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Abstract 
This study was designed to determine the effects of acute toxicity of NeemAzal T/S on Nile tilapia (Oreochromis niloticus) and to investigate 

the  antioxidant effect of Lupine seeds  on the  gills and erythrocytes(EC) oxidative stress induced by NeemAzal T/S in Nile tilapia .Two doses 

of NeemAzal; 1/10 LC50:16 PPM (NA1) and 1/5 LC50:32 PPM (NA2) and three periods of 10, 20 and 30 days were used. Oxidative stress 

parameter, total peroxide (TP) and antioxidant enzyme activities, catalase (CAT) and superoxide dismutase (SOD) as well as glycemia were 

measured. NA2 markedly decreased CAT and SOD activities in gills and erythrocytes at most periods, but NA1 had less effect. In turn, both 

doses significantly enhanced TP levels in gills and EC. Moreover, hyperglycemia was detected 30 days after control (NA) exposure. LS 

significantly curtailed or abolished the adverse effect of NA exposure on oxidative and antioxidant parameters in gills and EC. This may be 

attributed to the hypoglycemic effect of LS as well as its antioxidant efficiency. In conclusion, Lupine seed exerts a potent antioxidant activity 

against oxidative damages induced by NeemAzal T/S in Nil tilapia fish. 

Key Words: Fish, NeemAzal T/S, Lupine, oxidative stress, gills and erythrocytes.  

Introduction 

Fish is directly affected by different pesticides (Rao and 

Pillala, 2001). These effects have been observed in almost 

all parts of the fish body and systems (Sana and 

Mohammad, 2015). Pesticides induce different types of 

toxicity in fish, which these pesticides lead to, such as 

changes in haematological changes (Saeedi et al., 2012; 

Ullah et al., 2014), histopathological disturbances (Deka 

and Mahanta, 2012; David and Kartheek, 2014) and 

changes in antioxidant defence system (Nwani etal., 2010; 

Muthukumaravel et al., 2013). Worldwide, there are over 

100 commercial neem formulations such as Margosan-O, 

Bio-neem, Azatin, Neemies, Safer’s ENI, Wellgro, RD-

Repelin, Neemguard, Neemark and Neemazal. Neem 

derivatives have been applied against pests as leaves, oil, 

cake, extracts and as formulations in neem oil (Hanem, 

2012). 

Mondal et al., (2007) had reported that such pesticides may 

reach the water system causing harm to fish as well as 

aquatic fauna .So there is trend worldwide to use herbal 

pesticides (biopesticides) like Neem instead of the chemical 

ones. The application of neem extract (bio-pesticides) for 

the control of unwanted organisms in agricultural farms are 

much safer and more environmental friendly than synthetic 

pesticides (Reza and Gholamreza, 2012).  Neem-On extract 

is less toxic to Indian major carps Labeo rohit, than other 

synthetic insecticides  used in fish-farming (Bhat et al., 

2012). The acute toxicity values of several Neem 

preparations and some for pure azadirachtin for laboratory 

animals and some non-target species have been studied 

extensively (Patil et al., 2011; Saravanan et al., 2011; 

Salman   et al., 2013). 

Non-aqueous extracts appear to be the most toxic Neem-

based products and suggested that use of Neem derived 

pesticides as an insecticide should not be discouraged 

(Boeke et al., 2004).  NeemAzal T/S is approved as an 

insecticide in organic agriculture in the European Union. In 

the Czech Republic, a standardised variant of NeemAzal 

T/S with 1% of the active ingredient, azadirachtin, is 

authorised for use in pest control in potatoes (against 

Colorado potato beetle) and pear and apple trees (against 

aphids) ) (Chromcova et al., 2015). 

Also, Fish gills showed histological alterations including 

hyperplasia of the epithelial cells and epithelial lifting in 

response to toxic exposure (Elenka Georgieva et al., 2014). 

Gills therefore are potentially useful to monitor the health 

of fish (Palaniappan et al., 2010). 

The pollution of water with Neem may induce hypoxia 

resulting in decreased oxygen- uptake of the gills making 

the fish less able to get adequate oxygen for its metabolic 

activity (Winkaler et al., 2007). Long exposure of Tilapia 
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zillii to low concentrations of crude extract of A.indica 

(Neem) delayed the growth and caused respiratory 

problems (Omoregie and Okpanachi, 1992). Fish exposed 

to all neem extract concentrations exhibited damaged gill 

tissue, thereby reducing the oxygen consumption and 

disrupting the osmoregulatory function of aquatic 

organisms (Elissandra et al., 2007). 

It is possible that the leakage of ROS from RBC involves 

Hb binding to band 3 of the red cell membrane (Lushchak, 

2011; Stara et al., 2012). In hypoxia, red blood cells 

produces reactive oxygen species that diffuse to endothelial 

cells of blood vessels (Kiefmann et al., 2008). Additionally, 

in hypoxia, increased Hb autoxidation augments superoxide 

production in RBCs. Consequently, RBCs release H2O2 and 

may allow the erythrocytes vulnerable to oxidative damage 

(Jain et al., 1993). Most studies of Neem pesticide on fish 

were focused on fish mortality, determination of LC50 

estimation of number of RBCs, hematocrit and hemoglobin 

(Davoodi and Abdi, 2012; Kumar et al., 2013). Oxidative 

stress arises when there is an imbalance between radical-

generating and radical-scavenging activity; it may therefore 

cause an increase in the formation of oxidation products 

(Gutteridge, 1995). There is no literature concerning the 

effect of Neem oil on the oxidative stress on fish particularly 

on erythrocytes and gills in fresh water fish which usually 

found near the agriculture areas and polluted irrigated 

water. 

Lupine seeds may have higher antioxidant activity in lipid-

soluble substances (Boateng et al., 2008; Pastor et al., 

2010). The digestion of legume protein resulted in high 

amount of arginine, aspartate and glycine. The amino acid 

arginine could ameliorate the oxidative stress in alloxan-

treated rats (El-Missiry et al., 2004). Also, Alpha-, gamma- 

and delta-tocopherols were found in the lupine oil 

antioxidant activity was found both in the flours and in the 

hulls (Li et al., 2007). It was found that aqueous suspension 

of lupine seeds have a prophylactic effect against prolonged 

hyperglycemia and its damaging effect on the kidney of the 

fish Clarias gariepinus   (Al-Salahy and Mahmoud, 2004). 

This study aimed to determine the acute toxicity effects of 

NeemAzal – T/S on Nile tilapia Oreochromis niloticus and 

evaluate the ability of lupine seeds to counteracting NA-

inducing oxidative stress in gills and RBCs in Oreochromis 

niloticus by monitoring of total peroxide as destructive 

bioindicator and activities of catalase and superoxide 

dismutase as antioxidants. Also, to highlight some 

physiological mechanism of toxicity of NeemAzal and the 

probable recovery by lupine. 

Materials and Methods 

Determination of 96 hours half-lethal concentration dose 

(LC50) for NeemAzal – T/S: 

Preliminary screening was carried out to estimate the 

concentration of the used insecticide, which is most likely 

to cause 50% mortality (LC50) for 96 hours exposure to 

determine the appropriate testing range of concentration for 

NeemAzal– T/S. This task was done according to the 

procedure described by EPA (1985). One hundred and ten 

healthy fishes (weighing of 5.02±1.2 g and length of 

6.42±0.43 cm) were distributed in eleven aquaria with 100-

liter capacity (ten fish for each aquarium). The aquaria were 

supplied with dechlorinated tap water, kept at constant 

aeration, temperature and pH. The fish were not fed 24h 

before and during the experiment. Ten concentration of  

NeemAzal  was distributed in the aquaria (25, 50, 75, 

100,125, 150, 175, 200, 225 and 250 mg/l). The aquarium 

number 11 was kept as control. All fish were observed for 

96 hours to record the number of dead and active fish in 

each aquarium.  

The 96-hr LC50 was calculated according to the following 

equation: 

LC50 = highest dose - Σab/n, 

where: 

a: is a constant factor between two successive 

concentrations. 

b: is the mean of dead fish in two successive groups. 

n: is the number of fish in each group (10 fish). 

Fish and Materials 

Healthy sixty six fish Tilapia (O. niloticus) of both sexes 

weighing 32-38 g/fish (12 – 15 cm length) were collected 

from the nursery ponds of El-Jomoom Fish Farm, Jeddah, 

Kingdom of Saudi Arabia. On arrival at the laboratory, 

fishes were immediately released into special five glass 

tanks (Aquaria) (40 x 70 x 60) containing tap water and then 

maintained there for 10 days for acclimatization condition. 

The fish groups were three (Table 1). The first one was 

subdivided into three subgroups exposed to NeemAzal T/S 

(NA) for 10 days; control, low dose (NA1) and high dose 

(NA2). The second group was also subdivided into three 

subgroups exposed to NA for 20 days; control, NA1 and 

NA2. The third group was subdivided into five subgroups 

exposed to NA for 30 days: control, NA1, NA2, NA1+ 

lupine supplementation (LS) and NA2 + LS. The number of 

each fish subgroup was six. Air compressor was used for 

oxygenation of water. Dissolved oxygen concentrations 

ranged from 6.1 to 6.6 mg L−1. The ambient water 

temperature was ranged between 20–23 °C; pH was ranged 

between 7.1–7.4. All fish were fasted for the last 12 h of the 

experiment.  The water medium was changed at 24 hours 

interval to remove the metabolic-pollutants with the same 

treatments according to the experimental protocol. Portable 

oxygen meter (DO-980) and Hanna Instrument HI 2210 

Bench top PH meter W/Temperature Compensation meter 

were used. 

Fish were fed on artificial feed twice daily a total of 2% of 

mean body weight of dry pellets of 2.5 mm. Food ratio of 
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dry weight composed of 40 % fish meal, 18% fat, 10 % corn 

starch, 11% ashes. 

Lupine Seed Preparation 

Seeds of lupine (Lupinus termis) were washed, kept in the 

incubator at 37°C to dryness for 24 h and ground well, and 

then lupine powder was added by 5 % to the paste of normal 

ratio of fish diet before dryness. This food containing lupine 

was prepared to be tested as antioxidant effect as well as 

against oxidative stress in fish treated with bioinsecticide; 

Neemazal of different doses and durations. 

NeemAzal-T/S 

One of the most promising produced neem products. The 

active ingredient is Azadirachtin (1%), in addition to plant 

oil and emulsifier ( Troß etal., 1998 ). The recorded 96-h 

LC50 of NeemAzal-T/S for the freshwater fish was 160 

PPM (Stewart, 1998). Therefore, the used NeemAzal-T/S 

doses used in this experiment were 1/5 LC50 (32 PPM: high 

dose) and 1/10 LC50 (16 PPM: low dose). Before use, the 

NeemAzal-T/S was emulsified by using emulsifier agent 

(SiSi-6) and the emulsifiable concentrate was 50%.  

Design of the experiment  

At the end of the experiment, blood sample was taken from 

the caudal peduncle by suction, and then fish were 

sacrificed and were dissected. Sample of gills (at right side) 

were excised. Ten percentage homogenates (w/v) were 

made in phosphate buffer (pH 7.4) using homogenizer 

(model IKA- WERKE, D118 BASIC, Germany).  Then, 

homogenates were centrifuged at 5,000 rpm for 15 min to 

separate the homogenate. Preparation of erythrocyte 

hemolysate: immediately after collection, blood samples 

were centrifuged at 3,000 rpm for 15 min at 4°C. The 

plasma and buffy coats were removed by aspiration. The 

sediment containing blood cells was washed three times by 

resuspending in isotonic phosphate-buffered saline, 

followed by re-centrifugation and removal of the 

supernatant fluid and the buffy coats. The crude red cells 

were lysed in nine volumes of ice-cold distilled water to 

prepare a 10% erythrocyte hemolysate. All samples were 

250 L-aliquotted into Eppindorff’s tubes and stored at-

40°C till used to avoid repeated freeze-thaw cycles in 

different assays, except aliquots of total peroxide were 

assayed quickly after homogenization of tissues for more 

accurate estimation. 

Chemicals  

Absolute ethanol, Ferrous sulphate, Butylated 

hydroxytoluene, NADPH, EDTA, catalase, hydrogen 

peroxide, HCL, H2SO4,  xylenol orange, epinephrine  folin-

ciocateau phenol, and hydrogen peroxide (Fluka, Merk and 

Sigma-Aldrich Companies). All other chemicals were of the 

highest quality available. 

Biochemical assays  

Superoxide dismutase (SOD) activity was determined based 

on its ability to inhibit the autoxidation of epinephrine in 

alkaline conditions as described by Misra and Fridovich 

(1972). Sigma SOD enzyme was used as standard. SOD was 

measured at 480 nm. Total peroxides (TP) was assayed 

based on the method of Harma et al., (2005).  Catalase 

activity was assayed by the method of Aebi (1974). The 

reaction mixture contained 50 Mm phosphate buffer (Ph 

7.0) and 50 Mm H2O2. The reaction rate was measured at 

240 nm. Sigma catalase enzyme was used as standard. The 

reagent was prepared as follows: 9.8 mg Ammonium 

Ferrous sulphate was added to 10 ml of 250 Mm H2SO4. 

This solution was added to 90 ml absolute methanol 

containing 79.2 mg butylated hydroxytoluene and then 7.6 

mg xylenol orange was dissolved. The absorbance was 

measured after incubation of homogenate sample with the 

reagent for 30 min at 560 nm. H2O2 was used as standard 

Haemoglobin (Hb) content was also, assayed by 

cyanomethaemoglobin method (Jain, 1986). Blood glucose 

was determined by the method of Barham and Trinder 

(1972). Total protein in the tissue homogenates was 

measured using the folin reagent according the method of 

Lowry et al.(1951). All assays were performed in triplicate. 

Spectrophotometer, UNICAM, Helios Gamma, No. UVG 

060609, England was used for all biochemical assays. 

Table 1: Design of fish groups with different treatments. 

 After 10 days After 20 days After 30 days 

 Group1 Group2 Group3 

Each SG was 8 fish SG1 SG2 SG3 SG1 SG2 SG3 SG1 SG2 SG3 SG4 SG5 

Cont +   +   +     

NO1  +   +   +    

NO2   +   +   +   

NO1+LS          +  

NO1+LS           + 
   NA1: NeemAzal of 16 PPM, NA2: NeemAzal of 32 PPM, SG: subgroup, Healthy six fish were chosen from each SG.  n = 6. 

Statistical analysis 

The data were expressed as mean + SEM. The results were 

analyzed statistically using column statistics and one way 

ANOVA with Newman-Keuls Multiple comparison test as 

a post-test. These analyses were carried out using computer 

statistics prism 3.0 packages (Graph pad software, Inc, San 

Diego. (A. USA). The minimum level of statistical 

significance was set at P < 0.05. 
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Result  

LC50 of NeemAzal -T/S at 96hrs exposure in tilapia fish 

Toxicity test showed that 96-hr LC50 values of 

Oreochromis niloticus  was 160 mg/l for  NeemAzal -T/S. 

Clinical signs were manifested in the form of nervous 

manifestations, abnormal swimming behavior in the form of 

erratic swimming prior to mortality, abnormal skin 

discoloration. The fish exhibited respiratory distress (such 

as gasping air). The postmortem findings revealed 

congestion and haemorrhages in all internal organs in 

addition to pale anemic gills.   

Gills 

It was noticeable that Catalase (CAT) activity in fish 

erythrocytes is five to seven-folds higher than in gills in 

control groups (Table 2). Data obtained here in (Table 2) 

show that the NA1 (low NeemAzal dose) and NA2 (high 

dose) significantly diminished CAT activity in gill after 30 

days vs control. At the 10 and 20 days, CAT activity showed 

significant rise in NA2 fish group, and marked drop in NA1 

group. 

Table 2 shows that the activity of erythrocytic SOD was 1.5 

to 1.7-fold higher than in gills in control fish group. Data 

shows fluctuations in the levels of SOD activities at the 10 

and 20 days after exposure of fish to both NA doses were 

recorded; this was followed by marked decreases at the 30 

days in response to NA1 and NA2. Regarding oxidative 

stress bioindicator, both NA1 and NA2 significantly 

enhanced total peroxide (TP) at all periods corresponding to 

control values. The destructive effect of NA on gills 

increased with increasing time and of exposure as well as 

the dose used (Table2). 

Lupine seed supplementation (LS) could curtail the 

perturbation of antioxidant enzyme activities as well as 

destructive biomarker, total peroxide (TP). LS improved 

CAT and SOD activities in fish exposed to NA1 and NA2. 

In addition, LS improved the TP levels in fish gills exposed 

to NA1 and NA2 (Table 2).  

Erythrocytes 

Table 3 shows that NA2 markedly decreased the activities 

of catalase (CAT) and SOD enzymes at all periods, while 

the NA1 significantly increased SOD activity at all periods. 

Concerning destructive bioindicator, TP was significantly 

increased at all periods of NA1 and NA2 (Table 3)  

The enhancing effect of NA on TP and its lowering effect 

on enzymatic antioxidants; CAT and SOD activity in 

erythrocytes were took place (Table 3). In the fish-exposed 

to NA1 or NA2 and supplemented with lupine, there were a 

significant recoveries in the levels of erythrocytic TP, 

activities of CAT  and SOD  compared with corresponding 

control values. 

Table 2. Effect  of lupine supplementation (LS) on catalase (CAT),  superoxide dismutase (SOD) activities and total peroxide in  

gills of  the Nile fish Oreochromis niloticus contaminated with NeemAzal (doses:NA1= 16 and NA2 =32 ppm ).  

 After 10 days After 20 days After 30 days 

Gills Cont NA1 NA2 Cont NA1 NA2 Cont. NA1 NA2 NA1+L NA2+L 

SOD 

activity 

U/min/mg 

protein  

3.88a 

±0.49 

4.75b 

±0.30 

 

 

3.51a 

±0.44 

 

4.31a 

±0.30 

3.80a 

±0.29 

 

6.43b 

±0.27 

 

4.03a 

±0.31 

3.47a 

±0.25 

 

2.23b 

±0.21 

 

3.96a 

±0.38 

 

3.69a 

±0.28 

 

total 

Peroxide 

nMol/mg 

protein 

17.61a 

±0.28 

 

40.88b 

±3.11 

 

33.26c 

±1.75 

 

22.79a 

±1.02 

61.88b 

±2.31 

 

51.28c 

±2.18 

 

19.31a 

±1.16 

 

30.36b 

±1.89 

 

42.16c 

±2.36 

 

21.9ad 

±1.58 

 

17.18ad 

±1.43 

 

CAT 

activity 

U/min/mg 

protein  

2.08a 

±0.14 

 

1.68a 

±1.00 

 

3.66b 

±0.25 

 

2.30a 

±0.04 

2.02a 

±0.19 

 

4.31b 

±0.29 

 

2.13a 

±0.16 

1.45b 

±0.17 

 

1.05c 

±0.06 

 

1.82ab  

±0.14 

 

1.77ab 

±0.19 

 

Data are presented as means  SEM. Columns in each period with different letters differ significantly (P < 0.05), while those with the same letters do not differ 

significantly. NA: NeemAzal, L: Lupine, n= 6. 
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Table 3: Effect  of lupine supplementation (LS) on catalase (CAT), superoxide dismutase (SOD) activities and total peroxide in  

blood erythrocytes of  the Nile fish Oreochromis niloticus contaminated with NeemAzal (doses:NA1= 16 and NA2 =32 

ppm ).  

 After 10 days After 20 days After 30 days 

Erythrocytes Cont NA1 NA2 Cont NA1 NA2 Cont. NA1 NA2 NA1+L NA2+L 

SOD activity 

U/min/mg Hb 

 

5.5a 

±0.70 

6.68a 

±0.22 

 

4.32b 

±0.38 

 

9.52a 

±0.41 

12.48b 

±0.72 

 

5.2c 

±0.19 

 

6.36a 

±0.51 

8.02b 

±0.27 

 

3.46cd 

±0.29 

 

4.92d 

±0.46 

 

4.64d 

±0.41 

 

total Peroxide nMol/mg 

Hb 

4.51a 

±0.44 

 

5.03a 

±0.51 

 

9.57b 

±0.52 

 

7.02a  

±0.52 

 

9.8b  

±0.57 

 

9.8c 

±0.41 

 

6.06a  

±0.45 

 

9.8b 

±0.22 

 

16.39c 

±0.43 

 

8.22d 

±0.72 

 

6.46a 

±0.49 

 

CAT activity 

U/min/mg Hb 

 

16.6ab  

±1.69 

 

21a  

±1.48 

 

14.12b  

±0.87 

 

13.23a  

±1.39 

15.56a 

±1.59 

 

6.44c  

±0.41 

 

12.36ab 

±1.00 

10.74a 

±0.89 

 

6.9d 

±0.57 

 

8.55cd 

±0.60 

 

10.23bc 

±0.72 

 
Data are presented as means  SEM. Columns in each period with different letters differ significantly (P < 0.05), while those with the same letters do not differ 
significantly. NA: NeemAzal, L: Lupine, n= 6. 

Table 4: Effect of lupine supplementation (LS) on blood sugar (glycemia) in the fish Oreochromis niloticus contaminated with 

neemazal (doses: NA1= 16 and NA2 =32 ppm). 

 Control NA1 NA2 NA1+ LS NA2+ LS 

Blood sugar mg/Dl 18.40 

 ±1.33 

40.40* 

± 2.49 

31.00* 

± 0.98 

25.40 

± 1.61 

23.00 

± 1.39 

 
Data are presented as means  SEM. *: Significant at P<0.5. 

Glycemia 

Table 4 shows that at the third week, low and high doses of 

NA markedly increased blood sugar levels in tilapia. LS in 

the fish exposed to NA, could dampens down the 

hyperglycemic levels showing hypoglycemic power. 

Discussion 

The intoxicated fish were aggregated at the corner of the 

aquarium resting at the bottom and frequently come to the 

surface followed by heavy breathing with stronger 

opercular movements and loss of equilibrium. Also the over 

secretion of mucus was observed on the fishes treated to 

pesticide. This has been observed in fishes treated with 

other pesticides (Reza and Gholamreza, 2012). 

Toxicity of neem-based products to different fish species is 

difficult to compare as they are influenced by various 

factors such as light and water. Moreover, the toxicity also 

depends upon solvents and the emulsifiers used for 

formulating the materials (Wan et al., 1996) as well as on 

the species differences. To assess the adverse effects of the 

NeemAzal - T/S insecticide on tilapia fish experimentally, 

LC50 was detected and recorded as 160 mg/l. This result is 

more or less similar to that of Stewart (1998). 

Gills, which are key organs for the direct action of 

pollutants in the aquatic environment (Sara et al., 2014). 

Gills are considered the most valuable organ to external 

pollutants owing to their direct contact with water, 

facilitating the lamellar epithelia penetration and ingress 

into blood circulation (Kellya and Janz, 2009). 

Inflammatory changes, such as swelling, lifting of lamellar 

epithelium and hyperplasia have also been noted in the gill 

lamellae of various fish species following exposure to 

insecticides (Neelima et al., 2015).  

Freshwater fish Oreochromis niloticus exposed to neem 

seed oil concentrations exhibited damaged gill, liver and 

kidney tissue (Ashraf et al., 2014). Exposure to low 

concentrations of the crude extract of A. indica delayed the 

growth of this cichlid fish Tilapia zillii (Omoregie and 

Okpanachi, 1992). The impact of Azadirachtin caused an 

initial increase of the hyperplasia, vacuolization of mucus 

cells, telengiectasia (clumping of blood vessels), opercula 

ventilation rates, and respiratory distress in the gills of the 

fish Glossogobius giuris (Mamatha and Mohan, 2014).  

The present study showed that the high dose NeemAzal 

(NA) (1/5 LC50: 32 PPM) markedly decreased the activity 

of catalase (CAT) enzyme in gills after NA for 20 and 30 

days. Low dose of NeemAzal (NA1: 1/10 LC50: 16 PPM) 

and (NA2: 1/5 LC50: 32 PPM) significantly diminished 

CAT activity in gill at the 30 days. At the 10 and 20 days, 

CAT activity showed significant rise in NA2 fish group, and 

marked drop in NA1 group.  

Also, Data shows fluctuations in the levels of SOD 

activities at the 10 and 20 days after exposure of fish to both 

NA doses were recorded; this was followed by marked 

decreases at the 30 days in response to NA1 and  NA2. In 

turn, both doses of NA significantly enhanced the 

destructive oxidative biomarker; total peroxide (TP) at all 

periods corresponding to control values. This result was 

accompanied with a severe hyperglycemia at the 30 days in 

response to high and low doses of NA in tilapia.  

Moreover, this hyperglycemic effect of NA contamination 

may be associated with low cellular uptake of glucose. The 
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lowering effect of  NA toxicity on CAT activity may be 

attributed to disturbances in glucose tissue uptake, low level 

of Glucose-6-phosphate dehydrogenase (G6PDH), low 

production of NADPH or/and over production of reactive 

oxygen species (ROS). This concept based on G6PDH 

enzyme of the pentose phosphate pathway, plays a crucial 

role in modulating antioxidant defenses where it participate 

in production of NADPH necessary for CAT activity 

(Leopold and Loscalzo, 2000). Deltamethrin significantly 

inhibited the trout erythrocyte G6PD enzyme activity 

(Murat et al., 2009). 

The accentuated generation of ROS due to the introduction 

of the pesticides (Ates et al., 2008 and Anilava and Abhik, 

2014). The rise in blood sugar for several hours for few days 

severely increased oxidative stress in body tissues due to 

overproduction of ROS (Be´meur et al., 2007). Also, neem 

oil was found to reduce the oxygen uptake of fish 

fingerlings and causes mortality at a faster rate (Mondal et 

al., 2007).  

Hypoxia induced oxidative stress in fish (Lushchak et al 

2005; Neelima et al., 2015) and in mice (El-Sokkary etal., 

2006). Based on these findings, inhibition of SOD activity 

showed in the fish-exposed to NA may resulted from: high 

utilization of enzyme due to marked flux of ROS, oxidative 

damage of gills probable facilitated Cu elimination or/ and 

anoxia as well as hyperglycemia- induced exceeded ROS. 

This concept is in harmony with the great rise in TP, which 

is mainly represented by H2O2 and its derivatives. This is in 

agreement with that reported by Bagnyukova etal.(2005) 

who reported that the tissues of xenobiotic detoxification 

are considered to be powerful ROS generators. In addition, 

fish gill is in close contact with environmental water 

contaminants, being the main absorption organ for those 

aquatic toxicants, facilitating their fast absorption and 

contact with phagocytes (Neelima et al., 2015). 

The current study showed that NA2 contamination (high 

dose) significantly diminished CAT activity in erythrocytes 

at all periods, while the lowering effect of the low dose 

(NA1) on this activity was appeared after 30 days. In 

addition, NA2 significantly decreased activity of 

superoxide dismutase (SOD) vs control at all periods, while 

the NA1 significantly increased SOD activity at all periods. 

Also, erythrocytic destructive biomarker; TP was 

significantly increased at all periods of NA1 and NA2 

exposure. RBCs are considered prime targets for oxidative 

injury, mainly because of their unique biological structure 

which contains high concentrations of membrane 

polyunsaturated fatty acids (PUFAs) (Arranz et al., 2013).  

The inhibiting effect of NA on antioxidant enzyme 

activities of CAT and SOD accompanied with its enhancing 

effect on TP levels may attributed to the overproduction of 

ROS, following by excessive production of H2O2 in 

erythrocytes of tilapia. Excessive production of ROS 

usually results from excitation of O2 to form singlet oxygen 

or from the transfer of one, two or three electrons to O2 to 

form a superoxide radical (O2 −), hydrogen peroxide 

(H2O2) or a hydroxyl radical (HO•), respectively (Al-

Salahy, 2011). The erythrocytic role as O2 and CO2 

transporter is under constant exposure of free radicals 

(Harvey, 1997). It has been found that decreased NADPH 

levels were correlated with a loss of catalase activity in 

human erythrocytes (Gaetani et al., 1989). It was concluded 

that in hypoxia, increased Hb autoxidation augments 

superoxide production in RBCs. Consequently, RBCs 

release H2O2 (Brill etal., 2012).  

The authors added that H2O2 escaped the RBC antioxidant 

system and diffused to the adjoining tissues.  Also, it was 

reported that in hypoxia, red blood cells (RBCs) produces 

ROS that diffuse to endothelial cells of adjoining blood 

vessels (Brill et al., 2012). In turn, pesticide including neem 

oil inducing hypoxia and tissue anoxia (Pimpão et al., 2007; 

Mondal et al., 2007). However, unlike the non-nucleated 

mammalian red blood cells, fish erythrocytes possess very 

large nuclei, which may occupy about 29% of the cell 

volume (Wilhelm-Filho et al., 1992). 

In addition, hyperglycemia generate ROS through diverse 

pathways, leading to oxidative stress in a variety of tissues 

(Brownlee, 2003). Supporting these finding, the current 

data showed that there are significant positive correlations 

between oxidative damage marker; TP and the rise in 

glycemic level induced by both NA1 and NA2 

contamination in erythrocytes and in gills. Hyperglycemia 

is one of the important factors to increase ROS, lipid 

peroxidation causing the depletion of the antioxidant 

defense status in various tissues of rats (Reddy et al., 2009). 

From these findings, it could suggests that NA toxicity 

increase H2O2 in erythrocytes and this was facilitated in fish 

where gills were in close contact with water the source of 

contamination particularly gills are rich in blood vessels. 

This suggests that RBCs filled with H2O2 in fish-exposed 

with NA may participate in distribution and spreading of 

free radicals counteracting the antioxidant defense system 

in all tissue organs of the fish, Oreochromis niloticus. 

Seeds of lupine (Lupinus termis) have a hypoglycemic 

action in diabetic animals (Marzouk et al., 2013). Also, 

hypoglycemic effect of lupine was recorded in fish either 

treated by alloxan or loaded glucose (Mahmoud and Al-

Salahy, 2005). In addition, lupine seeds have an 

ameliorating effect on glucose tolerance test in the fish 

Clarias gariepinus (Al-Salahy and Mahmoud, 2004).   It 

had been suggested that lupine seeds might have higher 

antioxidant activity and contains a high amount of arginine, 

aspartate and glycine (Oomah et al., 2006), tocopherols 

(Venskutonis and Kraujalis, 2013).  

Both arginine and tocopherol are considered as antioxidants 

(Gupta et al., 2005) and may enhance lupine seeds to be free 
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radical scavenger and more efficient as an antioxidant. The 

present study showed that lupine seed supplementation (LS) 

reversed the adverse effect or at least induced improvement 

effect in both gills and erythrocytes of NA on antioxidants; 

CAT and SOD as well as on oxidative stress parameter, TP.  

This result may be partly due to the hypoglycemic role of 

lupine which showed 30 days after NA exposure. This may 

stimulate cellular uptake of glucose and probably 

normalizing NADPH necessary for CAT activity. Also, 

some constituents of lupine are considered as antioxidants 

and acts as free radical scavenger improving the 

complications of hypoxia which perhaps resulted from 

oxidative damage on gills. Similarly, it was found that 

melatonin as antioxidant could improve the oxidative 

damage in mice-subjected to hypoxia (El-Sokkary et al., 

2006).LS able to improve the TP levels in gills and 

erythrocytes exposed to NA1 and NA2. This result suggests 

a lowering effect of LS on tissue containing excess of H2O2 

and its derivatives confirming its antioxidant role. 

In conclusion, NA is very harmful on non-target organism 

such as fresh water fish particularly these fish usually found 

near the agricultural areas. In turn, addition of lupine seeds 

in fish diet can protect against some pests-induced oxidative 

stress. 
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