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Abstract
Taurine (2-aminoethanesulfonic acid) is a β-amino acid 
found in many tissues particularly brain, myocardium, 
and kidney. It plays several physiological roles including 
cardiac contraction, antioxidation, and blunting of hyper-
tension. Though several lines of evidence indicate that 
dietary taurine can reduce hypertension in humans and 
in animal models, evidence that taurine supplementa-
tion reduces hypertension in humans has not been con-
clusive. One reason for the inconclusive nature of past 
studies may be that taurine having both positive and 
negative effects on cardiovascular system depending on 

when it is assessed, some effects may occur early, while 
others only appear later. Further, other consideration 
may play a role, e.g. , taurine supplementation improves 
hypertension in spontaneously hypertensive rats on a 
low salt diet but fails to attenuate hypertension on a 
high salt diet. In humans, some epidemiologic studies 
indicate that people with high taurine and low salt di-
ets display lower arterial pressure than those with low 
taurine and high salt diets. Differences in techniques 
for measuring arterial pressure, duration of treatment, 
and animal models likely affect the response in differ-
ent studies. This review considers both the positive and 
negative effects of taurine on blood pressure in animal 
models and their applications for human interventions.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Many reports indicate that dietary taurine can 
reduce hypertension in humans and in animal models; 
however, the hypotensive effect of taurine supple-
mentation depends on many factors. Taurine supple-
mentation improves hypertension in spontaneously 
hypertensive rats on a low salt diet but fails to attenu-
ate hypertension on a high salt diet. In humans, some 
epidemiologic studies suggest that people with high 
taurine and low salt diets display lower arterial pressure 
than those with low taurine and high salt diets. This 
review considers both positive and negative effects of 
taurine on blood pressure in animal models of hyper-
tension to apply for human interventions.
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INTRODUCTION
Hypertension is a risk factor for both acute and chronic 
adverse diseases, including stroke and cardiovascular dis-
ease[1,2]. Arterial blood pressure displays a diurnal varia-
tion, i.e., it is elevated during active behavior periods and 
decreased during quiescent periods (e.g., sleep)[3]. Thus, 
in humans, arterial pressure typically increases during the 
daytime and decreases during the nighttime[4]. In con-
trast, rats are generally nocturnal animals, and thus their 
diurnal rhythm is reversed, i.e., their arterial pressures are 
elevated at night during active behavior, and decreased 
during the daytime[5]. Established hypertension is associ-
ated with decreased amplitude of  diurnal arterial pres-
sure variation, in that arterial pressure fails to decrease 
in the non-active period (e.g., sleep), especially in older 
adults. In contrast, during the development of  hyperten-
sion, the arterial pressure amplitude is typically greater 
than normal. Spontaneously hypertensive rats (SHR) 
display a circadian rhythm that is directly correlated 
with activity. However, in adult SHR compared to other 
strains, arterial pressure declines slowly in the morning 
(as the animals begin to sleep) and remains in the hyper-
tensive range throughout the sleep period (mean arterial 
pressure > 110 mmHg)[5,6]. Further, high NaCl diets ini-
tially increase arterial pressure in the nighttime and more 
slowly increase daytime arterial pressure in both SHR 
and Wistar Kyoto rats (WKY; a normotensive control 
for SHR). This is especially evident after four nights of  
high NaCl treatment[5]. In addition, in SHR, high NaCl 
diets significantly increase daytime arterial pressure after 
a week of  feeding, but they have little effect at that time 
point on daytime arterial pressures of  normotensive 
WKY[5,7]. In the SHR on either a high or basal NaCl diet, 
sympathetic blockade greatly decreases arterial pressure 
rhythm, suggesting that the sympathetic nervous system 
contributes significantly to SHR hypertension, especially 
during its development[8,9].

Taurine (2-aminoethanesulfonic acid) is a non-protein, 
free amino acid found in many tissues particularly brain, 
myocardium, liver, muscle, and kidney[10-12]. Several lines of  
evidence indicate that dietary taurine can reduce hyperten-
sion in humans and in animal models[13]. For examples, di-
etary taurine attenuates hypertension in adult SHR[14] and 
deoxycorticosterone acetate and high NaCl (DOCA-NaCl) 
rats[15]. Sugar-induced hypertension can also be greatly 
blunted by dietary taurine and exacerbated by taurine de-
ficiency[16]. Epidemiological studies indicate that people 
consuming high taurine diets display a low incidence of  
hypertension and other cardiovascular diseases[17]. Taurine 
supplementation was also reported to decrease systolic 
and diastolic blood pressure in young patients with bor-
derline hypertension[18], but not in healthy men[19]. In addi-
tion, perinatal taurine exposure affects adult susceptibility 
to sugar-induced hypertension in rats[20-25].

De novo taurine synthesis is limited in rats and hu-
mans; therefore, dietary taurine is needed to maintain 
taurine in the body, which is especially important during 
developmental periods[11,12]. Intestinal taurine absorp-

tion is via high affinity sodium chloride-dependent active 
transport[26]. Thus, a high luminal sodium concentration 
accelerates intestinal taurine absorption, and high taurine 
transport increases sodium absorption into the blood. 
This complex relation has been suggested as the reason 
that in previous studies, taurine supplementation did not 
prevent NaCl-induced hypertension in SHR[27]. There are 
no experiments examining the effect of  taurine on 24-h 
arterial pressure in animal models, and such information 
could elucidate the mechanisms underlying the failure of  
taurine to reduce arterial pressure in these models. This 
article reviews the advantage and limitation of  taurine’s 
antihypertensive action based on 24-h arterial pressure 
monitoring data in SHR. 

24-H ARTERIAL PRESSURE DATA
In 1978, Nara et al[14] demonstrated that dietary taurine 
decreases hypertension in SHR. This finding is later sup-
ported by both experimental and epidemiological stud-
ies[13,17]. The effective dose of  taurine has been between 
1%-5% in drinking water for most of  animal models of  
hypertension, and the duration of  treatment has usually 
been more than 2 wk. For examples, Trachtman et al[28] 
demonstrate that 1% taurine in drinking water signifi-
cantly decreases arterial pressure by 4 wk of  treatment 
and reaches a maximum antihypertensive effect by 16 wk 
of  treatment. Although taurine supplementation prevents 
hypertension in DOCA-NaCl sensitive rats, it does not 
blunt NaCl-sensitive aspects of  hypertension in stroke-
prone SHR[27]. However, this finding is based on acute 
arterial pressure measurements that were done during 
the normal sleep period (daytime), when the rat’s arterial 
pressure is typically low. 

To clarify the diurnal effect of  taurine on arterial pres-
sure, we did experiments in young SHR. At 7 wk of  age, 
rats were anesthetized with isoflurane, and the abdominal 
aorta was exposed via a midline abdominal incision. After 
a segment of  aorta below the renal artery was cleared, the 
flexible tip of  the pressure sensing telemetry transmitter 
probe was inserted and secured to the vessel with tissue 
adhesive. The transmitter signal was then tested and the 
transmitter was surgically sutured to the abdominal wall. 
After surgically closing the wound, all rats were caged 
individually in clear cages and recovered on a basal NaCl 
diet (0.6%) for one week. Thereafter, the rats were fed a 
high NaCl diet (4.0%; w/w) and given 3% taurine in the 
drinking water (Taurine; n = 12) or water alone (Control, 
n = 7) for three weeks. This high NaCl diet has been 
commonly used to increase arterial pressure in SHR[27], 
and the 3% taurine in the drinking water has been used 
previously to attenuate hypertension in several animal 
models including SHR on a basal NaCl diet[13].

On a basal (0.6%) NaCl diet, both control and taurine-
fed groups displayed a similar diurnal variation of  mean 
arterial pressure, i.e., mean arterial pressures were high at 
night but low in daytime, and they were not significantly 
different between groups (Figure 1). The high NaCl intake 
increased daytime and nighttime arterial pressures in both 
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groups, but with different time courses. Throughout the 
study, taurine had no effect on daytime arterial pressures 
(Table 1). In contrast, nighttime arterial pressures were 
significantly higher in the taurine (compared to control) 
group from the first to ninth night of  treatment, but 
thereafter, taurine did not result in any significant differ-
ence in the high NaCl fed SHR for the remainder of  the 
study. The arterial pressure analysis indicated that after 
starting a high NaCl diet, the taurine group displayed a 
rapid increase in mean nighttime arterial pressure within 
the first night, with arterial pressure approaching its maxi-
mum in the taurine-treated rats by night 2 (Figures 2 and 3). 
Thereafter, the nighttime mean arterial pressure of  taurine 
group remained at nearly the same high level throughout 
the remainder of  the study (3 wk). 

These data confirm that taurine supplementation 
does not affect NaCl-induced daytime hypertension in 
the SHR, and thus, has little effect on mean average pre-
cision or on the eventual maximum level of  arterial pres-
sure in this model. Unexpectedly, the data also indicate 
that rather than being hypotensive or having no effect on 
arterial pressure in the SHR on a high NaCl diet, taurine 
supplementation accelerates the development of  NaCl-
sensitive hypertension during the nighttime.

ADVANTAGES AND LIMITATIONS OF 
TAURINE SUPPLEMENTATION
In most hypertensive rat and mouse models, a high (com-
pared to basal or low) NaCl diet slowly increases night-
time arterial pressure after about 4 d of  feeding, but the 
high dietary NaCl does not increase daytime arterial pres-
sures until much later in these models[5,29,30]. This effect 
appears to be a consequence of  the high dietary NaCl 
intake leading to Na+ and fluid retention, especially dur-

ing the active period. This may be exacerbated by taurine 
supplementation if  the taurine increases intestinal sodium 
absorption, which in SHR on a high NaCl diet may lead 
to increased NaCl-sensitive hypertension that offsets the 
normal hypotensive action of  taurine.

The underlining mechanism for this effect likely re-
lates to dietary NaCl and fluid retention that leads to in-
creased sympathetic nerve activity, resulting in increased 
arterial vasoconstriction and cardiac output and ulti-
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Figure 1  Group average, mean arterial pressures in control (thick line) 
and taurine (thin line) groups. The values were averaged from seven (control) 
and twelve (taurine) rats and the standard errors of means were not included to 
avoid confusion.  Significant differences between groups (P < 0.05 by one-way 
analysis of variance and post hoc Duncan’s multiple range test) were consis-
tently observed in nighttime but not daytime mean arterial pressures from day 
1 to day 9 of high salt treatment. The vertical dashed line at day 7 indicates the 
day that the high NaCl diet and taurine supplementation began.

  Days of treatment Control (mmHg) Taurine (mmHg)

Noon Midnight Noon Midnight
  Before 128 ± 5 136 ± 4 133 ± 2 140 ± 2
  1 129 ± 3 139 ± 4 136 ± 3  147 ± 2a

  3 130 ± 3 140 ± 3 133 ± 2  150 ± 4a

  7 138 ± 6 136 ± 4 147 ± 5  151 ± 3a

  14 137 ± 6 143 ± 8 145 ± 2 152 ± 5
  21 147 ± 5 149 ± 8 142 ± 3 148 ± 3

Table 1  Noon and midnight mean arterial pressures in 
control (high salt alone, n  = 7) and taurine (high salt plus 
taurine, n  = 12) rats before and after treatment

Data are mean ± SE; aP < 0.05 compared to midnight control by one-
way analysis of variance and post hoc Duncan’s multiple range test; No 
significant difference in noon mean arterial pressures between groups.
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Figure 2  Group averages of mean arterial pressure in control (n  = 7) and 
taurine (n  = 12) treated groups at midnight (A) and at noon (B). The day-
time mean arterial pressures were not significantly different between groups 
throughout the study. The vertical dashed line at day 7 indicates the day that 
the high NaCl diet and taurine supplementation began. Statistical comparisons 
were performed by one-way analysis of variance and post hoc Duncan’s mul-
tiple range test.

A

B

Suwanich A et al . Taurine in spontaneously hypertensive rats



407 November 26, 2013|Volume 5|Issue 11|WJC|www.wjgnet.com

activates the hepatorenal reflex to reduce plasma Na+ 
concentration by activating renal Na+ excretion. This is 
particularly effective, since the receptors in the liver very 
quickly monitor the concentration of  Na+ that enters 
through the gut. Further, an abnormality in this feedback 
underlies NaCl and fluid retention observed in nephrotic 
syndrome[35]. These studies suggest that in SHR, high 
NaCl intake may lead to both peripheral and/or central 
increases in Na+ concentration, leading to increased sym-
pathetic nerve activity and increased arterial pressure. 
At least in its developmental phase, NaCl sensitivity in 
SHR appears to primarily result from sympathetic ner-
vous system overactivity and not alterations in the renin-
angiotensin system[7,36].

The hypertensive interactions between dietary NaCl 
and taurine may be mediated, in part, by taurine effects 
on Na+ transport across the blood-brain barrier. As in 
the gut, taurine is transported across the blood-brain bar-
rier by a Na+-dependent, carrier-mediated mechanism[37]. 
SHR display low taurine content in brain[38,39] and heart[40]. 
In the SHR brain, taurine content is especially low in the 
hypothalamus and rostral ventrolateral medulla, both key 
areas that regulate cardiovascular function[41,42]. In SHR 
on a basal NaCl diet, long-term (but not short-term) 
taurine supplementation increases brain taurine levels to 
those of  the WKY and decreases hypertension and relat-
ed disorders, e.g., cardiac hypertrophy and renal dysfunc-
tion. In SHR, the long-term taurine treatment is probably 
necessary because SHR display slow taurine transport 
across blood-brain barrier[37], thus decreasing taurine’s 
ability to rapidly accumulate in the brain after acute treat-
ment. In the short-term study, taurine supplementation 
may have increased cerebrospinal fluid Na+ concentration 
in the high NaCl fed SHR before it is able to increase 
taurine concentration in the brain, leading to the early ac-
tivation of  the sympathetic nervous system[9,43]. 

In SHR on a basal NaCl diet, overactivity of  both the 
sympathetic nervous system and the renin-angiotensin 
system contribute importantly to the development of  

mately an increase in hypertension (Figure 4). Increased 
cardiac output significantly contributes to initial phase of  
essential hypertension, while increased total peripheral 
resistance sustains it[31,32]. In rats, 24-h measurements of  
plasma sodium concentration indicate that plasma Na+ 
has a circadian rhythm that is opposite in phase to diurnal 
variation of  mean arterial pressure[6]. Further, in SHR and 
WKY, a high NaCl diet increases daytime and nighttime 
plasma sodium levels, but in SHR compared to WKY 
on the high NaCl diet, the normal nighttime decrease in 
plasma sodium is greatly blunted, i.e., plasma sodium re-
mains high during the active phase[6]. This early failure of  
plasma Na+ to decrease during the active period parallels 
the rise in nighttime arterial pressure in SHR. 

Since intestinal taurine is absorbed via a high affinity 
sodium chloride-dependent active transport[26], high lumi-
nal sodium concentration can accelerate intestinal taurine 
absorption, and high taurine transport increases sodium 
absorption into the blood. This potentially causes an early 
increase in plasma Na+. Further, in Dahl-NaCl sensitive 
rats, taurine supplementation alone increases sodium and 
fluid retention after a month on high NaCl diets[33]. It is 
likely that in the high taurine and NaCl fed SHR, taurine-
facilitated Na+ absorption and associated water absorp-
tion rapidly increase nighttime arterial pressure, which 
is already significantly elevated on the first night of  high 
NaCl diet. 

The increase in blood pressure in SHR on taurine and 
a high NaCl diet also may relate to altered brain control 
of  sympathetic nervous system activity and a resulting 
increase in vasoconstriction. Huang et al[34] demonstrates 
that in SHR and Dahl-NaCl-sensitive rats, a high NaCl 
diet (8% NaCl) increases cerebrospinal fluid Na+ concen-
tration within a few days of  treatment and 1-2 d before 
a rise in arterial pressure. This effect is not observed in 
WKY and Dahl-NaCl-resistance rats. Further, disrup-
tion of  the hepatorenal natriuresis/diuresis pathway by 
hepatic denervation heightens nighttime hypertension in 
WKY rats[30], indicating that the nervous system normally 
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Figure 3  Peak (open symbols) and nadir (closed symbols) mean arterial 
pressures in control (n  = 7) and taurine treated (n  = 12) groups. The verti-
cal dashed line at day 7 indicates the day that the high NaCl diet and taurine 
supplementation began. Statistical comparisons were performed by one-way 
analysis of variance and post hoc Duncan’s multiple range test.
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↑ Intestinal water, sodium, and taurine absorption

↑ Plasma taurine levels ↑ Blood volume ↑ Plasma sodium level

↑ Cardiac contractility ↑ Venous return ↑ CSF sodium level
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Figure 4  Possible pathways explaining the nighttime increase in arterial 
pressure after a combination of taurine supplementation and high salt 
diet in spontaneously hypertensive rats. CSF: Cerebrospinal fluid.
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hypertension[7,36], and taurine supplementation reduces 
both mechanisms in SHR on a basal NaCl diet[13]. Sugar-
induced hypertension is also maintained by overactivity 
of  both the sympathetic nervous system and the renin-
angiotensin system and is associated with mild insulin 
resistance[44]. Chronic treatment with taurine improves 
insulin sensitivity and reduces hypertension in these 
models of  hypertension[16]. The hypotensive action of  
taurine in DOCA-NaCl rats is also related to inhibition 
of  sympathetic nervous system activity[45]. In humans, 
taurine supplementation decreases plasma epinephrine 
levels in borderline hypertension, suggesting a sympa-
thetic nervous system mechanism[18]. Further, epidemio-
logical studies indicate an inverse relationship between 
taurine-rich diets and sympathetic nervous system activity 
in hypertension[17]. However, our 24-h arterial pressure 
study suggests that, while dietary taurine supplementation 
is antihypertensive in most hypertensive models, at least 
in SHR, the combination of  high dietary NaCl and tau-
rine supplementation causes an early acceleration in the 
development of  NaCl-sensitive hypertension and does 
not lead to any reduction in arterial pressure at later time 
points. This indicates that further studies in animals and 
humans are needed to explore the interactions between 
dietary supplements and NaCl intake.

Taurine possess positive inotropic effects on cardiac 
muscle particularly in in vitro experiments (i.e., an acute 
effect) and in taurine deficient animals[46-48]. These actions 
are related to taurine-increased calcium inward current 
and calcium release from sarcoplasmic reticulum. More 
taurine intake during the nighttime may increase plasma 
taurine (and likely cardiac taurine concentration), lead-
ing to increased cardiac contractility in the nighttime 
compared to the daytime. In subjects on high taurine and 
NaCl diets, this positive inotropic effect may increase 
the Starling’s effect of  increased venous return due to 
increased blood volume, leading to increased cardiac out-
put and eventually increased arterial pressure.

CONCLUSION
Diets high in taurine prevent or decrease hypertension in 
many animal models of  hypertension and in humans[13,17]. 
In SHR fed a basal NaCl diet, taurine supplementation 
significantly blunts the development of  hypertension; 
however, taurine supplementation fails to decrease NaCl-
induced hypertension in SHR. In contrast to our hypoth-
esis that taurine supplementation lowers arterial pressure, 
taurine accelerates the hypertensive response to a high 
NaCl diet in this animal model. The taurine supplemen-
tation initially accelerates arterial pressure in SHR fed a 
high NaCl diet during the nighttime but not the daytime. 
After the initial 9 d of  the high NaCl diet, taurine no lon-
ger increases nighttime arterial pressure above that dis-
played by non-treated SHR on the high NaCl diet. These 
data suggest that while taurine is generally beneficial to 
arterial pressure in hypertensive situations, dietary taurine 
supplementation may have early adverse effects when 
paired with a high NaCl diet.
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