ischemia-reperfusion
were the same as in Fig. 1. NE(100 uM) was
infused at a rate of 0.5 ml/min from 5 min
before global ischemia and throughout the re-
perfusion period in reserpine-pretreated
heart. CPK activity was measured in the coro-
nary effluents collected during the first 5 min
of reperfusion. Mean value+ SEM. n= 6(*p<C
0.01)

3. Superoxide anion Aol w3 catechola-

mined] #<

Goll e HEARE HEANFY ABFA NE
3 FEE Aigoge Yol AAF &g
AAM BEe 4Tg 5T Utes A& A
Fo g ABF AFA AdhEtd @] sl su-
peroxide anion(Q;) A4l Ui NE9 #AE
golzA &t Fig 5olA ek 2ol SOD AAA
—ferricytochrome C #&%do] dlx AFF A7l
e 289 F1X <2 6.63nmole/30sec/g wet wtE
Bolxm ol &E Hia i A&HH &
A& Bdo 2 AFFA superoxide anion® A
AL #stdnt ol £tz ferricytochrome C2
ABFol Wz FH3 SYZ 7= reserpines
Eose NES A2 F3 propranololg A
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154 _H

10

MDA (n mole/5min/g wet wt)

Normal Control “<SOD/ Reser- Propr-

Perfusion CAT= pine anolol

Ischemia-Reperfusion

Fig. 3. Lipid peroxidation in ischemic-reperfused rat
hearts. Method and conditions of ischemia-re-
perfusion were the same as in Fig. 1. Lipid
peroxidation of myocardial tissue was estima-
ted from malondialdehyde(MDA) released
into the coronary effluent collected during the
first 5 min of the reperfusion period. MDA
was assayed by thiobarbituric acid as descri-
bed in the method. Methods of drug administ-
ration are the same as in Fig. 1. Mean vale
+ SEM. n=6(*p<0.01)

A &e] B-adrenergic FEAME AGI FolAM=
Aol bR 2otal Altel & Frte] FA =
itk ¥ reserpine M X 4go NEE AH
2o g A$olE ferricytochrome C &go] 13
Foll wel oAl F23] F7iste 28 H Al
3.69nmole/30sec./g wet wtE HJL I olF %
A&l A 2F 1.27nmole/30sec/g wet wtE F A3}
Aok 28y Zgo] e e = NEY Fod
#A ¢l ol superoxide anion? A A2 (Fig.
6), °ol= NEo| 93 izt z e Y46 Zgol
LAY G AAEEE vtz oA A

4. ¥ 42 xanthine oxidase &4 ol th3t cate-
cholamine®] < &

AN HYARE HBYZO) ABF S

Aozt o] A A # catecholamine©o] & US&
XA}t wpo)7] Mo 27| A& F83l7) A%

20

157 |

104

*

]

Reserpine

MDA (n mole/5min/g wet wt)

Control Reserpine/NE

Fig. 4. Effects of exogenous norepinephrine on lipid
peroxidation during reperfusion of ischemic
myocardium of reserpinized rat. Methods of
treatment of reserpine and administration of
NE were the same as in Fig. 1. and Fig. 2.
Mean value+SEM. n=6(*p<0.01)

A9 U #F AT AdrEvide A
dozN 7ME Fad A4¥S sedes dEzl
xanthine oxidase(XOD)oll W& catecholamine
dge BEASATH

1) Allopurinol®l &=

XOD9] Eo] oA k&<l allopurinol(20mg/kg,
A8 24hr 2 2hr A FRFAES AHAGF F
AFEga etz Ao A catechola-
mined] F&& HES3Ycl Table 29 4o 48
Ao A ¢} 72Ho] reserpine® A X3t catechola-
mine& TZAAZ AF) NES A 54 E¢
CPK 2 MDA 2] ¢ superoxide anion A A& ¢} 4]
Z7 Ak 28y o] 81 & reserpine A 2| A Al
allopurinol® A A 23l XODE AT Fol=
NEE Fosldz A#REd 2 S2adz
Aol Ao #EA=A sttt

2) 318422 xanthine oxidase &4

d Adazx3 e F XOD 842 62+03U/g
proto. 2 FAul 223 2oj7k et 7+3 9
A EE 2ol7t AUk dzAZe A AA
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Control

N
31 \ Reserpine +NE \~

2 N

(n moie/30 sec/g wet wt)
£

SOD~Inhibitable Ferricytochrome C Reduction

" \.
1 Reserpine Propranolol\ ‘
0 = \L,,
1 2 3 4 5
min
Fig. 5. Effect of reserpine and propranolol on SOD-

inhibitable ferricytochrome C reduction in is-
chemic-reperfused rat hearts. Langendorff
preparation of isolated rat hearts was subjec-
ted to 60 min of ischemia followed by reperfu-
sion. During reperfusion, ferricytochrome .C
(100 uM) was infused to the heart through
the aortic cannula at a rate of 0.5 ml/min. SOD
(100 U/ml) was mixed with ferricytochrome
C and infused at the same rate. Methods of
treatment of NE and allopurinol were the
same as in Fig. 2. Methods of administration
of reserpine :and propranolol were the same
as in Fig. 1.

XOD% D¥ol 854% 2 d¥E S A3z, D/O
H2 143% & A3 9tA 0¥ 2 A9 gl o
P42 Aol DE 80.7%, D/OY 26% 2

(=4

=

S

3 74

E .

& 6 / ™. Control

o 2 i .

S © 54

- 7\

£3 4 T

g » \

Bge \

23

12y

2 )

:55 11 Cat+free  Ca+free+NE

g ‘\r,—é.\f’><'><‘><‘,l..>_‘e
T T

S 4 5

min

Fig. 6. Effect of calcium on SOD-inhibitable ferricyto-
chrome C reduction in ischemic-reperfused
rat hearts. SOD-inhibitable ferricytochrome C
reduction was measured as same as in Fig.
5. Method of treatment of NE was the same
as in Fig. 2. To dbserve the effect of calcium,
the heart was perfused with calcium-free
Krebs-Henseleit solution .and :made ischemic
(60 min) under the absence of calcium

2o vlatd 223G R T 032 167% =2
duide F7HE BAdh

98 reserpined A X3 FPYH I = DY
84%,D/08 16%, 08 0% 2 reserpine A | & x|
%o P42 vs DY, D/OEL St
08e A3 #ZAsztd dzAZAAS% FAS
Ak, =3 propranolold A X3 HFHZAME

Table 2. Effect of allopurinol on CPK and MDA releases and superoxide anion production in the ischemic-

reperfused hearts

CPK! MDA! Superoxide anion®
Treatment . . .
(U/5 min/g wet wt) (n mole/5 min/g wet wt) (n mole/5 min/g wet wt)
None 3082+ 28 14.17+ 26 18.18
Reserpine 92+18 167+ 1.1 1.73
Reserpine + NE3 276+ 24 17.58+ 2.1 11.03
Allopurinol 343+ 03 20+02 1.09
+ Reserpine+ NE*

1: Mean+ SEM of six experiments.

2 © Production of superoxide anion was estimated by SOD-inhibitable ferricytochrome C reduction as

same as in Fig, 5.

3 . Reserpine pretreatment and norepinephrine administration were as same as in Fig. 2.
4  Allopurinol(20 mg/kg) was administered orally two times at 24 hrs and 2 hrs before the study.
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Table 3. Effects of reserpine, propranolol and calcium on xanthine oxidase activity of ischemic rat heéa-

rts
Treatment XoD
Total(U/g protein)! D(%) D/O(%)  O(%)
Normal None 6.2+ 04 854 14.3 0.3
Control
Ischemia None 6.2+ 0.3 80.7 26 16.7
Reserpine? 6.3+ 0.2 84 16 0
Propranolol? 62+ 05 83.7 14.8 15
Ca™ *-free’ 6.1+ 05 844 145 0.1

1 ! Mean+ SEM of six experiments.
2 : Reserpine and propranolol were administered as same as in Fig. 1
3 Heart was made ischemic under the absence of calcium as same as in Fig. 6.
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Fig. 7. Xanthine oxidase activity in ischemic myocardium. The tissue preparation for measuring xanthine
oxidase activity in ischemic myocardium was done immediately after 60 min of global ischemia
produced under the condition of reserpine or reserpine + NE treatment. NAD* -dependent dehydro-
genase form(D), 0, dependent oxygen radical producing oxidase form(0) and intermediate D/0-
form of the enzyme were determined separately by the method of Kaminski & Jezewska(1979)
as described in the Method and Meterial. Method of treatment of NE and reserpine was the same
as in Fig. 1. and Fig. 2. Values are mean+SEM of six experiments. (*p<0.05)
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Table 4. Effects of propranolol, calmodulin inhibitor, protease inhibitor and calcium on xanthine oxidase
activity of reserpinized ischemic myocardium infused with norepinephrine

XO0D
Condition Treatment Total(U/g protein)! D(%) D/O(%)  o(%)
Reserpine+NE?  None 6.3+ 05 84 7 9
Propranolol? 6.3+ 04 81 17 2
Pimozide® 62+02 82 18 0
PMSF? 6.2+ 0.3 816 184 0
Ca™ *-freet 6.1+04 82 18 0

1! Meant SEM of six experiments,

2 © Methods of treatment of resserpine, norepinephrine and propranolol were as same as in Fig. 1 and

Fig. 2.

3. A serine protease inhibitor, phenylmethylsulfonyl fluoride(1 mM) and a calmodulin inhibitor, pirﬁozide
(20 pM) were infused for 15 min before the indunction of ischemia.
4 © Heart was made ischemic under the absence of calcium as same as in Fig. 6.
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