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Abstract: Nitric Oxide (NO), a lipophilic gas prepared by the chemical Nitric Oxide Synthase (NOS) from
the substrate arginine, is significant biomolecule that intervenes cell response. It has a wide range of organic
capabilities including immunomodulation, hypersensitivity, microbial and cancer destruction. Cells
responsible for immunity like macrophages on stimulation by cytokines and microbial antigens destroy
various microorganisms or parasites as well as cancer cells by delivering various effector atoms which
additionally incorporate NO. Nonetheless, this adaptable atom prone to exhibit double roles. In lower
concentration, NO has positive action, it manages the physiological cycles in the body while at higher focuses
it is destructive, not exclusively to the microorganisms or growth cells yet can create destructive environment
for the host cells as well. This proposes that NO has both defensive and poisonous activities that happen in the
body which is solely dependent on cell microenvironment. Subsequently, it is extremely fundamental to have
the information on the physiological cycles engaged with the cascades of responses of NO since it could have
novel clinical applications when prophylactic capability of NOS inhibitors and NO givers are to be thought of.

Introduction

NO was at first found as the Endothelium Derived Relaxing Factor (EDRF) by Furchgott and Zawadki [1].
Joseph Priestly in 1772 was the principal individual to term it NO, in any case, till 1987, the natural elements
of NO were not known, and along these lines it was only viewed as an air toxin or harmful gas [2]. Just when
the presence of nitrates and nitrites were recognized in healthy rodents and human volunteers, studies on the
roles of NO in biological system got elucidated which them further revealed the tumoricidal and antimicrobial
action of NO [3]. Afterward, the regulatory and defensive roles of NO in cardiovascular system gets
portrayed, that included the pulse and vascular tone regulation, inhibition of leucocyte adhesion or platelet
attachment and prevention of replication of smooth muscular cells. This started research on NO for its
remedial uses in different illnesses [4].

NO particularly from iNOS (inducible Nitric Oxide Synthase) has significance in immune regulation,
hypersensitivity and microbial attack [3]. NO is additionally involved in the pathophysiology of different
tumors like breast, larynx, cervix, head and neck [5]. Cancer inducing role of NO is subject to the type of
tumor, concentration of NO and its interaction with proteins, metals or free ions & the genotype of the host
cells [6]. Lower concentration of NO is significant for immune system, while NO at more elevated levels are
demonstrated to be immunosuppressive. Hence, in this review, there is focus on NO and its
immunoregulatory, antimicrobial and tumoricidal functions alongwith the contribution of phagocytes.

Synthesis

NO is generated from L-arginine by the compound NOS in the presence of two cofactors i.e NADPH and
oxygen [7]. NOS has three isoforms which are neuronal NOS (nNOS) or NOS 1, inducible NOS (iNOS) or
NOS 2 and endothelial NOS (eNOS) or NOS 3 [7]. The genes for these isoforms 1, 2 and 3 are situated on the
chromosomes 12, 17 and 7 individually [8]. All the isoforms of NOS are flavoproteins containing
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Tetrahydrobiopterin (THB) and heme. THB is a significant cofactor for NOS, since in its absence, NOS
produces superoxide rather than NO [9].

Comprehensively, the isozymes of NOS are classified as constitutive NOS(cNOS) and iNOS. cNOS, which is
constitutively present in the cell, is calcium subordinate and contains nNOS and eNOS, while iNOS is calcium
free and communicated solely after the stimulus is given by cytokines [10]. The blend of NO by nNOS and
eNOS s reliant upon intracellular calcium particles and binding of these molecules to calmodulin [11].
Expansion in calcium level causes high production of calmodulin that ties with eNOS and nNOS causing
improved synthesis of NO by the enzymes [12]. For the activation, nNOS in CNS, the glutamate first binds
with NMDA (N-methyl-D-aspartate) receptors causing opening of the voltage gated calcium channels and
there is an increase in calcium levels. If there should be an occurrence of eNOS, it is initiated when
improvement like blood shear stress or factors like substance P, kinins or thrombin receptors and so on., cause
release of calcium ions from the endoplasmic reticulum [1]. In the cells like macrophages and monocytes,
induction of iINOS by hypersensitive cytokines (INF-y, TNF-a and IL-2) and presence of L-arginine in
adequate concentration leads to the synthesis of NO [13]

Physiological role of NO

Initiation of INOS leads to the enormous measure of NO while that of constitutive structures (eNOS and
nNNOS) cause production of low levels of NO in no time. NO from constitutive isoforms have immediate and
short life span[14]. They cooperate with cytochrome p450, guanylate cyclase & NO itself. This leads to the
initiation of guanylate cyclase that changes Guanosine Triphosphate (GTP) into cyclic Guanosine
Monophosphate (cGMP) which thusly activates cGMP dependent protein kinase that further mediates the
elements of NO, for example, expansion in vascular permeability, vasorelaxation, anti-oxidant roles and
antiplatelet activities[1]. In Central Nervous System (CNS) and Peripheral Nervous System (PNS), NO goes
about as a synapse,and is associated with neuronal apoptosis [15].

NO from eNOS is fundamental for keeping up with tissue perfusion, protection against harmful lipids got
from Lipopolysaccharides (LPS) and preserving RBC in septicaemia [16].

The elements of NO created by iNOS is fairly unique. Such NO is delivered by active macrophages and is
involved with microbial Killing and immune regulation. NO combines with superoxide to synthesize
peroxynitrite that further mediates harmfulness of NO which incorporates LDL oxidation, DNA harm,
inhibition of TCA and mitochondrial oxidative compounds, nitrosation [1].

NO and Immune Regulation

The specific capability of NO in immunology is hazy. It is remembered to be engaged with the inhibition of
genes liable for cell expansion or it might have anti-apoptotic roles [1]. NO represses Thl & activates Th2
cytokine reaction that leads to hypersensitive reactions [2]. NO goes about as the arbiter of inflammation by
increasing the amount of cycloxygenase protein and synthesis of proinflammatory eicosanoids [17]. NO
likewise represses the activity of the genes of cytokines like IL-1p, TNF-a, IL-6, INF-y in different cells like
lymphocytes, eosinophils and monocytes. This impact is intervened by nitrosylation of different transcription
factors including JAK/STAT (Janus Kinase/Signal Transducer and Activator of Transcription) and NF-«f3
(Nuclear Factor kappa beta). NO from active macrophages are engaged with destruction of cell targets,
cancers or microorganisms [1].

Tumor Cells & NO

Tumor occurs because of genotypic alterations that cause uncontrolled development and multiplication of the
cells. At first the immune system act to remove such unusual cells by means of the interaction known as
immune-surveillance [47]. During the first phase of immune-surveillance, the immune cells prevail to destroy
the transformed cells and avoid the arrangement of cell mass. If the immune- surveillance does not gets
successful the the transformed cells enter the second stage , which is called as equilibrium phase in which the
immune system have some control over however not able to remove the growth cells.

During this stage the immune system continually pressures the cancer cells to eliminate numerous unique
variations however extra transformation might happen causing generation of the new variations, some of
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which might get away from the immune-surveillance and enter the third stage known as escape stage, in
which the changed cells developin an unlimited way[48].

Macrophages among the immune cells are the most noticeable ones that infilterate profoundly into the
hypoxic region of the cancer mass to battle and kill the microbes and tumor cells. In some cases macrophages
include around half of the cancer mass [49].

Tumor hindrance by NO:

NO/RNS when present in higher amount cause cell death by stimulating alterations of death related target
protein receptors or influencing the respiratory chain by means of changes in the penetrability of
mitochondrial membrane causing release of cytochrome C and cell apoptosis[50]. Other than these systems,
one more mechanism of growth inhibition by NO/RNS incorporates phosphorylation of Serl5 of wild type
P53 that leads its activation and starts the apoptosis.

Growth advancing activity of NO:

Though elevated concentration of NO/RNS are utilized as a killing component by phagocytes, it has moreover
been shown that NO/RNS can cause carcinogenesis as well as support the movement of previously existing
tumor which is at escape stage from the immune response.

Carcinogenic Role

NO/RNS being lipophilic can undoubtedly diffuse through the cell membrane also, cause oxidation or
deamination of nitrogen bases, producing DNA breaks and cross links, all of which mediates changes. NO can
likewise activate the oncogenes or cause deactivation of tumor suppressor genes. S-Nitrosylation or nitration
of proteins included in DNA repair by NO/RNS affects the cell fixing components and cause genomic
instability [52].

Conclusion

The impacts of NO in people are an area of interest for the vast majority of the scientists both at fundamental
exploratory levels or clinical investigations. It not just goes about as a strong antimicrobial agent yet in
addition has a defensive potential against tumors. In any case, regardless of these helpful impacts, NO has the
potential to change from the defender to destroyer, i.e., it can protects from or induce infections. Over
synthesis by high stimulation of NOS can prompt neurodegenerative issues, disease or inflammations. It is
accordingly fundamental to comprehend the roles of NO in immune system which requires the separation
between the double roles of this biomolecule. Perceptions from animal models with respect to the connection
between macrophages furthermore, microbes should be associated cautiously to human studies so that the
significance of NO in being a strike against arising microorganisms can be worried. Likewise NO can be
utilized as a prophylactic agent in the treatment of cancers which can be accomplished by sensitizing the
growth cells to immunotherapy.Yet, approval of such methods requires further clinical trials, so that NO
intervened treatments can be created in the prevention and therapy of tumors. However major part of the
examinations are centralised around the immunological role of NO from iNOS; nNOS and eNOS can likewise
be up-regulated to deliver a high concentration of NO , but their contribution is still unknown. In this manner,
on a bigger scope, for the recognizable proof of NO signalling cascade, atomic components of NO activity and
their objectives ought to be done, so legitimization on how, when, where and why the cells are designated by
NO can be given, thence supporting further researches related to remedies and clinical uses of such a versatile
molecule.
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