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1. INTRODUCTION 

Salinity refers to the degree of saltiness of a water body. It has been described as one of the important 

factors exerting selective effectson aquatic organisms. Salinity is defined as a measure of the amount 

of dissolved salts in the water [1]. Salinity is the correct chemical term for the sum concentration of 

all ionic constituents dissolved in inland waters, both fresh and saline. Habitat salinity represents a 

major abiotic factor that governs the activity and distribution of fishes and other aquatic animals. 

Furthermore, aquatic animals can either be stenohaline or euryhaline, which shows the level of 

osmotic tolerance of the organism. Stenohaline species such as the African catfish, can only withstand 

little ranges of salinity. While euryhaline species like the sea bass and some tilapias are able to 

tolerate a wide range of salinity, which enables them to move between freshwater and salt water and it 

is leading to many diverse adaptation strategies for different species to survive in different osmotic 

pressure regimes [2]. Because the autonomous osmoregulation in aquatic organisms is an energy 

demanding process, certain prevailing salinities might help to optimize growth or reproduction by 

decreasing osmoregulatory energy expenditure [3].The metabolic cost would be expected to be 

minimized during culture of fish in isotonic conditions, thus it can minimize the cannibalistic behavior 

of fishes, and indirectly improve the survival and growth performance of the African catfish [4].  

The salinity stress caused by a change in the saltiness of the habitat, if not compensated for, interferes 

with the physiological homeostasis and routine biological processes of the organisms concerned. Most 

fishes are adapted to tolerate some degree of salinity stress (small for stenohaline and large for 

euryhaline species). The vast majority of species are restricted to habitats with relatively stable 

salinity [5]. By influencing the thermodynamic properties of water (e.g. density, heat capacity, solvent 

capacity for solids and gases, vapor pressure), salinity contributes greatly to defining habitat 

characteristics for fishes and other aquatic organisms. In addition, biochemical processes inside and 

outside cells are greatly influenced by salinity. The ionic strength of almost all environmental waters 

results virtually exclusively from dissolved inorganic ions, table salt – NaCl – in most cases [6].  

Abstract: Changes in some blood biochemical parameters were studied in the juvenile and adult sizes of 

freshwater fish C.gariepinus under different saline exposure (0.00-control; 0.50; 1.00; 1.50; 2.00 and 

2.50ppt) for a period of 15 days. The blood biochemical parameters evaluated werealbumin, total protein, 

lipids, total bilurubin, urea, creatinine and globulin. The results obtained indicated a significant (P<0.05) 

reduction in the values of total protein, lipids, total bilurubin, creatinine and globulin. While the values of 

urea increased considerably in both sizes of the fish. However, albumins were within the same range in all 

concentrations of exposure. Thus it indicates that although fish survives and able to tolerate saline 

conditions. The variations of blood biochemical parameters can be considered as a kind of saline stress 

response particularly on metabolites. 
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The effects of stress resulting from handling during aquaculture operations on fish and methods of 

minimizing such effects have received considerable attention in recent years [7-9]. Stress induced by 

common practices such as handling, crowding, transport or poor water conditions can increase the 

incidence if diseases and mortality and salinity fluctuations undoubtedly impose stress on the 

physiology of the exposed fish population and can modify their structure, and is therefore an 

important factor affecting the outcome of any aquaculture venture. Stress disturbs the final internal 

balance, or homeostasis, and has further determinable effects on the performance of fish especially in 

the culture medium [10-11]. Fish has developed physiological and biochemical adaptations to cope 

with these constraints that minimize or eliminate the deleterious effects, which is called stress 

response. The evaluation of biochemical parameters has provided a tool for facilitating fish health 

management especially in the culture medium [12]. Blood chemistry parameters are used as indicators 

of physiological stress response in fish [13]. Saline stress response studies on the metabolites of fresh 

water fish C.gariepinus is limited, hence, the present study is undertaken to find out the saline stress 

response with emphasis on certain blood biochemical parameters.  

2. MATERIALS AND METHODS 

2.1.  Experimental Procedure 

A total of 120  C.gariepinus comprising 60 adult size (mean total length 31.88cm  3.56SD; mean 

weight 988.42g  36.88SD) and 60 juvenile size (mean length 15.996.01; mean weight 

304.3411.01) were procured  from  African Regional Aquaculture Centre (ARAC) Aluu, Port 

Harcourt,  Rivers State, Nigeria. They were immediately taken to the hatchery where they were 

exposed to different levels of salinity: 0.00‰ (control); 0.50‰; 1.00‰; 1.50‰; 2.00‰   and 2.50‰ 

for a period of 15 days.  The different levels of salinity concentrations used were achieved by 

dissolving 0.50, 1.00, 1.50, 2.00 and 2.50g of common salt each in one liter of water to achieve the 

desired concentrations. The fish were stocked at the rate of 10 fish per tank in three replicates.  They 

were fed with a commercial pelleted fish feed (40% crude protein) at 3% body weight twice daily.  

2.2.  Sample Collection and Laboratory Analysis 

At the end of the experiment, blood sampling was conducted at the expiration of 15 days. Blood 

samples were collected from a total of 36 fish (six fish/treatment) with heparinized plastic syringe, 

fitted with 21 gauge hypodermic needle and preserved in lithium heparin bottles for analysis. The 

samples were centrifuged for 10 minutes at 3000 rpm. Then the resultant supernatant was transferred 

into sample bottles for analysis. The biochemical analysis was carried out using several analytical 

procedures. Lipids was analyzed based on the method previously described by Bucolo and David 

[14], totalbilurubin, albumin, urea and globulin concentration were estimated by the method 

previously described by Amundson and Zhou [15]. The total protein and creatinine concentrations 

were estimated by the method of Lowry et al. [16]. 

2.3.  Water Quality Analysis 

Physico-chemical characteristics of the water were monitored. Measurements of water parameters 

were taken on the first and the last day of the experimental period, Hydrogen ion concentration (pH) 

was determined by the use of a pH meter (model HI 9812, Hannah Products, Portugal). Temperature 

was taken with mercury in glass thermometer. The salinity was measured using hand held 

refractometer (Model HRN – 2N, Adago Products, Japan). The values of dissolved oxygen, ammonia 

and nitrite were evaluated using the methods described by APHA [17]. The mortality of the fish 

during the experiment in the tank were taken and the percentage mortality calculated. 

2.4.  Statistical Analysis 

Statistical analysis was carried out using SPSS software. The data was expressed as Mean ± standard 

error and one-way analysis of variance was carried out at P < 0.05, and Tukey HSD Test was used for 

multiple comparisons. 

3. RESULTS 

The physicochemical parameters in aquaria water of C.gariepinus exposed to various concentrations 

of salinities are presented in Table 1. The values of temperature, pH, dissolved oxygen, ammonia and 

nitrite were within the same range in all concentrations of exposure. However, significant difference 

(P>0.05) was observed in the values of salinities. The metabolites in the plasma of C.gariepinus 

juveniles exposed to different salinity levels are presented in Table 2. The results indicated a 

significant reduction (P < 0.05) comparable to the control in total bilurubin, creatinine, lipids, total 
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protein and globulin while values for albumin were within the same range in all concentrations of 

exposure. However, a significant increase was observed in the values of urea.  The same trend was 

equally observed in the adult sizes of the exposed C.gariepinus to different levels of salinity (Table 

3). The comparative levels of total bilurubinin the fish exposed to different saline solutions are shown 

in Figure 1.  Generally, total bilurubin decline with increasing concentration of the solution. The 

values of lipids were consistently higher in the adult fish than the juveniles. (Figure 1). 

Comparatively, the urea level in the exposed fish is shown in Figure 2. Higher values of urea were 

recorded in the juvenile, when compared to adult fish.  Relative values of creatinine, albumin and 

globulin levels in the exposed fish were presented in Figures 3, 4, and 5 respectively. The values of 

creatinine and globulin reduced as the concentration of the saline solution increased. While albumin 

values were within the same range.  Comparatively, the lipids and total protein level in the exposed 

fish is shown in Figure 6 and 7.Lower values of lipids and total protein  were  recorded in the 

juvenile, when compared to adult fish. 

Table1.  Physico - Chemical Parameters of Water in Exposure Tanks of C.gariepinus Exposed to Different 

Salinity levels 

Salinity Levels  (ppt)  

Parameters 0.00 0.50 1.00 1.50 2.50 3.00 

Temperature (C) 29.62 4.11a 28.62 3.22 a 29.23 3.61 a 28.02 4.09 a 28.993.02 a 28.01 6.07 a 

pH 6.01 1.33 a 6.02 1.32 a 6.39 1.17 a 6.34 1.99 a 6.26 1.01 a 6.41 1.99a 

Ammonia  (mgL -1)   0.30 0.01 a 0.38 0.03 b 1.02 0.02 b 1.64 0.05b 1.02 0.03b 1.88 0.01b 

Dissolved Oxygen (mgL -1)   6.56 1.11 b 5.12 0.66b 4.01 0.61ab 3.56 1.01a 3.41 0.91 a 3.02 1.02 a 

Nitrite (mgL-1 ) 0.04 0.01 a 0.08 0.01b 0.08 0.01b 0.09 0.03c 0.08 0.03c 0.09 60.3c 

Salinity (ppt ) 0.0 0.01 a 1.00 0.01b 2.00 0.01c 3.00 0.01d 4.00 0.01e 5.03 0.00f 

Mean within the same superscripts in the row are significantly different (P<0.05) 

 Table2.  Metabolites in the Plasma of C.gariepinus Juveniles Exposed to Different Salinity levels (Mean±SD) 

 

 

Metabolites (mmol/l) 

Total Bilurubin Urea Creatine Albumin Globulin Lipids Total Protein 

0.00 4.88 ± 0.21a
 3.81 ± 0.21a

 104.61 ± 8.21c
 0.91 ± 0.01a

 95.61 ± 4.11a
 52.03 ± 3.16d

 8.02 ± 0.64c
 

0.50 2.93 ± 0.61a
 5.02 ± 0.71a 90.21 ± 7.21c 0.92 ± 0.01a

 82.61 ± 7.11d
 48.11 ± 2.14c

 6.01 ± 0.24c
 

1.00 2.96 ± 0.81a
 6.61 ± 0.81b

 80.61 ± 8.11b 0.93 ± 0.02a
 60.21 ± 8.11c

 41.01 ± 1.21b
 5.01 ± 0.18b

 

1.50 2.95 ± 0.84a
 7.41 ± 0.21b

 60.71 ± 6.21b 0.90 ± 0.01a
 37.61 ± 2.11b

 39.03 ± 2.11b
 4.08 ± 0.27b

 

2.00 2.98 ± 0.81a
 8.09 ± 0.81b 50.60 ± 3.22a 0.91 ± 0.02a

 33.62 ± 7.18b
 36.01 ± 3.10b

 4.21 ± 0.14b
 

2.50 1.96 ± 0.72a
 9.81 ± 0.21b

 25.02 ± 2.11a 0.94 ± 0.03a
 25.71 ± 2.14a

 31.01 ± 2.14a
 3.01 ± 1.11a

 

Means within the same column with different superscript are significantly different (P<0.05) 

Table3.  Metabolites in the Plasma of C.gariepinusAdult Exposed to Different Salinity levels (Mean±SD) 

 

Salinity. 

(ppt) 

Metabolites (mmol/l) 
Total Bilurubin Urea Creatine Albumin Globulin Lipids Total Protein 

0.00 7.91 ± 0.02c
 5.03 ± 0.18c

 197.66 ± 8.11c
 1.81 ± 0.01a

 107.68 ± 7.02e 72.06 ± 2.01c
 9.42 ± 0.41c

 

0.50 6.93 ± 0.03c
 4.76 ± 0.31b 141.64 ± 7.72b 1.89 ± 0.01a

 98.99 ± 3.12d
 64.71 ± 0.81b

 8.31 ± 0.21c
 

1.00 5.91 ± 0.04b
 3.22 ± 0.12b

 97.81 ± 9.12b 1.97 ± 0.01a
 85.02 ± 5.88c

 53.61 ± 0.81b
 7.71 ± 0.18b

 

1.50 5.92 ± 0.05b
 1.96 ± 0.13a

 87.38 ± 2.16a 1.98 ± 0.12a
 74.12 ± 6.89b

 44.71 ± 1.21a
 6.06 ± 0.21b

 

2.00 3.90 ± 0.02a
 1.11 ± 0.11a 67.46 ± 2.31a 1.93 ± 0.11a

 63.01 ± 2.01b
 40.66 ± 1.08b

 5.71 ± 0.14a
 

2.50 2.67 ± 0.14a
 1.06 ± 0.13a

 44.39 ± 4.17a 2.01 ± 0.13b
 40.02 ± 4.07a

 33.71 ± 1.78a
 4.02 ± 0.22a

 

Means within the same column with different superscript are significantly different (P<0.05) 

 
Figure1. Comparative values of Total Bilurubin in the Plasma of C.gariepinus Exposed to Different Salinity levels 
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Figure2. Comparative values of Urea in the Plasma of C.gariepinus Exposed to Different Salinity levels 

 

Figure3. Comparative values of Creatine in the Plasma of C.gariepinus Exposed to Different Salinity levels 

 

Figure4.  Comparative values of Albumie in the Plasma of C.gariepinus Exposed to Different Salinity levels 

 

Figure5.  Comparative values of Globulin in the Plasma of C.gariepinus Exposed to Different Salinity levels 

 

Figure6.  Comparative values of Lipids in the Plasma of C.gariepinus Exposed to Different Salinity levels 



Changes in Metabolites of African Catfish (Clarias Gariepinus) Exposed to Different Salinity Levels 

 

International Journal of Innovative Studies in Aquatic Biology and Fisheries (IJISABF)               Page | 5 

 

Figure7. Comparative values of Total Protein in the Plasma of C.gariepinus Exposed to Different Salinity levels 

4. DISCUSSION 

Generally, influence of water quality parameters could result to changes in the metabolites especially 

when the water is toxic. In this study the metabolites alteration and fluctuation is not connected to the 

water used in the experiment after the introduction of the saline solution. This is because there were 

no significant difference (P>0.05) between the control and the various concentration of the solution 

with regard to temperature, dissolved oxygen, pH, ammonia and nitrite. The trend in the water quality 

parameters is similar to the result of previous authors on the exposure of fish to varying degrees of 

salinity [18]. 

The major responsibility of the blood or plasma is to transport absorbed metabolites and nutrient 

(organic and inorganic) through the body as well the transport of waste materials to various excretory 

organs where they can be eliminated from the body[19].The presence of metabolites in the blood at 

high or low concentration is a very important clinical correlation. The values of total bilirubin and 

conjugated bilirubin reduced as the concentration of the saline solution increased. A decrease in 

plasma total bilirubin suggests liver cell damage [20]. Reduced values of bilirubin in this study 

indicate possible damage to the liver cells of C. gariepinus. A decrease in values of total bilirubin in 

the plasma could also be due to the inability of the liver to convert bilirubin into bile and urobilin, 

which phenomenon gives the urine in humans its yellow coloration [20].Plasma globulins and 

albumin, serve a vital function in carrying materials from one part of the fish to another via the 

circulation. They have nutritive, transporting, protective, buffering and energetic functions [21]. 

Globulin values reduced and albumin were within the same range as the concentration of saline 

solution increased. A similar result was also reported by Nte et al. [22] in exposure of Sarotherodon 

melanotheron to stress induced by industrial effluents the higher energy demand of the body to 

counter stress may trigger an alteration in these metabolites, a process in which both blood and 

structural protein are converted to energy during toxicant induced stress [23]. Urea and creatinine 

have been used as important indices for the evaluation of the effects of stress on the kidney using a 

variety of both in-vivo and in-vitro methods [24]. Creatinine in the experimental fish reduced during 

the exposure period, while the urea values increased as the concentration of the saline solution 

increased. The presence of increasing concentration of urea and reduced creatinine as opined by 

Calbreath [25] suggested the inability of the kidney to excrete these products, which further indicated 

a decrease in glomerular filtration rate.  

The concentration of total protein is used as a basic index for the health status of fish [26] and it is an 

important non-specific immune parameter [27]. In the present study there was a reduction in the 

serum protein in the experimental fishes. Reduction in the values of total protein can be caused by 

structural liver alterations, reducing amino transferase activity and impaired control of fluid balance. 

This result corroborates the findings of Anyanwu et.al. [28] in exposure of Sarotherodon 

melanotheron to varying degrees of salinities. The decrease in protein content was probably due to 

reduced/perturbation of microsomal protein synthesis. The degradation of protein suggests the 

increase in proteolytic activity and possible utilization of their product for metabolic purpose [27].The 

occasional decline in protein content could be due to decline in protein synthesis and increased 

proteolysis while an increase may be associated with increase in protein synthesis due to increase in 

enzyme activity involved in protein synthesis [27]. However authors have reported decline in protein 

content in fish exposed to stress. Lipids play a role in defensive and fat transport to the liver in the 

form of cholesterol ester for oxidation, granulation of cell division and acts as an antagonist to 

phospholipids, formation of bile acids and bile salts, 7-dehydrocholestrol and vitamin D3, 
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corticosteroid hormone, androgens, estrogens and progesterone [29].Alteration in the cholesterol in 

the plasma of fish exposed to stress induced by salinity could be associated with toxicity stress which 

suppresses the activity of some enzymes responsible for lipid transformation thereby disrupting lipid 

metabolism [21]. 

However, in this study the values of total lipids reduced on exposure to saline medium and this may 

be because of increased in metabolic rate and demand for lipid accumulation. A lipid is a necessary 

compound of the structure of the cell membrane in fishes. This observation agrees with the findings of 

Gabriel and Akinrotimi [8], who reported that salinity, can impose stress on fresh water fish oxidative 

cells.  According to them reduced concentrations of lipids in serum can be a result of damages to liver 

or kidney. It also indicates disorders of lipid and lipoprotein metabolism. Therefore low concentration 

of total lipids in the blood stream may suggest the dietary lipid imbalance [30].This lipid imbalance in 

C.gariepinus may be because of saline stress that leads to the imbalance of lipid metabolism. 

5. CONCLUSION 

The findings of this study have shown that different concentration of salinity significantly affects the 

metabolites of C. gariepinus which is more pronounced in the juvenile fish. This is accordance with 

previous studies that have reported alteration in internal function of fish organs, especially the liver 

when exposed to stress. 
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