
J Pharm Adv Res, 2020; 3(12): 1074-1079.                                                                                       e – ISSN: 2581-6160 (Online) 
 

 
Sanghi & Rakesh                             ©Journal of Pharmaceutical Advanced Research 2018.                                                            1074 

 

R 
E 
V 
I 
E 
W 
 
 
A 
R 
T 
I 
C 
L 
E 
 
 
 
J 
P 
A 
R 
 
 
 
2 
0 
2 
0

0
 

                                                 

                                                                                                                                                                             

 

 

         

                                                                                                                                                    

Ponderous Role of Nitric Oxide in Pharmacy 

D.K. Sanghi1, Rakesh Tiwle2* 

1Shri Laxman Rao Mankar Institute of Pharmacy, Risama, Amgaon, Maharashtra - 441902, India. 
2Shri Rawatpura Sarkar Institute of Pharmacy, Kumhari NP Part, Durg, Chhattisgarh – 490042, India. 
 
 
Received: 18.11.2020         Revised: 30.11.2020        Accepted: 08.12.2020        Published: 30.12.2020 
    

 

 

 

 

 

________ 

 

 
 
 
 
 
 
 

 
 

 

 
 
 
 
 
 

INTRODUCTION: 
Many diseases are informed or correlated with 
disruption in nitric oxide management /warn. Analysis 
or approach to restore Nitric oxy-dermal nitric oxide 
stability will likely have broad application and utility in 
human health [1]. This highly associated and multi-step 
pathway for nitric oxide production and subsequent 
target activation provides many steps in the endo Nitric 
oxide pathway that may be useful targets for drug 
development. Important therapeutic areas for nitric oxide 
-based therapies are inflammatory disorders, 
cardiovascular diseases, erectile dysfunction and 
metabolic disorders [2]. Nitric oxide is the best Nitric 
oxide for its actions in the vasculature. In addition, plays 
a key role in cell metabolism and is instrumental in 
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ABSTRACT: Nitric oxide always indicates a great role in tumor treatment in the current years, more 
and more researchers utilized nitric oxide nitric oxide in tumor targeting drug delivery and cure.  In 
this work, we compile Nitric oxide (NO), a compound produced naturally in the body. Its functions 
include acting like a hormone in controlling various organs. It regulates, for example, tension in the 
blood vessels and blood flow between and within organs. In acute lung failure, NO can be 
administered as inhaled gas, in low concentrations, to boost the blood-oxygen saturation level. It will 
be discussed in detail according to their functions, including inducing tumor cell apoptosis, 
reversing tumor multidrug resistance, inhibiting tumor metastasis and improving drug delivery. 
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coordinating tissue energy demand with supply. 
Physiologic signaling is pivotal to metabolic and 
cardiovascular homeostasis. Regulation of signaling 
pathways is associated with the pathogenesis of cardio 
metabolic disorders. 
The objective of this study to thoroughly review the 
Pharmaceutical application of Nitric oxide. 

Nitric oxide:  
Nitrogen oxide or nitrogen mo Nitric oxide) is a 
colorless gas having a molecular formula NO.  Nitric 
oxide is a free radical, de Nitric oxide by a dot in 
its chemical formula (·N=O or ·nitric oxide) [3]. An 
important reaction intermediate in industrial chemistry, 
nitric oxide forms in ignition systems and can be 
generated by lightning in thunderstorms. In mammals, 
including humans, nitric oxide is a signaling molecule in 
many physiological and pathological processes. In the 
year 1992 molecule of the year the Nitric oxide price 
awarded in the field of Medicine [4]. 

The endothelium (inner lining) of blood vessels uses 
nitric oxide to signal the surrounding smooth muscle to 
relax, thus resulting in vasodilatation and increasing 
blood flow Viagra is a common example of a drug that 
uses the nitric oxide pathway. Viagra does Nitric oxide 
produce nitric oxide, but enhances the signals that are 
the downstream of the nitric oxide pathway by 
protecting cyclic  Nitric oxide mo Nitric oxide 
phosphate  (cGMP) from degradation by GMP-specific 
phosphodiesterase type 5 (PDE5) in the corpus caver 
Nitric oxide, allowing for the signal to be enhanced, and 
thus vasodilatation [5]. A Nitric oxide the endo Nitric 
oxides gaseous transmitter, hydrogen sulfide 
(H2S) works with nitric oxide to induce vasodilatation 
and angiogenesis in a cooperative manner. 

Delivery of Nitric Oxide:  
Targeted delivery of nitric oxide at precise cellular 
locations poses an extreme challenge with respect to 
recapitulating physiological production of nitric oxide [6]. 
There are several methods of delivery of nitric oxide 
which will only be mentioned briefly. The most common 
and effective for targeted delivery to the pulmonary 
circulation is inhaled nitric oxide. Pathways of nitric 
acid mentioned in Fig 1.  There are also biomaterials 
being developed for sustained release of nitric oxide for 
topical applications for wound healing, infections, etc. 
sodium Nitric oxide particle delivery of nitric oxide is an 
emerging field, particularly in cancer biology. Nitric 
oxide-eluting stents or nitric oxide-coating of orthopedic 

implants for preventing biofilm growth and infection is 
an area of active development. This review will focus 
primarily on cardiovascular targets for drug development 
on restoring nitric oxide homeostasis rather than the 
different methods of delivery but should Nitric oxide 
trivialize the importance of targeted delivery of nitric 
oxide [7].  

 
Fig 1.  Pathway of Nitric oxide.  

Nitric Oxide Functions: 
Nitric oxide is a powerful signaling molecule, of 
endothelial function, metabolic and vascular health, it 
affects the immune systems and nervous system. 

Mitochondria: 
Nitric oxide effects on mitochondria have considerable 
implications for cell physiology and cell death. 
Mitochondria are primary cellular targets for Nitric 
oxide [8]. Nitric oxides is linked to mitochondria at 
several sites of the mitochondrial electron transport 
chain (ETC), most Nitric oxidetably at Complex I 
(NADH dehydrogenase)  and Complex IV (cytochrome 
oxidase, CcOX). The nitric oxides are highly activated 
by activation of the ETC and Complex I, which serves as 
its source of electrons to produce Nitric oxide [9]. 
Conversely, inactivation of Complex I. 

Metabolism: 
Physiologic nitric oxide levels acutely and reversibly 
bind to and inhibit several ETC complexes, the most 
sensitive target being Complex IV [10]. The result is a 
transient nitric oxide -induced reduction of 
mitochondrial respiration with partial mitochondrial 
membrane depolarization. Since mt nitric oxide derives 
its electrons from Complex I, there is reciprocal 
regulation between nitric oxides and the mitochondrial 
ETC. 
Nitric oxide-guanylate cyclase signaling increases 
mitochondrial biogenesis in diverse cell types. Nitric 
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oxide - increases sirtuin-1 expression, and, with 5 -
AMP-activated protein kinase (AMPK) - 1, 
synergistically up regulates peroxisome proliferator - 
activated receptor - coactivator (PGC)-1,a master 
regulator of mitochondrial genesis. ATP formation via 
mitochondrial oxidative phosphorylation increases in 
association with the nitric oxide/ cGMP stimulated 
increase in mitochondrial content in a variety of tissues 
[11].  
Nitric oxide - modulates mitochondrial content and total 
body energy balance in response to physiological 
stimuli, such as exercise or cold exposure, functioning as 
a unifying molecular switch to trigger the entire 
mitochondrial genetic process [12].  

Reactive Oxygen Species: 
Mitochondria are the main intracellular source of ROS. 
Nitric ox dermal   oxidative phosphorylation continually 
produces low ROS/RNS levels, as several ETC redox 
centers leak electrons to partially reduce O2 to the 
superoxide anion. Between 0.4 and 4 % of O2 consumed 
is converted to superoxide [13]. The mitochondrial 
membrane potential is the principal parameter regulating 
ROS production.  

Efficient Mitochondria: 
Any increase in energy demand is matched by a 
coordinated rise in oxidative metabolism, which 
increases mitochondrial membrane potential and thus 
ROS generation [14]. It is paradoxical that nitric oxide/ 
GMP signaling decreases oxidative metabolism in any 
single mitochondrion while increasing cellular 
mitochondrial function. However, in the process, nitric 
oxide/ GMP renders mitochondria efficient, with an 
organized ETC that generates sufficient ATP, while 
lowering oxygen consumption, mitochondrial potential 
and ROS production [15]. The result is of major benefit. 
Exercise training increases energy demand but also 
stimulates nitric oxide, since Nitric Oxide couples 
demand with cellular and total-body energy generation. 

Cell Protection: 
Ischemic preconditioning provides powerful cardio 
protection against myocardial ischemia-reperfusion 
injury. Physiologic nitric oxide levels are involved in 
cytoprotective effects of early and late preconditioning. 
Nitric oxide/ GMP may protect against mitochondrial 
permeability transition and apoptosis induced by 
manifold insults [16]. Through its interaction with ETC 
components, such as CcOX, nitric oxide affects low-

level ROS generation and other mitochondrial defense 
mechanisms, thereby triggering adaptive cell survival 
signaling [17]. 

Cell Death: 
High Nitric Oxide concentrations are cytotoxic: 
Tyrosine nitration of mitochondrial cause by excessive 
amount of nitric oxide and RNS nitric oxide derived 
ROS/RNS signaling, mitochondrial permeability 
transition or DNA damage may activate mitochondrial 
pathways to apoptosis or necrosis [18].  

Skeletal Muscle [19]:  
Nitric oxide signaling in skeletal muscle is implicated in 
the control of multiple functions, like 
 Metabolism of muscle,  
 Excitation and contraction of coupling contractility, 
 Function of immune system, 
 Neurotransmission and cell growth. 
Metabolically active skeletal muscle is the most 
abundant tissue, constituting approximately 40 % of 
Nitric oxidermal-weight body mass; rendering it a 
critical factor in total-body metabolism [20]. Skeletal 
muscle nitric oxides thus play a pivotal role in total-body 
glucose and lipid homeostasis. Role of Nitric Oxide in 
the Human body mentioned in Fig 2. 

 
Fig 2. Role of Nitric Oxide in Human body. 

Nitric Oxide -Directed Therapy: 
Physiologic nitric oxide levels play a major role in 
metabolic and cardiovascular homeostasis. Well- 
preserved nitric oxide signaling predicts good 
mitochondrial function, exercise tolerance, endothelial 
function, insulin sensitivity and the absence of cardio 
metabolic disease [28].  

Diet: 
Systemic NITRIC OXIDE levels can be generated Nitric 
oxide only through endoge Nitric oxideus nitric oxide. 
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Table 1. Endo Nitric oxide and exo Nitric oxide stimuli sensitive nitric oxide. 
S/  

Nitric 
oxide 

Para-
meter 

Stimulus Nitric Oxide do Nitricoxiders 

1 Endo 
Nitric 
oxide 

pH Diethyl ami Nitric oxide nitric oxide nitric oxidEate [21] , S-nitrosoglutathione 
(Gsnitric Oxide) loaded calcium carbonate 
Sodium Nitric oxideparticle [23], glyceryl trinitrate (GTN) [22], [O2 -(2,4-
Dinitrophenyl)1-[(4-ethoxycarbonyl)piperazin-1-yl] diazen-1-ium-1,2-diolate] 
(JSK) 

GSH Gsnitric Oxide [23], Tnitric Oxide 3 [24] 
H2O2 L-arginine (L-Arg) [25] 

Glucose L-Arg [26] 
2 Exo  

Nitric 
oxide 

Light [(PaPy 3 )Fe(Nitric Oxide)] 2 + and other metal nitrosyls [27] , trans-[Ru(Nitric 
Oxide)Cl(cyclam)](PF6)2 
(cyclam = 1,4,8,11-tetraazacyclotetradecane)[28], [Ru(Nitric Oxide)(Hedta)] 
(Hedta = ethylenediaminetetraacetic acid) [28], [Ru(tpyCOOH)(Lyso-Ninitric 
Oxide)(Nitric Oxide)] (PF 6 ) 3 [29] , 
Fe3O4 @PDA@PAMAM@Nitric Oxidenitric Oxideate [30]  S-nitrosothiols (Snitric 
Oxide) [31] 

Ultrasound L-Arg [31] 
 

Calorie restriction induces endoge Nitric oxide nitric 
oxide expression and cGMP generation. Black, green, or 
white tea polyphe Nitric oxide, including 
epigallocatechin gallate, which promote the catalytic 
endoge Nitric oxide nitric oxide  activity [29]. Tea 
consumption may reverse endothelial dysfunction and 
beneficially affect weight control and insulin sensitivity 
[30]. Red wine polyphe Nitric oxide, including 
resveratrol, quercetin and gallic acid, up regulate nitric 
oxides expression and  nitric oxide production, which, in 
turn, significantly enhance the function of circulating 
EPCs, with beneficial cardio metabolic [31]. 

Effect: 
Flavo Nitric oxidel-rich cocoa consumption increases 
circulating nitric oxide with vasculoprotective, insulin-
sensitizing impact [32]. In general, fruit- and vegetable-
derived flavor Nitric oxideids increase nitric oxide 
bioactivity. Green leafy vegetable consumption raises 
levels of vasculo protective nitroso-compounds [33]. 
Vegetables, of nitrate source, bioactive nitrogen oxides, 
increase tissue and plasma levels which improve B.P 
level. 

CONCLUSION: 
NO can be administered as inhaled gas, in low 
concentrations, to boost the blood-oxygen saturation 
level. It will be  discussed  in  detail  according  to  their  
functions,  including  inducing  tumor  cell  apoptosis 
Nitric oxide is the best Nitric oxide for its actions in the 

vasculature. In addition, NO plays a key 
role in cell metabolism and it helps in coordinating 
tissue energy demand with supply. Physiologic signaling 
is pivotal to metabolic and cardiovascular homeostasis. 
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