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INTRODUCTION  

Recreational activities, medical waste disposal, idol immersion, and sewer 

discharge are some ways through which heavy metals can be found in the water. But ore-

bearing rocks, forest fires, flora, and wind-blown dust are all natural sources of heavy 
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Heavy metals are not biodegradable and are deposited, incorporated, and 

bioaccumulated in aquatic organisms. The Nile tilapia, Oreochromis 

niloticus, is regarded as one of the most significant biomonitors in the 

aquatic ecosystem for detecting heavy metal contamination. During the 

current study, concentrations of heavy metals, markers of oxidative stress 

and inflammatory responses were assessed in the liver, kidney, and muscle 

tissues of O. niloticus fish collected from five key points in the Damietta 

Branch (El-kanater El-Khayriya, Benha, Zefta, Talkha, and El-Serw) in 

addition to undergoing their histopathological examination. Furthermore, 

native electrophoretic proteins and the relative gene expressions of 

antioxidant enzymes and inflammatory markers in the target tissues were 

assayed. The tilapia fish obtained from El-Serw had the highest quantities of 

heavy metals in their liver and muscle, followed by Talkha, Zefta, and 

Benha. When comparing the liver and muscle of tilapia fish collected from 

El-Serw, Talkha, Zefta, and Benha to those collected from E. EL-Khayria, 

measurements of the antioxidant system (both enzymatic and non-

enzymatic) significantly decreased (P≤0.05) in tandem with rising levels of 

inflammatory markers. All of the tilapia fish's tissues that were taken from 

El-Serw had significant histopathological changes. Furthermore, the tissues 

of fish taken from El-Serw exhibited the lowest similarity percentages when 

compared to those from E. EL-Khayria, according to the electrophoretic 

protein patterns. According to the molecular assays, O. niloticus fish 

collected from El-Serw, Talkha, Zefta, and Benha had significantly lower 

relative gene expressions of antioxidant enzymes (P≤0.05) in conjunction 

with higher levels of inflammatory markers than fish collected from E. El-

Khayria. The study revealed that severe histopathological, physiological, 

and molecular alterations were noticed in the target tissues of O. niloticus 

fish gathered from El-Serw with those gathered from other areas.  
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metals (Hama Aziz et al., 2023). Egypt's main supply of water comes from the Nile 

River. The Nile travels west-north beyond Cairo until dividing into two major branches at 

El-kanater El-Khayriya. These branches are the Damietta branch and the Rosetta branch, 

which enclose the Delta in between. Water contamination poses serious ecological 

problems for the Nile River and its branches (El-Saadani et al., 2022). Aquatic animals 

are impacted by heavy metals since they are known to be non-biodegradable and 

deposited, integrated, and bioaccumulated in aquatic environments. The global aquatic 

ecosystem is at danger due to the concerning rise in heavy metal pollution (Briffa et al., 

2020). Despite that certain heavy metals are necessary micronutrients for life, high levels 

of these metals can cause cancer and have no positive biological effects on living 

creatures. Even at lesser levels, several heavy metals exhibit notable toxicity (Morshdy 

et al., 2021). The gills, digestive tract, and skin of fish are the first points of entry for 

heavy metals into the food chain in the aquatic ecosystem. The majority of them are then 

transported by the bloodstream throughout the fish's body until they arrive with the 

human-consumed fillet (Jamil Emon et al., 2023). 

In the aquatic ecosystem, fish are regarded as one of the most significant 

biomonitors for determining the level of heavy metal pollution. Additionally, because 

they are at the top of the food chain, they can absorb metals from water through their 

digestive tract, gills, and skin, or they can directly consume it. Eating fish can then 

expose people to these metals, which may result in acute or long-term illnesses (Al-

Yousuf et al., 2000; Abou El-Gheit et al., 2012). The degree of metal toxicity that may 

be carcinogenic, teratogenic, and/or mutagenic depends significantly on the type of fish, 

the concentration of the metals, and the duration of exposure (El-Batrawy et al., 2018). 

To assess the impact of pollution on fish, detect harmful metal concentrations in 

fish tissues that may pose risks to human consumption, and take appropriate actions for 

environmental, public health, and socioeconomic reasons, evaluating fish tissue 

contamination is essential (Panda et al., 2023). Pollutant buildup alters the physiology of 

fish tissues. The microscopic analysis of target tissues using histopathological 

characteristics is the final step in determining the danger of environmental contaminants 

(Fatima et al., 2015). Histopathological alterations can serve as a gauge of the general 

health of the aquatic ecosystem as well as an indicator of the effects of different man-

made toxins on organisms (Saad et al., 2011; Mahmoud & Abd El Rahman, 2017). 

Pollutants can have detrimental effects on fish tissues before they cause noticeable 

alterations in the fish's behavior and outward appearance (Mahboob et al., 2020). 

Because they absorb toxins through their skin and gills, fish are the species most 

impacted by pollution (Alm-Eldeen et al., 2018). This causes disturbances in 

physiological and biochemical processes (Afzal et al., 2022). Even at low concentrations, 

prolonged exposure to water pollutants can change the tissues' shape, biochemistry, and 

histology (Haredi et al., 2020). Increased lipid peroxidation and the depletion of 

antioxidant enzymes are two examples of bioindicators of oxidative stress that fish 
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exposed to different pollutants may display (Karami et al., 2016). Fish are employed to 

monitor contamination in the aquatic ecosystem because they are important members of 

the trophic chain and have the ability to absorb hazardous compounds, even in minute 

amounts (Milla et al., 2011). 

One of the most commercially significant fish species is the Nile tilapia, 

Oreochromis niloticus, which exhibits low disease susceptibility and can withstand a 

wide range of harsh climatic conditions (Tayel et al., 2018). It is a useful aquatic species 

for toxicological study and is regarded as the most commercially cultivated species in 

many parts of the world, including Egypt (Al-Awadhi et al., 2024). The purpose of this 

study was to measure the levels of heavy metals in O. niloticus muscles, liver, and kidney 

that were collected from several sites in the Damietta Branch. The study also sought to 

evaluate the negative consequences at the histopathological, physiological, and molecular 

levels that were caused in these target tissues of fish. 
 

MATERIALS AND METHODS  

1. Collection of tilapia fish (Oreochromis niloticus) 

The fish were collected from five key points in the Damietta Branch (El-kanater El-

Khayriya, Benha, Zefta, Talkha, and El-Serw) based on the Global Positioning System 

(GPS), which was used to record the geographical location of samples. The selected sites 

were known for their high production rates, as well as their possible contamination with 

high concentrations of harmful substances, as a result of manufacture using agricultural 

drainage water. 

2. Heavy metals analysis 

The method demonstrated by Jiang et al. (2018) was used to extract the metals 

from fish samples, including the liver, kidney, and muscles. Using an instrument called 

Inductively Coupled Plasma–Optical Emission Spectrometry (ICP-OES), the 

concentrations of cadmium (Cd), lead (Pb), copper (Cu), iron (Fe), manganese (Mn), 

nickel (Ni), and chromium (Cr) were measured in all digested samples. Using the ICP-

OES, quality control and detection limits were established with a good recovery rate for 

the estimation of hazardous metals. 

3. Biochemical assays 

3.1. Preparation of the tissue homogenates  

The liver, kidney, and muscles of fish were excised, washed with cold phosphate-

buffered saline, quickly frozen with liquid nitrogen, ground, and then homogenized in 

0.05 M Tris-HCl buffer (pH 7.4) following the method demonstrated by Mohamed et al. 

(2020). The homogenates were left in the refrigerator overnight, shaken with a vortex for 

15 seconds, and then centrifuged at 10,000 rpm at 4˚C for 15 minutes. The supernatants, 

including water-soluble proteins, were collected. 



Eldourghamy et al., 2025 1332 

3.2. Markers of the oxidative stress 

The clear supernatants of the investigated fish tissue homogenates were used to test 

these indicators. Reduced glutathione (GSH) (Beutler et al., 1963) and total antioxidant 

capacity (TAC) (Koracevic et al., 2001) were measured as µmol/g and mg/g tissue, 

respectively. Units per gram of tissue were used to quantify the activities of glutathione 

peroxidase (GPx) (Paglia 7 Valentine, 1967), superoxide dismutase (SOD) (Nishikimi et 

al., 1972) and catalase (CAT) (Aebi, 1984). Lipid peroxidation product (LPO) (Ohkawa 

et al., 1979) and total protein carbonyl content (TPC) (Levine et al., 1994) concentrations 

were measured as nmol/g wet tissue and nmol of reactive carbonyl compounds per mg 

protein of tissue, respectively. 

3.3. Inflammatory markers 

In accordance with the guidelines proposed by March et al. (1985) and 

Engelmann et al. (1990), respectively, markers of inflammatory reactions, including 

tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6), were measured in the tissue 

homogenates as Pg/g tissue using the quantitative sandwich enzyme immunoassay 

technique. A modified Ellman's approach was used to measure the AChE's activity 

(Ellman et al., 1961). 

4. Histopathological examination 

Each fish's liver, kidney, and muscle tissues were autopsied, and the specimens 

were promptly stored in 70% ethanol and fixed in 10% buffered formalin. After being 

cleaned, the tissue samples were embedded in blocks of paraffin wax, clarified in xylene, 

and dehydrated in serial alcohol solutions. Hematoxylin and eosin staining was 

performed after the tissue sections, which had a thickness of 4 microns, were collected on 

glass slides and deparaffinized (Bancroft & Gamble, 2008). In order to assess the 

histological alterations, the stained sections were lastly captured on camera with an 

Olympus microscope and a digital camera (14 MP USB). 

5. Electrophoretic assays 

Fish tissues weighing 0.2 grams were quickly frozen in liquid nitrogen and then 

homogenized in 1 milliliter of water-soluble extraction buffer. After centrifuging the 

homogenates for five minutes at 10,000 rpm, the clear supernatants were separated and 

put into different tubes. Each group's separate supernatants were combined into equal 

amounts and used as a single sample. To guarantee that the concentration of the protein 

loaded in each well is the same throughout all electrophoretic tests, the total protein 

concentration was determined in each pooled sample using the method proposed by 

Bradford (1976). In accordance with the procedure described by Laemmli (1970) and 

most recently refined by Darwesh et al. (2015), native proteins were electrophoretically 

separated using Polyacrylamide Gel Electrophoresis (PAGE) and then stained with 

Commassie Brilliant Blue. 
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Quantity One software (Version 4.6.2) was used to examine the PAGE plates that 

were imaged. This software was used to calculate the electrophoretically separated bands' 

relative mobility (Rf), band percent (B%), and relative band quantity (Qty%).   

6. Molecular assay 

Total RNA was extracted from fish tissues (about 20mg) by Trizol reagent 

(Invitrogen, USA). Concentration of the extracted RNA was detected by a Nanodrop 

spectrophotometer (Thermo Fisher Scientific Inc., Wilmington, DE, USA). Solidity of the 

RNA was tested by 1% agarose gel electrophoresis according to the integrity of 18S and 

28S rRNA bands. Then, total RNA samples were separately treated with RNase-free 

DNase I (Promega, Madison, WI, USA) before starting to create the complementary 

DNA (cDNA) with cDNA Kit (Invitrogen, Waltham,MA, USA). Expression of mRNA 

levels of antioxidant enzymes (SOD, CAT and GPX) and inflammatory markers (IL-6 

and IL-1b) were assayed. The amplification process was carried out by qPCR using 

primers with sequences specific to the tested genes (Table 1) and its protocol was 10min 

at 95 °C, 15s at 95°C, and 60s at 60°C for 40 cycles. Levels of the relative mRNA were 

assessed based on the cycle threshold procedure and normalized to geometric means of β-

actin as an internal reference gene (house-keeping gene) (Qin et al., 2013). The 2−ΔΔCt 

equation was applied to calculate level of the relative mRNA (Livak & Schmittgen, 

2001). 

7. Statistical analysis  

The mean ± standard error (SE) was used to express the data compiled in Tables 

and illustrated Figs. The Statistical Package for Social Sciences (SPSS for Windows, 

version 11.0) was used to perform a one-way analysis of variance test (one-way 

ANOVA), which was followed by a post-hoc Bonferroni test. A "P" value of less than 

0.05 indicated that the group differences were statistically significant. 
 

Table 1. Sequences of the primers specific for the target genes 

Gene Description Accession No. Sequences (5'- 3') 

Superoxide dismutase AY491056.1 
F: CATGCCTTCGGAGACAACAC 

R: ACCTTCTCGTGGATCACCAT 

Glutathione peroxidase NM_001279711.1 
F: CGCCGAAGGTCTCGTTATTT 

R: TCCCTGGACGGACATACTT 

Catalase JF801726.1 
F: CCCAGCTCTTCATCCAGAAAC 

R: GCCTCCGCATTGTACTTCTT 

Interleukin-1β - 
F: AAGATGAATTGTGGAGCTGTGTT 

R: AAAAGCATCGACAGTATGTGAAAT 

Interleukin-6 XM_019360734.2 
F: GTCGCCTCCAGTGGTTACAA 

R: GAAGTCCAGCACCTCTTGCT 

β-actin XM_003455949 
F: TGGTGGGTATGGGTCAGAAAG 

R: CTGTTGGCTTTGGGGTTCA 
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RESULTS AND DISCUSSION  

 

1. Heavy metals analysis 

Heavy metals are a class of naturally occurring metallic elements with high atomic 

weights and densities. They are released into the environment through mining, industrial 

processes, and agricultural practices. The measurement of heavy metals is crucial for 

assessing their presence, concentration, and potential effects on organisms, particularly 

fish due to their toxicity and persistence. Depending on the metal's kind, concentration, 

length of exposure, and sensitivity of the species, they can have a variety of harmful 

consequences on fish. Therefore, understanding the effects of heavy metals on fish is 

crucial for assessing the health of aquatic ecosystems and ensuring the safety of fish as a 

food source for humans (Ezzat et al., 2024). 

Comparing the levels of heavy metal pollution in several fish species at various 

locations was challenging. Thus, tilapia species were chosen as markers to evaluate the 

level of heavy metal contamination in the Damietta Branch's water. From every sampling 

location, they were effectively collected. Heavy metal bioaccumulation in O. niloticus's 

liver, kidney, and muscle is shown by the results presented in Table (2), showing 

differences in the concentrations of the metals under study depending on where the fish 

were taken. This agrees with the study proposed by Islam et al. (2017). It was observed 

that the metals consistently followed the sequence of iron > manganese > chromium > 

copper > nickel > lead > cadmium in all the studied tissues. Iron exhibited the highest 

level, while cadmium showed the lowest values compared to the other measured metals. 

This is consistent with the hypothesis of Elnabris et al. (2013) that the essential elements 

(Fe, Ni, Mn, and Cu) were present in greater quantities than the non-essential ones (Pb 

and Cd).  

It was discovered throughout the current investigation that the types of tissues 

examined affected the metal concentrations. Compared to the other tissues under study, 

the muscles have larger concentrations of the metals under investigation. This result 

agrees with those of Abarshi et al. (2017) and Shovon et al. (2017), who highlighted that 

these tissues can accumulate higher concentrations of metals than other tissues because of 

the negative charge on their surface, which creates a potential location for positively 

charged elements.   

In the liver and muscle of O. niloticus, it was found that concentrations of all 

determined heavy metals increased significantly (P≤ 0.05) in tilapia fish collected from 

El-Serw, followed by Talkha, and Zefta, then Benha compared to those collected from 

El-Kanater EL-Khayria. Regarding the kidney tissues, no significant differences were 

noticed among tilapia fish collected from Benha and Zefta compared to those collected 

from El-Kanater EL-Khayria. Whereas, in the kidney of fish collected from El-Serw, 

concentration of the heavy metals increased significantly (P≤ 0.05), followed by those 
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collected from Talkha. This might be related to the higher concentrations of heavy metals 

in the water matrix from which tilapia fish were collected, as reported by Eldourghamy 

et al. (2024). They demonstrated that concentrations of heavy metals were higher during 

all four seasons at water collection sites of both Talkha and El-Serw. 

2. Markers of the oxidative stress 

Reactive oxygen species (ROS) and oxidative stress are caused by environmental 

stress in fish (Gu et al., 2020). Promoting the antioxidative capacity is a viable method to 

enhance fish health and maintain a balanced physiological status (Yang et al., 2023). 

These enzymes' activity serves as a crucial gauge for the cellular antioxidant defense 

system's activation and defense against oxidative stress, which is the imbalance between 

the generation and breakdown of ROS, including lipid peroxides, hydrogen peroxide, and 

superoxide anion (Valavanidis et al., 2006). Major antioxidant enzymes in the body, 

such as SOD, GPx, and CAT, can neutralize undesirable O2− and H2O2, as well as ROOH 

produced by free radicals (Abdel-Tawwab et al., 2017). The SOD, CAT, and GPx 

enzymes are principally responsible for the enzymatic inactivation of ROS in muscle 

tissue (Terevinto et al., 2010). Changes in transcription and gene expression may be 

linked to the decline in enzyme function (Delles et al., 2014). Elevating the oxidative 

load lowers SOD, CAT, and GPx levels, which is linked to an increase in peroxidation 

products (LPO and TPC), according to Hoseinifar et al. (2023). 

Measurements of the antioxidant system (both enzymatic and non-enzymatic) in O. 

niloticus's liver and muscle showed a significant (P≤ 0.05) decline with the level of 

pollution. From this perspective, these measurements decreased markedly in tilapia fish 

collected from El-Serw, followed by Talkha, Zefta, and then Benha compared to those 

collected from El-Kanater El-Khayria (Table 3 & Fig. 1). 

Regarding the kidney tissues, the variables of the antioxidant system displayed non-

significant differences among tilapia fish collected from Benha and Zefta compared to the 

normal values of those collected from El-Kanater El-Khayria. However, in the kidneys of 

fish collected from El-Serw, these measurements decreased significantly (P≤ 0.05), 

followed by those collected from Talkha. The decrease in the antioxidative enzymes 

(SOD, CAT, and GPx) is responsible for elevating the levels of ROS, thereby increasing 

the LPO and TPC in the hepatic, renal, and muscular tissue of the Nile tilapia (Xu et al., 

2022). Reyad et al. (2021) found in their investigations that the antioxidant defenses and 

activity of antioxidant enzymes could be valuable biomarkers of water contamination. 

Even at low concentrations of heavy metals in water, they may be altered by changing 

water quality characteristics, which could result in eventual heavy metal bioaccumulation 

and large concentrations of metals in fish tissues. 

3. Inflammatory markers 

The biomolecular reaction of tilapia fish exposed to heavy metals showed that 

TNF-α protein expression, activation, and concentration rose in proportion to the tissue's 
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heavy metal content (Rumahlatu et al., 2019). One of the fundamental molecular 

processes behind the toxicity of heavy metals is oxidative stress (Chen et al., 2018). 

Certain cellular inflammatory factors such as IL-6 and immunological factors are 

drastically modified when the immune system is inhibited (Jantawongsri et al., 2021). In 

the liver and muscle of O. niloticus, it was found that the levels of inflammatory markers, 

including the cytokines TNF-α and IL-6, increased significantly (P≤ 0.05) in tilapia fish 

collected from El-Serw, followed by Talkha, Zefta, and then Benha compared to those 

collected from El-Kanater El-Khayria (Table 4). This matches the finding of Hossain et 

al. (2021), who postulated that there is a relationship between increasing inflammatory 

markers and the depletion of antioxidant enzymes, which occurred as a result of the 

bioaccumulation of heavy metals. 

Regarding the kidney tissues, the levels of these cytokines displayed non-

significant variation among tilapia fish collected from Benha and Zefta compared to the 

normal values of those collected from E. El-Khayria. However, in the kidneys of fish 

collected from El-Serw, these measurements increased significantly (P≤ 0.05), followed 

by those collected from Talkha. Based on the measurements, tissues exposed to pollution 

had a markedly elevated level of IL-6 (Liu et al., 2022). This suggests that heavy metals 

may specifically target the tissues' cytokines TNF-α and IL-6 genes to have negative 

effects. Our results imply that in addition to tissue damage, heavy metal exposure results 

in immune system dysfunction and muscular atrophy. Oxidative stress, inflammation, 

apoptosis, tissue damage, and immunosuppression from heavy metal exposure are all 

intricately linked. 

4. Histopathological examination 

Histopathology is categorized as a speedy and cost-effective tool for detecting 

unfavorable effects (acute and chronic) caused in numerous tissues and organs as a result 

of exposure to heavy metals (Tayel et al., 2014). Fish detoxification is mostly carried out 

by the liver, which rids the body of toxins that enter from the intestine (El-Naggar et al., 

2009). Fish liver damage can cause a variety of physiological problems, which can 

ultimately lead to the fish's demise (Mahboob et al., 2020). In the present study, the liver 

sections of O. niloticus collected from E. El-Khayria (Fig. 2a) showed thickness of blood 

vessels (Th), hypoxia (Hy), and pyknosis of nuclei (H & E, 400X). In the liver section of 

fish collected from Benha (Fig. 2b), hemorrhage (Hr), hemolysis (Hs), and hemosiderin 

(Hn) between hepatocyte cells were detected. Dilatation (Di), hemosiderin (Hs) in blood 

vessels, and fatty degeneration (ft) were noticed in hepatocytes in fish collected from 

Zefta (Fig. 2c). In the liver section of fish collected from Talkha (Fig. 2d), degeneration 

(D), necrosis (N), fibrosis (Fb) in hepatocytes, congestion (Cn) in blood sinusoids, and 

pyknosis of nuclei (Pk) were identified. The liver section of fish collected from El-Serw 

(Fig. 2e) showed degeneration (D) in the wall of the hepatic portal vein, hemosiderin (Hs) 

around the wall of the hepatic portal vein, and pyknosis of nuclei (Pk). This is congruent 

with the findings of Hashem et al. (2020), who claimed that the liver is engaged in the 



1337 
Exploring the Potential Toxicity Induced by Heavy Metals in the Nile Tilapia Fish (Oreochromis 

niloticus) of Various Spatiotemporal Monitoring Patterns in the Water of the Damietta Branch 
 

 

detoxification of heavy metals, which accumulate in the tissue leading to degeneration 

and necrosis of hepatocytes. The fertilizers, salts, and sewage discharged into the 

hemosiderin (Authman & Abbas, 2007) and water matrix (Mahmoud & Abd El 

Rahman, 2017), which accumulate in liver cells, may contribute to the rapid and 

continual death of red blood cells. Furthermore, degradation of hepatocytes might be 

triggered by oxygen shortage due to intravascular hemolysis and vascular dilatation 

(Saad et al. 2011). According to El-Naggar et al. (2009), fatty degeneration may result 

from an imbalance between the production and consumption of fat or from an accelerated 

rate of energy reserve usage. 

Fish kidneys are crucial organs for excretion, osmoregulation, and hematopoiesis 

(Faheem et al., 2016). Toxicants enter the kidney through the bloodstream, and several 

studies have confirmed that kidneys are the primary sites affected by toxicants 

(Smorodinskaya et al., 2023). During the current study, it was observed that the kidney 

sections of O. niloticus collected from E. El-Khayria (Fig. 3a) showed dilatation of blood 

vessels (Di), congestion of blood vessels (Cn), necrosis in hematopoietic tissue (N), and 

degeneration in kidney tubules (D) (H & E, 400X). Dilatation of blood vessels (Di), 

stagnant blood in hematopoietic tissue (St), and fibrosis (Fb) were observed in the renal 

tissue of fish collected from Benha (Fig. 3b). In the renal tissue of fish collected from 

Zefta (Fig. 3c), necrosis (N) and shrinkage (Sk) of glomeruli, hemorrhage (Hr) in 

hematopoietic tissue, and focal necrosis (FN) were detected. Degeneration in kidney 

tubules (D), hemosiderin pigment (Hs), and fibrosis (Fb) in renal tissue, and hemolysis 

(Hs) in hematopoietic tissue were identified in fish collected from Talkha (Fig. 3d). The 

kidney section of fish collected from El-Serw (Fig. 3e) showed degeneration (D) and 

necrosis (N) in glomeruli, hemorrhage in hematopoietic tissue (Hr), and dilatation in the 

lumen of kidney tubule (Di). According to current findings, the most deleterious 

abrasions were observed in the kidneys compared to other studied tissues, resulting in 

renal failure (Waris et al., 2023). Additionally, Pal and Reddy (2018) demonstrated that 

the toxicants caused degeneration and necrosis of renal tubules, glomerulus expansion or 

atrophy, aggregation of lymphocytes, and hemorrhage within the hematopoietic tissues. 

These findings revealed various abnormalities detected histopathologically, ultimately 

leading to renal failure. 

According to Yacoub et al. (2008), the muscular system, which makes up the 

majority of the fish's body and is covered in skin, is mostly made up of segmental 

myomeres that are thought of as muscle. Its fibers run parallel to the body axis. 

According to Kadry et al. (2015), it is in charge of peristaltic constriction of visceral 

organs, blood pumping, coordinated skeletal component movement, and locomotion. 

During the present study, the muscle section of O. niloticus collected from E. El-Khayria 

(Fig. 4a) showed separation of the epidermal and dermal layers (S), degeneration in the 

dermal and muscle layers (D), and edema (E) in the muscle layer (H & E, 400X). 

Hemorrhage (Hr), edema (E), and degeneration (D) in the muscle layer were noticed in 
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the muscle tissue of fish collected from Benha (Fig. 4b). In the muscle tissue of fish 

collected from Zefta (Fig. 4c), degeneration (D) in the epidermal layer, necrosis (N) in 

the dermal layer, and focal necrosis (FN) and hemorrhage in the muscle layer were 

detected. Degeneration (D), necrosis (N), hemosiderin (Hn) in the dermal layer, and 

hemorrhage (Hr) were identified in the muscle layer in fish collected from Talkha (Fig. 

4d). The muscle section of fish collected from El-Serw (Fig. 4e) showed parasite form 

(P), hemorrhage (Hr), edema (E), and Kupffer cell (K) in the muscle layer (Pk). This is in 

line with the theory set by Fernandes et al. (2008) that osmoregulatory and circulatory 

damage is caused by heavy metal exposure. Deterioration of the epithelial layer, 

separation of the epidermis from the dermal layer, and degeneration of irritants floating 

or dissolved in water decrease their surface area and impair respiratory function 

according to Tayel et al. (2014). Additionally, wastewater discharge into natural water 

bodies with high organic matter content raises organic phosphorus levels, which can 

lower fish gaseous exchange capacity (Dalzochio et al., 2018). 

5. Electrophoretic assays 

One common method for separating, identifying, and measuring the numerous 

proteins expressed in different tissues is electrophoresis. According to Aboulthana et al. 

(2016), it was regarded as the most widely used instrument for determining the 

stoichiometry of a particular subunit of a protein complex. The similarity % number 

solely correlates with qualitative changes and gives an indicator of the tissue's 

physiological state. Compared to the control group, a lower similarity percentage 

suggests differences in the quantity and arrangement of electrophoretically separated 

bands. If not, changes can be made quantitatively by keeping their identification data's 

bands normal, but changes can also happen in their quantities (Deabes et al., 2021). The 

most significant macromolecules that perform crucial roles in all living cells are proteins. 

Depending on the proportion of oxidation-sensitive amino acid residues, they are 

oxidizable. Thus, electrophoretic separation, identification, and characterisation were 

used to investigate the chemical makeup and physiological role of particular proteins (El-

Shamarka et al., 2024). During the present study, the electrophoretic technique was used 

to assess the physiological state of various tissues (liver, kidney, and muscle) in fish. This 

approach is in line with Mohamed et al. (2020), who showed that an electrophoretic 

method can differentiate between fish slices based on their protein composition. While 

there were slight differences for fish from different sources, consistent and repeatable 

electrophoretic patterns were seen for samples of the same species that varied in size and 

provenance. 

As shown in Fig. (5), it was noticed that the native protein pattern was represented 

electrophoretically in liver tissue of O. niloticus collected from El-Kanater El-Khayria by 

7 bands identified at Rfs 0.05, 0.12, 0.30, 0.43, 0.58, 0.73, and 0.92 (Int. 162.83, 170.28, 

159.83, 174.75, 169.96, 172.91, and 172.83; B% 13.72, 13.16, 14.14, 17.92, 13.37, 17.00, 

and 10.68; Qty 5.24, 5.02, 5.40, 6.84, 5.10, 6.49, and 4.08, respectively). In liver tissue of 
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fish collected from Benha, the native protein pattern was represented by 9 bands 

identified at Rfs 0.05, 0.13, 0.19, 0.30, 0.43, 0.50, 0.64, 0.73, and 0.92 (Int. 159.74, 

160.52, 155.88, 164.47, 182.99, 149.74, 154.99, 160.68, and 218.88; B% 11.14, 13.39, 

10.02, 12.59, 8.51, 9.83, 10.60, 21.53, and 2.39; Qty 4.38, 5.27, 3.94, 4.95, 3.35, 3.87, 

4.17, 8.47, and 0.94, respectively). The data from the phylogenetic tree showed that this 

protein pattern is physiologically similar to the tissue in fish collected from E. El-Khayria 

by 62.20%. In liver tissue of fish collected from Zefta, the native protein pattern was 

represented by 8 bands identified at Rfs 0.04, 0.12, 0.18, 0.30, 0.43, 0.49, 0.64, and 0.73 

(Int. 160.87, 164.17, 157.87, 159.79, 175.15, 156.83, 156.74, and 170.51; B% 12.15, 

13.78, 11.04, 13.86, 17.15, 11.84, 11.84, and 8.35; Qty 4.78, 5.42, 4.35, 5.45, 6.75, 4.66, 

4.66, and 3.29, respectively). The phylogenetic tree showed that this protein pattern is 

physiologically similar to the tissue in fish collected from E. El-Khayria by 65.20%.  

In liver tissue of fish collected from Talkha, the electrophoretic protein pattern was 

represented by 9 bands identified at Rfs 0.05, 0.12, 0.18, 0.31, 0.44, 0.50, 0.65, 0.73, and 

0.83 (Int. 159.70, 163.04, 160.22, 162.17, 175.54, 154.22, 158.14, 173.12, and 150.13; 

B% 10.36, 12.82, 8.80, 6.68, 16.64, 9.43, 10.26, 14.90, and 10.11; Qty 4.55, 5.62, 3.86, 

2.93, 7.30, 4.14, 4.50, 6.54, and 4.44, respectively). The phylogenetic tree showed that 

this protein pattern is physiologically similar to the tissue in fish collected from E. El-

Khayria by 63.00%. In liver tissue of fish collected from El-Serw, the electrophoretic 

protein pattern was represented by 7 bands identified at Rfs 0.12, 0.18, 0.31, 0.44, 0.65, 

0.74, and 0.83 (Int. 165.49, 153.15, 164.74, 175.41, 157.79, 177.44, and 150.76; B% 

16.81, 11.95, 13.82, 16.78, 12.77, 15.67, and 12.20; Qty 6.31, 4.49, 5.19, 6.30, 4.80, 5.89, 

and 4.59, respectively). The phylogenetic tree showed that this protein pattern is 

physiologically similar to the tissue in fish collected from E. El-Khayria by 59.90% 

indicating higher physiological changes in the number and arrangement of protein bands 

among the liver tissue of fish collected from Benha and Zefta compared to the tissue of 

fish collected from E. El-Khayria, which is considered control tissue. 

Four common bands were identified at Rfs 0.12, 0.30, 0.43, and 0.73. No 

characteristic bands were identified.   

Regarding the renal tissue of O. niloticus collected from E. El-Khayria (Fig. 6), it 

was noticed that the native protein pattern was represented electrophoretically in by 6 

bands identified at Rfs 0.21, 0.38, 0.51, 0.60, 0.74, and 0.97 (Int. 113.44, 131.84, 168.54, 

115.49, 128.22, and 158.07; B% 13.81, 16.05, 23.33, 12.68, 13.77, and 20.37; Qty 5.38, 

6.25, 9.09, 4.94, 5.37, and 7.94, respectively). In renal tissue of fish collected from 

Benha, the native protein pattern was represented by 6 bands identified at Rfs 0.21, 0.39, 

0.52, 0.60, 0.75, and 0.97 (Int. 118.58, 121.92, 158.83, 113.11, 123.01, and 152.61; B% 

10.04, 15.49, 32.66, 11.86, 13.64, and 16.31; Qty 4.66, 7.19, 15.16, 5.51, 6.33, and 7.57, 

respectively). The data from the phylogenetic tree showed that this protein pattern is 

physiologically similar to the tissue in fish collected from E. El-Khayria by 83.3%. 
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In renal tissue of fish collected from Zefta, the native protein pattern was 

represented by 6 bands identified at Rfs 0.21, 0.39, 0.52, 0.60, 0.75, and 0.97 (Int. 117.83, 

130.53, 160.98, 109.86, 128.15, and 150.34; B% 11.28, 13.88, 35.95, 14.49, 6.81, and 

17.59; Qty 4.95, 6.10, 15.79, 6.36, 2.99, and 7.72, respectively). The phylogenetic tree 

showed that this protein pattern is physiologically similar to the tissue in fish collected 

from E. El-Khayria by 78.70%. In renal tissue of fish collected from Talkha, the 

electrophoretic protein pattern was represented by 4 bands identified at Rfs 0.21, 0.52, 

0.75, and 0.97 (Int. 117.91, 152.10, 122.81, and 150.09; B% 16.55, 38.32, 18.80, and 

26.33; Qty 5.20, 12.04, 5.91, and 8.27, respectively). The phylogenetic tree showed that 

this protein pattern is physiologically similar to the tissue in fish collected from E. El-

Khayria by 75.70%. 

In renal tissue of fish collected from El-Serw, the electrophoretic protein pattern 

was represented by 5 bands identified at Rfs 0.10, 0.31, 0.52, 0.75, and 0.97 (Int. 116.43, 

122.11, 133.39, 129.35, and 150.40; B% 11.35, 15.31, 28.33, 16.21, and 28.80; Qty 3.29, 

4.43, 8.20, 4.70, and 8.34, respectively). The phylogenetic tree showed that this protein 

pattern is physiologically similar to the tissue in fish collected from E. El-Khayria by 

62.40% indicating higher physiological changes in the number and arrangement of 

protein bands among the renal tissue of fish collected from Benha and Zefta compared to 

the tissue of fish collected from E. El-Khayria. 

Three common bands were identified at Rfs 0.51, 0.74, and 0.97. Two characteristic 

(unique) bands were identified at Rfs 0.10 and 0.31 (Int. 116.43 and 122.11; B% 11.35 

and 15.31; Qty 3.29 and 4.43, respectively) in renal tissue of fish collected from El-Serw.   

As shown in Fig. (7), it was noticed that the native protein pattern was represented 

electrophoretically in muscle tissue of O. niloticus collected from E. El-Khayria by 5 

bands identified at Rfs 0.14, 0.34, 0.62, 0.72, and 0.91 (Int. 144.34, 158.40, 158.21, 

163.04, and 145.60; B%  15.03, 19.79, 17.88, 25.22, and 22.09; Qty 4.84, 6.37, 5.76, 

8.12, and 7.11, respectively). In renal tissue of fish collected from Benha, the native 

protein pattern was represented by 6 bands identified at Rfs 0.15, 0.34, 0.47, 0.62, 0.72, 

and 0.91 (Int. 148.10, 156.86, 165.11, 153.84, 173.14, and 149.59; B% 12.41, 17.16, 

14.99, 19.33, 19.75, and 16.36; Qty 4.95, 6.85, 5.98, 7.72, 7.88, and 6.53, respectively). 

The data from the phylogenetic tree showed that this protein pattern is physiologically 

similar to the tissue in fish collected from E. El-Khayria by 86.80%. 

In muscle tissue of fish collected from Zefta, the native protein pattern was 

represented by 5 bands identified at Rfs 0.15, 0.34, 0.47, 0.62, and 0.72  (Int. 148.99, 

157.10, 161.97, 161.31, and 176.54; B% 15.83, 21.11, 19.74, 20.16, and 23.17; Qty 4.83, 

6.44, 6.02, 6.15, and 7.07, respectively). The phylogenetic tree showed that this protein 

pattern is physiologically similar to the tissue in fish collected from E. El-Khayria by 

74.60%.  

In muscle tissue of fish collected from Talkha, the electrophoretic protein pattern 

was represented by 5 bands identified at Rfs 0.25, 0.34, 0.48, 0.62, and 0.73 (Int. 149.13, 
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156.65, 160.75, 157.00, and 168.43; B% 16.15, 19.87, 21.38, 16.03, and 26.57; Qty 4.99, 

6.14, 6.61, 4.95, and 8.21, respectively). The phylogenetic tree showed that this protein 

pattern is physiologically similar to the tissue in fish collected from E. El-Khayria by 

60.80%. 

In muscle tissue of fish collected from El-Serw, the electrophoretic protein pattern 

was represented by 5 bands identified at Rfs 0.25, 0.34, 0.49, 0.73, and 0.81; (Int. 149.17, 

155.93, 147.71, 173.12, and 151.79; B% 14.86, 18.83, 24.97, 23.00, and 18.33; Qty 4.77, 

6.05, 8.02, 7.39, and 5.89, respectively). The phylogenetic tree showed that this protein 

pattern is physiologically similar to the tissue in fish collected from E. El-Khayria by 

42.00%, indicating higher physiological differences in the number and arrangement of 

protein bands among the muscle tissue of fish collected from Benha and Zefta compared 

to the tissue of fish collected from E. El-Khayria.  

Two common bands were identified at Rfs 0.34 and 0.72. Only one characteristic 

band was identified at Rf 0.81 (Int. 151.79; B% 18.33; Qty 5.89) in muscle tissue of fish 

collected from El-Serw. 

The impact of heavy metals, particularly Pb and Cd, which can render proteins and 

peptides vulnerable to structural changes in subcellular compartments and tissues, may be 

indicated by the electrophoretic changes in the native protein patterns in the target tissues 

(Hechtenberg & Beyersmann, 1991). Furthermore, depending on the kind, 

concentration, and duration of exposure, the metals can alter the activity of liver 

enzymes, resulting in tissue alterations (Paris-Palacios et al., 2000). In addition, since Cd 

can change cellular adhesion and antioxidant defense mechanisms, it may be the cause of 

changes in the electrophoretic patterns (Yano & Marcondes, 2005). 
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Table 2. Data on the heavy metals in the most susceptible tissues to pollutant accumulation in tilapia fish 

(Oreochromis niloticus) gathered from various points in the water of the Damietta Branch 

 
E. EL-

Khayria 
Benha Zefta Talkha El-Serw 

L
iv

er
 

Cd 

m
g
/ 

K
g
 

0.01±0.00 0.02±0.00a 0.05±0.00ab 0.11±0.00abc 0.13±0.00abcd 

Pb 0.04±0.00 0.10±0.00a 0.20±0.00ab 0.44±0.01abc 0.55±0.01abcd 

Cu 0.76±0.00 1.63±0.00a 3.51±0.01ab 7.54±0.02abc 9.42±0.03abcd 

Fe 12.58±0.02 27.05±0.04a 58.16±0.09ab 125.05±0.20abc 156.31±0.25abcd 

Mn 3.26±0.01 7.00±0.02a 15.05±0.03ab 32.35±0.07abc 40.44±0.09abcd 

Ni 0.28±0.00 0.60±0.01a 1.29±0.02ab 2.77±0.04abc 3.47±0.05abcd 

Cr 0.84±0.01 1.80±0.01a 3.88±0.03ab 8.34±0.05abc 10.43±0.07abcd 

K
id

n
ey

 

Cd 0.01±0.00 0.01±0.00 0.02±0.00 0.07±0.00abc 0.09±0.00abcd 

Pb 0.03±0.00 0.03±0.00 0.03±0.00 0.31±0.01abc 0.39±0.01abcd 

Cu 0.58±0.00 0.52±0.00 0.55±0.00 5.80±0.02abc 7.25±0.03abcd 

Fe 5.08±0.02 5.12±0.03 5.17±0.02 50.51±0.20abc 63.14±0.25abcd 

Mn 2.68±0.01 2.71±0.02 2.67±0.02 26.64±0.07abc 33.30±0.09abcd 

Ni 0.18±0.00 0.21±0.01 0.19±0.01 1.77±0.04abc 2.22±0.05abcd 

Cr 0.46±0.01 0.44±0.01 0.47±0.02 4.61±0.05abc 5.77±0.07abcd 

M
u

sc
le

 

Cd 0.01±0.00 0.03±0.00a 0.06±0.00ab 0.13±0.00abc 0.17 ± 0.00abcd 

Pb 0.06±0.00 0.12±0.00a 0.26±0.00ab 0.55±0.01abc 0.69±0.01abcd 

Cu 0.95±0.00 2.04±0.01a 4.38±0.01ab 9.42±0.03abc 11.78±0.04abcd 

Fe 15.73±0.03 33.82±0.05a 72.70±0.12ab 156.31±0.25abc 195.39±0.31abcd 

Mn 4.07±0.01 8.75±0.02a 18.81±0.04ab 40.44±0.09abc 50.55±0.11abcd 

Ni 0.35±0.01 0.75±0.01a 1.61±0.02ab 3.47±0.05abc 4.34±0.06abcd 

Cr 1.05±0.01 2.26±0.01a 4.85±0.03ab 10.43±0.07abc 13.03±0.08abcd 

Data were expressed as mean ± SE calculated from five replicates. In comparison with tilapia fish collected from El-Kanater EL-

Khayria, "a" indicates a significant difference (P≤ 0.05); "b" indicates a significant difference (P≤ 0.05) from fish collected from 

Benha; "c" indicates a significant difference (P≤ 0.05) from fish collected from Zefta; and "d" indicates a significant difference (P≤ 

0.05) from fish collected from Talkha. 
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Table 3. Data of the enzymatic and non-enzymatic antioxidants in the most susceptible tissues to pollutant 

accumulation in tilapia fish (Oreochromis niloticus) gathered from various points in the water of the Damietta 

Branch 

 
E. EL-

Khayria 
Benha Zefta Talkha El-Serw 

L
iv

er
 

TAC 

(µmol/g) 
5.99±0.05 4.34±0.04a 3.01±0.04ab 2.16± 0.03abc 1.25 ± 0.03abcd 

GSH 

(mg/g tissue) 
83.37±0.54 72.49±0.47a 60.38±0.45ab 48.20± 0.40abc 35.42 ± 0.38abcd 

SOD 

(IU/g tissue) 
35.78±0.36 22.42±0.31a 17.76±0.30ab 12.92± 0.26abc 8.37 ± 0.25abcd 

CAT 

(IU/g tissue) 
54.05±0.52 38.30±0.45a 25.19±0.44ab 12.34± 0.38abc 7.40 ± 0.37abcd 

GPx 

(IU/g tissue) 
34.45±0.54 29.96±0.47a 29.08±0.46ab 25.29± 0.40abc 24.55 ± 0.38abcd 

K
id

n
ey

 

TAC 

(µmol/g) 
2.98±0.08 3.00±0.07 2.71±0.06 2.18± 0.06abc 1.12 ± 0.05abcd 

GSH 

(mg/g tissue) 
48.92±0.48 46.54±0.42 48.30±0.41 31.92± 0.35abc 24.87 ± 0.34abcd 

SOD 

(IU/g tissue) 
15.06±0.26 14.09±0.23 15.71±0.22 10.05± 0.19abc 8.73 ± 0.18abcd 

CAT 

(IU/g tissue) 
25.90±0.35 26.03±0.30 24.87±0.29 17.02± 0.26abc 10.46 ± 0.25abcd 

GPx 

(IU/g tissue) 
20.54±0.31 19.86±0.27 20.34±0.26 12.08± 0.23abc 7.64 ± 0.22abcd 

M
u

sc
le

 

TAC 

(µmol/g) 
4.60±0.04 3.39±0.03a 2.25±0.03ab 1.41±0.03abc 0.78±0.03abcd 

GSH 

(mg/g tissue) 
56.75±0.36 38.26±0.32a 25.59±0.31ab 19.64±0.27abc 10.07±0.26abcd 

SOD 

(IU/g tissue) 
8.80±0.17 7.16±0.14a 5.43±0.14ab 3.46±0.12abc 1.28±0.12abcd 

CAT 

(IU/g tissue) 
18.24±0.31 15.25±0.27a 12.87±0.26ab 10.19±0.22abc 7.86±0.22abcd 

GPx 

(IU/g tissue) 
15.87±0.28 12.32±0.24a 10.02±0.24ab 8.71±0.21abc 5.76±0.20abcd 

Data were expressed as mean ± SE calculated from five replicates. In comparison with tilapia fish collected from El-Kanater EL-

Khayria, "a" indicates a significant difference (P≤ 0.05); "b" indicates a significant difference (P≤ 0.05) from fish collected from 

Benha; "c" indicates a significant difference (P≤ 0.05) from fish collected from Zefta; and "d" indicates a significant difference (P≤ 

0.05) from fish collected from Talkha. 
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Table 4. Data of the markers of inflammatory reactions in the most susceptible tissues to pollutant 

accumulation in tilapia fish (Oreochromis niloticus) gathered from various points in the water of the Damietta 

Branch 

 E. EL-Khayria Benha Zefta Talkha El-Serw 

L
iv

er
 

TNF-α 

(Pg/g tissue) 
127.91±0.25 151.59±0.28a 187.04±0.29ab 215.10±0.33abc 239.55±0.34abcd 

IL-6 

(Pg/g tissue) 
151.70±0.39 197.46±0.45a 227.07±0.46ab 258.13±0.53abc 278.97±0.55abcd 

AChE 

(ng/g tissue) 
1.49±0.03 1.81±0.04a 2.77±0.04ab 3.03±0.04abc 3.25±0.05abcd 

K
id

n
ey

 

TNF-α 

(Pg/g tissue) 
65.51±0.41 67.34±0.47 64.60±0.48  81.24±0.55abc 98.91±0.57abcd 

IL-6 

(Pg/g tissue) 
78.81±0.15 80.03±0.17 78.35±0.18 107.35±0.21abc 122.58±0.21abcd 

AChE 

(ng/g tissue) 
1.15±0.03 1.07±0.04 1.11±0.04 2.13±0.04abc 2.79±0.05abcd 

M
u

sc
le

 

TNF-α 

(Pg/g tissue) 
23.82±0.15 29.40±0.17a 37.22±0.18ab 46.45±0.20abc 54.42±0.21abcd 

IL-6 

(Pg/g tissue) 
28.66±0.06 38.96±0.06a 47.95±0.07ab 54.04±0.08abc 67.21±0.08abcd 

AChE 

(ng/g tissue) 
0.84±0.01 1.27±0.01a 1.64±0.01ab 1.94±0.02abc 2.76±0.02abcd 

Data were expressed as mean ± SE calculated from five replicates. In comparison with tilapia fish collected from El-Kanater EL-

Khayria, "a" indicates a significant difference (P≤ 0.05); "b" indicates a significant difference (P≤0.05) from fish collected from 

Benha; "c" indicates a significant difference (P≤ 0.05) from fish collected from Zefta; and "d" indicates a significant difference (P≤ 

0.05) from fish collected from Talkha. 
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Fig. 1. Data showing the differences in a) lipid peroxidation product, and b) total protein carbonyl content in the most susceptible tissues to pollutant 

accumulation in tilapia fish (Oreochromis niloticus) gathered from various points in the water of the Damietta Branch. Data were expressed as mean ± SE 

calculated from five replicates. " In comparison to tilapia fish collected from El-Kanater EL-Khayria, "a" indicates a significant difference (P≤0.05), "b" 

indicates a significant difference (P≤0.05) from fish collected from Benha, "c" indicates a significant difference (P≤0.05) from fish collected from Zefta, 

and "d" indicates a significant difference (P≤0.05) from fish collected from Talkha
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Fig. 2. Representative photomicrographs of H&E-stained liver sections of rats (Scale bar 

50µm) showing the histopathological differences in tilapia fish (Oreochromis niloticus) 

gathered from a) E. EL-Khayria, b) Benha, c) Zefta, d) Talkha, and e) El-Serw 
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Fig. 3. Representative photomicrographs of H&E-stained kidney sections of rats (Scale bar 

50µm) showing the histopathological differences in tilapia fish (Oreochromis niloticus) 

gathered from a) E. EL-Khayria, b) Benha, c) Zefta, d) Talkha, and e) El-Serw 
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Fig. 4. Representative photomicrographs of H&E-stained muscle sections of rats (Scale bar 

50µm) showing the histopathological differences in tilapia fish (Oreochromis niloticus) 

gathered from a) E. EL-Khayria, b) Benha, c) Zefta, d) Talkha, and e) El-Serw 
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Fig. 5. The native electrophoretic protein pattern showing the physiological differences in liver of tilapia fish (Oreochromis niloticus) gathered from various points in 

the water of the Damietta Branch 
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Fig. 6. The native electrophoretic protein pattern showing the physiological differences in kidney of tilapia fish (Oreochromis niloticus) gathered from various points in 

the water of the Damietta Branch. 
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Fig. 7. The native electrophoretic protein pattern showing the physiological differences in muscle of tilapia fish (Oreochromis niloticus) gathered from various points in 

the water of the Damietta Branch 
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6. Molecular assay 

The level of ROS increases when fish are subjected to stressful conditions, 

resulting in cell impairment due to lipid peroxidation (Mahmoud et al., 2018). The 

secretion of antioxidative enzymes, such as SOD, CAT, and GPx, which are thought 

to be significant markers of the activation of the cellular antioxidant defense system 

and protection against oxidative stress, activates a number of antioxidative responses 

to deal with the effects of ROS on the animals' cells (Gobi et al., 2018). 

During the present study, it was found that the relative gene expression of the 

antioxidant enzymes (SOD, CAT, and GPx) decreased significantly (P≤ 0.05) in the 

liver and muscle of O. niloticus fish collected from El-Serw, followed by Talkha, 

Zefta, and then Benha compared to those collected from E. El-Khayria (Table 5). In 

terms of kidney tissues, the relative gene expression showed non-significant 

differences among tilapia fish collected from Benha and Zefta compared to the normal 

values of those collected from El-Khayria. However, in the kidneys of fish collected 

from El-Serw, these measurements decreased significantly (P≤ 0.05), followed by 

those collected from Talkha. Lowering the activity of antioxidant enzymes may be 

related to alterations or reductions in gene expression and transcription (Delles et al., 

2014). Because of increased proteolysis and protein oxidation brought on by oxidative 

stress, antioxidant enzyme activity may decline (Carvalho et al., 2017). This may 

have produced more delicate fillets due to the high density, which can result in lower 

expression of the CAT and GPx enzymes, protein fragmentation or aggregation, and 

decreased protein solubility (Guillemin et al., 2012). 

In addition to controlling inflammation, homeostasis, and cell proliferation, the 

pro-inflammatory cytokines TNF-α and IL-6 are linked to autologous immune 

metabolism (Jiang & Li, 2022). The amounts of cellular inflammatory factors are 

markedly changed when the immune system is suppressed (Jantawongsri et al., 

2021). The study revealed a significant (P≤ 0.05) increase in the relative gene 

expression of the inflammatory markers TNF-α and IL-6 in the liver and muscle of O. 

niloticus fish collected from El-Serw, followed by Talkha, Zefta, and then Benha, 

compared to those collected from E. El-Khayria (Table 6). Regarding the kidney 

tissues, the relative expression of these genes displayed non-significant differences 

among tilapia fish collected from Benha and Zefta compared to the normal values of 

those collected from E. El-Khayria. However, these values significantly (P≤ 0.05) 

increased in the kidneys of fish obtained from El-Serw, and then from Talkha. 

The current study's results are in line with those reported by Soliman et al. 

(2023), who highlighted that the disruption of homeostasis may be the cause of the 

rise in mRNA expression of these cytokines, resulting in a unique immunological 

response that includes inflammation and cellular damage. Additionally, these 

cytokines trigger rapid immunological responses against the stressor by disturbing 

cellular homeostasis. Excessive cytokine production can lead to pathological 

outcomes, including severe immune disorders and systemic inflammatory responses 

(Jiang et al., 2021). The substantial rise in TNF-α and IL-6 protein expression with 

increasing heavy metal concentrations corroborates the outcomes of Rumahlatu et al. 
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(2019). Oxidative stress, inflammation, apoptosis, immune system dysfunction, and 

tissue damage and muscular atrophy, brought on by exposure to heavy metals, are all 

intricately linked (Liu et al., 2022). 

Table 5. Data of the relative expression of the antioxidant genes in the most susceptible tissues to 

pollutant accumulation in tilapia fish (Oreochromis niloticus) gathered from various points in the 

water of the Damietta Branch 

 E. EL-khayria Benha Zefta Talkha El-Serw 

L
iv

er
 SOD 2.87±0.02 2.21±0.01a 1.48±0.01ab 1.06±0.01abc 0.81±0.01abcd 

CAT 3.91±0.01 2.45±0.01a 1.51±0.01ab 1.13±0.01abc 0.77±0.01abcd 

GPx 1.88±0.02 1.32±0.02a 1.15±0.02ab 0.94±0.02abc 0.67±0.01abcd 

K
id

n
ey

 SOD 1.94±0.01 1.98±0.01 1.89±0.01 1.11±0.01abc 0.85±0.01abcd 

CAT 2.36±0.01 2.31±0.01 2.29±0.01 1.62±0.01abc 1.11±0.01abcd 

GPx 1.53±0.01 1.49±0.01 1.55±0.01 1.12±0.01abc 0.68±0.01abcd 

M
u

sc
le

 SOD 2.73±0.01 1.81±0.01a 1.46±0.01ab 1.17±0.01abc 0.77±0.01abcd 

CAT 2.16±0.01 1.48±0.01a 1.13±0.01ab 0.87±0.01abc 0.66±0.01abcd 

GPx 3.01±0.01 2.15±0.01a 1.67±0.01ab 1.26±0.01abc 0.92±0.01abcd 

Data were expressed as mean ± SE calculated from five replicates. In comparison with tilapia fish collected from El-

Kanater EL-khayria, "a" indicates a significant difference (P≤ 0.05); "b" indicates a significant difference (P≤ 0.05) from 

fish collected from Benha; "c" indicates a significant difference (P≤ 0.05) from fish collected from Zefta; and "d" indicates 

a significant difference (P≤ 0.05) from fish collected from Talkha. 

Table 6. Data on the relative expression of the inflammatory genes in the most susceptible tissues to 

pollutant accumulation in tilapia fish (Oreochromis niloticus) gathered from various points in the water 

of the Damietta Branch 

 E. EL-Khayria Benha Zefta Talkha El-Serw 

L
iv

er
 IL-6 3.29±0.02 3.90±0.03a 4.81±0.03ab 5.67±0.03abc 7.75±0.03abcd 

IL-1β 4.12±0.02 5.74±0.03a 6.88±0.03ab 8.16±0.03abc 9.87±0.03abcd 

K
id

n
ey

 

IL-6 3.03±0.02 3.11±0.03 2.97±0.03 5.73±0.03abc 7.15±0.03abcd 

IL-1β 3.78±0.02 3.67±0.03 3.74±0.03 5.15±0.03abc 6.79±0.03abcd 

M
u

sc
le

 

IL-6 2.24±0.03 2.75±0.03a 3.12±0.04ab 3.75±0.04abc 4.14±0.04abcd 

IL-1β 3.11±0.02 3.55±0.02a 4.05±0.02ab 4.97±0.03abc 6.09±0.03abcd 

Data were expressed as mean ± SE calculated from five replicates. In comparison with tilapia fish collected from El-Kanater 

EL-Khayria, "a" indicates a significant difference (P≤ 0.05); "b" indicates a significant difference (P≤ 0.05) from fish 

collected from Benha; "c" indicates a significant difference (P≤ 0.05) from fish collected from Zefta; and "d" indicates a 

significant difference (P≤ 0.05) from fish collected from Talkha. 
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CONCLUSION 

 

The current study's results demonstrated that the liver and muscle of O. niloticus 

fish obtained from El-Serw had the greatest quantities of heavy metals. Increasing 

levels of inflammatory markers in the liver, kidney, and muscle of tilapia fish 

collected from El-Serw were linked to a substantial (P≤ 0.05) drop in antioxidant 

system measurements. Furthermore, the tissues of fish taken from El-Serw exhibited 

the lowest similarity percentages when compared to those from E. EL-Khayria, 

according to the electrophoretic protein patterns. Upon comparing the target tissues of 

O. niloticus fish obtained from El-Serw to those collected from other places, the 

molecular assays revealed a substantial (P≤ 0.05) change in the relative gene 

expressions of antioxidant enzymes and inflammatory markers. 
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