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Abstract 
 
Physiological responses of Oryza sativa L. to lead excess (10 and 50 μM) were studied in a hydroponic system after  
48- and 96-h exposure. Accumulation of Pb in stressed rice shoots was concomitant with an increased metal 
concentration in the growth media and duration of exposure. The Pb stress resulted in an enhanced lipid peroxidation 
accompanied by altered activities of antioxidants. A substantial increase in α-tocopherol content of the Pb stressed rice 
shoots was observed suggesting its important role as an antioxidant. Among the antioxidant enzymes studied, activities 
of superoxide dismutase (SOD) and ascorbate peroxidase (APX) increased in the Pb-treated rice shoots, whereas that of 
catalase (CAT) declined. Activity of an important ascorbate-glutathione cycle enzyme, glutathione reductase (GR), also 
increased significantly in the Pb-treated shoots. The results suggest that Pb toxicity resulted in induction of oxidative 
stress in rice shoots, and α-tocopherol accumulation and upregulation of SOD, APX, and GR activities play an effective 
role in acclimatization to Pb stress. 
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Lead is the second most hazardous heavy metal (HM) 
pollutant after arsenic (Shahid et al. 2014). An elevated 
Pb concentration in soil has been reported to inhibit seed 
germination and retard plant growth (Kumar et al. 2013). 
Deleterious effects of Pb on plants include a reduced 
stomatal conductance and chlorophyll biosynthesis 
causing disturbed photosynthesis and transpiration 
(Xiong 1997). Besides, Pb induced toxic effects could be 
attributed to a lowered mineral nutrition (Kannan and 
Keppel 1976) and inhibition of activities of many 
enzymes (Kumar et al. 2013). The phytotoxic effects of 
Pb may be also ascribed to its ability to induce oxidative 
stress in plants (Reddy et al. 2005, Qureshi et al. 2007). 
Heavy metals, including Pb, increase production and 
accumulation of reactive oxygen species (ROS) such as a 
superoxide radical, a hydroxyl radical, singlet oxygen, 
and hydrogen peroxide. The ROS react rapidly with many 
biomolecules including lipids resulting in their 
peroxidation, e.g., in membranes (Israr et al. 2011). Lipid 

peroxidation is considered as the most reliable indicator 
of oxidative stress; it results in altered membrane 
integrity, enhanced permeability, and inactivation of 
membrane associated enzymes (Schutzendubel and Polle 
2002). Plants have developed an integrative defense 
system against oxidative stress consisting of both 
enzymatic and non-enzymatic antioxidants. The main 
components of this defense system are superoxide 
dismutase (SOD), catalase (CAT), ascorbate peroxidase 
(APX), and glutathione reductase (GR). (Thounaojam  
et al. 2012). Under stress conditions including HM stress, 
activities of antioxidant enzymes have been reported to 
alter greatly (Thakur et al. 2016). Besides antioxidative 
enzyme activities, we also investigated a potential role of 
α-tocopherol against Pb-induced oxidative stress. 
Previous reports suggest the role of α-tocopherol as a 
membrane lipid protectant against photooxidation and as 
a scavenger of lipid peroxides and reactive oxygen 
radicals (Gajewska and Skłodowska 2007). However,  
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