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EFFECTS OF HYDROGEN PEROXIDE ON STIMULATORY
GUANINE NUCLEOTIDE-BINDING PROTEIN
IN RAT HEART

HisamicHt Masuba, M.D., MasaNori Kaneko, M.D., RonGg Banc HonGg, M.D.
TakayvosHI IKEGAYa, M.D., HipEnarRUu Havasui, M.D ¥ Akira KoBayasai, M.D.
AND NoBORU YAaMAzAKI, M.D.

This study was undertaken to examine the effects of hydrogen peroxide on
stimulatory guanine nucleotide-binding protein (Gs), and coupling in the
B-aderenergic receptor - Gs - adenylate cyclase system in rat heart, in vitro.
Cardiac membranes were preincubated with various concentrations (0.1, 1, and
10 mM) of hydrogen peroxide at 30°C for 5, 10, 30 and 60 min. Although the
assay of p-adrenergic receptors involving [*H]-dihydroaloprenolol (PH]-DHA)
binding revealed that the maximal number of binding sites (Bp.x) was not
altered, the dissociation constant (Kg) for [*H]-DHA was increased in the pres-
ence of 1 mM and 10 mM hydrogen peroxide (control 0.68+0.16 nM, vs 1 mM
H,0, 1.13+0.16, 10 mM H,O, 1.01+0.12). Conversely, no significant changes
in Gs activities were observed in hydrogen peroxide-treated groups. Adenylate
cyclase activity (stimulated by forskolin) was significantly reduced by 10 mM
hydrogen peroxide after a 5Smin preincubation period (control 277.1+19.2
pmol cAMP/mg protein/min, H,O, 230.3+14.9). The amounts of cyclic AMP
produced by the stimulation of membranes with GTP, GTP+ (1)-isoproterenol,
guanylimidodiphosphate (Gpp(NH)p) or Gpp(NH)p+ (I)-isoproterenol were
significantly lower in 10 mM hydrogen peroxide-treated groups than those in
controls (GTP: control 57.6+5.6pmol cAMP/mg protein/min vs H,0O,
46.41+6.9, GTP+ (l)-isoproterenol: control 83.9+10.2 vs H,O, 67.7+10.3,
Gpp(NH)p: control 77.5+8.8 vs H,0, 61.0+8.6, Gpp(NH)p + (I)-isoprotere-
nol: control 105.0+13.1 vs H,O, 83.9+12.2, forskolin: control 223.2+13.8 vs
H,0, 182.8+18.4). In the presence of hydrogen peroxide, the extents of the
depression in cAMP production induced by GTP, GTP+isoproterenol,
Gpp(NH)p, and Gpp(NH)p + (1)-isoproterenol were similar to those induced by
forskolin stimulation. These results indicate that hydrogen peroxide does not
affect Gs activity or coupling in the g-receptor - Gs - adenylate cyclase system,
but does depress cAMP production by inhibiting adenylate cyclase.

(Jpn Circ J 1993; 57: 1007 —1015)
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tractile dysfunction in the heart}> the
detailed mechanisms which underlie this dys-
function are still unclear. Myocardial con-
tractility is regulated by several physiological
factors®’ Calcium ion, inositol 1, 4, 5-
triphosphate, 1, 2-diacylglycerol, and cyclic
AMP (cAMP) are all thought to be poten-
tially important second messengers in the
heart® Cyclic AMP levels are modulated
by the p-adrenergic receptor-stimulatory
guanine nucleotide-binding protein (Gs) -
adenylate cyclase system®° The p-adren-
ergic receptor - Gs - adenylate cyclase sys-
tem is a plasma membrane-bound protein
assembly consisting of three major compo-
nents. The  heterotrimetric ~ guanine
nucleotide-binding regulatory proteins cou-
ple with extracellular receptors and cause the
stimulation (Gs) or inhibition (Gi) of the
effector enzyme adenylate cyclase, which is
the primary regulator of the intracellular
concentration of the second messenger
cAMP?-10 Since cAMP modulates cardiac
contractility$:” changes in g-adrenergic re-
ceptor, Gs, and/or adenylate cyclase activi-
ties, as well as in coupling of the component,
can affect cardiac contractility.

We and other investigators have reported
that oxygen free radicals can affect A3-
adrenergic receptor density'l-12 and adenyl-
ate cyclase activity!3.14 Furthermore, it
has been reported that the efficacy of g-
adrenoceptor agents is reduced in oxygen
free radical-treated hearts? However, little is
presently known about the effect of oxida-
tive stress on Gs activity. Therefore, this
study was undertaken to examine the effects
of hydrogen peroxide on Gs activity and
coupling in the p-adrenergic receptor - Gs -
adenylate cyclase system in rat heart, in
vitro.

METHODS

Cardiac Membrane Preparation

Male Sprague-Dawley rats weighing
200—300 g were sacrificed by cervical dis-
location and their hearts were removed. The
hearts were trimmed free of atria and large
vessels using scissors. The ventricular tissue
was homogenized in 50 ml/g wet tissue
weight of cold homogenizing buffer (50 mM
Tris-HCl, pH 7.4), using a Polytron PT-20
(setting 6.5) for 30sec. The homogenate
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was filtered through four layers of gauze,
and centrifuged at 1,000 < g for 10 min. KCI
was added to the supernatant (final KCI con-
centration 0.65 M), and the resulting mixture
was stirred at 4°C for 15 min. The super-
natant was then centrifuged at 40,000 X g for
20 min. The resulting pellet was washed
twice in cold incubation buffer (50 mM Tris-
HCl, pH 7.4) by resuspension and cen-
trifugation, and was finally resuspended at 2
mg of protein/ml in incubation buffer!> Pro-
tein concentration was estimated by the
method of Lowry et all6

[H]-Dihydroaloprenolol ([FH]-DHA) Bind-
ing Assay ,

Membranes were preincubated with
various concentrations (0.1, 1, and 10 mM)
of hydrogen peroxide at 30 °C for 10 and 60
min. To determine p-adrenergic receptor
binding, the membranes were incubated with
six different concentrations (0.16—5.0 nM)
of [PH]-DHA, in a total volume of 0.5 ml
either with or without 20 M of (1)-pro-
pranolol at 30 °C for 30 min. All incubations
were terminated by rapid vacuum filtration
through Whatman GF/B filters. Specific
binding for [3H]-DHA was calculated by
subtracting nonspecific binding in the pres-
ence of (1)-propranolol from the total bind-
ing value obtained in the absence of (I)-
propranolol!7-18

Membrane Preparation of Mouse S49 Lym-
phoma Cells (cyc—)

Plasma membranes of S49 lymphoma cells
(cyc—) were prepared according to the
method of Ross et all® Cells were harvested
at a density of 2.0 to 3.5X10%ml by low
speed centrifugation, and washed twice at
room temperature in 137 mM NaCl, 5.36
mM KCl, 1.1mM KH,PO,, and 1.08 mM
Na,HPO, (pH 7.2). Subsequent steps were
performed at 0—4°C. Cells were suspended
at 3X107ml in 20mM Na-HEPES, 2 mM
MgCl,, and 1mM EDTA (pH 8.0)(HME
buffer), and homogenized using a Potter-
Elvehjem homogenizer. The homogenate
was centrifuged at 43,000 g at 4°C for 20
min, and the resulting pellet was suspended
in HME buffer to a protein concentration of
3.5 mg/ml.

Assay of Stimulatory Guanine Nucleotide-

Japanese Circulation Journal Vol.57, October 1993

NI | -El ectronic Library Service



Japanese Circul ation Society

Stimulatory Guanine Nucleotide-binding Protein

binding Protein (Gs) Activity

Gs activity was assessed using a reconstitu-
tion assay originally described by Sternweis
et al?® Briefly, the technique makes use of
the capacity of Gs to be solubilized from car-
diac membranes and then functionally cou-
pled to S49 mouse lymphoma cell (cyc—)
membranes. These membranes are func-
tionally deficient in Gs, but possess the
adenylate cyclase catalytic unit. Because
cardiac membranes also contain the catalytic
unit of adenylate cyclase, we inactivated the
membrane adenylate cyclase by heating the
membrane preparations to 37 °C for 5 minl0
Adenylate cyclase activity was rapidly lost
when the cardiac membranes were heated to
37°C. The activity of Gs protein in cardiac
membranes was more heat-stable than that
of adenylate cyclase.

Cardiac membranes (0.8 mg/ml) were
preincubated either with various concentra-
tions (0.1, 1, and 10 mM) of hydrogen per-
oxide or without hydrogen peroxide, and
heated at 37 °C for 5 min. Heat-inactivated
cardiac membranes were suspended in 20
mM Tris-HCl (pH 8.0) containing 0.1%
lubrol-PX, 1 mM EDTA, 100 mM NaCl, and
1 mM DTT. An aliquot of this cardiac mem-
brane suspension (10 xl) was then mixed
with 30zl of cyc— membranes and allowed
to sit on ice for 30 min. Preactivation was
then performed by adding 20 4l of a buffer
containing 150 mM HEPES-NaOH (pH 8.0),
2mM ATP, 0.3 mg/ml bovine serum albu-
min (BSA), 9mM phosphoenolpyruvate-
KCl (pH 7.0), 15 mM MgCl,, 30 pg/ml pyru-
vic acid, 60 uM AICl; and 30 mM NaF. This
was followed by incubation at 30°C for 10
min. Adenylate cyclase activity was then
assayed by adding 106 cpm [ « -32P]-ATP (in
a total volume of 40u with 125mM
HEPES-NaOH (pH 8.0), 2.5 mM EDTA-Na
(pH 7.0), 0.25mM ATP, 0.25 mg/ml BSA,
7.5mM phosphenolpyruvate-KCl (pH 7.0),
20 mM MgCl,, 25 xg/ml pyruvic acid, 0.25
mM 3-isobutyl-1-methylxanthine) and in-
cubating the mixture for an additional 30
min at 30°C. The reaction was terminated
by adding 900 x1 of a stop solution contain-
ing 2.5% dodesylthionatrium (SDS), 40 mM
ATP, 1.75mM cAMP (pH 7.5), and about
10,000 cpm [*H]-cAMP.

The reaction mixture was then passed
through a column containing 1 ml of Dowex
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S0AG WXS8 resin. The eluate from this pas-
sage and two successive 1 ml H,O washes
were discarded. Three ml of H,O was then
added to the column, and the eluate was col-
lected and passes through a column contain-
ing 1ml of neutral alumina type WN-321
The eluate from this passage and from suc-
cessive washes with 1 ml of 0.1 M imidazol-
HCI (pH 7.5) was discarded. An aliquot of
0.1M imidazol-HCl (pH 7.5, 2ml) was
added to each column, and the eluate was
then counted in scintillation vials containing
15ml of a toluene-based scintillation cock-
tail. This cocktail contained 30% (v/v)
Triton-X-100, 0.4% (w/v) 2, 5-diphenylox-
azole, and 0.01% (w/v) 1, 4-bis (2-(4-methyl-
5-phenyloxazolyl))-benzene. Recovery of
added [3H]-cAMP was about 50%?10.21

Assay of Adenylate Cyclase Activity

The adenylate cyclase activity of cardiac
membrane was assayed according to the
method of Salomon et al?! Cardiac mem-
branes (0.8 mg protein/ml, 20 mM Tris) were
preincubated with various concentrations
(0.1, 1, and 10 mM) of hydrogen peroxide at
30°C for 5, 10, 30, and 60 min. The assay
mixture contained the following in a final
volume of 100 z1: 25 mM Tris HCI (pH 8.0),
1 mM EDTA-NaOH (pH 7.0), 1 mM ATP,
0.16 mg/ml BSA, 20 mM creatinephosphate,
10 U/ml creatinekinase, 5 mM MgCl,, 1 mM
cAMP, 0.1 mM 3 isobutyl-1-methylxanthine,
40 «g protein of cardiac membranes, 106 cpm
[ @ -3?P]-ATP, and 100 uM forskolin. In-
cubation was carried out at 30 °C for 10 min.
The reaction was stopped by adding 900 2l of
a stop solution containing 2.5% SDS, 40 mM
ATP, 1.75mM cAMP, and 10,000 cpm of
[*H]cAMP.

The reaction mixture was then passed
through a Dowex S0AG WXB8 resin column
and a neutral alumina type WN-3 column us-
ing the method of Salomon?!

Coupling in the pB-receptor - Gs - Adenylate
cyclase System

Cardiac membranes were preincubated
with various concentrations (0.1, 1, and 10
mM) of hydrogen peroxide at 30 °C for 10
and 60 min. The treated membranes were
stimulated with either 100 .«M guanosine
triphosphate (GTP), 100 uM GTP+ (1)-iso-
proterenol, 100xM 5-guanylimidodiphos-
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Fig.1. Effects of hydrogen peroxide on Bp.x and K4 for [*H]-DHA binding. Cardiac
membranes were preincubated either without (control) or with hydrogen peroxide
at 30°C for 10 min. The left panel shows the By, of [ZH]-DHA binding, and the
right panel shows the K4 for [*H]-DHA binding. Values are means+S.D. of 7
different preparations. * indicates significant difference from control value

(p<0.05)

TABLE I EFFECTS OF HYDROGEN PER-
OXIDE ON GUANINE NUCLEO-
TIDE-BINDING PROTEIN ACTIV-
ITY

Concentration Adenylate cyclase activity

of (pmol cAMP/mg protein/min)
H,0, 10 min 60 min
Control 556.4+32.8 480.2+33.0
0.1 mM 563.5+28.7 487.8+18.0
1.0 mM 540.5+26.2 477.9+£22.9
10 mM 541.6+23.8 467.1+£19.5

Cardiac membranes were preincubated with 0.1, 1,
and 10 mM hydrogen peroxide at 30°C for 10 and
60 min. Adenylate cyclase activity was assayed in
the presence of 30 mM NaF. Each value is a
mean=+S.D. of 6 different preparations.

phate (Gpp(NH)p), or 100 M Gpp(NH)p
+100 uM (1)-isoproterenol before cAMP
contents were measured.

Statistic Analysis

Results were calculated as means+SD.
For statistical evaluation, multiple analysis of
variance was carried out and Duncan’s multi-
ple range test was used to determine differ-
ences between the means within a popula-
tion. P level<0.05 was taken to reflect a sig-

nificant difference.

RESULTS

Effects of Hydrogen Peroxide on [SH]-
Dihydroaloprenolol (FH]-DHA) Binding

Fig. 1 shows the effects of various concen-
trations of hydrogen peroxide on [*H]-DHA
binding in rat heart membranes. Prior to the
assay for [*H]-DHA binding, the membrane
preparation was preincubated either without
(control) or with various concentrations (0.1,
1, and 10 mM) of hydrogen peroxide at 30 °C
for 10 min in a medium containing 20 mM
Tris-HCI, pH 7.4. The Scatchard plot of the
data revealed that although 0.1 mM hy-
drogen peroxide did not show any significant
effect on [*H]-DHA binding, the dissociation
constant (K4) was increased by both 1 and 10
mM hydrogen peroxide. No significant
changes in the maximal number of binding
sites (Bpax) Were observed in the hydrogen
peroxide-treated groups.

In another set of experiments, cardiac
membranes were preincubated either with-
out (control) or with hydrogen peroxide at
30°C for 60 min. Even after the 60 min
preincubation period, B, for [PH]-DHA
binding was not increased in the hydrogen
peroxide-treated groups (control 74.3+9.4
fmol/mg protein, 0.1 mM H,0, 76.0+8.8, 1
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TABLE II EFFECTS OF HYDROGEN PEROXIDE ON CARDIAC MEMBRANE ADENYLATE
CYCLASE ACTIVITY

Adenylate cyclase activity

Conceg;ratlon (pmol cAMPI/mg protein/min)

H>0; 5 min 10 min 30 min 60 min
Control 277.1+£19.2 223.2+13.8 150.5+12.0 114.5+21.2
0.1 mM 268.2+15.6 212.6+19.5 153.9+7.2 107.0+17.6
1.0mM 275.3+15.1 226.8+21.0 144.4+11.0 104.3+16.5
10 mM 230.3+14.9* 182.8+18.4* 123.1+17.1* 84.1+13.3*

Cardiac membranes were preincubated with 0.1, 1 and 10 mM hydrogen peroxide at 30°C for 5, 10, 30 and 60
min. Adenylate cyclase activity was assayed in the presence of 100 uM forskolin. Each value is a mean+S.D.
of 7 different preparations.

* significant difference from control value (p<0.05)

peroxide-treated groups (control 0.84+0.13
150 IIM, 0.1 mM H202 080i011, 1 mM H202
1.024+0.13, 10 mM H,0, 1.124+0.16). These
data indicate that hydrogen peroxide re-
duced the affinity of [3H]-DHA for g-
adrenergic receptors.

100F T T T Effects of Hydrogen Peroxide on Stimulatory
Guanine Nucleotide Binding Protein (Gs)
Activity

Table I shows the effects of hydrogen
peroxide on Gs activity. Prior to the assay
for Gs activity, the membrane preparations
sof were preincubated either without (control)
or with various concentrations (0.1, 1, and
10 mM) of hydrogen peroxide at 30 °C for 10
and 60 min in a medium containing 20 mM
Tris-HCI, pH 7.4. Gs activities were not
altered by the 10 min preincubation of the
membranes with 0.1, 1, or 10 mM hydrogen

Adenylate cyclase activity ( pmol cAMP / mg protein / min )

Control H,0, H,0, Catalase . . .
+ peroxide. Even after the 60 min preincuba-
Catalase tion with 10 mM hydrogen peroxide, no sig-

nificant changes in Gs activities were
observed. These data indicate that hydrogen
peroxide does not affect Gs activities in our
system.

Fig.2. Protective effects of catalase on adenylate
cyclase activity inhibited by hydrogen
peroxide. Cardiac membranes were incu-
bated with 10 mM hydrogen peroxide in
either the absence or presence of 10 xg/ml
catalase at 30°C for 60 min. Adenylate
cyclase activity was assayed in the pres-
ence of 100 M forskolin. Values are - f
means+S.D. of 7 different preparations. To investigate the effects of hydrogen
* indicates a significant difference (p< peroxide on adenylate cyclase activities, car-
0.05) diac membranes were preincubated with 0.1,

1, and 10 mM hydrogen peroxide at 30° for

5, 10, 30, and 60 min. Adenylate cyclase

Effects of Hydrogen Peroxide on Adenylate
Cyclase Activity

mM H,0, 73.2+92 10mM H,0, 77.2
+9.0), whereas K, for [H]-DHA binding
was increased in the 1 and 10 mM hydrogen
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activities were assayed in the presence of
100 «M  forskolin.  Although adenylate
cyclase activities were not altered by 0.1 or 1
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Fig.3. Effects of hydrogen peroxide on cAMP productlon Cardiac membranes were

ntad AGET A0

m and thon ctimunlated

plcluuuuawu with h'y‘ulugcu punu}uuc at 30°C for 10 I‘hu and then stimulated
with GTP, GTP and isoproterenol, Gpp(NH)p, Gpp(NH)p and isoproterenol, or
forskolin. The concentrations of GTP, isoproterenol, Gpp(NH)p, and forskolin
were 100 «M. Values are means=+S.D. of 7 different preparations. * indicates a
significant difference from each control value, (p<0.05)

mM hydrogen peroxide, the enzyme activi-
ties were reduced by 10 mM hydrogen per-
oxide even after the S5 min preincubation
(Table IT). This depression of adenylate
cyclase activities due to hydrogen peroxide
was prevented by the addition of 10 xg/ml
catalase (Fig. 2).

Effects of Hydrogen Peroxide on [-receptor
- Gs - Adenylate Cyclase Coupling

Cardiac membranes were preincubated
with 0.1, 1, and 10 mM hydrogen peroxide at
30 °C for 10 min, and each component of the
g-receptor - Gs - adenylate cyclase system
was stimulated by various interventions (Fig.
3). Although cAMP production was not
altered by 0.1 or 1 mM hydrogen peroxide,
cAMP production was reduced by 10 mM
hydrogen peroxide in the presence of (1)-
isoproterenol, GTP, Gpp(NH)p, and forsko-
lin. In another set of experiments, cardiac
membranes were preincubated with hy-
drogen peroxide at 30°C for 60 min. Al-
though there were no significant changes in
cAMP production in the presence of 0.1 or 1
mM hydrogen peroxide (data not shown),
cAMP production was reduced by 10 mM

hydrogen peroxide (GTP: control 39.5+5.2
pmol cAMP/mg protein/min vs H,O,
31.5+4.5, GTP+isoproterenol: 53.1+7.8 vs
42.5+6.4, Gpp(NH)p: 46.3£5.9 vs 38.5 &+
7.3, Gpp(NH)p+isoproterenol: 63.0+9.2 vs
51.34+7.2, forskolin: 114.5+21.2 vs 84.1 +
13.3). Adenylate cyclase activity (due to
forskolin stimulation) was reduced by 18.1%
of control values after a 10 min incubation
with 10 mM hydrogen peroxide. Cyclic
AMP production was also depressed by 19.4,
19.3, 21.3, and 20.1% of control values after
stimulation with GTP, GTP+(l)-isoprotere-
nol, Gpp(NH)p, and Gpp(NH)p+(1)-iso-
proterenol, respectively.

DISCUSSION

Oxygen free radicals are known to affect
heart sarcolemmal membrane functions such
as Nat-K+ ATPase22—2¢ (Ca2+-pump?>-26
Na+-Cat exchanger?’” and voltage-depen-
dent Ca2?+ channel?® Therefore, it is possi-
ble that the cardiac g-adrenergic receptor
system is altered by oxygen free radicals. In-
deed, some investigators have reported that
oxidative stress affects the p-adrenergic
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receptor system!l-12 We have previously
shown that both B, and K4 for [*H]-DHA
binding were increased by xanthine plus
xanthine oxidase (superoxide anion radical -
generating system), whereas only K4 was in-
creased in the presence of 1 mM hydrogen
peroxide!! Haenen et al'?2 reported that
although a low concentration (1Xx10-7-
1x10—3 M) of hydrogen peroxide increased
Bhax for [123I]-iodocyanopindolol binding,
Bmax Was depressed by a high concentration
(1x10-1'M) of hydrogen peroxide. In the
present study, K4 for [*H]-DHA binding was
significantly increased by both 1 and 10 mM
hydrogen peroxide, whereas B, was un-
changed. These differences in the effects of
oxidative stress on B-adrenergic receptors in
cardiac membranes may depend on the dif-
ferences in the type of activated oxygen,
ligands and/or animals used.

GTP binding proteins are the key compo-
nent of the myocardial 3-adrenergic signal-
ing system32°—31  Alterations in the g3-
adrenergic receptor - Gs - adenylate cyclase
system during myocardial ischemia have
been described!”-32:33 A decreased Gs activ-
ity in dog hearts has been observed after 1 h
of ischemia. However, the mechanism for
the depression of Gs activity is still unclear,
and the direct effects of oxidative stress on
Gs activity have not been investigated to
date. Haenen et al* reported that cAMP
production following NaF stimulation was
decreased in oxygen free radical-treated car-
diac membranes, and speculated that Gs
activity was depressed by oxygen free radi-
cals. However, this interpretation may be
incorrect for two reasons. First, Gs activity
was not directly assessed, and, second, since
oxygen free radicals inhibit adenylate cyclase
activity directlyl3.14 the altered NaF stimula-
tion may simply be a result of this direct
effect on the catalytic unit of adenylate
cyclase. To dertermine the effects of hydro-
gen peroxide on Gs activity, we incubated
cardiac membranes with hydrogen peroxide,
and then reconstituted Gs with S49 lympho-
ma cell membranes which contain g-recep-
tors and adenylate cyclase. This reconsti-
tuted S49 lymphoma cell membrane was
stimulated by NaF. Therefore, we were able
to observe the direct effects of hydrogen
peroxide on Gs activity. Hydrogen peroxide
did not show any significant effects on Gs
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activity in rat cardiac membranes under our
experimental conditions. However, other
activated oxygen species, such as superoxide
anion radicals or hydroxyl radicals, may
affect Gs activity, since the toxicity of each
activated oxygen to cardiac membrane is
different!1.25.26

Some investigators have reported that
adenylate cyclase activities are decreased by
oxygen free radicals!3-14 We also found that
adenylate cyclase activity was reduced by
hydrogen peroxide. Although the mito-
chondrial production of hydrogen peroxide
under pathophysiological conditions! —3 may
be greater than that under physiological con-
ditions, the exact level of hydrogen peroxide
in this small subcellular region of the
myocyte is unknown. The mechanisms by
which oxygen free radicals affect cardiac -
receptors and adenylate cyclase activity are
not clear at present. Lipid peroxidation of
membrane phospholipids and/or direct mod-
ification of proteins may be responsible for
the changes in [3H]-DHA binding and
adenylate cyclase activity in the presence of
hydrogen peroxide. In this regard, it should
be pointed out that there was a good correla-
tion between the depression of adenylate
cyclase activity and both oxidation of sulf-
hydryl groups of enzyme proteins and lipid
peroxidation of membrane phospholipids
due to oxygen free radicals!4

In the presence of hydrogen peroxide,
cAMP production after stimulation with
GTP, GTP+(l)-isoproterenol, Gpp(NH)p,
and Gpp(NH)p+ (1)-isoproterenol was de-
pressed by 19.4, 19.3, 21.3, and 20.1% of
control values, respectively. These depres-
sions in cCAMP production were almost iden-
tical to those induced by by forskolin stim-
ulation. Therefore, it seems likely that cou-
pling in the pg-adrenergic receptor - Gs -
adenylate cyclase system is not affected by
hydrogen peroxide. In the presence of 1 mM
hydrogen peroxide, cAMP production in the
presence of GTP+ (1)-isoproterenol or Gpp
(NH)p—+(1)-isoproterenol was unchanged,
whereas Ky for [*H]-DHA binding in-
creased. This discrepancy may have been
caused by the dosage of (l)-isoproterenol
(100 M) we used in this experiment.

It is well known that cAMP is an impor-
tant second messenger for the regulation of
cardiac contraction’—° An increase in cyto-
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solic cAMP through the stimulation of g-
adrenergic receptors results in an activation
of cAMP-dependent protein kinases, leading
to an increase in phosphorylation of several
regulatory proteins such as phospholamban
in the sarcoplasmic reticulum, troponin I in
myofibrils, and the 15-kDa protein in the
sarcolemma?’ The phosphorylation of phos-
pholamban and troponin I results in an en-
hanced rate of cardiac relaxation, whereas
the phosphorylation of sarcolemmal 15-kDa
protein has been shown to parallel the in-
crease in the inotropic state? In the present
study, we determined that hydrogen perox-
ide increased K4 for [*H]-DHA binding and
decreased adenylate cyclase activity, while
Gs activity and coupling in the g-receptor -
Gs - adenylate cyclase system were not
changed. These changes in the g-receptor -
Gs - adenylate cyclase system may lead to
the depression of cAMP production, and
thus result in the cardiac dysfunction associ-
ated with hydrogen peroxide.
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