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Highlights
• Feed and water deprivation in rats for 6 days led to haemato-biochemical alterations.
• RBC, PCV, WBC, HbC and MCV increased significantly when compared to the control.
• Neutrophils, eosinophils, monocytes and lymphocytes counts rose more than normal.
• MCH, MCHC, glucose, triglyceride and cholesterol dropped below basal parameters.
• TP, albumin, creatinine, BUN, AST and ALT levels were increased above normal values.
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Abstract: Overnight food and water restriction protocols are
common in animal research, however information about the
haematological and biochemical changes due to food and water
deprivation over longer periods can provide information about
the stress experience by these animals. This study was conducted
using ten (n = 10) male albino rats housed in metallic cage. The
rats were deprived of feed and water consecutively for six days.
On the third and sixth days blood samples were obtained for
haematological studies while serum was used for biochemical
studies. There were significant increases in red cell counts, packed
cell volume, haemoglobin concentration and mean corpuscular
volume while significant decreases were observed in the mean
corpuscular haemoglobin and mean corpuscular haemoglobin
concentration as compared to the basal parameters. The white
blood cells, neutrophils, eosinophils, monocytes and lymphocytes
were significantly increased as compared with the basal
parameters. Activities of aspartate and alanine aminotransferase
in post feed and water deprivation condition are elevated
compared to basal parameters. There were significant decreases in
serum glucose, triglyceride, cholesterol concentrations while the
total protein, albumin, creatinine, blood urea were significantly
elevated. It can be concluded that rats deprived of feed and water
predisposes to starvation, dehydration and stress with perturbation
of haematological and biochemical parameters.
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INTRODUCTION
Feed and water deprivation is a common procedure
performed in association with many different types
of experiments mainly in order to reduce variability
in investigatory parameters or to facilitate surgical
procedures. An animal satisfies its needs for food and
water, not just because it experiences an acute feeling of
thirst or hunger, but also because it has learned to realize its
needs and knows how to meet them within the provisions
of the environment in which it lives (Tucci et al., 2006). If
the absence of food or water is not dramatic or long lasting,
the temporary effects this has on the animal’s metabolism
or hydration status will have little effect on the animal’s
welfare. The critical factor is whether the animal learns to
change its behaviour to adapt to the availability of food and
water over time (Toth and Gardiner, 2000). This situation

is common in the wild and also exists in laboratory
experiments when food is rationed. These adjustments
are often well tolerated as long as they are within limits to
which the animal can adjust. A totally different situation
arises if the animal is subjected to sudden, unexpected and
chronic food deprivation (Bauer et al., 2004).
Feed and water deprivation leads to some changes in
one’s eating habits, the amount of received energy and
physiological parameters in the blood, however the body
continually makes innumerable large and small adjustments
to internal and external changes in its environment, to
offset changes that threaten to create an abnormal state
(Kanizsai et al., 2004). Many of these adjustments are
easily visible and relatively dramatic, but still well within
what may be defined as ‘normal’. The regulation of cellular
nutrition during and between meals is an example of these
adaptations. As long as the animal is given sufficient
food as often as it is accustomed to, these changes are
physiological (Stricker, 1984). If however, the supply of
food deteriorates significantly (in quality or quantity), the
body will no longer be able to regulate its functions within
normal limits and pathological conditions will arise. An
animal will notice changes in its supply of food rapidly, and
this may lead to psychological stress. The degree of stress,
in relation to feed and water deprivation, will depend upon
the species and also for animals in captivity (Hughes et al.,
1994).
Fasting can be expected to cause, among other things,
stress, aggressive behaviour, as well as reductions in body
weight, body temperature and plasma glucose levels. A
reduction in basal metabolic rate, which persists after the
period of fasting, has been reported (Penicaud and Le
Magnen, 1980). The effect of food deprivation is greatest
when it occurs in the dark phase, when the animals are
most active, significant reductions in liver weight and
glycogen content, as well as increases in levels of glycerol,
free fatty acids and acetoacetate have been measured
after three hours (Palou et al., 1981). Claassen (1994)
reported increases in plasma levels of glucose, urea, lactate
and amino acids, a range of hormones including insulin,
glucagon and corticosterone, as well as increased activity
in the sympathetic nervous system.
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Food and water deprivation has been shown to cause
some changes in hematological and biochemical parameters
in blood, however its effect on biochemical parameters is
still a matter of debate, it was reported that energy intake
decreases during fasting (Sweileh et al., 1992). The
commonest haematological and biochemical data available
were rats or animals subjected to overnight or maximum
of five to six hour feed and water deprivation in which
varying physiological changes were observed. This study
is to provide a more complete picture of haematological
and biochemical changes associated with male rats totally
deprived of food and water for a consecutive period of six
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 their
environment before the start of the experiment.
Haematological and biochemical parameters
Basal haematological and biochemical parameters were
determined 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 haematological and biochemical
analyses.
Haematology
Aliquot of blood sample was collected into EDTA bottle
for determination of packed cell volume, red blood cell
and white blood cell counts as described by Schalm et al.,
(1975).
Serum preparation
Aliquots of blood samples were collected into plane tubes
and centrifuged at 4000 rpm for 10 minutes to separate
the sera from the cellular components. The sera were then
decanted and stored in Eppendorf tubes for further analyses
as described by Schalm et al., (1975).
Biochemical analysis
Blood glucose concentrations were checked by caudal

vein blood sampling and using Bionime glucometer.
Total serum protein and albumin concentrations were
estimated using Randox® commercial biochemical kits
(Randox®, Spain) as described by Tietz (1995) and Grant
(1987) respectively. Blood urea nitrogen and creatinine
concentrations were estimated using Randox ® commercial
biochemical kits as described by Henry (1974). The
aspartate and alanine aminotransferases activities were
assayed as described by Reitman and Frankel (1957), while
serum triglyceride and cholesterol concentrations were
determined as described by McGowan et al., (1983) and
Wybenga et al., (1970) respectively.
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 red blood cells and it indices in male rats
deprived of feed and water for six consecutive days. There
were significant increases (p<0.05) in red cell counts, packed
cell volume and haemoglobin concentration compared to the
basal parameters. However there was significant increase
in mean corpuscular volume, but significant decreases
were observed in the mean corpuscular haemoglobin and
mean corpuscular haemoglobin concentration compared to
the basal parameters.
Table 2 shows the total and differential leucocyte counts
white cells counts of rats deprived of feed and water for six
consecutive days. Total and differential leucocyte counts
are increased.
Table 3 shows the biochemical parameters of male rats
deprived of feed and water for six consecutive days. There
was a marked decrease in serum glucose concentration
especially on the sixth day post feed and water deprivation
compared to the basal parameter. However, the lipid
parameters, triglyceride and cholesterol were significantly
(p<0.05) decreased compared to the basal parameters.
The total protein and albumin are mildly but
significantly increased compared to the basal parameters,
while creatinine and blood urea showed a mild increase
post feed and water deprivation compared to the basal
parameters.
There was a significant (p<0.05) increase in the activities
of aspartate and alanine aminotransferases post feed and
water deprivation compared to the basal parameters.
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Table 1: Red blood cells and it indices in male rats deprived of feed and water for six consecutive days
Parameters

Basal

Three days postfeed and water deprivation

Six days post feed and water deprivation

RBC (x 10 L)

7.38 ± 0.30

9.31 ± 0.11

10.20 ± 0.21b

PCV (%)

41.15 ± 0.85a

46.10 ± 0.62b

48.22 ± 0.51b

Hb (g/dl)

14.95 ± 0.15a

16.01 ± 0.11b

18.15 ± 0.12b

MCV (Fl)

51.85 ± 2.05

53.04 ± 1.06

b

54.11 ± 1.21b

MCH (Pg)

18.25 ± 1.25a

16.11 ± 1.20b

13.15 ± 1.21c

MCHC (g/dl)

38.25 ± 1.45a

36.12 ± 1.33b

34.12 ± 1.27b
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a

b

a

Values within the same rows with different superscripts are significantly different at p<0.05. RBC: Red blood cell; PCV: Packed cell
volume; Hb: Haemoglobin; MCV: Mean corpuscular volume; MCH: Mean corpuscular haemoglobin; MCHC: Mean corpuscular
haemoglobin concentration.
Table 2: White blood and differentials in male 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

TWBC (x 10 /L)

7.35 ± 2.11

a

12.22 ± 1.07

15.02 ± 2.11b

Neutrophil (%)

6.11 ± 2.01a

9.37 ± 1.03b

11.14 ± 1.20b

Eosinophils (%)

1.22 ± 0.50a

3.06 ± 1.99b

5.09 ± 1.05b

Monocytes (%)

5.03 ± 1.01

7.96 ± 1.23

8.05 ± 2.31b

9

b

a

b

Lymphocytes (%) 66.50 ± 4.50a
72.75 ± 3.11b
87.08 ± 3.54b
Values within the same rows with different superscripts are significantly different at p<0.05. TWBC: Total white blood cell. (p<0.05)
over time compared to the basal parameters.
Table 3: biochemical parameters of male rats deprived of feed and water for six consecutive days
Parameters

Basal

Three day days post feed and water
deprivation

Six days post feed and water
deprivation

Glucose (mg/dL)

105.33 ± 5.77a

98.34 ± 4.01b

90.03 ± 3.03b

Triglyceride (mg/dL)

67.09 ± 1.54a

61.32 ± 1.23b

57.04 ± 1.03b

Cholesterol (mg/dL)

120.20 ± 0.80

115.12 ± 0.71

109.65 ± 0.63b

Total Protein (mg/dL)

6.80 ± 0.10a

9.60 ± 0.16b

12.12 ± 0.32b

Albumin (mg/dL)

4.14 ± 0.04

b

4.29 ± 0.14

4.98 ± 0.13b

Creatinine (mg/dL)

1.53 ± 0.01a

1.65 ± 0.12b

1.68 ± 0.11b

Blood Urea Nitrogen (mg/dL)

3.25 ± 0.11

5.58 ± 0.35

8.75 ± 0.22b

126.34 ± 0.75b

134.24 ± 0.65b

Aspartate aminotransferase (U/L)

a

a

a

120.80 ± 0.90a

b

b

Alanine aminotransferase (U/L)
34.60 ± 0.80a
38.76 ± 0.65b
Values within the same rows with different superscripts are significantly different at p<0.05.

DISCUSSION
Animals are in normal physiological state when given
enough food and water, but when withdrawn, the
physiological and pathological variations may take place.
Food and water restriction protocols are common in animal
research; however information about the physiologic and
behavioral impacts of food and water restriction and
the potential adverse consequences that the animal will
experience as a result of the restriction are limited. Food
and water deprivation will affect the animals’ health,
internal cellular biochemistry, behaviour, absorption rate of
substances, carbohydrate and lipid metabolism (Matsuzawa
and Sakazume, 1994). Studies reported in literature on
the effect of feed deprivation on various haematological
indices have been conflicting and inconsistent. In this
study, red blood cells count, haemoglobin and hematocrit

42.23 ± 0.75b

were elevated which are similar to the studies of El-Hazmi
et al. (1987) and Keenan et al., (1994) who reported
similar haematological increases in male rats deprived
of feed and water for twenty four hours. Conversely,
Dewanti et al. (2006) showed a significant decrease in
hematocrit and haemoglobin concentration. The increase
in the haematological parameters observed in this study is
attributed to non-availability of nutrients and water needed
to augment haemopoiesis, bringing about dehydration,
stress and haemoconcentration. The stress could induce
the spleen to push more red cells into circulation
bringing about relative polycythemia which is slightly
macrocytic hypochromic. The relative polycythemia and
haemoconcentation bring about increase haemoglobin
concentration and packed cell volume.
Total white blood cell counts, neutrophils, eosinophils,
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monocytes and lymphocyte, counts all increased over time
compared to the basal parameters. Taken together, these
changes in white blood cells counts are suggestive of a
stress response due to feed and water deprivation. Similarly
( Champy et al., 2004) reported significant increase in white
cell counts in animals subjected to feed deprivation within
days which was attributed to means of coping with stress
induced by feed and water deprivation. The longer the
animals were stressed the greater the leucocytic response
(Kioukia et al., 2000).
Decreases in levels of blood glucose during fasting
are due to lack of food intake and non-availability of
glucose absorption from the intestines. Serum glucose
concentrations in the current study were significantly lower
when feed and water was deprived compared to the basal
glucose levels measured when the animals were in fed state.
The observation is similar to Claassen (1994) who reported
decrease plasma glucose concentration in animals deprived
of feed for three days. Glucose is the main supply of energy
and is maintained between meals by glycogenolysis and
possibly by gluconeogenesis in the liver. Glucocorticoid,
insulin and glucagon also play significant role to prevent
drastic fall in the glucose concentration when the animals
were deprived of feed and water (Gursoy et al., 2001;
Heiderstadt et al, 2000; Genn et al., 2003).
Many reports have been published on the effect of
feed deprivation on blood lipids among healthy animals,
with inconsistent and even conflicting findings. The
discrepancy was attributed to the amount and type of food
intake, physical activity and genetic makeup of the animals
(Aksungar et al., 2005). We observed a decrease in the
cholesterol and triglyceride concentrations in rats deprived
of feed and water compared to the basal parameter, it is
suggested that hormone sensitive lipase is activated leading
to hydrolysis of esterified cholesterol and triglyceride. The
fatty acids generated from the hydrolysis is oxidized to
generate energy by the rats deprived of feed and water due
to metabolic changes as glucose is not readily available as
energy source ( Mahboob et al., 1999) reported decrease in
plasma triglyceride concentration in human with restricted
feed intake. Prolonged fasting induces an increase in plasma
glucagon, plasma glucocorticoids, plasma epinephrine and
a decrease in plasma insulin concentrations. This leads to
hydrolysis of triglyceride in adipose tissue, which causes a
rise in plasma free fatty acid concentration (Moitra et al.,
1998; Kersten et al., 1999).
Protein constitutes the building block and the basic
molecule for any biochemical reaction. They are intimately
related with all physiological processes which maintain a
simple biochemical system in living condition. The serum
hyperalbuminaemia and hyperproteinaemia observed in
the rats deprived of feed and water is a sharp response to
dehydration and haemoconcentration. This is similar to
observation by El-Hazmi et al., (1987) and Keenan et al.,
(1994) who reported hperproteinaemia in rats subjected to
feed restriction.
Kidney is a major organ involve in body homeostasis
and excretion of waste from the body. A mild azotaemia
was observed in the serum which is an indication of partial
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clearance by the kidney. However Mgan et al., (2011)
observed no significant change in the azotaemia though
there was mild increase in rats subjected to short time
fasting.
The liver is the organ of detoxification and involve
in metabolic activities of the animals. The activities of
alanine aminotransferase and aspartate aminotransferase
were observed to be slightly increased in the serum of rats
deprived of feed and water, which is an indication of mild
hepatocellular injury due to stress on the liver. The stress
resulted in the release of cytoplasmic enzymes from the
liver into the serum. It is likely that lipid peroxidation could
oxidize the membrane lipid leading to escape of hepatocytes
content into the serum. In a study on rats subjected to
feed deprivation, the hepatocellular response produces no
significant change in aspartate aminotransferase (AST),
alanine aminotransferase (ALT) and sorbitol dehydrogenase
(SDH) after six hours of deprivation, but after 12, 24 and
36 hours of feed deprivation AST,ALT and SDH were
significantly increased in deprived animals compared with
non-deprived animals (Lin et al.,2005).
CONCLUSIONS
It is concluded from the data generated that, rats deprived
of feed and water exhibit pronounced haematological and
biochemical changes. The haematological changes ranges
from dehydration to haemoconcentration, producing
relative polycytheamia and viscous blood. Also there were
stress induced metabolic changes in the liver and the kidney
associated with the deprivation of feed and water.
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