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— Abstract -
Conversion of Myocardial Xanthine Oxidase in Ischemic Heart of Rat

Chang-kwon Park, M.D.”, Young Lee, M.D.”*

Jong-wan Park, M.D.””", Myung-suk Kim, M.D."™
The present experiments were performed to confirm the hypothesis that xanthine oxidase(X-

OD), as a source and mechanism of oxygen radical production, plays an important role in the

genesis of the reperfusion injury of ischemic mycardium. The experimental ischemic-reper-

fusion injury was induced in isolated, Langendorff preparations of rat hearts by 60 min. Of
global ischemia with aortic clamping followed by 20 min. of reperfusion with oxygenated

Krebs-Henseleit solution(pH 7.4, 37TC).

The results were as follows:

1. The releases of creatine phosphokinase and a lipid peroxidation product, malondial-
dehyde(MDA) into the coronary effluent were abruptly increased upon reperfusion of ische-
mic hearts. The increases of the enzyme and MDA were suppressed significantly in the
hearts removed from rats pretreated with allopurinol, a specific XOD inhibitor(20mg/kg,
oral, 24 hrs and 2 hrs before study). This effect of allopurinol was comparable to that of
oxygen radical scavengers, superoxide dismutase(5,000U) and catalase(12,500 U).

2. The increased SOD-inhibitable reduction of ferricytochrome C, which was infused to the
hearts starting with reperfusion, was significantly suppressed in allopurinol pretreated hearts.

3. Activities of myocadial XOD were compared in the normal control hearts and the ischemic
ones. Total enzyme activities were not different in both hearts. However, comparing with the
control, the ischemic ones showed higher activity in O-form and lower activities in D-form
and D/O-form.

4. In the ischemmic hearts, phenylmethylsulfonyl fluoride, a serine protease inhibitor, pre-
vented significantly the increase of O-form and the decreases of D and D/O-form, while thiol
reagents did not affect the changes of the enzyme.

5. The increase of O-form and the decreases of D and D/O-form were not significant in both
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calcium-free perfused and pimozide, a calmodulin inhibitor, treated ischemic hearts.

6. The SOD-inhibitable reduction of ferricytochrome C were suppressed by PMSF and pimo-

zide treatment as well as by calcium-free perfusion.

It is suggested from these results that in the ischemic rat myocardium, xanthine oxidase is

converted to oxygen radical producing O-form by calcium, calmodulin-dependent proteolysis

and plys a contributing role in the genesis of ischemic-reperfusion injury by producing oxygen

free radicals.
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Fig. 1. Effects of allopurinol and oxygen radical

scavengers on creatine phosphokinase release
in ischemic-reperfused heart of rat.
Langendorff preparations of isolated rat heart
were subjected to 60 min of global ischemia
followed by  20min  of  reperfusion.
Allopurinol(20mg/kg) was administered oral-
ly two times at 24hrs and 2hrs before study.
Superoxide dismutase(5,000 U) and
catalase(12,500 U) were infused to the hearts
starting with reperfusion at a rate of .5
ml/min. Control hearts were perfused for 90
min with oxygenated krebs-Henseleit solution
at a constant perfusion pressure of
100cmH,0. Each point represents the meant
S EM. of six experiments(P<0.05). ®: Con-
trol, ©3. Allopurinol, M. Catalase, &: Superox-
ide dismutase
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Fig. 2. Effects of allopurinol and oxygen radical
scavengers on malondialdehyde production in
ischemic-reperfused heart of rat.

Lipid peroxidation of myocardial tissue was
estimated from malondialdehyde(MDA) re-
leased into the coronary effluent during the
reperfusion period. MDA was assaryd by
thiobarbituric method. Perfusion conditions
and methods of durg administration are same
as in Fig. 1. Each point represents the mean
S EM. of six experiments(P<0.05). ®@:
Control, ©: Allopurinol, B Catalase, &: Su-
peroxide dismutase
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Fig. 3. Effect of allopurinol on ferricytochrome C re-
duction in ischemic-reperfused heart of rat.

Langendorff preparations of isolated rat hearts
were subjected to 60 min of global ischemia
followed by 20 min of reperfusion. During re-
perfusion, ferricytochrome C(100 uM/ml) was
infused to the heart through the aortic cannula
at a rate of 0.5 ml/min. Concentrations of re-
duced ferrocytochrome C in the coronary
effluents were determined by measuring the
absorbance at 418 nm. For the estimation of
SOD-inhibitable(10 U/ml) was subtracted from
the total reduction. Allopurinol was treated as
same as in Fig. 1. Each point represents the
meantS.E.M. of six experiments(P<0.05).
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heart of rat. NAD*-dependent dehydrogenase
form(D), O,-dependent oxygen radical produc-
ing oxidase form(o) and intermediate D/O
form were measured separately by the method
as described in the Method and Material. The
tissue preparation for measuring the enzyme
activity was done immediately after 60min of
global ischemia. Results are mean+t S E M. of
six experiments. Open bar; control, Hatched
bar: Ischemia. *P<0.05.
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Fig. 5. Effect of duration of ischemia on xanthire

oxidase activity of rat heart.

D, D/0 and O form of the enzyme were mea-
sured separately at the indicated time of
ischemia. Method of the enzyme activity
measurement 1s as same as in Fig. 4.
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Table 1. Effects of thiol reagents on xanthine oxidase activity of ischemic rat heart

X0D
Treatment Total(U g prot)’ D(%) D/0(%) 0(%)
Control None 53+04 85 14 1
Ischemia None 53%0.3 82 1 17
DTT” 49105 87 1 12
2-Mercapto 431206 83 1 16
ethanol

* MeantS.E.M. of six experiments.
**: DithiothreitoDTT)(10mM) and 2-mercaptoethanol(10 mM) were infused for 15 min just before the induction of

ischemia.

Table 2. Effects of protease inhibitor, calmodulin inhibitor and calcium on xanthine oxidase activity of ischemic

rat heart.
T t t XOD
reatmen Total(U g prot)’ D(%) D/0(%) 0(%)
Control None 5310.4 85 14
Ischemia None 53103 82 1 17
PMSF"™ 49105 85 10 5
-Ca*t ™™ 52104 80 17 3
Pimozide” 52102 84 12 4

*: MeantS.E.M. of six experiments.
**. Phenylmethylsulfony fluoride(PMSF), a serine protease inhibitor(l mM) and Pimozide, a calmodulin
inhibitor(20 uM) were infused before induction of ischemia as same as in Fig. 6.
***: Heart was made ischemic under the absence of calcium as same as in Fig. 6.
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Fig. 6. Effects of a protease inhibitor, a calmodulin

inhibitor and calcium on ferricytochrome C
reduction in ischemic reperfused heart of rat.
SOD-inhibitable ferricytochrome C reduction
was measured as same as in Fig. 3. A serine
protease inhibitor,  phenylmethylsulfonyl
fluoride(l mM) and a calmodulin 1nhibitor,
pimozide(20 uM) were infused for 15 min just
before the injuction of 60 min ischemia. To

observe the effect of calcium, the heart was
perfused with calcium free Krebs-Henseleit
solution and made ischemic(60 min) under the
absence of calcium. Each point represents the
meant S E.M. of six experiments(P<0.05). @
Control, O: Allopurinol, B Catalase.
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