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ABSTRACT 

 

Polycyclic aromatic hydrocarbons (PAHs) are a class of 

organic pollutants effecting different aspects of plants 

physiology. To assess the physiological responses of plants to 

PAHs, maize (Zea mays) was treated with 25, 50, 75, and 100 

ppm of pyrene and after 21 days, the activity of some 

antioxidant enzymes, malondialdehyde (MDA), total 

flavonoid, total anthocyanin, and soluble sugar contents were 

measured in shoots and roots of plants. Pyrene led to increase 

MDA content as well as CAT, POD, and SOD activities. 

Increase in pyrene concentration reduced all studied growth 

variables and significantly increased photosynthetic pigments 

contents of plants. Soluble sugar content was significantly 

higher in the shoot, while that was reduced in the roots 

through increasing of pyrene concentration (p < 0.05). Also, 

the increase of pyrene concentration decreased total flavonoid 

content compared to anthocyanin content. In conclusion, these 

findings supported the hypothesis that pyrene toxicity induces 

oxidative stress in the maize plant and it also increases the 

antioxidant systems in order to moderating stress condition. 

However, the antioxidant system of maize was not strong 

enough to eliminate all produced ROS at high concentrations, 

thus this caused oxidative damage to the plant and decreased 

its growth variables. 

 

Key words: PAHs; physiological responses; pollution; 

toxicity 

 

 

 

 

 

 

IZVLEČEK 

   

RASTNI IN ANTIOKSIDACIJSKI ODZIV SEJANK 

KORUZE (Zea mays L.) NA RAZLIČNE 

KONCENTRACIJE PIRENA V NADZOROVANIH 

RAZMERAH 

Policiklični aromatski ogljikovodiki (PAHs) so organska 

onesnažila, ki vplivajo na različne fiziološke procese v 

rastlinah. Za ovrednotenje fiziološkega odziva koruze na 

PAH-e so bile njene sejanke tretirane s 25, 50, 75, in 100 ppm 

pirena, po 21 dneh so bile izmerjene v koreninah in poganjkih 

aktivnost nekaterih antioksidacijskih encimov, vsebnost 

malondialdehida (MDA), celokupnih flavonoidov, 

antocianinov in topnih sladkorjev. Piren je povečal vsebnost 

MDA kot tudi aktivnosti CAT, POD in SOD. Povečanje 

koncentracije pirena je zmanjšalo vse merjene rastne 

parametre in povečalo vsebnost fotosinteznih barvil v 

rastlinah. Vsebnost topnih sladkorjev je bila s povečanjem 

koncentracije pirena značilno večja v poganjkih in manjša v 

koreninah (p < 0.05). Povečanje koncentracije pirena je 

zmanjšalo vsebnost celokupnih flavonoidov v primerjavi z 

antocianini. Zaključimo lahko, da toksičnost pirena inducira v 

rastlinah koruze oksidacijski stres in poveča odziv 

antioksidacijskega sistema na stresne razmere. Kljub temu 

odziv antioksidacijskega sistema koruze ni zadoščal za 

preprečitev tvorbe reaktivnih zvrsti kisika v večjih 

koncentracijah, kar je povzročilo oksidativne poškodbe v 

rastlinah in zmanšalo njihovo rast.  

 

Ključne besede: PAH-i; fiziološki odziv; onesnaženje; 

toksičnost 

 

1 INTRODUCTION 
 
Polycyclic aromatic hydrocarbons (PAHs) are made up 

of only carbon and hydrogen (Gong et al., 2007) and 

comprised of two or more fused benzene cycles (Watts 

et al., 2006; Li et al., 2014). PAHs include a large and 

heterogeneous group of organic contaminants that are 

mainly formed and emitted because of the incomplete 

combustion of organic materials (Lundstedt, 2003). 

PAHs are divided into two groups including low 

molecular mass (LMM) compounds containing 2-3 

rings and high molecular mass (HMM) compounds 
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containing 4-7 rings (Wilson & Jobes, 1993). Pyrene is 

one of the high molecular mass PAH which is made of 

four benzene rings and thus it is determined as one of 

the important pollutants listed in the Environmental 

Protection Agency (Khan et al., 2008). Some PAHs are 

toxic to living organisms and their mutagenic and 

carcinogenic effects are well known. Hence, their fate 

and transport in the environment is of worldwide 

attention (Fuxing et al., 2010). 

 

Plants can uptake PAHs through roots and leaves (Gao 

& Zhu, 2004; Collins et al., 2006), and subsequently can 

transfer them into food chains (Hung & Mackay, 1997). 

A number of factors such as concentration and 

physicochemical properties of the compound, soil type, 

temperature, plant species and stage of ontogenesis, and 

lipid content of plants can influence the rate of PAHs 

uptake by plants (Binet et al., 2000). Indeed, all stages 

of plant growth can be affected by PAHs from 

germination to production (Tomar & Jajoo, 2014). 

PAHs also have harmful effect on plants in terms of 

decrease in photosynthesis and respiration, changes in 

enzyme activities, photosynthetic pigments content 

(Alkio et al., 2005), and injury to membranes by lipid 

oxidation (Branquinho et al., 1997; Chiang et al., 1996). 

Previously, some researchers investigated the effects of 

PAHs on maize plants (Kummerova et al., 2013; Dupuy 

et al., 2015; Liao et al., 2015) and this plant was 

introduced as a good choice for remediation of soil 

contaminated with PAHs (Liao et al., 2015; Kosnar et 

al., 2018). However, while the negative effects of PAHs 

on the plants growth and development is well known, 

but the all aspects of those effects on plants, and the 

precise mechanisms of plants response to PAHs toxicity 

is not completely clear and still remaining ambiguous. 

Accordingly, in this study, the effects of the different 

concentrations of pyrene as one of the abundant PAHs 

in the environment (Wilcke, 2000; Xu et al., 2007) on 

the growth of maize (Zea mays L.) were studied. 

Moreover, the evaluation of the biochemical and 

physiological responses of plants to pyrene toxicity was 

another aim of this study. 

 

 

2 MATERIALS AND METHODS 

 
2.1 The treatment 

In order to prepare different concentrations of pyrene 

(25, 50, 75 and, 100 ppm), the appropriate amount of 

pyrene for each treatments were dissolved in ethanol. 

Then, the solutions were sprayed on sterile perlite in 

pots. Treated perlite was used for plant cultivation after 

evaporation of ethanol for 72 h. 

 

2.2 Experimental design 

Experiments were conducted as pot culture of plants 

under controlled conditions using a completely 

randomized design (CRD) with three replications for 

each treatment. 

 

2.3 Plant culture 

The seeds of maize (Zea mays L. var. single crosses 

704) were obtained of the East Azerbaijan Research and 

Education Centre for Agriculture and Natural Resources 

(Tabriz, Iran) and stored at 4 
°
C until cultivation. 

Appropriate numbers of seeds were selected based on 

their vigor and uniformity, disinfected using 1 % (v/v) 

sodium-hypochlorite solution for 5 minutes, and 

sufficiently washed using sterile distilled water. Then, 

the sterilized seeds were planted in uncontaminated 

(control) and pyrene-contained perlite. After 3 days, all 

germinated seeds were transferred to growth chambers 

with controlled conditions (25-30 
°
C, 16/8 h light/dark 

photoperiod, light intensity of 75 µmol m
-2

s
-1

 provided 

by common day light fluorescent lamps, and relative 

humidity of 60 %) for 3 weeks. The water content of the 

pots was adjusted to 100 % field capacity every two 

days using sterile distilled water. After 4 and 10 days, 

the water of pots was replaced with 50 % and 

100 % Hoagland solution, respectively. 

 

2.4 Harvesting of plants and assays 

The cultivation period of plants was 21 days when the 

PAHs toxicity symptoms such as chlorosis, necrosis, 

and reduced leaf size were observed in plants. 

Biochemical and physiological assays were performed 

using fresh samples before the harvesting of plants. 

After the estimation of shoot height and root length, the 

harvested plants were divided into the roots and shoots. 

The samples were sufficiently washed with water, 

immediately dried on the towel paper, and transferred to 

70 
°
C after determining of the fresh mass. The dry mass 

of samples was measured after 72 h. 

 

2.5 Measurement of photosynthetic pigments 

content 

Photosynthetic pigments content (chlorophyll a, b, total 

chlorophyll, and total carotenoids) was measured 

according to the method of Hartmut (1987). Briefly, a 

quantity of 0.1g of fresh leaf samples was homogenized 

with 5 ml of acetone using a mortar and pestle on ice 

bath. Homogenates were filtered using a number 42 

Whatman filter paper and the absorbance of extracts 

was recorded at 645, 663, and 470 nm by 

Spectrophotometer (Analytic Jena, Specol 1500, 

Germany). 
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2.6 Measurement of total protein content and 

antioxidant enzyme assays 

An amount of 0.1 g of samples was homogenized in ice-

cold phosphate- buffered solution (PBS, 50 mM, 

pH = 7) using mortar and pestle. Homogenates were 

centrifuged at 10000 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), and catalase (CAT).  

 

SOD activity was evaluated by determination of nitro-

blue-tetrazolium (NBT) photoreduction inhibition by 

extracts (Winterbourn et al., 1976). The reaction 

mixture pH (3 ml) contained 2.7 ml sodium phosphate 

solution (1 M, pH = 7.8), 100 µl NBT (1.5 mM), NaCN 

(0.3 mM) EDTA (1 M), 50 µl of riboflavin (0.12 mM) 

and 50 µl of enzyme extract. The mixtures were 

illuminated at light intensity of 75 µmol m
-2

s
-1

 for 12 

minutes and the absorbance of the solutions was 

recorded at 560 nm. The amount of the enzyme causing 

50 % protection of NBT photoreduction was considered 

as one unit and SOD activity expressed as U mg
-1

 

protein.  

 

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 µl of guaiacol (4 mM), 350 µl of phosphate buffer 

(10 mM, pH = 7), 300 µl of H2O2 (50 mM) and 50 µl of 

enzyme extract. The reaction was initiated by adding 

H2O2 to reaction mixture and POD specific activity was 

calculated using the extinction coefficient of 26.6 mM
-1 

cm
-1

 for guaiacol. One unit of POD activity was 

considered as the enzyme amount capable of oxidizing 

1 µM guaiacol to tetraguaiacol per minute and POD 

activity expressed as U mg
-1

 protein.  

 

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 

H2O2 for 3 min. The reaction mixture contained 2.5 ml 

potassium phosphate buffer (50 mM, pH = 7), 1 ml 

H2O2 (10 mM) and 500 µl of enzyme extract. CAT 

specific activity (expressing as U mg
-1

 protein) was 

calculated using the extinction coefficient of 27 M
-1 

cm
-1

 

for H2O2 and one unit of enzyme activity was 

considered as the amount of enzyme necessary for the 

reduction of 1 µM H2O2 per minute. 

 

2.7 Measurement of malondialdehyde content 

(MDA) 

Malondialdehyde (MDA) content measured by a 

method described by Boominathan and Doran (2002). 

Approximately, 0.1 g of samples were homogenized 

with 0.1 % (W/V) trichloroacetic acid (TCA, Merck, 

Germany) and centrifuged for 5 minutes at 10000 g. 

Then, 0.5 ml of supernatants was mixed with 2 ml of 

20 % TCA containing 0.5 % of 2-thiobarbituric acid 

(Merck, Germany) and heated in hot water at 95 °C for 

30 minutes. Mixtures were immediately transferred to 

ice bath and then centrifuged at 10000 g for 15 min. 

Finally, the absorbance of supernatants was recorded at 

532 nm and MDA concentration were calculated 

according to a standard curve prepared using 3,1,1,3-

tetraethoxy propane (0-100 nM) and expressed as μmol 

g
-1

 FM. 

 

2.8 Measurement of total flavonoid and 

anthocyanin contents 

For measurement of total flavonoid, 0.1 g of samples 

was homogenized in methanol 80 % using mortar and 

pestle. Homogenates were centrifuged at 10000 g for 5 

min and then the 500 μl of supernatants, 1.5 ml of 80 % 

methanol, 100 μl of 10 % aluminum chloride solution, 

100 μl of 1 M potassium acetate, and 2.8 ml of distilled 

water were added to 500 μl of each extract. After 40 

minutes, absorbance of the mixture was measured at 

415 nm compared to the control. Quercetin was used for 

the preparation of calibration curve (20-200 mg l
-1

). The 

total flavonoid content of the extract was reported as 

milligram quercetin equivalents (QE) g
-1

 FM (Chang et 

al., 2002). 

 

To measure the total anthocyanin content, 0.02 g of 

dried plant sample was pulverized with 4 ml of 

hydrochloric acid containing 1 % methanol in a 

porcelain mortar. The solution was kept in the 

refrigerator for 24 hours and then, centrifuged for 10 

minutes at 13000 g. The supernatant was removed and 

absorbance of the extract was measured at 530 and 657 

nm against the control (hydrochloric acid containing 

1 % methanol). The anthocyanin content of each extract 

was calculated using the following equation (Mita et al., 

1997). 

A = A530 - (0.25 × A657) 

Where, A is absorbance of the solution (subscripts 

indicate the wavelength at which the absorbance is 

measured). 

 

2.9 Measurement of soluble sugar contents 

The soluble sugar content was determined by the 

phenol-sulfuric acid method (Kochert, 1978). A quantity 

of 5 ml of ethanol (70 %) was added to 50 mg of dry 

sample and incubated in refrigerator for one week. The 

samples were centrifuged at 10000 g for 15 minutes at 

room temperature. Then, 0.5 ml of the plant extract was 

made to 2 ml with distilled water and then 1ml of 5 % 

phenol and 5 ml of concentrated sulfuric acid were 

added. The mixture was vortexed and incubated for 30 

minutes at room temperature. The absorption of solution 
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was recorded at 485 nm, and glucose was used to 

preparation of standard curve. The data were expressed 

as milligram per gram of plant dry mass and showed as 

mg g
-1

 DM in the text. 

 

2.10 Statistical analysis 

All measurements were conducted with three 

replications and data were reported as mean ± standard 

deviation (SD). Data normality was assessed using the 

Kolmogorov-Smirnov test. The data were analyzed 

using GLM procedure by SPSS software (Ver.16) and 

Tukey’s multiple range tests was used for mean 

comparisons at 1 % probability level. SPSS software 

was used to calculate the correlation coefficient 

(Pearson) between characteristics. Microsoft excel 2013 

software was used for the preparation of figures. 

 

 

3 RESULTS  

 
3.1 Growth variables 

The results showed that the increase in pyrene 

concentration significantly reduced all studied growth 

parameters in comparison to the control (p < 0.05) 

(Table 1). Treatment of plants with 100 ppm of pyrene 

led to 73.66 and 74 % reduction in the shoot and root 

length, respectively. In addition, fresh mass of root and 

shoot decreased to 81 and 77 %. Similarly, treatment 

with 100 ppm of pyrene led to 62 and 61.29 % decrease 

in shoot and root dry mass in comparison to the control. 

Although the highest decrease in all growth parameters 

was shown in plants treated with 100 ppm of pyrene, no 

significant difference was seen among plants treated 

with 50, 75, and 100 ppm of pyrene. 

 

Table 1: The effect of concentrations of pyrene on the growth variables of maize 

The data represent the mean of three replications ± SD and similar upper case letters indicates no significant 

difference at p < 0.05. DM: Dry Mass, FM: Fresh Mass. 

 

3.2 Photosynthetic pigments content 

Chlorophyll a content was significantly high in plants 

treated by 50, 75, and 100 ppm of pyrene in comparison 

with the control plants and the highest values of 

chlorophyll a (73.87 and 81.55 %) were observed in 

plants treated by 75 and 100 ppm, respectively 

(p < 0.05). In contrast, all applied levels of pyrene 

significantly decreased chlorophyll b content. Such 

content in the plants treating with 25, 50, 75, and 100 

ppm of pyrene were decreased to 57.70, 74.27, 70.63, 

and 73.74 %, respectively. Moreover, the highest value 

of carotenoids (93.93 %) was observed at 100 ppm of 

pyrene (Fig. 1). 
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Figure 1: The effect of concentrations of pyrene on photosynthetic pigments contents of maize plants. The data 

represent the mean of three replications and error bars indicate SD. The same letters above the bars indicate no 

significant differences (p < 0.05). 

 

3.3 MDA content 

Pyrene had a significant effect on the malondialdehyde 

content. The MDA content increased by the increasing 

of pyrene concentrations (p < 0.05). The highest amount 

was measured in plants treated with 100 ppm of pyrene 

in which MDA contents of shoot and root were 3.6 and 

2.33 times higher than its contents in control, 

respectively (Fig. 2). 

 

 

 

Figure 2: The effect of concentrations of pyrene on malondialdehyde (MDA) content of maize plants. The data 

represent the mean of three replications and error bars indicate SD. The same letters above the bars indicate no 

significant differences (p < 0.05). 

 

3.4 Soluble sugars content 

The results showed that pyrene had significant effect on 

the soluble sugar content in the plant treated (p ˂ 0.05). 

Soluble sugar contents of shoots significantly increased 

in plants treated with 25 and 50 ppm of pyrene 

compared with the control (p ˂ 0.05). There was no 

significant difference between controls and plants 

treated by 75 ppm of pyrene. 100 ppm of pyrene led to 

significant reduction in shoot soluble sugar content 

(p ˂ 0.05). Regarding root soluble sugar content it was 

reduced by increasing of pyrene concentration and 

significantly lower content was observed in plants 

treated by 50, 75 and 100 ppm of pyrene in comparison 

with the control (p ˂ 0.05) (Fig 3). 
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Figure 3: The effect of concentrations of pyrene on soluble sugar contents of maize plants. The data represent the 

mean of three replications and error bars indicate SD. The same letters above the bars indicate no significant 

differences (p < 0.05). 

 

3.5 Activity of antioxidant enzymes 

CAT activity significantly decreased in shoots of plants 

treated by 25 and 50 ppm of pyrene in comparison with 

the control, but there were no significant difference 

between plant treated with 75 and 100 ppm of pyrene 

and control (p ˂ 0.05). In the roots, CAT activity in the 

plants treated by 25, 50, and, 75 ppm of pyrene was 

increased in comparison with the control (Table 2).  

POD activity in shoots of plants treated by different 

concentrations of pyrene was significantly higher 

compared to the control and the highest activity (5.75 

times) was observed in shoots of plants treated by 

75 ppm of pyrene (p ˂ 0.05). Moreover, POD activity in 

root (especially in plants treated by 25 and 50 ppm of 

pyrene) was higher than that in control plants, but there 

was no significant difference in plant treated with 75 

and 100 ppm of pyrene and control (p ˂ 0.05) (Table 2). 

SOD activity in shoot was significantly higher in plants 

treated with different concentrations of pyrene in 

comparison to control (p ˂ 0.05). Plants treated by 75 

ppm of pyrene showed the highest SOD activity in the 

shoots (2.45 times). Such increase in root was observed 

in concentration levels of 25 and 50 ppm, but a decrease 

was observed in concentration of 100 ppm in 

comparison to the control plant. 

 

Table 2: The effect of the concentrations of pyrene on antioxidant enzymes activity (U mg 
-1

 protein) in the shoot 

and root of maize plant 

The data represent the mean of three replications ±SD and similar upper case letters indicates no significant 

difference at p < 0.05. CAT: catalase, POD: peroxidase and SOD: superoxide dismutase. 
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3.6 Total flavonoid and anthocyanin contents 

With increasing pyrene concentration total flavonoids 

content in shoot and root was significantly reduced 

compared to control plants (p ˂ 0.05). However, there 

was no significant difference among plants treated with 

different concentration of pyrene in roots. Treatment of 

plants with pyrene led to an accumulation of 

anthocyanins in roots and shoots. The highest 

anthocyanins content in roots and shoots were observed 

in plants treated with 75 and 25 ppm of pyrene, 

respectively (Table 3). 

 

Table 3: The effect of the concentrations of pyrene on total flavonoid and anthocyanins content (mg EQ g
-1

 FM) in 

the shoot and root of maize plant 

The data represent the mean of three replications ± SD and similar upper case letters indicates no significant 

difference at p < 0.05.  

 

3.7 Correlation analysis 

The analysis of correlation between MDA content and 

POD and SOD activity in shoot and root (at 1 and 5 % 

levels) showed negative correlation coefficient between 

enzymes activities and MDA content. These findings 

indicate that POD and SOD involved in plants 

resistance to oxidative stress are induced by pyrene 

toxicity. Moreover, no correlation was seen between 

CAT activity and MDA content of the shoot and root of 

maize (Table 4). 

 

Table 4: Statistical analysis for correlation between the activity of antioxidant enzyme and MDA content in the shoot 

and root of maize plant. 

Notes: **Correlation is significant at 0.01 levels, *Correlation is significant at 0.05 levels, 
ns

 correlation is not 

significant. 
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 0.002
c
±0.61 0.002

a
 ± 0.292 

 
 0.001

ab
±1.01 0.001

a
±0.270 0 

 0.001
a
±0.80 0.009

b
±0.179 

 
 0.003

ab
±0.99 0.003

b
±0.180 25 

 0.001
b
±0.68 0.004

b
 ± 0.169 

 
 0.005

a
±1.16 0.005

b
±0.178 50 

 0.003
b
±0.76 0.003

c
±0.126   0.001

a
 ± 1.32 0.002

b
±0.186 75 

 0.002
b

 ± 0.73 0.005
c
±0.103 

 
 0.002

c
 ± 0.72 0.004

b
 ± 0.153 100 

MDA Shoot MDA Root CAT Shoot CAT Root POD Shoot POD Root SOD Shoot SOD Root  

1 0.885** 0.047 ns 0.259 ns 0.574*- 0.287 ns   -  0.356 ns 0.685**  -  MDA Shoot 

 1 0.143 ns 0.266 ns  -  0.573*- 0.422 ns  -  0.352 ns 0.579*  -  MDA Root 

  1 0.106 ns   -   0.052 ns  -  - 0.138 ns 0.04 ns   -  0.299ns CAT Shoot 

   1 0.235 ns   -  0.722** 0.118 ns 0.002ns CAT Root 

    1 0.021ns 0.834** 0.372ns POD Shoot 

     1 0.092 ns 0.065ns   -  POD Root  

      1 0.031ns   -  SOD Shoot 

       1 SOD Root 
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4 DISCUSSION 
 

The results of this study showed that pyrene had a 

negative effect on the growth variables of maize plants. 

The results indicated that the growth variables were 

smaller by increasing of the concentrations of pyrene 

compared to the control plant. The reduction of the 

growth variables in the presence of PAHs had been 

reported previously in plants such as wheat (Tomar & 

Jajoo, 2014; Salehi & Deljoo, 2015), maize, pea 

seedlings (Kummerova et al., 2012), and Arabidopsis 

thaliana (L.) Heynh (Liu et al., 2009). Pyrene and 

possibly other compounds of this group by disrupting 

the development and function of the roots in the early 

stages of plant growth are playing an important role in 

mineral nutrition, will disrupt the growth and also 

decrease it. (Dupuy et al., 2016). The main mechanism 

could have been that there was increased sensitivity of 

maize to pyrene as indicated by high concentration of 

MDA with increasing pyrene concentration. This could 

have been caused by disruption in electron 

transportation and elicitation of ROS. Therefore, MDA 

accumulation resulting from oxidative stress and ROS 

accumulation was a reliable marker for determining of 

the negative effect of pyrene on the growth of maize 

plants.  

 

For detoxification a plant would need a protective 

system equipped with enzymatic and non-enzymatic 

mechanisms for scavenging of reactive oxygen species 

(ROS) accumulated under oxidative stress (Alscher et 

al., 1997). Based on the results of the present study, 

CAT, POD, SOD activity, and anthocyanins content 

were increased by the different levels of pyrene leading 

to ROS detoxification and oxidative stress reduction. 

Therefore, these enzymes are important tools involved 

in the ROS detoxification and plant resistance to 

oxidative stress. Also, the analysis of correlation (Table 

4) showed that there are a negative correlation between 

MDA content and POD and SOD activity in the shoot 

(r
2
 = -0.574 & r

2
 = -0.685, respectively) and the root 

(r
2
 = -0.573 & r

2
 = -0.579, respectively) indicating the 

role of these enzymes in ROS detoxification and plant 

resistance to oxidative stress. Moreover, no correlation 

was found between CAT activity and MDA content of 

the shoot and the root of maize (Table 4). Similar results 

were reported for sunflower, alfalfa and wheat plants 

(Salehi-Lisar & Deljoo, 2015).  

 

Photosynthetic pigments content changed in a different 

way by pyrene concentrations. Accordingly, chlorophyll 

a and carotenoids contents were increased and 

chlorophyll b content decreased. High ROS levels can 

decline chlorophyll levels leading to photosynthesis 

decline. Generally, this is result from light harvesting 

complex protein in photosystem II drasticaldamage 

under stress conditions. The chlorophyll b is a part of 

this protein complex,embedded in the chloroplast 

membrane and by the increasing of ROS levels within 

chloroplast its content is reduced by the oxidative stress. 

The destruction rate of chloroplast membrane is also 

increased. Thus, the destruction of protein complex will 

occur under stress and chlorophyll b level will be also 

decreased (Liu et al., 2009; Alberet & Thornber, 1977).  

 

Pyrene had significant influence on soluble sugar 

content (p < 0.05). 25 and 50 ppm of pyrene effectively 

increased the soluble sugar content in the shoots, but the 

increase of pyrene in the roots decreased its content. 

The increased concentration in carbohydrate in shoots 

could be the result of higher concentration of 

anthocyanins and better photosynthesis. The higher 

concentration of anthocyanins in shoots of plants treated 

by pyrene may acts as a protective pigments for 

photosynthesis apparatus, finally leading to increase in 

the soluble sugar content. Reduced level of soluble 

sugars in roots may be due to the low requirement for 

photosynthetic materials due to the reduced growth of 

maize roots (Table 1). In addition, lower carbohydrate 

content in roots can be due to higher consumption of 

energy for resistance to pyrene toxicity. According to 

our results, higher accumulation and degradation rate of 

pyrene was occurring in maize roots (Houshani et al., 

2019). Carbohydrates in plants, in addition to energy 

production, lead to the regulation of various gene 

expressions (Rolland et al., 2006) and may have 

antioxidant activity (Lang-Mladek et al., 2010). 

 

 

5 CONCLUSION 
 

According to the obtained results, similar to other 

PAHs, pyrene especially at higher concentrations had a 

negative effect on growth and chlorophyll content of 

Zea mays. Pyrene induced oxidative stress in maize as 

shown by MDA accumulation in the plant. POD and 

SOD as well as anthocyanins could be an important 

antioxidant system involved in detoxification of ROS 

and plant resistance to pyrene toxicity. Therefore, these 

findings supported this fact that pyrene toxicity induces 

oxidative stress in the maize plant and it also increases 

the antioxidant systems activity in order to moderating 

stress condition. However, the antioxidant system of 

maize was not strong enough to eliminate all produced 

ROS at high concentrations, thus this caused oxidative 

damage to the plant and decreased its growth variables. 
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