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Abstract Taurine, a ubiquitous endogenous sulfur-con-
taining amino acid, possesses numerous pharmacological
and physiological actions, including antioxidant activity,
modulation of calcium homeostasis and antiapoptotic
effects. There is mounting evidence supporting the utility
of taurine as a pharmacological agent against heart disease,
including chronic heart failure (CHF). In the past decade,
angiotensin II blockade and B-adrenergic inhibition have
served as the mainstay in the treatment of CHF. Both
groups of pharmaceutical agents decrease mortality and
improve the quality of life, a testament to the critical role
of the sympathetic nervous system and the renin—angio-
tensin system in the development of CHF. Taurine has also
attracted attention because it has beneficial actions in CHF,
in part by its demonstrated inhibition of the harmful actions
of the neurohumoral factors. In this review, we summarize
the beneficial actions of taurine in CHF, focusing on its
antagonism of the catecholamines and angiotensin II.

Keywords Chronic heart failure - Angiotensin II -
Catecholamine - Taurine

Introduction

Taurine (2-aminoethanesulfonic acid) is a ubiquitous free
amino acid found in millimolar concentrations in most
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mammalian tissues. The cardiac taurine concentration is
about 20 mM, which is about 100 times higher than its
plasma concentration. The major sources of taurine in the
body are hepatic biosynthesis from cysteine, and dietary
intake, with seafood being especially rich in the amino acid
(Pasantes-Morales et al. 1980; Rana and Sanders 1986;
Stipanuk et al. 2009). Tissue taurine content is increased in
the failing heart of patients who have died of heart failure,
but is reduced during an ischemia—reperfusion insult (Crass
and Lombardini 1977; Huxtable and Bressler 1974).
Importantly, it has been revealed that in certain animal
species, taurine depletion leads to the development of a
dilated cardiomyopathy that can progress to heart failure
(reviewed in Ito and Azuma 2012). In cats and fox whose
capacities to synthesize taurine from cysteine are very low,
maintenance on a taurine deficient diet results in severe
hypotaurinemia and leads to development of a cardiomy-
opathy (Moise et al. 1991; Novotny et al. 1994; Pion et al.
1987). Tissue taurine deficiency induced by genetically
disruption of the taurine transporter also results in the
development of a cardiomyopathy in mice (Ito et al. 2008).
Moreover, administration of the taurine transport inhibitor,
B-alanine, leads to atrophic cardiac remodeling (Pansani
et al. 2012). These observations reveal the biological
importance of taurine in maintaining normal cardiac
function.

Taurine therapy has proven beneficial in a number of
animal models of CHF (Azuma et al. 1982, 1983, 1985).
The beneficial effects of taurine treatment in heart failure
have been reported in various animal models, such as
cardiomyopathic hamsters (McBroom and Welty 1977),
calcium paradox in rats and chicken (Kramer et al. 1981;
Yamauchi-Takihara et al. 1988), rabbits with aortic
regurgitation (Takihara et al. 1986), diabetic cardiomyop-
athy (Li et al. 2005), iron overload-induced model (Oudit
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et al. 2004) and tobacco smoke-induced cardiac remodeling
(Denipote et al. 2011).

The pioneering work of Azuma and coworkers (Azuma
et al. 1989, 1992, and reviewed in Ito and Azuma 2012) led
to the approval of taurine as acceptable therapy in the
treatment of heart failure in Japan. They found that daily
taurine administration to patients suffering from CHF
improved cardiac output and key symptoms of CHF
(Table 1). Their findings were confirmed in a study using
energy drink as the source of taurine (Jeejeebhoy et al.
2002). Moreover, taurine administration has been shown to
improve exercise capacity of patients with CHF (Bey-
ranvand et al. 2011). Importantly, several clinical studies
have shown that administration of 3—-6 g taurine/day has no
adverse effect, indicating its use is clinically safe. Indeed, a
toxic dosage of taurine has still not been identified (Shao
and Hathcock 2008).

CHEF is considered the final presentation of a number of
cardiac-damaging diseases, such as coronary artery disease,
alcohol toxicity, adriamycin toxicity, rheumatic fever,
hypertension and myocarditis. In each of these conditions,
the decrease in cardiac output activates a baroreceptor
reflex, causing an elevation in plasma catecholamines. The
increase in sympathetic activity leads to the constriction of
the afferent arterioles of the kidney, reducing renal blood
flow. As a result of reduced renal blood flow and the ele-
vation in sympathetic activity, renin is released from the
juxtaglomerular cells of the kidney. Angiotensin II (Ang II)
and aldosterone levels rise, which together with elevations
in sympathetic activity, results in many of the characteristic
symptoms of CHF, such as tissue edema, fatigue, dyspnea,
confusion and anorexia. Ang II and norepinephrine (NE)
also mediate changes in the structure of the heart. Both
neurohumoral agents stimulate protein synthesis leading to
cardiac hypertrophy, which initially improves cardiac
function. However, they also promote cardiomyocyte
apoptosis and ventricular remodeling, events involved in
the deterioration of the heart by triggering the transition

from cardiac hypertrophic state to overt heart failure, as
well as the progression of CHF (Braunwald 2008).

It is generally accepted that reactive oxygen species
(ROS) which are generated by neurohumoral agents (Ang
II and NE), as well as inflammation and ischemia,
play important roles in deterioration of the failing heart
(Nakamura et al. 1998; Nakamura et al. 2002). Ang II
directly stimulates ROS production in the cytosol and the
mitochondria, the latter responsible for the permeabiliza-
tion of the mitochondrial membrane and the initiation of
apoptosis (Ricci et al. 2008). In the cytosol, ROS derived
from NADPH oxidase initiates signaling pathways that
lead to cardiac hypertrophy (Sirker et al. 2007). There is
also evidence that the activity of the sarcoplasmic reticular
Ca*™ ATPase is also under the regulation of oxidative
stress, an effect that leads to disturbances in both diastolic
and systolic functions (Sharov et al. 2006). Excessive
accumulation of calcium overload can also contribute to
ROS-mediated cell death (Giordano 2005). It is also well
known that the neurohumoral agents are associated with
the induction of an abnormal pattern of cardiac gene
expression, referred to as the “fetal gene program”, which
is one of the features of the failing heart (Colucci 1998;
Rosenkranz 2004). In particular, the fetal contractile pro-
tein isoforms, B-myosin heavy chain (MHC) and a-skeletal
actin, are upregulated, which in turn impairs contractile
function and prognosis (Braunwald and Bristow 2000).
Several large-scale clinical trials have shown that Angll
blockade using ACE inhibitors (ACEI), Angll type 1
receptor blocker (ARB) and [-adrenoceptor blocker
(B-blocker) diminishes long-term morbidity and mortality
in patients with CHF (reviewed in Landmesser et al. 2009).
These trials prove that excess secretion of catecholamines
and Angll mediates progressive left ventricular dysfunction
and structural remodeling in the failing heart.

There are several lines of evidences suggesting that
taurine attenuates neurohumoral activity in CHF. While the
impact of Angll on CHF is associated with, not only direct

Table 1 Clinical studies to attempt the effect of taurine treatment against CHF

Study Method (n) Intervention Duration Outcome

Azuma et al. Open pilot (n = 24) Taurine (3 g/day) 4 weeks Improved the severity of CHF (clinical
(1983) signs and symptoms)

Azuma et al. Double-blind, cross over Taurine (3 g/day) or placebo 4 weeks Improved the severity of CHF
(1985) (n=14)

Azuma et al. Double-blind, comparative ~ Taurine (3, 6 g/day) or CoQ10 4.8 weeks  Improved the severity of CHF, 1 systolic
(1989) (n = 158) (30 mg/day) volume, cardiac output, ejection fraction

(Greater than CoQ10)

Jeejeebhoy et al. Double-blind, placebo- MyoVive (taurine (3 g/day), 30-45 days | Left ventricular end-diastolic volume
(2002) controlled (n = 38) CoQ10, carnitine, etc.)

Beyranvand Single-blind, placebo- Taurine (1.5 g/day) or placebo 2 weeks 1 Exercise time, distance, metabolic

et al. (2011) controlled (n = 29)

equivalents
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cardiac actions, but also indirect actions in various tissues,
the beneficial effect of taurine involves kidney, brain and
immune function, as well as cardiac function. In this
review, we describe the effects of taurine on the adverse
responses of the heart to catecholamine and the renin/
angiotensin Il/aldosterone system in CHF.

Molecular mechanism involved in the beneficial actions
of taurine against heart failure

Regulation of calcium handling

The mechanisms underlying the beneficial effect of taurine
in CHF are likely complex. Taurine possesses several
pharmacological actions in the heart, including positive i-
notropy or negative inotropy depending on medium cal-
cium concentration, antiarrythmic and prosurvival. These
actions may, in part, result from the interaction between
taurine and ion channels (reviewed in Satoh and Sperelakis
1998; Schaffer et al. 2010). Especially, taurine normalizes
calcium handling. We have previously demonstrated that
taurine prevents the negative inotropic effect of low-cal-
cium medium (Chovan et al. 1980; Sawamura et al. 1983).
We further reported that taurine stimulates the inward
calcium current at low [Ca]o, and inhibits it at high [Ca]o
in isolated cardiomyocyte, whereas the amino acid does not
influence calcium current at normal [Ca]o (Sawamura et al.
1990). It also normalizes action potential duration at both
high [Ca]o and low [Ca]o (Satoh and Sperelakis 1998).
Furthermore, taurine protects the heart from calcium
overload-mediated damage induced by multiple types of
stress, including doxorubicin, isoproterenol and the calcium
paradox (Azuma et al. 1987; Kramer et al. 1981; Ohta et al.
1988; Yamauchi-Takihara et al. 1988). These observations
indicate that taurine acts as a modulator of calcium homeo-
stasis. Recent evidence suggests that calcium-dependent cell
signal proteins, such as calcineurin and calmodulin-dependent
kinase (CaMK), play critical roles in development of hyper-
trophy and in the transition from hypertrophy to heart failure
(Ling et al. 2009; Ritter and Neyses 2003). Therefore, the
calcium handling property of taurine may contribute to the
observed attenuation of heart failure.

Reduction in oxidative stress

It is well documented that taurine treatment attenuates
oxidative stress in experimental animal models of heart
disease (reviewed in Schaffer et al. 2009). Several studies
have demonstrated that taurine prevents malondialdehyde
formation, a measure of lipid peroxidation (Hamaguchi
et al. 1988; Ohta et al. 1988; Oudit et al. 2004; Raschke
et al. 1995). Although low levels of ROS stimulate cell

growth, including adaptive hypertrophy, high levels of
ROS are pathological and lead to ventricular remodeling,
fibrosis, contractile dysfunction and cell death (Takimoto
and Kass 2007).

According to various reports, the antioxidant activity of
taurine can be attributed to several mechanisms. First,
taurine is a scavenger of hypochlorous acid, which is mainly
secreted by neutrophils and is a highly toxic oxidant
(Marcinkiewicz and Kontny 2012). It is well established
that oxidation of LDL-cholesterol by hypochlorous acid
contributes to the development of atherosclerosis (Carr
et al. 2000). As described below, it has been recently
reported that the stimulation in hypochlorous acid produc-
tion by Ang II is linked to the development of atrial fibrosis
and atrial fibrillation (Rudolph et al. 2010). Second, taurine
prevents autooxidation of adrenaline to adrenochrome, an
oxidant that appears to contribute to the progression of heart
failure (Dhalla et al. 2010; Hanna et al. 2004). Third, taurine
suppresses the severity of cellular oxidative stress. Taurine
is found at very high concentration in the mitochondria,
where it is involved in a posttranslational modification of
two mitochondrial transfer RNAs (mt-tRNA), one specific
for leucine and the other for lysine (Schaffer et al. 2013;
Suzuki et al. 2002) Because taurine is found at such high
concentrations in the mitochondria, it may buffer intrami-
tochondrial pH (Hansen et al. 2010). Since taurine-conju-
gated mt-tRNA regulates the biosynthesis of respiratory
chain subunits, it directly alters flux of electrons through the
electron transport chain. Recently, it has been reported that
taurine depletion by [-alanine treatment results in a
decrease in complex I activity (Jong et al. 2012), an increase
in oxidative stress and induction of apoptosis in cultured
cardiomyocytes, indicating the importance of taurine in
suppression of ROS production. Moreover, taurine inhibits
NE-induced NADPH oxidase activation, resulting in a
decrease in ROS production (Li et al. 2009). These anti-
oxidant actions of taurine may contribute to the beneficial
effect of the amino acid on patients suffering from CHF,
particularly because oxidative stress leads to impaired
contractile function, calcium mishandling, cell death and
ventricular remodeling.

In addition to its direct cardiac actions, taurine exerts a
variety of biological actions in a multitude of tissues, including
the kidney, blood vessels, central nerves, the immune system,
etc. These diverse actions may also mediate cardioprotection.

The effects of taurine against catecholamines
Catecholamine toxicity in heart

Activation of the sympathetic nervous system is one of the
critical events in CHF (Braunwald 2008). Although

@ Springer



114

T. Ito et al.

increased cardiac sympathetic activity initially supports
contractile function, it ultimately contributes to ventricular
remodeling and vascular resistance, which drive the heart
into overt failure. Indeed, elevations in plasma NE con-
centration are correlated with increased mortality in
patients with CHF. Several clinical trials have revealed that
inhibition of sympathetic overactivity by treatment with -
blockers benefits patients with CHF. There are several lines
of evidence supporting the view that taurine can inhibit the
toxic effects of catecholamines on the cardiac myocyte. We
have examined the histological and biochemical changes
induced by a toxic dose of isoprenaline in chick heart and
found increases in heart weight and necrotic changes in
chick hearts (Ohta et al. 1986, 1988). Taurine administra-
tion was found to prevent cellular necrosis and calcium
accumulation induced by isoprenaline. Moreover, iso-
prenaline-mediated increases in lipid peroxidation and
decreases in phospholipid content were attenuated by tau-
rine administration, indicating that the beneficial effect of
taurine may relate to diminished damage related to oxi-
dative stress and calcium overload, a concept supported by
confirmative data by other investigators (Shi et al. 2002;
Shiny et al. 2005). Catecholamines are known to induce
cardiomyocyte apoptosis. It has been reported that taurine
inhibits NE-induced apoptosis in cultured cardiomyocytes
(Li et al. 2009). Taurine also prevents noradrenaline-
induced nicotinamide-adenine dinucleotide phosphate
(NADPH) oxidase activation and ROS production. Li et al.
(2009) also found that both taurine and an NADPH oxidase
inhibitor block NE-induced activation of calpain, a cal-
cium-dependent protease that contributes to cardiomyocyte
injury and stress-induced apoptosis.

Indirect actions elicited by the auto-oxidation product,
adrenochrome, may also contribute to the cardiotoxicity of
the catecholamines (Dhalla et al. 2010). Adrenochrome is a
highly reactive quinine compound that may cause intra-
cellular Ca®>"-overload, coronary spasms, myocardial cell
damage, depletion of high energy stores, and ventricular
arrhythmias. Taurine prevents adrenochrome-induced
apoptosis in cardiomyocytes (Li et al. 2009). Additionally,
it has been demonstrated that taurine inhibits auto-oxida-
tion of epinephrine leading to the formation of adreno-
chrome, likely related to the antioxidative action of taurine
(Hanna et al. 2004; Oliveira et al. 2010).

Vasculature reaction to catecholamines

Patients with CHF exhibit high peripheral vascular resis-
tance (Zelis et al. 1968). Overactivation of the sympathetic
nervous system may mediate arteriolar constriction, which
in turn contributes to the elevation of vascular resistance.
High vascular resistance in turn causes an increase in
ventricular afterload, which diminishes cardiac output. It
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also increases preload pressure, resulting in a rise in car-
diac oxygen demand, elevating the risk of angina.

Taurine is a vasorelaxant, as reflected by its anti-hyper-
tensive activity (reviewed in Abebe and Mozaffari 2011;
Militante and Lombardini 2002). Taurine also reduces vas-
cular tone that is elevated by NE. Several reports have dem-
onstrated that taurine inhibits NE-induced contraction in
isolated artery, including rabbit ear arteries, rat aortas, porcine
coronary arteries, rat renal and mesenteric arteries (Franconi
etal. 1982; Liu et al. 2009; Nishida and Satoh 2009; Niu et al.
2008; Ristori and Verdetti 1991). Thus, taurine may reduce the
rise in vascular resistance induced by overactivation of the
sympathetic nervous system in CHF. In contrast to NE, taurine
treatment fails to influence Ang II-mediated vasculature
constriction (Li et al. 1996).

Release of catecholamine from sympathetic nervous
system

Patients with CHF also exhibit increased sympathetic tone,
which is associated with the functional severity of CHF
(Francis et al. 1984). This sympathetic overactivity causes
not only myocardial toxicity but also peripheral vasocon-
striction and sodium retention. Consequently, attenuation
of sympathoexcitation by specific treatment is recognized
useful therapy for patients with CHF. Taurine acts as an
inhibitory neurotransmitter by enhancing Cl™ influx via
CI™ channel coupled receptors, including gamma-amino-
butyric acid (GABA)-a receptor and glycine receptor.
Therefore, it is reasonable to conclude that taurine controls
neuronal excitation in CHF.

It has been demonstrated that taurine treatment sup-
presses high fat diet-enhanced urinary NE excretion in
healthy male volunteers, supporting the view that taurine
suppresses the sympathetic nervous system in humans
(Mizushima et al. 1996). It has also been shown that taurine
administration decreases plasma adrenaline and blood
pressure in patients with borderline hypertension (Fujita
et al. 1987), indicating that taurine inhibits stress-depen-
dent adrenaline secretion from adrenal chromaffin gran-
ules. These data suggest that taurine suppresses
pathological stress-induced sympathoadrenal tone.

Some of the animal studies show that taurine treatment
concomitantly improves catecholamine-mediated changes
and hypotension. Yamamoto et al. (1985) have reported
that taurine supplementation suppresses short-term shaker
stress-induced blood pressure while increasing plasma
catecholamines in spontaneously hypertensive rats (SHR).
In a related study, Sato et al. (1987) reported that taurine
attenuates the development of the hypertension mediated
by slowing of cardiac and splenic NE turnover. Cumula-
tively, these studies suggest that taurine can suppress
sympathetic overactivity. It has also been reported that



The effect of taurine on chronic heart failure

115

taurine suppresses NE overflow from peripheral nerves.
Hano et al. (2009) have demonstrated that addition of
taurine to the perfusion buffer attenuates electrical stimu-
lation-induced NE overflow and pressor response in iso-
lated mesenteric artery of rat, an effect more prominent in
SHRs. They have also reported that chronic treatment with
taurine improves baro-reflex sensitivity in response to NE
infusion, and attenuates stress-induced renal nerve activa-
tion in SHR, demonstrating that taurine suppresses both
central and peripheral nervous systems. Moreover, taurine
may modulate central nervous system action of Ang II, as
described in more detail below.

The effects of taurine against Angll

Cardiac hypertrophy, fibrosis and apoptosis induced
by Angll

Angll mediates cardiac hypertrophy, inflammation and
fibrosis in the heart, which in turn leads to cardiac failure.
Patients suffering from CHF produce excessive amounts of
Angll. Several large-scale clinical trials have proven that
ACEI and ARB improve cardiac output and life expectancy
in patients suffering from CHF. They also reduce cardiac
remodeling and diminish the severity of CHF.

We have previously investigated the interaction between
taurine and AnglIl on myocardial contractile function, myo-
cyte hypertrophy and apoptosis. Addition of Angll to the
perfusion buffer increases cardiac contraction in perfused
hearts, an effect blocked by treatment with high concentra-
tions of taurine, an effect linked to changes in the activity of
the Na*/Ca®" exchanger (Ballard-Croft et al. 1997; Schaffer
et al. 2000a, b). Meanwhile, taurine treatment inhibits AnglIl-
induced elevations in [Ca>*1i, cell size and gene expression of
ANP and TGF-beta of cultured cardiomyocytes (Takahashi
et al. 1997; Azuma et al. 2000). These observations illustrate
that taurine antagonizes the harmful effects of Angllin cardiac
cells. Moreover, in cultured cardiac fibroblasts, taurine pre-
vents Angll-enhanced cell proliferation and expression of
immediate early response genes, such as c-fos and c-jun
(Takahashi et al. 1997), suggesting that taurine protects
against Angll-mediated cardiac fibrosis.

We have also shown that B-alanine-mediated taurine
depletion accelerates Angll-induced apoptotic cell death in
cardiomyocytes, an effect associated with elevations in Bax
and an increase in protein kinase C activity (Schaffer et al.
1998, 2000a, b).

Renal role of taurine and Angll

Angll enhances the release of aldosterone, which acts on
the kidney to promote water and salt retention. This action

contributes to an increase in cardiac preload by increasing
body fluid, an effect that exacerbates the condition of the
failing heart by reducing contractile function and stimu-
lating ventricular remodeling. Moreover, Angll may play a
critical role in the development of renal dysfunction.
Although there is no information which shows how taurine
interacts with Angll in the kidney, two studies have com-
pared the renoprotective effect of taurine with ACEIs. Cruz
et al. (2000) have demonstrated that both ACEIs and tau-
rine reduce aging-dependent increases in extracellular
matrix proteins, such as collagen I, IV, and TGF-f in
Fischer 344 rats. Moreover, they demonstrated that taurine
inhibits TGF-B1-stimulated synthesis of ECM proteins in
cultured human mesangial cells, suggesting that taurine can
serve as an alternative to ACEI in preventing renal
fibrosis in elderly individuals. In another paper, Mozaffari
et al. (2003) compared long-term treatment with taurine,
ACEI enalapril alone and the combination of taurine and
enalapril on renal dysfunction in hypertensive, glucose
intolerant rats. All three treatment regimens decreased
urinary protein excretion and improved renal excretory
function. Notably, the combination of taurine and enala-
pril exerted the greatest beneficial effect on glomerular
filtration rate.

Central nervous system action of Angll

Central RAS is also activated in CHF. Angll excites the
sympathetic nervous system via several actions, including a
central action to increase sympathetic outflow, a stimula-
tory effect on sympathetic ganglia and adrenal medulla,
and a peripheral action on sympathetic nerve endings, the
latter that serves to facilitate sympathetic neurotransmis-
sion (Reid 1992; Zucker 2006).

Abe et al. (1987, 1988) have studied the effect of taurine
on the central nervous system actions of Angll. They
demonstrated that administration of taurine as well as
GABA and the GABA agonist, muscimol, into both the
cerebroventricle area and the preoptic area inhibits Angll-
induced water intake, while preoptic injection of Angll
stimulates water intake. However, intravenous administra-
tion of taurine fails to suppress water intake, suggesting
central venous action of taurine suppresses the actions of
Angll. They also demonstrated that taurine administration
into the cerebroventricular area and the preoptic area pre-
vents renin-induced water intake and blood pressure ele-
vation. Furthermore, they found a similar effect of central
taurine administration on renin action in SHR, an effect
consistent with the ability of long-term oral taurine
administration to suppress blood pressure (Abe et al. 1987).
Taken together, these studies suggest that taurine may
antagonize Angll and/or intrinsic RAS in the brain and
control sympathetic nerve activity.
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Fig. 1 Schematic representation of potential mechanisms underlying
taurine-mediated antagonism of catecholamine (norepinephrine, NE)
and angiotensin II (Angll) actions in CHF. Taurine may prevent (1)
NE- and Angll-induced cardiotoxicity and Angll-induced hypertro-
phy and fibrosis, (2) enhanced arterial contraction in response to NE,

GABA is also known to play an important role in central
cardiovascular control (Patel and Zheng 2012). Blockade of
the GABA 4 receptors in the paraventricular nucleus (PVN)
increases sympathetic outflow, whereas activation of
GABA, receptors reduces sympathetic activity and blood
pressure (Gomes da Silva et al. 2012). It has been demon-
strated that an imbalance between the inhibitory “GAB-
Aergic” and excitatory “angiotensinergic” pathways in the
PVN causes excessive activation of the sympathetic ner-
vous system in CHF (Zucker 2006). Since taurine acts as an
inhibitory neurotransmitter or regulator of the GABAa
receptor, taurine has the potential to antagonize Angll-
induced sympathetic nerve activation in the PVN.

Scavenging role of taurine against hypochlorous acid

Angll also plays a crucial role in atrial fibrillation (AF).
Some clinical studies have revealed that ACEI and ARB
prevent the development of AF in patients with heart dis-
eases, such as CHF and myocardial infarction (Healey et al.
2005). Animal experiments have demonstrated that ACEI
and ARB prevent AF by attenuating heart failure-induced
cardiac fibrosis and remodeling, indicating that Angll
causes arrhythmogenic atrial structural remodeling (Shi
et al. 2001). More recently, it has been demonstrated that
myeloperoxidase (MPO), which is expressed in neutrophils
and generates hypochlorous acid, a powerful oxidant, plays
a key role in Angll-induced AF (Rudolph et al. 2010).
Angll infusion results in the accumulation of the MPO-
product, 3-chlorotyrosine. Interestingly, MPO-deficient
mice treated with Angll exhibit diminished degrees of
atrial fibrosis, which in turn markedly reduces the
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(3) Angll-related overactivation of sympathetic nerves in the brain,
(4) Angll-related renal dysfunction and (5) angiotensin II-promoted
atrial fibrillation caused by the actions of neutrophil-derived hypo-
chlorous acid (HCIO)

incidence of AF. Moreover, individuals with AF under-
going coronary bypass surgery exhibit higher atrial MPO
and 3-chlorotyrosine content. In a related study, Tang et al.
(2006) demonstrated that plasma MPO levels are increased
in CHF patients compared to non-CHF patients. Therefore,
MPO and hypochlorous acid appear to contribute to
development of AF in CHF patients.

Taurine acts as a scavenger of hypochlorous acid
(Marcinkiewicz et al. 2000; Schuller-Levis and Park 2003).
Hypochlorous acid reacts with and damages macromole-
cules, such as protein, DNA and fatty acids. Amines,
including taurine and other amino acids, can react with
hypochlorous acid in the presence of MPO to form chlor-
amines. Since taurine is abundant in the neutrophil and its
chloramine form is less reactive than hypochlorous acid,
taurine may suppress the toxic action of hypochlorous acid.

Zulli et al. (2009) and Zulli (2011) found that orally
administered taurine prevents the formation of hypochlorous
acid-mediated oxidation of LDL (OCI-LDL) in plasma of
animals fed an atherogenic diet. However, taurine also lowers
plasma homocysteine content, which is also a potent mediator
of OCI-LDL formation. Thus, it remains to be determined if
taurine directly suppresses the production of OCI-LDL by
scavenging hypochlorous acid or by reducing homocysteine
levels. Further studies are necessary to elucidate the directrole
of taurine in Angll-induced neutrophil activation.

Conclusion

Taurine exerts several actions that diminish the progression
of CHF. Figure | summarizes the actions of taurine that
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attenuate the detrimental effects of the catecholamine and
of AngllI on the failing heart (Fig. 1). The actions of taurine
are complex because they involve multiple organs and
multiple pathways and impact the adverse effects of both
the catecholamines and Angll. We anticipate that phar-
macological and nutritional intervention with taurine will
act synergistically with standard drug treatment to improve
the outcome of patients with CHF. Clearly, further clinical
trials are warranted to clarify the effect of taurine therapy
on the detrimental actions of elevated neurohumoral
activity on the development, progression and severity of
CHF.
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