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Abstract: Cellular energy allocation (CEA) test was performed in order to 
investigate the effects and costs of bare carbon nanotubes (CNTs) and CNTs in 
combination with titanium dioxide nanoparticles (CNTs/TiO2-NPs) on Glyphodes 
pyloalis Walker after 24, 48 and 72 hours of exposure to 100, 200, 300, 400 and 
500 ppm of the treatments. Results showed the negative correlation between total 
lipid amounts and concentrations of treatments (i.e. CNTs and CNTs/TiO2-NPs) as 
well as exposure time. Contrary to CNTs treatments, carbohydrate contents were 
affected by both of CNTs/TiO2-NPs concentration and time of exposure. Results 
showed that the effect of bare CNTs in the enhancement of glycogen content 
appeared significantly faster than that of CNTs/TiO2-NPs. Increasing time of 
exposure to all concentrations of CNTs, except for 100 ppm, prevented 
enhancement of protein content. The effect of bare CNTs on the reduction of 
protein contents was faster and greater than that of CNTs/TiO2-NPs. The results 
indicated that G. pyloalis cannot regulate internal CNTs and CNTs/TiO2-NPs 
concentrations efficiently without considerable impact on the energy reserves (Ea). 
The comparison of energy consumed (Ec) in treated larvae showed that 
CNTs/TiO2-NPs reflected the higher energy demand of the stress response than 
CNTs. Generally, CEA was significantly decreased as the concentration of CNTs 
treatments increased. More reduction in CEA amount of all treatments by 
CNTs/TiO2-NPs than that of the control is also probably considered as a cost to 
deal with detoxification when the concentration increased and at all the tested time 
points. Therefore, CEA test might be considered as an early biochemical 
biomarker for assessing immediate response of organisms after acute exposure to 
stressors and thus could be applied to risk assessment of nanomaterials. 
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without regard to their environmental impacts 
have led to paying attention to the fate of 
nanomaterials in nature. Attention to the 
production and application of synthetic 
nanomaterials in the various fields such as 
agriculture and food has increased in recent 
years (Adana, Fen, Dergisi, and Tunçsoy, 2018; 
Gottschalk and Nowack, 2011; Kah et al., 2016). 
Different properties and effects of synthetic 
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nanomaterials compared to the same materials in 
bulk, can pose new health risks to humans and 
environment. It needs to be examined how 
defense mechanisms of organisms would be able 
to respond adequately to these engineered 
particles which may have characteristics never 
encountered before (Elsaesser and Howard, 
2012; Schwirn and Völker, 2016). Following the 
publication of last virgin of guidance on the risk 
assessment of the application of nanosciences 
and nanotechnologies in the food and feed chain 
for human and animal health by European Food 
Safety Authority (EFSA)’s Scientific 
Committee; the hope is that comprehensive 
knowledge will be available on environmental 
effects of nanoparticles (Hardy et al., 2011; 
Hardy et al., 2018).  

CNTs are tubes made of carbon with 
diameters ranging from below 1 nm to 10 s of 
nm. Certain properties of these nanoparticles, 
such as cost-effective, light-weight and high 
surface area make them particularly suitable for 
a wide range of industrial applications 
(Venkataraman et al., 2019). Generally, CNTs 
surface modifications which is caused by 
oxidation or treatment with surfactants to 
facilitate their aqueous solution could increase 
possible environmental exposures to these 
nanoparticles (Venkataraman et al., 2019). In a 
similar way in the environment, some natural 
coatings could increase the dispersability of 
CNTs in aquatic solutions by covering the 
hydrophobic surface (Jackson et al., 2013). 
Different ecotoxicological studies showed that 
exposure to CNTs led to oxidative stress, 
induced reactive oxygen species (ROS) 
production and also reduction in levels of 
intracellular ATP.  

Titanium dioxide (TiO2) as one of the most 
important transition metal oxides has potential 
application for environmental photocatalysis 
purifications. (Rodríguez et al., 2017). Our 
previous studies showed that TiO2-NPs could 
have lethal and sub lethal effects on G. pyloalis 
which are related to the treatment concentration 
and length of exposure time to each 
concentration (Memarizadeh et al., 2014a and 
2014b). Combination of TiO2-NPs with CNTs 

could form hybrid structure with enhanced 
photocatalytic activities compared with bare 
TiO2-NPs (Nguyen et al., 2014). The role of 
CNTs in mentioned combination is providing a 
large surface area support and also outstanding 
charge transfer abilities for TiO2-NPs as a 
photocatalytic catalyst (Nguyen et al., 2014). 

The vast majority of the nano-
ecotoxicological studies have focused on the 
toxicity of the bare form of CNTs in aqueous or 
algal ecosystems. However, in nature, CNTs 
due to very strong adsorption affinity, most 
commonly are found in the conjunction with 
various contaminants (Schwirn and Völker, 
2016; Jang and Hwang, 2018). Therefore, the 
interactions of CNTs with other hazardous 
compounds (such as toxic metals) can influence 
the behavior of toxic materials in the 
environment. Although the mechanisms of this 
issue has not been fully elucidated but the 
effects of interaction of CNTs with other 
pollutants on the behavior and toxicity of both 
CNTs and the other pollutants should be studied 
(Abega et al., 2019).  

Biochemical biomarkers were utilized to 
determine the possible risks for human and 
ecological exposures to the nanoparticles. It is an 
important and challenging issue to know and 
determine the behavior of biochemical 
biomarkers in the exposure to combination of 
CNTs and TiO2-NPs. Furthermore, it is essential 
to pay more attention to adverse effects of 
nanoparticles on insect species. The mechanisms 
by which organisms control the possibly 
extrinsic stressors can be studied from different 
aspects. For instance, the energy reserves 
available for metabolism (Ea) which is the total 
amount of energy acquired from available total 
lipid, total protein, glucose and glycogen content 
in addition to the energy consumption (Ec) 
which is the activity of electron transport system 
which can be measured by altering enzyme 
production in an organism (De Coen and 
Janssen, 1997) can be used as early indicators of 
the metabolic conditions (Rueda-Jasso et al., 
2004). Cellular energy allocation (CEA) that is 
calculated by dividing Ea by Ec, is a fast test for 
the energy budget measurement of organisms 
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(Widdows and Donkin, 1992; De Coen and 
Janssen, 1997; Verslycke et al., 2004; Bagheri et 
al., 2010). Memarizadeh et al. (2014a) using 
CEA test surveyd the pollution potential of TiO2-
NPs on ecological health of G. pyloalis. Changes 
in the energy budget indicated the TiO2-NPs as a 
toxic stress agent on the mentioned insect 
(Memarizadeh et al., 2014). Świątek and 
Bednarska (2019) used CEA as an early 
biomarker to survey the effects and costs of 
different forms and concentrations of Zn on the 
earthworm Eisenia andrei Bouché (Świątek and 
Bednarska, 2019). 

The aim of this study is to present an early 
biochemical indicator using CEA test in order 
to make a risk assessment of bare CNTs and 
also CNTs in combination with TiO2-NPs on 
the newly-ecdysed fifth instar larvae of G. 
pyloalis. 
 
Materials and Methods 
 
Insects 
As mentioned in our previous works 
(Memarizadeh et al., 2014a, b), mass rearing of 
G. pyloalis in the vicinity of Rasht, Iran was 
carried out in the laboratory under controlled 
conditions. Newly-ecdysed fifth instar larvae of 
G. pyloalis were used for sublethal experiments 
afterrearing at least two generations of G. 
pyloalis under laboratory conditions. 
 
Synthesis of CNTs/TiO2-NPs 
According to previous studies (Memarizadeh et 
al., 2014a, b), TiO2 nanoparticles were prepared 
by hydrolyzing titanium isopropoxide (Trung et 
al., 2003). CNTs/TiO2 nanocomposites were 
produced according to method of Li et al. 
(2011) utilizing sodium dodecylbenzesulfonate 
(NaDDBS) as the CNTs surface functionalizing 
agent. 
 
Treatments 
The newly-ecdysed fifth instar larvae of G. 
pyloalis were treated with different concentrations 
of CNTs and CNTs/TiO2-NPs suspensions (0, 
100, 200, 300, 400 and 500 mg/L). Over 72 h 
after treatments, representative samples were 

taken from surviving larvae. The collected 
samples were placed in a freezer at -20 °C until 
biochemical assays were performed. 
 
Preparation of samples 
Preparation of treated larvae, in order to assess 
the amount of energy reserves (i.e. total lipid 
and glycogen), was performed according to 
Yuval et al. (1998) method. Homogenization 
and preparation of samples for electron 
transport system (ETS) assay was performed 
through method of Verslycke et al. (2004).  

As mentioned in our previous work 
(Memarizadeh et al., 2014a), measurement of 
the energy budget, cellular energy allocation 
(CEA), was assayed using the method described 
by Van Handel and Day (1988) with minor 
modifications.  

CEA was calculated by determination of 
total energy reserves as energy available (Ea) in 
an insect body and the activity of electron 
transport system (ETS) as energy consumption 
(Ec) according to the following formula: 
Ea = Σ (total lipid, carbohydrate, glycogen and 
total protein) (joule/insect);  
Ec = ETS activity (joule/insect); 
CEA = Ea/Ec. 
 
Determination of the amount of total lipid 
Measurement of total lipid of treated larvae 
compared to the control using Vanillin reagent 
was carried out as described in our previous 
work (Memarizadeh et al., 2014a). Standard 
curve for lipid assay was plotted using 
cholesterol as the standard (Yuval et al., 1998). 
 
Determination of the amount of total 
carbohydrate 
Total carbohydrate in each individual larvae, 
using anthrone reagent as explained in detail in 
the previous work (Memarizadeh et al., 2014a), 
was calculated from standard curve using 
maltose as standard (Yuval et al., 1998). 
 
Determination of the protein content 
Protein concentration was estimated according to 
the Bradford (1976) method, using bovine serum 
albumin as the standard (Bradford, 1976). 
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Calculation of energy reserves 
To calculate energy reserves, different 
components of energy reserves should be 
transformed to energetic equivalents which 
consisted of 17.5 j mg-1 glycogen and 
carbohydrate, 24 j mg-1protein and 39.5 j mg-1 
lipid (Gnaiger, 1983). 
 
Determination and calculation of energy 
consumed 
Energy consumed (Ec) of samples was calculated 
by amount of formazan formed based on an 
extinction coefficient of 15,900M-1cm-1. From a 
theoretical point of view, formation of 2 µl 
formazan will use 1 µmol of O2 and the quantity of 
consumed oxygen was transformed into energetic 
equivalents (484 kJ/mol O2) (Gnaiger, 1983). 

Statistical analyses 
Three replicates were conducted for all the 
biochemical assays and data were subjected 
to analysis of variance (ANOVA) and mean 
comparison performed in a split-plot in time 
design (combined analysis). Statistical 
analyses were performed at P = 0.05 by 
Tukey’s test using the SAS software (SAS 
Institute, 2011).  
 
Results 
 
In this study effect of bare CNTs in addition to 
synthesized CNTs/TiO2-NPs was surveyed on 
the G. pyloalis‘s energy budget. Transmission 
electron microscope (TEM) image of 
CNTs/TiO2-NPs is shown in the Fig. 1. 

 

 
 

Figure 1 TEM image of synthesized CNTs/TiO2-NPs. The structure of synthetic nanoparticles is resulting the 
bond of carbon nanotubes (CNTs) to TiO2 nanoparticles (TiO2-NPs). The hybrid structure, CNTs provide the 
essential surface needed to bind TiO2-NPs in a specific way that can be seen in the TEM image. This bond 
enhances the special properties of TiO2 nanoparticles such as photocatalytic activities. The structure of bare 
CNTs can be seen in the TEM image. 
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Comparison of the amount of lipid in treated 
larvae by specified value of CNTs showed that 
unlike the control, the amount of lipid 
significantly decreased in the case of all 
concentrations of CNTs by increasing treatment 
time (Fig. 2). Although the highest amount of 
lipid was observed for control (36 joule/larvae) 
after 72 h, the lowest amount (4 joule/larvae) was 
calculated in the larvae treated with 500 ppm of 

CNTs for the same period of time (Fig. 2). As 
shown in the Fig. 2 lipid levels of treated larvae 
by specified value of CNTs/TiO2-NPs had a 
similar trend to CNTs. This means that reduction 
of lipid in treated larvae occurs by increasing 
concentration level and treatment time. The only 
difference that can be noted is a greater reduction 
of lipid in the larvae treated with CNTs/TiO2-NPs 
than in those treated with CNTs (Fig. 2). 

 

 
 

Figure 2 Average energy equivalents of lipids in Glyphodes pyloalis; 24, 48 and 72 hours after treatment with 
different concentrations of (A) CNTs, and (B) CNTs/TiO2-NPs.  
Means followed by similar letters showed no significant difference from each other by Tukey’s test (P < 0.05). 
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Amount of carbohydrate content in the 
treated larvae by each tested concentrations of 
CNTs, like the control, was not affected by 
increasing time of exposure (Fig. 3A). Results 
showed that amount of carbohydrate contents of 
larvae treated with all concentrations of CNTs 
significantly decreased compared to the control. 
However, the effect of different treatments of 
CNTs (i.e. 100-500 ppm) was similar in the 

reduction of carbohydrate contents (Fig. 3A). 
Results also showed that in the case of 
CNTs/TiO2-NPs treatments, carbohydrate 
contents were affected by both concentration 
and time of exposure to treatments, except for 
500 ppm (Fig. 3 B). Unlike CNTs, carbohydrate 
content significantly increased with increase in 
time of exposure to different concentrations of 
CNTs/TiO2-NPs, except for 500 ppm (Fig. 3 B). 

 

 
 
Figure 3 Average energy equivalents of carbohydrate in Glyphodes pyloalis; 24, 48 and 72 hours after treatment 
with different concentrations of (A) CNTs, and (B) CNTs/TiO2-NPs. 
Means followed by similar letters showed no significant difference from each other by Tukey’s test (P < 0.05). 
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Glycogen content of the treated larvae with 
100, 200 and 500 ppm of CNTs, like the 
control, showed significant increase after 48 h. 
However, in the case of 300 and 400 ppm 
concentrations, this significant increase was 
shown after 72 h (Fig. 4 A). It should be noted 
that glycogen content after 24 h treatment with 
500 ppm of CNTs was significantly lower than 
those of 100, 200 and 300 ppm (Fig. 4A). 

Results of treatments by CNTs/TiO2-NPs 
showed that glycogen content significantly 
increased after 72 h except for 300 ppm. 
Generally, results showed that effect of CNTs 
which was coupled to TiO2-NPs appeared later 
than that of bare CNTs (Fig. 4). This result may 
indicate a faster effect of bare CNTs on the 
glycogen content of treated larvae than that of 
CNTs/TiO2-NPs. 

 

 
Figure 4 Average energy equivalent of Glycogen in Glyphodes pyloalis; 24, 48 and 72 hours after treatment 
with different concentrations of (A) CNTs, and (B) CNTs/TiO2-NPs. 
Means followed by similar letters showed no significant difference from each other by Tukey’s test (P < 0.05). 
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Effect of different concentrations of CNTs 
appears in the form of a decrease in the 
amount of protein content of fifth instar larvae 
of G. pyloalis. So, after 24 h of exposure to 
each concentration, protein content 
significantly decreased (Fig. 5). Furthermore, 
all tested concentrations of CNTs, except for 
100 ppm, prevented normal increase in protein 
content up to 72 h of exposure (Fig. 5). The 
amount of protein content in the fifth instar 
larvae of G. pyloalis when exposed to 

CNTs/TiO2-NPs showed different trend to that 
of CNTs (Fig. 5). After 72 h of treatment with 
all concentrations of CNTs/TiO2-NPs, the 
protein content significantly decreased. 
Furthermore, it should be noted that the level 
of total protein in the exposure to pure CNTs 
was less than that in the exposure to CNTs in 
combination with TiO2-NPs (Fig. 5). This 
result showed that the effect of bare CNTs on 
the protein contents is faster and greater than 
that of CNTs/TiO2-NPs (Fig. 5).  

 

 
Figure 5 Average energy equivalent of protein in Glyphodes pyloalis; 24, 48 and 72 hours after treatment with 
different concentrations of (A) CNTs, and (B) CNTs/TiO2-NPs. 
Means followed by similar letters showed no significant difference from each other by Tukey’s test (P < 0.05). 



Memarizadeh and Sharifi ___________________________________________ J. Crop Prot. (2020) Vol. 9 (4) 

659 

Reserve energy was calculated by summation 
of total carbohydrate, glycogen, lipids and protein 
contents (Fig. 6). Ea for untreated larvae (control) 
and 100 and 200 ppm concentrations significantly 
increased as time of exposure increased (Fig. 6). 
However, using concentrations of 300 and 
400ppm of CNTs, Ea significantly decreased after 
48 h rather than 24 h and then increased after 72 h 
of treatment (Fig. 6). Generally, results showed 
that, except for 500 ppm, time of exposure to 
other tested concentrations of CNTs could affect 
the reserve energy of the fifth instar larvae of G. 
pyloalis. The lowest amount of Ea was recorded 

for larvae treated with 500 ppm of CNTs (Fig. 6). 
In general, CNTs/TiO2-NPs treatments 
significantly decreased Ea compared to the 
control in all three time points of exposure (Fig. 
6). At 100 ppm of CNTs/TiO2-NPs Ea 
significantly increased from 24 h to 72 h showing 
the same trend as the control. On the contrary at 
200, 300, 400 ppm of CNTs/TiO2-NPs, Ea 
significantly decreased from 24 h to 72 h of 
treatment (Fig. 6). The lowest amount of Ea was 
calculated in the exposure to 400 and 500 ppm of 
CNTs/TiO2-NPs after 48 h and 24 h, respectively 
(Fig. 6). 

 

 
Figure 6 Average energy equivalent of energy reserves (Ea) in Glyphodes pyloalis; 24, 48 and 72 hours after 
treatment with different concentrations of (A) CNTs, and (B) CNTs/TiO2-NPs. 
Means followed by similar letters showed no significant difference from each other by Tukey’s test (P < 0.05). 
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Energy consumption (Ec) during the exposure 
times was calculated based on the mitochondrial 
ETS activity and the results pertaining to the CNTs 
and CNTs/TiO2-NPs treatments are presented in 
the Fig. 7. Results showed that by increasing time 
of exposure to 100 ppm of CNTs, from 24 to 72 h, 
Ec of the fifth instar larvae of G. pyloalis 
significantly decreased compared to the control 
(Fig. 7). There was no significant difference 
between Ec of larvae larvae treated with 200 and 
300 ppm of CNTs and Ec of the control in all three 
time points of treatments. However, using 400 ppm 
of CNTs, Ec was significantly decreased after 72 h 
compared to the control. Significant reduction of 

Ec compared to the control was also recorded after 
24, 48 and 72 h of treatment with 500 ppm of 
CNTs (Fig. 7). Comparison of CNTs/TiO2-NPs 
treatments with the control at each time point 
showed that Ec significantly increased at all three 
time points of the exposure to the concentrations of 
100 and 200 ppm. Furthermore, after 24 h of 
exposure to 200 and 300 ppm of CNTs/TiO2-NPs 
Ec increased more than that of the control. 
However, 24 h of exposure, to 500 ppm of 
CNTs/TiO2-NPs significantly decreased Ec 
compared to the control (Fig. 7). The highest 
amount of Ec was recorded after 24 h of treatment 
with 100 and 200 ppm of CNTs/TiO2-NPs (Fig. 7). 

 

 
 
Figure 7 Average energy equivalent of energy consumed (Ec) in Glyphodes pyloalis; 24, 48 and 72 hours after 
treatment with different concentrations of (A) CNTs, and (B) CNTs/TiO2-NPs. 
Means followed by similar letters showed no significant difference from each other by Tukey’s test (P < 0.05). 
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Results also showed that contrary to Ec, 
generally CEA was significantly decreased as the 
concentration of CNTs treatments increased (Fig. 
8). CEA was not affected by 100 ppm of CNTs 
after 24 h. However, under treatment with other 
concentrations of CNTs (i.e. 200, 300, 400 and 
500 ppm) CEA significantly decreased compared 
to the control in all three time points (Fig. 8). 
Interestingly results showed that the reduction of 
CEA amounts of treated larvae at each time point 
of exposure to CNTs is in a dose response related 

manner (Fig. 8). As shown in Fig. 8, there was 
very significant reduction in CEA amount of all 
treatments with CNTs/TiO2-NPs compared to the 
control. Among different concentrations there was 
significant enhancement in CEA amount just after 
72 h treatment with 100 and 500 ppm of 
CNTs/TiO2-NPs (Fig. 8). Hence, there was no 
significant difference between CEA amount of 
treated larvae at concentrations of 200, 300 and 
400 ppm of CNTs/TiO2-NPs in all three time 
points (Fig. 8). 

 

 
Figure 8 Average energy equivalent of cellular energy allocation (CEA) in Glyphodes pyloalis; 24, 48 and 72 
hours after treatment with different concentrations of (A) CNTs, and (B) CNTs/TiO2-NPs. 
Means followed by similar letters showed no significant difference from each other by Tukey’s test (P < 0.05). 
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Analysis of variance (split plot in time) 
showed that generally the amount of protein, 
lipid, glycogen, Ec, Ea and CEA in treated 
larvae were significantly affected by: (1) 
concentrations of treatments, (2) kind of 
treatments (3) time of exposure to the 
treatments, (4) interplay effect of concentration 
and exposure time and (5) interplay effect of 
concentration, exposure time and kind of 
treatments. This means that the effect of CNTs 
concentrations on the amount of lipid, 
glycogen, carbohydrate, protein, Ec, Ea and 
CEA is correlated to the length of exposure 
time. Furthermore, analysis of variance showed 
that the effect of CNTs/TiO2-NPs on the 
amount of lipid, glycogen, carbohydrate, 
protein, Ec, Ea in treated larvae is similar to 
those of CNTs treatments and affected by the 
length of exposure time. 
 
Discussion 
 
Nowadays with growing application of 
nanotechnology in various fields, mainly food 
and feed industries, risk assessment of possible 
side effects of applied nanotechnology is 
inevitable (Li et al., 2019). Toxicity of CNTs is 
specified by its composition, geometry and 
surface functionalization. So, moderate dosages 
of CNTs without significant functionalization 
has shown significant toxicity to human or 
animal cell lines (Venkataraman et al., 2019). 

The reduction of total lipid in the exposure 
to CNTs in a dose response related manner can 
be due to increase in the levels of lipid 
peroxidation. This is one of the results of the 
oxidative stress which arises from generation of 
reactive oxygen species (ROS) and free radicals 
in the exposure to CNTs. On the other hand, the 
reduction of lipid can be justified by 
consumption of lipids as the first energy source 
during exposure to the environmental 
contaminations (De Coen and Janssen, 1997; 
Novais et al., 2013; Amorim et al., 2012). The 
same trend of reduction of total lipid in the 
exposure to CNTs/TiO2-NPs is justified by the 
mentioned reasons. It is worth noting that our 
previous study on the toxicity of bare TiO2-NPs 

showed the role of these nanoparticles in the 
reduction of lipid content (Memarizadeh et al., 
2014a). Thus, more inhibitory effect of 
CNTs/TiO2-NPs on lipid production can be 
correlated to the effect of TiO2 nanoparticles 
that are added to CNTs.  

Once again by reduction of carbohydrate 
content in a dose response related manner in the 
exposure to both CNTs and CNTs/TiO2-NPs; 
the possibility of consumption of the reserved 
energy sources proves to be as the cost of 
detoxification of these nanoparticles by 
organism.  

Świątek and Bednarska (2019) pointed out a 
decrease in carbohydrate content in the 
earthworm E. andrei, exposed to Zn-NPs 
(Świątek and Bednarska, 2019). Khalil (2015), 
reported a decrease in carbohydrate content in 
the guts of Pheretima hawayana Rosa 
earthworms exposed to TiO2-NPs (Khalil, 2015).  

Lipids in particular along with 
carbohydrates are highly efficient and 
preferred storage components rather than 
protein substrates to be mobilized under toxic 
stress (Smolders et al., 2003). 

There was no specific trend in the case of 
glycogen content in the larvae exposed to CNTs 
and also to CNTs/TiO2-NPs. Hence, increase of 
tested concentrations of nanoparticles, contrary 
to lipid and carbohydrate contents, couldn’t 
effect to glycogen content in a dose response 
related manner. It should be noted that under 
the influence of CNTs/TiO2-NPs, impact on the 
glycogen content occurred more intensely than 
that of CNTs and in less time of exposure. This 
result indicated the effect of TiO2 nanoparticles 
on the physiology of treated insects when CNTs 
coupled to TiO2 nanoparticles were used 
(Memarizadeh et al., 2014a). Holmstrup et al. 
(2011) reported decrease of glycogen content in 
Dendrobaena octaedra Savigny earthworms by 
increase in the concentrations of Ni, Al, and Zn 
treatments after specific time of exposure 
(Holmstrup et al., 2011). 

Comparison of protein content of larvae 
treated with CNTs and CNTs/TiO2-NPs showed 
that protein content was affected by bare CNTs 
more than that by CNTs conjugated to TiO2 
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nanoparticles. Since in the case of treatments by 
bare CNTs, larvae were treated with higher 
concentrations of CNTs than that of 
CNTs/TiO2-NPs treatments; it could be 
concluded that CNTs causes further disruption 
by protein content. Oxidation of proteins can be 
one of the toxicity mechanisms of 
nanoparticles. Furthermore, nanoparticles by 
penetrating through the exoskeleton of insects 
and entering the intracellular spaces bind to 
sulfur from proteins which leads to the rapid 
denaturation of organelles and enzymes (Rai et 
al., 2014). Similarly, Fouad et al. (2018) 
observed significantly decreased levels of total 
protein in Aedes albopictus Skuse and Culex 
pipiens Pallens when exposed to Ag-NPs. 
Proteins as fundamental components can 
participate in the metabolism only during 
extreme energy deficiency. Therefore, 
metabolic compensation is performed by 
elevated protein turnover under stress 
conditions (Sokolova et al., 2012). 

Interruption of energy transduction is 
considered as one of the toxicity mechanisms of 
nanoparticles. The reduction of energy reserves 
could be due to decreased food consumption 
and/or increased metabolic activity (De Coen 
and Janssen, 2003; Novais et al., 2013). 
Significant effects on the components of the 
energetic budget also could be caused by 
influence of nanoparticles (Novais et al., 2013). 
The increase in the available energy reserves 
according to increase of exposure time which 
was shown in treatments with 100 and   200 ppm 
of CNTs, similar to the control, was mainly due 
to increased glycogen levels. Such an increase 
has been also  observed for Enchytraeus albidus 
Henle exposed for 8 days to three different 
pesticides (dimethoate,  atrazine, and 
carbendazim) and also E. andrei after exposure 
to zinc-NPs due to increased lipid and protein 
levels (Świątek and Bednarska, 2019; Novais et 
al., 2013). In the present study, similar trend of 
changes in available energy reserves levels to the 
control was observed only for 100 and 200 ppm 
of CNTs treatments. And in the case of other 
treatments there wasn’t specific manner over 
three time points of treatments. However, In the 

case of treatments by CNTs coupled with TiO2 
nanoparticles (CNTs/TiO2-NPs), all 
concentrations except for 100 ppm showed 
completely different behavior compared to the 
control over three time points of treatments. 
These results once again showed the effect of 
TiO2 nanoparticles on the total energy budget of 
organism (Memarizadeh et al., 2014a). Świątek 
and Bednarska (2019) showed that there were no 
differences in carbohydrate, protein, and lipid 
levels and Ea for any of the applied treatments 
and for any of time points of exposure to ZnO-
NP except for 500 ppm, indicating that none of 
the toxicants had significant effects on the 
components of the energetic budget (Świątek 
and Bednarska, 2019). 

An increase in Ec that was observed in all 
concentrations of CNTs/TiO2-NPs and all three 
time points of exposure except for higher 
concentration (i.e. 500 ppm) in comparison to 
the control, showed that the uptake, distribution 
and excretion of excess CNTs conjugated to 
TiO2 can increase the energetic cost. 
Comparison between CNTs and CNTs/TiO2-
NPs treatments showed that CNTs alone 
couldn't increase the energetic cost in the trend 
which was observed for CNTs/TiO2-NPs 
treatments. Our last study on the impacts of 
TiO2 nanoparticles on the fifth instar larvae of 
G. pyloalis confirmed the high effect of these 
nanoparticles on the increase of Ec as an 
energetic cost (Memarizadeh et al., 2014a). 
Although no differences in Ec were reported in 
the earthworm E. andrei after exposure to zinc 
in nanoparticle and ionic form in the 
contamination phase; but a significantly 
increased Ec just for 500 ppm of ZnCl2, 
indicated a strong effect of this treatment on 
earthworm metabolism even after completion of 
exposure (Świątek and Bednarska, 2019).  

Amount of CEA under influence of CNTs 
was reduced in a dose response related manner 
compared to the control in all three time points 
of treatment. Negative correlation between 
CNTs concentrations and the net energy budget 
indicated that energy was spent to overcome the 
toxicity of CNTs and thus there will be less 
energy available for other physiological 
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functions (Novais et al., 2013). However, under 
influence of CNTs/TiO2-NPs, despite the sharp 
decline in CEA values for all concentrations, 
except for the lower concentration of treatments, 
there weren't significant reductions in CEA from 
48 h to 72 h of treatment. This means that 48 h is 
a sufficient time for incidence significant effects 
of CNTs/TiO2-NPs on the energy budget of 
organism. Reduced energy budget resulted in the 
extra energy requirements for detoxification 
(Amorim et al., 2012).  

Results of present study showed that the 
energy metabolism rate of G. pyloalis was 
affected by CNTs and also in particular by 
CNTs/TiO2-NPs. Thus, energy reserves were 
reduced and mitochondrial electron transport 
system activity changed due to increased 
cellular respiration. Consequently, using CEA 
test as an early indicator and by indirect 
measurement of possibility of an organism’s 
survival, the toxic effects of CNTs and CNTs 
when coupled to other nanoparticles such as 
TiO2 could be foreseen could be detected. 
 
Acknowledgements 
 
The authors would like to thank Iranian Research 
Institute of Plant Protection, Agricultural 
Research, Education and Extension Organization 
(AREEO) for their support of this project. 
 
References 
 
Abega, A. V., Ngomo, H. M., Nongwe, I., 

Mukaya, H. E., Kouoh Sone, P. M. A. and 
Mbianda, X. Y. 2019. Easy and convenient 
synthesis of CNT/TiO2 nanohybrid by in-
surface oxidation of Ti 3+ ions and 
application in the photocatalytic degradation 
of organic contaminants in water. Synthetic 
Metals, 251: 1-14.  

Adana, A., Fen, B., Dergisi, B. and Tunçsoy, B. 
S. 2018. Toxicity of nanoparticles on 
insects: A review. Environmental Science 
and Pollution Research, 1: 49-61.  

Amorim, M. J. B., Gomes, S. I. L., Soares, A. M. 
V. M. and Scott-Fordsmand, J. J. 2012. 
Energy basal levels and allocation among 

lipids, proteins, and carbohydrates in 
Enchytraeus albidus: changes related to 
exposure to Cu salt and Cu nanoparticles. 
Water, Air, and Soil Pollution, 223: 477-482. 

Bagheri, F., Talebi, K. and Hosseininaveh, V. 
2010. Cellular energy allocation of pistachio 
green stink bug, Brachynema germari Kol. 
(Hemiptera.: Pentatomidae) in relation to 
juvenoid pyriproxyfen. African Journal of 
Biotechnology, 9: 5746-5753. 

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: 248-254. 

De Coen, W. M. and Janssen, C. R. 1997. The 
use of biomarkers in Daphnia magna 
toxicity testing. IV. Cellular energy 
allocation: a new methodology to assess the 
energy budget of toxicant-stressed Daphnia 
populations. Journal of Aquatic Ecosystem 
Stress and Recovery, 6: 43-55. 

De Coen, W. M. and Janssen, C. R. 2003. The 
missing biomarker link: Relationships between 
effects on the cellular energy allocation 
biomarker of toxicant-stressed Daphnia magna 
and corresponding population characteristics. 
Environmental Toxicology and Chemistry: An 
International Journal, 22: 1632-1641. 

Elsaesser, A. and Howard, C. V. 2012. 
Toxicology of nanoparticles. Advanced 
Drug Delivery Reviews, 64: 129-137. 

Fouad, H., Hongjie, L., Hosni, D., Wei, J., 
Abbas, G., Ga’al, H. and Jianchu, M. 2018. 
Controlling Aedes albopictus and Culex 
pipiens pallens using silver nanoparticles 
synthesized from aqueous extract of Cassia 
fistula fruit pulp and its mode of action. 
Artificial Cells, Nanomedicine, and 
Biotechnology, 46: 558-567. 

Gnaiger, E. 1983. Calculation of energetic and 
biochemical equivalents of respiratory oxygen 
consumption. In: Gnaiger, E. and Forstner, H. 
(Eds.), Polarographic Oxygen Sensors. 
Polarographic Oxygen Sensors, Springer-
Verlag, Berlin, Germany, pp. 337-345. 

Gottschalk, F. and Nowack, B. 2011. The 
release of engineered nanomaterials to the 



Memarizadeh and Sharifi ___________________________________________ J. Crop Prot. (2020) Vol. 9 (4) 

665 

environment. Journal of Environmental 
Monitoring, 13: 1145-1155. 

Hardy, A., Benford, D., Halldorsson, T., Jeger, M. 
J., Knutsen, H. K., More, S., Naegeli, G. D., 
Oomen, A., Weigel, S., Karamitrou, M., 
Schoonjans, R. and Mortensen, A. 2011. 
Guidance on the risk assessment of the 
application of nanoscience and 
nanotechnologies in the food and feed chain1. 
EFSA Journal, 16: 1-36.  

Hardy, A., Benford, D., Halldorsson, T., Jeger M. 
J., Knutsen, H. K., More, S., Naegeli, G. D., 
Oomen, A., Weigel, S., Karamitrou, M., 
Schoonjans, R. and Mortensen, A. 2018. 
Guidance on risk assessment of the application 
of nanoscience and nanotechnologies in the 
food and feed chain: Part 1, human and animal 
health. EFSA Journal, 16: 5327.  

Holmstrup, M., Sorensen, J. G., Overgaard, J., 
Bayley, M., Bindesbol, A. M., Slotsbo, S. 
and Labouriau, R. 2011. Body metal 
concentrations and glycogen reserves in 
earthworms (Dendrobaena octaedra) from 
contaminated and uncontaminated forest 
soil. Environmental Pollution, 159: 190-197. 

Jackson, P., Jacobsen, N. R., Baun, A., 
Birkedal, R., Kühnel, D., Jensen, K. A. and 
Wallin, H. 2013. Bioaccumulation and 
ecotoxicity of carbon nanotubes. Chemistry 
Central Journal, 7: 1-21.  

Jang, M. and Hwang, Y. S. 2018. Effects of 
functionalized multi-walled carbon nanotubes 
on toxicity and bioaccumulation of lead in 
Daphnia magna. Plos One, 13:1-13.  

Kah, M., Weniger, A. K. and Hofmann, T. 
2016. Impacts of (Nano) formulations on the 
Fate of an Insecticide in Soil and 
Consequences for Environmental Exposure 
Assessment. Environmental Science and 
Technology, 50: 10960-10967.  

Khalil, A. M. 2015. Neurotoxicity and 
biochemical responses in the earthworm 
Pheretima hawayana exposed to TiO2-NPs. 
Ecotoxicology and Environmental Safety, 
122: 455-461. 

Li, L., Xu, Z., Kah, M., Lin, D. and Filser, J. 
2019. Nanopesticides: A comprehensive 
assessment of environmental risk is needed 

before widespread agricultural application. 
Environmental Science and Technology, 53: 
7923-7924.  

Li, Z., Gao, B., Chen, G. Z., Mokaya, R., 
Sotiropoulos, S. and Li, P. G. 2011. Carbon 
nanotube/titanium dioxide (CNT/TiO2) core-
shell nanocomposites with tailored shell 
thickness, CNT content and photocatalytic/ 
photoelectrocatalytic properties. Applied 
Catalysis B: Environmental, 110: 50-57.  

Memarizadeh, N., Ghadamyari, M., Adeli, M. 
and Talebi-jahromi, K. 2014a. Cellular 
energy allocation of Glyphodes pyloalis 
(Lep.: Pyralidae): changes related to 
exposure to TiO2 nanoparticles. Journal of 
Entomological Society of Iran, 33: 43-54. 

Memarizadeh, N, Ghadamyari, M., Adeli, M. 
and Talebi, K. 2014b. Biochemical 
biomarkers of Glyphodes Pyloalis Walker 
(Lepidoptera: Pyralidae) in exposure to TiO2 
nanoparticles. Invertebrate Survival Journal, 
12: 47-53. 

Nguyen, M. T., Nguyen, C. K., Vu, T. M. P., 
Duong, Q. Van Pham, T. L. and Nguyen, T. 
C. 2014. A study on carbon nanotube 
titanium dioxide hybrids: Experiment and 
calculation. Advances in Natural Sciences: 
Nanoscience and Nanotechnology, 5: 1-6. 

Novais, S. C., Soares, A. M. V. M., De Coen, 
W. and Amorim, M. J. B. 2013. Exposure of 
Enchytraeus albidus to Cd and Zn–Changes 
in cellular energy allocation (CEA) and 
linkage to transcriptional, enzymatic and 
reproductive effects. Chemosphere, 90: 
1305-1309. 

Rai, M., Kon, K., Ingle, A., Duran, N., 
Galdiero, S. and Galdiero, M. 2014. Broad-
spectrum bioactivities of silver 
nanoparticles: the emerging trends and 
future prospects. Applied Microbiology and 
Biotechnology, 98: 1951-1961. 

Rodríguez, L. A. A., Pianassola, M. and 
Travessa, D. N. 2017. Production of TiO2 
coated multiwall carbon nanotubes by the 
sol-gel technique. Materials Research, 20: 
96-103.  

Rueda-Jasso, R., Conceiçao, L. E. C., Dias, J., 
De Coen, W., Gomes, E., Rees, J. F. and 



Risk assessment of carbon nanotubes on G. pyloalis ____________________________________ J. Crop Prot.  

666 

Sorgeloos, P. 2004. Effect of dietary non-
protein energy levels on condition and 
oxidative status of Senegalese sole (Solea 
senegalensis) juveniles. Aquaculture, 231: 
417-433. 

SAS Institute. 2011. SAS/IML 9.3 User’s 
Guide. SAS Institute, Cary, NC. 

Schwirn, K. and Völker, D. 2016. 
Nanomaterials in the environment - Current 
state of knowledge and regulations on 
chemical safety: Recommendations of the 
German Environment Agency, 1-36. 

Smolders, R., De Boeck, G. and Blust, R. 2003. 
Changes in cellular energy budget as a 
measure of whole effluent toxicity in 
zebrafish (Danio rerio). Environmental 
Toxicology and Chemistry: An International 
Journal, 22: 890-899. 

Sokolova, I. M., Frederich, M., Bagwe, R., 
Lannig, G. and Sukhotin, A. A. 2012. 
Energy homeostasis as an integrative tool 
for assessing limits of environmental stress 
tolerance in aquatic invertebrates. Marine 
Environmental Research, 79: 1-15. 

Świątek, Z. M. and Bednarska, A. J. 2019. 
Energy reserves and respiration rate in the 
earthworm Eisenia andrei after exposure to 
zinc in nanoparticle or ionic form. 
Environmental Science and Pollution 
Research, 26: 24933-24945.  

Trung, T., Cho, W. J. and Ha, C. S. 2003. 
Preparation of TiO2 nanoparticles in 
glycerol-containing solutions. Materials 
Letters, 57: 2746-2750. 

Van Handel, E. 1988. Assay of lipids glycogen 
and sugars in individual mosquitoes: 
correlations with length in field-collected 
Aedes vexans. Journal of The American 
Mosquito Control Association, 4: 549-550. 

Venkataraman, A., Amadi, E. V., Chen, Y. and 
Papadopoulos, C. 2019. Carbon Nanotube 
Assembly and Integration for Applications. 
Nanoscale Research Letters, 14: 1-47.  

Verslycke, T., Roast, S. D., Widdows, J., Jones, 
M. B. and Janssen, C. R. 2004. Cellular energy 
allocation and scope for growth in the 
estuarine mysid Neomysis integer (Crustacea: 
Mysidacea) following chlorpyrifos exposure: a 
method comparison. Journal of Experimental 
Marine Biology and Ecology, 306: 1-16. 

Widdows, J. and Donkin, P. 1992. Mussels and 
environmental contaminants: 
bioaccumulation and physiological aspects. 
The Mussel Mytilus: Ecology, Physiology, 
Genetics and Culture, 25: 383-424. 

Yuval, B., Kaspi, R. O. Y., Shloush, S. and 
Warburg, M. S. 1998. Nutritional reserves 
regulate male participation in Mediterranean 
fruit fly leks. Ecological Entomology, 23: 
211-215. 



Memarizadeh and Sharifi ___________________________________________ J. Crop Prot. (2020) Vol. 9 (4) 

667 

اکسید نانوذرات دي/هاي کربنیهاي کربنی و نانولولهی بیوشیمیایی جزئی ریسک نانولولهارزیاب
 Glyphodes pyloalis (Lepidoptera: Pyralidae) خوار توتبرگه پروان تیتانیوم روي
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  1399 اردیبهشت 24: ؛ پذیرش1398 دي 14: دریافت

  
هاي کربنی هاي نانولوله در راستاي بررسی اثرات و هزینه      (CEA) رژي سلولی آزمون تخصیص ان   :چکیده

 بـر  (CNTs/TiO2-NPs)اکـسید تیتـانیوم   ذرات دي هاي کربنی ترکیب بـا نـانو    و نانولوله  (CNTs) خالص
، 200، 100هاي ، در مورد افراد مواجه شده با تیمارWalker Glyphodes pyloalis خوار توت برگپروانه
 منفی بـین  بستگینتایج هم.  انجام گرفتاز تیمارپس   ساعت72 و 48، 24 ،امپی پی500 و  400،  300

چنـین مـدت زمـان      و هـم  ) CNTs/TiO2-NPs و   CNTs :یعنـی (هاي تیمارها   مقادیر چربی کل و غلظت    
ت و غلظفاکتور  ثیر  أ، تحت ت  CNTsمحتواي کربوهیدرات، برخلاف تیمارهاي     .  نشان داد   را مواجهه با آنها  

 خالص در CNTsثیر أنتایج نشان داد که ت.  قرار گرفتCNTs/TiO2-NPsمدت زمان مواجهه با تیمارهاي 
افزایش زمـان   با  . شودظاهر می  TiO2 کوپل شده با نانوذرات      CNTsتر از   افزایش محتواي گلیکوژن سریع   

 ـ. ئین جلـوگیري شـد   ام، از افزایش مقدار پروت    پی پی 100جز  ، به CNTsهاي  مواجهه با تمام غلظت    ثیر أت
CNTs       تر از تر و بیش خالص در کاهش میزان محتواي پروتئین سریعCNTs/TiO2-NPsنتایج نشان .  بود
  وCNTsثر ترکیبات ؤقادر به تنظیم م ،)Ea(بدون تأثیر قابل توجه بر ذخیره انرژي  ، G. pyloalisداد که

CNTs/TiO2-NPs مصرف انرژي    مقایسه مقدار .  نیست به بدن  شده   وارد(Ec)        لاروهـاي تیمـار شـده بـا  
CNTs    خالص وCNTs     ترکیب شده با نانوذرات TiO2تـر در پاسـخ بـه    دهنده مصرف انـرژي بـیش   نشان

،  CNTsور کلی، با افزایش غلظت تیمارهايطبه.  بودCNTs نسبت به استرس CNTs/TiO2-NPsاسترس 
CEA قدار کاهش شدیدتر در م . توجهی کاهش یافت  ور قابل ط بهCEA در مورد تیمارهاي CNTs/TiO2-

NPs      تیمـار و   زدایی با افزایش غلظـت   دلیل بالارفتن هزینه لازم جهت سم      نسبت به شاهد نیز احتمالاً به
عنـوان یـک نـشانگر     را بـه CEA آزمـون  این امکان وجود دارد که بنابراین،  . چنین زمان مواجهه است   هم

فوري موجودات زنده بعـد از مواجهـه بـا مقـدار حـاد عوامـل          بیوشیمیایی سریع در جهت ارزیابی پاسخ       
  . براي ارزیابی ریسک نانومواد مورد کاربرد قرار دادآن را نظر گرفت و درزا استرس

  
 ، زیست نشانگرهاي بیوشیمیایی، ارزیابی ریسک CEA، CNTs/TiO2-NPsآزمون  :واژگان کلیدي


