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ABSTRACT

INTRODUCTION: Diabetes mellitus is a metabolic condition characterised by hyperglycemia,
which is commonly coupled with oxidative stress. Aside from hyperglycemia, oxidative stress plays
a significant role in diabetes and its consequences, including diabetic neuropathy, nephropathy, and
retinopathy. Reducing oxidative stress may improve the outcome of diabetes patients. The current
study was designed to investigate the effect of oral hypoglycemic agents (OHA) and vitamin C on
oxidative stress, lipid profile, and glycemic control.

AIM AND OBJECTIVE: To study the effect of vitamin-c as an additional therapy with
antidiabetic drugs in type-2 diabetes mellitus patients

MATERIAL AND METHODS: This was a prospective study carried out in the Department of
Pharmacology for a period of 12 months i.e, April 2023 to April 2024 at a tertiary care Centre. A
total of 100 type-I1 diabetes mellitus patients were studied and divided into four groups, Group-A
(Glimepiride), Group-B (Glimepiride + Vitamin-C), Group-C (Metformin + Voglibose) and Group-
D (Metformin+ Voglibose+ Vitamin-C). Glycemic control, lipid profile and oxidative stress were
compared before and after 3 months of treatment in all the 4 groups. The Data was analyzed By
using SPSS Software.

RESULTS: In the present study after three months, all the four groups had significant glycemic
control (p<0.001), but only Groups B and D experienced significant reductions in oxidative stress
(p<0.001). Groups B, C, and D showed significantly improved lipid control.
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CONCLUSION: Vitamin-C supplementation in conjunction with OHA therapy improves glycemic
control and lipid levels, and as an antioxidant, it decreases oxidative stress in diabetes mellitus
patients.

KEYWORDS: Vitamin C, Antidiabetic drug, Diabetes mellitus, Glimepiride, VVoglibose

INTRODUCTION

Diabetes mellitus is a multifactorial condition that affects the metabolism of carbs, proteins, and
lipids, resulting in hyperglycemia. High blood glucose levels can be caused by B-cell malfunction or
insulin resistance. Diabetes mellitus is a complex, chronic common endocrine metabolic disorder
necessitating incessant medical care with multifactorial risk-reduction approaches beyond glycemic
control. It results from defects in insulin secretion, action, or both and associated with many
microvascular and macrovascular complications, especially in the two main classes: Type | and
Type 2 diabetes mellitus. Diabetes is a major public health problem and one of four priority non-
communicable diseases (NCDs) targeted for intervention by world health campaign and foundations

[1].

Diabetes mellitus can be caused by a variety of risk factors, including advancing age, obesity,
stress, dietary changes, and a lack of physical activity. Genetic factors and sedentary lifestyle play a
significant influence in the development of Type Il diabetes mellitus and its consequences, such as
nephropathy, neuropathy, and retinopathy, which affect the vascular system, kidney, retina, and
peripheral nerve in chronic cases [2-4].

Diabetes affects 415 million people worldwide and is projected to reach over 642 million by 2040.
According to Indian statistics, the prevalence of diabetes in India is 8.7, with 69.2 million diabetic
cases documented among adults [5]. The presence of classical symptoms, fasting blood sugar (FBS)
>126 mg/dl, postprandial blood glucose (PPBS) >200 mg/dl, or random blood glucose level >200
mg/dl, and HbA1C >6.5% are all diagnostic criteria for diabetes mellitus. [6].

Diabetic complications are primarily associated with oxidative stress and high total cholesterol
(TC), triglycerides (TG), low density lipoprotein (LDL), very low density lipoprotein (VLDL), and
low high density lipoprotein (HDL-C), so a healthy lipid profile and low oxidative stress can help to
limit complications and their progression. Currently, there are various antidiabetic medications
accessible, but the outcome is poor because these treatments have no significant effect on oxidative
stress in diabetic patients [7]. Hence, development of novel strategies to improve the outcome will
be of great benefit.

Free radicals are proposed to change lipid/protein ratio of membranes by affecting polyunsaturated
fatty acids and lipid peroxidation, thus enhancing functional irregularities of several cellular
organelles and structures. It has been suggested that increased free radicals and decline of
antioxidant defense mechanisms play a major role in the pathogenesis as well as accelerate the
development of clinical complications of both types of diabetes mellitus [4].

Diabetic individuals will have higher levels of free radicals and lower levels of antioxidants,
especially vitamin C. Vitamin C is a natural antioxidant that plays an important role in the
prevention of diabetic complications by scavenging free radicals such as reactive oxygen species
(ROS) and reactive nitrogen species (RNS), preventing the initiation of chain reactions that lead to
protein glycation [8], and protecting against lipid peroxidation [8-10]. Vitamin C supplementation
has been reported to significantly improve glycemic control, lipid profile, and cutaneous capillary
permeability in Type Il diabetes [11].

Consequently, antioxidant supplements have been proposed as the perspective treatment of
diabetes. In addition, antioxidant supplements have been found to prevent the progression of
diabetes and the occurrence of its complications. Vitamin C or L-ascorbic acid is the most abundant
and effective antioxidant in the human body. It is a potent water-soluble antioxidant that scavenges
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reactive oxygen species (ROS) and reactive nitrogen species (RNS), thus prevents the increased
production of free radicals induced by oxidative damage to lipids and lipoproteins in various
cellular compartments [11].

Therefore, the current study was undertaken to assess the positive effects of antioxidant
supplementation (vitamin C) combined with OHA in patients with type 2 diabetes mellitus.

MATERIAL AND METHODS

This was a Prospective, randomized, study carried out in the Department of Pharmacology and
General Medicine for a period of 12 months i.e, April 2023 to April 2024 at a tertiary care Centre.
A total of 100 type-II diabetes mellitus patients were studied and divided in to four groups, Group-
A (Glimepiride), Group-B (Glimepiride + Vitamin-C), Group-C (Metformin + Voglibose) and
Group-D (Metformin+ Voglibose+ Vitamin-C). Glycemic control, lipid profile and oxidative stress
were compared before and after 3 months of treatment in all the 4 groups.

INCLUSION CRITERIA
» Newly diagnosed type Il diabetic patients.
* Patients between 30-50 years old, all sexes, and willing to provide informed feedback.

EXCLUSION CRITERIA

* Women who smoke, use alcohol, or are pregnant or lactating.

* Patients with type | diabetes mellitus.

+ Patients with psychiatric, liver, kidney, and cardiac issues, as well as chronic illnesses such as
tuberculosis, leprosy, recent trauma, or surgery.

* Hypersensitivity to vitamin C or any study medication.

* Unwilling to provide informed consent or unable to take the medications.

A total of 100 diagnosed type-ll diabetes mellitus patients satisfying inclusion/exclusion criteria
were enrolled for the study. At the beginning of the study demographic data along with patient past
medical history was taken and followed by basic investigations for glycemic control (HbAlc, FBS
and PPBS) lipid profile (TC, TG, HDL, LDL and VLDL) and oxidative stress (using TAC and
MDA as parameters) were recorded. Based on the treatment plan, patients were divided in to 4
groups and treated them for 3 months as follows

Group-A: (n=35) patients were given Glimepiride (4mg/day)

Group-B: (n=30) patients received glimepiride (4 mg/day) + vitamin-C (1000mg/day)

Group-C: (n=20) patients were given Metformin (1000 mg/day) + voglibose (0.4 mg/day)

Group-D: (n=15) patients treated with Metformin (1000 mg/day) + voglibose (0.4 mg/day) +
vitamin-C (1000 mg/day).

In the present study it had 6 follow-up’s which were scheduled after every 15 days. At every
follow-up general medical condition was assessed and investigations for glycemic control (FBS and
PPBS) were done. Similarly lipid profile and oxidative stress was assessed along with glycemic
control after commencement of the study for each subject.

Determination of biochemical parameters

The Blood glucose was calculated using the glucose oxidase and peroxidase enzymatic methods
[12], whereas HbAlc was estimated using the ion exchange resin method [13]. Malondialdehyde
(MDA) was measured using thiobarbituric acid reactive substances (TBARS), total antioxidant
capacity was assessed using ferric reducing ability of plasma (FRAP), TC by Modified Roeschlau's
Method [14], TG by Tinder Method [15], HDL by Phosphotungstic Acid Method [16], and LDL by
Friedewald formula [17].
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Data was analyzed By using SPSS Software. Patients were enrolled in the study as per following
inclusion and exclusion criteria. The Ethical clearance was duly obtained before the start of the

study.

RESULTS

In the present study there were 100 cases studied out of which the ratio of Males were more 62% as
compared to the females 38% with the maximum age group of 41-50 being affected the most
followed by 31-40 years of age and least was observed in 5% cases.

Table 1: Genderwise distribution of the cases

Genderwise | Number of Isolates | Percentage
Male 62 62%
Female 38 38%
Total 100
Table 2: Agewise distribution of the cases
Agewise Distribution | No. of Isolates | Percentage
20-30 5 5%
31-40 30 30%
41-50 50 50%
51-60 15 15%
No. of Isolates
70
60 -
50 -
40
30
20 -
10 -
0 T T T 1
Male Female

H No. of Isolates

Table 3: Comparison of 3 months findings with baseline values in group-A

Variables Baseline 3 months Mean difference | p-Value
HbAlc (%) 6.7£0.1 6.3+0.30 42+0.42 0.001
FBS (Mg/dl) [ 146+10.3 [131.4£7.41 |15.58+5.7 0.001**
PPBS (Mg/dl) | 231.6+16.7 | 210.5+14 21.0849.4 00017
TAC (mmol/l) | 0.85+0.1 0.78+0.14 0.06+0.28 0.06
MDA (mmol/l) | 4.14+0.42 4.37+0.63 0.20+0.64 0.076
TC(Mg/dl) 173.9423.76 | 167.9+33.77 | 4.97+46.68 0.527
TG(Mg/dl) 170.1+21.2 | 162.7+25.24 | 7.41+39.68 0.559
HDL(Mg/dl) |40.1+959 |45.19+9.4 | 4.47+15.12 0.086
LDL(Mg/dl) | 98.66+28.13 | 90.99+35.82 | 7.67 + 50.92 0.373
VLDL(Mg/dl) |34.02+4.21 | 32.5445.0 1.47+7.92 0.271
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In the current study in group-A after 3 months of treatment, there was a significant reduction of

FBS PPBS, HbA1c (p=0.000) and no significant reduction of TC (p=

0.527), TG (p=0.559), LDL

(p=0.373), VLDL (p=0.271) and TAC (p=0.06) observed. Similarly elevation of HDL (p=0.086)

and MDA (p=0.076) was observed but which is also not significant (Table 3).

Table 4: Comparison of 3 months findings with baseline values in group-B

Variables Baseline 3 months Mean difference | p-Value
HbAlc (%) 7.545.1 6.3+£0.30 0.7£0.42 0.001
FBS (Mg/dl) 147+10.3 131.4+7.41 | 20.845.7 00017
PPBS (Mg/dl) | 231.6+16.8 | 210.5+14 28.09+9.4 0001
TAC (mmol/l) | 0.84+0.1 0.78+0.14 0.1+0.24 0.060
MDA (mmol/l) | 4.13+0.45 4.37+0.63 0.60+0.64 0.076
TC(Mg/dl) 172.9+423.77 | 167.9+£33.77 | 10.2+46.68 0.527
TG(Mg/dl) 170.1#21.1 | 158.7425.24 | 7.41+39.68 0.559
HDL(Mg/dl) | 40.7+9.59 50.19+9.4 6.2+15.12 0.086
LDL(Mg/dl) | 98.66+28.13 | 95.99+35.81 | 11.5+ 50.92 0.372
VLDL(Mg/dl) |34.02+4.21 |2853#5.1 |4.747.92 0.271
Table 5: Comparison of 3 months findings with baseline values in group-C
Variables Baseline 3 months Mean difference | p-Value
HbALc (%) 8.14+0.28 | 7.25+0.27 | 0.89+0.13 0.001™"
FBS (Mg/dl) 161.6+11.7 | 138.6+8.31 | 23+7.218 0.001™"
PPBS (Mg/dl) | 258.3+14.4 | 226.6+7.03 | 31.75+9.08 0.001™
TAC (mmol/l) | 0.77+0.18 0.73+0.09 0.03+0.11 0.186
MDA (mmol/l) | 0.77+0.18 5.66+0.97 0.39+0.92 0.074
TC(Mg/dI) 181.1+20.17 | 167+30.33 | 14.15+19.92 0.005™
TG(Mg/dl) 157.8413.93 | 148.2+17.25 | 9.5+12.98 0.004™
HDL(Mg/dl) | 39.45+4.67 |45.2+7.53 |5.75+7.77 0.005"
LDL(Mg/dl) | 110.5+19.16 | 99.56+ 28.8 | 10.96+18.39 0.017
VLDL (Mg/dl) | 30+6.82 25.7+3.24 4.30+7.8 0.024™

Table 6: Comparison of 3 months findings with baseline values in group-D

Variables Baseline 3 months Mean difference | p-Value
HbAlc (%) 8.55+0.40 | 7.48+0.39 1.06+0.14 0.001™"
FBS (Mg/dl) 169.5+8.59 | 137.9+4.81 | 31.58+7.48 0.001™"
PPBS (Mg/dl) | 260.5+12.57 | 217.8+11.54 | 42.75+15.97 0.001™"
TAC (mmol/l) | 0.68+0.12 | 0.89+0.26 0.20+0.28 0.029™
MDA (mmol/l) | 5.65+0.78 | 4.95+0.87 0.7+£0.93 0.025™
TC(Mg/dl) 193.5+16.62 | 174.5+15.33 | 19+14.56 0.001™"
TG(Mg/dl) 170.3+13.38 | 154.7+16.52 | 15.67+4.90 0.001™"
HDL(Mg/dl) | 33.75+4.13 41,92+7.75 | 8.16+5.96 0.001™"
LDL(Mg/dl) | 125.7+17.36 | 101.3+15.43 | 24.35+19.92 0.001™"
VLDL(Mg/dl) | 34.35+2.47 | 26.84+5.81 | 7.50 +7.17 0.004*™"
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HbAle | FBS | PPBS | o | GoCC | TC(Me ' TG(Mg/ HDL(M | LDL(M | VLDL(

(®0) | (Mg/dl) | (Mg/dl) ) ) /dl) dl) g/dl) g/dly | Mg/dl)
H Baseline 8.55 169.5 260.5 0.68 5.65 193.5 170.3 33.75 1257 34.35
3 Months| 7.48 137.9 217.8 | 0.8917 | 4.958 174.5 154.7 41.92 101.3 26.54

Highly significant P<0.001***; Significant P<0.05**

It was observed that after 3 months of treatment with glimepiride+ vitamin C (Group-B), there was
a significant reduction of FBS PPBS, HbAlc (p=0.000), MDA, TC, TG, LDL-C, VLDL(p<0.05)
and significant elevation of TAC and HDL-C (p<0.05)observed (Table 4).

There was a significant reduction of FBS, PPBS, HbAlc (p=0.001), TC, TG, LDL, VLDL (p<0.05)
and elevation of HDL (p<0.05) seen in group-C patients who were treated with Metformin +
voglibose. Similarly reduction of TAC (p=0.186) and elevation of MDA (p=0.073) was seen but
which is not statistically significant (Table 5).

In group-D after 3 month of treatment, there was a significant reduction of FBS, PPBS, HbAlc, TC,
TG, LDL (p=0.001), MDA, VLDL (p<0.05) and significant elevation of HDL (p=0.001) and TAC
(p<0.05) observed (Table-6).

DISCUSSION

Vitamin C, or L-ascorbic acid, is the most prevalent and potent antioxidant in the human body. It is
a powerful water-soluble antioxidant that scavenges reactive oxygen species (ROS) and reactive
nitrogen species (RNS), hence preventing the increased formation of free radicals caused by
oxidative damage to lipids and lipoproteins in numerous cellular compartments [9]. Vitamin E,
commonly known as a-tocopherol, is a lipid-soluble antioxidant that acts as a radical scavenger and
inhibits lipoprotein lipid peroxidation [11]. This lipid-soluble chemical can easily pass cell
membranes and exert effects both intracellularly and in membranes. It can also kill individual
oxygen species and end free radical chain events. Several studies have found a reduction in vitamin
C and/or vitamin

The present study aimed at studying the beneficial effect of vitamin-C after adding with oral
hypoglycemic agents in type-11 diabetes mellitus patients. Among 100 newly diagnosed type-I1I
diabetes mellitus patients there are 62% males and 38% females. The maximum age group of 41-50
being affected the most followed by 31-40 years of age and least was observed in 5% cases.

There was another study by Bhatt et al. where the ratio of male was more as compared to the
females 42/17 respectively [12]. The study by Gillani et al. also supported our study where the ratio
of males was observed to more than females with 183/121 [13]. There was another study by Chen
et al and Dakhale et al. which were in constrast to the current study where the rtaio of females
were more with the ratio of 13/19 and28/38 respectively [14,15].

In the current study in group-A after 3 months of treatment, there was a significant reduction of
FBS PPBS, HbA1c (p=0.000) and no significant reduction of TC (p= 0.527), TG (p=0.559), LDL
(p=0.373), VLDL (p=0.271) and TAC (p=0.06) observed. Similarly elevation of HDL (p=0.086)
and MDA (p=0.076) was observed but which is also not significant. It was observed that after 3
months of treatment with glimepiride+ vitamin C (Group-B), there was a significant reduction of
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FBS PPBS, HbAlc (p=0.000), MDA, TC, TG, LDL-C, VLDL(p<0.05) and significant elevation of
TAC and HDL-C (p<0.05)observed.

There was a significant reduction of FBS, PPBS, HbAlc (p=0.001), TC, TG, LDL, VLDL (p<0.05)
and elevation of HDL (p<0.05) seen in group-C patients who were treated with Metformin +
voglibose. Similarly reduction of TAC (p=0.186) and elevation of MDA (p=0.073) was seen but
which is not statistically significant.

In group-D after 3 month of treatment, there was a significant reduction of FBS, PPBS, HbAlc, TC,
TG, LDL (p=0.001), MDA, VLDL (p<0.05) and significant elevation of HDL (p=0.001) and TAC
(p<0.05) observed.

In a study diabetic patients were treated with glimepiride and they had shown significant glycemic
control [16]. The combination of Sulfonylureas with Vitamin-C showed significant reduction of
FBS and PPBS [17]. Significant reduction of HbAlc, FBS and PPBS was seen in patients who were
treated with metformin and voglibose [18].

Most of the antihyperglycemic agents also have lipid lowering effect along with their hypoglycemic
effect, but this effect is variable. In present study significant control on lipid level was noticed in all
groups except group-A (P>0.05), but the mean reduction of TC, TG, HDL, LDL, VLDL level was
high in group-D ( TC; 19+14.56, TG; 15.67+4.90 , HDL; 8.16£5.96 , LDL24.35+19.92 ;
,VLDL7.50 + 7.17 ; ) and group-B(TC 10.2+46.68; , TG7.41+39.68 ;, HDL6.2+15.12 , LDL
;,VLDL,; ) as compared to group-C (TC;, TG; , HDL , LDL 11.5 £50.92; , VLDL4.7+£7.92 ; ), but
mean reduction of total cholesterol level was more in group-C (Metformin+ voglibose) than group-
B (glimepiride+ vitamin-C). Another similar study had shown significant reduction of TC, TG,
LDL, and VLDL and elevation of HDL in diabetic patients after treatment with glimepiride alone
but such findings not supporting present study [19].

In study we found a significant control on lipid profile in patients treated with Sulfonylureas +
vitamin C, similar results were mentioned in another study . Metformin+ voglibose (group-C)
combination showed a significant reduction of TC, TG, LDL and VLDL and elevation of HDL
level, these findings are in line with the previous studies [20]. Supplementation of Vitamin C
reduces the insulin resistance by improving endothelial function and lowering oxidative stress [17].
Present study showed that there is a significant reduction of MDA and elevation of TAC level in
group-B and group-D treated with OHA and vitamin C supplementation(P<0.05), but Group-A and
group-C had not shown significant difference in MDA and TAC level(p>0.05).

In the current study it was noted that High mean reduction in MDA (0.7£0.93) and marked
elevation of TAC (0.20+0.28) level was observed in Group-D as compared with group-B (MDA
0.60+0.64 , TAC 0.1+0.24; . So supplementation of vitamin-C along with antidiabetic drugs has
been proved to be more effective in control of blood glucose, oxidative stress and lipid level.
Consequently, antioxidant supplements have been proposed as the perspective treatment of
diabetes. In addition, antioxidant supplements have been found to prevent the progression of
diabetes and the occurrence of its complications [21,22].

It has been suggested that diabetics may have an increased need for vitamin C and an increased risk
of deficiency due to increased cellular uptake and turnover of vitamin C [23].

CONCLUSION

The supplementing with vitamin-C in conjunction with OHA therapy improves glycemic control
and lipid levels, and that Vitamin-C, as an antioxidant, reduces oxidative stress in diabetes mellitus
patients. The treatment goal in Type Il diabetes mellitus cases is not only to regulate blood glucose
levels but also to prevent diabetic complications; however, this goal is not met by currently
available antidiabetic medications. As a result, novel solutions are required to establish effective
glucose control while also preventing diabetic complications and progression.
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