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Taurine (2-aminoethanesulphonic acid), a sulphur-containing amino

acid, is found in most mammalian tissues. Although it can be synthe-

sized endogenously, the major source of taurine is from the diet.

Taurine was found to exhibit diverse biological actions, including

protection against ischemia-reperfusion injury, modulation of intra-

cellular calcium concentration, and antioxidant, antiatherogenic and

blood pressure-lowering effects. The present review will address the

potential beneficial actions of taurine in congestive heart failure,

hypertension, ischemic heart disease, atherosclerosis and diabetic

cardiomyopathy. There is a wealth of experimental information and

some clinical evidence available in the literature suggesting that tau-

rine could be of benefit in cardiovascular disease of different etiolo-

gies. However, double-blind long-term clinical trials need to be

conducted before taurine can be unequivocally recommended as a

nutritional intervention for the prevention and/or treatment of car-

diovascular disease.
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Taurine is the most abundant intracellular sulphur-
containing amino acid (1). Although it can be synthesized

from methionine and cysteine in the presence of vitamin B6

(1,2), taurine can be obtained from the diet, predominantly
through eggs, meat and seafood. High concentrations of tau-
rine are found in the heart and retina, whereas smaller
amounts are found in the brain, kidneys, intestine and skeletal
muscle (2). It is now well established that taurine is involved
in many diverse biological and physiological functions (1,3).
For example, it is known to play a role in bile salt formation
and fat digestion. Furthermore, taurine is involved in the
maintenance of homeostasis of intracellular Na+ and intracel-
lular Ca2+ concentrations ([Ca2+]i), and in the balance of neu-
rotransmitters (4-6). Taurine deficiency is associated with
anxiety, epilepsy, hyperactivity and depression; taurine supple-
mentation can relieve these symptoms (7). Recently, it was
shown to be an effective agent in the treatment of alcoholism,

fatigue and myotonia (8,9). Taurine has also been reported to
protect visual function during diabetes (10) and improve
immunocompetence (11). In addition, taurine and its ana-
logues have been observed to exert antineurotoxic and anti-
inflammatory effects, and inhibit tumour cell proliferation
(10-14). Taurine has also been shown to protect various organs
against damage induced by mental and oxidative stress (15-17).
Liao et al (18) demonstrated that a taurine transporter is
expressed in vascular smooth muscle cells and suggested that it
may play an important role in vascular function (19,20). A
number of clinical trials revealed beneficial actions of taurine
during different pathophysiological conditions (Table 1); how-
ever, the mechanisms of these actions are not yet understood.
The present review focuses on a discussion of the clinical value
and potential of taurine as a nutraceutical for the prevention
and treatment of diabetic cardiomyopathy, ischemic heart dis-
ease (IHD), hypertension and congestive heart failure (CHF).
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EXPERIMENTAL CARDIOLOGY: REVIEW

TABLE 1
Clinical studies with taurine

Taurine dose Subjects Results Reference

3 g/day for 30 to 45 days CHF Decreased left ventricular end-diastolic volume Jeejeebhoy et al (36)

6 g/day for 4 weeks CHF Cardiac function was improved, no side effects Azuma et al (41)

3 g/day for 7 weeks Overweight Decreased TG and body weight Zhang et al (53)

6 g/day for 3 weeks High lipid diet Decreased serum cholesterol and LDL, increased VLDL and TG Mizushima et al (54)

0.4 g/day for 2 weeks Healthy volunteer Decreased platelet aggregation and platelet release Hayes et al (58)

1.5 g/day for 90 days Diabetes Decreased platelet aggregation Franconi et al (75)

6 g/day for 1 week Hypertension Decreased blood pressure Militante and 

Lombardini (110)

CHF Congestive heart failure; LDL Low-density lipoprotein; TG Triglyceride; VLDL Very low-density lipoprotein 
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Beneficial actions of taurine in ischemia-reperfusion of the
heart
Approximately 12 million individuals visited a physician’s
office for IHD in the United States in 2001 (21). Presently, it
is estimated that 18.5 million people in the United States suf-
fer from IHD. Data generated from our laboratory (St Boniface
Hospital Research Centre, Winnipeg, Manitoba) has demon-
strated that taurine protects against loss of functional recovery
during ischemia-reperfusion (I-R) of isolated perfused rat
hearts (Figure 1). A loss of mechanical function in rat hearts
subjected to either the Ca2+ paradox protocol or global I-R has
been found to correlate with decreases in myocardial taurine
levels (22,23). There was a second phase of taurine release
upon reperfusion of the ischemic heart, which exceeded the
amount of taurine extruded during the ischemic insult of the
heart (24). It has also been recently observed that taurine pro-
tects against Ca2+ paradox-induced cardiac injury (25,26) by
preventing Ca2+ overload in cardiomyocytes and cell death.
Because the increase of intracellular Na+ is a critical step in
cardiac damage due to Ca2+ paradox or I-R, taurine supple-
mentation may reduce the intracellular Na+ concentration,
and subsequently reduce Ca2+ overload by inhibition of the
Na+-Ca2+ exchanger. This effect offers another possible
mechanism that explains how taurine protects the heart from
I-R-induced damage (26). Furthermore, taurine may provide
cardioprotection under conditions of I-R, by virtue of its antiox-
idant properties (24,27), and may prevent oxidant-mediated
damage of the cardiomyocyte membrane and subsequent intra-
cellular Ca2+ overload. It should be pointed out that during
acute coronary events (unstable angina and myocardial infarc-
tion, often before the onset of ischemic damage), neutrophils
are known to secrete proteolytic enzymes in latent forms,

which are activated by hypochlorous acid (HOCl) generated
by myeloperoxidase (28). Because taurine is a physiological
antagonist of HOCl, supplementation with this agent protects
the heart by diminishing the inflammatory response in cases
of acute coronary artery disease (28). On the other hand, tau-
rine interaction with HOCl produces taurine monochlo-
ramine, a less toxic and more stable oxidant that has been
reported to activate a cell death pathway involving Bax pro-
tein and caspase-9 in lymphocytes (29). While there is no
known similar effect in the cardiovascular system, such an
interaction would be undesirable. 

Although the exact mechanisms of the possible beneficial
actions of taurine in IHD have yet to be identified, based on the
information available in the literature, it can be suggested that
the mechanisms could include attenuation of Ca2+ overload,
antioxidant effects or membrane-stabilizing effects (30-32). In
fact, it would be interesting to investigate whether taurine sup-
plementation could prevent myocardial infarction in atheroscle-
rotic patients. While the aforementioned discussion points to
the benefits of taurine supplementation in treating I-R-induced
injury, Allo et al (33) reported that taurine depletion protects
the heart against I-R-induced injury in the rat model. In this
regard, to deplete hearts from control and β-alanine-treated rats
of their endogenous levels of taurine produces smaller infarct
size-to-risk area ratios after a 45 min ligation of the coronary
artery and 2 h of reperfusion. Furthermore, cardioprotection was
lost following dietary taurine repletion. Thus, it would appear
that the putative beneficial actions of taurine in myocardial I-R
warrant further examination.

Taurine and CHF
The World Health Organization has reported an increase in
the incidence of CHF. Between 1968 and 1998, the number of
deaths from CHF in the United States rose from about 10,000
to almost 50,000 (34). In fact, approximately five million
Americans are currently living with CHF, and 550,000 cases
are diagnosed in the United States each year. The number of
individuals with CHF is expected to increase as the population
ages. The direct and indirect costs of CHF for 2006 were esti-
mated at $29.6 billion in the United States alone (34). 

The majority of symptomatic patients with CHF are mal-
nourished, and have a relative deficiency of taurine (35).
Restoring adequate cardiomyocyte nutrition, including the
level of taurine, would seem to be essential to any therapeutic
strategy designed to benefit patients with CHF (36). It is well
known that CHF is characterized by defects in Ca2+ homeosta-
sis, and because taurine can influence [Ca2+]i, its supplementa-
tion could benefit patients with CHF. Indeed, parenteral
administration of taurine (200 mg/day for seven days) has been
reported to partially protect against myocardial cell necrosis
induced by a toxic dose of isoprenaline in chick hearts (37).
Taurine was attributed to the prevention of intracellular
Ca2+ overload. Jeejeebhoy et al (36) reported that taurine can
lower left ventricular end-diastolic pressure in patients with
heart failure. Although an increase in cardiac taurine content
due to an increase in adrenergic stimulation of taurine influx
has been reported in CHF (38,39), oral taurine supplementa-
tion (6 g/day for four weeks) in these patients exerted a posi-
tive inotropic action and reduced mortality. In Japan, taurine
has been used clinically and has been claimed to be beneficial
to patients that are unresponsive or resistant to digitalis or
diuretics (40,41). In a clinical trial (40), the effect of oral

Figure 1) The protective effect of taurine on ischemia-reperfusion (I-R)
in rat hearts. Isolated rat hearts were perfused in the absence or pres-
ence of taurine (10 mM) as described previously (26), and were sub-
jected to 30 min of global ischemia followed by reperfusion. The control
value for the left ventricular development pressure (LVDP) was
87±6 mmHg. –dP/dt Rate of left ventricular pressure decay; +dP/dt
Rate of left ventricular pressure development; LVEDP Left ventricular
end-diastolic pressure
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administration of taurine (3 g/day) and coenzyme Q10
(30 mg/day) in 17 patients with CHF secondary to ischemic
or idiopathic dilated cardiomyopathy was compared. In the
taurine-treated group, unlike the coenzyme Q10-treated
group, an improvement of the systolic left ventricular function
was observed after six weeks (40). While the mechanisms
responsible for this effect need to be defined, Franconi et al
(42) reported that the depression of the contractile force of
guinea pig ventricular strips in a Ca2+-free or low Ca2+ medium
is prevented by taurine. In addition, these investigators
blocked the negative inotropic effect of verapamil, a Ca2+

channel blocker, by taurine (42). It was suggested that the pos-
itive inotropic effect of taurine could be due to its effect on
[Ca2+]i in cardiomyocytes (42). Indeed, other studies showed
that Ca2+ is an important factor in mediating the effects of tau-
rine in the heart. For instance, the action of taurine on cardiac
function in forced-swim-stressed rats was found to be depend-
ent on the extracellular concentration of Ca2+ (43). Taurine
has also been reported to increase [Ca2+]i and contractile force
in guinea pig ventricular strips (44). These investigators
observed that superfusion of ventricular strips with a taurine-
free medium produced a decrease in taurine content at the end
of 120 min; this change was restored by superfusion with
10 mM taurine (45). 

It is interesting to note that fatal dilated cardiomyopathy in
dogs, induced by taurine deficiency, can be prevented by tau-
rine supplementation (46). Also, taurine has been reported to
exert an antioxidant effect against isoproterenol-induced
myocardial infarction in rats (47). These investigators have
suggested that the beneficial action of taurine could be due to
a membrane-stabilizing effect. Thus, it would appear, as in the
case of IHD, that the beneficial actions of taurine in CHF can
be attributed to its effects on [Ca2+]i, its antioxidant properties
and its membrane-stabilizating effect. In fact, it may be sug-
gested that taurine can prevent intracellular Ca2+ overload
under conditions of oxidative stress, and may improve or pre-
vent defects in Ca2+ handling in cardiomyocytes during CHF.
It should also be mentioned that because combination therapy
is commonly used in clinical practice, it would be worthwhile
to investigate the interaction of taurine with pharmacological
agents used to treat CHF.

Antiatherogenic potential of taurine
Atherosclerosis, which affects over 60 million people in the
United States alone, has been extensively studied during the
past six decades (48). Although low-density lipoproteins
(LDL) are known to contribute to the formation of plaque in
the arterial wall, oxidized LDL can further exacerbate plaque
formation. In hypercholesterolemia, dietary supplementation
with taurine has been found to improve the serum lipid profile
(49). High cholesterol-fed rats treated with taurine
(15 g/kg/day) for five weeks showed a 37% reduction in plasma
LDL, a 32% reduction in total cholesterol and a 43% reduction
in triglyceride (TG) levels when compared with control rats
fed the same diet without taurine (50). Furthermore, rats fed a
high taurine diet, in comparison with rats fed a cholesterol-free
diet, showed a significant decrease in plasma concentrations of
LDL, total cholesterol and TG. In addition, a 43% reduction
in hepatic TG and a 77% elevation in free fatty acids in the
liver were observed (51). In mice, taurine has been shown to
lower serum LDL and very low-density lipoproteins by 44%,
while elevating high-density lipoprotein concentrations by

25%; taurine also decreased the concentration of cholesterol
in the liver by 19% (51). It was indicated that the ability of
taurine to lower cholesterol may be due to its effect on the con-
version of cholesterol to bile acids (51). A 31% decrease in
aortic lesions in Watanabe heritable hyperlipidemic rabbits
given 0.3% taurine in drinking water for 24 weeks has also
been reported (52). Clinically, taurine treatment (3 g/day) has
been demonstrated to improve lipid metabolism and reduce
body weight in overweight subjects, as well as reduce TG lev-
els and the atherogenic index (53). In another clinical study
(54), taurine supplementation (6 g/day) in healthy young men
consuming a high-fat diet significantly reduced serum total
cholesterol and LDL levels. It should be noted that because
taurine has an antioxidant effect, it may also reduce the oxida-
tion of LDL (1,2,53) and thereby attenuate the process of
atherosclerosis. 

Platelet activation, adhesion and aggregation at sites of vas-
cular endothelial disruption caused by atherosclerosis are key
events in arterial thrombus formation (55). The status of tau-
rine has been suggested to exert a significant effect on platelet
aggregability (56). Platelets from taurine-depleted cats were
reported to be twice as sensitive to aggregation as platelets
from cats receiving taurine (57). On the other hand, platelets
from humans with normal taurine status showed an increase in
resistance to aggregation by 30% to 70% when supplemented
with taurine at 400 mg/day or 1600 mg/day, respectively (58).
Furthermore, it was demonstrated that a decrease in platelet
aggregability was associated with an increase in platelet taurine
and glutathione concentrations, as well as a decrease in throm-
boxane release on platelet aggregation (58). Overall, these
lines of data demonstrate that taurine, in vivo, stabilizes
platelets against aggregation and that during taurine depletion,
platelets become overly sensitive to aggregation. This tendency
of platelets to aggregate is depressed by taurine. 

It should be mentioned that lysophosphatidic acid (LPA) is
a major lipid extracted from human atherosclerotic plaques
(59). Due to its ability to increase [Ca2+]i, and increase prolif-
eration and migration of vascular smooth muscle cells (59-62),
LPA is considered to have an important role in the develop-
ment of atherosclerosis. While taurine has been shown to
inhibit rat vascular smooth muscle cell proliferation (63), pre-
liminary data from our laboratory (St Boniface Hospital
Research Centre, Winnipeg, Manitoba) have also revealed
that taurine causes concentration-dependent inhibition of the
LPA-induced increase in [Ca2+]i in cultured vascular smooth
muscle cells (unpublished data). This finding could serve as a
mechanism for the reported antiatherosclerotic effects of tau-
rine. In addition, taurine may attenuate the progression of ath-
erosclerosis due to its ability to lower serum lipids and reduce
the oxidation of LDL, as well as decrease the risk of arterial
thrombus formation by decreasing platelet aggregation.

Interaction of taurine and angiotensin II
Angiotensin II (Ang II) is an important hormone that plays a
key role in the maintenance of cardiovascular homeostasis.
Experimental and clinical studies have shown that
angiotensin-converting enzyme inhibitors prevent cardiac
remodelling, improve heart function and reduce mortality
(64). Taurine has also been found to partially block the effects
of Ang II (65-68), implying that taurine may interfere with dif-
ferent actions of Ang II in cardiovascular cells (Figure 2).
Indeed, taurine has been reported to reduce Ang II-induced

Taurine and cardiovascular disease
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cardiac hypertrophy by inhibiting the activation of protein
kinase C and mitogen-associated protein kinase (65).
Takahashi et al (66,67) reported that 20 mM taurine signifi-
cantly attenuated Ang II-induced protein synthesis and the
increase of [Ca2+]i in neonatal rat cardiomyocytes. Tao et al
(68,69) observed that 20 mM taurine significantly reduced
Ang II-induced cardiac hypertrophy and arrhythmias.
Furthermore, Ang II triggers Na+-Ca2+ exchange, which can
be regulated by taurine. This suggests that taurine can be used
for the treatment of different cardiovascular abnormalities,
where it may reverse the adverse effects of Ang II (70,71). The
interaction of taurine and Ang II, with respect to Ca2+ and
Na+ homeostasis and salt intake, are summarized in Table 2.
However, it should be noted that it is not clear if the blocking
effect of taurine on Ang II is due to an inhibitory action on
Ang II receptors or other signal transduction mechanisms.
Thus, the mechanism of interaction between taurine and
Ang II needs to be further investigated. 

Taurine and diabetic cardiomyopathy
The epidemic of obesity and sedentary lifestyles is projected to
result in diabetes mellitus in over 300 million people world-
wide by 2025 (72,73). In 2003, the prevalence of physician-
diagnosed diabetes in the United States was about
14.1 million. The 2002 direct and indirect costs of diabetes
were approximately $132 billion (34). Cardiovascular disease
is responsible for 80% of deaths among diabetic patients (73).
In chronic diabetes, intracellular accumulation of sorbitol,
resulting from high extracellular levels of glucose, leads to the
depletion of intracellular taurine levels, and is associated with
the development of diabetic cardiomyopathy (74). The benefi-
cial actions of taurine in both type 1 (insulin-dependent) and
type 2 (noninsulin-dependent) diabetes are summarized in
Table 3. In type 1 diabetes, platelet aggregation may cause an
increased risk of cardiovascular events; it has been demonstrated
that platelet taurine levels are lower in diabetic patients.
When supplemented with taurine (1.5 g/day for 90 days), both
plasma and platelet taurine levels were increased in diabetic
patients. These were associated with a decrease in platelet
aggregation induced by arachidonic acid (75). An in vitro study
(75) showed that taurine inhibited platelet aggregation in a
dose-dependent manner in diabetic patients. You and Chang

(76) also demonstrated that taurine decreased TG and LDL
levels in streptozotocin (STZ)-induced diabetic rats; however,
the duration and dose of taurine treatment was an important
determinant of the beneficial actions of taurine. Another study
(77) reported that supplementation of cholesterol-fed and
STZ-induced diabetic mice with taurine reduced serum LDL
levels, but did not affect serum glucose levels. The increased
level of malondialdehyde, a marker of lipid peroxidation, in
the liver and the islet cells of type 1 diabetic mice was observed
to be significantly attenuated by taurine supplementation (78).
Taurine has also been shown to prevent the occurrence of car-
diomyopathy in STZ-induced diabetes in rats due to preven-
tion of the Ang II-mediated apoptosis of cardiomyocytes. Daily
supplementation of overweight men, with a genetic predisposi-
tion for type 2 diabetes, with taurine (1.5 g/day) for eight
weeks was reported to exert no effect on insulin secretion or
sensitivity (79). However, the effects of taurine on insulin
secretion and action in diabetic patients remains undeter-
mined. It should, however, be noted that taurine accumulation
in the pancreas has been reported to suppress insulin secretion
in STZ-induced diabetic mice (80), indicating that taurine
could exert a negative effect on the regulation of the serum
level of glucose. Thus, while taurine supplementation could
improve cardiovascular health in diabetic patients, it would
also be important that future studies include a determination
of tissue taurine content and its impact on their quality of life.
Notwithstanding these issues, and the need for a long-term
clinical trial in diabetic patients, and assessment of the cardio-
vascular risks and other complications, it can be suggested that
taurine may protect against oxidative stress and lipid peroxida-
tion. It may also improve serum lipid profile, which may slow
down the progression of diabetes-induced complications (81-90)
without affecting serum glucose levels. The beneficial actions
of taurine in diabetes are summarized in Table 3. 

Antihypertensive action of taurine
Taurine (1% to 2% w/v in drinking water) was found to pre-
vent high-fructose diet-induced hypertension in rats (91).
Furthermore, this antihypertensive effect was abolished by a
kinin B2 receptor antagonist, Hoe 140, indicating the involve-
ment of kinins in the mechanism of taurine action in the
development of hypertension in this model (91). In addition,
taurine was also found to prevent an increase in platelet [Ca2+]i
in high-fructose diet-induced hypertensive rats (92). In salt-
dependent hypertensive rats, 3% w/v taurine in drinking water
attenuated blood pressure (BP) significantly (93), suggesting
that taurine supplementation may have a beneficial effect on
hypertension. 

An injection of taurine in the anterior hypothalamus area
has been reported to decrease BP; this taurine effect seems to be
mediated by β-adrenoceptors (94). Thus, the antihypertensive
effect of taurine may be partially attributed to its effect on the
central nervous system (95). The plasma taurine concentration,
and taurine release from the myocardium and aortic wall, were
observed to be higher in spontaneously hypertensive rats (SHR)
than in Wistar-Kyoto rats (96). Furthermore, taurine content
and uptake in the myocardium and aortic wall was lower in
SHR, suggesting there was a dysfunction of taurine metabolism
in the myocardium and aortic wall in SHR (96), which may
have been a contributing factor in hypertension in this rat
model. Although taurine deficiency in uninephrectomized rats
has been shown to accelerate the development of hypertension
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Figure 2) The interaction of taurine and angiotensin II (Ang II).
Dashed arrows indicate an inhibitory effect caused by taurine. [Ca2+]i
Intracellular Ca2+ concentration; ANP Atrial natriuretic peptide;
ERK1/2 Extracellularly regulated kinase 1/2; PKC Protein kinase C;
TGF-β1 Transforming growth factor β-1
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in response to high dietary NaCl (97), different responses have
been reported with taurine supplementation on salt-induced
hypertension in rats (98). In this regard, these investigators
observed that while short-term (six weeks) taurine supplemen-
tation exerted an antihypertensive effect, long-term (six
months) supplementation with taurine had no influence on BP. 

A number of experimental studies (99-105) demonstrated
that taurine can exert a direct effect on vascular function. The
effect of taurine depletion on the cardiovascular responses of
rats to vasoactive agents has been examined. For example,
Mozaffari and Abebe (99) reported that taurine depletion
induced by dietary β-alanine is associated with a reduction in
the pressor response to Ang II. Although heart rate was also
reduced, it was not significantly different from the control heart
rate. These investigators concluded that pressor response to
Ang II occurred without impairing baroreflex function. On the
other hand, the contractile responses to norepinephrine (NE)

and KCl were reported to be attenuated in aortic ring prepara-
tions from taurine-treated rats (100). It was also observed that
the extent of reduction of contractility was greater in
endothelium-intact tissues contracted with NE. While
acetylcholine-induced relaxation was augmented in
endothelium-intact vessels from rats (100), in another study
(101), NE- and KCl-induced contractile responses of
endothelium-denuded aortae were found to be enhanced in
taurine-depleted rats (101). Furthermore, taurine deficiency
was also shown to reduce the relaxant responses of endothelium-
intact aortic rings elicited by acetylcholine, an effect attrib-
uted to decreased nitric oxide production (102). Interestingly,
taurine has recently been reported to reduce the alterations in
both contractile and relaxant responses caused by high glucose
during diabetes, underscoring the potential of taurine as a thera-
peutic agent to prevent or ameliorate vascular complications
during diabetes (102). Furthermore, taurine has been reported to

Taurine and cardiovascular disease
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TABLE 3
Effects of taurine on diabetes and its complications

Taurine Target Effects Reference

1.5 g/day for 8 weeks Overweight men No significant difference in insulin secretion Brons et al (79)

2% in diet for 6–12 weeks Sensory neuron cells from Improved Ca2+ homeostasis Li et al (81)

STZ-diabetic rats

5% w/w in diet STZ-induced diabetic rats Decreased mortality rate, decreased glycemia Di Leo et al (82)

2.5% in water Non-obese diabetic mice Increased pancreatic islet mass and islet cell proliferation, reduced Arany et al (83)

incidences of apoptosis and reduced insulitis

3% in water for 9 weeks Type 2 diabetic OLETF rats Decreased part of postprandial glucose oxidation, improved hyperglycemia Harada et al (84)

and insulin resistance, increased muscle glycogen content and increased 

blood concentration of taurine, electrolytes and fluid volume

5% w/w in diet for 9 weeks Type 2 diabetic OLETF rats Decreased serum cholesterol and triacylglycerol, improved insulin sensitivity Nakaya et al (85)

2% in water for 30 days High fructose-fed rats Decreased glucose, glycated protein, glycosylated hemoglobin and fructosamine Nandhini et al (86)

3% for 14 or 21 days Type 2 diabetic rats Increased plasma HDL cholesterol concentration in diabetic rats, decreased Nishimura et al (87)

cholesterol concentration in both normal and diabetic rats

2% w/w or 5% w/w STZ-induced diabetes Decreased retinal conjugated dienes and lipid hyperoxides Di Leo et al (88)

for 16 weeks

3% in water for 8 weeks STZ-treated rats Prevented the loss of both insulin and adrenergic agonist stimulation Colivicchi et al (90)

2% in water for 30 days Fructose-fed rats Increased urinary kallikrein activity and activity of membrane-bound ATPases, Nandhini and 

decreased hyperglycemia and insulin resistance Anuradha (91)

HDL High-density lipoprotein; OLETF Otsuka Long-Evans Tokushima Fatty; STZ Streptozotocin; w/w Weight/weight

TABLE 2
Interaction of taurine and angiotensin II (Ang II) in the cardiovascular system

Taurine Target Effects Reference

20 mM Neonatal rat cardiomyocytes Reduced 29 kDa protein phosphorylation and hypertrophy Azuma et al (65)

induced by Ang II

20 mM Neonatal rat cardiomyocytes Blocked Ang II-induced hypertrophy Takahashi et al (66,67)

20 mM Neonatal rat cardiomyocytes Reduced hyperplastic growth and prevented increase in [Ca2+]i Takahashi et al (66,67)

20 mM Neonatal rat hypertrophic cardiomyocytes Inhibited arrhythmia and hypertrophy induced by Ang II Tao et al (68)

30 mg/kg Left ventricle in renovascular Decreased systolic arterial pressure and weight of left ventricle, Tao and Rao (69)

hypertensive rats reduced blood pressure

Taurine depletion Cardiomyocytes and rat heart Decreased Na+-Ca2+ exchange, prolonged calcium transient, Schaffer et al (70)

reduced pHi and increase of [Ca2+]i, reduced response to Ang II

Review Review Promoted natriuresis and diuresis, regulated [Na+]i and Na+-Ca2+ Schaffer et al (71)

exchange and attenuated actions of Ang II

3% in H2O Spontaneously hypertensive rats Inhibited salt intake induced by renin Abe et al (107)

Dose-dependent Rat cardiomyocytes Reduced increase in [Ca2+]i induced by Ang II Rao and Tao (109)

[Ca2+]i Intracellular Ca2+ concentration; [Na+]i Intracellular Na+ concentration; pHi Intracellular pH
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attenuate acute hyperglycemia-induced endothelial cell apop-
tosis, as well as leukocyte-endothelial cell interactions and car-
diac dysfunction (103), indicating that taurine has the
potential to reduce diabetic microvascular inflammatory injury
and concomitant cardiac dysfunction. In addition, Kamata et al
(77) reported that chronic taurine supplementation improved
endothelial-derived relaxation in hypercholesterolemic and
diabetic mice, in which nitric oxide was a major factor. The
antihypertensive effect of taurine is further indicated by the
observation that taurine supplementation decreases BP of
stroke-prone SHR (104). These investigators also reported
that pretreatment of the mesenteric artery with taurine, in
vitro, reduced the NE-induced vasoconstriction. In contrast, in
an isolated rabbit ear artery, taurine was shown to have no effect
on the NE-induced contraction, but did exert a concentration-
dependent vasodilator effect in arteries contracted with a high-
potassium medium (105). It should also be noted that
endogenous taurine deficiency causes a different inhibitory
effect on adenosine receptor-mediated vasorelaxation, depend-
ing on the adenosine receptor agonist used (106). 

While the mechanisms of the action of taurine on the vas-
culature need to be further explored, it is evident that the
endothelium, and specifically nitric oxide, plays an important
role in the vasodilatory action of taurine in response to vasoac-
tive agents. In addition, taurine has been shown to suppress
the sympathetic nervous system (54) and block the effects of
Ang II (107-109). Thus, taurine may reduce the stress on the
cardiovascular system, which could be another mechanism of
the antihypertensive action of taurine. It should be noted that
clinical studies have demonstrated that supplementation of
taurine (6 g/day for seven days) significantly reduced BP in
patients with essential hypertension (110). From the afore-
mentioned discussion, taurine can be suggested as a novel
treatment for hypertension; however, its long-term effects have
not yet been investigated. 

CONCLUSIONS
The potential health benefits of taurine in cardiovascular dis-
ease are rapidly emerging. Although more research needs to be
performed, numerous experimental and several clinical studies
demonstrated that taurine helps the cardiovascular system
through a variety of mechanisms including an improved lipid

profile, modulation of [Ca2+]i, antioxidant effects and antago-
nism of Ang II action (Figures 3 and 4). Because oxidative
stress is known to cause intracellular Ca2+ overload (111), it is
likely that the modulation of [Ca2+]i by taurine may be medi-
ated through its antioxidant effects. Furthermore, because
Ang II generates reactive oxygen species (112), it can be
argued that the antagonism of Ang II actions by taurine may
also be a consequence of its antioxidant effects. A recent
report (113) demonstrated that taurine can prevent endothe-
lial cell dysfunction induced by high glucose and oxidized
LDL. Thus, this action of taurine could be an important mech-
anism for providing benefits to the cardiovascular system dur-
ing different pathophysiological conditions. Although it
appears that nutritional supplementation with taurine could
serve as both a preventative and an adjunct to treatments for
patients predisposed to or with existing cardiovascular disease,
the effective dose of taurine needs to be established. In addi-
tion, changes in the serum levels of taurine in cardiovascular
disease need to be measured. As well, toxicological studies
related to taurine supplementation need to be performed.
Furthermore, double-blind long-term clinical trials are
required before the implementation of  taurine as a new nutri-
tional intervention for patients at risk of taurine deficiency
and cardiovascular disease. An improved therapy would reduce
the burden on the public health care system, lead to fewer
readmissions and improve quality of life. While no severe side
effects were reported with taurine-supplemented beverages or
commercially available multivitamin and mineral formula-
tions, some caution should be used when consuming these
preparations. Pregnant women should be particularly careful,
because it has been reported that maternal taurine supplemen-
tation during pregnancy causes insulin resistance and obesity
in rat offspring (114).
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Figure 3) Mechanism of taurine action involving angiotensin II
(Ang II) antagonism in atherosclerosis, ischemic heart disease, conges-
tive heart failure (CHF) and diabetic cardiomyopathy. I-R Ischemia-
reperfusion

Figure 4) Mechanisms of taurine action involving reductions in oxida-
tive stress, serum low density lipoproteins (LDL) and intracellular
Ca2+ overload in diverse cardiovascular abnormalities. CHF
Congestive heart failure; I-R Ischemia-reperfusion
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