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ABSTRACT: Nanoparticles (NPs) are introduced in a growing number of commercial products and their 
production may lead to their release in the environment. To increase knowledge on Zinc oxide nanoparticles 
accumulation and impact on plants, we designed a study on wheat Triticum aestivum L. Plants were 
exposed to ZnO-NPs at several concentrations (10; 50; 100; 500; 1000; 1500; 2000 ppm) for 14 days. ZnO 
nanoparticles were prepared by chemical synthesis method. The crystal structure of the ZnO was 
investigated by using, x-ray diffraction (XRD). This impact have been studied on roots and leaves by 
measuring the plant growth, Oxidative stress biomarkers (CAT) and (APX) activities, Oxidative damage 
indicators such as lipid peroxidation (MDA) and (H2O2) content, as well respiratory energy metabolism was 
examined. Our results highlight a decrease of growth wheat plants and reveals a significantly induction of 
antioxidant enzymatic activities such as CAT and APX. We noted also a lipid peroxidation supported by a 
significant dose-related increase in MDA and H2O2 level and a significant inhibition of respiratory activity. 
Triggering of the endogenous antioxidant system and the inhibition of mitochondrial respiratory activity could 
be explained by the increased enhance production of free radicals causing cellular damage. 
 
Keywords:  Triticum aestivum L., Zinc nanoparticles, Oxidative stress, Phytotoxicity, Respiratory 

metabolism. 

 

INTRODUCTION: 

     Nanotechnology is emerging as a rapidly growing 

field in the 21
st
 century, with its application in science 

and technology for the purpose of manufacturing new 

materials at the nanoscale level (Santhoshkumar et al., 

2014). The various commercial uses of nanomaterials 

for novel applications are increasing exponentially. 

Nanomaterials are extremely small in size and possess 

a large surface area per unit of volume. These novel 

physical characteristics of nanomaterials can result in 

their having drastically different chemical and 

biological properties compared to the same material in 

bulk form (Fu et al, 2014). Nanomaterials are part of a 

commercial revolution that has resulted in an explosion 

of hundreds of new products due to their diverse 

physico-chemical properties, enabling their usage in a 

wide range of innovative applications, including some 

in industry, agriculture, business, medicine, clothing, 

cosmetics, and food (Gonzalez et al, 2008).  

     Several recent studies have evaluated NPs 

phytotoxicity as well as their ecotoxicity (Barrena et 

al., 2009; Guangke et al., 2011). Zinc Oxide 

nanoparticles are one of the most widely present 

nanomaterials in human life. Their antimicrobial 

properties and contribution to mechanical properties of 

final products made them inevitable in food industry, 

medical and dental materials (Zeljezic and Mladinic, 

2014). 

     For these reasons, these NPs will surely be released 

in the environment. The knowledge of their potential 

effects on human health is rapidly increasing, however 

little is known on their potential toxicological effects 

on environment, i.e. destabilization of the ecosystems 

and trophic transfer, but also on their potential transfer 

to the food chain via plant ingestion (Gottschalk et al., 

2009; Mahmoodzadeh et al., 2013). Many people can 

get exposed to nanostructures in a variety of manners 

such as researchers manufacturing the nanostructures. 

Nanoparticles may interact with macromolecules in 

unexpected way inducing adverse health effects 

(Fischer and Chan, 2007).   

     Hence, nanotoxicology a new subdiscipline of 

nanotechnology has emerged. There is a keen interest 

in nanotoxicology research because the processing of 

nanostructures in biological systems could lead to 

unpredictable effects (Oberdorster et al., 2007). 

Concerns over the potential threats of these engineered 

NPs to the biota and ecosystems have led to numerous 

toxicological studies to investigate the negative effects 

of these NPs on various organisms and on water/soil 

quality (Liu et al, 2016). Therefore, understanding the 

interactions of nanomaterials with biological systems is 

a particularly important scientific issue. The toxicity of 

nanomaterials has been studied in different biological 

systems, both in cell line systems and different 

organisms (Fischer and Chan, 2007).   

     Compared to their bulk-size counterparts, 

engineered nanomaterials possess a small size, high 

specific surface area, and high surface reactivity, 

leading to the production of higher levels of ROS 
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(Reactive Oxygen Species). Nevertheless, the amount 

of cellular uptake decreases with the increase in 

particle size (Wang et al., 2010). Biologically relevant 

ROS include superoxide anion radicals, hydroxyl 

radicals, singlet oxygen, and hydrogen peroxide 

(H2O2). Generation of ROS induced by nanomaterials, 

directly or indirectly, plays a vital role in genotoxicity 

(Yin et al., 2012).   

     Oxidative stress is one of several mechanisms 

leading to nanotoxicity. Some nano-metal oxides can 

enhance ROS generation, inducing oxidative stress, 

DNA damage, unregulated cell signaling, and 

eventually leading to changes in cell motility, 

apoptosis, and even carcinogenesis (Valco et al., 2006; 

Amamra et al., 2015). 

Generation of free radicals or reactive oxygen species 

during metabolism and other activities beyond the 

antioxidant capacity of a biological system gives rise to 

oxidative stress (Zima et al., 2001). 

     Indeed, understanding the mechanism of 

nanomaterials induced toxicity is the first defense for 

hazard prevention. Antioxidant plays a crucial rule in 

terminating the oxidative rancidity in food by 

scavenging the free radical which is generated during 

oxidation process (Beltran et al., 2004). Enzymatic 

defenses have evolved to protect against harmful 

biological oxidants. SODs, peroxidases and catalases 

are some of the prominent and extensively studied 

antioxidant enzymes. Also, antioxidants also play an 

important role in preventing/limiting the damage 

caused by ROS (Prior et al., 2005). In addition, metal 

oxide NPs promote reactive oxygen species (ROS) 

generation, which is a predictive chemical marker of 

nanotoxicity and an indicator for evaluating ENP 

phytotoxicity (Adams et al., 2006; Choi and Hu 2008)  

     Wheat is one of the most important staple cereal 

crops that cultivates worldwide due to its highly 

nutritious value and versatility in adaption to a wide 

range of agro climatic conditions (Aggarwal et al, 

2015). Generally, wheat is used for bio-indicator or 

bio-monitor of pollution damage (Weinstein et al., 

1990). Because, they are easy to grow and adaptable to 

environmental stress and can be used for assessment of 

environmental conditions in different habitats (Lee et 

al, 2013). Among plant species, wheat is known as 

metal accumulator and to be translocated well to shoots 

from roots (Tamura et al., 2005). However, the uptake, 

accumulation, and translocation of engineered 

nanoparticles (NPs) by wheat are only few 

investigated.  

     Thus, the aim of this research was to study effects 

of ZnO nanoparticles, on a variety of soft wheat plants 

by study of different Biomarkers of Oxidative stress 

and Oxidative lipid peroxidation in roots and leaves, 

also a respiratory activity was evaluated.  This study 

provides new information on nanoparticles effects on 

plants. This approach enhances our understanding of 

the effects of the ENPs on this plant. 

 

MATERIALS AND METHODS: 
Plant material: The experiments are carried out at 

the Laboratory of Cellular Toxicology of Annaba, 

University, Algeria. Wheat seeds Triticum aestivum L. 

HD 1220 obtained from the Algerian Office Inter 

Cereals (AOIC) El Hadjar Annaba, Algeria, were used 

as plant model to study toxic effects and biological 

responses upon exposure to toxic. 

 

Chemical material characterization and 

suspension: ZnO nanoparticles were synthesized 

according to Sharma et al. (2011) and characterized by 

the XRD patterns obtained utilizing an X-ray diffractor 

using X’Pert PRO (PANalytical) system with Cu 

radiation at wavelength λ=1.5405980 Å at 2θ values 

between 20° and 80°. The synthesized ZnO-NP 

resulted in small particle size which is 30 nm. 

Nanoparticles were first suspended in 18 MΩ deionized 

water through sonication to prevent aggregation. The 

stocks were sonicated for 30 min in a temperature 

controlled sonication bath (150W, 40Hz, 25ºC) (Wang
 

et al, 2016). Various concentrations (0; 10; 50; 100; 

500; 1000; 1500; 2000 ppm) of ZnO nanoparticles 

were prepared.  

 

Seedling culture: Seeds were surface sterilized in 

7% (v/v) sodium hypochlorite (NaCiO) for 15 min, 

thoroughly rinsed with de-ionized water and 

subsequently soaked in same for overnight at 4°C. 

Seeds of the other plant species were then transferred 

to filter papers (90-mm diameter, Whatman No.1) 

placed in Petri dishes (100 mm × 15 mm), that contain 

5ml of each concentration of a test solution, with 10 

seeds per dish and 1 cm or larger distance between 

each seed, and allowed to germinate at 25±1ºC in the 

dark for 48 h.   

At 14th day of ZnO exposure, leaves and roots of 

wheat seedlings were harvested from all the treatments. 

They were rinsed carefully in deionized water and 

pressed gently between blotting paper to remove excess 

water. The seedlings were subsequently used for the 

measurement of various parameters as described 

hereafter.  

 

Plant growth parameters: Total length of root and 

leaves was measured after 14 days of treatment. Roots 

and leaves were separated and used for recording the 

parameters (Tiquia et al., 1996). 

 

Biochemical assay: 

Estimation of lipid peroxidation: Lipid 

peroxidation was measured in terms of 

malondialdehyde (MDA) produced by 2-thiobarbituric 

acid (TBA) as per method given by De Vos et al. 

(1989). leave/root samples from treated and control 

seedlings were homogenized in 5 ml of 10% (w/v) 

trichloroacetic acid (TCA) containing 0.25% (w/v) 2- 

thiobarbituric acid (TBA). The homogenates were 

incubated at 95°C for 30 min and immediately cooled 

in ice bath to stop the reaction. Thereafter, the 

homogenate was centrifuged at 12000 g for 20 min and 

absorbance of the supernatant was taken at 532 and 600 

nm. The amount of MDA produced was determined by 

subtracting the absorbance at 600 nm from that at 532 

nm and using an absorbance coefficient of 155 Mm cm
-

1
 (Kwon et al., 1965). 
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Estimation of H2O2 content: Hydrogen peroxide 

content from treated and untreated (control) wheat 

seedlings were determined according to Velikova et al. 

(2000). Leave /root samples were homogenized in 5.0 

ml of TCA (0.10% (w/v)) in an ice bath and 

centrifuged at 12000 g for 15 min. An aliquot (0.75 ml) 

of supernatant was added to 0.75 ml potassium 

phosphate buffer (10.0 mM pH 7.0) and 1.5 ml 

potassium iodide (1.0 M). H2O2 content was measured 

by taking the absorbance of the mixture at 390 nm and 

using an extinction coefficient of 0.28 mM
-1

cm
-1 

 

Estimation of antioxidant enzymes:  
Extraction of enzymes was described by Loggini et 

al. (1999). Leaves and roots of wheat (1g of fresh 

weight) were homogenized in ice cold 50mM 

phosphate buffer (pH 7.5). The homogenate were 

centrifuged at 12000g for 20 min, and the supernatants 

were used for enzyme activity assays. 

CAT activity was determinated according to 

Cakmak and Horst (1991). The assay mixture (3,0ml) 

consisted of 100μl enzyme extract, 50μl H2O2 

(300mM) and 2.85ml 50mM phosphate buffer 

(pH=7.2). CAT activity was assayed by monitoring the 

decrease in the absorbance at 240 nm as a consequence 

of H2O2 disappearance (ɛ=39. 4mM
-
¹ cm

-
¹). APX 

activity was assayed according to the method of 

Nakano and Asada (1987). The reaction mixture 

consisted of 100μl enzyme extract, 0,5mM ascorbate, 

50mM phosphate buffer (pH=7.2) and 50μl H2O2 

(300mM). The oxidation of ascorbate was determined 

by the change in absorbance at 290 nm (ɛ= 2.8 mM
-

¹cm
-
¹). 

 

Measurement of respiratory activity:  

Respiratory metabolism was assessed by measuring 

the respiratory activity of isolated roots of wheat 

Triticum aestivum L. The respiratory activity was 

monitored using a Clark oxygen electrode (Hansatech 

Ltd, Kinj's Lym, U, K) coupled to a computer. The 

reaction medium contains buffer (10 mM phosphate) at 

pH 7.2 and 0.5 to 1 g of roots. The glass cell, a volume 

adjustable from 1 to 2 ml is thermostated at 25 ° C ± 

0.02°C (Djebar and Djebar, 2000).  

 

Statistical analysis:  

The obtained results are represented by the average 

± Standard Error. Statistical analysis is performed by 

the Student “t” test using data analysis software: 

Minitab (version 16.0) (Dagnelie, et al., 1999). The 

probability were considered significant when *p < 

0.05; very significant when **p < 0.01; and very high 

significant when ***p < 0.001. 

 

RESULTS:  
Structural Properties by XRD:  

 

 
Fig.1. XRD pattern of ZnO nanoparticles. 

 

The peaks pointed out at 2θ values of can be 

associate with (100),(002), (101), (102), (110),(103) 

and (112), respectively, correspond to hexagonal zinc 

item phase of ZnO which are in good agreement with 

the literature values ( JCPDS card no.36-1451).The 

average ZnO nanoparticles size of 30 nm can be 

estimated by Scherrer’s formula (Ganesh et al.,2012). 

D=λ/ (β cosθ), where k = 0.9 ,  λ is the X-ray 

wavelength (1.5405980 Å) , β is the full width at half 

maximum of and θ is the Bragg diffraction angle of the 

diffraction peaks. 

 

 Growth responses of wheat to ZnO: 

 

 
Fig.2. Relative length of roots and leaves Triticum aestivum L. after 14 days of treatment with ZnO nanoparticles.



 
Yahyaoui A., Djebar M.R., Khene L., Bouarroudj T., Kahli H., Bourayou C. 
 

Studia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii 
Vol. 27 issue 4, 2017, pp 271-280 

© 2017 Vasile Goldis University Press (www.studiauniversitatis.ro) 

274 

Results are presented as mean±S.E (Standard 

Error); Significantly different from the control: 

*p<0.05, **p< 0.01, ***p<0.001. 

Total length of root growth of seedling wheat 

exposed to Zinc NPs after 14 day of treatment (fig.2) 

showed a significant decrease in length root treated 

with all concentrations compared to the controls. In 

fact, the root length decreased is in order to (31.68%) 

and (40.59%) for the higher concentrations (1500 ppm 

and 2000 ppm), compared to the controls.  

However, aerial part length of wheat Triticum 

aestivum L. treated with ZnO NPs at the various 

concentrations revealed a decrease in the length of 

leaves plants treated from that of the control after 14 

day of treatment. Indeed, for the highest concentrations 

2000 ppm length of leaves treated is in order to (8.8 

cm) compared to the controls (10.6 cm).  

 

Oxidative stress biomarkers: 

 

 
Fig.3. Catalase activity in roots and leaves after treatment with ZnO nanoparticles on Triticum aestivum L. 

 

Results are presented as mean±S.E (Standard 

Error); significantly different from the control: 

*p<0.05, **p< 0.01, ***p<0.001. 

Figure 3 illustrates a dose-dependent increase of 

CAT activity on wheat plants in the roots and leaves 

treated with different concentrations of ZnO NPs 

compared to the control after 14 days of treatment. The 

level of catalase increased from (0.0101 µM/min/mg of 

proteins) and (0.0061 µM/min/mg of proteins) in 

controls to (0.0446 µM/min/mg of proteins and (0.0334 

µM/min/mg of proteins) in roots and leaves, 

respectively for the concentration 1000 ppm. 

 

 
Fig.4. Ascorbate peroxydase activity in roots and leaves after treatment with ZnO nanoparticles on Triticum aestivum L. 

 

Results are presented as mean±S.E (Standard 

Error); Significantly different from the control: 

*p<0.05, **p< 0.01, ***p<0.001. 

Figure 4 showed the impact of ZnO NPs on 

ascorbate peroxidase activity (APX) in roots and 

leaves. Thus after 14 days of treatment, ascorbic 

activity increase and revealed a significant induction 

particularly for concentration 500 ppm with a level (0. 

0.110 µM/min/mg of proteins) for roots and (0.0501 

µM/min/mg of proteins) for leaves. 

Biochemical assay: 

 

 
Fig.5. Malondialdehyde in roots and leaves after treatment with ZnO nanoparticles on Triticum aestivum L. 
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Results are presented as mean±S.E (Standard Error); 

Significantly different from the control: *p<0.05, **p< 

0.01, ***p<0.001. 

The measurements of MDA level in roots and leaves 

was dose-dependent increased at different 

concentrations of ZnO NPs compared with the controls 

(fig.5). At the highest concentration (2000ppm) in the 

roots, the rate of increased was (6.5727 µM/mg of 

proteins) and at concentration (1500ppm), it was noted 

(9.1971µM/mg of proteins) in leaves. 

 

 
Fig.6. Hydrogen peroxide in roots and leaves after treatment with ZnO nanoparticles on  Triticum aestivum L. 

 

Results are presented as mean±S.E (Standard 

Error); Significantly different from the control: 

*p<0.05, **p< 0.01, ***p<0.001. 

The effects of different concentrations of ZnO 

nanoparticles on the H2O2 content in roots and leaves 

as demonstrated in figure 6. The result revealed a 

significant and dose related increase of H2O2 level 

content in roots and leaves after 14 days of treatment. 

This increase is in order of (5.1584 µM/mg of proteins) 

and (8.5025µM/mg of proteins) for the highest 

concentration 2000 ppm, for roots and leaves 

respectively compared to the controls. 

 

 
Fig. 7. Respiratory activity in roots after treatment with ZnO nanoparticles on Triticum aestivum L. 

 

Results are presented as mean±S.E (Standard 

Error); Significantly different from the control: 

*p<0.05, **p< 0.01, ***p<0.001. 

Figure 7 represents the evolution of oxygen 

consumption in roots after 14 days of ZnO NPs 

treatment. The results indicated a significantly decrease 

on the roots of wheat plants at all concentration of zinc 

oxide nanoparticles compared to the controls. 

 

DISCUSSION: 
     Recent advances in nanotechnology include the 

incorporation of metallic nanoparticles (NPs) into 

diverse industrial, medical, and household products 

(Navarro et al., 2008; Lee et al., 2013). Improper 

handling and disposal of NP-containing wastes could 

result in environmental contamination. NPs have the 

potential for harmful effects on plants (Lin and Xing, 

2007; Dimkpa et al., 2012; Nair et al., 2014; Du et al., 

2015). As an essential nutrient at low concentrations, 

Zn is crucial to several biochemical functions in plants 

such as producing chlorophyll and forming 

carbohydrates. Thus, Zn is the most yield-limiting 

micronutrient in crop global production (Fageria, 

2009). Plants expose huge interfaces to the air and soil 

environment. Thus, persistent NPs with crop plants can 

enter the human food chain (Lee et al., 2013). Hence, 
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plants are one of the entry points of certain pollutants 

into the food chain making it an essential study model 

for hazard and risk assessment (Manier, 2008).  

     In the present study, the growth of plants shows a 

decrease in relative length of roots wheat Triticum 

aestivum L. exposed to ZnO nanoparticles. In fact, 

Mahmoodzadeh et al. (2013) reported that nano-ZnO 

to be one of the most toxic nanoparticles that could 

terminate root growth of test plants (radish, rape, 

ryegrass, lettuce, corn, and cucumber). Our results 

corroborate those of Ren et al. (2011); Landa et al. 

(2012) have also observed an increase at the roots of 

Mung Bean and Arabidopsis thaliana treated with NPs 

Fe2O3, ZnO and TiO2 respectively. 

Indeed, Lin and Xing (2007) account for ZnO NPs 

primarily adhere to the root surface and are observed in 

the apoplast and protoplast spaces in root endodermis.  

     On the other hand, the nanoparticles of ZnO affect 

also negatively the growth of leaves of soft wheat 

plants. These results confirmed by Lee et al. (2010) 

found that a decrease in leaves growth of A. thaliana 

growth under treatment with ZnO, Fe3O4 and SiO2 

NPs.  Similar results were obtained by Lee et al. 

(2008), Wu et al. (2012) and Shi et al. (2011). They 

show that nanoparticles of CuO reduced length leaves 

in terrestrial and aquatic plants. In addition, multiwall 

carbon nanotubes have been found to decrease of 

length leaves in tomato plants (Khodakovskaya et al., 

2011).  

     Plants under the abiotic and biotic stress conditions 

are reported to increase the production of ROS. For 

protection against the toxic effects of ROS, plant cells 

employ antioxidant defence systems, which provide the 

first line of defence toward any kind of oxidative 

toxicity at the cellular level (Gill et al., 2010). 

In order to assess the extent of oxidative stress in NPs 

treated plants, the levels of antioxidant biomarkers 

such as CAT and APX were determined (Faisal et al., 

2013). 

     Catalase is an important enzyme in antioxidant 

defense systems by converting free radicals H2O2 to 

water and oxygen. Therefore, it provides protection 

against oxidative damage to the cell (Bai et al. 1999). 

In this study, CAT enzyme activity was significantly 

increased at all treatment concentrations on roots and 

leaves of wheat plants. Thus Wang et al. (2011) 

reported an increase in CAT activity in roots of 

ryegrass under different concentrations of nano-ZnO.  

     Similar results were recorded by Dimkpa et al. 

(2012); Trujillo-Reyes et al. (2014) in roots and leaves 

to scavenge most of the oxidative stress induced by 

CuO NPs in Triticum aestivum and lettuce treated.  

Furthermore, CAT activity seemed to be a saturated 

pattern at the high doses (1000 and 2000 mg/l) NPs. 

This phenomenon resulted from high dose of NPs that 

produced too much ROS, which exceeded the 

scavenging capacity of CAT, inhibited its activity, and 

produced oxidative damage (Xia et al. 2006; Kim et al. 

2009).  

     According to Willekens et al. (1997) CAT has been 

suggested to scavenge the bulk H2O2, while 

peroxidases can sequester the remaining H2O2. 

Ascorbate peroxidase is specific to plants and algae 

that are indispensable to protect chloroplast and other 

cell organelles from damage by H2O2 and 
•
OH 

(hydroxyl radical) produced from it. These enzymes 

work independently in different parts of the plants to 

break up hydrogen peroxide (Rao et al., 2014). Our 

results demonstrate an increase in ascorbate peroxidase 

activity in the roots and leaves of plants. Those results 

are in line with Iannone et al. (2016) who reported a 

high induction of ascorbate activity caused by 

magnetite NPs in plants of wheat (Triticum aestivum). 

Data regarding, Hernandez-Viezcas et al. (2011); 

Chiahi et al. (2016), determined an increase in the 

peroxidase enzyme level in Velvet mesquite and 

Triticum turgidum ssp. durum under treatment of Zinc 

nanoparticles.  

     In summary, lack of complete scavenging of the 

highly reactive ROS through enhanced APX activity, 

might be one of the crucial factors causing higher 

membrane damages in leaves of nano-copper stressed 

barley seedlings Hordeum vulgare L. (Shaw et al, 

2014). 

     Malondialdehyde (MDA) is an important lipid 

peroxidation product when plant is in stress conditions 

of aging or injured. Its content is closely related to 

plant senescence and stress injury. The extent of the 

damage of plants membrane system and plant 

resistance can be known by measuring the MDA level 

of lipid peroxidation (Arbona et al., 2008; Hossain et 

al., 2009). Under our experimental conditions, MDA 

levels significantly increased in nano-stressed on roots 

and leaves suggesting higher membrane damage. This 

observation is in agreement with Rico et al. (2013) 

which highlight impact of CeO2 NPs on rice seeds.   

     Our results are in concomitant with Rao et al. 

(2014); Salah et al. (2015) as observed when Brassica 

juncea and Oryza sativa L. have showed greater level 

of MDA contents in roots and leaves under nano-ZnO 

stress. In addition, MDA levels of Zea mays L. roots 

treated by Fe2O3 NPs were higher than that observed in 

the control plants (Li et al., 2016) 

     Antioxidant enzymes have long been considered as 

the first line of defense against ROS generation, 

however, their actions need to be complemented by 

that of other ROS scavenging systems during severe 

stress conditions (Apel and Hirt, 2004). In this work, it 

was noted a significant level of H2O2 content in roots 

and leaves, although imply triggering of the antioxidant 

system which was not sufficient to scavenge the excess 

H2O2 generated in response to nano stress. A similar 

trend was enhanced CAT and APX activity with 

concomitant increases in H2O2 levels have been 

reported in leaves of rice seedlings subjected to nano-

CuO stress (Shaw and Hossain, 2013). This result is in 

agreement with Zhao et al. (2012) observed H2O2 

accumulation in maize exposed to CeO2 nanoparticles, 

despite the increase in catalase and ascorbate 

peroxidase activities. Moreover, Alayat (2015) also 

recorded a significant increase in H2O2 level on 

different genotype of wheat plants Triticum durum, 

Triticum aestivum and barley Hordeum vulgare under 

treatment with Cd and Cr bulk.  

     An important mechanism of nanotoxicity is the 

generation of reactive oxygen species (ROS), resulting 
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in the subsequent formation of oxidative stress in 

tissues (Gonzalez et al., 2008). It has been seen that 

lipid peroxidation is the essential and primary indicator 

for the oxidative stress while the induction of ROS may 

also depends on the mitochondria dysfunction 

(Yamamoto et al., 2002, 2003).  In the present study, 

roots on wheat plants show a significant decrease in the 

rate of oxygen consumption correlated with an 

inhibition of the respiratory metabolism in 

mitochondrial chain. Bouchlaghem et al. (2011), 

explains the inhibition of respiration, by the 

disturbance of mitochondrial oxidative phosphorylation 

due to the effects of metallic dust, tested on mosses and 

lichens. Our results corroborate the work of Zouainia et 

al. (2016), which showed inhibition of mitochondrial 

respiratory activity in Elodea canadensis planes treated 

with cadmium and zinc bulk. 

     NPs may interfered with the components of the cell, 

which may collapse the plasma-membrane potential 

and de-activate energy-dependent reactions, leading to 

depletion of the levels of intracellular ATP-ion 

transport and even metabolite sequestration (Su et al., 

2009). Consequently, this interferes with the electron 

flow through the respiratory chain, giving rise to the 

generation of ROS causing damage to the cellular 

macromolecules (Lapresta-Fernàndez et al., 2012). 

 

CONCLUSION: 
     In conclusion, as the technological benefits of 

nanotechnology begin to rapidly move from laboratory 

to large-scale industrial production, the nanomaterials 

are used in all various applications. In this work, the 

results demonstrated that nanoparticles of ZnO 

disturbed some morphological, enzymatic parameters 

and in particular the energetic parameters of soft wheat 

plants Triticum aestivum L. We recorded a decrease in 

the length of the roots and leaves of the plants of soft 

wheat. Moreover an induction in antioxidant enzymes 

system CAT, APX which scavenges residual free 

radicals and increase in product of lipid peroxidation 

MDA and H2O2 content, followed by a decrease of 

respiratory activity in roots and leaves of wheat plants, 

     Hence, these results could be explained by the 

triggering of the antioxidant system caused by a 

production of ROS. Due to their small size, the NPs 

were able to cross the root walls and tended to 

accumulate thereafter, translocated to the leaves and 

caused morphological damage and enzymatic 

disturbances enhanced through a peroxidation of the 

membrane phospholipids following thus the presence 

of the free radicals. 

Our study could help us better understand how NPs 

impact crop from the aspects of the physiological and 

biochemical levels and provide the useful information 

for the hazards NPs into the environment. 

 

REFERENCES: 

Adams LK, Lyon DY, Alvarez PJ, Comparative 

ecotoxicity of nanoscale TiO2, SiO2, and ZnO 

water suspensions. Water Res, 40, 3527–3532, 

2006. 

Aggarwal A, Ezakib B, Tripathi BN, Two 

detoxification mechanisms by external malate 

detoxification and anti-peroxidation enzymes 

cooperatively confer aluminum tolerance in the 

roots of wheat (Triticum aestivum L.). Environ 

Exp Bot, 120, 43–54,. 2015. 

Alayat A,  Etude de l’impact toxicologique de certains 

agents chimiques sur la qualité des céréales : 

Cas du blé et de l’orge. PhD Thesis. Badji 

Mokhtar University., pp: 266, 2015. 

Amamra R, Djebar MR, Grara N, Moumeni W,  

Otmani H,  Alayat A, Berrebbah H, 

Cypermethrin-Induces Oxidative Stress to the 

Freshwater Ciliate Model: Paramecium 

tetraurelia. Annual Research & Review in 

Biology, 5(5): 385–399, 2015. 

Apel K, Hirt H, Reactive oxygen species: metabolism, 

oxidative stress and signal transduction. Ann 

Rev Plant Biol, 55, 373–399, 2004. 

Arbona V, Hossain Z, López-Climent MF, Pérez-

Clemente RM, Gómez-Cadenas A, Antioxidant 

enzymatic activity is linked to waterlogging 

stress toler- ance in citrus. Physiol Plant, 132(4), 

452–466, 2008. 

Barrena R, Casals E, Colόn J, Font X, Sánchez A, 

Puntes V, Evaluation of ecotoxicity of model 

nanoparticles. Chemosphere, 75, 850–857, 

2009. 

Bai J, Rodriguez AM, Melendez JA, Cederbaum AI, 

Overexpression of catalase in cytosolic or 

mitochondrial compartment protects HepG2 

cells against oxidative injury. J Biol Chem, 274, 

26217–26224, 1999. 

Beltran E, Pla R, Yuste J, Mor-Mur M, Use of 

antioxidants to minimize rancidity in 

pressurized and cooked chicken slurries. Meat 

Sci, 66(3), 719–725, 2004. 

Bouchelaghem S, Djebar-Berrebbah H, Djebar MR, 

The impact of dust emits by the steel complex 

of El Hadjar (ANNABA) on two biological 

models: Mousses and lichens African Journal of 

Biotechnology, 10(18), 3574–3578, 2011. 

Cakmak I, Horst JH,  Effects of aluminum on lipid 

peroxidation, superoxide dismutase, catalase, 

and peroxidase activities in root tips of soybean 

(Glycine max). Physiologia Plantarum, 83, 463–

468, 1991. 

Chiahi N,  Bouloudenine M,  Daira NH,  Guerfi N , 

Brinis L, L’impact des nanoparticules ZnO sur 

les paramètres physiologiques et biochimiques 

chez le blé dur (Triticum turgidum ssp. durum). 

Journal of new sciences Agriculture and 

Biotechnology, 27(12), 1549–1558, 2016. 

Choi O, Hu Z,  Size dependent and reactive oxygen 

species related nanosilver toxicity to nitrifying 

bacteria. Environ Sci Toxicol, 42, 4583–4588, 

2008. 

Dagnelie P, and Bruxelles, De Boeck, Statistiques 

théoriques et appliquées. Tome 2 : références 

statistiques à une et à deux dimensions. 

Bruxelles, Boeck and Larcier University, 1999.   

De Vos CHR, Vooijs R, Schat H, Ernst WHO, Copper 

induced damage to the permeability barrier in 

roots of Silene cucubalus. J Plant Physiol, 135, 

164–179, 1989.   



 
Yahyaoui A., Djebar M.R., Khene L., Bouarroudj T., Kahli H., Bourayou C. 
 

Studia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii 
Vol. 27 issue 4, 2017, pp 271-280 

© 2017 Vasile Goldis University Press (www.studiauniversitatis.ro) 

278 

Dimkpa CO, McLean JE, Latta DE, Manangon E, Britt 

DW, Johnson WP, Boyanov MI, Anderson AJ, 

CuO and ZnO nanoparticles: phytotoxicity, 

metal speciation and induction of oxidative 

stress in sand-grown wheat. J Nanopart Res, 14 

(9), 1125–1140, 2012. 

Djebar MR, Djebar H, Bioénergétique : mitochondries 

végétales. Synthèse, Publication de l’Université 

Annaba - Algérie, 8,  23–25, 2000. 

Du W, Gardea-Torresdey J, Ji R, Yin Y, Zhu J, Peralta-

Videa J, Guo H, Physiological and biochemical 

changes imposed by CeO2 nanoparticles on 

wheat: a life cycle field study. Environ Sci 

Technol, 49 (19), 11884–11893, 2015. 

Fageria NK, The use of nutrients in crop plants. Boca 

Raton, FL, CRC Press, 2009. 

Faisal M, Saquib Q, Alatar AA, Al-Khedhairy AA, 

Hegazy AK, Musarrat J, Phytotoxic hazards of 

NiO-nanoparticles in tomato: A study on 

mechanism of cell death. J Hazard Mater, 250–

251, 318-332, 2013. 

Fischer HC, Chan WC, Nanotoxicity: the growing need 

for in vivo study. Curr Opin Biotechnol, 18, 

565–571, 2007. 

Fu PP, Xia Q, Hwang HM, Ray PC, Yu H, 

Mechanisms of nanotoxicity: generation of 

reactive oxygen species. J Food Drug Anal, 

22(1), 64–75, 2014. 

Gill SS, Tuteja N, Reactive oxygen species and 

antioxidant machinery in abiotic stress tolerance 

in crop plants. Plant Physiol Biochem, 48, 909–

930, 2010. 

Gonzalez L, Lison D, Kirsch-Volders M, Genotoxicity 

of engineered nanomaterials: a critical review. 

Nanotoxicology, 2, 252–273, 2008. 

Gottschalk F, Sonderer TW, Scholz R, Nowack B, 

Modeled Environmental Concentrations of 

Engineered Nanomaterials (TiO2, ZnO, Ag, 

CNT, Fullerenes) for Different Regions. 

Environ Sci Technol, 43(24), 9216–9222, 2009. 

Guangke L, Jing N, Nan S, Assessing the phytotoxicity 

of different particle-size aged refuse using Zea 

mays L. bioassays. Chemosphere, 74, 106–111, 

2011. 

Hernandez-Viezcas JA, Castillo-Michel H, Servin AD, 

Peralta-Videa JR., Gardea Torresdey JL, 

Spectroscopic verification of zinc absorption 

and distribution in the desert plant Prosopis 

njuliflora-velutia (velvet mesquite) treated with 

ZnO nanoparticles. Chemical Engineering 

Journal Elsevier B.V, 170,  346–352, 2011. 

Hossain Z, Lopez-Climent MF, Arbona V, Perez-

Clemente RM, Gomez-Cadenas A, Modulation 

of the antioxidant system in Citrus under 

waterlogging and subsequent drainage. J Plant 

Physiol, 166 (13), 1391–1404, 2009. 

Iannone MF, Groppa MD, de Sousa ML, Fernández 

van Raap MB, Benavides MP, Impact of 

magnetite iron oxide nanoparticles on wheat 

(Triticum aestivum L.) development: evaluation 

of oxidative damage. Environ Exp Bot, 131, 77–

88, 2016. 

Khodakovskaya MV, Silva K, Nedosekin DA, Dervishi 

E, Biris AS, Shashkov EV, Galanzha EI, Zharov 

VP, Complex genetic, photothermal, and 

photoacoustic analysis of nanoparticle-plant 

interactions. Proc Natl Acad Sci. USA, 108, 

1028–1033, 2011. 

Kim S, Baek J, Song Y, Sin M, Lee IS, 

Characterization and phytotoxicity of Zn, Zn 

oxide nanoparticles. Kor Soc Environ Eng, 31, 

1129–1134, 2009. 

Kwon TW, Menzel DB, Olcott HS, Reactivity of 

malondialdehyde with food constituents. J Food 

Sci, 30, 808–813, 1965.   

Landa P, Vankova R, Andrlova J, Hodek J, Marsik P, 

Storchova H, White JC, Vanek T, Journal of 

Hazardous Materials, 241– 242, 55–62, 2012. 

Lapresta-Fernández A, Fernández A, Blasco J, 

Nanoecotoxicity effects of engineered silver and 

gold nanoparticles in aquatic organisms. Trends 

Anal Chem, 32, 40–58, 2012. 

Lee CW, Mahendra S, Zodrow K, Li D, Tsai YC., 

Braam J, Alvarez PJJ,  Developmental 

phytotoxicity of metal oxide nanoparticles to 

Arabidopsis thaliana. Environ Toxicol Chem, 

29, 669–675, 2010. 

Lee S, Chung H, Kim S, Lee I, The genotoxic effect of 

ZnO and CuO nanoparticles on early growth of 

buckwheat Fagopyrum esculentum. Water Air 

Soil Pollution, 224, 1668–1678, 2013. 

Lee WM, An YJ, Yoon H, Kweon HS, Toxicity and 

bioavailability of copper nanoparticles to the 

terrestrial plants mung bean (Phaseolus 

radiates) and wheat (Triticum aestivum): plant 

agar test for waterinsoluble nanoparticles. 

Environ Toxicol Chem, 27, 1915–1921, 2008. 

Li J, Hu J, Ma C, Wang Y, Wu C, Huang J, Xing B, 

Uptake, translocation and physiological effects 

of magnetic iron oxide (γ-Fe2O3) nanoparticles 

in corn (Zea mays L.). Chemosphere,159, 326–

334, 2016. 

Lin D, Xing B, Phytotoxicity of nanoparticles: 

inhibition of seed germination and root growth. 

Environmental Pollution, 150, 243–250, 2007. 

Liu R, Zhang H, Lal R, Effects of stabilized 

nanoparticles of copper, zinc, manganese, and 

iron oxides in low concentrations on lettuce 

(Lactuca sativa) seed germination: 

nanotoxicants or nanonutrients?  Water Air Soil 

Pollut, 227, 42–54, 2016. 

Loggini B, Scartazza A, Burgnoli E, Navari-Izzo F. 

Antioxidative defence system, pigment 

composition and photosynthetic efficiency in 

two wheat cultivars subjected to drought. Plant 

Physiology, 119, 1091–1100, 1999. 

Mahmoodzadeh H, Aghili R,  Nabavi M, Physiological 

effects of TiO2 nanoparticles on wheat (Triticum 

aestivum). Tech J Engin & App Sci, 3 (14), 

1365–1370, 2013. 

Manier N, Etude d'un nouveau modèle biologique 

végétal (Trifolium repens) en écotoxicologie, 

applicable aux sols contaminés par les métaux 

lourds. PhD Thesis, Lille University, pp 313, 

2008.



 
Assessment of exposure wheat Triticum aestivum L. to zinc oxide nanoparticles (ZNO): Evaluation of oxidative damage 

 

Studia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii 
Vol. 27 issue 4, 2017, pp 271-280 
© 2017 Vasile Goldis University Press (www.studiauniversitatis.ro) 

279 

Nair PM, Kim S, Chung IM, Copper oxide nanoparticle 

toxicity in mung bean (vigna radiata L.) 

seedlings: physiological and molecular level 

responses of in vitro grown plants. Acta Physiol 

Plant, 36 (11), 2947–2958, 2014. 

Nakano Y, Asada K, Purification of ascorbate 

peroxidase in spinach chloroplasts; Its 

inactivation in ascorbate depleted medium and 

reactivation by monodehydroascorbate radical. 

Plant Cell Physiol, 28, 131–140, 1987. 

Navarro E, Baun A, Behra R, Hartmann NB, Filser J, 

Miao AJ, Quigg A, Santschi PH, Sigg L, 

Environmental behavior and ecotoxicity of 

engineered nanoparticles to algae, plants, and 

fungi. Ecotoxicology, 17, 372–386, 2008. 

Oberdorster G, Stone V, Donaldson K, Toxicology of 

nanoparticles: a historical perspective. 

Nanotoxicology, 1, 2-25. 2007.  

Patil GE, Kajale DD, Gaikwad VB, Jain GH, 

Preparation andcharacterization of SnO2 

nanoparticles byhydrothermal route. 

International Nano Letters, 2: 21, 2012. 

Prior RL, Wu X, Schaich K, Standardized methods for 

the determination of antioxidant capacity and 

phenolics in foods and dietary supplements. J 

Agric Food Chem, 53, 4290–4302, 2005. 

Rao S, Shekhawat GS,  Toxicity of ZnO Engineered 

Nanoparticles and Evaluation of Their Effect on 

Growth, Metabolism and Tissue Specific 

Accumulation in Brassica juncea. J  Environ 

Chem Eng, 2, 105–114, 2014.  

Ren HX, Liu L, Liu C, He SY, Huang J, Li JL, Zhang 

Y, Huang XJ, Gu N, Physiological Investigation 

of Magnetic Iron Oxide Nanoparticles Towards 

Chinese Mung Bean. J Biomed Nanotechnol, 7, 

677–684, 2011. 

Rico CM., Hong J, Morales MI, Zhao L, Barrios AC, 

Zhang JY, Peralta-Videa JR, Gardea-Torresdey 

JL, Effect of cerium oxide nanoparticles on rice: 

a study involving the antioxidant defense 

system and in vivo fluorescence imag- ing. 

Environ. Sci Technol, 47 (11), 5635–5642, 

2013. 

Salah SM, Yajing G, Dongdong C, Jie L, Aamir N, 

Qijuan H, Weimin H, Mingyu N, Jin H, Seed 

priming with polyethylene glycol regulating the 

physiological and molecular mechanism in rice 

(Oryza sativa L.) under nano-ZnO stress. Sci 

Rep, 5, 14278, 2015. 

Santhoshkumar T, Rahuman AA, Jayaseelan C, 

Rajakumar G, Marimuthu S, K irthi AV, Kim 

SK, Green synthesis of titanium dioxide 

nanoparticles using Psidium guajava extract and 

its antibacterial and antioxidant properties. 

Asian Pac J Trop Med, 7 (12), 968–976, 2014. 

Sharma D. Sharma S, Kaitha BS, Rajputa J, Kaurb M, 

Synthesis of ZnO nanoparticles using surfactant 

free in-air and microwavemethod. Appl Surf 

Sci, 257, 9661–9672, 2011. 

Shaw AK, Ghosh S, Kalaji HM, Bosa K, Brestic M, 

Zivcak M, Hossain Z, Nano-CuO stress induced 

modulation of antioxidative defense and 

photosynthetic performance of Syria barley 

(Hordeum vulgare L.). Environ Exp Bot, 102, 

37–47, 2014. 

Shaw AK, Hossain Z, Impact of nano-CuO stress on 

rice (Oryza sativa L.) seedlings. Chemosphere,  

93, 906–915, 2013. 

Shi J, Abid AD,  Kennedy IM, Hristova KR,  Silk WK, 

To duckweeds (Landoltia punctate), 

nanoparticulate copper oxide is more inhibitory 

than the solublecopper in the bulk solution, 

Environ Pollut, 159 (5),  1277–1282, 2011. 

Su HL, Chou CC, Hung DJ, Lin SH, Pao IC, Lin JH, 

Huang FL, Dong RX, Lin JJ, The disruption of 

bacterial membrane integrity through ROS 

generation induced by nanohybrids of silver and 

clay. Biomaterials, 30, 5979–5987, 2009. 

Tamura H, Honda M, Sato T, Kamachi H, Pb 

hyperaccumulation and tolerance in common 

buckwheat (Fagopyrim esculentum Moench). J 

Plant Res, 118, 355–359, 2005. 

Tiquia MS, Tam NFY,  Hodgkiss IJ,  Effects of 

composting on phytotoxicity of spent pig-

manure sawdust litter, Environ Pollut, 93, 249–

256, 1996. 

Trujillo-reyes J, Majumdar S, Botez CE, Peralta JR, 

Gardea JL, Exposure studies of core-shell 

Fe/Fe3O4and Cu/CuO NPs to lettuce (Lactuca 

sativa) plants: Are they a potential physiological 

and nutritional hazard? J Hazard Mater, 267, 

255–263, 2014. 

Valko M, Rhodes CJ, Moncol J, Izakovic M, Mazur M, 

Free radicals, metals and antioxidants in 

oxidative stress-induced cancer. Chem Biol 

Interact, 160, 1–40, 2006. 

Velikova V, Yordanov I, Edreva A, Oxidative stress 

and some antioxidant systems in acid rain-

treated bean plants. Plant Sci, 151, 59–66, 2000.  

Wang H, Kou X, Pei Z, Xiao JQ, Shan X, Xing B, 

Physiological effects of magnetite (Fe3O4) 

nanoparticles on perennial ryegrass (Lolium 

perenne L.) and pumpkin (Cucurbita mixta) 

plants. Nanotoxicology, 5, 30–42, 2011. 

Wang SH, Lee CW, Chiou A, Wei PK, Size-dependent 

endocytosis of gold nanoparticles studied by 

three dimensional mapping of plasmonic 

scattering images. J Nanobiotechnol, 8, 33–45, 

2010. 

Wang Z, Wang S,  Peijnenburg WJ,   Prediction of 

joint algal toxicity of nano-CeO2/nano-TiO2 and 

florfenicol: Independent action surpasses 

concentration addition. Chemosphere, 156, 8–

13,  2016. 

Weinstein LH, Laurence JA, Mandle RH, Wälti K, Use 

of native and cultivated plants as bioindicator 

and biomonitor of pollution damage. In Wang et 

al. (eds) Plants of toxicity assessment: ASTM 

STP1091, American society for testing and 

materials, Philadelphia, pp 117–126, 1990. 

Willekens H, Chamnongpol S, Davey M, Schraudner 

M, Langebartels C, VanMontagu M, Inzé D, 

Van Camp W, Catalase is a sink for H2O2 and is 

indispensable for stress defence in C-3 plants. 

EMBO J. 16, 4806–4816, 1997. 



 
Yahyaoui A., Djebar M.R., Khene L., Bouarroudj T., Kahli H., Bourayou C. 
 

Studia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii 
Vol. 27 issue 4, 2017, pp 271-280 

© 2017 Vasile Goldis University Press (www.studiauniversitatis.ro) 

280 

Wu SG, Huang L, Head J, Chen DR, Kong IC, Tang 

YJ, Phytotoxicity of metaloxide nanoparticles is 

related to both dissolved metal ions and 

adsorption of particles on seed surfaces. Pet 

Environ Biotechnol, 3 (4), 126, 2012. 

Xia T, Kovochich M, Brant J, Hotze M, Sempf J, 

Oberley T, Sioutas C, Yeh JI, Weisner MR, Nel 

AE, Comparison of the abilities of ambient and 

manufactured nanoparticles to induce cellular 

toxicity according to an oxidative stress 

paradigm. Nano Lett, 6, 1794–1807, 2006. 

Yamamoto Y, Kobayashi Y, Devi SR, Rikiishi S, 

Matsumoto H, Aluminum toxicity is associated 

with mitochondrial dysfunction and the 

production of reactive oxygen species in plant 

cells. Plant Physiol, 128, 63–72, 2002.   

Yamamoto Y, Kobayashi Y, Devi SR, Rikiishi S, 

Matsumoto H, Oxidative stress triggered by 

aluminum in plant roots. Plant Soil,  255, 239–

243, 2003.  

Yin JJ, Zhao B, Xia Q, Fu PP,  Electron spins 

resonance spectroscopy for studying the 

generation and scavenging of reactive oxygen 

species by nanomaterials. In: Liang X-J, editor. 

Nanopharmaceuticals: the potential application 

of nanomaterials. Singapore: World Scientific 

Publishing Company, pp 375–400, 2012. 

Zeljezic D, Mladinic M,  Subacute effect of ZnO 

nanoparticles on primary damage DNA 

induction with emphasis on structural integrity 

and copy-number of TP53 gene. Toxicology 

Letters 229S, S240–S252, 2014. 

Zhao L, Peng B, Hernandez-Viezcas JA, Rico C, Sun 

Y, Peralta-Videa JR, Tang X, Niu G, Jin L, 

Varela-Ramirez A, Zhang JY, Gardea-

Torresdey JL, Stress response and tolerance of 

Zea mays to CeO2 nanoparticles: cross talk 

among H2O2, heat shock protein, and lipid 

peroxidation. ACS Nano,  6, 9615–9622,  2012. 

Zima TS, Fialova L, Mestek O, Janebova M, Crkovska 

J, Malbohan I, Stípek S, Mikulíková L, Popov 

P, Oxidative stress, metabolism of ethanol and 

alcoholrelated diseases. J Biomed Sci, 8, 59–70, 

2001 

Zouainia S , Djebar MR,  Sbartai H,  Cherait A,  Khene 

L, Kahli H,  Berrebbah H, Toxicological impact 

assessement of cadmium on aquatic 

macrophyte: elodea canadensis. Studia 

Universitatis “Vasile Goldiş”, Seria Ştiinţele 

Vieţii,26 (3), 375–380, 2016. 

 

 


