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A B S T R A C T 
Abiotic stresses adversely affect growth, physio-biochemical processes and yield of crop plants. Among abiotic 
stresses, salinity stress is a major environmental threat that reduced crop productivity. It causes osmotic stress, 
ionic toxicity, metabolic imbalance and generation of reactive oxygen species (ROS) that disturb cellular 
homeostasis and lead to cell death. To cope with such adversities, plants develop certain internal mechanism to 
tolerate salt stress. Among these, the enhancement of antioxidant enzyme activities is a well-known intrinsic 
defence mechanism of plants. In the present mini review article, the focus has been given on the role of ascorbate 
peroxidase (APX) and glutathione reductase (GR) under salinity stress in plants. 
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Plant’s productivity is adversely affected by various 

environmental stresses. The excess amount of salt in the soil 

greatly affects plant growth and development. Soil salinity is 

one of the major environmental stresses that reduce 

agricultural productivity worldwide. The processes like seed 

germination, seedling growth, vigour, vegetative growth, 

flowering and fruit set are deleteriously affected by high salt 

concentration and eventually diminish the economic yield 

and quality of product. Salinity stress affects the growth and 

development of plants by the way of osmotic stress, the 

toxic effects of Na+ and Cl- ions and to some extent Cl- and 

SO4
2- (ionic stress) and imbalance of nutrients caused by the 

excess of Na+ and Cl- ions.53 In accordance to this, plants are 

classified as halophytes and glycophytes according to their 

capacity to grow in high salt medium. Large majority of 

plant species are glycophytes, which are not salt-tolerant and 

damaged easily by high salinity. Firstly, osmotic potential of 

the soil solution decreases due to high salt concentrations 

and it creates water stress in plants. Secondly, high salt 

concentration causes severe ion toxicity since Na+ is not 

readily sequestered into the vacuoles [36]. 

The nutrient imbalance and toxicity ultimately lead to 

death of the plant as a result of growth arrest and molecular 

damage. In addition to these, another consequence of 

salinity stress in plants is the excessive generation of 

reactive oxygen species (ROS). Reactive oxygen species 

consist of both free radicals such as superoxide anion (O2)-, 

and hydroxyl radicals (OH.) and non-radicals like hydrogen 

peroxide (H2O2) and singlet oxygen (1O2). The chloroplast 

and mitochondria are the major sites for the generation of 

ROS [45,41,21]. Reactive oxygen species cause damage to 

lipids (lipid peroxidation), proteins, carbohydrates, DNA, 

membrane disorganisation and ultimately cell death [25]. 

Under stress plants produce certain defence mechanisms to 

combat with harmful effects of stress. To scavenge ROS is 

the common defence response against abiotic stresses [64]. 

Scavenging of reactive oxygen species (ROS) provided by 

an integrated system of enzymatic and non-enzymatic 

antioxidants [57]. The non-enzymatic antioxidant (ascorbate 

(AsA) and glutathione (GSH) etc.) and enzymatic 

antioxidants (ascorbate peroxidase (APX), 

monodehydroascorbate reductase, dehydroascorbate 

reductase (DAsAR), glutathione peroxidase (GPX), 

glutathione reductase (GR), catalase (CAT) and superoxide 

dismutase (SOD) etc.) are key enzymes of ascorbate-

glutathione cycle and have complex response against ROS 

[51]. The ROS scavenging pathways, which are in different 

compartments of cell, are coordinated [42], [49]. 

The glutathione (GSH)-ascorbate (AsA) pathway is a 

crucial part of the network of reactions involving 

metabolites and enzymes with redox properties for 

detoxification of ROS and thus to prevent the ROS-

emanated oxidative damage in plants. Ascorbate and GSH 

are located in cell compartments such as cytoplasm, 

peroxisomes, mitochondria and chloroplast, the AsA is 

additionally found in the apoplast. Ascorbate and 
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glutathione serve as substrates for ascorbate peroxidase 

(APX) and glutathione reductase (GR), respectively. APX 

and GR are the key enzymes of the AsA-GSH cycle [3]. 

Ascorbate peroxidase and glutathione reductase play a key 

role in regulating the tolerance of plants under 

environmental stress including salinity stress. The activity of 

GRs and APXs is different in response to salinity. Under 

salinity stress, increase in the activity of APX and GR was 

reported in pea [24], Casuarina [16], soybean [31] Cicer 

arietinum [33] and cotton [17]. The activities of APX and 

GR increased in the root and shoot of barley under NaCl 

stress. But the increase was consistent and significant in the 

root, indicating thereby rapid response of antioxidant 

enzymes to salt stress in the root of barley [50]. Salinity 

stress remarkably enhanced GR and APX activity in the 

shoots of salt-tolerant potato while their activity decreased 

in salt-sensitive variety [1]. GR and APX activity remained 

unchanged in the root of salt-tolerant maize and significantly 

reduced in salt-sensitive genotype [15]. APX and GR 

activity in the chloroplast of Suaeda salsa (halophyte) in 

leaves markedly increased with 200mM NaCl treatment [8]. 

Due to the diverse roles of APX and GR enzymes in plants, 

the present article emphasizes on the role of APX and GR in 

AsA-GSH cycle and their activities under salinity stress is

reviewed. 

 

Function of ascorbate peroxidase and glutathione reductase 

in AsA-GSH cycle in plants 

In plants, the ascorbate-glutathione cycle operates in 

the cytosol, plastids, mitochondria and peroxisomes [29]. 

The cycle begins with the reduction of Hydrogen peroxide 

(H2O2) into H2O by APX using Ascorbate (AsA) as an 

electron donor. Simultaneously AsA was oxidized to 

monodehydroascorbate (MDAsA). This MDAsA is reduced 

into AsA by monodehydroascorbate reductase (MDAsAR) 

or part of this spontaneously converted into 

dehydroascorbate (DAsA). Later DAsA is reduced to AsA 

again by dehydroascorbate reductase (DAsAR) by using 

GSH, yielding GSSG (oxidized glutathione). Finally, GSSG 

regenerated GSH by the activity of GR using NADPH as 

electron donor. Both AsA and GSH are strong antioxidant 

but the maintenance of their redox state is significant in 

response to stress tolerance in plant which largely depends 

upon the activity of the enzymes associated with the AsA-

GSH cycle. Thus, AsA and GSH are not consumed; the net 

flow of electron is from NADPH to H2O2 [23, 59, 49, 5]. A 

diagrammatic representation of AsA-GSH cycle is depicted 

in (Fig 1). 

 

 

Fig 1 Ascorbate (AsA) and glutathione (GSH) cycle under abiotic stress 
 

Ascorbate peroxidase (EC 1.11.1.11) 

Ascorbate peroxidase is the most important 

peroxidase that detoxifies H2O2 using AsA as a substrate. 

The reaction it catalysed is the transfer of electrons from 

AsA to a H2O2 to produce deyhdroascorbate and water 

[46,52]. The reaction is as follows: 
 

Ascorbate + Hydrogen peroxide                Dehydroascorbate + Water 
 

APX isoenzymes have high affinity for AsA, utilizes 

as a specific electron donor. One of the characteristic 

properties of ascorbate peroxidase, which differs from other 

peroxidases is its specificity with AsA and APX is instable 

in the absence of AsA. The APX in plants are found in many 

compartments of cell including cytosol, mitochondria, 

chloroplast, peroxisomes and microbodies [28], [48]. 

Under conditions where concentration of AsA is 

lower than 2 0µM, the APX activity is rapidly lost [56]. The 

chloroplast APX (ChlAPX) has more specificity with their 

substrate [28]. Ascorbate peroxidase is a class I haem-

containing enzyme whose prosthetic group is 

protoporphyrin. Iron plays a significant role in the catalytic 

site; this was investigated in sugar beet plant by applying 

iron deficiency condition to the plants [69]. Azide and 

cyanide are the inhibitors of APX. It is also inhibited by p-

chloromercuribenzoate, thiol and suicide inhibitors such as 

hydroxyurea and p-aminophenol [11]. 

In the catalytic domain of APX some of the 

functional amino-acid residues undergo site-directed 

mutagenesis. Due to this Arg172 is changed to glutamine, 

lysine and asparagine. APX variants are incapable to oxidize 
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AsA. It is revealed that Arg172 of pea cAPX have important 

role in the utilization of ascorbate [7]. 

[37] of the opinion that membrane bound class III 

secretory peroxidase exhibit an almost 1000-fold higher 

affinity for H2O2 as catalase and their activities can be 

modified in the presence of different stress factors, they play 

a key role in detoxification of ROS yet without utilization of 

proton released from the breakdown of H2O2 can detoxified 

by AsA-GSH cycle only. The Arg172 and Lys30 are the 

position on APX, it acts as binding site for ascorbate and 

interactions of hydrogen bonding [55]. 

The isoenzymes of APX are distributed in different 

subcellular compartments like cytosolic APX (cAPX), 

chloroplast APX (chlAPX), stromal APX (sAPX), thylakoid 

membrane-bound APX (t APX), micro-body membrane 

bound APX (m APX, including peroxisomes and 

glyoxysomes APX) and mitochondrial APX (mit APX). In 

Arabidopsis thaliana there are eight isoenzymes APX: 

APX1, APX2, APX6 (Cytosolic); APX3, APX4, APX5 

(microsome membrane bound) and sAPX and tAPX 

(chloroplastic) stromal and thylakoidal. [61] suggested that, 

the localization of isoforms of APX in subcellular 

compartments is decided by the peptidyl signal and 

transmembrane domains on N- and C- terminal region. The 

novel spinach glyoxysomes APX was found on the external 

side of the organelle [26] and pumpkin APX isoenzyme was 

localized on the membrane of microbodies [67]. 

[66] classified plant peroxidases into three classes on 

the basis of sequences of amino acid. Class I comprises 

intracellular peroxidases having prokaryotic origin like yeast 

cytochrome c peroxidase (CCP). APXs belongs to class I 

family [56,14], class II contains the secretory fungal 

peroxidases including lignin peroxidases (LiPs), and 

manganese dependent peroxidases (MnPs). The class III 

consists of secretory plant peroxidases. Under extreme 

environmental condition when H2O2 is produced in 

subcellular compartments it is efficiently scavenged in the 

same compartments themselves. The cytosolic APX first 

isolated from pea shoot after purification, exhibits stability 

even in the absence of AsA [41]. APX isoforms have been 

isolated and characterized from many other species of plants 

including cotton [6], tobacco [38], rice [54] and tea [34]. 

APX in plants differ in optimal pH, molecular weight, 

stability and substrate specificity. 

APXs synthesizing genes were identified in the 

tomato genome comprising of three cytosolic isoforms, two 

chloroplastic and two peroxisomal isoforms [44]. APX 

genes were also suggested in Arabidopsis thaliana which 

include three cytosolic, three peroxisomal and two 

chloroplastic [12]. Eight APX genes were identified in 

Oryza sativa L genome through in silico analysis: two 

cytosolic isoforms, two putative peroxisomal isoforms and 

four putative chloroplastic ones. It has been confirmed also 

by southern blot hybridization [60]. 

 

Glutathione reductase 

 

Glutathione reductase (GR, EC 1.6.4.2), is a substrate 

specific ubiquitous antioxidant enzyme which convert 

oxidized glutathione (GSSG) to reduced glutathione (GSH) 

using NADPH. It plays an important role in AsA-GSH cycle 

to lead scavenging of ROS and confer abiotic stress 

tolerance [68]. GR catalyse the following reaction: 

 

          GSSG + NADPH + H+                   2 GSH + NADP+      

GR is a flavin adenine dinucleotide (FAD)-bound 

homodimer. GR has been identified and well characterized 

from the leaves of several plants such as Pisum sativum 

[30], Spinacia oleracea and Zea mays [39]. Glutathione 

reductase (GR) is mainly found in chloroplast. Although a 

small amount of the enzyme isoforms is also found in 

cytosol, mitochondria and peroxisomes [29,19]. GR found in 

both prokaryotes and eukaryotes. GR in plants is from 60 to 

190 kDa [43]. It has different quaternary structure in 

different organisms. 

 

Role of ascorbate peroxidase and glutathione reductase 

under salinity stress 

Salinity is one of the most devastating abiotic stress 

factors that reduces crop production. It caused ionic and 

osmotic stress both disturb growth, photosynthesis related 

parameters and yield of crop plant. Under such 

circumstances, plant cellular signaling cascade upregulated 

at molecular level and ultimately increased in the activities 

of APX and GR that reduced the damages of salinity. 

Ascorbate peroxidase and glutathione reductase play a key 

role in regulating the tolerance and survival of the plants 

under environmental stress conditions such as drought, salt, 

high temperature and high light. Though, results about the 

changes in activity of APX and GR in plants under stress 

conditions are debatable. Various studies suggested that the 

activity of APX and GR increased in plants under stress 

conditions. But several studies showed that the activity of 

APX and GR decreased. Changes in the activities of these 

enzymes may be due to protein synthesis or may be due to 

change in the kinetic properties [35]. Hence findings of 

various worker regarding the activities of APX and GR in 

number of plants under salinity stress is reviewed. 

Activity of APX and GR responded differently to 

salinity stress depending on MDHAR and DHAR activities 

and availability of AsA and GSH pool. [17] examine in two 

cotton varieties that the four different concentrations of 

mixed salts: NaCl, MgSO4 and CaCl2 (0, 50 mM, 100 mM 

and 150 Mm) were applied, the photosynthetic rate, RuBP 

carboxylase and sucrose phosphate synthase activities 

decreased while activities of key antioxidant enzymes, APX 

and GR significantly increased. Further, in Morus sp. 

exposed to increasing salinity level up to 150 mM, the 

activities of APX and GR slightly increased to confer 

tolerance against salt stress [22,9]. have investigated in 

Calendula officinalis L. under 50 and 100 mM NaCl 

concentrations, high salinity reduced growth parameters, 

lipid peroxidation and hydrogen peroxidase accumulation 

but APX and GR activities increased to reduce lipid 

peroxidation and accumulation of hydrogen peroxide. 

Subsequently, Oryza sativa cultivars treated with 50 

and 100 NaCl showed higher APX and GR activity over the 

control plant [47], [62]. In C3 and C4 plants the activity of 

APX increase in both maize and wheat, whereas GR activity 

showed increased in the leaves of maize under salt stress 

(50, 100 and 150 mM NaCl) condition. [58,40] observed that 

with increasing salinity up to 100 mM NaCl, activities of 

APX and GR increased in Triticum aestivum and hence 

mitigates salt adverse effects. [20] suggest when Cicer 

arietinum L. were subjected to 0.1, 0.2 and 0.5 M NaCl the 

activities of APX and GR exhibited significant increases in 

leaf tissue under all stress treatments. They play protective 

role against salt stress. The activity of ascorbate peroxidase 

increased in Catharanthus roseus L. under salinity stress 

and hence decreased salt effects [27]. Similarly, three 
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strawberry cultivars like ‘Camarosa’, ‘Tioga’ and 

‘Chandler’ were irrigated with the nutrient solution 

containing 0, 8.5, 17.0 and 34.0 mM NaCl for 30 days, the 

APX and GR activities sharply increased and ameliorated 

salinity induced toxic effects. [63,4,32] observed that Zea 

mays L. exposed to high salinity stress showed decreased 

chlorophyll content, carotenoid contents and relative water 

content, and increased the APX and GR activities to 

alleviate salt stress damages. [13] evaluated that the 10-day 

old seedlings of Lablab purpureus L. treated with 100-500 

mM NaCl for 72 h. The growth parameter of the plant 

reduced but antioxidant enzymes; GR and APX activities 

increased under salinity. In Glycine max L. antioxidant 

response have been tested, when grown under 0, 50, 100 and 

150 mM NaCl concentrations. It has been reported that fresh 

and dry weight are reduced while proline concentration 

increased at high salinity. Moreover APX, GR and other 

antioxidant enzymes activities decreased [18]. The growth 

parameters of Glycine max L. decreased under salinity stress 

(99 mM NaCl) and APX-GR activities increased [65]. 

Similarly, activities of APX and GR were significantly 

higher in Oryza sativa L. with increasing salinity from 0 to 

100 mM [10]. The APX and GR activities enhanced under 

100 and 200 mM NaCl concentrations in Brassica juncea L. 

and they alleviated toxic effects of salinity [2]. 

In summary, to mitigate adverse effects of salt stress, 

plants have been naturally equipped with antioxidant 

defence system. However, APX and GR are crucial 

components of enzymatic antioxidant defence system that 

help to reduce ROS production, maintain ion homeostasis, 

improve membrane stability and, balance metabolic 

pathways and ultimately curtail crop plant damages and 

increase productivity. An overview of antioxidants mediated 

salinity stress tolerance in plants is represented in (Fig 2). 

 

 
Fig 2 Antioxidants- mediated salinity stress tolerance in plants 

 

CONCLUSION 
 

It may be concluded from the above appraisal of 

literature that ascorbate peroxidase and glutathione 

reductase, components of antioxidants especially pool of 

AsA and GSH, play a pivotal role in ascorbate-glutathione 

cycle to detoxify reactive oxygen species. They also interact 

with other defence systems in plants and protect from 

various abiotic stresses including salinity stress. The 

damages in plant growth parameters and physiobiochemical 

processes caused by salinity stress are ameliorated by 

antioxidants and provide protection to crop plants. A 

number of strategies have been applied to enhance the 

activities of antioxidants under varied environmental 

challenges and good progress has been achieved. Yet 

scientific efforts are needed to significantly boost 

antioxidant defense system that helps to improve crop 

productivity.
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