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Assessment of the toxic effects of silver Oxide nanoparticles (Ag2O NPs) on the biochemical Profile of Lissachatina fulica (Mollusca: Achatinidae)


Abstract-
Nanotechnology offers a promising approach for pest management, and this study evaluated the effects of silver oxide nanoparticles (Ag₂O NPs) on the biochemical composition of the giant African snail Lissachatina fulica. Snails were exposed to two concentrations (5 and 10 ppm) for 48 and 96 hours, and changes in protein, lipid, and carbohydrate levels were analyzed in the intestine and foot muscles.
The results showed a significant, concentration- and time-dependent decline in all biochemical components in both tissues. At 10 ppm after 96 hours, protein, lipid, and carbohydrate contents were markedly reduced, with the intestine showing greater sensitivity than the foot muscle. These findings indicate that Ag₂O NPs induce metabolic stress, leading to depletion of energy reserves and disruption of biochemical balance, highlighting the potential physiological risks of prolonged nanoparticle exposure.
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1. Introduction-
The family Achatinidae, which includes Lissachatina fulica, is represented by approximately 200 species distributed across 13 genera. Several of these species have become serious pests within their native African range, particularly where natural habitats have been altered for human settlement and agricultural activities. Furthermore, their pest status is exacerbated by increased mobility and dispersal associated with human-mediated environmental changes.(Raut & Barker, 2002) The rapid advancement of nanomaterials across various scientific fields has created a growing need to understand their toxic effects on the development and physiology of non-target organisms, as well as their impact on the environment.(Tunçsoy, 2018). Green nanotechnology approaches have gained wide acceptance as environmentally friendly and cost-effective strategies with diverse biomedical applications. Among nanomaterials, metal nanoparticles (NPs) typically range in size from 1 to 100 nm and are available in various shapes and forms. Owing to their nanoscale dimensions, NPs exhibit unique physical and chemical properties that confer remarkable versatility. Consequently, they serve as key components in catalysis, diagnostics, drug delivery systems, semiconductors, sensing technologies, and solid oxide fuel cells. Beyond these applications, metal nanoparticles are also extensively used as antimicrobial agents and have therefore attracted considerable recent attention.(Raghunath & Perumal, 2017) The synthesis of Ag₂O nanoparticles (Ag₂O NPs) is simple and cost-effective. The metal oxide nanoparticles were characterized using UV–visible spectroscopy, thermogravimetric analysis (TGA), Fourier transform infrared spectroscopy (FTIR), powder X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), and scanning electron microscopy (SEM) coupled with energy-dispersive X-ray analysis (EDX). Transmission electron microscopy (TEM), high-resolution TEM (HRTEM), and selected area electron diffraction (SAED) were employed to determine crystalline structure, morphology, particle size, oxidation state, and elemental composition. The Ag₂O nanoparticles exhibited a spherical morphology with particle sizes ranging from 1 to 100 nm. Furthermore, the nanoparticles demonstrated significant photocatalytic performance under visible light, along with enhanced antioxidant activity, confirming their functional efficiency. (Raut & Barker, 2002)(Masho, T. J & Jida, S. M. 2025). A. fulica are more influenced by photoperiod than cholesterol metabolism. A negative relation is maintained between the triglycerides content in the haemolymph and the different photophases, with lower mobilisation of triglycerides under shorter photophases. (Ugbaja, R. N. et.al 2020). Achatina fulica causes three major types of damage to tropical agriculture. First, it leads to substantial losses in agricultural productivity through direct herbivory on crop plants, and this damage may be further aggravated by the transmission of plant pathogens. Second, significant costs are incurred in terms of labour and materials required for effective management of the pest population. Third, the presence of A. fulica forces changes in agricultural practices, such as restricting cultivation to crop species that are resistant to the snail, thereby resulting in the loss of conventional crops and reduced overall production (Raut & Barker, 2002). Unfortunately, the spread of this snail continues, with recent reports of severe infestations and damage in urban areas of Chandrapur district, Maharashtra (Chatap et al., 2020). Moreover, in several Asian, Pacific, and American communities, A. fulica acts as a vector for human parasites and pathogens, transmitting them through slime trails or via the consumption of raw or undercooked infected snails (SaThierbach et al., 2015).The growing application of nanotechnology in various industrial and medical fields has resulted in a steady increase in the release of metal and metal-oxide nanoparticles into natural environments. Silver-based nanomaterials, including silver oxide (Ag₂O) nanoparticles, are extensively incorporated into healthcare products, textiles, cosmetics, and antimicrobial formulations because of their strong antimicrobial efficiency. Despite these advantages, their widespread use has raised significant environmental concerns, particularly regarding their toxic effects on non-target organisms. Invertebrates such as molluscs are especially vulnerable, as they play essential roles in nutrient cycling and ecosystem stability. Snails are commonly employed as biological indicators of environmental pollution due to their limited mobility, strong ability to accumulate contaminants, and high sensitivity to chemical stressors. Numerous studies have shown that exposure to metal nanoparticles can trigger oxidative damage, disrupt metabolic pathways, and cause structural injury in both freshwater and terrestrial snails (SaThierbach et al., 2015)(Ali et al., 2012; Banaee et al., 2019). Among snail organs, the digestive gland serves as a major centre for detoxification and storage of harmful substances, making it particularly prone to damage from nanoparticle accumulation and heavy-metal exposure.One of the major mechanisms underlying nanoparticle toxicity is the generation of reactive oxygen species (ROS), which can initiate lipid peroxidation, modify proteins, and interfere with carbohydrate metabolism. Experimental studies indicate that metal-based nanoparticles significantly influence biochemical components such as total proteins, lipids, glucose, and glycogen—parameters that reflect the physiological and metabolic condition of molluscs. Disruption of these constituents suggests altered energy utilization and heightened cellular stress, which may ultimately impair growth, reproductive performance, and survival.
Investigations involving freshwater snails including Lymnaea luteola, Helisoma duryi, and Galba truncatula have documented notable reductions in antioxidant enzymes such as superoxide dismutase, glutathione-S-transferase, and catalase, along with depletion of glycogen reserves and increased lipid peroxidation following exposure to metal oxides and pesticides These biochemical changes emphasize the usefulness of metabolic and enzymatic markers as sensitive tools for evaluating nanoparticle-induced stress in gastropods.Although extensive research has addressed the toxicological effects of zinc oxide and cadmium nanoparticles on snails, comparatively little attention has been given to the organ-specific biochemical consequences of silver oxide Ag₂O NPs. Gaining insight into how Ag₂O NPs influences protein, lipid, glucose, and glycogen levels in tissues such as the digestive gland, gonads, foot muscle, and haemolymph is crucial for understanding its mechanism of toxicity and potential long-term ecological implications.
In this context, the present study seeks to conduct a comparative biochemical evaluation of Ag₂O nanoparticle exposure across different snail organs, with special emphasis on key metabolic constituents. The findings are expected to enhance current knowledge on nanoparticle-induced metabolic disturbances in molluscs and reinforce the application of biochemical biomarkers in environmental risk assessment of emerging nanomaterials. Based on the provided documents, the following introduction summarizes the critical data regarding the use of gastropods as bioindicators and the biochemical impacts of environmental stressors.
Gastropods, including freshwater species like Biomphalaria alexandrina and terrestrial species such as Cornu aspersum and Helix aspersa, are increasingly recognized as sensitive biomarkers for monitoring environmental health (Fahmy et al., 2014; Feidantsis et al., 2020). Due to their direct interaction with soil and water, these organisms provide essential data on the ecotoxicological risks posed by emerging pollutants, such as nanoparticles and modern pesticides (Sidiropoulou et al., 2018)(Radwan & Mohamed, 2013). One of the most significant threats to these ecosystems is the proliferation of manufactured nanoparticles (NPs). Research indicates that zinc oxide (ZnO) and copper oxide (CuO) nanoparticles induce severe oxidative stress in snails, characterized by the elevation of malondialdehyde and nitric oxide, alongside a depletion of antioxidant defenses like glutathione (GSH) and glutathione-S-transferase (GST) (Fahmy et al., 2014; Feidantsis et al., 2020). Specifically, ZnO NPs have been shown to possess potent molluscicidal activity, significantly altering protein and albumin levels in B. alexandrina (Fahmy et al., 2014). Similarly, iron oxide nanoparticles (IONPs) trigger lysosomal membrane destabilization and protein carbonylation in H. aspersa, highlighting their potential for cellular damage (Sidiropoulou et al., 2018) Beyond metallic pollutants, chemical insecticides and plant-based molluscicides also disrupt gastropod physiology. The neonicotinoid imidacloprid has been found to inhibit acetylcholinesterase (AChE) activity and exhaust energy reserves, such as glycogen and lipids, in H. aspersa (Radwan & Mohamed, 2013). Furthermore, natural alternatives like Datura stramonium and Sesbania sesban suspensions significantly reduce the fecundity and reproduction rates of B. alexandrina, while also impacting the transmission of parasites like Schistosoma mansoni (Refai M, El- Safty M, Abd El-Aziz, & Ghuniem M, 2020).Finally, the biochemical profile of gastropods is heavily influenced by parasitic infections. For instance, in Achatina fulica, a high parasitic load of Angiostrongylus cantonensis leads to a marked decrease in total protein concentration and an increase in nitrogenous waste products like urea and uric acid (Tunholi-Alves et al., 2015). Together, these studies underscore the utility of gastropods in assessing the multi-faceted impacts of chemical, physical, and biological stressors on the environment.
2. Materials and Methods:
2.1 Materials- 
All chemicals and reagents used in this study were of analytical grade and used without further purification. Silver Oxide NPs (Ag2O, 99%), H2SO4, K2SO4:CuSO4 (1:1 ratio) NH4OH (Ammonium hydroxide), NH3 (Ammonia gas) 30 ml of 4% boric acid solution, HCL solution, acetanilide or tryptophan Anthrone reagent, was purchased from Sigma-Aldrich.
2.2. Experimental Procedure-
2.2.1	Collection and identification of snail Lissachatina fulica-
Adult specimens of Lissachatina fulica (giant African snail) were collected from a local garden in the early morning at approximately 7:00 a.m. to minimize stress and desiccation. The specimens were taxonomically identified and authenticated by the Zoological Survey of India (ZSI). Following identification, the snails were transferred into clean plastic containers with adequate aeration and acclimatized under laboratory conditions prior to conducting toxicity assays.
2.2.2. Maintenance of Lissachatina fulica at laboratory condition-
Lissachatina fulica specimens were maintained in clean plastic containers under laboratory conditions. The containers were provided with a moist soil substrate to simulate natural habitat conditions. The snails were fed fresh plant material daily, and the soil moisture was maintained by periodic sprinkling of distilled water. The containers were cleaned regularly to prevent microbial contamination.

2.2.3. Toxicity test silver oxide nanoparticles (Ag2O NPs) on Lissachatina fulica-
Toxicity assessment was conducted following the procedure described by Hussein et al. (1994). To determine the median lethal dose (LD₅₀) of silver oxide nanoparticles (Ag₂O NPs), adult Achatina fulica snails were randomly divided into five groups (n = 10 per group), consisting of one control group and two treatment groups. The treatment groups were injected to Ag₂O NPs concentrations of 5 ppm, 10 ppm receptively. Mortality was recorded at 48-hour and 96 hours. A snail was considered dead if it failed to respond to gentle tactile stimulation with a fine stainless-steel needle, following WHO guidelines (1965). 
2.2.4. Tissue collection and tissue substrate preparation-
The organisms were dissected, and the intestinal parts and foot tissue samples were carefully collected. All samples were transferred and preserved overnight at room temperature (27 °C). On the morning, the tissues were placed in an oven for dehydration at 85 °C. After complete drying, the materials were crushed into a fine powder and used for subsequent biochemical analyses.
2.2.5. Biochemical Analysis test methods-
2.2.5.1. Protein Test method- 
The protein content of the samples was determined using the Kjeldahl method, which involves acid digestion, followed by neutralization, distillation, and titration. Approximately 2 g of each sample was placed in a digestion flask, to which 20 mL of concentrated sulfuric acid (H₂SO₄) and 2 g of a digestion mixture containing potassium sulfate and copper sulfate (K₂SO₄:CuSO₄, 1:1) were added. The contents were mixed thoroughly and heated until complete digestion occurred, indicated by the formation of a clear green solution. The digestion process required approximately 3 hours.
After cooling, the digest was transferred to a 100 mL volumetric flask and the volume was made up to the mark with distilled water. From this solution, 10 mL was taken into the distillation unit, and 50 mL of 40% sodium hydroxide (NaOH) along with 50 mL of distilled water was added gradually. The mixture was then distilled for 45 minutes. The liberated ammonia (NH₃) was collected as ammonium hydroxide (NH₄OH) in a conical flask containing 30 mL of 4% boric acid solution with a drop of modified methyl red indicator. During distillation, the solution turned yellow due to the formation of NH₄OH.
The distillate was subsequently titrated against standard 0.1 N hydrochloric acid (HCl) until a pink endpoint was observed. The initial and final burette readings were recorded to determine the volume of titrant used for the sample (Vₛ). A blank determination was carried out in parallel using acetanilide or tryptophan with the addition of 1 g of sucrose, and the volume of titrant consumed was recorded as Vᵦ. The percentage of nitrogen in the samples was calculated using the standard Kjeldahl formula, and the crude protein content was estimated by multiplying the nitrogen percentage by the protein conversion factor (6.25).
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Were, 
Vs- Volume of titrant used for sample 
Vb- Volume of titrant used for blank 
F - Molar reaction factor of titrant (HCl-1 and H2SO4- 2) 
C- Concentration of titrant (mol/L) = 0.25mol/L 
M (N) - Molecular weight of Nitrogen = 14.007g/mol 
m - Sample weight 
1000 - Conversion factor (ml into L) 
%N - % weight of N 
PF – Protein Factor 
F2 – Dilution Factor
 %𝑷=%𝑵×𝑷𝑭×𝑭𝟐 
2.2.5.2. Lipid Test Method-
Approximately 5 g of the sample was weighed and placed in a thimble. The initial weight (W₁) of the round-bottom flask, intended for collecting the extract, was recorded in advance. The thimble was then inserted into the extraction chamber of a Soxhlet apparatus. Hexane, with a boiling point of 69 °C, was used as the extraction solvent, and the process was carried out for 4 hours.After completion of the extraction, the solvent containing the extract was recovered in the round-bottom flask. The solvent was removed by evaporating it in a water bath maintained at 100 °C. The remaining extract was further dried in a hot-air oven at 100 °C for 30 minutes, then cooled in a desiccator, and the final weight (W₂) of the dried extract was recorded.
The following formula was used to calculate the Lipid content %: 
Lipid content % = (W2-W1) ×100
Ws = wt. of sample 
W1 = wt. of flask 
W2 = wt. of flask with fat 
2.2.5.3. Carbohydrate Test Method-
The total carbohydrate content in fish intestinal tissue was estimated using the Anthrone method. Initially, 200 mg of the sample was accurately weighed and homogenized in 80% ethanol. The homogenate was centrifuged at 3000 rpm for 10 minutes, and the supernatant was discarded. This ethanol washing step was repeated twice to ensure the effective removal of non-carbohydrate soluble components. The resulting pellet was then air-dried or gently dried over a water bath.
For carbohydrate extraction, 5 mL of distilled water was added to the dried pellet, and the mixture was heated in a boiling water bath for 30 minutes to solubilize the carbohydrates. After cooling, the extract was centrifuged, and the clear supernatant was collected for analysis.
For the Anthrone assay, a freshly prepared 0.2% Anthrone reagent in concentrated sulfuric acid was used and kept chilled. One milliliter of the aqueous extract was carefully mixed with 4 mL of the Anthrone reagent in a test tube. The reaction mixture was heated in a boiling water bath for 10 minutes, rapidly cooled in an ice bath, and the absorbance was measured at 620 nm using a spectrophotometer.
A standard curve was prepared using known concentrations of glucose ranging from 6.25 to 100 μg/mL. The carbohydrate content of the samples was determined by interpolating the absorbance values from the standard curve. Results were expressed as milligrams of carbohydrate per gram of tissue, following the methods described by Yemm and Willis (1954) and Sadasivam and Manickam (1992).

2.2.5.4. Statistical analysis – Biochemical data were expressed as Mean ±SEM statistical analysis was carried out by Standard deviation calculator difference between control and treated group.





3. Result and Discussion –
Table 1: Comparative biochemical Analysis of Ag2O/AgNP on different snails’ organs.
	Sr. No.
	Snail/Slug Scientific Name
	Organ / Tissue
	Biochemical Change (Protein, Lipid, Carb.)
	Effect
	Reference

	1.
	Lehmannia nyctelia (slug) 
	Digestive gland 
	exposed to AgNPs/Ag2O 
↓ Total protein, ↓ Total carbohydrate; ↑ Total lipid after exposure to Ag nanoparticles
	↓TP & TC, ↑ TL in slug after Ag NP exposure 
	Messaoudi, I., et.al. (2022).

	2.
	Lehmannia nyctelia
	Reproductive system
	↓ SOD (superoxide dismutase) and ↓ GST (glutathione-S-transferase; oxidative stress biomarkers)
	Oxidative stress & changed antioxidant enzyme 
	Messaoudi, I., et.al. (2022).

	3.
	Biomphalaria glabrata (freshwater snail)
	Hepatopancreas / gonad / digestive tract
	Silver accumulation varies by tissue; higher Ag in digestive gland and soft tissues vs foot
	Silver accumulation & tissue distribution patterns
	Croteau, M.-N.,et.al. (2011).

	4.
	Physa acuta (freshwater snail)
	Digestive gland
	Chronic Ag exposure affects vital rates and reproduction; no direct organ-level protein/lipid reported
	General AgNP snail toxicity in Physa spp.
	Bielmyer-Fraser,et.al. (2014).

	5.
	Monacha obstructa (land snail)
	Digestive gland 
	silver oxide nanoparticles, ↓ total protein and ↓ total lipid compared with control; altered AST, ALT, AChE enzymes
	Effects of chitosan & silver NP on snail 
	Abdel-Tawwab, M.,et.al. (2022).








Table-2. Effect of different concentration (PPM) and exposure duration (hours) of silver oxide nanoparticles Ag2O NPs on Proteins, lipid and carbohydrates level in the intestine and foot muscles of Lissachatina fulica (Mean±SD).
	
	Concentration
	5.00 PPM
	10.00 PPM

	
	Tissue
	Control
Mean ± SD
	48hr.
Mean ± SD
	96hr.
Mean ± SD
	48hr.
Mean ± SD
	96hr.
Mean ± SD

	Protein
(%)
	Foot muscles
	25.72±3.27
(100)
	20.68±2.80
(80.40)
	14.89±2.07
(57.89)
	10.72±1.50
(41.67)
	7.72±1.07
(28.26)

	
	Intestine
	32.3±4.67
(100)
	31.14±4.87
(96.90)

	19.82±3.20
(61.36)
	13.55±2.39
(41.95)
	8.76±2.01
(27.12)

	Lipids
(%)
	Foot muscles
	35.59±6.18
(100)
	34.99±6.08
(98.32)
	31.39±5.10
(88.19)
	25.8±3.25
(72.49)
	21.2±3.12
(59.56)

	
	Intestine
	48.39±6.65
(100)
	42.77±5.55
(88.38)
	42.16±5.62
(87.12)
	36.54±3.98
(75.51)
	30.91±3.42
(63.87)

	Carbohydrates (%)
	Foot muscles
	5.27±0.85
(100)
	5.07±0.36
(97.31)
	4.56±0.14
(87.52)
	4.02±0.12
(77.15)
	3.16±0.06
(60.65)

	
	Intestine
	12±2.46
(100)
	11.8±1.65
(93.16)
	10.6±0.75
(83.83)
	8.4±0.14
(70.00)
	6.2±0.10
(51.66)


 
Graph-1-Represent the Proteins, Lipid and carbohydrate analysis values.

 



The present study Table-2 evaluated the effect of two concentrations (5.00 ppm and 10.00 ppm) over two exposure periods (48 h and 96 h) on the biochemical composition of foot muscles and intestine. A clear dose- and time-dependent decline was observed in all three biochemical parameters—protein, lipids, and carbohydrates—in both tissues when compared to the control.
In the foot muscles, protein content decreased from 25.72% in control to 20.68% (80.40%) at 5 ppm–48 h and further to 14.89% (57.89%) at 5 ppm–96 h. At the higher concentration (10 ppm), the reduction was more pronounced, reaching 10.72% (41.67%) at 48 h and 7.72% (28.26%) at 96 h. A similar declining trend was noted in the intestine, where protein levels dropped from 32.3% in control to 8.76% (27.12%) at 10 ppm–96 h.
Lipid content also showed a significant reduction. In foot muscles, lipids decreased from 35.59% in control to 21.2% (59.56%) at 10 ppm–96 h, while in the intestine, lipid levels declined from 48.39% to 30.91% (63.87%) under the same conditions.
Carbohydrates exhibited the most consistent decline among all parameters. In foot muscles, carbohydrate content fell from 5.27% in control to 3.16% (60.65%) at 10 ppm–96 h, whereas in the intestine it decreased sharply from 12% to 6.2% (51.66%). These results clearly demonstrate that increasing concentration and longer exposure duration intensify biochemical depletion in both tissues.

The observed reduction in protein, lipid, and carbohydrate levels indicates that exposure to the tested substance exerts severe metabolic stress on the organism. Proteins are essential structural and functional molecules, and their depletion suggests enhanced proteolysis to meet increased energy demands under toxic stress. The sharp decline in protein content, especially in the intestine, implies damage to digestive and absorptive functions, which may impair nutrient assimilation and overall physiological balance.
The significant decrease in lipid content reflects the mobilization of stored fats to compensate for energy deficiency caused by stress. Lipids serve as major energy reserves, and their continuous depletion indicates a shift from normal metabolism to a stress-adaptation mode, where stored energy substrates are rapidly consumed. This effect was more severe at 10 ppm and 96 hours, highlighting a clear dose–time interaction.
Carbohydrates, being the primary and immediate energy source, showed rapid depletion, particularly in the intestine. This suggests that glycogen reserves were extensively utilized to cope with stress conditions. The reduction in carbohydrate levels supports the idea that the organism experiences increased metabolic demand to detoxify and maintain homeostasis, leading to exhaustion of readily available energy sources.
The intestine showed comparatively greater biochemical reduction than foot muscles, indicating that it is more vulnerable to toxic exposure. Since the intestine plays a central role in digestion, absorption, and detoxification, it is often the first organ to exhibit metabolic disturbances under chemical stress. The consistent decline across all parameters confirms that prolonged exposure not only disrupts energy metabolism but may also impair tissue integrity and enzymatic activity.
Overall, the results strongly suggest that the tested concentrations induce oxidative stress, metabolic imbalance, and tissue-level toxicity, leading to progressive biochemical depletion.

6. Conclusion
The present investigation clearly demonstrates that exposure to increasing concentrations and longer durations results in a significant decline in protein, lipid, and carbohydrate contents in both foot muscles and intestine. The effects are concentration- and time-dependent, with the highest depletion recorded at 10 ppm after 96 hours.
The marked reduction in proteins indicates enhanced tissue degradation and impaired physiological functions, while the depletion of lipids and carbohydrates reflects excessive utilization of energy reserves to cope with stress. Among the two tissues, the intestine appears to be more sensitive, showing greater biochemical alterations, suggesting its critical role in toxic response and metabolic regulation.
In conclusion, the biochemical changes observed in this study confirm that the tested substance exerts pronounced toxic stress, leading to metabolic exhaustion and possible impairment of normal cellular functions. These findings highlight the potential ecological and physiological risks associated with prolonged exposure and emphasize the importance of regulating environmental concentrations to protect non-target organisms.
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Highlight-
1) Recent studies have demonstrated that Ag₂O nanoparticles exhibit potent cytotoxic effects against snails Lissachatina fulica.
2) Lissachatina fulica is a non-insect pest that economically affects the agricultural sector.
3) The present study investigates the toxicity of silver oxide Ag2O NPs on the Lipid, proteins and carbohydrates of Lissachatina fulica.
4) The nanoparticles induced significant biochemical changes in Intestine and foot muscles.

[bookmark: _Hlk198031404]Disclaimer (Artificial intelligence)

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 



7. References:
Masho, T. J., Ayane, M. M., Endale, G. N., Adula, S. H., Negasa, Y. D., Likasa, B. W., ... &     Jida, S. M. (2025). Biosynthesis, characterization of Ag2O nanoparticles for enhancement of antioxidant and photo degradation activities. Results in Chemistry, 13, 101919.
Ugbaja, R. N., Enilolobo, M. A., James, A. S., Akinhanmi, T. F., Akamo, A. J., Babayemi, D. O., & Ademuyiwa, O. (2020). Bioaccumulation of heavy metals, lipid profiles, and antioxidant status of snails (Achatina achatina) around cement factory vicinities. Toxicology and Industrial Health, 36(11), 863-875.
Fahmy, S. R., Abdel-Ghaffar, F., Bakry, F. A., & Sayed, D. A. (2014). Ecotoxicological effect of sublethal exposure to zinc oxide nanoparticles on freshwater snail Biomphalaria alexandrina. Archives of Environmental Contamination and Toxicology, 67(1), 1–10. https://doi.org/10.1007/s00244-014-0020-z
Feidantsis, K., Kalogiannis, S., Marinoni, A., Vasilogianni, A. M., Gkanatsiou, C., Kastrinaki, G., Dendrinou-Samara, C., & Kaloyianni, M. (2020). Toxicity assessment and comparison of the land snail's Cornu aspersum responses against CuO nanoparticles and ZnO nanoparticles. Comparative Biochemistry and Physiology Part C: Toxicology & Pharmacology, 236, 108817. https://doi.org/10.1016/j.cbpc.2020.108817
Mahmoud, M. B., Ibrahim, W. L., Abou-El-Nour, B. M., El-Emam, M. A., & Youssef, A. A. (2011). Biological and biochemical parameters of Biomphalaria alexandrina snails exposed to the plants Datura stramonium and Sesbania sesban as water suspensions of their dry powder. Pesticide Biochemistry and Physiology, 99(1), 96–104. https://doi.org/10.1016/j.pestbp.2010.11.006
Radwan, M. A., & Mohamed, M. S. (2013). Imidacloprid induced alterations in enzyme activities and energy reserves of the land snail, Helix aspersa. Ecotoxicology and Environmental Safety, 95, 91–97. https://doi.org/10.1016/j.ecoenv.2013.05.019
Sidiropoulou, E., Feidantsis, K., Kalogiannis, S., Gallios, G. P., Kastrinaki, G., Papaioannou, E., Václavíková, M., & Kaloyianni, M. (2018). Insights into the toxicity of iron oxides nanoparticles in land snails. Comparative Biochemistry and Physiology Part C: Toxicology & Pharmacology, 206-207, 1–10. https://doi.org/10.1016/j.cbpc.2018.02.001
Tunholi-Alves, V. M., Tunholi, V. M., Amaral, L. S., Mota, E. M., Maldonado Júnior, A.,    Pinheiro, J., & Garcia, J. (2015). Biochemical profile of Achatina fulica (Mollusca: Gastropoda) after infection by different parasitic loads of Angiostrongylus cantonensis (Nematoda, Metastrongylidae). Journal of Invertebrate Pathology, 124, 1–5. https://doi.org/10.1016/j.jip.2014.10.002
Radwan, M. A., & Mohamed, M. S. (2013). Ecotoxicology and Environmental Safety Imidacloprid induced alterations in enzyme activities and energy reserves of the land snail , Helix aspersa. Ecotoxicology and Environmental Safety, 95, 91–97. https://doi.org/10.1016/j.ecoenv.2013.05.019
Raghunath, A., & Perumal, E. (2017). Metal oxide nanoparticles as antimicrobial agents: a promise for the future. International Journal of Antimicrobial Agents, 49(2), 137–152. https://doi.org/10.1016/j.ijantimicag.2016.11.011
Raut, S. K., & Barker, G. M. (2002).  Achatina fulica Bowdich and other Achatinidae as pests in tropical agriculture. . Molluscs as crop pests. https://doi.org/10.1079/9780851993201.0055
Refai M, H., El- Safty M, S., Abd El-Aziz, M., & Ghuniem M, M. (2020). Egyptian Journal of Plant Protection Research Institute Volume 3: No.(4), December, 2020, 3(May 2019), 339–345.

Sidiropoulou, E., Feidantsis, K., Kalogiannis, S., Gallios, G. P., Kastrinaki, G., Papaioannou, E., Kaloyianni, M. (2018). Comparative Biochemistry and Physiology , Part C Insights into the toxicity of iron oxides nanoparticles in land snails. Comparative Biochemistry and Physiology, Part C, 206–207(February), 1–10. https://doi.org/10.1016/j.cbpc.2018.02.001
Messaoudi, I., Djekoun, M., Boukhari, R., & Sifi, K. (2022). Oxidative stress and antioxidant enzyme responses in the slug Lehmannia nyctelia following silver nanoparticle exposure. Frontiers in Physiology, 13, 945776. https://doi.org/10.3389/fphys.2022.945776

Croteau, M.-N., Misra, S. K., Luoma, S. N., & Valsami-Jones, E. (2011). Silver bioaccumulation dynamics in a freshwater invertebrate after aqueous and dietary exposures to nanosized and ionic Ag. Environmental Science & Technology, 45(15), 6600–6607. https://doi.org/10.1021/es200880c

Bielmyer-Fraser, G. K., Jarvis, T. A., Lenihan, H. S., & Miller, R. J. (2014). Effects of silver nanoparticles on the growth, reproduction, and survival of the freshwater snail Physa acuta. Environmental Toxicology and Chemistry, 33(1), 204–211. https://doi.org/10.1002/etc.2422

Abdel-Tawwab, M., El-Sayed, G. O., & Shady, S. H. (2022). Biochemical and enzymatic alterations in the land snail Monacha obstructa exposed to silver nanoparticles. Egyptian Journal of Aquatic Biology & Fisheries, 26(3), 341–356.
Tunçsoy, B. S. (2018). Toxicity of nanoparticles on insects: A Review. Artıbilim: Adana Bilim ve Teknoloji Üniversitesi Fen Bilimleri Dergisi, 1(2), 49–61.
Tunholi-Alves, V. M., Tunholi, V. M., Amaral, L. S., Mota, E. M., Júnior, A. M., Pinheiro, J., & Garcia, J. (2015). Biochemical profile of Achatina fulica (Mollusca: Gastropoda) after infection by different parasitic loads of Angiostrongylus cantonensis (Nematoda, Metastrongylidae). Journal of Invertebrate Pathology, 124(October 2014), 1–5. https://doi.org/10.1016/j.jip.2014.10.001
Horwitz, William. Official methods of analysis of AOAC International. Volume I, agricultural chemicals, contaminants, drugs/edited by William Horwitz. Gaithersburg (Maryland): AOAC International, 1997., 2010.
Bligh, E. G., & Dyer, W. J. (1959). A rapid method of total lipid extraction and purification. Canadian Journal of Biochemistry and Physiology, 37(8), 911–917.
Yemm, E. W., & Willis, A. J. (1954). The estimation of carbohydrates in plant extracts by anthrone. Biochemical Journal, 57(3), 508–514. 
Sadasivam, S., & Manickam, A. (1992). Biochemical Methods for Agricultural Sciences. Wiley Eastern Ltd.



 







Protein (%)	Foot muscles	25.72	48hr.	96hr.	48hr.	96hr.	5.00 PPM	10.00 PPM	20.68	14.89	10.72	7.72	Protein (%)	Intestine	32.3	48hr.	96hr.	48hr.	96hr.	5.00 PPM	10.00 PPM	31.14	19.82	13.55	8.76	Lipids (%)	Foot muscles	35.59	48hr.	96hr.	48hr.	96hr.	5.00 PPM	10.00 PPM	34.99	31.39	25.8	21.2	Lipids (%)	Intestine	48.39	48hr.	96hr.	48hr.	96hr.	5.00 PPM	10.00 PPM	42.77	42.16	36.54	30.91	Carbohydrates (%)	Foot muscles	5.27	48hr.	96hr.	48hr.	96hr.	5.00 PPM	10.00 PPM	5.07	4.5599999999999996	4.0199999999999996	3.16	Carbohydrates (%)	Intestine	12	48hr.	96hr.	48hr.	96hr.	5.00 PPM	10.00 PPM	11.8	10.6	8.4	6.2	Protein (%)	Foot muscles	25.72	48hr.	96hr.	48hr.	96hr.	5.00 PPM	10.00 PPM	Protein (%)	Intestine	32.3	48hr.	96hr.	48hr.	96hr.	5.00 PPM	10.00 PPM	Lipids (%)	Foot muscles	35.59	48hr.	96hr.	48hr.	96hr.	5.00 PPM	10.00 PPM	Lipids (%)	Intestine	48.39	48hr.	96hr.	48hr.	96hr.	5.00 PPM	10.00 PPM	Carbohydrates (%)	Foot muscles	5.27	48hr.	96hr.	48hr.	96hr.	5.00 PPM	10.00 PPM	Carbohydrates (%)	Intestine	12	48hr.	96hr.	48hr.	96hr.	5.00 PPM	10.00 PPM	Concentration of Ag2O NPs 
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