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ABSTRACT: During the last decades, damaging of ozone layer results in the effect of solar UV radiation on
the earth. The increase of ultraviolet radiation can have many direct or indirect deleterious effects on the
living organisms. To study of enhanced ultraviolet radiation (under 320nm) effects we assayed some growth
parameters, pigments and antioxidant activities of Dracocephalum moldavica as herbal medicine in 2-4 pair
leaf stage. The plants were exposed to six doses of UV radiation (7, 15, 22, 30, 37, 51 kjm?d™). Data were
analyzed using SPSS software and ANOVA test. Results of this experiment showed that UV doses decreased
growth parameters of root and shoot (fresh and dry weight, length of root and shoot) and pigments contents
(chlorophyll a, chlorophyll b and Total chlorophyll). Based on the results, there are significant increase in the
amount of carotenoids and anthocyanins in high dosages of UV radiation. However the highest doses of UV
enhanced activity of catalase and peroxidase but decreased superoxide dismutase and ascorbate peroxidase as
antioxidant enzymes. Results suggested that UV radiation (under 320nm) could effect on growth parameters
and enzymatic and non-enzymatic defence system in higher doses. The increased activity of antioxidant
enzymes, anthocyanins and carotenoids in high doses of UV treatment shows the plant sensitivity levels in
front of UV radiation and combination of enzymatic and non-enzymatic defence mechanisms, which
decreased the effects of radiation damage in higher doses.
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INTRODUCTION

Among solar wide spread wavelengths, short ultraviolet
(UV) irradiation is harmful against life. The
stratospheric ozone layer filtered out UV irradiation as
a shield and protects the earth against harmful
ultraviolet (UV) radiation from the sun (Matsumi &
Kawasaki, 2003; Piri et al., 2011). During the past
eighty years, stratospheric Ozone depletion, caused by
greenhouse gas such as chlorofluorocarbons (CFCs)
and NOx, methyl bromide (MeBr) and other industrial
compounds containing halogens, results in increased
levels of ultraviolet radiation reaching the Earth's
surface (Kakani et al., 2003; Krizek et al., 1998).

Ultraviolet (UV) wavelength (200-400nm) has
considerable biological impact on the living organisms,
including human, animals and plants. This wavelength
consists of UV-A (320- 400 nm), UV-B (2780-320nm)
and UV-C (200-280 nm). The shortest UV waves (UV-
B and UV-C) possess enough energy to damage and
cause negative biological effects on growth,
development, photosynthesis and reproduction by

production of reactive oxygen species (ROS) and
forming oxidative stress, that may decrease cell
viability and cause cell death (Alexieva et al., 2001;
Danon & Gallois, 1998; Frohnmeyer & Staiger, 2003;
Jansen, 2002; Kovacs & Keresztes, 2002; Prochdzkova
& Wilhelmov4, 2007; Schreiner et al., 2012; Takeuchi
et al., 2007; Zacchini & de Agazio, 2004). An
antioxidant is a molecule that inhibits the oxidation of
other molecules and has several properties (Parvaneh et
al., 2015: Mohammad et al, 2015; Haleh et al., 2015).

Low doses of UV-B or C as environmental stress may
activate enzymatic and non-enzymatic defence systems
(Hideg et al., 2013; Jansen, 2002; Katerova et al., 2009;
Zornitsa Katerova & Todorova, 2011; Lavola et al.,
2003; Loyall et al., 2000; Rai et al., 2011), but high
doses of UV could induce the improvement of systems
repairmen mechanisms (Frohnmeyer & Staiger, 2003)
while in average doses, plants get reversible adaptations
(Rogozhin et al., 2000). However, plant sensitivity to
UV radiation differs among species (Teramura, 1983)
and varieties (Correia et al., 1998; Reed et al., 1992).
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Dracocephalum moldavica belongs to the Lamiaceae
family are one of the important medicinal plants. It is
originated from the south of Siberia and the slopes of
Himalaya. Essential oils of aerial parts have antioxidant
activity and antiseptic, antibacterial, analgesic, anti-
inflammatory, anticonwulsive; wound healing, sedative
and antitumor properties. The amount of plant essential
oils depends on the environmental factors (Dastmalchi
et al., 2007; Galambosi & Holm, 1989; R Omidbaigi et
al., 2009; Reza Omidbaigi et al., 2010; Povilaityee &
Venskutonis, 2000).

Despite extensive researches on crops, few studies on
the impacts of ultraviolet radiation is done on medicinal
plants (Kumari et al.,, 2010; Singh et al., 2011)
especially Lamiaceae family. The purpose of presented
study is to assess the effects of UV radiation (under
320nm) on some growth parameters, pigments content
and antioxidant defence systems of Dracocephalum
moldavica.

MATERIAL AND METHODS

A. Plant material and ultraviolation radiation treatment
The experiments were carried out in a greenhouse at the
University of Tabriz. The seeds of Dracocephalum
moldavica were sown into the pots containing 25%
sand, 25% mineral soil mixture and 50% fertilizer.
Dragonhead (Dracocephalum moldavica) plants were
grown under controlled (light/dark) regime at 16/8 h at
24/20°C. By reaching the two - pair leaf stage, the pots
transferred to an ultraviolet light chamber. The plants
were treated by different doses of UV (Holland TL-D
15W Actinic BL) under 320 nm, during 13 days until
appearing fourth leaf pair. (O (control), 54, 108, 162,
216, 270 and 378) kjm2d? per day for 13 consecutive
days to reach the fourth stage Leaf. To analysis the
enzymes activity and determination of pigments, fresh
leaves were collected and frozen in liquid nitrogen after
treatments and stored at -80°C.

B. Measurement of growth parameters

After measuring shoot height and root length of the
harvested plants, shoot and root fresh and dry weight
was measured using digital scale. The dry weight of the
samples was measured after 72h in oven.

C. Evaluations of pigments content

Photosynthetic pigments (chlorophyll a, b, total
chlorophyll, and total carotenoids) and anthocyanin
contents were measured according to the method of
spectrophotometric ~ determination;  Photosynthetic
pigments were extracted from the 0.05 gr of fresh
leaves of Dracocephalum moldavica with 2 ml of
methanol for 24 hours at -4°C. Then the extract was
centrifuged at 2500 g for 10 min. The contents of
chlorophylls and carotenoids of the extract was

calculated using the following formulas based on
several recorded absorbance (Siikran et al., 1998):

Ca=15.65 Ases - 7.340 Ags3

Cb =27.05 A653 -11.21 A565

Ctotal = Calcb

Cyx+c = 1000 As7o- 2.860 C, - 129.2 Cy,/245

Ca = Chlorophyll a, Cb = Chlorophyll b, Ciotal = Total
Chlorophyll, Cx+c = Total carotenoids

D. Assay of anthocyanins content

For determination of anthocyanins content, samples
were homogenized in acidified methanol (methanol
(99): HCI (1) (v/v)) and incubated at room temperature
for 24 hours in the dark. After centrifugation,
absorption of the supernatant was measured at 530 and
657 nm using a spectrophotometer and the formula
A530 — (0.25 x A657) was utilized to calculate the
amount of anthocyanins.

E. Total protein content and antioxidant enzymes
activities assays

An amount of 0.1 gr of samples was homogenized in
ice-cold phosphate- buffered solution (PBS, 50 mM, pH
= 7). Homogenates were centrifuged at 5000 g for 10
min at 4°C. The supernatants were used immediately
for determination of the total soluble protein content
(Bradford, 1976) as well as the activities of superoxide
dismutase (SOD), peroxidase (POD), catalase (CAT)
and ascorbate peroxidase (APX).

Catalase (CAT) activity assay. CAT activity was
assayed according to the methods of Chance and
Maehly (1955). The activity of CAT was measured at
240 nm by following the decomposition of H,O, for 3
min. The reaction mixture contained 2.5 ml potassium
phosphate buffer (50 mM, pH=7), 1 ml H,O, (10 mM)
and 500 pl of enzyme extract. CAT specific activity
was calculated using the extinction coefficient of 27
M cm?* for H,O, and one unit of enzyme activity was
considered as the amount of enzyme necessary for the
reduction of 1 uM H,O, per minute (Chance & Maehly,
1955).

Peroxidase (POD) activity assay. The activity of POD
was determined by recording the increase in absorbance
at 470 nm during polymerization of Guaiacol to
tetraguaiacol for 3 minutes (Obinger et al., 1997).

The reaction mixture (1 ml) encompassed 300 pl of
guaiacol (4 mM), 350 pl of phosphate buffer (10 mM,
pH=7), 300 pl of H,O, (50 mM) and 50 pl of enzyme
extract. The reaction was initiated by adding H,O, to
the reaction mixture and POD specific activity was
calculated using the extinction coefficient of 26.6 mM*
cm? in Guaiacol. One unit of POD activity was
considered as the enzyme amount capable of oxidizing
1 pM Guaiacol to tetraguaiacol per minute.
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Superoxide dismutase (SOD) activity assay. SOD
activity was evaluated by determination of nitro-blue-
tetrazolium (NBT) photoreduction inhibition by
extracts (Winterbourn et al., 1976). The reaction
mixture (3 ml) contained 2.7 ml sodium phosphate
solution (1 M, pH=7.8), 100 ul NBT (1.5 mM), 200 pl
NaCN (0.3 mM), EDTA (1 M), 50 pl of riboflavin
(0.12 mM) and 50 pl of enzyme extract. The mixtures
were illuminated at light intensity of 5000 Lux for 12
minutes and the absorbance of the solutions was
recorded at 560 nm. The amount of the enzyme that
causing 50% protection of NBT photoreduction was
considered as one unit and SOD activity expressed as U
mg* protein.

Ascorbate Peroxidase (APX) activity assay.
Ascorbate peroxidase (APX) activity was determined
using the method of Boominathan and Doran.
Oxidation of ascorbic acid was followed as a reduction
in absorbance at 290 nm. The amount of enzyme
protein required for the oxidation of 1 umol ascorbic
acid /min was defined as one unit (Boominathan &
Doran, 2002).

F. Statistical analysis

All  measurements were conducted with three
replications and data were reported as mean + SD. One-
way analysis of variance was used to compare the
means using SPSS ver.16 software. Duncan’s test was
used for paired comparisons at p<0.05. Microsoft excel
2013 software was used for the preparation of figures.

RESULTS AND DISCUSSION

A. Growth parameters

The results for growth parameters showed that UV
radiation decreased dry weight of the shoots (Table 1).
High dosages of UV radiation caused a significant
increasing in fresh weight of root and shoot during
treatments compared with the control plants. Based on
the other research result, supplementary UV-B light in

basil plants at the 3-4 leaf pair growth stage
significantly increased fresh and dry biomass
accumulation. Thus, the reduction in fresh and dry
weight of shoot seems to have been due to a decrease in
the amount of photosynthesis (Sakalauskaité et al.,
2012). In the other work it was found a significant
decrease in fresh and dry weight and dry matter content
of common dandelion and purple coneflower seedlings
after supplemental UV-C treatment (Castronuovo et al.,
2017). Also Ziska and Teramura, 1992; Barnes et al.,
1993, in rice; Teramura & Sullivan, 1994, in seeding
loblolly pines (Pinus taeda L.) reported a reduction in
dry matter weight and total biomass in response to
supplemental UV-B. Kakani showed that in the 54% of
studies, elevated UV-B radiation reduced the biomass
of the plant while 35% of the researches reported no
effect. Differences in the response of plants growth
parameters to UV-B radiation can be due to different
pathways of the effect and sensitivity of various plants
associated with these waves (Kakani, Reddy et al.,
2003; Mark et al., 1996).

Based on the presented results, increase of shoot length
and decrease of root length showed as non-significant
results of high dosages of UV treatment in compare
with the control. Earlier studies (Barnes et al., 1990;
Bilger et al., 2001; Greenberg et al., 1996; Koztowska
et al., 2007, Warren et al., 2003) reported marked
reduction in plants height in exposed UV radiation.
However, in the plants, response to UV-B varies among
species (Barnes, Flint et al., 1990; Cybulski &
Peterjohn, 1999; Musil, 1995). Reduction of plant
height by UV-B radiation was also observed in wheat,
cucumber, wild oats, sunflower (Tevini & Teramura,
1989), soybean (Sullivan et al., 1994) and rice (Barnes,
Maggard et al., 1993; Dai et al., 1997). A photo
oxidative degradation of the phytohormoneindole acetic
acid might exposure to UV-B-induced reductions of
plant height (Mark, Saile-Mark et al., 1996).

Table 1: Means of growth parameters in Dracocephalum moldavica (< 320nm).

Parameters
Shoot FW(| Root FW(g) Shoot DW(g) DRVC\)/C();) Shoc()(t:rITt]a)ngth Root height (cm)
Control 0.16+0.02b 0.00740.0012> | 0.203+0.0152 - 11.05+0.75% 13.1240.022
7 kjm?d* 0.13£0.02b 0.006£0.001" | 0.153+0.0322 11.67+0.88% 13,0040 58°
15 kjm*d™* 0.15+0.02b 0.008+0.0009* | 0.157+0.0222 12.17+0.17% 12,210,128
22 kjm*d* 0.16£0.01b 0.005£0.001° | 0 080+0.006° | - 10.55£0.87° 10.55£0.120
30 kjm“d* 0.26+0.03a 0.007+0003° | (066+0.011° | - 12.2140.12% 12.17+0.17
37 kjm?d™* 0.26+0.04a 0.009+0007% | 4 153+0.009" - 13+0.582 11.67+0.88%
51 kjm?d™* 0.33£0.03a 0.0130.0032* | (08740.007 - 13.12+0.022 11.05+0.75%

Results are means +SE of 5 replicates. Means are significantly different at p<0.05
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B. Pigments content

The results of the effect of ultraviolet radiation on
photosynthetic pigments are shown in Table 2. In the
presented study, a significant reduction in chlorophyll
a, b and total chlorophyll contents. Reducing
chlorophyll in low biomass can be one of the important
indicators in the sensitivity of plants to ultraviolet
radiation (Smith et al., 2000). It seems that the decrease
in chlorophyll content probably due to damage to the
photosynthetic system in chloroplasts (Malanga et al.,
1997). It is known that UV-B and UV-C clearly
reduced chlorophyll contents with destroying the
structure of chloroplast, inhibiting the synthesis of
chlorophylls and increasing the rate of chlorophylls
degradations (Rahmatzadeh & Khara, 2007; Caldwell et
al., 1995; Du & Jin, 2000). In wheat plants showed that
UV-C treatment increase chlorophyll a, b and
carotenoids (Rahmatzadeh and Khara, 2007, Takeuchi
and colleagues, in rice (Takeuchi et al., 2007) and
Mahdavian and colleagues (Mahdavian et al., 2008) in
pepper showed a decreasing in contents of
photosynthetic pigments under UV-C stress in the same
line with our findings. Differently many reports
suggested a marked reduction in total chlorophyll
(Ambasht & Agrawal, 1998; Day & Vogelmann, 1995;
Gitz Il et al., 2004; Ravindran et al., 2008; Skorska,
2000; Strid et al., 1990). There were several effects on

the photosynthesis machinery in response to UV
radiation, including damage of plastoquinone, rubisco
and chlorophylls. Due to high sensitivity of electron
transport in PSIl to UV light, it can inhibit electron
transport through PSIlI and reduced fluorescence of
chlorophyll a and intensities of the
thermosluminescence Q and B bands (Ravindran et al.,
2008).

Moreover, the carotenoids value in plants exposed to
low doses did not change, but the results showed a
significant increase in the amount of carotenoids and
anthocyanins in high dosages of UV radiation. The
reduction of carotenoids in some plant species is an
adaptation response (Holldsy, 2002) and protective
function (Campos et al., 1991; Rau et al., 1991) to
reduce the effects of UV rays. Increasing of carotenoids
and anthocyanins in same level of UV radiation in the
presented study showed an important stress level of UV
radiation for Dracocephalum moldavica. Researches
have indicated that anthocyanins and carotenoids could
act as effective antioxidants (Sarma et al., 1997), (Stahl
& Sies, 2005). However anthocyanins are water soluble
pigments (Mazza et al., 2004) and reduced UV-B
penetration and protect photosynthetic apparatus with
binding to phytotoxins and cell division apparatus (Pal
et al., 1999; Winkel-Shirley, 2002).

Table 2: Pigments content and protein in Dracocephalum moldavica exposed on enhanced UV radiation

(<£320nm).
Parameters
Chlorophyll a Chlorophyll b Total Chlorophyll Carotenoids Anthocyanin Protein (mg)
(mg) (mg) (mg) (mg) (mg)

Control 321.10+7.012 154.7+¢7.7 2 475.76+9.012 22752.3+948.3b 6.260.33¢ 8.464+0.31°
Tkim?d? | 395 5048542 141.446.23 466.92+7.792 22656.2+419.7° | 8.66+0.07% | 10.299+0.63%
15 kjm™d™ | 374 3547 832 102.949.2° 453.92+12.80% 22742.2+454.1° 7.27+0.19¢ 9.516+0.30%
22kjm?d™ | 3015746600 | 123.6+11.0% 425.18+17.525 20139.1+843.3Y | 8.04x0.24% | 9.584+0.41%
30kjm?d™ | 3000145 46" 111.4+9.8° 375.08+13.36° 27487.8+1299.42 | 9.29+0.582 8.518+0.69"
37kjm?d™ | 301 43+1.13° 63.4+0.6° 364.87+1.73° 24369.6+86.12 9.44+0.33% | 9.107+0.52%
51kjim?d™ | 113 20+1 54¢ 61.0+10.5¢ 181.76+11.52¢ 27294.0+1237.4° | 9.69+0.30° | 9.262+0.40%

Results are means +SE of 3 replicates. Means are significantly different at p<0.05

C. Antioxidant Enzymes and Protein Content

The stresses imposed by UV-light radiation can cause
reactive oxygen species generation (ROS) such as 0°2
and H,O,. HyO, can easily diffuse through cell
membranes, and it is deleterious to cellular components
(Sarma, Sreelakshmi et al., 1997; Sharma et al., 2012).
The results of ultraviolet radiation on antioxidant
enzymes (SOD, POX, CAT and APX) and protein
content are shown in Fig. 1 and Table 2 respectively.
The results showed that superoxide dismutase activity
decreased in higher doses of UV radiation. Ascorbate
peroxidase also showed a significant reduction in

treated plants compared to non-irradiated (control)
plants while the results showed an increasing trend in
the enzyme activity with increasing the UV dosages.
The results of the peroxidase and catalase showed an
increasing trend, but a significant increase was seen at
30, 37 and 51 kjm?d* of UV radiation. The amount of
protein also significantly increased during the first half-
hour (7 kjmr2d2).

Catalase with peroxidase, are known to reduce the
concentration of O, OH and H;O, (Bowler et al.,
1992).
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Increase in activities of peroxidases by UV-B radiation
have been observed in several species including Cassia
(Sheela Agarwal & Pandey, 2003), Arabidopsis
thaliana (Rao et al., 1996), cucumber (Krizek et al.,
1993), sugar beet (Panagopoulos et al., 1990) and
potato (Santos et al., 2004). However, there are
differences in antioxidant responses among species,
genotypes of the same species (Hideg et al., 2006; Xu
et al.,, 2008) and developmental stages (Lidon &
Ramalho, 2011; Majer & Hideg, 2012). CAT activity in
the peroxisomes by changing H,O; into O, and APX
activity in the cytosol, mitochondria, and chloroplasts
detoxified generally synthesis of hydrogen peroxide
(Asada, 2006; Foyer et al., 1997) whereas peroxidase
decomposes H,O, by oxidation of co-substances. The
effect of peroxidase in protection of membrane damage
is well known (GASPART et al., 1991) based on the
enhanced levels of peroxidase activity in the presented
results, it is shown the enzymatic mechanism against
increasing of membrane damage in higher doses of UV
irradiation.

In this study, in the same line with the other reports
(A-H-Mackerness et al., 1998; Kondo & Kawashima,
2000), SOD activity was decrease in response to the
elevated levels of UV radiation. Decreasing in the SOD
activity leads to Ojaccretion and therefore could be

responsible for chlorophyll diminution (Xu, Sullivan et
al., 2008). That was many reports contrast our results
revealing increased SOD activity by UV-B radiation for
example, in pea and wheat (Alexieva, Sergiev et al.,
2001), Arabidopsis (Rao & Ormrod, 1995), (Babu et
al., 2003) and rice (Dai, Yan et al., 1997). In the other
hand, there was not affected in barley (Mazza et al.,
1999), Nicotiana plumbaginifolia L. (Willekens et al.,
1994) and it was decreased in the sunflower cotyledon
(Costa et al., 2002). SOD converts superoxide radicals
(0% into H,0, (Kondo & Kawashima, 2000).
Inhibition of SOD activity by UV-B could lead to
increases in Op-content. H,O, production was increased
by high levels of UV-B in several studies conducted
indoors (Alexieva, Sergiev et al., 2001; Hideg,
Rosenquvist et al., 2006; Kalbina & Strid, 2006). In the
magenta line of soybean solar UV-B radiation
decreased the SOD activity and increased the CAT
activity at 8 days (Xu, Sullivan et al., 2008). In the
other hand, based on the decreasing amount of
chlorophylls in high dosages of UV exposure, inhibition
of photosynthesis and consequences in decreasing water
hydrolysis and O, generations led us to understand the
reason of decreasing of SOD activity in same doses of
UV radiation.

CAT(u.mg-1protein.min-1)

Control 7 15 22 30 37 51
Energy(kjm 2d7)

0.25

=
- e
7 N

POX( wmg protein .min)
o

0.05

Control 7 15 2 30 37 51
Energy(kjmd ')

C

APX (u.mg'protein.min’' )

Control 7 15 22 30 37 51
Energy(kjm*d ')

-
L

SOD(wmg protein.min')
~ -

-
L

- 4 15 22 30 37 51
Energy(kjm *d ')

Control

Fig. 1. The effects of enhanced UV radiation (UV< 320nm) on the antioxidant enzymes of D. moldavica. A: CAT,
B: POD, C: SOD, D: APX, SOD, superoxide dismutase; APX, ascorbate peroxidase, catalase; POD, peroxidase. The
bars with different letters were significantly different from each other (P< 0.05). Values were means + SE (n = 3).
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Antioxidative enzymes like catalase, peroxidase, and
ascorbate peroxidase are involved in ascorbate-
glutathione cycle for detoxification of excess H,0,
produced under stresses (Noctor & Foyer, 1998).
Presented results is supported with some other studies
reporting induction of the activities of these enzymes
under UV-B to detoxify excess ROS (Agarwal, 2007;
Agrawal & Rathore, 2007; Jain et al., 2004; Landry et
al., 1995; Rao, Paliyath et al., 1996; Ravindran et al.,
2008; Takeuchi et al., 2007).

Increment of the protein content under UV might be
due to the synthesis of stress proteins and other related
enzymes. Similar trend of increment in protein content
was reported in Brassica napus under UV-B stress
(Nasibi, 2005).

CONCLUSION

The plants have several mechanisms against the
deleterious effects of UV radiation which include a
combination of damaging, repairing and tolerance, but
this relevance is less known. Protective mechanisms
against UV damage in plants is depends on plant
species. The present study suggested that, D. moldavica
is sensitive plant against high UV dosages. The
increased activity of catalase, peroxidase and ascorbate
peroxidase in high doses of UV treatment and the
increased amount of anthocyanins and carotenoids in
same doses shows the plant sensitivity levels in front of
UV exposure and shows combination of enzymatic and
non-enzymatic defence mechanisms, which decreased
the effects of radiation damage in higher doses.
Chlorophyll values and SOD decreasing in same doses
with upper mentioned results of enzymes and pigments
supported the mentioned mechanism of plant defence
system against under 320 nm UV radiation. More
studies should be done to understand the precise plant
defence system against UV radiations.

REFERENCES

A.H. Mackerness, S., Surplus, S. L., Jordan, B., & Thomas, B.
(1998). Effects of Supplementary Ultraviolet-B
Radiation on Photosynthetic Transcripts at Different
Stages of Leaf Development and Light Levels in
Pea (Pisum sativum L.): Role of Active Oxygen
Species and Antioxidant Enzymes. Photochemistry
and Photobiology, 68(1), 88-96.

Agarwal, S. (2007). Increased antioxidant activity in Cassia
seedlings under UV-B radiation. Biologia
plantarum, 51(1), 157-160.

Agarwal, S., & Pandey, V. (2003). Stimulationof stress-
related antioxidative enzymes in combating
oxidative stress in Cassia seedlings. Indian Journal
of Plant Physiology, 8(3), 264-269.

Agrawal, S., & Rathore, D. (2007). Changes in oxidative
stress defence system in wheat (Triticum aestivum
L.) and mung bean (Vigna radiata L.) cultivars
grown with and without mineral nutrients and
irradiated by  supplemental ultraviolet-B.
Environmental and experimental botany, 59(1), 21-
33.

Alexieva, V., Sergiev, 1., Mapelli, S., & Karanov, E. (2001).
The effectof drought and ultraviolet radiation on
growth and stress markers in pea and wheat. Plant,
Cell & Environment, 24(12), 1337-1344.

Ambasht, N. K., & Agrawal, M. (1998). Physiological and
biochemical responses of Sorghum vulgare plants to
supplemental ultraviolet-B radiation. Canadian
Journal of Botany, 76(7), 1290-1294.

Asada, K. (2006). Production and scavenging of reactive
oxygen species in chloroplasts and their functions.
Plant physiology, 141(2), 391-396.

Babu, T. S., Akhtar, T. A., Lampi, M. A., Tripuranthakam, S.,
Dixon, D. G., & Greenberg, B. M. (2003).Similar
stress responses are elicited by copper and
ultraviolet radiation in the aquatic plant Lemna
gibba: implication of reactive oxygen species as
common signals. Plant and Cell Physiology, 44(12),
1320-1329.

Barnes, P. W., Flint, S. D., & Caldwell, M. M. (1990).
Morphological responses of crop and weed species
of different growth forms to ultraviolet-B radiation.
American Journal of Botany, 1354-1360.

Barnes, P. W., Maggard, S., Holman, S. R., & Vergara, B. S.
(1993). Intraspecific variation insensitivity to UV-B
radiation in rice. Crop Science, 33(5), 1041-1046.

Bilger, W., Johnsen, T., & Schreiber, U. (2001). UV -excited
chlorophyll fluorescence as a tool for the
assessment of UV-protection by the epidermis of
plants. Journal of Experimental Botany, 52(363),
2007-2014.

Boominathan, R., & Doran, P. M. (2002). Ni-induced
oxidative stress in roots of the Ni hyperaccumulator,
Alyssum bertolonii. New phytologist, 156(2), 205-
215. Bowler, C., Montagu, M. v., & Inzé, D. (1992).
Superoxide dismutase and stress tolerance. Annual
review of plant biology, 43(1), 83-116.

Bradford, M. M. (1976). A rapid and sensitive method for the
quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding.
Analytical biochemistry, 72(1-2), 248-254.

Caldwell, M., Teramura, A. H., Tevini, M., Bornman, J.,
Bjorn, L. O., & Kulandaivelu, G. (1995). Effects of
increased solar ultraviolet-radiation on terrestrial
plants. Ambio, 24(3), 166-173.

Campos, J., Figueras, X., PI6TOL, M., Boronat, A., &
Tiburcio, A. (1991). Carotenoid and conjugated
polyamine leaves as indicators of ultraviolet-C
induced stress in  Arabidopsis  thaliana.
Photochemistry and Photobiology, 53(5), 689-693.

Castronuovo, D., Sofo, A., Lovelli, S., Candido, V., & Scopa,
A. (2017). Effects of UV-C radiation on common
dandelion and purple coneflower: First results.
International Journal of Plant Biology, 8(1): 61-64.

Chance, B., & Maehly, A. (1955). Ass.ay of catalases and
peroxidases, Methods Enzymol, 2, 764-775.

Correia, C., Areal, E., Torres-Pereira, M., & Torres-Pereira, J.
(1998). Intraspecific variation in sensitivity to
ultraviolet-B radiation in maize grown under field
conditions. 1. Growth and morphological aspects.
Field Crops Research, 59(2), 81-89.

Costa, H., Gallego, S. M., & Tomaro, M. A. L. (2002). Effect
of UV-B radiation on antioxidant defence system in
sunflower cotyledons. Plant Science, 162(6), 939-
945.



Jabbarzadeh, Motafakkerazad, Shoja and Kazemi 39

Cybulski, W. J., & Peterjohn, W. T. (1999). Effects of
ambient UV-B radiation on the above-ground
biomass of seven temperate-zone plant species.
Plant Ecology, 145(1): 175-181.

Dai, Q., Yan, B, Huang, S., Liu, X., Peng, S., Miranda, M. L.
L., Olszyk, D. M. (1997). Response of oxidative
stress defence systems in rice (Oryza sativa) leaves
with supplemental UV-B radiation. Physiologia
Plantarum, 101(2): 301-308.

Danon, A., & Gallois, P. (1998). UV-C radiation induces
apoptotic-like changes in Arabidopsis thaliana.
FEBS letters, 437(1-2): 131-136.

Dastmalchi, K., Dorman, H. D., Kosar, M., & Hiltunen, R.

(2007). Chemical composition and in vitro

antioxidant evaluation of a water-soluble Moldavian

balm (Dracocephalum moldavica L.) extract. LWT-

Food Science and Technology, 40(2): 239-248.

& Vogelmann, T. (1995). Alterations in
photosynthesis and pigment distributions in pea
leaves following UV-B exposure. Physiologia
Plantarum, 94(3): 433-440.

Du, Y., & Jin, Y. (2000). Effect of far-ultraviolet radiation on
lipid peroxidation and inherent protection system in
seedlings of Taxus cuspidata. Ying yong sheng tai
xue bao. The journal of applied ecology, 11(5): 660-
664.

Foyer, C. H., Lopez-Delgado, H., Dat, J. F., & Scott, I. M.
(1997). Hydrogen peroxide-and
glutathione-associated mechanisms of acclimatory

Day, T.,

stress tolerance and signalling.  Physiologia
Plantarum, 100(2): 241-254.
Fronnmeyer, H., & Staiger, D. (2003). Ultraviolet-B

radiation-mediated responses in plants. Balancing
damage and protection. Plant physiology, 133(4):
1420-1428.

Galambosi, B., & Holm, Y. (1989). The effect of nitrogen
fertilization on the herb yield of dragonhead
[Dracocephalum moldavica]. Agricultural and
Food Science, 61(5): 387-394.

Gaspart, P. C., Haege, D., & Greppin, H. (1991). Peroxidases
on plant growth, differentiation, and development.
Biochemical, molecular, and physiological aspects
of plant peroxidases. J. Lobarzewski, H. Greppin,
C. Penel and T. Gaspar, Eds. University Curie-
Sklodowska and University of Geneva, 249-280.

Gitz Ill, D. C,, Liu-Gitz, L., McClure, J. W., & Huerta, A. J.
(2004). Effects of a PAL inhibitor on phenolic
accumulation and UV-B tolerance in Spirodela
intermedia (Koch.). Journal of Experimental
Botany, 55(398): 919-927.

Greenberg, B. M., Wilson, M. 1., Gerhardt, K. E., & Wilson,
K. E. (1996). Morphological and physiological
responses of Brassica napus to ultraviolet-B
radiation: photomodification of ribulose-1, 5-
bisphosphate carboxylase/oxygenase and potential
acclimation processes. Journal of plant physiology,
148(1-2): 78-85.

Haleh Nabizadeh, Mostafa Valizadeh, Majid Norouzi,
Mahmoud Toorchi and Mohammad Behrouzi
Vajovi (2015). Effect of Different levels of NaCl
Salinity on Antioxidant Enzyme's Activity in
Seedling of different Wheat Cultivars. Biological
Forum — An International Journal, 7(2): 180-186.

Hideg, E., Jansen, M. A., & Strid, A. (2013). UV-B exposure,
ROS, and stress: inseparable companions or loosely

linked associates? Trends in plant science, 18(2):
107-115.

Hideg, E., Rosenqvist, E., Varadi, G., Bornman, J., & Vincze,
E. (2006). A comparison of UV-B induced stress
responses in three barley cultivars. Functional Plant
Biology, 33(1): 77-90.

Hollésy, F. (2002). Effects of ultraviolet radiation on plant
cells. Micron, 33(2): 179-197.

Jain, K., Kataria, S., & Guruprasad, K. (2004). Effect of UV-
B radiation on antioxidant enzymes and its
modulation by benzoquinone and a-tocopherol in
cucumber cotyledons. Current Science, 87-90.

Jansen, M. A. (2002). Ultraviolet-B radiation effects on
plants: induction of morphogenic responses.
Physiologia Plantarum, 116(3): 423-429.

Kakani, V., Reddy, K., Zhao, D., & Mohammed, A. (2003).
Effects of ultraviolet-B radiation on cotton
(Gossypium hirsutum L.) morphology and anatomy.
Annals of Botany, 91(7): 817-826.

Kalbina, ., & Strid, A. (2006). Supplementary ultraviolet-B
irradiation reveals differences in stress responses
between Arabidopsis thaliana ecotypes. Plant, Cell
& Environment, 29(5): 754-763.

Katerova, Z., lvanov, S., Prinsen, E., Van Onckelen, H.,
Alexieva, V., & Azmi, A. (2009). Low doses of
ultraviolet-B  or ultraviolet-C radiation affect
phytohormones in young pea plants. Biologia
plantarum, 53(2): 365-368.

Katerova, Z., & Todorova, D. (2011). Effect of enhanced UV-
C irradiation on the growth, malondialdehyde,
hydrogen peroxide, free proline, polyamines, IAA
and IAA-oxidase activity in pea plants (Pisum
sativum L.). Comptes rendus de I’Académie bulgare
des Sciences, 64(11): 1555-1562.

Kondo, N., & Kawashima, M. (2000). Enhancement of the
tolerance to oxidative stress in cucumber (Cucumis
sativus L.) seedlings by UV-B irradiation: possible
involvement  of phenolic compounds and
antioxidative enzymes. Journal of plant research,
113(3), 311-317.

Kovacs, E., & Keresztes, A. (2002). Effect of gamma and
UV-B/C radiation on plant cells. Micron, 33(2):
199-210.

Koztowska, M., Brzezinska, E., & Stobiecki, M. (2007).
Sensitivity Differences and Accumulation of
Screening Compounds in Three Conifer Plants
under Enhanced UV-B Radiation. Polish Journal of
Environmental Studies, 16(6): 823-830.

Krizek, D. T., Britz, S. J., & Mirecki, R. M. (1998). Inhibitory
effects of ambient levels of solar UV-A and UV-B
radiation on growth of cv. New Red Fire lettuce.
Physiologia Plantarum, 103(1): 1-7.

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

Kumari, R., Singh, S., & Agrawal, S. (2010). Response of
ultraviolet-B induced antioxidant defence system in
a medicinal plant, Acorus calamus. Journal of
Environmental Biology, 31(6): 907-911.

Landry, L. G., Chapple, C. C,, & Last, R. L. (1995).
Arabidopsis mutants lacking phenolic sunscreens
exhibit enhanced ultraviolet-B injury and oxidative
damage. Plant physiology, 109(4): 1159-1166.



Jabbarzadeh, Motafakkerazad, Shoja and Kazemi 40

Lavola, A., Aphalo, P. J., Lahti, M., & Julkunen-Tiitto, R.
(2003). Nutrient availability and the effect of
increasing UV-B radiation on secondary plant
compounds in Scots pine. Environmental and
experimental botany, 49(1): 49-60.

Lidon, F., & Ramalho, J. (2011). Impact of UV-B irradiation
on photosynthetic performance and chloroplast
membrane components in Oryza sativa L. Journal
of Photochemistry and Photobiology B: Biology,
104(3): 457-466.

Loyall, L., Uchida, K., Braun, S., Furuya, M., & Frohnmeyer,
H. (2000). Glutathione and a UV light-induced
glutathione S-transferase are involved in signaling
to chalcone synthase incell cultures. The Plant Cell,
12(10): 1939-1950.

Mahdavian, K., Ghorbanli, M., & Kalantari, K. M. (2008).
Role of salicylic acid in regulating ultraviolet
radiation-induced oxidative stress in pepper leaves.
Russian Journal of Plant Physiology, 55(4): 620-
623.

Majer, P., & Hideg, E. (2012). Developmental stage is an
important factor that determines the antioxidant
responses of young and old grapevine leaves under
UV irradiation in a green-house. Plant Physiology
and Biochemistry, 50: 15-23.

Malanga, G., Calmanovici, G., & Puntarulo, S. (1997).
Oxidative damage to chloroplasts from Chlorella
vulgaris exposed to ultraviolet-B  radiation.
Physiologia Plantarum, 101(3): 455-462.

Mark, U., Saile-Mark, M., & Tevini, M. (1996). Effects of
solar UVB radiation ongrowth, flowering and yield
of central and southern European maize cultivars
(Zea mays L.). Photochemistry and Photobiology,
64(3): 457-463.

Matsumi, Y., & Kawasaki, M. (2003). Photolysis of
atmospheric ozone in the ultraviolet region.
Chemical reviews, 103(12): 4767-4782.

Mazza, C., Battista, D., Zima, A., Szwarcberg-Bracchitta, M.,
Giordano, C., Acevedo, A., Ballaré, C. (1999). The
effects of solar ultraviolet-B radiation on the growth
and yield of barley are accompanied by increased
DNA damageand antioxidant responses. Plant, Cell
& Environment, 22(1): 61-70.

Mohammad Behrouzi Varjovi, Mostafa Valizadeh and Ali
Bandehagh (2015). Primary Antioxidant Enzymes
and Their Important Role in Oxidative Stress in
Plants and Mammalian. Biological Forum — An
International Journal, 7(2): 148-154.

Musil, C. (1995). Differential effects of elevated ultraviolet-B
radiation on the photochemical and reproductive
performances of dicotyledonous and
monocotyledonous arid-environment ephemerals.
Plant, Cell & Environment, 18(8): 844-854.

Nasibi, F. (2005). The effects of UV-A, UV-B and UV-C on
protein and ascorbate content, lipid peroxidation
and biosynthesis of screening compounds in
Brassica napus. lranian Journal of Science and
Technology (Sciences), 29(1): 39-48.

Noctor, G., & Foyer, C. H. (1998). Ascorbate and glutathione:
keeping active oxygen under control. Annual review
of plant biology, 49(1): 249-279.

Obinger, C., Maj, M., Nicholls, P., & Loewen, P. (1997).
Activity, Peroxide Compound Formation, and
Heme d Synthesis in Escherichia coli HPII

Catalase. Archives of Biochemistry and Biophysics,
342(1), 58-67.

Omidbaigi, R., Borna, F., Borna, T., & Inotai, K. (2009).
Sowing dates affecting on the essential oil content
of dragonhead (Dracocephalum moldavica L.) and
its constituents. Journal of Essential Oil Bearing
Plants, 12(5): 580-585.

Omidbaigi, R., Yavari, S., Hassani, M. E., & Yavari, S.
(2010). Induction of autotetraploidy in dragonhead
(Dracocephalum moldavica L.) by colchicine
treatment. Journal of Fruit and Ornamental Plant
Research, 18(1): 23-35.

Pal, M., Sengupta, U., Srivastava, A., Jain, V., & Meena, R.
(1999). Changes in growth and photosynthesis of
mungbean induced by UV-B radiation. Indian J.
Plant Physiol, 4: 79-84.

Panagopoulos, 1., Bornman, J. F., & Bjorn, L. O. (1990).
Effects of ultraviolet radiation and visible light on
growth,  fluorescence  induction,  ultraweak
luminescence and peroxidase activity in sugar beet
plants. Journal of Photochemistry and Photobiology
B: Biology, 8(1): 73-87.

Parvaneh Eslami, Mostafa Valizadeh, Majid norouzi and
Mozhgan Shakouri (2015). Some Antioxidant
enzymes banding patterns and their correlation in
common bean genotypes under water deficit stress.
Biological Forum — An International Journal, 7(1):
1474-1478.

Piri, E., Babaeian, M., Tavassoli, A., & Esmaeilian, Y.
(2011). Effects of UV irradiation on plants. African
Journal of Microbiology Research, 5(14), 1710-
1716.

Povilaityee, V., & Venskutonis, P. (2000). Antioxidative
activity of purple peril (Perilla frutescens L.),
moldavian dragonhead (Dracocephalum moldavica
L.), and roman chamomile (Anthemis nobilis L.)
extracts in rapeseed oil. Journal of the American Oil
Chemists' Society, 77(9): 951-956.

Prochazkova, D., & Wilhelmova, N. (2007). The capacity of
antioxidant protection during modulated ageing of
bean (Phaseolus wulgaris L.) cotyledons. 1. The
antioxidant enzyme activities. Cell biochemistry
and function, 25(1): 87-95.

Rai, R., Meena, R. P, Smita, S. S., Shukla, A., Rai, S. K., &
Pandey-Rai, S. (2011). UV-B and UV-C pre-
treatments induce physiological changes and
artemisinin biosynthesis in Artemisia annua L.—An
antimalarial plant. Journal of Photochemistry and
Photobiology B: Biology, 105(3): 216-225.

Rao, M. V., & Ormrod, D. (1995). Impact of UVB and 03 on
the oxygen free radical scavenging system in
Arabidopsis  thaliana genotypes differing in
flavonoid  biosynthesis.  Photochemistry  and
Photobiology, 62(4): 719-726.

Rao, M. V., Paliyath, G., & Ormrod, D. P. (1996).
Ultraviolet-B-and ~ ozone-induced  biochemical
changes in antioxidant enzymes of Arabidopsis
thaliana. Plant physiology, 110(1): 125-136.

Rau, W., Seigner, L., & Schrott, E. (1991). The role of
carotenoids in photoprotection against harmful
effects of UV-Bradiation. Paper presented at the
Biological Chemistry Hoppe-Seyler. 372(8): 539-
540.



Jabbarzadeh, Motafakkerazad, Shoja and Kazemi 41

Ravindran, K., Indrajith, A., Balakrishnan, V., Venkatesan,
K., & Kulandaivelu, G. (2008). Determination of
defence mechanism in, i> Phaseolus trilobus Ait.
seedlings treated under UV-Bradiation. African
Crop Science Journal, 16(2): 111-118.

Reed, H. E., Teramura, A. H., & Kenworthy, W. J. (1992).
Ancestral US soybean cultivars characterized for
tolerance to ultraviolet-B radiation. Crop Science,
32(5): 1214-1219.

Rogozhin, V., Kuriliuk, T., &Filippova, N. (2000). Change in
the reaction of the antioxidant system of wheat
sprouts after UV-irradiation of seeds. Biofizika,
45(4): 730-736.

Sakalauskaité, J., Viskelis, P., Duchovskis, P.,
Dambrauskiené, E., Sakalauskiené, S., Samuoliené,
G., & Brazaityté, A. (2012). Supplementary UV-B
irradiation effects on basil (Ocimum basilicum L.)
growth and phytochemical properties. Journal of
Food, Agriculture & Environment, 10(3&4): 342-
346.

Santos, |., Fidalgo, F., Almeida, J. M., & Salema, R. (2004).
Biochemical and ultrastructural changes in leaves of
potato plants grown under supplementary UV-B
radiation. Plant Science, 167(4): 925-935.

Sarma, A. D., Sreelakshmi, Y., & Sharma, R. (1997).
Antioxidant ability of anthocyanins against ascorbic
acid oxidation. Phytochemistry, 45(4): 671-674.

Schreiner, M., Mewis, I., Huyskens-Keil, S., Jansen, M.,
Zrenner, R., Winkler, J., Krumbein, A. (2012). UV-
B-induced secondary plant metabolites-potential
benefits for plant and human health. Critical
Reviews in Plant Sciences, 31(3): 229-240.

Sharma, P., Jha, A. B., Dubey, R. S., & Pessarakli, M. (2012).
Reactive oxygen species, oxidative damage, and
antioxidative defence mechanism in plants under
stressful conditions. Journal of botany, 1-26.

Singh, S. K., Verma, S. K., Mathur, A., Siddiqui, M. A,
Gupta, D., & Sharma, B. M. (2011). Alterations in
antioxidative potential of Ocimum cultivars as a
method to characterize UV-B tolerance. Recent
Research in Science and Technology, 3(4): 140-148.

Skorska, E. (2000). Theeffect of ultraviolet-B radiation on
triticale plants. Folia Universitatis Agriculturae
Stetinensis, Agricultura. 82: 249-254.

Smith, J. L., Burritt, D. J., & Bannister, P. (2000). Shoot dry
weight,  chlorophyll  and UV-B-absorbing
compounds as indicatorsof a plant’s sensitivity to
UV-B radiation. Annals of Botany, 86(6): 1057-
1063.

Stahl, W., & Sies, H. (2005). Bioactivity and protective
effects of natural carotenoids. Biochimica et
Biophysica Acta (BBA)-Molecular Basis of Disease,
1740(2): 101-107.

Strid, A., Chow, W., & Anderson, J. M. (1990). Effects of
supplementary ultraviolet-B radiation on
photosynthesis in Pisum sativum. Biochimica et
Biophysica Acta (BBA)-Bioenergetics, 1020(3):

260-268.

Stikran, D., Gunes, T, & Sivaci, R. (1998).
Spectrophotometric determination of chlorophyll-A,
B and total carotenoid contents of some algae
species using different solvents. Turkish Journal of
Botany, 22(1): 13-18.

Sullivan, J. H., Teramura, A. H., Adamse, P., Kramer, G. F.,
Upadhyaya, A., Britz, S. J., Mirecki, R. M. (1994).
Comparison of the response of soybean to
supplemental UV-B radiation supplied by either
square-wave or modulated irradiation systems
Stratospheric ozone depletion/UV-B radiation in the
biosphere (pp. 211-220): Springer.

Takeuchi, Y., Inoue, T., Takemura, K., Hada, M., Takahashi,
S., loki, M., Kondo, N. (2007). Induction and
inhibition of cyclobutane pyrimidine dimer
photolyase in etiolated cucumber (Cucumis sativus)
cotyledons after ultraviolet irradiation depends on
wavelength. Journal of plant research, 120(3), 365-
374.

Teramura, A. H. (1983). Effects of ultraviolet-B radiation on
the growth and yield of crop plants. Physiologia
Plantarum, 58(3): 415-427.

Teramura, A. H., & Sullivan, J. H. (1994). Effects of UV-B
radiation on photosynthesis and growth of terrestrial
plants. Photosynthesis Research, 39(3): 463-473.

Tevini, M., & Teramura, A. H. (1989). UV-B effects on
terrestrial plants. Photochemistry and Photobiology,
50(4: 479-487.

Warren, J. M., Bassman, J. H., Fellman, J. K., Mattinson, D.
S., & Eigenbrode, S. (2003). Ultraviolet-B radiation
alters phenolic salicylate and flavonoid composition
of Populus trichocarpa leaves. Tree Physiology,
23(8): 527-535.

Willekens, H., Van Camp, W., Van Montagu, M., Inze, D,
Langebartels, C., & Sandermann Jr, H. (1994).
Ozone, sulfur dioxide, and ultraviolet B have
similar effects on mMRNA accumulation of
antioxidant genes in Nicotiana plumbaginifolia L.
Plant physiology, 106(3): 1007-1014.

Winkel-Shirley, B. (2002). Molecular genetics and control of
anthocyanin expression. Advances in Botanical
Research. 37: 75-94.

Xu, C., Sullivan, J. H., Garrett, W. M., Caperna, T. J., &
Natarajan, S. (2008). Impact of solar ultraviolet-B
on the proteome in soybean lines differing in
flavonoid contents. Phytochemistry, 69(1), 38-48.

Zacchini, M., & de Agazio, M. (2004). Spread of oxidative
damage and antioxidative response through cell
layers of tobacco callus after UV-C treatment. Plant
Physiology and Biochemistry, 42(5): 445-450.

Ziska, L. H., & Teramura, A. H. (1992). CO2 enhancement of
growth and photosynthesis in rice (Oryza sativa):
modification by increased ultraviolet-B radiation.
Plant physiology, 99(2): 473-481.



