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ABSTRACT

Oxidative stress in alloxan-induced diabetes in female and male rats was investigated. Forty male
(165±8.46g) and female (162.7±7.94g) albino Sprague Dawley rats were used for the study. The rats were
injected intraperitoneally with a single dose of 150mg/body weight of alloxan monohydrate, to induce diabetes
for 14 days. The rats were divided into four groups, consisting of 10 diabetic male, 10 non-diabetic male,
10 diabetic female and 10 non-diabetic female. The body weight and feed intake of the rats were fed rat
chow and water ad libitum for 14 days and then sacrificed by decapitation. Blood was taken by cardiac
puncture, while liver and kidney were quickly excised. The catalase activities, lipid peroxidation, glucose
protein, cholesterol and triglyceride concentrations in the liver and kidney of rats were determined. Rats
administered alloxan monohydrate had elevated plasma glucose levels. The body weights of diabetic female
and male rats were significantly reduced compared to the non-diabetic rats.  The catalase activities in liver
and kidney of diabetic male or female rats were significantly lower than in non-diabetic rats but the reduction
was more pronounced in diabetic female rats. The liver lipid peroxidation, cholesterol and triglyceride levels
were significantly higher in the diabetic male or female than in the non-diabetic rats, but with no significant
differences in the diabetic female or male rats. Data of the study indicate that sex differences do not
significantly affect oxidative stress in alloxan-induced diabetes. 
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Introduction

Diabetes mellitus is a disorder of carbohydrate
metabolism, character ized by persis tent
hyperglyceamia, glucosuria and polyuria [7,27].
Worldwide, there are approximately 194 million
adults aged 20 – 79 years with diagnosed diabetes
mellitus in 2003, and this is expected to increase to
333 million over the next 20 years [20]. Diabetes
mellitus is associated with oxidative reactions,
particularly those which are catalyzed by
decompartmentalized transition metals, but their
causative significance in diabetic tissue damage
remains to be established [28,26,22]. Diabetes
mellitus is one of the pathological conditions that

are always accompanied by oxidative stress, that is,
with the preponderance of oxidative reactions over
the anti-oxidative protection of tissues [3,2,11,12].

Polyuria, polydipsia and weight loss in spite of
adequate caloric intake are the major symptoms of
insulin deficiency. The plasma glucose level rarely
exceeds 120mg/dl in normal humans, but much
higher levels are routinely found in symptom of
insulin deficiency. The plasma glucose level rarely
exceeds 120mg/dl in normal humans, but much
higher levels are routinely found in patients with
deficient insulin action. Protein synthesis decreases
in the absence of insulin, partly because the
transport of amino acid into muscle is diminished
[27].
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Oxidative stress can be defined as any
disturbance of the pro-oxidant to anti-oxidant
balance in favour of the pre-oxidant. Oxidative stress
arises because the antioxidant defence system of the
human body is not entirely efficient. Oxidative stress
is defined in general as excess formation and/or
insufficient removal of highly reactive molecules,
such as, reactive oxygen species (ROS), e.g.  
Superoxide, O2, hydroxyl, –OH, peroxyl, RO2,
hydroperoxyl, –HRO2

+, nitric oxide, NO, nitrogen
dioxide, NO2 and reactive nitrogen species (RNS),
[20,28].

Diabetes is usually accompanied by increased
production of free radicals or impaired anti-oxidant
defenses. Glucose oxidation is the main source of
free radicals. Mechanisms by which increased
oxidative stress is involved in the diabetic
complications are partly known, including activation
of transcriptional factors, advanced glycated end
products (AGEs) and protein kinase [3].

Previous studies reported brain, kidney and liver
damage from diabetes, resulting in hepatopathy,
nephropathy and neuropathology, respectively. Scanty
data exist in the blood chemistry and activities of
liver and kidney catalase, lipid peroxidation in
diabetic and non-diabetic female and male rats.
However, there is paucity of information on whether
sex affects oxidative stress in alloxan-induced
diabetes. Therefore, the present study is to decipher
if there is any remarkable difference due to
oxidative stress in alloxan-induced diabetes between
female and male rats.

Materials and methods

Animals:

Forty male (165±8.46g) and female (162±7.94g)
albino Sprague Dawley rats each were collected
from the Animal Center of the College of Medicine
of the University of Lagos. They were put in groups
of three rats per cage and kept in a room with a
temperature of 28±2oC and illuminated for 12h per
day (0700 – 1900h). The rats were housed in
metallic cages and fed commercial rat chow
containing 21% protein and water ad libitum for 14
days for acclimatization. After 14 days of
acclimatization, the rats were separately divided
based on sex, male and female, into two groups.
Cares of all animals were as in accordance with the
National Law on animal care and use.

Animal Induction:

Alloxan monohydrate was used to induce
diabetes and purchased from Sigma, Aldrich
Chemicals Company, St Louis M.O, USA. The rats
were injected intraperitoneally with a single dose of

150mg/kg body weight of alloxan monohydrate
dissolved in deionized water. The rats were given
20% glucose solution orally instead of drinking
water after 6h of alloxan injection. For the next 24h,
the rats were kept on 5% glucose solution to
prevent hypoglyceamia [10]. After 14 days of
alloxan administration, rats with moderate diabetes,
having hyperglyceamia indicated on a glucometer
were used for the study. Following the induction of
diabetes mellitus after 2 weeks of alloxan
administration, the rats were grouped into diabetic
and non-diabetic groups. The body weight and feed
intake of the rats were computed every other day. 

Plasma glucose levels were determined on days
1, 5, 10 and 14, post-alloxan administration. On the
14th day, the rats were subjected to overnight fast
and sacrificed by cervical dislocation. Blood was
taken by cardiac puncture, liver and kidney were
excised and stored at -25oC. The catalase activities,
lipid peroxidation, cholesterol and triglyceride
concentrations in the liver and kidney of rats were
determined. Catalase (CAT) activity was measured
according to the method of Beers and Sizer [4], in
which disappearance of peroxide was followed of
peroxide was followed spectrophotometrically at
240nm. One unit of activity is equal to the mmol of 
H 2 O 2  degraded/min/mg prote in .  Prote in
concentrations were assayed by the method of
Lowry et al., [18] using bovine serum albumin as
standard.

Lipid peroxidation was assessed biochemically
by determining the level of malondialdehyde (MDA).
The results were expressed as nmoles of MDA
formed /  mg protein using 1,1,3,  3-
tetraethoxypropane as standard [5].

The chemical analyses of plasma glucose and
triglyceride in the diabetic and non-diabetic rats
were determined using the Synchron CX5 automated
analyzer. The plasma cholesterol level was
determined after enzymatic hydrolysis and oxidation
according to Tietz [25].

Statistical Analysis:

The values are expressed as mean ± standard
deviation (SD). Data were computed statistically
(SPSS software package) using one-way analysis of
variance. Post hoc testing was performed for
intergroup comparisons using the least significance
(LSD) test. A  p- value < 0.01 was considered
highly significant.

Results and discussion

Oral administration (150mg/kg) of alloxan
significantly increases blood glucose level from to
indicating that the rats were diabetic. The mean
body weights of diabetic and non-diabetic rats were 
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not significantly different (p<0.01) between day 1
and day 10. However, there was a significant
difference in the mean body weight between day 11
and day 14. Results of the changes in body weight
of diabetic and non-diabetic male and female rats
during pre-and post-alloxan administration are
presented in Table I. There were no significant
(p<0.01) differences in the body weight of diabetic
and non-diabetic male or female rats. 

The catalase activities in liver and kidney of
diabetic and non-diabetic male and female rats are
shown in Table 2. The catalase activities in liver
and kidney of diabetic male or female rats were
significantly (p<0.01) lower than in non-diabetic
male or female rats. However, the reduction in the
catalase activities in liver and kidney of diabetic
female rats was pronounced as compared to the
diabetic male rats.

The lipid peroxidation in liver and kidney
malondialdehyde of diabetic and non-diabetic male
and female rats are presented in Table 3. The liver
peroxidation liver and kidney malondialdehyde of
diabetic male or female rats were significantly
(p<0.01) higher than in non-diabetic male or female
rats. Liver and kidney malondialdehyde levels in
diabetic male rat were significantly (p<0.01) higher
than diabetic male rats, than in female diabetic rats.
There were significant (p<0.01) difference in the
levels of liver and kidney malondialdehyde of the
male and female diabetic rats.

The concentration of the cholesterol and
triglyceride of diabetic and non-diabetic male and
female rats are shown in Table 4. The cholesterol
and triglyceride concentrations of diabetic male or
female rats were significantly (p<0.01) higher than
in non-diabetic male or female rats. However, there
was no significant (p>0.01) difference in the catalase
activities in the liver of male and female rats;
significantly (p<0.01) different. Elevated glucose
concentrations in the alloxan-induced male and
female diabetic rats showed that they were
hyperglycemic, irrespective of the sex. This finding
concurs with previous report that blood glucose
levels were elevated significantly in alloxan –
diabetic rats. [17,16]. Body weight losses observed
in diabetic male or female rats as compared with
non-diabetic rats may be due to inability of the cells
to properly metabolized glucose, gluconeogenesis
from amino acid and body proteins. These metabolic
derangements would culmmate in tissue wasting and
breakdown [1]. Massive reduction in insulin release
is induced by specific destruction of µ-cells of the
islets of langerhams, producing hyperglycemia.

The significant decrease in liver and kidney
catalase activities and the elevated lipid peroxidation
of both female and male diabetic rats indicate the
onset oxidative stress. Glucose control plays an
important role in the pro-oxidant / anti-oxidant
balance within the body. Macromolecular, such as

molecules of extracellular matrix, lipoproteins and
DNA are damaged by free radicals associated with
diabetes mellitus [8]. For instance, increase in lipid
peroxides is generally thought to be a consequence
of pathological changes to tissues and mediate tissue
damage observed in both type I and type II diabetes
[8]. Hyperglycemia and hypertriglyceridemia have
been implicated to increase ROS generation and
subsequent lipid peroxidation. [24,10,14,]. Therefore,
the presence of free radicals may be one of the
plausible explanation for the elevated MDA levels in
diabetic female or male rats. It can be suggested
that sex differences do not affect catalase activity or
lipid peroxidation in diabetes.

The catalytic actions of anti-oxidants enzymes
are important for the effective removal of oxygen
radicals. Free radical damage decreases the activities
of antioxidant enzymes, such as catalase, glutathione
peroxidase and superoxide dismutase [9]. Therefore,
removing superoxide and hydroxyl radicals would be
the most effective defense of a living body against
certain disease [10].

The significant increase in the levels, of
cholesterol and triglycerides may be due to increased
lipase activity in an insulin deficient patient resulting
in enhanced lipolysis and increased concentration of
free fatty acids in plasma and liver [13,6]. A portion
of fatty acid produced in excess is metabolized to
acetyl CoA. The acetyl-CoA is used in the synthesis
of cholesterol in the liver, therefore, elevating the
levels of cholesterol in diabetic rats. Accelerated
lipid levels have been associated with high incidence
of atherosclerosis, a serious problem in many
diabetics [13,21,15].

The physiological importance of anti-oxidants,
e.g., vitamin A, C, and E selenium, mostly present
in fruits and vegetables cannot be over-emphasized,
especially in the management of diabetic mellitus.
These anti-oxidants operate at different levels, such
as preventing the formation of radicals, intercepting
radicals when formed, inhibiting free-radical chain
reaction and repairing oxidative damage by radicals
[29,23].

A critical assessment of results obtained in the
different oxidative stress parameters investigated
shows that sex of the animal, male or female did
not significantly play any role in diabetes, despite
the marked hormonal, changes occurring in females
and males physiological and biochemical changes
occurring in females and males.

Alloxan induced diabetes caused an elevation of
lipid peroxidation, cholesterol and triglyceride
concentrations, but resulted in a decrease in catalase
activity in the liver and kidney of female and male
rats. The present findings suggest that oxidative
stress could affect lipid levels and metabolism. Data
of the present study indicate that sex or gender
differences do not significantly affect oxidative stress
in alloxan-induced diabetes.
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Table 1: Changes in body weight of diabetic and non-diabetic male and female rats during pre and post-alloxan administration1,2.
Mean body weight  Diabetic male  Non-diabetic male  Diabetic female Non-diabetic female
Body weight pre-alloxan (g) 176.27±4.80d 178.23±6.71 180.95±5.07a 181.48±7.93
Body weight post-alloxan (g) 159.97±16.50d 217.67±11.30 154.72±6.13a 203.06±8.97
% change in body weight 17.23±1.05 6.45±0.82 32.50±1.23 12.87±1.36
1Values are expressed as Mean ± S.D. (n=10) in triplicate determinations. 
2Values carrying superscripts horizontally are not significantly (p>0.01) different.

Table 2: Catalase activities in liver and kidney of diabetic and non-diabetic male and female rats1,2.
Rat Liver catalase activity (nmol/l) Kidney catalase activity (nmol/l)
Diabetic male 0.027±0.023a 0.019±0.003b

Non-diabetic male 0.058±0.008b 0.048±0.007c

Diabetic female 0.022±0.010a 0.016±0.005b

Non-diabetic female 0.095±0.056c 0.075±0.008d

1Values are expressed as Mean ± S.D. (n=10) in triplicate determinations. 
2Values carrying superscripts vertically are significantly (p<0.01) different. 

Table 3: Lipid peroxidation in liver and kidney of diabetic and non-diabetic male and female rats1,2 .
Rat Liver malondialdehyde (mmol/l) Kidney malondialdehyde (mmol/l)
Diabetic male 5.87±0.51a 6.43±0.52a

Non-diabetic male 2.83±0.46b 3.57±0.90b

Diabetic female 1.79±0.56c 4.09±0.96c

Non-diabetic female 3.72±0.87d 1.90±0.64d

1Values are expressed as Mean ± S.D. (n=10) in triplicate determinations. 
2Values carrying superscripts vertically are significantly (p<0.01) different.

Table 4: Cholesterol and triglyceride concentrations of diabetic and non-diabetic male and female rats 1,2 .
Rat Cholesterol  concentration (mg/dl) Triglyceride concentration (mg/dl)
Diabetic male 299.14±11.37a 254.09±30.3a

Non-diabetic male 116.75±1.92b 83.37±5.57b

Diabetic female 293.56±18.74a 239.56±28.74a

Non-diabetic female 115.64±10.94b 77.64±15.91b

1Values are expressed as Mean ± S.D. (n=10) in triplicate determinations. 
2Values carrying superscripts vertically are significantly (p<0.01) different. 
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