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A B S T R A C T

Taurine is a conditionally essential amino acid present in the body in free form. Mammalian taurine is syn-
thesized in the pancreas via the cysteine sulfinic acid pathway. Anti-oxidation and anti-inflammation are two
main properties through which it exerts its therapeutic effects. Many studies have shown its excellent therapeutic
potential against diabetes mellitus and related complications like diabetic neuropathy, retinopathy, nephro-
pathy, hematological dysfunctions, reproductive dysfunctions, liver and pancreas related complications etc. Not
only taurine, a number of its derivatives have also been reported to be important in ameliorating diabetic
complications. The present review has been aimed to describe the importance of taurine and its derivatives
against diabetic metabolic syndrome and related complications.

1. Introduction

Diabetes mellitus refers to a group of metabolic disorders char-
acterized by high blood sugar level over a prolonged period of time
with disturbances of carbohydrate, protein and fat metabolism resulting
from defects in insulin secretion, insulin action or both (American
Diabetes Association, 2014). According to WHO, it is the most common
endocrine disease and in 2014 about 422 million people suffered from it
worldwide. About 43% of all deaths occur due to high blood glucose
before the age of 70 (WHO, 2016). Diabetes is classified into different
categories. Among them, Type 1 diabetes mellitus (T1DM) or insulin
dependent diabetes mellitus (IDDM) (formerly known as juvenile dia-
betes) and Type 2 diabetes mellitus (T2DM) or non-insulin dependent
diabetes mellitus (NIDDM) (formerly known as adult diabetes) are the
main types. T2DM encompasses the most prevalent form of the disease.
Gestational diabetes, protein-deficient pancreatic diabetes, impaired
glucose tolerance and drug-induced diabetes are other minor types of

diabetes (American Diabetes Association, 2014). Owing to the over-
whelming occurrence of diabetes worldwide, the quest for hypogly-
cemic agents with ameliorative effects and minimal adverse effects has
become a necessity as the antihyperglycemic drugs popular in the
market are beset with various significant side effects (Bhattacharya
et al., 2013; Manna et al., 2009b, 2010b; Manna and Sil, 2012; Pal
et al., 2014; Rashid and Sil, 2015a, b). As diabetes is always accom-
panied with an increased production of free radicals, especially reactive
oxygen species (Santos-Silva et al.) and weak antioxidant defenses
(Chowdhury et al., 2016a; Ghosh et al., 2017, 2015a, 2015b; Rashid
et al., 2017), a new therapeutic vision through antioxidant supple-
mentation is popular now-a-days (Das and Sil, 2012; Manna et al.,
2009a, 2010a, b; Pal et al., 2014).

Taurine is widely distributed in animal tissues and is also an im-
portant naturally occurring antioxidant. It is a major constituent of bile
and can also be found in the electrically excitable tissues (heart and
brain), retina, platelets, large intestine and secretary structures
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(Huxtable, 1992). It is a conditionally essential amino acid and occurs
in the body as a free molecule or in simple peptides (Lodish et al., 1995;
Stapleton et al., 1998). It accounts for upto 0.1% of the total weight of
the human body (Oudit et al., 2004). It exhibits several important
biological functions, such as, osmoregulation, membrane stabilization,
modulation of calcium signaling neurotransmission along with anti-
apoptotic and antioxidant activity which are emphasized by different
studies (Sirdah, 2015). Taurine and its different derivatives also exert
protective effect against oxidative stress and various chemical toxin
induced pathophysiological conditions as well as hyperglycemia and
related complications (Chowdhury et al., 2016b; Das et al., 2012a, b,
2011; 2010a, b, c, 2009a, b, 2008; Das and Sil, 2012; Ghosh et al.,
2009, 2014; Sinha et al., 2008).

This review provides new insights and information related to the
latest developments in the expedition for understanding the ameliora-
tive role of taurine and its derivatives on diabetic complications.

2. Structure and biosynthesis of taurine

Taurine is a byproduct of the sulphurous amino acids cysteine and
methionine. Contrary to common belief, it is in itself not an amino acid
in the scientific sense, as it does not contain a carboxyl group. It is,
therefore, in fact an amino sulphonic acid. As it is not incorporated into
the structural building blocks of protein, it is a lesser-known amino acid
(Lodish et al., 1995; Ripps and Shen, 2012; Stapleton et al., 1998)
(Fig. 1).

The main sources of taurine in vivo are dietary intake and bio-
synthesis. Endogenously it is derived from cysteine. Mammalian taurine
is synthesized in the pancreas via the cysteine sulfinic acid pathway
(Jurkowska et al., 2015) (Fig. 2). Endogenous production of taurine is
insufficient, so the main source is diet which includes sea foods, meats
etc (Sirdah, 2015). It is present in human breast milk in large quantity
and is beneficial in infant brain and retinal development (Das et al.,
2012b).

3. Effect of taurine on diabetes induced metabolic disorders

Taurine deficiency can lead to various tissue dysfunctions which
may be the cause of diabetic complications of related tissues (Ito et al.,
2012). Several studies have proved that taurine has high potentiality to
prevent the progression of diabetic and related metabolic complica-
tions, in both type 1 and type 2 diabetes mellitus (Chen et al., 2016; De
la Puerta et al., 2010; Fatma El Zahraa et al., 2012; Foda et al., 2016;
Imae et al., 2014; McCarty, 2017). According to Santos-Silva et al.,
taurine supplementation helps in maintaining glucose homeostasis by
preventing insulin and glucagon hypersecretion and by controlling α, β
and δ cells in genetic obese mice (Santos-Silva et al., 2015). It also has a
potent hypoglycemic effect upon glucose homeostasis (Das et al.,
2012c). It exerts insulin-like action which enhances glycolysis and
glycogenesis (Lampson et al., 1983). Diminished rate of renal gluco-
neogenesis (Winiarska et al., 2009) and inhibition of oxidative stress
(Verzola et al., 2002) can be responsible for its hypoglycemic effect.
Study by Cappelli et al. have shown that improvement of taurine in-
duced liver insulin signal transduction and enhancement of whole body
glucose tolerance in obese malnourished mice is associated with redox
balance and protein phosphatases activity modulation (Cappelli et al.,
2014). Translation from autologous adipose derived mesenchymal stem
cells (ADMSCs) to islet like cell aggregates (ICAs) is a potential

therapeutic approach against type I diabetes. Taurine produces a large
amount of ICA, leading to better glucose control (Thadani et al., 2017).

Another study with taurine transporter knockout mouse model has
shown that taurine depletion causes enhanced glucose disposal despite
lowering insulin levels and low body weight. Thus taurine is important
in maintaining normal metabolism and energy production (Ito et al.,
2015). Long term taurine supplementation can also normalize hepatic
triglyceride content with improvement in glucose tolerance (Larsen
et al., 2013). It enhances the beneficial effects of vanadyl sulfate on the
blood glucose and lipid levels in streptozotocin-nicotinamide diabetic
rats (Tas et al., 2007). Taurine ameliorates hyperglycemia and dysli-
pidemia by improving insulin sensitivity and decreasing leptin secretion
in Otsuka Long-Evans Tokushima fatty (OLETF) rats with long-term
type 2 diabetes (Kim et al., 2012). It acts in the hypothalamus to sup-
press food intake and locomotor activity and activates signal trans-
duction through the protein kinase B/Forkhead box most important
adipostatic messengers, insulin (Solon et al., 2012). Another study by
Carneiro et al. have shown that taurine exerts its effect in glucose
homeostasis by regulating the expression of genes required for the
glucose-stimulated insulin secretion and by enhancing peripheral in-
sulin sensitivity (Carneiro et al., 2009). The exact mechanism of itsFig. 1. Structure of taurine.

Fig. 2. Biosynthesis of taurine.
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