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Abstract 

Industrial wastewater is of global concern due to its severe effects on the environment. Compared with 

municipal wastewater, industrial wastewater generally contains the high concentration of toxic or no 

biodegradable pollutants. In recently year, scientific showed that scallop could filtration wastewater. Therefore, 

it was decided to determine the mechanistic toxicity of wastewater contained NPs (Ag and TiO2) towards 

isolated mitochondria via reliable methods. Isolated muscle scallop mitochondria were obtained by differential 

ultracentrifugation on before and after exposure to wastewater. Our results showed that two NPs (Ag and TiO2) 

induced mitochondrial dysfunction via an increase in mitochondrial reactive oxygen species (ROS) generation, 

lipid peroxidation (LPO) and mitochondrial membrane potential (MMP) collapse. Finally, Ag-NPs and TiO2-

NPs have reduced the level of glutathione (GSH) and also induced apoptosis. Our results suggest that 

wastewater contained NPs -induced toxicity is the result of a disruptive effect on the mitochondrial respiratory 

chain, increasing the chance of cell death signaling. 
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1. Introduction 

The volume of industrial wastewaters is 

increasing due to economic growth. 

Furthermore, Industrial wastewaters are a 

complex, and are considered as one of the 

major health concerns and threats [1-3]. It has 
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been shown that industrial wastewater has 

higher levels of toxic contaminants compared 

to municipal waste [4]. Fats and heavy metals 

and also oil are among the most important 

industrial wastewater [4, 5]. Many techniques 

have been proposed for treatment of industrial 

wastewater. One of the most important 

techniques is the use of nanoparticles (NPs). In 

recent years, NPs have attracted much 

attention in various fields. One of these 

applications is the treatment of wastewater, 

which has attracted many researchers. TiO2 

and Ag are NPs that are used in sewage 

treatment [6-8]. The advantage of using NPs in 

wastewater treatment is reactivity and very 

high surface contact level, and also better 

removal ability [9]. Despite the use of 

nanoparticles in sewage treatment, 

comprehensive toxicological studies are not 

available in relation to their toxicity. 

Scallop is a group of marine animals found 

in the sea and in the oceans around the world. 

Studies have shown that scallop is used for 

treatment of wastewater [10-12]. It is reported 

that the scallop have been used to remove 

phosphate. Also, they are considered as low-

cost alternative adsorbent for dyes, this 

indicates the importance of using scallop[11]. 

Therefore, more research is needed on the 

snails. In addition, the effects of NPs on the 

snails have not been studied. One of the most 

important mechanisms by which NPs cause 

damage to living organisms is through the 

generation of free radicals (such as reactive 

oxygen species; ROS) [13, 14]. By using in 

vivo and in vitro studies, the toxicity of 

nanoparticles can be thoroughly investigated 

[15]. It has been shown that marine organisms 

are susceptible and vulnerable to excessive 

ROS generation and oxidative stress caused by 

environmental pollutants [16]. It is reported 

that Complexes I and III in the mitochondrial 

respiratory chain (MRC) are considered as 

main generating sources of ROS [17]. 

The mechanism of the effect of industrial 

wastewater on aquatic organisms such as 

scallop has not been well studied. 

Accordingly, we determine the accumulation 

of TiO2-NPs and Ag-NPs on scallop tissue(i), 

the toxicity effect of TiO2-NPs and Ag-NPs on 

scallop mitochondria (ii); and evaluate the 

effect of TiO2-NPs and Ag-NPs on oxidative 

stress (through ROS, LPO, GSH levels assay) 

and mitochondrial damage (MMP collapse 

assay) (iii); and finally evaluate apoptosis 

signaling (IV). 

 

2. Materials and Methods 

2.1. Chemicals 

All of the materials were purchased from 

Sigma-Aldrich Co. (Taufkirchen, Germany). 

And Chemicals were of the highest 

commercial grade available. 
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2.2. Animals 

We collected samples of Solendactylus [S. 

dactylus] on Bandar Abbas in the Persian Gulf 

(n=10). The samples were kept in seawater of 

the sampling station for 24h finally transfers in 

laboratory. (Classification/Names: Bivalvia 

| Veneroida | Solenidae; Environment: 

Benthic. Tropical Distribution: Western Indian 

Ocean: Kuwait, Persian Gulf). 

 

2.3. Simulation of Water Industrial Factories 

Contains Ag/Tio2 

In the first step, we collect wastewater, and 

determined concentration of TiO2 and Ag NPs. 

Trace metals in the water samples were 

determined using ICP-MS. The water sample 

was introduced, after filtration and 

acidification, into ICP-MS instrument by 

conventional pneumatic nebulization, using a 

peristaltic pump with a solution uptake rate of 

about 1 ml/min. The nebulizer gas flow, 

sample uptake rate, detector voltages and lens 

voltage were optimized for a sensitivity of 

about 50,000 counts/s for 1 ng/ml solution of 

Indium. In the second step, we collected S. 

dactylus with seawater samples from the sea-

surface at <1m depth. In the third step, we give 

information of TiO2 and Ag concentration of 

industry waste water thus simulated new 

system for TiO2 and Ag that same natural 

industry waste water. We designed the tank 

dimensions, 1× 0.5×0.5; we enter 1 m
3 

volume 

of water with same natural industry 

concentration (the water contained just TiO2 

and Ag concentration). 

 

 

2.4. Analysis of Ag/Tio2 Content 

Muscle of scallop were thawed and about 

(spiked values 0.07g respectively) of each 

tissue were weighed, digested and analyzed for 

Ag/TiO2 content using A 10 mg L
-1

 (Agilent 

Technologies, Courtaboeuf, France) elemental 

analysis. For that, tissue of interest was 

digested in ultrapure nitric acid overnight. 

Then 0-3 ml of H2O2 (H2O2, 30% (v/v) was 

added to the solutions and heated at about 25 

ºC in a high-pressure reaction container in an 

oven chamber until the samples were 

completely digested. Finally, the remaining 

solutions were diluted to with 3 mL of nitric 

acid (HNO3, 67% (v/v). Weir 2012 was used 

to analyze the Ag/TiO2 concentration in the 

samples. The detection limit of Ag/TiO2 was 

0.1 µg/ml. Data are expressed as nano grams 

per gram fresh tissue. 

 

2.5. Preparation of Mitochondria 

About 3g of muscle tissue were finely 

chopped in four to five times the volume of 

homogenization buffer. The minced tissues 

were homogenized with a glass homogenizer 

with a Teflon pestle and then centrifuged at 

3000×g for 20 min at 4 ºC to remove nuclei, 

unbroken cells, and other non-subcellular 

debris. The supernatants were centrifuged at 

15,000×g for 45 min. The dark packed lower 

layer (mitochondrial fraction) was re-

suspended in the media culture and re-

centrifuged twice at 15,000×g for 45 min. 

Mitochondrial sediments were suspended in 

media culture at 4 ºC before the assay. 

Aliquots of the suspension were used to 

determine parameters of oxidative stress. 

https://www.sealifebase.ca/summary/OrdersSummary.php?order=Veneroida
https://www.sealifebase.ca/summary/FamilySummary.php?ID=1874
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2.6. Protein Concentration 

Mitochondrial protein concentration was 

determined by the Coomassie blue protein-

binding method using bovine serum albumin 

(BSA) as the standard [18]. 

 

2.7. Estimation of Complex II Activity 

The activity of mitochondrial complex II 

(succinate dehydrogenase) was assayed 

through the measurement of 3-(4, 5-

dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 

bromide (MTT) reduction and absorbance at 

570 nm was measured with an ELISA reader 

(Tecan, Rainbow Thermo, Austria [19]. 

 

2.8. Quantification of Mitochondrial ROS 

Level 

Isolated mitochondria were incubated in 

media culture of DMEM. a sample was taken 

and 2, 7-dichlorofluorescin diacetate (DCFH-

DA) was added (final concentration, 10 mM) 

to the mitochondria and was then incubated for 

15 min. toxic materials-induced ROS 

generation in isolated mitochondria was 

determined through the fluorescence and light 

scattering were analyzed for at least 10000 

counts per sample in the flow cytometry using 

a BD Biosciences FACS Calibure TM flow 

cytometer. Samples were gated on the 

forward/side scatter to exclude cell debris and 

clumps. A flow cytometer with the Flowing 

software-2-5-1, equipped with a 488 nm argon 

ion laser, was used and fluorescence signals 

were obtained using a 530 nm band pass filter 

(FL-1 channel) [20]. 

 

2.9. Mitochondrial Membrane Potential 

(MMP) Assay 

The mitochondrial uptake of the cationic 

fluorescent dye, rhodamine 123, was used for 

determination of mitochondrial membrane 

potential (MMP). The mitochondrial 

suspensions (500 mg protein/mL) were 

incubated and then 10 mM of rhodamine 123 

was added to the mitochondrial solution in the 

media culture. Fluorescence and light 

scattering were analyzed for at least 10000 

counts per sample in the flow cytometry using 

a BD Biosciences FACS Calibure TM flow 

cytometer. Samples were gated on the 

forward/side scatter to exclude cell debris and 

clumps. A flow cytometer with the Flowing 

software-2-5-1, equipped with a 488 nm argon 

ion laser, was used and fluorescence signals 

were obtained using a 530 nm band pass filter 

(FL-1 channel) [20]. 

 

2.10. Measurement of GSH Content 

The mitochondrial fractions (500 mg 

protein/ml) were incubated  for 1 hr at 30 ºC 

and then 0.1 mL mitochondrial fractions was 

added into 0.1 mol/l phosphate buffer and 

0.04% DTNB in a total volume of 3 mL (pH ≈ 

7.4). The developed yellow color was read at 

412 nm using a spectrophotometer (UV-1601 

PC, Shimadzu, Japan). Reduced glutathione 

(GSH) content was expressed as mg/mg 

protein [21]. 

 

2.11. Determination of Lipid Peroxidation 

The content of the lipid peroxidation 

marker (malondialdehyde, MDA) was 

determined using the method of Zhang et al. 
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The amount of MDA formed in each of the 

samples was assessed by measuring the 

absorbance of the supernatant at 532 nm with 

an ELIZA reader (Tecan, Rainbow Thermo, 

Austria). Tetra methoxy propane (TEP) was 

used as standard and MDA content was 

expressed as nmol/mg protein [22]. 

 

2.12. Determination of Apoptosis and Necrosis 

The percentage of apoptosis versus necrosis 

from tissue in duration 2 h, were measured. In 

the early stages of apoptosis 

phosphatidylserine (PS) is translocated from 

the inner side of the plasma membrane to the 

outer layer. Annexin V is a calcium-dependent 

phospholipid binding protein with a high 

affinity for PS. Therefore, be used as a 

sensitive probe for the exposure of PS on the 

cell membrane and hence as a marker of 

apoptosis. Briefly, double-staining by 

Fluorescein isothiocyanate (FITC)-Annexin 

V/propidium iodide (PI) was performed. After 

washing twice times in PBS, the tissue was re-

suspended in binding buffer. FITC-Annexin V 

was added to a final concentration of 5 µM 

and the cells were incubated in the dark for 10 

min. The cells were then washed again in PBS, 

centrifuged at 300 g and re-suspended in 

binding buffer. Before flow cytometric 

analysis10 µM PI in binding buffer was added 

to each sample. The fluorescence signals of 

Annexin V and PI were measured by flow 

cytometry on the FL1 and FL3 channels. 

 

2.13. Statically Analysis 

Data were analyzed using one-way analysis 

of variance (ANOVA) followed by Tukey’s 

HSD as the post hoc test. Results were 

presented as mean ± S.D. of triplicate samples. 

The minimal level of significance chosen was 

p<0.001. 

 

3. Results and Discussion 

3.1. Results 

3.1.1. Determination of Ag /TiO2   

Finally, the content of Ag /TiO2NPs in 

 

Table 1. ICP assay after exposure of TiO2 and Ag NPs. Values are mean ± SD. 
***

P < 0.001significantly 

different from respective the Scallop before groups. 

TiO2 and Ag concentration in  scallop muscle 

Tissue Concentration of TiO2 (µg/g) Concentration of Ag  (µg/g) 

 

Scallop before 

 

1.2±0.2 

 

1.32±0.03 

 

Scallop after 

 

3.15±0.21
***

 

 

3.28±0.023
***

 

 

Table 2. GSH content and mitochondrial isolated mitochondria. Isolated mitochondria (0.5 mg/mL) were 

incubated for 1 h. Values represented as mean ± SD (n = 3). 
*
P < 0.05 compared with control mitochondria. 

Groups GSH (15 min) 

Control 1564.3±77.9 

TiO2-NPs 1441±19.21
*
 

Ag-NPs 1486±13.81
*
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waste water in the muscle scallop was 

measured 10 days pre and post-exposure to the 

nanoparticles are listed in Table 1. In the 

experimental groups, the Ag /TiO2were mainly 

accumulated in muscle scallop (Table 1). 

 

3.1.2. Succinate Dehydrogenase (SDH) 

Activity 

The measure for mitochondrial 

functionality was also assessed using the MTT 

test after 1 h incubation of mitochondria 

obtained from scallop. Figure 1 illustrates a 

significant decrease in mitochondrial 

metabolic conversion of MTT to formazan 

following the incubation of mitochondria from 

scallop.  

 

3.1.3. Mitochondrial ROS Production 

As shown in figure 2, TiO2-NPs and Ag-

NPs induced significant ROS formation in 

scallop mitochondria. As demonstrated in 

figure 2, TiO2-NPs and Ag-NPs induced 

increased DCF fluorescence intensity (H2O2 

production) as the DCF peak shifted rightward 

on the x-axis. 

 

3.1.4. Mitochondrial Membrane Potential 

(MMP) 

As shown in figure 3, MMP significantly 

decreased in all mitochondrial test groups 

(exposed to TiO2-NPs and Ag-NPs) in a 

concentration- and time-dependent manner.  

 

3.1.5. Mitochondrial Glutathione (GSH) Level 

As presented in table 2, GSH levels was 

decreased after incubation of scallop 

mitochondria with TiO2-NPs and Ag-NPs 

compared to control.  

 

3.1.6. Mitochondrial Lipid Peroxidation 

(LPO) Level 

As shown in figure 4, LPO level increased 

due to the exposed of TiO2-NPs and Ag-NPs 

treated group, (Figure 4). Furthermore, we 

found a notable positive correlation between 

ROS and LPO levels. 

 

3.1.7. Apoptosis Assay 

To determine if apoptosis is involved in the 

cytotoxic effects of TiO2-NPs and Ag-NPs, 

apoptosis was determined by annexin V/PI 

staining by flowcytometry. Our results showed 

that TiO2-NPs and Ag-NPs induced apoptosis 

in mitochondria obtained from the scallop 

(Figure 5).  

 

 

Figure 1. Succinate dehydrogenase (SDH) activity 

was measured using MTT dye as described in 

Materials and methods. Isolated mitochondria (0.5 

mg/ml) were incubated for 1 h. Values represented as 

mean ± SD (n = 3). 
***

 P < 0.05 compared with 

control mitochondria. 
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3.2. Discussion 

Research has shown that the volume of 

sewage from the industries has been rising and 

is considered one of the important 

environmental problems. Industries 

wastewater contains a variety of compounds 

[23, 24]. Heavy metals are one of the most 

important compounds that have caused many 

concerns due to the accumulation of living 

organisms [25]. In recent years, the use of 

scallop as increased as marine species. Scallop 

are among the marine compounds used to 

treatment of  wastewater [26]. Until now, the 

mechanism of the effect of industrial 

wastewater and NPs (for wastewater 

treatment, and remove several pollutants in 

 ROS formation 

 

 

 

 

TiO2-NPs 

  

 

 

 

 

 

 

 

Ag-NPs 

 

 

 

 

 

 

 

 

Figure 2. ROS formation in scallop mitochondria. ROS formation was evaluated after 15 min incubation. 

ROS formation was determined by flowcytometry using DCFH-DA as described in the “Materials and 

methods” section. FL1: the fluorescence intensity of DCF. 
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water)on aquatic organisms such as scallop 

has not been well considered. Therefore, the 

aims of the present study were to: (i) 

determine the accumulation of TiO2-NPs and 

Ag-NPs on scallop tissue; (ii) determine the 

toxicity effect of TiO2-NPs and Ag-NPs on 

scallop mitochondria; (iii) evaluate the effect 

of TiO2-NPs and Ag-NPs on oxidative stress 

(through ROS, LPO, GSH levels assay) and 

mitochondrial damage (MMP collapse assay); 

and (IV) evaluate apoptosis signaling. 

At first, the results of ICP assay showed that 

TiO2-NPs and Ag-NPs have the ability to 

accumulate in the muscle scallop. These 

results are in agreement with previous studies 

showing that different nanoparticles have 

accumulation capability in the tissues [15, 27, 

28]. In the following, the results showed a 

significant reduction in mitochondrial complex 

II activity in TiO2-NPs and Ag-NPs groups 

compared to control group. Previous studies 

have shown that NPs through oxidative stress 

(OS) are able to increase the generation of 

 Mitochondrial membrane potential (MMP) 

 

 

 

 

TiO2-NPs 

 

 
 

 

 

 

 

Ag-NPs 

 

 
 

 

 

 

 

 

 

 

Figure 3.  Mitochondrial membrane potential (MMP) collapse was measured by rhodamine 123 as 

described in the Materials and methods section.  
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ROS. ROS play different roles at different 

levels [15, 29, 30]. Furthermore, metallic-NPs 

exhibit toxicity through ROS generation [29]. 

Additionally, flowcytometry assay with 

DCFH-DA probe shows the increase level of 

ROS in scallop mitochondria. ROS are 

generated during the production of ATP 

through the MRC and an imbalance between 

oxidant and antioxidant systems. Complexes I 

and III in MRC are considered main 

 

Figure 4. Lipid peroxidation (LPO) and mitochondrial isolated mitochondria. Isolated mitochondria (0.5 

mg/mL) were incubated for 1 h. Values represented as mean ± SD (n = 3). 
**

P < 0.01 compared with control 

mitochondria. 

 

                  Control                                        TiO2-NPs                            Ag-NPs 

 
 

 

 

 

 
 

 

 

 

 
 

   

Figure 5. Apoptosis and Necrosis. 
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generating sources of ROS [17]. Additionally, 

ROS and lipid hydroperoxides as a oxidant 

agents play a role in the induction of cell death 

via the OS [31]. Results showed a significant 

increase in LPO in TiO2-NPs and Ag-NPs 

groups.   

It has been shown that lipid peroxidation 

levels increase by the generation of ROS [31]. 

The results suggest that LPO is affected by 

ROS. Therefore, the results show that TiO2-

NPs and Ag-NPs with mitochondrial 

dysfunction, increases in ROS and LPO level 

can cause damage to the scallop, which plays 

an important role in the treatment of 

wastewater. Furthermore, ROS by attacking 

mitochondrial membrane phospholipids 

decline the MMP. It ultimately leads to the 

activation of cell death factors and cell death 

signaling [32, 33]. Flowcytometry assay with 

123probe shows the increase collapse of MMP 

in scallop mitochondria. Using isolated 

mitochondria, it has been shown that there is a 

direct relationship between ROS generation 

and MMP level [34]. Our results are in 

agreement with these results. In this research, 

results showed that the level of GSH in the 

scallop mitochondria was reduced by exposure 

to NPs (TiO2and Ag). Therefore, NPs (TiO2 

and Ag) have been able to increase the 

oxidative status (by increasing ROS) and also 

decreasing GSH. Finally, the results showed 

that the TiO2-NPs and Ag-NPs induced 

apoptosis in the mitochondria isolated from 

scallop. Previous studies have shown that ROS 

generation and collapse in MMP activates 

signaling of apoptosis [35, 36]. Our results are 

in agreement with these results. 

4. Conclusion 

In conclusion, our results indicate that 

mitochondria are targeted in scallop muscle by 

TiO2-NPs and Ag-NPs. This leads to changes 

in scallop mitochondria which subsequently 

induce apoptosis signaling. 
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