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ARTICLE INFO                                        ABSTRACT 
 
 

 

In this report peroxidase (POD) and polyphenol oxidase (PPO) activities were used to study the 
effect of hydrogen peroxide (H2O2) on leaf senescence in detached pigeonpea (Cajanus cajan 
[L.] Millsp.) leaves. The activities of POD and PPO were observed to be greater in H2O2-stressed 
pigeonpea leaves than in water treated control leaves. However, after longer incubations 
activities of these enzymes were markedly reduced. The observed changes revealed that 
exogenous H2O2 may induce oxidative stress tolerance by enhancing the activities of POD and 
PPOs. On the other hand, reduction found in H2O2-induced POD and PPO activities at later 
stages may be due to destruction of these proteins along with other proteins. This study will help 
to improve the tolerability of plants to environmental stresses by enhancing the expression of 
POD and PPOs. 
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INTRODUCTION 
 

Plants are confronted with exposure to most, if not all biotic 
and abiotic stresses including strong light, drought, salinity, 
low or high temperature, air pollutants, herbicides, and 
nutrient deficiency, throughout their lives (Shim et al., 2003; 
Nahakpam and Shah, 2011). Extensive study on oxidative 
stress has demonstrated that exposure of plants to adverse 
environmental conditions induces the overproduction of 
reactive oxygen species (ROS), such as superoxide radical 
(O2), hydrogen peroxide (H2O2), hydroxyl radicals (OH), and 
alkoxyl radicals (RO) in cells (Hung et al., 2005). Singlet 
oxygen (1O2) which may arise due to the reaction of O2 with 
excited chlorophyll is also considered as one of the potential 
ROS (Chen et al., 2011). The accumulation of ROS damages 
almost all cell components including membrane lipids, 
chloroplasts, pigments, enzymes, nucleic acids, and leads to 
the death of cells (Verma and Dubey, 2003; Upadhyaya et al., 
2007; Liu et al., 2010). Recently, many researchers have 
focused on the functional aspects of H2O2. H2O2 is a product 
of peroxisomal and chloroplastic oxidative reactions (Lin and 
Kao, 2000). It is the most stable form of the ROS and is 
capable of rapid diffusion across cell membrane (Upadhyaya 
et al., 2007). H2O2 can also react with superoxide radicals to 
form more toxic hydroxyl radicals in the presence of transition 
metals (Hung and Kao, 2005). H2O2 is not only a harmful 
ROS but also has a role as a signaling molecule in pathways of 
stress signal transduction (Liu et al., 2010). Li et al. (2010)  
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summarized that H2O2 directly regulates the expression of 
numerous genes associated with plant defence-, cell defence-, 
and signaling proteins such as kinase, phosphotase and 
transcription factors. H2O2 alters the redox status of 
surrounding cells where it induces an antioxidative response 
by acting as a signal of oxidative stress (Upadhyaya et al., 
2007). Incubation of detached leaves under H2O2 treatment is 
an ideal system for the rapid induction of leaf senescence (EI-
Shora, 2003; Hung and Kao, 2005; Upadhyaya et al., 2007). 
Detection of lipid peroxidation and protein loss in H2O2-
promoted senescent leaves suggests that H2O2-promoted 
senescence is mediated through oxidative stress (EI-Shora, 
2003; Hung and Kao, 2007; Lin and Kao, 2007). Leaf 
senescence refers to the final developmental stage of leaves by 
which cells undergo programmed changes which resulting in 
hydrolysis of macromolecules such as proteins, lipids, 
polysaccharides and DNA, which leads to cell death. 
Yellowing of the leaves due to chlorophyll breakdown is the 
most obvious visible characteristic (Smart, 1994; Gan and 
Amasino, 1997; Gepstein, 2004). 
 

Plants have developed specific antioxidative defense enzymes 
including peroxidase (POD, EC 1.11.1.7) and polyphenol 
oxidase (PPO, EC 1.10.3.1) to control the rapidly increasing 
ROS under various environmental stress conditions such as 
wounding (Steinite and Levinsh, 2002), pathogen infection 
(Karthikeyan et al., 2005), and leaf senescence (Kar and 
Mishra, 1976; Patra and Mishra, 1979). POD is a heam 
protein, which is a member of oxidoreductases and catalyses 
the oxidation of a wide variety of organic and inorganic 
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substances such as phenolics, cytochrome C and nitrite in the 
presence of H2O2 (Chen et al., 1992; Alokail and Ismael, 
2005; Sat, 2008). POD has been implicated in a variety of 
physiological processes, such as plant growth and 
development, auxin catabolism, the oxidation of phenolics to 
form lignin, the cross-linking of hydroxyproline-rich 
glycoproteins in plant cell walls, as well as biotic and abiotic 
stress responses (Cipollini, 1998; Fang and Kao, 2000). Parish 
(1968) suggested that the increase in the activity of POD is 
one of the most reliable indicators of maturity and senescence, 
and plays an important role in its regulation. But Ford and 
Simon (1972) contradicted this theory because POD activity 
increased several-fold when senescence was delayed in 
cucumber. PPOs are ubiquitious copper containing enzymes, 
functions as phenol oxidase in various plant species (Shi et al., 
2001). PPO oxidizes phenolic compounds which have been 
associated with antioxidant activity (Sen and Mukherji, 2009). 
Because of its involvement in adverse browning of plant 
products, PPO has received much attention from researchers in 
the field of plant physiology and food science. Enzymatic 
browning occurs as a result of the oxidation by PPO, of 
phenolic compounds to quinones and their eventual 
(nonenzyme-catalyzed) polymerization to melanin pigments 
(Yoruk and Marshall, 2003). Even though oxidation of 
phenols and formation of melanins are normal physiological 
processes of PPO in plants, the significance of the enzyme 
activity in living intact plant tissues is not fully understood. 
Induction in PPO activity was reported during senescence of 
both attached and detached rice leaves (Kar and Mishra, 
1976). However, Patra and Mishra (1979) suggested that the 
increase in the activities of PPO can not be taken as indicator 
of senescence because a group of investigated plant species, 
showed higher PPO activity toward the basal senescent leaves 
whereas another group showed high activity in middle mature 
leaves. It suggests that the pattern of change in PPO activity 
during senescence may be species specific. 
 
Most legume species have been found to be either sensitive or 
moderately tolerant to stress factors although considerable 
variability in stress tolerance has been reported among and 
within legume species (Garg and Noor, 2009). Pigeonpea 
(Cajanus cajan [L.] Millsp.) is one of the major grain legume 
(pulse) crops of the tropics and subtropics (Malviya and 
Yadav, 2010). It can provide fuel wood and fodder for the 
small scale formers in subsistence agriculture (Egbe and 
Kallu, 2009). The extract of pigeonpea is commonly used all 
over the world for the treatment of diabetes, dysentery, 
hepatitis and measles, as a febrifuge to stabilize the menstrual 
period (Wu et al., 2009). In view of the conflicting reports 
concerning POD and PPO activities during senescence, the 
present investigation was designed to assay these enzymes 
during H2O2-promoted senescence of detached pigeonpea 
leaves. 
 

MATERIALS AND METHODS 
 

Site description 
 

Pigeonpea trees grown in the farms of Biochemistry 
Department, Dr. Babasaheb Ambedkar Marathwada 
University, and Aurangabad in India were used. The site is 
located near about 10 km away from the center of 
Aurangabad, and the above trees are not under any specific air 
pollution. The site of the sample area is surrounded by hills on 

all directions, and characterized by a semiarid climate, with 
annual temperature in range from 9-40°C and mean annual 
precipitation of 725 mm. The main climatic characteristics of 
the sample site are shown in Table 1. 
 
Plant material 
 
A sample of dark green, thick mature leaves at equal distance 
from twig tip was collected from three pigeonpea trees just 
before use. They were then washed in distilled water and dried 
at room temperature. 
 
Chemicals 
 
Guaiacol, bovine serum albumin (BSA) and cysteine 
purchased from Sisco Research Laboratories Pvt Ltd, 
Mumbai, India, catechol obtained from S.D. Fine-Chem Ltd, 
Mumbai, India, and phenulmethylsulfonyl fluoride (PMSF) 
and polyvinyl pyrrolidine (PVP) were from Himedia 
Laborateries Pvt Ltd, Mumbai, India. All other chemicals and 
reagents used were of analytical grade. 
 
Oxidative stress 
 
Fresh detached pigeonpea mature green leaves were 
submerged in 30 ml of 0.1 mM H2O2 solution for 0, 1, 2 and 3 
days. 
 
Preparation of the extract 
 
Leaf Samples (0.3 g) were ground in 10 ml of 100 mM 
phosphate buffer (pH 7.0) using pre-chilled mortar and pestle. 
The phosphate buffer contained 1 mM EDTA, 1mM PMSF 
and 1% PVP. The homogenate was filtered through four layers 
of nylon cloth and the filtrate was centrifuged at 4°C  at 17000 
x g for 10 min. The supernatant was used for measurements of 
enzyme activity. 
 
Determination of protein 
 
Protein content was determined by the method of Lowry et al. 
(1951) using BSA as standard. 
 
POD assay 
 
The activity of POD was assayed as described in Rao et al. 
(1999) with slight modifications. The reaction mixture in a 
total volume of 2 ml contained 100 mM potassium phosphate 
buffer (pH 6.5), 200 µl of 16 mM guaiacol, 20 µl of 6% H2O2 

and 100  µl of leaf extract. Leaf extract was the last 
component to be added and the increase in absorbance was 
recorded at 470 nm (extinction coefficient 25.2 mM-1 cm-1) 
using a UV-Vis spectrophotometer (Jasco-V500, Japan) at 10 
s intervals up to 1 min. The specific activity of enzyme is 
expressed as µmol guaiacol oxidized min-1 (mg protein)-1. 
 
PPO assay 
 
The activity of PPO was assayed as described in Saravanan           
et al. (2004) with slight modifications. The reaction mixture in 
a total volume of 2 ml contained 100 mM potassium 
phosphate buffer (pH 7.0), 200 µl of catechol and 100 µl of 
leaf extract. Leaf extract was the last component to be added 
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and the increase in absorbance was recorded at 420 nm using a 
UV-Vis spectrophotometer (Jasco-V500, Japan) at 10 s 
intervals up to 1 min. The specific activity of enzyme is 
expressed as change in the absorbance of reaction mixture 
min-1 (mg protein)-1. 
 
Statistical analysis 
 
Each experiment was repeated three times with two replicates 
each and the data presented are mean values of independent 
experiments.   
 

RESULTS 
 
Effect of H2O2 on POD activity 
 
PODs constitute the first line of defense against ROS and most 
consistently associated with senescence of leaves (Veljovic-
Jovanovic et al., 2006). PODs catalyze the oxido-reduction 
between hydrogen peroxide and reductants. They usually use 
various phenolic substrates for the elimination of H2O2 
(Lepedus et al., 2005). H2O2-mediated changes in POD 
activity in detached pigeonpea leaves were studied (Fig. 1). 
When the leaves were excised and floated on water in dark 
(control) the POD activity markedly increased at day 1, and 
then the activity was maintained until 3 days. However, water-
mediated induction in POD activity further accelerated by 
H2O2 treatment at the first 2 days of incubation. The POD 
activity in H2O2 treated leaves was 2.3-fold higher than the 
water treated control leaves by day 2. This activity then 
markedly decreased by day 3. Decline in POD activity at later 
stages may be due to destruction of these proteins along with 
other proteins. 
 
Effect of H2O2 on PPO activity 
 
PPO enzyme functions as phenol oxidase and it oxidizes 
phenolic compounds which have been associated with 
antioxidant activity (Sen and Mukherji, 2009). H2O2-mediated 
changes in PPO activity in detached pigeonpea leaves were 
studied (Fig. 2). When the leaves were excised and floated on 
water in dark the PPO activity markedly increased at day 1, 
but then the activity was significantly decreased until 3 days. 
Increase in PPO activity (12-fold) induced by water treatment 
was much more rapid than the increase in POD activity (7.4-
fold) by day 1. However, water-mediated induction in PPO 
activity was further accelerated by H2O2 treatement by day 1, 
maintained by day 2, and then the activity was decreased by 
day 3. The PPO activity in H2O2 treated leaves were 1.1-, 2- 
and 1.6-fold higher than the water treated control leaves by 
day 1, 2 and 3, respectively.   
 

DISCUSSION 
 
Although leaf senescence can generally be defined as a late 
developmental process leading to cell death, the primary 
molecular pathway of this program is not known (Gepstein, 
2004). Numerous environmental  stimuli such as extremes of 
temperature, drought, ozone, nutrient deficiency, pathogen 
infection, wounding,  and shading, whereas the autonomous 
factor include  age, reproductive development,  and 
phytochrome  levels can induce leaf senescence. In many 
systems oxidative stress was found to be involved in the leaf  

Table I. Main characteristics of the sample site 
 

Parameter                                          Value 
Annual temperature range                  9-40°c 
Average annual precipitation             725 mm 
Altitude                                              131 m 
Latitude                                              19° 53' N 
Longitude                                           75° 23' E 

 

 
Fig. 1. Effect of H2O2 on peroxidase (POD) activity in detached 

pigeonpea leaves 

 
Fig. 2. Effect of H2O2 on polyphenol oxidase (PPO) activity in 

detached pigeonpea leaves 
 
senescence process by the increase in lipid peroxidation and 
protein loss (Yeh and Kao, 1994; Lin and Kao, 1998; 
Navabpour et al., 2007).  We have shown that H2O2 treatment 
causes oxidative stress in detached pigeonpea leaves by the 
increase in protein loss (Goud and Kachole, 2011). Plant cells 
are equipped with several ROS detoxifying enzymes to protect 
them against oxidative damage (Hung and Kao, 2005). In 
order to clarify the protective mechanism of the antioxidant 
enzymes against oxidative stress, we determined the changes 
in POD and PPO activities in detached leaves of pigeonpea 
subjected to H2O2 treatment. In the present investigation, we 
noticed that the activities of POD and PPO were higher in 
H2O2-stressed leaves as compared to water treated control 
leaves. The increased POD activity has been documented 
under a variety of stressful conditions, such as water deficit 
(Lin and Kao, 2000; Lee et al., 2009), salinity (Lin and Kao, 
2000; Garg and Noor, 2011), ozone (Mohamed and Rangappa, 
1993), UV light (Mahdavian et al., 2008), and chilling 
(Raimbault et al., 2011). It was also reported that H2O2 
treatment induced POD activity in rice (Hung and Kao, 2005) 
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and cucumber (Liu et al., 2010) leaves. However, an important 
question remains unsolved: whether this increased POD 
activity is simply related to H2O2 scavenge or it is involved in 
H2O2-dependent cell wall lignification, reducing leaf growth. 
The transgenic tobacco plants with suppressed expression of 
PODs are over responsive to pathogen-mediated oxidative 
stress (Mitler et al., 1999), whereas plants with overexpressing 
PODs had increased resistance to it (Aono et al., 1993; Yun               
et al., 2000). It suggests that PODs play a very important role 
against various biotic and abiotic stresses. Li et al. (2010) 
summarized that exogenous H2O2 treatments prevented the 
increase of MDA and endogenous H2O2 concentration in 
plants. The content of MDA, a product of lipid peroxidation, 
has been considered as an indicator of oxidative damage (Li             
et al., 2010). We have shown that H2O2 treatment increased 
CAT activity in detached pigeonpea leaves (Goud and 
Kachole, 2011). It suggests that the coordination of POD and 
CAT activities might play a central protective role in H2O2 

scavenging process, and the active involvement of these 
enzymes is related, at least in part, to oxidative stress tolerance 
in pigeonpea detached leaves subjected to H2O2 treatment. 
PPO enzyme functions as phenol oxidase in higher plants. Kar 
and Mishra (1973) found that PPO activity was increased 
during detached rice leaf senescence. H2O2 treatment rapidly 
induced PPO activity at the initial stages, and then markedly 
reduced at later stages. It suggests that this enzyme serves as 
an intrinsic tool to restrict H2O2-induced oxidative damage in 
pigeonpea leaves at the initial stage. However, decline in PPO 
activity at later stages might be due to destruction of these 
proteins along with other proteins in a similar fashion as PODs 
did. In parallel the potential role for PPO in plant defence 
against pests have motivated many studies on PPO in an 
etiological content (Constabel and Barbehenn, 2008). For 
example PPO activity has been shown to increase by 300 % in 
infected water hyacinth leaves compared to that in healthy 
leaves (Tyagi et al., 2000). It was also reported that transgenic 
tobacco plants with suppressed expression of PPOs showed 
greater susceptibility to pathogen mediated-oxidative stress 
(Thipyapong et al., 2004), whereas plants with over 
expressing PPOs had increased resistance to it (Li and 
Steffens, 2002). It suggests that increased PPO activity under 
various biotic and abiotic stresses may give the plant an 
enhanced resistance. This would explain why H2O2 treatment 
did not result in the accumulation of H2O2 and there was no 
increase in lipid peroxidation and membrane leakage of leaf 
tissues. In conclusion, our results suggest that exogenous H2O2 

treatment may induce by enhancing the activities of POD and 
PPOs. In addition the activities of these antioxidant enzymes 
may be a good indicator for selecting stress tolerance 
genotypes of plants, at least in pigeonpea. 
 

REFERENCES 
 
Alokail, M.S., Ismael, M.A. 2005. Thermostable 

characteristics of peroxidase from leaves Arabian palm 
date (Phoenix dacty lifera L.).  Saudi Journal of Biological 
Sciences, 12: 25-32. 

Aono, M., Kubo, A., Saji, H., Natori, T., Tanaka, k., Kondo, 
N. 1991. Resistance to active oxygen toxicity of transgenic 
Nicotiana tabacum  that express the gene for glutathione 
reductase from Escherichia coli. Plant Cell Physiology, 32: 
691-697. 

Chen, L.O., Lo, H., Chen, T., Lee, L. 1992. Peroxidase 
zymograms of sweet potato [Ipomea batatas (L.) Lam] 
grown under hydroponic culture. Botanical Bulletin of 
Acdamia Sinika, 33: 247-252. 

Chen, Q., Zhang, M., Shen, S. 2011. Effect of salt on 
malonialdehyde and antioxidant enzymes in seedling roots 
of Jerusalem artichoke (Helianthus tuberosus L.). Acta 
Physiologiae Plantarum, 33: 273-278. 

Cipolini, Jr.D.F. 1998. The induction of soluble peroxidase 
activity in bean leaves by wind-induced mechanical 
perturbation. American Journal of Botany. 85: 1586-1591. 

Constabel, C.P., Barbehenn, R.V. 2008. Defensive roles of 
polyphenol oxidase in plants. In: Induced Plant Resistance 
to Herbivory (A. Schaller ed.), Springer Verlag pp, 253-
269.  

Egbe, O.M., Kalu, B.A. 2009. Evaluation of Pigeonpea 
(Cajanus cajan (L.) Millsp.] genotypes for intercropping 
with sorghum (Sorhum bicolor (L.) Moench) in southern 
guinea savanna of Nigeria. ARPN Journal of Agricultural 
and Biological Science, 4: 54-65. 

EI-Shora, H.M. 2003. Activities of antioxidative enzymes and 
senescence in detached Cucurbita pepo under Cu- and 
oxidative stress by H2O2.  Becth. Mock. Yh-Ta, 44:  66-71. 

Fang, W., Kao, C.H. 2000. Enhanced peroxidase activity in 
rice leaves in response to excess iron, copper, and zinc. 
Plant Science, 158: 71-76. 

Ford, T.W., Simon, E.W. 1972. Peroxidase and glucose-6-
phosphate dehydrogenase levels on cotyledons of Cucumis 
sativus (L.). Journal of Experimental Botany, 23: 423-431. 

Gan, S., Amasino, R.M. 1997. Making sense of senescence. 
Plant Physiology, 113: 313-319. 

Garg, N., Noor, Z. 2009. Genotypic differences in plant 
growth, osmotic and antioxidative defence of Cajanus 
cajan (L.) Millsp. modulated by salt stress. Archives of 
Agronamy and Soil Science, 55 (1): 3-33. 

Gepstein, S. 2004. Leaf senescence - not just a wear and tear 
phenomenon. Genome Biology, 5: 212. 

Goud, P.B., Kachole, M.S. 2011. Effect of hydrogen peroxide 
on protein content and catalase activity in Cajanus cajan 
(L.) Millsp. leaves. International Journal of Current 
Research, 3: 268-171. 

Hung, K.T., Kao, C.H. 2005. Nitric oxide counteracts the 
senescence of rice leaves induced by hydrogen peroxide. 
Botanical Bulletin of Acdamia Sinika, 46: 21-28. 

Hung, K.T., Kao, C.H. 2007. Hydrogen peroxide, calcium, 
and leaf senescence in rice. Crop, Environment & 
Bioinformatics, 4: 145-150. 

Hung, S, Yu, C, Lin, C.H. 2005. Hydrogen peroxide functions 
as a stress signal in plants. Botanical Bulletin of Acdamia 
Sinika, 46: 1-10. 

Kar, M., Mishra, D. 1976. Catalase, peroxidase, and 
polyphenoloxidase activities during rice leaf senescence. 
Plant Physiology, 57: 315-319. 

Karthikeyan, M.,  Jayakumar, V., Radhika, K., Bhaskaran, R., 
Velazhahan, R., Alice, D. 2005. Induction of resistance in 
host against the infection of leaf blight pathogen 
(Alternaria palanui) in onion (Allium cepa var 
aggregatum). Indian Journal of Biochemistry & 
Biophysics, 42: 371-377. 

Lee, B.R., Li, L.S., Jung, W.J., Jin, Y.L., Avice, J.C., Ourry, 
A., Kim, T.H. 2009. Water deficit-induced oxidative stress 
and the activation of antioxidant enzymes in white clover 
leaves. Biologia Plantarum, 53: 505-510. 

064                 International Journal of Current Research, Vol. 3, Issue, 10,  pp.061-065, September, 2011 
 



Lepedus, H., Jozic, M., Stolfa, I., Pavicic, N., Hackenberger, 
B.K., Cesar, V.  2005. Changes in peroxidase activity in 
the peel of unshiu mandarin (Citrus unshiu Marc.) fruit 
with different storage treatments. Food Technolgy and 
Biotechnolgy, 43: 71–77.  

Li, J., Qiu, Z., Zhang, X., Wang, L. 2011. Exogenous 
hydrogen peroxide can enhance tolerance of wheat 
seedlings to salt stress. Acta Physiologiae Plantarum, 33: 
835-842.  

Lin, J, Kao, C.H. 1998. Effect of oxidative stress caused by 
hydrogen peroxide on senescence of rice leaves. Botanical 
Bulletin of Acdamia Sinika, 39: 161-165. 

Lin, C.C., Kao, C.H. 2000. Effect of NaCl stress on H2O2 
metabolism in rice leaves. Plant Growth Regulation, 30: 
151-155. 

Liu, Z., Guo, Y., Bai, J. 2010. Exogenous hydrogen peroxide 
changes antioxidant enzyme activity and protects ultra 
structure in leaves of two cucumber ecotypes under 
osmotic stress. Journal of Plant Growth Regulation, 29: 
171-183. 

Lowry, O.H., Roserbrough, N., Farr, A.L., Randall, R.J. 1951. 
Protein measurement with the folin phenol reagent. 
Journal of Biological Chemistry, 193: 265-275. 

Mahdavian, K., Ghorbanli, M., Kalantari, Kh.M. 2008. The 
effects of ultraviolet radiation on some antioxidant 
compounds and enzymes in Capsicum annuum L. Turkish 
Journal of Botany, 32: 129-134. 

Malviya, N., Yadav, D. 2010. RAPD analysis among 
pigeonpea [Cajanus cajan (L.) Millsp.] cultivars for their 
genetic diversity. Genetic Engineering and Biotechnology 
Journal, 1: 1-9. 

Mitler, R., Herr, E.H., Orvar, B.L., Camp, W., Willikens, H., 
Inze, D., Ellis, B.E. 1999. Transgenic tobacco plants with 
reduced capability to detoxify reactive oxygen 
intermediates are hypersensitive to pathogen infection. The 
Proceedings of the National Academy of Sciences, 96: 
14165-14170. 

Mohamed, A.I., Rangappa, M. 1993. The role of peroxidase in 
tolerance to ozone in bean. Vigrina Jouranl of Science, 44: 
279-285. 

Nahakpam, S., Shah, K. 2011. Expression of key antioxidant 
enzymes under combined effect of heat and cadmium 
toxicity in growing rice seedlings. Plant Growth 
Regulation, 63: 23-35. 

Navabpour, S, Bagherieh-Najjar, M.B, Soltanloo, H. 2007. 
Identification of novel genes expressed in Brassica napus 
during leaf senescence and in response to oxidative stress. 
International Journal of Plant Production, 1: 35-44. 

Parish, R.W. 1968. Studies on senescing tobacco leaf discs 
with special reference to Peroxidase. I. The effects of 
cutting and of inhibition of nucleic acid and protein 
synthesis. Planta, 82: 1-13. 

Patra, H.K., Mishra, D. 1979. Pyrophosphate, peroxidase and 
polyphenoloxidase activities during leaf development and 
senescence. Plant physiology, 63: 318-323. 

Rao, M.V., Paliath, G., Ormrod D.P. 1996. Ultraviolet-B-and 
ozone induced changes in antioxidant enzymes of 
Arabidopsis thaliana. Plant Physiology 110, 125-136. 

Raimbault, A., Marie-Alphonsine, P., Horry, J., Francois-
Haugrin, M., Romuald, K., Soler, A. 2011. Polyphenol 
oxidase and peroxidase expression in four pineapple 
varieties (Anana comosus L.) after a chilling injury. 
Journal of Agricultural Food Chemistry, 59: 342-348. 

Saravanan, T., Bhaskaran, R., Muthusamy, M. 2004. 
Psedomonas fluorescens induced by enzymological 
changes in banana roots (CV.Rasthali) against Fusarium 
wilt disease. Plant Pathology Journal, 3: 72-80. 

Sat, I.G. 2008. The effect of heavy metals on peroxidase from 
Jerusalem artichoke (Helianthus tuberosus L.) tubers. 
African Journal of Biotechnology, 7: 2248-2253. 

Sen, S, Mukherji, S. 2009.  Season-controlled changes in 
biochemical constituents and oxidase enzyme activities in 
tomato (Lycopersicon esculentum Mill.). Journal of 
Environmental Biology, 30: 479-83.  

Shi, C., Dai, Y., Xia, B., Xu, X., Xie, Y., Liu, Q. 2001. The 
purification and spectral properties of polyphenol oxidase I 
from Nicotiana tabacum. 19: 381a-381h. 

Shim, I., Momose, Y., Yamamoto, A., Kim, D., Usui, K. 2003. 
Inhibition of catalase activity by oxidative stress and its 
relationship to salicylic acid accumulation in plants. Plant 
Growth Regulation, 39: 285-292. 

Smart, C.M. 1994. Gene expression during leaf senescence. 
New Phytology, 126: 419-448. 

Steinite, I., Levinsh, G. Wound-induced responses in leaves of 
strawberry cultivars differing in susceptibility to spider 
mite.  Journal of Plant Physiology, 159: 491-497. 

Steffens, J.C., Harel, E., Hunt, M.D. 1994. Polyphenol 
oxidase. In: Ellis BE, Kurkori GW, Stafford, H. A. (eds) 
Genetic engineering of plant secondary metabolism. 
Plenum Press, New York, pp 276-304. 

Thipyapong, P., Hunt, M.D., Steffens, J.C. 2004. Antisense 
downregulation of polyphenol oxidase results in enhanced 
disease susceptibility. Planta, 220: 105-117. 

Tyagi, M., Kaystha, A.M., Sinha B. 2000. The role of 
peroxidase and polyphenol oxidase isozymes in wheat 
resistance to Alternaria triticina. Biologia Plantarum 43: 
559-562. 

Upadhyaya, H., Khan, M.H., Panda, S.K. 2007. Hydrogen 
peroxide induces oxidative stress in detached leaves of 
Oryza sativa L. General and Applied Plant Physiolgy, 33: 
83-95. 

Veljovic-Jovanovic, S., Kukavica, B., Stevanovic, B., Navari-
Izzo, F. 2006. Senescence and drought-related changes in 
peroxidase and superoxide dismutase isoforms in leaves of 
Ramonda serbica. Journal of Experimental Botany, 57: 
1759-1768. 

Verma, S., Dubey, R.S. 2003. Lead toxicity induces lipid 
peroxidation and alters the activities of antioxidant 
enzymes in growing rice plants. Plant Science, 164: 645-
655. 

Wu, N., Fu, K., Fu, Y., Zu, Y., Chang, F., Chen, Y., Liu, X., 
Kong, Y., Liu, W., Gu, C. 2009. Antioxidant activities of 
extracts and main components of Pigeon pea [Cajanus 
cajan (L.) Millsp.] leaves. Molecules, 14: 1032-1043. 

Yeh, J., Kao, C.H. 1994. Lack of evidence for causal 
relationship between peroxidase activity and dark-induced 
senescence of detached corn leaves. Botanical Bulletin of 
Acdamia Sinika, 35: 147-151. 

Yoruk, R., Marshall, M. 2003. Physiochemical properties and 
function of plant polyphenol oxidase: a review. Journal of 
Food Biochemistry, 27: 361-422. 

Yun, B.W., Huh, G.H., Lee, H.S., Kwon, S.Y., Jo, J.K., Kim, 
J.S., Cho K.Y., Kwak , S.S. Differential resistance to 
methyl viologen in transgenic tobacco plants that express 
sweet potato peroxidases. Journal of Plant Physiolgy, 156: 
504-509. 

065                 International Journal of Current Research, Vol. 3, Issue, 10,  pp.061-065, September, 2011 
 


