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ABSTRACT: Nitric oxide (NO) is a gaseous lipophilic free radical cellular messenger generated by three distinct 

isoforms of nitric oxide synthases (NOS), neuronal (nNOS), inducible (iNOS) and endothelial NOS (eNOS). NO plays 

an important role in the protection against the onset and progression of cardiovascular disease. Cardiovascular disease 

is associated with a number of different disorders including hypercholesterolaemia, hypertension and diabetes. The 

underlying pathology for most cardiovascular diseases is atherosclerosis, which is in turn associated with endothelial 

dysfunctional. The cardioprotective roles of NO include regulation of blood pressure and vascular tone, inhibition of 

platelet aggregation and leukocyte adhesion, and prevention smooth muscle cell proliferation. Reduced bioavailability 

of NO is thought to be one of the central factors common to cardiovascular disease, although it is unclear whether this 

is a cause of, or result of, endothelial dysfunction. Disturbances in NO bioavailability leads to a loss of the cardio 

protective actions and in some case may even increase disease progression.  
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I. INTRODUCTION 

Nitric oxide is a soluble gas continuously synthesized by the endothelium. This substance has a wide range of 

biological properties that maintain vascular homeostasis, including modulation of vascular dilator tone, regulation of 

local cell growth, and protection of the vessel from injurious consequences of platelets and cells circulating in blood. A 

growing list of conditions, including those commonly associated as risk factors for atherosclerosis such as hypertension 

and hypercholesterolemia, are associated with diminished release of nitric oxide into the arterial wall either because of 

impaired synthesis[1,2] or excessive oxidative degradation. Diminished nitric oxide bioactivity may cause constriction 

of coronary arteries during exercise or during mental stress and contribute to provocation of myocardial ischemia in 

patients with coronary artery disease. Additionally, diminished nitric oxide bioactivity may facilitate vascular 

inflammation that could lead to oxidation of lipoproteins and foam cell formation, the precursor of the atherosclerotic 

plaque. Numerous therapies have been investigated to assess the possibility of reversing endothelial dysfunction by 

enhancing the release of nitric oxide from the endothelium, either through stimulation of nitric oxide synthesis or 

protection of nitric oxide from oxidative inactivation and conversion to toxic molecules such as peroxynitrite.[3,4] 

Nitric oxide (NO) signalling has pleiotropic roles in biology and a crucial function in cardiovascular homeostasis. 

Tremendous knowledge has been accumulated on the mechanisms of the nitric oxide synthase (NOS)–NO pathway, but 

how this highly reactive, free radical gas signals to specific targets for precise regulation of cardiovascular function 

remains the focus of much intense research. There are updated paradigms on NOS regulation, NO interaction with 

reactive oxidant species in specific subcellular compartments, and downstream effects of NO in target cardiovascular 

tissues, while emphasizing the latest developments of molecular tools and biomarkers to modulate and monitor NO 

production and bioavailability.[5,6] 

The importance of nitric oxide (NO) for normal cardiovascular regulation and health has been well established. 

However, the large majority of the focus and knowledge about NO has revolved around the endothelium and 

endothelial derived NO. Aside from its importance for blood flow and blood pressure via endothelium-dependent 

vasodilation, endothelial NO synthase (eNOS) has been shown to have numerous other vascular protective effects 

including, but not limited to, inhibition of platelet aggregation and adhesion, promotion of angiogenesis, anti-

inflammation, and inhibition of the atherosclerotic process. In addition, eNOS has important cardiac effects. Thus, it is 

clear that impairments in eNOS-derived NO can have deleterious consequences and play a role in the disease 

process.[7,8] Although the aforementioned functions of eNOS cannot be overstated, the synthesis of NO via neuronal 

NOS (nNOS) may also be critical for cardiovascular regulation and health. Indeed, nNOS along with eNOS is 

constitutively expressed in mammalian cells, and an emerging body of research, mainly performed in animals, has 
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indicated that nNOS may also be important for the regulation of vasomotor tone and blood pressure. However, much 

less is known about nNOS in humans. 

Nitric oxide is a soluble gas with a half-life of ∼6–30 s, continuously synthesized from the amino acid L-arginine in 

endothelial cells by the constitutive calcium-calmodulin-dependent enzyme nitric oxide synthase (1). This heme-

containing oxygenase catalyzes a five-electron oxidation from one of the basic guanidino nitrogen atoms of L-arginine 

in the presence of multiple cofactors and oxygen. In their seminal experiment, Furchgott and Zawadzki (2) found that 

strips of rabbit aorta with intact endothelium relaxed in response to acetylcholine but constricted in response to this 

same agonist when the endothelium had been rubbed off. The substance responsible for the acetylcholine-stimulated 

relaxation was initially called endothelium-derived relaxant factor, and subsequently found to include nitric oxide 

(3)(4). It is now known that a variety of agonists[9,10] (e.g., acetylcholine, histamine, thrombin, serotonin, ADP, 

bradykinin, norepinephrine, substance P, and isoproterenol) can increase the synthesis and release of nitric oxide from 

the endothelium, although many of these same agonists (e.g., acetylcholine, serotonin, norepinephrine, and histamine) 

constrict vascular smooth muscle in the absence of endothelium. Vasoactive substances produced within the 

endothelium, such as bradykinin, may also stimulate nitric oxide release by autocrine and paracrine effects on 

endothelial B2 kinin receptors (5). However, the principal physiologic stimulus for nitric oxide synthesis and release 

from the endothelium is likely the shear stress of blood flowing over the surface of the vessel by a nonreceptor-

dependent mechanism (6)(7). Nitric oxide, released from the endothelium as a gas or attached to other molecules, 

stimulates soluble guanylyl cyclase, producing increased concentrations of cyclic GMP. Depending on the direction of 

nitric oxide release and the site of cyclic GMP activation, differing biological effects can be observed. For example, 

increased cyclic GMP in vascular smooth muscle cells underlying the endothelium activates GMP-dependent 

kinases[11,12] that decrease intracellular calcium, producing relaxation (8), whereas increased cyclic GMP in platelets 

by action of nitric oxide released into the blood vessel lumen decreases platelet activation and adhesion to the surface 

of the endothelium (9). Nitric oxide also regulates the cellular environment within the vessel wall by inhibiting the 

activity of growth factors released from cells within the vessel wall and from platelets on the endothelial surface (10). 

Nitric oxide has antiinflammatory properties by inhibiting the synthesis and expression of cytokines and cell adhesion 

molecules that attract inflammatory cells to the endothelial surface and facilitate their entrance into the vessel wall 

(11)(12). This effect of nitric oxide may be mediated by inhibition of the activation of an important nuclear 

transcription factor (nuclear factor κB) that binds to the promoter regions of genes that code for proinflammatory 
proteins (12). Nitric oxide also governs basal systemic, coronary, and pulmonary vascular tone by increased cyclic 

GMP in smooth muscle, by inhibition of a potent constrictor peptide, endothelin-1 (13), and by inhibition of the release 

of norepinephrine from sympathetic nerve terminals (14). 

Thus, nitric oxide plays a pivotal role in regulating vessel wall homeostasis. Although the endothelium-dependent 

processes to be discussed involve a multitude of metabolic and gene transcriptional pathways, nitric oxide either 

directly or indirectly plays an important role in their regulation.[13] 

II. DISCUSSION 

NO is produced by nitric oxide synthase (NOS) enzymes, of which there are three main  

isoforms: neuronal NOS (nNOS), endothelial NOS (eNOS), and inducible NOS (iNOS).14
 

Table 1 shows a comparison of these isoforms. The three NOS isoforms are encoded  

on separate chromosomes by separate genes. They share homology in regions involved in cofactor binding (for 

example, FAD, FMN, and NADPH ribose and adenine binding sites), and have similar enzymatic mechanisms that 

involve electron transfer for oxidation of the terminal guanidino nitrogen of L-arginine. However, their expression 

patterns differ, as do the detailed regulations of their activity. nNOS is predominantly expressed in certain neurons and 

in skeletal muscle, whereas eNOS is predominantly expressed in endothelial cells. iNOS is expressed by macrophages 

and cells of macrophage/monocyte lineage. Despite their names, a variety of cell types express these isoforms, with 

many tissues expressing more than one isoform. Furthermore, the innervation and vasculature in all tissues have the 

potential to express nNOS and eNOS, while circulating blood elements may express iNOS.[14,15] 
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Table 1 
Characteristics of NOS Isoforms 

Isoform nNOS iNOS eNOS 

Other names  NOS-1, NOSI, Type I NOS  NOS-2, NOSII, 

Type II NOS  

NOS-3, NOSIII, Type 

III NOS  

Human chromosomal 

location  

12q24.2-12q24.3  17cen-q11.2  7q35–7q36  

Human gene structure and 

size  

29 exons  26 exons  26 exons  

  locus region >200 kbp  37 kbp  21–22 kbp  

Human monomer size 

(predominant form)  

161 kDa  131 kDa  133 kDa  

Splice variants  Yes  Yes  No  

Typical site of expression  Neurons  Macrophages  Endothelial cells  

Other major sites of 

expression  

Smooth muscle  Smooth muscle  Smooth muscle  

  Skeletal muscle  Liver  Platelets  

Gene expression  Constitutive and inducible  Inducible  Constitutive and 

inducible  

Ca
2+

 dependency  Ca
2+

-dependent  Practically Ca
2+

-

independent  

Ca
2+

-dependent  

Covalent modifications  Phosphorylation    Myristoylation  

      Palmitoylation  

      Phosphorylation  

Protein–protein 

interactions  

hsp90, caveolin, NOSIP    hsp90, caveolin  

Subcellular localization  Neuromuscular junction  Soluble  Caveolae  

  Soluble      

  Sarcoplasmic reticulum      
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Isoform nNOS iNOS eNOS 

Means of localization  N-terminal PDZ domain (for 

membrane association)  

N/A  N-terminal 

myristoylation  

NO production (range)  Moderate (nM to μM)  High (μM)  Low (pm to nM)  

 

Both nNOS and eNOS are generally constitutively expressed; their activities are primarily regulated by intracellular 

Ca
2+

/calmodulin levels. In contrast, iNOS expression is induced in  

activated macrophages as an immune response. For enzymatic activity, NOS proteins must bind cofactors and 

dimerize.14 NOS proteins first bind to the cofactors FAD and FMN. The additions of L-arginine, BH4 and heme allow 

the NOS protein to form dimers. eNOS and nNOS dimers formed this way are inactive, and depend on calmodulin 

binding stimulated by increases in intracellular calcium. In contrast, the iNOS dimers bind calcium/calmodulin and are 

active even at low (resting intracellular) concentrations of calcium. Thus, the main switch for activity for nNOS and 

eNOS is a transient increase in intracellular calcium concentration, whereas the main switch for iNOS is at the level of 

transcription.[16,17] 

The DNA and protein sequences of the NOS isoforms are conserved between species, with nNOS, eNOS and iNOS 

sharing up to 96%, 93% and 80% amino acid sequence identity between mice and humans. Within each species, the 

NOS isoforms share about 51–59% amino acid sequence identity. Each isoform has notable structural features. The 

nNOS gene encodes a PDZ domain in exon 2 that is required for membrane association.15 Several nNOS splice 

variants lack exon 2, resulting in expression of cytoplasmic nNOS that lacks subcellular localization sequences.16
,
17 In 

endothelial cells, eNOS is localized to caveolae by N-terminal fatty acid modifications—myristoylation and 

palmitoylation,18–21 as well as interactions with heat shock protein hsp90 and caveolins.12
,
22 Caveolins (caveolin-1 

in endothelial cells and caveolin-3 in cardiac muscle) bind to eNOS and inhibit its activity. eNOS is also regulated by 

phosphorylation at multiple sites, including serine 1179 and threonine 497.[18,19] 

In addition to nNOS, eNOS, and iNOS, there is a constitutively active NOS isoform present in mitochondria, referred 

to as mtNOS.23
,
24 mtNOS is located in the inner mitochondrial membrane, and likely plays key roles in modulating 

mitochondrial respiration and mitochondrial transmembrane potential. However, whether mtNOS corresponds to one of 

the three known isoforms is not known. 

III. RESULTS 

The underlying pathology of most cardiovascular diseases (CVDs) such as coronary artery disease, high blood pressure, 

and stroke involves decreased cardiovascular contractility and anatomic alterations in cardiovascular structures. Nitric 

oxide (NO) regulates vascular tone and contractile function of myocardium and maintains blood vessel homeostasis. 

Interestingly, the effect of NO is like a double-edged sword in the body. Insufficient NO causes hypertension and 

atherosclerosis, while an overproduction of NO may foster inflammation and cause heart infarction and shock. In 

addition, growing evidences have shown that oxidative stress plays pivotal roles in the initiation and progression of 

CVDs. This chapter will discuss in detail the roles NO plays in the cardiovascular system under both physiological and 

pathological conditions. We will focus on: (1) the molecular mechanism of cardiovascular contraction, (2) NO/Ca2+-

induced muscle relaxation, (3) NO-related structural change in blood vessels, and (4) redox balance in the 

cardiovascular system.[20,21] 

Nitric oxide is produced by nearly every type of cell in the human body and one of the most important molecules for 

blood vessel health.It’s a vasodilator, meaning it relaxes the inner muscles of your blood vessels, causing the vessels to 

widen. In this way, nitric oxide increases blood flow and lowers blood pressure.Supplements that increase nitric oxide 

in the body make up one of the most popular supplement categories today.These supplements don’t contain nitric oxide 

itself. However, they contain compounds that your body can use to make nitric oxide and have been shown to provide 

many benefits for health and performance.[22] 
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IV. CONCLUSIONS 

Hypertension is a major risk factor for cardiovascular disease, and reduction of elevated blood pressure significantly 

reduces the risk of cardiovascular events. Endothelial dysfunction, which is characterized by impairment of nitric oxide 

(NO) bioavailability, is an important risk factor for both hypertension and cardiovascular disease and may represent a 

major link between the conditions. [23] Evidence suggests that NO plays a major role in regulating blood pressure and 

that impaired NO bioactivity is an important component of hypertension. Mice with disruption of the gene for 

endothelial NO synthase have elevated blood pressure levels compared with control animals, suggesting a genetic 

component to the link between impaired NO bioactivity and hypertension. Clinical studies have shown that patients 

with hypertension have a blunted arterial vasodilatory response to infusion of endothelium-dependent vasodilators and 

that inhibition of NO raises blood pressure.[24,25] Impaired NO bioactivity is also implicated in arterial stiffness, a 

major mechanism of systolic hypertension. Clarification of the mechanisms of impaired NO bioactivity in hypertension 

could have important implications for the treatment of hypertension.[26] 

REFERENCES 

1 Kearney PM, Whelton M, Reynolds K, et al. Global burden of hypertension: analysis of worldwide 

data. Lancet. 2005; 365: 217– 223. 

2 Hajjar I, Kotchen TA. Trends in prevalence, awareness, treatment, and control of hypertension in the United States, 

1988–2000. JAMA. 2003; 290: 199– 206. 

3 Kearney PM, Whelton M, Reynolds K, et al. Worldwide prevalence of hypertension: a systematic review. J 

Hypertens. 2004; 22: 11– 19. 

4 Wolf-Maier K, Cooper RS, Kramer H, et al. Hypertension treatment and control in five European countries, Canada, 

and the United States. Hypertension. 2004; 43: 10– 17. 

5 Lewington S, Clarke R, Qizilbash N, Et Al, and the Prospective Studies Collaboration. Age-specific relevance of 

usual blood pressure to vascular mortality: a meta-analysis of individual data for one million adults in 61 prospective 

studies. Lancet. 2002; 360: 1903– 1913. 

6 European Society of Hypertension-European Society of Cardiology Guidelines Committee. 2003 European Society of 

Hypertension-European Society of Cardiology guide lines for the management of arterial hypertension. J Hypertens. 

2003; 21: 1011– 1053. 

7 Chobanian AV, Bakris GL, Black HR, et al., and the National High Blood Pressure Education Program Coordinating 

Committee. Seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of 

High Blood Pressure. Hypertension. 2003; 42: 1206– 1252. 

8 Turnbull F, for the Blood Pressure Lowering Treatment Trialists' Collaboration. Effects of different blood-pressure-

lowering regimens on major cardiovascular events: results of prospectively-designed overviews of randomised 

trials. Lancet. 2003; 362: 1527– 1535. 

9 Lindholm LH, Carlberg B, Samuelsson O. Should β blockers remain first choice in the treatment of primary hyper 
tension? A meta-analysis. Lancet. 2005; 366: 1545– 1553. 

10 Brunner H, Cockcroft JR, Deanfield J, et al., on behalf of the Working Group on Endothelins and the Endothelial 

Factors of the European Society of Hypertension. Endothelial function and dysfunction. Part II: association with 

cardiovascular risk factors and diseases. A statement by the Working Group on Endothelins and Endothelial Factors of 

the European Society of Hypertension. J Hypertens. 2005; 23: 233– 246. 

11 Perticone F, Ceravolo R, Pujia A, et al. Prognostic significance of endothelial dysfunction in hypertensive 

patients. Circulation. 2001; 104: 191– 196. 

12 Endemann DH, Schiffrin EL. Endothelial dysfunction. J Am Soc Nephrol. 2004; 15: 1983– 1992. 

13 Lüscher TF, Vanhoutte PM. Endothelium-dependent contractions to acetylcholine in the aorta of the spontaneously 

hypertensive rat. Hypertension. 1986; 8: 344– 348. 

14 Panza JA, Quyyumi AA, Brush JE Jr, et al. Abnormal endothelium-dependent vascular relaxation in patients with 

essential hypertension. N Engl J Med. 1990; 323: 22– 27. 

15 Huang PL, Huang Z, Mashimo H, et al. Hypertension in mice lacking the gene for endothelial nitric oxide 

synthase. Nature. 1995; 377: 239– 242. 

16 Arnal JF, El Amrani AI, Chatellier G, et al. Cardiac weight in hypertension induced by nitric oxide synthase 

blockade. Hypertension. 1993; 22: 380– 387. 

http://www.ijmrset.com/


International Journal Of Multidisciplinary Research In Science, Engineering and Technology (IJMRSET) 

| ISSN: 2582-7219 | www.ijmrset.com | Impact Factor: 7.54| 

| Volume 5, Issue 11, November 2022 | 

| DOI:10.15680/IJMRSET.2022.0511008 | 

IJMRSET © 2022                                                            |    An ISO 9001:2008 Certified Journal |                                         1725 

 

 
 

17 Kiowski W, Linder L, Stoschitzky K, et al. Diminished vascular response to inhibition of endothelium-derived nitric 

oxide and enhanced vasoconstriction to exogenously administered endothelin-1 in clinically healthy 

smokers. Circulation. 1994; 90: 27– 34. 

18 Joannides R, Richard V, Haefeli WE, et al. Role of basal and stimulated release of nitric oxide in the regulation of 

radial artery caliber in humans. Hypertension. 1995; 26: 327– 331. 

19 Higashi Y, Sasaki S, Kurisu S, et al. Regular aerobic exercise augments endothelium-dependent vascular relaxation 

in normotensive as well as hypertensive subjects: role of endothelium-derived nitric 

oxide. Circulation. 1999; 100: 1194– 1202. 

20 Podjarny E, Hasdan G, Bernheim J, et al. Effect of chronic tetrahydrobiopterin supplementation on blood pressure 

and proteinuria in 5/6 nephrectomized rats. Nephrol Dial Transplant. 2004; 19: 2223– 2227. 

21 Fortepiani LA, Reckelhoff JF. Treatment with tetrahydrobiopterin reduces blood pressure in male SHR by reducing 

testosterone synthesis. Am J Physiol Regul Integr Comp Physiol. 2005; 288: R733– R736. 

22 Shinozaki K, Nishio Y, Okamura T, et al. Oral administration of tetrahydrobiopterin prevents endothelial 

dysfunction and vascular oxidative stress in the aortas of insulin-resistant rats. Circ Res. 2000; 87: 566– 573. 

23 Ihlemann N, Rask-Madsen C, Perner A, et al. Tetrahydrobiopterin restores endothelial dysfunction induced by an 

oral glucose challenge in healthy subjects. Am J Physiol Heart Circ Physiol. 2003; 285: H875– H882. 

24 Maier W, Cosentino F, Lutolf RB, et al. Tetrahydrobiopterin improves endothelial function in patients with coronary 

artery disease. J Cardiovasc Pharmacol. 2000; 35: 173– 178. 

25 Hambrecht R, Hilbrich L, Erbs S, et al. Correction of endothelial dysfunction in chronic heart failure: additional 

effects of exercise training and oral L-arginine supplementation. J Am Coll Cardiol. 2000; 35: 706– 713. 

26 McEniery CM, Schmitt M, Qasem A, et al. Nebivolol increases arterial distensibility in 

vivo. Hypertension. 2004; 44: 305– 310. 

 

 

 

http://www.ijmrset.com/


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Impact Factor 

7.54 
 
 
 
 
 
 
 

INTERNATIONAL JOURNAL OF 

MULTIDISCIPLINARY RESEARCH 
 

IN SCIENCE, ENGINEERING AND TECHNOLOGY  
 
 
 

  
 
 
 

www.ijmrset.com  

 

| Mobile No: +91-6381907438 | Whatsapp: +91-6381907438 | ijmrset@gmail.com | 
 


