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Role of Endogenous Hydrogen Peroxide during Angiotensin Type 1
Receptor Blockers Administration in Pacing-induced Metabolic
Coronary Vasodilatation in Dogs in Vivo *
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Abstract—Background: We have previously demonstrated
that endothelium-derived hydrogen peroxide (H,0;) is an
endothelium-derived hyperpolarizing factor (EDHF) in canine
coronary microcirculation in vivo. However, the role of
H,0,/EDHF during angiotensin type 1 receptor blockers (ARB)
administration in metabolic coronary dilatation in vivo remains
to be examined. We examined whether H,0, during ARB
administration is involved in pacing-induced metabolic
coronary vasodilatation in dogs in vivo and if so, whether such
beneficial effects of ARB administration acutely improve
coronary vasodilatation in diabetes mellitus (DM).

Methods: Canine subepicardial coronary small arteries (CSA,
>100 pm) and arterioles (CA, <100 pm) in left anterior
descending artery area were continuously observed by an
intravital microscope under cyclooxygenase blockade
(ibuprofen, 12.5 mg/kg, intravenous infusion, iv). Experiments
were performed during paired right ventricular pacing under
the following 4 conditions (n=5 each); (i) control, (i) DM
(alloxan 40 mg/ kg, iv, 1 week prior to study), (iii) DM+ARB
(olmesartan, 10 pg/kg/min, 10 min, intracoronary infusion,
ic)+tL-NMMA (NOS inhibitor, 2 pmol/min, ic) and (iv)
DM+ARB+catalase (H,0, discomposer, 1000 U/ml, 5 min, ic).

Results: Cardiac tachypacing (60 to 120 bpm) caused
coronary vasodilatation in both-sized arteries under control
conditions. DM significantly decreased the vasodilatation
compared with control in CSA and there was a residual
vasodilatation for the loss of NO in CA, whereas
DM+ARB+L-NMMA improved the vasodilatation compared
with DM alone in CA and was significantly decreased by
DM+ARB+catalase in CA.

Conclusions: These results indicate that H,O, during ARB
administration is involved in pacing-induced metabolic
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coronary vasodilatation in DM in vivo and that there are
substantial compensatory interactions between NO and H,0,.

1. INTRODUCTION

Cardiac tachycardia by pacing or exercise increases
myocardial oxygen consumption and increases coronary
blood flow by several vascular regulating factors.[1-3]
Shear stress play a crucial role in modulating vascular tone
by endothelium-derived releasing factor (EDRFs), including
nitric oxide (NO), prostacyclin (PGL) and
endothelium-derived hyperpolarizing factor (EDHF). [4,5]
Flow-induced vasodilatation is mediated by either NO, [6,7]
PGI,, [8] both of them, [9] or EDHF.[10] Matoba et al. have
previously identified that endothelium-derived hydrogen
peroxide (H,0O,) is a primary EDHF in mesenteric arteries of
mice and humans, [11,12] and Morikawa et al. have recently
confirmed that endothelial Cu,Zn-superoxide dismutase
(SOD) plays an important role as an EDHF synthase in mice.
[13] Miura et al. demonstrated that endothelium-derived
H,O, is involved as an EDHF in the flow-induced
vasodilatation of isolated human coronary arterioles in vitro.
[14] We have recently confirmed that endogenous H,O,
plays an important compensatory role during coronary
autoregulation [15] and reperfusion injury in vivo [16]
through the interactions with NO and adenosine.

It is known that vascular a-adrenergic receptor is
modulated by the endothelium in dogs [17] while cardiac
B-adrenergic receptor is modulated by K¢, channels in pigs
[18] and H,O, in mice. [19] We also have recently
demonstrated that endothelium-derived H,O, plays an
important cardioprotective role in the canine coronary
microcirculation in vivo, including metabolic coronary
vasodilatation. [20] Angiotensin Type 1 Receptor Blocker
(ARB) exerts anti-inflammatory and anti-oxidative stress
effects in the rat and mouse hearts, [21] respectively.

We examined whether H,0, during ARB administration
is involved in pacing-induced metabolic coronary
vasodilatation in dogs in vivo and if so, whether such
beneficial effects of ARB administration acutely improve
coronary vasodilatation in diabetes mellitus (DM).

II. Methods

A. Animal Preparation
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Anesthetized mongrel dogs of either sex (15-25 kg in
body weight, n=20) were ventilated with a ventilator. We
continuously monitored aortic pressure and left ventricular
pressure (LVP) with a catheter and blood flow of the left
anterior descending coronary artery (LAD) with a transonic
flow probe.

B. Measurements of Coronary Diameter by Intravital
Microscope

We continuously monitored coronary vascular responses
by an intravital microscope with a needle-probe
(magnification of x200-300) in vivo, as previously described.
[22] Canine subepicardial coronary small arteries (CSA,
>100 um) and arterioles (CA, <100 pm) in LAD area were
continuously observed by an intravital microscope.
Measurements were performed during LAD area.

C. Plasma Levels of 8-Hydroxydeoxyguanosine

Blood samples were obtained at baseline and cardiac
pacing from the catheterized coronary sinus. Measurement
of plasma 8-OHdG was performed with ELISA.

D. Measurements of Cu,Zn-SOD Levels

Measurements for myocardial levels of Cu, Zn-SOD
were performed by ELISA method. Samples were obtained
after experiments.

E. Measurements of H,O; Levels

H,0, in myocardium was determined by quantitative
measurement with an Amplex Red by ELISA method.
Myocardial samples were obtained after experiments.

F. Experimental Protocols

After the surgical procedure and instrumentation, at least
30 min were allowed for stabilization while monitoring
hemodynamic variables. Coronary vasodilator responses
were examined before and after cardiac pacing (60 to 120
b.p.m.) wunder the following 4 conditions with
cyclooxygenase blockade (ibuprofen, 12.5 mg/kg, IV) in
order to evaluate the role of ARB in combination of H,0O,
and NO without PGI, in a different set of animals; (a)
control condition, (b) DM (alloxan 40 mg/kg iv, 1 week
prior to study), (c¢) DM+ARB (olmesartan, 10 pg/kg/min,
ic)tL-NMMA (NOS inhibitor, 2 umol/min, ic) and (d)
DM+ARB-+catalase (HyO, discomposer, 1000 U/ml, 5 min,
ic). The basal coronary diameter was defined as that before
pacing. We continuously observed the diameter change in
subepicardial CSA and CA with an intravital microscope
before and at 2min after pacing.

G. Drugs

Olmesartan was  obtained from  Daiichi-Sankyo
Pharmaceutical Co (Tokyo, Japan). Other drugs were obtained
from Sigma Chemical Co. and were diluted in a
physiological saline immediately before use.

H. Statistical Analysis

Results are expressed as meanstSEM. Vascular
responses of CSA and CA were analyzed by one-way
analysis of variance followed by Scheffe’s post hoc test for
multiple comparisons. Differences in the vasodilatation of

subepicardial coronary microvessels before and during
pacing were examined by a multiple regression analysis
using a model, in which the change in coronary diameter
was set as a dependent variable (y) and vascular size as an
explanatory variable (x), while the statuses of control and
other inhibitors were set as dummy variables (D1, D2) in the
following equation: y=a0 + alx + a2D1 + a3D2, where a0
through a3 are partial regression coefficients. [15]
Significance tests were made as simultaneous tests for slope
and intercept differences. The power of this analysis is
greater than that of using the animal as the unit of analysis,
giving smaller P values. The criterion for statistical
significance was at P<0.05.

III. RESULTS
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DM had elevated plasma glucose levels compared with
control (C) (Figure 1).
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Cardiac pacing in control (C) caused significant
vasodilatation in CA but not in CSA (Figure 3 and 4). DM
significantly = decreased the coronary vasodilatation
compared with C in both-sized arteries, whereas DAL
25+ % p<005vs.C significantly improved the vasodilatation compared with

DM in CA and was significantly decreased by DAC in CA.
20 4 DAL ameliorated oxidative stress compared with DM as
assessed by plasma 8-OHdG, respectively (Figure 5). H,O,
production (relative index /control) in DAL was significantly
increased compared with DM and was significantly
decreased by DAC (Figure 6).

Figure 3. %Change in diameter on arterioles
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The major findings of the present study are that H,O,
during ARB administration is involved in pacing-induced
metabolic coronary vasodilatation in DM in vivo and that
there are substantial compensatory interactions between NO
(ng/ml) % p<0.05 v5.DM and H,0,. After administra_ltior_l with ARB, the plasma
0.6 1 levels of 8-OHdG, an oxidative stress marker, were
T significantly decreased in DAL, suggesting acute
anti-inflammatory effects of ARB.

Figure 4. %Change in diameter on small arteries
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57 o - We have previously demonstrated that endothelial Cu,
T Zn-SOD plays an important role in producing H,O, as an
EDHF synthase in mouse and human mesenteric arteries.
* [12,13] However, in the present study, there was no
0.1 significant upregulation of Cu, Zn-SOD in the treatment
groups, suggesting that Cu, Zn-SOD upregulation may not
0 = m— - be involved in the beneficial effects of ARB. B-adrenergic
(n=5 each) stimulation is mediated by K¢, channels in porcine coronary

arteries [23] and rat mesenteric artery [24] in vitro’ and H,O,
enhances adenylyl cyclase activity stimulated by
Figure 5. Plasma 8-OHdG isoproterenol in mouse vascular smooth muscle cells, [25]
whereas endothelin-receptor stimulation inhibits the opening

of K¢, channels. [26] In the present study, catalase inhibited

the pacing-induced metabolic coronary dilatation to the same

extent in the presence of NO synthesis inhibition in vivo
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(Figures 3).  Activation of f-adrenoceptor may also
contribute to the stimulation of EDHF in vivo, and the
opening of K¢, channels may compete with
endothelin-receptor stimulation.

C. Role of ARB during Pacing in Vivo

In patients with DM, ARB improved endothelial
dysfunction. [27] ARB can improve endothelial function by
increasing NO bioavailability or decreasing oxidative stress.
[28] It was reported that arteriolar dilatation during exercise
was less sensitive to L-NAME but highly sensitive to
catalase. [29] In the present study, DAL significantly
improved the vasodilatation compared with DM in CA, and
ARB reduced oxidative stress, as evidenced by reduced
plasma levels of 8-OHdG in the coronary sinus. These
results indicate that endothelium-derived H,O, in ARB could
play an important compensatory role in the presence of
impaired NO-mediated vasodilatation by decreasing
oxidative stress.
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