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ABSTRACT 

The enhanced uses of nanoparticles in our daily life 

have been augmented according to industrial development. 

Indeed, the nature and the properties of nanoparticles 

make them a good choice in many products from food 

enhancers, drugs, nanomaterials, medicine, electronics and 

cosmetics.   

Our study is a trial on the effects of AlNPs (<10nm) on 

the mitochondrial status and possible dysfunction in 

detoxication organ of the snail Helix sp. and to assess the 

impact of these nanomaterials on swelling, permeability 

and respiration of hepatopancreatic mitochondria. 

Obtained results presents an increased activity of 

many mitochondrial metabolization enzymes (mitGST, 

mitCAT, mitMDA, mitGPx) and a decrease in GSH level. 

Thus, an increase in mitochondrial swelling and 

permeability have been showed with a slow rate of 

respiration level according to the controls group. 

Finally, our results suggested that nanoparticles of 

aluminum affect directly the mitochondrial function by the 

perturbation of general metabolic status of snails exposed 

to 5 and 10μg /g of NPs of Al each 2 days. 

Keywords: AlNPs, Helix sp, mitCAT, mitGPx, 

mitGST, swelling, respiration, permeability. 

INTRODUCTION 

Synthetic nanoparticles are nanometric materials 

with a specific characterization which make them a 

choice in many industrial usage from food additives to 

drugs and very sophisticated medical products 

(Bigorgne, 2011). Alumina nanoparticles (AlNP) as 

many other nanoparticles are bioaccumulative 

substances by the passage through the biological 

barriers that make intoxication in organ systems 

including Nobel organs (Qinly et al., 2018).  

However, the high usage of nanoparticles without 

knowing their environmental and health impacts. 

Indeed, these nanoparticles make a very diversified 

interaction with biological systems. Industrialization of 

nanoparticles as many other products leads to 

subproducts and wastes that we did not know their 

environmental impact (Triboulet, 2013). 

Nanotechnology industries create a new notion of 

pollution (nanopollution) which we don’t know any 

future impact on our community. Nanoparticles are 

synthetic or natural from volcans or forest fires, of 

course with nanoparticles manufactured by human 

(Baratli, 2015). 

Because of their little size nanoparticles (NPs) could 

penetrate through B-B barrier and B-T barrier and 

through placenta to reach neonatal babies (Keelan, 

2011; Zoroddu et al., 2014). Therefore, NPs with its 

very specific characterization in mass and 

physiochemical parameters can find way to reach many 

organs and induce harmful effects (Chen et al., 2008). 

Alumina nanoparticles (AlNPs) are used in many 

industrial domains, pharmacological industries and 

many other fields with a unique physicochemical 

propriety (Kagan et al., 2005). 

Studies on nanoparticles and especially AlNPs have 

shown a high amount of passage through biological 

membranes and filters of many tissues and organs 

(Morsy et al., 2016b), leading to neurotoxicity 

(Oesterling et al., 2008) as well as pneumotoxicity (Li 

et al., 2016), liver (Shrivastava et al., 2014). However, 

no studies have addressed whether AlNP induces 

problems on terrestrial Mollusca and mitochondrial 

dysfunction. 

MATERIAL AND METHODS 
Experimental Animals and Treatments 

Helix sp, known as the Garden Snail was used in our 

experiments, it is a pulmonary gastropod mollusk 

Stylommatophora belonging to the Helicidae family. 

This snail was collected from Bekkaria in Tebessa 

region and cultivated in laboratory for15 days as 

adaptation period and 3 months as period of treatment, 

under the following conditions: photoperiods of 18/24 H 

light, temperature of 20 ± 2 ° C., hygrometry of 75% to 

95%; Feeding to wheat flour (Gomot, 1997 ; 

Coeurdassier et al., 2001). 

Helix are grouped in transparent perforated plastic 

boxes. Each box contains a wet sponge to maintain 

moisture and humidity. 

Treatment of the animals was carried by injection 

with a micro-syringe. We used two doses 5µg/g/2d and 



ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 43, No.2. APRIL- JUNE 2022                                  

 

212 

10μ /g/2days, with a placebo injection to the controls 

with a physiological water. 

After the treatment period, the snails are fasted for 

48 hours in order to empty their digestive tract, the 

animals are then sacrificed by freezing at -20 °C. and 

then dissected to remove the digestive gland. 

Extraction of mitochondria 

All operations were carried on ice. cells were placed 

into buffer A containing 50 mM tris, 1 mM EGTA, 70 

mM Sucrose, 210 mM Mannitol, pH 7.40 at +4°C. 

Then, the homogenate was centrifuged at 1300g for 3 

min, 4 °C. The supernatant was centrifuged at 10,000g 

for 10 min, 4 °C to sediment mitochondria. Finally, the 

mitochondrial pellet was washed twice and then 

suspended in 50 mM Tris, 70 mM sucrose, 210 mM 

mannitol, pH 7.4 at +4 °C. Protein content was routinely 

assayed with a Bradford assay using bovine serum 

albumin as a standard (Salmi et al., 2017; Gasmi et al., 

2018). Mitochondria were kept on ice and used within 4 

h. 

Mitochondrial respiration and swelling assay 

According to the method of Krystal et al. (1996), we 

carried out the estimation of the mitochondrial 

permeability based on the rate of traverse of Ca++ 

followed by an increase in mitochondrial size detected 

at 540nm wavelength for 3 minutes and each 30 

seconds.  Respiration was estimated using an Oxygraph 

(Hansatech) according to the method described by 

Rouabhi et al. (2006a; 2006b; 2009). 

Assessment methods 

The activity of catalase was determined in the 

hepatopancreas colorimetric according to (Cakmak and 

Horst,1991), The speed of disappearance of H2O2 is 

monitored by observing the rate of decrease in 

absorbance at 240 nm. The measurement of glutathione 

S-transferase activity (GST) was determined according 

to the method of Habig et al. (1974), following the 

formation of 1-glutathione-2,4-dinitrobenzene resulting 

from conjugation between substrate (1-chloro-2,4-

dinitrobenzene (CDNB) with reduced glutathione. 

Reduced glutathione was determined 

spectrophotometrically, according to the method of 

Weckbecker and Cory. MDA can be detected by a 

colorimetric reaction with thiobarbituric acid (TBA). 

The MDA is assayed according to the method of 

Esterbauer et al. (1992). The enzyme activity of 

glutathione peroxidase was evaluated by the method of 

Flohe and Günzler (1984) using H2O2 as substrate. 

Aluminum nanoparticles 

Nanoparticles are prepared in the laboratory of 

physics and nanoparticles, after characterization of 

AlNPs, all particles are under 10nm (<10nm) 

Statistical analysis 

All results data were analyzed with statistical 

software (minitab 20.0 and Microsoft excel 19.0), 

ANOVA one (means ± SDV), all results are compared 

with the Student's t test. 

RESULTS  

RESULTS  

The results are expressed by the mean ± (standard 

deviation) of n experiments. The differences are 

considered: significant when P≤0.05, very highly 

significant when P ≤ 0.001, highly significant when P 

≤0.01 (Fig.4-9) . 

 

 

Figure 1. Effect of AlNPs on Helix sp mitochondrial swelling at OD540nm 

*** 
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Figure 2. Effect of AlNPs on mitochondrial permeability at OD540nm after 90 days 

 

 

 

Figure 3. Effect of AlNPs on mitochondrial respiration (nmoles) after 90 days 
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Figure 4. Effect of Alumina nanoparticles on hepatopancreatic mitochondrial permeability at OD=540nm after 

90 days Treatment 
 

 

 

 

Figure 5. Effect of AlNPs on the variation of mitCAT (μM/mg) after 90 days 
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Figure 6. Variation of hepatopancreatic mitGSH (μM/mg prot.) in the control and treated snails 

 

 
 

 

Figure 7. Effect of AlNPs on the variation of mitGST (μmol/min/mg prot.) 
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Figure 8. Variation of MDA level (μM/mg prot) in Helix after 90 days of treatment 

 

 

Figure 9. Effect of AlNPs treatments on the variation of mitGPx (μM/min/mg prot) 

 

DISCUSSION 

Mitochondria are a microscopic membrane-bound 

cell organelles that generate most of the chemical 

energy needed to power the cell's biochemical reactions: 

respiration, oxidative phosphorylation. 

The impact of nanoparticles especially AlNPs on 

general metabolism and health including respiration 

metabolism is little known, experiences in this way 

demonstrated a decrease in cellular respiration in the 

presence of synthetic chemicals by the impact on 

electron transmission through respiratory queue. Sbartai 

et al. (2009) and Benbouzide et al. (2012) demonstrated 

that there is an inhibition of respiration after stressing 

by Bifenazate and Phosphoramidate. Euglena gracilis 

mitochondria have been inhibited strongly by chromium 

(Cr) (Jasso-Chavez et al., 2010). Boulassel et al. (2014) 

also have presented a result on the amount of succinate 

in isolated mitochondria. 

All these works are in accordance with our findings 

indeed, the mitochondrial respiration of Helix was 

inhibited in dose dependent manner, this is due perhaps 

by the perturbation in normal electron transmission 
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through mitochondrial layers that cause the death of 

cells confirming the role of free radical in this 

phenomenon, and the high level of swelling and 

permeability.  

These two last impacts are the main cause of some 

NPs on specific receptors including the PTPM. The 

main consequence of the opening of PTPMs penetration 

out of the cytochrome c that induces the stimulation of 

caspase enzymes (Taib et al., 2017). Chagra et al. 

(2009) have been shown that the treatment of 

mitochondria with Cd affect directly the swelling and 

the permeability, that is the case in our results with 

AlNPs. 

According Ivanina et al. (2008) and Garceau et al. 

(2010), Aluminum may affect the enzymes involved in 

respiration, by binding with Thiol group’s enzymes. 

More sensitive complex through all respiratory chain to 

NPs are II and III (Wang et al., 2004). 

The response of hepatopancreas to nanoparticles of 

aluminum was assessed with the control of oxidative 

stress enzymes that enter in detoxification process such 

as Catalase and Glutathione-S-transferase but in 

mitochondrial matrix of course with following the level 

of GSH and MDA. Our results showed more and more 

impacts in dose-dependent manner, indeed, a decrease 

in mitCAT activity an increase in mitGST activity 

followed by the decrease in general GSH level. The 

lipid peroxidation was assessed by the quantification of 

Malondialdehyde (MDA), which showed an increase 

which accounts for lipid peroxidation. All these 

parameters play a great role in cellular equilibrium and 

defense against any ROS attacks (Uday et al., 1990; 

Van Acker and Bast, 1993). Our results are in 

concordance with the results of Canesi et al. (2010b) 

that found an increase in the activity of detoxication 

enzymes of digestive gland of the mold exposed 24h to 

NP-TiO2. 

Conclusion 

In conclusion, our trials was focused on the impact 

of aluminum nanoparticles on mitochondria by 

assessing the swelling, permeability, enzymes 

perturbation and we have demonstrated that these 

nanoparticles could pass through biological barriers and 

affect many receptors and vital process of rats; these 

perturbations also affect the mitochondria which is the 

most important cellular constituent that provoke after an 

apoptosis or necrosis to exposed cells. 
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