Endothelial nitric oxide synthase overexpression
attenuates congestive heart failure in mice
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Congestive heart failure results in cardiovascular dysfunction and
diminished vascular nitric oxide (NO) production. We hypothesized
that overexpression of endothelial NO synthase (eNOS) within the
endothelium would reduce the extent of contractile dysfunction in a
murine model of infarct-induced congestive heart failure. We gener-
ated transgenic (TG) mice overexpressing the human eNOS gene. The
TG mice displayed significantly enhanced eNOS protein levels and
eNOS activity levels (10- to 12-fold greater) in the aorta and the
coronary vasculature. Non-TG (NTg) and eNOS TG mice were sub-
jected to permanent left anterior descending coronary artery occlu-
sion and then observed for 1 mo. We assessed cardiac function in vivo
by using echocardiography and ultraminiature ventricular pressure
catheters. Myocardial infarct size was similar between study groups
(=70% of the risk zone). Survival was increased by 43% in the eNOS
TG mice compared with NTg (P < 0.05). Fractional shortening and
cardiac output were also significantly (P < 0.05) greater in the eNOS
TG than in NTg. Interestingly, pulmonary edema was evident only in
NTg mice, and no evidence of pulmonary edema was observed in the
eNOS TG mice. Thus, targeted overexpression of the eNOS gene
within the vascular endothelium in mice attenuates both cardiac and
pulmonary dysfunction and dramatically improves survival during
severe congestive heart failure.

C ardiovascular disease adversely affects the lives of millions of
people. Often precipitated by myocardial infarction, con-
gestive heart failure is characterized by severe ventricular dys-
function, remodeling, pulmonary edema, and decreased exercise
capacity. Despite its prevalence, many of the mechanisms asso-
ciated with the development and pathophysiology of heart
failure remain undetermined. One area holding particular prom-
ise is the role of nitric oxide (NO) in congestive heart failure.

NO is a diffusible highly reactive gas formed by three NO
synthase (NOS) isoforms: NOS 1 (neuronal), NOS 2 (inducible),
and NOS 3 (endothelial). NO is constitutively produced by the
vascular endothelium and serves to promote vascular homeostasis
(1). NO generated by NOS 3 maintains normal vascular tone (1, 2),
regulates leukocyte—endothelial cell interactions (3), inhibits plate-
let aggregation (4), limits smooth muscle cell proliferation (5), and
may affect cardiac myocyte function (6). Given this favorable
physiological profile, it is likely that NO therapy may prove bene-
ficial in a number of disease states. Recently, inhalation of exoge-
nous NO gas has been shown to be a highly effective therapy for
infant respiratory distress syndrome in humans (7). Since its iden-
tification as endothelium-derived relaxing factor in 1980 (8), NO
has been implicated in numerous pathologic sequelae as both a
beneficial and a deleterious moiety.

Several studies have provided evidence that NO production by
endothelial NOS (eNOS) is markedly diminished in congestive
heart failure (9-14). Patients with heart failure have diminished
functional eNOS capacity compared with normal humans both
at rest and during submaximal exercise (9). It was also shown that
serum collected from heart failure patients causes endothelial
cell dysfunction by down-regulating eNOS activity (10). Wiemer
et al. (11) reported decreased NO bioavailability in a rodent
model of infarct-induced heart failure and found this decrement
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in NO availability in both normotensive and hypertensive rats
after acute myocardial infarction.

We are unaware of any previous studies of congestive heart
failure in any eNOS overexpressing mouse line. Such studies are
important for two reasons. First, endothelial overexpression of
eNOS would theoretically result in a relatively low site-specific
(physiological) level of NO production. Overexpression of eNOS
may mimic the clinical observations of pharmacologic agents (e.g.,
statins and angiotensin-converting enzyme inhibitors) inducing the
production of NO resulting in cardioprotection. Ultimately, this
would clarify whether moderate elevations in NO production
confined to the vascular endothelium affect the pathogenesis of
congestive heart failure. In the present study, we sought to deter-
mine whether genetic overexpression of eNOS in the vascular
endothelium could affect the severity of congestive heart failure
after the acute myocardial infarction model in mice.

Methods

Transgenic (TG) Mice. A DNA fragment containing the human
eNOS gene was isolated from a homemade human genomic cosmid
library (15-17) by using eNOS c¢DNA (kindly donated by S.
Janssens, Univ. of Leuven, Leuven, Belgium) (18) as a probe. In
addition, the DNA fragment contained ~6 kb of 5’ natural flanking
sequence, including the native eNOS promoter, and ~3 kb of 3’
sequence to the gene. Thus, promoter DNA elements were in-
cluded that have been shown to be essential in transcriptional
regulation as well as elements responsible for the tissue distribution
of eNOS expression (16, 19). Also, the endothelium enhancer
element that is located 4.9 kb upstream from the transcription start
site of the eNOS gene (16) is included in this construct. Vector
sequences were removed by restriction endonucleases. A solution of
1-2 pg/ml DNA was used for microinjection of fertilized oocytes
from FVB donor mice and transplanted into the oviducts of
pseudopregnant B10X CBA mice. Founder mice and offspring were
genotyped by PCR on DNA isolated from tail biopsies. Primers
used were 5'-GTCCTGCAGACCGTGCAGC-3’ (sense) and 5'-
GGCTGTTGGTGTCTGAGCCG-3" (antisense). Mice were
backcrossed to C57BL/6 for at least seven generations (~99%
C57BL/6). TG mice were originally generated in Rotterdam and
have been extensively characterized previously (16).

An equal number of male and female mice (3—-4 mo old) were
used in the NTg and TG groups in the present study. The individual
performing all experiments was blinded to the mouse genotype
until all data were fully analyzed. All experiments performed at
Louisiana State University Health Sciences Center conformed to
state and federal regulations regarding animal experimentation and
to American Physiological Society Guidelines.

Western Blotting and Immunohistochemistry. Aortas were freshly
collected and homogenized in 50 mM TrissHCI, pH 7.4, con-
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Fig. 1.

(A) Representative Western blot from aorta of NTg and eNOS TG mice. (B) Representative photomicrograph of eNOS immunohistochemistry

demonstrating increased abundance of eNOS protein in the endothelium of eNOS TG mice compared with NTg.

taining 1 mM EDTA, 0.25 M sucrose, and 20 mM 3-[(3-
cholamidopropyl)dimethylammonio]-1-propanesulfonate.
Western blotting was performed as described previously (20).
Twenty-five micrograms of protein (BCA protein assay Kkit,
Pierce) was applied to each lane. Anti-eNOS was obtained from
Santa Cruz Biotechnology. This antibody was also used for
immunohistochemistry experiments, which were performed ac-
cording to Bakker et al. (21).

eNOS Activity Assay. Aortas were freshly collected and homoge-
nized in 50 mM Tris-HCI, pH 7.4, containing 1 mM EDTA, 0.25
M sucrose, and 20 mM 3-[(3-cholamidopropyl)dimethylammo-
nio]-1-propanesulfonate. eNOS activity assays were performed
by measuring L-arginine to L-citrulline conversion with a NOS
assay kit (Calbiochem) according to the manufacturer’s instruc-
tions. In additional experiments, eNOS enzymatic activity was
also measured in freshly collected hearts. For myocardial eNOS
activity, a membrane-enriched fraction was used instead of a
tissue homogenate. All measurements of eNOS activity were
normalized for total protein content. Protein content was mea-
sured by using the BCA protein assay kit (Pierce).

Myocardial Infarction Protocol. Ligation of the left anterior descend-
ing coronary artery (LAD) was performed similar to methods
described (22). Briefly, mice were fully anesthetized with i.p.
injections of ketamine (50 mg/kg) and pentobarbital sodium (50
mg/kg). The animals were then attached to a surgical board with
their ventral side up. A median sternotomy was performed, and the
proximal LAD was visualized and completely ligated by passing a
7-0 silk suture mounted on a tapered needle (BV-1, Ethicon,
Somerville, NJ) completely around the artery and fully ligating the
LAD. The occlusion remained intact throughout the 4-wk protocol.

In additional experiments (n = 6 per group), both NTg and
eNOS TG mice were subjected to permanent LAD ligation for
24 h to determine the extent of acute myocardial infarction. Mice
were allowed to fully recover after LAD ligation and were
reanesthetized at 24 h after LAD occlusion. Myocardial area-
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at-risk and myocardial infarct size per area at risk and left
ventricle (LV) were determined in each animal as described (23).

Evaluation of Arterial and Left Ventricular Hemodynamics. A 1.4
French Millar Instruments (SPR-671; Houston) pressure trans-
duction catheter was inserted similar to methods described (22,
23). Data for each animal were calculated from at least 10 sec of
chart recording (arithmetic mean of at least 50 cardiac cycles).

Echocardiographic Assessment of Left Ventricular Function. Trans-
thoracic echocardiography of the LV using a 15-MHz linear
array transducer (15L8) interfaced with a Sequoia C256 (Acu-
son, Mountain View, CA) was performed as described (22). All
data were calculated from 10 cardiac cycles per experiment.

Pulmonary Edema. Accumulation of pulmonary fluid was assessed
by weighing the (wet) lungs from mice subjected to myocardial
infarction (or sham). The lungs were then placed in a drying oven
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Fig. 2. Assessment of aortic eNOS enzymatic activity in eight NTg and nine
eNOS TG mice. eNOS activity was determined by measuring the conversion of
L-arginine to L-citrulline (pmol/ug/min). TG mice displayed significantly (**,
P < 0.01) enhanced eNOS enzyme activity compared with NTg control mice.
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(A) Aortic and myocardial eNOS protein levels as measured by Western blot analysis in NTg and eNOS TG mice. eNOS protein expression is significantly

enhanced in the aorta and myocardium of eNOS TG mice. (B) Representative immunohistochemical staining of myocardial tissue harvested from NTg and eNOS
TG mice demonstrating increased eNOS protein in the myocardium of eNOS TG mice compared with the NTg control mice.

(Econotherm Laboratory Oven, Precision Systems, Natick, MA)
for 7 d at 40°C. The lungs were weighed and the dry weights
recorded. The arithmetic difference between the wet and dry
weights yielded the pulmonary fluid accumulation values.

Statistical Analyses. Data were analyzed by ANOVA with post hoc
analysis by using STATVIEW (SAS, Cary, NC) software. Data are
reported as means * standard error of the mean with differences
accepted as significant when P = 0.05.

Results

Characterization of eNOS TG Mice. TG overexpression of eNOS
resulted in significant increases in eNOS protein levels according
to Western blot analysis (Fig. 14) and immunohistochemistry
(Fig. 1B). This increase in protein levels was also reflected by an
increase in eNOS activity (Fig. 2). In addition, we observed
increased eNOS protein levels in the myocardium of eNOS TG
mice by using Western blotting (Fig. 34) and immunostaining
techniques (Fig. 3B).

Severity of Myocardial Infarction in eNOS TG Mice. The extent of
myocardial infarction was measured in NTg and eNOS TG mice
at 24 h after permanent LAD coronary artery occlusion (Fig. 4).
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Fig. 4. Myocardial infarct size in NTg and eNOS TG mice subjected to
permanent myocardial occlusion. The area-at-risk (AAR) per LV was similar
(P = NS) in the NTg and eNOS TG groups. In addition, the infarct size (INF) per
AAR and LV was similar in the NTg and eNOS TG groups (P = NS). n = 6 per
group.
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We observed no differences in the area at risk per LV or in the
infarct size per area at risk or infarct size per LV. Thus, the
severity of acute myocardial infarction was similar in the NTg
and eNOS TG before the onset of congestive heart failure.

Effect of eNOS Overexpression on Ventricular Dimensions and Func-
tion. Overexpression of eNOS did not significantly affect cardiac
function or LV dimensions in control mice under baseline
conditions (Table 1). Specifically, LV diameters, wall thick-
nesses, and fractional shortening were similar between the NTg
and eNOS TG groups [P = not significant (NS)].

Survival During Congestive Heart Failure. eNOS TG and NTg mice
experienced a significant (P < 0.01) degree of mortality com-
pared with sham-operated mice during the congestive heart
failure protocol (Fig. 5). However, overexpression of eNOS
significantly (P < 0.05) improved survival compared with NTg
mice. Survival was increased by ~43% in the eNOS TG group
at 1 mo after myocardial infarction.

Hemodynamics and eNOS Overexpression During Congestive Heart
Failure. In NTg and eNOS TG mice subjected to myocardial
infarction, there were no significant differences in systemic
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Fig. 5. Kaplan-Meier survival curve in sham NTg, NTg, and eNOS TG mice
during the 4 wk after myocardial infarction. Both NTg and eNOS TG exhibited
significant (P < 0.01) decreases in survival compared with sham mice after 1 mo
of myocardial infarction. eNOS TG mice demonstrated significantly (P < 0.05)
greater survival compared with NTg during the congestive heart failure
protocol.
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Table 1. In vivo left ventricular dimensions of NTg and eNOS TG mice not subjected to any surgery

LV chamber LV anterior wall LV posterior wall
LVFS, % Diastole, mm Systole, mm Diastole, mm Systole, mm Diastole, mm Systole, mm
NTg 25.0 £ 1.1 3.55 +0.18 2.68 = 0.16 0.87 = 0.03 1.15 = 0.03 0.95 + 0.05 1.12 = 0.05
eNOS TG 26.4 £ 2.1 3.53 £ 0.15 2.63 £ 0.17 0.88 = 0.03 1.20 = 0.03 0.89 + 0.06 1.13 = 0.06

There were no significant differences between the two groups in any of the parameters shown. LVFS, left ventricular fractional shortening; n = 10 per group.

hemodynamics measured at 4 wk after myocardial infarctiony
compared with sham (Table 2). Although LV systolic pressure
was not significantly different among the three experimental
groups, LV end diastolic pressure was significantly (P < 0.05)
higher in the eNOS TG and NTg hearts compared with sham. In
addition, LV developed pressure was significantly (P < 0.05)
lower in the NTg and eNOS TG hearts compared with sham.

Cardiac Hypertrophy. Both NTg and eNOS TG hearts demonstrated
significant (P < 0.01) increases in heart-to-body-weight ratios 1 mo
after coronary artery occlusion when compared with sham (Table
2). The extent of cardiac hypertrophy was not significantly different
between the NTg and eNOS TG groups of hearts.

Left Ventricular Dimensions. In addition to hypertrophy, the present
model of congestive heart failure induces profound effects on
ventricular dimensions (Fig. 64). Namely, left ventricular chamber
diameters are significantly (P < 0.01) greater in diastole and systole
in the NTg (5.64 = 0.24 mm; 5.24 = 0.29 mm) and eNOS TG
(5.60 = 0.22 mm; 4.95 = 0.27 mm) hearts compared with sham
(3.86 = 0.09 mm; 2.80 = 0.09 mm). The differences between the
NTg and eNOS TG mice were not statistically significant (P = NS).
Fractional shortening (Fig. 6B) was also significantly (P < 0.01)
lower in both heart failure groups compared with sham (27.8 =
1.2%). More importantly, eNOS TG (12.4 * 1.6%) hearts exhibited
a significantly (P < 0.05) greater extent of fractional shortening
compared with NTg (7.5 = 1.6%).

Indices of Cardiac Function. At 4 wk of coronary artery occlusion,
sham NTg, NTg, and eNOS TG mice were subjected to in vivo
left ventricular catheterization for determination of intracyclic
ventricular pressures (Fig. 6C). NTg [4,336 + 623 mmHg/sec (1
mmHg = 133 Pa)] and eNOS TG (4,112 = 611 mmHg/sec)
exhibited significantly (P < 0.05) diminished maximum (+)
dP/dt compared with sham (6,109 = 491 mmHg/sec). Similarly,
minimum (—) dP/dt was significantly attenuated in NTg
(—4,145 = —578 mmHg/sec) and eNOS TG (—4,225 = —425
mmHg/sec) hearts compared with sham (—7,055 = —662
mmHg/sec). There were no significant differences between NTg
and eNOS TG in maximum or minimum dP/dt.

By using Doppler flow analysis during echocardiography,
cardiac output was measured in all groups of mice after 4 wk of
myocardial infarction (Fig. 6D). Cardiac output only in NTg
(421 = 28 ul/min/g) mice was significantly (P < 0.01) reduced
compared with sham (545 * 30 wl/min/g). However, cardiac
output was not significantly (P = NS) diminished in eNOS TG

(500 = 25 pl/min/g) mice compared with sham. Cardiac output
in eNOS TG was also significantly (P < 0.05) higher than NTg.

Pulmonary Edema. Pulmonary edema is associated with depressed
cardiac function in the setting of infarct-induced LV failure.
Pulmonary edema (Fig. 7) is expressed as the absolute fluid
weight in the lungs of sham NTg, NTg, and eNOS TG after 4 wk
of myocardial infarction. Sham (102 * 2 mg) fluid weight was not
significantly different from eNOS TG (105 = 3 mg). However,
NTg (112 = 3 mg) pulmonary fluid accumulation was signifi-
cantly (P < 0.05) higher than sham NTg mice.

Discussion

We provide compelling evidence for a beneficial role of en-
hanced eNOS-derived NO in congestive heart failure. Improve-
ment in survival of congestive heart failure in the eNOS TG
group is the paramount finding of the present study. In addition
to improvements in mortality, mice overexpressing eNOS by 10-
to 12-fold exhibited reductions in pulmonary edema and im-
provement in cardiac function. All of these improvements oc-
curred in the eNOS TG mice without apparent differences in
baseline ventricular morphology and function. However, eNOS
overexpression did not attenuate the extent of cardiac hyper-
trophy or improve cardiac contractility. It is likely that the
improvements in cardiac function and survival are a result of a
decrease in vascular resistance in the eNOS TG mice. These
findings support the idea that physiological levels of NO exert
beneficial effects in the setting of congestive heart failure.
Before the discovery that the endothelial-derived relaxing
factor was NO, it was not appreciated that the primary mecha-
nism of action of traditional nitrates was via the release of NO
and subsequent vasodilation. Nitrovasodilators have been used
since at least the mid-19th century (24) for the treatment of
angina pectoris. More recently, nitrovasodilators have been used
for the treatment of heart failure (25-27). Nitrovasodilators have
also been shown to improve exercise tolerance in patients with
severe congestive heart failure (25, 26). It is now known that the
nitrovasodilators’ mechanism of action is via the release of NO
from the parent compound. Interestingly, administration of
inhaled NO to congestive heart failure patients exerts beneficial
effects without significantly altering systemic hemodynamics (28,
29). Although systemic hemodynamics were unchanged, the
mechanism still appeared to be related to alterations in pulmo-
nary blood flow (i.e., decreased pulmonary vascular resistance).
In the present study, it is possible that overexpression of eNOS
exerted beneficial regional effects on pulmonary blood flow.

Table 2. Systemic hemodynamics, ventricular hemodynamics, and cardiac hypertrophy in sham, NTg, and eNOS TG mice subjected to

1 mo of coronary artery occlusion

HR, bpm MABP, mmHg SBP, mmHg DBP, mmHg LVSP, mmHg LVEDP, mmHg HW/BW, mg/g
Sham 393 £ 12 73 x4 86 4 60 = 4 88 +3 1+1 4.43 = 0.15
NTg 403 £ 10 72+ 3 85+ 3 61 =3 84+ 4 10 = 4* 6.25 = 0.24**
eNOS TG 422 = 12 66 = 5 78 =5 56 = 4 81 x5 7 = 5% 6.46 = 0.25%*

HR, heart rate; MABP, mean arterial blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; LVSP, left ventricular systolic pressure; LVEDP,

LV end diastolic pressure; HW/BW, heart weight to body weight ratio.

*P < 0.05 vs. sham; **P < 0.01 vs. sham; otherwise P = NS; n = 10-12/group.
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Fig. 6. (A) LV chamber diameters during diastole (LVEDD) and systole
(LVESD) in sham NTg, NTg, and eNOS TG mice after 4 wk of coronary artery
occlusion. NTg and eNOS TG mice exhibited significant (**, P < 0.01) LV
chamber dilatation in diastole and systole compared with sham-operated NTg
mice. There were no significant differences in LV diameters between NTg and
eNOS TG after 4 wk of heart failure. (B) Fractional shortening (%) was
significantly attenuated in both groups (NTg and eNOS TG) of mice subjected
to coronary artery occlusion compared with sham (**, P < 0.01). However,
fractional shortening was significantly (P < 0.05) higher in the eNOS TG group
compared with NTg. (C) Left ventricular maximum (+) and minimum (—) dP/dt
was assessed by using pressure transduction catheters. Myocardial infarction
induced significant (*, P < 0.05) depression of dP/dtin NTg and eNOS TG mice
compared with sham. However, dP/dt was not significantly different between
NTg and eNOS TG (P = NS). (D) By using transthoracic Doppler-assisted
echocardiography, cardiac output was determined in sham NTg, NTg, and
eNOS TG mice after 1 mo of coronary artery occlusion. Cardiac output was
significantly (P < 0.01) reduced in the NTg compared with sham NTg. eNOS TG
mice did not exhibit a significant decrement in cardiac output compared with
sham. Overexpression of eNOS (TG) resulted in a significantly (P < 0.05) higher
cardiac output compared with NTg mice after the 4-wk congestive heart
failure protocol. Numbers of mice are located within the bars.
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Fig. 7. Pulmonary edema was assessed by net fluid weights in 11 sham, 15
NTg, and 16 eNOS TG mouse lungs. NTg mice exhibited significantly (P < 0.05)
greater fluid accumulation compared with sham lungs. However, eNOS TG
mice did not demonstrate any significant differences compared with NTg.

Endothelial dysfunction occurs in patients with heart failure
(30-33). Experimental studies (11-14) indicate that a decrease in
NO bioavailability is associated with heart failure and actually
exerts deleterious effects during heart failure. eNOS-deficient mice
have been subjected to coronary artery ligation and heart failure
(34). This study revealed the important role of endogenous NO in
attenuating the pathophysiology associated with congestive heart
failure (34). Scherrer-Crosbie et al. (34) found that end diastolic
diameter and end diastolic volume were increased, whereas frac-
tional shortening, contractility, and survival were depressed in
eNOS-deficient mice compared with wild-type after 4 wk of LAD
ligation. Furthermore, LV hypertrophy and myocyte width were
significantly increased in the eNOS-deficient mice. Interestingly,
capillary density was lower in the post-myocardial infarction eNOS
deficient mice than wild type, implying a role for NO in post-
infarction capillary preservation. Scherrer-Crosbie et al. (34, 35)
also demonstrated that genetic deficiency of eNOS resulted in
significant pulmonary hypertension and right ventricular remodel-
ing. In the present study, eNOS TG mice may have improved
coronary vascularity compared with NTg mice during congestive
heart failure. These findings, in conjunction with the present results,
provide significant support for a protective role of eNOS-derived
NO in infarct-induced congestive heart failure.

Several lines of eNOS TG mice have been developed that
overexpress eNOS in endothelial cells under the direction of a
preproendothelin promoter (36) and cardiac myocytes con-
trolled by an a-MHC promoter (37). Although no specific
cardiac phenotype has yet been reported at baseline in the
endothelial eNOS TG mouse (36), Brunner ez al. (37) found mild
negative effects in terms of cardiac-inducible calcium sensitivity.
Although calcium sensitivity was not the focus of the present
study, dobutamine-stress data indirectly indicate no difference
between the eNOS TG and NTg hearts in terms of calcium
sensitivity. It is likely that this differential effect is related to the
higher abundance of eNOS protein in the Brunner et al. study
(37) compared with the present findings. Additionally, the site of
eNOS overexpression may be of critical importance.

NO has recently been suggested to contribute to the patho-
genesis of heart failure (38-40), a tenet that is not uniformly
accepted (40). The current study does not support the idea of NO
as a deleterious mediator of congestive heart failure. Although
not the focus of our study per se, it is possible that overproduction
of NO via iNOS actually causes negative effects during heart
failure due to the high capacity of iNOS to produce NO. More
studies of iINOS and eNOS in congestive heart failure are
required to fully elucidate this complex physiological system.

The present data demonstrate significant beneficial effects in
eNOS TG mice during heart failure. Although the mechanism of
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enhanced survival appears to be related to improvement in ven-
tricular function and/or abrogation of pulmonary edema, the
mechanism of improved ventricular function is unclear. One pos-
sible mechanism is enhanced blood flow to the compensating,
surviving myocardium in the eNOS TG mice during heart failure.
This effect may occur by blunting the vasoconstrictor response
(angiotensin IT, endothelin, etc.) during heart failure. The increased
bioavailability of NO may attenuate the loss of capillaries that
occurs during heart failure and may actually potentiate the forma-
tion of new vessels. In addition, the enhanced NO production in the
eNOS TG mice may serve as an oxidant scavenger during heart
failure, thereby minimizing the deleterious effects of superoxide
and other reactive oxygen species. A very likely explanation for the
significant improvement in cardiac function and survival in the
eNOS TG mice is related to a reduction in systemic vascular
resistance. Systemic overexpression of the eNOS enzyme within the
vascular endothelium may simply reduce cardiac afterload, and this
mechanism may be responsible for the increase in cardiac output,
attenuation of pulmonary edema, and increased survival. Thus,
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