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ABSTRACT

Objectives: Diabetes mellitus (DM) is a spectrum of common metabolic disorders, arising from a variety of pathogenic mechanisms resulting in
hyperglycemia that causes chronic micro- and macro-vascular complications. Vitamin C is structurally similar to glucose and can replace it in many
chemical reactions and thus is effective in the prevention of non-enzymatic glycosylation of proteins. Hence, the present study taken up to see the
effect of supplementation of Vitamin C on blood glucose and glycosylated hemoglobin (HbA1lc) along with metformin in experimentally-induced
diabetic rabbits.

Methods: Twenty-four adult New Zealand white rabbits (1.5-2.5 kg) were divided into four groups, each containing six rabbits. Group 1: Normal
control (distilled water); Group 2: Metformin (23.33 mg/kg) is given orally; Group 3: Metformin (23.33 mg/kg) plus Vitamin C 250 mg are given orally;
and Group 4: Metformin (23.33 mg/kg) plus Vitamin C 500 mg are given orally. Animals were treated for 30 days. The blood samples were collected
on days 0 and 30 from the marginal ear vein of rabbits for the estimation of blood glucose and HbA1c levels.

Results: Statistically analyzed by ANOVA test followed by post hoc Tukey’s test using GraphPad Prism software. Results shown that Vitamin C 500 mg
oral supplementation with metformin had very highly significantly reduced HbA1clevels by 40.12% (p = 0.0001***) and blood glucose levels by 49.12%
(p = 0.0003***), whereas Vitamin C 250 mg oral supplementation with metformin also significantly reduced HbA1c levels by 25.49% (p = 0.0001***)
and blood glucose levels by 42.95% (p = 0.0026**) when compared to metformin alone, which reduced HbA1c levels by 22% (p = 0.0001***) and
blood glucose levels by 39.58% (p = 0.0001***).

Conclusion: Oral supplementation of Vitamin C 500 mg/250 mg to the metformin was superior in reducing HbA1c levels and blood glucose levels
compared to metformin alone in rabbits. Hence, Vitamin C oral supplementation may be helpful in lowering blood glucose levels and HbA1lc levels
and improving glycemic control in Type 2 DM.
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INTRODUCTION such as a-tocopherol, reduced glutathione, urate, and 3-carotene from
their respective radical species and may, therefore, prevent oxidative
damage to biological macromolecules, including DNA, lipids, and
proteins [9-12]. Vitamin C is structurally similar to glucose and hence
possibly may replace it in many chemical reactions, such as non-

enzymatic glycosylation of proteins (Maillard reactions).

Diabetes mellitus (DM) is a spectrum of common metabolic disorders,
arising from a variety of pathogenic mechanisms, all resulting in
hyperglycemia. The number of individuals with diabetes is rising
rapidly throughout the world. Both genetic and environmental factors
contribute to its pathogenesis, which involve insufficient insulin
secretion, reduced responsiveness to endogenous or exogenous insulin,
increased glucose production, and/or abnormalities in fat and protein
metabolism. The resulting hyperglycemia may lead to both acute
symptoms and metabolic abnormalities [1]. However, the major sources
of the morbidity of diabetes are the chronic complications that arise
from prolonged hyperglycemia, including retinopathy, neuropathy,
nephropathy, and cardiovascular disease [2].

Up-to-date, available literature suggests conflicting results related
to supplementation of Vitamin C and improvement in blood glucose
level and glycosylated hemoglobin (HbAlc). However, no study has
examined the effects of Vitamin C with metformin in the treatment of
Type 2 DM, especially on blood glucose levels in animals. Hence, the
present study taken up to see the effect of supplementation of Vitamin
C on blood glucose and HbA1c along with metformin in experimentally-

Diabetes is growing alarmingly in India, home to more than 65.1 million
people with the disease in 2013, compared to 50.8 million in 2010,
rising to 131.2 million by 2035, according to the International Diabetes
Federation [3,4]. According to the World Health Organization criteria,
the prevalence of known diabetes was 5.6% and 2.7% among urban and
rural areas, respectively [5].

Ascorbic acid is one of the most effective, powerful antioxidants
in biological fluids. Vitamin C scavenges physiologically important
reactive oxygen species such as superoxide radical anion, hydrogen
peroxide, hydroxyl radical and singlet oxygen, and also reactive
nitrogen species [6-8]. It regenerates other small molecule antioxidants

induced diabetic rabbits.

METHODS

The study was conducted at the Department of Pharmacology, Gandhi
Medical College, Hyderabad, after obtaining ethical clearance from the
Institutional Animal Ethics Committee.

Twenty-four male albino rabbits were randomized into groups. All
rabbits were allowed an 1-week acclimatization period to become
accustomed to the laboratory conditions. Rabbits were randomly
divided into four groups, each comprising six rabbits.
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Group 1: Normal control (distilled water)

Group 2: Standard drug (metformin - 23.33 mg/kg/per oral)

Group 3: Test drug - [ supplementing standard drug (metformin -
23.33 mg/kg/po and Vitamin C 250 mg/po)

Group 4: Test drug - II supplementing standard drug (metformin -
23.33 mg/kg/po and Vitamin C 500 mg/po).

Duration of the study
The duration of the study was for 45 days, which included 15 days of the
diabetic induction period and the next 30 days of the treatment period.

Experimental animal model and study design

To evaluate the effect of supplementation of Vitamin C on blood
glucose and HbA1c levels, the “Alloxan-induced diabetic rabbit model”
was used.

Procedure
Induction of diabetes

The rabbit was held in a wooden restrainer specially designed for
blood collection. Rabbits weighing 1500-2500 g were made diabetic
by injecting 100-120 mg/kg body weight of alloxan monohydrate.
Two grams of glucose/kg body weight dissolved in 10 cc of distilled
water were administered orally to each rabbit before alloxan injection
and 4 ml of 25% dextrose is administered i.v after alloxan injection to
minimize the anticipated hypoglycemia.

The dose of alloxan monohydrate for each rabbit was selected very
carefully not only based on the weight but also the general condition
of the animal. The required dose was dissolved in 8 cc of distilled water
in a sterile glass beaker and was injected into the marginal ear veins
by a butterfly needle mounted on a 5-10 cc syringe contrary to the
tuberculin syringe method. Eight days after administration of alloxan,
the rabbits having a FBS of more than 200 mg/dl (normal blood glucose
levels of rabbits: 100-145 mg/dl) were taken as diabetic and employed
for further testing [13,14].

RESULTS

Effect of supplementation of Vitamin C with metformin on blood glucose
levels in alloxan-induced diabetic rabbits for 30 days was observed as
follows.

DISCUSSION

Vitamin C, a water-soluble vitamin with antioxidant action, plays an
important role in scavenging oxidative free radicals from various
tissues [15]. Vitamin C is structurally similar to glucose and possibly can
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inhibit many chemical reactions such as non-enzymatic glycosylation
of proteins (Maillard reactions) by competing with glucose [16,17].
High concentration of ascorbic acid can directly inhibit erythrocyte
aldose reductase and provide a rationale for the use of oral Vitamin C
supplements in diabetes.

Accordingly, based on these properties, the effect of Vitamin C has
been investigated by supplementing with metformin in reducing blood
glucose and HbA1c levels in the present study. The present preclinical
study evaluated the effect of supplementation of Vitamin C on blood
glucose and HbA1c levels in “Alloxan-induced diabetic rabbit model” for
of 30 days.

Analysis of blood glucose levels

Table 1 shows before (day 0) and after (day 30) treatment variations

in mean blood glucose levels in each group of rabbits. ANOVA analysis

followed by post hoc Tukey’s test explains the findings as follows:

e Mean blood glucose levels in the normal control group varied from
113.3 mg/dlto 117.5 mg/dl without much variation during the study
with a mean percentage reduction being 3.71% (p = 0.4317).

e Meanblood glucose levels in standard group varied from 263.5 mg/dl to
159.2 mg/dl, which was statistically very highly significant (p < 0.0001***),
and the mean percentage reduction was 39.58%.

e Mean blood glucose levels in Test 1 group varied from 284.3 mg/dl to
162.2 mg/dl, which was statistically highly significant (p = 0.0026**),
and the mean percentage reduction was 42.95%.

e Mean blood glucose levels in Test 2 group varied from 286.0 mg/dl to
145.5 mg/dl, which was statistically very highly significant (p = 0.0003***),
and the mean percentage reduction was 49.12%.

On day 0 (before treatment)

One-way ANOVA analysis showed that there was a highly significant
mean difference (p = 0.0013**) between overall groups. Post hoc
Tukey’s multiple comparison test showed a highly significant mean
difference between the control group and other three groups, whereas
no significance between standard, Test 1, and Test 2 groups.

On day 30 (after treatment)

One-way ANOVA analysis shown that there was no significant mean
difference (p = 0.2206) between overall groups. Post hoc Tukey’s
multiple comparison tests showed no significance between any of the
groups.

The above analysis indicated that supplementation of Vitamin C 250 mg
and 500 mg with metformin had improved the blood glucose levels than
metformin alone, but not to the significant level.

Table 1: Statistical analysis (ANOVA) showing a comparison of blood glucose levels (mg/dl) between different groups on day 0 (before
treatment) and day 30 (after treatment) followed by between groups Student’s t-test

Samples collected at days Groups meanSD F-value p-value
Day 0 (before treatment) Normal control 113.3+11.15 7.69 0.0013**
Standard 263.5+36.24
Test 1 284.3+113.1
Test 2 286.0+85.15
Day 30 (after treatment) Normal control 117.5+09.89 1.601 0.2206
Standard 159.2+23.30
Test 1 162.2+£59.21
Test 2 145.5+45.66
Post hoc Tukey’s multiple comparison tests
Groups compared Day 0 Day 30
Control group versus the standard 5.020%* 2.586
Control group versus Test 1 5.717** 2.772
Control group versus Test 2 5.772%* 1.738
Standard versus Test 1 0.6965 0.1862
Standard versus Test 2 0.7522 0.848
Test 1 versus Test 2 0.05572 1.034

#p=0.0013
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Analysis of HbA1c levels

Table 2 shows before (day 0) and after (day 30) treatment variations

mean HbAlc levels in each group of rabbits and ANOVA analysis

followed by post hoc Tukey’s test.

e Mean HbA1lc levels in the normal control group varied from 2.18%
to 2.28% without much variation during the study, and the mean
percentage reduction was 4.54 % (P = 0.7704).

e Mean HbA1lc levels in standard group varied from 4.97% to 3.93%,
which were statistically very highly significant (P < 0.0001***), and
the mean percentage reduction was 22%.

e Mean HbA1lc levels in Test 1 group varied from 5.07% to 3.82%,
which were statistically very highly significant (P < 0.0001***), and
the mean percentage reduction was 25.49%.

e Mean HbA1lc levels in Test 2 group varied from 5.08% to 3.05%,
which were statistically very highly significant (P < 0.0001***), and
the mean percentage reduction was 40.12%.

On day 0 (before treatment)

One-way ANOVA analysis showed that there was a very highly
significant mean difference (P = 0.0001***) between overall groups.
Post hoc Tukey’s multiple comparison test showed very highly
significant mean difference between the control group and other three
groups, whereas no significance between standard, Test 1, and Test 2
groups.

On day 30 (after treatment)

One-way ANOVA analysis showed that there was a very highly significant
mean difference (P = 0.0003***) between overall groups. Post hoc
Tukey’s multiple comparison test showed very highly significant mean
difference between the control group and standard group, highly
significant mean difference between standard and Test 2 groups. There
is no much difference between standard, test group 1 and similarly test
group 1 and 2.

The above analysis indicated that supplementation of Vitamin C 500 mg
with metformin has significantly improved the HbAlc levels than
metformin alone, whereas Vitamin C 250 mg with metformin had better
efficacy than that of metformin alone.

Bar diagram 1 shows mean blood glucose levels in different groups of
rabbits on day 0 and day 30, as detailed in Table 1. It indicates that the
blood glucose lowering effect in Test 1 and Test 2 groups is better than
that of the standard group.

Bar diagram 2 shows percentage reductions of mean blood glucose
levels in 30 days. Percentage reduction in Test 2 (49.12%) is greater
than that of standard, whereas percentage reduction in Test 1 (42.95 %),
which is most similar to that of standard (39.58%).
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Bar diagram 3 shows mean HbA1c levels in different groups of rabbits
on day 0 and day 30. It indicates that the HbA1lc lowering effect in Test
2 is greater than that of standard, whereas in Test 1, it is almost similar
to that of standard.

Bar diagram 4 shows percentage reductions of mean HbAlc levels
in 30 days. Percentage reduction in Test 2 (40.12%) is significantly
greater than that of standard, whereas percentage reduction in Test
1 (25.49 %), which is better than that of standard (22%).

Based on the above findings

e Supplementation of Vitamin C 500 mg with the metformin was
superior in reducing HbA1clevels and blood glucose levels compared
to metformin only in rabbits.

e Supplementation of Vitamin C 250 mg with the metformin was
beneficial in reducing HbAlc levels and blood glucose levels
compared to metformin only in rabbits.

The results of this study are in agreement with previously published
data showing betterment in glycemic control with Vitamin C
supplementation [18,19]. Another study shown that there is an inverse
relationship between Vitamin C and HbAlc levels indicating that
supplementation with Vitamin C improves glycemic control [20] which
can be indirectly correlated with the dose of Vitamin C in the present study.

Kukner et al. study showed that Vitamin C prevented glomerular
damage seen in diabetes when combined with Vitamin E attributing to
their antioxidant action. Supplements with Vitamin C increased urinary
oxalate levels, but there is no evidence that they produce kidney stones
and even up to 10 g; also, they do not exert any toxic or side effects [21].

350
284.33 286
300 263.5
250
200
159.2 162.2 1455
150 113.3117.5
100
50
0
Normal Control Standard Testl Test2
W FBS 0 DAY FBS 30TH DAY

Bar Diagram 1: Day-wise variation in blood glucose levels in
various study groups. Y-axis represents blood glucose levels

Table 2: Statistical analysis (ANOVA) showing a comparison of HbA1c levels (%) between different groups on day 0 (before treatment)
and day 30 (after treatment) followed by between groups Student t-test

Samples collected at days Groups mean+SD F-value p-value
Day 0 (before treatment) Normal control 2.183+0.53 32.22 <0.0001%***
Standard 4.967+0.46
Test 1 5.067+0.78
Test 2 5.083+0.65
Day 30 (after treatment) Normal control 2.28+0.69 9.830 0.0003***
Standard 3.93+0.29
Test 1 3.82+0.75
Test 2 3.05+0.56
Post hoc Tukey’s multiple comparison tests
Groups compared Day 0 Day 30
Control group versus standard 11.06*** 6.753%**
Control group versus Test 1 11.45%** 6.275%*
Control group versus Test 2 11.52%** 3.138
Standard versus Test 1 0.3973 0.4775
Standard versus Test 2 0.4635 5.915**
Test 1 versus Test 2 0.06621 3.138

#%p=0,0001
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Abdel-Wahab et al. study showed that the Vitamin C supplementation
in obese hyperglycemic (ob/ob) mice significantly reduced glycated
hemoglobin, plasma glucose, and insulin concentrations from 26%
to 48% compared to untreated control ob/ob mice. Vitamin C
supplementation also significantly reduced the total insulin content
and extent of insulin glycation in the pancreas of ob/ob mice by 42-
45% and also significantly reduced circulating glycated insulin by 80%.
It demonstrates Vitamin C supplementation that can decrease insulin
glycation and amelioration of the obesity-diabetes syndrome in ob/ob
mice [22]. Cunningham et al. study showed that Vitamin C supplements
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Bar Diagram 2: Percentage reductions of mean blood glucose
levels in 30 days for normal control, standard, Test 1, Test 2
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Bar Diagram 3: Before and after treatment variation in
glycosylated hemoglobin levels in various groups. Y-axis
represents HbA1c levels in %
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Bar Diagram 4: Percentage reductions of mean HbA1c levels in
30 days for normal control, standard, Test 1, Test 2 groups
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of both 100 mg and 600 mg had significantly reduced sorbitol
accumulation in erythrocytes in IDDM diabetic patients for 58 days.
In vitro studies showed that ascorbic acid inhibited aldose reductase
activity. Hence suggested, Vitamin C is superior over aldose reductase
inhibitors [23].

The exact mechanism by which Vitamin C produces glycemic control
is not known. Vitamin C scavenges important reactive oxygen species
derived from glucose auto-oxidation, protein glycosylation, and
polyol pathway that are involved in the generation of oxidative stress,
implicated in the origin of both Types 1 and 2 DM. Vitamin C probably
may also inhibit excess glucose uptake by cells of various tissues by
competing for insulin. Within cells, Vitamin C possibly may compete
with glucose for proteins and thus preventing protein glycation. Thus,
Vitamin C supplementation for diabetic subjects may provide a simple
means of preventing and ameliorating the complications of diabetes
and helpful in maintaining tight glycemic control.

However, studies with a larger sample size and longer follow-up period
together with the measurement of plasma Vitamin C levels and other
related antioxidant levels are necessary. There is a need for further
studies on complicated and uncomplicated Type 2 DM to elucidate the
exact role of Vitamin C supplementation in Type 2 DM. Further studies
should be done to understand its exact mechanism of action.

CONCLUSION

Finally, based on the above study, conclusions drawn are as follows:

e  Supplementation of Vitamin C 500 mg to the metformin was superior
in reducing HbA1c levels and blood glucose levels compared to
metformin alone in rabbits.

e Supplementation of Vitamin C 250 mg to the metformin was
beneficial in reducing HbAlc levels and blood glucose levels
compared to metformin alone in rabbits.

Our study would suggest that treatment with Vitamin C with metformin
was well tolerated. The cheaper cost and improvement in FBS and
HbA1lc in Type 2 DM after oral supplementation make it a particularly
attractive therapeutic adjuvant in the treatment of Type 2 DM.
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