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Inhibition of Endogenous Nitric Oxide Synthase Augments
Contractile Response to Adenylyl Cyclase Stimulation
Without Altering Mechanical Efficiency in Patients
With Idiopathic Dilated Cardiomyopathy

Soichiro Ohta, MD; Toshiro Shinke, MD; Katsuya Hata, MD; Hideyuki Takaoka, MD;
Junya Shite, MD; Yoichi Kijima, MD; Takeomi Murata, MD; Ryohei Yoshikawa, MD;
Hiroyuki Masai, MD; Ken-ichi Hirata, MD; Mitsuhiro Yokoyama, MD

Background Increased nitric oxide (NO) in the failing heart attenuates the myocardial contractile response to
[ -adrenergic receptor stimulation. However, the physiological effects of NO on the[3 -adrenergic post-receptor
signaling system are unknown. The objective of the present study was to examine the effects of cardiac NO
synthase (NOS) inhibition on left ventricular (LV) hemodynamics and mechanoenergetics in response to adenylyl
cyclase stimulation in human heart failure.

Methods and Results The study group comprised 13 patients with heart failure because of idiopathic cardio-
myopathy (IDC). Emax was examined as an index of LV contractility, LV external work (EW), pressure —volume
area (PVA), myocardial oxygen consumption (MVO2), and mechanical efficiency (EW/MVOz2) with the use of
conductance and coronary sinus thermodilution catheters before and during colforsin daropate infusion, and dur-
ing concurrent infusion of colforsin daropate with the NOS inhibitor, N6-monomethyl-L-arginine (L-NMMA;
200u mol). Colforsin daropate increased Emax by 53% and EW by 18%, and reduced PVA by 14%, without alter-
ing MVO2 or mechanical efficiency. The combination of colforsin daropate with L-NMMA further increased

Emax by 26% and reduced PVA by 9%, without altering MVO2 or mechanical efficiency.
Conclusions These findings suggest endogenous NO may modulate[3 -adrenergic post-receptor pathways and

preserve myocardial efficiency in patients with IDC.

(Cire J2007; 71: 1268—1273)
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function!:2 In patients with congestive heart failure

(CHF) the concentrations of NO and tumor necro-

sis factor€l increase in proportion to the severity of heart
failure3#+ Previous studies have shown that inhibition of car-
diac NO synthase (NOS) augments the positive inotropic
response to [3 -adrenergic receptor stimulation in human
heart failure, suggesting that increased activity of myocar-
dial NOS and NO attenuatesf3 -adrenergic responsiveness—7
In patients with severe CHF, the increase in intracellular
cyclic AMP and myocardial contractility in response tof3 -
adrenergic receptor stimulation is reduced? which reflects
cardiac desensitization tof3 -receptor agonists$ partly modu-
lated by the increased production of NO in the myocardium?
Previous studies have shown that forskolin produces benefi-
cial cardiac effects by directly stimulating adenylyl cyclase
in the failed human heart, especially in those with a relative
insensitivity tof3 -adrenergic receptor stimulation? Colforsin
daropate (NKH477; 6-(3-dimethyl-aminopropionyl) forskolin

N itric oxide (NO) is an important regulator of cardiac
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hydrochloride) is a new water-soluble forskolin derivative,
which experimental studies have shown to be able to gen-
erate positive inotropic and vasodilatory actions!0:1l Fur-
thermore, we previously reported that NKH477 might be a
superior alternative to dobutamine for mechanical energy
transduction in patients with left ventricular (LV) systolic
dysfunction!?

It remains to be clarified how NO modulatesp -adrenergic
post-receptor signaling, such as adenylyl cyclase stimula-
tion in the failing human heart. The objective of this study
was to address the role of NO by evaluating the effects of
cardiac NOS inhibition on LV hemodynamics and mecha-
noenergetics in response to adenylyl cyclase stimulation
with colforsin daropate in patients with idiopathic cardio-
myopathy (IDC).

Methods

Study Subjects

We examined 13 patients (10 men, 3 women, mean age
56+13 years) who were undergoing diagnostic cardiac
catheterization for the evaluation of heart failure on their
first admission to hospital. All patients showed normal
sinus rhythm and were diagnosed as IDC by the absence of
coronary artery disease or other known causes of dilated
cardiomyopathy. The patients were in New York Heart
Association functional class II (n=8) or class IIl (n=5) with
a LV ejection fraction (LVEF) of less than 40%. None of
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Figl. (A) Pressure—volume loops ob-
tained with a conductance catheter during
inferior vena cava occlusion. End-systolic
pressure-volume relation (ESPVR) was ob-
tained with linear least-squares fitting of
end-systolic pressure—volume points when
preload was reduced with inferior vena
cava occlusion. Vo indicates volume inter-
cept of ESPVR. (B) External work (EW)
was calculated as the area bounded by the
pressure—volume trajectory of steady state
1 beat. Systolic pressure—volume area
(PVA) was calculated as the area bounded
by the end-systolic and end-diastolic pres-
sure —volume relationships and the systolic
pressure—volume trajectory of each beat.

PVA

Ea

Volume (ml)

the patients were taking[3 -blockers at the time of catheteri-
zation, and angiotensin-converting enzyme inhibitors
(ACEI) were withheld at least 48h before the study.
Complete informed, written consent was given by each
patient before the study. No unfavorable complications
occurred as a result of this investigation. The study proto-
col was approved by the Institutional Committee on
Human Research at Kobe University Hospital.

Catheterization Procedure

Cardiac catheterization was performed with the femoral
approach and the patient in a fasting state. After routine
right and left heart catheterization was completed, a 7F
thermodilution Swan-Ganz catheter (Goodtech Inc, LA)
was advanced to the pulmonary artery through the right
femoral vein for measurements of cardiac index (CI) and
pulmonary artery wedge pressure (PAWP), and an 8F con-
ductance (volume) catheter (CardioDynamics, Rijnsberg,
The Netherlands) was advanced into the LV through the
right femoral artery. The conductance catheter was attached
to a stimulator/processor (Sigma-5; CardioDynamics), and a
2F Millar catheter (Millar Instruments, Houston, TX, USA)
was advanced into the LV through the lumen of the con-
ductance catheter. Continuous slow infusion of heparinized
saline solution through the lumen of the conductance cathe-
ter was maintained to prevent hemostasis. A 4F Judkins
catheter was advanced to the ostium of the left main coro-
nary artery via the right femoral artery for intracoronary
drug infusion and was continuously flushed with saline
containing heparin. An 8F coronary sinus thermodilution
catheter (Cordis Webster, Inc, Diamond Bar, CA, USA)
was then advanced into the coronary sinus through the right
jugular vein. A large balloon occlusion catheter (Baxter,
Deerfield, IL, USA) was advanced to the right atrium
through the right femoral vein to achieve occlusion of the
inferior vena cava.

Assessment of LV Contractility

After calibrations were completed, a balloon catheter
(Baxter) was advanced to the right atrium just above the in-
ferior vena cava to interrupt venous return. After a reduc-
tion in the preload resulting in a 30- to 40-mmHg decrease
in LV systolic pressure (LVSP), pressure—volume loops for
the sequence of beats were recorded over 8—10beats. This
procedure was repeated several times to exclude extra-sys-
tolic and post extra-systolic beats and to obtain the stable
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Potential energy (PE) was calculated by
substracting EW from PVA.

end-systolic pressure-volume relation (ESPVR) (Fig1A).
ESPVR were fitted using the linear least-squares technique
during a transient decrease in LV pressure to determine:

ESP=Emax (ESV-Vo)

where ESP is the LV end-systolic pressure, Emax is the slope
of the linear end-systolic pressure—volume relationship,
ESV is the end-systolic LV volume and Vo is the intercept
of the volume axis. Then, the volume of end-systolic elas-
tance at a pressure of 100mmHg (V100) is calculated. Emax
(mmHg/ml) has previously been applied to the LV of the in-
tact animal and human heart as a load-independent index of
myocardial contractility!3:!4 We normalized Emax (mmHg-
ml-!-m~2) and Vioo (ml/m2) in relation to body surface
area, as described previously!* to permit comparison among
patients in our study.

Effective Arterial Elastance (Ea) and Arterial-Ventricular
Coupling

We determined effective Ea, a variable that incorporates
the values of Windkessel model elements and heart rate as
the ratio of end-systolic pressure to stroke volume!> as
follows:

Ea=ESP/SV

where ESP is the LV end-systolic pressure, SV is the stroke
volume, and Ea is the negative value of the slope of the
diagonal line connecting the end-systolic pressure-volume
point and the end-diastolic point on the volume axis
(Fig 1B). The dimensionless ratio of Ea to Emax (Ea/Emax)
represents arterial-ventricular coupling.

Calculation of Pressure—Volume Area (PVA)

The systolic PVA (mmHg/ml) was calculated as the area
that is bounded by the end-systolic and end-diastolic pres-
sure—volume relationships and the systolic pressure—
volume trajectory of each beat!3 PVA consists of external
work (EW) and potential energy (PE) and is considered to
represent the total mechanical energy generated by contrac-
tion. EW was calculated as the area that is surrounded by
the pressure—volume trajectory during 1 cardiac cycle and
PE by subtracting EW from PVA (Fig IB).

Measurements of Cardiac Mechanoenergetics
The coronary sinus catheter was advanced percutaneous-
ly through the right jugular vein to the great cardiac vein. In
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Table 1 Effects of Colforsin Daropate Alone and in Combination With L-NMMA on Hemodynamic Variables

OHTA S et al.

Control Colf Colf + L-NMMA
Heart rate, beats/min 947 94+7 958
LVSP, mmHg 131+16.2 133.8£22.6 134.1+19.0
LVEDP, mmHg 16.2£7.6 13.5%6.1% 14.4+6.6%1
PAWP, mmHg 9.446.2 5.7£5.8% 6.5£7.0
CI, L-min!-m™> 2.96+0.52 3.86£0.87* 3.54+0.89*
EDVI, ml/m? 87.3+21.9 71.4+24.3% 66.2+25.8%1
ESVI, ml/m? 68.2+24.6 51.9+26.3% 48.7427.0%1
SVI, ml/m? 19.24£8.0 19.5£7.6 17.5+6.3"
EFE, % 23.3t11.1 30.5t14.7% 30.5£15.5%
Peak +dP/dt, mmHg/s 1,323+331 1,634+415%* 1,669+409%*
dP/dt/EDV, mmHg-s~'-ml-! 10£3.0 15.7+6.1% 17.8+8.8%1
SVR, dyne-s!-cm™ 1,5761547 1,256+694* 1,401%614%
CSE, ml/min 103£26 133£26* 128+28"
MVO2, J/min 26766 280167 290+67

L-NMMA, NC-monomethyl-L-arginine; Colf, colforsin daropate; LVSP, left ventricular systolic pressure; LVEDP, left ventricular
end-diastolic pressure; PAWP, mean pulmonary arterial wedge pressure; CI, cardiac index; EDVI, left ventricular end-diastolic vol-
ume index; ESVI, left ventricular end-systolic volume index; SVI, left ventricular stroke volume index; EF, left ventricular ejection

fraction; SVR, systemic vascular resistance; CSF, coronary sinus flow; MVO2, myocardial oxygen consumption per minute.

Values are mean+SD.
#p<0.05 vs Control; 'p<0.05 vs Colf.

each instance, the catheter tip was angiographically verified
to have traveled beyond the origin of any visible intermedi-
ate or lateral branches and to be proximal to the anterior
cardiac vein. Coronary sinus blood flow was measured at
least twice using a coronary sinus catheter during a 30-s
continuous injection with a Mark IV angiographic injector
(Medrad, Indianola, IA, USA) of a room-temperature indi-
cator (5% glucose) through the catheter lumen at a rate of
40 ml/min!6 For oximetry, coronary venous blood was sam-
pled from the distal lumen of the coronary sinus catheter.
Myocardial oxygen consumption (MVOz2) per minute was
calculated as the product of coronary sinus flow (ml/min)
and the arterial-coronary sinus oxygen content difference
(vol%), and was divided by the heart rate to yield MVO2
per beat (ml-O2-1-beat-1)!416 We calculated mechanical
efficiency as the ratio of EW (J/beat) to MVO2 per beat
(J/beat), where 1 mmHg/ml of EW corresponds to 1.33/10-4J
and 1ml O2 of oxygen consumption to 20J. Mechanical
efficiency is thus dimensionless. We determined the me-
chanical efficiency as a measure of the overall energy con-
version efficiency of each study protocol.

Study Protocol

Control Study After routine cardiac catheterization,
right atrial pacing was initiated by the tipped electrode of the
coronary sinus thermodilution catheter at 90 or 20 beats/min
above the baseline heart rate and continued throughout the
study (94+7beats/min). After steady-state hemodynamics
was attained, hemodynamic variables, pressure—volume
loops, and coronary sinus flow were measured and blood
gas samples were collected from the coronary sinus and
coronary arteries. Occlusion of the inferior vena cava was
performed several times to calculate ESPVR.

Colforsin Daropate Study After completion of control
measurements, continuous infusion of colforsin daropate
was started at a rate of 0.5 g-kg=!-min-! for 30—45 min via
a systemic vein. After steady hemodynamic and contractile
states had been attained, we made measurements similar to
those for the control study.

Colforsin Daropate/L-NMMA Study While the colforsin
daropate infusion continued, the intracoronary infusion of
L-NMMA, an NOS inhibitor, was started through a Judkins

catheter advanced to the left main coronary artery. The
infusion rate was 20p mol/min for 10 min. The same mea-
surements as for the colforsin daropate study were then
performed to assess how NO inhibition affects the response
to colforsin daropate. We previously reported that intracoro-
nary infusion of L-NMMA alone does not affect LV hemo-
dynamics or mechanoenergetics in patients with IDC?

Statistical Analysis

Data are presented as mean+SD, unless otherwise indi-
cated. ESPVR lines were obtained by the application of
linear regression analysis. The effects of colforsin daropate
alone and in combination with L-NMMA were analyzed in-
dependently with a paired t-test with Bonferroni correction.
Differences were considered significant at p<0.05.

Results

Effects of Colforsin Daropate Alone and in Combination
With L-NMMA on Systemic and Coronary Hemodynamic
Variables (Tables 1,2)

Colforsin daropate produced an increase in CI, peak
+dP/dt and dP/dt/EDV (by 30%, 24% and 57%, respective-
ly), and a decrease in LV end-diastolic pressure (LVEDP),
PAWP and systemic vascular resistance (SVR) (by 13%,
35% and 23%, respectively), without any significant changes
in LVSP. When colforsin daropate was administered, the
LV end-diastolic volume index (LVEDVI) and LV end-sys-
tolic volume index decreased by 20% and 27%, respectively,
and as a result, the LV stroke volume index did not change
significantly even though the LVEF improved 23.3% to
30.5% (p=0.0043). Compared with colforsin daropate infu-
sion alone, intracoronary infusion of L-NMMA + colforsin
daropate increased dP/dt/EDV, LVEDP and SVR by 10%,
8% and 18%, respectively, without changing LVSP, PAWP,
CI or peak +dP/dt. Colforsin daropate alone and in com-
bination with L-NMMA increased MVO2 slightly but with-
out statistical significance.

Effects of Colforsin Daropate Alone and in Combination

With L-NMMA on Mechanoenergetic Variables (Table 2)
The LV ESPVR was successfully assessed in 10 of the 13
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Table 2 Effects of Colforsin Daropate Alone and in Combination With L-NMMA on Mechanoenergetic Variables

Control Colf Colf+L-NMMA
Emax, mmHg-ml~-m= 2.70+0.84 4.20+1.88* 5.2042.63%7
Ea, mmHg-ml-m™ 7.37£3.59 7.40+£3.63 7.93£3.40
Coupling 2.87+1.60 1.97+1.16* 1.84+1.23%
Vioo, ml/m? 52.2427.1 40.9+27.4* 34.6£30.3%F
PVA, J/m? per beat 0.70£0.19 0.60+0.20* 0.55+0.18%"
EW, J/m? per beat 0.2840.11 0.3240.10* 0.31£0.12%
PE, J/m? per beat 0.42+0.12 0.29+0.13* 0.23+0.12%7
EW/PVA, % 39.549.1 53.9+11.0%* 59.0+12.8%*
MVO2, J per beat 2.86£0.70 2.98+0.72 3.06£0.69
EW/MVO:2, % 17.7£11.0 18.248.5 17.8£8.5

Emax, slope of left ventricular end-systolic pressure-volume relation; Ea, effective arterial elastance; Coupling, arterial-ventricular
coupling; Vioo, end-systolic volume at a pressure of 100mmHg; PVA, systolic pressure volume area; EW, external work; PE, potential
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energy. Other abbreviations see in Table 1.
Values are mean+SD.
*p<0.05 vs Control; Tp<0.05 vs Colf.
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Volume (ml) 150 0
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Fig2. Representative pressure—volume loops. (A) Control: Emax=4.41 mmHg-ml-!-m-2; Ea=5.45mmHg-ml-!-m2;
EW=0.21J/m2, PVA=0.40J/m2. (B) Colforsin daropate: Emax=5.02 mmHg-ml-!-m2; Ea=4.63 mmHg-ml-!-m2; EW=
0.23J/m%;, PVA=0.31J/m2. (C) Colforsin daropate+L-NMMA: Emax=6.46 mmHg-ml-!-m-2; Ea=6.08 mmHg- ml-!-m2;
EW=0.22J/m?;, PVA=0.30J/m. Ea, effective arterial elastance; Emax, slope of the linear end-systolic pressure—volume
relationship EW, external work; L-NMMA, NG-monomethyl-L-arginine; PVA, pressure —volume area.

patients, but in the remaining 3 patients, the protocol could
not be completed because pressure—volume measurement
during inferior vena cava occlusion was not successful.
Colforsin daropate alone increased Emax by 53% with a
leftward shift of Vioo and without causing any changes in
Ea, and improved arterial-ventricular coupling by 31%. It
also increased EW by 18% and reduced PVA by 14% and
PE by 35%, resulting in an increase in the EW/PVA ratio
from 39.5% to 53.9% (p<0.05), but no changes in MVO2 or
the EW/MVO:2 ratio. Intracoronary infusion of L-NMMA
combined with colforsin daropate produced a further in-
crease in Emax by 26% over that effected by colforsin
daropate alone, with a leftward shift of Vioo and without any
changes in Ea or arterial-ventricular coupling. The com-
bined infusion also reduced PVA by 9% and PE by 19%, in
addition to the reduction effected by colforsin daropate
alone, but produced no changes in EW, the EW/PVA ratio,
MVO: or the EW/MVO:2 ratio.

Fig?2 shows the pressure—volume loops of a representa-
tive case entered in our study. In this case, colforsin
daropate alone increased Emax (Figs2A,B) and concurrent
infusion of L-NMMA with colforsin daropate produced an
additional increase in Emax (Fig2C).
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Discussion

We examined the effects of cardiac NOS inhibition on
LV mechanoenergetics in response to adenylyl cyclase
stimulation with colforsin daropate in patients with IDC.
The major findings of our study are that (1) colforsin
daropate increased Emax and EW, and reduced PVA and PE
without producing any changes in MVO2 or mechanical
efficiency and (2) the combination of colforsin daropate
with L-NMMA effected an additional increase in Emax, and
reduced PVA and PE without changing EW, MVO2 or me-
chanical efficiecy. These results suggest that endogenous
NO may modulate the myocardial contractile response to
adenylyl cyclase stimulation and energetics in human heart
failure.

NO is synthesized from L-arginine by NOS, and endo-
genous NO in cardiomyocytes performs important roles in
the regulation of myocardial function!-2 NO can increase or
decrease myocardial contractility, depending on the prepa-
ration and conditions! Many factors modulate the net effect
of NO on myocardial function: NO concentration, cGMP-
dependent or -independent signaling pathway!’ adrenergic
state, NO species, targets affected by NO such as calcium
cycling!® and excitation—contraction coupling (E-C cou-
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pling), as well as the NOS isoforms!?

In our study, we found that intracoronary infusion of a
NOS inhibitor augmented the positive inotropic response to
colforsin daropate, which suggests that NO may also exert
its effect by modulatingf3 -adrenergic post-receptor signaling
pathways in patients with IDC. Several mechanisms have
been proposed for the inhibition of the positive inotropic
response to adenylyl cyclase stimulation by NO. One such
mechanism is based on the fact that NO activates soluble
guanylyl cyclase by binding to its heme moiety, forming an
Fe-nitrosyl complex, which leads to the production of
cGMP. The latter inhibits the cAMP-stimulated slow in-
ward Ca?+ channels through activation of protein kinase G
and activates cGMP-dependent phosphodiesterase?’ Another
mechanism is based on the fact that NO causes thiol nitrosy-
lation of cellular proteins and formation of peroxynitrite?!
Protein nitrosylation activates various proteins involved in
E-C coupling, including the L-type CaZ* channel and the
ryanodine receptor.

An in-vitro study has demonstrated that the type 5 and 6
isoforms of adenylyl cyclase, which are preferentially ex-
pressed in cardiac myocytes, may be inhibited via direct
nitrosylation by NO?2 Because endothelial type NOS
(NOS3),B -adrenergic receptors and adenylyl cyclase types
5 and 6 co-localize?? the effects of NO on myocardial
contractility may partly depend on compartmentalization
between NOS3 and G protein coupled[3 -adrenergic recep-
tors!9,23

Investlgatlon of the pathophysiology of heart failure
requires a metabolic approach for the assessment of MVO2,
as well as a functional approach. LV afterload, preload, and
contractile state, as well as PVA as a determinant of MVOz,
all need to be taken into consideration. MVO2 consists of
PVA-dependent MVO:2 and of PVA- independent MVO2
for E-C coupling and basal metabolism. MVO: for basal
metabolism and the slope of the MVO2—PVA relationship
are assumed to be consta‘nt,13 and PVA has been shown to
linearly correlate with MVO224 independent of loading con-
ditions or contractile state. Thus, PVA has been proposed
as a predictor of MVO2. In our study, colforsin daropate in-
creased LV contractlhty and reduced PVA without causing
any change in MVO2. One of the reasons why colforsin
daropate did not increase MVO2, despite its positive inotro-
pic effect, is probably that colforsin daropate reduced the
afterload including SVR and the preload including LVEDVI
(Tables 1,2).

Previous studies have indicated that mitochondrial NO
regulates energy metabolism. Zhang et al demonstrated in
isolated myocardial slices from the dog heart that ACEIs
increase nitrite production and reduce MVO2, suggesting
that NO inhibits mitochondrial respiration?> NOS inhibi-
tors have been reported to increase MV027:26 In our study,
NOS inhibition did not increase MVO2 during inotropic en-
hancement via direct adenylyl cyclase stimulation, although
the augmented positive inotropic response to colforsin
daropate with L-NMMA probably increased PV A-indepen-
dent MVO2, especially MVO: for E-C couplmg It seems
reasonable to assume that a significant increase in Emax
without an increase in MVO2 durmg concurrent infusion of
colforsin daropate with L-NMMA is a consequence of off-
seting an increase in PVA-independent MVO2 for E-C
coupling and a decrease in PVA-dependent MVO2.

Nordhaug et al reported that inhibition of NOS in experi-
mental acute ischemic heart failure displayed a significant
increase in the slope of the MVO2-PVA relationship and
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increased afterload without altering LV contractility, sug-
gesting that NOS plays a role in preserving myocardial effi-
ciency?’ Huang et al reported that NOS also has a protec-
tive effect against myocardial injury during ischemia-—
reperfusion?® However, no data have been published to
document the possible effects of NOS inhibition on the
direct control of PVA-independent MVO2 or MVOz2 for
E-C coupling. Further studies are therefore warranted to
examine the effect of cardiac NOS inhibition on PVA-inde-
pendent MVO2 or MVO: for E-C coupling.

It has previously been reported that intracoronary infu-
sion of L-NMMA at a rate of 204 mol/min alone does not
change the hemodynamics in humans with LV dysfunc-
tion2? or the mechanoenergetic variables in patients with
IDC7 The lack of any effect of L-NMMA alone on LV con-
tractility in heart failure suggests that NO produced by NOS
is exerting its effect primarily by modulating -adrenergic
receptor signaling. Inhibition of cardiac NO does not
enhance the positive inotropic response to [3 -adrenergic
receptor stimulation in subjects with normal LV function?
Identification and clarification of the cardiac effect of NO
can be complicated by the systemic effect of the NOS inhibi-
tor. By using direct intracoronary infusion of L-NMMA,
we were able to observe the direct effect of selective inhibi-
tion of NOS in the myocardium. Moreover, the use of rela-
tively load-independent indices, such as Emax, enabled us to
circumvent changes in loading conditions that could have
confounded the interpretation of the data. We did not have
a control group in which vehicle solution was infused in
place of L-NMMA. In addition, there remains the possibili-
ty that L-NMMA may directly affect the LV contractile
response to colforsin daropate rather than NOS inhibition.

Addition of L-NMMA to colforsin daropate increased
Emax, but decreased EDV with a slight increase in EDP.
Upward shift of the end-diastolic pressure—volume loop
during L-NMMA infusion may be partly induced by the
right ventricular Bernheim effect3%-3! which might decrease
SV; however, the inotropic enhancement with L-NMMA
maintained LV EW with a decrease in PVA.

Potential errors related to the assumption of a linear
ESPVR need to be taken into account. Kass et al suggested
the possible existence of contractility-dependent curvilin-
earity of the ESPVR32 which may have been present in our
study, but was not observed because of the relatively narrow
range of alterations in loading conditions. Nevertheless,
estimation of PVA by means of linear regression analysis
of ESPVR has been reported to be a reliable predictor of
MVO2 under various contractile states in canine and human
hearts?4

In conclusion, this study has demonstrated that inhibition
of cardiac NOS enhanced the positive inotropic response to
adenylyl cyclase stimulation without altering MVO2 or me-
chanical efficiency. Our findings suggest that NO attenuates
the positive inotropic response to adenylyl cyclase stimula-
tion and preserves myocardial efficiency in patients with
IDC. The present data supports the known therapeutic effi-
cacy of ACEIs? or other non-pharmacological therapy3?
that facilitates the bioavailability of NO for the treatment of
heart failure.
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