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Abstract

Ž . w x w Ž . x Ž .The effect of 1R -1-benzo b thiophen-5-yl-2- 2- diethylamino ethoxy ethan-1-ol hydrochloride T-588 , a cognition enhancer, on
reperfusion injury was studied in cultured rat astrocytes. T-588 at 1–10 mM partially protected astrocytes against reperfusion injury after

2q Ž .exposure to Ca -free medium or hydrogen peroxide. Nerve growth factor NGF had a similar protective effect. Addition of both T-588
and NGF resulted in complete protection against Ca2q reperfusion injury. T-588 did not stimulate NGF production in astrocytes. The

2q Ž .effect of T-588 on Ca reperfusion injury including apoptosis was inhibited by the mitogen-activated protein MAP rextracellular
Ž . X X Ž .signal-regulated kinase ERK kinase inhibitor 2 -amino-3 -methoxyflavone PD98059 , but not by the phosphoinositide 3-kinase inhibitor

wortmannin. The effect of NGF was inhibited by PD98059 and wortmannin. T-588 stimulated rapidly the phosphorylation of ERK, but
did not affect that of Akt in astrocytes. These findings suggest that the ERK MAP kinase pathway has a role in the protective effects of
T-588 and NGF. q 2000 Elsevier Science B.V. All rights reserved.

2q Ž . Ž .Keywords: Ca reperfusion; T-588; NGF nerve growth factor ; PD98059; MAP mitogen-activated protein kinase; Astrocyte

1. Introduction

We previously showed that incubation of cultured rat
astrocytes in Ca2q-containing medium after exposure to
Ca2q-free medium caused an increase in intracellular Ca2q

Žfollowed by delayed cell death Matsuda et al., 1996,
.1997 . This injury is considered to be an in vitro model of

ischemiarreperfusion injury, because a similar paradoxical
change in extracellular Ca2q concentration is reported in

Žischemic brain tissue Siemkowicz and Hansen, 1981;
.Silver and Erecinska, 1992; Kristian et al., 1994 . We

reported that Ca2q reperfusion injury was mediated by
excess Ca2q influx via the Naq–Ca2q exchanger in the
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reverse mode, and was attenuated by Naq–Ca2q exchange
Ž .inhibitors Matsuda et al., 1996 , heat shock proteins

Ž . ŽTakuma et al., 1996a and calcineurin inhibitors Matsuda
. 2qet al., 1998 . Subsequently, we have found that Ca

reperfusion injury was mimicked by reperfusion after ex-
Ž . Ž .posure to hydrogen peroxide H O Takuma et al., 1999 .2 2

The reperfusion injury models using Ca2q depletion and
H O exposure may contribute to clarification of the2 2

mechanisms of drugs, which ameliorate ischemiarreperfu-
sion-induced brain dysfunction.

Ž . w x w Ž .1R -1-Benzo b thiophen-5-yl-2- 2- diethylamino etho-
x Ž .xy ethan-1-ol hydrochloride T-588 has been selected for

development as a therapeutic agent for reversing the de-
mentia associated with Alzheimer’s disease and cere-
brovascular disease. This compound has an anti-hypoxic

Ž .effect in mice Ono et al., 1993 and ameliorates memory
and learning impairments in animal models including cere-
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bral embolization, basal forebrain lesion and transient fore-
Ž .brain ischemia Ono et al., 1995 . These pharmacological

effects of T-588 are considered to be mediated at least
partly by cholinergic and noradrenergic systems in the

Žbrain Ono et al., 1995; Miyazaki et al., 1997; Maekawa et
.al., 1998 , but the molecular mechanisms underlying the

effect are not known. In this paper, we examined the effect
of T-588 on Ca2q reperfusion injury in cultured astrocytes.

Ž .The effect of nerve growth factor NGF on astrocyte
injury was also examined, since our preliminary experi-
ment showed that the NGF-producing agent idebenone
protected astrocytes against Ca2q reperfusion injury. The
present study demonstrates that T-588 and NGF protect
astrocytes differentially against Ca2q reperfusion injury in
cultured rat astrocytes.

2. Materials and methods

2.1. Materials

Drugs were obtained from the following sources: fetal
calf serum, mouse anti-glial fibrillary acidic protein anti-

Ž .serum, 3- 4,5-dimethylthiazol-2-yl -2,5-diphenyl tetra-
Ž .zolium bromide MTT , NGF and anti-NGF antibody,

Ž .Sigma St. Louis, MO ; platelet-derived growth factor
Ž . Ž .PDGF and epidermal growth factor EGF , GIBCO BRL,

Ž . X XLife Technologies Rockville, MD ; 2 -amino-3 -metho-
Ž . Ž .xyflavone PD98059 , Calbiochem La Jolla, CA ; wort-

Ž .mannin, Nacalai Tesque Kyoto, Japan ; Eagle’s minimum
Ž .essential medium, Nissui Pharmaceutical Tokyo, Japan ;

Ž .tissue culture ware, Iwaki Glass Tokyo, Japan ; phospho-
p44r42 MAP kinase antibody, p44r42 MAP kinase anti-
body and phospho-Akt antibody, New England Biolabs
Ž .Beverly, MA . T-588 was a gift from Toyama Chemical
Ž .Toyama, Japan . All other chemicals used were of the
highest purity commercially available.

2.2. Astrocyte culture

Astrocytes were isolated from cerebral cortices of 1-
day-old Wistar and Sprague–Dawley rats as previously

Ž .reported Takuma et al., 1994, 1995, 1996b . Briefly,
tissue was dissociated with dispase and cultured in mini-
mum essential medium containing 10% fetal calf serum
and 2 mM of glutamine. Cells were plated in 75-ml tissue
culture flasks, split once upon confluency, and plated in
24-well plastic tissue culture plates or 60-mm plastic tissue
culture dishes. The second cultures were grown to conflu-
ence in all experiments. The cells consisted for more than

Ž .95% of flat polygonal astrocytes type-1 astrocytes , as
confirmed by phase-contrast microscopy and positive im-
munostaining with anti-glial fibrillary acidic protein anti-

Ž .body Takuma et al., 1994 .

2.3. Reperfusion injury

The cells were washed and exposed to Earle’s solution
Ž . 2qcontrol and Ca -free or H O -containing Earle’s solu-2 2

tion for 30 min. After two washes, the cells were incubated
Žwith Earle’s solution for the indicated time Matsuda et al.,

.1996; Takuma et al., 1999 . The cells were gently washed
twice with 500 ml of phosphate-buffered saline and MTT
reduction activity was measured by a colorimetric assay
Ž .Matsuda et al., 1996 . MTT reduction activity is ex-
pressed as a percentage of control.

2.4. Measurement of NGF

NGF protein level in cell-conditioned media was deter-
mined by a sensitive two-site ELISA according to the

Ž .manufacturer’s instructions Promega, Madison, WI . In
Žbrief, 96-well, flat-bottomed Elisa plates Nunc, Roskilde,

.Denmark were coated with anti-NGF polyclonal antibody.
The plates containing samples and standards were incu-
bated at room temperature for 6 h on a plate shaker. NGF
standards, ranging from 7.8 to 500 pgrml, were prepared
using recombinant human NGF. The captured NGF was
reacted first with rat anti-NGF monoclonal antibody, and
then with horseradish peroxidase-conjugated anti-rat im-

Ž .munoglobulin G antibody 1:5000 . After the peroxidase
reaction, the absorbance at 450 nm was recorded. Cell-de-
rived NGF levels were determined by interpolation from
standard curves assayed on individual plates.

2.5. Analysis of DNA ladder

Astrocytes were scraped off using a policeman, and
collected by centrifugation at 1500=g for 10 min at 48C.
DNA was extracted and subjected to 1.8% agarose gel

Želectrophoresis as reported previously Takuma et al.,
.1999 . DNA in the gel was stained with ethidium bromide

Ž .and photographed with Polaroid instant films type 667
under UV light.

2.6. Measurement of DNA fragmentation

The DNA fraction was mixed with an equal volume of
10% trichloroacetic acid and centrifuged at 15,000=g for

Ž .10 min at 48C to separate intact DNA pellet from DNA
Ž . Žfragments supernatant , as reported previously Takuma et

.al., 1999 . Pellets were resuspended in the EDTA solution
Ž .and 10% trichloroacetic acid 1:1 . DNA was assayed

Ž .using diphenylamine reagent Burton, 1956 . DNA frag-
mentation is expressed as a percentage of total DNA
Ž .intact plus fragmented .

2.7. Immunoblotting

The treated astrocytes were washed and harvested. Pel-
Žlets were solubilized in sample buffer 3% sodium



( )K. Takuma et al.rEuropean Journal of Pharmacology 399 2000 1–8 3

Ž . Ž .dodecylsulfate SDS , 62.5 mM Tris–HCl pH 6.8 , and
.10% glycerol . The protein concentration in the sample

was determined using the bicinchoninic acid protein assay
Ž .reagent Pierce, Rockford, IL . The sample was mixed
Ž . Ž .with 0.1% wrv bromophenol blue and 0.05% vrv 2-

Žmercaptoethanol, boiled for 5 min, and then loaded equal
.amount of proteinrlane on 10% SDS-polyacrylamide gel.

After electrophoresis, the proteins were transferred to poly-
vinylidene difluoride membrane and immunoblotting was

Ž .carried out as reported previously Matsuda et al., 1998 ,
using phospho-p44r42 MAP kinase antibody, p44r42
MAP kinase antibody, phospho-Akt antibody and
horseradish peroxidase-conjugated anti-rabbit antibody.
Protein bands were detected with an enhanced chemilumi-
nescence system. The densitometric analysis was carried

Ž .out using FluoroImager 595 Molecular Dynamics, USA .

2.8. Statistics

Statistical analysis of the experimental data was carried
Ž .out by one-way analysis of variance ANOVA followed

Ž .by post hoc Tukey’s honestly significant difference HSD
test, using SPSS 6.1 for Macintosh.

3. Results

3.1. Effect of T-588 on reperfusion injury

Reperfusion after exposure of astrocytes to Ca2q-free
medium resulted in a significant decrease in MTT reduc-

tion activity. T-588 attenuated the Ca2q reperfusion-in-
duced decrease in MTT reduction activity in a dose-depen-
dent manner when administered up to 1 h after reperfusion
Ž .Fig. 1 . The protective effect of T-588 was partial, but
significant at concentrations higher than 1 mM. When
astrocytes were exposed to H O for 30 min and then2 2

incubated without H O , a significant decrease in MTT2 2

reduction activity was observed. T-588 had a protective
effect on reperfusion-induced injury after H O exposure2 2

in a dose-dependent manner, but the protective effect was
not observed when the drug was added after reperfusion
Ž .Fig. 2 .

3.2. Synergistic effect of T-588 and NGF

NGF protected cultured astrocytes against Ca2q reper-
fusion injury in a dose-dependent manner, although the

Ž .protective effect of NGF was partial Fig. 3 . NGF at 10
ngrml alone showed a tendency to increase MTT reduc-
tion activity in control cells. When astrocytes were incu-
bated with Earle’s solution containing T-588 for 72 h, the

Žcontent of NGF did not change: the levels pgrml, means
"S.E. for six wells obtained from two separate experi-

. Ž .ments in control cells were 21.2"1.6 none and 22.9"
Ž . 2q1.9 10 mM T-588 , and those in cells exposed to Ca

Ž . Ždepletion were 14.8"2.0 none and 14.1"2.1 10 mM
.T-588 . Simultaneous application of 10 mM T-588 and 10

ngrml NGF resulted in almost complete protection against
2q Ž .Ca reperfusion injury Fig. 4 .

2q Ž . 2qFig. 1. Effect of T-588 on Ca reperfusion injury in cultured rat astrocytes. Cells were exposed to normal open column, control or Ca -free Earle’s
Ž . Ž .solution hatched column for 30 min, and then incubated with Earle’s solution for 72 h. Cell injury was determined by MTT assay. A Dose dependence.

2q Ž . Ž .The indicated concentrations of T-588 were present during Ca reperfusion. B Post-treatment effects. T-588 10 mM was added at the indicated time
and was present until assay. Results are means"S.E.M. for 9–15 wells and were obtained from three to five separate experiments. ) P-0.05,

w Ž .significantly different from control; P-0.05, significantly different from the values without T-588 Tukey-HSD analysis .
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Fig. 2. Effect of T-588 on H O exposure-induced cell injury in cultured2 2
Ž .rat astrocytes. Cells were exposed to normal open column, control or

Ž .100 mM H O hatched column for 30 min, and then incubated with2 2

Earle’s solution for 23.5 h. Cell injury was determined by MTT assay.
Ž .A Dose dependence. The indicated concentrations of T-588 were added

Ž .30 min before H O exposure and were present until assay. B Post-2 2
Ž .treatment effects. T-588 10 mM was added at the indicated time and

was present until assay. Results are means"S.E.M. for 9–15 wells and
were obtained from three to five separate experiments. ) P -0.05, signifi-
cantly different from control; wP -0.05, significantly different from the

Ž .values without T-588 Tukey-HSD analysis .

3.3. Effects of PD98059 and wortmannin

Fig. 5 shows the effects of T-588 and NGF on Ca2q

reperfusion injury in astrocytes treated with the MAP ERK

Fig. 3. Effect of NGF on Ca2q reperfusion injury in cultured rat
Ž . 2qastrocytes. Cells were exposed to normal open column or Ca -free

Ž .Earle’s solution hatched column for 30 min, and then incubated with
Earle’s solution for 72 h. Cell injury was determined by MTT assay. The
indicated concentrations of NGF were present during Ca2q reperfusion.
Results are means"S.E.M. for 15 wells and were obtained from five
separate experiments. ) P -0.05, significantly different from control;
w ŽP -0.05, significantly different from the values without NGF Tukey-

.HSD analysis .

Ž . Ž .kinase MEK inhibitor PD98059 100 mM and the phos-
Ž .phoinositide-3 kinase inhibitor wortmannin 0.1 mM . The

Fig. 4. Synergistic effect of T-588 and NGF on Ca2q reperfusion injury
Žin cultured rat astrocytes. Cells were exposed to normal open column,

. 2q Ž .control or Ca -free Earle’s solution hatched column for 30 min, and
Ž .then incubated with Earle’s solution for 72 h. T-588 10 mM and NGF

Ž . 2q10 ngrml were present during Ca reperfusion. Results are means"

S.E.M. for nine wells and were obtained from three separate experiments.
) P -0.05, significantly different from control; wP -0.05, significantly

Ž .different from the values without drugs Tukey-HSD analysis .
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Fig. 5. Effects of PD98059 and wortmannin on the protection provided by
T-588 and NGF against Ca2q reperfusion injury in cultured rat astro-

Ž . 2qcytes. Cells were exposed to normal open column, control or Ca -free
Ž .Earle’s solution hatched column for 30 min, and then incubated with

Ž . Ž .Earle’s solution for 72 h. T-588 10 mM; A , NGF 10 ngrml; B and
Ž . 2qwortmannin 100 nM were present during Ca reperfusion. PD98059

Ž . 2q100 mM was added 30 min before Ca depletion and was present until
assay. Results are means"S.E.M. for 9–24 wells and were obtained from
three to eight separate experiments. ) P -0.05, significantly different

w Ž .from control; P -0.05 Tukey-HSD analysis .

inhibitors did not affect the viability of astrocytes reper-
fused after exposure to control and Ca2q-free medium at
the concentrations used here. The protective effect of
T-588 against the decrease in MTT reduction activity was
antagonized by PD98059, but not by wortmannin. A sig-

Fig. 6. Effects of T-588 and PD98059 on DNA ladder formation induced
by Ca2q reperfusion in cultured rat astrocytes. Cells were exposed to

Ž . 2q Ž .normal lanes 1–4 and Ca -free lanes 5–8 Earle’s solution for 30
Žmin, and then incubated with Earle’s solution for 7 days. T-588 10 mM;

. 2q Žlanes 2, 4, 6 and 8 was present during Ca reperfusion. PD98059 100
. 2q

mM; lanes 3, 4, 7 and 8 was added 30 min before Ca depletion and
Ž .was present until assay. A typical result is shown M: 100 bp marker .

Žnificant effect of PD98059 was observed at 10 mM data
.not shown . The protective effect of NGF was partially

Fig. 7. Effects of T-588 and PD98059 on the increase in fragmented
DNA induced by Ca2q reperfusion in cultured rat astrocytes. Cells were

Ž . 2qexposed to normal open column, control or Ca -free Earle’s solution
Ž .hatched column for 30 min, and then incubated with Earle’s solution for

Ž . 2q7 days. T-588 10 mM was present during Ca reperfusion. PD98059
Ž . 2q100 mM was added 30 min before Ca depletion and was present until
assay. Results are means"S.E.M. for 6–10 wells and were obtained from
three to five separate experiments. ) P -0.05, significantly different from

w Ž .control; P -0.05 Tukey-HSD analysis .
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antagonized by PD98059 and wortmannin. T-588 inhibited
the Ca2q reperfusion-induced formation of a DNA ladder
and the increase in the amount of fragmented DNA, and

Žthese effects were antagonized by PD98059 Figs. 6 and
.7 .

3.4. Effect of T-588 on ERK phosphorylation

ŽAlthough T-588 did not change non-phospho-ERK Fig.
.8A , it increased phospho-ERK in a dose-dependent man-

Fig. 8. Effect of T-588 on phosphorylation of ERK and Akt in cultured
Ž .rat astrocytes. A typical experiment is shown. A The cells were treated

Ž .with 10 mM T-588 for 10 min, and the cell extract 20 mg was used for
Ž .immunoblotting using phospho-ERK upper and non-phospho-ERK

Ž . Ž .lower antibodies. B The cells were treated with T-588 at different
Ž y9 y8 y7 y6concentrations lane 1, none; 2, 10 M; 3, 10 M; 4, 10 M; 5, 10

y5 y4 . Ž .M; 6, 10 M; 7, 10 M for 10 min, and the cell extract 50 mg was
Ž .used for immunoblotting using phospho-specific ERK antibody. C The

cells were treated with 10 mM T-588 in the presence and absence of 50
Ž .mM PD98059 for 10 min, and the cell extract 50 mg was used for

immunoblotting. Lane 1, control; lane 2, T-588; lane 3, T-588qPD98059.
Ž .D The cells were treated with T-588 at 10 mM for the different times
Ž .lane 1, 0 time; 2, 15 min; 3, 30 min; 4, 1 h; 5, 3 h; 6, 6h for 10 min, and

Ž .the cell extract 50 mg was used for immunoblotting using phospho-Akt
antibody. Lane 7 shows the effect of 50 ngrml PDGF on phospho-Akt as
positive control.

Ž .ner Fig. 8B . The effect seemed to be significant at
concentrations higher than 0.1 mM and reached a plateau
at 10 mM. The two proteins recognized by the antibody

Ž .were also increased by 0.2 mgrml EGF data not shown .
The effect of T-588 on ERK phosphorylation was blocked

Ž .by PD98059 Fig. 8C . T-588 did not affect Akt phospho-
Ž .rylation in cultured astrocytes Fig. 8D . The effect of

T-588 on ERK phosphorylation in astrocytes was rapid:
Žthe effect was observed 2 min after the treatment data not

.shown .

4. Discussion

The present study demonstrates that T-588 and NGF,
which are reported to have a beneficial effect on is-

Žchemiarreperfusion-induced brain dysfunction Ono et al.,
1995; Holtzman et al., 1996; Guegan et al., 1998; Ishimaru

. 2qet al., 1998 , protect cultured astrocytes against Ca
reperfusion injury, and examines the cellular mechanisms
underlying the protective effects of these compounds. We
used two reperfusion systems using Ca2q depletion and

ŽH O exposure, as reported previously Takuma et al.,2 2
.1999 . These systems differed in the effect of T-588 on the

injury when the drug was administered after reperfusion:
the protection against H O exposure-induced cell injury2 2

required pretreatment before H O exposure, while the2 2

drug was effective in reducing Ca2q reperfusion injury
even when it was added after reperfusion. This may be due
to the difference in onset of the toxic effect between the
two experiments: H O rapidly activates the signal cas-2 2

cade, resulting in a decrease in MTT reduction activity,
whereas paradoxical Ca2q challenge causes more delayed

Žcell injury, as reported previously Matsuda et al., 1996;
.Takuma et al., 1999 .

It is proposed that stress-activated protein kinaserc-Jun
Ž .NH -terminal kinase SAPKrJNK and p38 kinase medi-2

ate apoptosis, and that the ERK signaling pathway plays a
Žpivotal role in suppressing apoptosis Xia et al., 1995;

Sheng et al., 1997; Bergmann et al., 1998; Yujiri et al.,
.1998 . Furthermore, phosphoinositide-3 kinase also has a

Žrole in cell survival Jackson et al., 1996; Bartlett et al.,
. Ž1997 and NGF-induced neuroprotection Boniece and

.Wagner, 1993; Deckwerth and Johnson, 1993 . The pre-
sent study examined whether ERK and phosphoinositide
3-kinase signaling pathways are involved in the protective
effects of T-588 and NGF, using the MEK inhibitor

Ž .PD98059 Alessi et al., 1995; Dudley et al., 1995 and the
phosphoinositide-3 kinase inhibitor wortmannin. We found
that the protective effect of T-588 was almost completely
blocked by PD98059, while that of NGF was partially
blocked by PD98059 and wortmannin. These findings
suggest that the protective effect of T-588 is mediated by
the ERK kinase signal pathway whereas that of NGF is
mediated by both ERK kinase and phosphoinositide-3
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kinase signal pathways. The involvement of the ERK
kinase signal in the protective effects of T-588 was also
demonstrated in the DNA fragmentation experiment. T-588
blocked Ca2q reperfusion-induced DNA fragmentation,
and this effect was significantly attenuated by PD98059.

Ž .Galve Roperh et al. 1997 reported that astrocytes synthe-
sized NGF in response to pro-inflammatory cytokines. But,
the present study showed that Ca2q reperfusion did not
affect the NGF level in cultured astrocytes. In addition,
T-588 did not stimulate NGF production in astrocytes. It
should be noted that the simultaneous application of T-588
and NGF provided complete protection, although the pro-
tective effect of these drugs individually was partial. That
is, the effects of T-588 and NGF were synergistic. These
findings indicate that T-588 and NGF affect astrocytes
differently.

In many different cell types, SAPKrJNK and p38 MAP
kinase family members are activated predominantly by
cellular stress or inflammatory signals, whereas ERK MAP

Žkinase is activated by mitogenic stimuli Han et al., 1994;
.Rouse et al., 1994; Cano and Mahadevan, 1995 . Since the

ERK signal pathway is proposed to play a role in cell
Žsurvival Xia et al., 1995; Sheng et al., 1997; Bergmann et

.al., 1998; Yujiri et al., 1998 , it is possible that the MAP
signal pathway may be a target for drugs to ameliorate
ischemiarreperfusion injury. Previous studies showed that
H O exposure resulted in activation of three MAP kinase2 2

Žsubgroups Guyton et al., 1996; Wang et al., 1998; Bhat
.and Zhang, 1999 . We have not yet examined whether

reperfusion after Ca2q depletion and H O exposure af-2 2

fects the MAP kinase pathway in astrocytes; however,
using pharmacological inhibitors, we found that the protec-
tive effect of T-588 might be mediated by activation of the
ERK MAP kinase pathway. Furthermore, the present study
shows that T-588 stimulates rapidly the phosphorylation of
ERK. In this study, ERK activity was assayed by immuno-
blotting analysis using anti-phospho ERK1r2 antibody.
The antibody recognized two proteins in astrocytes, as

Ž .reported previously Tournier et al., 1994 . T-588-induced
phosphorylation of ERK was blocked by PD98059, but the
compound did not affect the phosphorylation level of Akt,

Žan important regulator of cell survival Kaplan and Miller,
1997; Marte and Downward, 1997; Crowder and Freeman,

.1998 . These findings suggest that T-588 stimulates prefer-
entially the ERK MAP kinase pathway. Previous studies
showed that the anti-hypoxic effect of T-588 was com-

Ž .pletely inhibited by scopolamine Ono et al., 1993 and
Žthat carbachol activated ERK phosphorylation Duan et al.,

.1995 . We did not observe any effect of atropine on
ŽT-588-induced activation of ERK phosphorylation data

.not shown . The exact mechanism for the effect of T-588
on the ERK MAP kinase pathway is not known. We
showed that PD98059 did not affect cell survival in astro-

Ž .cytes. In contrast, Bhat and Zhang 1999 reported that
H O -mediated cytotoxicity was blocked by PD98059.2 2

Thus, the role of the ERK pathway seems to depend on the

cell type. We speculate that the ERK pathway plays a role
in the protective effect of T-588 against reperfusion injury
in astrocytes, although it seems that the ability of a cell to
die or survive may be dictated by a critical balance be-
tween the ERK pathway and the SAPKrJNK or p38

Ž .kinase pathway Stadheim and Kucera, 1998 . The present
study implies that the ERK MAP kinase pathway is an
important target for drugs used to ameliorate reperfusion
injury.
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