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ABSTRACT: Artemisia plants are the most abundant plants species in Iran which contain strong
antioxidant properties and as such, have medicinal and economic value. Despite wide distribution of
Artemisisa species, ecophysiology of its adaptation to changes in altitude and soil property had not
been investigated. In this study, the relationships between ecophysiological and adaptation
capabilities of A. aucheri to altitude changes through measuring changes in the activity of its
antioxidant enzymes and secondary metabolites in situ was investigated based on a completely
randomized experiment. The enzyme activities of superoxide dismutase, catalase, peroxidase, and
the amount of total phenoalics, flavonoids, anthocyanins, malondialdehyde and chlorophylls A and B
were measured in A. aucheri plants growing in three different altitudes at and above the 36" latitude
on the southern slopes of Eastern Alborz Mountain ranges in triplicate 10*10 m quadrates.
Statistical analysis of data showed that soil type was loamy significantly becoming more sandy-
loam with lowering in altitude and the soil contained greater amounts of oxides of silicone,
aluminum, magnesium, sodium, potassium and phosphorus in upper altitude except calcium which
was present in greater quantity in lower altitude. With increasing altitude, activity of superoxide
dismutase and quantities of chlorophylls and total phenols in leaves increased. Some biochemical
factors in A. aucheri showed significant positive correlation(P < 0.05) between them. Adaptation of
A. aucheri to changes in altitude occurred through changing its antioxidant enzymes activity and
production of secondary metabolites in response to factors related to the altitude including soil type

and texture, moisture level, temperature and most importantly radiation

INTRODUCTION species. Production of reactive oxygen species (ROS) is

one of the biochemical processes in plants that occurs as

a result of living and non-living environmental stresses

requires specific abilities that differ among plant

* Corresponding author: zare897@yahoo.com (H. Zare-maivan).



H. Zare- maivan et al / Journal of Chemical Health Risks 4(3) (2014) 57-66

[1] and reduces plant performance through damaging
plant parts and cell components such as cell membranes,
proteins, lipids , pigments and DNA expression [2, 3].
Plants in order to accommodate more tolerance against
stresses  have efficient

environmental developed

physiological and biochemical enzymatic response

mechanisms such as production of superoxide
dismutase, catalase and peroxidases, and non-enzymatic
antioxidant compounds such as phenolic compounds
and flavonoids to rid themselves of free radicals [4-10].
Thirty four species of Artemisia (with English names
worm wood and sage brush) are the main and most
common prennial species in steppic and semi-steppic
ecosystems of Iran [11]. Due to their distinctive
features, Artemisia plants are highly resistant against
extreme environmental conditions and very effective in
stabilizing the habitat; have great forage value, are
medicinal and exhibit strong antioxidant property via
their phenolic compounds and have conservation and
aesthetic values [12]. Despite wide distribution of

Artemisisa species, ecophysiology of its adaptation to

changes in altitude and soil propoerties has not been
investigated under natural circumstances. In this study,
the relationship  between ecophysiological and
adaptation of A. aucheri to altitude changes through
measuring changes in the activity of antioxidant
enzymes and secondary metabolites is investigated in

situ.
MAREIALS AND METHODS

Sampling of soil and A. aucheri plants was done in
triplicates in 3 altitudes at and above 36 °latitude line on
the southern slopes of Alborz Mountains in Semnan
Province, central Iran (Table 1) in a completely
randomized design in late May, 2012. Samples were
transported to the laboratory of Department of Plant
Sciences, Tarbiat Modarres University for further
analysis. Plant tissues (Roots, stems and leaves) were
frozen in liquid nitrogen and were kept in - 80 °C
freezer to be used for biochemical analysis. The reaction
mixture without enzyme extract was used as controls.

All materials used were prepared from Merck Company.

Table 1. Geographical coordinates and other properties of sampling stations

Slope
Station Altitude(m) Geographical Coordinates coordinates between stations (m) (percent)
N:35,59,55.2 El- E2 E1-E2
El 2338
E:53,35,46.5 3325.89 0.110
N:35,58,41.3 E2- E3 E2-E3
E2 2009
E:53,29,0.97 8059.76 0.031
N:36,02,16.6 E1-E3 E1-E3
E3 1783
E:53,24,48.9 41173.8 1.497
Soil Analysis University. Soil texture was determined using a

Soil samples were air dried for 72 hours. Soil
subsamples (3g of 2 mm mesh) were analyzed via XRF

method in Geology Laboratory of Tarbiat Modares
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hydrometer after soaking 200 g of soil for 24 h. Soil pH
was determined using potentiometric method and EC
was measured using an EC meter [13,14 ].
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Enzyme Assays

Total protein content was determined by the Bradford
(1976) method. The standard curve was developed using
a solution of 0.5 mg ml bovine serum albumin (BSA)
and a solution of 0.15 mM NaCl with spectrophotometry
at 595 nm. The concentration of protein in the plant
extract was calculated as per mg protein per g of fresh
tissue [15].

Catalase activity (CAT) was measured by the method of
Cakmak and Horst (1991) using 0.2 g thawed sample in
3 ml of 25 mM sodium phosphate buffer, pH 6.8.
Absorption at a wavelength of 240 nm was used.
Activities of the absorption changes in fresh weight
were expressed as mg protein per minute [16,
17].Peroxidase activity (POD) was determined using
method of Chance and Maehly (1955). Absorption at a
wavelength of 470 nm was used. Enzyme activity
changes were expressed as per mg protein per minute
[18-20].Superoxide dismutase activity (SOD) was
determined using method of Giannopolitis and Ries
(1997) on 0.2 g frozen sample in 3 ml of HEPES-KOH
buffer, pH 7.8 containing EDTA 0.1 mM at absorbance
of 560 nm. One unit of SOD activity was defined as the
amount of enzyme which resulted in 50% inhibition of
nitro blue tetrazulium at 560 nm [21].Flavonoids were
measured according to the method of Chang et al.
(2003) on 0.4 g plant tissue pulverized with and
centrifuged in 4 ml of methanol at absorbance of 415
nm. Using a standard solution and linear equation
routines, the concentration of flavonoids in extracts of
plant samples were expressed in terms of mg per g of
plant fresh tissue [22]. Total anthocyanins were
measured according to the method of Krizek et al.
(1993) on 0.1 g of plant tissue pulverized with and
centrifuged in 3 ml of acidified methanol containing
hydrochloric acid and methanol in the ratio of 99 to 1 at
absorbance of 550 nm. To calculate the concentration,

the extinction coefficient of 33000 cm™ mol® was used.
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The anthocyanin concentration was expressed as mg per
g of plant fresh tissue [23, 24].

Phenols content was calculated using a standard curve
based on asolution of gallic acid as mg per g of plant
fresh tissue [25, 26]. Total phenolics were determined
using the method of Miliauskas et al., (26) on 0.1 g of
plant tissue pulverized in 3 mL of methanol at
absorbance of 730 nm.

Measurement of lipid peroxidation (LPO) was carried
out according to the method of Heath and Packer (1968)
[27], using measurements of malondialdehyde (MDA),
as a final product of membrane lipid peroxidation on 0.2
g frozen plant material mixed in 3 ml of 10% TCA
(Trichloroacetic acid) at absorbance of 532, 440 and 600
nm. MDA content was calculated using a constant
extinction coefficient (=155 mM-1cm-1) applied by De
vos et al.,, (1991) [28]. Leaf chlorophyll content was
measured using method of Arnon (29) on 0.5 g fresh
leaf tissue in 25 ml of acetone at absorbance of 663 and
645 nm wavelengths. Contents of chlorophylls A, B and
total chlorophyll per mg /g wet weight were calculated
[29].Statistical analyses of data were performed with
three independent replicates using Excel and SPSS and
significant differences were determined via analysis of
variance (ANOVA) and comparisons were tested with

Duncan's multiple range test, P < 0.05.
RESULTS

Statistical analysis of soil samples showed that soil type
was loamy significantly becoming more sandy- loam
with decrease in altitude (Table 2). Silt content was
greater in the lowest altitude. pH and EC did not differ
(P < 0.05) amongst stations. Soil samples were slightly
alkaline and haline. Soil elemental analysis showed
presence of oxides of silica, aluminum, magnesium,
sodium, potassium and phosphorus in upper altitudes
except calcium which was present in greater content in

the lowest altitude. Oxide of silicone (SiO,) occurred in
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greater quantities in all in all stations. Such a trend was

not observed for iron and sulfur.

Table 2. Comparison of means by Duncan's test at 5% probability level and standard deviation of soil physical factors sampled at three heights

Stations (Mean * SD)

Characteristics

Altitude1800m Altitude2000m Altitude2300m
(E3) (E2) (E1)
76.4°+1.632 70.4°1.41 72.4°+1,63 Sand
5.6%+0.00 7.35%20.5 5.6 +0 Clay
182 +1.632 22,25 +1.25 22" +1.63 Silt
8.0775%£0.026 8.0475°£0.05 8.13%+0.073 Soil acidity (pH)
1.1875%+0.0629 1.175%+0.05 1.1%+0.081 Electrical conductivity (EC)

Different letters in each row indicate significant differences between treatments at the 5% level

Biochemical analysis of Artemisia tissues

With increasing altitude, the amount of superoxide
dismutase activity in roots and shoots increased and this
difference was significant compared to the station
located at 36 ‘latitude (Table 3). The amount of enzyme
activity in leaves showed no significant difference
between the three stations. The lowest peroxidase
activity and the most catalase activity of Artemisia plant
roots occurred in the station located at 36 ‘latitude with
statistically significant differences. Comparison of
catalase activity in Artemisia stems showed that with
increasing altitude activity of this enzyme significantly
decreased.

The highest amount of total flavonoids in Artemisia
occurred in plants growing in the station located at 36
‘latitude with a significant difference with that of
flavonoids in upper altitude. Amount of flavonoids in
the roots showed no significant differences between
different altitudes but flavonoid contents in stems were

significantly different between the plants growing in the
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lowest and the highest altitudes. The amount of total
phenolics in A. aucheri significantly increased with
increasing altitude. The amount of anthocyanin in roots
of plants, but not in leaves and stems, in all stations
showed significant difference between plants growing in
higher altitudes to those plants growing at 36 °latitude.
Content of malondialdehyde in A. aucheri, as an end-
product of lipid peroxidation reaction, decreased with
increasing altitude (Table 2).Contents of chlorophylls a
and b in leaves of A. aucheri showed significant
differences between the plants growing in the highest
altitude and plants of other stations. Also, at each
station, the amount of chlorophyll a was significantly
greater than the amount of chlorophyll b (Figure 1).

The results showed that there was positive correlation
between root superoxide dismutase activity with the
activity of catalase and chlorophyll b content of leaves.
Also, the amount of anthocyanins correlated moderately
with contents of flavonoids and malondialdehyde of

Artemisia vegetative organs.



H. Zare- maivan et al / Journal of Chemical Health Risks 4(3) (2014) 57-66

25 -
a

2.
> d
L 15 - f
S
5 4
(=2}
= 9

05 - =

0.

Altitude effect on chlorophyll content

Stations

= Chl,a
chl,b
h = chl.a+b
==

Figure 1. Effect of altitude on the Artemisia aucheri plant chlorophyll content

Data represent the mean of three replicates and vertical
bars are standard deviations. In each group, non-
identical letters indicate significant differences at the
level of p < 0.05. E1: 2300 meters, E2: 2000 m, E3:
altitude of 1800 m

DISCUSSION

The results of this study showed that with increasing
altitude, the amount of superoxide dismutase activity,
total phenolic and chlorophyll contents increased and
membrane lipid peroxidation decreased in mountain
sagebrush  (A. aucheri). Plants differences in
physiological response of sagebrush plants in different
altitudes are expected, however factors contributing to
these differences merits detailed consideration. The fact
that soil type in all stations was sandy - loamy and only
contents of sand and silt differing amongst stations
makes effectiveness of physical and chemical properties
of soil in determining ecophysiological changes and
adaptive capabilities of the sagebrush plants arguable.
This could be further analyzed either by increasing the
difference in altitude between stations and or selectively
sampling plant populations with distinct differences in
their soil types. But still, one cannot rule out the
importance of soil texture and quality on plant growth.

Other contributing factors associated with altitude in
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mountainous habitats are changes in UV radiation,
temperature and humidity due to precipitation which
potentially and effectively could affect levels of
oxidative stress and type and quantity of antioxidants in
A. aucheri plants.

Oxidative stress resulting from ultraviolet radiation
leads to the generation of ROS in plants. ROSs is also
produced during normal metabolic processes and under
various biotic and abiotic stresses [30, 31]. Superoxide
radicals are formed in cells under oxidative stress [32]
and cause aging in plants [33]. Thus, different species,
in order to improve tolerance against environmental
stresses have developed complex and effective
biochemical mechanisms to detoxify antioxidants [34].
In fact, higher plants possess a number of enzymatic and
non-enzymatic brooms to eliminate ROSs and water and
fat soluble oxidants in different parts of the cell.
Antioxidants are able to transfer of a hydrogen atom to
free radicals and thus prevent damaging oxidation
reactions [35] and triggering mechanisms of resistance
to stress [36]. Higher peroxidase activity and lower
peroxidation (lower MDA) in higher altitudes signified
the importance of adaptive response of A. aucheri to
maintain root growth, a finding that supported the

findings of Nematy Corym (1999) [37].
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The powerful antioxidant properties of Artemisia are
attributed to chlorogenic acid, a phenolic compound that
resembles the strong antioxidant, ascorbic acid which
protects cells from oxidative damage [38, 39]. The
primary role of superoxide dismutase (SOD) is to
protect against ROS which can directly determine the
concentration of intracellular O’ and H,0O, [19] via
removal of superoxide to prevent production of
hydroxyl radical [40, 41]. In this study, a significant
increase in the activity of SOD in root and stem tissues
reflected an increased rate of (O7,) as a result of SOD
of ROSs with

Hydrogen peroxide is stored in peroxysomes as well as

dissmutation increasing  altitude.
glyoxysomes and broken down by SOD and or UV light

in presence of oxygen. Furthermore, peroxidases,
available in cytosol, vacuoles and other cell organels,
also show a greater affinity towards breaking down
hydrogen peroxide than catalase which requires 2
molecules of H,0O, to occupy its active site [42]. Greater
peroxidase and lower catalase activity in A. aucheri in
higher altitudes confirms earlier findings [43, 44].

Peroxidation of cell membrane phospholipids leads to
the production of free radicals initiated by ROSs and
cell lipooxygenases and mediated by hydroxyl groups
[45-48]. It is well known that phenolic compounds are
important components of plant defense mechanisms and
play significant role in stress responses of plants to
biotic and abiotic stresses [8]. Antioxidant properties of
phenolic compounds are attributed to the presence of
hydroxyl groups in their structure [49, 50]. Plants such
as A. aucheri, which contain greater phenolic
compounds have the potential to detoxify free radicals
to a greater extent [51-53].

The quality and quantity of light affects total
chlorophyll content as well as photosynthetic ability of
plants. In this study, the amount of chlorophylls A and B
was significantly higher in upper altitudes. Increased,
chlorophyll contents along with increased contents of

anthocyanins and total phenolic compounds indicated
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the adaptive capability of A. aucheri to increased
radiation, particularly UV radiation in upper altitudes.
Although, in this investigation, the effect of UV
radiation on plant performance and adaptive response
was not directly measured, and since geographical
location affects the amount of light reception by plants,
the subject merits detailed investigation [54]. On the
other hand, increased photosynthesis increases the
production of soluble sugars, accommodates structural
polysaccharides and maintains stabilized osmotic
potential, characteristics essential to preserve and
maintain basic metabolic processes during stress
conditions.

Greater content of some soil elements such as silica,
aluminum, magnesium, potassium, sodium and
phosphorus along with height imply occurrence of less
washing because of lower precipitation, and
consequently, indicating the adaptive ability of A.
aucheri to maintain itself under alkaline soil pH and
slightly moderate salinity. It is hereby, concluded that A.
aucheri avoids harmful effects of UV radiation in higher
altitudes via production of strong antioxidants [38, 39].
On the other hand, altitude, direction of sunlight and
degree of slop affect environmental factors such as
temperature fluctuations, humidity levels and nutrient

availability [55].

CONCLUSION

Findings of this research, although corroborated findings
of earlier studies (56, 57) in regards to the effects of
topography and the 1800 m elevation above sea level on
the distribution of sagebrush (A. aucheri) species,
reports on the ability of this plant growing at lower
elevations as well. Therefore, it is suggested a more
detailed quantitative and qualitative investigation of
antioxidant production by Artemisia species in situ and
in vitro circumstances be undertaken both with

conservation and exploitation objectives.
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Table 3. Comparison of mean and standard deviation (SD) activity of antioxidant systems in three high mountain

sagebrush vegetative organs by Duncan test at 5% probability level

. Superoxide ) .
Catalase Peroxidase i Flavonoids total Anthocyanins Phenol MDA
dismutase
Stations Treatment
(AAbc240/mg (AAbc470/mg . . (mg GA/g
. . (unite/mg protein) (mg/g F.W) (mg/g F.W) (1 mol/g FW)
protein) protein) F.wW)
Root 4.386"+0.340 53.787" +2.843 189.988° +10.22 11.288° +0.30 34.204" +2.23 3.905° +0.03 1.807° +0.08
Altitude
2,300 m Stem 3.606% +0.503 63.442° +7.019 228.271% +21.76 21.699" +0.69 42.312" +3.37 4.506" +0.19 2.088% +0.06
(E1)
Leaf 7.248%+0.900 26.979°+1.271 183.047™ +3.89 46.267° +3.46 97.254° +9.51 5.024% +0.03 2.583°+0.23
Root 7.493% +0.852 32.148° +1.622 144.379" +11.78 12.399° +0.92 60.090% +4.68  3.183"+0.31 2.445% +0.04
Altitude d b J . b b
2000 Stem 3.3519+0.423 32.502° +3.817 189.611° +17.54 24.635%+2.44 44.747" +3.98 4.402°+0.02 2.849™+0.18
m
(E2) 118.095
[ d bed b " a a
Leaf 4.742™ +0.622 14.869° +0.441 172.010"%+19.01 49.812" +4.83 1136 4.948% +0.36 4.591° +0.28
+11.
Root 6.753% +1.022 50.617° +5.635 151.454% +6.02 13.424° +0.73 64.333% 5.63 2.240° +0.09 2.901 +0.24
Altitude b b f b b
1800 Stem 5.538" +0.590 69.406° +7.481 199.357% +27.24 28.702° +2.52 47.716 +4.18  4.205 " +0.28 3.270°+0.33
m
(E3 , . 136.702% b
Leaf 5.019° +0.598 33.339° +4.934 195.275° +25.15 66.212% +3.52 1354 4.377°+0.29 4.829° +0.48
+13.

* Different letters in columns indicate significant differences between treatments at the 5% level

ACKNOWLEDGMENTS

Authors In this study would like to thank Research
Deputies of Tarbiat Modaress University and Islamic
Azad University of Damghan for their financial and
laboratory support. Besides, assistance of Mrs. K.
Khoramishad is acknowledged. The authors declare that
there is no conflict of interests

REFERENCES

1. Turhan K., llkay T., Yunus, P., 2007. Drying
characteristics and heat energy require of Cornelian
Cherry fruits (Cornus mas L.). J Food Eng. 78: 735-739.

63

2. Pietta P.G., 2000. Flavonoids as Antioxidants. J Nat
Prod. 63: 1035-1042.

3. Schutzendubel A., polle A., 2002. Plant response to
abiotic stress; Hevy metal induced oxidativestress and
protection by mycorrhization. J Exp Bot. 53: 1351-1365.
4. Chen E., Chen Y., 2002. Effect of copper on
peroxidase activity and lignin content in Raphanus
sativus. Plant Physiol Biochem. 40: 439-444.

5. Chen Z., Shilva H., Klessig R.F., 1993. Active
oxygen species in the inductionof plant systemic
acquired resistance by SA. Science. 262: 1883-1886.

6. Cho V.H., Park J.O., 2000. Mercury -induced
oxidative stress in tomato seedlings. Plant Sci. 126: 1 —
9.



H. Zare- maivan et al / Journal of Chemical Health Risks 4(3) (2014) 57-66

7. Dat J., Van Breusegerm F., Vandenabeele S.,
Vranova E., Van Montagu M., Inze D., 2000. Active
oxygen species and catalase during plant stress
response. Cell Mol Life Sci. 57: 779-786.

8. Makoi J., Ndakidemi P.A., 2007. Biological,
ecological and agronomic significance of plant phenolic
compounds in rhizosphere of the symbiotic legumes.
Afr J Biotechnol. 6:1358-1368

9. Mishra S., Srivastava S., Tripathi P.D., 2006.
Phytochelatin synthesis and response of antioxidants
during cadmium stress in Baccopa monnieri L. Plant
Physiol Biochem. 44: 25-37.

10. Pourcel L., Routaboul J., Cheynier V., Lepiniec L.,
Debeaujon 1., 2006. Flavonoid oxidation in plants: from
biochemical properties to physiological functions. Plant
Science. 12: 29-36.

11. Mozaffarian V. Assess understanding of Iranian
Artemisia, master's thesis, Faculty of Tehran University.
1989.

12. Zargary A. Drug Plants, Volumes 1-5. Publication of
Tehran University. 1992.

13. Dewis J., Freitas F., Plysical and chemical Methods
of Soil and IBH Publishing Co. PVT. LTD. New Delhi,
Bombay, Calcutta. 1984.

14. Page A.L., Miller R.H., Keeney D.R. Methods of
soil analysis, Part2. Chemical and microbiological
properties. American Society of Agronomy, Inc. Soil
Science of America, Inc. Madison, Wisconsin, USA.
1982.

15. Bradford M.M., 1976. Arapid sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein — dye binding.
Analytical Biochemistry. 72: 248 —254.

16. Cakmak 1., Horst W.J., 1991. Effect of aluminium
on lipid peroxidation, superoxide dismutase, catalase,
and peroxidase activities in root tips of soybean
(Glycine max). Plant Physiol. 83: 463-468.

17. Bergmeyer H.U., 1975. New values for the molar
extinction coefficients of NADH and NADPH for the

64

use in routine laboratories. Z Klin Chem Klin Biochem.
13(11): 507-508.

18. Chance B., Maehly A. C., 1955. Assay of catalase
and peroxidase. Methods Enzymol. 2: 764-775.

19. Ghanati F., Morita A., Yokota H., 2002. Induction of
suberin and increase of lignin content by excess boron in
tobacco cells. Soil Sci Plant Nutr. 48: 357-364.

20. Sahebjamei H., Abdolmaleki P., Ghanati F., 2007.
Effects of magnetic field on the antioxidant enzyme
activities of sus tobacco cells.
Bioelectromagnetics. 28(1): 42-47.

21. Giannopolitis C.N., Ries S.K., 1977. Superoxide

Plant

pension-cultured

dismutases: 1. Occurrence
Physiol. 59: 309-314.

22. Cheng S., 2003. Effects of Heavy Metals on Plants
and Resistance Mechanisms. Environ Sci Pollut Res.
10(4): 256 -264.

23. Hara M., Oki K., Hoshino K., Kuboi T., 2003.

Enhancement of anthocyanin biosynthesis by sugar in

in higher plants.

radish (RapHanus sativus) hypocotyls. Plant Sci. 164(2):
259-265.

24. Krizek D.T., Kramer G.F., Upadhyaya A., Mirecki
R.M., 1993. UV-B response of cucumber seedling
grown under metal and light pressure sodium/deluxe
lamps. Physiologia Plantarum. 88(2): 350-358.

25. Chua M.T., Tung Y.T., Chang S.T., 2007.
Antioxidant activities of ethanolic extracts from the
twigs
Technol. 99(6): 1918-1925.

26. Miliauskas G., Venskutonis P.R., Van B.T.A., 2004.

Screening of radical scavenging activity of some

of Cinnamum osmopHIloeum. Bioresource

medical and aromatic plant extracts. Food Chem. 85:
231 - 237.

27. Heath R.L., Packer L., 1968. Photo peroxidation in
isolated chloroplasts. I. Kinetics and stoichiometry of
fatty acid peroxidation. Arch Biochem Biophys. 125:
189-198.

28. De Vos C.H.R., Schat H., De Waal M.A.D., 1991.

Increased resistance to copper-induced damage of root



H. Zare- maivan et al / Journal of Chemical Health Risks 4(3) (2014) 57-66

plasma membranein copper tolerant cilene cucubalus.
Plant Physiol. 82(4): 523-528.

29. Arnon D.l., 1949 .copper enzymes in isolated
chloroplasts, polyphenoxidase in beta vulgaris. Plant
Physiol. 24: 1-15.

30. Asada K., Takahashi M., 1987. Production and
scavenging of active oxygen in photosynthesis. (eds
Kyle D.J., Osmund C.B, CJ), In
Photoinhibition Elsevier, Amsterdam, pp. 227-287.

31. Del Rio L.A., Sandalio L.M., Palma J.M., Bueno P.,
Cospus F.J., 1992, Metabolism of oxygen radicals in

Arntzen

peroxysomes and cellular implications. J Free Radicals
Biol Med. 13: 557-580.

32. Elstner E. F., 1987. Metabolism of activated oxygen
species. In The Biochemistry of Plants (eds Davis, D.
D.), Academic Press, SanDiego. 11: 253-315.

33. Lee J., Koo N., Min D., 2004. Reactive oxygen
species. Aging and Atioxidative Nutraceticals. Food
Science Technol. 3: 21-93.

34. Pitzschke A., Fornazi C., Hirt H., 2006. Reactive
oxygen secies signaling in plants. Antioxid Redox
Signal. 8: 1757-1764.

35. Vichnevetskaia K.D., Roy D.N., 1999. Oxidative
stress and antioxidative defense with an emphasis on
plants antioxidants. Environ Rev. 7: 31-51.

36. Varnova E., Inze D., Van Breusegem F., 2002.
Signal transduction during oxidative stress. J Exp Bot.
53: 1227-1236.

37. Nematy corym F. Investigate the influence of

aluminum on activity of antioxidant enzyme systems
(superoxide dismutase, catalase, ascorbate peroxidase
and peroxidase) Hatti plant cuttings Lysyantvs Master's
thesis, Faculty of Tarbiat Modares Tehran University.
1999.

38. Rice-Evans C., 2004. Flavonoids and isoflavones:
absorption, metabolism and bioactivity. Free Rad Biol
Med. 36: 827-8.

39. Soon S.K,, Chung K.L., Sam S., Hyun AJ., Jae S.C.,
1977. Chlorogenic acid an antioxidant principle from

the aerial parts of artemisia iwayomogi that acts on 1, 1-

65

Diphenyl-2-picrylhydrazyl radical. Arch Pharm Res. 20:
54-148.

40. Bowler C., Slooten L., Vanden Branden S., De
Rycke R., Botterman J., Sysbesma C., Van Montagu M.,
Inze D., 1991. Manganese superoxide dismutase can
reduce cellular damage mediated by oxygen radicals in
transgenic plants. JEMBO.10: 1723-1732.

41. Kais H., Al-Guborya Paul A., Fowler B., 2010.
Catherine GarrelcThe roles of cellular reactive oxygen
species, oxidative stress and antioxidants inpregnancy
outcomes. Int J Biochem Cell Biol. 42: 1634-1650.

42. Sandalio L.M., Del Rio L.A., 1988. Intra organeller
Distribution of superoxide Dismutase in plant
peroxisomes (Glyoxysomes and
Plant Physiol. 88: 1215-1218.

43. Egea C., Ahmed S., Candela M., candela M., 2001.

Elicitation of peroxidase activity and lignin biosynthesis

leaf peroxisomes).

inpepper suspension cells by phytophthora capsici. J
Plant Phyl. 158: 151-158.

44, Hernandez I., Alegre L., Van Breusegem F., Munne-
Bosch S,
antioxidants in plants? Trends Plant Sci. 14: 125-132.
45. Aust S.D., Moorehouse L.A., Thomas C.E., 1985.
Role of metals in oxygen radical reactions. J Free
Radical Biol Med. 1: 3-25.

46. Dhindsa R.J., Dhindsa P.P., Thorpe T.A., 1981. Leaf
Correlated  with

2009. How relevant are flavonoids as

senescence: increased level of
membrane permeability and lipid peroxidation and
decreased level of superoxide dismutase and catalase. J
Exp Bot. 32: 93-101.

47. Thompson J. E., Legge R. E., Barber R.F., 1987.
Role of free radicals in senescence and wounding. New
Phytol. 105: 313-344.

48. Winston G.W., 1990. Free radicals in cells. In Stress
Responses in Plants: Adaptation and Acclimation
Mechanisms, Willy-Liss Inc. pp. 57-86.

49. Michalak A., 2006. Phenolic compounds and their
antioxidant activity in plants growing under heavy metal

Stress. Polish J Environ Stud. 15: 523-530.



H. Zare- maivan et al / Journal of Chemical Health Risks 4(3) (2014) 57-66

50. Skorzynska-Polit E., Drakiewicz M., Wianowskab
D., Maksymieca W.L., Dawidowiczb A., Tukiendorfa
A., 2004. The influence of heavy metal stress on the
level of some flavonols in the primary leaves of
Phaseolus coccineus. Acta Physiologiae Plantarum. 26:
247-254,

51. Arumugam P., Ramamurthy P., Ramesh A., 2010.
Antioxidant and Cytotoxic Activities of Lipophilic and
Hydrophilic Mentha
(Lamiaceae). Int J Food Properties. 13(1): 23 — 31.

52. Bai N., He K., Roller M., Lai C.S., Shao X., Pan
M.H., Ho C.T,
compounds from Rosmarinus officinalis. J Agric Food
Chem. 12: 58 (9): 5363 - 5370.

53. Damien Dorman H.J., Kosar M., Kahlos K., Holm
Y., Hiltunen R., 2003. Antioxidant Properties and

Fractions  of Spicata L.

2010. Flavonoids and phenolic

Composition of Aqueous Extracts from Mentha Species,

Hybrids, Varieties, and Cultivars. J Agric Food Chem.
51(16): 4563 — 9.

66

54. Verma S., Dubey R. S., 2001. Effect of Cd on
soluble sugars and enzymes of their metabolism in rice.
Biologia Plantarum. 44(1): 117 — 123.

55. Cawker K.B., 1980. Evidence from population age
structure of Ar. tridentatanutt in southern British
Columbia. Biogeographer. 7: 237-248.

56. Chahuky Zare M.A. Examine relationships between
some plant species with some soil properties in pastures
Poshtkuh Yazd, master's thesis, Faculty of Tehran
University. 2001.

57. Shumar L., Anderson E., 1986. Gradient analysis of
vegetation dominated by two sub-species of big

sagebrush. J Range Manag. 39(2):156-160.



