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ABSTRACT

Diabetes mellitus (DM), also known as simply diabetes, is a group of metabolic diseases with high blood sugar
levels over a prolonged period, which produces the symptoms of frequent urination, increased thirst, and
increased hunger. Untreated, diabetes can cause many complications. There are three main types of diabetes
mellitus: Type 1 Diabetes Mellitus, Type 2 Diabetes Mellitus, and Gestational Diabetes Mellitus. The human
body is continuously exposed to different types of agents that result in the production of reactive species called
free radicals (ROS/RNS), which cause the oxidation of cellular machinery, the body has endogenous
antioxidant systems, or it obtains exogenous antioxidants from the diet that neutralizes such species and keeps
the homeostasis of the body. Any imbalance between the RS and antioxidants leads to a condition known as
oxidative stress. Oxidative stress is increased in metabolic syndrome and type 2 diabetes mellitus. Increased
oxidative stress leads to insulin resistance, dyslipidemia, B-cell dysfunction, and impaired glucose tolerance,
ultimately leading to T2DM. Vitamin D deficiency has been linked to the onset and progression of DM. The
link of vitamin D with insulin insensitivity or abnormal glucose metabolism gained much more scientific
attention in the last decade. Several observations or associations were cited, exploring the possible role of
altered vitamin D status and its metabolites or altered insulin sensitivity in the pathogenesis of diabetes.

The basic aim of this review was to summarize the basics of oxidative stress in diabetes mellitus and avoid it
through Vit D administration.
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INTRODUCTION

Diabetes mellitus is a disease that has no borders, it
manifests itself when the body does not control the
amount of glucose (a type of sugar) in the blood and
the kidneys make a large amount urine, occurs when
the body does not produce enough insulin or does not
consume it the way it should (1). The World Health
Organization (WHO) states that the number of

people with diabetes increased from 108 million in
1980 to 422 million in 2014. The prevalence of this
disease continues to increase rapidly in low- and
middle-income countries, not behaving in the same
way in high-income countries (2,3).

Diabetes mellitus is a group of metabolic disorders
characterized by elevated levels of glucose in the

blood (hyperglycemia) and insufficiency in the

Received: September 15, 2024. Accepted: November 29, 2024. Published: December 16, 2024


mailto:osman.mouftah@mu.edu.eg
http://orcid.org/0000-0003-4061-6929
https://doi.org/10.71428/BJBMB.2024.0105
https://bjbmb.spbhj.org/

Biobacta Journal of Biochemistry and Molecular Biology, 2024, Vol.1, No. 1, P.48 -60

production or action of insulin produced by the
pancreas inside the body (4). Insulin is a protein
(hormone) synthesized in beta cells of the pancreas
in response to various stimuli such as glucose,
sulphonylureas, and arginine; however, glucose is
the major determinant (5). Vitamin D deficiency and
diabetes mellitus are two common conditions in the
elderly population. Vitamin D deficiency is currently
a topic of intense interest and is prevalent across all
ages, races, geographical  regions, and
socioeconomic strata. A suboptimal vitamin D status
contributes to many conditions, including
osteomalacia, osteoporosis, falls, and fractures (6,7).
1. Epidemiology of diabetes mellitus:

It is estimated that 366 million people had DM in
2011; by 2030, this would have risen to 552 million.
The number of people with type 2 DM is increasing
in every country, with 80% of people with DM living
in low- and middle-income countries. DM caused 4.6
million deaths in 2011 (8). It is estimated that 439
million people will have type 2 DM by the year 2030.
The incidence of type 2 DM varies substantially from
one geographical region to the other as a result of
environmental and lifestyle risk factors (9). It is
predicted that the prevalence of DM in adults, of
which type 2 DM is becoming prominent, will
increase in the next two decades, and much of the
increase will occur in developing countries where the
majority of patients are aged between 45 and 64
years (10).

2. Etiology:

Diabetes mellitus is a chronic metabolic disorder
characterized by elevated levels of blood glucose
(hyperglycemia) resulting from a combination of
genetic and environmental factors. Its etiology is
multifaceted and involves two primary forms: type 1
diabetes and type 2 diabetes. Type 1 diabetes is
primarily an autoimmune disease, where the body's
immune system mistakenly attacks and destroys the
insulin-producing beta cells in the pancreas [11].
Genetic predisposition plays a significant role, and
environmental triggers, such as viral infections, may

also contribute to its development. Type 2 diabetes,
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the more prevalent form, typically develops in
adulthood, though it can occur in children and
adolescents as well. It results from a complex
interplay of genetic factors and lifestyle choices,
notably obesity, physical inactivity, and an unhealthy
diet.

In this form, the body becomes insulin resistant,
meaning the cells do not respond effectively to
insulin, and the pancreas struggles to produce enough
insulin to maintain normal blood glucose levels.
While genetics predispose some individuals to
diabetes, lifestyle modifications, such as maintaining
a healthy weight, engaging in regular physical
activity, and adopting a balanced diet, are crucial in
preventing and managing this chronic disease. Early
diagnosis and appropriate medical care are essential
to mitigate its complications and improve the quality
of life for those affected [12,13].

3. Types of diabetes mellitus:

1. Type 1 diabetes:

Type 1 diabetes can be characterized by destruction
of the pancreatic islets of beta cells and total
insulinopenia, according to Ozdemir et al. (14), is
one of the most frequent chronic diseases of
childhood, the incidence of which is increasing,
especially in children under 5 years of age; It
significantly affects the health of the population,
through its

complications, which cause frequent morbidity and

especially chronic or long-term
significantly reduce life expectancy (15).

2. Type 2 diabetes:

Type 2 diabetes is a chronic, degenerative, and
incurable but controllable disease, it is considered
one of the chronic diseases with the greatest impact
on the quality of life of the world population and
constitutes a real health problem; belongs to the
group of diseases that cause physical disability due
to its various multi-organ difficulties, with an
undoubted increase in morbidity and mortality in
recent years (16,17).

3. Gestational diabetes mellitus (GSD):

GSD has been defined by Ozdemir et al. (14) as any
carbohydrate  intolerance

diagnosed  during



Biobacta Journal of Biochemistry and Molecular Biology, 2024, Vol.1, No. 1, P.48 -60

pregnancy. The prevalence of this disease is
approximately 2 to 5% of normal pregnancies.
However, diabetes is mostly classified into TWO
major types: Type I Diabetes (Insulin Dependent
Diabetes Mellitus: IDDM) and Type 11

Pathophysiology of diabetes mellitus:

Whenever somebody eats a meal, there is a rise in
blood glucose levels that stimulates insulin secretion,
resulting in an increase in transportation,
biotransformation, and storage in muscles and fat
tissues. In fasting conditions, the glucose in the blood
is provided by the liver and is used by the brain
without any dependency on insulin. Besides the
storage of glucose, insulin also inhibits the secretion
of glucagon and lowers the concentration of serum
fatty acids, leading to a decline in liver glucose

production (19). Insufficient insulin or resistance to
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insulin in the body results in reduced tissue uptake of
glucose, which results in intracellular hypoglycemia
and extracellular hyperglycemia. The intracellular
hypoglycemia causes glucogenesis and
gluconeogenesis that leads to fats breakdown
(causing diabetic ketoacidosis) and decreases protein
synthesis and gamma globulins (causing cachexia,
polyphagia, and impaired wound healing), while the
extracellular hyperglycemia leads to hyperglycemic
coma and osmotic dieresis (20).

Diabetes mellitus, a chronic metabolic disorder,
encompasses a range of pathophysiological
processes that ultimately lead to elevated blood
glucose levels. The two primary forms, type 1 and
type 2 diabetes, have distinct pathophysiological

mechanisms.
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Figure 1. Pathophysiology of diabetes mellitus (18)

Type 1 Diabetes:

Type 1 diabetes is characterized by the autoimmune
destruction of insulin-producing beta cells in the
pancreas. This process begins when a genetic
predisposition is triggered by environmental factors,
such as viral infections. Immune cells mistakenly
recognize beta cells as foreign invaders, launching an
autoimmune attack that leads to their destruction. As
a result, insulin production decreases or ceases

entirely. Without sufficient insulin, glucose cannot
enter cells for energy, leading to hyperglycemia. The
lack of insulin in type 1 diabetes causes several
pathophysiological Hyperglycemia:
Elevated blood glucose levels result from the

effects:

inability to transport glucose into cells. Ketosis: In
the absence of insulin, the body breaks down fat for
energy, producing ketones, which can lead to
diabetic ketoacidosis. Gluconeogenesis: The liver
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produces excess glucose, further contributing to
hyperglycemia (21).

Type 2 Diabetes:

Type 2 diabetes primarily involves insulin resistance
and impaired insulin secretion. Genetic factors play
a significant role, but environmental factors like
obesity and sedentary lifestyles are crucial
contributors. Insulin resistance means that body cells
do not effectively respond to insulin, requiring the
pancreas to produce more insulin to maintain glucose
control. Pathophysiological processes in type 2
diabetes include Insulin Resistance: Cells, especially
in muscle, liver, and adipose tissue, become resistant
to insulin's signaling, making it challenging for
glucose to enter cells. Beta Cell Dysfunction: Over
time, the pancreas may not produce enough insulin,
or the insulin it produces is less effective. Excess
Gluconeogenesis: The liver continues to produce
glucose, contributing to hyperglycemia. Incretin
Hormone Dysregulation: Disruption in hormones
like glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic polypeptide (GIP) affects
insulin secretion and glucose control. Lipotoxicity:
Increased fat deposits in muscle and liver cells lead

to impaired insulin action. Chronic Inflammation:
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further

exacerbates insulin resistance (22). Understanding

Inflammation, often linked to obesity,

the complex pathophysiological processes involved
in diabetes is critical for developing effective
treatment strategies and preventive measures.
Diabetic Complications:

Diabetes is a sort of disorder in which the patients are
at all times at risk of complications. Complications
may be macrovascular (coronary heart disease,
stroke),
retinopathy,

peripheral  vascular  disease, and

microvascular  (neuropathy, and
nephropathy), and both micro- and macrovascular
(diabetic foot). The mortality and morbidity of
diabetes are associated more with macrovascular
the

microvascular complications in older people (23,24).

degeneration as compared to risks of
In general, complications of diabetes mellitus can be
categorized into two groups (25).

Metabolic acute complications:

These are short-term and include hypoglycemia,
ketoacidosis, and hyperosmolar non-ketotic coma.

1.6.2. Systemic late complications: These are long-
term chronic complications that include diabetic
nephropathy, microangiopathy, diabetic neuro- and
retinopathy, atherosclerosis, and infections.
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Figure 2. Diabetes mellitus complications (26)
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Diagnosis of Diabetes Mellitus:

The classic symptoms of DM (polyuria, polydipsia,
polyphagia, and weight loss) are more frequent in
DMI1 than in DM2. Fifty percent of the cases are
asymptomatic or oligosymptomatic (non-specific
signs and symptoms: cramps, recurring
vulvovaginitis, asthenia), and an important risk
factor is obesity. The diagnosis of DM is made
through laboratory tests (fasting glycaemia, oral
glucose tolerance test, and glycated haemoglobin)
(27).

Management of Diabetes Mellitus:

Primary prevention is the main aim of preventing
diabetes from occurring in susceptible individuals or
the general population. Regular physical activity is
an important component of the prevention and
management of type 2 diabetes mellitus. Prospective
cohort studies have shown that increased physical
activity, independently of other risk factors, has a
protective effect against the development of type 2
diabetes (28-30). Dietary and lifestyle modifications
are the main goals of treatment and management for
type 2 diabetes. The majority of people with type 2
diabetes is overweight and usually has other
metabolic disorders of the insulin resistance
syndrome, so the major aims of dietary and lifestyle
changes are to reduce weight, improve glycemic
control and reduce the risk of coronary heart disease
(CHD), which accounts for 70% to 80% of deaths
among those with diabetes (31). Insulin replacement
therapy is the mainstay for patients with type 1 DM,
while diet and lifestyle modifications are considered
the cornerstone for the treatment and management of
type 2 DM. Insulin is also important in type 2 DM
when blood glucose levels cannot be controlled by
diet, weight loss, exercise, or oral medications.

Oral hypoglycemic agents are also useful in the
treatment of type 2 DM. Oral hypoglycemic agents
include  sulphonylureas,

biguanides,  alpha

glucosidase inhibitors, and thiazolidenediones.
Their main goal is to restore normal metabolic
disorders, such as insulin resistance and inadequate

insulin secretion from the pancreas. Diet and
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lifestyle strategies are to reduce weight, improve
risk of
cardiovascular complications, which account for
70% to 80% of deaths among those with diabetes
(32).

TREATMENT:

INSULIN:

Insulin therapy should aim to mimic nature, which is

glycemic control, and reduce the

remarkably successful both in limiting postprandial
hyperglycemia and preventing hypoglycemia
between meals (33). The site of administration of
insulin injections is equally important for better and
safe action of insulin and can be given by
Different

preparations of insulin are available, such as human

intramuscular or intravenous route.
insulin, beef insulin, and pork insulin. Insulin
therapy is not free from complications and adverse
effects. The most important adverse effects are
weight gain and hypoglycemia when an
inappropriate dose of insulin is taken and when there
is a mismatch between meals and insulin injection
(34,35). Weight gain after starting insulin therapy for
uncontrolled diabetes is an inevitable consequence
and is the result of increased truncal fat and muscle
bulk. This is also due to reduced energy losses
through glycosuria (36,37).

Oral hypoglycemic drugs:

Sulphonyl ureas such as glibenclamide, glipizide,
and biguanides such as metformin and phenformin
are oral hypoglycemic drugs. Sulfonylureas cause
hypoglycemia by stimulating insulin release from
pancreatic B-cells. They bind sulfonylurea (SUR)
receptors on the B-cell plasma membrane, causing
the closure of adenosine triphosphate (ATP)-
sensitive  potassium  channels, leading to
depolarization of the cell membrane. This, in turn,
opens voltage-gated channels, allowing an influx of
calcium ions and subsequent secretion of preformed
insulin  granules. Acute administration of
sulfonylureas to type 2 DM patients increases insulin
release from the pancreas and may also further
increase insulin levels by reducing hepatic clearance

of the hormone. Initial studies showed that a
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functional pancreas was necessary for the
hypoglycemic actions of sulfonylureas (38).
Biguanides, such as metformin, are

antihyperglycemic, not hypoglycemic (39). It does
not cause insulin release from the pancreas and does
not cause hypoglycemia, even in large doses (40). It
has been shown to increase peripheral uptake of
glucose and to reduce hepatic glucose output by
approximately 20-30% when given orally but not
intravenously. Impaired absorption of glucose from
the gut has also been suggested as a mechanism of
action (41-43).

Vitamin D:

Vitamin D is a fat-soluble vitamin, whereby more
than 90% are obtainable by cutaneous production
from sunlight exposure while only approximately
10-20% is obtained by dietary intake (44). Vitamin
D is classically known for its role as an important
hormone in mineral homeostasis and maintenance of
musculoskeletal health (45). However, vitamin D
also possesses antioxidant properties as potent as or
even better than the classical antioxidant vitamin E
(46-49). Furthermore, vitamin D has also been

Skin

cholecalciferol
(vitamin D3)

7-dehydrocholesterol

HO™

25 hydroxywtamm D
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discovered to be a potent hormone that exerts
significant biological actions, such as induction of
cell differentiation, reduction in inflammation, and
immunomodulation (50).

Synthesis of Vit D:

There are two major forms of vitamin D, which
differ chemically only in their side chains.
Ergocalciferol (vitamin D2) is synthesized by
ultraviolet irradiation of plant sterols (ergosterol)
and invertebrates, while cholecalciferol (vitamin
D3) is photosynthesized endogenously when solar
ultraviolet B radiation with a wavelength of 280-320
nm strikes human epidermis. Irradiation stimulates
non-enzymatic photolytic conversion of pro-vitamin
D (7-dehydrocholesterol) to
thereafter undergoing thermal isomerization into

pre-vitamin D,

vitamin D 3 (45). An alternative source is dietary
intake, mainly from foods of plant or animal origin.
In general, these include animals and fish, such as
oily fish, fortified dairy products, and animal fats.
contain vitamin D3, and mushrooms contain vitamin
D2 [51].

Liver Dietary intake

— O

Fortified foods supplements
(D2 or D3), fish oils (D3)

ergocalciferol
(vitamin D2)

1, 25-dihydroxyvitamin D,

Figure 1 [uploaded by Vin Tangpricha (56)]. Vitamin D synthesis and metabolism.
Vitamin D is photosynthesized in the skin and is also acquired by dietary intake. Two
hydroxylation steps in the liver and the kidney are required for vitamin D activation,
forming 1, 25-dihydroxyvitamin D. UVB, ultraviolet radiation in B-wavelength region

(320-290 nm).
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Vitamin D Metabolism:

Vitamin D from the skin and diet is either stored in
adipose tissue or converted to 25(OH)D in the liver.
Vitamin D metabolism requires two hydroxylations
to form its active metabolite. The first hydroxylation
of vitamin D takes place in the liver, where vitamin
D is metabolized to 25(OH)D by cytochrome P 2R1
(CYP2R1). 25(OH)D binds to vitamin D-binding
protein (DBP) and can flow into the blood in a stable
form. 25(OH)D-DBP complex is excreted into the
urine and reabsorbed through megalin, a multiligand
scavenger receptor in the proximal tubules [52,53],
where the
hydroxyvitamin D-1a-hydroxylase (CYP27B1) and
changed to its active form 1,25-dihydroxyvitamin
(OH)2D, although
hydroxylase enzymatic activity [54]. CYP27Bl1

gene expression in the kidney is mediated by various

complex is converted by 25-

other tissues have lo-

factors. Parathyroid hormone (PTH), hypocalcemia,
hypophosphatemia, and calcitonin affect the
activation of CYP27B1 and can increase levels of
1,25-(OH)2D. On the other hand, 1,25-(OH)2D and
fibroblast growth factor-23 (FGF-23) inhibit
CYP27B1 and can decrease 1,25-(OH)2D levels
[55].

Role of vitamin D in diabetes:

Several studies in rats and humans [57,58] have
demonstrated that vitamin D deficiency causes
reduced insulin secretion and that 1,25(OH)2D3
improves /- cell function and, consequently, glucose
tolerance [59]. In vitamin D—deficient rats, glucose
tolerance and insulin secretion were improved with
1,25(0OH)2D3 treatment [60]. In gestational diabetes
Rudnicki and Molsted-Petersen [61]

reported that the glucose level decreased from 5.6 to

mellitus,

4.8 mmol/L after intravenous treatment with
1,25(0OH)2D3. This vitamin D also corrects glucose
intolerance and normalizes insulin sensitivity in
uremic patients [62,63].

Possible Mechanisms by which Vitamin D may
intolerance and diabetes

influence glucose

mellitus:
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The development of abnormal glucose tolerance and
diabetes mellitus is always preceded by alterations
in the function of pancreatic B-cells, insulin
sensitivity, and systemic inflammation. Available
data suggest that these mechanisms are influenced
by vitamin D.

Beta-cell function of the pancreas:

Responses of insulin to glucose load appear to be
exclusively influenced by vitamin D. Vitamin D
does not appear to affect basal insulin (64,65). A
positive role for vitamin D in the modification of the
function of B-cells of the pancreas has been reported
(66). This role

pathways, including direct stimulation of insulin

is mediated through several

secretion by vitamin D through the presence of
vitamin D receptors (VDRs) in f-cells of the
pancreas (66) and their
hydroxylase enzyme (67). Also, 1,25-(OH)2D can

activate transcription of the gene of human insulin

expression of 1-a-

and thus play an essential role in insulin secretion
[68]. In mice, it has been shown that insulin
secretory response may be impaired if the functional
VDRs are absent (65). Several animal studies have
also shown that when those were supplemented with
vitamin D, they became able to restore their insulin
secretion (64,69-72). Through its regulatory role of
the calcium pool of p-cell intracellularly and
extracellularly, vitamin D insufficiency appears to
affect the normal release of insulin (73), particularly
in reaction to a glucose intake since the secretion of
insulin is mediated by a calcium-dependent
mechanism.

Insulin insensitivity:

Improvement in action of insulin may be mediated
by vitamin D directly through the presence of VDRs
in skeletal muscles (74), stimulation of expression of
insulin receptors in bone marrow cells (75) and
through vitamin D activation of peroxisome
proliferator activator receptor-6 (76), a transcription
factor involved in the control of metabolism of fatty
acids in adipose tissue and skeletal muscle (77). The
indirect role of vitamin D is via the regulation of

pools of intracellular and extracellular calcium and
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control of the normal influx of calcium through the
membranes of cells. Some (78,79) studies have
demonstrated a negative association of vitamin D
with insulin insensitivity, but this was not shown by
others (80).

Inflammation:

In the state of systemic inflammation that T2DM can
create, based on a wide range of clinical studies (81-
83), the altered function of B-cells triggered by the
apoptosis of B-cells can develop due to the presence
of elevated cytokines that can also induce insulin
resistance directly. Vitamin D can act to lower
systemic inflammation in general by interacting with
components in the region of promotion of cytokine
genes interfering with generation and action of
cytokines through impeding the role of factors
(84-86).

Specifically, to insulin insensitivity, vitamin D was

involved in nuclear transcription
demonstrated to under-regulate the activation of
nuclear factor-xB (84,86,87),

regulatory role for genes of cytokines of pro-

which plays a

inflammation implied in resistance of insulin (88).

Conflict of interest: NIL

Finding: NIL

References:

1) Cockram, C. S. (2000). Diabetes mellitus:
perspective from the Asia—Pacific region.
Diabetes research and clinical practice, 50, S3-
S7. https://doi.org/10.1016/S0168-
8227(00)00202-3

2) Bansal, M. (2020). Cardiovascular disease and
COVID-19. Diabetes & Metabolic Syndrome:
Clinical Research & Reviews, 14(3), 247-250.
https://doi.org/10.1016/j.dsx.2020.03.013

3) Cigarroa, R. G., Lange, R. A., Williams, R. H.,
& Hillis, D. (1989). Dosing of contrast material

to prevent contrast nephropathy in patients with

disease. The American journal of
medicine, 86(0), 649-652.
https://doi.org/10.1016/0002-9343(89)90437-3
4) Maritim, A.C., Sanders, R.A., Watkins, J.B.,
2003.  Diabetes,

renal

oxidative  stress, and

elSSN: 3009-741X 55

antioxidants: a review. J. Biochem. Mol
Toxicol. 17 (1), 24-38.

5) Joshi, S.R., Parikh, R.M., Das, A.K., 2007.
Insulin-history, biochemistry, physiology and
pharmacology. J. Assoc. Phys. India 55 (L), 19.

6) Holick MF. Vitamin D: importance in the
prevention of cancers, type 1 diabetes, heart
disease, and osteoporosis. Am J Clin
Nutr.2004;79(3):362-71.

7) Bischoff-Ferrari HA, Dawson-Hughes B,
Willett WC, Staehelin HB, Bazemore MG, Zee
Ry, et al. Effect of vitamin D on falls: a
metaanalysis. JAMA. 2004;291(16):1999-2006.

8) Olokoba, A.B., Obateru, O.A., Olokoba, L.B.,
Type 2 Diabetes Mellitus: A Review of Current
Trends, Oman Med J., 27(4): 269-273 (2012)

9) Zimmet, P., Alberti, K.G., Global and societal
implications of the diabetes epidemic, Shaw J
Nature, 414(6865):782-787 (2001)

10) Wild, S., Roglic, G., Green, A., Sicree, R., King,
H. Global prevalence of diabetes: estimate for
the year 2000 and projections for 2030. Diabetes
Care, 127(5):1047-1053 (2004)

11) Al Khaja KA, Sequeira RP, Mathur VS.
Prescribing  Patterns and  Therapeutic
Implications for Diabetic Hypertension in
Bahrain. Ann Pharmacother. 2001
Nov;35(11):1350-9.

12) Miranda FC, Kamanth KK, Shabarya AR.
Development of gastro retentive floating

microsphere of roxatidine acetate HCL by

diffusion
International Journal of Diabetes in Developing
Countries. 2019;9(4):531-7.

13) Kulkarni A, Muralidharan C, May SC, Tersey

SA, Mirmira RG. Inside the B cell: molecular

diabetes

emulsion  solvent technique.

stress  response pathways in
pathogenesis.
2023;164(1):bgac184.

14) Ozdemir, M., Buyukbese, M. A., Cetinkaya, A.,
& Ozdemir, G. (2003). Risk factors for ocular

surface disorders in patients with diabetes

Endocrinology.

mellitus. Diabetes research and clinical practice,


https://doi.org/10.1016/S0168-8227(00)00202-3
https://doi.org/10.1016/S0168-8227(00)00202-3
https://doi.org/10.1016/0002-9343(89)90437-3

Biobacta Journal of Biochemistry and Molecular Biology, 2024, Vol.1, No. 1, P.48 -60

59(3), 195-199. https://doi.org/10.1016/S0168-
8227(02)00244-9

15) Fischli, A. E., Godfraind, T., & Purchase, I. F. H.
(1998).

environmental oestrogens: the scientific basis

Natural and anthropogenic
for risk assessment. Pure Appl. Chem, 70(9),
1863-1865.

16) American 2004.

and classification of diabetes.

Diabetes  Association,
Diagnosis
Diabetes Care 27 (1), S5-S10.

17) De Luis, D. A., De La Calle, H., Roy, G., De

Argila, C. M., Valdezate, S., Canton, R., &

Boixeda, D. (1998). Helicobacter pylori
infection and insulin-dependent diabetes
mellitus. Diabetes research and clinical
practice, 39(2), 143-146.

https://doi.org/10.1016/S0168-8227(97)00127-
7
18) https://www.freepik.com/free-vector/realistic-

pancreas-anatomy-insulin-diabetes-mellitus-
infographics-with-notmal-damaged-pancreas
with-editable-text-captions-vector

illustration 28795260.htm#fromView=keywor
d&page=4&position=8&uuid=2 6e5ce2-04d4-
4702-801c-d5ct99edaabb

19) Kangralkar, V.A., Patil, S.D., Bandivadekar,
R.M., 2010. Oxidative stress and diabetes: a
review. Int. J. Pharm. Appl. 1 (1), 38-45.

20) Ozougwu, J.C., Obimba, K.C., Belonwu, C.D.,
Unakalamba, C.B., 2013. The pathogenesis and
pathophysiology of type 1 and type 2 diabetes
mellitus. J. Physiol. Pathophysiol. 4 (4), 46-57.

21) Mclntyre HD, Catalano P, Zhang C, Desoye G,
Mathiesen ER, Damm P. Gestational diabetes
mellitus. Nature reviews Disease primers.
2019;5(1):47.

22) Griffiths HJ, Rossini AA. A case of lipoatrophic
diabetes. Radiology. 1975;114(2):329-30.

23) Wallace, J.1., 2004. Management of diabetes in
elderly. Clin. Diabetes 17, 1.

24) Yameny, A. Diabetes Mellitus Overview
2024. Journal of Bioscience and Applied

elSSN: 3009-741X 56

2024;  10(3):
10.21608/jbaar.2024.382794

25) Mohan, Harsh, 2002. Textbook of Pathology,
fourth ed. Jaypee publishers.

26) Zhang, F., Shan, S., Fu, C., Guo, S., Liu, C., &
Wang, S. (2024). Advanced Mass Spectrometry-
Based
Metabolomics of Diabetes Mellitus and Its
Complications. Molecules, 29(11), 2530.

27) Aragjo, S., Aratjo, A., Gerhardt, N. and Ortiz,
C.D.VA. (2014) Diretrizes da Sociedade
Brasileira de Diabetes: 2013-2014—Sociedade
Brasileira de Diabetes. Organizagado José Egidio
Paulo de
Farmacéutica, Sao Paulo.

28) Ross, R., Dagnone, D., Jones, P.J. Reduction in

Research, 641-645. doi:

Biomarker Identification for

Oliveira, Sérgio Vencio, AC

obesity and related co-morbid conditions after
diet induced weight loss or exercise-induced
weight loss in men. A randomized, controlled
trial. Ann Int Med; 133: 92-103 (2000)

29) Helmrich, S.P., Ragland, D.R., Leung, R.W.,
Paffenbarger, R.S. Physical activity and reduced
occurrence of noninsulin-dependent diabetes
mellitus. Eng J Med 325: 147-152 (1991)

30) Manson, J.E., Nathan, D.M., Krolewski, A.S. A
prospective study of exercise and incidence of
diabetes among U.S. male physicians. J Am Med
Assoc 268: 63-67 (1992)

31) National Institutes of Health. Diabetes in
America, 2nd edition, Bethesda, 1995, MD:
National Institutes of Health,. (NIH Publication
no. 95-1468.)

32) Kumar, P.J., Clark, M. Textbook of Clinical
Medicine. 2002, Pub: Saunders (London), Page
1099-1121.

33) Ciofeta, M., Lalli, C., Del, S. P. Contribution of
postprandial versus interprandial blood glucose
to HbAlc in type I diabetes on physiologic
intensive therapy with insulin  at
mealtime. Diabetes Care. 22: 795-800 (1999)

34) Henry, R.R., Gumbiner, B.N., Ditzler, T.

Intensiveconventional insulin therapy for type 11

lispro


https://doi.org/10.1016/S0168-8227(02)00244-9
https://doi.org/10.1016/S0168-8227(02)00244-9
https://doi.org/10.1016/S0168-8227(97)00127-7
https://doi.org/10.1016/S0168-8227(97)00127-7

Biobacta Journal of Biochemistry and Molecular Biology, 2024, Vol.1, No. 1, P.48 -60

Diabetes. Metabolic effects during 6-month
outpatient trial. Diabetes Care, 16: 21-31 (1993)

35) Kudlacek, S., Schernthaner, G. The effect of
insulin treatment on HbAlc, body weight and
lipids in type 2 diabetic patients with secondary-
failure to sulfonylureas. A five-year follow-up
study. Horm Metab R., 24: 478-483 (1992)

36) Diabetes

Research Group. The effects of intensive

Control and Complications Trial
treatment of diabetes on the development and
progression of long-term complications in
insulin-dependent diabetes mellitus. N Eng J
Med., 329: 977-986 (1993)

37) Yki-Jarvinen, H., Ryysy,

Tulokas,

L., Nikkila, K.,
Heikkila, M.

Comparison of bedtime insulin regimens in

T.,Vanamo, R,,

patients with type 2 diabetes mellitus: a
randomized trial. Ann Intern Med; 130: 289-396
(1999)

38) Levine, R.  Sulfonylureas:
development of the field. Diabetes Care, 7 (1):
3-7 (1984)

39) Bailey, C.J. Biguanides and NIDDM. Diabetes
Care 15: 755-772 (1992)

40) Clarke, B.F., Duncan, L.J.P. Biguanide treatment

in the management of insulin dependent

background

(maturityonset) diabetes: clinical experience

with metformin. Res Clin Forums 1: 53-63

(1979)
41) Hundal, H.S., Ramlal. T., Reyes, R.
Cellularmechanism of metformin action

involves glucose transporter translocation from
an intracellular pool to the plasma membrane in
L6 muscle cells. Endocrinology 131: 1165-1173
(1992)

42) Perriello, G., Misericordia, P., Volpi, E. Acute
Antihyperglycaemia mechanisms of metformin
in NIDDM: evidence for suppression of lipid
oxidation and hepatic glucose production.
Diabetes 43:920-928 (1994)

43) Sum, C.F., Webster, J.M., Johnson, A.B. The

effect of intravenous metformin on glucose

elSSN: 3009-741X 57

metabolism during hyperglycaemia in type 2
diabetes. Diabet Metab 9: 61-65 (1992).

44) Lee, W. C., Mokhtar, S. S., Munisamy, S.,
Yahaya, S., & Rasool, A. H. G. (2018). Vitamin
D status and oxidative stress in diabetes
mellitus. Cellular and Molecular
Biology, 64(7), 60-69.

45) Holick MF. Vitamin D: a millenium perspective.
J Cell Biochem 2003; 88(2):296-307.

46) Wiseman H. Vitamin D is

antioxidant Ability to inhibit iron-dependent

a membrane

lipid peroxidation in liposomes compared to

cholesterol, ergosterol and tamoxifen and
relevance to anticancer action. FEBS Lett 1993;
326(Suppl 1-3):285-8.

47) Sardar S, Chakraborty A, Chatterjee M.
Comparative effectiveness of vitamin D3 and
dietary vitamin E on peroxidation of lipids and
enzymes of the hepatic antioxidant system in
Sprague—Dawley rats. Int J Vitam Nutr Res
1995; 66(1):39-45.

48) Lin AM, Chen K, Chao P. Antioxidative effect
of vitamin D3 on zinc-induced oxidative stress
in CNS. Ann N 'Y Acad Sci 2005; 1053(1):319-
29.

49) Javanbakht M, Keshavarz S, Mirshafiey A,
Djalali M, Siassi F, Eshraghian M, et al. The
effects of vitamins E and D supplementation on
erythrocyte superoxide dismutase and catalase
in atopic dermatitis. Iran J Public Health 2010;
39(1):57.

50) Wacker M, Holick MF. Vitamin D - effects on
skeletal and extraskeletal health and the need for
supplementation. Nutrients 2013; 5(1):111-48.

51) Holick MF. Sunlight and vitamin D for bone
health and prevention of autoimmune diseases,
cancers, and cardiovascular disease. Am J Clin
Nutr 2004; 80: 1678S-1688S [PMID:
15585788]

52) Christensen EI, Willnow TE. Essential role of
megalin in renal proximal tubule for vitamin
homeostasis. J Am Soc Nephrol 1999; 10: 2224-
2236 [PMID: 10505701]



Biobacta Journal of Biochemistry and Molecular Biology, 2024, Vol.1, No. 1, P.48 -60

53) Verroust PJ, Birn H, Nielsen R, Kozyraki R,
Christensen EI. The tandem endocytic receptors
megalin and cubilin are important proteins in
renal pathology. Kidney Int 2002; 62: 745-756
[PMID:12164855 DOI: 10.1046/j.1523-
1755.2002.00501.x]

54) Dusso AS. Kidney disease and vitamin D levels:
25-hydroxyvitamin D, 1,25-dihydroxyvitamin
D, and VDR activation. Kidney Int Suppl (2011)
2011; 1: 136-141 [PMID: 25018912 DOI:
10.1038/ kisu-p.2011.30]

55) Silver J, Naveh-Many T. FGF-23 and secondary
hyperparathyroidism in chronic kidney disease.
Nat Rev Nephrol 2013; 9: 641-649 [PMID:
23877588 DOI: 10.1038/nrneph.2013.147]

56) Al Mheid, 1., Patel, R. S., Tangpricha, V., &

(2013). Vitamin D and

disease: is the

Quyyumi, A. A.

cardiovascular evidence
solid?. European heart journal, 34(48), 3691-
3698.

57) Norman AW, Frankel BJ, Heldt AM, Grodsky
GM. Vitamin D deficiency inhibits pancreatic
secretions of insulin. Science 1980; 209: 823—
825.

58) Boucher BJ, Mannan N, Noonan K, et al
Glucose intolerance and impairment of insulin
secretion in relation to vitamin D deficiency in
East London Asians. 1995;
38:1239-1245.

59) Kumar S, Davies M, Zakaria Y, et al

Improvement in glucose tolerance and B cell

Diabetologia

function in a patient with vitamin D deficiency
during treatment with vitamin D. Postgrad Med
J 1994; 70: 440-443.

60) Cade C, Norman AW.

normalization/stimulation by

Rapid

1,25-
dihydroxivitamin D3 on insulin secretion and
glucose tolerance in the vitamin D deficient rat.
Endocrinology 1987; 120: 1490-1497.

61) Rudnicki PM, Molsted-Pedersen L. Effect of
1,25-dihydroxycholecalciferol  on  glucose

metabolism in gestational diabetes mellitus.

Diabetologia 1997; 40: 40—44.

elSSN: 3009-741X 58

62) Mak RH.
dihydroxycholecalciferol

Intravenous 1,25

corrects  glucose
intolerance in hemodialysis patients. Kidney Int
1992; 41: 1049-1054.

63) Kautzky-Willer A, Pacini G, Barnas U, et al.
Intravenous  calcitriol normalizes insulin
sensitivity in uremic patients. Kidney Int 1995;
47:200-206.

64) Bourlon PM, Billaudel B, Faure-Dussert A.
Influence of vitamin D3 deficiency and 1,25
dihydroxyvitamin D3 on de novo insulin
biosynthesis in the islets of the rat endocrine
pancreas. J Endocrinol 1999; 160: 87-95
[PMID: 9854180]

65) Zeitz U, Weber K, Soegiarto DW, Wolf E,
Balling R, Erben RG. Impaired insulin secretory
capacity in mice lacking a functional vitamin D

receptor. FASEB J 2003; 17: 509-511 [PMID:

12551842]
66) Johnson JA, Grande JP, Roche PC, Kumar R.
Immunohistochemical localization of the

1,25(0OH)2D3 receptor and calbindin D28k in
human and rat pancreas. Am J Physiol 1994,
267: E356-E360 [PMID: 7943215]

67) Bland R, Markovic D, Hills CE, Hughes SV,
Chan SL, Squires PE, Hewison M. Expression
of 25-hydroxyvitamin D3-1alphahydroxylase in
pancreatic islets. J Steroid Biochem Mol Biol
2004; 89-90: 121-125 [PMID: 15225758]

68) Maestro B, Molero S, Bajo S, Davila N, Calle C.
Transcriptional activation of the human insulin
receptor gene by 1,25-dihydroxyvitamin D(3).
Cell Biochem Funct 2002; 20: 227-232 [PMID:
12125099]

69) Norman AW, Frankel JB, Heldt AM, Grodsky
GM. Vitamin D deficiency inhibits pancreatic
secretion of insulin. Science 1980; 209: 823-825
[PMID: 6250216]

70) Tanaka Y, Seino Y, Ishida M, Yamaoka K,
Yabuuchi H, Ishida H, Seino S, Seino Y, Imura
H. Effect of vitamin D3 on the pancreatic

secretion of insulin and somatostatin. Acta



Biobacta Journal of Biochemistry and Molecular Biology, 2024, Vol.1, No. 1, P.48 -60

Endocrinol (Copenh) 528-533
[PMID: 6144227]
71) Cade C, Norman AW. Vitamin D3 improves

impaired glucose tolerance and insulin secretion

1984; 105:

in the vitamin D-deficient rat in vivo.
Endocrinology 1986; 119: 84-90 [PMID:
3013599]

72) Clark SA, Stumpf WE, Sar M. Effect of 1,25
dihydroxyvitamin D3 on insulin secretion.
Diabetes 1981; 30: 382-386 [PMID: 7014306]

73) Sooy K, Schermerhorn T, Noda M, Surana M,
Rhoten WB, Meyer M, Fleischer N, Sharp GW,
Christakos S. Calbindin-D(28k)
[Ca(2+)](i) and insulin
obtained from calbindind(28k) knockout mice
and beta cell lines. J Biol Chem 1999; 274:
34343-34349 [PMID: 10567411]

74) Simpson RU, Thomas GA, Arnold AlJ.
Identification of 1,25-dihydroxyvitamin D3

controls

release. Evidence

receptors and activities in muscle. J Biol Chem
1985; 260: 8882-8891 [PMID: 2991224]

75) Maestro B, Campion J, Davila N, Calle C.
Stimulation by 1,25-dihydroxyvitamin D3 of
insulin receptor expression and insulin
responsiveness for glucose transport in U-937
human promonocytic cells. Endocr J 2000; 47:
383-391 [PMID: 11075718]

76) Dunlop TW, Viisdnen S, Frank C, Molnar F,
Sinkkonen L, Carlberg C. The
peroxisome proliferator-activated receptor delta

of lalpha,25-
dihydroxyvitamin D3 and its nuclear receptor. J
Mol Biol 2005; 349: 248-260 [PMID:
15890193]

77) Luquet S, Gaudel C, Holst D, Lopez-Soriano J,
Jehl-Pietri C, Fredenrich A, Grimaldi PA. Roles
of PPAR delta in lipid
metabolism: a new target for the treatment of
type 2 diabetes. Biochim Biophys Acta 2005;
1740: 313-317 [PMID: 15949697]

78) Chiu KC, Chu A, Go VL, Saad MF.

Hypovitaminosis D is associated with insulin

human

gene is a primary target

absorption and

elSSN: 3009-741X 59

resistance and beta cell dysfunction. Am J Clin
Nutr 2004; 79: 820-825 [PMID: 15113720]

79) Scragg R, Sowers M, Bell C. Serum 25-
hydroxyvitamin D, diabetes, and ethnicity in the
Third Health and
Examination Survey. Diabetes Care 2004; 27:
2813-2818 [PMID: 15562190]

80) Al-Shoumer KA, Al-Asoosi AA, Ali AH, Nair

VS. Does insulin resistance in type 2 diabetes

National Nutrition

alter vitamin D status? Prim Care Diabetes
2013; 7: 283-287 [PMID: 23685025 DOI:
10.1016/j. pcd.2013.04.008]

81) Hu FB, Meigs JB, Li TY, Rifai N, Manson JE.
Inflammatory markers and risk of developing
type 2 diabetes in women. Diabetes 2004; 53:
693-700 [PMID: 14988254]

82) Pradhan AD, Manson JE, Rifai N, Buring JE,
Ridker PM. C-reactive protein, interleukin 6,
and risk of developing type 2 diabetes mellitus.
JAMA 2001; 286: 327-334 [PMID: 11466099]

83) Duncan BB, Schmidt MI, Pankow S,
Ballantyne CM, Couper D, Vigo A, Hoogeveen
R, Folsom AR, Heiss G. Low-grade systemic
inflammation and the development of type 2
diabetes: the atherosclerosis risk in communities
study. Diabetes 2003; 52: 1799-1805 [PMID:
12829649]

84) Riachy R, Vandewalle B, Kerr Conte J,
Moerman E, Sacchetti P, Lukowiak B, Gmyr V,
Bouckenooghe T, Dubois M, Pattou F. 1,25-
dihydroxyvitamin D3 protects RINmSF and
human islet cells against cytokine-induced
apoptosis: implication of the antiapoptotic
protein A20. Endocrinology 2002; 143: 4809-
4819 [PMID: 12446608]

85) Gysemans CA, Cardozo AK, Callewaert H,
Giulietti A, Hulshagen L, Bouillon R, Eizirik
DL, Mathieu C. 1,25-Dihydroxyvitamin D3
modulates expression of chemokines and

cytokines in pancreatic islets: implications for

prevention of diabetes in nonobese diabetic

mice. Endocrinology 2005; 146: 1956-1964

[PMID: 15637289]



Biobacta Journal of Biochemistry and Molecular Biology, 2024, Vol.1, No. 1, P.48 -60 elSSN: 3009-741X 60

86) van Etten E, Mathieu C. Immunoregulation by
1,25-dihydroxyvitamin D3: basic concepts. J
Steroid Biochem Mol Biol 2005; 97: 93-101
[PMID: 16046118]

87) D’Ambrosio D, Cippitelli M, Cocciolo MG,
Mazzeo D, Di Lucia P, Lang R, Sinigaglia F,
Panina-Bordignon P. Inhibition of IL-12
production by 1,25-dihydroxyvitamin D3.
Involvement of NFkappaB downregulation in
transcriptional repression of the p40 gene. J Clin
Invest 1998; 101: 252-262 [PMID: 9421488]

88) Pittas AG, Joseph NA, Greenberg AS.
Adipocytokines and insulin resistance. J Clin
Endocrinol Metab 2004; 89: 447-452 [PMID:
14764746]



