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Abstract: Commercial usage of zinc oxide nanoparticles threatens the aquatic ecosystem. The green
synthesis of ZnO nanoparticles is an environmentally benign method of nanoparticle manufacture. Aim:
In the current study, freshwater bivalves were employed as a crucial indicator for the green synthesis of
alginate/ZnO nanocomposite. Transmission electron microscopy, ultraviolet spectroscopy, and X-Ray
diffraction were used to analyze the produced Alginate/ZnO nanocomposite. The bivalve was subjected
to various dosages of ZnO and alginate/ZnO nanoparticles (12, 25, and 50 mg/L). The alginate/ZnO
nanocomposite size was between (10-15 nm), whereas ZnO was between (5-10 nm). Malondialdehyde
and nitric oxide levels increased at all Alginate/ZnO nanocomposite doses, whereas catalase and
glutathione levels decreased in all organs. After exposure to alginate/ZnO nanocomposite nanoparticles,
the gills and mantle histopathological examinations revealed changes. Incorporating alginate into the
production of ZnONPs causes combinatorial harmful effects in Coelatora aegyptica, including
oxidative stress and histopathological alterations. Coelatora aegyptiaca was found to be a sensitive bio-
indicator for nanoparticle-induced water pollution.

Keywords: Coelatora aegyptiaca; zinc oxide; sodium alginate; water pollution; nanoparticles;
oxidative stress.

© 2022 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

In recent years, producing zinc oxide nanoparticles with precise shape and morphology
has piqued interest in fundamental research and industrial applications. A variety of typical
processes for producing zinc oxide nanoparticles were applied, including hydrothermal, sol-
gel, microwave, and precipitation [1-3]. On the other hand, some synthetic techniques have
many disadvantages since they need numerous long and complicated procedures to make pure
nanomaterials. Nanoparticles (NPs) made of polymeric materials have been widely exploited
in developing new medication delivery methods. Encapsulated compounds are becoming more
popular due to their better physical and chemical stability, lack of toxicity, potential to increase
bioavailability, and ability to administer encapsulated drugs in a targeted manner [4]. Alginate
has been studied extensively as a natural polymer for producing polymeric nanoparticles (NPs)
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[5]. Sodium alginate is a water-soluble alginic acid polysaccharide salt with anti-tumor,
immune-regulating, non-toxic, biodegradable, and high biocompatibility properties [6].

Incorporating nanotechnologies into a wide range of produced items raises concerns
about releasing artificial nanoparticles into the environment [7]. Their unusual
physicochemical features, strong penetrating ability, broad surface area, and chemical activity
make them appealing for industrial and medicinal applications and potentially damaging the
environment and living species [8]. During manufacture, usage, discharge, treatment, and
deposition, nanoparticles are released into marine and freshwater environments in massive
amounts [9]. The impact of nanoparticles on aquatic and terrestrial systems has recently gotten
much attention [10].

Observable changes in cellular or biochemical processes, structures, or components,
caused by xenobiotics, illness, or other physical agents are known as biomarkers (or biological
markers) [11]. Because they are known to concentrate these elements, bivalves are utilized as
bioindicators of heavy metal pollution, giving a time-integrated signal of environmental
contamination [12]. Caelatura aegyptiaca is a Molluscan Bivalve belonging to Unionidae
widely distributed along the Nile from Assiut to Damietta branches [13]. In the current study,
freshwater bivalves were employed as a crucial indicator for the green synthesis of
alginate/ZnO nanocomposite.

2. Material and Methods

2.1. Chemicals and materials.

Sodium Alginate, zinc acetate, and sodium hydroxide (NaOH) were purchased from
(Sigma Aldrich, USA).

2.2. Synthesis of zinc oxide nanoparticles (ZnO NPs).

According to Cao et al. [14], the synthesis of ZnO NPs was, in brief, 7.22 mmol of
NaOH dissolved in 320 pL of bi-distilled water and then in 25 mL of ethanol was added
dropwise to 3.73 mmol of zinc acetate dihydrate dissolved in 40 ml of ethanol. After 2 hours
of vigorous and steady stirring at 60 degrees Celsius, the solution was allowed to cool to
ambient temperature. Then ZnO samples were collected by centrifugation and washed
thoroughly with pure fresh ethanol. ZnO NPs were re-dispersed in ethanol or dried at 60 ° C for
two hours.

2.3. Synthesis of zinc oxide/alginate nanocomposites (ZnO/Alg NC).

To make alginate gelation, a stirrer was used to combine sodium alginate solution (3%)
with zinc acetate solution (5%) to get a homogenous mixture, followed by filtration. The
resulting hydrogel was rinsed multiple times with distilled water to eliminate any remaining
Zinc acetate. The gel was then dried overnight in a 60 °C oven to eliminate moisture. To achieve
the final product of nano-scale zinc oxide, the dried gel was calcined in an oven at 500 °C for
3 hours [15].

2.4. Characterization of ZnONPs and ZnO/Alg NCs.

Transmission electron microscopic (A JEOL JEM-2100) have been used to examine
the nanostructure of ZnONPs and ZnO/Alg NCs.

https://biointerfaceresearch.com/ 20f12
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ZnONPs and ZnO/Alg NCs were characterized using an aqueous solution and a UV-
visible spectrophotometer (Shimadzu UV-1601) operating at a 10 nm interval in the
wavelength range 200-700 nm.

The structure of the generated particles was determined using an X-ray diffractometer
(XRD-6000, Shimadzu, Japan) operating at 40 kV and 30 mA with Cu K radiation (wavelength
- 0.15406 nm).

2.5. Experimental animals.

Coelatura aegyptiaca (shell length 11— 14 cm & width 6.5-8.5) have been from the
Nile River in Abu Rawash area, Giza Governorate, Egypt. The animals were transferred to the
laboratory at once ad added to a glass-reinforced plastic (FRP) tank at room temperature.
During the study, the animals were fed with commercial phytoplankton.

2.6. Experimental design.

Three different concentrations of ZnO NPS and ZnO/Alg NCs were selected in the
present study (12.5, 25, and 50 mg/ L). They were sonicated for 20 minutes in dechlorinated
waters. Mussels (5 animals/concentration level) exposed to ZnO NPS and ZnO/Alg NCs for
seven days. A control group of mussels was maintained in dechlorinated freshwater.

2.7. Determination of ZnONPs concentration.

ZnO concentrations were determined using ICP-OES equipment (iCAP 6500 Duo,
Thermo Scientific, Cambridge, UK) at 213.856 nm. Before the measurement, 20 minutes of
sonication were performed. The analyses were performed in triplicates.

2.8. Samples tissue preparation for biochemical analysis.

Soft tissues (mantle, foot, digestive gland, and gills) were removed and washed with
ice-cold saline (0.9 %). The tissues were homogenized (10% wi/v) in an ice-cold 50 mM
phosphate buffer (pH 7.4). The homogenate was centrifuged for 15 minutes at 3000 rpm at
4°C, and the supernatant was utilized for biochemical analysis [16,17].

2.9. Assessment of oxidative stress markers.

The tissue's supernatant homogenate was used to measure oxidative stress indicators.
Biodiagnostic kits (Biodiagnostic Dokki, Giza, Egypt) were used for the determination of lipid
peroxidation, which was measured by the formation of malondialdehyde (MDA) [13],
glutathione (GSH) [18], catalase [19] and nitric oxide (NO) [20].

2.10. Histopathological examination.

Dissected gills and mantle tissues were fixed in 10% neutral-buffered formalin. An
automated processor was used to wash, dehydrate, and embed the preserved specimens in
paraffin wax (58-60°C). Paraffin blocks were trimmed to a suitable size, and tissues were cut
using a microtome 4-5 um thickness. Following deparaffinization, slides were rehydrated and
stained with hematoxylin and eosin [21,22].
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2.11. Statistical analysis.

Values were expressed as means £SE. Within-group comparisons were assessed using
one-way analysis of variance (ANOVA) with Duncan post hoc test to compare group means,
with p < 0.05 regarded as statistically significant. The statistical analysis was performed using
SPSS for Windows (version 15.0).

3. Results and Discussion

3.1. Characterization of synthesized nanoparticles.

TEM investigation revealed the synthesis of sodium alginate/ZnO NCs and ZnO NPs
in size ranges of 10-15 nm and 10-5 nm, respectively. The produced nanoparticles have a
nearly spherical shape (Figure 1).

20 nm 100 nm

Figure 1. TEM micrographs of (A) ZnO NPs, and (B) ZnO/Alg NCs.

As shown in Figure 2, the maximum UV spectra of sodium alginate/ZnO NCs and ZnO
NPs were 315 and 370 nm, respectively, which attributed to the intrinsic band-gap of Zn-O
absorption.
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Figure 2. UV-vis absorption spectrum of (A) ZnO NPs and (B) ZnO/Alg NCs.
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The crystalline structure of the produced ZnONPs and ZnO/Alg NCs was determined
using X-ray diffraction analysis. Diffraction peaks were visible in the XRD spectrum of
ZnO/Alg NCs at two values of 32.7, 34.5, 36.4, and 47.7. ZnONPs, on the other hand, showed
diffraction peaks at two values of 31.8, 34.5, 36.3, and 47.5, with a broadening of the peaks
(Figure 3).

Lin (Counts)

Lin (Gounts)
GiiiaiEsNiMEENNSNUMUKE

2-Theta - Scale 2-Theta - Scale

Figure 3. X-ray diffractometer (XRD) analysis of (A) ZnO NPs, and (B) ZnO/Alg NCs.
3.2. ZnONPs concentration.

The measured concentrations of ZnO in the ZnO-agar nanocomposite solution were
46.25, 23.11, and 11.08 mg/L for each exposed concentration of 50, 25, and 12.5 mg/L,
respectively (Figure 4).

12.50

25.00

Exposed Zn0 (mgfL)

30 40 50
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=
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Figure 4. ZnO concentration in ZnO/Alg NCs (n=3 for each concentration).
3.3. Effect of ZnO/Alg NCs, and ZnO NPCs on the oxidative status.

Water contamination has long been seen as a severe threat to all aquatic ecosystems.
Despite their widespread usage in several applications, the toxicity of heavy metal
nanoparticles to aquatic creatures has not been adequately investigated, posing a health risk
[23-25]. ZnO NPs are one of the most damaging NPs in the aquatic environment [26]. The
presence of oxidative stress in most biological systems has been identified as the principal
cytotoxic effect of ZnO NPs.
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Furthermore, ZnO NPs accumulating in bodily tissues may cause hazardous effects.
The heterogeneity in size and quantity of ZnO NPs produced by several industrial sites has had
an ecological influence on the aquatic environment [27]. Many NPs exhibit oxidant properties,
such as the potential to generate reactive oxygen species (ROS) or block the antioxidant system
of cells, resulting in oxidative stress [28]. According to Abdel-Halim, oxidative stress is a
regularly described mechanism of nanoparticle toxicity. Oxidative stress was created by an
imbalance between reactive oxygen species (ROS) production and the body's antioxidant
defense capacity [29,30].

MDA concentration in the mantle increased significantly (P<0.05) in the ZnO NPs and
ZnO/Alg NCs concentration groups compared to the respective control groups. ZnO/Alg NCs
had a substantial increase (P<0.05) in mantle MDA content as compared to the ZnO group
(Table 1). MDA is a highly reactive metabolic product produced in tissues due to a chain
reaction combining lipid peroxide and free oxygen radicals [31,32].

Table 1. Effect of different ZnONPS and ZnO/Alg NCs on MDA concentration (nmol/g.tissue) in Coelatura
aegyptiaca organs.

Group Concentration Organ
(mg/L) Mantle Foot Digestive gland Gills
Control 0 0.72£0.132 042+ 293+ 1.19+ 0112
0.06 @ 0.07 f
ZnO 125 0.75+ 0.09? 110+ 0.69+ 1.90+ 0.12°
0.03° 0.03 2
25 0.78 £ 0.09° 159 + 0.09 ¢ 0.81+ 2.65+
0.03° 0.81 ¢
50 1.12+ 0.1° 195 + 0.10 ¢ 1.07x 335
0.03°¢ 0.07 ¢
Zn0-Alg 125 1.19 + 0.06° 134 + 013° 121+ 3.26+
0.04 ¢ 0.12 ¢
25 166 + 0.2° 161 + 0.13 ¢ 194 + 3.57+
0.05 ¢ 0.05 ¢
50 161+ 0.13°¢ 3.0 2.60 £ 3.93+ 022 ¢
0.07 ¢ 0.02 ¢

Values are means * se (n = 5 per group). Each value not sharing a common letter superscript is significantly

different (P <0.05).

A significant increase (P<0.05) in NO concentration was found in both tested groups
of ZnO NPs and ZnO/Alg NCs compared to the control group, as shown in Table 2. Also, a
significant increase in ZnO/Alg NCs group was found compared to the ZnO NPs in a
concentration-dependent manner (P<0.05). NO is involved in oxidative stress and illness, and
its generation by nitric oxide synthases (NOS) is controlled in various normal physiological
activities [33]. However, increased NO concentration indicates that ZnO/Alg NCs boosted
NOS activity and increased NO generation to counteract the stress caused by nanoparticle
exposure [34,35].

Table 2. Effect of different ZnONPS and ZnO/Alg NCs on NO concentration (uM/g.tissue) in Coelatura
aegyptiaca organs.

Group Concentration Organ

(mg/L) Mantle Foot Digestive gland Gills

Control 0 5.31+£0.43? 12.99 + 4.44+ 721+
0.632 0.372 0.63?

ZnoO 12,5 7.43+0.37° 16.27 + 7.02+ 11.03 +
0.60° 1.39b 0.82°

25 13.67 £0.79° 2293 % 12.74 + 17.96 +
0.67¢ 0.36° 1.03¢

50 15.96 + 0.55¢ 29.86+ 16.11 2181+

https://biointerfaceresearch.com/
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Group Concentration Organ
(mg/L) Mantle Foot Digestive gland Gills
0.67¢ 0.419 1.194
Zn0-Alg 125 9.02 +0.57° 21.50 + 8.00 + 12.71 +
0.81° 0.56° 0.65P
25 16.33 + 0.68¢ 29.10 = 1343+ 18.77 £
0.914 0.24°¢ 0.68¢
50 23.17+0.76° 37.13 % 18.20 £ 28.42 +
0.93¢ 0.38¢ 0.95¢

Values are means = se (n = 5 per group). Each value not sharing a common letter superscript is significantly
different (P <0.05). Statistical analysis was tested by one-way analysis of variance (ANOVA) with the Duncan
post hoc test.

GSH showed a significant decrease (p < 0.05) in ZnO NPs and ZnO/Alg NCs groups
compared to the control group represented in Table 3. The decrease in GSH level within
ZnO/Alg NCs group compared to the ZnO NPs in a concentration-dependent manner (P<0.05).
Furthermore, GSH is one of the most common non-protein thiol antioxidants, and it is engaged
in many metabolic pathways critical for cellular homeostasis and oxidative stress defense
nanoparticle [29,36]. Cells' adaptive response to oxidative stress is widely assumed to drop
GSH levels [37,38].

Table 3. Effect of different ZnONPS and ZnO/Alg NCs on GSH concentration (mg/g.tissue) in Coelatura
aegyptiaca organs.

Group Concentration Organ
(mg/L) Mantle Foot Digestive gland Gills
Control 0 3.80+ 3.70 2.93+ 336+ 004°F
0.02¢ 0.17 ¢ 0.30 ©
ZnO 12.5 341 + 0.04¢ 322 + 0.18¢ 2.66 326 *
0.03 ¢ 0.02 ¢
25 3.26 + 0.02¢ 280 £ 0.07°¢ 227+ 281 * 0.05
0.03 ¢ d
50 249 £0.01° | 247 + 0.10 ® 205+ 244 +
0.03 ° 0.03 ¢
ZnO-Alg 12.5 264 £ 0.07°¢ | 299 + 0.15 ¢ 221+ 269 +
0.04 ¢ 0.02 ¢
25 221+ 251+ 1.60 = 209 = 002°
0.05° 0.16 @ 0.05 °
50 17 £ 0.012 209 + 010° 194 + 190 + 001°
0.02 @

Values are means = se (n =5 per group). Each value not sharing a common letter superscript is significantly
different (P <0.05).

Table 4. Effect of different ZnONPS and ZnO/Alg NCs on CAT activity (U//g.tissue) in Coelatura aegyptiaca

organs.
Group | Concentration Organ
(mg/L) Mantle Foot Digestive gland Gills
Control 0 2705+ 0.149 1244+ 070 ¢ 15.42 + 2836+ 0.96f
091°¢
ZnO 12.5 2204 + 0.18f 7.84 + 10.09 + 2284+ 0.74 ¢
0.27 ¢ 1.08 ¢
25 1788 + 0.19°¢ 547 + 0.50 @ 707 £ 8.14 + 035"
0.16 ¢
50 9.48 + 0.19¢ 541+ 527 + 523+
0212 0.33 P 0232
ZnO-Alg 12.5 8.04 + 0.17°¢ 6.79 + 6.97 * 16.19+ 058 ¢
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Group | Concentration Organ
(mg/L) Mantle Foot Digestive gland Gills
041" 0.04 ¢
25 6.45 £ 0.12°| 483+ 048°? 287 % 1045+ 082 ¢
0.10 @
50 451 * 0.13% 517 349 * 722 * 1132
0.26 @ 0.10 @

Values are means + se (n = 5 per group). Each value not sharing a common letter superscript is significantly
different (P <0.05).

ZnO NPs and ZnO/Alg NCs decrease CAT activity concentration-dependent compared
to the control group, as in Table 4. On the other hand, CAT activity was considerably lower in
ZnO/Alg NCs groups compared to ZnO NPs groups. Catalase is an essential enzyme in the
defense against reactive oxygen species [39,40]. The reduction in CAT activity might be
attributed to a reduction in protein synthesis due to an increase in the peroxidation end product
MDA [34]. The reduction in GSH and CAT after exposure to ZnO/Alg NCs might also be
explained by the overproduction of ROS produced by NP toxicity.

3.4. Histopathology of gills.

The gills in control animals showed the typical structure of a bivalve ctenidium,
consisting of filaments and water channels. Each gill filament consisted of central core tissue,
two chitinous rods, and well-arranged epithelial cells, having lateral and frontal cilia (Figure
5). However, exposure of mussels to ZnO NPs and ZnO/Alg NCs for seven days indicated that
the lateral and frontal cilia had sloughed off, and the lumen of the gill filaments had wandering
blood cells. In addition, the gill filaments were thoroughly disorganized, and the cells were
destroyed with enlargement of the gill lumen.

Control

25 mg/L 12.5 mg/L

50 mg/L

Figure 5. Light micrographs of gills of Coelatura aegyptiaca exposed to ZnO NPs and ZnO/Alg NC NCs
(H&E). "BC" blood cells, "CEC" ciliated columnar epithelial cells, "CR" chitinous rods. "FC" frontal cilia, and
"LC" lateral cilia.
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3.5. Histopathology of the mantle.

In the light micrograph of the mantle, a plicated integument (P1), which represents the
epithelium layer, a connective tissue layer containing granulocytes (GC), was observed. In
addition, a somatic musculature (SM) layer was seen in normal tissue. Ciliated columnar
epithelial cells (CEC) and mucous cells made up the plicated integument. In contrast, the
mantle's musculature layer has longitudinal cross-sections of myocytes (Figure 6). After
exposure to ZnO NPs and ZnO/Alg NCs, severe degenerative alterations in the mantle,
including muscle bundle breaking, severe muscular atrophy, and granulocyte enlargement,
were observed. Despite being observed for both substances, the effect was more pronounced
in tissues treated with ZnO/Alg NCs.

12.5 mg/L Control

25 mg/L

50 mg/L

100 pm

ZnO NPs

SO0 iR

ZnO-Alginate NC

Figure 6. Light micrographs of the mantle of Coelatura aegyptiaca exposed to ZnO NPs and ZnO/Alg NC NCs
(H&E). "GC" granulocytes, "CEC" ciliated columnar epithelial cells, "SM" somatic musculature, and "PI"
plicated integument.

4. Conclusions

In this study, freshwater bivalves were exposed to ZnO NPs and ZnO/Alg NCs, which
resulted in oxidative stress responses and histological alterations in their gills and mantle.
These physiological and histological changes reported after exposure to ZnO/Alg NCs were
almost more striking than those seen after exposure to ZnO NPs. Coelatura aegyptiaca was
found to be a sensitive bioindicator for monitoring nanoparticle-related water pollution. As a
result, it is recommended that ZnONPs be utilized with greater caution in relevant industries
and address occupational health surveillance.
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