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Abstract 
 

Nowadays, we are very much concerned about the physiological contributions of oxidative species (e.g. - free radicals, reactive species). 

These include reactive oxygen/nitrogen species (ROS/RNS), vastly under continuous study in the medical concerns, emphasized on nor-

mal physiological as well as pathophysiological conditions. Being oxidizer, they have enforced us to search substances or conditions 

capability to counteract them, called the reducers. Doubtless, redox reaction has numerous roles in a biological system; despite we badly 

count the effects of ROS. This paper depicts some important interactions related to the reduction effects on the biological systems. 
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1. Introduction 

Through the redox homeostasis cell ensures proper responses to 

the endogenous and exogenous stimuli. When the redox homeo-

stasis is disturbed, oxidative stress may lead to aberrant cell death 

and contribute to disease development. An increase in the proton-

motive force is associated with the increase in reactive oxygen 

species (ROS) production. A high proton-motive force slows 

down the flow of electrons along the respiratory chain, which in 

turn increases the probability of electron interaction with the mo-

lecular oxygen (O2) and production of superoxide ion (O2
-) (Sena 

and Chandel 2012). Generally, the reduction of O2 known as a 

principal mechanism for ROS formation (Droge 2002) is a chain 

and complicated process. Under physiologic conditions, cells 

maintain redox balance through the generation and elimination of 

ROS/RNS (Kamata and Hirata 1999). A general ROS/RNS pro-

duction and redox-balancing pathways has been shown in figure 1. 

Reduction and the reducers also play important roles in a biologi-

cal system, although we are in a usual lay a hand on ROS or oxi-

dative effects. This paper is going to present some points, as a part 

of redox (reduction-oxidation) reaction, how reduction is im-

portant in physiological functions.  

2. Reducer, half of a redox system 

In general, reduction is a chemical reaction involving gaining of 

electrons. It always comes together with an oxidation reaction. 

Oxidation and reduction together are called ‘redox’. A reducing 
agent (also called a reductant or reducer) loses (or donates) an 

electron to another chemical species in a redox reaction. A radical 

is an atom, molecule, or ion having unpaired valence electrons. 

Thus, it may be radical cation (C●+), radical anion (A●-) and non-

ionic or free radical (F●). These are mainly originated from the 

breaking of covalent bonds. Long lived free radicals are classified 

as - stable radicals, persistent radicals, and di-radicals. These are 

highly unstable due to their unpaired electrons and are neither 

oxidants nor reducing agents. However, they can impart oxidative 

stress. It is due to their capability to steal electron (e-) form where 

they can such as cellular components; these include carbohydrates, 

proteins, lipids and genetic materials (e.g. – DNA, RNA). In com-

parison to the protein and lipid molecules, a DNA molecule is 

more secured from oxidative stress, as it is double stranded and 

shielded by the histone as well as other coating proteins (Hagh-

doost et al. 2005).  

To defend the oxidative stress, our body naturally produces anti-

oxidants like superoxide dismutases (SOD1, -2, -3), catalase 

(CAT), and an assortment of peroxidase enzyme (e.g. - glutathione 

peroxidase (GPx)). Unfortunately, in severe condition, the antiox-

idants produced naturally by the body are not enough to neutralize 

all of the free radicals in a physiological system. This can be fur-

ther managed by external antioxidants. Antioxidants have the 

remarkable ability to repair damaged molecules by donating hy-

drogen atoms to the molecules. Some of them also have chelating 

effects on free radical production, that catalyzed by heavy metals. 

However, the antioxidant may contain heavy metal molecules so 

strongly that the chemical reaction necessary to create a free radi-

cal never occurs. Thus, the activity of antioxidants is complex, as 

they can impart both harmful and protective roles in cells. None-

theless, the neutralization of essential ROS/RNS may impart 

harmful effects on the body. Otherwise, over stimulation or sup-

pression of the activity of body antioxidant systems are also two 

other harmful signals. Moreover, there is a chance of gaining de-

pendency on external antioxidants by the physiological antioxi-

dant systems. Certain antioxidants might increase cancer risk due 

to they enable cells harbour mutations to bypass senescence-

mediated ROS-dependent growth arrest. There are reports that 

oncogenic mutations can specifically increase antioxidant defense 

mechanisms, thus the tumour growth (DeNicola et al. 2011). In 

some recent evidences, reduction in SOD2, SOD isoforms, and 

CAT are evident to extend lifespan of the experimental animals 

(Van Remmen et al. 2003; Schriner et al. 2005; Yang et al. 2007). 

Antioxidant-mediated pro-oxidative effects are also evident (Islam 
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et al. 2016a) by these days. Although, it is considered as a protec-

tive effect, but over-dose of an antioxidant may attain ‘antioxida-

tive stress’. Therefore, a balance between the oxidative stress and 

amount of antioxidant molecules is crucial prior to administer in 

our body (Islam et al. 2016b). The beneficial and harmful roles of 

antioxidants have been shown in Figure 2. 

 

 

 
Fig. 1: Production of Reactive Species and Redox Homeostasis. [Major sites of cellular reactive species ROS/RNS generation include the mitochondrial 

electron transport chain, endoplasmic reticulum (ER), and the NAD (P) H oxidase (NOX) complex. Nitric oxide synthases (NOS) are the key enzymes for 

the production of nitric oxide (NO). Major ROS scavenging enzymes are superoxide dismutases (SOD1, 2, 3), catalase (CAT), and glutathione peroxidase 

(Gpx). Reduced glutathione (GSH) and nicotinamide adenine dinucleotide phosphate (NAPDH) play roles in maintaining the reduced cellular redox state. 

The other components in the redox system are: Glutathione reductase (GR), oxidized thioredoxin (Trxo), reduced thioredoxin (Trxr), oxidized glutaredox-

in (Grxo), reduced glutaredoxin (Grxr), hydroxyl radical (●OH), peroxynitrite (ONOO-), oxidized glutathione (GSSG) and xanthine oxidase (XO).]. 

 

 
Fig. 2: Potential Beneficial/Harmful Roles on Antioxidants in Some Cellular Events. 

 

The redox-active metals such as iron (Fe) and copper (Cu) can 

contribute ROS generation. In the presence of Fe (II) and (III), 

hydroxyl radical (●OH) can be generated through the Fenton reac-

tion or Haber–Weiss reaction (Kehrer 2000). Being a cofactor of 

various antioxidant enzymes, reduced glutathione (GSH) is the 

most abundant peptide in cells. It converts hydrogen peroxide 

(H2O2) to molecular oxygen (O2) through a couple of reactions 

(Brigelius-Flohe 2006) (Fig. 1). It is also evident to reduce a broad 

range of hydroperoxidases (Lee et al. 1998) and regenerate other 

antioxidants such as vitamin C and E to their active forms (Naka-

mura et al. 1997).  

On the other hand, the glutaredoxin (Grx) system (also with the 

CXXC conserved active site) functions to reduce protein disul-

fides. Grx1, Grx2, and Grx3 obtain their protein-reducing capacity 

of the GSH system, maintained by NADPH (Holmgren and 

Aslund 1995). The peroxiredoxins (Prxs) are a large family of 

proteins with cysteine-containing redox active centers (Rhee et al. 

2005), using the peroxidatic cysteine (reactive center) to reduce 

hydroperoxides (Wood et al. 2003). The fatty acids, after cycliza-

tion, may form a hydroperoxide or undergo another cyclization, 

which produces aldehydes, including malondialdehyde (MDA) 

and 4-hydroxy-2-nonenal (HNE) (Pinchuk et al. 1998). MDA may 

react with DNA bases and results mutations in genes, while the 

HNE mostly reacts with the proteins and causes significant func-

tional alterations as well as disturbs signaling pathways (Awasthi 

et al. 2003).  
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The DNA is composed of multi-components; those are subjected 

to damage not only by electrophiles but also by neucleophiles. For 

an example, both purine and pyrimidine bases and the sugar back-

bone contain N and O as nucleophilic centers (Breen and Murphy 

1995). Notably, a number of transcription factors contain redox-

sensitive cysteine residues in their DNA-binding sites (Haddad 

2002) such as nuclear factor kappa B (NF-κB), activator protein 1 

(AP-1), hypoxic-inducible factor 1 alpha (HIF-1α) and protein 53 
(p53) (Turpaev 2002). Redox-sensitive few other mechanisms 

include apoptosis-regulating signal kinase 1 (ASK1)-thioredoxin 

(TRX), c-Jun-N-terminal kinase (JNK)-glutathione-S-transferase 

(GST), and nuclear factor erythroid 2-related factor 2 (Nrf2)-

Kelch-like ECH-associated protein 1 (Keap1).  

Redox reaction is also found in Met residues, in a number of ami-

no acids, especially sulphur-containing amino acids (Drazic and 

winter 2014). Redox-mediated phosphorylation of IκB, Bcl-2, and 

p53 seems to increase the binding to their specific ubiquitin ligase 

E3 and to promote the proteosome-mediated degradation of these 

proteins (Bhaskar and Hay 2007).  

The role of redox regulation in chromatin remodeling, which af-

fects death/survival signals at the transcriptional level (Rahman et 

al. 2004). Moreover, posttranslational modifications of signaling 

proteins such as phosphorylation are also regulated in part through 

a redox-mediated mechanism (Heneberg and Draber 2005). 

The peroxiredoxin (PRDX) family enzymes are the redox systems 

that have linked to circadian rhythms in a wide range of species 

(Edgar et al. 2012). The transcription factor OxyR regulates anti-

oxidant stress response program in bacteria (Lee et al. 2004), 

while the forkhead box protein O (FOXO) family in mammals 

(Putker et al. 2013). In the nucleus, when Nrf2 binds to antioxi-

dant response elements containing within the promoters of antiox-

idant genes, including those encoding GST and haem oxygenase 1 

(HO1), augments the overall defense of the cell against ROS 

(Taguchi et al. 2011). The redox-dependent inactivation of ATG4 

is also evident to increase the formation of autophagosome, main-

ly during starvation (Scherz-Shouval et al. 2007). A change in 

redox-dependent regulation of the transcription factor nuclear 

factor of activated T cells 1 (NfaT1) can decrease in mitochondrial 

ROS (mROS) production, thus the defects in T cell activation and 

clonal expansion (Zhang et al. 2013). Redox homeostasis is also 

seen with polycomb protein BMI1, which is required for stem cell 

self-renewal (Liu et al. 2009; Chatoo et al. 2009) and in genomic 

stability (Li et al. 2010).  

3. Conclusion 

Our cells are rich with both, oxidizing and reducing mediators. 

Being a part of a complete chemical reaction, reduction is always 

important in physiological functions. Therefore, not only the oxi-

dizers’ but also reducers’ effects we count. The ultimate effects 

are linked to the sites, situations, and levels; that are concluding 

messages to the physiologists, medicinal scientists as well as ther-

apists.  
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