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ABSTRACT 

 

This study was conducted on 150 (one hundred and fifty) Clarias gariepinus to investigate 

the blood lipids (triglycerides and cholesterol), kidney functions (creatinine and urea), liver 

functions (ALT – AST - ALP - LDH), antioxidants (CAT – SOD - GPx) and growth 

performance (body weight and weight gain). The study was designed by dividing the fish 

into 3 groups: Group 1: (Control Group), Group 2: (2.4 mg manganese oxide 

nanoparticles/kg ration) and Group 3 (1.2 mg manganese oxide nanoparticles/kg ration). 

Samples were collected on day 15, 30, 45 and 60 of the experiment and blood samples were 

collected for serum separation. The results of this study indicated that the 2nd group 

exhibited a significant and progressive decrease in triglycerides, cholesterol, ALT, AST, 

ALP, LDH, creatinine and urea at all experiment times compared to the control group.  

Shifting to the antioxidants, the 2nd and 3rd groups showed a significant increase in CAT, 

SOD and GPx levels in the serum compared with the control group at day 60 of the 

experiment. Concerning the results of growth performance, both groups reflected a 

significant improvement in body weight and weight gain compared with the control group. 

 

 

 
INTRODUCTION 

 
Aquaculture is a globally important 

industry that provides essential food to a 

growing world population. Very rapid 

developments have been occurred in 

aquaculture sector of Egypt in recent years 

and  exhibited the  strongest  growth  of any 
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fisheries-related activity in the country 

(Soliman and Yacout, 2016). 
 

The African catfish (Clarias gariepinus) are 

freshwater fish of great importance as they 

grow quickly, attain a large size, and are 

edible fish. They can withstand wide range 

of environmental conditions, including 

severe temperatures, as well as low oxygen 

(Abdel-Hakim and Abdel-Nasser (2001)).  
 

Manganese (Mn) is a necessary micro-

nutrient for reproduction, prevention of 

diseases, and growth of fish and terrestrial 

animals (Veeramani et al., 2013 and 
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Asaikkutti et al., 2016). Manganese (Mn) is 

an essential trace element that is found in all 

the tissues and plays a vital physiological 

role in metabolism of the proteins, 

carbohydrates, and lipids (Tufarelli and 

Laudadio, 2017). 

 

Mineral nanoparticles are proving more 

effective than their bulk counterparts as feed 

supplements, in improving the growth and 

health of cultured fish. Higher level of 

effectiveness is interestingly observed with 

lower doses of nanomaterials which make 

them even more cost and material effective 

than the bulk materials. Higher doses of 

nanomaterials were found to be detrimental 

to fish growth and health (Chris et al., 2018). 

Nanoparticles in aquatic ecosystems are 

taken by fish and transported to the tissues 

and organs through the blood (Handy et al., 

2008). Supplementations of Mn-oxide NPs 

significantly increased the activity of 

antioxidant defense system and metabolic 

activities such as SOD, CAT, GOT and GPT 

(Asaikkutti et al., 2016). 

 

This work aims to study the biochemical 

effects of manganese oxide (nanoparticles) 

feed additives for the cultured Clarias 

gariepinus including triglycerides, 

cholesterol, creatinine, urea, alanine 

aminotransferase (ALT), aspartate 

aminotransferase (AST), alkaline 

phosphatase (ALP), lactate dehydrogenase 

(LDH)) and antioxidants as catalase (CAT), 

superoxide dismutase (SOD) and glutathione 

peroxidase (GPx) in addition to the fish body 

performance (Body weight and weight gain). 

 

MATERIALS AND METHODS 
 

The current experiment was conducted in a 

Fish Research Laboratory, Fish Diseases and 

Management department, Faculty of 

veterinary Medicine, Sohag University. 

Materials: 

A) Experimental Fish: 

One hundred and fifty catfish (Clarias 

gareipinus) (150) were obtained from 

Rashid, Behera governorate. They left for an 

initial adaptation period of two weeks before 

experiment. The final fish body weight post 

acclimation was 90 ± 10 gram. 

 

B) Experimental Mn oxide 

nanoparticles:  
Manganese oxide nanoparticles were 

purchased from Nanotech company 

(Dreamland, El-Wahaat Road, 6th October, 

Giza, Egypt). 

 

C) Fish management: 

The acclimated Clarias gariepinus were 

subdivided to 3 groups, each group consists 

of 50 fish and was stocked in a separate tank 

(200L capacity). Each tank was supplied 

with continuous air source and constant 

daily partial water change (30% of the 

water/24 hours). Fish Feeding commenced 

24 hours after distribution of fish into the 

experimental tanks at 3% of body weight. 

The prepared diets were fed twice-daily 

between the hours of 8 and 9 in the morning, 

and 4 to 5 in the evening. 

 

D) Experimental grouping:  

The experiment was designed in 3 groups to 

finalize the aims of this study: Group 1 

(Control group): Fishes received basic diet 

according to NRC (2.4 mg manganese from 

manganese oxide/ kg diet). Group 2 (MnO 

nanoparticles dose – (MnO NP -d): Fishes 

received basic diet with addition of 2.4 mg 

manganese from MnO nanoparticles/ kg diet 

instead of 2.4 mg manganese from 

manganese oxide / kg ration. Group 3 (MnO 

nanoparticles half dose – (MnO NP -hd): 

Fishes received basic diet with addition of 

1.2 mg manganese from MnO nanoparticles/ 

kg diet instead of 2.4 mg manganese from 

manganese oxide / kg ration.
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Table 1: Ingredients (kg) and chemical composition of basal and experimental diets for 

Clarias gariepinus  
 

Ingredients 

(kg/ 100 kg) 

Group (1) 

(Control / basal diet) 

Group (2) 

(MnO NP -d) 

Group (3) 

(MnO NP -hd) 

Soybean meal 40 40 40 

Corn 28 28 28 

Sunflower meal 20 20 20 

Fish meal 10 10 10 

calcium carbonate 0.7 0.7 0.7 

Sodium chloride 0.3 0.3 0.3 

Vitamin C 0.025 0.025 0.025 

Magnesium 0.004 0.004 0.004 

Manganese 0.24 0.24 0.12 

Slack 0.731 0.731 0.851 

 

Methods:  

 

1) Blood Sampling: 

Blood samples were collected from caudal 

blood vessels into three clean, dry, sterile 

and labeled centrifuged tubes from five 

fishes of each group in the indicating time at 

15th
, 30th, 45th and 60th days from the start of 

the experiment. The tubes without 

anticoagulant were left to clot and the serum 

was obtained by centrifugation at 4000 r.p.m 

for 10 minutes. The clear supernatant serum 

was collected and stored at -20ºC until 

further biochemical analysis. 

 

2) Biochemical Parameters 

Determination:  
The levels of triglycerides and cholesterol 

were detected according to (Naghsh and 

Kazemi, 2014), creatinine and urea (Tietz et 

al., 1994), as well as activities of aspartate 

aminotransferase (AST), alanine 

aminotransferase (ALT) (Tietz.,1994), 

alkaline phosphatase and lactate 

dehydrogenase (LDH) (Ognik et al., 2018) 

at 15, 30, 45 and 60th day of experimental 

period and antioxidants (catalase, 

glutathione peroxidase and superoxide 

dismutase (Zhang et al., 2016)) levels at 60th 

day only were determined by using 

commercial kits (Chema diagnostica and 

spectrum), Egypt. 

 

Statistical analysis: 

Experimental data subjected to several 

statistical analyses from which means ± 

standard errors were calculated using the 

Graph-Pad Prism (GraphPad software, San 

Diego, CA, USA). Differences were tested 

for significance by one-way analysis of 

variance. Differences (P ≤ 0.05) among 

treatments were tested using Tukey,s Honest 

significant difference test. 

 

RESULTS 

 
The results obtained in this study were 

statistically analyzed, the mean and standard 

errors values of the biochemical parameters 

(triglyceride, cholesterol, ALT, AST, ALP, 

LDH, creatinine and urea), antioxidant 

enzymes (CAT, SOD and GPx) and body 

performance of the Clarias gariepinus fish in 

the treated MnO nanoparticles and control 

groups were presented in tables 2 to 8. 
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 Table 2: Effects of Manganese oxide nanoparticles on serum triglycerides and              

cholesterol (mg/dl) in Clarias gariepinus 

a, b, c, d Means on the same row with different superscripts are significantly different (P ˂ 0.05).  

 

Table 3: Effects of Manganese oxide nanoparticles on serum   creatinine and urea (mg/dl) in 

Clarias gariepinus 

a, b, c, d Means on the same row with different superscripts are significantly different (P ˂ 0.05). 

 

 Table 4:  Effects of Manganese oxide nanoparticles on serum ALT and AST (IU/L) in 

Clarias gariepinus 

a, b, c, d Means on the same row with different superscripts are significantly different (P ˂ 0.05).  

Experimental 

periods 

Triglycerides Cholesterol 

Group 1 

Control 

Group 2 

MnO NP-d 

Group 3 

MnO NP-hd 

Group1 

control 

Group 2 

MnO NP-d 

Group 3 

MnO NP-hd 

15 days 
160.03 

± 1.9 a 

148.13 

± 1.93 

140.67 

± 1.94 b 

190 

±14.07a 

187.67 

± 12.33 

182.36 

± 25.39 b 

30 days 
158.34 

±15.28 a 

147.67 

± 19.03 

138.38 

± 3.49 b 

187.37 

± 2.40 a 

186.33 

± 2.89 

179.67 

± 5.23 c 

45 days 
161.47 

± 17.45 a 

145 

± 9.00 

136.21 

±5.97 c 

185.67 

± 3.38 a 

180.67 

± 3.33 b 

175.86 

± 8.83 c 

60 days 
159.67 

±10.58 a 

138.65 

± 6.74 b 

113.63 

± 10.58 c 

180.3 

± 2.04 a 

173.6 

± 3.36 b 

168.14 

± 4.71 b 

 

Experimental 

periods 

Creatinine Urea 

Group 1 

Control 

Group 2 

MnO NP-d 

Group 3 

MnO NP-hd 

Group 1 

control 

Group 2 

MnO NP-d 

Group 3 

MnO NP-hd 

15 days 0.36 

± 0.02 a 

0.29 

± 0.06 

0.27 

± 0.08 b 

8.9 

 ± 1.16 a 

8.65 

± 0.9 

7.95 

 ± 0.95 b 

30 days 0.36 

 ± 0.03 a 

0.30 

± 0.03 

0.25 

± 0.03 b 

8.71 

± 0.57 a 

8.37 

 ± 0.33 

7.82 

 ± 0.66 b 

45 days 0.33 

± 0.06 a 

0.27 

± 0.01b 

0.24 

± 0.05 c 

8.62 

± 0.08 a 

8.02 

± 0.1 a 

7.76 

 ± 0.33 c 

60 days 0.28 

± 0.03 a 

0.23 

± 0.01b 

0.21 

± 0.06 c 

8.53 

 ± 0.09 a 

7.85 

± 0.52 b 

7.09 

± 0.33 d 

 

Experimental 

periods 

ALT AST 

Group 1 

Control 

Group 2 

MnO NP-d 

Group 3 

MnO NP-hd 

Group 1 

control 

Group 2 

MnO NP-d 

Group 3 

MnO NP-hd 

15 days 59.32 

± 1.61 

58.94 

± 4.49 

57.27 

± 2.74 

139.9 

± 1.36 a 

138.14 

± 2.16 a 

132.12 

± 1.05 b 

30 days 59.05 

± 1.52 a 

57.69 

± 1.20 b 

56.83 

± 1.15 b 

136.31 

± 2.02 a 

135.67 

± 1.20 a 

127.33 

± 1.43 b 

45 days 59 

± 2.72 a 

56.43 

± 2.90 b 

55.46 

± 2.66 b 

136 

± 2.82 a 

129.36 

± 2.66 b 

123.1 

± 2.79 c 

60 days 59.07 

± 1.04 a 

56.2 

± 1.92 b 

54.03 

± 2.08 b 

135.9 

± 1.84 a 

121.02 

± 1.29 b 

117.3 

± 1.67 c 
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Table 5:  Effects of Manganese oxide nanoparticles on serum ALP and LDH (IU/L) in 

Clarias gariepinus 

a, b, c, d Means on the same row with different superscripts are significantly different (P ˂ 0.05).  

 

Table 6: Effects of Manganese oxide nanoparticles on serum antioxidants (U/L) in Clarias 

gariepinus at day 60 
 

 
a, b, c, d Means on the same row with different superscripts are significantly different (P ˂ 0.05).  

 

Table 7: Effects of Manganese oxide nanoparticles on body weight and development (gram) 

of Clarias gariepinus 
 

 

a, b, c, d Means on the same row with different superscripts are significantly different (P ˂ 0.05).  

 

Experimental 

periods 

ALP LDH 

Group 1 

Control 

Group 2 

MnO NP-d 

Group 3 

MnO NP-hd 

Group 1 

control 

Group 2 

MnO NP-d 

Group 3 

MnO NP-hd 

15 days 
59.9 

± 1.38 a 

54.51 

± 1.71 c 

53.04 

± 1.76 c 

672 

± 14.85 a 

668.6 

± 14.31 b 

665.05 

± 12.38 b 

30 days 
58.67 

± 1.37 a 

53.89 

± 1.76 b 

50.39 

± 3.03 c 

669.37 

± 21.24 a 

663.24 

± 12.81 b 

662.8 

± 21.89 b 

45 days 
58.38 

± 1.23 a 

53.6 

± 1.05 b 

47.08 

± 0.33 d 

670 

± 12.41 a 

659 

± 13.12 b 

656.79 

± 12.54 b 

60 days 
59.3 

± 1.91 a 

51.68 

± 2.96 b 

46.03 

± 2.40 c 

671.33 

± 14.11 a 

652.31 

± 20.73 b 

649.67 

± 20.62 c 

 

Group 1 

Control 

Group 2 

MnO NP -d 

Group 3 

MnO NP–hd 

Catalase 
161 167.3 177.28 

± 2.89 c ± 5.1 b ± 4.29 a 

   

SOD 

227.34 243.67 248.33 

± 6.5 d ± 2.13 b ± 2.88 a 

 

Glutathione peroxidase 
337.39 358.73 364.1 

± 4.8 d ± 2.1 b ± 1.64 a 

 

Experimental periods 

Body weight 

Group 1 

Control 

Group 2 

MnO NP-d 

Group 3 

MnO NP-hd 

Initial weight (Starting day) 89.6 90.22 88.24 

15 days 
97.65 

± 1.03 c 

105.26 

± 1.46 b 

110.58 

± 1.22 a 

30 days 
109.2 

± 2.18 d 

129.08 

± 1.5 b 

137.25 

± 1.63 a 

45 days 
121.91 

± 3.65 c 

150.55 

± 2.36 b 

173.55 

± 1.12 a 

60 days 
137.91 

± 3.20 c 

178.25 

± 11.50 b 

216.4 

± 13.64 a 
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Table 8: Effects of Manganese oxide nanoparticles on weight gain (gram) of Clarias 

gariepinus 
 

 

DISCUSSION 

 
This work was carried out to evaluate the 

biochemical parameters including 

(triglyceride, cholesterol, creatinine, urea, 

ALT, AST, ALP and LDH), antioxidant 

enzymes (CAT, SOD and GPx) as well as 

body performance (body weight and weight 

gain) of Clarias gariepinus fish fed MnO 

nanoparticles supplemented diets. 

 

The results of this study showed that the 

serum triglycerides and cholesterol levels 

significantly and progressively decreased (p 

≤ 0.05) from the day 15 to the day 60 in the 

3rd group comparing to the control. There is 

no significant difference in the values of 

triglyceride in the 2nd group at the day 15, 

30 and 45 of the experiment, but 

significantly decreased at the day 60, but 

the cholesterol showed a significant 

decrease at the day 45 and 60 of the 

experiment compared to the control group. 

In agreement with our results, Oladipo et 

al., (2017) showed that exposure to low-

level of Mn reduced the serum triglyceride 

levels in rats. These results may be 

attributed to the increase in lipid 

metabolism (Lall, 2002) as Mn is 

participated in lipid metabolism through 

lipid catabolism (McTaggart, 2006 and 

Park et al., 2017).  

 

The current results indicated that the serum 

creatinine and urea of Clarias gariepinus 

significantly decreased (p ≤ 0.05) from the 

day 15 to the end of experiment (day 60) in 

the 3rd group compared with the control 

one, while it is significantly and 

progressively decreased at the day 45 and 

60 only in the 2nd group compared with the 

control.  

 

These results were in accordance with the 

finding reported by Ognik et al. (2018) who 

found a decreased creatinine levels after 

reducing Mn supplementation in the diet of 

turkeys from 100 to 50 and then to 10 

mg/kg of feed, irrespective of the form of 

Mn used. The possible reason for urea 

decrease is conversion of uric acid (which 

produced in fish from endogenous and 

exogenous purine nucleotides as well as 

catabolism of proteins by purines) to urea in 

the liver and a lesser extent in the kidneys 

and mainly excreted through gills (Lee et 

al., 2008). So, it is not increased in serum.  

 

Shifting to the results of liver function tests, 

it was reported that the serum ALT and 

AST levels significantly and progressively 

decreased (p ≤ 0.05) in the 2nd and 3rd 

evaluated Clarias gariepinus groups at the 

day 30 ,45 and 60 of the experiment 

compared to controls.  

 

 

Experimental periods 

Weight gain 

Group 1 

control 

Group 2 

MnO NP-d 

Group 3 

MnO NP-  hd 

First 15 days 
8.05 

± 1.98 

15.04 

± 1.50 b 

22.34 

± 2.22 a 

16 - 30 days 
11.55 

± 2.9 

23.82 

± 2.16 ab 

26.67 

± 2.39 a 

31 - 45 days 
12.71 

± 1.47 d 

21.47 

± 2.75 c 

36.3 

± 1.48 a 

46 - 60 days 
16 

± 1.95 d 

17.7 

± 1.43 d 

42.85 

± 1.54 a 

Total (Cumulative) 48.31 88.03 128.16 
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Our findings were in harmony with that 

detected by Singh et al. (2013) who noticed 

that these enzymes activity are increased in 

serum as the dose increased, after repeated 

treatment with MnO -NPs in male and 

female rats. These findings indicate a better 

process of liver activity by adding these 

minor doses of nanoparticles, and this may 

be related to the increased antioxidant 

performance of these nanoparticles, cells 

membrane stabilization, and cell damage 

prevention (Niu et al., 2014). 

 

The serum ALP and LDH levels 

significantly and progressively decreased (p 

≤ 0.05) in the 2nd and 3rd treated groups 

compared to control one at day 15, 30, 45 

and 60.  

 

Ognik et al. (2018) who reported that the 

levels of ALP and LDH enzymes increased 

in the tissue homogenates of Mn high doses 

treated turkeys (100 to 50 mg/kg of feed) 

which may be referred to the extent of 

hepatocellular injury leading to possible 

leakage of these enzymes into the 

bloodstream. 

 

Concerning the serum antioxidants results 

of our study, the catalase, SOD and 

Glutathione peroxidase levels (U/L) 

significantly increased in 2nd and 3rd 

investigated groups at the end of 

experiment (day 60) compared to control. 

These results can be explained in the light 

of the participation of Mn in numerous 

biochemical reactions as an integral part of 

metalloenzymes and as an enzyme 

activator, in addition to the Mn-SOD 

enzymatic cofactor reactions which protects 

cells against damage caused by free radicals 

by catalyzing the one-electron reduction of 

peroxide anion to hydrogen peroxide 

(Ognik et al., 2018). 

 

Inconsistent with our results, Asaikkutti et 

al., (2016) reported that the antioxidants 

enzymatic activity (SOD and CAT) showed 

no significant (P > 0.05) alterations in 

prawns fed with 3.0–18 mg/kg of Mn-oxide 

NPs supplemented diets. 

 

Concerning the growth performance 

parameters, the results of final body weight 

displayed a significant improvement (p ≤ 

0.05) in the 2nd and the 3rd groups compared 

with control and the final weight gain also 

displayed significant increase in these 

investigated groups compared to the control 

group.  

 

These findings came in accordance with the 

results of Nguyen et al. (2008), Pan et al. 

(2008), Tan et al. (2012) and Liu et al. 

(2013) who recorded that Mn 

supplementation significantly improved the 

growth in larvae of red sea bream and 

juveniles of several species. The enhanced 

fish body growth and gain may be 

attributed to the bioavailability Mn from 

MnO-NPs administration and also its action 

on internal metabolism which improves the 

activates of fish digestive enzymes and 

these enhance the food consumption and 

food conversion (Srinivasan et al., 2016 

and 2017 and Asaikkutti et al., 2016). 

 

IN CONCLUSION, the results of this 

study referred to Manganese oxide 

nanoparticles at 1.2 mg/kg in ration 

significantly boosted the blood lipids profile 

of Clarias gariepinus fish including 

triglycerides and cholesterol, augment the 

kidney (Creatinine and Urea) and liver 

functions (ALT, AST, ALP and LDH), 

improved antioxidant capacity (CAT, SOD 

and GPx) and enhanced the body 

performance including body weight and 

body gain of the treated fish. 
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في سمك القرموط الخواص البيوكيميائية على أكسيد المنجنيز متناهي الصغرأثر تغذية   
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البيوكيميائية وإنزيمات  متناهي الصغر على بعض التغيرات اكسيد المنجنيز أجريت هذه الدراسة لتقييم تأثير إضافة

 3جم( وتم تقسيمهم إلى 01±  01سمكة من سمك القرموط بمتوسط وزن ) 051م تم استخدا مضادات الأكسدة والوزن.

مجم  4.2المجموعة الأولى: تم تغذية الأسماك على العليقة الأساسية التي تحتوي على الاحتياجات الأساسية ) مجموعات.

مجم من جزيئات  4.2اكسيد المنجنيز / كجم عليقة(. المجموعة الثانية: تم تغذية الأسماك على العليقة الأساسية مع إضافة 

مجم من أكسيد المنجنيز/ كجم عليقة. المجموعة الثالثة: تم تغذية الأسماك  4.2النانو من أكسيد المنجنيز/ كجم عليقة بدلا من 

مجم من أكسيد  4.2مجم من جزيئات النانو من أكسيد المنجنيز/ كجم عليقة بدلا من 0.4على العليقة الأساسية مع إضافة 

لقد أظهرت النتائج ان و لتجربةمن بداية ا 01و 25و 31و 05وتم سحب العينات عند اليوم ال  المنجنيز/ كجم عليقة.

المعالجة بنصف الجرعة من أكسيد المنجنيز أعطت أفضل النتائج في صورة دهون الدم واختبارات وظائف الكبد  ةالمجموع

 الضابطةو ومضادات الاكسدة وكذلك سجلت أعلي الأوزان من بين جميع المجموعات المعالجة واختبارات وظائف الكلي

المنجنيز في الصورة المتناهية الصغر في علائق الأسماك يحقق ن أن استخدام كمية صغيرة م ربةالتجنستخلص من هذه و

 .مستوى صحة اسماك القرموط ومعدلات النمو على نتائج أفضل
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