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ABSTRACT  
 

Cadmium (Cd+2) pollution increased recently from many sources so reached to the plant 
environment especially the soils and irrigation water which causing certain stresses on the economic 
plants. Therefore, this work was designed to study the effect of Cd+2 toxicity on rooting of cuttings of 
cowpea seedling as well as to access the effect of Cd+2 pollution on some biochemical and 
physiological alterations. The obtained results proved that treating cowpea seedlings cuttings with 
Cd+2 decreased its fresh weight, dry weight and growth rates so indicating that Cd+2 stress is a key 
factor limiting growth and rooting of the cuttings. The Cd+2 treatments induced adverse changes in the 
chloroplast morphology and structure and the chlorophyll content. The Cd+2 stress induced 
disturbances in leaves relative water content and cells membrane stability index and decreased total 
proteins that showed through Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-
PAGE) technique. Oxidative stress and antioxidant defense systems that including lipid peroxidation 
and enzymatic and non-enzymatic antioxidants such as glutathione S-transferase, catalase and 
glutathione reductase activity affected by Cd+2 stress. Finally, all measured parameters under this 
study could serve as bioindicators of the adverse effect of Cd+2 stress. 

  
 
Key words: Cadmium, Growth, rooting, Photosynthetic pigments, thylakoids, phytotoxicity,     
                   antioxidant defense system, lipid peroxidation. 

 
Introduction 
 

Plants are exposed to several stresses such as drought, salinity, UV, light, heat and heavy 
metals. Heavy metals are significant environmental pollutants, and their toxicity has become a 
problem of increasing significance for ecological, evolutionary, nutritional and environmental 
reasons. The Cd+2 is one of the most deleterious heavy metals both to plants and animals. In the plant 
it effects on the developmental, structural, physiological and biochemical processes. The Cd+2 
pollution is of increasing scientific interest since Cd2+ is readily taken up by the roots of many plants 
species and its toxicity is generally considered to be 2–20 times higher than that of other heavy metals 
(Shah and Dubey, 1995). The inhibiting effect of Cd+2 on fresh and dry mass accumulation, height, 
root length, leaf area, and other biometric parameters of plants are reported in almost all 
investigations. The symptoms of phytotoxicity were expressed more clearly in roots because of the 
significantly higher heavy metal accumulation there (Breckle, 1991). Gussarsson et al. (1996) 
reported that higher Cd+2 concentration reduces the plant growth and stops the root growth due to the 
cork structure of the root and the reduction of electrical conductivity of water in the roots. Plants 
grown in soil containing high concentrations of Cd+2 has shown visible symptoms of injury reflected 
in terms of chlorosis, growth inhibition, browning of root tips and finally death (Sanita di Toppi and 



Middle East J. Agric. Res., 6(3): 646-661, 2017 
ISSN: 2077-4605 

647 

Gabbrielli 1999; Mohanpuria et al. 2007; Guo et al. 2008). Nazarian et al (2016) observed growth 
reduction and decreasing in weight and specific leaf area of basil plants due to increasing Cd+2 
concentration. Somashekaraiah et al. (1992) stated that chlorophyll concentration of the in vivo Cd+2-
treated plants has dropped because of the activation of the chlorophyll enzyme degradation. The 
intoxication of pollutant metals induces oxidative stress because of they are involved in several 
different types of ROS-generating mechanisms. These radicals are produced transiently in aerobic 
organisms because of they are also generated in plant cells during normal metabolic processes, such 
as respiration and photosynthesis (Asada, 1997). The higher reactive oxygen species (ROS) 
concentrations appeared to be extremely harmful the plant so that the ROS oxidize proteins, lipids and 
a nucleic acid that often leading to alterations in cell structure and mutagenesis (Halliwell and 
Gutteridge, 2000). The balance between the steady-state levels of different ROS are determined by the 
interplay between different ROS-producing and ROS-scavenging mechanisms, and can change 
drastically depending upon the physiological condition of the plant and the integration of different 
environmental, developmental and biochemical stimuli (Polle, 2001). A variety proteins function as 
scavengers of the ROS such as Superoxide Dismutase (SOD), Catalase (CAT), Ascorbate Peroxidase 
(APOX), Glutathione Reductase (GR) and Thioredoxin (Benavides et al, 2005). Cd+2was found to 
produce oxidative stress, but, in contrast with other heavy metals such as Cu, it does not seem to act 
directly on the production of ROS (Saline, 2003). Therefore, the main goal of this study is to 
investigate the toxic effect of Cd+2at different concentrations on rooting, physiological and 
biochemical perturbations in Cowpea including: Number of root, Membrane stability index (MSI), 
Relative water content (RWC), Relative Growth rate, Oxidative stress biomarkers, Antioxidant 
enzymes, Nonenzymatic antioxidants, Chlorophyll Content, Protein profiling by SDS page, 
Transmission electron microscopy.  
 
Material and Methods 
  
Plant Materials and Experimental Design:  
 

The present study was carried out at Environmental Toxicology Laboratory, Department of 
Environmental Studies, Institute of Graduate Studies and Research, Alexandria University and Plant 
Physiology Laboratory, Department of Botany, Faculty of Agriculture, Azhar University, Cairo, 
Egypt. Cowpea seeds (local cultivar) had sown in a moist clay soil until germination to obtaining the 
cuttings. The cuttings were taken after 6 days old cow-pea transplants. The cuttings were prepared by 
excising the seedlings root system 3 centimeters below the cotyledonary node, thus, the cutting was 3 
centimeters of hypocotyls plus the epicotyls including a pair of primary leaves. Five cuttings were 
planted per a vial 30 ml volume which also contained the Cd+2 to be tested plus 20 ml of 1/4 MS 
liquid medium (Murashige and Skoog basal medium nutrient solution). The cowpea cuttings were 
then placed at room temperature and 16/8 h light/dark cycles under 9000 Lux fluorescent lights. The 
experiments were carried out in hydroponic cultures, the experiment involved five concentrations of 
Cd+2 (0.0, 0.3, 0.6, 0.9 and 1.2 mg/l Cd+2). The Cd+2 was applied as CdCl2 form. After 5 days, the 
cuttings were taken and washed in distilled water and the data has recorded at seedling stage as 
follows: 
 
Morphology and growth traits: recorded on thirty seedlings (five from each replicate) for the 
following parameters, roots number, root length (cm), fresh shoot weight (g) and dry shoot weight (g).  
Cd+2 tolerance index (CTI) at the seedling stage was calculated as follows: 

                             Value of trait under stress condition 
     CTI = ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ             x 100 

                                         Value of trait under control condition 
 
Physiological and biochemical traits: recorded on six replicates (five fresh seedlings from each) of 
cowpea seedling to study the following traits:  
 
 Chlorophyll content: chlorophyll levels were measured by the spectrophotometric method described 
by Lichtenthaler and Wellburn (1985).  
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Finally, the data was recorded as a Cd+2 tolerance index (CTI). 
 

  Membrane stability index (MSI): determination of MSI was performed by employing electrical 
conductivity (EC) of the cowpea leaf. For this, double distilled water is utilized as medium at 
temperatures 40°C and 100°C. Four same sized discs were taken in standard test tubes having 20 ml 
double distilled water. Four sets of discs were maintained for comparison being kept for 30 min. at 
40°C and for 15 min at 100°C in water bath respectively. Electric conductivity’s EC1 and EC2 were 
measured by conductivity meter (Sairam, 2002). MSI= [1 – EC1/EC2] X 100. 
 
 Relative water contents (RWC): measuring leaf relative water content was conducted by incubating 
leaf samples (0.1 g) in 20 ml distilled water for 4 h (Weatherley, 1950). The turgid weight of leaf 
samples was recorded. The leaf samples were oven dried at 65 ºC for 48 h. Dry weights of the 
samples were taken after confirming that the samples were completely dried out. 

RWC = (fresh weight- dry weight)/ (turgid weight - dry weight) X 100 
  
Thiobarbituric acid reactive substances: all chemicals used in this study were of analytical grade. 
Cd+2 form of CdCl2 was obtained from Sigma-Aldrich Chemical Co., St. Louis, U.S.A.  
Thiobarbituric acid-reactive substances (TBARS) were measured in plant homogenate using the 
method of Ohkawa et al. (1979). Tissue supernatant was mixed with 1 mL TCA (20%) and 2 mL 
thiobarbituric acid (0.67%) and was heated for 1 h at 100ºC. After cooling, the precipitate was 
removed by centrifugation. The absorbance of the sample was measured at 535 nm using a blank 
containing all the reagents except the sample.  
 
Hydrogen peroxide concentration (H2O2): for determination of H2O2 concentration, seedlings tissue 
(100 mg) was extracted with 5 ml TCA (0.1%, w/v) in an ice bath and centrifuged at 12,000 ×g for 15 
min (Velikova et al., 2000). An aliquot (0.5 ml) of supernatant was added to 0.5 ml of phosphate 
buffer (pH 7.0) and 1ml of 1M potassium iodide. The absorbance of the mixture was read at 390 nm. 
H2O2 content was determined using the extinction coefficient 0.28 µM−1 cm−1 and amount expressed 
as nmol g−1 FW. 
 
 Total glutathione concentration: reduced glutathione (GSH) content was measured in plant 
homogenate after reaction with 5.5′- dithiobis-(2-nitrobenzoic acid) using the method of Ellman 
(1959). The absorbance was monitored at 412 nm, and the amount of GSH was expressed as nmol/mg 
protein. 
 
 Non-protein thiols: the concentration of non-protein thiols was measured as described by Del Longo 
et al. (1993). 100µl of sulphosalicylic acid supernatant was transferred to a microfuge tube, to which 
0.5 ml reaction buffer (0.1M phosphate buffer (pH 7.0), 0.5mM EDTA) and 0.5 ml of DTNB (1mM) 
was added. The reaction mixture was incubated for 10 min. and absorbance read at 412 nm. Values 
were corrected for the absorbance of the blank without addition of plant extract. A calibration curve 
was established using different concentrations of cysteine.  
 
 Catalase activity: catalase enzyme (CAT; EC 1.11.1.6) catalyzes the conversion of H2O2 into water. 
The CAT activity in tissue supernatant was measured spectrophotometrically at 240 nm by calculating 
the rate of degradation of H2O2, the substrate of the enzyme. CAT activity was calculated as unit/mg 
protein (Aebi, 1984). 
 
Glutathione S-transferase activity: glutathione S-transferase (GST; EC 2.5.1.18) catalyzes the 
conjugation reaction with glutathione in the first step of mercapturic acid synthesis. The measurement 
of GST activity is determined by using para-nitrobenzylchloride as a substrate. The absorbance was 
measured spectrophotometrically at 310 nm using U.V. double beam spectrophotometer (Habig et al., 
1974). 
 
Glutathione reductase activity: glutathione reductase (GR; EC 1.6.4.2) activity was assayed as the 
increase in absorbance at 412 nm, resulting from the reduction of 5,5`-dithio-bis (2-nitrobenzoic acid) 
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(DTNB) to 2-nitro- 5-thiobenzoic acid (TNB) as described in Teisseire and Guy (2000). The reaction 
mixture contained 50 µl 20mM EDTA, 50 µl 15mM DTNB, 50 µl 20 mM GSSG, 50 µl 2mM 
NADPH and 750 µl of 50 mM potassium phosphate buffer (pH 7.5) and 50 µl of enzyme extract. The 
assay was performed at 25 ◦C in a 1.5 ml cuvette. 
 
 Total protein: the protein content was determined by the following method described by Lowry et al. 
(1951) using bovine serum albumin as a standard. 
 
Protein extraction for electrophoresis: cowpea leaves were ground to fine powder using pistil and 
mortar in liquid nitrogen. This procedure was based on that described by Hurkman and Tanaka (1986) 
Two hundred mg of each sample was added to eppendorf tubes, 600 μl extraction buffer (0.5 M Tris-
HCl pH 8.8, 0.1 mM NaCl 5 mM EDTA, 2% -mercaptoethanol, 0.7 M sucrose) and 600 μl of phenol 
was added. The tubes were shaken on Shaker for 20 minutes at room temperature and the samples 
were transferred into a centrifuge at 14,000 rpm for 10 min. The upper, phenol layer was transferred 
into another tube. And the phenol layer combined with that collected earlier. Proteins from the phenol 
extract were precipitated by adding 1ml of 0.1 M ammonium acetate in 100% methanol and kept at -
20°C for 20 min. before centrifuging at 14,000 rpm for 10 min. The pellet was washed twice with 0.1 
M ammonium acetate in methanol and washed twice with 80% acetone. After the final wash, the 
pellet was dried. The pellet taken into 200 μl of buffer containing (0.0625 M tris-HCl buffer pH 6.8, 
10% glycerol, 2.5% of 2- marcaptoethanol 2% SDS and 0.002% bromophenol blue) for 
electrophoresis. 
 
Electrophoresis: total soluble proteins of the leaves were determined on sodium dodecyl sulphate 
polyacrylamide gel electrophoresis (SDS-PAGE) by mini slab gel apparatus according to the method 
of Laemmli (1970) using 10% polyacrylamide. Sample batter were heated at 95°C for 5 min., ten μl 
of soluble proteins was loaded in each well. Electrophoresis was carried out in electrode buffer (0.025 
M Tris, 0.129 M glycine and 0.125% SDS) at 100 volts for 90 minutes. The gels were stained with 
0.5% coomassie brilliant blue (CBB) G-250 in acetic acid-methanol-water (3:22:25 volume ratio) for 
90 minutes and distained in acetic acid-methanol- water (5:20:75 volume ratio) for overnight until the 
blue background disappeared and bands were visible. 
 
Transmission electron microscopy: root and leaf of plants specimens were fixed with 1% potassium 
permanganate solution for 5 min. then washed thoroughly with distilled water; they were then 
dehydrated using 30, 50, 70, 90% and absolute ethanol followed by propylene oxide: ethanol mixture 
as fractions 1:2, 1:1, 2:1 and pure propylene oxide respectively. The specimens were then infiltrated 
with Epon 812 resin in fractions with propylene oxide as 1:2, 1:1, 2:1 and finally pure resin which 
polymerizes as plastic capsules when kept at 60°C for 48 h. Ultrathin sections were cut using Leica 
Ultracut-UCT microtome and stained with uranyl acetate and lead citrate prior to investigation with 
GEOL- GEM- 1010 Transmission electron microscope at the Regional Center for Mycology and 
Biotechnology (RCMB), Al-Azhar University. The investigation was carried out at 70 KV. 
 
Statistical analyses:  all measurements were triplicate performed in independent experiments for all 
treatments. Statistical analyses were made with one - way analysis of variance (ANOVA) using the 
SPSS-21. The means were separated by Duncan multiple range test (DMRT) that used to determine 
the specific treatments. The criterion for statistical significance was p < 0.05. 
 
Results and Discussion 
 
1- Morphology and growth: Cd+2 induced morphological and growth changes are shown in Fig. 1 

and Table 1. The mean number of roots was gradually decreased of 8.7 with 0.0 mg/l as control to 
0.18 at 1.2 mg/l Cd+2. Also the mean length of roots was significantly decreased of 32.1 mm with 
untreated plants to 1.56 mm at 1.2 mg/l of Cd+2 concentration in cutting cowpea seedling. 

Cowpea seedlings fresh weight, dry weight, growth rate and tolerance indexes were 
significantly reduced with higher Cd+2 concentration. The higher reducing of all growth parameters 
were recorded with 0.6 to 1.20 mg/l Cd+2 concentrations.  Also the higher reducing in fresh weight (16 
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%) observed with 1.2 mg/l of cadmium. Cd+2 toxicity causes abnormalities and inhibition of general 
growth in many plant species. The presence of excessive amount of Cd+2 in soil causes many toxic 
symptoms in plants, such as reduction of root growth (Weigel and Jäger, 1980), greater inhibition of 
germination, root and coleoptiles growth (Munzuroglu and Zengin, 2006), dry matter accumulation of 
tobacco which was probably related to the change in biomass distribution between shoots and roots 
(Erdem et al. 2012). Cd+2 toxicity causes root growth inhibition which consequence of low nutrient 
and water uptake, low rate of transpiration and as a result in low shoot growth rate (Chen et al. 2003). 
Cd+2 was found to inhibit lateral root formation and color root became brown and rigid (Yadav, 2010; 
Rascio and Navari-Izzo, 2011). In seedlings of rice plant   Rascio et al. (2008) also reported that the 
treatment with Cd+2 led to inhibition of root growth and alterations in their morphogenesis. The 
reductions in dry matter accumulation in Cowpea plant have might be attributed to the effect of Cd+2 
toxicity on cell division. Many works had reported that the higher reducing of plants growth due to 
Cd+2 might be through its adverce effect on DNA and RNA synthesis, protein denaturation, hydrolytic 
activities of some enzymes such as DNAase, RNAase and proteases, also inhibition of mitotic index, 
mitotic aberrations, and micronucleus formation were observed in some plant cell after Cd+2 treatment 
by (Lee et al., 1976; Gadd and Griffiths, 1978). 

 

 
Fig. 1: Effect of Cd+2 stress with different concentrations (0.0, 0.3, 0.6, 0.9, and 1.2 mg/l) on 

morphology in cutting cowpea seedling. 
 
Table 1: Effect of Cd+2 concentrations (0.0, 0.3, 0.6, 0.9, and 1.2 mg/l) on growth of cowpea seedling cuttings. 

Cd.  
concentrations 

Number 
of roots 
/cutting 

CTI No. of 
roots/ 

cutting % 

Root 
length 

CTI 
root 

length 
% 

RGR 
CTI 

RGR% 

F.W 
CTI F.W 

% 

D.W 
CTI D.W. 

% 
(g/cutting) (g/ 

cutting) 

0.0 mg/l Cd 8.7 a 100 a 32.1 a 100 a 11.5 a 100 a 0.75 a 100 a 0.052 b 100 ab 
0.3 mg/l Cd 5.9 b 67.82 b 21.3 b 66.36 b 10.87 a 94.52 a 0.73 a 97.33 a 0.053 a 101.92 a 
0.6 mg/l Cd 3.8 c 43.68 c 9.6 c 29.91 c 2.25 b 19.57 b 0.71 ab 94.67 ab 0.051 c 98.08 bc 
0.9 mg/l Cd 2.2 d 25.29 d 5.22 d 16.26 d 2.5  b 21.74 b 0.66 ab 88 bc 0.05 d 96.15 c 
1.2 mg/l Cd 0.18 e 2.07 e 1.56 e 4.86 e -1.5 c -13.04 c 0.63 b 84 c 0.051 c 98.08 bc 

abcde Means within each column followed by the same letter in each column are not significantly different (P≤0.05) 
CTI = Cd+2 tolerance index.  RGR = Relative growth rate. 

 
2-  Physiological and biochemical traits of cowpea cuttings. 

 
 Relative water content (RWC) and membrane stability index (MSI). 
 

The effects of Cd+2 on leaf relative water content were studied in cowpea plants. The plants 
exposed to Cd+2 generally showed lower values than control plants. Pollution of the plant environment 
with concentration of Cd+2 ranging from 0.3 to 1.2 mg/l, supplied as CdCl2, reduced gradually (87.0 to 
83.1) the leaf relative water content when compared with the control (90.6) (Table 2). At the same 
time, the membrane structure was altered in the leaf, as indicated by membrane stability index (MSI) 
from the leaf disks (Table 2). Treating cowpea cuttings by Cd+2 decreased the membrane stability 
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index (50.98) with 1.2 mg/l when compared with control plants (53.57). This could have been due to 
the inability of plasma membrane to control the movement of ions across the cell. Cd+2 toxicity can 
affect the plasma membrane permeability, causing a reduction in water content interact with the water 
balance and induced water loss content in plants treated (Costa and Morel 1994); Devi et al., (2007). 
Also Kovacik et al., (2006) and Fodor et al. (1995) reported that Cd+2treatments reduced ATPase 
activity of the plasma membrane fraction in sunflower and wheat root plants. The highest reduction in 
RWC was observed under high Cd+2concentration (Farouk et al., 2011). In result of the disorders 
pointed above the relative water content (RWC) its component turgor potential of leaves of Cd-treated 
plants decreased. Reduction of turgor potential could also be due to absence of significant osmotic 
adjustment, this is a mechanism for maintenance of a stable water balance in shortage of water 
(Yancey et al., 1982). The reduction of water uptake may be mediated through the following effects 
of heavy metals: the decreased of root elongation of plant, decreased hydraulic permeability and 
conductivity and loss of endodermis integrity, decreased rate of assimilates movement from shoots to 
roots reported by Barcelo and Poschenrieder (1990), 
 
- Index for chlorophyll a and b 
 

                     The Cd+2 concentrations generally reduced significantly the chlorophyll content in leaves 
cowpea seedling (Table 2). Adding the cadmium in media of cowpea cuttings, caused reduction to 
53.96 % compared to control plants, at Cd+2 concentration of 1.2 mg/l, after five days of exposure. 
The Cd+2 tolerance index of the chlorophylls a and b was reduced by increasing concentration of Cd+2, 
Table 2. The biosynthesis of chlorophyll b was more sensitive to Cd+2 than of chlorophyll a. The 
chlorophyll a was more stable when compared with the chlorophyll b especially with the higher 
concentration.  In the presence of 1.2 mg/l of Cd+2 there was a decrease to 53.96 % and 45.35 % in the 
CTI of chlorophyll a and b, contents respectively. 
 
Table 2: Effect of Cd+2 concentration on RWC, MSI and Chlorophyll a,b index of cowpea cutting. 

Cd Concentrations CTI of RWC CTI of  MSI CTI of Chl. a CTI of Chl. b 

0.0 mg/l Cd 100.00a 100.00a 100.00a 100.00a 

0.3 mg/l Cd 96.10b 97.77b 102.62a 100.23a 

0.6 mg/l Cd 93.28cd 93.28c 78.34b 93.95b 

0.9 mg/l Cd 94.91bc 94.66c 58.40c 58.35c 

1.2 mg/l Cd 91.70d 94.85c 53.96c 45.35d 
abcde Means  value within each column followed by the same letter in each column are not significantly different (P≤0.05) 
RWC= relative water content MSI=membrane stability index Chl a,b= Chlorophyll a,b 

 
There was regularly a reduction attributable to Cd+2 application both chlorophyll a and 

chlorophyll b in cowpea plant seedlings. Our results are in agreement with finding by Yang et al. 
(2011) who reported that leaves of Potamogeton crispus under Cd stress showed decreased 
chlorophyll a and chlorophyll b but chlorophyll a content was found higher than chlorophyll b 
content. Barua and Jana, (1986); Qian et al., (2009); Gill et al., (2012) Cd+2 induced chlorosis in 
plants which could be explained on the basis inhibition of chlorophyll biosynthesis and decreasing the 
enzymes activity involved in CO2 fixation or damage in the protein protochlorophyllide system, is 
usually taken as a visual symptom of the excess of Cd+2.  
 
Oxidative stress and response of antioxidant defiance systems. 
 

The present study demonstrated that Cd-induced oxidative stress being visualized by the 
overproduction of H2O2 and TBARS in cowpea leaves over the Cd-free control (Table: 3). 
 
Lipid peroxidation 
 

Malondialdehyde (MDA) is regarded as a marker for evaluation of lipid peroxidation or damage 
to plasmalemma and organelle membranes that increases with environmental stresses. Lipid 
peroxidation in cowpea leaves was determined by measuring thiobarbituric acid reactive substances 
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(TBARS). TBARS concentrations increased significantly (p < 0.05) after treatment with different 
concentrations of Cd (Table 3). The increase in MDA is more pronounced at high Cd concentration.  
 

Table 3: Effect of Cd+2 concentrations on thiobarbituric acid reactive substances (TBARS), hydrogen peroxide 
(H2O2), total glutathione (GSH) and non-protein thiol (NP-SH) contents of cowpea cuttings.  

  
Parameters 

Cd+2 Concentrations (mg/l) 
0.0 mg/l Cd 0.3 mg/l Cd 0.6 mg/l Cd 0.9 mg/l Cd 1.2 mg/l Cd 

TBARS* 30.31e 33.43d 36.89c 39.04b 42.31a 
H2O2*  23.45c 27.05b 28.80b 31.28a 33.33a 
GSH**  0.89d 1.08c 1.16bc 1.22ab 1.31a 
NP-SH**  1.87d 2.19c 2.41bc 2.57ab 2.73a 

abcde Means within rows, means with different superscript letters differ significantly at P˂0.05. 
 

Reactive oxygen species (ROS) are regarded as the main source of damage to cells under biotic and 
abiotic stresses (Candan and Tarhan, 2003; Bor et al., 2003; Gara at al., 2003; Mittler, 2002; 
Vaidyanathan et al., 2003). These species of oxygen are highly cytotoxic and can seriously react with 
vital biomolecules such as lipids, proteins, nucleic acid, etc, causing lipid peroxidation, protein 
denaturing and DNA mutation, respectively (Breusegem et al., 2001; Scandalios, 1993; Quiles and 
Lopez, 2004). Evidence suggests that membranes are the primary sites of heavy metals injury to cells 
and organelles (Filek et al., 2008; Candan and Tarhan, 2003) because ROS can react with unsaturated 
fatty acids to cause peroxidation of essential membrane lipids in plasmalemma or intracellular 
organelles (Karabal et al., 2003; Stewart and Bewley, 1980). Peroxidation of plasmalemma leads to 
the leakage of cellular contents, rapid desiccation and cell death. Intracellular membrane damage can 
affect respiratory activity in mitochondria, causing pigment to break down and leading to the loss of 
the carbon fixing ability in chloroplasts (Scandalios, 1993). 
  
H2O2 level 
 

Parallel to changes in TBARS concentrations, there was a significant increase in H2O2 
concentration in Cowpea leaves after treatment with different concentration of Cd+2 as compared to 
untreated control (Table 3). H2O2, a product of SOD reaction, a rapid increase in H2O2, in turn, may 
lead to increased mechanical strength and lower the extensibility of plant cell walls, which can rapidly 
terminate growth (Schűtzendűbel and Polle, 2002). This could explain the decrease of fresh mass 
observed in leaves or the upper part of cowpea at different Cd concentrations. Lipid peroxidation is 
linked to the activity of antioxidant enzymes e.g. with the increase of SOD, APX, GPX, CAT, etc, 
oxidative stress tolerance is enhanced and MDA is decreased (Esfandiari et al., 2007). 

 
Response of antioxidant defiance systems. 
 

To protect against oxidative stress, plants evolutionally developed enzymatic and non-
enzymatic ROS scavenging systems. 
 
Antioxidant non-enzymes.  
 
Reduced glutathione and non-protein thiols. 
 

Reduced glutathione (g-Glu-Cys-Gly, GSH), a major low molecular weight free thiol tripeptide 
in plant and animal cells, is crucial to a variety of life processes, including the maintenance of the 
thiol level of proteins, thioldisulfide exchange, removal of hydroperoxides and free radicals, and 
amino acid transport across membranes (Mendoza-Cózatl et al., 2005). 

 The levels of non-protein thiols (NPT) in the Cd-treated cowpea leaves were significantly 
increased over the untreated controls (Table 3). Cellular non-protein thiol (NPT) increased 
significantly in leaves of Cd-treated plants, indicated its crucial role in ROS scavenging. Both GSH 
and NPT are important antioxidant molecules for Cd detoxification by forming Cd bindings with their 
high affinity for SH groups (Lee et al., 2003; Pietrini et al., 2003). Also the defiance systems play a 
crucial role in protecting the structure and function of membrane systems and maintaining cellular 
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redox state (Baisak et al., 1994). Cd initially depleted GSH levels in the Cd treated cowpea, which is a 
common response to Cd stress in plants as a result of the synthesis of phytochelatins (Schűtzendűbel 
and Polle, 2002). Where in Cd treatments, GSH maintained higher levels and exceeded the control 
levels throughout the experiment.  
 
Antioxidant enzymes activities   

 
As an acclimative and adaptive mechanism, antioxidant enzymes are correspondingly induced 

to cope with ROS in cowpea throughout the exposure time. The key enzymes involved are CAT, GR 
and GST in leaves of cowpea significant increased sharply under Cd+2 stress (Table: 4). The higher 
activity of CAT, GR and GST under Cd stress in cowpea leaves was probably due to the harmful 
effect of overproduction of ROS or its poisonous ROS derivatives, as observed by the higher H2O2 
and TBARS accumulation in leaves. The results from this experiment suggest that the antioxidant 
system, besides its function in detoxification, can also be a sensitive target of Cd toxicity in plants. 
This indicates that the tolerant mechanism involves a system that removes free radicals to prevent 
over-accumulation of ROS, and therefore increase the requirement for the antioxidative enzymes 
(Chen et al., 2010).  

  
Table 4: Effect of different Cd+2 concentrations on catalase (CAT), glutathione S-transferase (GST) and 

glutathione reductase (GR) activities in cowpea cutting. 
 
Parameters 

Cd+2 Concentrations (mg/l) 
0.0 mg/l Cd 0.3 mg/l Cd 0.6 mg/l Cd 0.9 mg/l Cd 1.2 mg/l Cd 

CAT* 20.28d 23.21c 24.48c 27.22b 33.49a 
GST**  27.85c 28.53bc 31.18b 35.84a 37.28a 
GR**  0.045c 0.049c 0.056b 0.059ab 0.062a 

abcde Means within rows, means with different superscript letters differ significantly at P˂0.05. 
*(U/g fresh weight), **(Units/mg protein)  

 
Cd induces oxidative stress in plants (Schűtzendűbel and Polle, 2002), and enhances lipid 

peroxidation (Wu et al., 2003; Sun et al., 2007; Ekmekci et al., 2008) or stimulates (Tiryakioglu et al., 
2006) activities of anti-oxidative enzymes, depending on plant species and tissues. Here, and in 
agreement with other reports, Cd increased MDA concentration (Prasad, 1995; Wu et al., 2003; Sun et 
al., 2007). It is very interesting that Cd increased CAT activity in Cd-treated seedling.  

CAT is an important antioxidant enzyme that converts H2O2 to water in the peroxysomes. In 
this organelle, H2O2 is produced from β-oxidation of fatty acids and photorespiration (Esfandiari et al., 
2007). Higher activity of CAT and APX decrease H2O2 level in cell and increase the stability of 
membranes and CO2 fixation because several enzymes of the Calvin cycle within chloroplasts are 
extremely sensitive to H2O2. A high level of H2O2 directly inhibits CO2 fixation. Cowpea had similar 
trends as Cd concentration increased. Although its activity increased with the increase of Cd stress, it 
was not sufficient for the complete scavenging of H2O2. Consequently, there was a negative 
relationship between CAT activity and MDA. Esfandiari et al (2007) and Shao et al. (2005) 
confirmed this relationship, too. In plant cells, the cooperation from antioxidant enzymes is essential 
for the scavenging of ROS. When the activity of antioxidant enzymes such as SOD and CAT is low, 
superoxid radical and H2O2 content will increase, the two reacting together to produce hydroxyl 
radical. This radical attacks all biomolecules and disturbs cell metabolism.  

GST may be actively involved detoxifying redox cycling chemicals. However, GST activity 
was significantly increased in cowpea leaves in relation to reference, suggests that GST activity could 
be changed to resist the pollutants toxicity (Table: 4). GST induction occurs in several tissues due to 
exposure to inducers, this depending on the type of tissue and nature of the inducer (Ahmad et al., 
2005; Maria et al., 2009; Monteiro et al., 2010; Oliveira et al., 2010; Printes et al., 2011). Alteration 
of GSTs is known to indicate the presence of various xenobiotics like heavy metals (Monteiro et al., 
2010) and pesticides (Printes et al., 2011). The glutathione S-transferases (GSTs) are known as 
detoxification enzyme family that can mitigate the cellular toxicity of a number of endogenous and 
environmental chemicals by facilitating nucleophilic attack by reduced glutathione (GSH) (Hayes et 
al., 2005; Espinoza et al., 2012). 
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Results indicated that GR activity increased with the rise of Cd stress, however, there was no 
significant difference (P<0.05) between the control and lowest Cd concentration (0.3 mg/l) but the 
other treatments (0.6, 0.9, 1.2 mg/l) were significantly different as compared to the untreated control 
(0 mg/l). Consequently, GR activity was sensitive to Cd stress and the change in its activity 
influenced ROS scavenging systems. In our experiment, an increase in glutathione reductase (GR) 
activity was observed in cowpea grown at different concentration of Cd, which may have resulted 
from enzyme activation, either by direct interaction with Cd ions or ROS (Dat et al., 2000), or as the 
result of enzyme modulation by stress related effect or molecules (Foyer et al., 1997; Dat et al., 
2000). Glutathione reductase (GR) activates in glutathione-ascorbate cycle and coverts GSSG to 
reduced glutathione (GSH) (Esfandiari et al., 2007). In addition, GR regulates GSH/GSSG ratio and 
supplies GSH for GPX and DHAR, which convert H2O2 to H2O and reduce oxidized ascorbate, 
respectively. Although GR acquires the reduction power from NADPH, H+, it dissipates this power 
and, in turn, increases NADP+/NADPH, H+ ratio. GR is a metallo-enzyme participating in the 
ascorbate–glutathione cycle that protects cells against oxidative damage maintaining a high 
GSH/GSSG ratio (Noctor and Foyer, 1998). Reports on the effects of Cd on the GR activity in leaves 
are not consistent with demonstrated decrease in e.g. Calystegia sepium (Lyubenova et al., 2007). The 
physiological role of Cd in cowpea was proposed to function via enhancing the activities of some 
enzymes (Liu et al., 2008) underlying typical antioxidative response to metal-induced stress, in which 
the activities of enzymes capable of removing free radicals and reactive oxygen species (ROS) are 
induced. 

 
Protein profile of cowpea cuttings. 
 

The protein profile of Cowpea seedlings was modified after Cd+2 exposure. Variation of SDS-
PAGE density of polypeptide patterns of protein extracted from cowpea seedlings in response to Cd+2 
treatments are shown in (Fig. 2). The profile of total protein indicated that the number and density of 
polypeptides gradually decreased with Cd+2 concentration increased. The results showed that the 
cowpea protein damage increased when increase concentration of Cd+2 to 1.2 mg/l. 

 

 
Fig. 2: Total protein profile of leaves cowpea cuttings using Sodium Dodecyl Sulphate -

Polyacrylamide Gel Electrophoresis (SDS-PAGE) under different cadmium concentrations. 
 
 
The quantitative in total protein decrease as the result of several Cd+2 effects: acute oxidative stress of 
reactive oxygen species (ROS), a major consequence of oxygen free radical damage to proteins is to 
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target them for degradation by proteases (Roseman and Levine 1987). Also the decrease in protein 
content in L. polyrrhiza was caused by enhanced protein degradation process as a result of increased 
protease activity under stress conditions (Palma et al, 2002). Characteristic of an overall senescence 
programme, such as lower protein content and to increase the hydrolytic activities of proteases, 
RNAase and DNAase enzymes (Lee et al., 1976; Thimann, 1983; Buchanan-Wollaston, 1997). The 
soluble protein content was decreased in seedlings with increasing concentration of Cd+2 compared 
with untreated seedlings by Verma et al. (2012). 
 
- Effect of Cd+2 on ultrastructure of Cowpea root and leave cell plant. 
 

The cellular organization is an important factor in understanding the physiological alterations 
induced by heavy metals, due to complimentarily of structure and function. Severely damaged cellular 
structures were noted in cowpea leaf and roots cells exposed to 1.2 mg/l Cd, compared with untreated 
cells.  Ultrastructural observations on root meristematic cells with control (Fig. 3a,b) and 1.2 mg/l Cd 
(Fig 3c) shows that these cells possessed a cytoplasm with numerous organelles that seemed to be 
without any obvious damage under control conditions.  Cells possessed smooth, clean, continuous cell 
membranes and cell walls. Electron microscopic studies showed that root meristematic cells in 1.2 
mg/l Cd concentrations exhibited obvious ultrastructural changes over control, but cellular damage 
(i.e. vacuolation, some damaged nucleus membrane systems and decrease number of mitochondria.  
Also some mitochondria in these cells were breaking down. Moreover, in senescent tissues the 
formation of invaginations in the tonoplasts along with an enlargement of vacuoles and with 
mitochondria maintaining their structural integrity has been described (Thimann 1983; Thomson and 
Platt-Aloia 1987; Inada et al, 1998; Quirino et al. 2000). 

In this study, the transmission electron micrographs of mesophyll Cells possessed typical 
ellipsoidal chloroplasts with a regular arrangement, dilation of the thylakoids membrane, 
disorientation of the grana and stroma of cowpea are shown in (Fig. 3d,e). Sometimes more the grana 
disappeared and dissolved. The effect of Cd on the ultrastructure of chloroplasts involved distortions 
and disorganization or degradation and disassembled of the thylakoid membrane. Also revealed that 
chloroplast was the obvious site of disrupted and damage caused by Cd stress, outer, inner membranes 
of chloroplast envelope was observed. In the most damaged chloroplasts the envelope is partially 
disturbed and grana are severely disorganized. The Cd+2 induced changes observed by electron 
microscopy in the chloroplast structure showed the same pattern as that observed in other plant 
species treated with Cd, these results are similar to those found in senescent tissues by Ouzounidou et 
al. (1997). Under electron microscopy, chloroplasts from senescent leaves show an increase in the 
number and diameter of osmiophylic plastoglobuli, loosening and disorientation of the grana, and 
dilation of the thylakoids (Smart 1994).  

These results indicated that Cd stress caused imbalanced synthesis of chloroplast lamellae 
leading to the senescence of leaves. It has been reported that Cd induces premature senescence in 
leaves of several plant species including, pea (Sandalio et al., 2001, McCarthy et al., 2001; Buchanan-
Wollaston, 1997), red macro algae Ceramium (Diannelidis and Delivopoulos, 1997) and (dos Santos 
et al., 2012). According to Siegenthaler et al. (1987) one of the major reasons for the degradation of 
thylakoid membranes in senescence leaves is the higher activity of GL. This enzyme is localized in 
the outer monolayer of the membrane, and it is important in maintaining the native configuration of 
the thylakoid membrane. From the observed resemblance, Krupa and Baszynski (1995) deduced that 
Cd stress induces premature senescence of the photosynthetic apparatus. 

While, the Cd alterations not only chloroplasts, but cell membranes and cell walls in the 1.2 
mg/l Cd treatment were observable with degradation of the cell walls and cell membrane. These 
observed also with, Stoyanova and Chakalova (1990) reported that Cd disturbs not only chloroplasts, 
but cellular envelopes, plasmalemma, mitochondria and other organelles, too. They noted that in cells 
of Cd-treated Elodea canadensis Rich there is a structure-functional association between energy 
producing organelles (chloroplasts and mitochondria), and interpreted it as an element of the 
compensatory energetic mechanism. This effect was also observed in Cd-treated young barley plants 
(Vassilev et al., 1995, Vassilev and Yordanov, 1997). 
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Fig. 2: Electronmicrographs from root of cowpea: (A, B) Root of control plants, (C) Cells of Root 1.2  

mgL Cd-treated plant, (d, e) Chloroplasts from leaves, 1.2 mg/L Cd-treated 
Em = envelope membrane, cw = cell wall, v = vacuole,   n = nucleus, m = mitochondrion,  Pv = peripheral vesicles,      

tm = thylakoid membrane. 

 
Conclusions 
 
      The symptoms of cadmium phytotoxicity on cowpea transplants cuttings were expressed more 
clearly on roots because of the cadmium inhibits cuttings rooting due to inhibition of cell division and 
consequently inhibition of root initiation. Also, the higher cadmium concentrations harm the 
membranes and disrupt the structure of organelles where the chloroplast showed malformed structure, 
morphology disorganization of thylakoids, deterioration of outer and inner membranes of 
chloroplasts, impairment in the physiological function of the chloroplasts and inhibit the 
photosynthetic through decreasing chlorophyll a, chlorophyll b and carotenoids contents. The 
senescence, of leaves of the cowpea transplant cuttings, has resulted mainly in cessation of 
photosynthesis, disintegration of organelles structure, increase in lipid peroxidation, perturbations in 
antioxidant defense system (enzymatic and non-enzymatic antioxidants), membrane damage and total 
protein degradation causing ultimately in growth retardation which showed a decrease in fresh weight, 
dry weight and growth rate indicating that cadmium stress is a key factor limiting growth. Finally, the 
estimation of growth, photosynthetic pigments, lipid peroxidation and antioxidant defense system in 
addition to morphological and electron-microscopic examination could be used as useful biomarkers 
in ecotoxicological tests of heavy metals especially cadmium. 
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