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    INTRODUCTION  

 

Aquatic pollutants are considered dangerous to ecosystems either directly through their 

effect on living organisms or indirectly through adverse water quality which is used in 

drinking and other human needs. Pollutants may occur in the aquatic environment as a 

result of natural occurrences like blooming and flooding or as a result of wrong human 
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Immune and antioxidant-related genes reflect the immune response of fish 

against different ecosystem circumstances around it. The present study is 

concerned with the effect of industrial and sewage effluents in some water 

drainages on immune and antioxidant-related genes of the Nile tilapia 

(Oreochromisniloticus). Fish specimens were collected from three different 

places; the first group was collected from El-Rayah El-Towfeky stream, 

Tokh, which receives loads of sewage and agricultural effluents (site A). 

The second group was collected from El-Sharkawia stream,Shoubra El-

Khama, which receives industrial wastes (site B). The third group (site C) 

was collected from a fish farm in Al-Fayoum City (supplied with clean 

water) and was considered the control group. The expression of some 

immune-related genes (inf1α, csf1r, igmh, and il1b) and antioxidant genes 

(sod, cat, and gr) was determined in the liver and head kidney of the fish. 

The results revealed that the highest expression of most immune-related 

genes in the liver and kidney of the Nile tilapia was recorded in fish 

collected from site B. Regarding antioxidant genes, the highest catalase (cat) 

expression was recorded in the liver and kidney of the Nile tilapia 

maintained in sites A and B, respectively. Again fish from site B showed the 

highest superoxide dismutase (sod) and glutathione reductase (gr) 

expression in the kidney compared to the fish from other sites (although the 

differences were not statistically significant). The only highest expression 

found in fish in site C was reported in superoxide dismutase (sod) and 

glutathione reductase (gr) expression in the liver.  Interestingly, the results 

revealed the positive influence of industrial pollution in some drainages on 

the Nile tilapia health. 
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activities, viz. industrial waste disposal, heavy insecticides, pesticides, sewage waste 

disposal, and fertilizers in agriculture which pour in water resources (Cuesta et al., 

2011). Moreover, the effect of pollutants on aquatic organisms is variable according to 

toxic substances, concentration, duration, self-life, and animal behavior in addition to 

biology (Cuesta et al., 2011).  Long-term exposure to certain pollutants has been proven 

to adversely affect the health of some fish species, especially in the North Sea and Great  

(Austin, 1998). However, the presence of a small amount of metals could improve the 

immune status of fish (Gatta et al., 2001; Guardiola et al., 2015; Wang et al., 2020). 

The River Nile is the longest freshwater river in the world. It starts from middle Africa 

and flows northward through Egypt to drain into the Mediterranean Sea. Certainly, The 

River Nile is the main water resource for living organisms and human life in Egypt. 

According to studies carried by the National Water Research Center ((NWRC) 2000), 

some streams of the River Nile in Egypt (from Aswan to El-Kanater) receive untreated 

wastewater discharge from 124 point sources, 67 of which are agricultural sources and 

the remainders are industrial sources. Furthermore, the excessive use of pesticides and 

fertilizer in agriculture poured in those streams presented another serious problem 

(Wahaab & Badawy, 2004).  

Regarding the immunological point of view, several studies reported variable responses 

to fish toward pollutants; some of them were positive while the others were negative. In 

negative reaction, exposure to chromium (Cr) caused a reduction in the number and 

functions of phagocytes as well as induced cytotoxicity and cell death in common carp 

leucocytes (Steinhagen et al., 2004), while decreasing antibody production, lysozyme 

activity and reactive oxygen species (ROS) production in tilapia (Prabakaran et al., 

2007). Contrarily, feeding rainbow trout diets containing 1540 to 4110 ppb Cr revealed a 

positive response. Where an increase in respiratory burst,  phagocytic, and lysozyme 

activities were observed (Gatta et al., 2001).  

Thus, the present study aimed to evaluate whether the industrial and sewage drainages 

have a positive or negative effect on some immune-related genes and antioxidant genes of 

head kidney and liver of the Nile tilapia compared with the same fish species reared in 

fish farms, which is supposed to get clean water resource. 

 

MATERIALS AND METHODS 

 

2.1. Fish, experimental design and sampling 

Individuals of the Nile tilapia (Oreochromisniloticus) of average weight 90 ± 5g were 

collected from three different locations. The first group of fish (site A) was collected 

from El-Rayah El-Towfeky stream, Tokh, which receives loads of sewage and 

agricultural effluents. The second group (site B) was collected from El-Sharkawia stream, 

Shoubra El-Khama, which receives industrial wastes. The third group (site C) was 

collected from a fish farm in Al-Fayoum City and was considered the control group. Fish 

were anesthetized with MS-222 and sacrificed. Head kidney and liver from each fish 

were collected and placed in eppendorf tubes and immersed immediately in RNA later 

(Sigma) until use.  
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2.2. RNA extraction and reverse transcription 

Total RNA was extracted from the head kidney and liver using TRIzol reagent 

(Chomczynski, 1993). Briefly, RNA later was disposed, and samples were transferred to 

fresh eppendorf before homogenizing in 1ml of TRIzol reagent before centrifugation 

(12000g x 4ºC for 10min).  The clear supernatant was transferred to a fresh eppendorf 

and allowed to rest at room temperature for 5min. Aliquots of 0.2ml chloroform were 

added to the supernatants and vortex for 15s before allowing to rest for 2- 15min at room 

temperature. Then, the mixture was centrifuged for 15min. (12000 x g at 4ºC). The 

aqueous phases were transferred to a fresh tube and mixed with 0.5ml of isopropanol and 

then left to rest for 5– 10min at room temperature, and the mixtures were centrifuged 

again as described above. The supernatants were removed, and RNA pellets were washed 

with 1ml of 75% ethanol. Samples were vortex and centrifuged (7,500 x g for 5min at 

4°C). Afterwards the ethanol was replaced with fresh distilled water, and the quantity of 

RNA was measured using nanodrop before being stored at -80ºC until use. 

RNA was treated with DNase I (Promega) to remove genomic DNA contamination. 

Reverse transcription was done with SuperScript III reverse transcriptase (Invitrogen, 

Spain) with an oligo-dT18 primer. Briefly, For this, an amount of 1μg of total RNA was 

added to 1μl of oligo (dT)18 primer and 1μl of dNTP Mix (10 mM), and the volume was 

made up to 12μl with DEPC-treated water. The mixture was heated to 65°C for 5min 

followed with a quick chill on ice. Then, the mixture of 4μl of 5X First-Strand Buffer, 2μl 

of 0.1 M DTT,  1μL of SuperScript™ II RT  and 1μl of DEPC-treated water were added, 

spun and incubated for 1hr at 50°C. Finally, the mixture was incubated for 15min at 

70°C. 

 

2.3. Real -time PCR 

The expression of Interferon 1 alpha-like(inf1α), Colony-stimulating factor 1 receptor 

(csf1r), Immunoglobulin heavy chain (igmh), Interleukin 1 beta(il1b), Catalase (sod), 

Superoxide dismutase (cat) and Glutathione reductase (gr) genes in head kidney and liver 

(Table 1) were analyzed by real-time PCR (ABI PRISM 7500 instrument, Applied 

Biosystems) using SYBR Green PCR Core Reagents (Applied Biosystems). A mixture 

was prepared from 10μl of SYBR Green supermix, 5 μl of primers (0.6 mM each) and 5 

μl of cDNA template and incubated for 10min at 95°C, followed by 40 cycles of 15s at 

95°C, 1min at 60°C, and finally, 15s at 95°C, 1 min at 60°C and 15s at 95°C. Gene 

expression was corrected by the reference gene, elongation factor 1 α (ef1α) in each 

sample. The relative quantification of gene expression among the different groups was 

calculated using the 2
-ΔΔCt

 method (Livak & Schmittgen, 2001). 

2.4. Statistical analyses 

The significant difference between the gene expressions among the groups was 

statistically analyzed with one-way analysis (ANOVA) of variance and Tukey’s test 

using the Minitab statistical software (Minitab, Coventry, UK).  Differences were 

considered statistically significant when P< 0.05. 
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Table 1. Oligonucleotides used for real-time PCR 

Gene name Abbreviation GenBank 

ID 

Sequence (5´→3´) 

Elongation factor 1-

alpha 
ef1α AB075952 

F: AGAACGTCTCCGTCAAGGAA 

R: TGATGACCTGAGCGTTGAAG 

Immunoglobulin 

heavy chain 
igmh KJ676389 

F: GCAAAGGGATGATGCTGTCT 

R: GAGGTCAATGCGGTTTTTGT 

Interleukin 1 beta il1b KJ574402 
F: ATAAGCGCTGAAAGCGACAT 

R: CGCTGTGCTGATGTACCAGT 

Colony-stimulating 

factor 1 receptor  
csf1r  GR682279 

F: CAAGCTCATTTCAACGGTCA 

R: CGAAGGAAGTTCAGCAGGTC 

Interferon  1 alpha-

like 
inf1α  GR673680 

F: 

ATGGGAGGAGAACACAGTGG 

R: TGTCGTATTGCTGTGGCTTC 

Catalase cat JF801726 

F: 

ATGAGGAGGAGCGACAGAGA 

R: AATTCTCGACCATGCGTTTC 

Superoxidedismutase sod  JF801727 

F: 

GGAGGTGAACCACAAGGAGA 

R: TACAGCCACCGTAACAGCAG 

Glutathionereductase gr GR589931 
F: TCTGCACGATCATGGTGATT 

R: TGCGATTTAGGTGACTGACG 

 

  

RESULTS  

 

The influence of pollutants on immune-related (inf1a, ighm, csf1r, and il1b) and 

antioxidative stress genes (sod, cat,and gr) on head kidney and liver of the Nile tilapia in 

the three different locations (A, B, and C) is expressed in Figs. (1- 4).  

In the liver, the highest expression in all tested immune- related genes (inf1a, ighm, csf1r 

and il1b) (Fig.1) was recorded at site B, which receives industrial drainages. 

Additionally, site B showed the highest expression for inf1a and csf1r genes in the kidney 

(Fig.2). However, the expression of ighm and il1b genes in kidney was slightly higher at 

site A (received sewage drainage) and site B (received industrial drainage), respectively 

compared to site C (collected from fish farm), with no significant difference.   

Regarding antioxidant genes, sod and gr were highly expressed in the liver (Fig. 3) of the 

Nile tilapia collected from fish farm (site C) compared to the other sites, but without 

significant differences. In the kidney (Fig.4). Moreover, Site B showed the highest sod 

and gr expression compared to the other sites (without significant differences). The 

highest cat expression in the liver and kidney of the Nile tilapia was recorded at sites A 

and B, respectively. Although a high expression was recorded at some sites, no 

significant difference was detected among them.  
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Fig. 1. Relative expression of ifna (A), csf1r (B), ighm (C), and il1b (D) in the liver of the 

Nile tilapia collected from the River Nile streams (site A and B) and from fish farm (site 

C). Significant differences between sites are represented by letters (P< 0.05). Bars= mean 

± S.E. Bars= mean ± S.E. 
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Fig. 2. Relative expression of ifna (A), csf1r (B), ighm (C), and il1b (D) in head kidney 

of the Nile tilapia collected from the River Nile streams (site A and B) and from fish farm 

(site C). Significant differences between sites are represented by letters (P< 0.05). Bars= 

mean ± S.E. Bars= mean ± S.E. 
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Fig. 3. Relative expression of sod (A), cat (B) and gr (C) in liver of the Nile tilapia 

collected from the River Nile streams (site A and B) and from fish farm (site C). 

Significant differences between sites are displayed in letters (P< 0.05). Bars= mean ± 

S.E. Bars= mean ± S.E.  

 

 

R
e

la
ti

ve
 e

xp
re

ss
io

n
 o

f 
so

d
 

Sites 

A 
ab 

 
a 

a 

R
e

la
ti

ve
 e

xp
re

ss
io

n
 o

f 
ca

t 

Sites  

B   ab 

a   
   a 

R
e

la
ti

ve
 e

xp
re

ss
io

n
 o

f 
gr

 

Sites 

C 
ab 

 a 
a 



Awad et al., 2023 678 

 

 

 

 

 

 

 

Fig. 4. Relative expression of sod (A), cat (B) and gr (C) in head kidney of the Nile 

tilapia collected from the River Nile streams(site A and B) and from fish farm (site C). 

Significant differences between sites are shown in letters (P< 0.05). Bars= mean ± S.E. 

Bars= mean ± S.E.  
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DISCUSSION 

 

The influence of environmental toxicants on immune function and health status in fish 

varies with the type of materials and their concentrations in water. The concept that the 

fish immune system participates in a complex communication network with the 

neuroendocrine system has been strongly supported. This network is called the 

hypothalamus-pituitary-interrenal (HPI) axis (Burnett, 2005). For example, the fish 

endocrine system under stress conditions releases a great amount of cortisol into the 

bloodstream, depressing numbers of B-lymphocytes and antibody production; however, it 

rescues neutrophilic granulocytes, thereby favoring the innate immune response 

(Engelsma et al., 2002;Yada & Nakanishi, 2002). Many studies have documented 

immune modulation in response to metal, pesticide and organic contaminants in fish 

(Dunier & Siwicki, 1993; Anderson & Zeeman, 1995; Bols et al., 2001).  

The immune system defense and antioxidant defense are considered among the 

substantial defenses in fish against the harmful effects caused by environmental 

contaminants. Thus, any disturbance in these defenses could act negatively on the health 

status of fish, reducing its ability to protect against infection (Xu et al., 2013). Therefore, 

in the present study, the expression of selected immune and antioxidant genes was 

evaluated in the liver and kidney of the Nile tilapia as a response to pollutants from 

different sources. 

 

Both IFN and IL-1 are the earliest expressed pro-inflammatory cytokine that enables 

living organisms to respond instantly to infection (Dinarello, 1997; Huising et al., 2004; 

Robertsen, 2006). Notably, INF-1α plays a vital role in antigen presentation and 

inhibition of viral replication (Gadan et al., 2012). While, IL-1β plays different roles in 

anti-bacterial response (Wang et al., 2006). INF-1α  and IL-1β are predominantly 

produced by monocytes and activated macrophages, granulocytes, T lymphocytes, and 

many other cell types (Huising et al., 2004; Robertsen, 2006). The il1b expression was 

high at sites B and A for the kidney and liver, respectively, compared to the control group 

(site C). Similarly, previous results carried on different sites of Lake Burullus in Egypt 

showed a significant up-regulation in il1b of the Nile tilapia liver (Ghazy et al., 2017). 

The higher expression of il1b could be ascribed to the presence of some minerals and 

chemicals under the permissible limit, which enhances the immune response. 

Interestingly, insecticide (esfenvalerate) up-regulated the il1b gene in the kidney of 

juvenile Chinook salmon after exposing to for 20 days (Eder et al., 2008).  Contrarily, 

some minerals provoked suppression in the immune-related genes. For example, the Nile 

tilapia feeding Zn-enriched diet recorded a down regulation in il1b expression (Wang et 

al., 2020).  

 

In the present study, the highest ifn1a expression was recorded in both kidney and liver 

from fish collected at site B, which receives industrial drainage. Some studies revealed an 

enhancement in fish ifn1a expression after exposure to some chemical compounds. For 

example, zebrafish exposed to organic compounds like di-n-butyl phthalate and diethyl 

phthalate revealed an over expression to the immune-related gene (il1b, ifng, tnfa, lyz, 
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and c3b) at the developmental stages (Xu et al., 2013). Similarly, the ifng expressions of 

the Nile tilapia increased significantly after feeding with a diet containing Cu and Zn for 

42 days (Wang et al., 2020). In addition, common carp exposure to various 

concentrations of Atrazine and chlorpyrifos and their mixture resulted in the upregulation 

of the ifn1a expression (Wang et al., 2011). On the contrary, the Nile tilapia exposed to 

LC50 of lambda cyhalothrin (insecticide) showed suppression in the ifn1a expression  

(Khalil et al., 2020). 

Colony stimulating factor 1 receptor (csf1r), known also as macrophage colony-

stimulating factor receptor (m-csfr), is required for the proliferation, survival and 

migration of macrophages (Munugalavadla et al., 2005). Oral administrations of diets 

contain different doses of microalgae (Tetraselmischuii, and Phaeodactylumtricornutum) 

(Cerezuela et al., 2012a) and inulin with Bacillus subtilis (Cerezuela et al., 2012b), led 

to an upregulation of csf1r gene in gilthead seabream.  Besides, our study recorded an 

increase in the csf1r expression in fish from site B, which receives industrial drainage. 

Eminently, the stress condition caused immunosuppressant to csf1r expression in fish (de 

Mattos et al., 2019). Although it seems that chemical material received from industrial 

drainage didn't induce stress conditions, on the contrary, it persuaded the immune 

response. 

The IgM is an important gene in teleosts that can be used as an indicator for the 

ontogenesis of the immune system.  It is the first formed antibody of the primary 

response in higher vertebrates (Magnadóttir, 1998). An overexpression of ighm gene has 

been recorded in fish after the administration of immunostimulants (Low et al., 2003; 

Reyes-Becerril et al., 2011; Cerezuela et al., 2012b; Awad et al., 2015). Our results 

demonstrated a higher expression of ighm in fish from site B in the liver. It was noticed 

that, this site is highly loaded with industrial effluents originated from numerous 

factories. The previous study carried out in this location recorded the presence of heavy 

metals (Zn, Ni and Cd) in water within the permissible limits (Elgendy et al., 2017), 

which could be responsible for the enhancement of the immune response in fish. 

Supporting this hypothesis, the gilthead seabream exposure to a small amount of heavy 

metals, such as As, Cd, and Hg, showed an increase in IgM levels, considering fish not 

exposed to those metals (Guardiola et al., 2015). 

It is worthnoting that, the immune system plays an essential role in the recognition of 

pathogen, their phagocytosis, and the elimination of invaders microbes (Monari et al., 

2007). During the process of phagocytosis, the oxygen molecule is converted into ROS to 

destroy the microbes (Lambeth, 2004). Nevertheless, the excessive amount of ROS 

would cause cellular damage and malfunction in the immune system (Malhotra & 

Kaufman, 2007). To maintain the balance of ROS and protect the host, the enzymatic 

antioxidants including SOD, CAT and GR are required to get rid of excessive ROS 

production (Mates, 2000). Remarkably, CAT is an important member of the enzymatic 

antioxidants which catalyze the decomposition of hydrogen peroxide and keep balance in 

cell host, hence it is essential for innate immunity.  In bivalves, CAT was proved to 

benefit the immune system defending against pathogen infection (Wang et al., 2013). 

Interestingly, using herbal immunostimulants in fish enhanced the immune parameters as 

well as the expression of cat, gr and sod genes (Sönmez et al., 2015; Hoseini & Yousefi, 

2019; Zeilab Sendijani et al., 2020). On the other hand, exposure of the aquatic 
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environment to pollutants affects the vital activities of fish, for example, the pollution 

with petroleum hydrocarbons interrupts the expression of antioxidant genes in the skin, 

gills, livers, and muscles of Siganus canaliculatus and Epinephelus morio caught from 

six areas along Jeddah and Yanbu coasts in Saudi Arabia (Afifi et al., 2017). 

Our results demonstrated the highest expression in sod and gr genes in the liver of fish 

from site A and in the kidney of fish from site B. Additionally, fish from site A recorded 

the highest cat expression in both kidney and liver. The differences in these gene 

expression could be attributed to the difference in response, which varies between tissue 

& fish species and among complex mixtures of contaminants type, concentration and 

composition (Avci et al., 2005; Martínez-Álvarez et al., 2005). Similarly, some 

differences in the oxidative stress enzymes and the innate immune response were 

recorded in gill and head kidney of wild-caught yellow perch collected from different 

sites of St. Lawrence River, Canada (Dautremepuits et al.,2009). 

It is worth mentioning that, the laboratory trials conducted on the influence of heavy 

metals on fish denoted an improvement in oxidative enzymes. For example, copper 

increased the expression of sod, cat and gr genes in jian carp brain (Jiang et al., 2014). In 

addition, previous studies elucidated that pacu fish fed diets containing different doses of 

organic selenium improved some immune parameters (lysozyme and respiratory burst) 

and antioxidant enzymes (CAT and Glutathione S-transferases, GST) (Biller-Takahashi 

et al., 2015). Similarly, sea bass exposed to chemically dispersed oil exhibited an 

improvement in innate immunity and antioxidant systems (Dussauze et al., 2015). 

During the current study, an increase was detected in antioxidant enzymes genes 

associated with an increase in immune-related genes. Similar observations have been 

recorded in fish upon using immunostimulants and subsequently marking an increase in 

antioxidant enzymes genes. In this issue, rainbow trout fed doses of Dill showed 

stimulation in the immune response (lysozyme and complement activities) as well as an 

antioxidant enzyme (CAT and SOD) (Zeilab Sendijani et al., 2020).  Correspondingly, 

feeding with diets containing fenugreek enhanced the immune response and antioxidant 

enzyme genes (gr, cat, and sod) in the liver of the gilthead seabream (Awad et al., 2015). 

 

CONCLUSION 

 

In short, fish raised under industrial drainage (site B) showed an up-regulatation in 

immune-related gene expression, with a marked increase in the liver, whereas fish raised 

in sewage water displayed a very similar gene expression profile compared to farmed fish 

(C). Remarkably, this study revealed that water in industrial drainage could have a 

positive impact on fish health, especially if the minerals are within the unpermissible 

limit.  
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