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Ameliorative Effects of Selenium and Chlorella vulgaris Against 
Polystyrene Nanoplastics-induced Hepatotoxicity in African 
Catfish (Clarias gariepinus)

Polystyrene nanoplastics pollution is a global issue that has grabbed the attention of scientists and drew wide-
spread attention owing to the possible health risks it poses. The objective of this research was to investigate the 
hepatotoxic effects of polystyrene nanoplastics (PS NPs) in catfish (Clarias gariepinus) from the histopatho-
logical, biochemical, and ultrastructural profiles. Six groups of fish were used (n= 24/group): the first group 
kept as control, the second group exposed to 5mg/L NPs, the third group exposed to NPs+selenium (1mg/
kg diet), the fourth group exposed to NPs+Chlorella (25g/kg diet), the fifth group received only Chlorella 
and the sixth group received only selenium. The exposure was for 30 days. The biochemical tests showed a 
rise in serum ALT and AST activities after exposure to NPs compared to control group. Groups exposed to 
NPs and supplemented with Chlorella and selenium showed a significant decrease in the serum activities of 
these enzymes compared to NPs-intoxicated group. Results of histopathological examination demonstrated 
the hepatotoxic effects of NPs in NPs-intoxicated group that consisted of micro and macrovesciular steatosis, 
coagulative necrosis, pericentral fibrosis, periportal fibrosis, glycogen depletion and toxic changes in cellular 
ultrastructure. Chlorella and selenium supplementation alleviated the hepatotoxic effects of NPs and restored 
the histological and ultrastructural appearances of the liver tissue. Therefore, nanoplastics toxicity has well-de-
fined hepatotoxic effects and these cytotoxic changes were mitigated by dietary supplementation of Chlorella 
and selenium.
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INTRODUCTION

Fish have an important role as the biggest group of vertebrates 
in the aquatic ecosystem (Roest Crollius and Weissenbach, 2005). 
Clarias gariepinus is a member of Claridae family and is a popular 
commercial species in Africa due to its good quality meat and 
nutritive values. C. gariepinus is an omnivore creature that eats 
anything, and has a number of distinct properties, including a 
high capacity to grow, higher feed conversion rate, high acclima-
tion to low water quality and high survival rate (Iheanacho et al., 
2019). It is one of the greatest widely recognized experimental 
species of fish in toxicity research (Karami et al., 2015).

Plastics are difficult to break down, because of their chemical 
stability resulting in their aggregation in the natural environment 
(Wang et al., 2016). Plastic trash is frequently degraded into mi-
croplastics (MPs, 1–5000 μm in size) and nanoplastics (NPs, less 
than1 μm in size). By a combination of physical, chemical, and bi-
ological mechanisms, these tiny particles become extremely hard 
to remove from the aquatic environment (Triebskorn et al., 2019; 
Kihara et al., 2021).

Exposure to NPs have been adversely affected fish, in the 
form of growth disorders (Manabe et al., 2011), increased oxida-

tive stress (Parenti et al., 2019), toxicity of the reproduction sys-
tem (Sarasamma et al., 2020), inhibition of development (Sokmen 
et al., 2020), immunotoxicity (Brandts et al., 2018) and neurotoxic 
effects (Chen et al., 2017). Also, microplastics caused congestion, 
sinusoidal dilatation, glycogen loss (Holmes et al., 2012), and cel-
lular necrosis (Holmes et al., 2012).

The liver is the fish’s primary organ for performing physio-
logical processes such as metabolic process, storage of nutri-
ents, and xenobiotic detoxification (Tao and Peng, 2009). As it 
is a major metabolic organ, affects and alters lipid metabolism 
in response to severe environmental conditions (Berghe, 1991). 
NPs have the ability to cross the intestinal barrier and enter the 
bloodstream, where they find their way to organs such as the 
liver and kidney (Lu et al., 2016). In vitro investigations revealed 
that NPs could penetrate the cell membranes of the hepatocytes, 
enter the cell via endocytosis and impair the regular physiologi-
cal processes of the cell (Rossi et al., 2014; Jiang et al., 2019).

Polystyrene microplastics caused changes in metabolic pro-
files, energy metabolism, and induced inflammation, and lipid 
deposition in the liver of zebrafish (Lu et al., 2016), and African 
catfish (Karami et al., 2016). Furthermore, NPs caused excessive 
hepatic lipid accumulation in turbot Scophthalmus maximus 
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(Wang et al., 2016), black rockfish Sebastes schlegelii (Yin et al., 
2019) and in the large yellow croaker Larimichthys crocea (Lai et 
al., 2021).

Selenium is a micronutrient that is required for fish to grow 
steadily (Durigon et al., 2019). It acts as an antioxidant in stress 
responses and as a component of DNA and proteins (Lemly, 
1993; Rider et al., 2009). It has an important role in the mainte-
nance of enzymes and immune system (Patterson et al., 2010). 
Two forms of selenium had been found, including inorganic sele-
nium compounds as sodium selenite (NaSe) and organic seleni-
um compounds such as Se-methionine, Se-algae, Se-yeast, and 
Se-cysteine and Se-glycinate (Sunde, 2006). Organic Se has been 
found to be more rapidly absorbed and effective in terms of bio-
availability and health effects in fish than inorganic ones (Wang et 
al., 2007). As shown in a study by Mechlaoui et al. (2019), Se-me-
thionine was more effective than NaSe in protecting fish mus-
cle from oxidative stress and maintaining hepatic morphology. 
Moreover, the development and histological features of barra-
mundi juveniles are improved by dietary organic selenium (Ilham 
et al., 2018). Supplemental Se-methionine in the diet has been 
shown to reduce the stress caused by overcrowding in rainbow 
trout (Küçükbay et al., 2009).

Chlorella vulgaris is a single-celled freshwater microalgae that 
belongs to the Chlorophyta family (Tomaselli, 2004). In fish diets, 
Chlorella is one of the most used microalgae (Daniel et al., 2016). 
It contains many bioactive components such as carotenoids, phy-
cobilins, fatty acids, polysaccharides, vitamins, and sterols. Higher 
levels of carotenoids in C. vulgaris have been shown to have an-
tioxidant activities and anti-inflammatory properties (Soontorn-
chaiboon et al., 2012). Its capacity to promote nutritional state, 
immunity, phytoremediation, stress alleviation, and resistance to 
disease in fish has been demonstrated in previous research. C. 
vulgaris can also decrease microbial population when adminis-
tered correctly (Nicula et al., 2018), and had a hepatoprotective 
effect in rats and mice exposed to carbon tetrachloride toxicity 
(Hsin-yi et al., 2009).

To the best of the authors’ knowledge, the protective effect 
of C. vulgaris on toxicity of microplastics in catfish was studied by 
Sayed et al. (2021). However, there is a shortage of studies that 
investigate the ameliorative effect of L-Selenomethione and C. 
vulgaris on hepatotoxicity induced by polystyrene nanoplastics 
(PS NPs) in catfish, which constituted the aim of this study.

MATERIALS AND METHODS

Chemicals
 
Polystyrene nanoplastic particles were provided from Bangs Lab-
oratories, Inc. Transmission electron microscopy (TEM) was used 
to determine the size and form of the nanoplastic particles, which 
revealed polystyrene particles with mean diameters of (50.1 nm 
±13.4 SD). The stock solution (5 g L−1) of PS NPs was prepared in 
deionized water immediately before the experiments.

Seleno-L-methionine (≥ 98% (TLC), powder Mol. Weight 
196.11 CAS Number 3211-76-5) was purchased from Sigma-Al-
drich, USA.

Chlorella vulgaris microalgae in the form of dried green pow-
der was obtained from the Institute of National Research Center, 
Cairo, Egypt.

Fish

A total number of one hundred and forty-four African catfish (C. 
gariepinus) with an average body weight of 160 g and a length of 

25–30 cm was collected at a private fish farm in Assiut, Egypt. Fish 
were sent directly to Fish Biology Laboratory, Faculty of Science, 
Zoology Department, Assiut University, Egypt. The fish were ac-
climated in laboratory settings for 35 days in 100 L tanks with 
de-chlorinated tap water and air pumps. The fish were fed a com-
mercial basal diet containing 30% crude protein. The study was 
performed between February and March 2021.

Statement of Ethics

The research was carried out in accordance with the standards 
and ethical rules of Faculty of Veterinary Medicine, Assiut Uni-
versity, Egypt.

Experimental design 

After the acclimatization period, fish were randomly distributed 
to six experimental groups (n = 24 per group, three replicates/
group): (i) the control group and fish had access to NPs-free 
water, (ii) NPs-intoxicated group exposed to 5 mg/L NPs in the 
water according to Pitt et al. (2018), (iii) NPs+selenium treated 
group (5 mg/L+ 1 mg/kg respectively), (iv) NPs+Chlorella treated 
group (5 mg/L+25 g/kg respectively), (v) Chlorella group (25 g/
kg) according to Bai et al. (2001), (vi) selenium group (1mg/kg) 
according to Durigon et al. (2019). Dried Chlorella and selenium 
were both added to the diet.

Animals were kept in aquariums (30 cm length, 60 cm wide, 
100 cm high) filled with 60 L of naturally dechlorinated water 
and aerated continuously with air compressors for 30 days. 
Throughout the experiment, the water quality (temperature 22°C, 
dissolved oxygen (6.85 mg/l), pH 7.38, and photoperiod 12:12 
light: dark) was maintained. During the experiment, water was 
changed daily at a rate of around 50%, and PSNPs were added 
at the concentrations listed above. To minimize ammonia levels 
in the water, feces and other waste items were siphoned off on 
a daily basis.

PS NPs detection in GIT of C. gariepinus

PS NPs were detected in the GIT of C. gariepinus, the approach 
provided by Karami et al. (2016) was applied in this study. 

Collection of blood samples

Six fish from each group (two fish from each replicate, n=24 per 
group) were caught at random with a hand net and euthanized 
by ice to reduce stress (Wilson et al., 2009). Blood was drawn 
from the caudal veins with a 1 mL syringe. Blood samples were 
collected in vacutainer tubes without anticoagulant and centri-
fuged at 3000 rpm for 15 minutes to obtain serum, which was 
kept at -20°C for further analysis.

Serum biochemical measurements

Alanine aminotransferase (ALT) and aspartate aminotransferase 
(AST) activities were determined calorimetrically using special-
ized kits (Biodiagnostic Co., Giza, Egypt) according to the manu-
facturer’s instructions (Reitman and Frankel, 1957).

Histological preparation

Liver samples were taken from each fish and preserved in a 10% 
neutral buffered formalin solution. The formalin-fixed samples 
were dehydrated in ascending concentrations of ethanol, then 
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cleaned in Xylol before being embedded in paraffin wax for sec-
tioning. Paraffin sections were cut at 4 μm in thickness and were 
stained with the following histological stains: Ordinary Hematox-
ylin and Eosin stain for general histological examination (Fischer 
et al., 2008). Periodic Acid Schiff (PAS) approach for demonstra-
tion of neutral mucopolysaccharides (McManus 1946). Gomori’s 
trichrome dye for differentiation of connective tissues and mus-
cle fibres (Gomori, 1950). Picrosirius red stain for collagen identi-
fication (Bhutda et al., 2017).

The paraffin-stained sections were examined under a light 
microscope (Olympus, USA) by a histopathologist who was blind-
ed to the groups’ arrangement. Photos were taken by Olympus 
DP72 camera adapted into the microscope.

Semithin sections preparation

Two mm thick pieces of liver catfish from all groups were fixed 
in 5% glutaraldehyde in 0.1 M phosphate buffer (pH 7.3) for 24 
h. The fixed specimens were washed several times in phosphate 
buffer, then post-fixed in 1% osmium tetraoxide and dehydrated 
in ascending grades of alcohol and then embedded in epoxy res-
in. Semithin sections (1 μm) were stained with 1% Toluidine Blue. 
Semithin stained sections were examined under a light micro-
scope (Olympus, USA) and photos were taken by Olympus DP72 
camera adapted into the microscope.

Transmission electron microscopy

Small pieces of liver (2 mm thick) obtained from newly scarified 
fish were fixed in 2.5% glutaraldehyde in phosphate buffer (pH 
7.2) for 24 h. The fixed specimens were then washed twice in 
0.1 M phosphate buffer and post-fixed in 1% osmium tetroxide 
in the same buffer. The post-fixed specimens were dehydrated 
in ascending grades of alcohol and embedded in araldite resin. 
Semithin sections were cut and stained with 1% toluidine blue. 
Ultrathin sections were then obtained using a Reichert ultra-mi-
crotome, stained with uranyl acetate followed by lead nitrate 
(Cheville and Stasko, 2014) and examined under a Jeol Jem 1200 
EX Transmission Electron Microscope at the Electron Microscope 
Unit of Assiut University. The obtained images were colored us-
ing Adobe Photoshop CS4 (Adobe, USA). 

Negative image analysis

Negative image analysis was performed to assess the complex 
color micrographs that were  obtained  (Abd-Elkareem, 2017; 
Abd-Elkareem et al., 2020).

Statistical analysis

SPSS software version 16.0 (SPSS Inc., Chicago, IL, USA) was used 
to conduct statistical analysis. For comparison between the con-
trol and exposed groups, one-way analysis of variance (ANOVA) 
was used, followed by a post-hoc least significant difference 

(LSD) multiple range test. For all experimental and control ani-
mals, all results were reported as mean± SE. The significance level 
was set at p< 0.05.

RESULTS

PS NPs detection

PS NPs was detected in GIT of C. gariepinus as shown in Fig. 1.

Serum enzymes

Serum ALT activities were significantly increased in NPs-intoxi-
cated group compared to control, Selenium treated groups (p< 
0.05) and Chlorella treated group (p< 0.01) as shown in Table 1.

Serum ALT activities in NPs-selenium and NPs-Chlorel-
la treated groups were significantly decreased compared to 
NPs-intoxicated group (p< 0.05 for NPs-selenium and p< 0.01 
for NPs+Chlorella), while were non-significant when compared 
to control group (p>0.05).

Serum AST levels were significantly increased in NPs-intoxi-
cated group compared to control, Selenium treated and Chlorella 
treated groups (p< 0.01) as shown in Table 1.

Serum AST activities in NPs-selenium and NPs-Chlorella 
treated groups were significantly decreased compared to NPs-in-
toxicated group (p< 0.01). while were non-significant when com-
pared to control group (p>0.05).

Histological examination

Histological examination of the liver of control, selenium treat-
ed and Chlorella treated groups showed the normal histological 
structures, which consisted of central vein, and hepatocytes that 
appeared as polyhedral cells containing vacuolated eosinophilic 
cytoplasm and round vesicular central or eccentric nuclei (Figs. 
2A, E, F). The distinct hepatic lobules were not obvious due to 
the presence of a scanty amount of connective tissue. The por-
tal areas appeared without a well-defined arrangement and were 
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Parameters Control NPs NPs+Se NPs+Ch Ch Se

ALT (U/L) 22.75± 2.46b 30.5± 1.94a 24.0± 1.83b 22.5± 1.85 b 19.75± 1.11b 20.75± 2.63b

AST (U/L) 18.0±0.91bc 27.25± 1.65a 21.25± 1.49b 17.75± 1.31bc 15.0± 1.15d 17.25± 1.93bc

Table 1. Serum biochemical measurements of C. gariepinus after exposure to Polystyrene nanoplastics (5 mg/L) and treatment with selenium (1 mg/kg) and Chlo-
rella vulgaris (25 g/kg) for 30 days.

Data are presented as the mean ± standard error. Significant differences between groups are indicated by different letters. P < 0.05.
NPs: Nanoplastics, NPs+Se: Nanoplastics with selenium, NPs+Ch:  Nanoplastics with Chlorella, Ch: Chlorella, Se: Selenium, ALT: Alanine aminotransferase; 
AST: Aspartate aminotransferase. 

Fig. 1. Bionuclear images of A. Stock of nanoplastics (NPs) which used in ex-
periment B. NPs particles detected in GIT of African catfish (C. gariepinus) after 
exposure.
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scattered in hepatic tissue containing branches of the hepatic ar-
tery, portal veins and bile ductules and surrounded with a small 
amount of connective tissue (Figs. 3A, 4A, 5A, 5B). 

Histopathological examination of H&E stained hepatic tis-
sues of NPs-intoxicated group exhibited the hepatotoxic effects 
of NPs that appeared in form of focal fatty degeneration and 
change (micro and macrovesciular steatosis). Microvesicular ste-
atosis was characterized by the presence of small-sized clear in-
tracytoplasmic lipid droplets in the hepatocytes. Macrovesicular 
steatosis was characterized by the presence of large-sized intra-

cytoplasmic lipid vacuoles that occupy most of the hepatocytes 
and push the nuclei to the peripheral side of the cell. Hepatic 
cells showed also coagulative necrosis with nuclear changes. The 
nuclear changes included pyknosis with nuclear shrinkage, kary-
orrhexis with nuclear fragmentation, karyolysis with loss of chro-
matin and absence of nuclei (Fig. 2B). 

Disorganization of the hepatic cord was also observed. Dil-
atation and engorgement of central veins with blood (Fig. 3B). 
Proliferation of connective tissue around the central veins (peri-
central fibrosis), portal veins and branches of bile ductules in the 

Fig. 2. Photomicrographs of paraffin sections in the liver of C. gariepinus exposed to NPs and NPs with Chlorella and selenium: Liver sections of control (A), selenium (E) and Chlorella (F) 
treated catfish showed normal histological structures that consisted of central vein (CV) and hepatocytes (H) that contain vacuolated eosinophilic cytoplasm and round central or eccentric 
nuclei (arrowhead). B. Liver section of NPs-intoxicated catfish showing hepatocytes with fatty change and cellular necrosis with peripherally small located pyknotic nuclei (black arrow) 
and proliferation of connective tissue around the central vein (pericentral fibrosis) (red arrow). C. Liver section of NPs+Chlorella treated catfish showed hepatocytes contained vacuolated 
eosinophilic cytoplasm with less fat vacuoles, normal round central and peripherally located nuclei (arrowhead), some necrotic hepatocytes with pyknotic nuclei also present (black arrow). 
D. Liver section of NPs+selenium treated catfish showed some hepatocytes with fatty change and cellular necrosis with small pyknotic nuclei (black arrow), pericentral fibrosis and inflam-
matory cells infiltration also found (red arrow). Hematoxylin and Eosin stain, scale bar = 20 μm.

Fig. 3. Photomicrographs of paraffin sections in the liver of C. gariepinus exposed to NPs and NPs with Chlorella and selenium: A. Liver section of control catfish showed the portal area 
that appeared as a triangular area contained a branch of the portal vein (PV), hepatic artery (HA) and bile ductule (BD).  B, C, D. Liver sections of NPs-intoxicated catfish showed in B 
dilatation of central vein with blood (CV), in C proliferation of connective tissue (CT) around the triangular portal area (periportal fibrosis) that extend into the hepatic parenchyma (arrow), 
in D higher magnification of portal area showed an increase in the amount of connective tissue (CT) around the portal area (arrow). E. Liver section of NPs+Chlorella treated catfish showed 
less amount of connective tissue surrounding the portal area and bile ductules and portal vein appeared normal (arrow). F. Liver section of NPs+selenium treated catfish showed connective 
tissue proliferation surrounding branches of portal veins (black arrow) and bile ductile (yellow arrow).  Hematoxylin and Eosin stain, scale bar = 100 μm in B, C and = 20 μm in A, D, E, F.
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portal areas (periportal fibrosis) were seen in H&E stained sec-
tions (Fig. 3C, D). Pericentral and periportal fibrosis were con-
firmed with Picrosirius red (Figs. 4B, C, D) and Gomori’s trichrome 
stains (Fig. 5C, D) compared to the scanty amount of connective 
tissue that appeared around the central veins and portal areas in 
the liver of control group (Figs. 4A, 5A, 5B).

PAS stained sections showed areas of glycogen depletion and 
a decrease of PAS-positive glycogen granules in the hepatocytes 
in NPs-intoxicated group (Fig. 6B) compared to control, selenium 
treated and Chlorella treated groups that exhibited the presence 

of more PAS-positive pink glycogen granules in the cytoplasm 
(Figs. 6A, E, F).

Histological examination of H&E stained hepatic tissues from 
NPs+Chlorella treated group showed moderately improving and 
restoring the normal histological structures of hepatic tissues. 
The cytoplasm of hepatocytes appeared eosinophilic stained 
and most of the hepatocytes contained round vesicular centrally 
located nuclei (Fig. 2C). Histological sections stained with H&E, 
Picrosirius red and Gomori’s trichrome stains demonstrated the 
decrease of the amount of connective tissue around the central 

Fig. 4. Photomicrographs of paraffin sections stained with Picrosirius red in the liver of C. gariepinus exposed to NPs and NPs with Chlorella and selenium: A. Liver section of control 
catfish showed a scanty amount of connective tissue around the blood vessels and bile ductules in the portal area and central vein (arrow).  B, C, D. Liver sections of NPs-intoxicated cat-
fish showed an increase in the amount of connective tissue around the central veins (green arrow) and around the blood vessels and bile ductules in the portal areas (black arrow) and the 
connective tissue extended between the hepatic cords. E. Liver section of NPs+Chlorella treated catfish showed a decline in the amount of connective tissue around the branches of portal 
veins and bile ductules in the portal area (arrow). F. Liver section of NPs+selenium treated catfish showed a moderate amount of connective tissue surrounding the branches of portal veins 
and bile ductules (arrow).  Scale bar = 100 μm in B, and = 20 μm in A, C, D, E, F.

Fig. 5. Photomicrographs of paraffin sections stained with Gomori’s trichrome in the liver of C. gariepinus exposed to NPs and NPs with Chlorella and selenium: A, B. Liver sections of 
control catfish showed a scanty amount of connective tissue around the central vein (arrow) in A and around the portal area (arrow) in B. C, D. Liver sections of NPs-intoxicated catfish 
showed dilatation of portal veins and an increase in the amount of connective tissue around the branches of portal veins and bile ductules (arrow). E. Liver section of NPs-Chlorella treated 
catfish showed a scanty amount of connective tissue around central veins and the branches of portal veins and bile ductules in the portal area (arrow). F. Liver section of NPs-Selenium 
treated catfish showed a moderate amount of connective tissue around central veins and portal veins. Scale bar = 100 μm in A, C, E, F and = 20 μm in B, D.
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veins and in the portal areas around the portal veins and branch-
es of bile ductile (Figs. 3E, 4E, 5E). PAS stained sections showed 
the presence of more PAS-positive pink glycogen granules in the 
cytoplasm of hepatocytes (Fig. 6C).

Histological examination of H&E stained hepatic tissues from 
NPs+selenium treated group showed moderate improvement in 
the histological appearance of hepatic tissue. Fatty degeneration 
and changes (Micro and macrovesicular steatosis) with peripher-
ally located nuclei, coagulative necrosis with nuclear alterations 
were still present (Fig. 2D). A moderate amount of connective tis-
sue was around the central veins (pericentral fibrosis) and in the 
portal areas around the portal vein and branches of bile ductules 
(periportal fibrosis) (Fig. 3F) and this was confirmed with Picro-
sirius red (Fig. 4F) and Gomori’s trichrome stains (Fig. 5F). PAS 
stained sections showed fewer PAS-positive pink glycogen gran-
ules in the cytoplasm of hepatocytes (Fig. 6D). Lesions scoring 
was made to compare the pathological lesions between groups 
and to show the improvement in treated groups after Chlorella 
and selenium administration (Table 2).

Semithin sections examination

Semithin sections of liver of control, selenium treated and Chlo-
rella treated groups demonstrated the normal structures of the 
liver that consisted of dark stained fine granular cytoplasm and 

round central or eccentric vesicular nuclei containing one or two 
nucleoli (Fig. 7A, E, F). Semithin sections of liver of NPs-intoxi-
cated group showed most of the hepatocytes exhibited necrotic 
changes in form of pale stained cytoplasm, large lipid vacuola-
tion and uncleared cell bounders. The nuclear alterations were 
involved pyknosis and karyorrhexis, karyolysis and complete loss 
of nuclei in most of the affected hepatocytes (Fig. 7B). NPs+Chlo-
rella treated group showed most of the hepatocytes appeared 
normal with darkly stained cytoplasm and round central and pe-
ripherally located nuclei (Fig. 7C). NPs+selenium treated group 
showed some hepatocytes with darkly stained cytoplasm, and 
central and peripherally located nuclei, and some necrotic cells 
with faintly stained cytoplasm and with pyknotic or loss of nuclei 
(Fig. 7D).

Transmission electron microscopy

Transmission electron microscopy of the liver of C. gariepinus 
showed that the hepatocyte of the control group had euchro-
matic nucleus with distinct nucleolus, well-developed rough en-
doplasmic reticulum, well-developed smooth endoplasmic re-
ticulum, abundant mitochondria and many lysosomes (Fig. 8A). 
Whereas the hepatocyte of the NPs-intoxicated group showed 
some cytotoxicity; nucleus had increasing amount of heterochro-
matin peripherally and around the nucleolus, degenerated rough 

Fig. 6. Photomicrographs of paraffin sections stained with Periodic acid Schiff reagent (PAS) in the liver of C. gariepinus exposed to NPs and NPs with Chlorella and selenium: A, E, F. Liver 
sections of control, selenium and Chlorella treated catfish showing an increased amount of PAS-positive glycogen in the cytoplasm of hepatocytes (arrow). B. Liver section of NPs-intoxi-
cated catfish showed depletion of PAS-positive glycogen granules in the cytoplasm of hepatocytes that appeared with macrovesicular steatosis (fatty change) with necrotic nuclear changes 
(arrow). C. Liver section of NPs-Chlorella treated catfish showed the presence of many fine PAS-positive glycogen granules in the cytoplasm of hepatocytes (arrow). D. Liver section of 
NPs-Selenium treated catfish showed less fine PAS-positive glycogen granules in the cytoplasm of hepatocytes (arrow). Scale bar = 20 μm.

Hepatic lesions Control NPs NPs+Ch NPs+Se Ch Se

Fatty degeneration and change - +++ + ++ - -

Congestion of central and portal vines - +++ + + - -

Pericentral fibrosis - +++ + + - -

Periportal Fibrosis - +++ + ++ - -

Depletion of intrahepatic glycogen granules - +++ + ++ - -

Degenerative changes of the ultrastructure of hepatocytes - +++ + + - -

NPs: Nanoplastics; NPs+Se: Nanoplastics with selenium; NPs+Ch:  Nanoplastics with Chlorella; Ch: Chlorella; Se: Selenium.

Table 2. Lesion scoring of the pathological changes in the different groups.
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endoplasmic reticulum, degenerated smooth endoplasmic retic-
ulum, degenerated mitochondria, many lipid droplets of different 
sizes, lysosomal activity, and myelin figure (Fig. 8B). While the 
hepatocyte of the NPs-Chlorella treated group showed euchro-

matic nucleus with distinct nucleolus, nearly healthy rough endo-
plasmic reticulum, smooth endoplasmic reticulum, mitochondria 
and phagocytic vacuole. Phagocytic kupffer cell could be demon-
strated in the wall of the hepatic sinusoid (Fig. 8C). Hepatocyte 

Fig. 7.  Photomicrographs of paraffin sections stained with Toluidine blue in the liver of C. gariepinus exposed to NPs and NPs with Chlorella and selenium: A, E, F. Semithin sections of 
control, selenium and Chlorella treated catfish showed normal hepatic structures dark stained fine granular cytoplasm and round central or eccentric vesicular nuclei contain one or two 
nucleoli (arrow). B. Semithin section of NPs-intoxicated catfish showed necrotic hepatocytes with faint stained vacuolated cytoplasm with peripherally small pyknotic, fragmented and in 
most cells loss of nuclei (arrow) C. Semithin section of NPs-Chlorella treated catfish showed most of the hepatocytes appeared normal with darkly stained cytoplasm and round central and 
peripherally located nuclei (black arrow), few necrotic hepatocytes with fainted cytoplasm and without nuclei also present (red arrow). D. Semithin section of NPs-Selenium treated catfish 
showed some hepatocytes with darkly stained cytoplasm, and central and peripherally located nuclei (black arrow), and some necrotic cells with faintly stained cytoplasm and with pyknotic 
or loss of nuclei (red arrow). Scale bar = 50 μm in A-F, small insets scale bar = 20 μm.

Fig. 8. Colored transmission electron photomicrographs of sections of the liver of C. gariepinus in different treatment groups, showing the ultrastructure of the hepatocytes. A: Hepatocyte 
of the control group showing euchromatic nucleus (N) with distinct nucleolus (Nu), well-developed rough endoplasmic reticulum (rER), well-developed smooth endoplasmic reticulum 
(sER), abundant mitochondria (M) and many lysosomes (Ly).  B: Hepatocyte of the NPs-intoxicated group showing nucleus (N) with increasing amount of heterochromatin (H) peripherally 
and around the nucleolus (Nu), mitochondria (M), degenerated rough endoplasmic reticulum (DrER), degenerated smooth endoplasmic reticulum (DsER), degenerated mitochondria (DM) 
and many lipid droplets of different sizes (L), lysosomes (Ly) and myelin figure (MF). C: Hepatocyte of the NPs-Chlorella treated group showing euchromatic nucleus (N) with distinct 
nucleolus (Nu), nearly healthy rough endoplasmic reticulum (rER), smooth endoplasmic reticulum (sER), mitochondria (M) and phagocytic vacuole (PV). Note the hepatic sinusoid contain 
red blood corpuscle (R) and formed of kupffer cell (K) and endothelial cells (E). D: Hepatocyte of the NPs-selenium treated group showing euchromatic nucleus (N), nearly healthy rough 
endoplasmic reticulum (rER), smooth endoplasmic reticulum (sER), mitochondria (M) and lysosomes (Ly).
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of the NPs-selenium treated group showed euchromatic nucleus, 
nearly healthy rough endoplasmic reticulum, smooth endoplas-
mic reticulum, mitochondria and lysosomes (Fig. 8D).

DISCUSSION

Nowadays, NPs pollution is an important matter due to its direct 
impact on environmental health and public safety. The contin-
uous discharge of microplastics (MPs) and nanoplastics wastes 
into the rivers and other water sources, and their environmental 
accumulation attracted more intention to study their toxicologi-
cal effect on people and other Mamalis especially aquatic inhab-
itants (Lau et al., 2020). 

ALT and AST activities in fish serum are used as markers of 
their hepatic functioning (Abdel-Latif et al., 2020). These enzymes 
were mostly found in the hepatocyte’s cytoplasm, but when the 
liver was damaged, they were released into the bloodstream 
(Amacher 1998). In this study, after exposure to NPs, the activ-
ities of serum AST and ALT significantly elevated compared with 
control referring to liver damage. The obtained findings agree 
with those found in Wistar rats exposed to pristine polystyrene 
nanoplastics (Amereh et al., 2019).

In marine fish large yellow croaker, NPs supplementation sig-
nificantly raised plasma ALT and AST activities as compared to the 
control group (Lai et al., 2021). After exposure to MPs, C. gariepi-
nus showed a significant elevation in AST and ALT as reported by 
Sayed et al. (2021). The common goby P. microps demonstrated 
a considerable raising in AST and ALT activities after exposure to 
MPs (Oliveira et al., 2013; Dos santos Norberto, 2014). Increased 
serum ALT and AST activities were also observed in common carp 
(Cyprinus carpio) subjected to sublethal microplastics concentra-
tions (Haghi and Banaee, 2017).

In the present study, the activities of ALT and AST in Catfish 
exposed to PS-NPs and fed OS-supplemented diets were found 
to be significantly lower compared to PS-NPs exposed group, and 
there were no significant changes in comparison to the control 
group. In  a study by Naiel et al. (2021), the authors discovered a 
significant drop in Nile tilapia ALT and AST levels fed on selenium 

diet. Furthermore, serum ALT and AST values were significantly 
higher in African catfish fed on high level of OS-supplemented 
diets (0.5 g Se/kg), (Abdel-Tawwab et al., 2007), which may be 
related to high concentration of supplemented Selenium.

Results from the current study, demonstrated that, ALT, AST 
activities were significantly lowered (P < 0.01) in group exposed 
to PS-NPs and treated with Chlorella supplemented diets, these 
results are harmonious with Zahran et al. (2019) who found a 
significant reduction in serum ALT and AST activities in Nile tila-
pia (Oreochromis niloticus) supplemented with Chlorella vulgaris 
against the chronic toxicity in liver induced by sodium arsenite. 
Moreover, Sayed et al. (2021) found an improvement in the AST 
activity in C. gariepinus exposed to MPs and Chlorella vulgaris.

Histological findings of H&E stained hepatic tissues of NPs-in-
toxicated catfish demonstrated the hepatotoxic effects of NPs 
that consisted of fatty degeneration and change (micro and mac-
rovesciular steatosis) of heptocytes. Other Hepatic cells showed 
coagulative necrosis with nuclear changes. Disorganization of 
the hepatic cord was also observed (Karami et al., 2016). Peri-
central fibrosis and periportal fibrosis were also detected and an 
increased amount of connective tissue around the biliary ductiles 
and portal veins were also seen. These connective tissue prolif-
erations were confirmed by the specific stains Picrosirius red and 
Gomori’s trichrome. PAS-stained paraffin liver sections showed a 
depletion and a decrease of PAS-positive glycogen granules in 
the affected liver cells as a response of nanoplastics intoxication.

Administration of Chlorella to the diet of NPs+Chlorella treat-
ed catfish moderately improved the general state of catfish, the 
liver function tests and moderately restored the normal histolog-
ical structures of hepatic tissues with a decrease in the amount of 
connective tissue around veins and more PAS-positive pink gly-
cogen granules in the cytoplasm of hepatocytes. These findings 
were in accordance with the results obtained by Zahran et al., 
(2019) who found that supplementation of Chlorella vulgaris in 
the diet ameliorate the long-term liver damage induced by sodi-
um arsenite in Nile tilapia (O. niloticus) as shown by morphologi-
cal, biochemical and immunological gene expression analysis.

Administration of selenium to the diet of NPs+selenium treat-
ed catfish also showed a moderate improvement in the general 

Fig. 9. Negative images of the photomicrographs shown in Figure 8.
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state of catfish, the liver function tests. The histological findings 
of liver tissue were moderately improved with still presence of 
fatty degeneration and changes, moderate amount of connective 
tissue was found around the veins and less PAS-positive glycogen 
granules were detected in the cytoplasm of hepatocytes. These 
findings agreed with Kothari and Choughule (2014).

The obtained results revealed that the hepatocyte of the 
NPs-intoxicated group showed some cytotoxicity as; an increas-
ing amount of heterochromatin inside the nucleus, degenerated 
rough endoplasmic reticulum, degenerated smooth endoplasmic 
reticulum, degenerated mitochondria, many lipid droplets of dif-
ferent sizes, lysosomal activity, and myelin figure. NPs enhance 
oxidative stress and induced liver lipid deposition by inhibiting 
lipolysis, (Lai et al., 2021; Li et al., 2021).  The distribution and 
the generation of reactive oxygen species may be the plausible 
mechanisms of these degenerated cytotoxic effects of NPs. In ad-
dition, NPs induced some inflammatory and adverse immunotox-
icity effects in the liver (Cheng et al., 2022).

The present work demonstrated that the hepatocyte of the 
NPs+Chlorella treated group showed euchromatic nucleus with 
a distinct nucleolus, nearly healthy rough endoplasmic reticu-
lum, smooth endoplasmic reticulum, mitochondria and phago-
cytic vacuole. This indicated that Chlorella had antioxidant and 
hepatoprotective effects (Wu, 2020; Latif et al., 2021). The hepat-
ic sinusoid was lined by active endothelial cells and phagocytic 
Kupffer cells. It was noticed that the Kupffer cells were responsi-
ble for the endocytosis of most foreign material from the circu-
lation  (Ferri and Sesso, 1981). While scavenger endothelial cells 
were geared to endocytosis of soluble macromolecules (Seternes 
et al., 2021). Whereas hepatocyte of the NPs+selenium treated 
group showed euchromatic nucleus, nearly healthy rough endo-
plasmic reticulum, smooth endoplasmic reticulum, mitochondria 
and lysosomes this due to the antioxidant properties of selenium 
(Ge et al., 2021).

CONCLUSION

Supplementation of Chlorella vulgaris and selenium to the diets 
might be an effective approach for alleviating the toxic effects 
induced by nanoplastics toxicity and minimizes NPs-induced he-
patic cytotoxic damages.
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