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1. Introduction

   The adverse effects of heavy metals on human health have 
been known for a long time. Heavy metals are toxic even at 
low concentrations; also, they are not biodegradable, and 
have the tendency to accumulate in the living organisms[1]. 
In spite of this, the exposure to heavy metals continues 
and is increasing in some areas due to anthropogenic 
activities[2]. 
   Plants are frequently exposed to a variety of conditions 
that affect their growth, development and productivity. Many 
heavy metals such as copper (Cu), iron (Fe) and zinc (Zn) are 

essential for plants in low quantities, but cadmium (Cd) is 
toxic even in trace levels. Cadmium accumulation causes 
morphological and physiological alterations, reduction 
in the photosynthetic activities, diminution in the water 
and nutrients uptake and also results in visible symptoms 
of injury in plants such as chlorosis, growth inhibition, 
browning of root tips, and even death[3,4]. 
   Although the average levels of Cd can be quite low, its 
inhibitory or toxic impacts on the metabolic activity of 
living systems or, in particular, on the natural microflora 
and microfauna in the soil can have a deleterious effect 
on the quality of the soil and, consequently, on nutrient 
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cycling.
   At the cellular level, Cd causes membrane damage due 
to changes in lipid composition, disruption of electron 
transport, inhibition/activation of enzymes, interaction with 
nucleic acids and induction of oxidative stress process 
in plant cells[5,6]. The induction of oxidative stress and 
the replacement of essential cofactors of many enzymes 
by elements such as Zn, Fe and Mn are the possible 
mechanisms of some of these disorders[7].
   Studies of the relationship between oxidative stress and 
heavy metal ion toxicity in plants showed that the damage 
was due to an enhanced production of reactive oxygen 
species (ROS) in different plant species and activation of 
enzymes[4], which probably contribute to general stress-
induced morphological changes such as root thickening, 
ectopic root hair formation, root cell wall modifications and 
lignification.
   Plants detoxify ROS via a combination of mechanisms 
include non-enzymatic and enzymatic defenses in plants. 
Non-enzymatic systems consist on high concentrations 
of antioxidants, such as ascorbic acid, reduced GSH, 
α-tocopherols, and carotenoids. Enzymatic defenses include 
cytosolic and mitochondrial superoxide dismutases (SOD; EC 
1.15.1.1) and GSH reductase (GR; EC 1.8.1.7) among others[8,9]. 
   In plants, GSH is the major soluble antioxidant in 
photosynthetic and non-photosynthetic tissues. It is able to 
detoxify ROS by direct scavenging or acting as a cofactor in 
the enzymatic reactions that are involved in the ascorbate-
GSH cycle[10].
   GSH is an attractive target for engineering stress tolerance 
in plants because of its multiple roles against both biotic and 
abiotic stresses. Stimulation of GSH biosynthesis is frequently 
observed under adverse conditions; this compound is also a 
precursor of phytochelatins (PCs), which enable the plant to 
resist supraoptimal concentrations of heavy metals such as 
Cd[10-12].
   Reduced GSH is the major non-protein thiol present in 
high levels in living cells. Although the oxidized glutathione 
(GSSG) is detected at lower concentrations, the GSH/GSSG ratio 
influences are more deeply in the control of gene expression 
and protein function than in the GSH pool[10,12].
   The synthesis of GSH (ATP-dependent steps) is initialized 
by γ-glutamyl-cysteine synthetase (γ-ECS; EC 6.3.2.2). 
First, γ-glutamylcysteine is synthesized from L-glutamate 
and L-cysteine by the enzyme γ-glutamylcysteine 
synthetase. This reaction is the rate-limiting step in GSH 
synthesis. Then, a glycine is added to the C-terminal of 
γ-glutamylcysteine via the enzyme glutathione synthetase 
(GS; EC 6.3.2.3).
   GSH reductase has the ability to regenerate GSH by 
recycling it from the ascorbate-GSH cycle[10]. SODs are 
metal-containing enzymes which comprise several isoforms 
that can be distinguished on the basis of their metal co-
factor. In general, plants contain a mitochondrial MnSOD, 
as well as a cytosolic and a chloroplastic Cu/Zn-SOD; also, 
many plants contain chloroplast Fe-SOD[5,9].
   Plants can also take up heavy metals from fertilizers, 
pesticide treatment and other industrial and anthropogenic 
operations. After exposure to Cd, it is accumulated in 
different vegetal parts, preferentially in roots[13,14], and only 
a small portion is transported to the aerial organs. 
   Due to the great solubility of Cd in water and the high 

mobility in the soil–plant system, Cd is readily taken up by 
the roots and translocated to roots-stems-seeds, indicating 
that the accumulation of the roots is much larger than other 
parts of soybean plant, and it might cause deleterious effects 
to the root systems[15].
   The tolerance of plants to Cd involves metal detoxification 
processes, such as complexation with PCs, that are 
specific chelating compounds[10,11,14,15]. PCs may transport 
metals from roots to shoots and leaves[12], and thus the 
quantification of metals in different plant parts may 
correlate PCs production with metal accumulation and its 
transport[16,17].
   The aim of the present work was to analyze the role of Cd 
in the behaviour of GSH-GSSG levels, activity of antioxidant 
enzymes as GR and SOD, genes expression of interest in 
production of GSH and relative water content (RWC) on 
Glycine max L. (G. max).

2. Materials and methods

2.1. Plant material and growing conditions 

   Soybean seeds (G. max) were sterilized with 2.5% of sodium 
hypochlorite before they were potted and allowed to grow 
under hydroponics conditions in a controlled climate room 
[(24依2) °C, 50% of relative humidity and a photoperiod of 16 h 
with a photon flux density of 280 µmol/m2/s]. The plants were 
watered with a Hoagland nutrient solution, and separated 
into two groups, control and Cd-treated seedlings. Then, 
they were exposed to 40 µmol/L Cd solution prepared from 
anhydrous CdCl2 at Day 10. Roots and leaves of control and 
Cd-supplied plants were processed and tested at 4, 6, and 
24 h. Samples of soybean were frozen at -80 °C until the 
time of analysis. For all determinations, mean values were 
obtained from five replicates (n=5). Each replicate was a pool 
composed at least by 3 different plants.
   About 250 mg of roots and leaves were used for the 
determination of GR activity. The extracts were obtained by 
grinding the roots and leaves in liquid nitrogen using mortar 
and pestle, and 2 mL extraction buffer, composed by 50 
mmol/L Tris-HCl (pH 7.4), 1 mmol/L EDTA, 1 g PVP, 10 mmol/L 
MgCl2 and 2 mmol/L DTT. The homogenates were centrifuged 
at 10 000 r/min for 20 min at 4 °C, and supernatants were used 
for enzyme assay.
   To determine enzymatic activity of total SOD, 250 mg of 
roots and leaves were homogenized (at 4 °C) in 1 mL of 
extraction buffer containing 50 mmol/L phosphate (pH 7.4), 
1 mmol/L EDTA, 1 g PVP and 0.5% (v/v) Triton X-100. Then, 
homogenates were centrifuged at 10 000 r/min for 20 min at 4 
°C, and the supernatant fraction was used for assays. 
   To carry out  the determinat ions by capi l lary 
electrophoresis, extracts from 250 mg of roots and leaves 
were homogenized (at 4 °C) in 1.5 mL of HCl 0.5 mol/L. The 
homogenates were centrifuged at 11 000 r/min for 10 min at 4 
°C and the supernatants were used for the assays. To obtain 
a good electrophoretic performance, the supernatants were 
filtered through 0.45 µm filters, sonicated in an ultrasonic 
bath, and then aliquots of 100 µL were diluted up to 1 000 µL 
with the BGE solution[18].
   For Cd determination, roots and leaves were washed with 
ultrapure water, oven-dried at 80 °C to constant weight. 
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Then samples were mineralized by a microwave-assisted 
digestion as follows: 100 mg of dried biomass were placed 
in a 100 mL reactor and after that, 5 mL of concentrated 
nitric acid, 2 mL of H2O2 and 1 mL hydrofluoric acid were 
added. Then the samples were digested applying different 
microwave powers, i.e. microwave power was held at 250 W 
(5 min), 500 W (10 min). The vessels were then removed from 
the oven and cooled at 20 °C.

2.2. Instrumentation

   GSH and glutathione disulphide were determined by using 
a CE Beckman P/ACE MDQ instrument (Beckman Instruments, 
Fullerton, CA, USA) equipped with a diode array detector 
and a data handling system comprising an IBM PC and P/
ACE System MDQ Software. Detection was performed at 198 
and 203 nm. The fused-silica capillaries were obtained from 
MicroSolv Technology Corporation and had the following 
dimensions: 60 cm total length, 50 cm effective length, 75 
µm ID, 375 µm OD. The temperature of the capillary and the 
samples were maintained at 25 °C.
   The measurements of Cd content were performed with 
a model ICP 2070 sequential spectrometer (Baird, Bedford, 
MA, USA). The 1 m Czerny-Turner monochromator had a 
holographic grating with 1 800/mm groove. An inductively 
coupled plasma mass spectrometer, Perkin-Elmer Sciex, 
Elan DRC-e (Thornhill, Canada) was also used for the 
metal content determination. Microwave digestion was 
performed with a domestic microwave oven (Philco, Ushuaia, 
Argentina). A Beckman coulter UV-vis spectrophotometer 
model DU640 with 10 mm optical path cells was used 
to record the absorption spectra (Beckman Coulter Inc., 
Fullerton, CA, USA). A pH meter (Orion Expandable Ion 
Analyzer, Orion Research, Cambridge, MA, USA) model EA 940 
with combined glass electrode was used for monitoring pH 
adjustments.

2.3. Reagents and solutions 

   All chemicals used in this work were of analytical reagent 
grade and were used without further purification. The water 
used in all studies was ultra-high-quality water with a 
maximum resistivity of 18.2 mol/LΩ/cm obtained from a 
Barnstead easy pure RF compact ultrapure water system. 
All the plastic and glassware materials were cleaned by 
soaking in diluted HNO3 and were rinsed with distilled water 
prior to use. All solutions were de-gassed by ultrasonication 
(Testlab, Argentina).

2.4. Estimation of Cd content

   The concentrations (µg/g dry weight) in the dried biomass 
of Cd were measured in roots and leaves by ICP-MS. Standard 
solutions were prepared by appropriate dilutions of a 1 000 
mg/L stock solution using HNO3 0.1 mol/L as diluent.

2.5. RWC determination

   Dry material of roots and leaves were obtained after heat at 

80 °C during 48 h. RWC was measured as: 
   RWC (%)=[Fw (Fresh weight)-Dw (Dry weight) /Fw]伊100[19].

2.6. Enzyme assays

   GSH reductase activity was measured by following the 
decrease in absorbance at 340 nm resulting from NADPH 
oxidation. This reaction mixture consisted of Tris-HCl 50 
mmol/L (pH 7.8), NADPH 0.15 mmol/L, GSSG 0.5 mmol/L, 
MgCl2 3 mmol/L, and EDTA 1 mmol/L at 25 °C. One unit of GR 
activity was defined as the amount of enzyme that catalyses 
the oxidation of 1 µmol/L of NADPH per min[19].
   The SOD activity was determined spectrophotometrically 
as the ability to inhibit the photoreduction of nitroblue 
tetrazolium by 50%[1]. The specific activity of SOD was 
expressed as unit/mg protein. 

2.7. Protein determination 

   Protein concentration was determined  using bovine serum 
albumin as the standard spectrophotometrically[20].

2.8. Quantification of GSH and glutathione disulphide 

   GSH and glutathione disulphide were separated and 
simultaneously quantified by capillary electrophoresis. 
The electrolyte solution (background electrolyte, BGE) was 
prepared daily and filtered through a 0.45 µm Titan Syringe 
filters (Sri Inc., Eaton Town, NJ, USA). At the beginning of the 
day, the capillary was conditioned with 0.1 mol/L NaOH for 
10 min, followed by water for 10 min, and then with running 
electrolyte for 10 min before sample injection. 
   To achieve high reproducibility of migration times and to 
avoid solute adsorption, the capillary was washed between 
analyses with sodium hydroxide for 2 min, followed by water 
for 2 min, then equilibrated with the running buffer for 3 
min. Samples were pressure-injected at the anodic side at 
0.5 psi for 5 seconds. A constant voltage (25 kV) was used for 
all the experiments.Stock solutions of GSH (50 mmol/L) and 
GSSG (0.1 mmol/L) were prepared quantitatively in HCl and 
stored at 4 °C until analysis. The working standard solutions 
were obtained by appropriately diluting the stock solutions 
with the BGE containing 20% (v/v) HCl.
   The amount of standard that could be detected with 
a signal-to-noise ratio ≥3 was considered to be the 
limit of detection (LOD). The limit of quantfication (LOQ) 
was calculated as the analyte concentration that can be 
accurately and reliably determined with a signal-to-noise 
ratio ≥10. LODs and LOQs were evaluated based on the signal 
background obtained with the analysis of a diluted standard 
solution (n=6) containing GSH and GSSG (Table 1).

Table 1
Oligonucleotide primers sequences for RT-PCR.

Primers Primer forward (5'-3') Primer reverse (5'-3')
Fragment 

size
γ-ECS GGTGGCCGTAGAGTGATTGT CTCTGCTTCCCCTGTTTGAG 290pb
GS CCGAAATTGATCAGGAAGGA TCTTCCAAACTCCACAACCC 285pb
GR CTACGGCGCTTCTGTCGC ATCAACCGTGTGAGGATCTATCATC 331pb
β-Actina GTTGGTATGGGCCAGAAAGA GAACAGCCAGAACAGCAACA 280pb
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   With the aim of monitoring GSH and GSSG levels after Cd 
adding, electrophoretic conditions were optimized; the 
parameters that affect the separation of these analytes 
(BGE, pH and concentration) were also tested in detail. 
The influence of type, concentration and pH of the BGE 
on the analytes resolution was studied. Also, separation 
temperature, sample storage temperature, voltage applied, 
injection mode and time of injection were investigated. 
BGEs of different composition were analyzed within the 
concentration range of 10-50 mmol/L; the effect of pH 
was examined within the range 7.0-9.5. The best results 
in terms of resolution and analysis time were obtained 
using the following conditions: BGE, 20 mmol/L sodium 
tetraborate buffer, pH 8.0; 25 °C separation temperature 
and 25 °C sample storage temperature. The samples 
were pressure-injected at the anodic side at 0.5 psi 
for 5 seconds. The applied voltage was 25 kV. GSH and 
GSSG were baseline separated in less than 6 min; the 
corresponding migration times were 4.97 and 5.41 min, 
respectively. Figure 1 shows the optimized separation by 
capillary electrophoresis. 

a

GSH-GSSG

24 h Cd-doped GSSG

24 h Cd

Time (min)

Time (min)

0                   2                   4                  6                   8                 10

0               2               4                6                8              10              12

b

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0.00

0.035
0.030
0.025
0.020
0.015
0.010
0.005
0.000

0.12
0.10
0.08
0.06
0.04
0.02
0.00

Ab
so

rb
an

ce
 u

ni
ts

Ab
so

rb
an

ce
 u

ni
ts

Ab
so

rb
an

ce
 u

ni
ts

Figure 1. Simultaneous quantification of GSH and GSSG standards, GSH in 
Cd-treated samples at 24 h and Cd at 24 h. 
a: The absorbance of GSH-GSSG; b: The absorbance of Cd-doped GSSG; c: 
The absorbance of Cd; BGE: Sodium tetraborate buffer 20 mmol/L, pH 8.0, 25 
kV applied voltage, 25 °C capillary temperature, 25 °C sample temperature; 
hydrodynamic mode sample injection, 0.5 psi during 5 seconds; detection by 
DAD at 203 nm.
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 2.9. RT-PCR

   The levels of γ-ECS, GS and GR mRNA were determined by 
RT-PCR. First, total RNA was isolated from samples of roots 
and leaves using Trizol® reagent (Invitrogen) and following 
the manufacturer indications. Second, 4 µg of total RNA 
were reversed transcribed using random primer hexamers 
(Biodynamics, SRL) and M-MLV reverse transcriptase 
(Promega), at 37 °C during 1 h. PCR amplification was 
carried out using specific oligonucleotide primers (Table 
1). A cDNA aliquot (1/10 of the RT reaction product) 
was amplified with a PCR master mix, using Taq DNA 
polymerase (Invitrogen). PCR products were analysed on 2% 
agarose gels, containing GelRed (Genbiotech) to visualize 
the bands. Bands intensities were quantified using NIH 
ImageJ software (Image Processing and Analysis in Java 
from http://rsb.info.nih.gov/ij/). Relative amounts of mRNA 
were expressed as the ratio of band intensity for the target 
genes relative to that for β-actin.

2.10. Statistical analysis

   Prior to statistical analysis, the normality of the data was 
tested by the Kolmogorov-Smirnov test. In all cases, the 
variances were homogeneous. Data were analysed by One-
way ANOVA, and the treatment mean values were compared 
by the post-hoc Tukey-Kramer test at P<0.05. Statistical 
analysis was performed by InfoStat[21].

3. Results  

3.1. Soybean plants under Cd exposure

   A comparative assessment of Cd content in roots 
and leaves of Cd-treated seedlings showed that the 
accumulation of Cd was significantly higher in roots 
increasingly during the experiment. No significant 
differences in leaves under Cd exposure were observed 
(Table 2). 
Table 2
Cd content (µg/g dry weight) in soybean seedlings subjected to 40.0 µmol/L Cd.
Time 
(h)

Roots Leaves
Control Treatment Control Treatment

4 0.021依0.009  9.87依0.98* 0.005依0.001 0.006依0.001

6 0.017依0.004  9.47依1.02* 0.006依0.001 0.006依0.001

24 0.021依0.002 15.76依1.23* 0.006依0.001 0.008依0.001

% RSD 0.31 0.32 0.31 0.30

Mean依SD, n=5, *P<0.05 according to Tukey test. The relative standard deviation 
(RSD) was calculated from the peak heights obtained.

3.2. Effect of Cd on oxidative stress parameters

   Figure 2 depicts the variability of RWC in roots and 
leaves. No significant differences were observed in roots 
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exposure to Cd. However, a significant increase at 24 h was 
observed in Cd-treated leaves. 
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Figure 2. Relative water content levels in roots (a) and leaves (b) of 
soybean seedlings.
 *P<0.05, according to Tukey test.
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   The analysis of total SOD activity (Figure 3) showed a 
significant decrease at 24 h in roots and leaves under Cd 
exposure. However, significant increase in SOD activity was 
observed at 6 h in treated leaves. The GR activity showed 
a significant increase in Cd-treated roots at 24 h, but 
differences were not significant in leaves (Figure 4). 
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Figure 3. Enzyme activity of SOD in roots (a) and leaves (b) of soybean 
seedlings. 
*P<0.05, according to Tukey test.
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Figure 4. Enzyme activity of GR in roots (a) and leaves (b) of soybean 
seedlings. 
*P<0.05, according to Tukey test.
   
   Under the optimum experimental conditions, linear 
relationships were obtained between corrected peak areas 
and concentrations of the analytes. Linearity has been 
determined by a series of three replicates of five levels of 
standards in the expected concentration range for each 
analyte (10-50 mmol/L for GSH and 0.05-0.1 mmol/L for 
the GSSG). The LODs for GSH and GSSG were 0.005 mmol/L 
and 0.001 mmol/L respectively. The LOQs for GSH and GSSG 
were 0.015 mmol/L and 0.05 mmol/L, respectively.
   The samples were analyzed fresh or stored at -80 °C, 
therefore the stability of stored samples was also checked 
by comparing the values obtained for GSH and GSSG 
in a fresh sample and in aliquots of the same soybean 
measured at 7, 14, 28 and 30 d. No differences were found 
in the results and therefore, liver samples can be stored 
for at least 1 month at -80 °C for GSH analysis.
   The content of GSSG in the analyzed samples was very 
low making it impossible to quantify in some samples 
because GSSG levels escape the detection limits of the 
equipment, while GSH content was higher and showed 
an significant increase in roots and leaves at 6 h and 24 
h of exposure to Cd. This difference was greater for the 
Cd-treated samples. For this reason, in Figure 5 only 
GSH data are shown. However, both compounds could 
be simultaneously separated and quantified without 
any additional dilution in a fast and accurate way. In 
addition, no interference of other sample constituents was 
observed. 
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3.3. RNA isolation and semi-quantitative RT-PCR analysis

   The RNA levels were determined as described previously 
using RNA extracted from the roots and leaves of 3 
independent experiments. Gel analysis and relative mRNA 
levels showed that the expression levels were nearly 
constitutive in control and Cd-treated samples at 4 h, 6 h 
and 24 h respectively. 
   The results given in Figure 6 showed the behavior 
expression levels of γ-ECS, GS and GR in roots and leaves 
exposured to Cd. Interestingly, γ-ECS mRNA levels increased 
at 6 h and 24 h in Cd-treated roots and leaves. Increases in 
GS mRNA levels were observed at 6 h and 24 h of Cd exposure 
in roots and leaves in a similar way to γ-ECS. However, 
significant decreases in GR expression were observed in 
Cd-treated samples.

4. Discussion

   Toxic actions of heavy metal ions cause many 
physiological, biochemical changes in growing plants 
and an imbalance between oxidant generation and 
antioxidant systems. Some metals are well-established 
oxidative stressors resulting in ROS production. The GSH 
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Antioxidant enzymes (γ-GSH GS and GR) subunits transcript levels were measured by RT-PCR and normalized against β-actin mRNA levels. *P<0.05, according 
to Tukey test.
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accumulation in several plant species is triggered by ROS 
availability[10,12,17,22]. In some types of stress, increased 
synthesis occurs within a context of accumulating GSH, a 
response that has presumably evolved to offset changes in 
redox potential caused by increase of GSSG[10]. On the other 
hand, GS and GR, as well as GSH are important components of 
the ascorbate-GSH cycle responsible for the removal of H2O2 
in different cellular compartments[10,19]. 
   In this work, we observed that typical level of cadmium on 
agricultural practices of soybean seedlings, the enzymatic 
and no-enzymatic components of the antioxidant defense 
system showed significant increases by exposure to this 
metal. However, RWC increased at 24 h in treated leaves, 
demonstrating that the water uptake in soybean is inhibited 
by Cd.
   Cd exposure triggers PCs biosynthesis, so there is an 
increased demand for GSH. We observed this behavior, 
where GSH increase responsed to Cd toxicity[11,12]; also this 
behavior was observed in previous work in Vigna mungo L. 
under Cd exposure[13]. 
   The quantification of GSH and GSSG is very important 
because of its biological signification. The qualitative and 
quantitative analysis can supply useful information about 
the response of plants to high concentrations of heavy metals 
present in the environment[22,23]. The chromatographic 
methods associated to different detection systems are the 
most commonly used. The major disadvantages of these 
techniques are the elevated volumes of organic solvent 
required and the long-time of analysis. CE has emerged as 
an alternative to the established chromatographic methods 
because of its resolution power, short analysis time and 
the low consumption of reactive samples[24]. A rapid CE 
method was developed, making it possible to identify and 
quantify simultaneously GSH and GSSG in plant extracts. 
The reported procedure is simple in its preparation and 
analytical stages and it has a relatively short analysis time 
(10 min including capillary conditioning). The determinate 
GSH and GSSG in soybean leaves subjected to salt stress and 
demonstrated that GSSG-content was 10% compared with 
GSH-content[25]. Monostori et al.[26], showed in his review 
work, the determination of one GSH in cell and plant extracts, 
demonstrating that there are not many jobs in plants. 
   The GR activity showed an increase only at 24 h of Cd-
treated in roots; this could account for changes in the GSH 
reserve, consumed in the early hours of Cd exposure with 
an increase from 6 h; these results were similar to those 
obtained in Vigna unguiculata and in Arabidopsis[27,28].
   GSH levels increase in treated plants because it is 
necessary as antioxidant molecule at 6 h and 24 h, but no 
significant differences are showed at 4 h under Cd exposure. 
The limiting step in GSH synthesis is the activity of γ-ECS 
that suffers a negative feedback regulation caused by 
GSH[28,29]. This would be consistent with the increase in 
transcripts for γ-ECS and GS at 6 h and 24 h of Cd exposure 
in roots and leaves, restoring GSH synthesis by pre-existing 
enzymes and de novo synthesis of enzymes[28]. The higher 
GSH contents either in roots or leaves under Cd-stress in this 
experimental model could show that signaling mechanisms 
are activated at short times. 
   Cd is concentrated in the root and sends signals to the 
aerial part of the plant, thereby activates the expression 

of genes encoding enzymes of the de novo synthesis of 
GSH; such signals may be H2O2 or the same GSH. The 
reduced expression of GR indicates no formation of GSH 
from GSSG. Not always agree the enzymatic activity with 
gene expression, as observed with lower expression for GR 
and increased activity in the root at 24 h of treatment. It is 
remarkable antioxidant defense response of the plant in a 
short time model of Cd-treatment.
   Moreover, stress by Cd increases transcriptional activation 
of antioxidant enzymes in soybean, resulting in a post-
transcriptional regulation using transcription factors such as 
H2O2 or changes in the GSH/GSSG ratio[28]. 
   The changes produced in the levels of reduced/oxidized 
GSH, inhibition/activation of enzymes and stress parameters 
constitute a good indicator of an early response to metal 
stress in developed plants exposing to Cd, and this showed 
a better understanding of the signaling pathway with 
alterations in antioxidant mechanisms by Cd in soybean 
seedlings.
 

Conflict of interest statement

   We declare that we have no conflict of interest.

Acknowledgements

   We gratefully acknowledge the financial support of 
National Scientific and Technical Research Council 
(CONICET), the National Agency of Scientific and Technologic 
Promotion (FONCYT) (PICT-BID) and National University of 
San Luis (Argentina) PROICO N° 2/1112, PROICO N° 2/0403 and 
PROICO N° 2/1512.

Comments 

Background
   Cd induces damaging and repair responses in which the 
cellular redox status plays a crucial role. Understanding the 
role of Cd in oxidative stress could improve the knowledge 
in antioxidant mechanism in G. max.
  
Research frontiers
   This research depicts the antioxidant defense of G. 
max induced by Cd. It estimated the differences in gene 
transcription and activity of some antioxidant enzymes in 
response to a Cd treatment.

Related reports
   Cd stress is an oxidative challenge. Cd does not generate 
ROS directly. However, Cd-induced oxidative stress is a 
phenomenon observed in different studies. The role of 
antioxidant enzyme in oxidative stress is crucial to avoid the 
death in different species. 

Innovations and breakthroughs
   The improvement is that capillary electrophoresis can 
determine the reduced and oxidized forms of glutathione. 
However, there are some works that study the effect of Cd in 
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G. max. Also, this work includes the analysis of some genes 
involved in oxidative defense.
  
Applications
   The changes produced in the levels of reduced/oxidized 
glutathione, inhibition/activation of enzymes and stress 
parameters constitute a good indicator of an early response 
to metal stress in developed plants exposing to Cd.    

Peer review
   This work is interesting as the authors contribute to the 
understanding of Cd-induced oxidative stress through the 
study of gene expression and antioxidant activity of some 
enzymes. Moreover, the use of capillary electrophoresis 
allowed the measure of reduced and oxidized form of 
glutathione.
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