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1. INTRODUCTION 

Diabetes mellitus is a group of metabolic 

diseases in which a person has high blood sugar, 

either because the body does not produce 

enough insulin, or because cells do not respond 

to the insulin that is produced in the body 

(Rother, 2007). This high blood sugar produces 

the classical symptoms of polyuria, polydipsia 

and polyphagia. This Symptoms may develop 

rapidly in type 1 diabetes ,while in type 2 

diabetes they usually develop much more slowly 

and may be subtle or absent. Diabetes mellitus is 

manifested in three primary forms: Type1 

diabetes, Type2 diabetes and gestational 

diabetes (Wild et al., 2004). 

Human body regulates blood glucose to 
maintain an adequate supply of glucose for 

cells. Two hormones produced by the pancreas 

tightly control blood glucose levels when its 
levels rise after a meal. The pancreas releases 

the insulin hormone into the blood, Insulin acts 

like a key unlocking the cells of the body and 

allowing glucose to enter and fuel. Insulin also 
stimulates liver and muscle cells to store glucose 

as glycogen, when individual has not eaten in a 

while and blood glucose levels begin to fall. The 
pancreas releases another hormone called 

glucagon which stimulates the body to break 

down stored glycogen, releasing glucose into the 
bloodstream when blood glucose level 

decreased. Glucagon also stimulates the 

synthesis of glucose from protein (Risérus et al., 
2009).  

Antioxidants such as vitamin E act to protect the 

cells against the effects of free radicals, which 

are potentially damaging by-products of energy 

metabolism. Free radicals can damage cells and 

may contribute to the development of 

cardiovascular disease and cancer. Studies are 

underway to determine whether vitamin E, 

through its ability to limit production of free 

radicals, might help prevent or delay the 

development of those chronic diseases. Vitamin 

E has also been shown to play a role in immune 

function, in DNA repair, and other metabolic 

processes (Traber and Packer, 1995). 

Vitamin E is an essential nutrient for the human 
body needs to function normally. The term 

vitamin E actually represents a group of 

substances, the most important being alpha-
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tocopherol. The main sources of vitamin E in 

the diet are vegetable oils (especially safflower 
oil, sunflower oil and cottonseed oil), green 

leafy vegetables, nuts, cereals, meats, egg yolks, 

wheat germ, and whole wheat products (Herrera 
and Barbas, 2001; Ball,2004). 

Diabetes mellitus induces alterations in bone 

and mineral metabolism. Diabetic bone disorder 
causes an increase in bone fractures, delays 

healing of fractures, and affects the quality of 

life. There are few optimal therapies for these 

disorders and the mechanisms responsible for 
their complications have not been clearly 

identified. Bone histology studies in humans and 

animals have demonstrated that decreased bone 
formation is a critical mechanism of bone mass 

reduction in diabetes (Hamada et al., 2009). 

From few bone histology studies in humans and 
experimental studies there is evidence that a 

decreased bone formation is one major 

mechanism leading to reduced bone mass in 

diabetics (Van Campenhout et al.2006). The 
metabolism of several essential elements is 

altered in diabetes mellitus and these nutrients 

might have specific roles in the pathogenesis 
and progress of this disease, nevertheless, the 

mechanisms are still far from known (Halliwell 

et al.,2005).Thus the present study was carried 

out to investigate the effect of vitamin E 
supplementation on some minerals in diabetic 

rats.  

2. MATERIALS AND METHODS  

Animals: Male albino rats (n=30) weighing 

(95.00±5.00g) of Sprague Dawley strain were 

obtained from the Laboratory Animals Colony, 
Ministry of Health and Population, Helwan, 

Egypt. 

2.1. Materials 

2.1.1. Chemicals 

Casein, vitamins mix, minerals mix, vitamin E, 

cellulose, choline and alloxane were obtained 

from El-gomhoria Company for pharmaceutical 
and chemicals, Cairo, Egypt. Kits for 

biochemical analysis were being obtained from 

Gamma Trade Company for pharmaceutical and 
chemicals, Dokki, Egypt.  

2.2. Methods 

2.1.2. Diet Composition and Experimental 

Animal Design 

Basal diet for rats was prepared according to the 

AIN 93-M according to Reeves et al., 1993. 

Vitamin E (dl-alpha-tocopherol acetate) was 
added at three levels of intake (0.75%, 1%, and 

1.5 %) over the basal diet as a supplement. The 

present experiment was done in the animal 
house, Faculty of Home Economics, Helwan 

University, Cairo, Egypt. Animals were housed 

in a normal healthy condition and allowed water 
was available. After two weeks of adaptation, 

rats were divided into groups as follows: The 

first group was fed on basal diet and served as a 
negative control group (-ve). The rest of the 

animals (24) were injected with alloxan for 

diabetes induction then divided to groups. The 

second group (positive control) was diabetic and 
was fed on the basal diet. Groups 3-5 were 

diabetic and were fed on basal diets 

supplemented with vitamin E at three levels of 
intake (0.75 %, 1 % and 1.5 %, respectively). At 

the end of the experimental period (7 weeks), 

rats were sacrificed and blood samples were 
collected then centrifuged to separate the serum 

and kept frozen at -20οC till analysis.  

2.1.3. Biological Determination 

Biological determination was carried out by 
determination of feed intake (FI) which was 

calculated every day throughout the 

experimental period. Over all body weight gain 
(BWG), feed efficiency ratio and organs relative 

weight were determined according to (Chapman 

et al., 1959). 

2.1.4. Biochemical Analysis 

Serum glucose was determined according to 

(Kaplan et al., 1984 and Trinder, 1969). Serum 

Ca concentration was determined according to 
(Gindler and king, 1972). Serum phosphorus 

concentration was determined according to 

(Elmerzabani et al., 1977). Serum Iron 
concentration was determined according to 

(Dreux, 1977). 

2.1.5. Histopathological Examination 

Specimen from liver and kidney were taken 

immediately after sacrificing the rats and 

immersed in 10% formalin solution. The fixed 

specimens were then trimmed, washed and 

dehydrated in ascending grades of alcohol. They 

were cleared in xybl, embedded in paraffin, 

sectioned at 4-6 micron thickness and stained 

with Heamtoxylin and Eosin according to 

Carleton (1979). The histopathological 

examination was carried out at Pathology 

Department, Faculty of Agriculture and Cairo 

University.  

3. STATISTICAL ANALYSIS 

Results of biochemical analysis and biological 

evaluation of each group were statistically 
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analyzed as mean ± SE using one-way ANOVA 

as described by SAS, (2006). 

4. RESULTS AND DISCUSSION 

Results in Table (1) indicate the effect of 

different levels of vitamin E on feed intake (FI), 

body weight gain (BWG) and feed efficiency 

ratio (FER) of diabetic rats. Data show that 

when rats were injected with alloxan (+ve) 

control group, their mean value of feed intake 

was increased with a mean value of 14.54±0.55 

g/d compared to the (-ve) control group which 

fed on basal diet only (11.55±0.46 g/d).  

This increase was not significantly different. 

However, when rats were ingested diet 

supplemented with vitamin E, feed intake was 

reduced significantly at the lowest two levels of 

intake (0.75 and 1%).  

Concerning body weight gain (BWG) of 

diabetic rats, results in Table (1) showed the 

same trend of feed intake (FI).In the diabetic 

control group, BWG was increased with a mean 

value of 0.94±0.09g compared to the normal rats 

with mean value of 0.70±0.13g. 

Table1. Effect of Feeding Different levels of Vitamin E on Feed intake (FI), Body Weight Gain (BWG) and Feed 

Efficiency Ratio (FER) of Diabetic Rats. 

Groups Feed intake (FI) 
(g/d) 

Body Weight Gain (BWG) 
(g/d) 

Feed Efficiency Ratio (FER) 
(g/d) 

C
o
n

tr
o
l Group(1) 

(-ve)  

ab  

11. 55±0.46  

b  

0.70±0.13  

c  

0.04±0.01  

Group(2) 

(+ve) 

a  

14. 54±0.55  

a  

0.94±0.09  

a  

0.07±0.02  

V
it

a
m

in
 E

 

su
p

p
le

m
e
n

ta
ti

o
n

 

 

Group(3) 

0.75%  

c  

6.09±1.59  

c  

0.65±0.12  

c  

0.04±0.03  

Group(4)  

1% 

d  

4.02±1.85  

d  

0.42±0.17  

ab  

0.06±0.01  

Group(5)  

1.5% 

ab  

12.70±1.15  

ab  

0.82±0.10 

ab  

0.06±0.02  

     

Results of this study indicated that, feed intake 

(FI), body weight gain (BWG) and feed 

efficiency ratio (FER) of diabetic rats showed 

significant increase compared to the (-ve) 

control group which fed on basal diet .This 

increases in feed intake could be explained on 

the basis of glucose, which is the energizer of 

the cells, remains at the entrance of the cells but 

can’t get through it .This condition leads to 

excess of hunger as stated by Aruoma et al., 

2007. Also, as a result of increasing FI the BWG 

was increased this could be explained by 

converting the excess of glucose to fat in the 

body.  

Vitamin E supplementation at the lowest two 

levels produced reduction in feed intake, body 

weight gain and feed efficiency ratio in this 

study. Our results were in accordance with 

Devereux et al., 2006 who reported that rats 

treated with vitamin E had higher body weight 

compared to the control group. However, results 

of this study were disagreed with those of 

Hayward et al, 1992 who found no difference in 

feed intake and body weight gain among all 

tested groups. These differences between these 

findings and our results could be explained with 

the difference in the type of the tested animals, 

tested doses as well as the duration of the 

experiment.  

Results show the effect of different levels of 

vitamin E on liver, heart and kidney relative 

weight of diabetic rats are presented in Table 

(2), the results revealed that the control group 

(fed on basal diet) had liver relative weight of 

2.57±0.01 6%.When rats were become diabetic 

(+ve control) showed significant reduction in 

relative liver weight 2.04±0.02 %. However, 

when rats were supplemented with vitamin E at 

0.75 %, liver relative weights were increased 

with a mean value of 2.53±0.03 % compared to 

the control groups.  

Concerning heart relative weight ,data showed 

that the highest value was seen with the group of 

rats supplemented with 0.75 % vitamin E in the 

diet (0.34±0.01%), while the lowest value was 

seen with the diabetic rats fed on the basal diet 

with vitamin supplementation (+ve control). 

Also, results showed that kidneys relative 

weight for groups of rats ingested vitamin E at 

any levels of intake were increased significantly 

compared to the + ve control group (0.56±0.01 

%, 0.58±0.02 %, 0.54±0.01 % and 0.52±0.03 %, 

respectively).
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Table2. Effect of Different Levels of Vitamin E on Liver, Heart and Kidney Relative Weight of Diabetic Rats 

Groups Relative Organ Weight % 

Liver Heart kidney  

C
o
n

tr
o
l Group(1) 

(-ve)  

a  

2.57±0.01 

c  

0.27±0.01 

a  

0.82±0.01  

Group(2) 

(+ve) 

d  

2.04±0.02  

d  

0.25±0.02  

d  

0.52±0.03  

v
it

a
m

in
 E

 

su
p

p
le

m
e
n

ta
ti

o
n

 

Group(3)  

0.75%  

a  

2.53±0.03 

a  

0.34±0.01  

bc 

0.56±0.01  

Group(4)  
1% 

c  
2.25±0.03  

b  
0.32±0.01  

b  
0.58±0.02  

Group(5) 

1.5% 

b  

2.41±0.04  

b  

0.31±0.02  

c  

0.54±0.01  

     

*Mean values are expressed as means ± SE. 

Means with different superscript letters in the 

column are significantly different at (P< 0.01).  

Concerning organs relative weight, data of the 

present study revealed that liver, heart and 

kidneys relative weight of diabetic rats were 
decreased significantly as a result of diabetic 

induction compared to the –ve control group. 

However, when diet was supplemented with 

vitamin E caused increase in organ relative 
weights.  

The increase in organs relative weight could be 

attributed to the injured structural integrity of 

these organs after cellular damages by the effect 

of alloxan injection. The obtained results was in 

agreement with those of EL-Miedany et al.,1999 

who reported that the liver weights from rats 

injected with alloxan were significantly greater 

than the negative control group. Also, the 

present results agreed with that found by Chai et 

al., 2008 who reported that the kidney weights 

from rats given alloxan were significantly 

increased compared to control group.  

The bioactive effects of different levels of 

vitamin E on calcium and phosphorus in bone of 

diabetic rats are presented in Table (3). Data 

showed that Ca concentration in bone of normal 

rats fed on basal diet was 0.03±0.01 mg/dl, 

while as a result of inducing diabetes in rats 

(+ve control), bone calcium concentration was 

reduced significantly with a mean value of 

0.01±0.02 mg/dl compared with the un-diabetic 

normal control rats. Data showed that when the 

diet was supplemented with vitamin E ,Ca 

concentration in bone was improved according 

to the supplemented level .However ,the highest 

concentration of Ca in bone showed when rats 

were fed on diet supplemented with the highest 

level of vitamin E (1.5 %) having a mean value 

of 0.04±0.01 mg/dl.  

Concerning phosphorus concentrations in bone, 

results showed significant reduction in its 

concentration as increasing vitamin E 

supplementation level in the diet. Results in 

Table (3) illustrated that phosphorus 

concentration in bone of diabetic rats (+ve 

control) was reduced significantly with a mean 

value of 0.01±0.01 mg/dl compared with the 

normal control group fed on basal diet without 

supplementation (0.06±0.03 mg/dl). When diet 

was supplemented with vitamin E, phosphorus 

concentration in bone was increased 

significantly with the lowest level of 

supplementation with a mean value of 

0.04±0.02 mg/dl as compared with the +ve 

control group. 8  

Table3. Effect of Different Levels of Vitamin E on Bone Concentration of Calcium and Phosphorus of Diabetic 
Rats 

Groups 

 
Minerals Concentration of Bone 

Calcium (mg/dl) Phosphorus  (mg/dl) 

C
o
n

tr
o
l Group(1)  

(-ve)  
a  

0.03±0.01  
a  

0.06±0.03  

Group(2)  
(+ve) 

c  
0.01±0.02  

d  
0.01±0.01  

V
it

a
m

in
 E

 

su
p

p
le

m
en

ta
ti

o
n

 

Group(3)  

0.75%  

b  

0.03±0.01  

ab  

0.04±0.02  

Group(4)  
1 % 

c  
0.01±0.03  

c  
0.02±0.01  

Group(5)  

1.5 % 

a  

0.04±0.001  

b  

0.03±0.01  
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*Mean values are expressed as means ± SE. 

Means with different superscript letters in the 
column are significantly different at (P< 0.01). 

In regard to effects of vitamin E on calcium, 

phosphorus in bone of diabetic rats this study 
showed that calcium concentration of diabetic 

rats fed on basal diet (+ve control group) was 

significantly decreased compared to normal rats 
fed on basal diet (-ve control).The effect could 

be explained by what reported by Okuna et al., 

1991 who stated that diabetes mellitus is known 

as one of the major causes of low turnover 
osteopenia. Some other studies confirmed this 

result, they found that diabetes is often 

associated with reduced bone mass and delayed 
fracture healing in human (Loder, 1988 and 

Heap et al., 2004). 

The bioactive effect of different levels of 

vitamin E on concentration of iron in bone and 

serum glucose concentration of diabetic rats are 

presented in Table (4). Regarding iron (Fe) 
concentration in bone data illustrated that Fe 

concentration varied with the tested level of 

vitamin E supplementation. The highest 
concentration of Fe concentration increased 

significantly with a mean value of 0.20±0.04 

when supplemented with vitamin E at 0.75 % 
level. 

Results of this study showed that vitamin E 

supplemented at the lowest level (0.75 %) 

induced significant reduction in blood glucose 

level. However, when diet was supplemented 

with vitamin E at levels 1% and 1.5%, blood 

glucose levels were increased significantly with 

a mean value of 106.45±1.84 mg/dl and 

138.6±2.50 mg/dl, respectively, compared to the 

normal control rats received basal diet only. 

Table4. Effect of Different Levels of Vitamin E on Concentration of Iron in bone and Serum Glucose 

Concentration of Diabetic Rats 

Groups Bone Iron (Fe) mg/dl Glucose mg/dl 

C
o

n
tr

o
l Group(1) 

(-ve)  

a  

0.36±0.11  

d  

97.54±2.08  

Group(2) 

(+ve) 

d  

0.09±0.07  

a  

145.35±1.89  

v
it

a
m

in
 E

 

su
p

p
le

m
e
n

ta
ti

o
n

 

Group(3)  

0.75%  

b  

0.20±0.04  

e  

95.93±1.39  

Group(4)  

1 % 

d  

0.15±0.04  

c  

106.45±1.84  

Group(5)  

1.5 % 

c  

0.10±0.03  

b  

138.6±2.50  

    

*Mean values are expressed as means ± SE. 

Means with different superscript letters in the 
column are significantly different at (P< 0.01). 

It has been shown that vitamin E improves bone 
quality in the aged but not in young adult male 

mice (Arjmandi et al., 2002). It was also 
reported that an adequate intake of vitamin E 

and vitamin C was protective against the hip 

fracture risk in female smokers (Melhus et al., 
1999). 

In general, results of our study showed that the 

lowest level of vitamin E supplementation 

corrected blood glucose level of diabetic rats 

.This result was in agreement with Garrett et al., 

1990, Ima-Nirwana et al., 1999 and Fardoun, 

2007.They reported that vitamin E is an 

antioxidant that is thought to play an important 

role in protecting cells against the effects of free 

radicals, which can damage cells and may 

contribute to the development of diabetes. 

However, these results disagreed with what 

stated by Arjmandi et al., 2002 who concluded 

that there is no any established benefit for 

antioxidant such as vitamin E. 

The histopathological examination of liver and 

kidney of diabetic rats fed on diet supplemented 

with vitamin E at three levels of intake showed 

slight granularity of cytoplasm of hypatocytes 

and apparent normal renel parenchyma 

compared with the control group. However, few 

available literatures regarding the effect of 

vitamin E supplementation on histopathological 

changes in these organs could be obtained. 

Figures (1-2) show the histopathological 
examination of liver tissues. Liver of normal 

rats (-ve control group), fed on basal diet only, 

showed normal histological structure of hepatic 

lobule (Figure 1). When rats were become 
diabetic (+ve control group) liver showed 

vacuolar degeneration of hepatocytes and 

pyknosis of hepatocytic . Meanwhile, when rats 
were ingested vitamin E in the diet, at the lowest 

level (Figure 3), liver showed slight granularity 

of the cytoplasm of hepatocytes. Microscopical 
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examination of liver of rat who received 1.5 % 

of vitamin E revealed granularity of the 
cytoplasm of hepatocytes. 

   

Fig1. Liver of rat from normal control group (-ve) 

showing the normal histological structure of hepatic 

lobule. (H and E x 200) 

 

Fig2. Liver of diabetic rats (+ve) showing vacuolar 

degeneration of hepatocytes and pyknosis of 

hepatocytic  

 

Fig3. Liver of rat having 0.75% of vitamin E showing 

slight granularity of the cytoplasm of hepatocytes(H 

and E X 200).  

 

Fig4. Liver of rat having 1% of vitamin E showing 

granularity of the cytoplasm of hepatocytes. (H and 

E x 200) 

 

Fig5. Liver of rat having 1.5 % of vitamin E showing 
granularity of the cytoplasm of hepatocytes.(H and E 

x 200).  

 

Fig6. Kidney of normal control (-ve) group showing 

the normal histological structure of renel 

parenchyma. (H and E x 200).  

 

Fig7. Kidney of (+ve) control rats showing 

vacuolations of renel tubular epithelium and 

congestion of intertubular blood vessels.(H and E x 

200) 

 

Fig8. Kidney of rats having level 1 showing apparent 

normal renel parenchyma. (H and E x 200) 
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Fig9. Kidney of rats having level 2 showing 
hypertrophy and congestion of glomerular tufts. (H 

and E x 200) 

 

Fig10. Kidney of rats having level 3 showing 

vacuolations of endothelial lining glomerular tuft 
and presence of eosinophilic protein cast in the 

lumen of renel tubules. (H and E x 200) 

In the present study, the histopathological 

examination of liver and kidney of normal rats 

showed normal histopathological structure of 
liver as well as kidneys. When rats were become 

diabetic (+ve control rats) liver showed vacuolar 

degeneration of hepatocytes and pyknosis of 

hepatocyte. When rats were ingested diet 
supplemented with vitamin E especially at the 

lowest levels (0.75 % and 1%) leads to improve 

the degeneration changes of liver and this result 
get along with that shown by Hypponen, 2004.  
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