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Taurine (2-aminoethanesulfonic acid) is a non-essential amino acid mainly obtained through diet in humans.
Despite the lack of research on the health effects of taurine in animals and humans, it is widely used as a dietary
supplement. Evidence from human and animal studies indicates that taurine is involved in conjugation of bile
acids and regulation of blood pressure and has anti-oxidative, anti-inflammatory, and anti-obesogenic proper-
ties. Taurine can benefit both human and non-human animal health in multiple ways. However, few interven-
tional and epidemiological studies regarding the beneficial impacts of taurine in humans and other animals
have been conducted. Here, we review the evidence from animal and human studies showing that taurine pro-

tects against dyslipidemia, obesity, hypertension, and diabetes mellitus.
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INTRODUCTION

Taurine (2-aminoethanesulfonic acid), first discovered as a com-
ponent of ox bile, has recently been recognized as a potential phar-
maconutrient due to its various clinically significant effects in non-
human animal and human models.! Its significance in human nutri-
tion was realized when taurine level was found to be below the nor-
mal range in the plasma and urine of preterm formula-fed infants.>*
Taurine is considered a non-essential amino acid in rodents, an es-
sential amino acid in cats, and a conditionally essential amino acid
in humans.* Several in vivo studies utilizing different experimental
models have demonstrated the significance of taurine during devel-
opment; its scarcity during various developmental phases has been
linked to various pathological issues such as retardation, cardiomy-

opathy, and retinal degeneration.*® Taurine is involved in a number
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of metabolic processes, including osmoregulation, membrane sta-
bilization, modulation of cellular calcium level, and detoxifica-
tion.”® Taurine-transporter-deficient mice are characterized by im-
pairment of various physiological functions, suggesting a crucial
role for taurine in cellular homeostasis, as shown in Fig. 1.” More-
over, taurine has been used to treat cystic fibrosis, Alzheimer disease,
cardiovascular diseases, epilepsy, muscular degradation, and hepatic
disorders." In this article, we review the sources and synthesis of
taurine and examine evidence from in vitro and in vivo studies re-
garding the ability of taurine to protect against dyslipidemia, obesity,
hypertension, and diabetes mellitus, as shown in Fig. 2.

SOURCES OF TAURINE

In humans, taurine is mostly obtained through diet."" Taurine is
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present in high concentrations in mussels, clams, shellfish, turkey,
and dark chicken meat. Cooking adversely affects taurine level due
to loss during boiling or basting in a water environment; however,

taurine is retained during baking or frying processes, which are as-

¢ Heat failure

+ Atherosclerosis + Stroke )

¢ Hypertension ¥ Neurodegenerative
diseases

+ Inflammation
+ Adipocyte size

| Oxidative stress
+ Metabolism

Figure 1. Beneficial effects of taurine in humans.
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sociated with minimal water loss.'

SYNTHESIS OF TAURINE

Taurine in the human body is synthesized endogenously from
cysteine and methionine in the liver.”® Despite this endogenous
production, taurine is mostly obtained through diet. Dietary ob-
tained taurine is delivered to the portal vein and ultimately to the
liver and blood. Taurine exists in free form in the cytoplasm in vari-
ous organs and tissues such as the heart, retina, developing brain,
and blood."* Taurine is taken up by cells via taurine transporters

that are highly sensitive to intracellular taurine concentration.

TAURINE AND DYSLIPIDEMIA

The effects of taurine on blood lipid profiles have been investi-
gated in animal studies.'>'® Taurine consumption (1% in diet) for

8 weeks significantly reduced serum triglyceride (TG), total cho-
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Figure 2. Mechanisms underlying the beneficial health effects of taurine. |, decrease; 1, increase; PPAR, peroxisome proliferator-activated receptor; C/EBP. CCAAT/en-
hancer-binding protein; AP2, adipocyte protein 2; UCP. uncoupling protein; NO, nitric oxide; ACE, angiotensin-converting enzyme; IRS, insulin receptor substrate; AMPK,

AMP-activated protein kinase.
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Figure 3. Taurine and dyslipidemia. CYP7A1, cholesterol 7-hydroxylase; LDLR,
low-density lipoprotein receptor; LDL, low-density lipoprotein.

lesterol (TC), and low-density lipoprotein cholesterol (LDL-C)
levels as well as the LDL-C to high-density lipoprotein cholesterol
(HDL-C) ratio in male Sprague-Dawley rats, as illustrated in Fig. 3."*
Taurine administration in golden Syrian hamsters fed a high-fat,
high-cholesterol diet (1% or 2%) for 2 weeks significantly reduced
plasma TC and TG levels.' Taurine decreased elevated blood lipid
levels and hepatic damage caused by a high-fat diet in hamsters
through upregulation of 3-hydroxy-3-methylglutaryl coenzyme A
reductase, LDL receptors, and cholesterol 7 alpha-hydroxylase
(CYP7A1) expression together with down regulation of serum as-
partate aminotransferase, alanine aminotransferase (ALT), and C-
reactive protein (CRP) levels. In addition, taurine supplementation
(1% in drinking water) for 60 days significantly reduced serum TC,
non-HDL-C, and TG levels but increased HDL-C level in hyper-
lipidemia atherosclerosis-prone quails fed a high-cholesterol diet."”
When Otsuka Long-Evans Tokushima Fatty (OLETF) rats with
and without diabetes mellitus were fed a diet containing 2% and 5%
taurine for 12 weeks and 9 weeks, respectively, taurine supplemen-
tation significantly decreased TG, TC, HDL-C, and LDL-C levels
in both groups.'® Amelioration of dyslipidemia was due to increased
insulin sensitivity and leptin modulation in OLETTF rats with long-
term diabetes.

Taurine might attenuate dyslipidemia in animal models by pre-

venting obesity. Taurine supplementation (2.5% in drinking water)
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for 70 days significantly reduced the weight of retroperitoneal and
epidydimal fat pads in male Wistar rats who received subcutaneous
injections of monosodium glutamate (MSG)."” Furthermore, tau-
rine can alter the expression of genes involved in cholesterol me-
tabolism.” Taurine diet (5%) supplemented with either corn oil or
coconut oil administered for 28 days to ovariectomized rats de-
creased plasma TC level due to an increase in mRNA expression of
the LDL-C receptor and cholesterol CYP7A1 activity in the liver.”
Several randomized trials have been conducted to analyze the ef-
fect of taurine supplementation on the lipid profiles of humans. In
a single-blind study on 22 healthy Japanese volunteers, the effects of
6 g taurine supplementation on lipid profiles were analyzed in com-
parison to a placebo group.*' All volunteers ate a high-cholesterol
diet for three weeks; those in the control group had significant in-
creases in TC and LDL-C levels, whereas those that received taurine
showed a smaller and not significant increase in cholesterol levels

compared to the control placebo group, as shown in Table 1.2

TAURINE AND OBESITY

Taurine has anti-obesity effects in various animal models.”” Tau-
rine supplementation (2% in drinking water) for 28 weeks resulted
in decreased expression of adipogenic genes, including peroxisome
proliferator-activated receptor (PPAR)-a, PPAR-y, CCAAT /en-
hancer-binding protein (C/EBP)-a, C/EBP-B, and adipocyte pro-
tein 2 (AP2) in the white adipose tissue (WAT) of high-fat diet-fed
ICR mice as shown in Fig. 4.7 In another study, taurine supple-
mentation (2.5% in drinking water) for 100 days significantly de-
creased body weight with less retroperitoneal and perigonadal fat
weight gain in male obese rats injected with MSG.*® The anti-obe-
sity effects of taurine might result from lower food/caloric in-
take.””* Mice administered 2% taurine in their drinking water for
10 weeks gained less weight on a high-fat diet and showed signifi-
cantly lower visceral fat weight than control mice.* In that study,
mice administered taurine showed decreased food intake.

Taurine also might attenuate obesity by altering energy metabo-
lism.*! Mice fed a taurine-containing diet (5%) for 18 weeks had
lower body weight, parametrial WAT weight, percentage body fat,
and adipocyte size than control mice.* The anti-obesity effects of

taurine were mediated by an increase in resting oxygen consumption

J Obes Metab Syndr 2022;31:134-146
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Table 1. Human studies assessing the association between taurine and various diseases

Study Study design Dosage and intervention Beneficial effect
Mizushima  18-29-Year-old male adults (n=22); randomized ~ High-cholesterol diet accompanied by 6 g Taurine supplementation reduced total cholesterol and LDL-C levels.
etal. control trial (Japan) of taurine or placebo/day for 3 weeks; Moreover, it significantly reduced norepinephrine level in the
(1996 Evaluation of total cholesterol, LDL-C, taurine-treated group compared to the placebo group.
and norepinephrine levels
Liuetal. Han (n=775), Tibetan (n=125), Kazak (n="204), NA A positive correlation between decreased DBP and taurine
(20012 Uygur (n=510) subjects aged between Correlation of taurine excretion with blood ~ supplementation was seen in Han and Tibetan subjects, whereas
49-54 years; cross-sectional study pressure no such correlation was evident in Uygur and Kazak subjects.
Mileietal. 12 Subjects with angina aged 30-60 years; 5 g taurine or placebo 1-3 hours before Ratio of reperfusion and pre-ischemic sample means was
(1992/» randomized controlled trial CABG significantly reduced in the taurine group (1.12) compared with the
Evaluation of oxidative stress placebo group (2.45)
Mizushima 433 Subjects from Japan and 269 subjects from ~ NA Hypercholesterolemia prevalence was significantly different
etal. Brazil aged 45-59 years; cross-sectional study  Evaluation of hypercholesterolemia between Japanese (5.8%) and Brazilian (28.3%) men, while
(1997 hypertension hypertension was significantly different between Japanese women

(14%) and Brazilian women (32.0%); this was attributed to higher
consumption of fish high in taurine by Japanese residents.

Rosaetal. 16 Obese and 8 normal weight women (n=24); Placebo with 3 g/day starch flour or Taurine supplementation restored taurine level in the obese group
(20145 randomized double-blind placebo-controlled 3 g/day taurine supplementation and decreased markers of inflammation
study
Zhang etal. Overweight and obese college students (n=30)  Taurine 3 g/day or placebo taken orally for  Taurine-supplemented group showed decrease in body weight, TG
(20047 aged 20-22 years; double-blind randomization 7 weeks content, and Al index

LDL-C, low-density lipoprotein cholesterol; NA, not applicable; DBP. diastolic blood pressure; CABG, coronary artery bypass graft; TG, triglyceride; Al, atherogenic index.
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Figure 4. Taurine and obesity. |, decrease; 1, increase; UCP, uncoupling protein; PPAR, peroxisome proliferator-activated receptor; C/EBP, CCAAT/enhancer-binding protein;
AP2, adipocyte protein 2.

in the light phase. As depicted in Fig. 4, the increase in resting oxy-  coactivator la (PGCla), PPARq, PPARy, nuclear respiratory fac-
gen consumption might have resulted in part from an increase in  tor 2q, lipoprotein lipase, acyl-coenzyme A (CoA) oxidase, acyl-

expression of genes involved in energy expenditure such as PPARy  CoA synthetase, medium-chain acyl-CoA dehydrogenase (MCAD),
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the B-subunit of adenosine triphosphate (ATP) synthetase, and
uncoupling protein (UCP) in WAT. Moreover, taurine treatment
increased the expression of genes involved in adipocyte browning
and fatty acid oxidation including PGC10, UCP1, mitochondrial
cytochrome ¢ (Cyc), mitochondrial transcription factor A (mtT-
FA), carnitine palmitoyl-CoA transferase 1f3 (Cpt1[3), and MCAD
in inguinal WAT. Furthermore, protein levels of PGClo.and UCP1
in inguinal WAT were elevated by taurine treatment. The taurine-
induced elevation of UCP1 protein level in the inguinal WAT of
mice was confirmed by immunohistochemistry. Together, these re-
sults indicate that taurine has anti-obesity properties mediated in
part by increased energy expenditure.

The anti-obesity effects of taurine might prevent chronic inflam-
mation in adipose tissue.*” Taurine supplementation (2.5% in drink-
ing water) significantly decreased retroperitoneal and perigonadal
fat pad weight in MSG-injected obese rats.> These rats showed in-
creased phosphorylation of inhibitor kB-o. in retroperitoneal adi-
pose tissue, which was decreased by taurine supplementation. The
anti-inflammatory effects of taurine chloramine (TauCl) are associ-
ated with inhibition of nuclear factor kB pathway activation.** Tau-
Cl, through inhibition of the signal transducer and activator of
transcription 3 (STAT-3) pathway, has been shown to control the
expression of adiponectin, interleukin 6 (IL-6), leptin, and IL-8 in
differentiated human adipocytes.** Moreover, TauCl (0-400 pM)
inhibited the expression of CD11, IL-18, CD86, and IL-1f, all of
which are M1 macrophage markers, in lipopolysaccharides/tumor
necrosis factor alpha (TNF-a) activated bone marrow-derived
macrophages. Moreover, the expression of TNF-q was significantly
reduced by TauCl in a dose-dependent manner.*® These studies
suggest that taurine and TauCl attenuate obesity-associated inflam-
mation.

Taurine affects differentiation,* lipolysis,”” and energy expendi-

jomes

ture of adipocytes.’ TauCl treatment inhibited the differentiation
of preadipocytes into adipocytes™ through a reduction in protein
levels of PPAR-~y, C/EBP-0, and sterol regulatory element binding
protein 1 (SREBP1). Taurine treatment increased lipolysis in iso-

1.3 Furthermore,

lated rat adipocytes stimulated with isoprotereno
taurine treatment of C3H10T1/2 adipocytes increased the expres-
sion of genes related to energy expenditure and thermogenesis such
as PGCla, UCP1, mtTFA, and carnitine palmitoyltransferase-1
beta (Cpt1f),* in addition to increasing the basal oxygen consump-
tion rate of C3H10T1/2 adipocytes. Knockdown of PGCla in
C3H10T1/2 adipocytes decreased taurine-induced expression of
UCP1, mtTFA, and Cpt1f3 as well as protein levels of PGCla and
UCP1.

Mechanisms underlying the anti-obesity effects of taurine have
been less well explored in humans than in non-human animal
models. A randomized double-blind trial of 30 obese college stu-
dents was conducted to study the anti-obesity effects of taurine.”?
After 7 weeks of taurine supplementation (3 g/ day) , overall weight
and plasma TG content were significantly reduced in the taurine
group compared to the placebo group. A randomized, double-
blind, placebo-controlled study of 16 obese women and 8 non-
obese women who received taurine supplementation (3 g/day) for
8 weeks revealed an increase in plasma taurine (+97%) and adipo-
nectin levels (+12%) in the taurine-supplemented group.® More-
over, this group showed decrease in the inflammatory marker CRP
(~29%) and the lipid peroxidation marker thiobarbituric acid reac-
tive substances (~20%) compared to the control group.

In a placebo-controlled trial of 12 patients* with stable angina,
they received S g of taurine by intravenous infusion 1-3 hours be-
fore coronary bypass surgery. This supplementation reduced the
levels of lipid peroxidation products during reperfusion and re-

stored blood flow. In preoperative biopsy samples, the taurine pre-

Table 2. Clinical studies of the mechanisms underlying taurine’s beneficial effects on human health

Study Beneficial effect

Mechanism

Kim and Cha®, Marcinkiewicz and Kontny* (2014) ~ Anti-oxidative effects

Schaffer et al. (2016)° Energy metabolism

Anti-inflammation by neutralization of hypochlorous acid to produce taurine chloramine
Activates complex | and NADH-sensitive enzymes by reducing the NADH/NAD! ratio during

glycolysis

Kadooka et al. (2010)*"
Ramila et al. (2015)*

Endoplasmic reticulum stress
Ca* homeostasis

Ameliorates brain injury during stroke by inhibiting ER stress
Taurine depletion leads to cardiomyopathy due to reduced ER Ca?* ATPase activity

NADH, nicotinamide adenine dinucleotide hydrogen; ER, endoplasmic reticulum; ATPase, aenosine tri phosphate synthetase.
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treated group had a reperfusion to oxidative stress ratio of 1.12
compared to 2.45 in the placebo group. Kim and Cha*® suggested
that taurine acts as an anti-inflammatory agent by neutralizing neu-
trophil oxidants and TauCl, a byproduct formed during reaction
between taurine and hypochlorous acid. This impedes the inflam-
matory process as summarized in Table 2.** In healthy mitochon-
dria, a conjugate of taurine is formed by its reaction with the uri-
dine residue of transfer RNA (tRNA"*(UUN), However, in some
mitochondrial diseases, this conjugate is not formed and results in
suppression of the expression of certain mitochondrial encoded
proteins, including nicotinamide adenine dinucleotide hydrogen
(NADH)-ubiquinone oxidoreductase chain 6 (ND6). Scarcity of
NDG6 decreases generation of ATP by mitochondria.® During oxi-
dative stress, permeabilization of the inner membrane of mitochon-
dria occurs, and taurine disrupts the associated chain of events.**
Taurine supplementation can replenish taurine level for taurine re-
actions, restoring normal mitochondrial function and protein syn-
thesis and reducing superoxide generation. Moreover, taurine pro-
tects sensitive antioxidative enzymes by decreasing the formation
of reactive oxygen species (ROS).* Obesity is closely linked with
non-alcoholic fatty liver disease (NAFLD), which is caused by an
increase in intrahepatic TGs with or without inflammation and fi-
brosis (steatohepatitis). A study conducted by Obinata et al.* of 10
children with NAFLD revealed that taurine supplementation im-
proved serum ALT level and decreased the ratios of glycine/tau-
rine-conjugated bile acids. These results indicate that taurine sup-

plementation can be an effective treatment for NAFLD.*

TAURINE AND HYPERTENSION

Taurine is considered to have protective effects against hyperten-
sion based on evidence from several animal studies.”’** Rats with
taurine deficiency induced by [-alanine treatment had more severe
hypertension than control counterparts on an 8% NaCl diet for
6 weeks followed by uninephrectomy.”” Male Sprague-Dawley rats
fed a 35% fructose diet with 5% fructose in drinking water for
4 weeks had significantly increased body weight and systolic blood
pressure than control rats, but this was ameliorated by taurine ad-
ministration (2% taurine in drinking water). The decrease in blood

pressure was attributed to increased plasma nitric oxide (NO) con-

] Obes Metab Syndr 2022;31:134-146
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centration; NO lowers blood pressure by dilating blood vessels.*®
In male Wistar rats treated with nandrolone decanoate (10 mg/kg
body weight) by intragluteal injection once a week for 12 weeks to
induce hypertension, the increase in systolic blood pressure was
prevented by taurine administration (2% taurine in drinking wa-
ter).* The nandrolone decanoate-induced increase in systolic blood
pressure mediated by induction of plasma angiotensin-converting
enzyme (ACE) activity was abolished by taurine treatment. More-
over, when male Wistar rats were exposed to electric foot shocks
and noise for 2 hr/day for 20 days, the combined stress significant-
ly increased tail artery blood pressure, but this was inhibited by in-
tragastric administration of taurine (200 mg/kg/day), which de-
creased ACE level and enhanced the formation of NO.* As hyper-
tension is associated with impaired NO production,*" restoring NO
generation from nitrites and nitrates is considered to be beneficial
for treatment of hypertension.

In addition to taurine’s ability to modulate ACE and NO synthe-
sis, it might prevent hypertension by altering the kallikrein-kinin
system.” The Kallikrein-kinin system consists of kallikreins, kinio-
gens, kinins, kinin-degrading enzymes, and kinin receptors.** Kalli-
kreins are a family of serine proteases that produce kinins from pre-
cursor kininogens. Kinins are hydrolyzed and inactivated by kini-
nases, including ACE.** The kallikrein-kinin system plays an im-
portant role in blood pressure.** An increase in blood pressure in
high-fructose-fed rats was prevented by taurine administration (2%
in drinking water).% Kallikrein activity in the heart, kidney, plasma,
and urine was significantly reduced by high fructose consumption
but was increased by taurine administration in rats. Plasma sodium
level was reduced by taurine in high-fructose-diet-fed rats due to
increased urinary excretion of sodium.

In hypertension, taurine might play an important role in prevent-
ing kidney injury.*® Male Wistar rats were orally administered N-ni-
tro L-arginine-methyl-ester (L-NAME), an NO synthase inhibitor,
at 40 mg/kg bodyweight for 14 days.* Rats then received oral tau-
rine (200 mg/kg body weight), which significantly reduced systol-
ic, diastolic, and mean arterial blood pressure. It also increased renal
NO level in L-NAME-treated hypertensive rats. Taurine consump-
tion inhibited the induction of plasma levels of urea and creatinine
by L-NAME, indicating prevention of renal injury in L-NAME-
treated rats.

https://www.jomes.org | 139
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An inverse correlation between urinary excretion of taurine and
blood pressure in humans was reported by the WHO Cardiovascu-
lar Diseases and Alimentary Comparison (WHO-CARDIAC). A
negative correlation between 24-hour taurine excretion and both
systolic and diastolic blood pressure was reported in the Kazak
population. In the 775 Han Chinese subjects, a significant negative
correlation between 24-hour taurine excretion and diastolic blood
pressure was noted, while similar negative correlations were found
between 24-hour taurine excretion and both systolic and diastolic
blood pressure in the 125 Tibetan participants.”

In a cross-sectional study of 433 middle-aged Japanese subjects
and 269 Japanese immigrants in Brazil, the native Japanese showed
significantly higher urinary excretion of taurine than the Japanese
immigrants. The authors of that study concluded that the preva-
lence of hypertension and hypercholesterolemia was lower in na-
tive Japanese subjects than Japanese immigrants living in Brazil,
suggesting that the environmental factor of taurine intake rather
than genetics was a key factor behind underlying hypertension and
hypercholesterolemia prevalence.”

A double-blind, placebo-controlled study was conducted for a
period of one week in 19 hypertensive patients (aged 20-25 years).**
Taurine supplementation (6 g/day) significantly decreased epineph-
rine level and systolic and diastolic blood pressure compared to the
placebo group but had no effect on norepinephrine level. Dietary
habits play a major role in heart health, and an adequate intake of
legumes, vegetables, fruits, and whole grains is strongly recommend-
ed based on research findings to prevent coronary artery diseases.”*
In a double-blind randomized study involving 30 overweight or
obese college students (body mass index >25 kg/m?), subjects
received 3 g taurine for 7 weeks, and lipid profiles were compared
between baseline and 7 weeks. The taurine-supplemented group
showed a significant decrease (P < 0.04) in plasma TG (> 8 mg/dL)
level compared with the placebo group (8 mg/dL).*" Moreover,
the taurine-supplemented group showed a significant reduction in
atherogenic index (2.75-2.30) after seven weeks compared to the
placebo group (2.91-2.99). These findings suggest that taurine
supplementation can reduce TG level. However, given the limita-
tions of this study, including its small sample size, the short length
of supplementation, and lack of health status examination, further
large-scale studies are needed to confirm these study findings.

140 | https://www.jomes.org
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ANTI-OXIDATIVE EFFECTS OF TAURINE

The protective effects of taurine on kidney injury are potentially
mediated by its antioxidant capacity.*® L-NAME-treated rats had
significantly higher myeloperoxidase activity as well as hydrogen
peroxide and malondialdehyde levels in the kidney, all of which
were reduced by taurine. The antioxidant effect of taurine was me-
diated by an increase in the activities of antioxidant enzymes, in-
cluding superoxide dismutase (SOD), catalase, and glutathione
peroxidase, in the kidney. Consistently, taurine treatment increased
the level of reduced glutathione in the rat kidney. In addition, tau-
rine treatment (1% in drinking water) for 4 weeks significantly re-
duced systolic blood pressure in high-salt (8% NaCl) diet-fed Dahl
salt-sensitive rats.”>

Taurine also has antioxidant properties in the aorta.* Male Wis-
tar rats fed a low-protein (6%) diet for 90 days showed significant
increases in systolic, diastolic, and mean arterial blood pressure,
which were significantly attenuated by taurine supplementation
(2.5% in drinking water).%* Taurine decreased ROS production and
increased NO bioavailability in aortic sections in low-protein diet-
fed rats. The antioxidative effects of taurine were mediated by a de-
crease in the protein level of p47phox and an increase in the protein
levels of manganese SOD and extracellular SOD in the rat aorta.
Taurine-treated rats showed improved aortic morphometric param-

eters such as decreased cross-sectional area and wall/lumen ratio.

TAURINE AND DIABETES MELLITUS

Studies have shown that taurine has beneficial effects in animal
models of diabetes mellitus.** Male C57BL/6] mice fed a high-fat
diet for 8 weeks that received 5% taurine supplementation in their
drinking water* showed improved glucose tolerance as measured
by the intraperitoneal glucose tolerance test (ipGTT) compared to
control group mice. In another animal study, male Wistar rats fed a
high-fructose diet (60%) and that received 2% taurine in their
drinking water for 30 days® showed a significant attenuation in the
high fructose-induced increase in plasma glucose, fructosamine,
glycated protein, and glycated hemoglobin levels. In another study,
hyperglycemia was induced by a 6-hour infusion of 50% dextrose

through catheters inserted into the internal jugular vein of male

J Obes Metab Syndr 2022;31:134-146
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Sprague-Dawley rats to maintain the plasma glucose level at 15 mM.%
Taurine infusion (0.35 mg/kg/min) with 50% dextrose significant-
ly increased the glucose infusion rate and glucose utilization as mea-
sured by hyperinsulinemic-euglycemic clamp in these rats. Taurine
supplementation also reduced the expression of gluconeogenic
genes such as glucose 6-phosphatase, fructose 1,6-bisphosphate,
forkhead box protein O1, phosphoenolpyruvate carboxykinase,
and PGCla in the livers of As,Os-treated mice. In addition, taurine
increased the hepatic expression of genes involved in glycolysis such
as glucokinase and L type pyruvate kinase. Moreover, taurine in-
creased the protein expression of glucose transporter 2 and the
phosphorylation of glycogen synthase and decreased phosphoryla-
tion of glycogen synthase kinase-33 in the rat liver. These results
indicate that taurine can rectify hepatic glucose metabolism in an
insulin-resistant state.

Taurine has also been shown to improve hepatic insulin signal-
ing. % Male Wistar rats infused with 20% intralipids and 20 U/mL
heparin with taurine (0.35 mg/kg/min) at 5.5 pIL/min for 48 hours®’
showed an increased glucose infusion rate during hyperinsulinemic-
euglycemic clamp with reduced hepatic glucose production. Tau-
rine-supplemented rats showed improved insulin signaling with
reduced phosphorylation of JNK, insulin receptor substrate 1/2
(IRS-1/2), and serine phosphorylation and increased insulin-stim-
ulated IRS-1/2 tyrosine phosphorylation and Akt serine 473 phos-
phorylation in the liver. In another animal study, male C57BL/6
mice that received 5% taurine in drinking water for 45 days and
who were then fed a high-fat diet (34% of fat) for 60 days together
with taurine supplementation showed improved glucose tolerance
as measured by ipGTT.®® Taurine also increased phosphorylation
of phosphatase and tensin homolog (PTEN) and Akt in the liver,
which might enhance insulin signaling.

In addition, taurine ameliorated insulin signaling in skeletal mus-
cle in diabetes mellitus.”’° Male Wister rats fed a high-sugar and
high-fat diet for 8 weeks to develop insulin resistance then received
2% taurine supplementation in their drinking water for 4 weeks to
evaluate the therapeutic effect of taurine on insulin resistance.” In-
organic arsenic exposure is a risk factor for type 2 diabetes melli-
tus.”" In the skeletal muscle of mice exposed to As,Os, phosphory-
lation of glycogen synthase kinase increased, and phosphorylation
of IRS and Akt decreased; taurine inhibited these changes. As,Os-
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induced ectopic lipid accumulation in mouse skeletal muscle was
prevented by taurine, which was mediated in part by a reduction in
the protein level of CD36 in skeletal muscle.”! In addition, taurine
attenuated the increase in protein expression of LC3-II and p62 in
skeletal muscle, indicating that taurine inhibits autophagy and im-
proves As,Os-induced insulin resistance in skeletal muscle. When
L6 myoblast cells were treated with taurine (100 uM), they showed
enhanced glucose uptake both in the presence and absence of 100
nM of insulin.” The effect of taurine on cellular glucose uptake was
mediated via the AMP-activated protein kinase (AMPK) pathway,
as the induction of glucose uptake by taurine was significantly low-
ered by the AMPK inhibitor compound C. Consistently, taurine
treatment increased phosphorylation of AMPK in L6 myotubes.

Furthermore, taurine has protective effects on pancreatic beta
cells.”>”® Male Swiss mice were fed a high-fat diet containing 36%
saturated fat with or without taurine supplementation (5% in drink-
ing water) for 19 weeks.”” Taurine administration prevented the
high-fat diet-induced increase in plasma glucose, insulin, pancreatic
beta cell mass, and islet mass. In UCP-overexpressing beta cells iso-
lated from rat pancreas, 3 mM taurine treatment significantly in-
creased insulin secretion in response to 10 mM glucose.”* Elevated
expression of UCP2 in pancreatic beta cells by long-term exposure
to high glucose or acid levels is associated with impaired glucose-
induced insulin secretion.’® Taurine elevated methyl pyruvate-in-
duced mitochondrial Ca** in mitochondria isolated from UCP2-
overexpressing insulin-secreting beta cells.” These results suggest
that taurine improves glucose sensitivity potentially by increasing
mitochondrial Ca** influx via+uniporters, improving mitochondri-
al metabolism in pancreatic beta cells.

Taurine affects glucose homeostasis in humans by moderating
beta cell insulin secretion, insulin signaling pathways, and/or post-
receptor events.”>”” Taurine deficiency has been linked to the sever-
ity of diabetes mellitus and associated complications.” In the study
of Sak et al,” plasma taurine level was lower in type 2 diabetic sub-
jects than control subjects, and the authors of that study suggested
a correlation between low taurine level and diabetic neuropathy.
Oxidative stress and diabetic complications have also been shown
to be associated with taurine.”” Thus, taurine can be preventative
and play a therapeutic role in the context of diabetes mellitus.***"

Brownlee® established an association between generation of ROS
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and severity of diabetic complications due to generation of super-
oxide anions in glucose-treated mitochondria. A deficiency of tau-
rine in diabetic conditions worsens and enhances oxidative stress.*>
Taurine depletion results in the formation of defective tRNAs whose
translation results in defective proteins and subsequent defective
assembly complexes involved in the respiratory chain. This trans-
lates into reduced transport of electrons through the electron trans-
port chain and the consequent formation of superoxide anions in-
stead of the generation of oxygen.® Suzuki et al.*' confirmed that
taurine forms macromolecular complexes and is not simply present
as a free amino acid by utilizing mutant mitochondria tRNA tau-
rine-containing uridine residues (Leu and Lys) in the phagocytic
cells of mitochondrial encephalomyopathy patients, mitochondrial
encephalopathy, lactic acidosis, and stroke-like episodes (MELAS)
and myoclonic epilepsy with ragged-red fibers (MERRF).** More-
over, taurine’s anti-oxidative properties reduced hypochlorous acid
by attenuating the bleomycin-mediated up-regulation of inducible
nitric oxide synthetase (INOS).* According to Wu et al.,* taurine
prevents calcium accumulation and overload by disrupting the se-
quence of events that leads to calcium overload, mitochondrial dam-
age, and further ROS formation. These findings suggest a key role
for taurine in reducing oxidative stress damage and the complica-

tions of diabetes mellitus.

CONCLUSION

Animal and human studies have suggested several plausible mech-
anisms through which taurine reduces the risks of obesity, dyslipid-
emia, hypertension, and diabetes mellitus. Nutritional studies of di-
etary sources of taurine and its bioavailability in animals and hu-
mans need to be conducted to obtain more definitive answers re-

garding the influence of long-term taurine level on various diseases.
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