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1  | INTRODUC TION

Insecticides are used to destroy insect pests in the agro fields to 
increase crop productivity. Despite the regulatory restrictions, their 
use gradually increases because of their broad spectrum and low 
cost. The high levels of insecticides present in the runoff from ag-
ricultural and industrial sources flow into the water leading to the 
pollution of aquatic life and health hazards in non-target organisms 
including fish (Prusty et al., 2015). As many traditional insecticides 
have been banned due to environmental and health risks, com-
pounds with low toxicity are introduced into market. The use of in-
sect growth regulators (IGR) as insecticides is increasing as they have 
a selective mode of action that differs from that of broad-spectrum 

neurotoxic traditional insecticides. Many insect growth regulators 
have superior efficiency against several insect species (Zhang, 
Zhao, Wang, Mu, & Liu, 2017). Insecticides affecting insect chitin 
growth are a promising type of IGR because of their selective mech-
anism of action on insects and their lower toxicity to other species. 
However, these insecticides have harmful effects at sublethal con-
centrations on non-target species. Triflumuron induced oxidative 
stress in the liver and kidney of Balb/C mice (Timoumi et al., 2018) 
while diflubenzuron and flucycloxuron affected both glutathione 
S-transferase activity and glutathione in adult Gambusia affinis fish 
(Zaidi & Soltani, 2011).

Buprofezin (2-tert-butylimino-3-isopropyl-5-phenyl-1,3,5-thiadia-
zinan-4-one) is a thiadiazine insect growth regulator affecting chitin 
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Abstract
The objective of this study was to investigate the toxic effects of buprofezin insec-
ticide on Nile tilapia (Oreochromis niloticus). The fish were exposed to buprofezin at 
100 mg/L for 28 days. Compared to control, activity of serum transferases and levels 
of urea and creatinine showed significant increases. Oxidative stress was recorded 
manifested by elevated levels of malondialdehyde (MDA), reduced concentrations 
of reduced glutathione (GSH) and inhibition of activities of superoxide dismutase 
(SOD) and catalase (CAT) in liver and kidney. Examination of peripheral RBCs re-
vealed elevated frequency of micronucleated cell. Interleukin 1 beta (IL-1β) gene was 
upregulated in liver, muscle and brain, while that of cyclooxygenase 2 (COX-2) gene 
increased in liver and muscle, but not in brain. Histopathological alterations were 
recorded in liver, kidneys, brain, gills, pancreas, spleen, intestine, muscle and ova-
ries. The immunohistochemical detection of caspase-3 in the liver revealed no dif-
ferences between treated and control groups; however, the expression of inducible 
nitric oxide synthase (iNOS) was demonstrated in hepatocytes and hepatopancreas 
in buprofezin-treated group compared to control. It has been concluded that the tis-
sue damage induced by buprofezin in Nile tilapia is mediated by oxidative stress and 
inflammatory response but not by apoptosis.
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synthesis and moulting (Chang et al., 2015). Its oral LD50 was reported 
to be 3,847 and 2,278 mg/kg in male and female Sprague-Dawley rats 
respectively (Zarn & Tasheva, 2008). Although it has low toxicity, its 
residues persist in the environment and plants due to its long half-life 
(Liu et al., 2012). Studies on the toxicity of buprofezin to fish are scanty. 
Marimuthu et al. (2013) have reported the 24 hr LC50 of buprofezin in 
African catfish (Clarias gariepinus) to be 6.725 mg/L. Buprofezin af-
fected the early embryonic and larval development of African catfish 
even at the low concentration of 5 mg/L. Several malformations were 
induced in embryos and larvae including oedema and haemorrhage 
in yolk sac and pericardium, lordosis, irregular head shape, tissue 
ulceration and body arcuation. Ku et al. (2015) demonstrated that 
buprofezin and nickel sulphate have synergistic embryotoxicity in ze-
brafish through an oxidative mechanism. Qureshi, Bibi, Shahid, and 
Ghazanfar (2016) reported haematological changes, micronuclei and 
increased rate of DNA damage in carp (Cyprinus carpio) exposed to 
sublethal concentrations of buprofezin. Amin, Indulkar, and Pai (2017) 
mentioned that buprofezin had profound impact on proximate com-
position of carp fingerlings. Changes in parameters like protein, fat, 
carbohydrate and ash were quite noticeable. Furthermore, exposure 
of common carp to a mixture of buprofezin and fipronil for 96 hr pro-
duced significant behavioural and biochemical alterations and DNA 
damage (Ghazanfar, Shahid, & Qureshi, 2018).

Nile tilapia (Oreochromis niloticus) is a widely distributed fish 
worldwide. It has great adaptability to all environmental condi-
tions present in subtropical and tropical countries which makes it 
the main species to be exploited commercially in many countries 
(Fitzsimmons, 2000). To the best of our knowledge, there are no 
earlier studies so far have been conducted to understand the toxic 
potential of buprofezin in Nile tilapia in relation to oxidant/antioxi-
dant biomarker, inflammatory mediators and apoptosis biomarkers. 
Oxidative stress occurs due to an imbalance between antioxidants 
and oxidants in favour of oxidants due to excessive production 
of free radicals and/or depletion of antioxidants subjecting lip-
ids, protein and DNA to detrimental effects (Livingstone, 2001). 
Consequently, inflammation progression occurred to recruit mole-
cules and cells of the immune system as a defence response to re-
store the homeostasis to damaged and oxidatively stressed tissues 
(Chovatiya & Medzhitov, 2014; Lavieri, Rubartelli, & Carta, 2016).

Interleukin-1 beta (IL-1β) is the major proinflammatory cy-
tokine early induced in monocytes by TLR activation and in-
flammasome-mediated IL-β secretion in damaged tissues (Niu, 
Álvarez-Álvarez, Guillén-Grima, & Aguinaga-Ontoso, 2017; Tschopp 
& Schroder, 2010). Also, Cyclooxygenase 2 (COX-2) is an inducible 
key enzyme of prostaglandin that is constitutively expressed in dif-
ferent tissues and organs (Luo, Urgard, Vooder, & Metspalu, 2011). 
COX-2 has an inflammatory role and is synthesized in inflamed tis-
sues and suggested to be one of the earliest events in the develop-
ment of many degenerative disorders (Niu et al., 2017).

Apoptosis is important for chemical-induced cell death, em-
bryonic development and normal cell turnover. It can arise from 
immune reactions and toxic chemicals (Elmore, 2007). It has two 
pathways: the intrinsic ‘mitochondrial pathway’ and the extrinsic 

‘death receptor pathway’ (Norbury & Hickson, 2001). It is modulated 
by the caspase family of aspartic acid-directed cysteine proteases. 
Caspase-3 is an effector protein for the two-apoptosis pathways 
making it a good biomarker for apoptosis (Wong, 2011). Cell injury 
can be mediated by excessive production of nitric oxide (NO). The 
inducible nitric oxide synthase (iNOS) unlike the other nitric oxide 
synthase family is not expressed constitutively in the cells (Xie & 
Nathan, 1994). However, it is expressed after cell injury. The ex-
pression of iNOS results in the production of excessive amounts of 
NO which further contribute to cell injury (Kaibori, Okumura, Sato, 
Nishizawa, & Kon, 2015).

Histopathology plays a crucial role in evaluating the toxic effect 
of agrochemicals in fish (van der Oost, Beyer, & Vermeulen, 2003). 
The interaction of different pollutants at the cellular level can influ-
ence vital processes related to survival, growth and reproduction of 
fish. The liver as a key organ in the detoxification process usually 
gets its biggest share in cellular alteration in addition to other organs 
that might get in contact directly with toxic pollutants in water such 
as the gills which aids in the uptake of pollutants and delivering them 
through the circulation to other organs (Schwaiger et al., 1997). The 
pathological changes produced by buprofezin in fish have not been 
fully elucidated yet. However, one article described the histopatho-
logical alterations taken place in liver, kidneys and gills of toxicated 
carp (Qureshi et al., 2016).

Because the toxic effects of buprofezin on fish is still vague, and 
there are only scanty studies available, there is a great need to ex-
plore the toxicity of that insecticide specially on the liver (the main 
organ of metabolism) and kidney (the main excretory organ). Thus, 
the objective of the current investigation was to investigate the toxic 
effects of buprofezin in relation to oxidative stress, proinflammatory 
cytokines and apoptosis in Nile tilapia (Oreochromis niloticus) exposed 
for 28 days.

2  | MATERIAL S AND METHODS

The experiment was conducted on Nile tilapia (Oreochromis niloticus) 
in the laboratory of Toxicology and Forensic Medicine Department, 
Faculty of Veterinary Medicine, Cairo University. All research involv-
ing animals was conducted according to the Guide for the Care and 
Use of Laboratory Animals (8th edition, National Academies Press). 
The present study was approved by the Institutional Animal Care 
and Use Committee of Cairo University (IACUC) and was performed 
after receiving ethical approval (VetCu10102019099). The experi-
ment was performed in accordance with relevant guidelines and 
regulations.

2.1 | Chemicals

Buprofezin was purchased as a commercial formulation (Applaud 
25% SC) from Shoura Chemical Co., Egypt. The test kits used for 
studying liver and kidney functions and the oxidant/antioxidant 
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biomarkers were obtained from Spectra Co. (Egypt). All other chemi-
cals were of analytical grade.

2.2 | Fish

Sixty Oreochromis niloticus female fish were purchased from a private 
aquaculture facility in Eltal Elkbir, Sharkia Governorate. The fish were 
15 ± 0.6 cm in length and weighing 60 ± 6 g. The fish were trans-
ported alive to the laboratory of Toxicology and Forensic Medicine 
Department, Faculty of Veterinary Medicine, Cairo University. Fish 
were reared in 6 glass aquaria (120 effective litres each, 10 fish/ 
glass aquarium) tanks supplied with aerated, dechlorinated tap water 
for 2 weeks for acclimatization. The fish were fed on commercial 
fish pellets (Uccma feed Co, Egypt, Table 1) before exposure to the 
insecticide media and during the experimental period (28 days). Fish 
were fed at the rate of 3% of fish live body weight two times daily at 
9:00 and 16:00 hours. The fish were kept at the optimum require-
ments for tilapia (pH = 7.2 ± 0.5; ammonia = 0.02 ± 0.001 mg/L, 
nitrite = 0.017 ± 0.001 mg/L; dissolved oxygen 6.55 mg/L; water 
temperature 24°C; and photoperiod 12:12 light: dark).

2.3 | Experimental design

After the acclimation period, the fish were randomly divided into 
two equal groups. Fish of each group were randomly distributed at 
a rate of 10 fish per 120-L aquarium in triplicates. The first group 
was kept under controlled conditions and received no chemical 
treatment to serve as a control group. The other group was exposed 
to buprofezin (treated group) at the level of 100 mg/L water for 28 
consecutive days, under standard conditions. This sublethal dose 
was chosen based on previous toxicological assay for 96 hr LC50 of 
buprofezin (Qureshi et al., 2016). The experimental dose was worked 
out on the basis of the active component of buprofezin in the for-
mulation. Water was completely renewed every 48h by transferring 
the fish to the fresh aquarium with the same treatment to maintain 
water quality and compound concentration. The same procedure of 
water change was done with the control group.

2.4 | Sampling

At the end of the experimental period, fish were anaesthetized by 
immersion in a 0.5 ml/L solution of 2-phenoxyethanol. Blood sam-
ples were collected from the caudal vein by syringe for micronucleus 
test, and the other portion was centrifuged at 903 g 10 min to obtain 
serum for liver and kidney function assessment. Tissue samples were 
collected and divided into two portions then stored at −80°C for 
measuring oxidant/antioxidant parameters and IL-1β and COX-2 gene 
expression. Other tissue samples from gills, liver, spleen, kidneys, in-
testine, ovaries, brain and muscles were collected and directly fixed 
in 10% neutral buffered formalin for histopathological study.

2.5 | Biochemical analysis

2.5.1 | Liver and kidney functions

The influence of buprofezin on liver function was assessed by meas-
uring the activities of serum alanine aminotransferase ‘ALT’ and as-
partate aminotransferase ‘AST’ (Reitman & Frankel, 1957). Kidney 
function was evaluated by measuring serum levels of bilirubin ‘BUN’ 
(Fawcett & Scott, 1960) and creatinine (Schirmeister, Willmann, & 
Kiefer, 1964).

2.5.2 | Oxidant/antioxidant biomarkers

The oxidant/antioxidant biomarkers were measured in the liver and 
kidneys of treated and control fish. Malondialdehyde (MDA) concen-
tration was used as the index of lipid peroxidation as described by 
Ohkawa, Ohishi, and Yagi (1979). It was determined by measuring 

TA B L E  1   Feed ingredients and chemical composition analysis

Ingredients Chemical composition

Item % Nutrient Supplied

Ground yellow corn 37.27 ME 3,289.05 kcal/kg

Wheat bran 0.5 Crude protein 28.64%

Full fat soya 30 Crude fat 7.13%

Corn Gluten 10 Fibre 5.01%

Fish meal 60% 10 Linoleic acid 0.92%

Sunflower cake 36% 10 Lysine 1.71%

Calcium 
monophosphate

0.4 Methionine 0.82%

Sodium bicarbonate 0.15 Met + Cys 1.24%

Salt 0.1 Cl 0.06%

Crushed limestone 0.8 Cystine 0.42%

Fish premix 0.2 K 1.05%

L lysin 0.2 Tryptophan 0.45%

L methionine 0.18 Tyrosine 1.17%

Vitamin C 0.1 Valine 1.52%

Silica 0.1 Calcium 1.26%

Phosphorus 0.76%

Note: Vitamin and Mineral premix: Each Kg contains: 4,800 IU Vit A, 
2,400 IU Cholcalciferol, 40 g Vit E, 8.0 g Vit K, 4.0 g Vit B12, 4.0 g Vit 
B2, 6.0 g Vit B6, 4.0 g Pantothenic acid, 8.0 g Nicotinic acid, 400 mg 
Folic acid, 20 mg Biotin, 200 mg Choline, 4 g Copper, 0.4 g Iodine, 12 g 
Iron, 22 g Manganese, 22 g Zinc, 0.04 Selenium, 1.2 mg Niacin, 12 mg 
D-calcium pantothenate, 26 mg Pyridoxine. HCl, 6 mg Riboflavin, 
7.2 mg Thiamin. HCl, 1.2 mg Sodium chloride (NaCl, 39% Na, 61% Cl), 
3,077 mg Ferrous sulphate (FeSO4.7H2O, 20% Fe), 65 mg Manganese 
sulphate (MnSO4, 36% Mn), 89 mg Zinc sulphate (ZnSO4.7H2O, 40% 
Zn), 150 mg Copper sulphate (CuSO4.5H2O, 25% Cu), 28 mg Potassium 
iodide (KI, 24% K, 76% I), 1,000 mg Celite AW521 (acid-washed 
diatomaceous earth silica).
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the thiobarbituric acid reactive species. The absorbance of the re-
sultant pink product was measured at 534 nm.

Assessment of glutathione reduced (GSH) level depends on 
the reduction of 5,5′-Dithiobis (2-nitrobenzoic acid) with glutathi-
one producing a yellow colour whose absorbance was measured at 
405 nm (Beutler, Duron, & Kelly, 1963).

The superoxide dismutase (SOD) activity was estimated accord-
ing to Nishikimi, Appaji, and Yagi (1972). The assay relies on the abil-
ity of the enzyme to inhibit the phenazine methosulphate-mediated 
reduction of nitroblue tetrazolium dye. The increase in absorbance 
was measured at 560 nm for 5 min.

Catalase (CAT) reacted with a known quantity of H2O2, and 
the reaction is stopped after 1 min with catalase inhibitor. In the 
presence of peroxidase, the remaining H2O2 reacts with 3,5-di-
chloro-2-hydroxybenzene sulphonic acid and 4-aminophenazone to 
form a chromophore with a colour intensity inversely proportional to 
the amount of catalase in the sample. The absorbance was measured 
at 510 nm as described by Aebi (1984).

2.6 | Micronucleus test

Peripheral blood samples were collected in heparinized tubes from 
the caudal vein of control and treated fish. Slides were prepared and 
examined as indicated by Kan, Cengiz, Ugurlu, and Yanar (2012).

2.7 | Quantitative real-time polymerase chain 
reaction (qRT-PCR) of IL-1β and Cox-2 genes

Total RNA was extracted from liver, muscle and brain tissues by GF-1 
Total RNA extraction kit according to the manufacturer instruc-
tions. The concentration and purity of the total RNA samples were 
obtained by using a nanodrop ND-1000 spectrophotometer. cDNA 
synthesis was obtained by using reverse transcriptase (Fermentas, 
EU). Real-time PCR (qPCR) was carried out in a total volume 
of 20 μl using the reaction mixture of 1 μl cDNA, 0.5 mM of 
each primer (IL-1β, forward: CTGGAGAGCATTGTGGAAGC, re-
verse: GCACTATGCGGTCTTCACTG; Cox-2, forward: TGTGG 
AAAGTACGTACGCCA, reverse: CACGGTAGAACAATGCTGCA and 
GAPDH, forward: GCTGTACATGCACTCCAAGG, reverse: ACTCAAA 
CACACTGCTGCTG as reference gene), and iQ SYBR Green Premix 
(Bio–Rad 170–880, USA). PCR amplification and analysis were 
achieved using Bio–Rad iCycler thermal cycler and the MyiQrealtime 
PCR detection system. The expression relative to control was calcu-
lated using the equation 2−ΔΔCT (Livak & Schmittgen, 2001).

2.8 | Immunohistochemical study

Caspase-3 and inducible nitric oxide synthase (iNOS) were immuno-
histochemically stained in the liver to detect apoptotic cells and ex-
pression of iNOS in both control and treated groups. Immunostaining 

was carried out on paraffin-embedded tissue sections according to 
manufacturer protocol after deparaffinization and antigen retrieval 
using sodium citrate buffer. Primary antibodies against caspase-3 and 
iNOS prepared in rabbits and anti-rabbit antibodies (Thermo Fisher 
Scientific USA) were used. This was followed by the avidin-biotin 
immunoperoxidase technique and diaminobenzidine (DAB) staining. 
Haematoxylin was used as a counterstain. Cells with brown cyto-
plasm were considered positive for caspase-3 and iNOS (Hsu, 1990).

2.9 | Histopathology

After complete fixation of tissues, samples were processed by par-
affin embedding technique (Suvarna, Layton, & Bancroft, 2012). 
Tissue sections of 3-4µm thick were made using a microtome 
(Leica2135, Germany) and stained by haematoxylin and eosin stain 
(Suvarna et al., 2012). The degree of gill epithelial hyperplasia, liver 
and kidney vacuolar degeneration and necrosis, activation of mela-
nomacrophage centres of spleen, oocyte atresia in ovary, and mus-
cle necrosis were evaluated using a semi-quantitative scoring system 
(Scores 0–3). Score 0 indicates no lesion, Score 1 is a mild lesion 
(1%–25% of tissue affected), score 2 is a moderate lesion (25%–50% 
of tissue affected), and score 3 is a severe lesion (51%–100% of tis-
sue affected). Scores were then analysed statistically using Mann–
Whitney test to detect significance at p ≤ .05.

2.9.1 | Statistical analysis

Statistical analysis of significance was performed using Student's t 
test. SPSS (Statistical package for Social Sciences) version 17 was 
used. Values were presented as mean ± SE. Differences were con-
sidered statistically significant at p ≤ .05.

3  | RESULTS

3.1 | Liver and kidney functions

Exposure of Nile tilapia to buprofezin for 28 days resulted in ele-
vated activities (p ≤ .05) of serum ALT and AST (Table 2). In addition, 

TA B L E  2   Serum biochemical parameters and micronucleus test 
of erythrocytes in control and treated fish

Parameters Control Treated

ALT (μ/L) 37.4 ± 2.50 91.2 ± 4.81a 

AST (μ/L) 42.2 ± 2.76 108.4 ± 5.35a 

BUN (mg/dl) 6.11 ± 0.48 18.36 ± 0.97a 

Creatinine (mg/dl) 0.48 ± 0.04 1.7 ± 0.06a 

Micronucleus test 1.93 ± 0.29 9.76 ± 0.99a 

Note: Values represent mean ± SE, n = 5.
aStatistical significance at p ≤ .05 
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the levels of BUN and creatinine in serum increased significantly at 
p ≤ .05 (Table 2).

3.2 | Micronucleus test

Buprofezin induced significant (p ≤ .05) increase in the frequency of 
micronucleus in red blood cells of the treated group being 9.76 ± 0.99 
compared to control value (Table 2).

3.3 | Oxidant/antioxidant biomarkers finding

Figure 1 indicates the changes in oxidant/antioxidant parameters 
in control and treated Nile tilapias. The concentration of MDA in 
liver (61.4 ± 4.37) and kidney (71.6 ± 2.69) significantly increased 
in treated group (p ≤ .05), with concurrent reduction (p ≤ .05) of 
GSH level being 8.4 ± 1.44 and 4.2 ± 0.60 in liver and kidney 
respectively. The activities of antioxidant enzymes SOD in liver 
(243.6 ± 12.98) and kidney (182.8 ± 11.13) and CAT in both organs 
(3.3 ± 0.24 and 2.1 ± 0.16 respectively) were significantly sup-
pressed (p ≤ .05) in buprofezin-treated group compared to control 
values.

3.4 | Expression findings of IL-1β and COX-2 genes

The expression of IL-1β gene is indicated in Figure 2. Significant el-
evations (p ≤ .05) were recorded in the relative expression of IL-1β 
gene in liver (5.5 ± 0.4), muscle (6.7 ± 0.1) and brain (3.3 ± 0.1) of 
treated group compared to control. Concerning the expression of 
COX-2 gene, significant elevations (p ≤ .05) were recorded in liver 
(12 ± 0.2) and muscle (1.7 ± 0.1), while the increase in brain was 
slight and nonsignificant (1.5 ± 0.2) (Figure 3).

3.5 | Histopathological findings

The histological examination of gills revealed presence of moderate 
epithelial hyperplasia, epithelial uplifting, distortion and degenera-
tion of branchial cartilage supporting the primary gill lamellae in bu-
profezin-treated group compared to control group (Figure 4a, b). The 
hepatopancreas of fish in the control group showed normal histology 
in which the cells were orderly arranged in hepatic cords with mild vac-
uolation (Figure 4c). On the reverse, the hepatopancreas of the treated 
group demonstrated a severe degree of hepatocytes and pancreatic 
cellular degeneration with dissociation of cells and distortion of hepatic 
cords. Besides, there were few melanomacrophage cells infiltrations 

F I G U R E  1   Effect of buprofezin on (a) malondialdehyde (MDA), (b) glutathione (GSH), (c) superoxide dismutase (SOD) and (d) catalase 
(CAT) in liver and kidney of fish. Values represent mean ± SE, n = 5, The * indicates statistical significance at p ≤ .05 [Colour figure can be 
viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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in the pancreas and solitary hepatopancreatic cellular necrosis which 
exhibited karyopyknosis and karyolysis (Figure 4d).

The spleen in the control group showed a normal histological 
structure (Figure 4e), whereas in the treated group, there was se-
vere activation of the melanomacrophage centres with haemosid-
erin deposition (Figure 4f). Regarding the kidneys, the control group 
showed almost normal histological structure (Figure 4g) while there 
was atrophy of glomerular tufts with widening of Bowman's space, 
vacuolar degeneration and sometimes necrosis of renal tubular 
epithelium which exhibited karyopyknosis and karyolysis in ad-
dition to few melanomacrophage infiltration in the treated group 
(Figure 4h).

The intestine showed oedema in submucosa with few leucocytic 
cells infiltrations and sometimes degeneration of enterocytes at 
the tips of villi in the treated group compared to the control group 
(Figure 5a, b). The brain demonstrated vacuolation and even necro-
sis in nerve cells and demyelination with astrocytosis in the tectum 

mesencephalon in the treated group compared to the control group 
(Figure 5c, d). There was also vacuolation in nerve cells and cellular 
infiltrates in other areas of the brain.

The ovaries in the treated group showed atresia of vitellogenic 
oocytes with irregular wall in addition to thickening of the intersti-
tium with leucocytic infiltration compared to control (Figure 5e, f). In 
the muscles, there were myonecrosis, lysis of sarcoplasm and frag-
mentation together with early calcification in treated group com-
pared to the control group (Figure 5g, h).

3.6 | Immunohistochemistry

Immunohistochemical staining of caspase-3 in liver was negative 
in both control and treated group (Figure 6a). On the other hand, 
hepatocytes and hepatopancreas of treated fish expressed iNOS 
compared to the control group (Figure 6b).

F I G U R E  2   Relative expression of IL-1β gene in organs of fish of different groups. (a) Electrophoretic mobility of quantitative RT-PCR 
products of IL-1β and GAPDH (internal control) genes of liver, muscle and brain on 2% agarose gel. Lanes 1, 3 and 5 = control group; lanes 2, 
4 and 6 = treated group. (b) Evaluation the effect of Buprofezin treatment on IL-1β gene in comparison with the control group. The data were 
normalized to an endogenous reference, GAPDH and expressed as relative to control [Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E  3   Relative expression of COX-2 gene in organs of fish of different groups. (a) Electrophoretic mobility of quantitative RT-PCR 
products of COX-2 and GAPDH (internal control) genes of liver, muscle and brain on 2% agarose gel. Lanes 1, 3 and 5 = control group; 
lane 2, 4 and 6 = treated group. (b) Evaluation the effect of Buprofezin treatment on COX-2 gene in comparison with the control group. 
The data were normalized to an endogenous reference, GAPDH, and expressed as relative to control [Colour figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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4  | DISCUSSION

4.1 | Biochemical findings

The elevation in transaminases activities observed in our study is 
similar to that previously reported in carp fingerlings toxicated with 
buprofezin (Amin, 2017) and in Nile tilapia intoxicated with the re-
lated chitin inhibitor insecticide diflubenzuron (Dantzger, Jonsson, 
& Aoyama, 2018). Aminotransferases are important for nitrogen 
metabolism in cells, amino acid oxidation and liver gluconeogenesis. 
The elevated ALT and AST activities may be attributed to increased 
transamination of amino acids into tricarboxylic acid cycle. In addi-
tion, the elevated activities of both enzymes may be allocated to 
more transamination and synthesis of both enzymes in stress con-
ditions to support more energy production through gluconeogen-
esis. Because both enzymes are located in mitochondria, they can 
be used as useful markers of cellular damage (Perez et al., 2018; 
Yousefi, Hoseinifar, Ghelichpour, & Hoseini, 2018). Although both 
enzymes elevate in liver injury, ALT is more specific to the liver than 
AST which may rise in other conditions especially cardiac affections 
(Hatami, Banaee, & Haghi, 2019).

The hepatotoxicity of buprofezin may be attributed to its ef-
fect on respiratory chain complex in hepatocyte mitochondria. Ji 

et al. (2016) reported that sublethal concentrations of buprofezin 
converted the energy metabolism from the aerobic tricarboxylic acid 
(TCA) cycle and oxidative phosphorylation to anaerobic glycolysis 
in mice. This action may be attributed to generation of ROS which 
disrupts the activities of several key enzymes in the citric acid cycle, 
stimulate glycolysis and indirectly perturb the activity of the respira-
tory chain complex by altering mitochondrial DNA.

Our results revealed elevations in serum BUN and creatinine 
levels indicating renal injury due to buprofezin exposure. Similarly, 
serum urea and creatinine were elevated in tilapia intoxicated with 
insecticides such as deltamethrin (Abdel-Daim, Abdelkhalek, & 
Hassan, 2015). The elevation in the serum urea level may be attributed 
to gills dysfunction as urea is mainly excreted by gills in fish, not by 
kidneys (Hassan, Abdullah, Afzal, & Hussain, 2018), which was obvious 
in the histopathological alterations in the gills. Creatinine is a waste 
product of muscle metabolism. It is produced from creatine, an import-
ant molecule for muscle energy production. Blood creatinine is filtered 
primarily by the glomerulus making it a more specific marker for kidney 
damage by toxicants than BUN (Kulkarni & Pruthviraj, 2016).

The current investigation demonstrated that Nile tilapia intox-
icated with buprofezin suffered oxidative stress manifested by el-
evated malondialdehyde (MDA) level, reduced glutathione (GSH) 
level, and reduced activities of superoxide dismutase (SOD) and 

F I G U R E  4   Oreochromus niloticus. 
(a) Normal histological structure of gills 
in the control group. (b) Oedema and 
necrosis in branchial cartilage (arrow) 
and epithelial hyperplasia in treated 
group. (c) Normal histological structure 
of hepatopancreas in the control group. 
(d) Severe vacuolar degeneration and 
karyopyknosis of hepatocytes and 
pancreatic cells in treated group (arrow). 
(e) Normal histological structure of 
spleen in the control group. (f) Activation 
of melanomacrophage centres (arrow) 
of spleen in treated group. (g) Normal 
histological structure of kidney in the 
control group. (h) Severe vacuolar 
degeneration and karyopyknosis of renal 
tubular epithelium (arrow) in treated 
group. (H and E stain ×200) [Colour figure 
can be viewed at wileyonlinelibrary.com]

(a) (b)

(c) (d)

(e) (f)

(g) (h)
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catalase (CAT) in liver and kidney. This suggests that reactive oxygen 
species (ROS)-induced oxidative damage is one of the primary toxic 
mechanisms of buprofezin.

Similar results were observed in common carp exposed to a 
mixture of buprofezin and fipronil (Ghazanfar et al., 2018) and mice 
treated with buprofezin (Ji et al., 2016). Similarly, the related insecti-
cide triflumuron, a chitin synthesis inhibitor, induced oxidative stress 
in mice (Timoumi et al., 2018).

Lipid peroxidation is caused by the reaction of ROS with lipids in 
membranes. The increased level of MDA in the current investigation 

suggests that ROS-induced oxidative damage is one of the primary 
toxic effects of buprofezin. GSH is a cysteine-containing tripeptide 
antioxidant synthesized by animal cells. It is important for metabo-
lism and clearance of toxicants, acts as a free radical scavenger, par-
ticipates in transport and also regenerates vitamins C and E to their 
active forms. Moreover, it acts as a substrate for glutathione perox-
idase (GPx) which detoxicates hydrogen peroxide (H2O2) and gluta-
thione S transferase (GST) (Deyashi & Chakraborty, 2016; Meister & 
Anderson, 1983). Depletion of GSH in liver and kidney reflects pos-
sible failure of the antioxidant system in both organs. Antioxidant 

F I G U R E  5   Oreochromus niloticus. (a) 
Normal histological structure of intestine 
in the control group. (b) Oedema in 
submucosa and few leucocytic infiltrations 
(arrow) in treated group. (H and E stain 
X200). (c) Normal histological structure 
of brain in the control group. (H and E 
stain ×200). (d) Vacuolation associated 
with minor cellular infiltrates in the 
mesoencephalon of the brain of treated 
group (arrow). (e) Normal histological 
structure of ovary in the control group. (f) 
Atretic vitellogenic oocytes (arrow) with 
irregular wall in treated group. (H and E 
×100). (g) Normal histological structure of 
muscles in the control group. (h) Severe 
myonecrosis and fragmentation of muscle 
with early calcification (arrow) in treated 
group. (H and E stain ×400) [Colour figure 
can be viewed at wileyonlinelibrary.com]

(a) (b)

(c) (d)

(e) (f)

(g) (h)

F I G U R E  6   Expression of caspase-3 
and inducible nitric oxide synthetase 
in the liver of Oreochromus niloticus 
treated with buprofezin. (a) Hepatocytes 
showing no immunoreactivity for 
caspase-3, whereas (b) there was 
cytoplasmic iNOS immunoreactivity in the 
hepatocytes (arrow) and hepatopancreas 
(Immunoperoxidase stain ×200) [Colour 
figure can be viewed at wileyonlinelibrary.
com]

(a) (b)
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enzymes like SOD and CAT represent with glutathione the first line 
of antioxidant defence mechanism and protect the cells from oxida-
tive damage caused by ROS (Ahmed, Bashir, Abdel-moneam, Azouz, 
& Galal, 2019; Deyashi & Chakraborty, 2016). Reduction of antioxi-
dant enzyme activity may result from a direct effect on the enzyme 
by increased ROS generation, depletion of the enzyme substrates, 
and by down-regulation of transcription and translation processes 
(Yonar & Sakin, 2011). Thus, the reduced activities of SOD and CAT in 
Nile tilapia intoxicated with buprofezin indicate impaired antioxidant 
defence mechanism which may be attributed increased generation of 
free radicals and subsequent oxidative stress (Kavitha & Rao, 2008).

4.2 | Genotoxicity

In this study, an increase in the number of micronucleated erythro-
cytes was recorded. The same result was reported in common carp 
exposed to buprofezin (Qureshi et al., 2016). Micronuclei are intact 
or broken chromosomes that were not incorporated in daughter cells 
during mitosis. In fish species, micronucleus test is advantageous 
over other mutagenic tests as most of fish have small chromosomes 
(Hooftman & Vink, 1981). The increased frequency of micronuclei in 
erythrocytes of buprofezin-treated tilapia suggests that buprofezin 
has harmful effect on the DNA, and this effect may be mediated 
through free radical generation.

4.3 | Expression findings of IL-1β and COX-2 genes

In the present study, significant elevations in relative expression of in-
terleukin 1 beta (IL-1β) gene were recorded in liver, muscle and brain 
of treated group compared to control. Up-regulation of interleukin-1β 
was previously reported in Nile tilapia intoxicated with chlorpyrifos 
(El-Bouhy, El-Nobi, Reda, & Ibrahim, 2016) and in zebrafish by cis-
bifenthrin (Jin, Pan, Cao, Ma, & Fu, 2013). Cyclooxygenase 2 (COX-2), 
induced by proinflammatory stimuli, cytokines, hormones and growth 
factors, is an important source of prostaglandin formation in inflam-
mation (Cryer & Feldman, 1998). The mRNA of COX-2 gene has been 
identified in many fish species. However, not all fish species possess the 
same forms of COX-2. Both the rainbow trout (Oncorhynchus mykiss) 
and the zebrafish possess two COX-2 forms, which named COX-2a and 
COX-2b, whereas only one COX-2 form has been found in many fish 
including Nile tilapia (Wang, Mai, & Ai, 2016). COX-2 has been identi-
fied and characterized as an important moderator in a variety of physi-
ologic and pathologic settings of fish, such as immunity, ovulation and 
adipogenesis (Wang et al., 2016). In the present study, the expression 
of COX-2 gene, revealed significant elevations in liver and muscle of 
treated fish in comparison with the control group. Similarly, Gargouri, 
Yousif, Bouchard, Fetoui, and Fiebich (2018) showed that exposure of 
microglial cells to buprofezin, in vitro, resulted in significant induction 
of protein synthesis and mRNA expression of COX-2.

Our findings demonstrated that buprofezin upregulated the ex-
pression of the proinflammatory mediators IL-β and COX-2 in the liver, 

muscle and brain tissue of Nile tilapia treated group. Consequently, 
proinflammatory cytokines tend to make a disease worse by pro-
ducing fever, inflammation, tissue destruction or systemic inflamma-
tion (Park, Kwon, & Sung, 2009). The recorded up-regulation of both 
genes expression indicates involvement of inflammatory response as 
a primary mechanism of buprofezin induced toxicity in Tilapia fish.

4.4 | Histopathological findings

The histopathological effects of buprofezin have not previously 
been sufficiently studied, and only scanty data are available. In the 
current study, there were histopathological alterations recorded in 
gills such as cartilaginous degeneration and epithelial hyperplasia 
which were similar to the findings of Qureshi et al. (2016). However, 
telangiectasia was not recorded in the present study which could be 
due to the variation in the dose and/or exposure time of the current 
and previous study. Gill has respiratory and excretory functions in 
addition to its role in osmoregulation and acid–base balance. It is the 
first target for poisons because of its direct contact with water pol-
lutants, and thus, it is considered as an important biomarker for toxic 
insults on fish (Camargo & Martinez, 2007). Therefore, the changes 
in gills recorded in our study may be attributed to a direct toxic ef-
fect of buprofezin.

Our findings revealed severe hepatic damage in buprofez-
in-treated fish. These included hepatocellular hypertrophy, karyor-
rhexis and melanomacrophage infiltrates. Liver is the main organ 
for detoxification of xenobiotics which makes it particularly more 
vulnerable to the toxic effect of toxicants and their metabolites 
(Grant, 1991). The lesions observed in the kidneys were mainly vac-
uolar degeneration and necrosis of renal tubular epithelium. Fish 
kidney is primary organ vulnerable to pollutants because of its ex-
cretory function in addition to its roles in erythropoieses and ho-
meostasis (Neelima, Cyril, Kumar Arun, Rao, & Rao, 2015).

The activation of melanomacrophage centres was the main le-
sion observed in the spleen. These centres represent groupings of 
pigment-containing cells located in the spleen and the kidney of 
fish. They may develop during ovarian atresia and in haemolytic dis-
eases for iron capture and storage. Also, environmental stress due 
to deoxygenation or iatrogenic chemical pollution can result in the 
increase of size and frequency of melanomacrophage centres (Agius 
& Roberts, 2003). Therefore, buprofezin could have increased the 
size of melanomacrophage centres due to its direct effect as a water 
pollutant.

The toxic effects of buprofezin on the intestine, brain, muscles 
and reproductive organs were not previously documented. The main 
lesion noticed in the intestine was submucosal oedema which could 
result from endothelial dysfunction leading to increased vascular 
permeability (Mackow, Gorbunova, & Gavrilovskaya, 2015). This 
could be attributed to the lipid peroxidation and membrane dam-
age induced by buprofezin as indicated by elevated MDA level and 
reduced GSH level and SOD and CAT activities. The moderate vac-
uolation of nerve cells observed in our study could be attributed to 
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elevated lipid peroxidation and cell membrane damage. Regarding 
the ovaries, atresia of vitellogenic oocytes with irregular wall in addi-
tion to thickening of the interstitium with leucocytic infiltration was 
observed. This indicates that buprofezin is a reproductive toxicant 
to Nile tilapia.

4.5 | Immunohistochemistry

Caspase-3 is one of the executioner caspases which is incriminated 
in both extrinsic and intrinsic pathways of apoptosis (Mcllwain, 
Berger, & Mak, 2013). In the present study, caspase-3 was nega-
tively stained in all examined tissues which indicate that buprofezin 
induced its toxic effect through direct cell injury. In agreement with 
our results, buprofezin treatments caused only slight nonsignificant 
activation of cleaved caspase-3 in human hepatocellular carcinoma 
cell line (HepG2) (Ji et al., 2016). The absence of caspase-3 up-regu-
lation indicates that apoptosis was not involved in the tissue damage 
induced by buprofezin.

The expression of inducible nitric oxide synthase (iNOS) in fish 
tissue was previously documented on several occasions including in-
tra-peritoneal injection of lipopolysaccharides (endotoxin), infection 
and xenobiotic exposure (Xiang and Rice, 2000; Losada, Bermúdez, 
Faílde, & Quiroga, 2012; Choudhury & Saha, 2016). In the current 
study, the expression of iNOS was demonstrated in the hepatocytes 
and hepatopancreas in fish treated with buprofezin compared to con-
trol group, which indicates that cellular injury caused by buprofezin 
could have been mediated by generated NO. It was shown that proin-
flammatory cytokine IL-1β induces iNOS expression and NO pro-
duction in primary cultures of rat hepatocytes (Kaibori et al., 2015) 
which is consistent with our findings in which IL-1β was upregulated. 
Therefore, the expression of iNOS and NO production are consid-
ered indicators of liver cellular injury (Kaibori et al., 2015). Future 
experiments should be designed to explore the exact mechanisms of 
oxidative stress and to study further inflammatory biomarkers.

5  | CONCLUSION

Buprofezin at sublethal doses affected the liver and kidney func-
tions of Nile tilapia and produced oxidative stress in liver and kid-
ney. The immunohistochemical detection of caspase-3 revealed 
no differences between treated and control groups but the iNOS 
was expressed in hepatocytes and hepatopancreas of treated group 
compared to control. The toxic effects of buprofezin seem to be 
mediated by oxidative stress, inflammatory response but not by 
apoptosis.
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