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ABATRACT 
 

Electrolytes are of great importance in cell metabolism because they are important cofactors or 

coenzymes needed for normal functioning of cells. The disturbances of these electrolytes result in 

changes of cell pH and acid base balance. In order to determine the electrolytes changes following 

feed and water deprivation in male rats, a total of ten (n=10) male albino rats weighing (152 ± 3.50)g 

housed in metallic cage were used for this study. The rats were deprived of feed and water 

consecutively for six days. On the third and sixth days blood samples were obtained for electrolytes 

studies in the plasma and in the erythrocytes. There were significant increases (P<0.05) in plasma 

sodium, potassium, calcium, magnesium, chloride and bicarbonate concentrations in comparison to 

the basal parameters while significant decreases (P<0.05) in erythrocytes sodium, potassium, 

calcium, magnesium, chloride and bicarbonate concentrations in comparison to the basal parameters 

were observed. It can be concluded that deprivation of male albino rats of food and water for six 

consecutive days resulted in perturbation, stress, dehydration and redistribution of electrolytes in 

various compartments of the cell.  
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INTRODUCTION 
 

Deprivation of food and water are common 

features of biomedical and behavioral research as 

well as a method of standardization of animals 

for experimental and assay procedures. Feed and 

water are very essential for well-being of the 

animals because it contains carbohydrates, 

proteins,    lipids,    vitamins   and    minerals    in 
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proportionate amounts for sustainability of the 

animals (Okediran et al., 2021; Armstrong et al., 

1980). When animals are deprived of feed and 

water, the cellular biochemistry and internal 

environment are altered such that the 

biomolecules metabolism are deranged to cope 

with the stress experienced as a result of the 

deprivation of feed and water (Ottenweller, 

1992). It was reported that corticosteroids such as 

cortisol are elevated as a result of stress 

experienced due to feed and water deprivation 

(Ottenweller, 1992). 
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Haematological and some biochemical changes 

were reported when male rats were deprived of 

feed and water for six consecutive days. The 

changes ranges from haemoconcentration, 

dehydration with relative polycythaemia 

(Okediran et al., 2021).  

 
Other biochemical changes observed were stress 

induced increased activities of liver enzymes 

such as aspartate aminotransferase and alanine 

aminotransferase (Lin et al., 2005; Okediran      

et al., 2021), increase lipid metabolism as a result 

of activation of hormone sensitive lipase 

(Mahboob et al., 1999), rapid mobilization and 

hydrolysis of triglyceride in adipose tissue, 

causing a rise in plasma free fatty acid 

concentration (Moitra et al., 1998; Kersten et al., 

1999) to generate energy since glucose is in short 

supply. Similarly, protein metabolism was 

perturbed  due  to  dehydration  with  evidence  

of azotaemia, hyperproteinaemia and 

hyperalbuminaemia (Keenan et al., 1994). 
 

Haematological and biochemical changes were 

reported in male rats subjected to feed and water 

deprivation for six consecutive days (Okediran et 

al., 2021), however electrolytes play significant 

role in maintaining various biochemical activities 

within the cell either as a cofactor or coenzymes 

in biochemical pathways. They equally 

contribute in maintaining the conformation of 

enzymes most especially membrane bound 

enzymes. This study is to unravel some of the 

changes that might affect the electrolytes when 

male rats were deprived of feed and water for six 

consecutive days. 

 

MATERIALS AND METHODS 

 
Animal ethics 
All experimental protocols carried out on the 

animals were in accordance with the international 

accepted principles for laboratory animal use and 

were approved by the Ethics Committee 

(UIL/FVERC/001/2020) on Laboratory animal 

use of the Faculty of Veterinary Medicine, 

University of Ilorin, Nigeria. 
 

Experimental animals 
A total of ten (n = 10) male albino rats were used 

for this investigation. The average weight of the 

rats was (152 ± 3.50) g. These rats were housed 

in metallic cage under standard room temperature 

(20.0 ºC) and pressure (760 mmHg). They were 

provided with laboratory animal feed (Fat/oil 6%, 

crude fibre 5%, calcium 1%, Available 

phosphorus 0.4%, Lysine 0.85%, Methionine 

0.35%, Salt 0.3%, Crude protein 18%, 

Metabolizeable Energy 2900 Kcal/kg 

manufactured by TOPFEEDS® (Lagos, Nigeria) 

and water provided. Experimental animals were 

acclimatized to the room temperature (20.0°c) 

and pressure (760mmHg) before the start of the 

experiment. 
 

Plasma preparation  

The tail of the restrained rat was cleansed with a 

ball of cotton wool soaked in methylated spirit. A 

little vaseline was then smeared on the tail to 

reduce friction while massaging to redness. 

Gentle massage towards the tip of the tail 

continued until the tip became red as a sign of 

blood accumulation. The red tip of the tail was 

then slightly and carefully incised with new and 

sterilized blade and further massaged gently as 

the blood trickled into immobilized sample tubes 

containing lithium heparin. Cotton wool soaked 

in methylated spirit was again used to cleanse the 

incised area of the tail. The blood was 

centrifuged at 4000 rpm for 10 minutes to 

separate the plasma from the cellular 

components. The plasma were then decanted and 

stored in Eppendorf tubes for further analyses as 

described by Schalm et al. (1975). 
 

Erythrocytes storage 

The erythrocytes obtained after decanting the 

plasma were suspended in 20mM Tris pH 7.6 

buffer. The erythrocytes were washed in the 

buffer until free of plasma for the determination 

of some electrolytes in the erythrocytes. 
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Electrolytes determination 

Some basal electrolytes concentrations were 

determined in the plasma and erythrocytes before 

the animals were deprived of feed and water. The 

animals were deprived of feed and water for six 

consecutive days. Blood samples were collected 

on the third and sixth day for electrolytes 

concentration determination in the plasma and in 

the erythrocytes. 
 

Sodium, potassium, calcium, magnesium chloride 

and bicarbonate concentrations were determined 

spectrophotometrically as outlined in Randox 

biochemical kit described by Tietz et al. (1986). 
 

Statistical analysis 

Results were expressed as mean ± standard error 

of mean. Analysis of the data was done using 

one-way analysis of variance followed by the 

Duncan multiple range test. A P<0.05 was 

considered significant. All analyses were done 

using Graph Pad Prism Version 5. 

 

RESULTS 
 

Table 1 shows the plasma electrolytes 

concentrations of male rats deprived of feed and 

water for six consecutive days. There were 

significant increases (P<0.05) in plasma sodium, 

potassium, calcium, magnesium, chloride and 

bicarbonate concentrations on the third and sixth 

days post feed and water deprivation in 

comparison to the basal parameters. Comparison 

between the third and the sixth day post feed and 

water deprivation showed that there were further 

increases of these parameters, which were 

significant only for potassium, chloride and 

bicarbonate 

 
Table 1: Shows the plasma electrolytes concentrations of rats deprived of feed and water for six 

consecutive days 
 

Parameters Basal 
Three days post feed 

and water deprivation 

Six days post feed and water 

deprivation 

Sodium (mEq/L) 75.95 ± 0.40a 80.20 ± 0.35b 82.34 ± 0.30b 

Potassium (mEq/L) 12.15 ± 0.33a 15. 62 ± 0.21b 16.18 ± 0.10c 

Calcium (mEq/L) 1.25 ± 0.02a 1.36 ± 0.04b 1.46 ± 0.10b 

Magnesium (mEq/L) 0.55 ± 0.04a 0.76 ± 0.02b 0.74 ± 0.12b 

Chloride (mEq/L) 82.03 ± 0.31a 87.24 ± 0.40b 89.10 ± 0.35c 

Bicarbonate (mEq/L) 63.67 ± 0.30a 68. 17 ± 0.35b 70.23 ± 0.25c 
 

Values within the same rows with different superscripts (a, b, c) are significantly different at P<0.05. 

 
Table 2 shows the erythrocytes electrolytes 

concentrations of male rats deprived of feed and 

water for six consecutive days. There were 

significant decreases (P<0.05) in erythrocytes 

sodium, potassium, calcium, magnesium, 

chloride and bicarbonate concentrations on the 

third and sixth day post feed and water 

deprivation in comparison to the basal 

parameters. Comparison between the third and 

sixth day post feed and water showed that there 

were further decreases in these parameters which 

were significant only for sodium and potassium. 
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Table 2: Shows the erythrocytes electrolytes concentrations of rats deprived of feed and water for six 

consecutive days 

Parameters Basal 
Three days post feed and 

water deprivation 

Six days post feed and 

water deprivation 

Sodium (mEq/L) 13.25 ± 1.03a 10.20 ± 0.35b 8.04 ± 0.10c 

Potassium (mEq/L) 26.15 ± 1.33a 12. 12 ± 0.11b 10.18 ± 0.14c 

Calcium (mEq/L) 10.12 ± 1.02a 8.16 ± 0.14b 7.26 ± 0.10b 

Magnesium (mEq/L) 9.15 ± 1.04a 7.06 ± 0.02b 6.14 ± 0.11b 

Chloride (mEq/L) 11.03 ± 1.01a 8.22 ± 0.20b 7.10 ± 0.13b 

Bicarbonate (mEq/L) 14.27 ± 1.30a 12. 11 ± 0.15b 11.13 ± 0.20b 

Values within the same rows with different superscripts (a, b, c) are significantly different at P<0.05. 

 

DISCUSSION 
 

Water deprivation and restriction are common 

features of biomedical and behavioral research. 

Water deprivation studies are designed to 

produce a behavioral or physiologic effect by 

withholding water from animals for various 

periods of time. Most studies use the water 

restriction paradigm to produce a consistent state 

of physiologic need that can be used to study 

fluid homeostasis or to induce a motivational 

stimulus to perform a behavioral task (Homma et 

al., 2002). The chronic nature of this type of 

study requires close monitoring of the animals’ 

overall health and behavior throughout the 

experiment (Rowland, 2007; Toth and Gardiner, 

2000). 

 

Electrolytes play a significant role in several 

body processes, such as controlling fluid levels, 

acid- base balance (pH), nerve conduction, blood 

clotting process, muscle contraction as well as a 

cofactor or coenzymes (Hasona and Elasbali, 

2016). Fluid and electrolytes homeostasis is 

usually maintained within narrow limits by the 

kidney (Roberts, 2005), and therefore it must be 

kept at a level that is suitable for normal 

biochemical and physiological functions (Kaneko 

et al., 2008). Therefore, imbalance in serum 

electrolytes is an important sensitive indicator of 

feed and water deprivation as it causes 

disturbance in general health status of animals 

(Ergonui et al., 2012; Chezhian et al., 2011; 

Shaista et al., 2010). 

In this study, a significant increase was observed 

in the electrolytes measured on the third day with 

further increase on the sixth day. This is 

attributed to moderate dehydration experienced 

by these animals. There was haemoconcentration 

hence the body starts to withdraw fluid from the 

interstitial fluid into the circulation within two to 

three days to maintain blood volume. There is 

minor dilution of blood within these three days. 

Within the next three days there is further 

haemoconcentration which stimulate the kidney 

to reabsorb water to maintain the blood volume. 

The significant decrease in chloride and 

bicarbonate concentrations in the erythrocyte and 

their increase in the plasma observed in this study 

could lead to disturbance in acid-base balance 

(Abubakar and Sule, 2010). Severe dehydration 

was equally reported by other workers producing 

altered electrolytes metabolism resulting in 

muscle weakness and cardiac arrhythmias that 

lead to heart failure (Abubakar and Sule, 2010; 

Kruetler, 1980). This imbalance might affect 

their homeostatic distribution and physiological 

roles, which is maintained through coordinated 

interaction of the intestine, the site of net 

absorbtion; and the kidney, the site of net 

excretion (Favus et al., 2006). 

 

Abnormal concentration of sodium and or 

potassium in the blood can affect the osmotic 

pressure of the body fluid which is related to 

blood pressure (Cheesbrough, 2002; Healy, 

1995). Sodium attracts water and so when 

sodium level rises in the blood, the body retains 
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water, thereby decreasing sodium concentration. 

Blood pressure which depends in part on blood 

volume increases as retained water rises 

(Kruetler, 1980).  

 

One major side effect of feed and water 

deprivation of rats is the mobilization and 

redistribution of the electrolytes within different 

compartments of the cells to achieve 

homeostasis. We observed mobilization of 

electrolytes leaving the intracellular fluid of the 

erythrocytes into the extracellular fluid i.e the 

plasma. This is attributed to the stress of 

dehydration on the erythrocytes causing 

alteration of metabolism of these electrolytes to 

leak into extracellular fluid as a result of altered 

configuration of membrane bound enzymes 

controlling movement of electrolytes in and 

outside the cell (Okediran et al., 2021). The basis 

for life is the ability of the cell to maintain ion 

gradient across biological membranes, the 

molecular basis of feed and water deprivation on 

electrolytes have not been described. Sodium, 

potassium, calcium and magnesium has a sensing 

receptors they bind to, which are located on the 

membrane (Handlogten et al., 2000; Brown et al., 

1998). In normal red cell metabolism, 

intracellular sodium, potassium, calcium and 

magnesium concentrations were controlled by 

reverse binding to specific electrolytes binding 

proteins, whereas the calcium and magnesium, 

sodium and potassium flux across the external 

membrane are regulated by Ca2+-Mg2+-ATPase 

and Na+-K+-ATPase (Katz,1985). Dehydration 

induced stress may therefore interfere with these 

electrolytes homeostasis by promoting their 

influx into or inhibiting their efflux from the 

cytoplasm. They also may diminish the efflux of 

these ions by inhibiting the ion pumps or 

depleting the ion pumps of their driving forces 

(Gregus and Klaassen, 2003; Timbrell, 2000). 

The increased concentration of electrolytes in the 

plasma and subsequent reduction in the 

erythrocytes is an indication that feed and water 

deprivation induced stress causes efflux of these 

electrolytes into the plasma but inhibiting the 

influx into the intracellular erythrocytes. 

Alterations in chemical and physical 

characteristics of erythrocytes membranes have 

been reported (Valentino et al., 1982; Karai et 

al., 1981; Quintanar-Escorza et al., 2007). The 

attendant consequences of these alterations 

include decreased fluidity and increased osmotic 

fragility of the cell erythrocyte membrane 

(Valentino et al., 1982; Karai et al., 1981; 

Quintanar-Escorza et al., 2007). The 

consequences of these is imbalance in the 

electrolyte distribution due to stress caused by 

feed and water deprivation.  Chronic water and 

feed deprivation is generally not associated with 

marked adrenal activation however, 

glucocorticoid elevations during dehydration due 

to stress might cause diuretic effects that would 

counter fluid conservation mechanisms 

(Heiderstadt, 2000). 

 

In conclusion feed and water deprivation should 

not be encouraged for a long time because it 

induces stress, haemoconcentration and 

dehydration leading to massive redistribution and 

alteration of electrolytes in various compartments 

of the body thereby disturbing acid base balance 

of the animals.   
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