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ABSTRACT 
 

120 Nile tilapia were divided into four groups, the first group (G1) was fed on a commercial diet 

(control group), the second group (G2) was fed on commercial diets supplemented with vitamin E 

(Vit E, 600 mg /kg diet), the third group (G3) was fed on commercial diet and exposed to Copper 

sulfate pentahydrate (CuSO4. 5 H2O) at a dose of 0.32 of mg/L. The fourth group (G4) was fed 

on a diet supplemented with Vit E (600 mg/ kg diet) and exposed to 0.32 of CuSO4 mg/L. At the 

end of the feeding trial, fish were challenged by intraperitoneal injection of 0.1 ml dose of virulent 

Aeromonas hydrophila (5 x 105 CFU/ fish). Blood samples and tissue samples were collected after 

(10, 20 and 30 days) of treatment and a week post-challenge. Fish exposed to CuSO4 exhibited a 

significant decrease in the weight gain, relative body weight gain and feed efficiency ratio, while 

significantly increased in fish exposed to CuSO4 and given Vit E. Furthermore, cumulative 

mortality was high in challenged fish exposed to CuSO4. Fish exposed to CuSO4 exhibited a 

significant decline in red blood cell count, hemoglobin concentration, packed cell volume and 

serum immunoglobulin M pre and post-challenge throughout the experiment. However, white 

blood corpuscles count, lymphocytes and neutrophils count increased in fish exposed to CuSO4 

pre and post-challenge. CuSO4 exposure induced a significant increase in serum alanine 

aminotransferase, aspartate aminotransferase, creatinine and hepatic antioxidants; superoxide 

dismutase and catalase levels pre and post- challenge of Nile tilapia throughout the experiment, 

while glutathione level was significantly decreased. CuSO4 exposure induced degenerative 

changes in the liver, while the kidneys revealed highly dilated capillaries and degenerated renal 

tubules and round cell aggregations in the gill arches beside marked mucinous degeneration in the 

gill filaments were seen. The obtained findings also revealed the protective effect of Vit. E against 

copper sulfate toxicity and fish susceptibility to Aeromonas hydrophila challenge through 

enhanced growth performance, immune response, hemato-biochemical parameters and increased 

antioxidants activities. The lowest mortality and pathological lesions were recorded in fish treated 

with Vit. E.  
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INTRODUCTION 
 

        Oreochromis niloticus commonly used as a 

biomonitor of water pollution due to its metal 

tolerance and availability in many polluted sites 

(Kwok et al., 2010). Environmental 

contamination of heavy metals in freshwater 

ecosystems is due to their bioaccumulation and 

potential toxicity (Wang et al., 2014). Copper 

sulfate is used worldwide as an algaecide and a 

fungicide in aquaculture and agriculture. 

Moreover, in the aquaculture industry, copper 

sulfate is used as a therapeutic chemical for 

various ectoparasitic and bacterial challenges 

(Lasiene et al., 2016). The recommended Cu 

concentrations for fish therapeutic and control of 

algae and vascular plants in aquaria and fish 

ponds purposes usually range from 0.05 to 1.0 

mg/ L (Mal et al., 2002). The analysis of 

hematological and biochemical parameters in 

fish can contribute to the assessment of the 

animal’s health and also the habitat conditions 

(Thrall, 2004). Elevated aquatic copper levels 

cause a range of negative effects on fish such as 

reduced growth, interference with whole-body 

ion-regulation (Schjolden et al., 2007). Elevated 

aquatic copper concentrations induced the 

overproduction of reactive oxygen species 

(ROS), which cause oxidative damage to several 

fish species (Lushchak, 2011). The gill is the 

main place for copper uptake, and because it has 

constant and direct contact with the external 

environment (Atabati et al., 2015). When present 

at high concentrations, copper may cause severe 

histopathological changes in the gills of teleost 

fish (Jooyandeh et al., 2016). Copper poisoning 

can cause pathological changes in various tissues 

such as the liver (Nawaz et al., 2005) and 

kidneys (Jiraungkoorskul et al., 2007). The lack 

of disease control has the potential of being the 

limiting factor of fish production. Improving 

disease resistance of cultured fish are major 

challenges facing fish culturists, especially A. 

hydrophila bacterial challenge that causes mass 

mortalities (Rakus et al., 2008).  

 

Dietary supplementation of Vitamin E is safe for 

the general population because these nutrients 

supply antioxidants, support functions for  

homeostasis, and protection against free radical 

damage (Hathcock et al., 2005). Vitamin E is 

among the most important a nutrient influencing 

the fish immune system, and the supply of 

vitamin E can reduce mortality and improve fish 

performance while increasing specific and 

nonspecific immune responses (Puangkaew et 

al., 2004).   

 

The objective of this study was to evaluate the 

effect of vitamin E on growth performance, 

oxidative stress, hemato-biochemical and 

pathological alterations in Nile tilapia 

(Oreochromis niloticus) exposed to copper 

sulfate toxicity pre and post-challenge with 

Aeromonas hydrophila. 

 

MATERIALS AND METHODS 
 

1. Chemicals 

Penta-hydrated copper sulfate (CuSO4.5H2O, 

SYNTH, 99.9% purity) (Sigma-Aldrich Co., 

Germany). CAS Number 7758-99-8; EC 

Number: 231-847-6. Formula Weight: 294.69 

g/mol. The amount of copper sulfate to be added 

to each aquarium was calculated after the 

volume of each aquarium. Fish were exposed to 

0.32 mg/L CuSO4.5H2O for 96 hours.  

 

Vitamine E 1000 mg soft gell capsules 

purchased from PHARCO Pharmaceutical, 

Alexandria Vit E capsules were used and 

dissolved in sunflower oil and mixed thoroughly 

with fish feed to obtain a dose of 600 mg/kg diet. 

 

2. Experimental design 

One hundred and Twenty Nile tilapia, 180 ± 5 g 

mean body weight were randomly collected from 

earth ponds of Abbassa Fish Farm. After 

acclimatization for two weeks, fish were divided 

into four equal groups in three replicates (30 

fish/ group, 10 fish/ replicate) in twelve glasses 

aquaria (60 x 50 x 70 cm). The aquaria were 

supplied with chlorine-free water and continuous 

aeration using air pumping compressors. Water 

temperature was adjusted to 26 ºC. The water of 

the aquaria was changed daily. The presented 

work was carried out in the Central Laboratory 

for Aquaculture Research (CLAR), Alabbassa, 

Abo-Hamad, Sharkia, Egypt, Agriculture 

Research Center, Ministry of Agriculture.  

 

The experimental design consisted of four 

treatments: control, a control diet containing 

30% crude protein was prepared (Table 1) and 

three experimental groups. The first group (G1) 

supplemented with a commercial diet (control 

group), the second group (G2) fed on a diet 

supplemented with 600 mg of Vit E /kg 

commercial diet according to Gammanpila et al. 

(2007), the third group (G3) exposed to of 



 

Assiut Veterinary Medical Journal                                           Assiut Vet. Med. J. Vol. 66 No. 167 October 2020, 109-132 

 

111 

Copper sulfate pentahydrate (CuSO4. 5 H2O) at 

a dose of 0.32 mg/L and supplemented with 

commercial diet. This dose was chosen 

according to Sharaf-Eldeen and Abdel-Hamid 

(2002). The fourth group (G4) diet supplemented 

with Vit E (600 mg/kg diet) and exposed to 

Copper sulfate at a dose of 0.32 mg/L. Tilapia 

were fed with 3% of their total weight daily, 

three times a day for 40 days. 

 

3. Bacterial challenge 

After 30 days of the feeding trial, fish of each 

treatment were collected, pooled and randomly 

stocked at a density level of 10 fish per 100 L 

tanks. The challenge test was carried out using 

Aeromonas hydrophila isolated previously in the 

Department of Fish Health and Management, 

CLAR, Abbassa, Abo-Hammad, Sharqia, Egypt. 

For the challenge test, fish were challenged with 

pathogenic A. hydrophila, which was grown on 

nutrient broth for 24 hr at 30°C in an incubator. 

Bacterial cells were then centrifuged at 3,000 g 

for 30 min to form pellets. The pellets were 

resuspended in 1.0 ml of 0.1% peptone water 

and using a sublethal dose as described by 

Schäperclaus (1992) where a 0.1 ml dose of 24 

hr broth from virulent A. hydrophila (5 × 105 

CFU/ml) was intraperitoneally (IP) injected. All 

fish groups were kept under observation for 10 

days to record any abnormal clinical signs and 

daily fish mortality. A. hydrophila was reisolated 

from the liver, kidneys and spleen of the 

moribund and recently dead fish. The relative 

percent of fish survival (RPFS) was calculated at 

10 days post-challenge according to Amend 

(1981) as follows: 

 

RPFS=100 [1- (% mortality in treated fish/ % 

mortality in control fish)] 

 

Table 1: Diet Composition: 

   

Control Ingredients 

0.0  

6 Fish meal (HFM) 

43.8 Soybean meal (SBM) 

21.3 Ground corn (CNM) 

19.4 Wheat bran (WB) 

2.65 Codfish oil 

1.35 Corn oil 

1.5 Vitamins premix 

1.5 Minerals Premix 

2.5 Starch 

Chemical analysis 

91.01 Dry matter 

30.21 Crude protein 

3.48 Crude fat 

8.65 Ash 

5.10 Fiber 

52.56 NFE 

419.06 GE (Kcal/100g) 

72.08 P/E ratio 

 

4. Clinical symptoms and postmortem 

examination of fish  

Through all the experimental period clinical 

signs and post mortem examination of 

monosex Oreochromis niloticus was 

performed according to (Austin and Austin, 

1987). 

5. Growth performance  

At the end of the feeding trial and before the 

bacterial challenge, fish from each aquarium 

were harvested and weighed. Fish growth 

parameters and feed utilization were calculated 

as follows: where W1 and W2 are the initial 

and final weights, respectively. Weight gain 
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(g)=W2 −W1; Relative growth rate = 100 

(W2-W1/W1(; Feed intake (g  ( feed∕fish  = the 

summation of feed consumed by fish 

throughout the experiment. Feed conversion 

ratio (FCR)= Feed intake/  Fish weight gain; 

Feed Conversion Ratio (FCR) was 

calculated by dividing total feed intake per 

aquarium by the total body weight gain per 

the same aquarium, Feed Efficiency Ratio 

(FER) was calculated by dividing weight 

gain by feed intake (AOAC, 1990 and NRC, 

1993). 

 

6. Sampling  

Blood and tissue samples were collected 

after (10, 20 and 30 days) of CuSO4 

exposure and /or dietary Vit E treatments 

and a week post-challenge with A. 

hydrophila. Blood samples were collected 

from 24 fish of each group. At each time 

interval, 6 blood samples were collected 

from the caudal vessels using disposable 3-

cc syringes and 21-gauge needles, (2 

ml/fish). The first portion was collected with 

an anticoagulant 10 % EDTA 

(ethylenediaminetetraacetate) for 

hematological studies, and the second 

portion of the blood sample was centrifuged 

at 3,000 rpm for 10 min for serum separation 

for biochemical analysis. Following the 

collection of blood samples, the fish were 

anesthetized by being immersed in ice water 

and in a saturated benzocaine solution and 

sacrificed by spinal cord transaction (Abo-

Al-Ela et al., 2017).  

 

7. Hematological parameters 

The first portion of blood was used to 

determine hemoglobin (Hb) concentration as 

described by Blaxhall and Daisley (1973). 

Packed cell volume (PCV), red blood cell 

(RBC) count, white blood corpuscles (WBC) 

count, differential count of leukocytes such 

as lymphocyte, neutrophil, monocyte, 

basophil and eosinophil according to Hrubec 

and Smith (2010). 

 
8. Biochemical parameters 

The non-hemolysed serum was collected and 

stored at -20 ºC until use. Levels of serum 

aspartate aminotransferase (AST), alanine 

aminotransferase (ALT) were estimated 

colorimetrically according to the method 

described by Sahoo et al. (2014), and serum 

creatinine was measured by the colorimetric 

method as described by Henry (1974) by 

Biodignostic Kits, Cairo, Egypt. Serum 

immunoglobulin M (IgM) levels measured 

using an Enzyme-Linked Immunosorbent 

Assay (ELISA) kit according to the method 

described by (Siwicki et al., 1993) by rayto 

ELIZA reader rt-2100c, MyBioSource.Com.  

 

9. Hepatic antioxidant assay 
Fish were anesthetized in anesthetic matter (75 

ppm, benzocaine) and tissues were removed 

rapidly. Each fish was then dissected and the 

liver was extracted, cleaned by 0.9% NaCl 

solution and kept at - 4°C until assayed. After 

that, each liver was homogenized in a cooled 

phosphate buffer saline (pH 7.0 at a ratio 1: 

10). The homogenate was then centrifuged 

(13,000 ×g at 4°C for 10 min) and the 

supernatant was pipetted and stored at - 4°C 

until analysis. Superoxide dismutase (SOD), 

catalase (CAT), and reduced glutathione 

(GSH) were determined colorimetrically in 

liver homogenates using the methods 

described by Gao et al. (1998), Aebi (1984), 

and Beutler et al. (1963) respectively by 

Biodignostic Kits, Cairo, Egypt. 

  

10. Histopathological examination:  

Specimens from different parts of livers, 

kidneys, and gills were collected after 10, 20, 

30   of CuSO4 exposure and /or dietary Vit E 

treatments and 7 days post-challenge, then 

immediately fixed in 10% neutral buffered 

formalin, processed to obtain 4μ paraffin 

section. Sections were stained with 

Hematoxylin and Eosin stain for microscopic 

examination according to (Bancroft et al., 

2013). 

  
11. Statistical analysis:                                                     

Results were statistically analyzed using 

analyses of variance (F-test) followed by 

Duncan’s multiple range test. A probability at 

a level of 0.05 or less was considered 

significant. Standard errors were also 

estimated using IBM SPSS statistics program 

version 20 (SPSS, 2006). 
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RESULTS 
 

1.  Growth performance and feed efficiency: 

Fish exposed to copper sulfate (G3) exhibited 

a significant decrease in the means of weight 

gain (WG) and relative body weight gain 

(RBWG) and a slight decrease in feed 
efficiency ratio (FER) while induced a 

significant increase in feed conversion ratio 

(FCR) compared to control group (G1) and 

were, while significantly increased in G4. In 

addition, fish fed on commercial diets 

supplemented with (600 mg of Vit E) /kg 

significantly enhanced the feed conversion 

ratio and had the highest WG, RBWG and 

FER (Table 2). 

 

Table 2: Effect of CuSO4 exposure and /or dietary Vit E on weight gain, feed intake, feed 

conversion ratio and feed efficiency ratio of Nile tilapia. 

 

                  Groups 

Parameters 

G1 

Control 

G2 

Vit E 

G3 

CuSO4 

G4 

CuSO4+ Vit E 

Intial wt (g/fish) 185.00±1.5 a 182±1.53 ac 183.17±0.84 ac 187.17±0.44 ab 

Final  live body weight 

(g/fish) 
223.13±2.37 b 234.93 ±2.31 a 212.33±1.79 c 234.00±2.31 a 

Daily live body weight 

gain (g/fish) 
38.17±1.24 c 63.07±1.79 a 29.17±1.19 d 46.83±2.74 b 

Relative body weight gain 

(RBWG) 
20.62±0.54 c 34.64±1.28 a 15.91±0.62 d 25.03±1.52 b 

Daily feed  intake (g/fish) 48.93±0.96 b 57.94±1.27 a 38.27±1.09 c 52.71±0.76 b 

Feed conversion ratio 

(FCR) 
1.28±0.02 a 0.93 ±0.02 c 1.31±0.02 a 1.11±0.05 b 

Feed efficiency ratio 

(FER) 
77.95±1.11 c 107.19±2.06 a 76.16±1.07 c 90.44±3.98 b 

Each value represents means±S.E.; n= 30              Values with different letters in the same 

row represent significant difference at P ≤ 0.05 by Duncan multiple range test. 
 

2. Challenge test with Aeromonas 

hydrophila 

As shown in (Fig 1), the mortality % was high 

in challenged fish treated with copper sulfate 

(G3) of  50%, then, in (control) (challenged 

and not treated)  (G1) and in challenged fish 

received (Vit.E+ copper sulfate) (G4) of 

33.33% and 33.33% respectively after 10 days 

of challenge experiment. However, the lowest 

mortality % of 6.66% was recorded in 

challenged fish treated with Vit. E 

supplementation diets to provide maximum 

protection. The relative percent of fish survival 

(RPFS) equals 0, 80 and 50 and 0 for control 

G1, G2, G3 and G4 respectively. 
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Fig. (1): Mortality %, survival % and relative percent of fish survival of O. niloticus due to IP 

challenge with Aeromonas hydrophila 5×105 CFU/ ml saline for 10 days after feeding experiment 

with diets containing Vit E(600 mg /kg diet and /or Copper sulfate (0.32 mg/L) exposure. 
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3. Hematological results      

Fish submitted to copper sulfate exhibited a 

significant decline in Hb, PCV and RBCs in G3 

in comparison to other tested groups pre and 

post-challenge throughout the experiment (Table, 

3). In addition, WBCs, Neutrophil and 

lymphocytes count significantly increased in G3 

pre and post-challenge. On the other hand, 

vitamin E supplementation significantly 

enhanced hematological parameters in G4 pre 

and post-challenge (Table, 3- 4). 

 
Table 3: Effect of CuSO4 and /or dietary Vit E erythrocytic indices. of Nile tilapia pre and post-

challenge. 
  Parameters          Groups  

 Time 

G1 

Control 

G2 

Vit E 

G3 

CuSO4 

G4 

CuSO4+ Vit E 

Hb (g/dL) 

 

days of treat  th10 10.59±0.32 a 11.60±0.55 a 6.5±0.32 c 8.60±0.33 b 

days of treat  th20 10.48±0.32 a 11.03±0.65 ab 6.77±0.93 c 8.70±0.42 ac 

days of treat  th30 10.41±0.27 a 10.74±0.50 a 8.33±0.38 b 9.07±0.09 b 

7 days post-infect  10.66±0.36 a 8.57±0.35 b 3.30±0.67 d 6.33±0.43 c 

PCV (%) 

 

days of treat  th10 38.00±2.65 a 39.33±0.88 ab 30.00±1.15 c 34.00±0.58 ac 

days of treat  th20 37.67±1.45 a 39.67±1.45 a 27.00±1.15 c 32.33±1.45 b 

days of treat  th30 39.67±1.20 a 41.00±1.15 a 32.67±1.45 c 37.33±1.20 b 

7 days post-infect 40.00±1.15 a 35.33±0.88 b 24.67±1.45 d 30.33±0.88 c 

RBC (106/µL)  

 

days of treat  th10 1.86±0.09 a 1.93±0.10 a 1.19±0.07 b 1.66±0.12 a 

days of treat  th20 1.68±0.11 a 1.92±0.20 ab 1.00±0.01d 1.50±0.02 ac 

days of treat  th30 1.96±0.08 a 2.06±0.06 a 1.01±0.03 b 1.53±0.13 c 

7 days post-infect 2.01±0.09 a 1.65±0.12 b 1.00 ±0.01 d 1.35±0.03 c 

Each value represents means±S.E.; n= 6.                  Values with different letters in the same row 

represent significant difference at P ≤ 0.05 by Duncan multiple range test. 

 
Table 4: Effect of CuSO4 and /or dietary Vit E on some leucocytic indices of Nile tilapia pre and 

post-challenge. 

  Parameters         Groups  

Time 

G1 

Control 

G2 

Vit E 

G3 

CuSO4. 

G4 

CuSO4+ Vit E 

WBC             

103 /µL 

 

days of treat  th10 21.67±0.45 b  21.33±0.88 b 25.33±0.16 a 22.33±0.88 b 

days of treat  th20 22.67±0.45 c 21.67±0.88 c 34.33±1.33 a 26.33±0.33 b 

days of treat  th30 22..33±0.23 c 21.33±0.73 c 40.33±0.68 a 34.00±0.18 b 

7 days post-infect 35.00±1.73 b 23.00±0.58 c 44.33±1.33 a 36.00±1.06 b 

Neutrophils 

103 /µL 

days of treat  th10 6.67±1.86 b 6.00±0.58 b 9.00±0.15 a 6.80±0.15 b 

days of treat  th20 6.67±0.67 b 6.50±0.15 b  10.33±0.88 a 6.33±0.88 b 

days of treat  th30 7.00±0.30 c 7.67±0.76 c 16.67±0.88 a 11.33±0.45 b 

7 days post-infect 14.33±0.33 b 6.00±0.15 c 19..33±0.33 a 15.33±0.45 b 

Lymphocyte 

103 /µL 

days of treat  th10 15.00±0.08 b 14.66±0.10 b 17.00±0.53 a 15.00±0.30 b 

days of treat  th20 15.67±0.33 b 14.00±0.58 b 22.33±0.86 a 21.33±0.88 a 

days of treat  th30 13.67±0.33 c 13.00±0.58 c 23.33±0.40 a 18.67±0.33 b 

7 days post-infect 19.67±0.45 c 12.33±0.10 d 24.00±0.46 a 20.33±0.20 b 

Monocyte 103 

/µL 

days of treat  th10 0.33±0.33 a 0±0 a 1.00±0.58 a 0.33 a±0.67 

days of treat  th20 0.67±0.33 a 0.33±0.67 a 1.33±0.33 a 1.33±0.33 a 

days of treat  th30 1.00±0.58 a 0±0 a 0.67±0.33 a 0.67±0.88 a 

7 days post-infect 1.67±0.18 a 1.00±0.58 a 1.67±0.33a 1.00±0.76 a 

Eosinophil 

103 /µL 

days of treat  th10 0±0 0±0 0±0 0±0 

tdays of trea  th20 0±0 0±0 0±0 0±0 

days of treat  th30 0±0 0±0 0±0 0±0 

7 days post-infect 0±0 0±0 0±0 0±0 

Basophil 

103 /µL 

days of treat  th10 0±0 0±0 0±0 0±0 

days of treat  th20 0±0 0±0 0±0 0±0 

days of treat  th30 0±0 0±0 0±0 0±0 

7 days post-infect 0±0 0±0 0±0 0±0 

Each value represents means±S.E.; n= 6              Values with different letters in the same row 

represent significant difference at P ≤ 0.05 by Duncan multiple range test. 
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4. Biochemical results 

A significant elevation in serum ALT, AST 

and creatinine were observed in CuSO4- 

exposed fish G3 as compared to other tested 

groups pre and post-challenge throughout 

the experiment. These effects were 

significantly attenuated in fish fed on dietary 

vitamin E. On the other hand, 

immunoglobulin M significantly decreased 

in CuSO4 exposed fish G3 in comparison to 

other tested groups pre and post-challenge. 

Nevertheless, vitamin E improved hepato-

renal functions and immune response in G2 

and G4 pre and post-challenge (Table, 4).            

                   

Table 5: Effect of CuSO4 exposure and /or dietary Vit E on some serum biochemical 

parameters in Nile tilapia pre and post- challenge. 

 

  

Parameters 

            Groups                 

Time 

G1 

Control 

G2 

Vit E 

G3 

CuSO4 

G4 

CuSO4+ Vit E 

ALT 

(U/L) 

eatdays of tr  th10 9.94±0.11 c 8.91±0.58 c 27.98±0.95 a  14.11±0.75 b 

days of treat  th20 7.47±0.53 c 6.68±0.45 c 15.36±0.70 a 11.13±0.62 b 

days of treat  th30 10.40±0.57 b 6.93±0.72 c 14.97±0.65 a 12.64±0.90 ab 

7 days post-infect 20.84±1.07 b 15.13±0.66 c 28.20±1.65 a 30..29±1.03 a 

AST  

(U/L) 

days of treat  th10 24.80±0.69 c 23.01±0.53 c 64.25±6.35 a 47.94±2.00 b 

days of treat  th20 1.68 c±22.06 19.07±0.69 c 46.26±1.17 a 36.65±1.58 b 

days of treat  th30 21.30±3.35 c 20.01±1.05 c 42.76±2.29 a 31.84±1.71 b 

7 days post-infect 21.51±1.23 d 40.15±1.46 c 83.56±1.31 a 54.23±1.07 b 

Creatinine 

(mg/dL) 

days of treat  th10 0.22±0.01 c 0.21±0.01 c 0.30±0.01 a    0.25±0.01 b 

days of treat  th20 0.20±0.01 c 0.21±0.01 c 0.35±0.01 a 0.26±0.01 b 

days of treat  th30 0.22±0.01 c 0.21±0.01 c 0.29±0.01 a 0.24±0.01 b 

7 days post-infect 0.37±0.01 c 0.20±0.01 d 0.53±0.02 a 0.44±0.01 b 

IgM  

(mg/dL) 

days of treat  th10 4.17a ±381.33 383.33±3.58 a 1.89 c±140.00  203.67± 4.18 b 

days of treat  th20 378.33±4.81 b 434.23±9.17 a 238.00±1.11 d 3..50 c±287.00 

days of treat  th30 363.00±1.37 a 401.31±6.96 a 272.00±1.87 b 353.33±4.53 a 

7 days post-infect 8.28 b±383.33 428.35±3.02 a 243.67±4.48 d 327.33±9.57c 

Each value represents means±S.E.;    n= 6              Values with different letters in the same 

row represent significant difference  at P ≤ 0.05 by Duncan multiple range test. 

 

The enzymatic antioxidants, SOD and CAT 

levels were significantly increased in the 

liver of Nile tilia fish (G3) exposed to 

CuSO4 as compared to other tested groups 

pre and post-challenge throughout the 

experiment in a mechanism to cope with 

oxidative stress. However, the non-

enzymatic antioxidant GSH level was 

significantly decreased in fish exposed to 

CuSO4 in comparison to all tested groups. 

On the other hand, vitamin E increased 

hepatic SOD, CAT and GSH concentration 

in fish challenged with  Aeromonas 

hydrophila and exposed to CuSO4 in  G4 in 

comparison to (G1) challenged and not 

treated (Table, 6).  

 



 

Assiut Veterinary Medical Journal                                           Assiut Vet. Med. J. Vol. 66 No. 167 October 2020, 109-132 

 

116 

Table 6: Effect of CuSO4 exposure and /or dietary Vit E on hepatic antioxidants activities in 

Nile tilapia pre and post-challenge 

 

Parameters               Groups                    

Time      

G1 

Control 

G2 

Vit E 

G3 

CuSO4 

G4 

CuSO4+ Vit E 

SOD 

(μmol /g) 

days of treat  th10 13.83±1.01 d 31.33±1.20 c 42.33±1.45 a 37.67±1.45 b 

days of treat  th20 18.33±0.88 d 19.67±0.88 c 27.33±1.45 a 25.67±1.20 b 

days of treat   th30 15.33±1.45 b 17.67±1.45 b 23.00±2.08 ab 27.57±1.55 a 

7 days post-infect 14.33±1.45 c 14.47±0.48 c 41.33±0.88 a 34.33±2.33 b 

CAT 

(mmol/g) 

days of treat  th10 28.33±2.40 d 55.67±1.20 c 73.33±2.40 a 64.67±2.03 b 

days of treat  th20 27.33±5.04 b 28.00±1.53 b 54.67±2.60 a 47.00±2.08 a 

days of treat   th30 22.33±1.45 c 31.67±2.19b  42.67±1.45 a 24.67±2.40 c 

7 days post-infect 31.33±1.45 c 39.33±2.60 b 73.67±2.40 a 39.00±0.58 b 

GSH 

(µmol/g) 

days of treat  th10 3.13±0.50 b 11.17±0.31 a  3.23±0.22 b 11.03±0.17 a 

days of treat  th20 4.42±0.22 b 4.97±0.12 b 2.38±0.14 c 6.46±0.33 a 

days of treat   th30 4.62±0.45 ab 4.77±0.22 a 3.50±0.17 b 4.22±0.39 ab 

7 days post-infect 3.72±0.12 d 9.72±0.51 a 5.13±0.12 c 6.90±0.21 b 

Each value represents means±S.E.; n= 6               Values with different letters in the same row 

represent significant difference at P ≤ 0.05 by Duncan multiple range test. 

 

5. Clinical signs 

Infected fish in G3 exposed to CuSO4 showed 

typical A. hydrophila clinical signs and post 

mortem lesions (exophthalmia, hemorrhages 

and erosion in fins, scales desquamation, 

severe enteritis with yellow mucous in the 

intestinal lumen, congested liver with an 

enlarged gall bladder). However, Infected fish 

in G2 indicated a characteristic gross 

morphological change with extremely 

enlarged liver with a pale yellowish color tint 

and inflamed other internal structures, with 

mucoid materials on the congested gills and 

Infected fish in G4 revealed morphological 

changes corresponding and nearly similar to 

the previously mentioned G2 at the same time 

period, regarding the gills, skin, fins, internal 

organs and whole body musculature. 

 

6. Pathological Findings  

6. 1. Vitamin E- treated group 

Examined organs of this group at 10, 20 and 

30 days from the beginning of the experiment 

demonstrated apparently normal naked eye 

(macroscopic) anatomical morphological 

appearance of the organs with regard to the 

skin and scales healthy status, fins, operculum, 

gills and all internal structures (Plate 1. Fig. A). 

Histopathologically all examined organs were 

apparently normal. All structures of the gills 

including arches, primary filaments, secondary 

lamellae and their epithelial linings beside the 

mucus cells, chloride cells and pillar cells 

were apparently normal. Variable numbers of 

immuno-functional eosinophilic granular cells 

were seen infiltrating the gill arches lamina 

properia. The filament and lamellar capillaries 

were normal and the gill raker structures were 

well arranged and hito-morphologically 

normal, comprising an average number of 

mucus–secreting cells (Plate1. Fig. 1, 2). The 

hepato-portal structures and hepatocytes were 

well arranged with good histo-morphological 

structural and physio-histological properties 

(Plate 1. Fig. 3, 4). The renal structures 

including the tubular, glomerular, vascular and 

the minimally presented melano-macrophages 

were hiso-morphologically normal (Plate 1. 

Fig. 5, 6).  

 

One week post-challenged fish (beginning 

from the end of the 30th day of the experiment). 

Examined organs pointed out a characteristic 

gross morphological change with extremely 

enlarged liver having a pale yellowish color 

tint and inflamed other internal structures, with 

mucoid materials on the congested gills (Plate 

2. Fig. B). Histopathologically there was 

partial denudation of the gill filament lamellae 

with focal aggregations of round cells, 

eosinophilic granular cells, chloride cells and 

variable number of mucus-secreting cells, 

particularly at the basal and terminal ends of 

the gill filaments and in the lamina properia of 
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the gill arches (Plate 2. Figs. 7, 8). The liver 

showed focal degenerative and necrotic 

changes in the hepatocytes (Plate 2. Figs. 9, 

10) and the kidneys revealed marked 

interstitial round cells aggregations, focal 

degenerative and necrotic changes beside focal 

renal tubular proliferation (plate 2. Figs. 11, 

12).  

 

6. 2. Fish intoxicated with 0.32 mg/L 

Copper sulfate 

Examined organs at 10, 20 and 30 days from 

the beginning of the experiment pointed out 

characteristic gross morphological changes 

represented by xerophthalmia, hyperemic skin 

at the ventral body aspect, general cachexia 

and partial loss of body musculature (Plate 3. 

Fig. C). Histopathological examination of gills 

at 10 days showed partial destruction and loss 

of the gill filament epithelium, an 

inflammatory exudative reaction involving the 

gill arches and the primary gill filaments 

besides infiltration of eosinophilic granular 

cells. The liver showed degenerative changes 

and vacuolar degeneration in the hepato-

pancreatic acini. The kidneys revealed highly 

dilated capillaries, degenerated renal tubules 

beside lobulated and shrinking or hypocellular 

glomeruli. Characteristic round cell 

aggregations in the gill arches beside marked 

mucinous degeneration and increased number 

of mucus-secreting cells in the gill filaments 

were seen at the 20th day of the experiment. At 

this time the liver denoted marked 

hepatocellular degeneration and the kidneys 

showed renal tubular degeneration and mildly 

lobulated glomeruli. On the 30th day of the 

experiment, the gills showed pathognomonic 

telangiectasia of the secondary gill filament 

capillaries (Plate 3. Figs.13, 14), the liver 

showed vacuolated hepatocytes (VHC). (Plate 

3. Figs. 15, 16), but the renal changes were 

marked and represented by multifocal tubular 

necrosis and lobulation or shrinkage of the 

glomeruli (Plate 3. Figs. 17, 18).  

 

One week post-challenged fish (beginning 

from the end of the 30th day of the experiment). 

Examined organs cleared out a peculiar gross 

morphological changes, besides the previously 

mentioned changes there were gill 

inflammatory changes and presence of a large 

amount of mucoid materials on their surfaces, 

inflamed internal organs with the 

transformation of the omental fat into slimy 

mucoid material (serous atrophy) (Plate 4. Fig. 

D). Histopathologically the gills revealed 

marked inflammatory and destructive changes 

with characteristic mucinous degeneration and 

formation of mucin-cysts (plate 4. Fig. 19, 20) 

The liver showed hepatocellular degeneration 

besides pancreatic acinar disorganization and 

destructive changes (necrosis) together with 

the focal aggregation of melano-macrophages 

(Plate 4. Fig. 21, 22). The kidneys showed 

glomerular shrinkage, tubular necrosis and 

focal aggregation of melano-macrophages. 

(Plate 4. Fig. 23, 24). 

 

6. 3. Fish treated with Vit. E and exposed to 

Copper sulfate (CuSO4): 

Examined organs of this group at 10, 20 and 

30 days from the beginning of the experiment 

revealed mild gross morphologic 

abnormalities as mild xerophthalmic changes 

in a few fish, mildly hyperemic gill filament 

and insignificant loss of the body musculature 

(Plate 5. Fig. E) Histopathologic examination 

of the gills at 10 days revealed apparently 

normal gill filaments with a few reactive 

mucus-secreting cells, sometimes with the 

formation of mucinous cysts. The liver and 

kidney showed few vacuolar degenerative 

changes. Twenty days from the beginning of 

the experiment examined gills showed mild 

telangiectatic capillaries involving the primary 

gill filaments and the secondary lamellar 

filament and increased number of mucus-

secreting cells, particularly in the secondary 

gill lamellae (Plate 5. Figs. 25, 26). Hepatic 

changes were minimal as a few vacuolated 

hepatocytes. The hepato-pancreatic acini were 

apparently normal and pathophysiologically 

reactive (Plate 5. Figs. 27, 28). The kidney 

demonestrated a few degenerated and necrotic 

renal tubules and lobulated glomeruli among 

normal other structures (Plate 5 Figs. 29, 30). 

On the 30th day, gills were histopathologically 

normal apart of a very few telangiectatic 

capillaries involving the secondary lamellar 

filament and focal infiltration of round cells 

(lymphocytes) and eosinophilic granular cells 

at the tips of some gills. The liver showed 

some dispersed vacuolated cells among 

apparently normal hepatic parenchyma. The 
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kidney appeared normal with a few distributed 

melano-macrophages. 

 

One week post-challenged fish (beginning 

from the end of the 30th day of the experiment). 

Examined organs pointed out morphological 

changes corresponding and nearly similar to 

the previously mentioned G2 at the same time 

period, regarding the gills, skin, fins, internal 

organs and whole body musculature. 

Histopathologically examined gills revealed 

generalized shortening and epithelial 

denudation of the lamellar filaments together 

with focal round cells and eosinophilic 

granular cells aggregation, mucus-secreting 

cells proliferation and consequent gill filament 

adhesion (proliferative gill reaction) (Plate 6. 

Figs. 31, 32). The liver showed focal 

hepatocyte degeneration and interstitial round 

cell aggregations. (Plate 6. Fig. 33, 34). The 

kidney declared characteristic renal tubular 

degenerative and early necrotic changes beside 

focal interstitial round cell aggregations (Plate 

6. Figs. 35, 36). 

 

 
Plate 1. Fish of Vit. E (600 mg/ Kg) treated group, 10 days from beginning of the experiment.  

Fig. A. Normal gross morphology of the external structures, including skin, scales, fins, operculum, 

eyes and healthy status.  

Figs. 1, 2: Gills showing a normal histo-morphology of the gill arch (GA), primary gill filaments 

(PGF), secondary gill lamellae (SGL) and mildly dilated branchial capillaries. (Scale bares 50 um, 25 

um)                                           

Figs. 3, 4: Liver, showing normal histo-morphology of the hepato-portal area (HPA) and hepatocytes 

(HC) (Scale bares 50 um, 25 um).  

Figs. 5, 6:  Kidney showing apparently normal tubular (RT) and glomerular structures (GL). (Scale 

bars (Scale bares 50 um, 25 um). 
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Plate 2: Fish of Vit. E-treated group, One-week post-challenged (beginning from the end of 

the  30th day of the experiment). 

Fig.B:  showing characteristic gross morphological changes with enlarge pale-colored liver 

with a fine grayish white nodular surface and inflamed internal organs (GIT) with the 

presence of numerous grayish white fine nodules. 

Figs. (7, 8): showing gills with inflammatory changes,  marked capillary telangiectiasis (TC) 

and increased  number of highly activated (EGL), hypertrophied mucus-secreting cells 

(MSC). (Scale bars 50 um, 25 um.) 

Figs. (9, 10): liver showing focal necrotic areas, partially replaced by erythrocytes and 

leucocytes  (NHC). (Scale bars 50 um, 25 um.) 

Figs. (11, 12): kidney showing multi-focal tubular degenerative (DRT) and early necrotic 

changes (NRT). (Scale bars 50 um, 25 um.). 
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Plate 3: Fish of Copper sulfate (CuSO4) (0.32 mg/L) treated group, 30 days from the 

beginning of the experiment.  

Fig. C: Showing xerophthalmia (XEROPH), hyperemic skin (CS) at the ventral body aspect, 

general cachexia and partial loss of body musculature.                                                                                                                                        

Figs. (13, 14): Gills showing pathognomonic telangiectasia of the secondary gill filament 

capillaries (TSGLC). (Scale bars 50 um, 25 um.)                                                                                                                                                  

Figs. (15, 16): Liver showing vacuolated hepatocytes (VHC). (Scale bars 50 um, 25 um.).                                                     

Figs. (17, 18): Kidney showing. multifocal tubular necrosis (NRT) and shrinkage of the 

glomeruli (GLL). (Scale bars 50 um, 25 um). 
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Plate 4: Fish of Copper sulfate (CuSO4) (0.32mg/L) treated group, one-week post-challenged 

(beginning from the end of the  30th day of the experiment).  

Fig. D: Showing inflamed internal organs (GIT) with the transformation of the omental fat (OM) into 

slimy mucoid material (serous atrophy) 

Figs. (19,20): Gills showing marked inflammatory and destructive changes with characteristic 

mucinous degeneration and formation of mucin- cysts (MC). (Scale bars 50 um, 25 um.) 

Figs. (21,22): Liver showing hepatocellular degeneration beside pancreatic acinar disorganization and 

destructive changes (necrosis) (DDHP) together with the focal aggregation of melano-macrophages 

(MMP). (Scale bars 50 um, 25 um.) 

Figs. (23, 24): Kidney showing glomerular shrinkage (SGL), tubular necrosis (NRT) and focal 

aggregation of melano-macrophages (MMP) (Scale bars 50 um, 25 um.). 
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Plate 5: Fish treated with Vit. E (600 mg/ Kg) and Copper sulfate (CuSO4) (0.32 mg/ L), 20 

days from the beginning of the experiment 

Fig. E: Showing xerophthalmia (circle), mild hyperemic gill filament (circle) and 

insignificant loss of the body musculature. 

Figs. (25,26): Gills showing mild telangiectatic capillaries involving the primary gill 

filaments and the secondary lamellar filament (TC) and increased number of mucus-secreting 

cells (MSC), particularly in the secondary gill lamellae (Scale bars 50 um, 25 um.).                                                                                                                                                 

Figs. (27, 28): Liver showing vacuolation of some hepatic cells (Scale bars 50 um, 25 um).                                                                                                                                                           

Figs. (29, 30): Kidney showing few degenerated (DRT) and necrotic renal tubules (NRT) and 

lobulated glomeruli. (GLL). (Scale bars 50 um, 25 um). 
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Plate 6: Fish treated with Vit. E (600 mg/ Kg) and Copper sulfate (CuSO4) (0.32mg/L). One 

week post-challenged (beginning from the end of the  30th day of the experiment). 

Figs. (31, 32): Gills showing generalized shortening and epithelial denudation of the lamellar 

filaments (SGL) together with focal round cells (RCI) and eosinophilic granular cells aggregation 

(EGC), mucus-secreting–cells (MSC) proliferation. ( Scale bars 50 um, 25 um.) 

Figs. (33, 34): Liver showing focal hepatocytes degeneration (DHC) and interstitial round cell 

aggregations (RCI). (Scale bars 50um, 25 um.) 

Figs. (35, 36): Kidney showing. renal tubular degenerative (DRT) and early necrotic changes 

(NRT) beside focal interstitial round cell aggregations (RCI). (Scale bars 50um, 25 um.). 

 

DISCUSSION  
 

Most of the heavy metal ions exhibit toxicity 

through the formation of coordination 

complexes and clusters in the animal cells. A 

low concentration of heavy metals may cause 

chronic stress that might not kill the fish by 

itself but decrease its size and body weight, 

therefore reducing their capability to fight for 

food and habitat. Fish have a tendency to 

bioaccumulate heavy metals and human beings 

can be at serious risk through contamination of 

the food chain (Rajamanickam, 2008). Heavy 

metal contamination usually causes depletion 

in feed utilization in fish and such disturbance 

may result in reduced fish metabolic rate and 

hence causing a reduction in their growth. 

Growth is a sensitive and reliable endpoint in 

chronic toxicological investigations. Cu is one 

of the most toxic metals to fish. It affects 

various blood parameters, growth, behavior 

and enzyme activity in spite of its important 

role in metabolism as an essential metal for all 

organisms (Gharedaashi et al., 2013). The 96 

h-LC50 of CuSO4 is 12.85 mg/L in Nile 

tilapia according to (Mutlu et al., 2015). 

Copper toxicity occurs when a specific amount 

of metal binds to physiologically active 

biological membranes, generally outcompeting 

cations injuring the physiological mechanism 

(Farhangi and Jafaryan, 2019). In accordance 

with the present study, El-Keredy et al. (2017) 

observed a significant reduction in the final 

weight, total gain, weight gain%, relative 

growth rate and a significant deterioration in 

feed conversion ratio and protein efficiency 

ratio in fish exposed to copper. 

 

Supplementation of dietary vitamin E 

improved whole-body fatty acids of fish like 

the a-linolenic acid (ALA) and 

eicosapentaenoic acid (EPA) contents in fish. 

On the other hand, dietary supplementation of 

vitamin E (100 or 200 mg/kg diet) can 

enhance the growth performance in juvenile 

olive flounder intoxicated with mercury 

(Moniruzzaman et al., 2017).  The present 

results recorded improved growth performance 

with the addition of the antioxidant (Vit E) and 

that could have potential use as a preventive or 
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therapeutic measure in Cu- exposed fish.  Fish 

received copper sulfate and Vit. E in G4 

exhibited a significant increase in WG, RBWG 

and FER. Vit. E neutralized the toxic effect of 

copper oxychloride and enhanced the growth 

parameters and feed utilization. Values of all 

growth and feed utilization parameters (final 

body weight, weight gain, feed intake, protein 

efficiency ratio and survival rate (SR) were 

significantly higher, but FCR was significantly 

lowest (better) in vitamin E-treated fish 

(Hassaan et al., 2014). Similarly, Galaz et al. 

(2010) recorded that the growth performance 

of fish fed on a diet supplemented with 

vitamin E was significantly higher in juvenile 

parrotfish (Oplegnathus fasciatus), while, 

lower feed conversion ratio (FCR) was 

observed.  

 

Furthermore, vitamin E dietary 

supplementation protected fish against the 

challenge of pathogenic bacteria. Fish exposed 

to copper sulfate in G3 obtained the highest 

post-challenge mortality, lowest survival rate 

and relative protection. However, fish were 

highly resistant to Aeromonas hydrophila 

challenge in G2 fed on a diet supplemented 

with vitamin E, had the lowest post-challenge 

mortality, highest survival rate. Challenged 

fish in G4 showed lower motility and higher 

survival and than G3 exposed to copper sulfate 

only. These results agreed with Farhangi and 

Jafaryan (2019) who recorded a significant 

increase in the mortality rate of fish exposed to 

increasing concentrations of copper. On the 

other hand, Prieto et al. (2008) recorded that 

the growth and survival of fish were relatively 

unaffected by heavy metals in a vitamin E 

supplemented diet. The addition of Vit. E was 

necessary to increase survival (Lim et al., 

2010). 

 

In the present study, the significant decrease in 

PCV and Hb may be due to the inhibition of 

erythropoiesis, heme synthesis, 

osmoregulatory dysfunction, or due to 

increased rate of erythrocyte destruction in the 

hematopoietic organ. These results agreed 

with Hassaan et al. (2014) who found that fish 

exposed to a sublethal dose of copper 

oxychloride showed significantly lower values 

of hematocrit and hemoglobin. However, 

vitamin E significantly lowered the 

hematological changes and decreased the toxic 

effect of the metal and stimulated the immune 

response to cope with the stress (Hassaan et 

al., 2014). In the second group,  the significant 

increase in white blood cell counts after 

copper sulfate exposure and a week post-

challenge indicate damage may be due to 

challenge of body tissues and severe physical 

stress (Singh et al., 2008). In carp 

experimentally infected with A. hydrophila, 

Harikrishnan et al. (2003) had related 

increased WBC counts, corroborating the 

present findings.  

 

Metals can increase or decrease the activities 

of hepatic enzymes and can lead to 

histopathological hepatic alterations, 

depending on fish species, the metal type and 

concentration, length of exposure and other 

factors.  In accordance with the present study, 

El-Keredy et al. (2017) found that copper 

exposure increased serum AST, ALT, CAT 

and SOD enzymes activities. The current study 

revealed that serum creatinine significantly 

increased in the copper sulfate-exposed fish. 

This refers to kidney failure and increased 

muscular tissue catabolism. This suggests that 

copper-exposed fish had glomerular 

dysfunction rather than tubular insufficiency. 

However, low-level copper sulfate leads to 

changes in blood chemistry, damages of gills 

and the liver in fish (Mutlu et al., 2015). On 

the other hand, Hassaan et al. (2014) observed 

that vitamin E significantly lowered the 

biochemical response induced by copper 

oxychloride. Furthermore, Metwally et al. 

(2002) reported non-significant changes in 

serum creatinine of O. niloticus fed a diet 

containing to Vit. E. 

 

Exposure to heavy metals had a detrimental 

effect on the immunological response in fish. 

In the current study, copper exposure reduced 

Nile tilapia fish immune response and increase 

fish susceptibility to bacterial challenge 

through the reduction of IgM. In agreement 

with the present findings, fish exposed to a 

sub-lethal dose of copper oxychloride showed 

significantly lower values of immunoglobulin. 

On the other hand, IgM levels showed an 

improvement in fish treated with vitamin E 

(Hassaan et al., 2014). The serum level of the 

IgM was significantly increased in the 
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resistant fish (infected with no symptoms) than 

the non-infected and susceptible fish 

diseased/susceptible (infected with symptoms) 

(Abdel-Magid et al., 2018). Vitamins E and C 

increased specific immunity and reduced 

mortality (Sahoo and Mukherjee, 2002). 

 

The liver is known to be an important organ 

for coping with oxidative stress, as it has the 

highest antioxidant enzyme activities to 

protect them from oxidative stress caused by 

metals. Antioxidant responses have been 

suggested as biomarkers of exposure to metals 

in aquatic organisms (Atli and Canli 2010). 

The antioxidant system was disturbed by 

copper exposure and the potentially damaging 

impacts, with distinct effects in juveniles of 

Oreochromis niloticus. The exposure to 

copper may have increased ROS, leading to an 

increase in the antioxidant enzyme SOD 

(Boareto et al., 2018). In agreement with the 

current study, copper sulfate induced induction 

in antioxidant enzyme activities in fish 

(Trivedi et al., 2012). Accordingly, CuSO4 

significantly increased the CAT and SOD 

activity levels in the liver, kidney and gill of 

C. umbla (Kirici et al., 2017) and in tilapia 

fish (El-Keredy et al., 2017). Superoxide 

dismutase (SOD) converts superoxide anion 

radicals to hydrogen peroxide and catalase 

(CAT) reduces hydrogen peroxide to water 

(Allocati et al., 2018). The significant 

differences in the antioxidant responses and 

capacities of liver tissue could be due to 

different rates of free radical generation, 

differences in susceptibility to oxidative 

damage of the tissues. Glutathione peroxidase 

catalyzes the reduction of hydrogen peroxide 

and lipid peroxides and is considered an 

efficient protective enzyme against lipid 

peroxidation at the expense of GSH (Yonar et 

al., 2016). CuSO4. 5H2O caused a significant 

decrease in the glutathione reductase (GR) 

activities the all tissues in a dose-dependent 

manner. Decreased GR activity may lead to 

GSH depletion if its loss cannot be 

compensated by the synthesis of new 

glutathione molecules as observed in the 

present study (Stara et al., 2012).  

 

In the current study, fish challenged with 

Aeromonas hydrophila and not treated (G1) 

exhibited a significant decrease in hepatic 

antioxidants (GSH, SOD and CAT) in 

comparison to other tested groups receiving 

Vit. E and/or CuSO4. Abdel-Magid et al. 

(2018) concluded that immunosuppression and 

oxidative stress are two sides of the same coin 

as each one can induce the other. They suggest 

a positive link between bacterial challenge and 

stimulation of oxidative stress in susceptible 

fish as evidenced by inhibition of antioxidant 

enzymes (SOD and CAT) activities and GSH 

content. However, this link was negative in 

resistant fish. Similar results were reported by 

Deng et al. (2013) who found a significant 

decrease in liver SOD and CAT in fish 

challenged by Aeromonas hydrophila and Fei 

et al. (2017) who observed that the activity of 

CAT decreased significantly in infected fish. 

Change in SOD level following challenge 

indicates the important role played by this 

enzyme not only in the removal of excessive 

ROS but also in immunity. In consistent with 

our results, Tang et al. (2017) found that the 

activity of SOD decreased significantly after 

Aeromonas hydrophila challenge in diseased 

fish. This suggests a positive link between 

bacterial challenge and stimulation of 

oxidative stress in susceptible fish as 

evidenced by inhibition of antioxidant 

enzymes (SOD and CAT) activities and GSH 

content. However, this link was negative in 

resistant fish. The clinical examination of 

infected fish revealed the presence of typical 

clinical signs of A. hydrophila challenge, 

including hemorrhages at the base of pectoral 

fin with inflammation of anal opening, erosion 

in pectoral fin and tail fin, and scales 

desquamation. Moreover, the internal 

examination of infected fish revealed the 

presence of severe enteritis with sloughing of 

internal mucosa and yellow mucous in the 

intestinal lumen, pale enlarged liver with 

enlarged gall bladder, congested and inflamed 

spleen, and ascites in severe cases. Re-

isolation of the causative bacteria used in our 

challenge test occurred and this confirms the 

success of the challenge test in the current 

study (Noor El  Deen et al., 2014).  

 

Also, Senug et al. (2007) recorded that vitamin 

E appears to provide protection against 

oxidative stress caused by Pb toxicity. Vitamin 

E functions as a lipid-soluble antioxidant, 

protecting biological membranes, lipoproteins, 
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and lipid stores against oxidation (Lee and 

Shiau, 2004). The antioxidative functions of 

vitamin E include scavenging of free radicals 

to terminate lipid peroxidation, which can 

initiate damage to unstable intracellular 

components including membranes, nucleic 

acids and enzymes, thereby result in 

pathological conditions and indirectly result in 

reduced growth (Paul et al., 2004). Vitamin E 

(α-tocopherol) as a lipid-soluble vitamin can 

act as antioxidants by scavenging reactive 

oxygen species from different tissues of 

organisms (Agarwal and Goel, 2010).   

 

The histological alternations resulting from the 

exposure to metals are found to be a 

compensatory response to keep metal from 

entering through gill cells. Copper sulfate 

exposure leads to some of the typical gill 

lesions. The main alternations observed after 

the exposure to the cupper were epithelial 

hyperplasia, lifting of the lamellar epithelium, 

edema in the filamental epithelium, Curling, 

clubbed tips of the secondary lamella and 

finally a complete fusion of several secondary 

lamellae. Exposure to concentrations of copper 

sulfate more than 10 mg/ L increased the 

arithmetic thickness of secondary lamella 

epithelium in O. niloticus (Alkobaby and Abd 

El-Wahed, 2017). The detected changes in 

tilapia gills as gill hyperplasia, edema, lifting 

of lamellar epithelia, intense lamellar 

vasodilation and curling of secondary lamellae 

were generally accentuated to the lethal effect 

of copper, Figueiredo-Fernandes et al. (2007) 

demonstrated that gill hyperplasia and 

interstitial edema are the more frequent lesions 

observed in the gill epithelium of fish exposed 

to heavy metals, and with Shaw et al. (2012) 

concluded that edema may result in osmotic 

imbalance. The lifting of lamellar epithelium 

is another histological change observed, 

probably induced by the incidence of severe 

edema. A complete fusion of several lamellae 

was recorded. This could be attributed to the 

direct effect of heavy metal. Curling and 

clubbed tips of secondary lamella were 

occasionally. Increasing epithelial lifting and 

hyperplasia were depending on the increase of 

waterborne Cu concentrations. The fusion of 

the secondary lamella was also, reported by 

Ostaszewska et al. (2016) and Jooyandeh et al. 

(2016). Accordingly, Van Heerden and Tiedt, 

(2004) found the increase in the arithmetic 

thickness of gill epithelium in Oreochromis 

mossambicus and Tilapia sparrmanii occurred 

when exposed to copper, respectively. 

Thickening of the epithelium in gills of fish 

exposed to copper was caused by hypertrophy 

in cells, besides lamellar telangiectasis. 

However, morphometric measurements on 

gills of fish such as the arithmetic thickness of 

secondary lamella epithelium could be a 

simple and real indicator of toxic exposure 

before permanent damage occurs. Fish 

exposed to copper oxychloride show several 

histological alterations, namely hemorrhage in 

primary lamellae and separation in secondary 

lamellae. The liver of the non-treated fish 

exhibits a normal appearance and structure 

with no pathological abnormalities. The 

hepatocytes present a homogenous cytoplasm 

and a large central or subcentral spherical 

nucleus, except some samples only, showed 

fatty degeneration. However, fish exposed to 

copper oxychloride exhibited severe 

hemorrhage in hepatic tissue (Hassaan et al., 

2014).   

 

The liver is considered as the principal organ 

of detoxification and a good indicator of 

aquatic environmental pollution (Ahmed, 

2012). The liver is the main organ for the 

metabolism of Cu in fish and for detoxification 

and more responsive for damage. Fish exposed 

to copper sulfate showed cytoplasmic 

rarefaction and an increase of cytoplasmic 

vacuolation and nuclear pyknosis (Chen et al., 

2012 a, b). These alternations could be 

explained by Cu-induced oxidative stress in 

the tissue of the liver (Hoyle et al., 2007). 

However, the liver of the Cu-treated fish 

showed histological alternations such as 

cytoplasmic rarefaction, an increase of 

cytoplasmic vacuolation, decreasing the 

number of hepatocytes nucleus in hepatic 

tissue and nuclear pyknosis (Alkobaby and 

Abd El-Wahed, 2017). Vacuolar degeneration 

and disrupted hepatocytes detected in exposed 

fishes substantiates the potency of copper in 

causing liver damage. Vacuolar degeneration 

and focal necrosis in hepatocytes in the present 

study coincides with similar observations in 

Etroplus maculatus exposed to lindane (Bijoy 

et al., 2011). In addition, Farhangi and 

Jafaryan (2019) observed degenerated tubules 
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of their kidney, expansion of Bowman's 

capsule and hepatocytes necrosis in fish 

exposed to increasing concentrations of 

copper. Cu exposure leading to various 

pathological changes in the liver (necrosis and 

mild vacuolation), kidney (tubular 

vacuolation), spleen (lymphoid depletion), 

gills (lamella fusion) (El-Keredy et al., 2017). 

Moreover, chronic copper accumulation in the 

liver of fish causes hepatocyte lysis, cirrhosis 

and ultimately death (Osman et al., 2009). 

Following exposure of fish to toxic agents, 

histological alterations in the fish were found 

at the level of the tubular epithelium and 

glomerulus (Yancheva et al., 2016).  
 

Vitamin E deficiency could cause hepatic 

necrosis in fish (Idris and Hassan, 2002). 

Furthermore, fish exposed to copper 

oxychloride and fed diet supplemented with 

Vit. E showed a decrease in the appearance of 

several liver alterations. Also, fish fed a diet 

supplemented with Vit. E and not treated with 

copper oxychloride showed no lesions of the 

liver. These results are in agreement with 

those of Mahmoud (2009). Histological 

examination of O. niloticus gills showed a 

typical structural organization of the lamellae 

in fish fed on dietary Vit. E and not exposed to 

copper oxychloride; some samples showed cell 

degeneration in secondary lamellae (Hassaan 

et al., 2014).  

 

CONCLUSION 
 

In conclusion, dietary supplementation of 600 

mg/kg diet vitamin E showed positive effects on 

growth performance of Nile tilapia fish 

intoxicated with copper sulfate. Vitamin E was 

effectively used to maintain hemato-biochemical 

parameters near the normal values. The curative 

effects of vitamin E included improvement in 

hepatorenal functions and pathological lesions. 

This study indicated that incorporation of 

vitamin E could help Nile tilapia to resist 

Aeromonas hydrophila invasion through its 

immunomodulatory activity as evident from 

increased immunoglobulin M, antioxidants and 

fish survival. 
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 كبريتات النحاسالناتجة عن تعرض أسماك البلطى ل المضاد للأكسدة Eالدورالوقائى لفيتامين 
 

  ، 3مهدى عيد سلوى أنيس ، 2إيمان إسماعيل محمد إسماعيل،  1هبة أحمد طلبة

  5إيناس أنور عباس،  4أيوب مرفت عبد البديع
 سمكية ، أبو حماد ، مركز البحوث الزراعية ، مصرايتها ، المعمل المركزى لبحوث الثروة العقسم صحة الأسماك ور 1

 قسم الكيمياء الحيوية ، معمل فرعى الزقازيق ، معهد بحوث الصحة الحيوانية ، مركز البحوث الزراعية ، مصر 2
 اعية ، مصرى ، الباثولوجيا الاكلينيكة ، معمل فرعى الزقازيق ، معهد بحوث الصحة الحيوانية ، مركز البحوث الزرقسم الباثولوج 3

 قسم الباثولوجى ، الهستولوجى ، معمل فرعى الزقازيق ، معهد بحوث الصحة الحيوانية ، مركز البحوث الزراعية ، مصر 4
 قسم الكيمياء الحيوية ، وحدة السموم ، معهد بحوث الصحة الحيوانية ، الدقى ، مركز البحوث الزراعية ، مصر 5

 
E-mail:  abbasenas@gmail.com         Assiut University web-site: www.aun.edu.eg 

 

 من أسماك البلطى تزن 31 مجموعات كل مجموعة تتكون من 4من أسماك البلطى تقسم إلى سمكة  121لقد قمنا باستخدام 

أسممماك  فمم  كممل حممو ع المجموعممة الأولممى المجموعممة  11أحمموا  4باسممة تو مم  فممى  جممم مممن مزرعممة الع 181-185

مجم لكل كجمم  ممن علمف   011 بجرعة  E الضابطة تتغذى على علف الاسماك فقط والمجموعة الثانية تتغذى على فيتامين

سمماك بمدون إ مافات وتتغذى علمى ذمذاء الأ mg/L (0.32) بجرعة كبريتات النحاسسماك والمجموعة الثالثة تتعر  لالأ

ماك مم  التعمر  لكبريتمات النحماس مجم لكل كجم ممن علمف الأسم  600بجرعة  Eوالمجموعة الرابعة تتغذي عل  فيتامين 

وتتغمذى علم  علمف الأسمماك لممدة نمهر ممن بدايمة التغذيمة ويمتم المذ عينمات السميرم والكبمد والكلمى  (mg/L 0.32) بجرعة

قياس مسمتوى الحمايمة  وقد تم عهيدروفيلا ساالايرومون بكتيرياب العدوى  أسبوع من بعدو يوم  31و21و  11بعد  والخيانيم

مللمى ممن الميمديا  0.1 س هيمدروفيلاااحداث عدوى صناعية عن طريق الحقمن ببكتريما الايرومونم و المجموعات النسبى بين

             السائلة التى تحتوى على البكتريا الممر ة بعدد

ml)  FU/C 5(5 × 10 .       

 نقص  ملحوظ فى الوزن والوزن النسبى وكفاءة الغذاء فى الأسماك المعر ة لكبريتات النحاسع تبين حدوثوقد 

  

ولقد لاحظنا نقص ملحموظ فمى عمدد كمرات المدم  ع المعر ه لكبريتات النحاس فقط و كانت نتيجة النفوق أعلى فى المجموعة

 ولاحظنا زياده ملحوظه فى عدد كرات الدم البيضماء والخلايما الليمفاويمة  بينماالهيموجلوبين وحجم الخلايا النسبى والحمراء 

وكممذل   بالبكتيريمما عممدوىبعممد الو قبممل  لتعممر  لكبريتممات النحمماسنتيجممة ل( neutrophilsالمحببممة المتعادلممة ) عممدد الخلايمما

مصمحو  بمنقص فمى مسمتوى  والكريماتينين فمى السميرم AST, ALT بمدإنزيممات الكحدوث زيادة ملحوظة أظهرت النتائج 

فممى المجموعممة المعر ممة لكبريتممات النحمماس مقارنممة ببمماقى المجموعممات قبممل وبعممد الحقممن  ن فممى السمميرموليجلوبيممنوولإميا

نقمص و  CATو الكاتماليز SODتبين حدوث زيادة ملحوظة فى نشاط إنزيمات  السوبر أكسميد ديسمميوتيز  كذل بالبكتيريا و

وقمد تمم تيكيمد  نتيجة للتعر  لكبريتات النحاس قبل وبعد اسبوع ممن الحقمن بالبكتيريما الكبد فى للاياون الجلوتاثي ملحوظ فى

 عوالكبد الكلى  سجة الخيانيمحدوث تلف فى أن هذة النتائج بالفحص الباثولوجى وملاحظة

 

    فى المجموعة التى تغذى على العلف المضاف إليه فيتامين  بينما كان الوزن والوزن النسبى وكفاءة الغذاء أعلى مايمكن 

 600 Eفيتمامين  وقد تم تسجيل أقل نتيجة نفوق فى المجموعة التى تم تغذيتها بيعلاف تحتوى علمى مجمE  600)كجمم /مجمم

المضاف إليه فيتامين أعلى فى التى تغذى على علف السم   البقاء ومعامل الحمايه النسب  للبقاء بينما نسبه من علف السم (

 600 E مجموعمه المعر مه لكبريتمات النحماس فقمط ونلاحمل ان المجموعمه التمى تغمذى علمى علمف السمم  فمى ال مجم واقل

و معر ة لكبريتات النحاس مماثله للمجموعه الضابطه ف  نسبه النفوق والبقماء ومعاممل  مجمE 600 المضاف إليه فيتامين 

تحسمن  وقمد لاحظنما كمضماد للاكسمده والحمد ممن سمميه كبريتمات النحماس Eفيتمامين   ب دورالحمايمه النسمب  للبقاءودلم  بسمب

المناعمة  وتحسن وا مح فمىومستوى الإميونوجلوبن وا ح فى صورة الدم ووظائف الكبد والكل  ونشاط مضادات الأكسدة 

النحماس والتمى تتغمذى علمى ذمذاء  المجموعمة المعر مة لكبريتمات الحالمة الباثولوجيمة لأنسمجة الخيانميم والكبمد والكلمى فمىو

 عقبل وبعد العدوى البكتيرية Eالأسماك المضاف اليه فيتامين 

 

كمحفمزات للنممو والمناعمة وكمضماد للاكسمده والحمد ممن سمميه  لغمذاء الأسمماك E فيتمامين وأليرا هذه الدراسة تدعم ا افة 

 .كبريتات النحاس
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