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Abstract

The increase of environmental pollutants especially heavy metals derives from human industrial
communities. Zinc is one of the natural elements that exist in biotic environment, plants body, and animals
in different forms. Zinc has toxic and lethal effects in high concentrations on plants. Also some plants are
introduced as accumulators of this element. Therefore, an investigation was carried out to consider different
concentrations of Zn on Plantago major in completely random form and with three replications. The
ZnS04.7H,0 was included at 0, 50, 100, 250, 500, and 700 umolar concentrations that were applied to the
plants during 8 days. The results indicated that catalase enzyme activity increased significantly in comparison
with control in root and shoot except at 50 umolar concentration. Ascorbate peroxidase enzyme activity
increased significantly only at 50 and 500 umolar concentrations in comparison with control in shoots but it
increased significantly in root with increasing metal concentration. Peroxidase enzyme activity increased
significantly only at 50 and 700 umolar concentration in shoot; however, this enzyme increased significantly
in root with increasing metal concentration except at 500 pumolar concentration. The amount of proline
increased significantly with increasing of zinc concentration. Soluble carbohydrates decreased significantly
in comparison with control in root and aerial organs except at 700 umolar concentration. These results derive
from plant resistance against high concentrations of Zn.
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Introduction

Medicinal plants are important whole parts of plants growing in the media

economical plants that are used in traditional and
modern therapy. Heavy metal stress is one of the
environmental stress factors that causes plant
physiological injuries, nutrition problems, and
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metabolic process destruction (Levitt, 1980). The

containing high concentrations of heavy metals
are negatively affected. So it is urgent to take
advantages of accurate planning, selecting or
reforming resistant plants against metals stress.
Zinc is one of the necessary elements that
are important for protecting membranes and
structures and it is important for natural plant
growth, protecting them against viruses (Buksh et
al., 2007). Zinc deficiency causes severe reduction
in plants products (Kosesakal and Unal, 2009).
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Some investigations indicated that the amount of
zinc metal tolerance is different in different plants
and maize physiological response to sulphur
elements caused reduction in catalase enzyme
activity and increase in peroxidase enzyme (Cui
and Wang, 2006). Studies on the effects of
cadmium and zinc on plants indicated that
cadmium increases antioxidant enzymes but zinc
alleviates these changes (Erdei et al.,, 2007).
Odjego and Fasidi (2007) reported that heavy
metals activity increases catalase and peroxidase
enzyme activity in both Eichhorniacrassipes and
Pista stratiotes. The effect of different
concentrations of Cu indicated that Cu at high
concentrations increases catalase and peroxidase
enzyme activity in Allium sativum (Meng et al.,
2007). Lin and Kao (2005) showed that NiSO4
increased ascorbate peroxidase but it did not
show any effect on catalase and superoxide
dismutase activity. Saxena and Arfeen (2009)
indicated that the amount of carbohydrates
decreased with increasing metal concentration in
mosses plant. Studies by Amal and Saleh (2002)
indicated that root and shoot carbohydrates
reduced with increasing Ni concentration. Recent
studies showed that heavy metals stress by Cd and
Pb increase proline at low concentrations of Cd
and Pb but decrease proline at high Cd and Pb
concentrations (John et al., 2009). Gradual
increase of proline in heavy metal stress was
reported in bean plants, wheat seedling, and rice
plants (Berg et al., 2013). The effect of heavy
metal stress like Cu, Pb, Cd, and Hg on bean
indicated that proline decreased with increasing
heavy metal concentration (Zengin and Munzurogl
, 2005).

The study is aimed at evaluating the effect
of zinc stress on plant growth and physiology and
also an analysis of the activity of antioxidant
enzymes, proline, and soluble carbohydrates in
Plantago major.

Material and Method

Plantago major seeds were provided from
Isfahan Research Centre 3 times more than it was
needed and cultured in perlite puts 2 centimetres
deep at equal distances. These seeds were
irrigated by distilled water for 10 days. After
germination, the seeds were nourished with

Hoagland feeding solution for 15 days and the
treatments were commenced after culturing for
25 days. Hoagland feeding solution at different Zn
concentrations (0, 50, 100, 250, 500, and 700
umolar) was then provided as sulphate.

Protein Extraction

Protein was extracted by Benavidis et al.,
(2000) method. First, proteins were extracted
from fresh leaf tissue in mortar and 5 ml Tris buffer
HCl 0.05M added at 5.7 pH for 30 minutes and the
tissue was ground with pestle in ice bath. Then the
solution was transferred to centrifuge tube at
13000 rpm at 4° C. Protein extraction was used for
studying peroxidase and catalase enzymes
activity. Ascorbate peroxidase is vulnerable to the
absence of ascorbate. So 0.2 ml ascorbate 0.5
pmolar was added to this extract.

Ascorbate peroxidase enzyme activity assay

Ascorbate peroxidase was determined by
Nakano and Asada (1981) method. After preparing
protein extract for measuring peroxidase enzyme
activity, these indicators were used: 2ml Acetate
buffer 0.05M, 0.2 mlhydrogen peroxide 3% v/v,
0.2 ml ascorbate 50 uM, these materials were
combined together in ice bath and 0.025 uL
enzyme extract was added to this solution. The

absorbance was measured
spectrophotometrically at 290 nm. Enzyme
activity was estimated based on

ODmin " g'FW .

Catalase enzyme activity assay

Catalase was estimated by Kar and Mishra
(1976) method. After preparing protein extraction
for measuring catalase enzyme activity, these
indicators were used: 2.5 ml Tris buffer 50 mM, 0.3
ml hydrogen peroxide 3% v/v, these materials
were combined together in ice bath and 60 pL
enzyme extract was added to the solution. The
absorbance was measured
spectrophotometrically at 240 nm. Catalase
enzyme activity was calculated base on

ODmin*g™'FW .
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Fig. I. The catalase enzyme activity at different Zn concentrations in roots and aerial organs of Plantago major
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Fig. Il. The peroxidase enzyme activity at different Zn concentrations in roots and aerial organs of Plantago major

Peroxidase enzyme activity assay

Peroxidase enzyme activity was
determined by Kar and Mishra (1976) methods.
After preparing protein extract for measuring
peroxidase enzyme activity, these indicators were
used: 2 ml acetate buffer 0.2 M, 0.2 ml hydrogen
peroxide 3% v/v, 0.2 ml banzydin 0.04 M in

methanol solution 50%, then these substances
were combined together in ice bath and 0.1 uL
enzyme extraction was added to the solution. The
absorbance was measured by VARIAN
spectrophotometry device (CARY 100 model) at
530 nm against blank samples. Enzyme activity

was estimated base on ODmin g 'FW .

Soluble carbohydrates assay

The 0.1 g tissues were extracted from dry
weight and 10 ml hot 70% ethanol was added.
Then the extracts containing sugars were put in
refrigerator for one week. The total soluble and

reducing sugars were determined colorimetrically
using the reactions with 1 ml phenol 0.5. Then 5
ml sulphuric acid was added to this solution
(Kochert, 1987). The absorbance was measured
spectrophotometrically at 485.

Proline measurement

Proline was determined by Bates et al.
(1973) method. 0.5 g fresh plant material was
added to 10 ml sulfusalicylic acid solution 3%. The
homogenate was filtered using Watman filter
paper2. Then 2 ml of each was poured into test
tube and 2 ml ninhydrin, reagent, and 2 ml ascetic
acid was added. Then, all tubes were put in water
bath at 100° C. Afterwards, 4 ml toluene was
added. The top layer contained toluene and
proline and the absorbance was measured
spectrophotometrically at 520 nm. Proline

content was calculated based on mg.g.”™ FW.
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Fig. Ill. The ascorbate peroxidase enzyme activity at different Zn concentrations in roots and aerial organs of Plantago major
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Fig. IV. The amount of proline at different Zn concentrations in roots and aerial organs of Plantago major
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Fig. V. The amount of soluble sugar at different Zn concentrations in roots and aerial organs of Plantago major



Results

The results indicated that in Plantago
major different treatments of Zn result in
significant difference in antioxidant enzymes
activity in comparison with control. Catalase
activity increased significantly with increasing Zn
in plant nutrient environment in shoots and roots
except at 50 umolar concentrations in comparison
with control and the highest level of activity was
seen at 700 umolar concentrations in roots and
shoots (Fig. I). Peroxidase enzyme activity at 50
and 700 pmolar concentrations increased
significantly in comparison with control but at
other concentrations no difference in shoots was
observed in comparison with control. The amount
of peroxidase enzyme at 100 and 250 pmolar
concentrations in roots increased in comparison
with shoots (Fig I1).

Ascorbate peroxidase enzyme did not
show any difference in different treatments in
comparison with control hoots except at 50 and
500 pmolar concentrations. The highest amount
of ascorbate peroxidase was seen at 50 and 500
pmolar concentrations in roots (Fig. Ill). The
amount of proline increased significantly with
increasing Zn concentration in roots and shoots in
different treatments. The highest amount of
proline was seen at 50 and 100 umolar in aerial
organs and at 700 and 500 pmolar Zn
concentrations in roots (Fig. IV). The amount of
carbohydrates soluble decreased significantly in
roots and aerial shoots in different treatments
except at 700 pmolar Zn concentration. The
highest amount of carbohydrates soluble was
seen at 700 umolar Zn concentration and the
lowest was seen at 250 umolar Zn concentration
in shots (Fig. V).Totally the amount of
carbohydrates increased in shoots in comparison
with roots.

Discussion

Totally, antioxidant enzymes activity
increased with increasing of Zn concentrations
although this increase was not significant at some
concentrations and did not have any difference
with control. At some concentrations some
reduction is observed in catalase enzyme activity
in roots. Meng et al. (2007) observed that catalase
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enzyme activity decreased with increasing metal
concentrations in Allium sativum L. but peroxidase
enzyme activity increased at beginning and then
stopped. The study of Jaleel et al. (2009) showed
that catalase enzyme activity decreased with
increasing metal concentrations while peroxidase
enzyme activity increased with increasing metal
concentrations. For resisting against oxidative
stress condition like high or low temperature
degree, water deficiency, salinity, etc the plants
should have antioxidant immune system (Jaleel et
al.,, 2009b, 2008a). Plants have antioxidant
enzymes like ascorbate peroxidase, catalase,
metabolites, ascorbic acid, and carotenoids (Jaleel
et al., 2008b). This antioxidant increased in
environmental pressure (Jaleel et al., 2008c).
Generally, heavy metals have less influence on
catalase enzyme activity in comparison with other
antioxidant enzymes activity (Lin and Kao, 2005).
The increase of antioxidant enzymes under copper
and cadmium stress in moss indicated that this
increase is related to oxidative antioxidant in
correspondence with peroxidase and free radicals
increase in cells (Saxena and Arfeen, 2009). This
increase could be a relative protection against
abundant production of peroxide radicals at low
heavy metals concentrations (Munne-Bosh and
Alegre, 2002). Canadan and Tarhan (2003) explain
that Zn is a wide spread pollutant that occupies
plants and could be phototoxic. The amount of
proline in P. major increased with increasing of Zn
concentration in comparison with control in root
and shoot. The proline accumulation could
regulate cell level secretion and prevent enzyme
in molecular structure fixation (John et al., 2009;
Emamverdian et al., 2015). The reason for proline
increase is De novo or injuries reduction or both of
them (Dhinl et al., 2009). Odjegba and Fasidiin
(2006) proved that the proline content increases
quickly with increasing of each metal
concentration. The increase of leaflet proline level
probably act as an antioxidant in cells under metal
stress condition and decreases free radicals and
protects the environment (Siripornadulsil, 2002).
Soluble carbohydrate investigation in P.
major indicated that soluble carbohydrate
increased  significantly at 700  umolar
concentration in aerial organs in comparison with
other concentrations. Soluble carbohydrates are
another group of organic solutions. A
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carbohydrate content change is one of the
important characteristics in stress time and has
direct relation with physiological processes like
photosynthesis, transduction and respiration.
Carbohydrates metabolism is different in plants'
stress responses and probably metals decrease
carbohydrates synthesis (Subbaiah and Sachs,
2003). In spite of carbohydrates role in regulating
osmotic pressure it is assumed that the increase of
plant soluble carbohydrates supply could protect
basic cell metabolism in the environment
conditions (Verma and Dubey, 2001).

References

Amal, A. and H. Saleh. 2002. Response of an
abiotic capacities, proline, protein patterns
and mineral elements to Nickel and EDTA in
Chorcorous olitorius, Pakistan Journal of
Biological Sciences 5(4): 445-460.

Bates, L. S., R. P. Waldren and I. D. Treare. 1973.
Rapid determination of proline for water
stress studies. Plant and Soil, 39: 205-207.

Benavids, M. P, P. L.Marconi, S. M. Gallego, M.
E. Comba, and M. L. Tomaro.2000.
Relationship between antioxidant defence
systems and salt tolerance in Solanum
tuberosum, Australian. J. Plant. Physiol. 327:
273-278.

Berg G., M. Alavi, C. S. Schmidt ,C. Zachow , D.
Egamberdieva and F. Kamilova .2013.
'Biocontrol and osmoprotection for plants
under saline conditions,” in Molecular
Microbial Ecology of the Rhizosphere ed. de
Bruijn F. J., editor. (Hoboken, NJ: John Wiley
and Sons, Inc.).

Bukhsh, E.,S. A. Malik and S. Ahmad. 2007.
'Estimation of nutritional value and trace
elements content of Carthamus oxyacantha,
Eruca sativa and Plantago ovata', Pak. J. Bot.
39(4): 1181-1187.

Canadan,N. and L. Tarhan. 2003.'Changes in
chlorophyll-activities and lipid peroxidation
levels in Zn-stress Mentha pulegium'.Turk J
Chem, 27:21-30.

Cui, Y. and A. Wang. 2006. 'Physiological
responses of maize to element sulphur and
cadmium stress', Plant Soil Environ., 52(11):
523-529.

Dhinl, D., P. Sharmila and P.P. Saradhi. 2004.
'vdrophytes lack potential to exhibit cadmium
stress induced enhancement in lipid
peroxidation and accumulation of proline’,
Aquatic Toxial, 66, 141-147.

Emamverdian A. Y. Ding, F. Mokhberdoran and
Y. Xie. 2015. 'Heavy metal stress and some
mechanisms of plant defence response.
Scientific Word Journal , 2015 :1-18.

Erdei, S., A. Hegdus, G. Hauptmann, J. Szalai and
G.Horvath. 2002.'Heavy metal induced
physiological changes in the antioxidant
response system .Acta Biologica. 46(3-4):89-
90.

Jaleel, C. A.,, B. Sankar, P.V. Murali, M.
Gomathinayam, G.M.A. Lakshmanan, R.
Panneerselvam. 2008a. 'Water deficit stress
effect on reactive oxygen metabolism in
Catharanthus roseus; impact on Ajmalicine
accumulation, Colloids and Surfaces B: 62(1)
105-111.

Jaleel, C A., G.M.A. Lakshmanan, M.
Gomathinayagum and R. Paneerselvam.
2008 b. 'Triadimefon induced salt stress
tolerance in Withania somnifera and is
relationship to antioxidant defence system'.
South African Journal of Botany. 74(1): 126-
132.

Jaleel,CA.,R. Gopi, P. Manivannan and R.
Panneerselvam.2008. 'Exogenus application
of tridimefon affects the antioxidant defence
system of Withania somnifera Dunal'.
Pesticide  Biochemistry and  Physiology.
91(3):170-174.

Jaleel, C. A., K. Jayakumar, Z. Chang-Xing and M.
M. Azooz, .2009a. 'Antioxidant potentials
protect Vignaradiata (L.) wilczek plant from
soil cobalt stress and improve growth and
pigment composition', Plant omics Journal
2(3): 120-126.

Jaleel,CA., P. Manivannan, A. Wahid,M. Faroogq,
R. Somansundaram, R. Panneerselvam and
R. 2009b. 'Drought stress in plants: A review
on morphological characteristics and
pigments Composition' .International Journal
of Agriculture and Biology 11:100-105.

John, R., P. Ahmad, K. Gadgil and S. Sharma.
2009. 'Heavy metal toxicity: Effect on plant
growth biochemical parameters and metal



accumulation by Bracsica juncea L.,
International Journal of plant,3(3).65-76.

Kar, M. and D. Mishra. 1976. 'Catalase,
peroxidase, polyphenol oxidase activities
during rice leaf senescence'. Plant Physiol, 57:
315-319.

Kochert, G. 1978. 'Carbohydrate determination by
phenol sulfuric acid method in: Helebust, J. A.
CRAIG, J. S. (ed). Handbook of phyocologia
method'. 56-97.

Kosesakal, T. and M. Unal. 2009. 'Role of zinc
deficiency in photo synthetic pigment and
peroxidase activity of tomato seedlings'. IUFS
Journal of Biology, 68(2): 113-120.

Levitt, J.1980.'Salt and ion stresses in:R esponses
of plant to environmental stress '.Academic
press INC.

Lin, CH. and H. Kao. 2005. 'Nickel toxicity of rice
seeding: the inductive responses of
antioxidant enzymes by NiSO4 in rice roots.
Environment & Bioinformatics, 2:239-244.

Meng,Q. Y. Zou, J. Zou, W. Zing and D. liu. 2007.
'Effect of Cu?*concentration on growth
antioxidant enzyme activity and
malondialehyde content in garlic(Allium
sativum L.)". Acta Biologial Cracoviensia Series
Botanica 49/1: 95-101.

Munne-Bosch, S. and L. Algre.2002. 'The function
of tocopherols & tocoterienols in plants.
Cri.Rev.Plant Sci.21:31-57.

Nancana,Y. and K. Asada. 1981. 'Hydrogen
peroxide is scavenged by ascorbate- specifics

Physiological responses of Plantago major to excess zinc | 1557

peroxidase in spinach chloroplasts'. Plant Cell
Physiol, 22: 867-880.

Odjegba, Vj. and 10. Fasidi. 2006.'Effect of heavy
metal on some proximate composition of
Eicchhornia crassipes. J. A. Appl. Sci. Environ.
Mgt. 10(1) 83-87.

Saradhi, P.P., A. Ali and B. Vani. 1993
.Inhabitation of mitochondrial electron
transport in the prime cause behind proline
accumulation during mineral deficiency in
Oryza sativa'. Plant Soil 155/156, 465-468.

Saxena, D.K. and M.D. Saiful-Arfeen. 2009. 'Effect
of Cu and Cd on oxidative enzymes and
clorophyll content of moss Racomitrium
crispulum’. Taiwania, 54 (4): 365-374.

Siripornadulsil, S., S. Traina,D.P.S. Verma and R.
T. Sayre. 2002. 'Molecular mechanism of
proline-mediated tolerance to toxic heavy
metal in transgenic microalgae'. Plant Cell,14:
2837-2847.

Subbaiah,E.C. and M. M. Sachs. 2003.'Molecular
and cellular adaptations of maize to flooding
stress'. Ann.Bot.91:119-127.

Verma, S. and R. S. Dubey. 2001.'Effect of
cadmium on soluble sugars & enzymes their
metabolism in rice'. Biologia Plantarum
44(1):117-123.

Zenigin,F., and O. Monzurogl.2005.'Effect of some
heavy metal on content of chlorophyll, proline
and some antioxidant chemicals in bean
(Phaseolus vulgaris L.) seeding'. Acta Biologica
gracoviensia series Botanica 4712:157-164.






