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INTRODUCTION 

In Egypt, Nile tilapia, Oreochromis niloticus, is an important species in 

commercial fisheries and it is a widely distributed freshwater fish that can persist in a 

highly polluted habitat (Carvalho et al. 2012; Al-Asgah et al. 2015). Its suitability for 

culture comes from its tolerance to a wide range of environmental conditions, such as 

high and low water temperature, low oxygen content, high salinities, somewhat acidic 

or alkaline water as well as its utilization as food from the lowest trophic levels (Abdel-

Backy 1997). 

In addition, tilapia is considered one of the most common freshwater fish used 

in toxicological studies (Garcia‐Santos et al. 2006; Figueiredo-Fernandes et al. 2007). 

This species displays many characteristics making it an appropriate model to be used 

as an indicator species in bio-monitoring programs (Gadagbui et al. 1996) because it 

can persist in highly polluted habitats (Atli & Canli 2010), its high growth rate, strong 

immune system, significant tolerance to environmental stress, ease of reproduction, and 

high market demand (El-Sayed 2006; Eissa et al. 2013). 
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 The present study investigated the possible ameliorative effect of 

Beta-MOS® on lead-induced toxicity in Nile tilapia. A total of ninety O. 
niloticus (34.43 ± 0.31 g and 7 weeks age) were used in this study. Fish of 

mixed sex were divided into 4 groups. The first group which served as 

control received a basal diet (0% Beta-MOS®). The second group received 

a diet supplemented with 0.3% Beta-MOS®. The third group was exposed 

to 10 mg Pb acetate L-1 in water and received a basal diet. The fourth group 

was exposed to the same dose of Pb acetate (10 mg L-1) in water and given 

0.3% Beta-MOS®. Initial and final weight as well as weight gain were 

recorded. Red blood cell count and hemoglobin concentration were 

determined. Creatinine plasma level was estimated as well as 

histopathological changes in the kidney. The lead acetate induced a 

significant reduction in final body weight, weight gain, red blood cell count 

and hemoglobin concentration than control. Moreover, creatinine was 

significantly increased in the lead group than control, with retrogressive 

changes in histopathological sections. Dietary Beta-MOS® ameliorated all 

the lead-induced perturbations in the tested parameters.  Dietary Beta-MOS® 

ameliorated lead acetate toxicity in Nile tilapia. 
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Water pollution with toxic 

substances such as heavy metals is one 

of the most dangerous hazards in Egypt 

due to agricultural, industrial and urban 

wastes generated by human activities 

(Abdel-Mohsien & Mahmoud 2015). 

Moreover, fish is the most affected 

species as they take these wastes through 

skin, gills and intestine (Drishya et al. 

2016). Some metals such as iron and 

manganese are required for metabolic 

activities in organisms and other 

elements such as cadmium, lead, 

chromium, zinc, nickel, copper, and 

mercury showed toxic effects on the 

aquatic organisms. 

Among the toxic heavy metals in 

the water bodies, Lead (Pb) is more 

abundant than cadmium, copper, 

chromium, manganese and mercury and 

is an emerging worldwide concern 

because it exerts damaging effects on 

human health. It acts as a cumulative 

poison and It is listed by Environmental 

Protection Agency as one of the 129 

priority pollutants (Kumar et al. 2007; 

Rajeshkumar et al. 2017). 

Lead is a natural component of 

the Earth’s crust and the main natural 

source of Pb emission is windblown 

dust, forest fires, volcanic emission and 

sea salt sprays (Kim & Kang 2016). 

Generally, Pb is found in trace amounts 

in soils, plants and water (Cheng & Hu 

2010). Additionally, Pb exposure causes 

a large range of toxic effects on 

physiological, behavioral and 

biochemical functions in animals (Hsu & 

Guo 2002); it also causes serious 

damage to different systems including 

the central nervous system, reproductive 

system, hematopoietic system, 

cardiovascular system and organs such 

as liver and kidney (Flora et al. 2012). 

Moreover, Pb has the capability to 

accumulate in different tissues of 

exposed fish causing hepatic and renal 

damage along with growth retardation 

and inducing stress which resulted in 

impaired cortisol levels and metabolic 

enzymes (Anbu 2014). 

One of the most popular 

strategies to improve animal health, 

including fish, is the use of functional 

dietary supplements (Hoseinifar et al. 

2018).  Mannan oligosaccharides (MOS) 

and Betaglucans (βG) are prebiotics that 

is commonly used in fish food (Abu-

Elala et al. 2018). Both of them are 

naturally found in the cell walls of the 

yeast Saccharomyces cerevisiae. Other 

sources, such as torula yeast (Candida 

utilis), fungi, and algae, are also 

currently used as sources of βG and 

MOS (Raa 1996). Dietary 

supplementation with prebiotics has 

proved to be effective in promoting 

growth performance and regulating the 

immune response (Selim & Reda 2015), 

modulating the intestinal beneficial flora 

(Andrews et al. 2009), improving 

nutrient availability and inhibiting the 

infection by pathogens in fish (Abu-

Elala et al. 2018). However, the 

protective effects of MOS and βG 

against Pb toxicity have not been fully 

evaluated in Nile tilapia. This study 

aimed to investigate the possible 

protective effect of dietary MOS and βG 

supplementation against Pb toxicity in 

Nile tilapia through hematological 

parameters, histopathological and 

biochemical investigations. 

MATERIALS AND METHODS 

Fish and Experimental Conditions: 

Ninety freshwater mixed sex of 

Nile tilapia O. niloticus (34.43 ± 0.31 g 

and 7 weeks age) were used in this study. 

They were purchased from a private fish 

farm, Kafr EL-Sheikh governorate, 

Egypt and transported to the laboratory 

of Zoology Department, Faculty of 

Science, Suez Canal University, 

Ismailia, Egypt. They were treated with 

a 4% NaCl solution for 10 min for 

dermal infection removal (Suomalainen 

et al. 2005). Fish were sexed and 

distributed at the rate of 15 fish per 60 L 

aerated glass aquaria (60 × 30 × 40 cm3) 

prewashed with NaCl solution 

(Suomalainen et al. 2005).  

The water in aquaria was 

supplied from a reservoir constantly 
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containing aerated water to remove any 

residual chlorine, water parameters 

(temperature, pH, salinity and dissolved 

oxygen) were controlled daily before 

and during the experimental period. 

Water temperature was kept between 26 

and 28 ◦C using submerged heaters and 

pH of 7.56. The dissolved oxygen in 

each aquarium was maintained at close 

to saturation by using air pumps. The 

photoperiod was the natural daylight 

rhythm. A static/renewal bioassay was 

done; the aquaria were cleaned up (3 

times/week) by siphoning half of the 

water from the aquaria and replacing it 

with an equal volume of water and 

adjusting the concentration of the tested 

chemical.         

Experimental Design and Diets: 

Fish of mixed sex were divided 

into 4 equal groups (3 replicates/ group); 

(Table 1). The first group which served 

as control received a basal diet (0% 

Beta-MOS®). The second group 

received a diet supplemented with 0.3% 

Beta-MOS® (βG & MOS) (EURO 

MARK Company, Italy). The third 

group was exposed to 10 mg Pb acetate 

99.9% L-1 (6080-56-4, Sigma-Aldrich 

Company, Germany) in water and 

received a basal diet. The fourth group 

was exposed to the same dose of Pb 

acetate (10 mg L-1) in water and 

nourished on 0.3% Beta-MOS®. The 

concentration of Pb was determined to 

be equal to the average Pb concentration 

in Suez Canal area. The experimental 

design was shown in Table 1. 

Fish were acclimated in 

laboratory conditions for 2 weeks prior 

to the experimental work and were fed at 

a rate of 3% of their body weight with 

commercial submersible formulated dry 

pellets at least twice daily. Only disease-

free and healthy fish were selected for 

experimentation. Initial body weight 

(WI). The treatments were continued for 

60 days. The mortality rate of each group 

was recorded daily from day one of the 

experiment and the dead fish 

immediately were removed to prevent 

contamination.  

The experimental and control 

diets were formulated according to 

Jobling (2012) to fulfill the nutritional 

requirements of growing fish. The first 

diet was the control diet and the second 

one was incorporated with 0.3% Beta-

MOS®. The two diets were formulated to 

supply 29% crude protein (CP) and 4100 

kcal kg-1 gross energy as described in 

Table 2. Ingredients were ground into 

fine powder through a 175-μm mesh 

before pelleting and an appropriate 

amount of water was added to produce 

pellets. The pellets were produced by 

using California pelleting machine with 

a 2mm diameter at Fish Research Center, 

Faculty of Agriculture, Suez Canal 

University. All diets were packed in 

clean dry plastic jars and stored at 4 oC 

in the refrigerator until use. 

 

Table 1: Experimental design. 
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Table 2:  Composition of experimental and control Nile tilapia diets. 

 
 

Sampling and Body Weight:  

Blood samples were obtained 

from the caudal vein, at the end of the 

experiment in EDTA tubes. The plasma 

was separated for creatinine estimation. 

The growth performance in terms of 

final body weight (WF), and weight gain 

(WG) were determined. 

Hematology and Plasma Creatinine 

Level: 

Blood collected in EDTA tubes was used 

to count RBCs and  Hemoglobin (Hb) 

concentrations were determined 

spectrophotometrically via 

cyanomethaemoglobin procedure using 

Drabkin’s solution and compared with 

the standard cyanmethaemoglobin 

(Qualigens) (Drabkin 1946).

  

Plasma creatinine was 

determined calorimetrically according to 

Tietz et al. (1995) method by using 

Diamond Diagnostics, Co, kit (Catalog 

No. CR 12 50, detection limit of 0.09 

mg/dL to linearity limit of 15 mg/dL, 

sensitivity: 1 mg/dL), Egypt.  

Histopathological Examination: 

For histopathological 

investigation, treated as well as control 

fish were dissected at the end of Pb-

exposure (60 days). kidneys were 

dissected out and washed in in 

physiological saline solution (NaCl; 

0.60%). Small pieces from each organ 

were cut out and immediately fixed in 

Boun's fluid according to Wolf et al. 

(2004) for 48 h. The fixed tissues were 

dehydrated in ascending grades of ethyl 

alcohol, 1 h for each, then they were 

transferred in two changes of absolute 

alcohol for 1 h each. Tissues were 

cleared in two changes of xylene for 30 

min and impregnated in soft paraffin 

wax at 60o C for 2 h followed by 

embedding in hard paraffin wax. 

Sections of 5µm thickness were made 

using a rotary microtome, the sections 

were mounted on clean glass slides and 

stained with Mayer's Haematoxylin and 

counter-stained with aqueous Eosin 

solutions (Avwioro 2010). Six 

specimens of each tissue were sectioned 

per treatment and examined by light 

microscopy. 

RESULTS 

Body weight  

No significant differences were 

observed in body weight values between 

all groups at day zero of the experimental 

period. The results revealed that Beta-

MOS® supplemented group showed a 

significant increase (p < 0.05) in final 

body weight and weight gain than control. 

Meanwhile, the Pb-exposed group 

showed lower values in the final body 

weight and weight gain than the control. 

Administration of dietary Beta-MOS® to 

Pb-exposed fish significantly (p < 0.05) 

increased final body weight and weight 

gain in Pb-exposed group (Table 3).  
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Table 3: Effect of dietary Beta-MOS® on Weight final and gain in Pb-intoxicated Nile 

tilapia. 

 
Different superscript letters (a, b and c) within the same raw indicate a significant difference at p < 0.05. 

 

Hematology and Plasma Creatinine 

Level: 

 The effect of Beta-MOS® 

supplemented diet on the hematological 

parameters of Pb-intoxicated Nile tilapia 

after 60 days of the experiment were 

summarized in Figures 1 and 2. Beta-

MOS® supplemented Nile tilapia showed 

a significant (p < 0.05) increase in RBCs 

count and Hb concentrations in control 

and other groups. While the Pb-exposed 

group showed significant (p < 0.05) lower 

values of RBCs counts and Hb 

concentrations than the control group. 

Incorporation of dietary Beta-MOS® to 

Pb-intoxicated fish enhanced RBCs count 

and Hb concentrations caused by Pb and 

increased these values. 

Higher levels of serum creatinine 

were detected in Pb-exposed Nile tilapia 

than in control fish (p < 0.05). 0.3% 

Beta-MOS® incorporated diet caused a 

significant (p < 0.05) decrease in 

creatinine level compared to control and 

other groups. Moreover, the addition of 

0.3% dietary Beta-MOS® to the Pb-

exposed group lowered the creatinine 

level of than Pb-intoxicated group (Fig. 

3). 

   

 
Fig 1: Effect of dietary Beta-MOS® on RBCs count in lead (Pb) intoxicated Nile 

tilapia, after 60 days.  Data (n=9/group) were expressed as mean ± SE. Different letters 

(a,b&c) on the same bar were significantly different at p < 0.05.  
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Fig. 2: Effect of dietary Beta-MOS® on hemoglobin (Hb) concentrations in lead (Pb) 

intoxicated Nile tilapia, after 60 days. Data (n=9/group) were expressed as mean ± SE. 

Different letters (a,b,c&d) on the same bar were significantly different at p < 0.05.  

 

 
Fig. 3: Effect of dietary Beta-MOS® on serum creatinine in lead (Pb) intoxicated Nile 

tilapia, after 60 days. Data (n=9/group) were expressed as mean ± SE. Different letters 

(a b&c) on the same bar were significantly different at p<0.05. 

  

Histopathological Examination:  

No signs of pathological 

alterations were detected in the renal 

tissues of all examined sections from 

both control and 0.3% Beta-MOS® 

supplemented groups (Figs. 4 A & B). 

Pb-exposed kidney showed severe 

pathological alterations; including a 

glomerular expansion that resulted in the 

reduction of Bowman's space and few 

appeared atrophied. In renal tubules, the 

most frequent necrosis of renal tubules is 

associated with lymphocytic infiltration 

and hemorrhage.  Additionally, there 

was hyperplasia of hematopoietic tissue, 

dilation and congestion with partial 

hemolysis in the epithelial lining of the 

blood vessel and hyperplasia of MMCs 

(Fig. 4 C). Compared to the previous, 

Pb-exposed group supplemented with 

Beta-MOS® revealed marked 

improvement with slight pathological 

changes in renal tissues of almost 

examined sections such as hyperplasia f 

hematopoietic tissue with slight 

activation of MMCs and hemorrhage 

and congestion of blood vessel. In the 

Bowman's capsule, a glomerular 
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expansion that resulted in the reduction 

of Bowman s space (Fig. 4 D) was the 

less frequent alteration detected. All 

supplemented kidney sections exhibited, 

without necrosis when compared to Pb 

group.  

 

 
Fig. 4: Kidney longitudinal sections of normal control and 3% Beta-MOS® 

supplemented diet (A) and (B) respectively, showed normal renal tubules (RT), 

Bowman's capsule (Bc) included glomerulus (G), hematopoietic tissue (HT). (C) 

Kidney longitudinal section of Pb-exposed Nile tilapia fed basal diet, showed two 

adjacent Bowman's capsules with glomerular expansion that resulted in the reduction 

of Bowman's space (white circle) and some appeared atrophied (yellow circles), 

hyperplasia of hematopoietic tissue (HHT) and focal necrosis associated with 

lymphocytic infiltration (black circles) were observed. Besides, congestion (asterisk) 

and partial hemolysis in the epithelial lining of the blood vessel and slight hemorrhage 

(yellow arrows). (C) Window showed hyperplasia of MMCs (white arrow) and focal 

necrosis of renal tubules (black arrow) associated with lymphocytic infiltration.  (D) 

Section of Pb-exposed kidney supplemented with 3% Beta-MOS®, showed marked 

improvement of renal tissues with slight pathological changes included; glomerular 

expansion (white circle), hyperplasia of hematopoietic tissue (yellow circles) and slight 

activation of MMCs (yellow arrows), mild hemorrhage (black arrows). Besides, 

congestion (asterisk) of the blood vessel and slight hemorrhage. H&E stain (X 200). 

 

DISCUSSION 

Lead in the water system, as one 

of the environmental pollutants, causes a 

serious problem around the world. These 

problems result in toxic damage to fish 

and threaten human health through the 

food chain (Yesilbudak and Erdem, 

2014; Zhang et al., 2017). Pb can easily 

pass into the environment, then to 

human, and animal blood streams and 

enter various organs such as gills, 

intestine, brain, kidneys, liver, gonads 

and bones (Ali et al. 2019; Giri et al. 

2021). Nowadays, there is an increasing 

demand for using eco-friendly feed 

supplements instead of antibiotics or 

chemicals in order to diminish the toxic 

effects of pollutants, including heavy 

metals on farmed fish. To date, no 

effective treatment method has been 
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developed for Pb poisoning in 

aquaculture (Giri et al. 2021). The use of 

prebiotics as immunostimulants in 

aquaculture is expanding worldwide due 

to their lower price, easy availability, 

ease of preparation, and low toxicity to 

humans and aquatic life (Davani-Davari 

et al. 2019). The present study 

investigated the possible protective 

effects of prebiotics βG and MOS (Beta-

MOS®) against Pb-induced toxicity in 

Nile tilapia. 

The concentration of Pb in the 

present study was equivalent to the 

average concentrations of Pb in fish 

farms in the Suez Canal area as 

estimated in the current study. Exposure 

to Pb (10 mg L-1) significantly decreased 

the final body weight reflected on weight 

gain than control. These results might be 

due to both reduction in feed intake and 

the energy lost in repairing Pb-induced 

tissue damage rather than growth 

processes (Ding et al. 2019). In addition, 

Pb might cause nutrient malabsorption 

and/or impaired protein synthesis 

(Minnema & Hammond 1994). Present 

results were in agreement with Giri et al. 

(2021) who confirmed that waterborne 

Pb exposure caused retardation in 

Cyprinus carpio growth reflected as a 

reduction in Fish final body weight. 

  Administration of dietary 0.3% 

Beta-MOS®, alone or in combination 

with Pb improved weight final and 

weight gain of Nile tilapia. Usually, 

dietary yeast product supplementation 

enhances protein deposition and growth 

performance of Nile tilapia (Abdel-

Tawwab et al. 2008). Yeast supplements 

improve nutrient digestibility (Waché et 

al. 2006) by increasing intestinal 

enzyme activities, intestinal villus 

height, epithelial thickness and 

enterocytes’ brush border (lara-flores et 

al. 2010). Ayyat et al. (2020) showed 

similar results, they reported the 

ameliorative effect of dietary 4 g/ kg 

MOS against weight loss caused by 50 

ppm Pb in Nile tilapia. Improved growth 

performance and feed utilization were 

previously reported with the use of βG 

and MOS mixture in the fish diet of 

different species such as; common carp 

Cyprinus carpio (Ebrahimi et al. 2012), 

Beluga Huso huso (Ta’ati et al. 2011), 

Nile tilapia Oreochromis niloticus 

(Selim & Reda 2015) and sea cucumbers 

Apostichopus japonicus (Gu et al. 2011). 

On contrary, previous researchers found 

that administration of MOS and βG to 

Nile tilapia diet had no positive effect on 

growth performance and feed utilization 

(Whittington et al. 2005; Sado et al. 

2008; Shelby et al. 2009). Lin et al. 

(2011) detected that β-glucan induced 

inflammation in the gut of Carp 

Cyprinus carpio koi that led to growth 

retardation. The variation in results 

might be associated with; the difference 

in the chemical structure of the food 

additives and their solubility, the period 

of feeding trial and the experimental 

conditions, as well as fish age, sex and 

species (Dalmo & Bøgwald 2008; 

Akrami et al. 2015). Moreover, the 

actions which produced by the yeast cell 

wall derivatives changes according to 

the chemical composition and their 

fermentation processes (Sado et al. 

2008; Akrami et al. 2015; Selim & Reda 

2015). The dietary MOS can bind 

mannose receptors on microbes. Binding 

and blocking of microbes via mannose 

receptors leading them eliminated out 

the intestine instead of colonizing and 

invading the host, thus considered 

suitable status for growing of the 

beneficial bacteria (Staykov et al. 2007; 

Refstie et al. 2010; Zorriehzahra et al. 

2016). 

Hematological and blood 

biochemical parameters are reliable 

tools for evaluating the metal toxicity in 

an aquatic environment,  the status of the 

oxygen-carrying ability, as well as the 

fish's physiological responses (Kim & 

Kang 2014; Shah et al. 2020). In the 

current study, the negative impacts of Pb 

on hematological parameters were 

evidenced by decreasing in RBCs count, 

and Hb concentration. Decreased RBCs 

count and Hb were detected in common 

carp exposed to Cd and Pb (Khalesi et al. 

2017), and Ctenopharyngodon idella 

exposed to Pb, Cr and Cu (Shah et al. 
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2020). African catfish (Clarias 

gariepinus) exposed to 24.4 mg L-1 Pb 

revealed similar results which were 

represented by a reduction of RBCs 

count and Hb concentration (Abd El-

satar et al. 2019). Hb is an oxygen carrier 

and reflects the fish's anemic conditions 

(Parekh & Tank 2015). Therefore, the 

significant decline in Hb concentration 

in Pb intoxicated group revealed that 

tilapia suffered from severe anemia. The 

reduction of RBCs and Hb might be due 

to the Pb deleterious effects on the 

mitochondrial enzymes incorporated in 

heme and Hb synthesis, as well as iron 

metabolism leading to anemia and RBCs 

depletion (Gürer et al. 1998). ROS 

production also might deteriorate the 

membrane of RBCs integrity resulting in 

a shortening of RBCs lifespan and RBCs 

count (Jacob et al. 2000). Moreover, Pb 

could cause a reduction in erythropoietin 

release leading to anemia (Shah et al. 

2020).  

Serum creatinine is filtered out 

by the kidneys (glomerular filtration) 

and blood levels rise in severe kidney 

dysfunction (Kulkarni & Pruthviraj 

2016). The present study detected an 

increase in serum creatinine level in Pb 

intoxicated group. This elevation might 

be related to impaired kidney function 

whereas, several studies detected higher 

levels of creatinine in the plasma of 

intoxicated fish, which is considered a 

good indicator of alteration in 

glomerular filtration and kidney 

dysfunction (Ayyat et al. 2003; Zaki et 

al. 2010; Parekh & Tank 2015; Osman et 

al. 2018). High creatinine in fish 

bloodstream might be linked to 

numerous factors acting simultaneously 

like disorders in cell membrane integrity 

with further cell damage that had 

resulted from increased ROS production 

and lipid peroxidation (Jurczuk et al. 

2007) due to Pb toxicity. This was 

confirmed by the existence of 

histopathological lesions in Pb 

intoxicated kidneys.  Nourian et al. 

(2019) reported high creatinine levels in 

Pb-exposed Cyprinous carpio with 

kidney disorders that led to many waste 

products in the fish's bloodstream.  

The fish kidney is one of the 

most vital organs affected by different 

contaminants in the water (Al-Balawi et 

al. 2013) and received the largest 

proportion of post-branchial blood 

(Thophon et al. 2003). Therefore, renal 

lesions are expected to be good 

indicators of heavy metal pollution 

(Alm-Eldeen et al. 2018). Under the 

present investigation, the kidney of Nile 

tilapia exposed to Pb revealed several 

histological lesions, after 60 days. 

Glomerulus showed expansion resulting 

in a reduction of Bowman's space, 

necrosis, or atrophied, architecture 

degeneration of renal tubules were the 

most frequent and observed alterations 

in the current study. These lesions were 

also observed previously in Nile tilapia 

(Al-Faragi et al. 2017) and common carp 

(Mustafa et al. 2017). In the present 

study, the kidney of Pb-exposed fish 

showed severe lesions such as 

congestion, edematous fibrosis, necrosis 

associated with lymphocytic infiltrations 

and hemorrhage within hematopoietic 

tissues. These toxic effects of Pb on the 

kidney were in accordance with previous 

studies in fish exposed to different 

contaminants (Mohamed 2009; Al-

Balawi et al. 2013; Alibraheemi 2019). 

Also, Pb-exposed kidney showed 

marked aggregation of MMCs, this 

result might related to renal retrogressive 

changes and necrosis (Steinel & Bolnick 

2017). The kidney lesions in the present 

study supported by elevation of 

creatinine levels in sera of Nile tilapia 

which reflected kidney failure. 

In conclusion, it was clear that 

dietary MOS and βG exerted an 

ameliorative effect against Pb toxicity 

through improvement in weight gain and 

hematological parameters. Also, renal 

function and histopathology were 

improved.  

Ethical Statements: 

          This study was carried out in strict 

accordance with the guidelines of the 

National Health and Medical Research 
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Council for the Care and Use of 

Animals. 

REFERENCES 

Abd El-satar S.S., Nasr N.E., Khailo 

K.A. & Sayour H.E. (2019) 

Hemotoxic and genotoxic effects 

of lead acetate and chlorpyrifose 

on freshwater cat fish (Calarias 

gariepinus). Slovenian 

Veterinary Research, 56, 681-91 . 

Abdel-Backy T. (1997) Food habits of 

four clichlid species according to 

their length variations in Lake 

Manzalah, Egypt. JOURNAL-

Egyptian German Society of 

Zoology, 23, 45-58. 

Abdel-Mohsien H.S. & Mahmoud 

M.A.M. (2015) Accumulation of 

Some Heavy Metals in 

&lt;i&gt;Oreochromis 

niloticus&lt;/i&gt; from the Nile 

in Egypt: Potential Hazards to 

Fish and Consumers. Journal of 

Environmental Protection, Vol. 

06No.09, 11. 

Abdel-Tawwab M., Abdel-Rahman 

A.M. & Ismael N.E.M. (2008) 

Evaluation of commercial live 

bakers’ yeast, Saccharomyces 

cerevisiae as a growth and 

immunity promoter for Fry Nile 

tilapia, Oreochromis niloticus 

(L.) challenged in situ with 

Aeromonas hydrophila. 

Aquaculture, 280, 185-9 . 

Abu-Elala N.M., Younis N.A., AbuBakr 

H.O., Ragaa N.M., Borges L.L. 

& Bonato M.A. (2018) Efficacy 

of dietary  yeast cell wall 

supplementation on the nutrition 

and immune response of Nile 

tilapia. The Egyptian Journal of 

Aquatic Research, 44, 333-41. 

Akrami R., Mansour M.R., Chitsaz H., 

Alamdar O.G. & Denji K.A. 

(2015) Prebiotic (A-Max) and 

Growth of Juvenile Rainbow 

Trout (Oncorhynchus mykiss). 

Journal of Applied Aquaculture, 

27, 61-71. 

Al-Asgah N.A., Abdel-Warith A.-W.A., 

Younis E.-S.M. & Allam H.Y. 

(2015) Haematological and 

biochemical parameters and 

tissue accumulations of 

cadmium in Oreochromis 

niloticus exposed to various 

concentrations of cadmium 

chloride. Saudi Journal of 

Biological Sciences, 22, 543-50. 

Al-Balawi H.F.A., Al-Akel A.S., Al-

Misned F., Suliman E.A.M., Al-

Ghanim K.A., Mahboob S. & 

Ahmad Z. (2013) Effects of sub-

lethal exposure of lead acetate 

on  histopathology of gills, liver, 

kidney and muscle and its 

accumulation in these organs of 

Clarias gariepinus. Brazilian 

archives of biology and 

technology, 56, 293-302 . 

Al-Faragi J.K.H., Salman N.M. & al-

rudainy A.J. (2017) 

Histopathological Alterations in 

Gills , Liver and Kidney of 

Common Carp , Cyprinus Carpio 

L . Exposed to Lead Acetate . 

Ali H., Khan E. & Ilahi I. (2019) 

Environmental Chemistry and 

Ecotoxicology of Hazardous 

Heavy Metals: Environmental 

Persistence, Toxicity, and 

Bioaccumulation. Journal of 

Chemistry ,2019, 6730305. 

Alibraheemi A. (2019) 

Histopathological changes in 

gills, liver and kidney of fresh 

water fish, Tilapia zillii, exposed 

to aluminum . 

Alm-Eldeen A.A., Donia T. & Alzahaby 

S. (2018) Comparative study on 

the toxic effects of some heavy 

metals on the Nile Tilapia, 

Oreochromis niloticus, in the 

Middle Delta, Egypt. 

Environmental Science and 

Pollution Research, 25, 14636-

46. 

Anbu K. (2014) Primary and secondary 

stress responses in Indian major 

carps when exposed to heavy 

metals. International Journal of 

Biotechnology, 2, 7-12 . 

Andrews S.R., Sahu N.P., Pal A.K. & 

Kumar S. (2009) Haematological 

modulation and growth of Labeo 



Effect of Lead Toxicity on The Kidney of Nile Tilapia 41 

rohita fingerlings: effect of 

dietary mannan oligosaccharide, 

yeast extract, protein hydrolysate 

and chlorella  .Aquaculture 

Research, 41, 61-9 . 

Atli G. & Canli M. (2010) Response of 

antioxidant system of freshwater 

fish Oreochromis niloticus to 

acute and chronic metal (Cd, Cu, 

Cr, Zn, Fe) exposures. 

Ecotoxicology and 

Environmental Safety, 73, 1884-

9. 

Avwioro G. (2010  )Histochemical Uses 

of Haematoxylin - A Review. 

JPCS, 1. 

Ayyat M., Sharaf S.M., Abbas F.S. & El-

Marakby H. (2003) Reduction of 

dietary lead toxicity in Nile 

tilapia (Oreochromis niloticus). 

Ayyat M.S., Ayyat A.M.N., Naiel 

M.A.E. & Al-Sagheer A.A. 

(2020) Reversal effects of some 

safe dietary supplements on lead 

contaminated diet induced 

impaired growth and associated 

parameters in Nile tilapia. 

Aquaculture ,515, 734580. 

Carvalho C.d.S., Bernusso V.A., Araújo 

H.S.S.d., Espíndola E.L.G. & 

Fernandes M.N. (2012  )

Biomarker responses as 

indication of contaminant effects 

in Oreochromis niloticus. 

Chemosphere, 89, 60-9 . 

Cheng H. & Hu Y. (2010) Lead (Pb) 

isotopic fingerprinting and its 

applications in lead pollution 

studies in China: a review. 

Environmental pollution   158 ,

1134-4.  

Dalmo R.A. & Bøgwald J. (2008) ß-

glucans as conductors of immune 

symphonies. Fish & Shellfish 

Immunology, 25, 384-96 . 

Davani-Davari D., Negahdaripour M., 

Karimzadeh I., Seifan M., 

Mohkam M., Masoumi S.J., 

Berenjian A. & Ghasemi Y. 

(2019) Prebiotics: Definition, 

Types, Sources, Mechanisms, 

and Clinical Applications. Foods 

(Basel, Switzerland), 8, 92. 

Ding Z., Kong Y., Shao X., Zhang Y., 

Ren C., Zhao X., Yu W., Jiang T. 

& Ye J. (2019) Growth, 

antioxidant capacity, intestinal 

morphology, and metabolomic 

responses of juvenile Oriental 

river prawn (Macrobrachium 

nipponense) to chronic lead 

exposure. Chemosphere, 217, 

289-97. 

Drabkin D.L. (1946) 

Spectrophotometric studies; the 

crystallographic and optical 

properties of the hemoglobin of 

man in comparison with those of 

other species. Journal of 

Biological Chemistry, 164, 703-

23. 

Drishya M., Kumari B., Mohan K., 

Ambikadevi A. & Aswin B. 

(2016) Histopathological 

changes in the gills of fresh water 

fish, Catla catla exposed to 

electroplating effluent. 
International Journal            
of  Fisheries and Aquatic Studie

s, .6-13 , 

Ebrahimi G., Ouraji H., Khalesi M.K., 

Sudagar M., Barari A., Zarei 

Dangesaraki M. & Jani Khalili 

K.H. (2012) Effects of a 

prebiotic, Immunogen®, on feed 

utilization, body composition, 

immunity and resistance to 

Aeromonas hydrophila infection 

in the  common carp Cyprinus 

carpio (Linnaeus) fingerlings. 

Journal of Animal Physiology 

and Animal Nutrition, 96, 591-9. 

Eissa A.E., Tharwat N.A. & Zaki M.M. 

(2013) Field assessment of the 

mid winter mass kills of trophic 

fishes at Mariotteya stream, 

Egypt: Chemical and biological 

pollution synergistic model. 

Chemosphere, 90, 1061-8. 

El-Asely A.M., Abbass A.A. & Austin 

B. (2014) Honey bee pollen 

improves growth, immunity and 

protection of Nile tilapia 

(Oreochromis niloticus) against 

infection with Aeromonas 



Nadia A. El-Fahla et al. 42 

hydrophila. Fish Shellfish 

Immunol, 40, 500-6 . 

El-Sayed A.-F.M. (2006) Tilapia culture 

in salt water: environmental 

requirements, nutritional 

implications and economic 

potentials. Avances en Nutricion 

Acuicola. Corpus ID: 229377591 

Elabd H., Wang H.-P., Shaheen A., Yao 

H. & Abbass  A. (2016) Feeding 

Glycyrrhiza glabra (liquorice) 

and Astragalus membranaceus 

(AM) alters innate immune and 

physiological responses in 

yellow perch (Perca flavescens). 

Fish & Shellfish Immunology, 

54, 374-84. 

Figueiredo-Fernandes A., Ferreira-

Cardoso J.V  ,.Garcia-Santos S., 

Monteiro S.M., Carrola J., Matos 

P. & Fontaínhas-Fernandes A. 

(2007) Histopathological 

changes in liver and gill 

epithelium of Nile tilapia, 

Oreochromis niloticus, exposed 

to waterborne copper. Pesquisa 

Veterinária Brasileira, 27, 103-

9. 

Flora G., Gupta D. & Tiwari A. (2012) 

Toxicity of lead: a review with 

recent updates. Interdisciplinary 

toxicology, 5, 47-58 . 

Gadagbui B.K.-M., Addy M. & Goksøyr 

A. (1996) Species characteristics 

of hepatic biotransformation 

enzymes in two tropical 

freshwater teleosts, tilapia 

(Oreochromis niloticus) and 

mudfish (Clarias anguillaris). 

Comparative Biochemistry and 

Physiology Part C: 

Pharmacology, Toxicology and 

Endocrinology, 114, 201-11. 

Garcia‐Santos S., Fontaínhas‐Fernandes 

A. & Wilson J.M. (2006) 

Cadmium  tolerance in the Nile 

tilapia (Oreochromis niloticus) 

following acute exposure: 

assessment of some 

ionoregulatory parameters. 

Environmental Toxicology: An 

International Journal, 21, 33-46 . 

Giri S.S., Kim M.J., Kim S.G., Kim 

S.W., Kang J.W., Kwon J., Lee 

S.B., Jung W.J., Sukumaran V. 

& Park S.C. (2021) Role of 

dietary curcumin against 

waterborne lead toxicity in 

common carp Cyprinus carpio. 

Ecotoxicology and 

Environmental Safety ,219, 

112318. 

Gu M., Ma H., Mai K., Zhang W., Bai 

N. & Wang X. (2011) Effects of 

dietary β-glucan, mannan 

oligosaccharide and their 

combinations on growth 

performance, immunity and 

resistance against Vibrio 

splendidus of sea cucumber, 

Apostichopus japonicus. Fish & 

Shellfish Immunology, 31, 303-9 . 

Gürer H., Özgünes H., Neal R., Spitz  

D.R. & Erçal N. (1998) 

Antioxidant effects of N-

acetylcysteine and succimer in 

red blood cells from lead-

exposed rats. Toxicology, 128, 

181-9. 

Hoseinifar S.H., Sun Y.-Z., Wang A. & 

Zhou Z. (2018) Probiotics as 

means of diseases control in 

aquaculture, a review of current 

knowledge and future 

perspectives. Frontiers in 

microbiology, 9, 2429. 

Hsu P.-C. & Guo Y.L. (2002) 

Antioxidant nutrients and lead 

toxicity. Toxicology ,180, 33-44. 

Jacob B., Ritz B., Heinrich J., Hoelscher 

B. & Wichmann H.E. (2000) The 

Effect of Low-Level Blood Lead 

on Hematologic Parameters in 

Children. Environmental 

Research ,82, 150-9 . 

Jobling M. (2012) National Research 

Council (NRC): Nutrient 

requirements of fish and shrimp. 

Aquaculture International, 20, 

601-2. 

Jurczuk M., Brzóska M.M &  .

Moniuszko-Jakoniuk J. (2007) 

Hepatic and renal concentrations 

of vitamins E and C in lead- and 

ethanol-exposed rats. An 



Effect of Lead Toxicity on The Kidney of Nile Tilapia 43 

assessment of their involvement 

in the mechanisms of 

peroxidative damage. Food and 

Chemical Toxicology, 45, 1478-

86. 

Khalesi K., Abedi  Z., Behrouzi S. & 

Eskandari S.K. (2017) 

Haematological, blood 

biochemical and 

histopathological effects of 

sublethal cadmium and lead 

concentrations in common carp. 

Bulgarian Journal of Veterinary 

Medicine, 20, 141-50 . 

Kim J.-H. & Kang J.-C. (2014) The 

selenium accumulation and its 

effect on growth, and 

haematological parameters in red 

sea bream, Pagrus major, 

exposed to waterborne selenium. 

Ecotoxicology and 

Environmental Safety, 104, 96-

102. 

Kim J.-H. & Kang J.-C. (2016) The 

immune responses in juvenile  

rockfish, Sebastes schlegelii for 

the stress by the exposure to the 

dietary lead (II). Environmental 

Toxicology and Pharmacology, 

46, 211-6. 

Kulkarni R. & Pruthviraj C. (2016) 

Blood creatinine and some 

enzyme levels in four species of 

Indian carp fishes collected from 

a local aquatic body. 

International Letters of Natural 

Sciences, 60 . 

Kumar P., Prasad Y., Patra A.K. & 

Swarup D. (2007) Levels of 

Cadmium and Lead in Tissues of 

Freshwater Fish (Clarias 

batrachus L.) and Chicken in 

Western UP (India). Bulletin  of 

Environmental Contamination 

and Toxicology, 79, 396-400. 

lara-flores M., Olivera Castillo L. & 

Olvera-Novoa M. (2010) Effect 

of the inclusion of a bacterial mix 

(Streptococcus faecium and 

Lactobacillus acidophilus), and 

the yeast (Saccharomyces 

cerevisiae) on growth, feed 

utilization and intestinal 

enzymatic activity of Nile tilapia 

(Oreochromis niloticus). 

International 

Journal of Fisheries and Aquat

ic, 2, 93-101 . 

Lin S., Pan Y., Luo L. & Luo L. (2011) 

Effects of dietary β-1,3-glucan, 

chitosan or raffinose on the 

growth, innate  immunity and 

resistance of koi (Cyprinus 

carpio koi). Fish & Shellfish 

Immunology, 31, 788-94 . 

Minnema D.J. & Hammond P.B. (1994) 

Effect of lead exposure on 

patterns of food intake in 

weanling rats. Neurotoxicology  

and Teratology, 16, 623-9. 

Mohamed F.A. (2009) 

Histopathological Studies on 

Tilapia zillii and Solea vulgaris 

from Lake Qarun, Egypt . Corpus 

ID: 54170214 

Mustafa S., Al-Faragi J., Salman N. & 

Al-Rudainy A. (2017) 

Histopathological alterations in 

gills, liver and kidney of 

common carp, Cyprinus carpio 

exposed to lead Acetate. 

Advances in Animal and 

Veterinary Sciences, 5, 371-6. 

Nourian K., Shahsavani D. & Baghshani 

H. (2019) Effects of lead (Pb) 

exposure on some blood 

biochemical indices in Cyprinus 

carpio: potential alleviative 

effects of thiamine. Comparative 

Clinical Pathology, 28, 189-94. 

Osman A., AbouelFadl K., Abdelreheem 

A., Mahmoud U., Kloas W. & 

Moustafa M. (2018) Blood 

Biomarkers in Nile tilapia 

Oreochromis niloticus niloticus 

and African Catfish Clarias 

gariepinus to Evaluate Water 

Quality of the River Nile. 

Journal of Fisheries Sciences. 

com, 12 . 

Parekh H.M. & Tank S.K. (2015) 

Studies of haematological 

parameters of Oreochromis 

niloticus exposed to Cadmium 

Chloride (CdCl2, 2H2O). 



Nadia A. El-Fahla et al. 44 

International Journal of 

Environment, 4, 116-27 . 

Raa J. (1996) The use of 

immunostimulatory substances 

in fish  and shellfish farming. 

Reviews in Fisheries Science, 4, 

229-88. 

Rajeshkumar S., Liu Y., Ma J., Duan 

H.Y. & Li X. (2017) Effects of 

exposure to multiple heavy 

metals on biochemical and 

histopathological alterations in 

common carp, Cyprinus carpio 

L. Fish     & Shellfish Immunology, 

70, 461-72. 

Refstie S., Baeverfjord G., Seim R.R. & 

Elvebø O. (2010) Effects of 

dietary yeast cell wall β-glucans 

and MOS on performance, gut 

health, and salmon lice resistance 

in Atlantic salmon (Salmo salar) 

fed sunflower and soybean meal. 

Aquaculture, 305, 109-16. 

Sado R.Y., Bicudo Á.J.D.A. & Cyrino 

J.E.P. (2008) Feeding Dietary 

Mannan Oligosaccharides to 

Juvenile Nile Tilapia, 

Oreochromis niloticus, Has No 

Effect on Hematological 

Parameters and Showed 

Decreased Feed Consumption. 

Journal of the World 

Aquaculture Society, 39, 821-6. 

Selim K.M. & Reda R.M. (2015) Beta-

Glucans and Mannan 

Oligosaccharides Enhance 

Growth and Immunity in Nile 

Tilapia. North American Journal 

of Aquaculture, 77, 22-30. 

Shah N., Khisroon M. & Shah S.S.A. 

(202 0  ) Assessment of copper, 

chromium, and lead toxicity in 

fish (Ctenopharyngodon idella 

Valenciennes, 1844) through 

hematological biomarkers. 

Environmental Science and 

Pollution Research, 27, 33259-

69. 

Shelby R.A., Lim C., Yildirim-Aksoy 

M., Welker T.L. & Klesius P.H. 

(2009) Effects of Yeast 

Oligosaccharide Diet 

Supplements on Growth and 

Disease Resistance in Juvenile 

Nile Tilapia, Oreochromis 

niloticus. Journal of Applied 

Aquaculture, 21, 61-71 . 

Staykov Y., Spring P., Denev S. & 

Sweetman J. (2007) Effect of  a 

mannan oligosaccharide on the 

growth performance and 

immune status of rainbow trout 

(Oncorhynchus mykiss). 

Aquaculture International, 15, 

153-61. 

Steinel N.C. & Bolnick D.I. (2017) 

Melanomacrophage Centers As a 

Histological Indicator of 

Immune Function in Fish and 

Other Poikilotherms. Frontiers 

in Immunology, 8 . 

Suomalainen L.R., Tiirola M. & 

Valtonen E. (2005) Influence of 

rearing conditions on 

Flavobacterium columnare 

infection of rainbow trout, 

Oncorhynchus mykiss 

(Walbaum). Journal of Fish 

Diseases, 28  ,271-7 .  

Ta’ati R., Soltani M., Bahmani M. & 

Zamini A.A. (2011) Effects of 

the prebiotics Immunoster and 

Immunowall on growth 

performance of juvenile beluga 

(Huso huso). Journal of Applied 

Ichthyology, 27, 796-8 . 

Thophon S., Kruatrachue M., Upatham 

E.S., Pokethitiyook P., 

Sahaphong S. & Jaritkhuan S. 

(2003) Histopathological 

alterations of white seabass, 

Lates calcarifer, in acute and 

subchronic cadmium exposure. 

Environmental Pollution, 121, 

307-20. 

Tietz N.W., Finley P.R. & Pruden E. 

(1995) Clinical guide  to 

laboratory tests. WB Saunders 

company Philadelphia. Advances 

in Bioscience and 

Biotechnology, Vol.6 No.12. 

Waché Y., Auffray F., Gatesoupe F.-J., 

Zambonino J., Gayet V., Labbé 

L. & Quentel C. (2006) Cross 

effects of the strain of dietary 

Saccharomyces cerevisiae and 

https://www.scirp.org/(S(oyulxb452alnt1aej1nfow45))/journal/home.aspx?journalid=164
https://www.scirp.org/(S(oyulxb452alnt1aej1nfow45))/journal/home.aspx?journalid=164
https://www.scirp.org/(S(oyulxb452alnt1aej1nfow45))/journal/home.aspx?journalid=164
https://www.scirp.org/(S(oyulxb452alnt1aej1nfow45))/journal/home.aspx?issueid=7326


Effect of Lead Toxicity on The Kidney of Nile Tilapia 45 

rearing conditions on the onset of 

intestinal microbiota and 

digestive enzymes in rainbow 

trout, Onchorhynchus mykiss, 

fry. Aquaculture, 258, 470-8. 

Whittington R., Lim C. & Klesius P.H. 

(2005) Effect of dietary β-glucan 

levels on the growth response 

and efficacy of Streptococcus 

iniae vaccine  in Nile tilapia, 

Oreochromis niloticus. 

Aquaculture, 248, 217-25. 

Wolf J.C., Dietrich D.R., Friederich U., 

Caunter J. & Brown A.R. (2004) 

Qualitative and quantitative 

histomorphologic assessment of 

fathead minnow Pimephales 

promelas gonads as an endpoint 

for evaluating endocrine-active 

compounds: a pilot methodology 

study. Toxicologic Pathology, 

32, 600-12. 

Zaki M.S., Fawzi O.M., Moustafa S., 

Seamm S. & Awad I. (2010) 

Biochemical and Immunological 

studies in Tilapia Zilli exposed to 

lead pollution and climate 

change. Corpus ID: 85800839 

Zorriehzahra M.J., Delshad S.T., Adel 

M., Tiwari R., Karthik K., 

Dhama K. & Lazado C.C. (2016) 

Probiotics as beneficial microbes 

in aquaculture: an update on their 

multiple modes of action: a 

review. Veterinary Quarterly, 

36, 228-41. 

 

 

 


	8665b34acb00531db8a0e1c84f603568623dbecd16b7dad4701257b85c2f210f.pdf
	8665b34acb00531db8a0e1c84f603568623dbecd16b7dad4701257b85c2f210f.pdf

