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Abstract: Contamination of the environment with nano- and microplastic particles exerts a threatened impact
on the aquatic ecosystems and sustainable catfish aquaculture. The presence of nanoplastics has been found to
have a detrimental impact on both aquatic and terrestrial ecosystems. The present study examines the effect of
polystyrene nanoplastics on DNA, erythrocytes, oxidative status and renal of catfish in addition to the potential
protective effects of Chlorella vulgaris bioremeditation and selenium to hinder this effect. Six equal groups of fish
were used as follows: Group 1: served as a control group and received water free from PS NPs; Group 2: was
exposed to PS NPs at a concentration of 5mg/L; Group 3: was exposed to PS NPs (5bmg/L) + selenium (Img/kg
diet); Group 4: was exposed to PS NPs (5mg/L) + C. vulgaris (25g/kg diet); Group 5: was supplemented with C.
vulgaris (25g/kg diet); and Group 6: was supplemented with selenium (Img/kg diet). The results indicated that
PS NPs induced oxidative stress by significantly elevating MDA activities and slightly reducing antioxidant
biomarkers, resulting in DNA damage, increased frequency of micronuclei, erythrocyte alterations, and
numerous histopathological alterations in kidney tissue. Selenium and C. vulgaris significantly ameliorated the
oxidative/antioxidant status, reduced DNA damage, micronucleus frequency, erythrocyte alterations, and
morphology of kidney tissue. Nevertheless, further research is needed to evaluate in detail the mechanism
behind the toxicity with nano-microplatics in aquatic system.

Keywords: Polystyrene nanoplastics; Oxidative stress; Single cell gel electrophoresis; Selenium; Chlorella vulgaris

1. Introduction

Polystyrene nanoplastics (PS NPs) are sub-100 nm-sized plastic particles [1]. They can penetrate
biological barriers and accumulate along the food chain, posing significant health risks to humans
and animals [2].

Microplastics and nanoplastics (M/NPs) are present in various ecosystems such as soils, air,
marine, and freshwater environments, as reported by [3]. The issue of water contamination caused
by plastics has been recognized as a significant environmental peril in numerous countries
worldwide, as stated by [4]. According to research conducted by [5,6], Egypt is the largest plastic
consumer in Africa and ranks 7th among 192 countries in producing poorly managed plastic waste.
The country generates an annual output of 0.97 million tons of such waste. plastic wastes are
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exposed to chemical, biological and environmental elements, and will break down into huge amounts
of microplastics and nanoplastics [7].

Recent studies have reported that micro- and nanoplastics reach the human food chain in several
ways for example consuming them in their natural environment, food contamination during
preparation processes, or through leaching from plastic packaging of food and drinks [8-10].

Polystyrene nanoplastics have the ability to permeate the gut epithelium, leading to systemic
exposure in humans. Several in-vivo and in-vitro studies on animals found that the probable oral
bioavailability level of 50 nm polystyrene nanoparticles is ten to one hundred times greater than the
level of microplastics [11,12].

There are three routes for exposure to microplastics and nanoplastics: oral, inhalation, and
dermal [13,14]. After absorption, nanoplastics will be able to interact with numerous target cells and
induce their toxic effects on kidney, gut, liver and other organs [15]. Extensive studies have shown
that NPs can lead to different biological adverse effects, such as oxidative stress [16], cytotoxicity,
genotoxicity [17], neurotoxicity [18], reproductive and developmental toxicity and immune
dysfunction [19]. Furthermore, they have been observed to have detrimental effects on the survival
and reproduction of aquatic organisms [20].

Clarias gariepinus inhabits various freshwater habitats, such as ponds, lakes, and pools. In
addition, they are evident in rivers, rapids, and near dams. They can survive in water with a pH range
of 6.5 to 8.0 and exceedingly low oxygen concentrations [21]. Their bodies produce mucous to prevent
dehydration [22]. They can tolerate temperatures between 8 and 35 degrees Celsius and persist in
extremely murky environments. The optimal temperature for their growth is between 28 and 30
degrees Celsius [23]. Clarias gariepinus is widely utilized in aquaculture because it is readily available
throughout the year, high food conversion ratio, fast growth rate, and adapts well to laboratory
conditions and stress, making it an ideal test organism [24].

Chlorella vulgaris, agreen unicellular microalgae is used in aquatic bioremediation [25]. It exhibits
potent antioxidant properties due to the presence of carotenoids and phenolic bioactive compounds
responsible for its antioxidant and radical-scavenging activities [26]. On the other hand selenium (Se)
is necessary for fish's development and metabolic processes [27]. Selenium can be found in many
essential selenoproteins and enzymes that maintain antioxidant status, DNA synthesis, fertility,
reproduction, and reduce inflammation [28]. Chromosomal aberration assay, comet assay, and
various types of micronucleus (MN) assays, including mammalian erythrocyte MN (EMN), are
considered crucial techniques in In vivo genotoxicity research in fish [29-31].

The MN tests of fish erythrocytes have been commonly employed to assess genotoxicity in
marine and freshwater environments [32]. These tests have also served as an indicator of the exposure
of various fish species to mutagenic or genotoxic pollutants caused by numerous substances [33].

There is a dearth of research evaluating the genotoxic effect of PS NPs, the effect on erythrocyte
morphology and the patholgical changes in the kidney of catfish. Also, the potential ameliorative
effects of selenium and bioremediation by Chlorella vulgaris. Therefore, the present study assessed the
efficacy of L-Selenomethionine and Chlorella vulgaris in mitigating the harmful effects of PS NPs on
DNA, RBCs, and kidney of C. gariepinus.

2. Materials and Methods
2.1. Chemicals and materials

The Polystyrene nanoplastic particles (PS NPs) were procured from Bangs Laboratories, Inc. The
procurement of Seleno-L-methionine powder was carried out from Sigma-Aldrich, USA. The powder
was high purity (= 98%) and had a molecular weight 196.11. Additionally, the powder was identified
by its CAS number, 3211-76-5. The dried green powder of Chlorella vulgaris microalgae was procured
from the Institute of National Research Center, Cairo, Egypt.

Before conducting the experiments, a stock solution of PS NPs at a concentration of 5 g L-1 was
prepared using deionized water. Then, the dimensions and morphology of the nanoplastics were
assessed using a JEOL-JEM-100 CX II transmission electron microscope (TEM) located in the electron
microscopy unit at Assiut University, Egypt.

2.2. Clarias gariepinus
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For the study, a sample of 144 male juvenile catfish (C. gariepinus) was obtained from an
aquaculture fish farm in Assiut, Egypt. The specimens exhibited an average weight of 160 g and a
length of 25 and 30 cm. The age of the specimens was determined to be six months. The conveyance
of fish to the Fish Biology Laboratory, situated within the Zoology Department of the Faculty of
Science at Assiut University in Egypt, was executed. During a 35-day acclimatization period, the fish
were subjected to laboratory conditions where 100 L tanks, dechlorinated tap water, and air pumps
were used; this was executed before the initiation of the exposure. The piscine subjects were
administered a diet comprising a commercial substrate with a crude protein content of 30%. The
nutritional needs of C. gariepinus were satisfied by creating a fundamental diet comprising diverse
constituents, with the estimated chemical makeup of each component outlined in Table 1.

Table 1. Ingredients and chemical composition of the basal diet (dry weight, %).

Ingredients %
Fish meal (65%) 9
Soybean meal (46%) 36.85
Corn gluten (60%) 12.2
Yellow corn 19.25
Wheat bran 5.7
Fish oil 6.00
Starch 7.00
Mineral premix (without se) 2.00
Vitamin premix 2.00
Total 100
Proximate composition % dry %
matter (DM)
Crude protein (CP) 30
Crude fiber (CF) 4.8
Ash 8.2
Ether extract (EE) 6.5
*Nitrogen free extract (NFE) 50.5

*NFE = 100- (CP% + EE% + CF% + Ash%).

2.3. Ethics statement

The research protocol mentioned above has received approval from the veterinary ethical
committee of the Faculty of Veterinary Medicine at Assiut University, Egypt, under the reference
number 06/2022/0016.

2.4. Experimental design

The fish were randomly put into six groups of 24 each, with three tanks in each group. The first
group (C) was used as a control and got water that did not contain PS NPs. According to [34], the
second group (NP) was exposed to 5 mg/L PS NPs in water. According to [35], the third group
(NPs+Se) was given PS NPs (5 mg/L) and selenium (1 mg/kg food). According to [36], the fourth
group (NPs+Ch) was exposed to PS NPs (5 mg/L) and C. vulgaris (25 g/kg food). The fifth group (Ch)
got only C. vulgaris (25 g/kg food). The sixth group (Se) only got selenium (1 mg/kg food).

For 30 days, the animals were kept in tanks with 60 L of naturally dechlorinated water and air
blowers for regular aeration. The experiment was done with steady water quality (temperature of
22°C, dissolved oxygen (mg/1) of 6.85, pH of 7.38, and 12:12 light: dark cycle). About 50% of the water
was changed daily throughout the experiment, and PS NPs were added at the abovementioned
amounts. In addition, waste products like feces were removed daily to keep the ammonia levels in
the water as low as possible.

2.5. Sample collection
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2.5.1. Blood samples

Following a period of 30 days of exposure, six distinct groups of fish, comprising both control
and treatment groups, were captured at random using a hand net and subsequently transferred to
ice in order to mitigate any potential stress, as per the study conducted by [37]. The blood collection
methodology followed the approach described by [38]. First, EDTA-containing tubes were utilized to
obtain blood samples from the caudal vein of C. gariepinus to detect DNA damage through the comet
assay. Next, additional blood samples were collected using standard vacutainer tubes and
subsequently subjected to centrifugation at 3000 revolutions per minute for 15 minutes to procure
serum samples, which were then stored at a temperature of -20°C. These samples assessed
Malondialdehyde, catalase enzyme, and glutathione peroxidase enzyme levels. Finally, the blood
samples were subjected to the preparation of blood smears, followed by drying at ambient
temperature and fixation in absolute methanol to conduct the micronucleus assay and assess other
nuclear abnormalities and erythrocyte morphological changes.

2.5.2. Tissue samples

After dissecting the fish, kidney tissues were rapidly removed, cleaned in normal saline to
eliminate blood traces, and stored in 10% buffered formalin for histological investigation.

2.6. Oxidative stress biomarkers measurements
2.6.1. Determination of serum malondialdehyde (MDA) activity:

MDA was measured by spectrophotometric method (V-630, JASCO, Japan), using a commercial
kit supplied by Bio Diagnostics, Egypt, with a catalog number MD 25 30 and according to the method
described by [39].

2.6.2. Determination of serum catalase enzyme activity

Catalase assay was performed by spectrophotometric method (V-630, JASCO, Japan). According
to [40] using test kits provided by Bio-diagnostic (Dokki, Giza, Egypt).

2.6.3. Determination of serum glutathione peroxidase (GPx) activity

Glutathione peroxidase activity was measured in serum samples using test kits provided by Bio-
diagnostic (Dokki, Giza, Egypt). Providing a spectrophotometric means (V-630, JASCO, Japan) to
detect the activity of GPx enzyme [41].

2.7. Genotoxicity assays
2.7.1. Detection of DNA damage by Single cell gel electrophoresis (Comet assay)

DNA damage in the erythrocyte of C. gariepinus was estimated using comet assay according to
the method of [42], as follows:
a) Preparation of slides

Slides were double coated with 1% standard agarose; 0.3 mL of blood was diluted in 1000 uL
PBS; next, ten microliters of cell suspension was mixed with 120 uL of 2 % low melting point agarose
at 37 °C, a layer of the mixture was placed on the previously prepared slides, cover-slipped and
placed in the refrigerator for 5 min to solidify. Finally, 1 % agarose (100 uL) was layered on top and
allowed to gel.
b) Lysis and electrophoresis

All slides were kept in a cold lysis solution (10 mM Trizma, 100 mM Na:EDTA, 2.5 M NaCl, 10%
dimethyl sulfoxide, 0.1% sodium lauryl sulfate (SDS), and Triton X-100) at 4 °C for 60 minutes. Then
transferred to the electrophoresis tank (Cleaver Scientific Ltd.,, UK) containing chilled alkaline
solution (1 mM Na2 EDTA and 300 mM NaOH) at pH 13 for 25 min in the dark for unwinding of the
DNA strands. Electrophoresis was run for 25 min at 25 V and approximately 300 mA. Next, slides
were neutralized in 400 mM Tris buffer (0.4 M Tris-HCI, pH 7.5) for 7 min. Finally, the neutralized
slides were dehydrated in ethanol for a few minutes and then dried at room temperature.
c) Slide examination

The slides were examined through a fluorescence microscope (Olympus BX-43, Japan) with a
green filter at a magnification of 200-fold. In addition, 50 pL of ethidium bromide at 20 pg/mL

doi:10.20944/preprints202401.0955.v1
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concentration was used to stain all the slides. In order to assess DNA migration, a minimum of 50
nuclei were examined per slide, with three slides per sample. In addition, the Comet Assay Software
Project (CASP) was utilized to measure the diameter of the comet's head and the length of its tail.

2.7.2. Micronucleus and Erythrocyte morphological alterations

Three blood smears were prepared and dried at room temperature. For 10 minutes, the smears
were fixed in methanol (100%) and stained with hematoxylin and eosin. The slides were then
dehydrated with alcohol with increasing concentrations (30, 50, 70, and 90 percent, absolute) before
being cleaned in xylene and permanently mounted with DPX [43]. According to [44], each nuclear
abnormality observed during slide examination, including micronuclei formation, was noted. Ten
photomicrographs of random fields were obtained for each slide, totaling 30 photomicrographs per
experimental group, and one hundred cells were examined in each analysis field, totaling 3000
erythrocytes/group.

Number of cells with micronuclei X 100

MN (%) =
(%) Total number of cells counted

2.8. Histopathological examination of the kidney

Kidney specimens were fixed in neutral buffered formalin 10 %, then dehydrated in serial
alcohol concentrations, cleared in xylene, and impregnated in paraffin. Five um paraffin sections were
prepared and then stained with the following stains: Hematoxylin and Eosin (H&E) according to
[45], Periodic Acid Schiff (PAS) and Hematoxylin for polysaccharides (glycogen) [46] and Picrosirius
red stain for collagen fibers [47].

2.9. Statistical analysis

The statistical analysis used SPSS software version 16.0 (SPSS Inc., Chicago, IL, USA). Initially,
the statistical method of one-way analysis of variance (ANOVA) was employed, subsequently
followed by a post hoc least significant difference (LSD) multiple range test to make comparisons
between the control and exposed groups. Finally, the mean + SE represented all outcomes for the
control and experimental groups .The statistical significance level was established at a value of P <
0.05.

3. Results
3.1. Polystyrene nanoplastics characterization

The PS nanomaterials were analyzed using transmission electron microscopy (TEM), which
revealed that they are made up of spherical particles with a diameter of 50.1 nm +13.4 Figure 1.

3.tif —— 1.tif —
Print Mag: 48100x @ 86 mm 500 nm Print Mag: 58100x @ 86 mm 100 nm
2:54 10/23/09 HV=80.0kV 2:4210/23/09 HV=80.0kV
Direct Mag: 48000x Direct Mag: 58000x
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Figure 1. Transmission electron photomicrographs of the PS NPs.

3.2. Mortality rate

The results showed no deaths were recorded in the control group, while the NPs-exposed group
showed a high mortality percentage of 36.3%. The administration of selenium reduced the rate of
mortality to 14.8%. Similarly, the administration of C. vulgaris reduced the percentage of mortalities
to 8.3%.

3.3. Oxidative status
3.3.1. Lipid peroxide

Serum MDA activity significantly increased (P < 0.01) in C. gariepinus exposed only to NPs

compared to the control group. Conversely, treatment of fish with Se and Chlorella showed a
significant (P < 0.01) decrease in the MDA activity in comparison with the NPs-exposed group in
Table 2.

3.3.2. Catalase and glutathione peroxidase activities:

Catalase and glutathione peroxidase activities in the serum of C. gariepinus exposed to NPs
showed a mild, non-significant (P > 0.05) decrease compared to the control group. While other groups
showed no change in the activity of Catalase and GPX (Table 2).

Table 2. MDA (nmol/mL), catalase (U/L) and glutathione (U/L) activities in serum of C. gariepinus in
control, NPs, (NPs+Se), (NPs+Ch), Ch and Se groups.

Groups
Parameters Control NPs NPs+Se NPs+Ch Ch Se
MDA 3.71+£0.7°> 10.22+242 556+0.5>  4.98+0.7 3.72+0.8>  4.02+0.9°
CAT 225.9+13.6> 201.43+5.2> 235+62.3> 202.43+40.5> 232.93+11.2> 352.9+33.4a
GPX 27.5+5.62 19.1+6.42 33.7+10.4= 25.57+4.2a  24.33+2.992 32.43+8.0a

Data are presented as means * SE. Different letters a, b and c indicate significant changes among groups. P <0.05.
N=6.

3.4. Genotoxic biomarkers for DNA damage
3.4.1. DNA damage parameters (Comet assay)

The study's findings indicate that the administration of NPs resulted in a notable increase in
DNA damage in the blood of C. gariepinus compared to the control group. In addition, the study
observed a rise in damage indicators, namely tail DNA%, tail length, tail moment, and Olive tail
moment, as depicted in (Figure 2 and Table 3). The different levels of DNA damage and the technique
employed to evaluate DNA damage using CASP software are presented in Figure 3.

All parameters of DNA damage were significantly increased in the NPs exposed group (P <0.01)
compared with the control and other treated groups. Conversely, Chlorella (NPs+Ch) and selenium
(NPs+SE)-treated groups demonstrated a significant decrease (P < 0.01) for all these parameters in
comparison with the NPs-exposed group (Figure 2 and Table 3).
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Figure 2. DNA damage in whole blood of C. gariepinus in all the experimental groups. A: Control
group; B: NPs group; C: (NPs + Se) group; D: (NPs + Ch); E: Ch; E: Se.

Figure 3. Assessment of different degrees of DNA damage induced by PS NPs using CASP software
showed different degrees of DNA migration. A: intact nucleus (no DNA damage). B: mild DNA
damage. C: moderate degree of DNA damage. D: severe DNA damage. E&F: extensive DNA damage.

Table 3. DNA damage in the blood of C. gariepinus in control, NPs, (NPs+Se), (NPs+Ch), Ch and Se
groups.

Parameters Control NPs NP+ Se NP+ Ch Ch Se
Tail DNA% 0.57+0.12bc 3.43 £0.53a 1.26+0.19b 0.98+0.17b 0.56+0.16b ¢ 0.08+0.03c
Tail Length 8.24 +0.62c

(um)

32.14 +2.60a 15.42+1.21 b 9.77+0.60c 7.50 £0.45cd 4.22 +0.28 d
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Tail ) 19:0.05b 3.60:0.88a 044:0.07b 0.20:0.06b 0.15:0.03b 0.09:0.01b
moment
live tail
Olivetail o \C1009b 458:0.66a 1.15:0.15b 0.59:0.11b 0.30£0.05b 0.1120.02b
moment

Data are presented as mean * SE. Values followed by different letters indicate significant changes among groups.
P <0.05. N=6.

3.4.2. Erythrocyte micronucleus (EMN) and morphological alterations

The normal erythrocytes of C. gariepinus are rounded with a centrally located nucleus (Figure
4A). Micronucleus (MN) analysis of erythrocytes of C. gariepinus exposed to NPs indicated a
significant (P < 0.01) increase in comparison with the control group (Figure 4B, 5A and Table 4). In
addition, using Se and C. vulgaris significantly (P< 0.01) reduced the EMN frequency compared with
the NPs-exposed group.

Erythrocyte morphological alterations and nuclear abnormalities of RBCs were significantly
elevated (P <0.01) in the NPs group compared with the control group.

Both groups exposed to NPs and treated with Se or Chlorella showed a significant decrease (P<
0.01) in the nuclear abnormalities and erythrocyte alterations compared to those only exposed to
NPs.

The Predominant alterations of erythrocytes in NPs exposed group included Micro nucleated
cells (Mn); one or more Mn per cell present in most observations, Vacuolated cells (Vc), Acanthocytes
(Ac); Crenated cells with fewer surface projections, Eccentric nuclei (Ecn), Spindle-shaped cells (Sp),
Crenated cells (echinocytes)(Cr); where the RBCs develop an irregular surface with numerous
projections, Sickle cells (Sk), which vary in shape between ellipsoidal, boat-shaped, and genuine
sickles; Tear-drop cells (Tr), whose body looks like a tear with pointed apices; bilobed nuclei (Biln);
microcytes (Mc); enucleated cells (Enc); and notched nuclei (Non) (Figure 4B-D, 5A-L and Table 4).

Figure 4. Blood smears stained by H&E showed the morphological alterations and nuclear

abnormalities in erythrocytes of C. gariepiuns exposed to PS NPs. (a) control fish showing normal red
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blood cells (RBCs), (B-D) fish exposed to PS NPs showing Mn; micronucleated cell, Vc: vacuolated
cell, Bin; Bilobed nucleus cell, Ac: acanthocyte, Ecn; eccentric nucleus, Sp; spindle-shaped cell, Cr;
crenated cell, Sk; sickled cell, Tr; tear-drop cell, En; enucluated cell, Mc; microcyte, Non; notched
nucleated cell. Scale bar =20 pum.

Figure 5. Showing different erythrocyte alterations were recorded in PS NPs exposed group, A;

4

Micronucleated cell, B; Vacuolated cell, C; Spindle cell, D; Sickle cell, E; Acanthocyte, F; crenated cell,
G; notched nucleated cell, H; Bilobed nucleus, I; Microcell, J; Tear-drop like cell, K; Enucleated cell, L;
Eccentric nucleus.

Table 4. Erythrocytes morphological alterations and nuclear abnormalities in C.gariepinus in control,
NPs, NPs+Se, NPs+Ch, Ch and Se groups.

Groups

Control NPs NPs+Se NPs+Ch Ch Se
Parameters
Mn 2.3+0.88>  22.3+2.000  4.3+1.20>  3.3x1.2>  2.3+0.33> 3.0+0.57°
Ve 7.0+057°  47.3+5.782  9.3+1.45b 8.3+2.6P 6.0£1.52>  5.3+0.88p
Tc 5.0+1.50>  14.3+1.452  7.6+0.88° 6+0.57> 5.0+1.15>  4.3+1.20°0
Ac 4.3+1.20>  11.3+1.45>  5.0£1.15> 4.3x0.88>  3.0+1.00> 3.3+0.88°
Cr 3.6+0.88>  12.6+1.76a  5.6+1.20>  5.3+0.88>  4.3+1.20>  4.0+1.5v
Sk 2.0+0.57>  13.3+0.88=  4.6+0.80> 3.6+1.20> 2.0+0.57>  2.3+0.88°
Sp 1.6+0.33b 7.3+1.45a 2.3+0.80>  2.6+1.20>  1.6+0.66>  2.0+0.57°

Mc 4.6£1.20>  19.0+1.152  5.3+1.20>  5.6+£1.70> 2.6+£1.20>  3.6+0.88°
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Ecn 7.6x1.76>  50.0+3.202  12.0+2.50> 7.0+2.00>c  6.3+1.2><  4.6+0.884
Bin 3.0£0.57b 10+1.502 4.3+1.40> 4.0+0.57>  1.3+0.33>  1.3+0.33Y
Notn 1.3+0.33b¢ 8.3+1.202 3.6+0.80°  2.3+0.88>  1.0+0.33¢  1.6+0.33bc
Enn 2.6x0.88P 9.0£1.152 3.0£0.57>  2.0£0.57>  1.3+0.33*  2.0+0.57°

Data are presented as mean * SE. Values followed by different letters indicate significant changes among groups.
P < 0.05. Mn; micronucleated cell, V¢; vacuolated cell, Tr; tear-drop cell, Ac; acanthocyte, Cr; crenated cell, Sk;
sickled cell, Sp; spindle-shaped cell, Mc; microcyte, Ecn; eccentric nucleus, Bin; Bilobed nucleus, Non; notched
nucleated cell, En; enucluated cell. N=6.

3.5. Nephrotoxic effects

Histological examination of transverse kidney sections from control, selenium-treated,
and C. vulgaris-treated catfish showed typical histological structures of rounded glomeruli, which are
lined by the flat epithelium of Bowman's capsule, and proximal and distal convoluted tubules that
are lined by simple cuboidal epithelium. The apical part of the proximal tubule cell is covered by a
brush border of microvilli (Figures 6A, G, H). PAS and hematoxylin stains demonstrated increased
carbohydrate substances in the brush borders of the epithelium of proximal tubules and basement
membranes (Figures 7A, E, F). Transverse kidney sections of NPs-intoxicated catfish showed several
pathological alterations, mainly in the renal tubules. They consisted of vacuolar degeneration,
apoptosis, and coagulative necrosis of cells lining the renal tubules that later dissociated, causing
detachment of the tubular epithelium (Figure 6B). The nuclei of the necrotic tubular epithelium
showed necrotic changes in the form of pyknosis, karyorrhexis, or complete loss of nuclei. There was
also connective tissue proliferation around the renal tubules (peritubular fibrosis), hemorrhages, and
tubular dilatation (Figure 6C). Perivascular connective tissue proliferation around the renal blood
vessels and thrombosis were also observed (Figure 6D). PAS and hematoxylin-stained transverse
kidney sections showed a decline in the carbohydrate materials in the apical brush borders of
proximal tubules, confirming the loss of brush borders (Figure 7B). Picrosirius red-stained transverse
sections demonstrated the increment of the connective tissue around the renal tubules and blood
vessels (Figure 8B) in comparison with the control, selenium-treated, and C. vulgaris-treated groups
that showed a scarcity of connective tissue surrounding the renal tubules and blood vessels (Figure
8A, E, and F).

Administration of selenium in the NPs+Se-treated group ameliorated and inhibited the
nephrotoxic effects of nanoplastics. Minimal alterative changes in the tubular epithelium were
noticed. The typical histological appearance of the kidney was nearly restored with less vacuolar
degeneration and necrotic changes in the tubular epithelium (Figure 6E). Hematoxylin-PAS-and
Hematoxylin stained transverse sections showed increased carbohydrate materials in the apical brush
borders of proximal tubules, revealing the restoration of their typical structures (Figure 7C). In
addition, transverse kidney sections stained with picrosirius red stain showed a decrease in the
amount of connective tissue surrounding renal tubules and blood vessels compared to that found in
the NPs-intoxicated group (Figure 8C).

Administration of Chlorellain the NPs+Ch treated group restored almost all pathological
alterations to near their control levels. Most renal tubules appeared nearly normal, and a few
exhibited vacuolar degeneration and tubular necrosis (Figure 6F). PAS and hematoxylin-stained
transverse kidney sections showed moderate carbohydrate material localization in the apical brush
borders of proximal tubules (Figure 7D). The utilization of picrosirius red stain on transverse kidney
sections revealed that the quantity of connective tissue surrounding the renal tubules and blood
vessels in the experimental group was lower than that observed in the NPs-intoxicated group. (Figure
8D).
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Figure 6. Photomicrographs of kidney transverse sections from control, NPs-intoxicated and treated C.
gariepinus:A, G, H. Kidney sections of control, selenium and C. vulgaris treated catfish showed normal
histological structures of the kidney that consisted of normally rounded glomeruli (green arrow) and renal
tubules that covered by simple columnar epithelium with apical brush border (black arrow). B, C, D. Kidney
transverse sections of NPs-intoxicated catfish in B showed the presence of vacuolar degeneration in the
cytoplasm of tubular epithelium with peripherally located pyknotic nuclei (black arrow) and epithelial necrotic
changes with nuclear alterations, dissociation of renal cells and epithelium desquamation (yellow arrow), in C
showed connective tissue proliferation around the renal tubules (peritubular fibrosis) (black arrow) and necrosis
and apoptosis of tubular epithelium (yellow arrow), in D showed perivascular connective tissue proliferation
(black arrow), thrombosis (star) and vacuolar degeneration (yellow arrow). E. Kidney transverse section of
NPs+Se treated catfish showed minimal vacuolar degenerative changes, necrotic changes of tubular epithelium,
their nuclei appeared round, and vesicular centrally located (arrow). F. Kidney transverse section of NPs+Ch
treated catfish showed vacuolar degenerative changes, necrotic changes of tubular epithelium and desquamation
(yellow arrow), some renal tubules appeared normal with minimal cytoplasmic and nuclear alterations (black
arrow). H& E. Scale bar =20 pum.
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Figure 7. Photomicrographs of kidney transverse sections from control, NPs-intoxicated and treated
C. gariepinus: A, E, F. Kidney transverse sections of control, selenium and C. vulgaris treated catfish
showed positive PAS reactivity in the brush border (BB) and basement membrane (BM) of the renal
tubules. B. Kidney transverse sections of NPs-intoxicated catfish showed a decrease in carbohydrate
materials in the brush borders and the basement membranes of the renal tubules. C. Kidney
transverse section of NPs+Se treated catfish showed an increase in the amount of carbohydrate
observed in the basement membranes and brush borders. D. Kidney transverse section of NPs+Ch
treated catfish showed moderate carbohydrate materials localization in the brush border and
basement membrane of renal tissue. PAS+Hematoxylin. Scale bar = 20pum.

Figure 8. Photomicrographs of kidney transverse sections from control, NPs-intoxicated and treated

C. gariepinus: A, E, F. Kidney transverse sections of control, selenium and C. vulgaris treated catfish
showed a scanty amount of connective tissue fibers around the renal tubules and blood vessels. B.
Kidney transverse sections of NPs-intoxicated catfish showed an increased amount of connective
tissue fibers around the renal tubules and blood vessels with a thickened wall of blood vessels. C, D:
Kidney transverse section of NPs+Se and NPs+Ch treated catfish respectively showing a decreased
amount of connective tissue fibers around the renal tubules and blood vessels. Renal tubules (black
arrow) and blood vessels (blue arrow). Picrosirius red stain. Scale bar =20 pm.
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4. Discussion

Nanoplastics are contaminants of growing worldwide concern that could be hazardous to the
aquatic ecosystem and human beings [48].

The current results showed a high mortality rate in the NPs exposed group compared to the
control group which demonstrated no deaths. One study [49] demonstrated that microplastics (MPs)
induced a lower survival rate in fish. The rise in the mortality rate in NPs exposed group may be
attributed to intestinal blockage of the gut or tissue abrasions, which may cause lining epithelium
injury, morbidity, and mortality [50,51].

The present study revealed that using selenium reduced fish mortality percentage, which is a
similar result to [52], who reported that a diet supplemented with Se (0.21- 0.8 mg Se/kg)
increased the survival rate of cobia (Rachycentron canadum L) juveniles. Furthermore, this result is
similar to the present study as using Chlorella reduced the percentage of mortalities of the fish. Also,
this result is in harmony with [53], who mentioned that adding C. vulgaris to the diet of rohu Labeo
rohita enhanced the survival rate and phagocytic and antioxidant activity.

The obtained data showed that NPs enhanced oxidative stress by elevating the MDA level in
catfish serum. Previous research supports that nanoplastics trigger ROS overproduction and
oxidative stress, consistent with the current findings [54-56]. Moreover, [57] reported that exposing
A. franciscana to PS NPs (50 nm) for 48 h significantly increased lipid peroxidation.

The alkaline comet assay was used in the current study for DNA damage detection in C.
gariepinus blood. The results revealed that fish exposed to PS NPs showed a significant incline in DNA
damage parameters (tail length, tail DNA %, tail moment, and Olive tail moment). This result is
similar to [58], who reported that short-term exposure to different concentrations of 100 nm PS NPs
(from 0.05 up to 50 mg/L) induced DNA damage in the hemocytes of the Mediterranean mussel
(Mytilus galloprovincialis).

The findings of this study suggest that DNA damage may have an underlying cause: oxidative
stress. These data agree with other studies that showed the association between increased MDA, CAT,
and GPX levels and jeopardized DNA integrity [50,59,60]. Furthermore, highly reactive radicals are
expected to be the principal cause of oxidative DNA damage and chain breaks of the DNA molecule
[61].

Based on the actual data, it has been observed that both microplastics (MPs) and nanoparticles
(NPs) can induce DNA strand breaks with the extent of the damage being influenced by their
respective size and surface charge. Although the exact mechanism by which MPs/NPs induce DNA
damage remains incompletely comprehended, several investigations suggest that oxidative stress
and physical interaction are pivotal in instigating DNA strand breaks by NPs [62,63]. Additionally,
synthetic polymers may have low-molecular-weight fragments of mono- and oligomers, catalysts,
artificial stabilizers, and a variety of particular chemical additives such as (phthalates, bisphenol A,
stabilizers, pigments, flame retardants, and polychlorinated biphenyls (PCBs)), each of which is
substances with genotoxic properties [64].

The findings of previous studies conducted on mussels [50,65,66], and human blood cells [59,67]
were in harmony with the current study findings and emphasizing the idea of PS-NPs are
contaminants with genotoxic potential.

On the contrary, some studies reported that exposure to PS microparticles did not cause
hemocyte genotoxic damage [68,69]. The presence of inconsistent outcomes is expected as the
experiments were conducted under diverse circumstances, encompassing distinct plastic particles
varieties, configurations and densities, in addition to variations in temperature and duration of the
experiment. The present investigation employed the erythrocyte micronucleus (EMN) assay due to
the robust correlation between the micronucleus and comet assays for various nanomaterials. [70].
The results revealed that exposure of catfish to PS NPs increased the frequency of micronucleus and
several alterations in RBCs. These findings were similar to the study conducted by [71] on Sparus
aurata erythrocytes. Guimaraes et al. [50] concluded that PS NPs exposure caused erythrocyte
morphometric changes in juveniles of Ctenopharyngodon idella.

According to Thomas et al. [72], MN happens when the structure or function of the mitotic
apparatus is disrupted, failing to properly include chromosomes or fragments of chromosomes in the
central nucleus.
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The increase in erythrocyte nuclear abnormalities observed after the toxicity with PS NPs may
be related to NPs' interaction with the chromosomal material or the oxidative stress induced by the
NPs. Multiple studies have reported that oxidative stress is a consequence of exposure to NPs [17,73].
The erythrocyte vacuoles seen could come from an uneven distribution of hemoglobin, as shown by
[74]. Fish need oxygen to breathe, and erythrocyte deformations lower oxygen levels, which disrupt
the circulatory system and impair breathing. This respiratory stress may change the number and form
of fish erythrocytes [75]. Catfish and D. rerio exposed to microplastics showed these erythrocyte
changes, including a considerable increase in the frequency of nuclear abnormalities and
morphological RBC changes [76,77].

The current study revealed that selenium and C. vulgaris supplementation had improved all
measured parameters compared to the NPs exposed group. Where MDA activity, DNA damage, MN,
and erythrocyte abnormalities were decreased. These outcomes are consistent with that obtained by
[78,79], who reported that Se reduces MDA activity and increases the antioxidant levels in fish.

Bera et al. [80] explained that the protection of selenium against DNA damage might be
because it is an essential constituent of selenoproteins as thioredoxin reductases and glutathione
peroxidases. These proteins are crucial in antioxidant defense. Selenium therefore, may protect
against DNA damage by elevating DNA glycosylase repair enzyme activity and enhancing pathways
of DNA damage repair involving p53 gene.

The natural antioxidant components of C. vulgaris can scavenge free radicals that are responsible
for their protective effect [81]. On the other hand, Bengwayan et., al. [82] explained that C. vulgaris
has an inhibitory effect on lipid peroxidation. Also, Wu et., al. [83] stated that C. vulgaris possesses
various therapeutic characteristics, such as anti-inflammatory, immunomodulatory, and antioxidant
activities, which may be extremely important for animal health. They increase SOD and CAT activity,
guard against DNA oxidation and lipid peroxidation, and activate cellular antioxidant enzymes.

The results revealed that C. vulgaris reduced micronucleus frequency and other morphological
abnormalities in the erythrocyte. These findings were matched with [76], who demonstrated that
treating microplastics-intoxicated C. gariepinus with Chlorella reduced genotoxicity and cytotoxicity
in the blood.

Pathological changes observed in NPs-intoxicated C. gariepinus kidney sections were comparable
to those demonstrated by [84], who studied the nephrotoxic effect of NPs and MPs in mice and
observed that intoxicated kidneys showed necrosis of tubular epithelium, associated with loss of
tubular brush border and tubulointerstitial fibrosis. Chen et al. [85] found that PS MPs had an
oxidative nephrotoxic effect on HEK293 cells induced by inhibiting the antioxidant haem oxygenase-
1. Also they observed that MPs induced apoptosis and autophagy via the depolarization of
mitochondrial membranes and the formation of autophagosomes. These results support our
hypothesis that PS NPs could induce nephrotoxic effects through oxidative-antioxidant homeostasis
disturbance.

Administration of selenium in the NPs+Se group ameliorated and reduced the nephrotoxic
effects of nanoplastics. Minimal pathological changes in the tubular epithelium were noticed, and the
normal histological appearance was moderately restored. This ameliorative role of Se was also
confirmed by [86], who mentions that Se has a protective role against oxidative stress, apoptosis, and
kidney damage caused by zearalenone (ZEA) in mice. Zhang et al., [86] found that Se restored
alterations in the biochemical and antioxidant indicators of ZEA-induced kidney damage. Moreover,
Se reduced the expression of proteins and genes associated with endoplasmic reticulum stress and
apoptosis caused by ZEA.

Administration of C. vulgaris in the NPs+Ch treated group almost prevents the nephrotoxic
effects of nanoplastics and moderately improves the kidney's histology. Consistent with the current
results, Latif et al., [87] stated that C. vulgaris reduces the adverse effects of paracetamol intoxication
on hematological, biochemical, oxidative stress, and histopathological levels. In addition, they found
that C. vulgaris had antioxidant, nephro-, hepato-, and cardioprotective effects against paracetamol-
induced toxic effects in Wister rats.

5. Conclusion

The introduction of nano- and microplastic particles into the environment poses a significant
threat to sustainable catfish aquaculture. The current research demonstrated that PS NPs have
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deleterious adverse effects on DNA integrity, erythrocytes, oxidative/antioxidant status, and
kidneys of African catfish. Administration of selenium and C. vulgarisin NPs exposed fish
ameliorated and decrease alterations and to some degree restored the normal kidney morphology.
Therefore, in sustainable catfish aquaculture selenium and C. vulgaris can be used as prophylactic
agents to decrease the PS NPs toxicity.
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