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Abstract:
Reactive oxygen species like superoxide and hydrogen peroxide and reactive nitrogen species like nitrogen oxide are generated in our cells either as a metabolic byproduct or as a physiological process. Recent studies have shown that their level within the cell is a critical factor for the normal physiological function of the cell. On one hand, these species are very reactive and may act as oxidant by damaging cellular components. On the other hand, at low level and in controlled environment they act as signaling molecules and play key cellular functions. Various studies indicate that under physiological condition, low concentration of superoxide and hydrogen peroxide along with nitrogen oxide play an important role in maintaining cardiac and vascular integrity whereas elevated levels of reactive oxygen species play a pathophysiological role in cardiovascular dysfunction associated with hypertension and diabetes. 
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Introduction

Aerobic life is impossible without oxygen, yet oxygen is the major factor that makes life finite. At every moment of our respiration, tissues are under threat. About 5% or more of the inhaled oxygen is converted into reactive oxidants like superoxide (O2.--), hydrogen peroxide (H2O2) and hydroxyl radical (OH.). These reactive oxygen species (ROS) along with nitric oxide (.NO), which is synthesized in our body, create an oxidative stress to our cells (1). Our proteins, membranes, and other vital biological molecules are very much susceptible to these oxidants. Thanks to the wonderful defense mechanism in our healthy cells, this oxidative stress is efficiently taken care of by the highly powerful antioxidant system present inside the cells (2-4). Unfortunately, when the fine balance between the oxidative stress and antioxidant defense mechanism is lost, oxidative stress deregulate the cellular functions leading to various pathological conditions like cardiovascular dysfunction, neurodegenerative diseases, gastro duodenal pathogenesis and various metabolic dysfunctions like diabetes mellitus, cancer and premature aging(8). During the past decade a lot of research has been done in the area of oxygen derived reactive groups and cardio vascular system. A large body of evidence identified .NO and ROS are important physiological molecules in signal transmission and regular vascular function (6). However, high concentration of .NO and ROS causes oxidative damage to cellular and extra cellular components of cardio vascular system as evident in various cardio vascular diseases like endothelial dysfunction, atherosclerosis, hypertension and myocardial infraction (5,7). Therefore, vascular function / dysfunction is an illustrative example of the manifestation of oxygen’s mixed blessing on the tissue level and our discussion on the effect of .NO and ROS  will be limited at the vascular level only.  
Oxygen derived reactive groups as signaling molecule 
Nitric Oxide: The wonder molecule: The First indication that .NO is a signaling molecule and play an important role in Physiology was its indication as the endothelium derived relaxing factor (EDRF)(10). In this role, that .NO that is continuously released from the endothelium enters adjacent vascular smooth muscle, where it promotes vessel relaxation through it’s activation of soluble guanylate cyclase (SGC). Nitric oxide synthase (NOS) is the enzyme responsible for conversion of L-arginine to L-citruline and .NO (10). NOS has been identified within the neural tissue (nNOS), endothelium (eNOS) and epitheliul tissue within pelvic and urogenital structures of males. .NO diffuses across smooth muscle cell membrane and activates SGC, which in turn catalyses production of CGMP from intracellular GTP (9). A CGMP dependent protein kinase is activated, membrane hyper polarization occurs through K+ channels in the smooth muscle cell membrane and there is an increase in uptake of Ca++ into endoplasmic reticulum. This hyperpolarisation leads to blockade of membrane Ca++ channels, decreasing Ca++ influx and causing smooth muscle cell relaxation (9,10).  

Various studies indicate .NO to play a role in many biological functions including cell proliferation and angiogenesis, and has also been implicated in variety of diseases such as cancer, primary arterial hypertension and is intimately involved in many of the known etiologies of erectile dysfunction (ED). .NO is thought to be main vasoactive neurotransmitter in the erectile response and is released from nonadrenergic, noncholinergic (NANC) neurons as well as from endothelium (11). .NO causes dilation of arteries/ arterioles resulting in increased blood flow into corporal sinuses. The cavernosal sinus expand while trapping arterial inflow. These events ultimately lead to penile erection. Endothelial dysfunction is caused by a decrease in formation or increase in oxidation of .NO.  This lack of endothelium dependent vasodilation links to ED with diabetes, CVD and hypertension (11,12).

Are endogenous reactive oxygen species signaling molecule?
Oxygen readily accepts electrons from other molecules to form oxygen derived free radicals. Many intracellular processes such as electron transport in mitochondria, membrane bound NADPH oxidase or nonenzymatic glycosylation reaction reduce oxygen to O2.-- or H2O2 which are moderately reactive with biological molecules, but they can form a OH. ( in presence of trace amount of transition metals like iron or copper ) which is highly reactive and might be directly responsible for most of the oxidative damage from ROS in biological system(2,3). Cellular ROS formation is a physiologic process in the vascular and occurs in the endothelial and smooth muscle cells as well as fibroblast. Although ROS have a high and random activity, various studies indicate that they appear to be important physiologic modulators of biochemical processes involved in biochemical signaling (4). Signal transmission via ROS takes place at free sulfhydryl group of cysteine residues which are present in many enzymes including kinases (Src, PKC, MAPKs, Rho kinases), phosphatases, phospholipases and small GPTases, as wel as transmission factors and ion channels(13,14,15,16). The ROS-induced oxidation of sulfhydryl group leads to intra- intermolecular disulfide bonds. This posttranslationally alters the conformation of proteins, eventually resulting in altered enzyme activity or DNA binding. Among the complex protein networks that transmit information from the cell surface to the nucleus, several transcription factors like NF-kB, activator protein 1 (AP 1), hypoxia-inducible factors 1 and 2, p53, c-myc, metal responsive transcription factor were first discovered to become activated or inhibited by exogenous and / or ligand-induced oxidants(9). It has also been shown that signal propagation upon receptor binding of growth factors such as platelet derived growth factor, epidermal growth factor nerve-derived growth factor and endothelin as well as cytokines like TNF-   and IL- 1  is mediated via generation of O2.-- and H2O2. Also, the activation of G-protein coupled receptors such as B-adrenergic receptors and angiotensin II type 1 receptor by particular agonists results in the production of ROS and / or  .NO, which acts as signaling molecules in the receptor mediated regulation of gene expression and cell growth (1). 
ROS in vascular dysfunction:                                                                                  Generation of considerable amount of ROS or deficiency in cellular defence mechanism eventually leads to oxidative damage to cells. To prevent potentially damaging actions and maintain cellular redox balance, enzymatic antioxidant defence systems, like catalase, superoxide dismutase or glutathione peroxidase and nonenzymatic antioxidants including vitamin C, vitamin E, glutathione and exogenous carotenoids and flavonoids detoxify and remove ROS (2). However, when the balance between the ROS production and scavenging becomes disturbed, oxidative stress occurs. In the case of excessive ROS production , the ROS-stimulated signaling process switches  to a ROS mediated decrease in bioavailability of  .NO and damage to lipids, proteins and DNA (5). As a consequence uncontrolled cellular proliferation, apoptosis, increased cellular permeability and cell death may occur which in turn leads to endothelial dysfunction, inflammation and vascular remodeling. All these events are crucial contributors to cardiovascular diseases like hypertension and atherosclerosis (7). 
.NO has been shown to react with excess ROS directly inactivating it. O2.-- reacts with .NO to produce peroxynitrite (OONO--), which reduces bioavailability of .NO and produces more damaging secondary species that react with protein, DNA and lipids (12). ROS may also affect .NO responses by oxidizing sites on the protein that reacts with .NO and thereby influencing .NO binding. When O2 is kept low, .NO remain functionally active. When O2.-- is elevated it not only destroys .NO, but the ROS and reactive nitrogen species (RNS) also oxidizes protein targets of  .NO.

NADPH oxidase is the primary source of ROS in the vasculature and is functionally active in all cells within the vessel wall, including endothelial cells, fibroblasts, monocytes/macrophages. Unlike the leukocyte oxidase which produces superoxide in a burst during activation, there is a continuous low level of ROS production in vascular cell. The vascular NADPH oxidases release intracellularly, where it and ROS and RNS produced from it can act as intracellular signaling molecules or when produced in excess, can cause damage (13, 15,16).
ROS and hypertension: Oxidative stress caused by increased ROS and RNS plays an important pathophysiological role in hypertension. Treatment with  antioxidants or agents to inhibit NADPH oxidase decreases ROS production, prevent target-organ cellular damage, and decreases blood pressure, in animal models and in human hypertension (9,13). The rennin-angiotensin-aldosterone is a major activator of NADPH oxidase by increasing expression of NADPH oxidase subunits. Some of the therapeutic blood pressure-lowering effects of Angiotensin II ( type I ) receptor blockers in human patients may be attributed to reduction of oxidative stress and increase of plasma antioxidant capacity (10). Also low antioxidant bioavailability promotes cellular oxidative stress and oxidative damage associated with hypertension. In hypertensive patients, the role of oxidized to reduced glutathione  was significantly higher, and the activities of  SOD, catalase, and glutathione peroxidase was significantly lower  in whole blood and peripheral mononuclear cells when compared with normal subjects. In spontaneous hypertensive rats the level of protein oxidation and oxidative DNA damage were found to enhance in aorta, heart and kidney. Clinical studies have demonstrated that there is increased ROS production in patients with essential hypertension, renovascular hypertension, and malignant hypertension (7).
Conclusion: 
ROS and .NO are generated within the cells as natural processes and with specific purposes. Cells use these oxidants in a controlled way. Whether these oxidants are beneficial or harmful depend on the cellular microenvironment. Though substantial evidences are there to advocate both beneficial and harmful role of ROS, we are far behind to have a clear picture of ROS within the cellular microenvironment. More studies are needed to evaluate the Physiological functions of these reactive oxidants in health and disease.  
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