
Thai J Vet Med. 2022. 52(4): 647-656. 

 

 

 

 

 

 

 

 

 

 

Impaired cytokines gene expression by diazinon and its relation 

with blood chemistry and oxidative stress biomarkers  

in Nile Tilapia (Oreochromis niloticus) 

 

 

Mahmoud El Sebaei1,2  Mohammad Shathele3  Sabry Mohamed El-Bahr1,4* 

 

Abstract 

 

Diazinon (DZN) is a promising broad-spectrum organophosphorus insecticide. There is no evidence to support the 
hypothesis that DZN alters cytokine gene expression and that these modifications have an immediate impact on the 
histopathology, blood chemistry and oxidative stress in Nile tilapia (Oreochromis niloticus). Therefore, 225 fish were 

divided into one control group and four treatment groups (45 fish/group; 3 replicates/group; 15 fish/ replicate). Fish 
in the control group were supplied with water free of DZN. Fish in the treatment groups (T1-T4) were intoxicated with 
DZN at 0.28 mg/L for 1, 2, 3 and 4 weeks, respectively. Activities of AST and ALT and the concentrations of uric acid, 
creatinine and MDA increased significantly in the serum of DZN treated fish compared to the control. Protein 
parameters, GSH concentration and activities of antioxidant enzymes decreased significantly in the serum of DZN 
treated fish. DZN intoxication induced an elevation in MDA concentration and a reduction in GSH concentration and 
activities of CAT and GPX enzymes in the liver and kidney tissues of DZN treated fish. DZN intoxication induced a 
significant elevation in gene expression levels of TNF-α, IL-8, IL-1β accompanied by a significant reduction in IL-10 
gene expression levels in the liver and kidney tissues of DZN treated fish. The histopathological changes in DZN 
intoxicated fish were in the form of necrosis and degeneration of hepatocytes as well as desquamation and vacuolation 
of renal epithelium. Conclusively, DZN intoxicated Nile Tilapia exhibited oxidative damage, reduced cytokine gene 
expression and hepatorenal necrosis, which was intensified with the length of fish exposure to DZN. 
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Introduction 

As one of the fastest expanding animal food-
producing sectors, aquaculture contributes to global 
food safety and security. Egyptian aquaculture has 
expanded and developed significantly in recent years 
but substantial limits to continued expansion are 
arising. Pesticide pollution of the aquatic ecology is one 
of the key restrictions (Soliman and Yacout, 2016). 
While pesticides serve a vital role in increasing land 
productivity and food quality for the world's growing 
population, particularly in developing nations, their 
presence in agricultural drainage poses a major threat 
to all aquatic ecosystem components (Abhilash and 
Singh, 2009). Semi-intensive aquaculture is the most 
common production method in Egypt (El-Sayed, 
2017a, b; Yacout et al., 2016). Agricultural drainage 

water is the only water source allowed for aquaculture 
activities under current rules (Law No. 124/1983; El-
Sayed, 2017a, b). As a result, pesticide usage for crop 
enhancement offers a high danger of exposure and 
bioaccumulation in aquatic creatures, particularly 
aquaculture fish, potentially exposing humans to 
accumulated environmental contaminants (Storelli, 
2008).  The appropriateness of Nile tilapia in 
aquaculture systems, as well as its marketability and 
price stability, are regarded to be the most important 
elements in its global dispersion. The Nile tilapia 
(Oreochromis niloticus) is a significant warm-water 

aquaculture fish species, particularly for low-income 
countries/areas and subsidy farmers (Cai and Leung, 
2017). Because Egypt is the world's second largest 
producer of farmed tilapia and many fish are 
consumed within the country, there is a considerable 
risk of contaminants like DZN entering the human 
food chain and interfering with fish health and 
productivity. Organophosphorus chemicals are a type 
of insecticides that inhibit the acetylcholine esterase 
enzyme and are commonly used to replace chlorinated 
pesticides like organochlorine pesticides because of 
their bioaccumulative concerns. Diazinon (DZN) is a 
significant organophosphorus chemical derivative that 
poses a threat to the veterinary field because to its 
potential broad-spectrum action against many insects. 
It is easily swept into surface waters, where it affects a 
variety of non-target creatures, including fish. DZN's 
stability in water can last up to 6 months, creating toxic 
accumulation in aquatic creatures' tissues. Pesticide 
exposure influences the immune system, and pesticide 
biological activity alters the innate immune responses 
(Girón-Pérez et al., 2009). When pesticides are used, 

reactive oxygen species (ROS) are produced, which 
cause oxidative stress in the cells or organs involved 
(Zahran et al., 2018). Superoxide dismutase (SOD), 

catalase (CAT), glutathione-Stransferase (GST), and 
reduced glutathione (GSH) are antioxidant enzymes 
that control the release of reactive oxygen species 
(ROS) and decrease tissue damage (Kumar et al., 2011; 
Zahran et al., 2018). Exposure to pesticides and other 

toxicants alters the immunological response to 
microorganisms, putting fish at risk of sickness (Li et 
al., 2013b). Changes in the expression levels of pro-

inflammatory cytokines including IL-1, IL-8, and TNF- 
provide an insight into the processes of specific 
pollutants' sub-lethal adverse effects (Secombes, 2002). 

Recent research has revealed that chemicals in the 
water that have the ability to promote ROS generation 
are responsible for physiological dysfunction in 
aquatic creatures in polluted areas. Excessive ROS 
formation in response to xenobiotics producing 
substances overwhelms endogenous detoxification 
mechanisms, causing cumulative harm to afflicted cells 
(Livingstone 2001; Oakes et al., 2004). 

Organophosphates are highly reactive and produce 
membrane damage by direct oxidation (Galloway and 
Handy, 2003). Damage generated by oxidative stress 
owing to various hazardous exposures are recognized 
by histopathological examination in many organ 
systems, including the fish's liver and kidneys (Cengiz 
and Unlu, 2006; El-Sayed and Saad, 2008). Previous 
research has indicated that DZN (0.28 mg/L) induces 
an elevation in liver and kidney function, 
malondialdehyde (MDA) and TNF-α gene expression 
and a significant decrease in glutathione (GSH), 
superoxide dismutase (SOD) and IL-10 expression in 
different tissues of Nile tilapia (Oreochromis niloticus; 

Abdelhamid, 2020). There is no literature on the 
influence of diazinon (DZN) on cytokine gene 
expression and its relationship to histopathology, 
blood chemistry or oxidative stress indicators. Further 
research concerning the long-term effects of DZN 
poisoning in Nile tilapia (Oreochromis niloticus) is 

needed. As a result, the goal of this study was to see 
how DZN poisoning (0.28 mg/L; 1/10 LC50) affected 
a wide range of biochemical, immunotoxic and 
pathological changes in Nile tilapia (Oreochromis 
niloticus) over the course of four weeks. 

Materials and Methods 

Chemicals: Diazinon (DZN) 600 EC (60%; each 1ml 
contains 600 mg DZN) was diluted with distilled water 
immediately before use. Other chemicals and buffers 
were of analytical grade. 
 
Diet preparation: A basal diet was prepared to meet 
the nutritional needs of Nile tilapia (Oreochromis 
niloticus) and was isonitrogenous (32%) and isocaloric 

(3000 Kcal DE/kg) (NRC, 2011). The food was made 
weekly in the form of a water-stable sinking pellet and 
kept in plastic bags at 4 °C until needed. Table 1 lists 
the elements in the basic diet. 
 
Fish, experimental design, and exposure: Two hundred 
and twenty-five healthy Nile tilapia fish (Oreochromis 
niloticus) weighing 61 ± 5.8 g and 11 ± 0.27 cm in total 

length were used. The experimental and analytical 
procedures followed the Research Ethical Committee 
of King Faisal University, Saudi Arabia, (permission # 
216071 of GRANT101). Fish were maintained in an 
indoor system facilitated with freshwater with 
adequate aeration and internal power filters and the 
water was completely changed every 3 days. Water 
parameters were measured daily with SensoDirect 150 
(Lovibond, Germany) for adjusting water temperature, 
pH and dissolved oxygen during the experimental 
period. The water parameters were maintained 
according to the requirement of Oreochromis niloticus as 

follows: (Temperature 22 ± 1.2 °C, pH 7.6-7.8, dissolved 
oxygen 7.05 ± 0.5 mg/L). All studied groups of fish 
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were fed the basal diet during the whole experimental 
period at 3% body weight (BW) twice daily (9.00–10.00 
and 16.00–17.00 h). The fish were be acclimatized for 
two weeks before the beginning of the experiment. 
Then, fish were randomly divided equally into one 
control and four treatment groups (according to 
exposure time) in glass aquarium tanks supplied with 
dechlorinated tap water and aeration (40 x 60 x 30 cm 
"with about 80L water capacity") 15 Fish/tank). Three 

replicates were assigned per group (a total 45 
Fish/group). The fish were divided into one control 
group and four treatment groups (45 fish/group; 3 
replicates/group; 15 fish/ replicate). Fish in the control 
group were supplied with water free of DZN. Fish in 
the treatment groups (T1-T4) were intoxicated with 
DZN at 0.28 mg/L (0.1 of DZN 96 h LC50; El-Sherif et 
al., 2009) for 1, 2, 3 and 4 weeks, respectively. 

 
Table 1 Formulation and chemical composition of the experimental groups (g/kg). 
   

Ingredients  (g/kg; dry matter basis) Percentage (%) 

Yellow corn (8.5%) 11.97 
Soybean meal (44%) 20.22 
Fish meal 20 
Wheat bran 40 
Corn gluten 1 
Gelatin 2 
oil 3 
Vitamins and minerals and premix** 1 
Salt (sodium chloride) 0.5 
Dicalcium phosphate 0.1 
Methionine 0.21 
Chemical composition (%) 
Crude protein 32.15 
DE (kcal/kg) 3000 

**Vitamin and minerals mixture supplies the following per kilogram of diet: Vitamin A 1200.000 IU; Vitamin D3 200,000 IU; Vitamin 
E 12,000 mg; Vitamin K3 2400 mg; Vitamin B1 4800 mg; Vitamin B2 4800 mg; Vitamin B6 4000 mg; Vitamin B12 4800 mg; Folic acid 
1200 mg; Vitamin C 48,000 mg; Biotin 48 mg; Choline 65;000 mg; Niacin 24,000 mg; Iron 10,000 mg; Cupper 600 mg; Manganese 4000 
mg; Zinc 6000 mg; Iodine 20 mg; Cobalt 2 mg; Selenium 20 mg.  
 
Sampling: At the end of each time point, blood samples 
and tissues (liver and kidneys) were collected from all 
groups including the control. Fish were collected from 
each aquarium (n = 10 per group); then anesthetized 
with tricaine methanesulphonate (MS-222, 
FINQUEL®, ARGENT) at a dose of 30 mg/L, buffered 
in sodium bicarbonate (60 mg/L) and euthanized with 
200 mg/l of MS- 222 buffered in sodium bicarbonate 
(400 mg/L). Two blood samples were collected from 
the caudal blood vessels of every single fish. The first 
blood sample was collected in EDTA vacutainers.  
 
Analysis of oxidative stress parameters in plasma: 
ELISA commercial assay kits supplied by Cayman 
Chemical, Ann Arbor, Michigan, USA were used for 
detection of all parameters according to the instruction 
manual. The obtained plasma was used for estimation 
of the activities of catalase (CAT; Catalogue # 707002) 
and glutathione S-transferase (GST; catalogue # 
703302). In addition, erythrocyte lysates were 
separated to calculate the reduced glutathione (GSH; 
Catalogue # 703002) level and glutathione peroxidase 
(GPx; Catalogue # 703102) activity.  
 
Analysis of serum biochemical and lipid peroxidation 
parameters: The second blood samples were collected 
in plain vacutainers for serum collection. The obtained 
sera were stored frozen at −80 °C until further 
estimation of aspartate transaminases (AST; catalogue 
# EP15-500), alanine transaminases (ALT; catalogue # 
EL07-1000), total proteins (catalogue # EP56-660), 
albumin (catalogue # EP03-570), globulin and albumin 
ratio (A/G ratio), creatinine (catalogue # EP33K-660), 
uric acid (catalogue # EP20-420) by commercial 
diagnostic kits (United Diagnostic Industry, UDI, 

Dammam, Saudi Arabia). Malondialdehyde (MDA; 
catalogue # 10009055) levels using commercial assay 
kits supplied by Cayman Chemical, Ann Arbor, 
Michigan, USA according to the instruction manual. 
Part of the collected tissues (liver and kidneys) was 
washed with normal saline and homogenized in cold 
phosphate buffer saline (PH 7.5).  
 
Analysis of oxidative stress biomarkers in liver and 
kidney tissues: Tissue homogenates were cold 
centrifuged for about 15 mins at 3000 rpm and the clear 
supernatants were carefully collected and stored 
frozen at −80 °C until further analysis of selected 
antioxidants and oxidative stress biomarkers (MDA, 
CAT, GST, and GSH). ELISA commercial assay kits 
supplied by Cayman Chemical, Ann Arbor, Michigan, 
USA were used for estimation of MDA (catalogue # 
10009055), CAT (Catalogue # 707002), GST (catalogue 
# 703302) and GSH (Catalogue # 703002) according to 
the instruction manuals. Other parts of these tissues 
(liver and kidneys) were incised into small parts, 
placed in RNA Later® (Qiagen) (0.5 ml reagent per 50 
mg of tissue) at 4 °C overnight, and stored frozen at −80 
° C until the time of gene expression analysis.  
 
Histopathological analysis of liver and kidney tissues: 
the last part of tissues from the liver and kidneys were 
fixed in 10% neutral buffered formalin. The fixed 
specimens were treated using the standard paraffin 
embedding method. 5-m thick slices were cut from the 
prepared paraffin blocks and stained with 
haematoxylin and eosin staining (Bancroft and 
Stevens, 1996). 
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Gene expression analysis of immune genes: Total RNA 
was extracted from liver and kidney tissues according 
to the method previously described (Zou et al., 2014) 

with slight modifications. RNA purity and 
concentration were determined using NanoDrop 
spectrophotometer at 260/280nm (Q5000 UV–vis 
spectrophotometer, San Jose, USA) and RNA samples 
were stored frozen at −80 °C until time of analysis. A 
total of 5μg of total RNA was used as a templet for 
synthesis of cDNA using Revert AidTM reverse 
transcriptase (Fermentas, Thermo Scientific, USA) 
following the instructions manual. Real-time PCR 
system (SensiFASTTm SYBR® No-ROX Kit, 
Apparatus, Thermo scientific, USA) and SYBR® Green 

PCR Master Mix 2x (Introbio, South Korea) were used 
to detect the expression of TNF-α, IL-8, IL-10 and IL-1β 
in the examined tissues. Elongation factor-1α (EF1-α) 
was used as a housekeeping gene. The accession 
number of primers that were used for the current real-
time PCR are shown in Table 2. Amplification and 
general cycling protocol were conducted as follow: 
initial denaturation at 95 °C for 10 mins followed by 45 
cycles for denaturation at 95 °C/30 s, annealing at 60 
°C/30 s, and extension at 72 °C/30 s. The expression of 
GST, and pro-inflammatory cytokines (TNF-α, IL-8, IL-
10, and IL-1 β) as well as EF-1α, was analyzed 
proportionate to EF-1α using the comparative CT 
method (2-△△CT method) (Livak et al., 2001). 

 
Table 2 Primers used for real-time PCR analysis of gene expression 
   

Gene Forward primer (5\–3\) Reverse primer (5\–3\) NCBI Accession number 

TNF-α CCAGAAGCACTAAAGGCGAAGA CCTTGGCTTTGCTGCTGATC AY428948.1 

IL-8 CTGT TCGCCACCTG TGAAGG TCTT GTTGATCACTTTCTTC ACCCA NM_001279704 

IL-10 CTGCTAGATCAGTCCGTCGAA GCAGAACCGTGTCCAGGTAA XM_003441366.2 

IL-1β CTGTGTGACAACTCTCAGAAAGATCTTG TGTCATCATGGTATTGCTCCAGAA XM_005457887 

EF1-α TGATCTACAAGTGCGGAGGAA GGAGCCCTTTCCCATCTCA AB075952.1 

NCBI: National Center for Biotechnology Information; TNF-α: tumor necrosis factor-alpha; IL: interleukin; EF1α: Elongation factor 1α 
 
Statistical analysis: Data analysis and differences 
among variables was performed using the SPSS 
software statistical package (version 20, USA). Mean 
and standard error of the mean (SEM) were calculated 
for all measured analytes. One-way analysis of 
variance (ANOVA) was applied to detect the 
differences among variables followed by Duncan 
multiple range tests. Differences were considered 
statistically significant when P values were less than 
0.05 (P < 0.05). Normality and homogeneity of variance 

for all recorded data were confirmed with Shapiro–
Wilk and Levene’s test, respectively. 

Results 

Analysis of liver and kidney parameters, oxidative 
stress biomarkers and antioxidant enzymes in serum 
and tissues: DZN intoxication induced a significant 
elevation of liver function parameters (AST and ALT; 
Table 3), kidney function parameters (uric acid and 
creatinine; Table 3) and lipid peroxidation marker 
(MDA; Table 4) in the serum of all treatment (T1-T4) 

groups compared to the control. Furthermore, DZN 
intoxication induced a significant reduction in total 
protein, albumin, globulin and A/G ratio, TAC, GSH 
concentration, and activities of CAT, GST and GPX in 
the serum of all treatment (T1-T4) groups compared to 
the control (Table 4). These effects were time exposure 
dependent (Tables 3 and 4). Data summarized in Table 
5 indicates that, DZN intoxication induced a significant 
elevation in MDA concentration and a significant 
reduction in GSH concentration and activities of CAT 
and GPX enzymes in the liver and kidney tissues of all 
treatment (T1-T4) groups compared to the control. 
These effects were time exposure dependent (Table 5).  
  
Cytokine genes expression analysis in liver and kidney 
tissues: DZN intoxication induced a significant 
elevation in gene expression levels of TNF-α, IL-8, IL-
1β accompanied by a significant reduction in IL-10 
gene expression levels in the liver and kidney tissues 
of all treatment (T1-T4) groups compared to the control 
(Table 6). These effects were time exposure dependent. 

 
Table 3 Biochemical parameters in the serum of Nile tilapia (Oreochromis niloticus) exposed to DZN at 0.28 mg/L (1/10 LC50) for 

1, 2, 3 and 4 weeks compared to the control. 
   

Parameters 
Groups 

P value 
(Control) T1 T2 T3 T4 

ALT (U/L) 10.46±.028e 16.04±1.01d 20.75±0.79c 25.56±0.63b 28.36±0.56a (p < 0.01) 
AST(U/L) 51.62±0.60e 66.38±0.68d 72.08±0.35c 88.91±0.55b 105.46±0.98a (p < 0.01) 
TP (g/dl) 4.28±0.04a 3.81±0.04b 3.37±0.03c 3.00±0.03d 2.80±0.02e (p < 0.01) 
Albumin (g/dl) 1.81±0.07a 1.55±0.05b 1.31±0.04c 1.10±0.03d 1.00±0.03e (p > 0.05) 
Globulin (g/dl) 2.47±0.08a 2.26±0.11b 2.06±0.08c 1.90±0.08d 1.80±0.11e (p < 0.01) 
A/G ratio (%) 0.73±0.01a 0.68±0.01b 0.63±0.0 c 0.57±0.01d 0.55±0.01e (p < 0.01) 
Creatinine (mg/dl) 0.42±0.02e 0.67±0.02d 1.77±0.02c 2.1±0.01b 2.92±0.02a (p < 0.01) 
Uric acid (mg/dl) 5.07±0.09e 6.1±0.05d 7.11±0.03c 8.0±0.02b 9.08±0.01a (p < 0.01) 

a−eMeans within a row not sharing a common superscript differ significantly with corresponding p value. Control: Fish supplied with 
water free of DZN throughout the experiment (4 weeks). T1-T4: Fish treated with DZN at 0.28 mg/L for one, two, three and four 
weeks, respectively. ALT: alanine transferase; AST: aspartate transferase; TP: total protein; A/G ratio: albumin/ globulin ratio/ 
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Table 4 Oxidative stress biomarkers in serum of Nile tilapia (Oreochromis niloticus) exposed to DZN at 0.28 mg/L (1/10 LC50) for 
1, 2, 3 and 4 weeks compared to the control. 

   

Parameters 
Groups 

P value 
 (Control) T1 T2 T3 T4 

MDA (nmol/ml) 21.1±0.01e 24.19±0.02d 27.5±0.04c 29.35±0.02b 32.34±0.04a (p < 0.01) 
TAC (mM/L) 1.37±0.02a 1.30±0.03b 1.27±0.02c 1.24±0.03d 1.15±0.03e (p < 0.05) 
CAT (U/L) 495.5±2.68a 451.74±5.03b 421.98±6.93c 409.33±6.18d 390.30±5.73e (p < 0.01) 
GST (U/L) 139.52±3.5a 121.64±3.95b 113.2±2.94c 100.27±3.05d 40.05±1.77e (p < 0.01) 
GSH (U/mg) 9.96±0.09a 7.67±0.08b 5.13±0.08c 4.76±0.06d 2.23±0.03e (p < 0.01) 
GPX (U/mg) 13.62±0.19a 11.84±0.24b 9.73±0.19c 7.12±0.17d 5.17±0.12e (p < 0.01) 

a−eMeans within a row not sharing a common superscript differ significantly with corresponding p value. Control: Fish supplied with 
water free of DZN throughout the experiment (4 weeks). T1-T4: Fish treated with DZN at 0.28 mg/L for one, two, three and four 
weeks, respectively. MDA: malondialdehyde; TAC: total antioxidant capacity; CAT: catalase; GST: glutathione-S-transferase; GSH: 
reduced glutathione; GPX: glutathione peroxidase. 
 
Table 5 Oxidative stress biomarkers in liver and kidney tissues of Nile tilapia (Oreochromis niloticus) exposed to DZN at 0.28 mg/L 

(1/10 LC50) for 1, 2, 3 and 4 weeks compared to the control. 
   

Parameters 
Groups 

P value 
(Control) T1 T2 T3 T4 

Liver       
MDA (nmol/g) 18.73±0.15e 22.74±0.41d 30.46±0.25c 33.61±0.52b 37.1±0.43a (p < 0.01) 
CAT (U/g) 7.60±0.13a 6.46±0.09b 5.12±0.08c 4.13±0.06d 3.95±0.08e (p < 0.01) 
GST (U/g) 234.61±1.51a 159.28±2.34b 138.1±1.49c 119.32±3.51d 100.93±3.0e (p < 0.01) 
GSH (mg/g) 49.87±1.83a 41.33±0.70b 35.32±0.94c 30.02±1.37d 26.27±1.13e (p < 0.01) 
Kidney       
MDA (nmol/g) 28.28±0.44e 38.42±0.51d 47.40±0.69c 58.34±0.95b 69.48±0.61a (p < 0.01) 
CAT (U/g) 6.78±0.03a 4.51±0.05b 3.38±0.04c 2.29±0.06d 1.50±0.08e (p < 0.01) 
GST (U/g) 215.91±2.43a 179.73±4.36b 150.62±1.44c 141.3±2.06d 128.51±2.54e (p < 0.01) 
GSH (mg/g) 38.37±0.65a 26.88±0.36b 20.39±0.73c 15.64±0.16d 10.79±0.19e (p < 0.01) 

a−eMeans within a row not sharing a common superscript differ significantly with corresponding p value. Control: Fish supplied with 
water free of DZN throughout the experiment (4 weeks). T1-T4: Fish treated with DZN at 0.28 mg/L for one, two, three and four 
weeks, respectively.  MDA: malondialdehyde; CAT: catalase; GST: glutathione-S-transferase; GSH: reduced glutathione; GPX: 
glutathione peroxidase. 
 
Table 6 Analysis of Cytokines (TNF-α, IL-8, IL-10, and IL-1 β) genes expression in liver and kidney tissues of Nile tilapia 

(Oreochromis niloticus) exposed to DZN at 0.28 mg/L (1/10 LC50) for 1, 2, 3 and 4 weeks compared to the control. 
   

Parameters 
Groups 

P value 
(Control) T1 T2 T3 T4 

Liver       
TNF-α  1±0.01e 6.97±0.15d 8.66±0.09c 10.04±0.11b 13.61±0.09a (p < 0.01) 
IL-8  1±0.01e 4.39±0.2d 6.73±0.19c 8.12±0.16b 11.20±0.24a (p < 0.01) 
IL-10  1±0.01a 0.71±0.01b 0.53±0.03c 0.42±0.01d 0.31±0.02e (p < 0.01) 
IL-1 β  1±.01e 4.87±0.13d 6.91±0.08c 7.99±0.09b 9.89±0.08a (p < 0.01) 
Kidney       
TNF-α  1±0.01e 5.93±0.16d 7.54±0.09c 10.05±0.14b 12.12±0.19a (p < 0.01) 
IL-8  1±0.01e 4.64±0.06d 7.08±0.09c 11.21±0.07b 13.15±0.13a (p < 0.01) 
IL-10  1±0.01a 0.86±0.02b 0.64±0.02c 0.48±0.02d 0.28±0.02e (p < 0.01) 
IL-1 β  1±.01e 5.46±0.14d 9.06±0.16c 12.93±0.18b 16.85±0.13a (p < 0.01) 

a−eMeans within a row not sharing a common superscript differ significantly with corresponding p value. Control: Fish supplied with 
water free of DZN throughout the experiment (4 weeks). T1-T4: Fish treated with DZN at 0.28 mg/L for one, two, three and four 
weeks, respectively. TNF-α: tumor necrosis factor-alpha; IL: interleukin. 
 
Histopathological analysis of liver and kidney tissues: 
Light microscopic examination of control livers (Fig. 
1a) showed large polygonal hepatocytes. The 
hepatocytes were aligned in cords separated by blood 
sinusoids. Each hepatocyte showed a distinct round 
and central nucleus with nucleoli and granular 
cytoplasm. DZN treated liver for one week (Fig. 1b,c) 
showed congestion, massive necrosis and 
degeneration of hepatocytes with marked 
hemosiderosis. DZN treated liver for two weeks (Fig. 
1d,e) showed eosinophilic recruitment around portal 
vein extensive necrosis of hepatocytes and marked 
hemosiderosis. DZN treated liver for three weeks (Fig. 
1f,g) showed necrosis of hepatocytes and eosinophilic 
recruitment into hepatic tissue with diffuse 
hemosiderosis. DZN treated liver for four weeks (Fig. 
1h,i) showed massive degeneration and necrosis of 

hepatocytes with marked hemosiderosis. Histology of 
control kidneys (Fig. 2a,) of Nile tilapia fish showed 
distinct and normal sized proximal and distal 
conducting tubules, glomeruli and interstitial 
connective tissues. DZN treated kidney for one week 
(Fig. 2b,c) showed necrosis and desquamation and 
vacuolation of renal tubular epithelium. Whereas, 
DZN treated kidneys for two weeks (Fig. 2d,e) showed 
necrosis of renal tissue and aggregation mononuclear 
exudate. DZN treated kidneys for three weeks (Fig. 
2f,g) showed desquamation of renal tubular 
epithelium and proliferation of glomeruli and 
mesangial cells. DZN treated kidneys for four weeks 
(Fig. 2h,i) showed mononuclear cell infiltration in 
interstitial tissue and necrosis of renal glomeruli. 
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Figure 1 Histopathological examination of liver tissue (a) control liver showed large polygonal hepatocytes. The hepatocytes 
aligned in cords separated by blood sinusoids. Each hepatocyte showed a distinct round and central nucleus with nucleoli 
and granular cytoplasm. (b and c) DZN treated liver for one week (T1) showed congestion, massive necrosis and 
degeneration of hepatocytes with marked hemosiderosis (arrows). (d and e) DZN treated liver for two weeks (T2) showed 
eosinophilic recruitment around portal vein extensive necrosis of hepatocytes and marked hemosiderosis (arrows). (f and 
g) DZN treated liver for three weeks (T3) showed necrosis of hepatocytes and eosinophilic recruitment into hepatic tissue 
with diffuse hemosiderosis (arrows). (h and i) DZN treated liver for four weeks (T4) showed massive degeneration and 
necrosis of hepatocytes with marked hemosiderosis (arrows). 

 

 
 

Figure 2 Histopathological examination of kidney tissue of Nile tilapia fish. (a) control kidney showed distinct and normal sized 
proximal and distal conducting tubules, glomeruli and interstitial connective tissues. (b and c) DZN treated kidney for 
one weeks (T1) showed necrosis and desquamation and vacuolation of renal tubular epithelium (arrows). (d and e) DZN 
treated kidney for two weeks (T2) showed necrosis of renal tissue and aggregation mononuclear exudate (arrows). (f and 
g) DZN treated kidney for three weeks (T3) showed desquamation of renal tubular epithelium and proliferation of 
glomeruli and mesangial cells (arrows). (h and i) DZN treated kidney for four weeks (T4) showed mononuclear cell 
infiltration in interstitial tissue and necrosis of renal glomeruli (arrows). 

 

Discussion 

Analysis of liver and kidney parameters, oxidative 
stress biomarkers and antioxidant enzymes in serum 
and tissues: To evaluate the acute and subchronic 
toxicity of DZN, the current experiment was divided 
into four exposure time points starting at 1, 2, 3 and 4 
weeks. Furthermore, this was done to ensure toxic 
buildup in fish tissues and precise blood parameter 
detection (Girón-Pérez et al., 2009). One week is enough 

time to ensure that any changes in blood and tissue 
parameters have occurred. The effects of diazinon on 
farmed fish have been monitored using changes in 
blood biochemical markers as a sensitive indication 
(Banaee et al., 2011; Abdelhamid, 2020). According to 

the current findings, DZN exposure significantly 
increased serum ALT and AST activity in all DZN-
treated groups as compared to the control group. This 
was a dose-dependent rise. This increase in serum ALT 
and AST indicated liver damage because these 
enzymes are cytoplasmic in location and their release 
into circulation indicated damage to the cell membrane 
(El-Bahr, 2013). Diazinon metabolized by liver 
cytochrome P450 monoxygenase, converted it to 
diazoxon and other metabolites, including pyrimidinol 
(Abdelhamid, 2020). These metabolites induced a state 
of lipid peroxidation and increased ROS and 
hepatocyte permeability which allowed liver 
transaminase (ALT and AST) to seep into the 
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bloodstream (Srivastava et al., 2004). After 30 days of 

exposure to three sub-lethal levels of diazinon (0.73, 
1.095, and 1.46 mg/l), AST and ALT levels in Clarias 
gariepinus considerably increased (Al-Otaibi et al., 

2019). Furthermore, total serum protein, albumin, and 
globulin levels, as well as the A/G ratio, were 
considerably lower in all DZN treated groups 
compared to control. This was a dose-dependent 
decline. In Juvenile B. sharpeyi (Barbus sharpeyi) treated 
to DZN, similar findings (Alishahi et al., 2016) 

indicated that total protein and globulin levels were 
significantly decreased. The decrease in total protein 
concentration had major consequences for cell 
physiology and fish growth (Toledo-Ibarra et al., 2016). 

DZN has immunosuppressive effects, as evidenced by 
the considerable decrease in globulin levels in DZN-
treated fish. DZN dramatically lowered lysozyme 
activity and immunoglobulin G (IgG) levels, as 
demonstrated earlier (Abdelhamid, 2020). In addition, 
a significant decrease in total plasma immunoglobulin 
in rainbow trout (Oncorhynchus mykiss) was observed 

after 60 days of exposure to a sub-lethal dosage of 
diazinon (0.287 mg/l; Hajirezaee et al., 2019). Diazinon-

induced tissue death and hepatocyte apoptosis could 
be the main explanations for the liver's reduced 
production of total protein and immunoglobulin 
(Gokcimen et al., 2007). Creatinine and uric acid levels 

were similarly higher in DZN-exposed fish than in 
control fish, confirming the current findings (Alishahi 
et al., 2016; Abbas et al., 2021). Fish kidneys have 

excretory functions, maintain osmotic balance between 
the fish and its surroundings and serve as a 
hemopoietic organ (Henderson et al., 1985). Due to 

renal glutathione depletion, the glomerular filtration 
rate of the fish intoxicated with DZN decreased, 
resulting in an increase in serum creatinine levels 
(Akturk et al., 2006).  

Pesticide poisoning in fish has long been known to 
cause oxidative damage due to an excess of reactive 
oxygen species (ROS) and the incapacity of enzymatic 
and non-enzymatic antioxidant defense systems to 
remove or neutralize ROS and protect cells from 
oxidative damage (Banaee et al., 2013). The antioxidant 

enzymes SOD and catalase are the initial lines of 
defense against oxidative cell damage (Mohanty et al., 

2018). Fish with injured livers and kidneys have a large 
reduction in serum antioxidant status (Hai et al., 1997), 

but DZN-intoxicated fish have a significant increase in 
MDA activity, which is an obvious response to DZN 
toxicity (Akturk et al., 2006). In the current study, DZN 

increased MDA levels in serum, liver and kidneys, 
whereas antioxidant enzymes (CAT, GST, and GSH) 
activity in serum, liver, and kidneys was reduced 
considerably compared to the control. The results were 
similar to that observed earlier in Nile tilapia 
(Abdelkhalek et al., 2017), Zebrafish (Al-Ghanim et al., 
2020) and catfish (Ali et al., 2015). After 45 and 90 days 
of DZN exposure, Nile tilapia showed a significant 
decrease in blood levels of catalase (CAT), copper zinc 
superoxide dismutase (Cu Zn-SOD) and reduced 
glutathione (GSH), as well as a significant increase in 
the oxidative stress marker malondialdehyde (MDA) 
(Abbas et al., 2021). In the current study, there was a 

dose-dependent increase in MDA levels and a decrease 
in the activity of the examined antioxidant enzymes in 

serum, liver and kidneys. The increased MDA 
suggested lipid oxidation, which was caused by an 
abundance of strong oxidizing radicals (superoxide 
and hydroxyl anions) produced during DZN 
metabolism (Mirvaghefi et al., 2016), which was 

accompanied by a decrease in GSH activity (Giordano 
et al., 2007). Furthermore, xenobiotics may promote 
glutathione breakdown or decrease glutathione 
synthesis, resulting in lower GSH levels (Guptha et al., 

2016). Antioxidant enzyme activity can be increased or 
decreased based on a variety of parameters such as the 
type of xenobiotic, the exposure length, tolerance, 
species and so on (Slaninova et al., 2009). In rainbow 
trout, Oncorhynchus mykiss, DZN toxicity (0.287 mg/l) 

caused lipid peroxidation, resulting in increased 
hepatic MDA and decreased hepatic SOD, CAT, GSH-
Px, and TAC (Rafieepour et al., 2018). After 28 days of 

exposure to 0.28 mg/L DZN, Nile tilapia's liver and 
kidneys showed a significant decrease in catalase, 
GSH, and SOD activity, as well as a large increase in 
MDA (Abdelkhalek et al., 2017).  

 
Cytokine genes expression analysis in liver and kidney 
tissues: In terms of the mRNA levels of pro-
inflammatory cytokine TNF-α and anti-inflammatory 
cytokine IL-10 in the liver and kidney, the current 
findings showed that TNF-α, IL-8, and IL-1β were 
considerably enhanced while IL-10 was reduced in 
DZN exposed fish compared to the control. In the 
spleen of DZN-intoxicated Nile tilapia (Oreochromis 
niloticus), TNF-α gene expression was elevated 

whereas IL-10 gene expression was downregulated 
(Abdelhamid, 2020). After 60 days of exposure to 0.287 
mg/L diazinon, significant increases in renal IL-1β 
were also observed in rainbow trout (Oncorhynchus 
mykiss; Hajirezaee et al. 2019), and Nile tilapia 
(Oreochromis niloticus; Abdelhamid, 2020). These could 

be attributable to inflammatory reactions resulting 
from diazinon-induced cell damage (Eder et al., 2006). 

DZN also activated macrophages and enhanced 
inflammatory responses by causing excessive ROS 
production, which activated the NF-κB pathway, 
resulting in the expression of inflammatory cytokines 
(TNF-α IL-1β and IL-6), inducible cyclooxygenase 
(COX-2) and inducible nitric oxide synthase (iNOS) 
(Ogasawara et al., 2017).  

 
Histopathological analysis of liver and kidney tissues: 
Based on histopathological examination, various 
hepatic lesions, including congestion, massive necrosis 
and degeneration of hepatocytes with marked 
hemosiderosis have been accompanied by hepatic 
function alteration. The current results were similar to 
those reported earlier (Hoekstra et al., 2013; Abbas et 
al., 2021). These histopathological findings confirmed 

the obtained biochemical alteration in liver enzymes 
(ALT and AST) in fish exposed to DZN compared to 
control. In common carp exposed to DZN, dilation of 
bile ducts, sinusoids, hepatic veins, congestion, 
lymphocyte infiltration, pyknotic nucleus pigment 
deposition and necrosis were seen (Korkmaz and 
Donmez, 2017). DZN caused an increase in urea and 
creatinine levels in the blood, as well as histological 
changes that indicate a low glomerular filtration rate 
and kidney problems. Glomerular shrinkage, tubular 
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lumen decreasing, renal tubule necrosis, and 
degeneration were the main histopathological lesion 
observed in DZN-intoxicated rainbow trout 
(Oncorhynchus mykiss; Banaee et al., 2013). Hepatocyte 

necrosis, renal glomerular enlargement and 
hemorrhages, were histological changes caused by 
DZN toxicity in catfish, which were similar to the 
current findings (Al-Otaibi et al., 2019). DZN 

intoxicated Nile Tilapia exhibited hepatorenal 
necrosis, which intensified with the length of fish 
exposure to DZN. This effect was evidenced in 
histopathological pictures of liver and kidney tissues 
as indicated in the following paragraphs. The 
histopathological pictures of liver tissue in DZN 
treated fish for one week showed congestion, massive 
necrosis and degeneration. After 2 weeks of DZN 
exposure, these changes were in the form of 
eosinophilic recruitment around portal vein with 
extensive necrosis of hepatocytes. However, DZN 
treated liver for three and four weeks showed diffuse 
hemosiderosis. The same effect of time exposure was 
observed in kidney tissue. The histopathological 
examination of kidney tissue in DZN treated fish for 
one week showed necrosis and vacuolation of renal 
tubular epithelium. After two weeks of DZN exposure, 
aggregation of mononuclear exudate was observed. 
However, after 3 weeks of DZN exposure, proliferation 
of glomeruli and mesangial cells were observed. After 
4 weeks DZN exposure, mononuclear cell infiltration 
in interstitial tissue and necrosis of renal glomeruli 
were the most pathognomonic lesions.  

In conclusion, the current study concluded that the 
activities of AST and ALT and the concentrations of 
uric acid, creatinine and MDA increased significantly 
in serum of DZN treated fish compared to the control. 
Total protein, albumin, globulin and A/G ratio, GSH 
concentration and activities of CAT, GST and GPX 
decreased significantly in serum of DZN treated fish 
compared to the control. DZN intoxication induced a 
significant elevation in MDA concentration and a 
significant reduction in GSH concentration and 
activities of CAT and GPX enzymes in the liver and 
kidney tissues of DZN treated fish compared to the 
control. DZN intoxication induced a significant 
elevation in gene expression levels of TNF-α, IL-8, IL-
1β accompanied by a significant reduction in IL-10 
gene expression level in the liver and kidney tissues of 
DZN treated fish compared to the control. 
Histopathology showed congestion, massive necrosis 
and degeneration of hepatocytes with marked 
hemosiderosis necrosis and desquamation as well as 
vacuolation of renal tubular epithelium, necrosis of 
renal tissue and desquamation of renal tubular 
epithelium in DZN treated fish compared to control. 
DZN related effects were time exposure dependent. 
This study suggested that DZN induced a time 
exposure-dependent oxidative damage and impaired 
cytokines gene expression in Nile Tilapia (Oreochromis 
niloticus). 
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