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PHARMACOLOGY OF NITRIC OXIDE 
 

 
I. INTRODUCTION  
 

Nitric oxide, a gaseous signaling molecule that diffuses vascular and cellular sites and regulates 

a wide range of physiologic and pathological processes including cardiovascular, 

cerebrovascular, inflammatory, immune and neuronal pathways. 

 
Nitric oxide produces profound pharmacologic actions, some of which are listed below. 

 
1. Smooth muscle 

 
- relaxation 

 
2. Cell adhesion 

 
- decreased adhesion 

 
3. Inflammatory response 

 
II. DISCOVERY OF  NITRIC OXIDE 
 

1. Endogenous nitric oxide (NO) is generated from the oxidation of the guanidine group of 

arginine. Exposure to bacterial lipopolysaccharide result in the generation of  NO in the 

macrophage. Infection of bacterial endotoxin to animals also increases the NO levels. 

2. Upon stimulation with acetylcholine and carbochol, the vascular endothelium release a 

vasodilatory substance known as the endothelin derived growth factor (EDRF).  This 

EDRF was later characterized to be NO.   

Nitric oxide counteracts the vasoconstrictor effects of various mediators. 
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III. BIOLOGIC SYNTHESIS AND THE INACTIVATION OF NITRIC OXIDE 

1. Synthesis of Nitric Oxide 

Nitric oxide designated as NO or simply NO, is a highly diffusible gas composed of one 

atom of nitrogen and oxygen each.  Nitric oxide is synthesized by a family of enzymes 

collectively termed as nitric oxide synthase (EC.1.14.13.49).  Three isoforms of these 

enzymes have been identified and are summarized in the following table. 

Property NOS‐1 NOS‐2 NOS‐3 

Other names Neuronal NOS (nNOS)  Inducible NOS (iNOS) Endothelial NOS 
(eNOS) 

Tissue Neuronal epithelial 
cells 

Macrophages, 
smooth muscle cells

Endothelial cells

Expression Constitutive Transcriptional 
induction

Constitutive

Calcium requirement Yes No Yes 

Chromosome 12 17 7 

Approximate mass 150‐160 kDa 125‐135 kDa 133 kDa 

NO 
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These isoforms are heme containing flavoproteins employing L-arginine as a substrate and requiring 

NADPH, Flavin ademine dinucleotide and tetrahydrobiopterin as cofactors. 

The conversion of L-arginine to L-citrulline is inhibited by several arginine analogues such as N-

monomethyl-L arginine. 

Some nitric oxide donors such as oxygenated nitroprusside, spontaneously generates NO, whereas 

others such as the furoxan and organic nitrates and nitrites such as nitroglycerin require the presence of 

a thiol compound such as cysteine. Once generated NO interacts with the heme moiety of soluble 

guanyl cyclase in the cytoplasma of the cell. Upon activation this enzyme converts GTP to cyclic 

GMP. 
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Nitric oxide undergoes both oxidative and reductive reactions resulting in the formation of a variety of 

oxides of nitrogen.  These are described in the following table. 

Name Known Function

Nitric Oxide (NO)                  N=O
 Vasodilator, platelet inhibitor, immune regulator, neurotransmitter

Peroxynitrite (N0
3

‐
)              O=N‐O‐O

‐ Oxidant and nitrating agent

Nitroxyl anion (NO
‐
)              N

‐
=O Can form from nonspecific donation of an electron from metals to NO

‐
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Nitrous oxide (N
2
O)               N

‐
=N

+
=O Anesthetics

Dinitrogen trioxide (N
2
O

3
)    O=N‐N

+
=O 

                                                                      
                                                           O

‐ 

Auto‐oxidation product of NO that can nitrosylate protein thiols

Nitrite (NO
2

‐
)                           O=N‐O

‐ Stable oxidation product of NO
‐

Slowly metabolized to nitrosothiols and decomposes to NO at acidic pH 

Nitrate (NO
3

‐
)                                   O

‐ 
                                                                
                                                      O=N

+
‐O

‐
     

Stable oxidation product of NO
‐

 

2. Inactivation of Endogenous Nitric Oxide 

NO is inactivated by heme and by free radicals superoxide.  The scavenger of 

superoxide such as the enzyme superoxide dismutase may protect nitric oxide and 

augment it’s potency and duration of action.  On the other hand, superoxide may 

interact with NO to generate peroxynitrite (ONOO-) which complexes with the 

sulfhydral groups of several key enzymes. The effects of peroxynitrile are regulated by 

glutathione. Nitrosoglutathione is a more stable form of cytosolic NO. In cardiovascular 

diseases and diabetes cellular levels of glutathione are reduced and contribute to the 

vascular pathology. 

IV. INHIBITORS OF NITRIC OXIDE 

Several approaches can be used to reduce endogenous nitric oxide levels and thus inhibit its 

effects.  These include: 

1. L-arginine derivatives (L-NMMA, L-NAME) 

2. Inhibitors of nitric oxide synthase synthesis 

3. Inhibitor of binding of arginine to NOs 

4. Scavengers of NO 
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Most of the inhibitors are substrate analogues. Heme is a scavenger for NO.  In sepsis 

and other inflammatory conditions, NOS-2 is induced and results in an increased 

production of NO.  Excess production of NO results in the generation of  peroxynitrite 

which is toxic to cells.  Thus, NO inhibitors may be helpful in the treatment of  sepsis 

related disorders. 

 

Inhibitor Mechanism Comment 

N‐Monomethyl‐L‐arginine (
L
‐

NMMA) 
Competitive inhibitor, binds arginine 
binding site in NOS 

Nonselective 
NOS inhibitor 

N‐Nitro‐L‐arginine methyl ester 
(
L
‐NAME) 

Competitive inhibitor, binds arginine 
binding site in NOS 

Nonselective 
NOS inhibitor 

7—Nitroindazole Competitive inhibitor, binds both 
tetrahydrobiop‐terin and arginine 
binding sites in NOS

Partially selective for 
NOS‐1 in vivo 

BBS‐2 Inhibits iNOS dimerization Weakly inhibits
 nNOS and eNOS 

Hemoglobin NO scavenger  

 
 
V. EFFECTS OF NITRIC OXIDE 
 

NO’s major effects are mediated by the activation of guanyl cyclase resulting in the generation 

of cyclic GMP. NO can also generate several reactive nitrogen derivatives by interacting with 

molecular oxygen and superoxide radicals.  

These oxides of nitrogen are highly reactive and unstable, interact with numerous proteins, 

lipids, nucleic acids and metabolize.  Thus, these reactive species alter the physiologic 

disposition of cells and tissues and mediate several physiologic and pathologic effects.  The 

beneficial effects include smooth muscle relaxation, vasodilation, immune regulation, 

anesthetic and  anti-athlerosclerotic  responses.  The pathologic responses include free radical 
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formation, nitrosation and irritant effects. 

1. Vascular Effects 

NO is involved in the regulation of normal vascular tone. Decreased NO levels in blood 

vessels may result in an increase in blood pressure. 

 

   

  

NO is also a potent inhibitor of the white cells adhesion to the endothelial surface.  It 

decreases the release of adhesion molecules such as the E-Selectin on the endothelial 

surface. NO has been shown to protect against ischemic and reperfusion injury. 

 2. Respiratory Effects 

Nitric oxide improves cardiopulmonary function in adults with pulmonary hypertension 

and is approved for this indication (INOmax).  It is administered by inhalation.  It is 

also used in children with acute respiratory distress syndrome (ARDS).  Nitric oxide 

also relaxes airway smooth muscle and acts as a bronchodilator. 

3. Septic Shock 

(Viagra)
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Bacterial infection and lipopolysaccharide B activate inducible nitric oxide synthase 

(NOs-2) resulting in hypotension, shock and possible death. This effect is reversed by 

NO inhibitors such as the L-NMMA. 

4. Atherosclerosis 

Vascular plaque and endothelial damage in atherosclerosis results in impaired nitric 

oxide formation.  Decreased release of NO results in vascular defects and increased 

cellular proliferation.  L-arginine and nitric oxide donors are useful in the treatment of 

atherosclerotic disorders. 

5. Platelets 

Nitric oxide is a potent inhibitor of platelet adhesion, activation and aggregation and 

regulates the release of serotonin, growth factors and thromboxane from platelets.  

Platelets also contain the constitutive and inducible NOs.  Cyclic GMP plays an 

important role in platelet protection. NO also indirectly enhances fibrinolysis by 

inhibiting the release of antiplasmin for the platelets. 

6. Organ Transplantation 

Accelerated graft atherosclerosis following organ transplantation is a chronic condition 

and is a major cause of graft failure. Platelet activation results in the generation of 

growth factors such as the PDGF.  Cellular proliferation causes ischemic and 

reperfusion injury.  Nitric oxide acts as a cytoprotective agent and prevents cellular and 

platelet adhesion.  Dietary L-arginine increases plasma NO levels has been shown to 

reduce the graft atherosclerosis.  In some cases excessive production of NO may be 

harmful and promote graft rejection. 

7. The Central Nervous System 

NO is known to play a major role in the CNS as a neurotransmitter, as a modulator of 
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receptors and the release of other transmitters.  NO is implicated in neurmodulatory 

process and has impact on stroke and vascular dementia.  NO has multiple roles in the 

CNS which are beyond the scope of this discussion. 

 8. Peripheral Nervous System 

 Nonadrenergic, noncholinergic (NANC) are widely distributed peripheral tissues.  

Some NANC neurons release nitric oxide.  Erectile responses are thought to be caused 

by the release of NO from NANC neurons. Nitric oxide donors may be useful in 

impotence.  Such agents as nitroglycerine ointment and nitroglycerin patches have been 

used.  Another approach is to inhibit CGMP degradation by phosphodiesterase 5 with 

such drugs as Sildenafil (Viagra). Potent interactions between NO donors and Viagra 

have been reported resulting in hypotension. 

 9. Inflammation 

Nitric oxide has a role in both the acute and chronic inflammation. NOs-3 is involved in 

the vasodilation associated with acute inflammation.  Nitric oxide promotes edema and 

vascular permeability. In inflammatory bowel disease, arthritis and other diseases of 

inflammation, NOs-3 is elevated and generates excessive NO levels. 

VI. NITRATES AS NO DONORS 

Nitrates represent the most widely used donors of nitric oxide (NO). Denitration of such drugs 

as the nitroglycerin result in the formation of NO which is responsible for the smooth muscle 

relaxation. 

1. Classification and pharmacokinetics 

a. Nitroglycerine 
 

b. Isosorbide dinitrate (sublingual/oral) 
 

c. Amyl nitrates ( volatile rapid acting) 



.Pharmacology & Therapeutics Pharmacology of Nitric Oxide 
September 27, 2017 J. Fareed, Ph. D. 
 

 10

Rarely prescribed 
 

2. Pharmacokinetics of NO donors 
 
 
 
Type   Example   Duration of action 

 
  Ultra short  Inhaled amyl nitrate  3-5 minutes 
 
  Short   Sublingual    
     nitroglycerin  iso-sorbide 
     dinitrate   10-30 minutes 
 
  Intermediary  Oral or sustained release  
     nitroglycerine or 
     iso-sorbide dinitrate  4-8 hours 
 
  Long   Transdermal nitroglycerine  8-10 hours 
 
 
 

3. Mechanism of action 
 

Primarily produce smooth muscle relaxation by releasing endogenous NO which 
produces the following effects. 
 
a. Stimulates guanyl cyclase 
 
b. Increased production of cGMP 
 
c. Dephosphorylation of myosin 

 
VII. THERAPEUTIC USE OF NITRIC OXIDE.   
 

1. Methods of Administration 
 

Commercial NO systems are available which can accurately deliver inspired NO 

concentrations between 0.1 and 80 ppm and simultaneously measure NO and NO2 

concentrations.  A consistent inspired level of NO is maintained by administering NO in  

nitrogen to the inspired limb of the ventilator circuit as intermittent or continuous 

delivery.  NO can be administered via a closely fitted mask.  It is administered mostly in 
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the management of primary pulmonary hypertension.  After the administration, NO 

should be gradually discontinued to avoid complications such as rebound 

2. Indications  

a. Selective pulmonary vasodilation 

b. Treatment of newborn with persistent pulmonary hypotension (improves 

oxygenation) 

c. Beneficial effects in cardiopulmonary bypass in adults, congestive heart disease, 

primary pulmonary hypertension, pulmonary edema, lung transplantation and 

sickle cell crisis. 

 

.  


