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Abstract 

Objective: The present investigation was made to study the effect of different 

concentrations of sodium chloride on growth and some enzymatic antioxidant activities in the 

leaves of Clerodendron inerme. Methods: The plant could survive a wide range of 100 to 

1000mM of NaCl. Result: The upper limit for survival of Clerodendron inerme was 500mM 

NaCl. Above 500mM the seedlings could not survived. However, favourable growth response by 

the seedlings was confined to 200mM NaCl. Antioxidant enzymes like SOD, CAT and PPO 

were detected under low concentration of 200mM NaCl. Conclusion: Increase in antioxidant 

enzyme activity could be the response of cellular damage induced by the NaCl. 
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1. Introduction 

Abiotic stresses, in particular drought and salinity, not only compromise crop quality and 

limit yield, but also restrict the geographical range over which crop production is viable [1]. 

Salinization of soil is a serious problem and is increasing steadily in many parts of the world, in 

particular in arid and semi arid areas [2].Worldwide, more than 800 millon hectares of land are 

salt affected, and tolerance to this salinity differs greatly among plant species [3]. Salt tolerance 

has been attributed as the primary factor in shaping vegetative structures, including biomass and 

species composition of coastal and estuarine wetlands [4, 5]. Clearly, tolerance in the form of 

osmotic adjustment plays important role in halophytes residing in saline environments [6]. 

Salt stress induces various biochemical and physiological responses in plants and affects 

almost all plant processes [7, 8]. Salinity may cause hyperionic and hyperosmotic effects in 

plants leading to membrane disorganization, increase in reactive oxygen species (ROS) levels, 

and metabolic toxicity [9]. High-salt stress disrupts the homeostasis in water potential and ion 

distribution at both the cellular and the whole plant levels. Excess of Na
+ 

and Cl
- 
ions may lead to 

conformational changes in the protein structure, while osmotic stress leads to turgor loss and cell 
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volume change. However, the precise mechanisms underlying these effects are not fully 

understood because the resistance to salt stress is a multigenic trait [10]. 

In order to survive under stress conditions, plants are equipped with oxygen radical-

detoxifying enzymes such as superoxide dismutase (SOD), Ascorbate peroxidase (APX), 

catalase (CAT), and glutathione reductase (GR). Oxidative stress is the result of ROS, such as 

superoxide, H2O2, and hydroxyl radicals, and causes rapid cell damage by triggering off a chain 

reaction. ROS scavenging is one among the common defense responses against abiotic stresses. 

Changes in antioxidants and protective molecules reflect the impact of environmental stresses on 

plant metabolism [9, 11]. 

The objective of the present investigation was to study the effects of salinity stress on 

antioxidant enzymes like Superoxide dimutase (SOD), Catalase (CAT) and Polyphenol oxidase 

(PPO) of Clerodendron inerme. 

2. Materials and methods 

2.1 Plant material 

The mature stem cuttings of C. inerme were collected from salt marshes in the mangrove 

area of Pichavaram, on the East Coast of Tamil Nadu, India, about 10km East of Annamalai 

University Campus.  

2.2 Growth conditions 

The stem cuttings of Clerodendron inerme (3cm long with one node and 2 opposite 

leaves) were planted individually in polythene bags (“7× 5”) filled with homogenous mixture of 

garden soil containing red earth, sand and farm yard manure (1:2:1). The cuttings were irrigated 

with tap water and maintained in the Botanical garden, Annamalai University.  

2.3 Salt treatment and Experimental design 

One month old and well established cuttings were selected and treated with varying 

concentrations of NaCl (100 – 1000mM). Above 500mM NaCl concentrations the cuttings were 

not survived.  The experimental plants treated with NaCl up to 500mM were alone maintained in 

the experimental site. The experimental yard was roofed with transparent polythene sheet at a 

height of 3m from the ground in order to protect the plants from rain. 

2.4. Determination of growth and enzymes  

 Samples were collected randomly on 60
th

 day after treatment. The seedlings were 

separated into leaves, stem and root and used for analysis. The morphological parameters such as 

fresh and dry weight were analyzed. The activities of superoxide dismutase (SOD) catalase 

(CAT) and polyphenol oxdase (PPO) were assessed. 
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2.5. Assay of Superoxide dismutase (SOD, EC 1.15.1.1) activity 

Superoxide dismutase (SOD, EC 1.15.1.1) activity was assayed as described by 

Beauchamp and Fridovich [12].The reaction mixture contained 1.17 M x 10
-6

M riboflavin, 

0.1M methionine, 2µM x 10
-5

M potassium cyanide and 5.6µM x 10
-5

M nitroblue tetra-zolium 

salt dissolved in 3ml of 0.05M sodium phosphate buffer (pH 7.8). Three ml of the reaction 

medium was added to 1ml of enzyme extract. The mixtures were illuminated in glass test tubes 

of selected uniform thickness. The illumination was performed by two sets of Philips 40W 

fluorescent tubes. The test tubes were arranged in a single row, with a set of tube lights fixed on 

either side. Illumination was started to initiate the reaction at 30C for an hour. Identical 

solutions were kept under dark served as blanks. The absorbance was read at 560 nm in the 

Spectrophotometer against the blank. Superoxide dismutase activity is expressed in units. One 

unit is defined as the amount of change in the absorbance by 0.1 per hour per mg protein under 

assay condition.  

 

2.6. Assay of Catalase (CAT, EC 1.11.1.6) activity 

Catalase (CAT, EC 1.11.1.6) was measured according to the method of Chandlee and 

Scandalios [13]. 500mg of frozen material was homogenized in 5ml of ice cold 50mM PMSF 

(Phenyl methyl sulfonyl fluoride). The extract was centrifuged at 4ºC for 20 min at 12500 rpm. 

The supernatant was used for enzyme assay. The enzyme activity is expressed in units per min 

per mg protein. 

2.7. Assay of Polyphenol oxidase (PPO, EC 1.10.3.1) activity 

Polyphenol oxidase (PPO, EC 1.10.3.1) activity was assayed by the method of Kumar 

and Khan [14]. Assay mixture for polyphenol oxidase contained 2ml of 0.1M phosphate buffer 

pH (6.0), 1ml of 0.1M catechol and 0.5ml of enzyme extract. This was incubated for 5 minutes at 

25C, after which the reaction was stopped by adding 1ml of 2.5N sulphuric acid. The 

absorbance of the purpurogallin formed was recorded at 495nm. The enzyme activity was 

expressed in units. One unit is defined as the amount of purpurogallin formed, which raised the 

absorbance by 0.1 per minute under the assay condition.  

3. Result 

3.1. Fresh weight 

The results on the effect of NaCl on the fresh weight of leaf stem and root on the 60th 

day after saline treatment are given in Figure-1. An increase in the fresh weight of tissues was 

observed up to 200mM NaCl in Clerodendron inerme. Concentrations of NaCl beyond 200mM 

had reduced the fresh weight in all the three tissues. The maximum increase in the fresh weight 

of leaf was 4.83g plant
-1

; stem was 3.16 g plant
-1

 and root 2.04 g plant
-1

. 
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Fig. 1: Effect of NaCl on fresh weight of leaf, stem and root (g plant
-1

) of Clerodendron inere on 

60
th

 day after salt treatment. 

 
 

Fig. 2: Effect of NaCl on dry weight of leaf, stem and root (g plant
-1

) of Clerodendron inerme on 

60
th

 day after salt treatment. 

 
 

 

 

Fig: 3 Effect of salinity on superoxide dismutase activity in Clerodendron inerme on 60
th

 after 

the treatment. 
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Fig: 4 Effect of salinity on catalase activity in Clerodendron inerme on 60
th

 day after the 

treatment. 

 
 

 

Fig: 5 Effect of salinity on polyphenol oxidase activity in Clerodendron inerme on 60
th

 day after 

the treatment. 

 
 

 

3.2. Dry weight 

The results on the effect of NaCl on the dry weight of leaf stem and root on the 60
th

 day 

of saline treatment are presented in Figure-2. The dry weight of the three tissues increased with 

increasing NaCl up to 200mM and thereafter it decreased. The maximum increase in dry weight 

of leaf was 0.57g plant
-1

, stem 0.45g plant
-1

 and root 0.34g plant
-1

.  

3.3. Superoxide dismutase (SOD) 

 The effect of NaCl on the superoxide dismutase activity in the leaves at various NaCl 

concentrations is given in Figure-3. There was a steady increase in the SOD activity up to 
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200mM NaCl. At higher concentrations, the enzyme activity declined gradually.  The maximum 

SOD activity was observed at 200mM NaCl on 60
th

 day and this was 3.147 U mg
-1

 protein.  

3.4. Catalase (CAT) 

 The effect of NaCl on the catalase activity in the leaves at various NaCl concentrations is 

presented in Figure-4.  There was a considerable increase in the catalase activity up to 200mM 

NaCl. At higher concentrations, the enzyme activity reduced gradually. The higher catalase 

activity was observed at 200mM NaCl on 60
th

 day and this was 3.332 U mg
-1

 protein.  

3.5. Polyphenol oxidase (PPO) 

 The peroxidase activity increased with increasing salinity up to 200mM (Figure-5). The 

peroxidase activity was 0.823 U mg
-1 

in 200mM NaCl treatment.  The higher concentrations of 

NaCl showed decreased trend. 

4. Discussion 

In the present study, NaCl had favorably affected the growth of the seedlings of 

Clerodendron inerme by increasing the fresh weight and dry weight with increasing salinity. 

Sodium chloride salinity increased the fresh weight of leaf, stem and root with increasing salinity 

up to the optimum concentrations. In most succulent plants, increased values of shoot diameter, 

fresh matter, and/or water content were usually clearly observed, while the shoot height and/or 

dry matter were declined under high salinity [15] cell expansion, as well as shoot succulence, 

provide much more cellular space for ion regulation and osmotic adjustment [16, 17], which is 

also an important mechanism for tolerance of S. portulacastrum to salt stress. The results of the 

present study also indicated the obligate requirement of optimum concentration of NaCl for cell 

growth and increase in dry weight. The accumulation of salt has a positive function. Similar 

observations have been observed in certain other halophytes such as, Chenopodium quinoa [18], 

Kandelia candel [19], Heleochola setulosa [20] and Aegiceras corniculatum [21]. 

Antioxidant resistance mechanism may provide a strategy to enhance salt tolerance and 

processes underlying antioxidant responses to salt stress must be clearly understood.  Previous 

studies have suggested a pivotal role for subcellular compartmentation in antioxidant defense 

mechanism under stress condition and NaCl stress [22]. 

 The effect of different concentrations of NaCl salinity on the activities of certain key 

enzymes concerning oxygen metabolism (catalase, peroxidase and SOD) in Clerodendron inerme 

have been mentioned. Superoxide dismutase has a control role in the antioxidant defense 

network. SOD is the key enzyme to diminish the concentrations of superoxide [23]. Increased 

SOD was correlated with increased protection from damage associated with oxidative stress [24].  

The effect of NaCl treatment on the SOD activity showed that the SOD activity in the leaves of 

Suaeda salsa (with the increase in salt concentration) especially the thylakoid bound SOD, 
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possibly plays an important role in the resistance to oxidative stress induced by high-salinity 

[25]. The SOD content increased up to extreme level in certain halophytes, Bruguiera 

gymnorrhiza and Kandelia candel [26] and in glycophyte such as wheat variety [27]. It is now 

widely accepted that their cytotoxic ROS are responsible for various stress-induced damages to 

macromolecules and ultimately to cellular structure [28, 29]. Furthermore, polyamines can 

induce an increase in antioxidant enzyme activates and thereby control free radical generation in 

plants during exposure to environmental stress [30]. The oxidative key component of 

environmental stress, and increased superoxide dismutase activity was correlated with increased 

protection from damage associated with oxidative stress [24]. 

Sodium chloride treatments increased the catalase content in Clerodendron inerme. 

Catalase and peroxidase are oxidoreductases, involved in the molecular mechanisms of defense 

against reactive oxygen species.  These two abundant groups of enzymes possess striking 

similarities in their reaction mechanism but have different residues in the heme activity [31]. The 

catalase activity increased with increasing concentration of NaCl up to optimum level in 

Ipomoea pes-caprae [32].  Decline in catalase activity with the progress of water has been 

reported in Oryza sativa [33]. The catalase activity decreased with increasing concentration in 

Phaseolus radiatus [34]. A correlation between the antioxidant capacity and NaCl tolerance has 

been demonstrated in numerous plant species such as Cassia angustifolia [35], Suaeda salsa [46] 

and Cakile maritima [37]. There is no doubt that exposure to high salinity incurs water stress, 

which has been demonstrated to elicit different antioxidative defenses in plants invariably 

including superoxide dismutase, ascorbate peroxidase and catalase [38, 39]. The level of 

antioxidative response depends on the species, the development and metabolic state of the plant, 

as well as the duration and intensity of the stress [40]. 

A considerable increase in polyphenol oxidase activity up to 200mM and a gradual 

decrease at higher concentrations under NaCl salinity was registered in the present study. 

Increased polyphenol oxidase activity has been reported in halophytes such as Heritiera fomes 

[41], Ipomoea pes-caprae [32] and Aegiceras corniculatum [21]. High polyphenol oxidase 

activity under stress indicates its ability to oxidize and to degrade the toxic substances such as 

phenolic compounds which are generally reported to be accumulated during salt stress [42]. 

Sharp increase in polyphenol oxidase activity under salinity stress was associated with enhanced 

rooting in Excoecaria agallocha, Cynometra iripa and Heritiera fomes [43]. Plants vary widely 

in their phenolic composition and content, with both genetics and environment affecting the kind 

and level of phenolic compounds [44].   

Conclusion 

 In conclusion, the observation on NaCl treated Clerodendron inerme plant suggested that 

growth and antioxidant enzyme activity such as superoxide dimustase, catalase and polyphenol 
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oxidase exhibited enhanced activity up to optimal level of salinity and at higher salinity these 

activies declined steadily. 
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