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Introduction                                                                                    

Carp is first most important cultured world fish, 
then Tilapia. Tilapia farm is being practiced in most 
of the tropical, subtropical and temperate regions 
[1]. In 2012, tilapias aquaculture production 
attained 75.54% of the total aquaculture [2]. 
Stocking density is important character in culture 
of fish systems, since it has direct effects on the 
expansion and survival, thence on production. it’s 
a longtime indisputable fact that growth rate of 

fishes were be increasingly increase because the 
stocking density had be decreased and vice-versa. 
But to obtain more economic returns might be 
necessary to stock the ponds at optimum stocking 
density for optimum growth in relevancy inputs 
and productivity of the water body [3]. The use of 
the suitable density is a commercially beneficial 
operation, focusing on maximizing the utilization 
of the rearing system, water and financial 
resources [4].

THE EXPERIMENT was performed in the central laboratory for aquaculture research, 
Egypt. Experimental fish about 10.2 g Nile tilapia were divided into four different 

treatments in different ratios, and fed on 25% protein pellets for 120 days at 3% of body 
weight. Some parameters like some digestive enzymes (amylase and lipase), glucose, cortisol, 
insulin, growth hormone, iron and total binding iron capacity were measured in blood serum; 
the 4th treatment showed the minimum value for theses measurements except for glucose and 
cortisol 153.6±9.2 mg/dl and 176.3±5.2 ng/ml, respectively. Haemoglobin showed the highest 
and minimum value (7.63±0.03 g/dl & 6.27±0.03 g/dl) in treatments (1 and 4) respectively. 
Erythrocytes count showed the highest value 2.52±0.01(X106/Cmm) in the first treatment, while 
the lowest value 2.09±0.03 (X106/Cmm) was recorded among treatment (4). Water samples for 
physico-chemical analysis were monitored bi-weekly during the study period then collected 
and tabulated in one mean. The growth performance of experimental fishes was significantly 
decreased with increasing fish density.

Keywords: Nile tilapia, Insulin, Lipase, Amylase, Haemoglobin, Water quality, Growth 
performance.
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The activity of amylase was determined in 
different organs (liver pseudostomach, upper and 
lower intestines) and showed that fishes weight 5.7 
g was highest at pH 6, but fish weight 35.8 g was 
recorded amylase activity from these organs high 
at pH 7, 8, 6 and 7, respectively and at pH 2 for fish 
weight 92.1 g, another meaning, amylase activities 
were increased with increasing size fish [5],  
showed that amylase activities were increased in 
salivary glands of Lygus hesperus and L. lineolaris 
at pH 6.5 reported that Nile tilapia (55-255g body 
weight) amylase activities were being reached 
maximum value at pH level of 7.5 [6]. 

Environmental stress effect on physiological 
response are mainly divided into three types; first 
(neuroendocrine, corticosteroid–catecholamine 
responses), second type (metabolic changes, 
hematological, osmoregulatory and immunological 
responses) while third kind (responses to whole 
organism physiological and behavioral changes) 
[7, 8].  Dietary proteins, lipids and carbohydrates 
are essential for development (anabolism) and 
energy source to run body catabolism. Proteins 
were consisted of chains of amino acids; it has 
conclusively been shown in our previous studies 
that novel amino acid candidates are promising 
as biologically activate [9-29]. Amino acids were 
be used for growth and catabolic functions [30]. 
Levels of growth hormone and muscle protein 
ratio may be the good indicators of herbicide 
contamination in tilapia species [31].

Effect of both protein and stocking density on 
some growth performance parameters was studied 
[32] and they noticed stocking ratio significantly 
affected the body weight, specific growth rate 
and feed conversion ratio. In Nile tilapia [1] 
growth and survival in bamboo net cages trial 
were depended on stocking density, and found 
no significant differences in daily weight gain, 
specific growth rate, final weight, relative growth 
rate, feed conversion ratio (FCR) and survival rate, 
whereas there were significant differences in fish 
harvest, profit index and chemical composition of 
fish carcass [1] .

Experimental                                                                       

The experiment was performed in the central 
laboratory for aquaculture research, Agriculture 
Research Center (CLAR), Egypt. Experimental 
fish about 10.2 g were collected and acclimated 
for 15 days before the experiment start. The 
experiment was divided into four groups 
containing 2, 4, 6 and 8 fish per aquarium each 
aquarium (40 X 50 X 60 Cm), representing the 

densities 20, 40, 60 and 80 fish per cubic meter, and 
each group containing four aquaria representing 
four replicates. Fish were fed on 25% protein 
pellets daily of a 3% of fish body weight six days 
in week. Water exchange was carried out every 
two days during the experiment time (120 days).

Blood samples were collected from the caudal 
veins at the end of experimental period (120 
days) and divided into two portions. The first 
part of blood was collected within clean and dry 
tubes then centrifuged for 15 minutes at 5000 
rpm. The blood serum was separated, labeled 
and freezing for blood biochemical analysis. The 
second part was collected in heparanized tubes for 
haemotological parameters determination. The 
total iron content (TI, mg/ml) and unsaturated 
iron binding capacity (UIBC, mg /ml) of serum 
were measured using a kit (Sigma no. 565) based 
on the method described by [33]. Total iron 
binding capacity (TIBC mg/ml) was measured 
as the sum of TI and UIBC. Activity of amylase 
was measured by the starch-hydrolysis method of 
[34]. Activity of lipase was determined according 
to the method of [35]. Cortisol levels in serum 
were measured by immunological method [36].  
Serum glucose was analyzed by using a blood 
sugar determination kit Boehringer Mannheim as 
described by [37]. Plasma insulin was determined 
by RIA (radioimmunoassay) using a guinea pig 
anti-procine- insulin antiserum as an antibody, 
labeled insulin as a tracer, and PEG (polyethylene 
glycol) as separation method [38, 39]. The standard 
curve was calculated using the logit-log method 
and was linearized by an on-line Hewlett Packard 
9815A calculator. The sensitivity, recovery and 
parallelism of insulin assay were checked as 
described by [40]. Tilapia growth hormone was 
measured by double antibody technique [41].

Hemoglobin was estimated by the colorimetric 
method using Boehringer Mannheim Kit as 
described by [42]. The count of RBC was 
determined by taking 0.5 ml of blood containing 
the anticoagulant EDTA and counted using a 
double hemocytometer under the microscope as 
described [43] and expressed in million per cubic 
ml. Hematocrite (Hct) value was measured by 
centrifuging the heparinized blood in the micro-
haematocrit tube, at 5000 rpm for five minutes 
until the blood corpuscles were separated from the 
plasma [44]. Blood indices also were calculated 
[45] as follows :
Mean corpuscular volume (MCV) (fl) = 10X Hct 
/ RBCs (X106/µl).
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Mean corpuscular hemoglobin (MCH) (Pg) = 
10X Hb / RBCs (X106/µl).

Mean corpuscular hemoglobin concentration 
(MCHC) (g/dl) = 100X Hb / Hct.

Samples of water for physico-chemical 
analysis were monitored bi-weekly during the 
study period then collected and tabulated in one 
mean.  Dissolved oxygen, temperature, salinity 
and pH were measured as described [46] and 
Total ammonia concentrations were determined 
by nesslerization method [46], Also, growth 
performances parameters were measured and 
calculated at the end of the experiment. Weight 
gain (g/fish) = W2 – W1. Daily weight gained 
= weight gained/ time of experiment. Specific 
growth rate (SGR) = 100 [Ln wt1– Ln wTc] / T   
Where:  Ln = Normal logb.  Wt1 = final weight 
(g).   WTc = initial weight (g). T   = the time of 
experiment (days).

1. Statistical Analysis:
Obtained data was subjected to one-way 

ANOVA. Differences among means were tested 
at the 5% probability level using Duncan test [47]. 
All the statistical analysis was done using SPSS 
version 10 (SPSS, Richmond, USA) as described 
by [48].

Results                                                                               

Some biochemical analysis was done on serum 
and their data are shown in Table (1). Amylase 
enzyme was measured in blood serum and was 
significantly different, its highest value 72.67 ± 
0.88 u/mg (T1), and its lowest value 50.67±0.88 
(T4). Serum lipase was significant and ranged 
from 36.37±0.15 (T4) to 48.43±0.09 u/mg (T1).

Serum glucose was increased significantly 
with lower density, showing its highest value 
153.6±9.2 mg/dl in treatment (4), while its lowest 
value 76.2±4.6 mg/dl was recorded in treatment 
(1). Serum cortisol was increased significantly by 
decreasing densities, showing its maximum value 
176.3±5.2 ng/ml in (T4), while its minimum value 
102.8±6.9 ng/ml was observed among (T1).

Serum insulin was significant and ranged from 
0.2±0.0001 µIU/mL (T4) to 0.4± 0.0001 µIU/mL 
(T1). Total iron binding capacity (TIBC) was 
significant and ranged from 245.43±0.75 μg/dL 
(T4) to 288.67±0.27 μg/dL (T1). Serum iron was 
significant and showed highest value 31.27±0.12 
μg/dL in treatment (2) and lowest value 23.3±0.36 
μg/dL in treatment (4). Growth hormone was 

measured in serum and was significant, it ranged 
from 4.07±0,03 mu/l (T4) to 6.23±0.03 mu/l (T1).

Hematological parameters and blood indices 
are illustrated in Table (2). Haemoglobin (Hb) and 
erythrocyte count (RBCs) were non significant in 
the first and second treatments, while they were 
significant different in third and fourth treatments. 
The highest Hb 7.63±0.03g/dl was recorded in 
the first treatment, the lowest one 6.27±0.03g/dl 
was in the fourth treatment. RBCs varied from 
2.09±0.03 x 106/cmm (T4) to 2.52±0.01 x 106/cmm 
(T1). Packed cell volume (PCV) showed lowest 
value 17.55±0.1% in treatment four, and showest 
highest one 21.37±0.09 % in treatment one. Mean 
corpuscular volume (MCV) was non significant, it 
ranged from 83.86±0.89 fl (T4) to 84.7±0.13 (T1). 
The mean corpuscular Haemoglobin (MCH) was 
non significant, its highest value 30.25±0.05 Pg 
was recorded in treatment (1), while its lowest 
value 29.03±1.3Pg was recorded in treatment 
(3). The mean corpuscular Haemoglobin 
concentration (MCHC) was non significant and 
its value was about 35.7±0.007g/dl.

The physico- chemical properties of water are 
illustrated in Table (3), by seeing this table it is 
clear that water temperature was in the range of 
29.2˚C, water temperature was not significantly 
different among all treatments. Dissolved oxygen 
was significantly different in the control group, 
while T2 and T3 were non significant, also T3 
and T4 were non significant, the dissolved oxygen 
concentration ranged from 5.0±0.03 to 5.4±0.03 
mg/l. pH values were non significantly different 
and ranged between 8.1±0.03 and 8.2±0.06. 
Salinity values were ranged between 0.11±0.01 and 
0.16±0.02 ppt, salinity values are non significant. 
Total alkalinity values were significantly different, 
except T1 and T4 were non significant. Total 
hardness values were non significant, while T2 
was significantly lower than the other treatments. 
The highest total alkalinity and total hardness 
were 291.3±2.4 and 314±2.08 mg/l respectively, 
their lowest values were 274.7±1.45 and 302±1.76 
mg/l. ammonia concentration ranged from 
012±0.003 to 014±0.003 mg/l, the first treatment 
was significantly higher than the other treatments.

Growth performance parameters data are 
shown in Table (4). Growth performance 
parameters were significantly different among 
the four treatments. The initial weight for 
different treatments was 10.2g. Final weight was 
significantly high in the first treatment (65.8±0.36 
g). The highest weight gained (55.6±0.2g) was 
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recorded in the first treatment, while the lowest one 
(25.87±0.15g) was in the fourth treatment. Daily 
weight gained was significantly different, and it 
was in between 0.27±0.003g and 0.62±0.003g in 
the fourth and first treatments respectively. The 
lowest feed conversion ratio (FCR) 1.3±0.02 was 
obtained from the first treatment, while the highest 
one 1.64±0.01 was in the fourth treatment. Specific 
growth rate (SGR) was significant different and 
its highest and lowest values (3.11±0.02 % and 
2.11±0.03%) were recorded in treatments (1 and 
4) respectively. 

Discussion                                                                          

In the present study, digestive enzymes 
(amylase and lipase) have an essential role in 
digestion process to give high benefit of food diet 
and subsequently growth and insulin hormone 
were regulated the growth performance of Nile 
tilapia fish also these results affected by fish 
density and fish growth. 

Lipases and colipases were enzymes of 
lipid digestion involves in the extracellular 
hydrolysis in stomach, intestines and cecal lumen 
[49]. However, in the pyloric ceca and anterior 
intestines were appeared first sites of hydrolysis 
lipid for most species [50], noticed that in both 
the upper and lower intestines and pancreas 
Scleropages formosus (251.5g) were high activity 
of lipase but in another fishes the pyloric ceca and 
upper intestine  were be appeared lipid hydrolysis 
[50].  In the pancreatic juice, stomach, intestines 
and bile amylase has been identified however; the 
main producers were pancreas and liver [51].

On the other hand amylase activity was directly 
increasing with increasing fish size. The results 
are in hand with hand [52], where they were found 
amylase activity of common carp high in larger 
fish. In our experiment noticed that growth rate 
decreased with increasing stocking density that 
agree with [53] they showed that growth rate is 
a very important parameter in aquaculture that 
determines time required to produce marketable 
size of fish, diet composition [54]. Plasma 
growth hormone was decreased within one 
hour of stress but returned to near control levels 
after 4h [55]. Increase in plasma cortisol was 
decreased in serum growth hormone and studies 
in mammals glucocorticoids was inhibited growth 
and growth hormone secretion predominantly 
through inhibition by somatostatin [56]. In trout 
liver somatostatin significantly decreased growth 
hormone (GH) binding [57]. Changes on blood 

glucose are measured as physiological effects of 
stress condition in fish [58]. Also, total serum iron 
with total binding iron capacity were be decreased 
with increasing fish density according to obtain 
results in table 4 whereas, glucose and cortisol 
have directly effect with fish density increased 
these informations were been noticed in our 
results. 

Due to blood hematology and blood induces 
were considered as health indication of fish these 
results showed that they have low significant 
decrease with increasing fish density these in 
hand with hand [59] they showed that some 
hematological parameters of rainbow trout 
were be influenced due to crowded density as 
chronic stress. Significant increase of RBC 
and Hb concentration observed in the present 
study could be attributed to the increased stress 
and oxygen demand. Erythrocytes count and 
hemoglobin concentration are responsible for 
elevation blood oxygen-carrying capacity [60]. 
Also, gilthead sea bream (Sparus aurata) was 
achieved reared at conditions of high density 
[61,62] they noticed that erythrocytes count, 
hematocrit, hemoglobin, MCV, MCH and MCHC 
were changed significantly, also, temperature was 
reduced as a result oxygen more dissolve in water 
which resulted in the experimental fish preserved 
their energy by reducing a hematopoietic process. 
Metabolism was suppressed causing reduced 
RBC, hematocrit and Hb concentration [63].

Quality of water were be adjusted at suitable 
condition for growth with maintenance different 
stocking densities of fish in our experiment, these 
results agreement with [64] they showed that 
quantity and quality of nutrients used in food 
may be different enzymatic profile and activity of 
digestive tract in animals. Thus, feed composition 
could be enhanced biological adaptations and 
food absorption [65].

Compete cycle of good fish yield was 
depended on good water quality, good hormonal 
levels, good physiological state, fish density 
and subsequently good growth performance. 
The value of diet is based on digest and absorb 
through physiological fish (eating habits) and 
independent mainly on its chemical composition. 
Throughout digestion, proteins are broken into 
small compounds (peptides and free amino acids) 
then absorbed by specific membrane, proteins 
specialized in peptide transport and useful by the 
body [66-67].  
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Nutritional studies of tilapia aquaculture must 
be concentrated on decrease high costs of generated 
by feeding and to food utilization (optimize) for 
reach making fish growth performance, weight 
gain, survival and growth [58, 59] also, they 
found growth performance are depended on food 
source, biochemical composition of ingredients, 
content and diets. Fish growth is mainly depended 
on interacting environmental factors (degree 
of competition; the amount and quality of food 
ingested; water temperature and age and state of 
maturity) of fish [19].

Conclusion                                                                       

From obtained results we concluded that Nile 
tilapia culture in a suitable density improved 
physiological state. Subsequently, thus it was 
reflected on growth performance. If high 
stocking density was used without controlling 
environmental conditions, physiological state and 
growth performance will be declined. 

Acknowledgements                                                              

This Research was funded by The Deanship 
of Scientific Research at Princess Nourah Bint 
Abdulrahman University through the Fast-Track 
Research Funding Program. 

References                                                                       

1. Osofero S.A., Otubusin S.O. and Daramola J.A. 
Effect of stocking density on tilapia (Oreochromis 
niloticus Linnaeus 1757) growth and survival 
in bamboo – net cages trial. African Journal of 
Biotechnology, 8(7), 1322-1325 (2009).

2. FAO, The state of world fisheries and aquaculture 
2012, opportunities and challenges. Rome, 18-27 
(2014).

3. Hasan S.J., Mian S., Rashid A.H.A. and 
Rahmatullah S.M. Effects of stocking density on 
growth and production of GIFT (Oreochromis 
niloticus) Bangladesh. Fish. Res., 14(1-2):45-53 
(2010).

4. Fairchild E.A. and Howell, W.H. Optimal 
stocking density for juvenile winter flounder 
Pseudopleuronectes americanus. Journal of the 
World Aquaculture Society, 32, 300-308. (2001).

5. Zeng F. and Cohen A.C. Partial characterization 
of alpha-amylase in the salivary glands of Lygus 
hesperus and L. lineolaris. Comp Biochem Physiol 
B Biochem Mol Biol. 126(1), 9-16 (2000).

6. Sheng L.J., Lin L.J. and Ting W.T. Ontogeny of 

protease, amylase and lipase in the alimentary Tract 
of hybrid juvenile tilapia (Oreochromis niloticus 
× Oreochromis aureus). Fish Physiol. Biochem. 
23(4), 295-303 (2006).

7. Mazeaud M.M., Mazeaud F. and Donaldson E.M. 
Primary and secondary effects of stress in fish: 
some new data with a general review. Trans. Am. 
Fish. Soc. 106, 201-212 (1977).

8. Barton B.A. Stress in fishes: a diversity of responses 
with particular reference to changes in circulating 
corticosteroids. Integr. Comp. Biol. 42, 517–525 
(2002).

9. Moustafa G.O., El-Sawy A.A. and Abo-Ghalia 
M.H., Synthesis of Novel Cyclopeptide Candidates: 
I-Cyclo-[Nα-isophthaloyl-bis-(Glycine-Amino 
Acid)-L-Lysine] Derivatives with Expected 
Anticancer Activity., Egypt. J. Chem., 56(5), 473-
494 (2013).

10. Abo-Ghalia M.H., Moustafa G.O., Alwasidi 
A.S. and Naglah A.M., Cytotoxic investigation 
of isophthaloyl cyclopentapeptides., Lat. Am. J. 
Pharm., 36(10), 1957-1962 (2017).

11. Amr A.E.E., Abo-Ghalia M.H., Moustafa G.O., Al-
Omar M.A., Nossier E.S. and Elsayed E.A., Design, 
synthesis and docking studies of novel macrocyclic 
pentapeptides as anticancer multi-targeted kinase 
inhibitors., Molecules, 23, 2416 (2018).

12. Moustafa G.O., Younis A., Al-Yousef S.A. and 
Mahmoud S.Y., Design, synthesis of novel 
cyclic pentapeptide derivatives based on 1, 
2-benzenedicarbonyl chloride with expected 
anticancer activity., J. Comput. Theor. Nanosci., 
16(5-6), 1733-1739 (2019).

13. Kassem A.F., Moustafa G.O., Nossier E.S., Khalaf 
H.S., Mounier M.M., Al-Yousef S.A. and Mahmoud 
S.Y., In vitro anticancer potentiality and molecular 
modelling study of novel amino acid derivatives 
based on N1, N3-bis-(1-hydrazinyl-1-oxopropan-2-
yl) isophthalamide., J. Enzyme Inhib. Med. Chem., 
34(1), 1247-1258 (2019).

14. Elhenawy A.A., Al-Harbi L.M., Moustafa G.O., 
El-Gazzar M.A., Abdel-Rahman R.F. and Salim 
A.E., Synthesis, comparative docking, and 
pharmacological activity of naproxen amino acid 
derivatives as possible anti-inflammatory and 
analgesic agents., Drug Des. Devel. Ther.,  13, 
1773-1790  (2019). 

15. Naglah A.M., Moustafa G.O., Al-Omar M.A., 
Al-Salem H.S.A. and Hozzein W.N., Synthesis, 



1582

Egypt. J. Chem. Vol. 63, No. 4 (2020)

ASMA S. AL-WASIDI  et al.

characterization and in vitro antimicrobial 
investigation of novel amino acids and dipeptides 
based on dibenzofuran-2-sulfonyl-chloride., J. 
Comput. Theor. Nanosci., 14(7), 3183-3190 (2017).

16. Al-Salem H.S.A., Naglah A.M., Moustafa G.O., 
Mahmoud A.Z. and Al-Omar M.A., Synthesis 
of novel tripeptides based on dibenzofuran-2-
sulfonyl-[aromatic and hydroxy aromatic residues]: 
Towards antimicrobial and antifungal agents., J. 
Comput. Theor. Nanosci., 14(8), 3958-3966 (2017).

17. Moustafa G.O., Khalaf H., Naglah A., Al-Wasidi 
A., Al-Jafshar N. and Awad H., The Synthesis of 
Molecular Docking Studies, In Vitro Antimicrobial 
and Antifungal Activities of Novel Dipeptide 
Derivatives Based on N-(2-(2-Hydrazinyl-2-
oxoethylamino)-2-oxoethyl)-nicotinamide., 
Molecules, 23(4), 1-13 (2018).

18. Mohamed F.H., Shalaby  A.M., Soliman H.A., 
Abdelazem A.Z., Mounier M.M., Nossier E.S. and 
Moustafa G.O., Design, Synthesis and Molecular 
Docking Studies of Novel Cyclic Pentapeptides 
Based on Phthaloyl Chloride with Expected 
Anticancer Activity. Egypt. J. Chem., 63(6) (2020).

19. Hasanin, M.S., Moustafa, G.O. New potential 
green, bioactive and antimicrobial nanocomposites 
based on cellulose and amino acid. International 
Journal of Biological Macromolecules, 144, 441-
448 (2019).

20. Elsherif, M.A., Hassan, AS., Moustafa, G.O., Awad, 
H.M., Morsy, N.M. Antimicrobial Evaluation and 
Molecular Properties Prediction of Pyrazolines 
Incorporating Benzofuran and Pyrazole Moieties. 
Bulletin of the Chemical Society of Ethiopia, 10 
(02), 037-043 (2020).

21. Asma S. Al-Wasidi, Ahmed M. Naglah, Atef 
Kalmouch, Abdel Majid A. Adam, Moamen S. 
Refat, Gaber O. Moustafa, Preparation of Cr2O3, 
MnO2, Fe2O3, NiO, CuO, and ZnO Oxides Using 
Their Glycine Complexes as Precursors for In Situ 
Thermal Decomposition. Egypt. J. Chem., 63 (3), 
1109-1118 (2020). 

22. Al-Wasidi, A.S., Naglah, A.M., Refat, M.S., El-
Megharbel, S.M., Kalmouch, A., Moustafa, G.O. 
Synthesis, spectroscopic characterization and 
antimicrobial studies of Mn(II), Co(II), Ni(II), 
Cr(III) and Fe(III) melatonin drug complexes. 
Egypt. J. Chem., 63 (4), 1469-1480, (2020).

23. Moustafa, G.O., Al-Wasidi, A.S., Naglah, A.M., 
Refat, M.S. Isolation and Synthesis of Dibenzofuran 
Derivatives Possessing Anticancer Activities: A 

Review. Egypt. J. Chem., 63 (6), in press, (2020).

24. Abo-Ghalia, M.H., Moustafa, G.O., Amr, A.E., 
Naglah, A.M., Elsayed, E.A., Bakheit, A.H. 
Anticancer activities and 3D-QSAR studies of 
some new synthesized macrocyclic heptapeptide 
derivatives. Molecules, 25 (5), 1253 (2020).

25. Kalmouch, A., Radwan, M.A.A., Omran, M.M., 
Sharaky, M., Moustafa, G.O. Synthesis of novel 2, 
3'-bipyrrole derivatives from chalcone and amino 
acids as antitumor agents. Egypt. J. Chem. 63, 
(2020), in press.

26. Hassan, A.S., Moustafa, G.O., Awad, H.M. 
Synthesis and in vitro anticancer activity of 
pyrazolo [1, 5-a] pyrimidines and pyrazolo [3, 4-d] 
[1, 2, 3] triazines. Synth. Commun. 47, 1963-1972 
(2017).

27. Hassan, A.S., Moustafa, G.O., Askar, A.A., Naglah, 
A.M., Al-Omar, M.A. Synthesis and antibacterial 
evaluation of fused pyrazoles and Schiff bases. 
Synthetic Communications, 48, 2761-2772, (2018).

28. Hassan, A.S., Moustafa, G.O., Morsy, N.M., 
Abdou, A.M., Hafez, T.S. Design, synthesis and 
antibacterial activity of N-aryl-3-(arylamino)-5-
(((5-substituted furan-2-yl) methylene) amino)-
1H-pyrazole-4-carboxamide as Nitrofurantoin® 
analogues. Egypt. J. Chem., 63, (2020) in press.

29. Hassan, A.S., Askar, A.A, Nossier, E.S., 
Naglah, A.M., Moustafa, G.O., Al-Omar, M.A. 
Antibacterial Evaluation, In Silico Characters and 
Molecular Docking of Schiff Bases Derived from 
5-aminopyrazoles. Molecules. 24(17), 3130 (2019).

30. Moyle P.B. and Jr. J.J.C. Fish: An Introduction to 
Ichthyology (5th Edition). Prentice Hall Inc. United 
States of America. 612 (2000).

31. El-Shebly A.A. and El-Kady M.A.H. Effects of 
glyphosate herbicide on serum growth Hormone 
(GH) levels and muscle protein content in Nile 
tilapia (Oreochromis niloticus L.). research journal 
of fisheries and Hydrobiology, 3(2), 84-88 (2008).

32. Abd-ElHakim N.F., Hussein M.S., Bakeer M.N. 
and Soltan M.A. Effect of protein level and 
stocking density on growth performance of Nile 
tilapia (Oreochromis niloticus) Cultured in tanks. 
Egyptian J. Nutrition and Feeds 4, 763-780 (2001).

33. Persijn J.P., Van Der Slik W. and Riethorst A. 
Determination of serum iron and latent iron binding 
capacity (LIBC). Clin Chim Acta. 35, 8-91 (1971).

34. Bernfeld P. Amylase α and β. Methods in 



1583

Egypt. J. Chem. Vol. 63, No. 4 (2020)

EFFECT OF DENSITY ON GROWTH HORMONE AND SOME PHYSIOLOGICAL ...

Enzymology, 1, 149-158 (1955).

35. Furne M., Hidalgo M.C., Lopez A., Garcia-Gallego 
M.,  Morales A.E., Domenzain A., Domezain 
J. and Sanz  A.  Digestive enzyme activities in 
Adriatic sturgeon Acipenser naccarii and rainbow 
trout Oncorhynchus mykiss. A comparative study. 
Aquacult., 250, 391-398 (2005).

36. Arakawa H., Maeda M. and Tsujl A. Modified 
cortisol estimation by immunosystem. Anal.    
Biochem. 97, 248-251 (1979).

37. Trinder P., Determination of glucose in blood 
using glucose oxidase with an alternative oxygen 
acceptor. Ann. Clin. Biochem., 6, 24-25 (1969).

38. Ho L.T., Chang B.Y, Lin S.H., Lu Z.A., Lin 
W.H., Huang M.H., Hsiao L.L., Hung S.H. and 
Chou C.K. Development and validation of a new 
radioimmunoassay of insulin using semisynthetic 
human tracer. Proc. Natl. Sci. Counc. (ROC), 7A, 
9-15 (1983).

39. Wu M.S. and Ho L.T. The pancreatic glucagon 
and c-peptide secretion during hyperinsulinemia 
in euglycemic glucose clamp with or without 
somatostatin infusion in normal man. Horm. 
Metabol. Res. 19, 253-256 (1987).

40. Yalow R.S. and Berson S.A. Immunological 
specificity of human insulin: application to 
immunoassay for insulin. J. Clin Invest., 40, 2190-
2198 (1961).

41. Farmer S.W., Papkoff H., Hayashida T., Bewley 
T.A., Bern H.A. and Li C.H. Purification and 
properties of teleost growth hormone. Gen. Comp. 
Endocrinol. 30, 91-100 (1976).

42. Vankampen E.J. Determination of hemoglobin. 
Clin. Chem.. acta., 6, 538-544 (1961).

43. Dacie S. and Lewis S. Practical hematology, 7th 
ed., Churchill Livingstone, London 633 (1991).

44. Britton C.J. Disorders of the blood. 9th ed. I. A. 
Churchill, Ld. London 42P, (1963).

45. Houston A.H. Methods for fish Biology. Blood and 
circulation. Chapter 9, 237-334 (1990).

46. Washington D.C. Standard  Methods for  the  
Examination  of  Water  and  waste  water  (20 
th edition). APHA. (American Public Health 
Association), (2000).

47. Duncan, D.B. Multiple range and multiple F test. 
Biometrics., 11, 1-42 (1855).

48. Dytham C. Choosing and using statistics: a 
biologist’s guide. Blackwell Science Ltd., London, 
UK. (1999).

49. Higgs D.A. and Dong F.M. Lipids and fatty acids. 
Encyclopedia of Aquaculture, R.R. Stickney ed., 
John Wiley & Sons, Inc., New York. 476-496 
(2000).

50. Halver J.E. and Hardy R.W. Fish Nutrition. 
Academic Press. United States of America. 824 
(2002).

51. De Silva S.S. and Anderson T.A. Fish Nutrition 
in Aquaculture. Chapman & Hall. UK. 319 p. 
Wong, D.W.S. 1995. Food Enzyme: Structure and 
Mechanism. Chapman and Hall. New York. 390 
(1995).

52. Rathore R.M., Kumar S. and Chakrabarti R. 
Digestive enzyme profile of Cyprinus carpio during 
ontogenic development. J. World Aqua. Soc. 36(2), 
37–41 (2005).

53. Guan B., Hu W., Zhang T., Wang Y. and Zhu Z. 
Metabolism traits of ‘all fish’ growth hormone 
transgenic common carp Cyprinus carpio L. 
Aquaculture 284, 217−223 (2008).

54. Higgs D.A., Sutton J.N., Kim H., Oakes J.D., 
Smith J., Biagi C. Rowshandeli M. and Devlin R.H. 
Influence of dietary concentration of protein, lipid, 
and carbohydrate on growth, protein, and energy 
utilization, body composition, and plasma titres of 
growth hormone and insulin-like growth factor-1 
in non-tramsgenic and growth hormone trasgenic 
Coho salmon, Oncorhyncus kisutch (Walbaum). 
Aquaculture, 286, 127–137 (2009).

55. Rotllant J., Balm P.H.M., Pe´rez-Sa´nchez J., 
Wendelaar-Bonga S.E. and Tort L. Pituitary and 
interrenal function in gilthead sea bream (Sparus 
aurata L., Teleostei) after handling and confinement 
stress. Gen Comp Endocrinol, 121, 333–342 
(2001).

56. Giustina A. and Wehrenberg W.B. The role of 
glucocorticoids in the regulation of growth hormone 
secretion: mechanisms and clinical significance. 
Trends Endocrinol Metab 3, 306–311 (1992). 
doi:10.1016/1043-2760(92)90142-N.

57. Very N.M. and Sheridan M.A. Somatostatin 
regulates hepatic growth hormone sensitivity 
by internalizing growth hormone receptors and 
by decreasing transcription of growth hormone 
receptor mRNAs. Am J Physiol 292, R1956–R1962 
(2007).



1584

Egypt. J. Chem. Vol. 63, No. 4 (2020)

ASMA S. AL-WASIDI  et al.

58. Chan C.R., Lee D.N., Cheng Y.H., Hsieh D.J.Y. 
and Weng C.F. Feed deprivation and re-feeding 
on alterations of proteases in tilapia Oreochromis 
mossambicus. Zoological, 47, 207−214 (2008).

59. Yarahmadi P., Miandare H.K, Hoseinifar S.H., 
Gheysvandi N. and Akbarzadeh A. The effects of 
stocking density on hemato-immunological and 
serum biochemical parameters of rainbow trout 
(Oncorhynchus mykiss). Aquacult Int, 23, 55-63 
(2015). DOI 10.1007/s10499-014-9797-z

60. Srivastava A.K. and Sahai I. Effects of loading 
density on carbohydrate metabolism and 
hematology in the Indian freshwater catfish, 
(Heteropneustes fossilis). Aquaculture 66, 275–286 
(1987).

61. Montero D., Izquierdo M. and Tort L. High 
stocking density produces crowding stress altering 
some physiological and biochemical parameters in 
gilthead seabream, Sparus aurata, juveniles. Fish 
Physiol Biochem, 20, 53–60 (1999).

62. Panasea P., Saenphetb S. and Saenphetb K., 
Biochemical and physiological responses of Nile 
tilapia Oreochromis niloticus Lin subjected to cold 
shock of water temperature. Aquaculture Reports, 
11, 17–23 (2018).

63. Bowden T.J., Thompson K.D., Morgan A.L., 
Gratacap R.M.L. and Nikoskelainen S. Seasonal 
variation and the immune response: a fish 
perspective. Fish Shellfish Immunol, 22, 695–706 
(2007).

64. Lundstedt L.M., Melo J.F.B. and Moraes 
G. Digestive enzymes and metabolic profile 
of Pseudoplatystoma corruscans (Teleostei: 
Siluriformes) in response to diet composition. 
Comp Biochem Physiol B, 137, 331–339 (2004).

65. Moraes G. and Bidinotto P. Induced changes in 
the amylohydrolytic profile of the gut of Piaractus 
mesopotamicus fed different levels of soluble 
carbohydrate: its correlation with metabolic 
aspects. Rev Ictiol, 8, 47–51 (2000).

66. Sangaletti R., Terova G., Peres A., Bossi E., Cora 
S. and Saroglia M. Functional expression of the 
oligopeptide transporter PepT1 from the sea 
bass (Dicentrarchus labrax). Pflugers Arch Eur J 
Physiol, 459, 47–54 (2009).

67. Terova G., Cora S., Verri T., Rimoldi S., Bernardini 
G. and Saroglia M. Impact of feed availability 
on PepT1 mRNA expression levels in sea bass 
(Dicentrarchus labrax). Aquaculture, 294, 288–299 
(2009).

68. Verri T., Terova G., Dabrowski K. and Saroglia 
M. Peptide transport and animal growth: the fish 
paradigm. Biol Lett, 7, 597–600 (2011).

69. García-Ulloa M., Gallo-García M.C., Ponce-
Palafox J.T., Rodríguez-González H. and Góngora-
Gómez A.M. Growth and survival of Nile tilapia 
(Oreochromis niloticus) fry fed with a dietary 
inclusion of decapsulated Artemia cysts. Journal of 
Aquaculture in the Tropics, 28, 79-88 (2013).

70. Job B.E., Antai E.E., Inyang-Etoh A.P., Otogo 
G.A. and Ezekiel H.S. Proximate composition 
and mineral contents of cultured and wild tilapia 
(Oreochromis niloticus) (Pisces: Cichlidae) 
(Linnaeus, 1758). Pakistan Journal of Nutrition, 
14, 195-200 (2015).


