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It is well known that reperfusion damage of ischemic myocardium may be attributed to alterations in the
antioxidant defense system against free radical aggression. In addition, the degree of myocardial damage
may depend on the duration and severity of ischemia that precedes reperfusion. We carried out serial
ischemic experiments (10, 30, 60 and 120 min) in ex-vivo rat hearts followed by 30 min reperfusion and
we assayed the glutathione-dependent enzymatic activities (selenium-dependent glutathione-peroxidase:
GSH-Px; selenium-independent glutathione peroxidase: GST-Px; glutathione-transferase: GST and
glutathione-reductase: GS-SG-Red), Catalase activity (CAT) and non-proteic thiol compounds (NP-SH)
at the end of reperfusion. We found a significant reduction of NP-SH, GSH-Px and CAT in ischemic/
reperfused hearts from 30 min on, while GST activity was increased. In addition, we observed the
appearance of a selenium-independent glutathione peroxidase activity (GST-Px) belonging to the GST
system. In conclusion, we found the longer the duration of ischemia the greater the inbalance between the
myocardial antioxidant system especially the GST activation, suggesting in particular for GST-Px, a role
in the control of the damage against oxygen toxicity during ischemia/reperfusion.

KEY WORDS: Myocardial ischemia/reperfusion, antioxidant enzymes, glutathione transferase.

Abbreviations CAT, catalase; GSH-Px, selenium-dependent glutathione peroxidase; GS-SG Red,
glutathione reductase; GST, glutathione transferase; GST-Px, selenium-independent
glutathione peroxidase; NP-SH, non proteic thiol compounds.

INTRODUCTION

It is now accepted that reperfusion of the ischemic myocardium, depending on the
severity and duration of the preceding blood flow deprivation, may be a potential
source of accelerated and amplified myocardial injury.'™ In this context, it has
been suggested that oxygen radical-mediated tissue damage may play a critical
role.*!"" Previous studies have shown that post-ischemic reperfusion is associated
with a burst of free radical production®'® and increased accumulation of lipid
peroxide.'>* Furthermore, the possibility that myocardial ischemia and reper-
fusion may alter the defense mechanisms against oxygen toxicity has also been
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emphasized.'*'® In addition, a recent study has shown a susceptibility of the main
cellular antioxidant enzymes to oxidant metabolites.'® Thus, the ratio of free radical
products and antioxidant enzymatic activities could be critical in the progression of
tissue damage. The present study was aimed to evaluate the influence of different
periods of global ischemia followed by a standard period of 30 min reperfusion on
rat myocardial antioxidant activities. We tested the glutathione-dependent enzymatic
activities (glutathione peroxidase: GSH-Px §, EC 1.11.1.9.; glutathione reductase:
GS-SG Red, EC 1.6.4.2.; and glutathione S-transferase: GST, EC 2.5.1.18.),
Catalase activity (CAT, EC 1.11.1.6.) and non proteic thiol compounds (NP-SH).
We found a time-dependent loss of some protective intracellular antioxidants (i.e
GSH-Px, NP-SH) together with activation of others (i.e. GST) and in addition, the
appearance of new activity, selenium-independent glutathione peroxidase (GST-Px
§), suggesting a change in the tissue expression of glutathione-dependent detoxifying
enzymes, possibly related to metabolic changes which occur with ischemic-reperfusion
progression in the myocardium.

MATERIALS AND METHODS

Heart Perfusion and Experiment Procedure

Male rats of the Sprague-Dowley strain weighing 250-300g were used. The rats were
anesthetized with ether, the right femoral vein was exposed and 200 IU heparin was
injected intravenously. Hearts were rapidily excised and chilled in a pre-cooled perfu-
sion buffer until the contractions stopped. The hearts were perfused (70 mmHg) in
retrograde fashion at the aortic root with a Krebs-Henseleit solution containing 118
mM NacCl, 25smM NaHCO,, 4.8 mM KCl, 1.2 mM KH,PO,, 1.2 mM MgSO,, 2.4
mM CaCl,, 11 mM glucose, pH 7.4, on a modified Langendorff apparatus. The
chamber containing the hearts was thermostatically controlled at 37°C. The perfu-
sion buffer was gassed with 95% O, and 5% CO, (pO, > 600 mmHg) and main-
tained at 37°C. The hearts were paced at a fixed rate of 240 beats/min (turned off
during ischemia) using a square wave stimulator. Resting tension and developed
tension were recorded by a force transducer (model 7004, Basile, MI, Italy) tied to the
apex of the left ventricle and connected to a multichannel Sensormedics Dynograph
R 611 recorder. A resting tension of 1 g was applied to the hearts on starting the per-
fusion. Total and global ischemia was induced by clamping the aortic perfusion line.

Thirty minutes of equilibration, during which time the hearts were aerobically per-
fused had undergone before any experiment.

The rats were randomly divided in four groups (n 6). After the stabilization period,
the hearts were subjected to global and total ischemia for 10, 30, 60, 120, minutes,
followed by 30 min of reperfusion. Control hearts (n 6 for each group) were perfused
continuously in aerobic and normothermic conditions with Krebs-Henseleit buffer
for the same period of ischemia plus reperfusion. At the end of the experiments the
heart tissue was rapidly frozed using Wollemberg clamps precooled in liquid nitrogen
and the organs were then stored in liquid nitrogen until analysis.

Homogenate and Supernatant Preparation

Rat heart tissues were weighted and homogenized (1:5 w/v) in ice cold 0.05 M
potassium phosphate buffer (pH 7.4) with 30s bursts of a commercial homogenator
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(Ultra Turrax, Tecmar Company, Cincinnati, OH). Non proteic thiol compounds
(NP-SH) were determined in the supernatant obtained after centrifugation at 800 x g
for 5 min at 4°C, to remove fibrous material.

CAT activity was assayed on the supernatant obtained from a second centrifuga-
tion at 2000 x g for 10 min at 4°C. GS-SG Red, GSH-Px, GST and GST-Px activities
were measured on cytosol harvested after further centrifugation at 105000 x g for 60
min in a Beckman ultracentrifuge (model L3-50).

Biochemical Analyses

NP-SH (of which GSH represents the main biochemical pool) were measured by
Ellman’s method.” The NP-SH was extracted using an aliquot of the relative super-
natant using sulfosalicylic acid at the final concentration of 4% and centrifuged for
15 min at 15000 x g to remove protein. Potassium phosphate buffer (2.0 ml, 0.1 M,
pH 8.0) containing 1.0 mM EDTA and 0.1 mil of 0.3M Ellman reagent (5,5’
dithiobis-2-nitrobenzoic acid, Aldrich Europe, Belgium) was added to a sample of
supernatant fraction (0.2-0.4 ml). No one reducing agent to generate SH groups from
disulfides was used. The NP-SH values were measured spectrophotometrically at 412
nm in a Beckman spectrophotometer (model DB-G), and expressed as nmol NP-
SH/G wet tissue.

CAT activity was assayed on the appropriate supernatant by spectrophotometric
method, following the decrease in absorbence at 240 nm at 25°C, due to the hydrogen
peroxide decomposition.?! The supernatant was adjusted to 1% by adding Triton
X-100 and incubated at room temperature for 30 min. The difference in adsorbance
per unit time is a measure of catalase activity. The reaction was conducted in 3-ml
cuvettes (1-cm light path). The reaction mixture contained 50 mM potassium phos-
phate buffer pH 7.0 (50 mM potassium dihydrogen phosphate and 50 mM disodium
hydrogen phosphate), 14mM hydrogen peroxide (Perhydrol, Merk, F.R.G.) and
0.025-0.1 ml of appropiate supernatant sample which was added at the end to start
the reaction. Specific activity was expressed as U/mg protein. One unit (U) is the
amount of enzyme which decompose lumol H,0, in 1 min at 25°C.

GS-SG Red activity was determined as previously reported.?>* The assay mixture (1
ml) contained 0.1 M potassium phosphate buffer pH 7, ImM GS-SG, ImM EDTA,
0.16 mM NADPH (Sigma Company, St. Louis, MO) and an appropiate amount of
cytosol varying from 0.05-0.1 ml. The blank did not contain GS-SG. Enzyme activity
was performed at 37°C by measuring the disappearance of NADPH at 340 nm and
expressed as U/mg protein. One unit (U) is the amount of enzyme oxidizing 1 umole
of NADPH/min. A molar extinction coefficent for NADPH of 6.22 x 10° M"' ¢cm™'
was used.

GSH-Px activity was measured by the method of Paglia and Valentine? as modified
by Di Illo et al.*® The activity of selenium-independent glutathione peroxidase
(GST-Px) was determined by measuring total glutathione peroxidase peroxidase
activity using cumene hydroperoxide (1.2 mM) as the substrate and then subtracting
from this the activity of selenium-dependent glutathione peroxidase measured with
H,0, (0.25 mM). The rate of reaction was recorded at 37°C by observing the
decrease in absorbance at 340 nm of NADPH. GSH-Px activity was expressed as
U/mg protein, each unit (U) representing the amount of enzyme oxidizing 1umole
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NADPH /min. GST activity was determined by following at 340 nm the rate of con-
jugation of glutathione with 1-chloro-2-4-dinitrobenzene (CDNB, Aldrich Europe,
Belgium) according to Habig’s method.? The standard assay mixture (final volume
2ml) contained 0.1 M potassium phosphate buffer with 1 mM EDTA, pH 6.5, 2mM
GSH and 1 mM CDNB. In the reference cuvette the enzyme source was omitted. The
enzymatic assay was carried out at 37°C. Specific activity was expressed as U/mg
protein. One unit (U) of enzymatic activity was defined as the amount of enzyme con-
jugating 1 pmole of substrate/min.

Protein concentrations were determined by Bradford’s method,” using gamma-
globulin as standard.

Statistical Analysis

Data were expressed as means + SD. Biochemical data were analyzed by one way
analysis of variance to test for any difference between the mean value of all groups.
If differences were established, the Bonferroni’s test was used to determine which
means differed significantly. When comparisons involved control and ischemic/
reperfused hearts, significance was determined by Student’s t-test where P values
< 0.05 were taken as significant.

RESULTS

Figures 1, 2 and 3 show the tissue biochemical parameters in isolated rat hearts per-
fused continuously in aerobic and normothermic conditions (Control) and subjected
to ischemia for 10, 30, 60, and 120 min. and reperfused for 30 min. The Control
hearts, continuously perfused for different times, did not display any significant
modifications in their antioxidant defence system. After 10 min of ischemia followed
by reperfusion (30 min), we observed a significant increase in GSH-Px and GST
antioxidant activities respect to control (0.628 = 14 vs 0.600 = 0.020 U/mg protein,
P < 0.05 Figure 1; 0.156 + 0.013 vs 0.105 + 0.010, U/mg protein, P < 0.001 Figure
2, respectively). However, more prolonged periods of ischemia revealed a different
behaviour of GSH-Px and CAT respect to the GST system. In fact, while the GSH-Px
and CAT show a progressively significant reduction in the enzymatic activity (Figure
1), GST shows higher activity respect to Controls at 30 and 60 min, with further
significant increase at 120 min (Figure 2). In addition, the activity of selenium-
independent glutathione peroxidase (GST-Px), which was not detectable in basal
conditions nor after 10 minutes of ischemia, appeared in the ischemic reperfused
tissue at 30 minutes, with stable values reaching 120 min of ischemia (Figure 3). NP-
SH underwent a progressive and significant decrease at 30, 60 and 120 min. GS-SG
Red activity resulted unmodified throughout the experimental times (Figure 3).

DISCUSSION

The salient biochemical findings of our study are: 1) a progressive and significant
time-dependent decrease of non proteic thiol compounds (NP-SH), enzymatic
activity for selenium-dependent GSH-Px and CAT as evaluated after 30 min of
reperfusion following 30, 60 and 120 min of ischemia; 2) a concomitant stable
increase of GST; and finally 3) the appearance of a “new” selenium-independent
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FIGURE 1 Time course of the effect of ischemia/reperfusion (I/R) of isolated rat heart on GSH-Px
(Panel A) and CAT (Panel B) activities. Isolated rat hearts were perfused continuously in normothermic
and aerobic conditions (Control) or reperfused for 30 min after 10, 30, 60, 120 min of ischemia. GSH-Px
and CAT were measured as described in Materials and Methods. Values are presented as the means +
SD for six rats. *P < 0.05, **P < 0.01, ***P < 0.001, Control vs treated.

activity belonging to the glutathione transferase system (GST-Px). In agreement with
other studies which show a decrease of NP-SH or GSH-Px after prolonged period
of hypoxia-reoxygenation', or after ischemia-reperfusion,'”'® we found that the
“duration” of ischemia is important in determining the biochemical changes. In
addition, these findings may suggest that a reduction of the defence mechanisms,
observed during ischemia/reperfusion, could contribute to myocardial damage.
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FIGURE 2 Time course of the effect of ischemia/reperfusion (I/R) of isolated rat heart on GST and
GST-Px. Isolated rat hearts were perfused continuously or reperfused for 30 min after 10, 30, 60, 120 min
of ischemia.Values are presented as the means @ SD for six rats. *P < 0.001, Control vs treated.

Furthermore, we observed a significant increase in GSH-Px, GST and CAT after a
short period of ischemia (10 min) followed by reperfusion, probably related to an
initial non-specific response to the oxidative burst.’'" 2 It is interesting to note that
Pigeolet et al. have recently demonstrated an enzymatic antioxidant inactivation (i.e,
GSH-Px and Catalase) by peroxide and oxygen free radicals.'” Since an increased
oxidative stress during reflow may be related to the duration of ischemia,?®*° the
possibility of a progressive secondary inactivation of the enzymatic system could be
suggested in our experimental model. Simultaneous with reduction of GSH-Px
activity, we observed an increased activity of cytosolic GST. To date, little attention
has been given to GST as a system involved in the protection against myocardial
oxidative stress.' Cytosolic GSTs of the rat heart have been studied in detail in con-
trol conditions, but not during ischemia and reperfusion.’>* In our study we show
the behaviour of GST during myocardial ischemia/reperfusion of the rat. We found
a divergent pattern of GST respect to GSH-PX, confirming a possible role against
oxidative stress during ischemia and reperfusion. In this context, it is interesting to
note that recent studies have emphasized an oxidative stress-induced activation of
microsomal glutathione S-transferase in vitro* and in isolated rat liver reversed by
treatment of microsomes with dithiolthreitol, a reducing agent.** In addition, we
found the appearance of a selenium independent glutathione peroxidase activity
belonging to the transferase system.*

It has been demonstrated that the glutathione peroxidase activity of GST (GST-Px)
can reduce fatty acid hydroperoxides by catalysing the nucleophilic attack of GSH
on electrophilic oxygen.* Since selenium-independent activity has been associated
with alpha and mu GST family,” and rat hearts lack of isoenzymes of these
classes,** the appearance of GST-Px (from 30 min of ischemia to 120 min) seems to
reflect the adaptive isoenzymatic capacity of the heart to scavenge the cytotoxic
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FIGURE 3 Time course of the effect of ischemia/reperfusion (I/R) of isolated rat heart on NP-SH
(Panel A) and GS-SG Red (Panel B). Isolated rat hearts were perfused continuously or reperfused for
30 min after 10, 30, 60, 120 min of ischemia. Values are presented as the means + SD for six rats.
*P < 0.005, **P < 0.001, Control vs treated.

by-products of lipid peroxidation.® In addition, it has been suggested that GST-Px
activity could represent an alternative pathway in the elimination of organic hydro-
peroxides when the selenium-dependent activity is critically depressed.*-* Finally,
it is interesting to note that GST dependent reactions such as the attack of GSH on
the epoxide of leukotriene A, have been observed in inflammatory processes* and a
possible link between reperfusion injury and inflammation has been suggested.*' In
addition, a recent study has shown that isolated, buffer-perfused rat heart may
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release vasocostrictive leukotrienes C,, D, and E,.* Thus, a further evaluation on
the possible contribution of multifunctional GST to eicosanoid biosynthesis, parti-
cularly during ischemia and reperfusion could be suggested. In conclusion, our study
suggests that the myocardial ischemia/reperfusion process is able to induce a bio-
chemical inbalance between the myocardial antioxidant system parallel to the dura-
tion of the ischemic period. Furthermore, it should be proposed that the GST system,
particularly the selenium-independent glutathione peroxidase activity, associated
with this system, may play a role in the control of the damage against oxygen toxicity
during ischemia/reperfusion.

References

1.

10.

11

17.

18.

K.A. Relmer, J.E. Lowe, M. M. Rasmussen, R.B. Jennings (1977) The wavefront phenomenon of
ischemic cell death: I. Myocardial infarct size vs duration of coronary occlusion in dogs. Circulation,
56, 786-794.

. D.J. Hearse (1977) Reperfusion of the ischemic myocardium, Journal of Molecular and Cellular

Cardiology, 9, 605-616.

. E. Braunwaid, R.A. Kloner (1985) Myocardial reperfusion: a double-edged sword? Journal of

Clinical Investigation, 76, 1713-1719.

. D.J. Hearse and R. Bolli (1992) Reperfusion induced injury: manifestations, mechanisms, and clinical

relevance. Cardiovascular Research, 26, 101-108.

. J.M. Mc Cord (1985) Oxygen-derived free radicals in postischemic tissue injury. New England Journal

of Medicine, 312, 159-163.

. J.T. Flaherty, M.L. Weisfeldt (1988) Reperfusion injury. Free Radical Biology and Medicine, 5,

409-419.

. R.A. Kloner, K. Przyklenk, P. Whittaker (1989) Deleterious effect of oxygen radicals in ischemia/

reperfusion. Resolved and unresolved issues. Circulation, 80, 1115-1127.

. R. Bolli (1991) Oxygen-derived free radicals and myocardial reperfusion injury: an overview.

Cardiovascular Drug Therapy, 5, 249-268.

. J.L. Zweier, J.T. Flaherty, M.L. Weisfeldt (1987) Direct measurement of free radical generation

following reperfusion of ischemic myocardium. Proceedings of the National Academy of Science
USA, 84, 404-1407.

P.B. Garlick, M.J. Davies, D.J. Hearse and T.F. Slater (1987) Direct detection of free radicals in
the reperfused rat heart using electron spin resonance spectroscopy. Circulation Research, 61,
757-760.

. R. Bolli, M.O. Jeroudi, B.S. Patel, O.1. Aruoma, B. Halliwell, E.K. Lai, P.B. McCay (1989) Marked

reduction of free radical generation and contractile dysfunction by antioxidant therapy begun at the
time of reperfusion. Evidence that myocardial stunning is a manifestation of reperfusion injury.
Circulation Research, 65, 607-622.

. A.D. Romaschin, I. Rebeyka, G.J. Wilson, D.A.G. Mickle (1987) Conjugated dienes in ischemic and

reperfused myocardium: an in vivo chemical signature of oxygen free radical mediated injury. Journal
of Molecular and Cellular Cardiology, 19, 289-302.

. G. Ambrosio, J.T. Flaherty, C. Duilio, 1. Tritti, G. Santoro, P. Elia, M. Condorelli, M. Chiariello

(1991) Oxygen radicals generated at reflow induce peroxidation of membrane lipids in reperfused
hearts. Journal of Clinical Investigation, 87, 2056-2066.

. C. Guarneri, F. Flamini, C.M. Caldarera (1980) Role of oxygen in the cellular damage induced by

reoxygenation of hypoxic heart. Journal of Molecular and Cellular Cardiology, 12, 797-808.

. R.H.M. Julicher, L.B.M. Tijurg, L. Sterrinberg, A. Bast, J. Koomen, J. Noordhoek (1984)

Decreased defence against free radicals in rat heart during normal reperfusion after hypoxic, ischemic
and calcium free perfusion. Life Science, 35, 1281-1288.

. R. Ferrari, C. Ceconi, S. Curello, C. Guarnieri, C.M. Caldarera, A. Albertini, O. Visioli. (1985)

Oxygen-mediated myocardial damage during ischemia and reperfusion: role of the cellular defenses
against oxygen toxicity. Journal of Molecular and Cellular Cardiology, 17, 937-945.

M. Shlafer, C.L. Myers, and S. Adkins. (1987) Mitochondrial hydrogen peroxide generation and
activities of glutathione peroxidase and superoxide dismutase following global ischemia. Journal of
Molecular and Cellular Cardiology, 19, 1195-1206.

C. Ceconi, S. Curello, A. Cargnoni, R. Ferrari, A. Albertini, O. Visioli (1988) The role of glutathione
status in the protection against ischemic and reperfusion damage: effect of N-acety! cysteine. Journal
of Molecular and Cellular Cardiology, 20, 5-13.

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/12/11

For personal use only.

20.
21.

23.
24,

25.

26.

27.
28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

38.

39.

41.

42,

MYOCARDIAL ISCHEMIA/REPERFUSION AND ANTIOXIDANT DEFENSES 179

. E. Pigeolet, P. Corbisier, A. Houbion, D. Lambert, C. Michiels, M. Raes, M.D. Zachary, J. Remacle
(1990) Glutathione peroxidase, superoxide dismutase, and catalase inactivation by peroxides and
oxygen free radicals. Mechanism of Aging and Development, 51, 283-297.

G.L. Ellman (1959) Tissue sulphydryl groups. Archives of Biochemistry and Biophysics, 82, 70-77.
H. Aebi (1974) Catalase. In: Methods of enzymatic analysis. (Eds Bergmeyer) Academic Press, New
York, pp. 673

. C. Di Ilio, G. Del Boccio, R. Casaccia, A. Aceto, F. Di Giacomo, G. Federici (1987) Selenium level
and glutathione-dependent enzyme activities in normal and neoplastic human lung tissues. Car-
cinogenesis, 8, 281-284.

G. Del Boccio, R. Casaccia, A. Aceto, E. Casalone, P. De Remigis, C. Di Illio (1987) Glutathione
metabolizing enzyme activities in human thyroid. General Pharmacol, 18, 315-320.

D.E. Paglia, and W.N. Valentine (1967) Studies on the quantitative and qualitative characterization
of erythrocytes gluthatione peroxidase. Journal of Laboratory and Clinical Medicine, 29, 143-148.
Di llio C., Sacchetta P., Lo Bello M., Caccuri A.M., Federici G., Selenium independent glutathione
peroxidase activity associated with cationic forms of glutathione transferase in human heart. Journal
of Molecular and Cellular Cardiology, 18, 983-991, 1986.

W.H. Habig, M.J. Pabst, W.B. Jakoby (1974) The first enzymatic step in mercapturic acid forma-
tion. Journal of Biological Chemistry, 249, 7130-7139.

M.M. Bradford (1976) A rapid and sensitive method for the quantification of microgram quantities
of protein using the principle of protein-dye binding. Analytical Biochemistry, 72, 248-254.

A. Tosaki, D. Bagchi, T. Pali, G. Cordis, and D.K. Das (1993) Comparison of ESR and HPLC
methods for the detection of OH-Radicals in ischemic/reperfused hearts. Biochemical Pharmacology,
45, 961-969.

J.H. Kramer, C.M. Arroyo, B.F. Dickens, and M.L. Wiesfeldt (1987) Spin trapping evidence that
graded myocardial ischemia alters post-ischemic superoxide production. Free Radical Biology and
Medicine, 3, 153-159.

J.L. Zweier, P. Kuppusamy, B.K. Williams, K. Rayburn, D. Smith, M.L. Weisfeldt, T. Flaherty
(1989) Measurement and characterization of postischemic free radical generation in the isolated per-
fused heart. Journal of Biological Chemistry, 264, 18890-18895.

B. Ketterer, D.J. Meyer, J.B. Taylor, S. Pemble, B. Coles, G. Fraser (1990) GSTs and protection
against oxidative stress. In: Glutathione S-Transferase and drug resistence. (Eds. Hayes J.D., Pickett
C.B., and Mantle T.}.), Taylor & Francis, London, New York, Philadelphia, pp. 97-109.

T. Ishikawa, V. Milbert, F. Oesch, H. Sies (1986) The major isoenzyme of rat cardiac glutathione trans-
ferases. Its correspondence to hepatic transferase X. European Journal of Biochemistry, 154, 299-305.
T. Ishikawa, H. Esterbauer, H. Sies (1986) Role of cardiac glutathione transferase and of the
S-conjugate export system in biotrasformation of 4-hydroxynonenal in the heart. Journal of Bio-
logical Chemistry, 264, 1988-2002.

Y. Aniya and M.W. Anders (1989) Activation of rat liver microsomal glutathione S-transferase by
reduced oxygen species. Journal of Biological Chemistry, 264, 1988-2002.

Y. Aniya, A. Naito (1993) Oxidative stress-induced activation of microsomal glutathione S-
transferase in isolated rat liver. Biochemical Pharmacology, 45, 37-42.

J.R. Prohaska (1980) The glutathione peroxidase activity of glutathione S-tranferases. Biochimica et
Biophysica Acta, 611, 87-98.

R.A. Lawerence, L.K. Parkhill, R.F. Burk (1978) Hepatic cytosolic non-selenium dependent gluta-
thione peroxidase activity: its nature and effect of selenium deficency. Journal of Nutrition, 108,
981-957.

T. Masukawa, T. Nischimura, H. Iwota (1984) Differential changes of glutathione S-Transferase
activity by dietary selenium. Biochemical Pharmacology, 33, 2635-2639.

A. Mehlert, and A. Diplock (1985) The glutathione S-transferases in selenium and vitamin E defi-
ciency. Biochemical Journal, 227, 823-831.

. R.A. Lewis, K.F. Austen, R.J Soberman (1990) Leukotrienes and other products of the

S-lipoxygenase pathway. Biochemistry and relation to pathobiology in human diseases. New England
Journal of Medicine, 323, 645-655.

J.M. McCord (1987) Oxygen-derived radicals: a link between reperfusion injury and inflammation.
Federation Proceedings, 46, 2402-2406.

P.B. Garlick, G.D. Mashiter, V. Di Marzo, J.R. Tippins, H.R. Morrir, M.N. Maisey (1989) The syn-
thesis, release and action of leukotrienes in isolated, unstimulated, buffer-perfused rat heart. Journal
of Molecular and Cellular Cardiology, 21, 1101-1110.

Accepted by Professor J.V. Bannister

RIGHTS



