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Reactive nitrogen species and its biological effects 

 
Akhilesh Kumar, Lalita and Gaurav Nautiyal 

 
Abstract 

Free radicals are classified into three main categories Reactive oxygen species, Reactive nitrogen species 

and Reactive chlorine species. The present review is based on Reactive nitrogen species. The chemical 

compound nitric oxide is a gas with chemical formula NO. It is an important signaling molecule in the 

body of mammals including humans. It is also a toxic air pollutant produced by automobile engines and 

power plants. The nitric oxide molecule is a free radical, which makes it very reactive and unstable. In 

air, it quickly reacts with oxygen to form the poisonous nitrogen dioxide. Some important Reactive 

nitrogen species are nitric oxide, Sodium Nitrite, Nitrosamines and Sodium Nitro Prusside. 
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Introduction 

Reactive nitrogen species (RNS) commonly referred to as free radicals they are by products of 

normal metabolism. It is chemical species (molecule or molecular fragment) with unpaired 

electron in a high-energy state and are highly reactive. Free radicals are very unstable and react 

quickly with other compounds trying to capture the needed electron to gain stability. Free 

radicals are capable of damaging almost all types of biomolecules and cells. DNA damage by 

free radicals is a common physiological phenomenon in the body. These radicals cause 

oxidative damage to DNA. Oxidative stress is itself not a disease but a condition that can lead 

to or accelerate it. Despite extensive repair ox datively modified DNA is abundant in human 

tissues in particular tumors. It is represented by a dot or dash (Aust et al. 1985, Bors et al., 

1984) [3, 5]. 

 

Production of free radicals  

Free radicals and other reactive oxygen species are derived either from normal essential 

metabolic processes in the human body or from external sources such as exposure to X-rays, 

ozone, cigarette smoking, air pollutants and industrial chemicals. Free radical formation occurs 

continuously in the cells as a consequence of both enzymatic and non-enzymatic reactions. 

Enzymatic reactions which serve as sources of free radicals include those involved in the 

respiratory chain, in phagocytosis, in prostaglandin synthesis and in the cytochrome p450 

system. Free radicals also arise in non-enzymatic reactions of oxygen with organic compounds 

as well as those initiated by ionizing reactions. If free radicals are not inactivated, their 

chemical reactivity can damage cellular macromolecules including proteins, carbohydrates, 

lipids, and nucleic acids (DNA). Their destructive effects on proteins may play a role in the 

causation of cataracts. Free radical damage to DNA is also implicated in the causation of 

cancer and its effect on LDL cholesterol is very likely responsible for heart disease (Langseth 

et al. 1996) [15].  

 

Mechanism of Generation of Free Radicals 

Free radicals can be generated in three ways (Aust et al. 1985) [3]  

1. Hemolytic cleavage of a covalent bond of a molecule. 

A : B  A. + B. (A. and B. are free radicals) 

2. 2- Loss of single electron from a normal molecule. 

A - e-  A+ 

3. 3- Addition of single electron to a normal molecule. 

A + e-  A-  
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Thus free radicals can be positively, negatively charged or 

neutral species. Various biochemical and metabolic reactions 

and some external factors are the cause of generation of RNS. 

 

Nitric oxide (NO) 

Properties 

Name- Nitrogen monoxide  

N = O 

Chemical formula - NO 

Appearance  -  Colorless gas. 

Formula weight  -  30 amu 

 

Nitric oxide is a colorless, odorless gas that is only slightly 

soluble in water. NO is a multifaceted bio-regulatory agent 

(vasodilator, neurotransmitter) produced by many types of 

cells. The other main sources of nitric oxide emission are 

combustion processes, fossil fuel, power stations, motor 

vehicles and domestic combustion appliances. Nitric oxide 

can be present at significant concentrations in ambient air and 

indoor air (World Health Organisation, 1997) [22]. Nitrite and 

nitrates also produce nitric oxide. Sodium nitrite is a potential 

generator of nitric oxide (NO) (Modin et al. 2001, Walters et 

al. 1967) [18, 20]. Sodium nitrite on reduction forms NO 

(Kozlov et al. 1999) [14]  

In the body, nitric oxide serves several roles. NO play a 

critical role in regulatory process and cell defence. NO also 

participate in DNA damage and cell death. Nitric oxide is 

synthesized from L-arginine and oxygen by various nitric 

oxide synthase (NOS) enzymes. The endothelium of blood 

vessels uses nitric oxide to signal the surrounding smooth 

muscle to relax, thus dilating the artery and increasing blood 

flow. Nitric oxide also serves as neurotransmitter between 

nerve cells. Unlike most other neurotransmitters that only 

transmit information from a presynaptic to a postsynaptic 

neuron, the small NO molecule can diffuse all over and can 

there by act on several nearby neurons, even to those not 

connected by a synapse (Cotton et al. 1999, King et al. 1995) 
[8, 13]. 

Nitric oxide activates guanylate cyclase, which in turn 

increases intracellular cGMP levels (Nitric oxide, 1997) [19]. 

At certain levels, inhaled nitric oxide concentrations can 

cause vasodilation in the pulmonary circulation without 

affecting the systemic circulation. It play a crucial role in the 

maintenance of vascular homeostasis (Langseth et al. 1996) 
[15]. 

The discovery of the biological functions of nitric oxide in the 

1980s came as a complete surprise and caused a stir. Nitric 

oxide was named molecule of the year in 1992 by the journal 

Science, a nitric oxide society was founded, and a scientific 

journal devoted entirely to nitric oxide was created. The 

Nobel prize in physiology or Medicine in 1998 was awarded 

to Ferid Murad, Robert F Furehgott and Lovis Ignarro for the 

discovery of the signaling properties of NO (Cotton et al. 

1999, King et al. 1995) [8, 13].  

 

Sodium Nitrite (NaNo2)  

Sodium nitrite is water soluble inorganic salt. Nitrite and 

nitrate are readily interconverted in the body by means of 

oxidation-reduction reactions. Nitrite and by extension, 

nitrate, can also serve as precursors for the in vivo formation 

of carcinogenic N-nitroso compound. A major concern in 

considering the toxicology of nitrite is the induction of 

methemoglobinemia (Modin et al. 2001) [18].  

Sodium nitrite on reduction is a potential generator of nitric 

oxide (NO) (Modin et al. 2001, Carlsson et al. 2001, Walters 

et al. 1967) [18, 7, 20].  
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Fig 1: Structure of sodium nitrite 
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When sodium nitrite combined with saliva and digestive 

enzymes they create cancer-causing compounds known as 

nitrosamines. These nitrosamines are toxic to biological 

system, they are actually used to induce cancer in rats in 

laboratory tests. In humans, the consumption of sodium nitrite 

has been strongly correlated with the brain tumors leukemia 

and cancer of the digestive tract (Modin et al. 2001) [18]. In a 

study done to know the role of the nitric oxide (NO) 

generated by reduction of sodium nitrite in systemic lupus 

erythematosus (SLE). It was found that SLE auto antibodies 

showed preferential binding to NO modified plasmid DNA 

(NO-DNA) in comparison with native plasmid DNA. The 

result obtained suggested that the DNA modified with the NO 

radical may be one of the factors for the induction of 

circulating SLE anti-DNA autoantibody) (Ali et al. 2002, 

Arnett et al. 1998, Belmont et al. 1997, Brito et al. 1999) [1, 2, 

4, 6].  

 

Nitrosamines  

Nitrosamines are potent pancreatic carcinogens it promote 

mutagenesis and carcinogenesis via their ability to alkylate 

specific sites in DNA. For example these type of nitrosamines 

undergo enzymatic alpha hydroxylation. The alpha-hydroxy 

nitrosamine decomposes to form the alkyl diazonium ion and 

free alkyl carbocation. The alkyl diazonium salt or 

carbocations then can react with nucleophilic sites in DNA 

(Nitrosation, 1998) [11]. 

To date, alkylation of DNA has been noted on the ring 

nitrogen position in the bases (adenine, guanine, cytosine, 

thymine) the oxygen atoms of hydroxyl or carbonyl groups 

(guanine, thymine and cytosine) as well as on the phosphate 

group (18). Thus the limitation of NO-mediated genomic 

damage, rests primarily on the localized diffusion of the small 

molecule, the degree of reactivity and nitrosation and 

ultimately the cells. replicative and DNA repair machinery 

(18). However, even in the later case DNA repair protein such 

as O6 – methyl guanine- DNA methyl transferase, has been 

shown to be inhibited by NO derived nitro sating agents such 

as Na2O3 in vitro and in vivo (Laval et al. 1995, Wink et al. 

1994) [16, 21]. Coincident with the sustained over production of 

NO, inflammatory loci are also sites of enhanced production 

of reactive oxygen species such as O˙2ˉ and H2O2, because O2
- 

is known to rapidly react with NO, it was of interest to 

determine whether this reactive oxygen species may modulate 

NO dependent N-nitrosation of primary atomic amines. 

Consequently we have used 2-3 di-amino naphthalene (DNA) 

as a model to study the effect of O˙2
ˉ on the Na dependent N-

nitrosation of this primary aromatic amines. DNA is N–

nitrosated by nitrosating agent derived from NO to yield its 

highly fluorescent trizole derivatives 1-naphtho– triazole. 
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RNS modified base and nucleosides have been detected in 

urine of humans (Haliwell et al. 1995, Lin et al. 1993) [17] 

 

Sodium Nitro Prusside (SNP) 

Sodium Nitro Prusside (SNP) is a nitric oxide donor, which 

can cause DNA single strand break resulting in mitotic 

crossing over. This chemical was recently suggested as a 

treatment for cerebral ischemia in patients with severe, 

medially refractory vasospasm after subarachnoid 

hemorrhage. Vasodilating therapy with sodium nitroprusside 

has also proven effective in patients with left ventricle failure, 

but arterial hypotension is its main side effect. On the cell 

membrane, SNP is metabolized to release intracellular cyclic 

guanosine mono phosphate (cGMP) leading to vessel dilation 

and inhibition of platelet aggregation. The vasodilator effect 

of SNP has been studied both experimentally and clinically. 

The anti-platelet effect of SNP, however, has been evaluated 

in only a few studies. In first study, SNP was found effective 

in interrupting platelet aggregation associated cyclic flow 

alteration in canine coronary artery (Feelisch et al. 1987, 

Ingarro et al. 1981) [9, 12]. While the study confirmed the 

effectiveness of SNP in protecting against platelet activation, 

a side effect was obvious. SNP administered intravenously 

produced a significant decrease in arterial pressure (Ingarro et 

al. 1981) [12]. 

 

Conclusion 

Nitric oxide (NO) has been recognized as an endothelium 

derived relaxing factor dilates blood vessels and inhibits 

platelet activation. A defect in nitric oxide synthesis is 

thought to be associated with certain illness, including 

essential hypertension, and atherosclerotic artery as spasm. 

Sodium nitro prusside is long been studied as a vasodilator. It 

is widely used to treat patient with hypertension and 

congestive heart failure. NO inhibits plate aggregation in both 

in vitro and in vivo test. Increasing the production of NO 

protect against cyclic flow variation while NO is highly 

reactive free radical deaminates deoxynucleosides, 

deoxynucleotides and intact DNA at physiological pH and 

causes strand breaks.  
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