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ABSTRACT

Cadmium (Cd) pollution is a source of worldwide concern because of its high toxicity to plants, animals and

humans. Zinc (Zn) is an essential micronutrient required for several physiological processes. Rapid industrialization
has resulted in the accumulation of essential and non-essential heavy metals such as Cd, Cr, Al, Zn, As etc. in the
environment. Although the non-essential metals are required for normal growth in plants, supra-optimal levels of
these heavy metals (for eg: - Zn, Cu, Al etc.) are detrimental for plants. The aim of this study is to investigate the
early response of the antioxidant system of young castor (Ricinus communis L.) seedlings when exposed to Cd and
Zn stress. These seedlings were grown in hydroponics for one month and later supplemented with CdClz (10 mg kg
1 Cd) and ZnSo4 (300 mg kg * Zn) solution, individually. The non-enzymatic antioxidants (such as carotenoids,
proline, non-protein thiols, endogenous H202, malondialdehyde, phenolics and flavonoids) increased significantly
in the treated seedlings than the control ones after 72 and 120 hours. The enhanced production of superoxide
dismutase (SOD, EC1.12.1.1), ascorbate peroxidase (APX, EC1.11.1.11), guaiacol peroxidase (GPOD, EC 1.11.1.7)
and glutathione reductase (GR, EC1.6.4.2) indicated that these enzymes played a key role in defense mechanism,
against the toxicity of these elements due to their excess concentrations.
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1.INTRODUCTION

The term ‘heavy metals’ applies to the group of metals
with atomic density greater than 4 g/cm?® (Hawkes,
1997). Heavy metals like Cd, Cr, Ni, Sn, Hg etc. are non-
essential elements whereas, metals like Cu, Zn, Mn, Co
etc. are considered essential for plants in trace amounts
(Niess et al., 2009). Non-essential metals cause toxicity,
sometimes, even in low concentrations. Among them,
cadmium (Cd) is a very toxic metal, as it is highly mobile
and has a long half-life (Salt et al., 1995, Patra et al.,
2004). When the concentrations of essential metals
such as zinc (Zn) exceed beyond permissible limits, they
can result in oxidative stress (Hassan et al., 2011,

Todeschini et al., 2011; Cambrolle” et al., 2012). To
overcome this stress, plants adopt several enzymatic
and non-enzymatic mechanisms to eliminate or reduce
the harmful effects. These help the plants to
successfully thrive in heavy metal contaminated areas.

Cadmium is ranked 7™ in the list of Agency for Toxic
Substances and Disease Registry (ATSDR, 2008). It has
been classified as human carcinogenic group I. Cadmium
is readily released into the environment by smelting,
mining and cadmium-phosphate rich fertilizers (Huff et
al., 2007). The phytotoxic limit for cadmium was
reported in the range of 3-7 mg kg™, depending on the
plant species (Environmental Protection Agency, 2009).

Excess cadmium uptake may cause leaf chlorosis,

International Journal of Pharmacy and Biological Sciences

A.Mondal and R. Kundu

789 J

L7

www.ijpbs.com or www.ijpbsonline.com



http://www.ijpbs.com/
http://www.ijpbsonline.com/

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

damage to plasma membrane permeability and
alteration in the activity of many key enzymes (Das et
al.,, 1998, Chaoui et al.,, 1997, Baryla et al., 2001).
Although cadmium has no known biological function,
plants can readily take up Cd*? ions through their roots
and travel to the aerial shoots (Patra et al., 2004)

Zinc is a micronutrient essential for normal growth and
metabolism for plants (Cakmak et al., 2000). It serves as
a catalyst for many essential enzymes such as
superoxide dismutase (Cu/Zn SOD). Besides, it also has
an important role in gene expression and DNA
transcription (Coleman et al., 1992). However, zinc in
high concentrations, can be detrimental to plants (Rout
et al, 2003). The elevated zinc concentrations may
cause altered mitotic activity, damage to membrane
permeability and growth retardation (Jain et al., 2010).
Zinc levels above 100-200 mg kg' is generally
considered toxic for plants (Kramer et al., 2010). The
potential sources of anthropogenic zinc emissions are
emissions from power plants, commercial fertilizers,
coal and bottom fly ash (Zinc in the Environment, 1997).
Ricinus communis L. is an oil yielding, perennial shrub
found in the wild. It has been reported to be invasive in
many countries. It is an erect tropical plant and can grow
up to 30 feet tall. In the recent times, this plant is being
used to clean up toxic contaminated soils. These plants
can successfully thrive in metal contaminated areas.
They are capable of degrading at least 15 organic
pollutants (Rissato et al., 2015). It has been reported
earlier that castor bean plants can accumulate up to 300
mg kglead (Pal et al., 2013).

In the present work, we have aimed to study the early
response of Ricinus communis seedlings when treated
with cadmium and zinc and the detoxification
mechanism adopted by the plants. For this purpose, we
have chosen a concentration higher than the phytotoxic
limit of Cd i.e, 10 mg kg*and for Zn, 300 mg kg*. The
detoxifying defense machinery includes non-enzymatic
(carotenoid, proline, flavonoids and phenols) and
enzymatic antioxidants [superoxide dismutase (SOD),
ascorbate peroxidase (APX), guaiacol peroxidase
(GPOD) and glutathione reductase (GR)]. Apart from
this, oxidative damage at a cellular level is measured by
endogenous hydrogen peroxide, non-protein thiol
(NPSH) content and malondialdehyde (MDA) content.
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2. Materials and methods

2.1 Plant material, growth conditions and treatments

Castor bean seedlings were grown in the laboratory
condition for 30 days and maintained in hydroponics for
seven days. The seedlings were treated with 10 mg kg™
cadmium and 300 mg kg zinc for 5 days separately.
The seedlings grown in Hoagland’s nutrient solution
were maintained as untreated (control) set. The
experimental data was recorded after 72 and 120 hours.
2.2 Estimation of total chlorophyll and carotenoid
content

The total chlorophyll and carotenoid content was
measured  spectrophotometrically
Lichtenthaler et al, 1987.

2.3 Estimation of proline content

according to

0.5g shoot and 0.5g root tissue were homogenized in
5ml 0.1M sulfosalicylic acid and centrifuged at 5000 rpm
in a cooling centrifuge (Remi C-24 Plus) for 30 minutes.
To the supernatant (2ml), 5ml of glacial acetic acid and
5ml of ninhydrin solution were added. The resulting mix
was heated in a water bath at 1002 C for 1 hour. The
mixture was extracted with toluene in a separating
funnel and absorbance was taken at 520 nm. Free
proline amount was determined (ug gm™ tissue) from a
previously prepared standard curve (Bates et al., 1973).
2.4 Estimation of non-protein thiol (NPSH) content
The measurement of non-protein thiol compounds was
carried out as described by Devi et a/.,1998. 0.5 g shoot
and 1.0 g root tissue were extracted with 5 ml of 5%
meta-phosphoric acid, and centrifuged at 12,000 rpm
for 15 minutes at 4 C. The reaction mixture contained
0.5 ml aliquot of the supernatant, 2.5 ml of 150 mM
phosphate buffer (pH 7.4) containing 5 mM EDTA and
0.5 ml of 6 mM 5,5’- dithiobis (2-nitro benzoic acid). This
mixture was incubated at room temperature for 30
minutes and the colour produced was measured at 412
nm with a spectrophotometer.

2.5 Estimation of endogenous hydrogen peroxide
(Hz202) content

Shoot and root tissue (0.5g each) were homogenized
with 3 ml of 1% (w/v) TCA in an ice bath. The
homogenate was centrifuged at 10,000 rpm for 10
minutes, and the supernatant (0.5 ml) was added with
0.75 ml of 50 mM potassium phosphate buffer (pH 7.0)
and 1.5 ml of 1 M potassium iodide (KI), and the
absorbance was measured at 390 nm. H202 content was
expressed as nmol H202 ¢! of fresh weight tissue (Jessup
etal.,, 1994).
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2.6 Estimation of Malondialdehyde (MDA) content

MDA is a direct measure of lipid peroxidation, which is
produced by the thiobarbituric acid reaction as
described by Heath et al., 1968. The crude extract was
mixed with the same volume of a 0.5% (w/v)
thiobarbituric acid solution containing 20% (w/v)
tricholoroacetic acid. The mixture was heated at 95 C for
30 min and then quickly cooled in an ice-bath. After
cooling, the resulting mixture was centrifuged at 10,000
rom for 10 minutes at 4'C and the absorbance of the
supernatant was measured at 532 and 600 nm. After
subtracting the non-specific absorbance (600 nm) from
the (532 the MDA
concentration was determined by its molar extinction

specific absorbance nm),
coefficient (155 mM™t cm™) and the results expressed
as mol MDA g1 FW.

2.7 Total phenolic content (TPC)

Crude extract was prepared by crushing 0.5g shoot and
0.5g root tissue in 80% hot ethanol. The extract was
centrifuged at 10,000 rpm for 15 minutes at 4 C. The
supernatant was evaporated to dryness in a water bath
and finally dissolved in minimum volume of water. An
aliquot of 0.5ml was mixed with 5 times diluted Folin
Ciocalteau reagent followed by addition of 20% of 1 ml
of sodium carbonate. The resulting mixture was
incubated for 1 minute in a water bath at 100 C and the
readings were taken at 650 nm. The results were
expressed as gallic acid equivalents per gram (GAE g)
of the plant material (Mohsen et al., 2009).

2.8 Total flavonoid content (TFC)

The total flavonoid content (TFC) of shoot and root
tissue was determined using the aluminium chloride
assay. 0.5g shoot and 0.5 g root tissue was crushed in
ethanol and the extract was kept overnight. The extract
was then mixed with 1% aluminium chloride and kept in
room temperature for 30 minutes. A light yellowish
coloured solution was obtained. The readings were
measured at 415 nm. The TFC was expressed in mg of
quercetin equivalents (CE)
(Lamaison et al., 1990).

2.9 Assay of antioxidative enzymes

2.9.1 Superoxide dismutase (SOD)

0.5 g shoot and 0.5 g root tissue were homogenized in
extraction buffer (pH 6.8) containing 0.1 M Tris, 0.25 M
sucrose, 1% PVP, 0.1% ascorbic acid, 0.1% cysteine
HCl,1mM EDTA, 0.4 mM MgCl; and 0.4 mM DTT. This
homogenate was centrifuged at 12,000 rpm at 4°C for 3

per gram of extract

minutes and the supernatant was used for SOD assay.
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SOD activity was measured in a 3 ml reaction mixture
containing 50 mM potassium phosphate buffer (pH 7.8),
13 mM methionine, 75 uM nitroblue tetrazolium, 2 uM
riboflavin, 0.1 mM EDTA and a suitable aliquot of
enzyme extract. The test tubes were shaken and placed
under illumination and the readings were taken at 560
nm after one hour. The activity of SOD was expressed as
unit per milligram protein. One unit of activity is the
amount of protein required to inhibit 50% initial
reduction of nitroblue tetrazolium under light
(Beauchamp et al., 1971).
2.9.2 Ascorbate peroxidase (APX)

0.5g shoot and 0.5 g root tissue were homogenized in
50 mM sodium phosphate buffer (pH 7) containing 2%
PVP and 0.1 mM EDTA. The homogenate was
centrifuged at 14,000 rpm for 30 minutes at 4 C. Activity
of APX was assayed by taking 1 ml of 50 mM sodium
phosphate buffer (pH 7), 0.8 ml of 0.5 mM ascorbic acid,
0.2 ml of enzyme extract and 1 ml of H202 solution in a
total volume of 3 ml. Absorbance was recorded at 290
nm at an interval of 10 seconds up to 3 minutes. APX
activity was expressed in moles of
monodehydroascorbate formed min? gm™ FW using
molar extinction coefficient, £ = 2.8 mM~ cm™ (Nakano
etal., 1981).
2.9.3 Guaiacol peroxidase (GPOD)

1 g shoot and root tissue were homogenized in 3ml of
0.05M sodium phosphate buffer (pH 7.8) including 1mM
EDTA and 2% (w/v) PVP. The homogenate was
centrifuged at 14,000 rpm for 20 min at 4C. The
reaction mixture in a total volume of 2ml contained
25mM (pH 7.0) sodium phosphate buffer, 0.1mM EDTA,
0.05% guaiacol, 1.0mM H202and 100 ul enzyme extract.
The increase of absorbance due to oxidation of guaiacol
was measured at 470 nm using molar extinction
coefficient, € = 26.6 MM cm™).
2.9.4 Glutathione reductase (GR)

0.2 g shoot and 0.5 g root tissue were homogenized in
50 mM Tris HCl buffer (pH 7.6) and centrifuged at 14,000
rpm for 30 minutes at 4 C. The reaction mixture in total
volume of 1 ml contained 50 mM Tris HCI buffer (pH
7.6), 0.15 mM NADPH, 1mM oxidized glutathione
(GSSG), 3mM MgCl2 and 200 pl of enzyme extract. The
340 nm

spectrophotometer. The specific activity of enzyme was

readings were taken at using a

expressed as umol NADPH oxidized minmg™ protein

using molar extinction coefficient, e= 6.2 mM™ cm™

(Schadle et al., 1977).
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2.10 Protein content

Protein concentration of shoot and root extracts was

determined according to Lowry et al. 1951 using bovine

serum albumin as standard protein
2.11 Statistical analysis

The experiments were performed

in triplicates.

Statistical significance of the difference between

treatment means were evaluated by one-way ANOVA at

a 0.05 probability level.

Int J Pharm Biol Sci.

3. RESULTS

3.1 Effects on chlorophyll and carotenoid content

The total chlorophyll (chlorophyll a+b) content of the
treated seedlings were not significantly affected after
72 and 120 hours. Accumulation of carotenoids had
significantly increased by 86.4% in Cd treated seedlings
and by 132.1% in Zn treated seedlings, only after 120
hours. At 72 hours, the carotenoid content of the
treated seedlings has not changed significantly than the
control seedlings (Fig 1).
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Fig 1: The effect of Cd and Zn on the total chlorophyll and carotenoid content in the shoots of castor seedlings
exposed for 72 and 120 hours, individually. Values are mean of three replicates +S.E. Asterisks denote significance

at P <0.05.
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Fig 2: The effect of Cd and Zn on the (a) proline (b) NPSH (c) endogenous H:0: and (d) MDA content in the shoots
and roots of castor seedlings exposed to 72 and 120 hours individually. Values are mean of three replicatestS.E.
Asterisks denote significance at P < 0.05.
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Fig 3: The effect of Cd and Zn on the (a) total phenol content and (b) flavonoid content in the shoots of castor
seedlings exposed for 72 and 120 hours, individually. Values are mean of three replicates 1S.E. Asterisks denote
significance at P < 0.05.
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3.2 Effects on some oxidative stress markers

In our works, we have investigated the following
oxidative stress markers (i) proline (ii) non-protein thiols
(iii) endogenous hydrogen peroxide and (iv) MDA
content.

Proline content showed a significant increase of 12.7%
after 72 hours, only in the shoots of Cd treated seedlings
(by 12.7%), as compared to control (Fig 2a). After 72
hours of Cd and Zn treatment, non-protein thiol content
increased significantly, in comparison to control. After
72 hours, cadmium induced a 54.4% increase (in shoots)
and a 188.6% increase (in roots). Zinc treatment
produced a 21.5% and 136.3% rise in the shoots and
NPSH had
significantly increased after 120 hours in the treated

roots respectively. Similarly, levels
seedlings, in comparison to control. An increase of
68.9% and 176.3% was observed in the shoots and roots
of Cd treated seedlings. An increase of 45.9% and
130.5% was observed in the shoots and roots of Zn
treated seedlings, respectively. It is to be noted that
NPSH content was much higher in the shoots of metal
stressed seedlings compared to the roots (Fig 2b).

An increase by 188.6% and 139.1% of endogenous H20:
levels was estimated in the shoots of Cd and Zn treated
seedlings after 72 hours, in relation to control (Fig 2c). It
was more pronounced in the shoots than in the roots. A
significant rise in H202 production was noticed after 120
hours, when compared to control. Cd treated seedlings
showed a significant increase of 132.09%, only in the
shoots. Zn treated seedlings showed a 191.51% increase
in the shoots and 25.57 % increase in the roots.

MDA, a product of lipid peroxidation, was measured to
study the extent of membrane damage. Seedlings

exposed to Cd for 72 hours resulted in 8.59% increase in
the shoots and a 10.21% increase in the roots, in
comparison to control. Similarly, the Zn treated
seedlings also showed a significant increase in MDA
content (2.1% in shoots and 2.4% in roots). It is to be
noted that the MDA content was highest in shoots on
cadmium treatment. An increase in exposure period of
120 hours resulted in significant increase in lipid
peroxidation in both Cd and Zn treated seedlings. The
roots of Cd treated seedlings showed a 8.57% rise, in
comparison to control. The roots of Cd treated showed
a 18.91% rise while that of Zn treated seedlings showed
a small significant rise of 0.41%, when compared to
control seedlings (Fig 2d).

3.3 Effects on phenolic and flavonoid content

After 72 hours, the total phenolic content increased by
35.1% (in shoots) and 12.47% (in roots) in Cd treated
seedlings and by 12.5% (in shoots) and 32.16% (in roots)
in Zn treated seedlings compared to control (Fig 3a).
After 120 hours, Cd treatment led to about 43.9% in
shoots and 36.75% in roots while, Zn treatment resulted
in a 22.5% rise in shoots and 49.92% rise in roots,
compared to after 72 hours. Shoots maintained a higher
phenolic content than roots in the treated seedlings at
both 72 and 120 hours. For Cd treated seedlings, it was
270.29 ug gm FW (in shoots) while for roots, it was
40.356 ug gm 1FW.

As compared to control, Cd and Zn treatment had
significantly increased flavonoid activity after 72 hours
(Fig 3b). The total flavonoid content increased by 59.9%
(shoots) and 12.4% (roots) in Cd treated seedlings and
by 51.2% (shoots) and 35.16% (roots) in Zn treated
seedlings compared to control. Similar to the total

International Journal of Pharmacy and Biological Sciences

A.Mondal and R. Kundu* | 794

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

"N

—

w |

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

N

phenolic content, the shoots of treated seedlings also
produced a higher flavonoid content than roots (172.61
ug gm™* FW in shoots and 40.356 ug gm "1 FW in roots for
Cd treated seedlings).

Comparatively after 120 hours, the flavonoid content
recorded was significantly higher in both Cd and Zn
treated seedlings. Cd treatment shows a 95.03% rise (in
shoots) and a 41.9% rise (in roots), as compared to
control. Likewise, Zn treatment shows a marked rise of
57.6% rise (in shoots) and 24.7% rise (in roots).

3.4 Effects on some antioxidant enzymes

3.4.1 Effect of Cd and Zn on SOD activity

In comparison to control, a significant elevation of SOD
activity was observed in the treated seedlings after 72
hours, when compared with control (Fig 4a). The
seedlings treated with Cd showed a 91.4% increase in
shoots and a 19.15% increase in roots. The Zn treated
seedlings showed a 5.25% increase in shoots and a
6.14% increase in roots.

In contrast, SOD activity was more enhanced after 120
hours. Cd treated seedlings showed a 96.5% (in shoots)
and 23.62% (in roots) rise while, Zn treated seedlings
showed a 28.81% (in shoots) and 18.13% (in roots)
increase in enzyme activity, in comparison with control.
3.4.2 Effect of Cd and Zn on APX activity

Similar to superoxide dismutase, the activity of
ascorbate peroxidase was markedly elevated under Cd
and Zn treatment, when compared to control seedlings
(Fig 4b). After 72 hours, the shoots of Cd treated
seedlings resulted in a 50% increase whereas, the roots
resulted in a 53.35% increase. Under Zn treatment, after
72 hours, a 34.98% increase in enzyme activity was
observed in the shoots and a 24.8% increase was
observed in the roots.

A significant increase in APX activity was observed in the
treated seedlings after 120 hours, in comparison to
control. Cd treatment resulted in a 52.2% increase in
shoots and 59.8% increase in roots. Zn caused a
significant increase of 38.89% in shoots and 78.4%
increase in roots.

3.4.3 Effect of Cd and Zn on GPOD activity

The same pattern of increase was again observed in
GPOD activity for the treated seedlings, in relation to
control, after 72 hours. An increase of 24.13% and
44.4%
respectively for Cd treated seedlings. An increase of
8.79% and 7.11% was observed in the shoots and roots,
respectively for Zn treated seedlings.

was observed in the shoots and roots,

Int J Pharm Biol Sci.

After 120 hours, an increase of GPOD activity was
recorded in Cd and Zn treated seedlings, as compared to
after 72 hours. There was an increase of 54.9% and
42.07% observed in the shoots and roots, respectively
for Cd treated seedlings. An increase of 35.29% and
21.68% was observed
respectively for Zn treated seedlings (Fig 4c).

3.4.4 Effect of Cd and Zn on GR activity

A similar trend was observed in GR activity of the

in the shoots and roots,

treated seedlings at 72 hours, as compared to control.
An increase of 35.41% rise (in shoots) and a 82.1% rise
(in roots) was noted in Cd treated seedlings. Exposure
to zinc for 72 hours resulted in a 5.3% rise in shoots and
a 28.1%rise in roots.

After 120 hours, there was a highly enhanced GR activity
in the treated seedlings, when compared to control. Cd
treatment caused an increase of 37.98% in shoots and
80.57% in roots. An increase in Zn exposure from 72 to
120 hours produced an increase of 14.08% in shoots and
43.29% in roots, when compared with control seedlings
(Fig 4d).

4. DISCUSSION

Abiotic stress, such as exposure to heavy metals, can
cause damage to seedlings directly or indirectly through
the burst of reactive oxygen species (ROS) (Dazy et al.,
2009). As a non-essential and potently toxic metal,
cadmium is known to induce oxidative stress (Hatata et
al., 2008). High concentrations of Zn was toxic and
inhibited plant growth in seedlings grown in soil near
smelting areas rich in Zn (Bia et al., 2006). The role of
enzymatic and non-enzymatic defense mechanisms in
young castor seedlings grown hydroponically were
studied after a short term exposure to Cd and Zn for 72
and 120 hours.

4.1 Chlorophyll and carotenoid content

The total
significantly in the treated seedlings after 72 and 120

chlorophyll content did not increase
hours. An increase in carotenoid content have occurred
to possibly overcome the metal induced oxidative
stress. Carotenoids scavenges free radicals, mainly
singlet oxygen and can also quench the excited state of
chlorophyll (Taiz et al., 2002). Excess zinc supply (10 mM
Zn) increased carotenoid production in Vigna mungo
after 10 days of treatment (Gupta et al., 2009).

4.2 Oxidative stress markers

Proline has been reported to be associated with
environmental stress such as drought and salinity (Costa
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et al., 1994). Cadmium is known to affect membrane
integrity that can cause water stress, resulting in the
accumulation of free proline (Cordeiro et al.,, 2009).
Heavy metals like cadmium can induce accumulation of
proline, as observed by us in the present study (Xu et al.,
2009, Sharma et al., 2010, Anjum et al., 2011, Muneer
et al., 2011, Zhao, 2011). With increasing cadmium
concentration, proline accumulation had increased in
wheat seedlings after 24 hours of Cd exposure (Lesko et
al., 2002). In the present study, castor seedlings have
showed significantly higher proline production only
after 120 hours of Cd exposure. However, NPSH content
was significantly higher in the treated seedlings, both
after 72 and 120 hours. Such similar reports of high non-
protein thiol accumulation with the increase in Cd
concentration and duration of Cd supply in Pisum
sativum seedlings have been observed earlier (Pandey
et al., 2012). Glutathione is one of the most important
non-protein thiol groups found in plants (Grill et al,
1979). Glutathione is involved in the detoxification of
harmful reactive oxygen species (ROS). It is also
essential for the synthesis of Cd-binding peptides such
as phytochelatins, which sequesters toxic Cd ions by
forming stable Cd-complexes in the vacuole (Cobbett,
2000, Hall, 2002).

Plant cell membranes are the primary target for metal
induced injuries. Lipid peroxidation in vivo results in a
massive production of free radicals (Gill et al., 2010).
The effect of Cd and Zn on cell membrane integrity was
determined through measurement of MDA. In our
results, increased levels of H,0; in Cd and Zn treated
seedlings both after 72 and 120 hours could account for
the formation of hydroxyl (OH") radicals. This may have
led to increased lipid peroxidation and aggregation of
thiobarbituric acid reactive substances (TBARS) in castor
seedlings exposed to Cd and Zn for 72 and 120 hours.
Increased MDA formation in seedlings exposed to Cd
has been verified in sunflowers (Gallego et al., 1996), in
mustard (Bauddh et al., 2011), in Thlaspi caerulescens,
(Fei-bo et al., 2006)
Ceratophyllum demersum L. after a 7-day treatment
(Mishra et al., 2007).

4.3 Phenolic and flavonoid content

Oryza sativa L. and also

It is known that stress conditions elevated phenolic
activity in plants (Reid et al., 1992, Siddiqui et al., 1996).
This is evident in our present study where the castor
seedlings have produced a high phenolic and flavonoid
content in response to Cd and Zn stress. Phenolics are

Int J Pharm Biol Sci.

secondary plant metabolites. They are capable of
scavenging ROS. Flavonoids are the most widely
distributed group of plant phenolic compounds. They
are found in all plant parts, particularly in the shoots and
Their

antioxidants. They are able to suppress ROS formation

fruits. best property is that they act as
and scavenge it. They are also known to protect lipids
against oxidative damage (Kumar et al., 2012). Cd
treated seedlings have showed higher phenolic and
flavonoid accumulation in the shoots compared to the
roots. This may have occurred due to the high mobility
of Cd*? ions. Cd ions are reported to travel upward
through the aerial shoot and into the leaves. In Brassica
juncea L. seedlings exposed to 0.6 mM Cd, the total
phenolic content increased in a dose dependent manner
(Kapoor et al, 2014). Zinc stress induced increased
phenolic content in Verbascum thapsus L. seedlings
after 96 hours of Zn exposure (Morina et al., 2008). The
leaf extracts of Erica andelvalensis showed increased
flavonoid production with increasing Cd concentrations
after 120 hours of Cd stress (Marquez-Garcia et al.,
2012).

4.4 Antioxidant enzymes

In order to scavenge ROS, plants have a proper
antioxidative defense system comprising of several
enzymatic and non-enzymatic antioxidants. The co-
operative action of these antioxidants played a crucial
role to maintain the redox status of plant cells. The non-
enzymatic antioxidants mainly comprise of carotenoids,
non protein thiols, phenolics and flavonoids. The
enzymatic antioxidants comprise of superoxide
dismutase, ascorbate peroxidase, guaiacol peroxidase
and glutathione reductase. Stress imposed by ROS
causes an upregulation of certain antioxidative
enzymes. In the first line of defense, SOD plays the main
role for detoxification (Gratdo et al., 2005). In our study,
metal treated seedlings showed a significant increase in
SOD activity in roots compared to control, both after 72
and 120 hours. SOD converts superoxide to hydrogen
peroxide and molecular oxygen. Increased SOD activity
was observed in two species of Alternanthera sp.,
by different

concentrations of cadmium (20,30 and 50 mg kg™ Cd)

namely A. sessilis and A. tenella
(Chinmayee et al.,, 2013). It was also reported that
addition of Zn from 0.5 to 5 uM showed increased SOD
activity in hydroponically grown rice seedlings (Asadi et

al., 2012). It has been reported that an excess of zinc
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may act as a producer of reactive oxygen species in plant
tissues, resulting in oxidative injury (Rao et al., 2000).

Enhanced SOD activity results in increased H20:
production. This H,02 may be detoxified by other
enzymes such as APX and GR. In the glutathione-
ascorbate pathway, APXis responsible for reducing H.0>
into water using ascorbic acid as an electron donor. In
our results we have noticed elevated levels of APX in the
treated seedlings after 72 hours and 120 hours
seedlings.
concentrations of cadmium induced an increase in the

compared to  control Phytotoxic
level of antioxidative enzymes
demersum L. (Mishra et al., 2008).
The main function of peroxidases (both APX and GPOD)
H20:. This is e

vident by the present experiment which shows

in Ceratophyllum

is to scavenge
enhanced GPOD activities when subjected to Cd and Zn
stress. Zn had induced increased GPOD in Phaseolus
vulgaris (Kasim., 2007) while Cd induced GPOD activity
was reported in Lemna minor (Paczkowska et al., 2007).
Thus, we can establish that peroxidase activity had
increased in castor seedlings to diminish the deleterious
effects of ROS.

In addition, our findings indicate significantly higher GR
activity in the treated seedlings. Results obtained in the
present study are in agreement with reports found in
Helianthus annus under Cd stress (Hatata et al., 2008).
GR is very essential for maintaining the redox status of
the cell. It catalyzes the reduction of oxidized
glutathione (GSSG) in a NADPH-dependent reaction to
regenerate GSH. Therefore, GR plays an important role
in the protection of chloroplasts by maintaining a
GSH/GSSG ratio.

Int J Pharm Biol Sci.

Summarising our results, it can be concluded that
phytotoxic concentrations of cadmium and zinc have
produced certain biochemical changes in young castor
seedlings. We had witnessed the role of enzymatic and
non-enzymatic components to combat the stress
imposed by heavy metals. A deeper knowledge in how
seedlings can thrive and breed in such heavy metal
contaminated areas is certainly required. Further
research is needed to find out the relationship between
heavy metal stress and the biochemical changes
induced in castor seedlings and whether zinc has any
alleviating role in reducing cadmium stress.

ACKNOWLEDGMENTS

The authors are grateful to UGC-CAS, Phase VII, DST-
FIST, Department of Botany, University of Calcutta, for
providing facilities for this work. AM is gratefully
acknowledging University Grant Commission (UGC) for
providing fellowship (UGC-BSR-RFSMS) to her. She is
also thankful to the Principal, Rishi Bankim Chandra
College for their support and assistance.

REFERENCES

5. CONCLUSION

The results obtained from our work after 72 and 120
hours of zinc and cadmium treatment suggests that
these heavy metals had induced an upregulation of
certain antioxidative enzymes like SOD, APX, GPOD and
GR. The castor seedlings have an efficient system for
scavenging free radicals. From our results, it is quite
clear that Ricinus communis L. is able to combat these
damaging radicals by providing a defensive antioxidant
system. It is still not known whether zinc has an
alleviating effect on cadmium toxicity. Therefore, much
more information is needed at a subcellular level to
gather more knowledge about cadmium and zinc
toxicity.

Hawkes, J.S., Heavy metals. J. Chem. Edu. 74:1369-1374,
(1997)

Nies, D.H., Microbial heavy metal resistance. Applied
Microbiol. Biotech., 51:730-750, (1999)

Salt, D.E., Smith, R.D., and Raskin, I.,. Phytoremediation.
Annu. Rev. Plant Physiol. Plant Mol. Biol.,
49:643-668, (1998)

Patra, M., Bhoumik, N., Bandopadhay, B. and Sharma,
A., Comparison of mercury, lead and

arsenic with respect to genotoxic effects on

plant systems and the development of

genetic tolerance. Bot.,

52(3):199-223, (2004)

and Aarts, M.G.M., Opportunities and

feasibilities for

Environ. Exp.

Hassan, Z.

biotechnological
improvement of Zn, Cd or Ni tolerance and
accumulation in plants. Environ. Exp. Bot.,
72:53-63, (2011)

Todeschini, V., Lingua, G., D’Agostino, G., Carniato, F.,
Roccotiello, E. and Berta, G., Effects of high
zinc concentration on poplar leaves: a
morphological and biochemical study.
Environ. Exp. Bot., 71:50-56, (2011)

Cambrolle’, J., Mancilla-Leyto’'n, J.M., Mun~oz-Valle's,

S., Luque, T. and Figueroa, M.E., Zinc

International Journal of Pharmacy and Biological Sciences

A.Mondal and R. Kundu®| 797 J

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

o

£

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

N

3

tolerance and accumulation in the salt-
marsh shrub Halimione portulacoides.
Chemosphere, 86:867-874, (2012)

Das, P., Samantary, S. and Rout, G.R., Studies on
cadmium toxicity in plants: a
Environ. Pollution, 96:29-36, (1998)

Chaoui, A., Mazhoudi, S., Ghorbal, M.H., Ferjani, E.E.,
Cadmium and zinc induction and effects on

review.

antioxidant enzyme activities in bean
(Phaseolus vulagaris L.).
127:139-147, (1997)

Baryla, A., Carrier, P., Franck, F., Coulomb, C., Sahut, C.

and Havaux, M., Leaf chlorosis in oilseed

Plant science,

rape plants (Brassica napus) grown on

cadmium-polluted  soil: causes and
consequences for photosynthesis and
growth. Plantation, 212:696-709, (2001)

Cakmalk, I., Possible roles of zinc in protecting plant cells
from damage by reactive oxygen species.
New Phytol., 146:185-205, (2000)

Coleman, J.E., Zinc proteins: Enzymes, storage proteins,
transcription factors and replication
proteins. Annu. Rev. Biochem., 61:897-946,
(1992)

Rout, G.R. and Das, P., Effect of metal toxicity on plant
growth and metabolism: I. Zinc.

Agronomie., 23:3-11, (2003)

Jain, N. R., Srivastava, S., Solomon, S., Shrivastava, A. K.
and Chandra, A., Impact of excess zinc on
growth parameters, cell division, nutrient
accumulation,

photosynthetic pigments

and oxidative stress of sugarcane

(Saccharum spp.), Acta Physiol. Plant.,,
32:979-986, (2010)

Kr“amer, U., Metal Hyperaccumulation in Plants. Annu.
Rev. Plant Biol., 61:517-34, (2010)

Rissato, S.R., Galhiane, M.S., Fernandes, J.R., Gerenutti,

H.M., Ribeiro, R. and de

M.V., Evaluation of Ricinus

communis L. for the phytoremediation of

polluted with

M., Gomes,
Almeida,

soil organochlorine
pesticides, Bio. Med. Research
International, Article ID 549863, (2015)

Pal, R., Banerjee, A. and Kundu, R., Responses of Castor
Bean (Ricinus communis L.) to lead stress.
Proc. Natl. Acad. Sci., India, Sect. B Biol. Sci.,
83(4):643-650, (2013)

Int J Pharm Biol Sci.

Lichenthaler, H.K., and carotenoids:
Pigments of photosynthetic membranes,
Methods 148:350-382,
(1987)

Bates, L., Walden, R. and Teare, |., Rapid determination
of free proline for water stress studies,

Plant and Soil, 39(1):205-207, (1973)

Chlorophylls

in enzymology,

Devi, S.R. and Prasad, M.N., Copper toxicity in
Ceratophyllum demeresum, a free floating
macrophyte: response of antioxidant
enzymes and antioxidants. Plant Sci.,
138:157-165, (1998)

Jessup, W., Dean, R. and Gebicki, J., lodometric

determination of hydroperoxides in lipids
and prot eins. Methods Enzymol., 233:289-
303, (1994)

Heath, R.L. and Packer, L., Photoperoxidation in isolated
chloroplasts: Kinetics and stoichiometry of
fatty acid peroxidation. Arch. Biochem.
Biophys., 125(1):189-98, (1968)

Mohsen, S.M. and Ammar, A.S., Total phenolic contents
and antioxidant activity of corn tassel
extracts. Food Chem., 112(3):595-598,
(2009)

Lamaison, J.L.C. and Carnet, A., Teneurs en principaux
flavonoids des fleurs de ratae geus

monogyna Jacq et de Crataegeus laevigata

(Poiret DC) en fonction

de la egetation. Pharm. Acta. Helv., 65:315-

320, (1990)

C.l.

dismutase:

Beauchamp, and Freidovich, 1., Superoxide

Improved assays and assay

applicable to acrylamide gels. Anal.
Biochem., 44(1):276-287, (1971)

Nakano, Y. and Asaka, K.,

scavenged by ascorbate-specific peroxidase

Hydrogen peroxide is

in spinach chloroplasts. Plant Cell Physiol.,
22:867-880, (1981)

Egley, G.H., Paul, R.N., Vaughn, K.C. and Duke, S.0., Role
of peroxidase in the development of water
impermeable seed coats in Sida spinose L.,
Planta, 157:224-232, (1983)

Schadle, M. and Bassham, J.A., Chloroplast glutathione
reductase. Plant Physiol., 59:1011- 1012,
(1977)

Lowry, O.H., Rosbrough, N.J., Farr, A.L. and Randall, R.J.,
Protein measurement with the folin phenol

International Journal of Pharmacy and Biological Sciences

A.Mondal and R. Kundu® 798

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

"N

—

9

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

reagent. J. Biol. Chem., 193(1):265-275,
(1951)

Dazy, M., Masfaraud, J.F. and Férard, J.F., Induction of
oxidative stress biomarkers associated with
heavy metal stress in Fontinalis antipyretica
Hedw. Chemosphere, 75:297-302, (2009)

Hatata, M.M. and Abel-Aal, E.A., Oxidative stress and
antioxidant

defense  mechanisms in

response  to cadmium  treatments.
American-Eurasian J. Agric. & Environ. Sci.,
4: 665-669, (2008)

Bia, X., Fenga, X., Yanga, Y., Qiua, G., Lia, G,, Lia, F., Liua,
T., Fua, Z. and lina, Z. Environmental
contamination of heavy metals from zinc
smelting areas in Hezhang County, Western
Guizhou, China. Environ. Inter., 32:883-890,
(2006)

Gupta, B., Pathak, G.C. and Pandey, N., Induction of
oxidative stress and antioxidant responses
in Vigna mungo by zinc stress. Russ. J. Plant
Physiol., 58(1):85-91, (2011)

Costa, G. and Morel, J.L., Water relation, gas exchange
and amino acid content in Cd treated
lettuce. Plant Physiol. Biochem., 32:561-
570, (1994)

Cordeiro, Y.E.M., Pinheiro, H.A., Filho, B.G.S., Corre"a,
S.S., Silva, J.hnmju, y67uhl)., Dias-Filho,
M.B.,.
responses of young mahogany (Swietenia

Physiological and morphological
macrophylla King) plants to drought. For.
Ecol. and Manag., 258:1449-1455, (2009)

Xu, W., Li, W., He, J., Singh, B. and Xiong, Z., Effects of
insoluble Zn, Cd, and EDTA on the growth,
activities of antioxidant enzymes and
uptake of Zn and Cd in Vetiveria zizanioides.
J. Environ. Sci. 21(2):186-192, (2009)

Anjum, N.A., Umar, S., Igbal, M. and Khan, N.A,,
Cadmium causes oxidative stress in mung
bean by affecting the antioxidant enzyme
system and ascorbate-glutathione cycle
metabolism. Russ. J. Plant Physiol. 58
(1):92-99, (2011)

Muneer, S., Qadri, T.N., Mahmooduzaffar and Siddiqi,
T.0,,
investigations to study the response of

Cytogenetic and  biochemical

Vigna radiata to cadmium stress. Afri. J.
Plant Sci., 5(3):183-192, (2011)

Int J Pharm Biol Sci.

Sharma, A., Sainger, M., Dwivedi, S., Srivastva, S.,
Tripathi, R.D. and Singh, R.P., Genotype
variation in Brassica juncea L., Czern.

cultivars and growth, nitrate assimilation,

antioxidants response and

phytoremediation potential during
cadmium stress. J. Environ. Biol., 31(5):773-
780, (2010)

Zhao, Y., Cadmium accumulation and antioxidative
defenses in leaves of Triticum aestivum L.
and Zea mays L. Afri. ).
10(15):2936-2943, (2011)

Leskd, K. and Simon-Sarkadi, L., Effect of cadmium stress

Biotechnol.,

on amino acid and polyamine content of
wheat seedlings. Periodica polytechnica
ser. Chem. Eng., 46(1-2):65-71, (2002)

Grill, D., Esterbauer, H. and Klosch, U., Effect of sulphur
dioxide on glutathione in leaves of plants.
Environ. Pollut., 19:187-194, (1979)

Cobbett, C.S., Phytochelatins and their roles in heavy
metal detoxification. Plant Physiol., 123:
825-832, (2000)

Hall, J.L., Cellular mechanisms for heavy metal
detoxification and tolerance. J. Expt. Bot.,
53:1-11, (2002)

Pandey, N. and Singh, G.K., Studies on antioxidative
enzymes induced by cadmium in pea plants
(Pisum sativum). ). Environ. Biol., 33:201-
206, (2012)

Gill, S.S. and Tuteja, N., Reactive oxygen species and
antioxidant machinery in abiotic stress
tolerance in crop plants, Plant Physiol. and
Biochem., 48:909-930, (2010)

Gallego, S.M., Benavides, M.P. and Tomaro, M.L., Effect
of heavy metal ion excess on sunflower
leaves: evidence for involvement of
oxidative stress. Plant Sci., 121:151-159,
(1996)

Bauddh, K. and Singh, R.P., Differential toxicity of
cadmium to mustard (Brassica juncea L.)
genotypes is not maintained at higher
metal levels. J. Environ. Biol., 32, 355-362,
(2011)

Fei-bo, W.U., Dong, J., Jia, G., Zheng ,S. and Zhang, G.,
Genotypic difference in the responses of
seedling growth and Cd toxicity in rice
(Oryza sativa L.). Agr. Sci. China, 5(1): 68-
76, (2006)

International Journal of Pharmacy and Biological Sciences

A.Mondal and R. Kundu®| 7%° J

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/
https://www.sciencedirect.com/science/article/pii/S1671292706600217#!
https://www.sciencedirect.com/science/article/pii/S1671292706600217#!
https://www.sciencedirect.com/science/article/pii/S1671292706600217#!
https://www.sciencedirect.com/science/article/pii/S1671292706600217#!
https://www.sciencedirect.com/science/article/pii/S1671292706600217#!
https://www.sciencedirect.com/science/journal/16712927/5/1

—

W |

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

N

Mishra, S., Srivastava, S., Tripathi, R.D., Dwivedi, S.,

Shukla, M.K., Response of antioxidant
enzymes in coontail (Ceratophyllum
demersum L.) plants under cadmium

stress., Wiley Periodicals, Inc., (2008)

Reid, L.M., Mather, D.E., Arnason, J., Hamilton, T. and
Bolton, R.J.,
currents, ion fluxes and root elongation in

Correlation among ionic

aluminium-sensitive and aluminium
tolerant wheat cultivars. Plant Physiol.,
99:1190-1200, (1992)

Siddiqui, Z.S. and Ahmed, S., Effect of systemic fungicide

(methyl

(Tridimefon)
seeding growth and phenolic contents of
Vigna radiata. Pak. J. Bot., 28(2):191-193,
(1996)

Kumar, S. and Pandey, A.K., Chemistry and Biological

Topsin-M thiophanate) and

Bayleton on germination,

Activities of Flavonoids: An overview. The
Scientific World Journal, Article ID 162750,
(2013)

Kapoor, D., Kaur, S. and Bhardwaj, R., Physiological and
biochemical changes in Brassica juncea
plants under Cd-induced stress. Bio. Med.
Res. Int., Article ID 726070, (2014)

Morina, F., Jovanovi¢, L., Kukavica, B. and Veljovi¢-
Jovanovié, S., Peroxidase, phenolics, and
antioxidative capacity of common mullein
(Verbascum thapsus L.) grown in a zinc
excess. Arch. Biol. Sci., Belgrade, 60(4):687-
695, (2008)

Marquez-Garcia, B., Fernandez-Recamales, M.A. and
Cordoba, F., Effects of cadmium on phenolic
composition and antioxidant activities of
Erica andevalensis. Jour. Of Bot. Article 1D
936950, (2012)

Gratdo, P.L., Polle, A., Lea, PJ. and Azevedo, R.A,,
Making the life of heavy metal-stressed

Int J Pharm Biol Sci.

plants a little easier. Funct. Plant Biol,
32:481-494, (2005)

Saadatmand, S., Khavari-Nejad, R.A.,
Ghasem-Nejad, M. and Fotokian, M.H.,
Effect of zinc (Zn) on some physiological

Asadi, M.,

characteristics of rice seedling. Ind. Jour. of
Fundamental and Applied Life Sciences,
2(4):89-96, (2012)

Rao, M. K. V. and Sresty, T. V. S., Antioxidative
parameters in the seedlings of pigeon pea
(Cajanus cajan (L.) Millspaugh) in response
to Zn and Ni stresses. Plant Sci., 157: 113—
128, (2000)

Mishra, S., Srivastava, S., Tripathi, R.D., Kumar, R., Seth,
C.S. and Gupta, D.K., Lead detoxification by
coontail (Ceratophyllum demersum L.)

involves induction of phytochelatins and

antioxidant system in response to its

accumulation. 65:1027-

1039, (2006)

Kasim, W.A., Physiological consequences of structural

Chemosphere,

and ultra-structural changes induced by Zn
stress in Phaseolus vulgaris Il. Enzymes,
amino acids and protein profile. Int. J. of
Bot., 3(1):33-39, (2007)

Paczkowska, M., and Golinski, P.,

Oxidative stress enzyme activity in Lemna

Koztowska, M.

minor |. exposed to cadmium and lead. Acta
Biologica Cracoviensia Series Botanica,
49(2):33-37, (2007)

Hatata, M.M., and Abel-Aal, E.A., Oxidative stress and
antioxidant

defense  mechanisms in

response to cadmium  treatments.
American-Eurasian J. Agric. & Environ. Sci.,
4: 665-669, (2008)

Chinmayee, M.D., Stephan, P., Anu, M.S., Sheeba, M.A.,
Mine, I. and Swapna, T.S., Cadmium stress
on antioxidant activity of two Alternanthera

sp. Jour. Sci. Ind. Res., 72:558-562, (2013)

*Corresponding Author:
R. Kundu
Email: kundu_rita@yahoo.co.in

International Journal of Pharmacy and Biological Sciences

A.Mondal and R. Kundu® 800

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

