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A B S T R A C T

Diastole plays a central role in cardiovascular homeostasis. Its two main determinants, myocardial

relaxation and passive properties of the ventricular wall, are nowadays regarded as physiological

mechanisms susceptible of active modulation. Furthermore, diastolic dysfunction and heart failure with

normal ejection fraction (previously called diastolic heart failure) are two subjects of major clinical

relevance and an intense area of research. The role of several neurohumoral mediators like angiotensin-II

and endothelin-1 on the modulation of diastolic function was systematically described as having only

chronic deleterious effects such as cardiac hypertrophy and fibrosis. However, over the last years a

growing body of evidence described a new role for several peptides on the acute modulation of diastolic

function. In the acute setting, some of these mediators may have the potential to induce an adaptive

cardiac response. In this review, we describe the role of angiotensin-II, endothelin-1, nitric oxide,

urotensin-II and ghrelin on the acute modulation of diastolic function, emphasizing its pathophysio-

logical relevance. Only a thorough understanding of diastolic physiology as well as its active modulation,

both in the acute and chronic settings, will improve our knowledge on diastolic dysfunction and allow us

to solve the enigmas of heart failure with normal ejection fraction.

� 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Diastolic function has a central role in cardiovascular home-
ostasis. Its importance is obvious not only as a physiological
function of the normal cardiac cycle (allowing the ventricle to relax
and fill with blood) but also as a dysfunctional component on
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important cardiovascular diseases such as heart failure with
normal ejection fraction (HFNEF) [31].

The two main determinants of diastolic function are myocardial
relaxation and passive properties of the ventricular wall (see
[16,24,31] for comprehensive reviews on diastole and diastolic
dysfunction). The former is modulated by load, inactivation
(including mechanisms related to calcium homeostasis and
myofilaments properties) and non-uniformity whereas the latter
depends on cardiomyocytes themselves (mainly the cytoskeleton)
and cardiac extracellular matrix.

The modulation of diastolic function by neurohumoral agents
has been an area of intense investigation over the last decade. The
adrenergic system is the best described neurohumoral mechanism
capable of acutely modulate both systolic and diastolic functions.
Furthermore, peptides such as endothelin (ET) and angiotensin-II
(AngII) were systematically regarded as having only chronic
deleterious effects on systolic and diastolic function, contributing
to ventricular remodeling with myocardial hypertrophy and
fibrosis. Notwithstanding these ominous effects, over the recent
years there was an increasing body of evidence linking several
neurohumoral mediators to the acute modulation of diastole, with
special emphasis on the active myocardial relaxation and passive
properties of the cardiac muscle [33,34,50].

In this way, this work aims to provide an up-to-date description
on the latest neurohumoral mechanisms found to acutely
modulate diastolic function. First, the most important intracellular
mechanisms playing a role on diastole will be briefly described.
Thereafter, the acute effects of some neurohumoral mediators on
diastolic function will be reviewed. A better understanding of
diastolic physiology and its modulation will probably contribute to
unmask some of the current enigmas of HFNEF and to offer a
broader perspective on potential and clinically relevant
approaches for the treatment of diastolic dysfunction and HFNEF.

2. Intracellular mechanisms modulating diastolic function

2.1. Diastolic calcium homeostasis

Calcium homeostasis plays a determinant role in myocardial
relaxation [31]. Indeed, calcium extrusion from the cytosol is
crucial for a normal diastole and the mechanisms contributing to
reduce intracellular calcium levels are altered in diastolic
dysfunction. In the human heart, the main processes responsible
for calcium extrusion are its uptake by the sarcoplasmic reticulum
calcium-ATPase (SERCA) pump and the activity of the sarcolemmal
sodium–calcium exchanger (NCX). SERCA pump activity is
inhibited by phospholamban (PLB) in its dephosphorylated form.
However, PLB phosphorylation removes its inhibitory effect on
SERCA and promotes a faster rate of relaxation due to increased
SERCA activity. In this way, increased activity of SERCA by direct
activation or phosphorylation of PLB by protein kinases allows the
ventricle to accelerate myocardial relaxation. However, decreased
SERCA activity or hypophosphorylated PLB contribute to a slow
rate of tension decline.

2.2. Sarcomeric proteins

Key regulatory myofilament proteins such as troponins and
myosin binding protein C (MyBP-C) also play a role modulating
cardiac diastolic properties. Phosphorylation of troponin (Tn)-I by
PKA [26], PKC [45] and PKG [30] is responsible for enhanced
relaxation resulting from the decreased myofilament calcium-
sensitivity. Interestingly, a recent work [10] demonstrated that
myofilament desensitization induced by PKA requires the presence
of another sarcomeric protein, MyBP-C. The latter seems to be an
important mediator of diastole [51] but further research is needed
to allow a better understanding of a dynamic interaction between
these myofilament proteins on the modulation of diastolic
function.

Titin is a giant sarcomeric protein increasingly recognized as an
important determinant of myocardial stiffness and contributor to
the pathophysiology of heart failure [18]. Indeed, passive stiffness
can be adjusted by modulating the mechanical properties of titin’s
extensible region mainly by phosphorylation and changes in
intracellular calcium levels.

PKA-dependent phosphorylation of titin’s N2B unique sequence
reduces passive tension of both animal [64] and human [28]
cardiomyocytes. This represents one of the mechanisms con-
tributing to the improvement of cardiac diastolic properties upon
b adrenergic stimulation. A recent work [60] suggests that PKC
may also phosphorylate titin but at present is unclear whether only
PKA can phosphorylate titin or whether PKC is also effective.

Calcium and the protein S100A1, a calcium-binding protein,
also contribute to the modulation of myocardial passive stiffness.
Together, they inhibit titin–actin interaction, one of the determi-
nants of passive myocyte stiffness, in a calcium-dependent manner
[63]. However, future work is required to clarify the array of rapid
adjustment mechanisms involving titin as well as to understand
their physiological role in the modulation of diastolic function.

3. Acute neurohumoral mediators of diastolic function

3.1. Endothelin

Endothelin-1 was isolated in 1988 and was characterized as the
most potent endogenous vasoconstrictor ever identified [65]. At
first regarded as ‘‘the bad guy of circulatory control’’ [61], ET-1 is
nowadays considered an important regulator of cardiovascular
homeostasis (see [6] for a comprehensive review on this topic).

ET-1 has predominantly autocrine and paracrine actions by
binding to two main subtypes of G-protein coupled receptors, ETA

and ETB. ETA receptor activation evokes vasoconstriction [41],
mitogenesis [46] and increased inotropism [22,25] whereas ETB

receptor stimulation is associated with vasodilatation and growth
inhibitory effects [40] associated with apoptosis [47]. The latter
was further subdivided in ETB1 and ETB2 receptor subtypes: the
ETB1 receptor is predominantly expressed in the vascular and
endocardial endothelium and its stimulation elicits vasodilatation
[12] and a negative inotropic effect [32] and the ETB2 receptor is
located on vascular smooth muscle and myocardial cells, mediat-
ing vasoconstriction [59] and positive inotropism [32]. The ETB

receptor is also responsible for the pulmonary clearance [15] and
endothelial reuptake [48] of circulating ET-1. It is important to
remember that ET-1 plasma levels in healthy subjects are very low,
in the fentomolar range, being unlikely that this peptide acts as a
circulating hormone. However, there is a tonic paracrine release of
ET-1 from endocardial endothelial cells inasmuch as ET receptor
blockade elicited a decrease in systolic contractility demonstrated
by a reduction in the rate of left ventricular pressure development
[39,55]. Despite the vast knowledge about the role of ET-1 on
cardiovascular physiology, its diastolic effects have only recently
started to be uncovered. Accurate evidence was gathered in the
setting of isolated muscle preparations and hemodynamic studies,
inasmuch as in the intact heart it is difficult to differentiate
between effects of ET-1 on intrinsic myocardial diastolic properties
from those related to load changes [16,35] and coronary
vasoconstriction [13,23]. Indeed, in the intact heart, effects of
ET-1 on diastolic function might result from direct actions of the
peptide and from indirect effects that are mainly the consequence
of coronary and/or systemic vasoconstriction. Such a complex
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regulation of myocardial diastole with potentially simultaneous
opposing effects of ET-1 might explain why no conclusive effects
on the modulation of diastolic function by ET-1 in the intact heart
have been reported.

3.1.1. The effects of ET-1 on myocardial relaxation

In isolated muscle preparations, ET-1 elicits a dose-dependent
(0.1, 1 and 10 nM) acceleration of the rate of tension decline
(increased dT/dtmin) [33,38]. To understand the physiologic
mechanisms of this positive lusitropic effect, studies were
performed in isolated rabbit papillary muscles. We could observe
that the increased lusitropism in the presence of ET-1 (1 nM) was
inhibited after nonselective ETA/ETB receptor blockade with PD-
145065 and even reversed when a selective ETA receptor
antagonist (BQ-123) was used. Furthermore, selective ETB receptor
inhibition with BQ-788 in the presence of ET-1 showed a tendency
to enhance the positive lusitropic response [33]. Interestingly, the
acceleration of the rate of tension decline elicited by ET-1 does not
depend on the integrity of the endocardial endothelium [3,4] nor
on the presence of NO or prostaglandins [4].

To further clarify the role of ETB receptor on the ET-1-induced
positive lusitropism, another experimental protocol was con-
ducted. We demonstrated that selective ETB1 receptor stimulation
slowed myocardial relaxation (decreased dT/dtmin) through the
release of NO and prostaglandins, whereas there was a faster
relaxation upon preferential ETB2 receptor stimulation [32]. More
recently, we demonstrated that the lusitropic effect of selective ETB

receptor stimulation is dependent in the integrity of the
endocardial endothelium, being negative when it is intact and
positive when it is damaged [32].

Overall, these results suggest that the ET-1-induced positive
lusitropic response is predominantly mediated by ETA receptors
and that the interaction with ETB1 and ETB2 stimulation and the
endothelium may also contribute to the modulation of this
response.

3.1.2. The effects of ET-1 on passive myocardial properties

It is well established that chronically elevated levels of ET-1 are
associated with myocardial hypertrophy and fibrosis, leading to an
increase in myocardial stiffness and thus compromising the
diastolic function of the heart [5,11]. However, the acute diastolic
effects of ET-1 are being progressively unraveled with obvious
implications for the understanding of diastolic physiology.

Experiments performed by our group in isolated rabbit
papillary muscles and human auricular strips revealed that ET-1
dose dependently (using the concentrations 0.1, 1 and 10 nM)
increases myocardial distensibility (decreases myocardial stiff-
ness) in acutely loaded cardiac muscles by binding to ETA receptors
and activating the Na+/H+ exchanger (NHE). This effect was not
inhibited by selective ETB receptor inhibition with BQ-788, which
is considered to predominantly block the ETB2 receptor subtype
[33]. In the clinical setting, upon ETA receptor stimulation and in
the presence of cardiac overload, the ventricle can reach higher
filling volumes at lower filling pressures, with a more efficient
recruitment of the preload reserve. This may represent a quite
powerful adaptation mechanism of cardiac diastolic function in
situations of acute cardiac overload, decreasing the odds of
backwards congestion.

Subsequent studies demonstrated that the ET-1-induced
decrease in myocardial stiffness also requires an intact endocardial
endothelium [3,4] and active endothelial ETB1 receptors (although
selective ETB1 or ETB2 direct stimulation did not elicit any effect on
this parameter) [3]. This suggests that acute modulation of passive
diastolic properties of the myocardium by ET-1 is probably
dependent on a complex balance and interaction between ETA
and ETB1 receptors stimulation and requires a functional endo-
cardial endothelium to determine the overall physiologic response.

In a recent work, we demonstrated that after blocking NO and
prostaglandins synthesis with NG-nitro-L-arginine (L-NNA) and
indomethacin, respectively, the ET-1-induced decrease in resting
tension (increase in myocardial distensibility) was no longer
observed [4]. Since NO and prostaglandins are important
endothelial mediators and are known to be released by the
endothelium upon selective ETB1 receptor stimulation [6], these
results suggest that these substances probably play an important
role modulating the acute diastolic effects of ET-1 in a complex
cross-talk between the endothelium and cardiac muscle.

3.2. Angiotensin-II

The octapeptide AngII plays a determinant role in the
maintenance of cardiovascular homeostasis, as well as in different
cardiovascular diseases such as hypertension and heart failure (see
[43] for a thorough review of AngII physiological and pathological
effects in the cardiovascular system).

The existence and function of a local renin–angiotensin system
(RAS) in the heart it is now well established [49]. Furthermore, the
predominant physiological role of the cardiac RAS is probably the
integration of several stimuli mediating adaptive responses to
myocardial stress (such as the response to myocyte stretch) as well
as to modulate the local effects of growth and proliferative stimuli.
Therefore, the local RAS might as well contribute to the modulation
of myocardial diastolic function in the acute setting.

AngII stimulates two types of G protein-coupled receptors: AT1

receptor, associated not only with acute vasoconstriction and
positive inotropism but also with chronic ventricular remodeling,
by means of myocardial hypertrophy and fibrosis; and the AT2

receptor, commonly associated with anti-proliferative and pro-
apoptotic effects and vasodilatation [1].

Notwithstanding the deleterious effects of chronically elevated
levels of AngII over both systolic and diastolic functions, the acute
diastolic response to AngII was systematically overlooked.

3.2.1. The effects of AngII on myocardial relaxation

The early findings on AngII-dependent modulation of myocar-
dial relaxation evidenced a prolonged relaxation time in the cat
ventricle as well as in other species [21,42,44,54]. However, our
recent results in isolated rabbit papillary muscles and in situ rabbit
hearts suggest that AngII (using increasing concentrations from
10�7 to 10�5 M) exerts a positive lusitropic effect characterized by
an increase in the peak rate of tension decline (dT/dtmin) [8,34]. We
also demonstrated that the AngII-induced acceleration of myo-
cardial relaxation was completely abolished with losartan
(selective competitive AT1 receptor antagonist) and significantly
attenuated after nonselective endothelin ETA/ETB receptor and
selective ETA receptor blockade as well as after selective removal of
the endocardial endothelium. These results suggest that the
acceleration of the rate of tension decline induced by AngII is
indeed dependent on AT1 receptor activation and probably results
from an acute interaction between the local renin–angiotensin
system and the endothelin system with the endothelium playing
an important role in its modulation.

In a subsequent study [9], our group demonstrated that the
selective stimulation of rabbit myocardial AT2 receptors was
associated with a slowing of myocardial relaxation and thus a
negative lusitropic effect that was completely abolished after
removal of the endocardial endothelium and significantly atte-
nuated with hydroxocobalamin (a NO scavenger) and Hoe-140 (an
antagonist of bradykinin B2 receptors). A link between AT2 receptor
signaling pathway and stimulation of endothelial bradykinin B2
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receptors (with activation of constitutive nitric oxide synthase)
was already described in the heart [29]. Overall, these findings
demonstrated that selective AT2 receptor-stimulation is associated
with a negative lusitropic effect modulated by the endocardial
endothelium and mediated by bradykinin B2 receptors through NO
release.

3.2.2. The effects of AngII on passive myocardial properties

In a recent work, our group described for the first time a
significant AngII concentration dependent (10�7–10�5 M) decrease
of myocardial stiffness [34]. Indeed, AngII acutely decreased
passive tension by 46% in the isolated muscle and LV diastolic
pressures by 40–44% in the intact heart. To further clarify this
finding, selective AT1 (losartan and ZD-7155) and AT2 (PD-
123,319) receptors antagonists were used. Interestingly, only
AT1 receptor blockade inhibited the increase in myocardial
distensibility. We also demonstrated that this effect was com-
pletely blunted upon PKC inhibition and significantly attenuated
after NHE inhibition. These results suggest that the previously
described acute decrease of myocardial stiffness by AngII requires
AT1 receptor activation and is mediated by PKC and NHE. It is
tempting to hypothesize that a possible mechanism accounting for
this effect may be a PKC-dependent phosphorylation of titin
promoting a decrease in myocardial stiffness in a way similar to
titin’s phosphorylation by PKA. However, future research is
required to further clarify this issue.

3.3. Nitric oxide

Research work performed over the last decade evidenced that
NO plays an important role in cardiovascular homeostasis, as well
as in the pathophysiology of heart diseases such as heart failure
(see [53] for a comprehensive review). However, NO-induced
diastolic effects were only recently unmasked and remain at
present an interesting matter of investigation.

The original observations on the effects of NO in the setting of
isolated papillary muscles were described as a relaxation-
hastening effect, characterized by reduced peak isometric tension
because of earlier onset of relaxation. These results were also
evident in experimental preparations using a whole animal heart
model, where both exogenous and endogenous NO were found to
induce a faster rate of myocardial relaxation [19,20]. Likewise, the
same effects were observed in the normal human heart upon
intracoronary injection of sodium nitroprusside during cardiac
catheterization [50].

A novel and interesting diastolic effect of NO was demonstrated
in 1994 in isolated cardiomyocytes [57] and in the intact human
left ventricle, in which [50] NO was shown to promote a shifting of
the length-tension and LV diastolic pressure–volume relations to
the right, respectively. Physiologically, these results clearly
indicate that NO signaling favors a more distensible cardiomyocyte
and a more compliant left ventricular chamber. On the other hand,
in the setting of isolated animal heart the presence of NG-
monomethyl-L-arginine (a specific inhibitor of nitric oxide
synthase) results in elevation of LV end-diastolic pressure
suggesting a stiffer ventricle [52]. Due to the raised myocardial
concentration of cGMP elicited by NO, one of the mechanisms
suggested to mediate the NO-dependent increase in diastolic
distensibility is the phosphorylation of Tn-I by PKG eliciting a
reduction of myofilamentary calcium sensitivity [56]. As recently
described, a PKG-mediated phosphorylation of titin is also likely to
account for the observed effect [27].

Taken together, these results suggest that NO is probably an
important regulator of diastolic function in a complex acute
interplay among coronary perfusion, coronary endothelium and
diastolic LV performance through relaxation-hastening and dis-
tensibility-increasing effects. Acutely, elevation of cardiac work-
load and shear stress promotes endothelial NO release which
optimizes LV diastolic function by prolonging the diastolic time
interval and allowing the ventricle to accommodate higher
volumes at lower filling pressures.

3.4. Urotensin-II

Urotensin-II is a cyclic peptide isolated in 1985 which was
recently introduced as a mediator in cardiovascular homoeostasis
and disease (see [66] for a comprehensive review on the role of U-II
on cardiovascular and renal physiology). However, after more than
20 years of research, the precise role of U-II on diastolic function
still deserves future investigation.

To further clarify the diastolic effects of U-II and some of their
underlying mechanisms, the study model of isolated rabbit
papillary muscles was employed [14]. Regarding myocardial
relaxation, we found a concentration-dependent (10�8–10�6 M)
negative lusitropic effect that was not affected by damaging the
endocardial endothelium nor blocking NO and prostaglandins
synthesis. However, the most interesting finding of this study was
the evidence of a dose-dependent acute increase in myocardial
distensibility upon U-II addition. Blocking U-II receptors with
urantide and NO synthesis with L-NNA totally inhibited this effect
whereas cyclooxygenase inhibition with indomethacin signifi-
cantly attenuated it. Interestingly, endocardial endothelium
removal did not alter the distensibility-increasing effect of U-II.
Taken together, these results suggest that the U-II-induced
increase in myocardial distensibility depends on U-II receptor
stimulation and NO and prostaglandins release probably from the
microvascular coronary endothelium, which is a recognized
alternative source of these mediators [7]. These findings demon-
strated the likelihood of U-II as a mediator of an acute adaptation
mechanism that allows the ventricle to reach higher diastolic
volumes at lower filling pressures. Nevertheless, one should not
neglect that chronically elevated levels of U-II contribute to
cardiac fibrosis and hypertrophy [2,66] and accelerate the
atherosclerotic process [62] leading to cardiovascular function
impairment.

3.5. Ghrelin

Ghrelin is a 28-amino acid peptide mostly synthesized in the
stomach with important metabolic and homeostatic roles by
providing an endocrine link between stomach, hypothalamus
and pituitary (see [37] for a thorough review on the
physiological, pathological and therapeutic roles of ghrelin).
Ghrelin also participates in several aspects of physiologic and
pathologic states of the cardiovascular system [36]. However, its
role in diastole still remains poorly understood. In a recent work
[58], our group described the negative lusitropic effect of ghrelin
(using concentrations of 10�9–10�6 M) in isolated rat papillary
muscles, consisting on a slower rate of tension decline and an
earlier onset of myocardial relaxation. The decreased lusitrop-
ism was not affected by endocardial endothelium damage or
blocking NO and prostaglandins synthesis. Nevertheless, the
premature onset of relaxation induced by ghrelin was blunted
by inhibition of prostaglandins release and exacerbated by NO
synthase inhibition, but not affected by a dysfunctional
endocardial endothelium. These results suggest that the acute
modulation of the onset of myocardial relaxation by ghrelin may
depend on a complex interaction between NO, prostaglandins
and the endothelium that should be addressed in future research
work. Interestingly, antagonizing the growth hormone secreta-



Fig. 1. Major signaling pathways described to contribute to the acute modulation of diastolic function. Dashed arrows represent phosphorylations. AC, adenylyl cyclase; AR,

adrenergic receptor; AT1R, AT1 receptor; AT2R, AT2 receptor; B2R, bradykinin B2 receptor; cAMP, cyclic AMP; cGMP, cyclic GMP; COX, cyclooxygenase; DAG, diacylglycerol;

ETAR, ETA receptor; ETB1R, ETB1 receptor; ETB2R, ETB2 receptor; GC, guanylyl cyclase; Gq, Gs, G-protein subunits; IP3, inositol 1,4,5-triphosphate; MyBPC, myosin binding

protein C; NHE, Na+/H+ exchanger; NO, nitric oxide; NOS, NO synthase; PG’s, prostaglandins; PKA, PKC, PKG, protein kinases A, C and G, respectively; PLB, phospholamban;

PLC, phospholipase-C; SERCA, SR Ca2+ pump; SR, sarcoplasmic reticulum; TnI, troponin I.

Table 1
Overview of the acute effects of several neurohumoral mediators on diastolic function.

Mediator Effect Reference(s)

Endothelin-1 ETA receptor stimulation

Positive lusitropism independent of endocardial endothelium, NO and prostaglandins [3,4]

Decrease in myocardial stiffness dependent on active ETB1 receptors, intact endocardial endothelium,

NO and prostaglandins and Na+/H+ exchanger activation

[3,4,33]

ETB1 receptor stimulation

Negative lusitropism dependent on NO and prostaglandins release and intact endocardial endothelium [32]

ETB2 receptor stimulation

Positive lusitropism (unknown mechanism) [32]

Angiotensin-II AT1 receptor stimulation

Positive lusitropism dependent on ETA and ETB receptor integrity and intact endocardial endothelium [8,34]

Decrease in myocardial stiffness dependent on Na+/H+ exchanger and protein kinase C [34]

AT2 receptor stimulation

Negative lusitropism dependent on intact endocardial endothelium, NO and bradykinin B2 receptor [9]

Nitric oxide Earlier onset of relaxation (‘‘relaxation-hastening effect’’) [19,20]

Positive lusitropism [19,20]

Decrease in myocardial stiffness [50,57]

Urotensin-II Negative lusitropism independent of intact endocardial endothelium, NO and prostaglandins [14]

Decrease in myocardial stiffness dependent on urotensin-II receptor stimulation, NO and prostaglandins [14]

Ghrelin Earlier onset of relaxation blunted by inhibition of prostaglandins release and exacerbated by NO synthase inhibition [58]

Negative lusitropism independent of intact endocardial endothelium, NO and prostaglandins [58]
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gogue-receptor (GHS-R1a), one of the most important mediators
of ghrelin action, did not modify the negative lusitropic and
relaxation-hastening effect of ghrelin, implying that some of its
actions are mediated by other receptors distinct from the GHS-
R1a. The GHS-R1b is also expressed in the myocardium [17] and
thus is a putative candidate for mediating some of the cardiac
actions of ghrelin.
4. Conclusion

The concept that diastole is not a merely passive phenomenon
but is instead under active control is now a common ground in
both clinical and basic research settings. Indeed, the recognition
that diastole itself can be actively modulated has been steering
current research so that its pathophysiological mediators are
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unveiled and new pharmacological approaches are designed and
implemented in the setting of diastolic dysfunction and HFNEF.
As for the adrenergic system, many other neurohumoral
mechanisms commonly associated with the progression of heart
failure syndrome have been described to acutely and positively
modify cardiac function. In regard to myocardial diastolic
properties, AngII and ET-1 figure as two unquestionable new
paradigms of such modulation (schematically depicted in Fig. 1).
Being mostly regarded as positive inotropic and vasoconstrictor
mechanisms in acute heart failure but decompensatory ones in
the chronic heart failure setting, their ability to acutely modify
diastolic function has been widely dismissed. This gap has been
filled by our recent observations that AngII and ET-1 can
significantly improve diastolic function by means of increasing
relaxation velocity and decreasing myocardial stiffness in a time-
frame that is too short to alter the ECM. In the clinical ground,
these effects may translate into an enhanced capacity for the
ventricle to increase its end-diastolic volume at concurrently
lower filling pressures. In the acute heart failure setting and upon
neurohumoral activation, ventricular wall stress decreases and
the odds of congestion are significantly attenuated. The same
effects are ascribed to NO and, more recently, to U-II (see Table 1
for an overview). Though, the net effect in the human
myocardium integrating the actions of all these peptides should
always be regarded as a complex and still incompletely under-
stood issue that also depends on the integrity of the endothe-
lium, probably leading to different diastolic cardiac behaviors in
the healthy state and in the diseased heart. An observation that
further underscores the importance of diastolic function
modulation in cardiovascular homeostasis is the redundancy
of effects among neurohumoral mediators that activate different
intracellular signaling pathways. Multiple signaling mediators
seem to converge on a similar effect in the regulation of
myofilamentary calcium sensitivity and myocardial distensibil-
ity. Either through direct or indirect stimulation of PKA
(adrenalin), PKC (AngII and ET-1) and/or PKG (NO and U-II),
these mediators share the acutely-decreasing effect of myocar-
dial stiffness, highlighting the existence of several ways to
achieve a common end: an enhanced diastolic function.
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[27] Krüger M, dos Remedios C, Linke WA. Titin phosphorylation by protein kinases
A and G in normal and failing human hearts decreases myocardial passive
stiffness. Circulation 2007;116:II_301.
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