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Abstract
Purpose  Glycine is the simplest and major amino acid in humans. It is mainly generated in the liver and kidney and is used 
to produce collagen, creatine, glucose and purine. It is also involved in immune function, anti-inflammatory processes and 
anti-oxidation reactions. Here, we reviewed the current evidence supporting the role of glycine in the development and treat-
ment of metabolic syndrome components.
Methods  We searched Scopus, PubMed and EMBASE databases for papers concerning glycine and metabolic syndrome.
Results  Available evidence shows that the amount of glycine synthesized in vivo is insufficient to meet metabolic demands in 
these species. Plasma glycine levels are lower in subjects with metabolic syndrome than in healthy individuals. Interventions 
such as lifestyle modification, exercise, weight loss, or drugs that improve manifestations of metabolic syndrome remarkably 
increase circulating glycine concentrations.
Conclusion  Glycine supplementation improves various components of metabolic syndrome including diabetes, obesity, 
hyperlipidemia and hypertension. In the future, the use of glycine may have a significant clinical impact on the treatment 
of patients with metabolic syndrome.
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Introduction

Glycine is the smallest amino acid and has no D or L enan-
tiomers. Glycine has a sweet taste and its name has been 
derived from the Greek word “glycinekys” meaning sweet 
[1]. Diet and endogenous synthesis (in the liver and kidneys) 
are two sources of glycine intake in humans. Glycine can be 
generated from choline, glycine oxalate, betaine (trimethyl-
glycine), glucose (via serine), during the endogenous syn-
thesis of L-carnitine and likely from threonine [2].

Glycine has traditionally been classified as a “nutrition-
ally nonessential amino acid” for mammals (including 
humans, pigs and rodents) due to the presence of its endog-
enous synthesis in the body [1]. However, available evidence 

shows that the amount of glycine synthesized in vivo is 
insufficient to meet metabolic demands in these species [1, 
3, 4]. Mild glycine deficiency is not life-threatening, but a 
chronic shortage can lead to impaired immune responses, 
insufficient growth and other adverse effects on health and 
body metabolism [1].

Glycine is utilized in some metabolic pathways including 
degradation to carbon dioxide and ammonium, producing 
serine via the reversible reaction catalyzed by serine hydrox-
ymethyltransferase, methylation to generate N-methylglycine 
(sarcosine) and conjugation by acyl groups derived from 
acyl-CoA esters to generate acyl-glycine derivatives. Gly-
cine is required to synthesize heme group, purines, creatine, 
collagen and glutathione [2].

In this article, we reviewed the current evidence sup-
porting the role of glycine in the metabolic syndrome com-
ponents. We searched Scopus, PubMed and EMBASE 
databases for papers concerning glycine subjects with the 
following keywords:

–	 Hypertension or “blood pressure” or hypotensive or anti-
hypertensive
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–	 Diabetes or insulin or hyperglycemia or hypoglycemic or 
antidiabetic or antihyperglycemic or “blood glucose”

–	 Dyslipidemia or "high triglyceride" or hypertriglyceri-
demia or hyperlipidemia or "high cholesterol" or hyper-
cholesterolemia

–	 Atherosclerosis or atherogenic
–	 Overweight or Obesity or anti-obesity
–	 “metabolic syndrome”

In total, 262 studies were found, of which 93 were 
included in this review.

Physiological functions of glycine

The small size of the glycine molecule facilitates its role 
as a link between proteins and the formation of helices as 
well as an extracellular signaling molecule [5]. 11.5% of 
total amino acids in body proteins consist of glycine. Col-
lagen and elastin, as the most abundant extracellular proteins 
in the body, contain glycine as a major component [1]. In 
addition, glycine residues have a critical role in maintain-
ing collagen structure via stabilizing the triple helix of the 
collagen molecule.

A collagen molecule consists of three polypeptide chains 
(named α-chain) and three α chains are arranged in a triple 
helix, forming the collagen molecule (superhelix). Glycine 
residues are sited at every third position on α chains to stabi-
lize the collagen superhelix. Glycine moieties are critical to 
stabilizing the three-chain superhelix. Therefore, the healthy 
collagen structure in the human body needs glycine [2].

Another physiologic function of glycine is bile acids 
metabolism and lipid absorption. Glycine is the main amino 
acid for the conjugation of bile acids and therefore has an 
important role in the digestion and absorption of fats and 
lipid-soluble vitamins. Glycine is conjugated with bile acids 
and other derivatives of acyl-CoA esters to produce acyl-
glycine derivatives. Glycine N-acyltransferase catalyzes the 
transfer of the acyl group to the amino group of glycine [1].

Glycine also is the precursor of various important metab-
olites, such as purines (RNA and DNA), porphyrins, heme 
(hemoglobin), glutathione and creatine. Several pathways 
utilize glycine to produce purines, heme, glutathione, serine 
and creatine [5]. (See Fig. 1).

In the CNS, glycine acts as an inhibitory neurotrans-
mitter to regulate food intake, behavior and whole-body 
homeostasis [6]. In addition to the role of glycine in the 
CNS as an inhibitory neurotransmitter, glycine has a regula-
tory role in the periphery and adjusts glucose homeostasis 
via insulin secretion and other pathways. Through ligand-
gated chloride channels in macrophages and leukocytes, 
glycine modulates intracellular calcium concentration and 
thereby has important roles in regulating immune function, 

generating superoxide and the production of cytokines [7]. 
Glycine also acts as a co-ligand for N-methyl-d-aspartate 
(NMDA) glutamate receptors. Glutamate and glycine bind 
to the individual glutamate- and glycine-binding domains 
and activate the channel [8]. By activating NMDA receptors, 
glycine acts to control insulin secretion and liver glucose 
output [9] (See below).

Receptors for Glycine

As a central and peripheral neurotransmitter, glycine binds 
to glycine receptors and increases the entry of chloride ions 
into the cells at postsynaptic sites. The entrance of nega-
tively charged chloride to the neurons inhibits the activity 
of the CNS. Synaptic transmission via glycinergic neurons 
contributes to the generation of motor patterns and respira-
tory rhythm [10].

Although glycine is classically known for its function in 
the nervous system, glycine receptors are expressed in other 
parts of the body including immune cells, the pancreas and 
the retina [11]. Glycine receptors belong to the pentameric 
ligand-gated ion channel family and are composed of two α- 
and three β-subunits [12]. Glycine is a direct agonist of gly-
cine receptors. However, glycine receptors are also activated 
by taurine and β-alanine and inhibited by picrotoxin and 
strychnine [12]. Picrotoxin blocks the receptors by blocking 
the channel pore while strychnine inhibits glycine receptors 
by binding to the glycine-binding site [10].

Glycine transporters that belong to the sodium-dependent 
solute carrier family of transporters, regulate extracellular 
glycine concentrations. There are also two transporters for 
glycine: glycine transporter 1 (GlyT1) which cotransports 
two sodium ions, one chloride ion and one glycine; Glycine 
transporter 2 (GlyT2) cotransports three sodium ions, one 
chloride ion, and one glycine [11].

Glycine and metabolic syndrome

Metabolic syndrome is a collection of risk factors including 
hypertension, abdominal obesity, dyslipidemia and insulin 
resistance. Other comorbidities including the proinflam-
matory state, prothrombotic state and nonalcoholic fatty 
liver disease, also are presented in metabolic syndrome [13, 
14]. Metabolic syndrome is clinically diagnosed as the co-
occurrence of three or more of these disorders [15]. The 
pathophysiology of this syndrome has not been fully under-
stood; however, it has been strongly suggested that unbal-
anced diets and immobility play a basic role. [16] Unbal-
anced diets and immobility predispose the overweight and 
obesity conditions. Obesity is one of the principal causes 
of metabolic syndrome and can lead to the development of 
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type 2 diabetes mellitus, cardiovascular disease, hyperten-
sion and stroke. [15]

The prevalence of obesity and metabolic syndrome is 
increasing especially among young adults and children [17]. 
Global obesity rates are expected to exceed 50% of the adult 
population by 2050 [15]. In almost all nations, the rate of 
obesity in children and adolescents (aged 5–19) have shown 
a rise in recent years and the prevalence of obesity almost 
doubled [18]. In the WHO European Region one child out 
of 3, is overweight or obese [19]. Metabolic syndrome has 
serious implications on an individual’s health and healthcare 
costs. Prevention strategies, including lifestyle modification 
and the use of medications and supplements, are important 
in lowering the risk of metabolic syndrome and related dis-
orders [17].

The pathogenesis of the metabolic syndrome is complex 
and not well understood but central obesity and insulin 
resistance seem to be the main causative factors. Insulin 
action in skeletal muscle and adipocytes plays a central role 
in maintaining glucose balance. The abnormal action of 

these key insulin-response tissues develops metabolic syn-
drome. Lifestyle, demographics, genetic factors and environ-
mental fetal programming are other factors that play a role in 
the development of metabolic syndrome [20]. Many drugs 
(for example metformin and statins), endogenous ligands 
(including melatonin) and plant-derived natural compounds 
(such as berberine, thymoquinone and silymarin) have been 
shown to provide positive effects on different components 
of metabolic syndrome [14, 21–24].

In patients with diabetes mellitus and obesity, the plasma 
level of glycine is consistently lower in comparison to 
healthy individuals [25]. On the other hand, weight loss, 
exercise or drugs that improve insulin resistance are associ-
ated with the increase of plasma glycine concentration in 
subjects with diabetes or obesity [26].

Recent studies using metabolomics technologies have 
shown the correlation between plasma levels of glycine and 
metabolic syndrome [2]. Another study in elderly patients 
has shown that in the elderly also plasma levels of glycine 
are associated with metabolic syndrome and this correlation 

Fig. 1   Pathways of supply and consumption of glycine in the body 
(Images from: smart.servier.com). Diet and endogenous synthesis (in 
the liver and kidneys) are two sources of glycine intake in humans. 

Glycine is utilized in some metabolic pathways and is required to 
synthesize heme group, purines, creatine, collagen and glutathione
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is more prominent in elderly patients than in younger people 
[27]. Figure 2 summarizes the effects of glycine on different 
components of metabolic syndrome.

It is expected that nutritional interventions can correct 
hypoglycinemia. Glycine content in the protein fraction of 
different dietary sources is relatively uniform, except for 
rice, which is about twice as rich in glycine as compared to 
other proteins from animal or vegetable origins. The average 
daily intake of glycine is estimated to be from 2.28 to 3.12 g/
day in adult males. However, it should be noted that food 
consumption, in terms of dietary patterns, rather than dietary 
glycine intake, is a key determinant of glycine availability, 
potentially through modulation of glycine endogenous meta-
bolic pathways [28].

Diabetes

Most individual amino acids induce insulin secretion and 
when ingested with foods diminish the plasma glucose levels 
[29, 30]. But in the case of glycine, there is an inverse and 
negative association between this amino acid and diabetes 
[31]. In patients with type 2 diabetes, the concentration of 
glycine is reduced in plasma before the clinical appearance 

of diabetes and, therefore, plasma level of glycine may be 
considered as a biomarker for the prediction of prediabetes 
and disease onset. In prospective studies, higher levels of 
glycine are associated with a reduced risk of diabetes [2]. 
Consistently, in the lean offspring of parents with type 2 dia-
betes, serum glycine concentration is lower in comparison 
to normal subjects [32].

Diabetic patients have lower serum glycine levels in com-
parison to healthy individuals [31, 33]. Moreover, improving 
insulin resistance with exercise, weight loss or drugs ame-
liorates hypoglycinemia in diabetic patients [2].

It is not yet known whether a drop in glycine levels is 
directly involved in the development of diabetes, but as men-
tioned, the interventions such as lifestyle modification, exer-
cise, weight loss or drugs that delay or counteract against 
diabetes onset, remarkably increase circulating glycine con-
centrations [2, 26].

On the other hand, beyond its role as a biomarker, it 
is not clear whether glycine is directly involved in blood 
glucose control or not. So far it has been determined that 
dietary glycine supplementation improves glucose tolerance, 
increases insulin and reduces systemic inflammation. There 
are some clinical studies regarding the antidiabetic effects 
of dietary glycine supplementation (Table 1).

Fig. 2   Effects of glycine on different components of metabolic syndrome (Images from smart.servier.com)
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In diabetic patients treated with glycine (5 g/d), there 
was a remarkable decrease in A1C and proinflammatory 
cytokines (38%) after 3 months of treatment and also a sig-
nificant increase of IFN-gamma (up to 43%) [31]. In healthy 
first-degree relatives of diabetic patients, administration of 
glycine 5 g/day increased insulin responses [36].

There is also an animal study in rats to evaluate the pos-
sible side effect of glycine supplementation. This study 
shows that 6 months of supplementation with glycine (1%) 
did not have any effects on plasma insulin levels, glucose 
plasma concentration, plasma triglyceride, urine tests and 
the histological analysis of liver and kidneys [35]. In human, 
however, there is not any study to evaluate the probable side 
effect of glycine supplementation and need to be evaluated.

Mechanisms of antidiabetic activity

Glycine has several roles in controlling plasma glucose lev-
els via both central and peripheral pathways. Here we review 
the different antidiabetic mechanisms of glycine using cur-
rent evidence suggesting a role for glycine in glucose home-
ostasis (Fig. 3).

1-	 Oxidative stress: oxidative stress and the balance 
between oxidants and antioxidants play a significant role 
in the pathogenesis of diabetes and metabolic syndrome 
[33]. Persistent hyperglycemia leads to depletion of the 
cellular glutathione and thus causes tissue damage. In 
patients with uncontrolled diabetes, glutathione synthe-
sis is reduced. Dietary supplementation with glycine 
can restore glutathione resources [34]. In sucrose-fed 
rats, glycine treatment decreases the levels of markers 
of oxidative stress and augments the γ-glutamylcysteine 
synthetase, a key enzyme of glutathione biosynthesis 
and also increases the concentrations of glutathione in 
the liver of these diabetic rats [33].

	   Glycine supplementation improves glutathione defi-
ciency and reduces oxidative stress [33]. Glycine also 
protects against diabetic oxidative stress via suppressing 
the renal Nox4 (a NAD(P)H oxidase subunit) expression 

in streptozotocin-induced diabetic rats [35, 42] NAD(P)
H oxidase is a major source of ROS production in the 
kidney that is overexpressed in the kidney of diabetic 
rats [36].

2-	 Insulin secretion and sensitivity: several neurotransmit-
ters modulate the membrane potential of islet β-cells via 
ion channels or their receptors and thereby change insu-
lin secretion [9]. Glycine receptors (mainly the GlyRα1 
subunit) and the glycine transporter isoforms (GlyT1 
and GlyT2) are highly expressed on human β-cells. 
Glycine receptors cause significant glycine-related 
Cl− currents in β-Cells that raise membrane potential, 
induce Ca2+ entry, and eventually release insulin from 
β-cells [43]. Considering that glycine is an inhibitory 
neurotransmitter, and activates a Cl– current to suppress 
membrane potential, how does it promote membrane 
depolarization? The answer is that in β-cells, unlike 
the nervous system, glycine receptors do not act as an 
inhibitory modulator (Fig. 3). As in β-cells, the Cl– gra-
dient is different from neurons. In neurons, the intra-
cellular concentration of chloride is very low (7 mM), 
whereas the concentration of chloride in β-cells is mark-
edly higher (32 mM) [9]. It means that the opening of 
glycine receptors in β-cells, instead of causing chlorine 
ions to enter the cell, causes chlorine ions to leave the 
beta cells. Therefore, the opening of the glycine recep-
tors will depolarize β-cells (an excitatory action), unlike 
neurons, which hyperpolarize the cells (an inhibitory 
function).

	   It has been shown that glycine depolarizes β-cells and 
increases the Ca2+ current in these cells. However, in 
β-cells from diabetic patients, the expression of glycine 
receptors (GlyRα1 subunit) and glycine-related currents 
are reduced [11]. The cause of this receptor downregula-
tion can be related to a decrease in protein levels due to 
mRNA expression, or impaired activity of β-cell because 
of insulin resistance. Also, there is a significant positive 
interaction between insulin and glycine receptors, so 
that via a phosphoinositide 3-kinase-dependent manner, 
insulin enhances the glycine-activated current in normal 

Table 1   Summary of clinical studies regarding the antidiabetic effects of dietary glycine supplementation

Study design No. of patients Dosage–duration Outcomes References

Double-blind, RCT​ 74 5 g/day–3 months Decrease of A1 C levels; reduction in TNF-receptor I 
levels; Increase of interferon (IFN)-γ level

[37]

Double-blind, RCT​ 12 A morning dose of glycine 5 g orally Increase of early, late and total insulin responses [38]
Double-blind, RCT​ 24 A constant intravenous infusion of 

glycine (20 μmol/kg) for 8 h
Increase of GSH synthesis and concentrations and 

decrease of plasma oxidative stress and lipid perox-
ides

[48]

Double-blind, RCT​ 60 15 g/day–3 months Decrease of TBARS and SOD-specific activity [84]
Pilot RCT​ 9 1 mmol glycine/kg lean body mass Increase of serum insulin concentration and decrease 

of serum glucose concentration
[92]
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β-cells. In β-cells of diabetic patients, however, this pos-
itive interaction has been destroyed [11]. Glycine also 
decreases the insulin-induced phosphorylation of insulin 
receptor substrate-1 in serine residue and increases the 
phosphorylation of insulin receptor β-subunit in tyrosine 
residue that augments insulin sensitivity [39].

3-	 Anti-inflammatory effects: although there is controversy 
regarding the effects of inflammation on diabetes and 
glucose tolerance and some researchers suggest positive 
effects of inflammatory mediators on glucose control in 
the short term, it seems that inflammation causes insulin 
resistance and impaired central metabolic sensing [44, 
45]. Anti-inflammatory drugs can be considered as a 
new potential in the treatment of diabetes [46].

	   Elevated oxidative stress increased proinflamma-
tory factors and a deficiency in ROS scavengers and 
antioxidants are common in diabetic patients [47]. As 
mentioned, glycine has antioxidant activity and glu-
tathione, as an endogenous antioxidant, is consumed 

during ROS scavenging. Glutathione synthesis requires 
glycine, along with glutamate and cysteine. In A clini-
cal study, the supplementation of diabetic participants 
with two substrates of glutathione synthesis (cysteine 
and glycine) increased glutathione synthesis [48]. Gly-
cine may also show a direct anti-inflammatory effect. 
Glycine receptors are expressed on T lymphocytes, mac-
rophages and neutrophils. Glycine, via these receptors, 
inhibits pro-inflammatory cytokines secretion probably 
through hyperpolarization of immune cells. More details 
about the anti-inflammatory effect of glycine have been 
explained in some review articles [49, 50]. Table 2 sum-
marizes the anti-inflammatory effect of glycin.

4-	 Central mechanisms (NMDA receptors): an animal study 
in rats and a clinical study in human patients show that 
glycine supplementation increases glycine concentration 
in CSF and the brain [51, 52]. Evidence for the role of 
brain glycine receptors in glucose homeostasis is very 
limited; [9] however, it has been shown that glycine 

Fig. 3   Antidiabetic mechanisms of glycine. The figure shows differ-
ent central and peripheral mechanisms of antidiabetic activity of gly-
cine using current evidence suggesting a role for glycine in glucose 
homeostasis. Glycine increases the secretion of insulin from β-cells 
of pancreatic islets (via Glycine receptor-mediated depolarization of 
β-cells), reduces desensitization of insulin receptors, controls oxida-

tive stress (through increasing glutathione synthesis and reducing 
ROS production) and improves glucose hemostasis by activating 
DVC (dorsal vagal complex) in the CNS that suppresses food intake, 
glucose production and VLDL-TG secretion from the liver. (Images 
from: smart.servier.com)
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acts as a co-ligand for N-methyl-d-aspartate glutamate 
(NMDA) receptors and activation of NMDA receptors 
proposed as a mechanism of antidiabetic activity of gly-
cine [53]. The dorsal vagal complex (DVC) is an impor-
tant region for the regulation of glucose and VLDL-
TG production in the liver [54]. NMDA receptors are 
expressed in DVC and glycine, via activation of these 
receptors, suppresses food intake, glucose production 
and VLDL-TG secretion from the liver [9]. N-methyl-D-
aspartate (NMDA) receptor-mediated neurotransmission 
in the dorsal vagal complex has an important role in the 
regulation of glucose homeostasis and energy balance 
[47]. Direct activation of NMDA receptors in the dorsal 
vagal complex cause hypothalamic neural transmission 
to regulate hepatic glucose production [66]. The inhibi-
tion of NMDA receptors by pharmacological antagonists 
or the use of nucleic acid-based drugs (RNA interfer-
ence (RNAi) technology) has been shown that centrally 
administered glycine inhibits VLDL-TG production and 
glucose production via NMDA receptor. Interestingly, 
co-infusion of strychnine (as an antagonist of inhibi-
tory glycine receptors) was not different from glycine 
infusion alone that means this antidiabetic effect is not 
dependent on the activation of inhibitory glycine recep-
tors [53].

	   In addition to the direct infusion of glycine into the 
DVC, increasing the concentration of glycine in the 
brain via administration of a glycine transporter 1 inhibi-
tor improves plasma glucose levels energy homeostasis. 
In an animal study, administration of a GlyT inhibitor 
to a high-fat-fed rat model prevented weight gain and 
this effect appeared 4 days after the start of the study 
[55]. GlyT1 inhibitors have been used in clinical trials 
for schizophrenia and have been shown to be safe and 
efficient in raising glycine levels. Therefore, it has been 
suggested to test the efficacy of GlyT1 inhibitors in the 
treatment of diabetes [56].

5-	 Generation of acyl-glycine derivatives: in diabetic 
patients, the formation of fatty acyl groups has been 
increased. In this situation, glycine acts as an acceptor 
of acyl groups and inhibits excess acyl groups via gen-
erating acyl-glycine derivatives. This enhanced glycine 
consumption in diabetic patients depletes the glycine 
pool and causes hypoglycinemia [2].

Diabetic retinopathy and cataract

Diabetic retinopathy and its related blindness are the most 
common complications of diabetes. Although diabetic retin-
opathy usually refers to vascular disorders, increasing evi-
dence indicates that before vascular abnormalities, neuronal 
impairments of the retina begin in diabetic retinopathy [57].

In the pathogenesis of diabetic retinopathy, the inflamma-
tion of neurons and vessels of the retina plays a key role via 
the involvement of both innate and adaptive immunity [58]. 
As mentioned above, glycine modulates the immune system 
and prevents tissue injury via inhibition of proinflammatory 
cytokines. Glycine and GABA modulate retinal neurotrans-
mission and about 50% of the amacrine cells in the inner 
retina are glycinergic. It has been shown that in the retina 
from diabetic animals, the mRNA and protein expression 
of α subunit of glycine receptors has decreased 80 percent. 
It means that retina glycinergic neurotransmission has been 
ameliorated in diabetes and this loss can be one of the causes 
of visual impairment in diabetic patients [59].

Glycine also regulates hyperglycemia, hypercholester-
olemia and glycated hemoglobin (A1C) levels. All of these 
factors are effective in reducing retinal damage caused by 
diabetes.

Glycine supplementation (1% w/v drinking water for up 
to 16 weeks) considerably reduced retinal damage in diabetic 
rats and can be considered as a potential candidate for pro-
tection of retina against diabetic retinopathy [57].

Further studies in different time durations from the 
onset of diabetes and also the investigation of changes in 
the expression and distribution of typical proteins of gliosis 
(including GFAP) are needed to confirm the neuroprotective 
effects of glycine [57].

It is thought that glycine via anti-inflammatory and neu-
roprotective effects, and also by the regulation of hypergly-
cemia and glycated hemoglobin levels, attenuates retinal 
neuronal damage.

Moreover, glycine can prevent cataract progression in dia-
betic patients. In the homogenate lens of humans, glycine 
considerably reduces the extent of glycation of lens proteins. 
The mechanism of this protective action of glycine on cata-
racts seems to be via scavenging of intracellular glucose and 
protecting the lens proteins from excessive glycation [60]. 
In an animal study, oral administration of glycine (1% of 

Table 2   Summary of anti-
inflammatory effects of glycine

Effects Mechanism Reference

Oxidative stress Increase of glutathione synthesis and suppress-
ing of the renal Nox4

[41, 48]

Pro-inflammatory cytokines secretion Hyperpolarization of immune cells via Gly-
cine receptors

[49]

Cytoprotection in non-neuronal cell Preventing plasma membrane leakage [50]
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glycine in drinking water for 3 months) significantly inhib-
ited the progression of diabetic cataracts in rats via reduction 
of lens glycation and also due to the inhibition of polyol 
pathway and oxidative stress [61].

Hyperlipidemia

Hypertriglyceridemia and hypercholesterolemia are impor-
tant components of metabolic syndrome [62]. Animal stud-
ies have demonstrated that glycine supplementation can 
lower cholesterol levels and improve lipid profile [63, 64].

In an animal study in hypercholesterolemic diet rats, oral 
supplementation of glycine improved the plasma choles-
terol to phospholipids ratio by 40% and lowered the hepatic 
cholesterol by 29%. Plasma asymmetric dimethylarginine 
(ADMA) levels, which are increased under hypercholes-
terolemic conditions, were reduced and on the other hand, 
plasma symmetric dimethylarginine (SDMA) levels were 
increased. Oral supplementation of glycine also decreased 
plasma homocysteine levels and increased total nitric oxide 
concentration in hypercholesterolemic rats [63]. Another 
animal study in sucrose-fed rats showed that the addition of 
1% glycine to the drinking water containing 30% sucrose, 
for 4 weeks, significantly decreases the plasma triglyceride 
levels, adipose cell size and intra-abdominal fat compared 
with sucrose-fed rats without treatment [64].

In male rats that were fed a cholesterol-free diet, supple-
mentation with 1.5% glycine in a diet for 5 weeks signifi-
cantly lowered the plasma levels of total cholesterol (27% 
decrease) and LDL-plus VLDL-cholesterol (39% decrease) 
compared to the values male rats that were fed a choles-
terol-free diet. In this study, glycine also reduced hepatic 
triglyceride concentrations (53% decreases), and increased 
hepatic free fatty acid levels (77% increases) [65]. There are 
no suitable human studies about the effect of glycine on lipid 
profile and this issue needs further investigation.

Mechanisms of antihyperlipidemic effects

As we mentioned above, N-methyl-D-aspartate (NMDA) 
receptor-mediated neurotransmission in the dorsal vagal 
complex has an important role in the regulation of glucose 
homeostasis and energy balance [47]. Direct activation of 
NMDA receptors in the dorsal vagal complex causes the 
hypothalamic neural transmission to regulate hepatic glu-
cose production [66].

The possible role of this neuronal transmission in the dor-
sal vagal complex in the regulation of hepatic lipid metabo-
lism has not yet been elucidated. Considering that glycine is 
a co-agonist of the NMDA receptor and potentiates the acti-
vation of the NMDA receptors, it seems that glycine adjusts 
high-fat diet-induced hypersecretion of hepatic VLDL and 

triglyceride via activating NMDA receptor and related neu-
ronal transmission in the dorsal vagal complex. Therefore, 
glycine or glycine analogs may have therapeutic benefits in 
lowering plasma lipid levels in obesity and metabolic syn-
drome by triggering the CNS [62].

It has been suggested that glycine also directly increases 
the rate of fatty acid oxidation in liver mitochondria and this 
mechanism may, therefore, reduce triglyceride production 
in the liver and can explain the antihyperlipidemic effect of 
glycine supplementation through the diet [64].

Bile acid formation is a major pathway for the excretion 
of cholesterol. Bile acids are synthesized from cholesterol 
in the liver and before secretion into the bile are conju-
gated to either taurine or glycine. This conjugation plays an 
important role in the secretion of cholesterol into bile and 
feces [67]. It has been shown that glycine supplementation 
enhances acidic sterol excretion into the feces of rats. It has 
been suggested that glycine might enhance the excretion of 
cholesterol via increasing the synthesis or conjugation of 
bile acids [68].

Nonalcoholic fatty liver disease (NAFLD)

NAFLD is the hepatic component of metabolic syndrome 
[69]. NAFLD encompasses a wide spectrum of liver dis-
eases ranging from non-alcoholic fatty liver to nonalcoholic 
steatohepatitis and cirrhosis [70]. Epidemiologists estimate 
that about 20 to 30% of the population in developed coun-
tries have some form of NAFLD [64]. The liver has a prin-
cipal role in lipid metabolism. Disturbance in the uptake, 
transport, excretion, synthesis and catabolism of lipids leads 
to the development of NAFLD [71]. In NAFLD, choles-
terol metabolism has been dysregulated which leads to an 
increase in the cholesterol content of the liver [72, 73].

In patients with NAFLD, there is a reduced level of cir-
culating glycine and Rom et al. reported a reduced expres-
sion of glycine biosynthetic genes in humans and mice with 
NAFLD. Also, it seems that glycine has a potential causa-
tive role in NAFLD onset because dietary restriction of 
glycine worsens the symptoms of NAFLD [74]. The cause 
of reduced levels of glycine remains to be determined. In 
some animal studies, glycine supplementation has attenuated 
experimental NAFLD by stimulating fatty acid transport 
protein (FATP), hepatic fatty acid oxidation and glutathione 
synthesis [74, 75].

Obesity

Circulating levels of glycine are lower in obese and over-
weight patients in comparison to control subjects [9, 76, 
77]. After weight loss in obese patients, Plasma glycine lev-
els increase compared to baseline values [2]. In an animal 
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model of intra-abdominal obesity, glycine supplementation 
has decreased the adiposity and adipocyte size and also 
reduced the levels of triglycerides and free fatty acids [64]. 
Therefore, glycine supplementation can be considered as a 
potential new therapy for obesity.

Several pathways and mechanisms may be involved in 
the anti-obesity effect of glycine including the regulation of 
secretion of very-low-density lipoproteins from the liver via 
NMDA receptor-mediated activation of neuronal transmis-
sion in the dorsal vagal complex [62] and improvement of 
insulin secretion and sensitivity [39, 43]. Anti-inflammatory 
and antioxidative properties are also involved in the anti-
obesity effects of glycine [40, 49].

Obese patients have a pro-inflammatory situation due to 
the production of inflammatory cytokines (IL-6, TNF-α, 
etc.) in white adipose tissue. Glycine has anti-inflammatory 
properties and can be considered for the treatment of inflam-
mation in obesity. It has been shown that glycine decreases 
IL-6 and TNF-α levels and increases adiponectin in adipo-
cytes and fat tissue of obese mice [78].

Glycine also modulates the enzymatic activity of adipo-
cytes and prevents adipocyte hypertrophy probably via the 
β subunit of glycine receptor in adipocytes. Glycine sup-
plementation (1% glycine in drinking water) in a rat model 
of intra-abdominal obesity (30% sucrose administered in 
the drinking water for 16 weeks) decreased bodyweight, 
adipocyte hypertrophy and intra-abdominal adipose tissue. 
These results suggest that glycine regulates the metabolism 
of lipids in the adipocytes via the glycine receptor [79].

Blood pressure

Hypertension and high normal blood pressure are one (and 
the most frequent) of the five main components of metabolic 
syndrome [20]. The cause of hypertension in patients with 
metabolic syndrome is complex. Several factors in metabolic 
syndrome including insulin resistance, obesity, and hyperlip-
idemia may be involved in inducing hypertension and high 
normal blood pressure in these patients [80].

Several studies in animal models of metabolic syndrome 
demonstrate that supplementation with glycine decreases 
blood pressure and prevents hypertension [64, 81, 82]. The 
mechanism of this antihypertensive effect of glycine can be 
related to its activity against the generation of free radicals 
and increasing the nitric oxide levels in vessels [83]. As we 
mentioned earlier, abdominal fat and uncontrolled glucose 
metabolism produce reactive oxygen species that lead to oxi-
dative stress in patients with metabolic syndrome [84]. In 
isolated aorta of sucrose-fed rats, glycine supplementation 
also increases glutathione (GSH) content via regulation of 
glutathione synthesis and thereby reduces oxidative stress 

and prevents alteration of endothelium-dependent relaxa-
tion [81].

Moreover, glycine increased the amount of copper/zinc 
superoxide dismutase and endothelial NO synthase in the 
aorta of animals with metabolic syndrome which indicates 
two other pathways for the antihypertensive effect of glycine 
in the sucrose-fed rats [81]. Another mechanism is related to 
the role of glycine in some critical metabolic pathways, such 
as the synthesis of collagen and elastin as structural proteins. 
Glycine deficiency can interfere with these synthesis path-
ways and lead to impaired elastin formation in the aorta. It 
causes changes in the aorta's elastic properties and thereby 
would contribute to the development of hypertension [83].

In addition, central mechanisms may have some roles 
in the control of blood pressure by glycine. In the ventral 
surface of the medulla, the cells in the small circumscribed 
glycine-sensitive areas, contribute to the maintenance of 
blood pressure. In an animal study in cats, topical glycine 
application through paired Perspex rings produced a fall in 
arterial blood pressure [85].

In a clinical study in metabolic syndrome patients, gly-
cine supplementation (15 g/day) for 3 months reduced SOD-
specific activity and SOD2 expression and decreased thio-
barbituric acid reactive substances. In the glycine-treated 
patients, the systolic blood pressure also decreased signifi-
cantly compared with the placebo-treated group [84].

On the other hand, a cross-sectional epidemiologic study 
on 4680 persons from 17 random population samples has 
shown that if glycine is obtained through animal protein and 
meat, it has a different effect and slightly increases the blood 
pressure which is probably related to the direct effect of meat 
and animal protein on blood pressure [86].

The more interesting finding is that in both spontane-
ously hypertensive rats and NG nitro L-arginine methyl 
ester-pretreated hypertensive WKY rats, administration 
of glycine has increased the blood pressure. Pretreatment 
with MK-801, the N-methyl D-aspartate receptor antago-
nist, repressed this pressor effect of glycine [87]. In another 
study, microinjections of glycine into the nucleus tractus 
solitarii (NTS) of the rat also led to an increase in blood 
pressure and heart rate and these responses were blocked 
by strychnine (a GLYR antagonist). Therefore, it seems that 
NTS is also involved in the regulatory effects of glycine on 
blood pressure [88].

An animal study has shown that adequate glycine intake 
during pregnancy and the embryonic period also contributes 
to the normal development of the cardiovascular system. The 
offspring of rat dams that consumed a diet low in protein 
during pregnancy developed high blood pressure. As stated 
in the introduction, in vivo synthesis of glycine is insuffi-
cient to meet the metabolic demands of the body and during 
pregnancy, on a low-protein diet, the endogenous formation 
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of glycine is insufficient to meet metabolic needs of the fetus 
[89].

Atherosclerosis

As mentioned in the introduction, quantitatively, glycine 
is a major component of collagen. In addition, glycine is 
required to stabilize the triple helix of the collagen molecule 
and thus glycine has a critical role in maintaining the col-
lagen structure [2]. Without glycine, the collagen is unstable 
and unable to maintain the three chains that compose the 
collagen helix. That is why the glycine-lacking collagen in 
the arterial wall is degraded and prepares the arteries for 
calcification and explains why there is an elevated cardiovas-
cular risk associated with metabolic syndrome [90].

In human carotid atherosclerotic plaques, there is an 
inverse relationship between normal collagen content and 
microcalcification area. Normal collagen inhibits the cal-
cification of human arteries. Inversely, collagen degrada-
tion promotes the calcification of arteries. Hypoglycinemia 
observed in metabolic syndrome can lead to the formation 
of malformed collagen in vasculatures [2]. A cross-sectional 
study has shown that plasma glycine level is inversely related 
to the risk of acute myocardial infarction in 4109 partici-
pants undergoing coronary angiography for suspected stable 
angina pectoris. Further studies are needed to evaluate the 
relationship between glycine and atherosclerosis [91].

Summery

Plasma glycine level is lower in subjects with metabolic 
syndrome compared with healthy individuals. The interven-
tions such as lifestyle modification, exercise, weight loss or 
drugs that improve manifestations of metabolic syndrome 
remarkably increase circulating glycine concentrations. 
Moreover, glycine supplementation improves various com-
ponents of metabolic syndrome including diabetes, obesity, 
hyperlipidemia and hypertension. The pathophysiological 
mechanisms underlying glycine depletion and the clinical 
consequences of hypoglycinemia associated with metabolic 
syndrome have not been fully identified and need further 
investigation. In the future, the use of glycine may have 
a significant clinical impact on the treatment of patients 
with metabolic syndrome. On the other hand, more studies 
are needed to evaluate the possible side effects of glycine 
supplementation.

Acknowledgements  The authors thank the Vice-Chancellor of the 
Mashhad University of Medical Sciences, Mashhad, Iran.

Author contributions  HH suggested the idea for the article; HH and 
MI provided the overall concept and framework of the manuscript; 
MI researched and identified appropriate articles, and wrote the 

manuscript; HH revised the manuscript; all authors approved the final 
version of the manuscript.

Funding  Not applicable.

Availability of data and material  Not applicable.

Code availability  Not applicable.

Declarations 

Conflict of interest  The authors declare not to have any conflicts of 
interest.

Ethical approval  This article does not contain any studies with human 
participants or animals performed by any of the authors.

Consent to participate  Not applicable.

Consent for publication  Not applicable.

References

	 1.	 Wang W, Wu Z, Dai Z, Yang Y, Wang J, Wu G (2013) Glycine 
metabolism in animals and humans: Implications for nutrition and 
health. Amino Acids 45:463–477

	 2.	 Adeva-Andany M, Souto-Adeva G, Ameneiros-Rodríguez E, 
Fernández-Fernández C, Donapetry-García C, Domínguez-
Montero A (2018) Insulin resistance and glycine metabolism in 
humans. Amino Acids 50:11–27

	 3.	 Rezaei R, Wang W, Wu Z, Dai Z, Wang J, Wu G (2013) Biochemi-
cal and physiological bases for utilization of dietary amino acids 
by young Pigs. J Anim Sci Biotech 4:7

	 4.	 Wu G (2010) Functional amino acids in growth, reproduction, and 
health. Adv Nutr 1:31–37

	 5.	 Hall JC (1998) Review: glycine. J Parenter Enter Nutr 22:393–398
	 6.	 Rajendra S, Lynch JW, Schofield PR (1997) The glycine receptor. 

Pharmacol Ther 73:121–146
	 7.	 Zhong Z, Wheeler MD, Li X, Froh M, Schemmer P, Yin M, 

Bunzendaul H, Bradford B, Lemasters JJ (2003) L-Glycine: a 
novel antiinflammatory, immunomodulatory, and cytoprotective 
agent. Curr Opin Clin Nutr Metab Care 6:229–240

	 8.	 Yu A, Lau AY (2018) Glutamate and glycine binding to the 
NMDA receptor. Structure 26:1035-1043.e1032

	 9.	 Yan-Do R, MacDonald PE (2017) Impaired “Glycine”-mia in 
type 2 diabetes and potential mechanisms contributing to glucose 
homeostasis. Endocrinol 158:1064–1073

	10.	 Ito D, Kawazoe Y, Sato A, Uesugi M, Hirata H (2020) Identifica-
tion of the hypertension drug niflumic acid as a glycine receptor 
inhibitor. Sci Rep 10:13999

	11.	 Yan-Do R, Duong E, Manning Fox JE, Dai X, Suzuki K, Khan 
S, Bautista A, Ferdaoussi M, Lyon J, Wu X et al (2016) A gly-
cine-insulin autocrine feedback loop enhances insulin secretion 
from human β-cells and is impaired in type 2 diabetes. Diabetes 
65:2311–2321

	12.	 Lynch JW (2004) Molecular structure and function of the glycine 
receptor chloride channel. Physiol Rev 84:1051–1095

	13.	 Cornier M-A, Dabelea D, Hernandez TL, Lindstrom RC, Steig AJ, 
Stob NR, Van Pelt RE, Wang H, Eckel RH (2008) The metabolic 
syndrome. Endocr Rev 29:777–822

	14.	 Tabeshpour J, Imenshahidi M, Hosseinzadeh H (2017) A review 
of the effects of Berberis vulgaris and its major component, 



937Journal of Endocrinological Investigation (2022) 45:927–939	

1 3

berberine, in metabolic syndrome. Iran J Basic Med Sci 
20:557–568

	15.	 Smith M, Honce R, Schultz-Cherry S (2020) Metabolic Syn-
drome and Viral Pathogenesis: Lessons from Influenza and 
Coronaviruses. J Virol 94:e00665-e720

	16.	 Bovolini A, Garcia J, Andrade MA, Duarte JA (2021) Meta-
bolic syndrome pathophysiology and predisposing factors. Int 
J Sports Med 42:199–214

	17.	 Gh MAS, Wong RJ (2020) Trends in the prevalence of met-
abolic syndrome in the United States, 2011–2016. JAMA 
23:2526–2528

	18.	 Nittari G, Scuri S, Petrelli F, Pirillo I, di Luca NM, Grappasonni I 
(2019) Fighting obesity in children from European World Health 
Organization member states. Epidemiological data, medical-social 
aspects, and prevention programs. Clin Ter 170:e223–e230

	19.	 Emilio Greco E, Meo F, Cedrone F (2020) Gender differences in 
childhood bmi z-score, alimentary behaviour and lifestyle in a 
sample of 9–11 children. Clin Ter 171:425–430

	20.	 Redon J, Cifkova R, Laurent S, Nilsson P, Narkiewicz K, Erdine 
S, Mancia G (2004) The metabolic syndrome in hypertension: 
European society of hypertension position statement. J Hypertens 
26:1891

	21.	 Wagh A, Stone NJ (2004) Treatment of metabolic syndrome. 
Expert Rev Cardiovasc Ther 2:213–228

	22.	 Imenshahidi M, Karimi G, Hosseinzadeh H (2020) Effects of mel-
atonin on cardiovascular risk factors and metabolic syndrome: a 
comprehensive review. Naunyn Schmiedebergs Arch Pharmacol 
393:521–536

	23.	 Razavi BM, Hosseinzadeh H (2014) A review of the effects of 
Nigella sativa L. and its constituent, thymoquinone, in metabolic 
syndrome. J Endocrinol Invest 37:1031–1040

	24.	 Tajmohammadi A, Razavi BM, Hosseinzadeh H (2018) Silybum 
marianum (milk thistle) and its main constituent, silymarin, as 
a potential therapeutic plant in metabolic syndrome: a review. 
Phytother Res 32:1933–1949

	25.	 Takashina C, Tsujino I, Watanabe T, Sakaue S, Ikeda D, Yamada 
A, Sato T, Ohira H, Otsuka Y, Oyama-Manabe N et al (2016) 
Associations among the plasma amino acid profile, obesity, and 
glucose metabolism in Japanese adults with normal glucose toler-
ance. Nutr Metab 13:5

	26.	 Glynn EL, Piner LW, Huffman KM, Slentz CA, Elliot-Penry L, 
AbouAssi H, White PJ, Bain JR, Muehlbauer MJ, Ilkayeva OR 
et al (2015) Impact of combined resistance and aerobic exercise 
training on branched-chain amino acid turnover, glycine metabo-
lism and insulin sensitivity in overweight humans. Diabetologia 
58:2324–2335

	27.	 Li X, Sun L, Zhang W, Li H, Wang S, Mu H, Zhou Q, Zhang Y, 
Tang Y, Wang Y et al (2018) Association of serum glycine levels 
with metabolic syndrome in an elderly Chinese population. Nutr 
Metab 15:1

	28.	 Alves A, Bassot A, Bulteau A, Pirola L, Morio B (2019) Glycine 
metabolism and its alterations in obesity and metabolic diseases. 
Nutrients 11:1356

	29.	 Iverson JF, Gannon MC (2014) Interaction of ingested leucine 
with glycine on insulin and glucose concentrations. J Amino 
Acids 4:521941

	30.	 Seibert R, Abbasi F, Hantash FM, Caulfield MP, Reaven G, Kim 
SH (2015) Relationship between insulin resistance and amino 
acids in women and men. Physiol Rep 3:e12392

	31.	 Thalacker-Mercer AE, Ingram KH, Guo F, Ilkayeva O, Newgard 
CB, Garvey WT (2014) BMI, RQ, diabetes, and sex affect the 
relationships between amino acids and clamp measures of insulin 
action in humans. Diabetes 63:791–800

	32.	 Perseghin G, Ghosh S, Gerow K, Shulman GI (1997) Metabolic 
defects in lean nondiabetic offspring of NIDDM parents: a cross-
sectional study. Diabetes 46:1001–1009

	33.	 Wang Q, Lu K, Du H, Zhang Q, Chen T, Shu Y, Hua Y, Zhu 
L (2014) Association between cytosolic serine hydroxymethyl-
transferase (SHMT1) gene polymorphism and cancer risk: a meta-
analysis. Biomed Pharmacother 68:757–762

	34.	 Alvarado-Vásquez N, Zamudio P, Cerón E, Vanda B, Zenteno 
E, Carvajal-Sandoval G (2003) Effect of glycine in streptozo-
tocin-induced diabetic rats. Comp Biochem Physiol C Toxicol 
134:521–527

	35.	 Cerón E, Bernal-Alcántara D, Vanda B, Sommer B, Gonzalez-
Trujano E, Alvarado-Vásquez N (2020) Glycine supplementation 
during six months does not alter insulin, glucose or triglycerides 
plasma levels in healthy rats. Aging Cell 20:1–10

	36.	 Carvajal Sandoval G, Juárez E, Ramos Martínez G, Carvajal 
Juárez ME, Medina-Santillán R (1999) Inhibition of hemoglobin 
glycation with glycine in induced diabetes mellitus in rats. Proc 
West Pharmacol Soc 42:35–36

	37.	 Cruz M, Maldonado-Bernal C, Mondragón-Gonzalez R, Sanchez-
Barrera R, Wacher NH, Carvajal-Sandoval G, Kumate J (2008) 
Glycine treatment decreases proinflammatory cytokines and 
increases interferon-gamma in patients with type 2 diabetes. J 
Endocrinol Invest 31:694–699

	38.	 González-Ortiz M, Medina-Santillán R, Martínez-Abundis E, 
von Drateln CR (2001) Effect of glycine on insulin secretion and 
action in healthy first-degree relatives of type 2 diabetes mellitus 
patients. Horm Metab Res 33:358–360

	39.	 El-Hafidi M, Franco M, Ramírez AR, Sosa JS, Flores JAP, Acosta 
OL, Salgado MC, Cardoso-Saldaña G (2018) Glycine increases 
insulin sensitivity and glutathione biosynthesis and protects 
against oxidative stress in a model of sucrose-induced insulin 
resistance. Oxid Med Cell Longev 2018:2101562

	40.	 Nguyen D, Hsu JW, Jahoor F, Sekhar RV (2014) Effect of increas-
ing glutathione with cysteine and glycine supplementation on 
mitochondrial fuel oxidation, insulin sensitivity, and body com-
position in older HIV-infected patients. J Clin Endocrinol Metab 
99:169–177

	41.	 Wang Z, Zhang J, Wang L, Li W, Chen L, Li J, Zhao D, Zhang 
H, Guo X (2018) Glycine mitigates renal oxidative stress by sup-
pressing Nox4 expression in rats with streptozotocin-induced 
diabetes. J Pharmacol Sci 137:387–394

	42.	 Etoh T, Inoguchi T, Kakimoto M, Sonoda N, Kobayashi K, 
Kuroda J, Sumimoto H, Nawata H (2003) Increased expression 
of NAD(P)H oxidase subunits, NOX4 and p22phox, in the kid-
ney of streptozotocin-induced diabetic rats and its reversibity by 
interventive insulin treatment. Diabetologia 46:1428–1437

	43.	 Tengholm A, McClenaghan N, Grapengiesser E, Gylfe E, Hellman 
B (1992) Glycine transformation of Ca2+ oscillations into a sus-
tained increase parallels potentiation of insulin release. Biochim 
Biophys Acta 1137:243–247

	44.	 Jais A, Brüning JC (2017) Hypothalamic inflammation in obesity 
and metabolic disease. J Clin Invest 127:24–32

	45.	 Saltiel AR, Olefsky JM (2017) Inflammatory mechanisms linking 
obesity and metabolic disease. J Clin Invest 127:1–4

	46.	 Esser N, Paquot N, Scheen AJ (2015) Anti-inflammatory agents 
to treat or prevent type 2 diabetes, metabolic syndrome and car-
diovascular disease. Expert Opin Investig Drugs 24:283–307

	47.	 Donath MY, Shoelson SE (2011) Type 2 diabetes as an inflamma-
tory disease. Nat Rev Immunol 11:98–107

	48.	 Sekhar RV, McKay SV, Patel SG, Guthikonda AP, Reddy VT, 
Balasubramanyam A, Jahoor F (2011) Glutathione synthesis is 
diminished in patients with uncontrolled diabetes and restored by 
dietary supplementation with cysteine and glycine. Diabetes Care 
34:162–167

	49.	 Weinberg JM, Bienholz A, Venkatachalam MA (2016) The role of 
glycine in regulated cell death. Cell Mol Life Sci 73:2285–2308

	50.	 Van den Eynden J, Ali SS, Horwood N, Carmans S, Brône B, 
Hellings N, Steels P, Harvey RJ, Rigo JM (2009) Glycine and 



938	 Journal of Endocrinological Investigation (2022) 45:927–939

1 3

glycine receptor signalling in non-neuronal cells. Front Mol Neu-
rosci 2:9

	51.	 Kawai N, Bannai M, Seki S, Koizumi T, Shinkai K, Nagao K, 
Matsuzawa D, Takahashi M, Shimizu E (2012) Pharmacokinetics 
and cerebral distribution of glycine administered to rats. Amino 
Acids 42:2129–2137

	52.	 D’Souza DC, Gil R, Cassello K, Morrissey K, Abi-Saab D, White 
J, Sturwold R, Bennett A, Karper LP, Zuzarte E et al (2000) IV 
glycine and oral D-cycloserine effects on plasma and CSF amino 
acids in healthy humans. Biol Psychiatry 47:450–462

	53.	 Lam CKL, Chari M, Su BB, Cheung GWC, Kokorovic A, Yang 
CS, Wang PYT, Lai TYY, Lam TKT (2010) Activation of 
N-methyl-D-aspartate (NMDA) receptors in the dorsal vagal com-
plex lowers glucose production. J Biol Chem 285:21913–21921

	54.	 Abraham MA, Filippi BM, Kang GM, Kim MS, Lam TK (2014) 
Insulin action in the hypothalamus and dorsal vagal complex. Exp 
Physiol 99:1104–1109

	55.	 Yue JTY, Abraham MA, Bauer PV, LaPierre MP, Wang P, Duca 
FA, Filippi BM, Chan O, Lam TKT (2016) Inhibition of glycine 
transporter-1 in the dorsal vagal complex improves metabolic 
homeostasis in diabetes and obesity. Nat Commun 7:13501

	56.	 Nuttall FQ, Yue JT, Abraham MA, Bauer PV, LaPierre MP, Wang 
P, Duca FA, Filippi BM, Chan O, Lam TK (2016) Inhibition of 
glycine transporter-1 in the dorsal vagal complex improves meta-
bolic homeostasis in diabetes and obesity. J Amino Acids 7:13501

	57.	 Gholami S, Kamali Y (2019) Glycine supplementation amelio-
rates retinal neuronal damage in an experimental model of diabe-
tes in rats: a light and electron microscopic study. J Ophthalmic 
Vis Res 14:448–456

	58.	 Adamis AP (2002) Is diabetic retinopathy an inflammatory dis-
ease? Br J Ophthalmol 86:363–365

	59.	 Morales-Calixto E, Velázquez-Flores M, Sánchez-Chávez G, Ruiz 
Esparza-Garrido R, Salceda R (2019) Glycine receptor is differen-
tially expressed in the rat retina at early stages of streptozotocin-
induced diabetes. Neurosci Lett 712:134506

	60.	 Ramakrishnan S, Sulochana KN (1993) Decrease in glycation of 
lens proteins by lysine and glycine by scavenging of glucose and 
possible mitigation of cataractogenesis. Exp Eye Res 57:623–628

	61.	 Bahmani F, Bathaie SZ, Aldavood SJ, Ghahghaei A (2012) Gly-
cine therapy inhibits the progression of cataract in streptozotocin-
induced diabetic rats. Mol Vis 18:439–448

	62.	 Yue JT, Mighiu PI, Naples M, Adeli K, Lam TK (2012) Glycine 
normalizes hepatic triglyceride-rich VLDL secretion by triggering 
the CNS in high-fat fed rats. Circ Res 110:1345–1354

	63.	 Venkatesh R, Srinivasan K, Singh SA (2017) Effect of 
arginine:lysine and glycine:methionine intake ratios on dyslipi-
demia and selected biomarkers implicated in cardiovascular dis-
ease: a study with hypercholesterolemic rats. Biomed Pharmaco-
ther 91:408–414

	64.	 El Hafidi M, Pérez I, Zamora J, Soto V, Carvajal-Sandoval G, 
Baños G (2004) Glycine intake decreases plasma free fatty acids, 
adipose cell size, and blood pressure in sucrose-fed rats. Am J 
Physiol Regul Integr Comp Physiol 287:R1387-1393

	65.	 Park T, Oh J, Lee K (1999) Dietary taurine or glycine supple-
mentation reduces plasma and liver cholesterol and triglycer-
ide concentrations in rats fed a cholesterol-free diet. Nutr Res 
19:1777–1789

	66.	 Lam CKL, Chari M, Rutter GA, Lam TKT (2011) Hypothalamic 
nutrient sensing activates a forebrain-hindbrain neuronal circuit 
to regulate glucose production in vivo. Diabetes 60:107–113

	67.	 O’Byrne J, Hunt MC, Rai DK, Saeki M, Alexson SE (2003) 
The human bile acid-CoA:amino acid N-acyltransferase func-
tions in the conjugation of fatty acids to glycine. J Biol Chem 
278:34237–34244

	68.	 Yagasaki K, Machida-Takehana M, Funabiki R (1990) Effects of 
dietary methionine and glycine on serum lipoprotein profiles and 

fecal sterol excretion in normal and hepatoma-bearing rats. J Nutr 
Sci Vitaminol 36:45–54

	69.	 Liao YJ, Chen TL, Lee TS, Wang HA, Wang CK, Liao LY, Liu 
RS, Huang SF, Chen YM (2012) Glycine N-methyltransferase 
deficiency affects Niemann-Pick type C2 protein stability and 
regulates hepatic cholesterol homeostasis. Mol Med (Cambridge, 
Mass) 18:412–422

	70.	 Stickel F, Hellerbrand C (2010) Non-alcoholic fatty liver disease 
as a risk factor for hepatocellular carcinoma: mechanisms and 
implications. Gut 59:1303–1307

	71.	 Anstee QM, Goldin RD (2006) Mouse models in non-alcoholic 
fatty liver disease and steatohepatitis research. Int J Exp Pathol 
87:1–16

	72.	 Simonen P, Kotronen A, Hallikainen M, Sevastianova K, Mak-
konen J, Hakkarainen A, Lundbom N, Miettinen TA, Gylling H, 
Yki-Järvinen H (2011) Cholesterol synthesis is increased and 
absorption decreased in non-alcoholic fatty liver disease inde-
pendent of obesity. J Hepatol 54:153–159

	73.	 Deprince A, Haas JT, Staels B (2020) Dysregulated lipid 
metabolism links NAFLD to cardiovascular disease. Mol metab 
42:101092–101092

	74.	 Rom O, Liu Y, Liu Z, Zhao Y, Wu J, Ghrayeb A, Villacorta L, Fan 
Y, Chang L, Wang L et al (2020) Glycine-based treatment ame-
liorates NAFLD by modulating fatty acid oxidation, glutathione 
synthesis, and the gut microbiome. Sci Transl Med 12:572

	75.	 Barakat HA, Hamza AH (2012) Glycine alleviates liver injury 
induced by deficiency in methionine and or choline in rats. Eur 
Rev Med Pharmacol Sci 16:728–736

	76.	 Newgard CB, An J, Bain JR, Muehlbauer MJ, Stevens RD, Lien 
LF, Haqq AM, Shah SH, Arlotto M, Slentz CA et al (2009) A 
branched-chain amino acid-related metabolic signature that differ-
entiates obese and lean humans and contributes to insulin resist-
ance. Cell Metab 9:311–326

	77.	 Suzuki Y, Kido J, Matsumoto S, Shimizu K, Nakamura K (2019) 
Associations among amino acid, lipid, and glucose metabolic pro-
files in childhood obesity. BMC Pediatr 19:273–273

	78.	 Almanza-Perez JC, Alarcon-Aguilar FJ, Blancas-Flores G, Cam-
pos-Sepulveda AE, Roman-Ramos R, Garcia-Macedo R, Cruz M 
(2010) Glycine regulates inflammatory markers modifying the 
energetic balance through PPAR and UCP-2. Biomed Pharmaco-
ther 64:534–540

	79.	 Dong J, López YR, Pérez-Torres I, Zúñiga-Muñoz A, Lans VG, 
Díaz-Díaz E, Castro ES, Espejel RV (2016) Effect of glycine on 
adipocyte hypertrophy in a metabolic syndrome rat model. Nutr 
Metab (Lond) 13:158–169

	80.	 Morse SA, Zhang R, Thakur V, Reisin E (2005) Hypertension and 
the metabolic syndrome. Am J Med Sci 330:303–310

	81.	 Ruiz-Ramírez A, Ortiz-Balderas E, Cardozo-Saldaña G, Diaz-
Diaz E, El-Hafidi M (2014) Glycine restores glutathione and pro-
tects against oxidative stress in vascular tissue from sucrose-fed 
rats. Clin Sci 126:19–29

	82.	 Quan H, Athirakul K, Wetsel WC, Torres GE, Stevens R, Chen 
YT, Coffman TM, Caron MG (2004) Hypertension and impaired 
glycine handling in mice lacking the orphan transporter XT2. Mol 
Cell Biol 24:4166–4173

	83.	 El Hafidi M, Pérez I, Baños G (2006) Is glycine effective against 
elevated blood pressure? Curr Opin Clin Nutr Metab Care 9:26–31

	84.	 Díaz-Flores M, Cruz M, Duran-Reyes G, Munguia-Miranda C, 
Loza-Rodríguez H, Pulido-Casas E, Torres-Ramírez N, Gaja-
Rodriguez O, Kumate J, Baiza-Gutman LA, Hernández-Saavedra 
D (2013) Oral supplementation with glycine reduces oxidative 
stress in patients with metabolic syndrome, improving their sys-
tolic blood pressure. Can J Physiol Pharmacol 91:855–860

	85.	 Guertzenstein PG, Silver A (1974) Fall in blood pressure produced 
from discrete regions of the ventral surface of the medulla by 
glycine and lesions. J Physiol 242:489–503



939Journal of Endocrinological Investigation (2022) 45:927–939	

1 3

	86.	 Stamler J, Brown IJ, Daviglus ML, Chan Q, Miura K, Okuda N, 
Ueshima H, Zhao L, Elliott P (2013) Dietary glycine and blood 
pressure: the International Study on Macro/Micronutrients and 
Blood Pressure. Am J Clin Nutr 98:136–145

	87.	 Mishra RC, Tripathy S, Quest D, Desai KM, Akhtar J, Dattani ID, 
Gopalakrishnan V (2008) L-Serine lowers while glycine increases 
blood pressure in chronic L-NAME-treated and spontaneously 
hypertensive rats. J Hypertens 26:2339–2348

	88.	 Kubo T, Kihara M (1990) Beta-alanine, like glycine, microin-
jected into the rat nucleus tractus solitarii increases blood pres-
sure. Clin Exp Hypertens A 12:1351–1360

	89.	 Jackson AA, Dunn RL, Marchand MC, Langley-Evans SC (2002) 
Increased systolic blood pressure in rats induced by a maternal 
low-protein diet is reversed by dietary supplementation with gly-
cine. Clin Sci (Lond) 103:633–639

	90.	 Hutcheson JD, Goettsch C, Bertazzo S, Maldonado N, Ruiz JL, 
Goh W, Yabusaki K, Faits T, Bouten C, Franck G et al (2016) 

Genesis and growth of extracellular-vesicle-derived microcalci-
fication in atherosclerotic plaques. Nat Mater 15:335–343

	91.	 Ding Y, Svingen GFT, Pedersen ER, Gregory JF, Ueland PM, Tell 
GS, Nygård OK (2016) Plasma glycine and risk of acute myocar-
dial infarction in patients with suspected stable angina pectoris. J 
Am Heart Assoc 5:e002621

	92.	 Gannon MC, Nuttall JA, Nuttall FQ (2002) The metabolic 
response to ingested glycine. Am J Clin Nutr 76:1302–1307

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Effects of glycine on metabolic syndrome components: a review
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Physiological functions of glycine
	Receptors for Glycine

	Glycine and metabolic syndrome
	Diabetes
	Mechanisms of antidiabetic activity

	Diabetic retinopathy and cataract
	Hyperlipidemia
	Mechanisms of antihyperlipidemic effects
	Nonalcoholic fatty liver disease (NAFLD)

	Obesity
	Blood pressure
	Atherosclerosis

	Summery
	Acknowledgements 
	References




