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ABSTRACT:

Type 2 diabetes mellitus (DM) is a chronic disease which deteriorates the quality of life with time. Type 2 DM accounts
for more than 90% cases of diabetes mellitus as compared to other types of this disease. There is significant oxidative stress
in type 2 DM which plays an important role in the pathogenesis of disease. In order to combat this oxidative stress antioxidant
supplements have to be added as add on therapy along with treatment of type 2 DM. Vitamin C is the safest antioxidant
which plays significant role in diminishing the oxidative stress. The vitamin C supplementation have good control of FBS
and HbAlc and therefore helps in achieving better glycemic control along with prevention of lipid abnormalities.
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INTRODUCTION:

Diabetes mellitus (DM) is one of the chronic disease which
is characterized by several metabolic abnormalities including
hyperglycemia. The complicated type 2 diabetes mellitus
has increased morbidity and mortality.! People who are
genetically prone for disease will tend to have the disease
early in life. Similarly lifestyle and environment also has
an important role in disease causation.” This disease is
continuously rising and will raise the figure in near future.
The current prevalence of DM is 8.7% worldwide.?
Approximately 366 million people will be affected by the
end of year 2030.* According to the statistics of World health
organization type 2 diabetes mellitus will be among the top
ten leading causes of mortality by the year 2030.° In 2015
about 5 million deaths were caused by diabetes mellitus.
This number shows that in every six seconds a person dies
due to complicated diabetes mellitus. Half of the population
remains un-diagnosed equivalent to one in two persons. In
Pakistan the disease is also much prevalent about 11.7%.
The disease has predilection for male and urban area
population as compared to female and rural area population.
They tend to consume more and advanced calorie food and
have stressful daily routine.® Type 2 DM has increased levels
of free radicals which are generated in response to increased
oxidative stress. Among them reactive oxygen species have
an important role in disease pathogenesis. This disease also
affects different sites and organs across the body and the
smaller and larger vessels are afflicted more which leads to
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micro-vascular and macro-vascular complications
respectively. These complications are enhanced and occur
rapidly in the presence of free radicals which affect the
cellular organelles and functions by changing the lipid
protein ratio of membranes through lipid peroxidation.” The
oxidative stress in hyperglycemia is due to several pathways
which include increased flow of glucose and other sugars
by the polyol pathway activation which along with increased
production of glycosylated products and their receptors for
magnified actions to occur. Protein kinase isoforms are
activated and hexosamine pathway also becomes overactive.®
The other pathways include glycosylation through non-
enzymatic mechanisms. The status of anti-defense
mechanisms, inflammatory mediators, sorbitol pathway and
metabolic abnormalities has also been implicated in the
disease pathogenesis.’ Despite the best available therapy of
type 2 diabetes mellitus, it progresses ultimately and has
poor outcome. Therefore researchers are continuously
working to improve the disease outcome. Many antioxidants
have been tested in type 2 diabetes mellitus. Vitamin C is
one of the antioxidant which helps in controlling the oxidative
damage and managing the hyperglycemia in a potent
manner.'’ People with type 2 diabetes mellitus have decreased
levels of plasma vitamin C which further aggravates the
condition." In order to control the oxidative damage the
researchers preferred antioxidant in the form of supplements
for type 2 diabetic patients. Vitamin C diminishes oxidative
damage caused by free radicals called reactive oxygen
species and is the most important role of vitamin C.'2 This
can ultimately reduce the prevalence of diabetic complications
and may help in achieving better outcome of the disease."
In type 2 diabetic patients the lipid abnormalities also exist
as there is dyslipidemia due to lipid peroxidation as a result
of oxidative damage. Vitamin C can help in lowering the
oxidative damage and thus can achieve good glycemic
control and prevent the derangement of lipids.*

METHODOLOGY:

Pubmed, Cochrane library and Google scholar search engines
were used to find the relevant studies for writing this review.
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The keywords used were vitamin C, type 2 diabetes mellitus,
ascorbic acid, fasting blood sugar, HbAlc and glycemic
control. The filter applied was of year duration between
2008 to 2018. The articles found were 123. From these 36
articles were not relevant, 5 articles were in non English
language, 9 were animal studies, 11 were done in children,10
showed only abstract,8 were for gestational diabetes and 3
were type 2 diabetes with foot amputation. Finally 41 were
selected for writing this review.

REVIEW OF LITERATURE:

Diabetes mellitus is one of the major endocrinopathy
worldwide. It causes significant mortality and morbidity."
The most prevalent type of diabetes mellitus is type 2 DM.
Previously it was also known as non-insulin dependent
diabetes mellitus. There is hyperglycemia along with
abnormalities of insulin and relative insulin deficiency or
insulin resistance.'’

The most widely accepted classification is that of American
Diabetes Association (ADA) according to which diabetes
mellitus is classified into four types. These include type 1
DM, type 2 DM, gestational diabetes and some other types
of diabetes mellitus. From these type 2 diabetes mellitus is
the commonest and accounts for greater than 90% of cases.'®

Type 2 diabetes mellitus patho-physiology:

The insulin abnormalities play an important role in the
pathophysiology of diabetes mellitus. There are three main
pathways which include insulin resistance, decreased
synthesis of insulin and pancreatic beta cell failure. The
catabolic pathways occur along with diminished uptake and
transport of glucose. In previous studies it has also been
implicated that the alpha cells not functioning properly also
take part in the disease pathogenesis. As the time passes,
the disease progresses to lifelong deteriorating complications
and results in early morbidity and mortality."> Many diabetic
individuals also suffers from lipid metabolic abnormalities.
There is a triad of lipid abnormality found in these patients.
It comprises of increased levels of triglycerides known as
hypertriglyceridemia, low levels of high density lipoprotein
cholesterol and increased levels of low density lipoprotein
cholesterol."”

Oxidative stress in type 2 diabetes mellitus:

Type 2 DM is one of the chronic conditions in which body’s
antioxidant defense mechanisms does not function properly
due to diminished levels of antioxidants. Free radicals are
yielded in response to oxidative damage. These free radicals
are called reactive oxygen species (ROS). Hyperglycemia
induced glycation reaction leads to beta cell dysfunction
and impairs the insulin production from beta cells hence
causing hemoglobin glycosylation.'® Complicated diabetes
mellitus as a result of continuous oxidative stress causes six
deaths in every minute.'’ In the coming years this disease
will become the most prevalent cause of preventable deaths.”

Mortality from CVS complications is also high in type 2
diabetic individuals. Lipid and lipoprotein abnormalities
have been implicated in CVS complications. Hyperlipidemia
in type 2 diabetes mellitus results from increased lipid
peroxidation caused by free radicals generated in response
to oxidative stress."

Vitamin C and insulin sensitivity in skeletal muscles:

The greater portion of whole plasma glucose about 85-90%
is distributed to skeletal muscles during hyperinsulinaemic
and euglycemic states. The skeletal muscles are the main
site of peripheral insulin resistance in type 2 diabetes mellitus.
Skeletal muscles of type 2 diabetic patients are exposed to
a greater deal of oxidative stress. Sodium dependent vitamin
C transporters (SVCTs) help the vitamin C to be taken by
most tissues. Of these SVCTs, only SVCT2 is found in
skeletal muscles. This indicates that SVCT2 protein is
required for uptake and storage of vitamin C in skeletal
muscles. Vitamin C supplementation helps in diminishing
the oxidative stress in skeletal muscles and promotes the
insulin sensitivity that helps in glucose uptake.”'

Complications of diabetes mellitus:

The complications of diabetes mellitus cause greater
morbidity, mortality and disability. The complicated diabetes
mellitus leads to significant damage and affects multiple
organs and systems. They are classified into micro-vascular
and macro-vascular.”

Smaller vessels are affected by these complications. Retina,
kidney and nerves are the primary sites affected by these
complications. Involvement of retinal vessels will lead to
diabetic retinopathy while those of kidneys will lead to
diabetic nephropathy and involvement of nerves will cause
diabetic neuropathy. The risk factors that are proved to be
predictive for micro-vascular complications include smoking,
hypertension and duration of diabetes greater than 10 years.”

The complications which affect larger vessels involve the
cardiovascular system and brain. Heart and peripheral vessels
are most commonly involved and lead to coronary heart
disease and peripheral arterial disease respectively while
involvement of brain leads to stroke. Aging, male gender,
smoking, sedentary lifestyle and high cholesterol are
important risk factors for macro-vascular complications.”

Cardiovascular complications are more prevalent in type 2
diabetic individuals. There are about 80% chances of mortality
due to CVS disease in diabetic patients.*

Miscellaneous complications:

Diabetic cardiomyopathy is a specific complication which
develops independently of coronary artery disease or
hypertension and leads to significant morbidity and
mortality.?

Diagnostic criteria of Diabetes mellitus:

Certain parameters help in the diagnosis of diabetes mellitus.
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These include fasting blood sugar, oral glucose tolerance
test, glycosylated hemoglobin and random plasma glucose.
When fasting blood sugar levels are = 126 mg/dl (7.0
mmol/L), plasma glucose after 2 hours of oral glucose
tolerance test =200 mg/dl (11.1 mmol/L), or random plasma
glucose values = 200 mg/dl (11.1 mmol/L) with presence
of symptoms of hyperglycemia will favor the diagnosis of
diabetes mellitus. The glycosylated hemoglobin (HbAlc)
also helps in diagnosing the disease if value is = 48 mmol/L
(equivalent to 6.5%). This criteria has been accepted
internationally by different organizations and also by World
Health Organization.”* HbA1¢ has been recommended for
diagnostic purposes as well in addition monitoring treatment.
This has been accepted by international committee of experts,
ADA, the endocrine society, WHO, scientists and
organizations all over the world."

Treatment choices:

The treatment choices include oral and inject-able agents.
The availability varies among different countries. Not all
drugs are available in all countries.” The oral treatment
option includes different classes of hypoglycemic drugs.
The selection of treatment agent is dependent upon the
various factors and clinician decides the best suitable agent
for the patient. Some drugs of different classes are combined
together to achieve better result. The classes of oral
hypoglycemic drugs include sulfonylurea, biguanides,
thiozolidinediones, alpha glucosidase inhibitors, glinides,
dipeptidyl peptidase 4 inhibitors, sodium glucose transporter
2 inhibitors.” The injectable choices include amylin
analogues, GLP1 receptor antagonist and insulin. Amylin
analogues are also known as amyloid polypeptide analogues
and includes pramlintide. The insulin has different types
which includes short acting, intermediate acting and long
acting insulin. Exenatide and liraglutide are GLP1 receptor
blockers. Short acting insulin includes regular insulin, insulin
aspart, insulin glusine and insulin lispro. Intermediate acting
insulin includes isophane insulin and lente insulin while
long acting insulin includes ultralente insulin, insulin
detemir.”

Pharmacokinetics and pharmacodynamics of vitamin
C:

The presence of vitamin C is an essential requirement for
many enzymatic reactions to occur in all animals and plants
and is made endogenously with the exception of humans.
It is also known as ascorbate. Structurally it has six carbon
lactone ring which is the building block for ascorbate. In
humans it acts as a cofactor in many enzymatic reactions.
It also empowers the defense mechanism by providing
antioxidant activity. L-gluconolactone oxidase is an enzyme
in the final step of the synthesis of ascorbic acid. Humans
lack the ability to synthesize vitamin C as they are lacking
this enzyme. So they depend on external sources of vitamin
C. Diet is one of the important sources for intake of this
vitamin. In diet fruits and vegetables are important sources

while dairy products contain little amount of vitamin C and
are the less important sources. The absorption of vitamin C
is an important factor in favoring the antioxidant defense
system. The absorption begins as soon as it enters the oral
cavity and also gets absorbed as it passes through other parts
of gastrointestinal system (GIT). Renal system is also
involved in the metabolism of vitamin C. GIT is the major
site for absorption of vitamin C with approximately 70% of
vitamin C absorption. The recommended dietary allowance
of vitamin C is 60mg per day. It has short half life and gets
excreted from the body rapidly. The pharmacokinetic
properties are enhanced by taking the vitamin C in higher
doses greater than 1000 mg per day. This produces enhanced
bioavailability. Plasma Vitamin C levels are decreased in
type 2 diabetes mellitus patients.’*® Along with disease
pathogenesis it also plays an important role in the lipid
peroxidation. Decreased vitamin C levels will also increase
the chances of CVS mortality and morbidity.*” Dietary
sources are not much helpful as they contain less quantity
of vitamin C whereas repeated small doses of vitamin C in
the form of supplement are helpful.*” Due to the resemblance
of vitamin C with glucose many reactions in the body are
replaced and prevents glycosylation.’' In another study
vitamin C given in higher doses greater than 1000 mg/day
for six weeks helped in lowering the plasma sugar thereby
achieving better insulin sensitivity.” In a study by Harding
et al. baseline vitamin C levels were inversely proportional
to the fasting plasma glucose levels and lower plasma vitamin
C levels were associated with increased risk of new onset
type 2 diabetes mellitus.** Vitamin C deficiency might also
lead to increased synthesis of triglycerides by impairing the
transport of long chain fatty acids.* Researchers in the past
have proposed that vitamin C given as supplement can
reduce the cholesterol, triglycerides, lipid peroxidation and
increase HDL-C and help in prevention of cardiovascular
disease.'™** Vitamin C is an electron donor and in this process
it forms ascorbyl radical or semidehydroascorbic acid. This
newly formed compound is relatively stable as compared
to other free radicals and this enhanced stability make it
better and preferable antioxidant. It is documented that
vitamin C is the only antioxidant in human plasma that helps
in complete protection of endogenous lipids from oxidative
damage caused by reactive oxygen species.*

Interactive system of antioxidants:

It has been advocated that vitamin C is involved in recycling
of important antioxidant vitamins. Glutathione an important
antioxidant is also recycled by vitamin C. Vitamin C functions
along with glutathione as redox couple. Antioxidants interact
with each other and may modulate the activity of many
antioxidants and can help in diminishing oxidative stress."’

Vitamin C plays a role of leader among the anti oxidants.
Vitamin C and other important antioxidant vitamins have
been shown in several studies to be on the lower aspect in
type 2 diabetes mellitus. Lower levels of other vitamins
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along with vitamin C are also implicated in the oxidative
stress.* Vitamin C efficacy on glycemic control has also
been studied along with certain polyunsaturated fatty acids
and has been advocated that vitamin C given in combination
with these fatty acids can achieve better glycemic control
and diminish the fasting blood glucose, lower the HbA lc,
low density lipoprotein cholesterol (LDL-C), triglycerides
(TG) and increase the high density lipoprotein cholesterol
(HDL-C).** Vitamin C given alone or in combination with
other antioxidants can help in enzymatic transformation of
superoxide anions into hydrogen peroxide in the mitochondria
and hydrogen peroxide is removed by an enzyme glutathione
peroxidase. When there is imbalance between production
and breakdown of these superoxide radicals, the
atherosclerosis and macro-vascular complications results.*’
A meta-analysis has documented that vitamin C alone or in
combination with other vitamins can raise the antioxidant
capacity by elevating glutathione peroxidase activity,
superoxide dismutase activity and total antioxidant capacity.*'

CONCLUSION:

Vitamin C is one of the important antioxidant taken
exogenously in the form of diet and supplement. It helps in
controlling blood glucose level and helps in achieving good
glycemic control in doses greater than 1000 mg/day in
divided doses as an adjunct to the treatment of type 2 diabetes
mellitus. It also helps in reducing the levels of oxidative
damage induced glycosylation of hemoglobin and lowers
HbA 1c. In addition vitamin C has potential to reduce CVS
induced complications and mortality in type 2 DM. Vitamin
C causes reduction of lipid peroxidation and hence lowers
the LDL-C, TG levels and raises the HDL-C. Thus vitamin
C is a scavenger of free radicals that minimizes the
complications associated with type 2 diabetes and improves
the quality of life in patients suffering from this disease.
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