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Abstract

Diabetes mellitus is a chronic, complex, and non-transmissible endocrine disease that is expanding quickly and has presented therapeutic difficulties all over
the world. It is frequently associated with risks associated with patients' complex metabolic development. It is characterized by high blood levels of lipids and
glucose as well as oxidative stress, which leads to long-term problems with many bodily organs, primarily the kidneys, eyes, nerves, and blood vessels.
According to the World Health Organization, there is a significant risk of sickness and death from this epidemic. The illness also highlights a growing epidemic
that is causing a significant socioeconomic strain on nations throughout the world. Since the standard approaches to treating diabetes mellitus have not fully
addressed the underlying causes of the condition and are fraught with serious side effects, new therapy alternatives are emerging quickly.
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is substantial evidence that achieving normoglycemia would
] ) ) ) reduce the risk of complications associated with diabetes
The International Diabetes Federation predicted that 537 mejjitus.® However, in individuals with type 1 diabetes
million adults worldwide W"_' suffer from Q|abetes in 2021, megllitus, the achievement of near normoglycemia is restricted
and by 2_04_,5, the prevalence is expected to increase to a_bout by hypoglycemia episodes. Type 1 diabetes mellitus can
800 million, or 10.9% of the adult population."  deyelop in diabetics who are unaware of their hypoglycemia
Hyperglycemia is not the sole symptom of type 2 diabetes  state, making it more difficult for them to achieve the
mellitus; the disease also causes a number of consequences,  pecessary glycemic control. Many people with type 1
including kidney failure, blindness, heart attacks, strokes, and diabetes mellitus who have frequent low blood glucose levels
amputations of lower limbs. Type 2 diabetes mellitus is & are seen in diabetes mellitus health facilities worldwide, and
condition with several causes linked to both polygenic and  the concept of hypoglycemia unconsciousness presents
diverse environmental variables, accca)rdmg to growing  sjgnificant therapeutic difficulties. Fortunately, there are a lot
evidence from epidemiological research.” Because of genetic  of intriguing and beneficial advancements in the field of

polymorphism and other risk factors, type 2 diabetes mellitus  gjahetes mellitus research, including gene therapy.”
is therefore too complex to treat.

1. Introduction

o ] o At the moment, injecting insulin-like substances and
~ The yearly incidence of type 1 diabetes mellitus is  taking hypoglycemic medications orally are the primary
increasing, despite the fact that type 2 diabetes mellitus  treatment approaches for type 2 diabetes mellitus. Despite
associated with obesity accounts for the majority of cases.* having several adverse effects, these medications are
Approximately 10% of individuals with diabetes are  gssential in the treatment of type 2 diabetes mellitus.89 Since
estimated to have type 1 diabetes mellitus. Both types, jts creation, insulin has been the mainstay of treatment for
however, carry the danger of decreased blood glucose and @ ncontrolled insulin-deficient diabetic mellitus.® It is true
longer-term risk of circulatory system complications.® There  that the infusion of exogenous insulin is essential for life
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because of the acute shortage of beta cells. Despite the
progress in understanding the causes, consequences, and
persistence of diabetes mellitus, as well as the development
of insulin and its analogs, there are still major challenges in
maintaining strict glycemic control without adverse side
effects like low blood glucose and weight gain.*'? This
emphasizes the significance of other methods or supplements
to insulin.®3

1.1. Etiology

Alpha cells that secrete glucagon and beta cells that produce
insulin are the two primary categories of endocrine cells
found in the pancreatic islets of Langerhans. Depending on
the glucose environment, beta and alpha cells continuously
alter the amount of hormone secreted. When insulin and
glucagon are not balanced, the glucose levels become
unnecessarily unbalanced. Hyperglycemia results from either
insufficient or impaired insulin activity (insulin resistance) in
people with diabetes mellitus. The hallmark of type 1
diabetes mellitus is the degeneration of pancreatic beta cells,
which usually results from an autoimmune process. Type 2
diabetes mellitus has a more subtle beginning, with an
imbalance between insulin levels and insulin sensitivity
leading to a functional deficit of insulin. The outcome is the
complete loss of beta cells, and as a result, insulin is either
nonexistent or very low. Although there are many
contributing factors, obesity and age are the most prevalent
causes of insulin resistance.

Because glucose cannot be synthesized or stored in the
brain, maintaining a near-normal glucose content is crucial
for cardiovascular and central nervous system function.41°
Endogenous glucose synthesis and peripheral tissue glucose
utilization are dynamically and minute-by-minute regulated
to maintain systemic glucose homeostasis.*® The liver and, to
a lesser extent, the Kkidneys are responsible for
gluconeogenesis or glycogenolysis, which produces
glucose.”*® The liver's process of turning non-carbohydrate
precursors like lactate, alanine, and glycerol into glucose is

known as gluconeogenesis. Glycogen is produced by
polymerizing excess glucose and is mostly stored in the
muscle and liver.

Increased gluconeogenesis, faster glycogenolysis, and
decreased peripheral tissue glucose uptake all contribute to
hyperglycemia. Peripheral tissues' ability to absorb glucose is
hampered by decreased insulin and an overabundance of
counter-regulatory ~ hormones (glucagon, cortisol,
catecholamines, and growth hormone), which also promote
lipolysis and protein breakdown (proteolysis). Osmotic
diuresis brought on by hyperglycemia results in volume loss,
a drop in glomerular filtration rate, and increasing
hyperglycemia. At the cellular level, elevated blood glucose
levels cause endothelial dysfunction by preventing the
synthesis of nitric oxide and mitochondrial damage by
producing reactive oxygen species. Immune system
dysfunction results from hyperglycemia's elevation of pro-
inflammatory cytokines including interleukin [IL]-6 and
tumor necrosis factor-o.  (TNF-o). Eventually, these
alterations may result in a higher risk of infection, poor
wound healing, multiple organ failure, an extended hospital
stay, and even death. Type 1 diabetes mellitus is typically
diagnosed based on a characteristic history and elevated
serum glucose levels (fasting glucose >126 mg/dL, random
glucose >200 mg/dL, or hemoglobin A1C >6.5%), with or
without antibodies to insulin and glutamic acid
decarboxylase. Glycation hemoglobin tests and fasting
glucose levels are helpful in the early detection of type 2
diabetes mellitus. If borderline, a glucose tolerance test can
be used to assess blood glucose response to an oral glucose
tolerance test as well as fasting glucose levels. A fasting
blood glucose level of 100 to 125 mg/dL or a glucose level of
140 to 200 mg/dL two hours after an oral glucose tolerance
test are indicative of prediabetes, which frequently occurs
before type 2 diabetes mellitus.

Absolute or Relative Insulin Deficiency and Increased
Counterregulatory Hormones
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Figure 1: Pathogenesis of hyperglycemia.?®
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Diabetes is linked to several risk factors. The
development of diabetes is considerably accelerated by these
risk factors. Age, weight, a family history of diabetes,
smoking, and race/ethnicity are a few of these.!®*?° Type 2
diabetes mellitus is a disorder that affects adults, whereas
type 1 diabetes mellitus mostly affects young people. Age-
related insulin secretion deficiencies and increasing insulin
resistance brought on by changes in body composition
enhance the risk of type 2 diabetes mellitus.?* Diabesity is a
disorder that is closely linked to diabetes and an increase in
body weight that results in obesity. This is because rising
body weight causes insulin resistance to rise.?? (Figure 1)

Smokers have a 30-40% higher risk of developing type
2 diabetes mellitus than nonsmokers, according to the FDA.
Additionally, smoking can lead to insulin resistance, which
increases the amount of insulin needed by patients to regulate
their blood sugar levels.?* Diabetes is inherited. It is
recommended that those with the family history follow
lifestyle choices that lower their chance of acquiring diabetes.

2. Discussion

Diabetes mellitus is a multifactorial, progressive, and
intricate metabolic disease that requires more sophisticated
therapies over time. Researchers from all around the world
have been hard at work finding and creating new medications
to treat diabetes. More than 90% of adult instances of diabetes
are caused by type 2 diabetes mellitus. The main factor
causing persistent hyperglycemia in diabetic individuals is
resistance to the effects of insulin. Activation of many
pathways and variables related to insulin resistance and p-cell
malfunction results in type 2 diabetes mellitus. Additionally,
a complicated interaction between environmental and genetic
variables is part of the genesis of type 2 diabetes mellitus. To
improve diabetes control, lifestyle changes can effectively
regulate this interaction. The purpose of this study is to
explore the primary causes of type 2 diabetes mellitus that are
not addressed by anti-diabetic medication.

2.1. Management of diabetes mellitus

The treatment of diabetes involves a number of contemporary
strategies. Nonetheless, reaching any goals established in the
therapy of the condition depends on early detection.

2.1.1. Changes in lifestyle

An essential component of managing diabetes is changing
one's lifestyle. Both individuals with pre-diabetes and those
with diabetes are advised to take it. Among the suggested
lifestyle changes are healthier meals, more physical activity,
and a less sedentary lifestyle. The patient's condition may
influence the appropriate workout. Exercise aids in lowering
plasma glucose levels. Diabetic people should restrict meals
rich in fat and sugar, prefer lean meats and nonfat dairy
products, and consume a lot of fruits, vegetables, and whole
grains for a balanced diet. Reducing alcohol consumption and
quitting smoking are two more lifestyle adjustments.

2.1.2. Use of nanotechnology

Nanomedicine is the word used to describe the use of
nanotechnology in medicine. The application of
nanotechnology expertise to the use of medications or
diagnostic chemicals, which often enhances their capacity to
target certain cells or tissues, is known as nanomedicine.
Through the use of innovative nanotechnology-based glucose
testing and insulin administration methods, nanotechnology
in diabetes research has improved the results of diabetic
treatment in a number of ways.?®>?® Innovative diabetes
diagnostics, immune cell activity and beta-cell mass
detection, glucose level monitoring, non-invasive insulin
administration, and other applications are just a few of the
ways that nanotechnology is crucial in the treatment of
diabetes. Clinical therapies for the arrest of beta cell loss can
be used immediately if the stage of the loss is promptly
detected using nanotechnology. For example, magnetic
nanoparticles are exceptional contrast media for magnetic
resonance imaging due to their unique physical
characteristics. This may make it possible to identify the
stages of beta-cell loss early on.

Microcomputer closed-loop or nano pumps are being
developed to enable the timely administration of insulin
while maintaining continuous glucose monitoring in order to
overcome the current delivery issues experienced by the
conventional techniques. To put it another way, this system
is designed to connect the supply of insulin to the level of
plasma glucose.

2.1.3. Nutrition therapy for medical conditions

A licensed dietitian nutritionist administers medical nutrition
therapy (MNT), a nutrition-based treatment. In order to help
manage diabetes mellitus, it includes dietary diagnostics as
well as expert counseling and therapy treatments. Since
calorie restriction is essential for managing overweight or
obesity, medical nutrition treatment is a crucial component of
diabetes education and management. The treatment has had a
major influence on patients, particularly women and babies,
and has been shown to be essential in the treatment of
different forms of diabetes mellitus. However, among other
things, medical nutrition treatment has not yet determined the
ideal diet for people with diabetes mellitus in terms of energy
content,  distribution, quality, and quantity of
macronutrients.?’

2.1.4. Gene therapy

The process of restoring the symptoms of a disease caused by
a faulty gene by introducing the external normal gene is
known as gene therapy. Its benefit is that every condition may
be cured with a single treatment, and gene therapy is currently
creating new treatment choices across several medical
specialties.® Currently, gene manipulation includes gene
editing and regulation in addition to gene insertion.?>% The
insertion of a gene or gene alteration into a cell as a curative
regimen in the treatment of illness is another way to define
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gene therapy.3! The goal of this strategy is to correct faulty
genes that have been identified as the cause of any disease
and to effectively stop the disease's onset or progression.

Somatic gene therapy and germline gene therapy are two
further subcategories of gene therapy. Germline gene therapy
targets the reproductive cells, whereas somatic gene therapy
primarily targets the somatic cells, also known as the sick
cells. In following generations, germline treatment prevents
the illness from progressing.®? Because gene therapies have
the potential to cure a wide range of conditions that are
challenging to treat with traditional medicines, such as
diabetes mellitus, autoimmune disorders, heart illnesses, and
malignancies, they are being used as trends in emerging
therapeutics.®®* Many genes have been considered as a
potential treatment for type 2 diabetes mellitus due to the
disease's strong hereditary predisposition, even though gene
therapy for the condition mostly targets type 1 diabetic
mellitus.®* Through genetic linkage research, over 75 distinct
genetic loci have been shown to be responsible with type 2
diabetes mellitus, and many new treatment targets have also
been identified. Unlike the frequency and development of
illnesses with limited impacts, genetic loci may have a
significant influence on treatment responsiveness.®

2.1.5. Stem cell treatment

The current cellular-based therapy approach for managing
diabetes mellitus relies on islet-cell transplantation or the
pancreas to restore beta cells for the release of insulin. The
scarcity of donor organs limits this strategy. These issues
prompt research into the potential use of stem cells to create
beta cells. Stem cells' unique capacity for reconstruction may
make them a valuable tool for the treatment of diabetes
mellitus. In addition to providing diabetes mellitus patients
with a sustained supply of beta cells for insulin production,
the development of a replenishable islet source employing
stem cells may help prevent the current supply/demand issues
in islet transplantation. Therefore, research on stem cells has
emerged as a viable strategy for the treatment of diabetes
mellitus.*® The goal of stem cell treatment for diabetes
mellitus is to use pluripotent or multipotent stem cells to
replace damaged or dysfunctional pancreatic cells. The
capacity of several types of stem cells, such as induced
pluripotent stem cells (iPSCs), embryonic stem cells (ESCs),
and adult stem cells, to generate surrogate beta cells or restore
the physiologic function of the beta cell has been utilized in
this approach in a variety of ways.%

The generation of stem cells from several tissue sources,
including adipose tissue, skin, bone marrow, umbilical cord
blood, periosteum, and dental pulp, has been made easier by
technological advancements. The pancreas is typically the
first organ of choice when looking for potential stem cells. A
tiny amount of pancreatic tissue, when made accessible, may
restore the ideal mass of pancreatic beta-cells, according to
research using animal models.®® This is a result of the
pancreatic duct's differentiated beta cells going through

dedifferentiation and replication, which creates pluripotent
cells that produce additional beta cells. According to other
research, these ductal cell populations may be generated in
vitro and targeted to form clusters that synthesize insulin.3%4°
Furthermore, mesenchymal stem cells (MSCs) and
hemopoietic adult stem cells (HSCs) have the capacity to
transdifferentiate into a wide variety of cell lineages,
including those of the liver, brain, and lung in addition to
gastrointestinal tract cells.44

3. Conclusion

In addition to glycemic control, multifactorial interventions
utilizing various treatment regimens, such as gene therapy,
nanotechnology, stem cells, medical nutrition therapy, and
lifestyle modification, have significantly reduced the effects
of diabetes mellitus, albeit not without some difficulties.
Although nanotechnology is a promising technology with the
potential to improve diabetes care, there are still some
obstacles to overcome. Diabetes mellitus has emerged as a
public health concern that needs immediate attention, and the
rising number of cases is expected to last for many more
decades. Diabetes mellitus does not currently have a
permanent cure. Numerous therapy plans have demonstrated
encouraging outcomes in the management of diabetes
mellitus. However, diabetes mellitus is still a significant
problem that might endanger public health despite the
promise of these massive treatment efforts. For a clinical
management plan to be strong, effective, and safe, the issues
with each of these techniques must be resolved. Optimal
metabolic management of blood pressure, glucose, and body
weight is required, necessitating appropriate education and
support for dietary improvements, physical activity, and
weight loss. An emphasis on public policies that support
health care access and resources, the encouragement of a
patient-centered care approach, and environmental
infrastructures that promote health are necessary for the
effective and successful management of this condition.
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