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	 Abstract: Background: Freshwater bivalves are considered effective biomarkers for pollution in 
aquatic ecosystems. Despite advances in the use of zinc oxide nanoproducts in several sectors, such 
as food, industry, and medicine, paying attention to their environmental impacts is crucial. The ob-
jective of the study was to investigate the mechanisms of zinc oxide-chitosan nanocomposites 
(ZnO-CS NCs) ecotoxic in freshwater environments using freshwater bivalves Coelatora aegyptica 
as a sensitive indicator.  
Methods: After preparing and characterizing ZnO NPs and ZnO-CS NCs with transmission electron 
microscopy, ultraviolet spectroscopy, and X-ray diffraction, we exposed the bivalve to three differ-
ent doses of ZnO NPs and ZnO-CS NCs (12.5, 25, and 50 mg/L) for 7 days.  
Results: ZnO-CS NCs concentrations significantly increased malondialdehyde and nitric oxide lev-
els, whereas glutathione and catalase levels decreased in investigated organs. Furthermore, histolog-
ical changes were detected in the tissues of the gills and mantle.  
Discussion: The bivalve organs had varying quantities of MDA, NO, GSH, and CAT. This could be 
related to the accumulation pattern of heavy metals in each organ, their close interaction with water, 
or the removal rates. 
Conclusion: We concluded from our findings that the toxicity of ZnO-CS NCs on freshwater bi-
valves causes histological alterations and an oxidative stress response. Moreover, Coelatura aegyp-
tiaca was proposed as a highly sensitive bioindicator to monitor water contamination induced by 
diverse nanoparticles because it can accumulate and concentrate most pollutants, even at low con-
centrations. As a result, we recommend conducting additional studies with fresh bivalves to evalu-
ate the aquatic ecosystem well and reduce water contamination at both local and worldwide levels. 
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1. INTRODUCTION 

 Nanocomposites (NCs), one of the early generations in 
nanotechnology, are formed by combining hetero- or homo-
nanoparticle structures for various uses. The combination 
effect enhances the characteristics of individual nanoparticles 
in the composite and provides novel functions [1]. The in-
creased production and utilization of nanoparticles in con-
sumer products and industry, along with an extensive number 
of applications associated with these nanomaterials, have 
raised apprehensions regarding the possible environmental 
effect of nanoparticles in various habitats and the detrimental 
impact on the wellness of people [2-5]. The high surface-to-
volume ratio of nanoparticles causes them to have distinct 
chemical and physical characteristics different from other 
bulky materials and elevated reactivity potential [4-6]. 
 

*Address correspondence to this author at the Zoology Department, Faculty 
of Science, Cairo University 12613, Giza, Egypt;  
E-mail: ayman81125@cu.edu.eg 

 Furthermore, the formation, characterization, and appli-
cation of metal-oxide crystals in current electrical and opti-
cal devices remains an interesting area for theoretical and 
experimental research [7]. The antibacterial properties of 
metal oxides garner interest as an innovative strategy for 
developing strategies that can substitute organic compounds 
[8]. The nanoparticle structure, solubility, and interaction 
modalities with biological systems are emphasized as key 
aspects in evaluating metal oxide nanoparticle risk [9, 10]. 
 Chitosan nanoparticles (CSNPs) are highly promising 
polymers and bio-based nanoparticles that have gained sig-
nificant interest over the past few decades. Their high poten-
tial as nanocarriers depends on their ability to encapsulate 
molecules, such as medications or active substances, 
transport them to a targeted site, and ensure regulated re-
lease [11]. After cellulose, chitosan is the world's second 
most common natural biopolymer and can be observed in 
crustacean exoskeletons, molluscan organs, fungi, insects, 
and yeasts [12]. Furthermore, chitosan is a naturally formed 
material that finds extensive use in several industries, such 
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as food, textiles, farming, water treatment cosmetics, phar-
maceutical products, and many other fields [13]. 
 As a result of the appearance of nanotechnology, nano-
engineered ZnO has achieved widespread commercial in 
various product categories due to its excellent transparency 
and refractive index characteristics. Approximately 550 tons 
of nano-formulated ZnO are produced annually worldwide 
[14]. There is growing concern about the potential harm that 
nano-ZnO could cause to people's health. The nanoparticle 
toxicity studies were implemented in various biological sys-
tems, including human beings, cell-line systems, and animal 
models, such as rats, zebrafish, and catfish [15, 16]. The 
nanoparticles can enter living organisms, causing cellular 
dysfunction by penetrating biological barriers such as cell 
membranes. The structural and physicochemical characteris-
tics of ZnO nanoparticles induce considerable alterations in 
biological function. They share in producing reactive oxy-
gen species and stimulating different pathways for signal 
transduction in particular cells [17]. Consumer and industri-
al products, such as zinc oxide nanoparticles (ZnO-NP), 
have raised concerns about their possible ecotoxicological 
effects if released into the environment. Cellular nano-
material entry can occur via endocytosis, making bivalve 
mollusks susceptible to nanoparticle toxicity [18]. 
 These days, the scarcity of fresh water has generated 
widespread concern [19]. Utilizing aquatic invertebrate an-
imal models will be essential in advancing nanoecotoxicol-
ogy [17]. Freshwater mollusks are a unique species for na-
noparticles. Bivalves are filter-feeding and immobile crea-
tures capable of accumulating and concentrating a wide 
range of contaminants, even at low levels [20]. The Egyp-
tian freshwater bivalves Caelatura aegyptiaca are mollus-
can bivalves that inhabit the Nile River from Assiut to Dam-
ietta [21]. For the first time, the current study aimed to use a 
freshwater bivalve as a sensitive bioindicator for ZnO-CS 
nanocomposites in the freshwater habitat. 

2. MATERIAL AND METHODS 

2.1. Materials and Reagents 

 Chitosan, low molecular weight (75-85% deacetylated), 
sodium hydroxide (NaOH) (≥98.0-100.5%), and zinc acetate 
(99.99%) were purchased from Sigma-Aldrich (US). 

2.2. Preparing Zinc Oxide Nanoparticles (ZnO NPs) 

 In solution A, 3.73 mmol of zinc acetate dihydrate was 
dissolved in 40 ml of ethanol, stirring at 60oC. In solution 
B, 7.22 mmol of NaOH was dissolved in 320 µL of bi-
distilled water and 25 mL of ethanol. After two hours of 
vigorous and continuous stirring at 60°C, solution B was 
introduced dropwise to solution A. The mixture was permit-
ted to reach room temperature. Following that, ZnO samples 
were centrifuged and thoroughly cleaned with new, pure 
ethanol 3 times. ZnO NPs needed two hours to dry at 60 oC 
[22]. 

2.3. Preparing of Zinc Oxide-Chitosan Nanocomposites 
(ZnO-CS NCs) 

 According to [21], the following steps were used to pre-
pare ZnO-CS nanoparticles: A small amount (0.1–1 gm) of 

ZnO powder was mixed with 100 mL of 1% acetic acid and 
changed into zinc cations. Then, 1gm of chitosan was added 
to this mixture and sonicated for 30 min. After magnetic 
stirring, 1M NaOH was added drop by drop until the pH of 
the solution reached 10. The mixture was put in a water bath 
at 40-80 °C for about three hours. After that, the solution 
was filtered, and the precipitate was washed several times 
with distilled water. Finally, it was dried in an oven at 50°C 
for one hour. 

2.4. Characterization of ZnO NPs and ZnO-CS NCs 

2.4.1. Transmission Electron Microscope Analysis (TEM) 

 The morphology of ZnONPs and ZnO-CS NCs was im-
aged using TEM (A JEOL JEM-2100).  

2.4.2. Ultraviolet-visible (UV–Vis) Spectral Analysis 

 To determine the spectroscopic properties of ZnONPs 
and ZnO-CS NCs, their aqueous solutions were prepared 
and analyzed using a UV-visible spectrometer (Shimadzu 
UV-1601). The spectrophotometer worked at 10 nm inter-
vals in the 200–700 nm wavelength range.  

2.4.3. X-ray Diffraction (XRD) Analysis 

 An X-ray diffractometer was used to obtain the structur-
al characteristics of the particles (XRD-6000, Shimadzu, 
Japan). The device was working at 30 mA and 40 kV and 
was equipped with a Cu Kα radiation source and Ni filter 
(wavelength λ = 0.15406 nm).  

2.5. Ethical Consideration 

 The Institutional Animal Care and Use Committee 
(IACUC) at the October University for Modern Sciences 
and Arts, Faculty of Biotechnology, approved the study's 
methodologies and procedures (MSA2230). 

2.6. Experimental Animals 

 Coelatura aegyptiaca species (6.5–8.5 cm shell wide and 
11–14 cm long) was found in the Nile River in the Abu 
Rawash area of Giza Governorate, Egypt. As soon as we got 
the samples to the lab, we put them in a glass-reinforced 
plastic (FRP) case and left them at room temperature. The 
animals were fed commercial phytoplankton during the 
whole trial.  

2.7. Experimental Design 

 The current study used the ZnO NPS and ZnO-CS NCs 
concentrations equal to 12.5, 25, and 50 mg/L. The samples 
were mixed in water without chlorine for 20 minutes. Five 
animals per concentration level were exposed for 7 days to 
ZnO NPS and ZnO-CS NCs. In dechlorinated freshwater, a 
control group of Bivalves was preserved. 

2.8. Determination of ZnO NPs Concentration 

 ZnO concentrations were measured at 213.856 nm using 
ICP-OES equipment (ICAP 6500 Duo, Thermo Scientific, 
Cambridge, UK). Sonication was performed for 20 minutes 
before the measurement. The tests were run three times.  
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2.9. Preparation of Samples 

 Once carefully removed, the soft parts, including the 
mantle, foot, digestive gland, and gills, were rinsed with 0.9 
percent ice-cold saline. Tissues were mixed with a 10% w/v 
phosphate buffer (pH 7.4) warmed to room temperature. 
The homogenate was centrifuged at 3000 rpm and 4°C for 
15 min to prepare it for biochemical examination [23, 24]. 

2.10. Evaluation of Oxidative Stress 

 Oxidative stress biomarkers were measured using the 
supernatant of the tissue homogenate to determine lipid pe-
roxidation, which was measured by the formation of 
malondialdehyde (MDA) [25], catalase (CAT), glutathione 
(GSH) [26], and nitric oxide (NO) [27]. 

2.11. Histopathological Examination 

 Following dissection, the tissues of the gills and mantle 
were preserved in a 10% neutral-buffered formalin. The 
conserved specimens undergo washing, dehydration, and 
embedding in paraffin wax at temperatures ranging from 58 
to 60 °C. Paraffin cubes were cut to appropriate sizes, and 
tissues were sectioned using a microtome with a thickness 

of five µm. After removing the paraffin, the slides were re-
hydrated and stained with hematoxylin and eosin.  

2.12. Statistical Study 

 Values were reported as means ± SE. SPSS 25.0 for 
Windows was used for statistical analysis. One-way ANO-
VA with Duncan post hoc test was used to compare group 
means. Statistical significance occurs with p < 0.05. 

3. RESULTS 

3.1. ZnO and ZnO-Chitosan Nanoparticles Characteriza-
tion 

 The TEM micrographs revealed the roughly homoge-
nous spherical shape of the ZnO NPs and ZnO-CS NPs with 
average diameters of 4 nm for ZnO NPs and 4-7 nm for 
ZnO-CS NPs (Fig. 1).  
 UV-visible spectroscopy is a very straightforward and sen-
sitive method for detecting the formation of metallic and metal 
oxide nanoparticles. UV spectra of ZnO-CS nanoparticles 
showed that it had λ max at 348, 322 nm, like those of ZnO 
NPs, which exhibited a maximum at 315, 263 nm (Fig. 2). 

 
Fig. (1). TEM analysis of zinc oxide NPs and zinc oxide-chitosan NCs. (A higher resolution / colour version of this figure is available in the 
electronic copy of the article). 

 

 
Fig. (2). UV-vis absorption spectrum analysis of zinc oxide NPs and zinc oxide-chitosan NCs. (A higher resolution / colour version of this fig-
ure is available in the electronic copy of the article). 
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 X-ray diffraction evaluation identified the crystalline 
shape of the prepared ZnO and ZnO-CS nanoparticles. The 
patterns demonstrated that the ZnO-CS nanoparticles were 
well-crystallized. ZnO and ZnO-CS NPs had distinct XRD 
peaks at 2θ values of Peaks at 2θ=32.35°, 33.89°, 36.81°, 
37.94°, 39.99°, and 44.42° correspond to the crystal planes 
of (1 0 0), (0 0 2), (1 0 1), (1 1 0), (1 0 3), and (1 1 2) hex-
agonal zinc oxide (Fig. 3). The diffraction peaks were all 
consistent with the hexagonal wurtzite structure of ZnO 
(JCPDS card 36-1451) [28] Using the Debye Scherrer for-
mula, the average size of ZnO NPs was calculated to be 98 
nm and ZnO-CS 45 nm, indicating that the inclusion of chi-
tosan as a stabilizer lowered the agglomeration rate in the 
synthesis of ZnO NPs, hence reducing the crystallite size of 
nanoparticles.  
 All peaks of XRD spectra were compared with the 
standard peaks in JCPDS files, resulting in excellent match-
ing of all samples. 

3.2. ZnO NPs Concentration 

 The levels of zinc oxide in the zinc oxide-Chitosan 
nanocomposite solutions were found to be 9, 20, and 42 
mg/L for each exposed concentration of 12.5, 25, and 50 
mg/L, respectively. 

3.3. Impact of ZnO and ZnO-Chitosan NPs on Organ 
Oxidative State in Coelatura aegyptiaca 

3.3.1. Malondialdehyde (MDA) and Nitric Oxide (NO) 

 MDA assay revealed a statistically significant increase 
(p<0.05) in concentration between all treated and the control 
groups, except for the lowest dose of ZnO NPs in the man-
tle. There was a significant change (p<0.05) in MDA con-
centration between ZnO nanoparticles compared to ZnO-CS 
nanoparticles in most tissues, as shown in (Table 1). 
 NO assay showed a significant increase (p<0.05) in con-
centration between all treated and the control groups, except 
for the lowest dose of ZnO NPs in the mantle and foot. Al-
so, there was a significant increase (p<0.05) in NO concen-
tration between ZnO and ZnO-CS nanoparticles across all 
organs (Table 2). 

3.3.2. Glutathione (GSH) and Catalase (CAT) 

 Assays of the GSH levels showed a significant reduction 
(p<0.05) between the control and all treated groups. Like-
wise, there was a significant decrease (p<0.05) in GSH con-
centration between ZnO and ZnO-CS nanoparticles across 
all organs at the lowest dose. Still, there was no significant 
change between ZnO and ZnO-CS at 25 and 50 mg doses in 
mantle, as evident in Table (3). 
 CAT assay indicated a significant decrease (p<0.05) in 
all organs between the control and treated groups. Likewise, 
there was a significant decrease (p<0.05) in CAT concentra-
tion between ZnO and ZnO-CS nanoparticles, as shown in 
Table (4) across all organs, except for the highest dose in 
the mantle. 

3.4. Histological Examination of the Gills 

 The control animal gills revealed the typical bivalve cte-
nidium structure, including filaments and water channels. 
Each gill filament contained two chitinous rods, a central 
tissue core, and well-organized epithelial cells with lateral 
and frontal cilia. (Fig. 4). However, the lateral and frontal 
cilia had shed off after being subjected to ZnO NPs and 
ZnO-CS NCs for 7 days, and the gill filament lumen housed 
blood cells. The gill filaments were also severely disor-
dered, and the expansion of the gill lumen caused cellular 
damage. 

3.5. Histopathology of the Mantle 

 A plicated integument (PI), which represents the epithe-
lial layer, and a connective tissue layer with granulocytes 
(GC) were seen in the mantle's light micrograph. A layer of 
somatic musculature (SM) was also discovered in healthy 
tissue. The plicated integument comprised mucous and cili-
ated columnar epithelial cells (CEC). The muscular layer of 
the mantle, on the other hand, has longitudinal cross-
sections of myocytes (Fig. 5). Massive degeneration in the 
mantle, such as muscle bundle breakage, muscular atrophy, 
and granulocyte expansion, were seen after brought to ZnO 
NPs and ZnO-CS NCs. Although both chemicals were pre-
sent, the ZnO-CS NCs tissues showed a more pronounced 
impact.

 
Fig. (3). X-ray diffraction analysis of zinc oxide NPs and zinc oxide-chitosan NCs. (A higher resolution / colour version of this figure is availa-
ble in the electronic copy of the article). 
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Table 1. Effect zinc oxide nanoparticles (ZnO NPs) and ZnO-Chitosan nanoparticles (ZnO-CS NCs) on MDA (nM/g.tissue) in four 
different organs of Coelatura aegyptiaca. 

Groups Concentrations (mg/L) 
Organ 

Digestive Gland Gills Mantle Foot 

Control 0 1.20 ± 0.05a 0.94 ± 0.08a 0.64 ± 0.07a 0.88 ± 0.04a 

ZnO NPs 

12.5 3.16 ± 0.22b 1.16 ± 0.02b 0.61 ± 0.03a 1.13 ± 0.03b 

25 3.64 ± 0.02cd 1.31 ± 0.03c 0.86 ± 0.02bc 1.45 ± 0.02c 

50 3.82 ± 0.02d 1.68 ± 0.02d 1.23 ± 0.19d 1.81 ± 0.01d 

ZnO-CS NCs 

12.5 3.46 ± 0.18bc 1.36 ± 0.03c 0.71 ± 0.05bc 1.61 ± 0.03e 

25 3.93 ± 0.05d 1.64 ± 0.02d 0.92 ± 0.03c 2.12 ± 0.04f 

50 4.43 ± 0.04e 1.87 ± 0.01e 1.25 ± 0.04d 2.56 ± 0.06g 

Note: Values presented as means ± standard error (n = 5). Values that do not share common superscript letter are considered significantly different (P < 0.05). 
 
Table 2. Effect zinc oxide nanoparticles (ZnO NPs) and ZnO-Chitosan nanoparticles (ZnO-CS NCs) on NO (µM/g.tissue) in four 
different organs of Coelatura aegyptiaca. 

Groups Concentrations (mg/L) 
Organ 

Digestive Gland Gills Mantle Foot 

Control 0 5.04 ± 0.67a 6.05 ± 0.25a 6.67 ± 0.93a 9.46 ± 0.88a 

ZnO NPs 

12.5 9.46 ± 0.44b 10.07 ± 0.84b 7.09 ± 0.38a 11.41 ± 0.83a 

25 14.70 ± 0.91c 11.60 ± 1.40b 9.10 ± 0.44ab 17.19 ± 0.85b 

50 18.98 ± 0.94d 19.19 ± 1.00c 17.51 ± 1.34c 25.63 ± 0.86d 

ZnO-CS NCs 

12.5 19.26 ± 0.62d 17.68 ± 0.77c 11.43 ± 0.80b 19.58 ± 0.47c 

25 39.14 ± 2.47e 22.95 ± 0.47d 16.40 ± 1.02cd 27.50 ± 0.27d 

50 46.13 ± 1.80f 29.22 ± 0.50e 19.44 ± 0.46d 37.03 ± 1.20e 

Note: Values presented as means ± standard error (n = 5). Values that do not share common superscript letter are considered significantly different (P <0.05). 
 
Table 3. Effect zinc oxide nanoparticles (ZnO NPs) and ZnO-Chitosan nanoparticles (ZnO-CS NCs) on GSH (mM/g.tissue) in four 
different organs of Coelatura aegyptiaca. 

Groups Concentrations (mg/L) 
Organ 

Digestive Gland Gills Mantle Foot 

Control 0 2.87 ± 0.06f 3.99 ± 0.16e 3.54 ± 0.05e 2.85 ± 0.10g 

ZnO NPs 

12.5 2.56 ± 0.03e 3.61 ± 0.04d 3.07 ± 0.07d 2.30 ± 0.05f 

25 2.19 ± 0.04d 3.12 ± 0.10c 2.59 ± 0.08b 2.01 ± 0.06e 

50 2.02 ± 0.06cd 2.68 ± 0.03b 2.20 ± 0.05a 1.69 ± 0.01d 

ZnO-CS NCs 

12.5 1.89 ± 0.06cd 3.43 ± 0.13d 2.81 ± 0.02c 1.01 ± 0.03c 

25 1.20 ± 0.05b 2.92 ± 0.10bc 2.45 ± 0.03b 0.69 ± 0.01b 

50 0.95 ± 0.04a 2.36 ± 0.07a 2.23 ± 0.03a 0.30 ± 0.07a 

Note: Values presented as means ± standard error (n = 5). Values that do not share common superscript letter are considered significantly different (P < 0.05). 
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Table 4. Effect zinc oxide nanoparticles (ZnO NPs) and ZnO-Chitosan nanoparticles (ZnO-CS NCs) on CAT (U/g.tissue) in four 
different organs of Coelatura aegyptiaca. 

Groups Concentrations (mg/L) 
Organ 

Digestive Gland Gills Mantle Foot 

Control 0 15.84 ± 0.41f 21.32 ± 0.49e 18.60 ± 0.39e 14.05 ± 0.54f 

ZnO NPs 

12.5 10.26 ± 0.29e 12.26 ± 0.43d 11.00 ± 0.35d 9.33 ± 0.19d 

25 8.82 ± 0.22d 7.36 ± 0.13c 8.33 ± 0.25c 6.26 ± 0.19b 

50 5.33 ± 0.13cd 5.44 ± 0.28b 4.48 ± 0.11a 4.50 ± 0.19a 

ZnO-CS NCs 

12.5 5.98 ± 0.18cd 5.80 ± 0.26b 8.48 ± 0.11c 8.95 ± 0.19d 

25 4.37 ± 0.11b 4.38 ± 0.06a 5.47 ± 0.06b 7.97 ± 0.23c 

50 1.71 ± 0.06a 3.80 ± 0.04a 4.47 ± 0.06a 4.22 ± 0.23e 

Note: Values presented as means ± standard error (n = 5). Values that do not share common superscript letter are considered significantly different (P < 0.05). 
 
 
 

 
Fig. (4). Histological sections (H&E) of Coelatura aegyptiaca' gills exposed to ZnO NPs and ZnO-CS NCs. CR: chitinous rods, BC: blood 
cells, CEC: ciliated columnar epithelial cells, FC: frontal cilia, and LC: lateral cilia. (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article). 

4. DISCUSSION 

 Heavy metal leakage into aquatic ecosystems is highly 
hazardous to the ecosystem due to its toxic properties  
[29-31]. Water pollution is a critical issue with serious con-
sequences for human health, wildlife health, and the aquatic 
ecosystem. One of the most dangerous hazards is Water 
contamination from industry nanotechnologies and its by-
products [32]. Previous studies have shown that Zn is haz-

ardous to aquatic organisms at sublethal concentrations 
ranging from 0.8 to 100 mg/L [33, 34]. 
 Oxidative stress (OXS) is an adequate factor that was 
proposed as one of the possible causes for the toxicity of 
ZnO-CS NCs in Caelatura aegyptiaca freshwater bivalves 
since cells respond to OXS by exhibiting several defensive 
mechanisms that may be directly assessed to be changes in 
biochemical or genomic expression [35]. ROS production 
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and cellular OXS were earlier proposed as potential NP tox-
icity mechanisms [36, 37]. The risk of ROS generation is 
influenced by the extent of stress and the physicochemical 
conditions within the cell (i.e., antioxidant status and redox 
state). Stress produces active oxygen, which is known to be 
harmful and can cause lipid peroxidation and enzyme deac-
tivation [38]. 
 Malondialdehyde (MDA) is a highly reactive metabolic 
product generated by a series of reactions induced by lipid 
peroxide and the effect of oxygen-free radicals on tissues 
[20, 39]. MDA levels were elevated significantly in the ZnO 
NPs and ZnO-CS NCs groups compared to the control 
groups. According to [40], increased MDA levels cause 
increased lipid peroxidation, resulting in tissue damage, 
impairing antioxidant defenses, and increased free radical 
production. The highest ZnO-CS NCs concentration induced 
a significant elevation in hepatopancreas (Digestive gland) 
MDA level when compared to the ZnO group, supporting 
the approach posits that filter-feeding bivalves are a suitable 
target for NPs in aquatic ecosystems [41]. 
 NO is produced in mollusks by mobile defense cells kno
wn as hemocytes. NO synthase (NOS) is an enzyme that 
catalyzes the oxidation of L-arginine into L-citrulline pro-
ducing NO molecules [42]. The current study revealed a 
significant increase in nitric oxide content in the Digestive 
gland and gills of ZnO NPs treated bivalves compared to 
control. Furthermore, a significant increase in all evaluated 
organs of ZnO-CS NCs treated bivalves was found in a con-

centration-dependent manner compared to ZnO NPs, indi-
cating that ZnO-CS NCs increased NO production to sup-
press the stress induced by nanoparticle exposure. This in-
vestigation corroborated previous findings reported in [43], 
where it was proposed that NPs cause oxidative burst and 
NO production in bivalve hemocytes [44]. 
 Reduced glutathione (GSH) is thought to act as an essen-
tial cellular protective factor versus reactive oxygen metabo-
lites by acting as a substrate for glutathione peroxidase [45]. 
GSH concentrations declined significantly in ZnO NPs 
groups compared to the control group. Similarly, there was a 
significant decrease in GSH concentrations between ZnO 
and ZnO-CS nanoparticles across all organs at the lowest 
dose, except for (25 and 50 mg/L) doses in the mantle, 
which showed no significant change. According to [46], the 
decrease in GSH content is accompanied by increased lipid 
peroxidation. Furthermore, mollusks respond to metal expo-
sure by depleting GSH content in the digestive gland [47].  
 Catalase (CAT) is a critical element in the defensive 
antioxidant system, which works together to protect against 
ROS [48]. It catalyzes the reaction that converts hydrogen 
peroxide to water and oxygen [49]. Antioxidant enzymes, 
such as peroxidase and catalase, protect cells from oxygen 
generation's damaging impacts by maintaining relatively 
low internal reactive oxygen levels and mitigating the dam-
age caused by their high reactions [50]. The study recorded 
a significant decrease in CAT activity between the control 
group and ZnO NPs/ ZnO-CS NPs treated groups in all or-

 
Fig. (5). Histological sections (H&E) of Coelatura aegyptiaca's mantle exposed to ZnO NPs and ZnO-CS NCs. GC: granulocytes, CEC: cili-
ated columnar epithelial cells, SM: somatic musculature, and PI: plicated integument. (A higher resolution / colour version of this figure is 
available in the electronic copy of the article). 
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gans. The decline in catalase (CAT) activity could be as-
cribed to a decrease in the production of proteins, leading to 
an elevation in the peroxidation end product MDA [51]. 
 The bivalve organs had varying quantities of MDA, NO, 
GSH, and CAT. This could be related to the accumulation 
pattern of heavy metals in each organ, their close interaction 
with water, or the removal rates [52-54]. 

CONCLUSION 

 The present study exposed freshwater bivalves to zinc 
oxide NPs and zinc oxide-chitosan NCs, resulting in oxida-
tive elevation impacts and tissue changes in the investigated 
organs. Coelatura aegyptiaca was revealed to be an effec-
tive bioindicator for water pollution by nanoparticle contam-
ination. 
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