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Abstract: The role of vitamin C on diabetes mellitus is unknown. The purpose of this study was to
examine the effect of oral administration of vitamin C on some of the metabolic parameters of diabetic
rats. Diabetes was induced by intraperitoneal injection of STZ (60 mg kg™ body weight at 12 weeks of
age). Vitamin C (10, 50, 100 mg kg™' body weight) was administered orally for a period of four weeks
to normal and diabetic male Wistar rats. In some experiments vitamin C was given either before or
after the induction of diabetes mellitus. Glucose tolerance test (GTT) was performed on fasted normal,
diabetic and vitamin C-treated rats at the end of the experimental period. Blood sugar level and weight
were also recorded on a weekly basis for each rat in different groups. Vitamin C significantly (p<0.05)
reduced blood glucose level and decreased weight gain in experimental diabetes mellitus at all doses
when compared to untreated rats. This beneficial effect of vitamin C on the hyperglycemia of diabetic
rats was dose-dependent. Moreover, vitamin C also improved GTT in diabetic rats compared to
untreated diabetic rats. In conclusion, vitamin C may play a role in insulin metabolism and thus be a

useful adjuvant therapy in diabetes mellitus.
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INTRODUCTION

Diabetes mellitus (DM) is currently taking its place
as one of the main threats to human health in the 21%
century. In the past two decades the number of people
with diabetes has increased worldwide. DM affects
approximately 6% of the world population'. Tt is also
one of the most prevalent (the estimated lifetime risk of
developing diabetes for individuals born in 2000 is
32.8% for males and 38.5% for females) and costly
chronic diseases, which significantly reduces life
expectancy™). In the year 2000, the total number of
people with DM was 151 million and the number is
projected to increase by 46% to reach 221 million by
the year 2010 and 300 million in 2025". DM is a
heterogeneous group of disorders characterized by high
blood glucose level”.

DM is associated with abnormal changes in
protein, carbohydrate and fat metabolism!® and induce
disturbances in lipid profiles especially, an increased
susceptibility to lipid peroxidation”’. DM is a chronic
disease associated with severe late complications.
Diabetes accounts for a substantial burden of morbidity
and mortality through micro- and macro vascular
complications™.  The most common chronic

complications of diabetes include retinopathy,
nephropathy, neuropathy and atherosclerosis!'”. Strict
control of blood glucose, blood pressure and cholesterol
can reduce the risk of  diabetes-related
complications™'"!. Tt has been postulated that diabetes-
associated complications involves oxidative stress
perhaps as a result of hyperglycemia?!. In diabetes, the
elevated blood glucose increases the reactive oxygen
species (ROS). ROS then causes membrane damage
through facilitating peroxidation of membrane lipids
and protein glycation'. The sources of ROS in
diabetes include free radical reactions related to
glycation of proteins, consumption of NADPH through
the  polyol pathway, glucose autoxidation,
hyperglycemia-induced pseudo hypoxia and activation
of protein kinase C'. Vitamin C is a water soluble
antioxidant that was firstly isolated and characterized
by Szent-Gyorgyi in 1928!'%. Ascorbic acid has several
antioxidant properties. It is an essential cofactor
involved in many biochemical functions and it acts as
an electron donor or reducing agent, it is said to have
ascorbate oxidant activity!'’), Ascorbate effectively
scavenge singlet oxygen, superoxide, hydroxyl and
water soluble peroxyl radical and hypochlorous acid!'®.
The purpose of this study was to characterize some
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STZ-diabetic induced metabolic parameters as well as
to examine the antioxidant effect of Vitamin C on
diabetic rats.

MATERIALS AND METHODS

Experimental animals: Male Wistar rats aged from
seven to eight weeks and weighing 200-300 g were
used in this study. All rats were housed in a temperature
(25 °C) and humidity controlled rooms with 12 hrs
light/dark cycles. The animals were fed on a standard
rat chow and tap water ad [libitum. Diabetes was
induced in rats by a single intraperitoneal injection of
streptozotocin (STZ, Sigma, St. Louis, Missouri, USA)
at a dose of 60 mg kg™ body weight'”. STZ was
dissolved immediately before use in 0.05 mol L™
sodium citrate (pH 4.5). Blood was drawn from the tail
vein and blood glucose was measured weekly using
(One Touch II Glucometer, Life Scan, Johnson and
Johnson, U.S.A.). Rats were considered diabetic only if
their blood glucose levels exceeded 250 mg dL™'1?%. Rat
body weights were also recorded on a weekly basis.
The experiment was performed according the
guidelines set by the Animal Ethics Committee, Faculty
of Medicine & Health Sciences, U.A.E. University.

Experimental design: Rats were randomly divided into
three groups according to three different doses of
vitamin C (low dose 10 mg kg™, moderate dose 50 mg
kg™ and high dose 100 mg kg™"). Each group was then
divided into 5 subgroups. (a) Untreated non diabetic
(control); where rats have not been treated with either
STZ or vitamin C. (b) Untreated diabetic; STZ-induced
diabetic rats that were not treated with vitamin C. (c)
Treated diabetic; where rats were treated with vitamin
C for 10 days prior the STZ-induction of diabetes. (d)
Treated diabetic; where rats were induced to develop
diabetes and 10 days later they were treated with
vitamin C. (f) Treated non diabetic; in this subgroup,
rats were treated with vitamin C only.

Glucose tolerance test (GTT): At the end of the four
weeks from the commencement of the treatment, rats
were subjected to a glucose tolerance test, after an
overnight fast for 18 h. On the day of the GTT the
animals were given intraperitoneal dose of glucose 10
mL kg™ body weight, 30% w/v. The blood glucose
measurements were made at 0, 30, 60, 120 and 180 min
after glucose challenge.

Statistical analysis: Data are expressed as mean + SD.
Student’s t-test was used to analyze the significance of
differences between mean values and different groups

were analyzed by analysis of variance using Duncan’s
multiple range tests. A p value of less than 0.05 was
considered statistically significant.

RESULTS

The oral administration of low dose (10 mg kg™
body weight) of vitamin C to rats treated 10 days after
the onset of diabetes resulted in weight gain compared
to untreated diabetic rats which lost weight during the
experimental period. This gain was still significantly
smaller when compared to that of normal untreated and
normal treated rats. Also, the weight gained by normal
treated rats with low dose of vitamin C was still smaller
compared to that of untreated normal rats. On the other
hand, the administration of low dose of vitamin C to
rats treated 10 days before the onset of diabetes resulted
in high weight loss (Fig. 1).

Rat receiving a moderate dose (50 mg kg™ body
weight) of vitamin C 10 days after the onset of diabetes
achieved lower weight gain compared to normal
control.
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Fig. 1: Histograms showing the effect of 10 mg kg™ body weight of
vitamin C on weight gained or lost in normal and diabetic
rats. (Data are mean = SD, n=6) DM= diabetes mellitus
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Fig. 2: Histograms showing the effect of 50 mg kg™ body weight of
vitamin C on weight gained or lost in normal and diabetic
rats. (Data are mean + SD, n=6) DM= diabetes mellitus
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Fig. 3: Histograms showing the effect of 100 mg kg™ body weight
of vitamin C on weight gained or lost in normal and diabetic
rats. (Data are mean + SD, n=6) DM= diabetes mellitus
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Fig. 4: Histograms showing the effect of 10 mg kg™ of vitamin C on
blood glucose level in normal and diabetic rats. In weeks 3
and 4 there was a significant difference in blood glucose
level in normal non diabetic rats *p<0.05 (norm cont versus
norm + vitamin C). Also, there was a significant difference in
blood glucose level in rats treated before the onset of DM rats
in week 3 **p<0.05 (diab cont versus treated before DM) and
in rats treated after the onset of DM in weeks 3 and 4
*¥#*¥p<0.05 (diab cont versus treated after DM) (Data are
mean + SD, n=6) DM= diabetes mellitus

However, oral administration of moderate dose (50 mg
kg™ body weight) of vitamin C failed to increase the
weight of normal rats compared to control (Fig. 2). The
high dose (100 mg kg™ body weight) of vitamin C
given to diabetic rats also resulted in weight loss in both
rats treated before and after the onset of diabetes.
Normal rats, which received high dose of vitamin C
failed to gain weight in the same rate as untreated
normal rats (Fig. 3).

The oral administration of low dose (10 mg kg™
body weight) of vitamin C reduced the level of blood
glucose in rats treated before and after the onset of
diabetes (Fig. 4).

Moreover, normal rats treated with low dose (10
mg kg™ body weight) of vitamin C caused a significant
decrease in blood glucose level when compared to
normal untreated rats. The blood glucose level was
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Fig. 5: Histograms showing the effect of 50 mg kg™ of vitamin C on
blood glucose level in normal and diabetic rats. In week 1
there was a significant difference in blood glucose level in
normal control compared to treated non-diabetic rats
[*p<0.05 (norm cont versus norm + vitamin C)]. Also, there
was a significant difference in blood glucose level in rats
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Fig. 6: Oral administration of high dose (100 mg kg™ body weight)
of vitamin C failed to reduce blood glucose level in rats
treated before and after the onset diabetes

slightly unchanged in diabetic rats treated with
moderate dose (50mg kg™' body weight) of vitamin C
after the onset of diabetes compared with untreated
diabetic rats (Fig. 5). On the other hand, the level of
blood glucose was significantly reduced compared with
untreated normal rats. Figure 6 shows that the oral
administration of high dose (100 mg kg™' body weight)
of vitamin C failed to reduce blood glucose level in rats
treated before and after the onset diabetes.

The GTT of rats that received vitamin C (10 mg
kg™ body weight) after the onset of diabetes was better
than that of untreated diabetic rats. Rats that received
low dose of vitamin C before and after the onset of
diabetes had a better GTT at 60 min after glucose load
compared to untreated diabetic rats (Fig. 7). The GTT
of rats that received vitamin C (50 mg kg™ body
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Fig. 7: Histograms showing the effect of 10 mg kg™ of vitamin C on
GTT in normal and diabetic rats. At 60 min there was a
significant difference in blood glucose level in rats treated
after the onset of DM [*p<0.05 (diab cont versus treated after
DM)] and in rats treated before the onset of DM [**p<0.05
(diab cont versus treated before DM)] compared to untreated
diabetic rats. (Data are mean + SD, n=6) DM= diabetes
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Fig. 8: Histograms showing the effect of 50 mg kg™ of vitamin C on

GTT in normal and diabetic rats. At 120 min there was a
significant difference in blood glucose level in rats treated
before the onset of DM rats [*p<0.05 (diab cont versus
treated before DM)] compared to diabetic controls and in
normal non diabetic rats [**p<0.05 (norm cont versus norm+
vitamin C)] compared to vitamin C-treated rats. (Data are
mean + SD, n=6) DM= diabetes mellitus

weight) before the onset of diabetes was better than that
of untreated diabetic rats (Fig. 8). Moreover, the GTT
of rats that received vitamin C before the onset of
diabetes showed a significant reduction in the blood
glucose level at 120 min after glucose challenge
compared to untreated diabetic rats. However, it
appeared that the GTT of rats that received vitamin C
(50 mg kg™' body weight) before the onset of diabetes
was better than that of rats that received vitamin C after
the onset of diabetes. The GTT values of normal rats
treated with vitamin C showed a significant reduction in
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Fig. 9: Histograms showing the effect of 100 mg kg™ of vitamin C

on GTT of normal and diabetic rats. At 60 and 120 min there
was a significant difference in blood glucose level in normal
control compared to vitamin C-treated rats [*p<0.05 (norm
cont versus norm+ vitamin C)]. (Data are mean + SD, n=6)
DM= diabetes mellitus

the blood glucose level at 120 min compared to that of
untreated diabetic rats.

The GTT of rats that received high dose (100 mg
kg™ body weight) of vitamin C after the onset of
diabetes was better than that of untreated diabetic rats
(Fig. 9). However, the GTT of rats that received
vitamin C after the onset of diabetes was better at 60
and 120 min after glucose challenge compared to that
of untreated diabetic rats. The GTT values of normal
rats treated with vitamin C was comparable to that of
untreated normal rats.

DISCUSSION

The present study showed that the administration
of vitamin C has an inverse correlation with body
weight gain in rats treated 10 days before the onset of
diabetes. Low dose of vitamin C can elevate body
weight gain in rats treated 10 days after the onset of
diabetes. Moderate dose also increased body weight
gain in a rate smaller than that of low dose. However,
high dose decreased body weight gain in rats treated 10
days after onset of DM. This observation suggested that
only the low dose of vitamin C has a beneficial effect
on diabetes and the moderate and high doses had an
adverse effect on body weight gain especially after the
onset of diabetes. Also, the administration of vitamin C
in rats before the onset of diabetes did not reduce the
effect of the diabetes on the body weight. Further
studies are required to establish the mechanism of
action of vitamin C on body weight. The mechanism by
which vitamin C reduces body weight in normal rats is
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not clear. Levels of liver enzymes, kidney parameters
and electrolytes have been reported to alter during STZ-
induced diabetes. Vitamin C has been shown to affect
these biochemical parameters both in normal and
diabetic rats'*!).

The present study also showed that vitamin C can
improve plasma glucose level. The administration of
low dose of vitamin C was more effective than that of
moderate and high doses. It significantly reduced the
plasma glucose level in rats treated 10 days before and
after the onset of diabetes. Also, vitamin C
supplementation significantly elevated glucose level in
non diabetic rats. It is not clear how vitamin C
improves blood glucose level in diabetic rats. This
effect may be due to the antioxidant property of
vitamin C.

The data from this study showed that low dose of
vitamin C significantly improved the glucose tolerance
in rats treated 10 days before and after the onset of
diabetes especially at 60 min. On the other hand,
administration of high dose of vitamin C significantly
reduced glucose level at 60 and 120 min only in rats
treated 10 days after the onset of diabetes. The
beneficial effect of ascorbic acid noted in the present
study can be attributed to the antioxidant effects of
vitamin C. Vitamin C is a scavenger of oxygen free
radicals which are toxic by-products of many metabolic
process and in STZ-induced diabetes. Free radicals
have been reported in the pathogenesis of diabetes as a
result of their severe cytotoxic effects, such as lipid
peroxidation and protein denaturation of the cell
membrane followed by alteration of the membrane
receptor and fluidity properties!***¥). In addition, high
glucose level was shown to downregulate the
expression of glucose transporter 1 (GLUT-1). The high
glucose-induced downregulation of GLUT-1 was
shown to be blocked by Akt inhibitors. Normally, the
high glucose is known to activate Akt. Antioxidants
such as vitamin C and catalase have been reported to
block the high glucose-induced phosphorylation of
Akt

CONCLUSION

It can be concluded from this study that the
administration of vitamin C to normal and STZ-induced
diabetic rats significantly decreased body weight gain
in a dose-correlated manner. The oral administration of
vitamin C also, reduced blood glucose level and
improved glucose tolerance. The result of obtained
from this study have provided insight into the
hypoglycemic effect of vitamin C and it may prove to

be a useful adjuvant therapy in the management of
diabetes mellitus.
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