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Abstract: Seedling of Ofada rice (Oryza sativum L) were raised in sand (swampy) and clay (upland) cultures 
under 500mg/kg lead acetate and 500mg/kg garlic aqueous extract for 40 -days. The uptake and distribution 
pattern of lead with possible induction of oxidative stress and likely alteration in the inherent antioxidant defense 
systems of the rice plants were determined. The inhibitory potential of garlic against lead-induced oxidative stress 
in rice seedling was also assessed. From the results, rice seedlings grown for 10-40 days under 500mg/kg lead 
acetate showed significant (P<0.05) increase in level of lipid peroxides in roots, indicating enhanced lipid 
peroxidation compared to control. However, incubation of garlic extract with supernatants of rice root and shoot 
caused a significant (P<0.05) reduction in the accumulation of lipid peroxides in a concentration dependent 
manner. In addition, there was a marked increase in antioxidant enzymes activities in lead acetate treated 
seedlings, where the shoot maintained higher defensive enzyme activity than roots. The results suggest that lead-
induced oxidative stress could be salvaged by garlic extract and antioxidant enzymes are biomarkers for lead -
induced oxidative injury in rice plants. 
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1. Introduction  

Lead occurs naturally in soil and water. Plants absorb soil lead through their roots and thus, all plants contain small 
amount of this metal [1]. The relationship between plants and soil lead varies with factors ranging from chemical forms of the 
element in soil, soil properties, climate, plant species, e.t.c. [2]. Lead, a toxic heavy metal and pollutant of the environment that 
originates from various sources like mining, pottery, casting and soldering, metallurgy, aerosols and dust from smelters, 
ammunition and automobile-exhaust, gasoline, e.t.c [3]. However, increased lead levels in the soil environment inhibits seed 
germination, stunts seedling growth and threatens plant metabolic reactions for proper growth and development resulting in 
low yields [4]. High levels of heavy metals in the soil normally result in oxidative damage to plants either directly or indirectly 
by triggering an increased level of reactive oxygen species generation that generally cause damage to the biological molecules 
such as proteins, membrane lipids, chloroplast pigments, enzymes, nucleic acids, e.t.c.  [5]. These free radicals include 
superoxide radical (O2

*
 
- ) hydroxyl radical (OH*- ) and hydrogen peroxide (H2O2) that are produced as by products during 

membrane linked electron transport reaction and by associated metabolic pathways [6]. Oxidative stress occurs where there is 
imbalance between the production of reactive oxygen species and the biological system’s ability to readily detoxify the reactive 
intermediates produced or failure to easily repair the damage [7]. Also several studies have reported that organosulphur and 
polyphenolic compounds in plants protect against oxidative stress [8]. To salvage the rice plants from lead-induced oxidative 
stress, this study was designed to assess the uptake and distribution of lead in root and shoot of rice plants, determine the 
inhibitory potential of garlic as well as possible alteration in the activity of some defensive enzymes of rice plants. 

 

2. Materials and Methods 
2.1. Collection of Soil Sample 

Soil samples were collected from five states in South-West region of Nigeria. Two locations (Toga and Owode) in Ogun 
state were considered for the research due to their appreciable lead levels after a comprehensive soil test.  

 

2.2. Preparation of Garlic Extract 
500g of the powdered sample (garlic cloves) was extracted via maceration for 48hrs using the method of Aguawa and 

Mittal [9]. 

 
2.3. Experimental Design 

In both locations (Toga and Owode areas), rice seeds were surface sterilized with 0.1% sodium hypochlorite solution for 
10mins and then rinsed with distilled water. After 24hrs imbibitions of seeds in water, the seedlings were raised in clay (Owode 
area) and sand (Toga area) cultures respectively in lead free plastic pots. The pots received respective treatment solutions and 
were carefully maintained under control for seedling growth in a biological oxygen demand (B.O.D) and optimum relative 
humidity with 12hrs photoperiod. In each location, the pots were grouped into four groups A, B, C, and D. ‘A’ contained 
seedlings treated with distilled water only and served as positive control. ‘B’ seedlings were treated with 500mg/kg lead 
acetate only, and seedling in ‘C’ received 500mg/kg lead acetate with 500mg/kg garlic extract simultaneously while seedling in 
‘D’ were treated with 500mg/kg garlic extract only. 

 
2.4. Determination of Lead in Rice Seedlings 

Fresh root and shoot samples were surface sterilized with 1M HCl and then with 1mM Na2EDTA for the surface bound 
lead and then dried in oven at 700C for 5-days. Dried samples were ground to a fine powder in mortar and pestle and digested 
with concentrated H2SO4. Digested samples were dissolved in de-ionized distilled water and lead content was estimated using 
atomic absorption spectrophotometer (AAS).  

 
2.5. Oxidative Stress Assay 

The level of lipid peroxidation products was determined using the method of Heath and Packer [10]. Fresh root and 
shoot samples were ground in 0.25% thiobarbituric acid (TBA) in 10% TCA using mortar and pestle. The mixture was heated 
at 950C for 30min then cooled in an ice bath and centrifuged at 10 000 x g for 10min. the absorbance of the supernatant was 
read at 532nm while total of 0.25% TBA in 10% TCA served as blank. The concentration of lipid peroxides together with the 
oxidative-modified proteins of plants were quantified and expressed as total TBARS as nmol g -1 fresh weight using an 
extinction coefficient of 155mM-1 cm-1. 

 
2.6. Evaluation of Garlic Inhibitory Potential 

The production and inhibition of lipid peroxides from rice roots and shoots was determined using method described by 
Ohkawa, et al. [11]. The roots and shoots were ground in cold saline (1/10 w/v) with 10 up-and-down strokes in mortar and 
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pestle. The homogenate was centrifuged for 10min at 10 000xg to obtain the supernatant and also incubated with lead acetate 
and garlic extract at varied concentrations together with de-ionized water at total volume 300µl at 370C for 1hr. The color 

reaction was monitored by adding 200, 250 and 500µl each of 8.1% sodium dodecylsulphate (SDS), acetic acid at pH 3.4 and 
0.6% TBA respectively. The solution was incubated at 970C for 1hr and absorbance was read at 532nm.  

 
2.7. Superoxide Dismutase Assay 

The activity of superoxide dismutase (SOD) was determined according to method described by Misra and Fridovich [12]. 
About 200 mg fresh tissue (root/shoot) were homogenized in 5ml of 100 mM K-phosphate buffer at pH 7.8 containing 0.1 mM 
EDTA. 0.1% (v/v) Triton X-100 and 2% (w/v) polyvinyl pyrrolidone (PVP). The extract was filtered and centrifuged at 22 

000 x g for 10mins at 4 0C. The supernatant was dialyzed in cellophane membrane tubings against the cold extraction buffer 
for 4hrs with 3-4 changes of the buffer and later used for the assay. The assay mixture in a total volume of 3ml contained 50 
mM sodium carbonate-bicarbonate buffer (pH 9.8), 0.1 mM EDTA, 0.6mM epinephrine and enzyme while epinephrine was 
added last. The adrenochrome formation after 5mins was recorded at 475nm in a UV-Vis spectrophotometer.  

 
2.8. Catalase Assay 

The activity of catalase was examined according to Beers and Sizer [13]. 200 mg Fresh tissue (roots/shoot) were 
homogenized in 5ml of 50 mM EDTA. 2% (w/v) PVP and 0.5% (v/v) Triton X -100. The homogenate was centrifuged at 22 
000 x g for 10mins at 40C and after which the supernatant was used for the enzyme assay. The assay mixture in total volume of 
1.5ml contained 1000µl of 100µl enzyme at 240 nm. 

 
2.9. Glutathione Reductase Assay 

Glutathione reductase was assayed according to Schaedle and Bassham [14]. 200mg Fresh tissue (root/shoot) were 

homogenized using chilled mortar and pestle in 5ml of 50 mM Tris-HCl buffer (pH 7.6). The homogenate was centrifuged at 
22 000 x g for 30mins at 4 0C and the supernatant was used for the enzyme. The reaction mixture in a total volume of 1ml 
contained 50 mM Tris-HCl buffer (pH 7.6), 0.15 mM NADPH, 1 mM GSSG, 3 mM MgCl2 and 200µl enzyme extract. The 
activity of the enzyme was monitored with absorbance at 340nm.  

 

3. Results 
 

Table 1. 
Uptake of lead by growing rice seedlings (Sand) in Toga area for 40-days. 

Rice pots lead levels in root (mg/kg) lead levels shoot (mg/kg) 
A 15.2 7.25 
B 20.5 12.5 

C 16.7 10.8 
D 12.4 8.5 

 

 
Figure 1. 
Uptake of lead by growing rice seedlings (Sand) in Toga area for 40-days. 

 
Table 2. 
Uptake of lead by growing rice seedlings (clay) in Owode area for 40-days. 

Rice Pots lead levels in root (mg/kg) lead levels shoot (mg/kg) 
A 6.82 5.12 
B 15.5 8.65 
C 11.59 6.88 
D 7.85 5.52 

 

 
Figure 2. 
Uptake of lead by growing rice seedlings (clay) in Owode area for 40-days. 

 
Table 3. 
Levels of total lipid peroxides in root and shoot of rice seedlings in Toga area.  

Age (days)  Treatment Root (nmol/mg) Shoot (nmol/mg) 

10 Rice + distilled water 1.51±0.17 0.87±0.23 
  Rice + 500mg/kg lead acetate 2.19±0.97 1.98±0.07 
20 Rice + distilled water 1.58±0.12 0.73±0.43 

  Rice + 500mg/kg lead acetate 6.20±0.41 2.94±0.56 
30 Rice + distilled water 1.58±012 0.73±0.43 

  Rice + 500mg/kg lead aceatate 10.15±0.44 5.85±0.73 
40 Rice + distilled water 1.55±0.13 0.73±0.53 
  Rice + 500mg/kg lead acetate 17.99±088 7.73±0.53 
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Table 4. 
Levels of total lipid peroxides in root and shoot of rice seedlings in Owode area.  

Age (days) Treatment Root (nmol/mg) Shoot (nmol/mg) 

10 Rice + distilled water 0.10±0.08 0.02±0.01 
  Rice + 500mg/kg lead acetate 1.98±0.07 1.06±0.19 

20 Rice + distilled water 0.02±0.01 0.02±0.01 
  Rice + 500mg/kg lead acetate 3.97±0.44 2.94±0.56 
30 Rice + distilled water 0.06±0.04 0.05±0.09 
  Rice + 500mg/kg lead acetate 7.42±0.79 5.85±0.73 

40 Rice + distilled water 0.04±0.02 0.10±0.08 
  Rice + 500mg/kg lead acetate 10.74±1.17 7.42±0.79 

 
Table 5. 
Inhibitory potential of garlic aqueous extract on lead acetate induced oxidative stress in root of rice plant.  
Extract (mg/ml) Absorbance % Inhibition IC50 (mg/ml) 

Basal 0.08 - - 
Control 0.4 8 - - 
10 0.33 30.9 1.2 
20 0.32 32.4 1.34 

40 0.21 55.9 3.41 
80 0.16 66.6 4.36 
160 0.14 70.4 4.69 

 

 
Figure 3. 
Inhibitory potential of garlic aqueous extract on lead 
acetate induced oxidative stress in root of rice plant. 

 

Table 6. 
Inhibitory potential of garlic aqueous extract on lead acetate induced oxidative stress in shoot of rice plant.  

Extract (mg/kg) Absorbance % Inhibition IC50 (mg/kg) 

Basal 0.09 - - 
Control 0.48 - - 

10 0.24 49.3 0.55 
20 0.13 72.6 3.49 
40 0.12 74.72 3.86 

80 0.11 75.65 4.01 
160 0.1 76.6 4.19 

 

 
Figure 4. 
Inhibitory potential of garlic aqueous extract on lead acetate induced 
oxidative stress in shoot of rice plant. 

 
Table 7. 
Effect of lead uptake on superoxide dismutase activity in rice seedlings. 

Rice Pot SOD Activity in Root (nmol/mg) SOD Activity in Shoot (nmol/mg) 

A 2.19±0.97 2.94±0.56 

B 17.99±0.88 20.57±0.57 
C 26.51±0.48 39.91±0.68 
D 10.74±1.17 15.95±0.96 

 
 

 
Figure 5. 
Effect of lead uptake on superoxide dismutase activity in rice seedlings. 

 



82 

 

 
Edelweiss Applied Science and Technology 

ISSN: 2576-8484 

Vol. 2, No. 1: 79-83, 2018 
DOI: 10.33805/2576.8484.118 
© 2018 by the authors 
 

Table 8. 
Effect of lead uptake on catalase activity in rice seedlings. 

Rice Pot CAT Activity in Root (nmol/mg) CAT Activity in Shoot (nmol/mg) 
 A 0.21±0.03 0.28±0.02 
 B 0.15±0.04 0.22±0.01 

 C 1.56±0.06 1.61±0.30 
 D 1.69±0.47 0.71±0.19 

 

 
Figure 6. 
Effect of lead uptake on catalase activity in rice seedlings. 

 
Table 9. 
Effect of lead uptake on glutathione reductase activity in rice seedlings. 

Rice Pot GR Activity in Root (nmol/mg) GR Activity in Shoot (nmol/mg) 
A 0.67±0.05 1.16±0.02 
B 1.56±0.06 1.21±0.03 
C 0.91±0.12 0.82±0.10 
D 1.07±0.10 1.11±0.11 

 

 
Figure 7. 
Effect of lead uptake on glutathione reductase activity in rice seedlings. 

 

4. Discussion 
Lead uptake highest level (20.50mg/kg) was observed in root treated with 500mg/kg lead acetate in pot B. 

lowest lead level was obtained in pot D in root treated with garlic extract only in Toga area for 40 -days. However, 
highest lead level obtained in shoot (12.50mg/kg) in pot B treated with lead acetate only was much more reduced 
compared to root, while lowest lead level (8.50mg/kg) was obtained in D. This was reasonably possible as plant 
roots normally absorb more lead than shoot. In addition at Owode area, (15.50mg/kg) and (8.65) were the highest 
and lowest lead levels obtained in rice root and shoot respectively. These values were comparatively lower to the 
values of lead concentrations obtained for both root and shoot of rice plant in Toga area. This could be attributed 
to enhanced lead absorption aided by wet or flooded soils in Toga area. However, due to antioxidant property of 
garlic, lead absorption was restricted in pot D where remarkable lowest lead level was obtained. Besides, the 
production of lipid peroxides in both root and shoot of rice seedling showed increased lead concentration relative 
to seedling age or period of growth. Seedlings grown under 10-days had (1.5nmol/mg and 0.87nmol/mg) lowest 
concentration of lipid peroxides in rice root and shoot respectively. Those grown under 40-days had 
(17.99nmol/mg and 7.73nmol/mg) highest concentration of lipid peroxides in rice root and shoot respectively in 
Toga swampy area. However, same trend was observed in Owode area where highest lipid peroxidation levels 
(10.74nmol/mg and 7.42nmol/mg) in root and shoot respectively were obtained under 40 -days while lowest lipid 
peroxidation levels (0.10nmol/mg and 0.02nmol/mg) in root and shoot were respectively obtained under 10 -days.  

In view of the above, peroxide levels in Toga area was higher than that obtained in Owode area and maximum 
concentration (17.99nmol/mg) was obtained in rice root. This is because root absorbs lead faster in wet or flooded 
area and tends to retain absorbed lead which it does not easily transport for prompt uptake by the plant shoot. 
This results to slow mobility of lead in rice plant where large accumulations are observed in root. The high lipid 
peroxide levels in root due toaccumulation could as well be attributed to the ability of Pb2+ which catalyzes one 
electron (e-) transfer reaction that generate reactive oxygen species (ROS) such as hydroxyl radicals and hydrogen 
peroxides via Fenton reaction and thus, generate more lipid peroxides [15]. However, the protective effect 
demonstrated by garlic in this study could be due to presence of its inherent phenolic and organosulphur 
components that constitute and enhance its antioxidant activity. The antioxidant activity has been reported to be 
concomitant with the development of reducing power [16] and this is due to garlic extract hydrogen donating 
ability [17]. In this study, garlic antioxidant activity was demonstrated against the reactive oxygen species 
generated and thus, inhibits lipid peroxidation due to its scavenging potential. Besides, plants generally possess 
inherent antioxidant defense system used naturally to combat the oxidative damage. In view of this, table 7 shows 
effect of lead uptake on Superoxide-dimutase (SOD) activity in rice seedling where a significant (P<0.05) increase 
in SOD activity (26.51 and 17.99) was observed in roots of rice seedlings of pots C and B treated with lead acetate.  

Meanwhile similar effect was observed in shoots of rice seedlings of pots C and D treated with lead acetate 
where significant (P<0.05) increase (39.91 and 20.57) in SOD activity respectively. However, SOD activity was 
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observed higher in shoot than root because root absorbs more lead concentrations than shoot. Hence, the excessive 
lead has the propensity of reducing the defensive potential of SOD in plant root. SOD activity has been reported to 
increase under water stress [18] heavy metal toxicity [19]. This increase in response to stress could be due to de 
novo synthesis of the enzyme [20]. The catalase (CAT) activity observed for lead treated rice seedlings in pot B 
was significantly (P<0.05) lower than control for both root (0.15) and shoot (0.22) respectively. However, in pots 
C and D treated with the sample extract, CAT activity was appreciably higher in the plant tissues when compared 
to control. The decline in CAT activity in pot B could be attributed to lead toxicity which could possibly delay the 
removal of hydrogen peroxide and peroxides mediated by catalase which in turn enhances free radical mediated 
lipid peroxidation in plant tissues [21]. Besides, a decline in catalase activity has been attributed to the 
inactivation of enzyme protein due to deleterious activity of reactive oxygen species which either decrease the 
enzyme synthesis or cause alteration in assembly of enzyme subunits [22]. On the contrary, glutathione reductase 
(GR) activity was higher in both root (1.56) and shoot (1.21) of rice seedlings treated with lead acetate in pot B 
compared with control. Similarly, GR activity was significantly (P<0.05) higher in pot D treated with extract 
sample than tissues of rice seedlings in pot C. This could be attributed to antioxidant potential of the extract 
(garlic) which also compliments the GR antioxidant activity [23]. In addition, the increased GR activity suggests 
possible involvement of GR in regenerating GSH from GSSG under lead toxicity in order to increase GSH/GSSG 
ratio and thus, increasing total glutathione pool [24]. The study above clearly suggests that lead toxicity induces 
oxidative stress in rice plants which could be modulated by garlic antioxidant effect, while antioxidant enzymes 
play a pivotal role in combating oxidative stress in the plants.  
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