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Antioxidant system of ginseng under stress by cadmium
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ABSTRACT: Toxic levels of Cd can cause protein denaturation and oxidative stress, which result in membrane
damage, enzimatic activity changes and other metabolic damage. Some plants may show alteration in the activity
of their antioxidant enzymes as a heavy metal tolerance mechanism. This study aims at evaluating the role of
enzymes of the antioxidant system in adaptive responses of the accumulator P. glomerata species to levels of
cadmium (Cd). Plants were cultivated in nutrient solutions containing concentrations of Cd in the form of CdSO4
(0, 45 and 90 μmol L–1), for 20 d. Cd concentrations and yields of root and shoot dry matter were determined at
the end of the experiment. Malondialdehyde (MDA) production and the activities of antioxidant enzymes were
determined after days 1, 12 and 20. Higher Cd concentrations in tissues of P. glomerata were found to reduce
biomass production in both roots and shoots. The lipid peroxidation rates in leaves and roots were smaller at the
start of the experiment for all Cd levels. Superoxide dismutase (SOD) activity increased in leaves on day 1 and in
roots on day 20 as Cd levels increased. Cd stress induced an increase in the activity of APX in leaves, whereas in
roots ascorbate peroxidase (APX) activity was reduced at high concentration of Cd. At the end of the experiment,
catalase (CAT) activity in leaves was reduced as Cd concentration increased. Nevertheless, the glutathione reductase
(GR) and guaiacol peroxidase (GPX) activities increased. In roots, GR activity was reduced on days 1 and 20.
Keywords: antioxidant enzymes, oxidative stress, tolerance, cadmium toxicity

Introduction

Many heavy metals stimulate the formation of free radi-
cals and reactive oxygen species (ROS), either by direct elec-
tron transfer involving metal cations or as a consequence of
metal-mediated inhibition of metabolic reactions (Srivastava
et al., 2005). Enhanced levels of ROS such as singlet oxygen
may activate the pathways that set in train the cell death pro-
gram (Foyer and Noctor, 2005). Plants that have a well de-
veloped defense system against ROS production, limiting
their formation, are better equipped to tolerate adverse con-
ditions in their habitat (Alscher et al., 2002). Antioxidants
and antioxidant enzymes function to interrupt the cascades
of uncontrolled oxidation. These defense systems can re-
move, neutralize or scavenge oxy-radicals and their interme-
diates (Foyer and Noctor, 2003).

Superoxide dismutase (SOD) acts as the first line defense
against ROS, dismuting O2

– to H2O2. Yet, the product of SOD
activity is still toxic (H2O2) and should be eliminated in sub-
sequent reactions, through the action of CAT, other peroxi-
dases and by the ascorbate-glutathione cycle. The equilibrium
of SOD, APX and CAT activities is essential in order to de-
termine the steady-state level of O2– and H2O2 (Bowler et al.,
1991). For instance, when CAT activity is reduced in plants,
other ROS-scavenging enzymes such as APX and GPX are up-
regulated (Willekens et al., 1997; Vandenabeele et al., 2004).

Pfaffia genus belongs to the family Amaranthaceae, and
Pfaffia glomerata is of particular medical interest because its
roots are popularly used for anti-tumor, anti-diabetes and
aphrodisiac tonic properties (Montanari et al., 1999). Thus,
studying its capability to tolerate heavy metals and how much
is accumulated in the tissues is interesting since it is widely
used as a medicinal plant. Besides that, the need to explore
some of the mechanisms used by this species to tolerate

metal concentrations has a major scientific interest. This study
approached  the capacity of P. glomerata to tolerate Cd by
variations in the activities of antioxidant enzymes (SOD,
CAT, APX, GPX and GR) in leaves and roots with different
exposure time to the metal.

Materials and Methods

Seeds of Pfaffia glomerata (Sprengel) Pedersen were ob-
tained from at the Federal University of Mato Grosso do
Sul (UFMS). Seeds of P. glomerata were placed directly on
polystyrene cell trays containing vermiculite and were left to
germinate, after which time they were transferred to a Clark
nutrient solution (Clark, 1975). Plants remained in the solu-
tion for another three weeks for adaptive purposes and were
then transferred to individual vases for treatment induction.
Cd concentrations used in this work were chosen based on
Carneiro et al. (2002). Treatments contained three concentra-
tions of Cd (0, 45 and 90 μmol L–1) in the form of CdSO4,
and the experiment was conducted for 20 days, with three
assessments: 1, 12 and 20 days after treatment induction.
Lipid peroxidation and the activities of antioxidant enzymes
were determined on each of these dates. After 20 days, bio-
mass production and Cd concentration in roots and shoots
were also assessed.

Biomass analysis at the end of the 20-day-period, the
plants were collected, separated into root and shoot fractions,
placed in paper bags and taken to an air circulation oven at
70°C till constant weight was reached for determination of
dry matter. After determining dry matter, samples were
ground in a Wiley mill equipped with a 0.38 mm mesh sieve
and subsequent used for the analysis of Cd content.

For Cd determination, HNO3-HClO4 digestion of the
dried and ground plant material was performed, and Cd de-
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termination was carried out on the acid extract by atomic ab-
sorption spectrometry (Silva, 1999).

The estimation of lipid peroxidation was based on the
production of 2-thiobarbituric acid reactive metabolites, par-
ticularly malondialdehyde (MDA), following the methods of
Heath and Packer (1968) and Buege and Aust (1978). Samples
containing 200 mg of leaf and root tissue were macerated in
5 mL of 0.1% TCA (trichloroacetic acid). After complete ho-
mogenization, 1.4 mL of the homogenate was transferred to
an eppendorf tube and centrifuged at 10,000 rpm for 5 min-
utes. An aliquot of 0.5 mL of the supernatant was added to
2 mL 0.5% (v/v) TBA (thiobarbituric acid ) in 20% TCA. The
mixture was heated in a water bath at 95°C for 30 minutes
and then ice-cooled for 10 minutes. Readings were taken us-
ing a spectrophotometer at 535 and 600 nm. The MDA con-
centration was expressed as nmol g–1 of fresh tissue.

Extraction of the antioxidant enzymes (SOD, CAT, APX,
GPX and GR) was carried from 200 mg of fresh tissue of
macerated leaves and roots, with the addition of 800 μL ex-
traction buffer containing 100 mmol L–1 potassium phos-
phate buffer (pH 7.8); 100 mmol L–1 EDTA and 1 mmol L–

1 L-ascorbic acid. The protein content in all samples was de-
termined using the Bradford (1976) method.

Superoxide dismutase assay (SOD; E.C. 1.15.1.1) - The
activity of SOD was determined according to its capability
to inhibit the photochemical reduction of nitroblue tetra-
zolium (NBT), as described by Beauchamp and Fridovich
(1971). The reaction mixture containing 2 mL of final vol-
ume consisted of 50 mmol L–1 potassium phosphate buffer
(pH 7.8), 14 mmol L–1 methionine, 0.1 μmol L–1 EDTA, 1
mmol L–1 NBT, 2 μmol L–1 riboflavin and 50 μL of protein
extract, with riboflavin being added last. Sample test tubes
and control test tubes (without samples) were placed under
20W fluorescent light tubes. The reaction was allowed to pro-
ceed with the light switched on for 10 min and then stopped
by switching off the light. The reading of solution absor-
bance was carried out at 560 nm. SOD activity is the mea-
sure of NBT reduction in light without protein minus NBT
reduction with protein. One unit of activity was defined as
the amount of protein required to cause 50% inhibition of
the initial NBT reduction under assay conditions.

Catalase assay (CAT; E.C. 1.11.1.6) - The activity of CAT
was determined as described by Kraus et al. (1995), with mi-
nor alterations, as described by Azevedo et al. (1998). CAT
was determined by spectrophotometry at 28°C in a final re-
action mixture of 2 mL containing 100 mmol L–1 potassium
phosphate buffer (pH 7.0), 12.5 mmol L–1 hydrogen perox-
ide (H2O2) and water. The reaction was started by adding 30
μL of the extract and the activity determined following the
decomposition of H2O2, for 1.5 minute at 10-second inter-
vals, monitoring changes in absorbance at 240 nm, with a
molar extinction coefficient of 0.0394 mmol L–1 cm–1. Re-
sults were expressed as μmol of H2O2 consumed per minute
per mg protein.

Ascorbate peroxidase assay (APX; E.C.1.11.1.11) - The
activity of APX was determined using the method of
Nakano and Asada (1981), estimating the ascorbate oxida-
tion rate (extinction coefficient of 2.8 mmol L–1 cm–1). The

reaction mixture containing 100 mmol L–1 potassium phos-
phate buffer (pH 7.0), 0.1 mmol L–1 hydrogen peroxide
(H2O2), 0.5 mmol L–1 L-ascorbic acid, distilled water and 30
μL of protein extract, in a total volume of 2 mL, was incu-
bated at 28°C. The ascorbate oxidation rate was monitored
at 290 nm for 3 min at 15-s intervals and enzyme activity
was expressed as μmol ascorbate oxidized per minute per
mg of protein.

Guaiacol peroxidase assay (GPX; E.C. 1.11.1.7) - The ac-
tivity of GPX was determined according to Souza and
MacAdam (1998), observing the tetraguaiacol formation at
28°C. The reaction mixture, with 2 mL of final volume, con-
tained 50 mmol L–1 potassium phosphate buffer (pH 7.0),
hydrogen peroxide (H2O2), 3.5 mmol L–1 guaiacol, distilled
water and 10 μL of protein extract. The increase in absor-
bance due to guaiacol oxidation (extinction coefficient of 26.6
mmol L–1 cm–1) was measured at 470 nm for 1 min at 10-s
intervals. The enzyme activity was expressed as μmol of guai-
acol decomposed per minute per mg of protein.

Glutathione reductase assay (GR; E.C. 1.6.4.2) - GR ac-
tivity was determined as described by Cakmak and Horst
(1991), following the decrease in absorbance at 340 nm due
to NADPH oxidation. The reaction mixture containing 50
mmol L–1 potassium phosphate buffer (pH 7.8), 1 mmol
L–1 oxidized glutathione (GSSG), 0.075 mmol L–1 NADPH,
distilled water and 30 μL of protein extract, was incubated
at 28°C. GR activity was calculated using an extinction coef-
ficient of 6.2 mmol L–1 cm–1, measured at 340 nm for 3 min
at 15-s intervals. The activity of the enzyme was expressed
as μmol of NADPH per minute per mg of protein.

The experiment was conducted using a randomized
block statistical design consisting of three Cd levels (0, 45
and 90 μmol L–1) and three sampling dates (1, 12 and 20 d).
Data were submitted to analysis of variance using the F test
and results were presented as mean ± standard error of
mean (SEM) of three replicates, and to the Tukey test at 5%.

Results and Discussion

Increasing Cd content in the nutrient solution increased
the metal content in roots and shoots of P. glomerata plants
(Figure 1A). In the root part the highest values were ob-
served in the treatment at 90 μmol Cd L–1 (1223 mg kg–1),
while in the shoot part for the same treatment, Cd concen-
tration was 238 mg kg–1. There were not significant differ-
ences in biomass production of the shoot between treat-
ments, whereas the root biomass was higher in control treat-
ment (Figure 1B). As a consequence of Cd accumulation in
the tissues visual symptoms of toxicity were observed, in-
cluding leaf wilting and yellowing as well as root darkening.

Overall, species that tolerate heavy metals should present
them widely distributed in the roots which may result in
morphological and metabolic changes, for instance reduced
plant size and changes in antioxidant enzyme activity
(Verbruggen et al., 2009). In this study, P. glomerata exhib-
ited high concentrations of Cd in its tissues and yet it did
not undergo major morphological changes, particularly in the
treatment at 45 μmol L–1, thus demonstrating some toler-
ance to the heavy metal.
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The impact that a heavy metal exert on a plant will de-
pend on how sensitive the species is and the metals
bioavailability present in the soil during the plant growing
(Smical et al., 2008). A tolerant specie may be defined as that
which produces a amount of roots in contaminated areas
(Punz and Sieghardt, 1993), as was observed with P.
glomerata. Many tolerant plants are endemic in contaminated
places because they have developed a variety of avoidance
mechanisms by which the excess of heavy metal can be ren-
dered harmless. The hability to develop heavy metal resis-
tance is due chiefly to morphophysiological changes  (Raskin
et al., 1994).

Reactive oxygen species are considered to be the indica-
tors of cell damage because lipid peroxidation in vivo pro-
vides a steady supply of free radicals. The effect of Cd on
cell membrane integrity was determined through MDA mea-
surement (Figures 2A and B). An increase was observed in
lipid peroxidation in the leaves of P. glomerata with the
increase in Cd content and increase in the  exposure periods.
The maximum effect was noted at 20 d after induction
(107%) on leaves, and 12 d after induction (154%) on roots,
both at 90 μmol L–1 concentration A reduction was observed
in MDA contents in the roots with increasing exposure to
the metal up to concentration of 45 μmol Cd L–1 (58.7 (1 d)
to 32.6 (20 d) nmol MDA g–1 FW), while at 90 μmol Cd L–1

concentration the MDA content increased on day 12 (45.5 (1
d) to 72.4 (12 d) nmol MDA g–1 FW).

Plant cell membranes are considered primary targets of
metal-induced injuries and membrane destabilization is usu-

ally attributed to lipid peroxidation (Singh, 2006). Increased
MDA formation in plants exposed to Cd has been verified
in sunflowers (Gallego et al., 1996), in peas (Dixit et al., 2001),
in Thlaspi caerulescens and Brassica juncea accumulator spe-
cies and also Nicotiana tabacum, a non-accumulator species
(Wang et al., 2008).

The enzymes of the antioxidant system exhibited varia-
tions in activity when exposed to different Cd concentrations
and different exposure periods. The activity of SOD, which
is responsible for the dismutation of superoxide radicals
from the cells, increased in the leaves at the beginning with a
maximum activity increase of 41% (at 45 μmol L–1 after 1
d). Increasing Cd contents did not change SOD activity in
leaves on day 20. (Figure 3A). An increase was verified in the
activity of SOD in the roots at 20 days (1.6 U mg–1 protein
(0 μmol L–1) to 3.5 U mg–1 protein (90 μmol L–1) with in-
creasing Cd contents in the nutrient solution. The maximum
SOD activity increase observed in the roots was 203% (at 45
μmol L–1 after 20 d). (Figure 3B).

Treatments with Cd are reported to have reduced SOD
activity in non-accumulator bean plants (Somashekaraiah et
al., 1992), sunflowers (Gallego et al., 1996) and peas (Sandalio

Figure 1 – Cd concentrations (A) and dry matter yield (B) in roots
and shoots of P. glomerata subjected to concentrations
of Cd for 20 days. Bars indicate the standard error of
mean (n = 3). Means followed by the same letter do
not differ (Tukey, p < 0.05).

Figure 2 – Lipid peroxidation in leaves (A) and roots (B) of P.
glomerata subjected to three concentrations of Cd in
nutrient solution. Bars indicate means ± standard error
of three replicates. Means followed by the same letter
do not differ (Tukey, p < 0.05) (A-C denotes
significance between sampling dates, within the same
Cd level; a-c denotes significance between levels for
the same sampling date).
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et al., 2001) and to have increased SOD activity in Alyssum
lesbiacum, an accumulator species (Schickler and Caspi, 1999),
and mustard (Mobin and Klan, 2007). In this study, high
levels of SOD activity can protect P. glomerata against oxi-
dative damage induced by Cd toxicity, when in combination
with increased activity of other antioxidant enzymes, pro-
moting the elimination of excess H2O2 which causes dam-
age to the cells (Gossett et al., 1994).

The excessive increase in H2O2 was minimized through
the activity of CAT, APX and GPX. In the leaves, the maxi-
mum increase in CAT activity was of 54% in relation to the
control (at 90 μmol Cd L–1 after 1 d). Yet, at this same con-
centration a maximum reduction was observed, down to
34%, after 20 d (Figure 4A). In the roots, CAT activity
showed a maximum increase of 42% (at 90 μmol L–1 after
12 d) and it was similar to the control at 90 μmol Cd L–1

after 20 d (Figure 4B). Increased CAT activity is reported in
Alyssum lesbiacum, a metal accumulator species (Schickler
and Caspi, 1999), mustard (Mobin and Klan, 2007; Wang et
al., 2008) and Thlaspi caerulesens (Wang et al., 2008). Con-
sidering that CAT is directly regulated by H2O2 levels
(Polidoros and Scandalios, 1999), the increased activity in
leaves with all levels of Cd at the initial stage suggests that

this enzyme was more active when first exposed to metal,
while in the roots this increased CAT activity was observed
at 90 μmol L–1 after 12 (0.43 μmol H2O2 mg–1 protein min–1)
and 20 d (0.44 μmol H2O2 mg–1 protein min–1). The mainte-
nance of high CAT activity in Cd accumulator species is an
aspect that may be part of the tolerance mechanism of this
plant species to the metal.

At the start and end of the experiment, the levels of
APX activity in the leaves were statistically similar to the con-
trol. Yet, the highest increase in APX activity in the leaves
was observed after 12 d with maximum increases of 64%
and 43% (at 45 and at 90 μmol L–1, respectively) (Figure 5A).
APX activity in leaves appeared to be less affected than CAT
activity when the plant was exposed to higher Cd contents
for longer periods, since CAT was reduced at 90 μmol L–1

after 20 d, while APX activity remained similar to the con-
trol. In roots, the highest level of Cd (90 μmol L–1) after 20
d increased APX activity (4.9 μmol ascorbate mg–1 protein
(12 d) to 9.4 μmol ascorbate mg–1 protein (20 d)), though
after 12 d APX activity decreased in Cd presence (14 at control
to 4.4 μmol ascorbate mg–1 protein min–1 at 90 μmol L–1) (Fig-
ure 5B). In the latter situation, the inadequate response of
APX activity in the elimination of H2O2 was offset by the

Figure 3 – SOD activity in leaves (A) and roots (B) of P. glomerata
subjected to three concnetrations of Cd in nutrient
solution. Bars indicate means ± standard error of three
replicates. Means followed by the same letter do not
differ (Tukey, p < 0.05) (A-C denotes significance
between sampling dates, within the same Cd level; a-c
denotes significance between levels for the same
sampling date).
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increase in CAT activity. Although higher amounts of Cd
accumulated in root tissue, higher relative APX activities were
observed in leaves of P. glomerata, when compared to the
control, i.e. roots only presented a slight percentage increase
in the enzyme activity. According to Vitória et al. (2001), evi-
dence points to the existence of a sign of oxidative stress
being transported from roots to leaves, and this signaling
mechanism was reported by Karpinski et al. (1999), increas-
ing APX transcription in leaves. Similar results to those in
roots and leaves of P. glomerata, regarding APX activity,
were found for Bacopa monnieri (Singh et al., 2006).

Guaiacol peroxidase activity increased in the leaves to a
maximum of 183% and 95% (at 90 μmol L–1 after 12 and
20 d, respectively) (Figure 6A). After 12 and 20 days, there
was an increase in the GPX activity following an increase in
the metal concentration. In the roots, GPX activity changed
only slightly in relation to the control to maximum rates of
21% and 17% (at 45 and at 90 μmol L–1, after 12 d, respec-
tively). At the start of the experiment, after 1 d the stress
induced by Cd reduced GPX activity by 48% in the treatment
at 90 μmol L–1 (Figures 6B).

In this study there was an increase in GPX activity in
leaves following exposure to Cd (0.8 at control to 1.6 μmol

guaiacol mg–1 protein min–1 at 90 μmol L–1), suggesting that
this enzyme acts as an intrinsic protection against oxidative
damage in P. glomerata. In Bacopa monnieri, GPX activity
in leaves is reported to have been stimulated by increase both
in exposure time and in concentrations of Cd (Singh et al.,
2006). However, these authors observed a reduction in the
activity of the enzyme in roots with the increased exposure
to Cd at the highest concentration (200 μmol. L–1). An in-
crease in GPX activity was also observed in Lycopersicon
esculentum when exposed to Cd, due to wide availability
of H2O2 produced by stress, particularly toward the end of
the experiment (Ammar et al., 2008).

Glutathione redutase showed a increase in activity in the
leaves after 12 and 20 d at both concentrations of Cd (45
and 90 μmol L–1) (Figure 7A). Both in leaves and in roots
the highest increase in GR activity occurred after 12 d, with
63% in the leaves (at 45 μmol L–1) and 78% in the roots (at
90 μmol L–1). In the roots, the activity of the enzyme was
reduced to levels below the control at all Cd concentrations
tested after 1 d (1.4 at control to 0.8 μmol NADPH mg–1

protein min–1 at 90 μmol L–1) and 20 d (1.2 at control to 0.5
μmol NADPH mg–1 protein min–1 at 90 μmol L–1) of expo-
sure (Figure 7B).

Figure 5 – APX activity in leaves (A) and roots (B) of P. glomerata
subjected to three concentrations of Cd in nutrient
solution. Bars indicate means ± standard error of three
replicates. Means followed by the same letter do not
differ (Tukey, p < 0.05) (A-C denotes significance
between sampling dates, within the same Cd level; a-c
denotes significance between levels for the same sampling
date).
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Glutathione reductase, which catalyses the NADPH-de-
pendent reduction of oxidized GSSG to the reduced form
GSH, is involved in defence against oxidative stress. Glu-
tathione is one of the major redox buffers in most aerobic
cells and plays an important role in physiological functions,
including redox regulation, conjugation of metabolites,
detoxification of xenobiotics and homeostasis and cellular
signaling that trigger adaptive responses (Noctor et al., 2002).
Moreover, accumulation of GSSG is often associated with
death or quiescence (Foyer and Noctor, 2003). Small varia-
tions were observed in GR activity with increasing exposure
time to Cd in pea leaves (Sandalio et al., 2001). As observed
in this study, GR activity was higher in roots than in leaves
of radish plants subjected to Cd (Vitória et al., 2001). In
Alyssum argenteum hyperaccumulator species, low contents
of Cd induced GR activity while higher contents reduced the
activity (Schickler and Caspi, 1999). According to the authors,
this reduction could be the result of direct binding of Cd
to the sulfhydryl group of the enzyme, influencing the glu-
tathione cycle. GR activity is important to maintain a high
GSH/GSSG ratio, being critical to the functioning of the glu-

Figure 7 – GR activity in leaves (A) and  roots (B) of P. glomerata
subjected to three concentrations of Cd in nutrient
solution. Bars indicate means ± standard error of three
replicates. Means followed by the same letter do not
differ (Tukey, p < 0.05) (A-C denotes significance
between sampling dates, within the same Cd level; a-
c denotes significance between levels for the same
sampling date).
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tathione-ascorbate cycle and phytochelatin synthesis (Cobbett,
2000), which in turn are responsible for the tolerance of the
species to contamination by heavy metals, especially Cd
(Benavides et al., 2005).

The low CAT activity in leaves on 20 d may have favored
a larger participation of the ascorbate-glutatione cycle as a tol-
erance mechanism. That is possible because there was an in-
crease in the GR enzyme activity, whereas APX activity re-
mained the same as the control. The ability to do so presum-
ably reflects enhanced engagement of other pathways of H2O2
detoxification (Noctor et al., 2002), notably the ascorbate-glu-
tathione cycle, as evidenced by the sustained oxidation of glu-
tathione accompanied by increases in the total glutathione pool.

In this study, P. glomerata presented concentrations
above 100 mg Cd kg–1 (Baker, 1981), meaning it is capable
of tolerating high concentrations of Cd in its tissues. Ac-
cording to Baker (1981), it could be classified as a
hyperaccumulator species, yet further studies are needed be-
fore characterizing it as a phytoremediator. Other results sug-
gested that Cd-induced increase in the activity levels of anti-
oxidant enzymes can constitute a secondary defense mecha-
nism against oxidative stress, though not as direct a mecha-
nism as phytochelatin production and compartmentalization
in the vacuole. Here, the differentiated responses of antioxi-
dant enzymes to Cd in roots and leaves can be attributed to
variation in ROS formation levels due to differing function-
ality of the two plant organs, with the root being a non-
photosynthetic tissue and thus resulting in reduced electron
flow. As for the higher accumulation of Cd in the roots, the
level of free Cd may be low given the fact that the bulk of
the metal ions may be immobilized or compartmentalized
in the vacuole or else forming a complex with phytochelatins.
As for the leaves, the lower accumulation of Cd due to trans-
port barriers, along with the activities of antioxidant en-
zymes, reduced oxidative damage, increasing the tolerance of
the species to Cd.

P. glomerata showed some superior antioxidative de-
fense to adapt to the oxidative stress induced by Cd toxicity.
MDA content was similar to the control at the mean level
of Cd. Accordingly, the activities of antioxidative enzymes
increased or remained the same as the control until this con-
centration of the metal. Then, the coordinated increase of
activities of antioxidative enzymes was effective in some pro-
tecting the plant from accumulation of ROS under Cd stress.
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