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Abstract. Homoarginine is a non-protein amino acid which is structurally similar to arginine. Research 

shows that homoarginine is produced in a small quantity in the body of humans and animals and it is 

suggested to be found in some organs such as the kidney, liver, brain and body fluids; blood and urine. 

Homoarginine is synthesized from arginine and lysine by the catalytic action of arginine: glycine 

amidinotransferase (AGAT) which is also responsible for the synthesis of guanidinoacetate, the precursor 

of creatine. High concentration of homoarginine has been reported to inhibit arginase which is a substrate 

in the synthesis of nitric oxide. Recent reports have also indicated that low homoarginine concentrations 

are a risk marker for cardiovascular diseases and death. More research needs to be done to improve 

knowledge on the physiological role of homoarginine and its application in clinical studies and pharmacy 

with the aim of coming up with possible medication and ways to combat cardiovascular diseases. This 

review seeks to summarize the role of homoarginine in the cardiovascular system. 
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Introduction 

As a cationic amino acid, homoarginine has structural similarities to arginine (Fig. 1) 

and formed from lysine (Papageorgiou et al., 2015). Its synthesis occurs in the kidney 

and the liver (Ryan and Wells, 1964). The enzyme that is responsible for homoarginine 

synthesis remains unknown (Tsikas and Kayacelebi, 2014) however, it is assumed to be 

arginine: glycine amidinotransferase (AGAT) which may help in the synthesis of 

homoarginine from lysine and arginine in animals (Hou et al., 2015; Tsikas and Wu, 

2015). According to research, homoarginine inhibits arginase and arginine 

transportation by cells (Hou et al., 2015). The level of homoarginine concentration in 

the body has been reported to be higher in children as compared to adults - children 

have a high level of protein synthesis to support growth (Atzler et al., 2014). Some 

researchers found that its concentration in the plasma declines with age, which results in 

cardiovascular, cerebrovascular diseases and death in animals and humans (Atzler et al., 

2015; Hou et al., 2015). Studies have shown that homoarginine may impact nitric oxide 

metabolism, endothelial function, insulin secretion, and inhibit platelet aggregation; 

these are important for the maintenance of cardiovascular health (Bretscher et al., 2003; 

Stockebrand et al., 2015). Based on these functions, some scientists have showed that 

homoarginine is an independent risk biomarker of cardiovascular diseases (Tomaschitz 
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et al., 2014; Kayacelebi et al., 2015; Chafai et al., 2017; Seppälä et al., 2017). Current 

investigations on the usage of homoarginine in both human and animals in relations to 

different conditions such as disease states, growth promotion, nutrient transport and 

metabolism, foetal and neonatal growth and survival is increasingly gaining scientific 

attention. Homoarginine has been associated with different disease states in both human 

and animals however there are limited investigations involving homoarginine. 

Therefore, this current review seeks to summarize the role of homoarginine in the 

cardiovascular systems, including Atherosclerosis, Type 2 diabetes mellitus, and Stroke. 

Synthesis of homoarginine 

Arginine and asymmetric dimethylarginine (ADMA) are usually measured at the 

same time with homoarginine, which is a homolog of arginine (Fig. 1) (Teerlink et al., 

2002; Davids et al., 2012b). Homoarginine is solid and it has a melting point of 

213-215°C with a molecular weight of 188.231 g/mol. Its formation is endogenous 

(Seppälä et al., 2017). Some legumes are rich in nonprotein amino acids, including 

homoarginine; the grass pea (Lathyrus sativus L.), which is rich in homoarginine serves 

as food for humans and feed for domestic animals (Bell, 2003; Rao, 2011). Research 

shows that plasma concentration of homoarginine in healthy adults is about 2 μM (Hou 

et al., 2015; May et al., 2015; Hanff et al., 2016). A study on rats recorded 20 min as the 

half-life of homoarginine (Günes et al., 2017; Adams et al., 2019). It is known to play a 

role in the arginine/nitric oxide pathway by acting as a substrate (Haghikia et al., 2017). 

According to research, homoarginine’s ability to inhibit either arginase or protein 

arginine methyltransferase (PRMTs) makes it increase the production of nitric oxide 

(Michel, 2013; Vogl et al., 2015) and this might have a positive impact on endothelial 

function (Valtonen et al., 2008). Recent reports have indicated that low homoarginine 

concentrations is a risk factor for cardiovascular conditions and death in people as well 

as kidney disease patients (Atzler et al., 2014; Pilz et al., 2014; Tomaschitz et al., 2014; 

Vogl et al., 2015).The physiological role of homoarginine is still being studied by some 

researchers. 

 

  
Homoarginine Arginine 

Figure 1. The structural formula of arginine and its homolog homoarginine which differs by a 

methylene group (-CH2-) 
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Homoarginine metabolism in vascular system 

Metabolism of Homoarginine 

Studies over the past fifty years have led to an understanding of some of the 

physiological and biochemical roles of homoarginine in humans and animals (Hou et 

al., 2015). Homoarginine is produced in a small quantity in the body of humans and 

animals (Hou et al., 2015). It is suggested to be found in some organs such as the 

kidney, liver, brain and body fluids; blood and urine (Valtonen et al., 2008). A research 

on the possible pathways for homoarginine showed that a mitochondrial enzyme found 

in the kidney, which is arginine: glycine amidinotransferase (AGAT), catalyses the 

transformation of glycine and arginine to guanidinoacetate (GAA) and ornithine, and 

GAA is methylated to creatine with the help of guanidinoacetate N-methyltransferase 

(GAMT) for energy metabolism. Homoarginine is produced when AGAT uses lysine 

instead of glycine (Davids et al., 2012a) (Fig. 2). In the urea cycle, homoarginine is 

formed when ornithine is replaced by lysine. The ornithine transcarbamoylase (OTC) 

enzyme is important in this metabolic pathway. This enzyme catalyses the 

transamidination of lysine which facilitates the production of homoarginine (Davids et 

al., 2012a). Homoarginine also inhibits arginase and acts as a substrate for NO synthase 

to form NO, which performs a critical function in vasodilation and is important in the 

regulation of blood pressure (März et al., 2010). 

 

Figure 2. A schematic diagram showing the synthesis of Homoarginine and Ornithine from 

Arginine and lysine using Arginine: glycine amidinotransferase 

 

 

Nitric Oxide and Nitric Oxide Synthases 

Nitric oxide (NO) is formed during the complex oxidation reaction from arginine and 

oxygen (O2). NO is produced with the help of enzyme nitric oxide synthase (NOS), 

with the endothelial cells of blood vessels being its first location. The enzyme is called 

synthase, not synthetase, because there is no need of adenosine triphosphate (ATP) for 

its action (Arzumanian et al., 2003). The nitric oxide synthase plays active role in the 

production of NO. They are neuronal (nNOS), endothelial (eNOS) and inducible 

(iNOS). Oxygen, nicotinamide-adenine-dinucleotide phosphate (NADPH), 

tetrahydrobiopterin and flavin adenine nucleotides are known as the co-factors for NOS 

(Kassim et al., 2010; Tousoulis et al., 2012). 

Expression of Neuronal NOS occurs in specific neurons in the brain with Ca2+ and 

calmodulin regulating the activities of enzymes (Zhou and Zhu, 2009). According to 
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immunohistochemistry, nNOS could be located in the spinal cord, the sympathetic 

ganglia and adrenal glands, in kidney macula densa cells, and in the vascular smooth 

muscle (Förstermann et al., 1994). nNOS is known to play a role in physiological 

functions such as memory, learning, and neurogenesis (Zhou and Zhu, 2009). Research 

has shown that the central regulation of blood pressure in the central nervous system 

(CNS) is assisted by NO formed by nNOS (Sakuma et al., 1992; El karib et al., 1993). 

A data on human studies indicated that nNOS perform a significant function in vascular 

tone regulation (Melikian et al., 2009). When eNOS becomes dysfunctional, low level 

of nNOS expressed in the vascular smooth muscle cells maintains vasodilation 

(Schwarz et al., 1999). The endothelial cells are known as the site for endothelial NOS 

production. Research has also shown that the isozyme is found in cardiac myocytes, 

platelets, LLC-PK1 kidney tubular epithelial cells and certain neurons of the brain, and 

in (Förstermann et al., 1994). Numerous essential cardiovascular functions appear to be 

regulated by eNOS which serves as a homeostatic regulator. Endothelial NOS-derived 

NO stimulates soluble guanylyl cyclase and increases cyclic guanosine monophosphate 

(cGMP) in smooth muscle cells thereby dilates all types of blood vessels (Förstermann 

and Sessa, 2011). Blood pressure rises as a result of deletion of the eNOS gene (Huang 

et al., 1995; Shesely et al., 1996). The inhibition of platelet aggregation and adhesion to 

the vascular wall occurs when nitric oxide is released towards the vascular lumen 

(Alheid et al., 1987). Evidence has also indicated that endothelial NO inhibits leucocyte 

adhesion and vascular inflammation. An early event in the development of 

atherosclerosis is leucocyte adherence and therefore, NO may act against the onset of 

atherogenesis (Förstermann and Sessa, 2011). Expression of inducible NOS can be 

instigated by bacterial lipopolysaccharide, cytokines, and other agents (Förstermann, 

2000). The production of high quantity of NO by inducible NOS occurs when induced 

in macrophages which indicates a major cytotoxic principle of those cells (Nathan and 

Hibbs Jr, 1991). Arginine is utilized by all isoforms of NOS as the substrate, with 

molecular oxygen and decreased NADPH being utilized as co-substrates (Förstermann 

and Sessa, 2011). 

Functions of homoarginine in vascular system 

Nitric oxide synthesis 

Nitric oxide which has been studied extensively due to its health effects in the body 

is an inorganic molecule that exists in mammalian biology (Ziolo et al., 2001). The 

formation of nitrogen oxides occurs when NO; an unstable free-radical gas reacts 

rapidly with oxygen. It is soluble and has a molecular weight of 30.006 g/mol. Nitric 

oxide has a half-life of ~6–30 s (Tousoulis et al., 2012). The nitric oxide synthases 

catalyse the oxidation of arginine to produce nitric oxide in mammals. eNOS and nNOS 

are constitutively expressed and are referred to as Ca2+-dependent enzymes 

(Förstermann and Sessa, 2011). It serves as a main paracrine and autocrine mediator of 

immune regulation and vascular relaxation in the body (Moncada, 1991). In the 

endothelium, nitric oxide serves as a central signal transduction pathway (Ignarro et al., 

1999). Homoarginine is a weak substrate for nitric oxide synthase (NOS) and can 

produce NO. When homoarginine hinders the activity of arginase, it may increase 

arginine and NO production (Hrabak et al., 1994). Nitric oxide aids in blood pressure 

regulation, inhibition of platelet aggregation, platelet adhesion inhibition, and 

neurotransmission (Loscalzo and Vita, 2000; Atzler et al., 2015). Arginine performs 
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various functions in living organisms (März et al., 2010; Haghikia et al., 2017), but the 

roles of homoarginine need more research (Seppälä et al., 2017). A study suggested that 

homoarginine competes with arginine, which causes a decrease in NO synthesis 

(Alesutan et al., 2016). An intravenous homoarginine infusion research done on rats 

showed an increase in serum concentration of homoarginine and ornithine (Dellera et 

al., 2016). According to the results obtained, it was suggested that anti-proliferative 

effects may be exerted by homoarginine; increasing the release of NO from vascular 

cells (Durante, 2013; Dellera et al., 2016), and by ornithine; acting as an arginase 

inhibitor to increase NO availability (Durante, 2013; Dellera et al., 2016). 

Homoarginine plays an important role in NO synthesis even though its concentration is 

little in the serum and plasma of humans and animals. 

Cardiovascular diseases 

Vascular smooth muscle cells perform a major function in vascular diseases (Qiu et 

al., 2014). Studies have shown that the abnormal proliferation and migration of vascular 

smooth cells are the main constituents of hypertension, atherosclerosis and vascular 

sterosis after vessel transplant (Kockx and Knaapen, 2000; González-Navarro et al., 

2010). Homoarginine is a less efficient NOS substrate than arginine, but competes with 

arginine for NO synthesis by hindering the regular production of NO (März et al., 

2010). Research has reported that critical cardiovascular conditions are as a result of 

both high and low hArg levels whereas increased vascular resistance is as a result of 

high homoarginine levels. Prospective research indicated that cardiovascular death and 

stroke were caused by low homoarginine levels (Tomaschitz et al., 2014; Chafai et al., 

2017; Seppälä et al., 2017). Endothelium plays a main role in the vasculature by 

ensuring the promotion and maintenance of a protective environment via endothelial 

cell-derived vasoactive factors (Guzik et al., 2004; Papageorgiou et al., 2015). Some 

scientists investigated on how low level of homoarginine is related to dilation and a 

reduced function of the left ventricle and their findings indicated that high homoarginine 

is linked to lower left ventricle thickening, higher ejection fraction and lower N-

terminal pro B-type natriuretic peptide (NTproBNP) (Bahls et al., 2018). 

Atherosclerosis 

Atherosclerosis, a disease of the arterial wall occurs at sensitive areas in the main 

arteries (Insull Jr, 2009). It starts off by lipid retention, oxidation, and modification, 

which leads to incurable swelling and causes thrombosis or stenosis (Insull Jr, 2009). 

Many factors may cause atherosclerosis by their effects on low-density lipoprotein 

(LDL) particles and inflammation (De Groot et al., 2000; Tomkin and Owens, 2012). 

These factors often include tobacco smoking, hypertension, obesity, diabetes, and 

genetic susceptibility (Insull Jr, 2009). Aortic stiffness, the inverse measure of aortic 

distensibility (AD), is also known as a cardiovascular risk marker aside the common 

factors for atherosclerosis (Kronzon and Tunick, 2006; Haghikia et al., 2017). 

Atherosclerosis has been reported as a main cause of death and morbidity across the 

globe. Studies have shown that homoarginine promotes vascular calcification (Alesutan 

et al., 2016; Haghikia et al., 2017) and it may be involved in the pathogenesis of 

atherosclerosis (Seppälä et al., 2017). However, there are inadequate information on the 

association between low homoarginine concentrations and the occurrence of 

atherosclerosis. 



Ekua et al.: Roles of homoarginine in the cardiovascular system 

- 10570 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(5):10565-10574. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1705_1056510574 

© 2019, ALÖKI Kft., Budapest, Hungary 

Type 2 diabetes mellitus 

Type 2 diabetes mellitus (T2DM) is a metabolic disorder which is distinguished by 

insulin deficiency, hyperglycemia, and insulin resistance (Olokoba et al., 2012). An 

interaction between genetic, environmental and behavioural risk factors can also cause 

this disorder (Chen et al., 2012). Recent evidence has reported that homoarginine 

concentrations were lower at higher age, lower body mass index (BMI), lower albumin, 

lower haemoglobin, and were lower in females as compared to males (Drechsler et al., 

2011). Low homoarginine concentrations were also associated with a longer history of 

diabetes mellitus and higher levels of C-reactive protein (Drechsler et al., 2011). Low 

serum concentration of homoarginine is independently associated with T2DM patients 

that can lead to death. 

Stroke 

Stroke is as a result of the cessation of blood flow to the brain which can cause 

disability and death. Ischemic stroke is caused by thrombosis due to atherosclerosis. 

Some common risk factors associated with stroke are hypertension, stress and age. In 

the LURIC study, low serum homoarginine concentrations were found to be a novel risk 

factor for fatal strokes (Pilz et al., 2011). A recent report on a homoarginine 

supplementation in stroke-infected mice indicated a noticeable decrease in 

homoarginine in the plasma from AGAT null mice, which is related to an increase in 

the size of stroke (Choe et al., 2013). According to Choe et al. (2013), there was a 

decrease in the death rate of patients with ischemic stroke which was independently 

associated with high homoarginine levels recorded. In the Harburg Stroke Study, which 

involved 137 patients affected with ischemic stroke, it was reported that plasma 

homoarginine concentrations were significantly decreased in patients who were near 

death, nonfatal recurrent stroke and nonfatal myocardial infarction compared with those 

without the condition (Choe et al., 2012). 

Conclusion 

It has become evident that homoarginine is a new biomarker for cardiovascular 

diseases by its involvement in NO production. Low serum concentration of 

homoarginine has been reported in subjects suffering from cardiovascular, 

cerebrovascular and renal diseases as compared to healthy subjects. More research 

needs to be done to understand the physiological role of homoarginine and its 

application in clinical studies and pharmacy as a possible medication for the cure of 

associated diseases. 
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