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This review explores the potential benefits of taurine in ameliorating the metabolic disorders of obesity and type 2 diabetes (T2D),

highlighting the factors that bridge these associations. Relevant articles and studies were reviewed to conduct a comprehensive anal-

ysis of the relationship between obesity and the development of T2D and the effect of taurine on those conditions. The loss of normal

B-cell function and development of T2D are associated with obesity-derived insulin resistance. The occurrence of diabetes has been

linked to the low bioavailability of taurine, which plays critical roles in normal B-cell function, anti-oxidation, and anti-inflammation.

The relationships among obesity, insulin resistance, B-cell dysfunction, and T2D are complex and intertwined. Taurine may play a

role in ameliorating these metabolic disorders through different pathways, but further research is needed to fully understand its ef-

fects and potential as a therapeutic intervention.
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INTRODUCTION

The global rise in obesity rates is a concerning contemporary is-
sue. In the United States, only approximately one-third of adults
have a normal weight, and this trend has also been observed
worldwide [1]. Obesity is closely linked to long-term health
problems, particularly type 2 diabetes (T2D), which currently
affects around 171 million people worldwide, with projections
suggesting an increase to 366 million by 2030 [2]. While obesi-
ty and T2D are commonly associated with insulin resistance,
some individuals with insulin resistance do not experience high
blood sugar levels [3]. This is because the pancreas compen-
sates for the reduced insulin efficiency caused by insulin resis-
tance, thereby maintaining normal glucose levels. However,
when B-cells fail to produce sufficient insulin, obesity-related

insulin resistance can lead to the development of T2D, even in
individuals with normal glucose levels. Free circulating non-es-
terified fatty acids (NEFAs) play a significant role in B-cell dys-
function and insulin resistance [4].

Taurine is a semi-essential amino acid with sulfur content. It
constitutes about 0.1% of human body weight and plays vital
roles in anti-oxidation, osmoregulation, calcium ion regulation,
cell membrane stabilization, and inflammation [5-7]. Dietary
intake is necessary to maintain taurine levels since its natural
production in the body is relatively low. Insufficient taurine lev-
els have been linked to diabetes, as studies have reported low
plasma taurine concentrations in individuals with diabetes [8,9].
In patients with diabetes, Imae et al. [10] observed increased re-
nal excretion of dietary taurine compared to intestinal absorp-
tion, leading to reduced taurine levels in the liver. This can be
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attributed to decreased activity of taurine transporters due to
high glucose concentrations. Hansen [11] suggested that elevat-
ed sorbitol levels within cells can contribute to taurine reduc-
tion. These findings indicate that taurine deficiency may con-
tribute to diabetes in individuals with limited taurine bioavail-
ability. Preclinical studies have shown that taurine supplementa-
tion can improve glucose tolerance, insulin secretion, and sensi-
tivity in animal models of T2D. Clinical studies, however, have
yielded conflicting results, with some showing no significant
effects of taurine supplementation on metabolic syndrome or
T2D. Despite these discrepancies, the potential benefits of tau-
rine on various bodily systems, as highlighted in this review,
suggest that it may be a promising candidate for diabetes man-
agement [12,13].

This narrative review examines the relationships among obe-
sity-induced insulin resistance, B-cell dysfunction, the develop-
ment of T2D, and the potential therapeutic effects of taurine in
addressing these metabolic disorders. We explore the underly-
ing mechanisms of taurine’s action and highlight its bridging
role in balancing obesity and diabetic complications. This study
is the first to comprehensively explore these connections, add-
ing to the existing literature and providing new insights into the
therapeutic potential of taurine.

INSULIN RESISTANCE AND OBESITY

Obesity is one of the most critical factors in the development of
different metabolic diseases. Adipose tissue not only stores lip-
ids but also functions as an endocrine gland, thereby modulating
metabolism through the release of hormones such as leptin, adi-
ponectin, and pro-inflammatory cytokines, as well as glycerol
and NEFAs [14,15]. Conversely, adiponectin enhances insulin
sensitivity and fatty acid oxidation through the peroxisome pro-
liferator-activated receptor-o (PPAR-o) and AMP-activated pro-
tein kinase (AMPK) pathways [16,17].

Moreover, the enhanced secretion of tumor necrosis factor-al-
pha (TNF-a), monocyte chemoattractant protein 1 (MCP-1),
and interleukin-6 (IL-6), along with macrophages and other
cells in the adipose tissue, leads to an inflamed state that pro-
motes insulin resistance [18]. Cytokines induce insulin resis-
tance, which can be mediated by the suppressor of cytokine sig-
naling proteins and inducible nitric oxide synthase pathways
[19]. The secretion of pro-inflammatory cytokines (MCP-1,
TNF-a, and IL-6) leads to the recruitment of macrophages and
other immune cells, thereby exacerbating inflammation.

The abundance of NEFAs is a critical factor in regulating in-
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sulin sensitivity. Elevated levels of NEFAs are associated with
insulin resistance in conditions such as obesity and T2D [20,
21]. Even a slight increase in plasma NEFA levels can cause in-
sulin resistance within hours. Conversely, the use of antilipolyt-
ic agents (e.g., acipimox), which decrease plasma NEFA levels,
can lead to improved insulin-mediated glucose uptake and toler-
ance. An increase in intracellular NEFA delivery causes NEFAs
to compete with glucose for substrate oxidation. This competi-
tion inhibits the normal functioning of pyruvate dehydrogenase,
phosphofructokinase, and hexokinase II. NEFAs, along with in-
creased intracellular fatty acid metabolites such as fatty acyl-co-
enzyme A (CoA), contribute to this process. These phosphory-
lated products have a reduced ability to activate phosphoinosit-
ide 3-kinase, thereby inhibiting the downstream signaling path-
way of insulin receptors, as elaborated in Fig. 1.

Insulin sensitivity is highly dependent on the distribution of
body fat, and it can vary markedly among lean individuals be-
cause of differences in their body fat distribution [22]. Lean in-
dividuals with a greater peripheral distribution of fat tend to
have higher insulin sensitivity than those with a more central
distribution of fat in the chest and abdominal area. The adipose
tissue in these two locations (abdominal and subcutaneous fat)
has distinct characteristics that result in different metabolic ef-
fects. Depending on the location, different adipocytes release
specific amounts of protein [23]. Omental adipocytes, which are
smaller than subcutaneous adipocytes, secrete larger amounts of
adiponectin. This secretion has a stronger negative correlation
with an individual’s body mass index than adiponectin derived
from subcutaneous fat. More secretory proteins and proteins in-
volved in energy production are encoded by intra-abdominal fat
reserves. Despite the large amount of adiponectin secreted by
intra-abdominal adipocytes, the subcutaneous fat reserves,
which account for a larger proportion of body fat, contribute
more significantly to adiponectin production [24].

PANCREATIC B-CELL DYSFUNCTION

Healthy -cells actively respond to insulin resistance by modi-
fying both their mass and function to maintain normal glucose
levels. When B-cell dysfunction occurs, it leads to impaired glu-
cose tolerance and abnormal fasting glucose levels, which con-
sequently results in T2D [25].

Several observations have been reported regarding the magni-
tude of disruption of B-cells in T2D [26,27]. First, the B-cells in
individuals with T2D, despite having insulin stores, are unable
to secrete insulin rapidly in response to intravenous glucose in-
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Fig. 1. Insulin secretion in response to an increase in glucose levels occurs through a process known as glucose-stimulated insulin secretion.
This process is mediated by changes in the ratio of adenosine triphosphate (ATP) to adenosine diphosphate (ADP) within the -cells, which
leads to the closure of potassium-ATP channels, depolarization of the plasma membrane, and an increase in cytoplasmic calcium concentra-
tions. These changes ultimately result in the exocytosis of insulin-containing secretory granules. Additionally, in situations where insulin de-
mand is high, B-cells can increase their glucose metabolism through the activation of the enzyme glucokinase. Insulin release is regulated by
a variety of mechanisms, including glucose levels, fatty acids, incretins, and nerve signaling. Increased levels of glucose can cause an in-
crease in citrate levels, leading to elevated levels of malonyl-coenzyme A (CoA) and a decrease in carnitine palmitoyl transferase-1 (CPT1)
activity. This results in an accumulation of long-chain acyl-CoA and activates protein kinase C (PKC) signaling. Fatty acids can also regulate
insulin secretion by signaling through G-protein-coupled receptor 40 (GPR40), or by being metabolized into fatty acyl-CoA and triggering
insulin granule exocytosis. The hormone glucagon-like peptide-1 (GLP-1) enhances insulin release in response to glucose via activation of its
G protein-coupled receptor. This leads to stimulation of protein kinase A (PKA) and guanine nucleotide exchange factor exchange protein ac-
tivated by cyclic-AMP (EPAC2). Additionally, acetylcholine release from parasympathetic nerves boosts insulin release through activation of
the M2 muscarinic receptor, involving diacyl glycerol (DAG) and PKC. The role of sympathetic nerves in insulin secretion involves changes
in adenylyl cyclase and cyclic adenosine monophosphate (cAMP) levels. 02-Adrenergic agonists inhibit insulin secretion, while -adrenergic
agonists stimulate it. Additionally, insulin/insulin-like growth factor 1 (IGF-1) receptor signaling and GLP-1 receptor (GLP-1R) signaling
can positively regulate -cell mass through transactivation of the epidermal growth factor receptor and stimulation of the insulin receptor sub-
strate 2 (IRS-2) pathway. PI3K, phosphoinositide 3-kinase; PKB, protein kinase B; ND6, NADH dehydrogenase subunit 6; TCA, tricarbox-
ylic cycle; ER, endoplasmic reticulum; NEFA, non-esterified fatty acid; GABA, gamma-aminobutyric acid; GPR40, G-protein-coupled re-
ceptor 40.

484 www.e-enm.org Copyright © 2023 Korean Endocrine Society



Mechanistics of Taurine on Obesity-Induced Diabetes Mellitus E n M

take. Second, compared to healthy subjects, a short-lasting burst
of insulin is secreted by dysfunctional B-cells in response to
non-glucose secretagogues. Third, it has been observed that
there is approximately a 50% reduction in the normal function-
ing of B-cells in T2D. However, this cannot fully account for the
damage to the cells’ secretory functioning, as the cells are al-
ready operating at 25% or less of their activity at the time of dia-
betes diagnosis [28]. As plasma NEFA levels increase, a pro-
gressive loss of B-cell function occurs. This is because higher
plasma concentrations of NEFAs, as opposed to lower levels,
are associated with abnormal glucose-stimulated insulin secre-
tion and reduced insulin biosynthesis. Studies have reported that
in vivo lipid infusion to elevate NEFA levels contributes to the
development of insulin resistance, along with a slower counter-
acting response of 3-cells in humans [29,30]. Therefore, NEFAs
can be suggested as a critical factor linking insulin resistance
and B-cell dysfunction in patients with T2D. Additionally, the li-
potoxic effect derived from obesity may also contribute to the
pathogenesis of diabetes, a phenomenon commonly referred to
as “glucolipotoxicity” [31].

THE EFFECTS OF TAURINE ON OBESITY:
ANIMAL STUDIES

Taurine has been linked to several anti-obesity mechanisms in
various animal models. In Institute of Cancer Research (ICR)
mice models fed a high-fat diet, the inclusion of 2% taurine in
their diet led to a significant decrease in body mass. This de-
crease was achieved through the reduction of adipogenic gene
expression (specifically PPAR-a and CCA AT/enhancer-binding
protein C/EPR-o. [CEBP-B]) in white adipose tissue [32]. In
male obese rats, taurine supplementation resulted in a signifi-
cant reduction in retroperitoneal and perigonadal fat pads, as
well as overall body weight. This reduction was attributed to the
lower caloric intake observed in the taurine-supplemented
group [33].

Modulations in energy metabolism have been observed in
C57BL/6J mice subjected to a 5% taurine treatment, with tau-
rine causing a decrease in body weight, body fat percentage,
and adipocyte size [34]. These anti-obesity effects are attributed
to an increase in resting energy oxygen consumption, which is
facilitated by an increase in the expression of genes associated
with energy metabolism in white adipose tissues. These genes
include nuclear respiratory factor 2 a lipoprotein lipase, acyl-
CoA oxidase, acyl-CoA synthetase, 3-subunit of adenosine tri-
phosphate (ATP) synthetase, and medium-chain acyl-CoA de-
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hydrogenase (MCAD).

Rats with monosodium glutamate (MSG)-induced obesity
that were supplemented with taurine (2.5%) had a decrease in
proportion of perigonadal and retroperitoneal fat pad mass due
to a reduction in the increased diameter and size of adipocytes
[35]. Furthermore, MSG injection led to increased phosphoryla-
tion of Ik-Pa in the adipose tissue, a process that was reversed
by taurine intake. In another study involving C57BL/6J mice
fed a high-fat diet, a 5% taurine intake resulted in a reduction in
mesenteric, subcutaneous, retroperitoneal, and epididymal
white adipose tissue [36]. Immunohistochemistry revealed that
taurine supplementation reduced staining for the M1 marker
CDllc and increased staining for the M2 marker IL-10. This
was accompanied by an increased content of CD206+ cells,
Yml markers, and a reduction of CD11c+ cells, along with IL-
10 in the epididymal white adipose tissue extracted stromal vas-
cular fractions. In addition to an increase in IL-10 protein levels
in the white adipose tissue, in vitro-grown bone marrow-derived
macrophage cells exhibited an enhanced expression of M2
markers, including Ym1, CD206, and macrophage galactose-
type lectin-1.

Isoproterenol, a selective agonist for B-adrenergic receptors
known to increase lipolysis in adipocytes, was found to enhance
lipolysis in isolated rat adipocyte cells when supplemented with
taurine [37]. Furthermore, in C3H10T1/2 adipocytes, there was
an observed increase in the expression of energy expenditure
and thermogenic genes (peroxisome proliferator-activated
receptor-y coactivator 1-a [PGCla], uncoupling protein 1
[UCP1], carnitine palmitoyl transferase-1p [Cptl1f]). Taurine
also elevated the protein-level expression of PGCla and UCPI
in C2H10T1/2 adipocyte cells [34].

THE EFFECTS OF TAURINE ON DIABETES:
ANIMAL STUDIES

Previous research has explored the potential role of taurine in
mitigating the effects of diabetes. In one study, male C57BL/6J
mice that received taurine supplementation (5% in drinking wa-
ter) demonstrated an improved glucose tolerance level, as deter-
mined by an intraperitoneal glucose tolerance test [38]. Another
study, conducted on male Wistar rats fed a high-fructose diet
with taurine supplementation, found a significant reduction in
glycated hemoglobin and proteins, fructose amines, and plasma
glucose levels [39]. These studies suggest that taurine may posi-
tively influence glucose metabolism in animal models. Further-
more, in male Otsuka Long-Evans Tokushima Fatty (OLETF)
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rats and Sprague-Dawley rats, taurine supplementation signifi-
cantly increased glucose utilization, thereby reducing plasma
glucose levels [40]. These findings further indicate that taurine
may have beneficial effects on glucose metabolism in diabetic
animal models.

In a study involving male Wistar rats, taurine supplementa-
tion was found to enhance insulin signaling in the liver by in-
creasing the rate of utilization of infused glucose and reducing
hepatic glucose production [41]. The presence of taurine was
also linked to a decrease in the phosphorylation of c-Jun N-ter-
minal kinase (JNK) and serine phosphorylation of the insulin
receptor substrate 1 and 2 (IRS-1 and -2). Simultaneously, there
was an increase in the phosphorylation of IRS-1 and -2 tyrosine
and serine 473 of Akt in the liver, suggesting improved insulin
signaling. Furthermore, taurine was found to increase the phos-
phorylation of phosphatase and tensin homolog in conjunction
with Akt in the liver of C57BL/6J mice, indicating an enhance-
ment of the insulin signaling pathway [42].

In vivo studies have demonstrated an enhancement in glucose
metabolism following taurine consumption. When male Wistar
rats were given a 2% taurine supplement in their drinking water,
it prevented the increase in glucose levels typically associated
with a high-fructose diet, thereby improving glucose tolerance
[43]. This high-fructose diet also influenced the activity of en-
zymes involved in liver glucose metabolism, including glucose
6-phosphatase, fructose 1,6-bisphosphatase, pyruvate kinase,
and hexokinase. Furthermore, the high-fructose diet caused
changes in the activity of protein tyrosine kinase and protein ty-
rosine phosphatase in the liver, which taurine was able to neu-
tralize. Since the activity of these enzymes impacts insulin sig-
naling, the findings suggest that taurine may help regulate blood
glucose levels by enhancing insulin signaling.

In another study, male C57BL/6J mice were given arsenic tri-
oxide (As20;3) in their drinking water, with or without taurine
supplementation (250 mg/kg) [44]. The exposure to As,O; re-
sulted in impaired glucose tolerance, which was reversed by
taurine. This reversal was accompanied by a decrease in the ex-
pression of genes associated with gluconeogenesis, such as
phosphoenol pyruvate carboxykinase, fructose 1,6 bisphos-
phate, and PGCla. Conversely, the process of glycolysis was
enhanced, as evidenced by the upregulated expression of L-type
pyruvate kinase and glucokinase (GCK) genes in the mice’s liv-
ers. These findings suggest that taurine may have a beneficial
effect on liver glucose metabolism during insulin resistance.
Furthermore, taurine supplementation increased the protein ex-
pression levels of PPAR-y and phosphorylated Akt in the mouse
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liver, potentially further improving hepatic glucose metabolism.

Taurine has been shown to offer protective benefits to pancre-
atic B-cells in various studies. For instance, male Swiss mice
supplemented with 5% taurine demonstrated inhibited glucose
and insulin levels [45]. A high-fat diet led to a significant in-
crease in both B-cell mass and islet mass, which was counteract-
ed by taurine intake. In a study involving isolated B-cells that
overexpressed UCP2, treatment with taurine (3 mM) resulted in
a significant enhancement of insulin secretion in response to
glucose [46]. In the pancreatic B-cells, prolonged exposure to
acids or glucose has been associated with increased UCP2 ex-
pression, which in turn has been linked to impaired insulin se-
cretion. Additionally, the levels of methyl pyruvate-induced cal-
cium content were increased in mitochondria treated with tau-
rine in the overexpressed UCP2 B-cells. Therefore, it can be in-
ferred that taurine may enhance glucose sensitivity by increas-
ing calcium influx into the mitochondria via the calcium uni-
porter, thereby improving mitochondrial metabolism in the
B-cells.

MECHANISMS

Antioxidation

Taurine mitigates and counteracts the production of reactive ox-
ygen species (ROS) by indirectly alleviating heightened oxida-
tive stress. This is achieved through several methods, one of
which includes enhancing the activity of anti-oxidative enzymes
such as catalase (CAT), glutathione peroxidase (GSH-Px), and
superoxide dismutase. Additionally, taurine contributes to the
reduction of lipid peroxidation and the formation of carbonyl
proteins, and it inhibits the activity of protein kinase C and xan-
thine oxidase [47,48]. It also hinders the formation of advanced
glycated end products and suppresses the expression and activi-
ty of co-enzyme II (nicotinamide-adenine dinucleotide phos-
phate [NADPH] II), oxidase C(47phox)/cytochrome P40 CY-
P2E1 [49]. Exposure of isolated cardiomyocytes to 3-alanine in
the medium (an inhibitor of the taurine transporter) results in in-
creased oxidative stress in the mitochondria of cells. This is due
to the generation of super oxides, inactivation of oxidoreduc-
tase, and oxidation of glutathione, leading to a 45% decrease in
overall tissue content [50]. This reduction in taurine content
subsequently causes a decrease in the production of NADH de-
hydrogenase subunit 5 and 6 (ND5 and ND6) subunits of the
mitochondrial respiratory chain. This results in defective com-
plexes I and II, which in turn diminishes the potential transfer of
electrons in the respiratory chain, leading to an increase in ROS.
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Table 1. Studies on the Effects of Taurine and the Mechanisms behind the Action of Taurine

Study Activity Mechanism

Kulakowski et al. (1984) [52], Enhancement of insulin sensitivity Insulin resistance can be caused by changes in phosphorylation states of certain
Wuetal. (2010) [51] proteins, such as IRS-1, IRS-2, Akt, and JNK-1 in peripheral tissues. Taurine
regulates these changes through direct interactions with insulin receptors.
Carneiro et al. (2009) [45],
Park et al. (2004) [53]

Jong etal. (2012) [54]

Inducing insulin secretion By increasing the expression of genes involved in insulin secretion and/or by

blocking ATP-sensitive potassium channels, insulin production is stimulated.

Anti-oxidation Taurine protects the mitochondria from excessive superoxide production by

Park et al. (1993) [55],
Liu etal. (2002) [56]

Anti-inflammation

binding to the uridine moiety of mitochondrial tRNA Leu.

Taurine has been found to suppress the secretion of cytokines that are related to
diabetes, including TNF-o. and MCP-1. These cytokines are known to play a
role in the development and progression of diabetes. By suppressing their
secretion, taurine helps to reduce the risk or severity of diabetes.

chemoattractant protein 1.

IRS, insulin receptor substrate; JNK-1, c-Jun N-terminal kinasel; ATP, adenosine triphosphate; TNF-o, tumor necrosis factor-alpha; MCP-1, monocyte

Table 2. Studies Summarizing the Effects of Taurine and the Mechanisms Underlying Those Effects

Effect

Underlying mechanism

Antioxidative effects

Anti-inflammatory effects
Energy metabolism

Pancreatic B-cell function

Upregulation of cellular antioxidant defense system by enhancement of anti-oxidative enzymes, such as hepatic
thioredoxin reductase activity [57], superoxide dismutase and glutathione peroxidase activity [58]. Inhibition of
mitochondrial stress by disruption of events causing intracellular Ca>* overload.

Scavenging of hypochlorous acid and inhibition of the production of nitric oxide and TNF-a [59].
Reduction of the NADH/NAD' ratio during glycolysis, thus activating complex I and NADH-sensitive enzymes [60].

Taurine inactivates ATP-sensitive K* channels, causing intracellular Ca®” overload that results in exocytosis of insulin
molecules, thereby enhancing insulin secretion and availability [61].

TNF-0, tumor necrosis factor-alpha; NADH/NAD, reduced and oxidized forms of nicotinamide adenine dinucleotide; ATP, adenosine triphosphate.

A 30% reduction in serum glucose levels was observed in rats
with diabetes induced via alloxan (ALX) and treated with 1%
taurine (in their drinking water) [12]. This was accompanied by
an improvement in renal gluconeogenesis. Taurine treatment
also increased renal glutathione reductase and CAT activities,
restored the ratio of GSH to glutathione disulfide, reduced albu-
minuria and glomerulopathy, and inhibited the accumulation of
ROS and free hydroxyl ions in the liver, serum, and kidney cor-
tex. These findings underscore the crucial role of taurine as an
antioxidant in the treatment of diabetes and diabetic nephropa-
thy. The potential protective effects of taurine and the mecha-
nisms behind them, as detailed in various studies, are summa-
rized, and presented in Tables 1 [45,51-56] and 2 [57-61].

Anti-inflammation

Diabetes is characterized not only by elevated blood glucose
levels but also by an underlying inflammatory process. Lym-
phocytes produce inflammatory cytokines that can destroy insu-
lin-producing B-cells and increase the level of inflammatory
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markers in individuals with diabetes and insulin resistance [62].
Neutrophils produce hypochlorous acid, which can cause oxida-
tive stress and activate tyrosine kinase, leading to the formation
of inflammatory mediators through a signaling cascade. Tau-
rine, found in high amounts in neutrophils and monocytes, re-
acts with hypochlorous acid to form taurine chloramines. These
chloramines reduce the inflammatory cytokine mediators due to
their anti-inflammatory and anti-oxidative effects, and they also
decrease the activity of nuclear factor kappa f3, resulting in re-
duced secretion of nitric oxide, TNF, prostaglandin, and inter-
leukins [63]. Li et al. [13] investigated the impact of taurine
supplementation in mothers and neonate Wistar rats on inflam-
mation and lipid metabolism [13,64]. Their results indicated
that taurine supplementation was able to normalize maternal
plasma glucose levels and TNF-a, as well as improve liver func-
tion. In another study, Lin et al. [36] found that taurine treatment
in C57BL/6J mice reduced the infiltration of pro-inflammatory
macrophages in adipose tissue, while promoting the anti-in-
flammatory M2-like phenotype.
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ENHANCING PANCREATIC B-CELL
FUNCTION AND INSULIN SECRETION

Taurine supplementation has been demonstrated to decrease ne-
crosis of islet B-cells and enhance both the cell count and secre-
tory granules in diabetic rats and mice treated with streptozoto-
cin (STZ) [12]. Yao et al. [65] reported similar findings, reveal-
ing reduced mitochondrial and endoplasmic reticulum damage
in 1%—-3% of the taurine-supplemented diabetic mice group.
This resulted in a significant increase in insulin levels within the
B-cells. Furthermore, the induction of IL-B, TNF-a, and
interferon-y into isolated islet cells of rats led to a notable in-
crease in apoptosis, which was counteracted by taurine intake
through the modulation of the ratio of pro-apoptotic to anti-
apoptotic gene (Bax, B-cell lymphoma-extra-large [Bcl-xl]).
These findings suggest that the protective effect of taurine on
pancreatic B-cells may be attributed to its ability to alleviate in-
flammation and destruction of islet cells induced by STZ.

Oprescu et al. [66] conducted an in vitro study to evaluate the
impact of taurine on insulin secretion in Wistar rats. The results
showed that the infusion of oleate decreased insulin levels in re-
sponse to hyperglycemic clamps and diminished the secretion
of insulin stimulated by glucose. Both outcomes were linked to
oxidative stress in isolated islets. However, the co-infusion of
taurine mitigated these adverse effects. In a similar vein, Ribeiro
et al. [67] examined the effects of taurine on isolated islets of
mice. They found improved glucose tolerance and enhanced in-
sulin sensitivity in mice, as demonstrated by increased insulin
secretion from their islets in response to high glucose levels.
However, there was no difference in ATP levels, glucose trans-
port protein-2, or GCK (liver glucose kinase) protein expression
between the groups. When compared to the control mice islets,
the taurine-supplemented islets exhibited a significant increase
in the expression of I-type voltage-sensitive Ca** channels and
Ca®" uptake. These results suggest that taurine may influence
insulin secretion by regulating intracellular calcium levels. Tau-
rine achieves this by blocking ATP-sensitive potassium chan-
nels, disrupting the interaction between the sulfonyl urea recep-
tor-1 (SUR-1) and glipalamide. This leads to cell depolarization
and the opening of calcium-dependent voltage channels, caus-
ing an influx of extracellular calcium. When the calcium con-
centration reaches a critical level, insulin is secreted through the
process of exocytosis by large, dense core vesicles.

Glucose homeostasis is maintained by modulating the expres-
sion of genes involved in insulin secretion, a process influenced
by taurine. When stimulated by glucose, the islet cells of mice
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demonstrated a significantly higher insulin content after taurine
treatment. The expression of genes that regulate insulin, such as
SUR-1, GCK, glucose transporter 2 (GLUT-2), and pancreatic
and duodenal homeobox 1 (PDX-1), was also elevated in these
treated mice [68]. PDX-1 serves as a key regulator of endocrine
function in islet cells, modulating the gene expression of GLUT-
2 and GCK, which are insulin-regulating genes. Furthermore,
PDX-1 also functions as a transcription factor for the expression
of the insulin gene.

ENHANCING INSULIN SENSITIVITY

Ribeiro et al. [68] reported that diabetic mice and rats, when
given a 2% taurine intake in their drinking water, exhibited in-
creased insulin sensitivity and improved glucose tolerance.
Haber et al.’s [69] experiment on non-diabetic rats demonstrated
that co-infusing taurine with glucose reduced insulin-stimulated
glucose uptake levels and 4-hydroxy nonanal content. Further-
more, in non-diabetic overweight or obese men, oral taurine in-
take reduced oxidative stress and improved lipid-infused -cell
decompensation and insulin resistance through an increase in
IRS phosphorylation. Carneiro et al. [45] demonstrated similar
effects of basal IRS phosphorylation in the skeletal muscle and
liver of mice. This effect facilitates the binding of insulin to its
receptors and glucose metabolism, resulting in improved intra-
peritoneal glucose tolerance. In a study by Wu et al. [51], nor-
mal rats were infused with a mixture of intralipid and heparin
(IH) to elevate free fatty acid levels in the plasma. This IH in-
take increased JNK-1 activity and induced serine phosphoryla-
tion of IRS-1 and -2, leading to insulin resistance in the liver.
Therefore, these findings suggest that taurine may improve in-
sulin resistance through the inhibition of the JNK pathway and
the enhancement of insulin signaling.

CONCLUSIONS

In conclusion, this review highlights the strong link between
obesity, insulin resistance, and the development of T2D, in
which B-cell dysfunction plays a significant role. A highly re-
markable finding from numerous in vivo and in vitro studies is
the mitigating effect of taurine on metabolic syndrome, as de-
tailed in this review. Taurine prevents obesity primarily through
three mechanisms: increasing energy expenditure by enhancing
factors involved in fatty acid oxidation, decreasing lipogenesis
by reducing postprandial glucose oxidation, and modifying the
energy ratio used for glycogen synthesis and lipogenesis. Fur-
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-@- N-propionyl-N-chlorotaurine 1,050
=@~ Taurolidine (TRD)
—@- 2-[[2-(Dglucopyranosyloxy)ethyl]Jamino]
-@- N-(D-ribopyranosyl)taurine sodium salt 900
—@- N-(D-lyxopyranosyl)taurine sodium salt
=@~ N-(D-ribopyranosyl)taurine sodium salt
=@~ 1-Deoxy-1 (2sulfoethylamino)-D-fructose 750
-@- 1.4.5. Oxathiaziane 4,4-dioxide (OTD)
-@- N-(Aldopyranosyl)taurine
=@~ 4-Nitrophenyl-6-deoxy-6-[(2-sulfoethyl)amino]- 600
=@~ p-D-galactopyranoside
—@- N-(B-D-glucopyranosyl) taurine sodium salt
—@- Sodium salt 450
-@- Tauromustine
-@- Acamprosate
-@- Taltrimide 300
-@- TUDCA

@ N-pentoyl taurine
-@- Cholroamine 150

-@- N-(B-D-xylopyranosyl)
—@- -taurine sodium salt
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= Taurine

Efficiency (%)
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300
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Fig. 2. Comparative analysis of ameliorative effects caused by taurine and its derivatives. Top to bottom N-propionyl N-cholrotaurine, tau-
rolidine (TRD), 2 (D-glucopyranosyl) ethyl amino, N-(D-ribopyranosyl) taurine sodium salt, N (D-lyxopyronosyl) taurine sodium salt, N-
(D-ribopyranosyl) taurine sodium salt, 1-deoxy (2 sulphoethylamine)-D-fructose, 1.4.5 oxathiaziane 4,4-dioxide (OTD), N-(aldopyranosyl)
taurine, 4 nitrophenyl 1-6-deoxy-6-[2 sulphoethyl amino], B-D-galactopyranoside, N-(B-D-glucopyranosyl) taurine sodium salt, tauronus-
tine, acamprostate, taltrimide, tauroursodeoxycholic acid sodium salt (TUCDA), N-phenoyl taurine, chloramine, N-(B-dxylopyranosyl) tau-

rine sodium salt, N-(B-D-arabinopyranosyl) taurine sodium salt, taurine.

thermore, taurine prevents hypercholesterolemia by facilitating
the bioconversion of cholesterol to bile acids, promoting its ex-
cretion through feces, inhibiting bile acids absorption from the
ileum, reducing very low-density lipoprotein secretion from the
liver, and enhancing cholesterol clearance from the bloodstream
by upregulating low-density lipoprotein receptor gene expres-
sion and binding capacity. This leads to an increase in low-den-
sity lipoprotein cholesterol and mitigates diabetes mellitus by
decreasing insulin resistance, boosting insulin production, pro-
tecting pancreatic cells, and through anti-inflammatory and anti-
oxidative effects. The comprehensive beneficial efficiency of
taurine and its derivatives on obesity and T2D are depicted in
Fig. 2. However, additional research is required to further eluci-
date the precise mechanisms underlying taurine’s beneficial ef-
fects in the prevention and management of T2D.

Despite the promising results obtained in preclinical studies,
the efficacy of taurine supplementation for the management of
diabetes in humans remains unclear. Although several animal
studies have reported beneficial effects of taurine supplementa-
tion on glucose homeostasis, insulin secretion, and sensitivity,

Copyright © 2023 Korean Endocrine Society

the evidence from human studies remains inconsistent. There-
fore, it is important to conduct more adequately powered, dou-
ble-blinded, randomized, and controlled trials to determine the
effects of taurine supplementation on diabetes management in
humans. Furthermore, the mechanisms underlying the potential
beneficial effects of taurine on diabetes should be further eluci-
dated. Therefore, caution should be exercised when interpreting
the results of taurine supplementation in the context of diabetes
management until more robust clinical evidence is available.
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