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Abstract Diabetes mellitus (DM) is the most common
metabolic and endocrine disorder; it is characterized by an
absolute decrease in insulin secretion. Nevertheless, there
are additional factors in the pathophysiology of diabetes
mellitus, such as elevated glucagon secretion, decreased
renal glomerular glucose absorption, insulin resistance in
adipocytes, and dysfunction of neurotransmitters.
Although a variety of therapies are currently available for
glycemic control, managing diabetes mellitus is still
challenging and complex due to the determination of many
pathogenic factors that contribute to the illness. Today's
DM therapeutic interventions primarily target glucose
control however, they fail to take into account additional
pathological elements that ultimately cause treatment
failure and DM progression. Moreover, prolonged use of
these commercially available anti-diabetic medications
causes a variety of side effects, which is why scientists are
always looking for novel anti-DM medications. These
innovative therapeutic approaches target both alternating
and multiple pathogenic hotspots linked to diabetes

mellitus (DM), according to numerous international studies.

The current review article discusses both potential side
effects from the use of these novel candidate drugs and
novel therapeutic options that hold particular promise for

ensuring their safety. This will help to successfully develop
these drugs into potentially effective medications for the
treatment of diabetes mellitus.

Keywords Diabetes Mellitus, Therapeutics, Novel
Drugs, Stem Cell, Immunotherapy

1. Introduction

The Egyptians were the first to record diabetes, which is
characterized by weight loss and polyuria. However, the
term diabetes mellitus (DM) was first used by the Greek
physician Aertaeus. Diabetes means "to pass through" in
Greek, and the Latin word mellitus means "honey" (a
reference to sweetness). With almost one death every ten
seconds, diabetes is a major cause of prolonged illness and
early mortality, accounting for a greater number of deaths
annually than HIV/AIDS. Diabetes has become an
international epidemic as a result of the start of global
industrialization and the startling increase in obesity [1].

Diabetes is a chronic condition brought on by
insufficient insulin production by the pancreas or by
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inefficient insulin utilization by the body. The hormone
insulin controls blood sugar levels. Hyperglycemia, also
referred to as elevated blood glucose or elevated blood
sugar, is a frequent consequence of uncontrolled diabetes
mellitus that eventually causes major harm to numerous
bodily systems, particularly the blood vessels and nerves.

Defronzo [2] stated that diabetes Mellitus is a metabolic
disorder which develops in individuals when blood glucose
levels are increased above the normal levels (termed as
hyperglycemia). This disorder manifests with one or more
symptoms such as excessive thirst (polydypsia), increased
urination (polyuria) and unexplained weight loss. The
reasons behind the development of diabetes are not
completely understood. Extensive studies carried out in the
past have identified at least two defects. These are: (i)
insufficient insulin secretion and (ii) impairment in insulin
action in the peripheral tissues known as insulin resistance.

Uncontrolled diabetes is the primary cause of death for
diabetic patients, resulting in retinopathy, neuropathy,
kidney failure, and cardiovascular disease. Humans have
been aware of diabetes mellitus since 400 B.C., when
Sushruta used the sweetness of diabetic patients' urine to
characterize the clinical condition as "honeyed-urine."
Thomas Willis later corroborated this in 1672. John Rollo
confirmed this discovery by stating that a rise in urine
glucose (glycosuria) was the cause of the urine's sweetness.
The pancreatic secretory cells were identified by Paul
Langerhans in 1869 and subsequently dubbed the "islets of
Langerhans." In 1889, Minkowski used pancreatic tissue
extracts implanted into pancreatectomized diabetic dogs to
show how hyperglycemia can be prevented. It was
discovered that the hormone "insulin" was absent in the
diabetic state, and Minkowski's discovery made this
possible. Collip, Charles Best, and Fredrick Banting were
successful in creating the first active and therapeutically
useful insulin preparation for the treatment of diabetes. In
1922, Fredrick Banting received the Nobel Prize for this
research. Scientists have been trying to understand the
structure and function of insulin since its discovery [2]. The
main aim of the present review is about the novel
approaches and novel drugs used for treatment and
management of Adult-Onset Diabetes.

2. General Properties of Diabetes
Mellitus

2.1. Epidemiology

According to a 2023 study by the Indian Council of
Medical Research - India Diabetes (ICMR INDIA), 10.1
crore people have diabetes.

In recent times, diabetes mellitus has emerged as a global
public health emergency, and India is not an exception.
India has a staggering prevalence of Type 2 Diabetes
Mellitus (T2DM), and with 77 million citizens, it is the
nation with the second-highest number of T2DM patients

worldwide, after China.

In India, the incidence of NCDs, particularly diabetes,
was understated due to survey data quality issues,
according to Arokiasamy ef al. [3]. By 2045, 134 million
people are expected to bear the burden, according to a
forecasting study [4]. Diabetes is more common in older
people than in younger people overall, with notable age-
group variations in its prevalence [5]. After the introduction
of COVID-19, the mortality rate among patients with type
2 diabetes has increased, raising concerns about managing
the disease, especially in the elderly.

2.2. Types of Diabetes Mellitus

It is critical to appreciate that DM is a broad term used
for a group of diseases that lead to prolonged
hyperglycaemia. The basis for categorizing the various
forms of diabetes is the variations in the processes that lead
to the development of each type.

1. Type 1 diabetes

2. Type 2 diabetes

3. Gestational diabetes

4.  Maturity onset diabetes of the young (MODY)
3. Pathophysiology

3.1. Type 1 DM

According to Baynest [6] the autoimmune decrease of
insulin-producing cells in the pancreas caused by CD4+
and CD8+ T cells as well as macrophages that invade the
islets is what is known as type 1 diabetes mellitus. The
majority of islet antibodies function by inhibiting the
glutamic acid decarboxylase (GAD) produced by
pancreatic B cells because of insufficient insulin secretion
brought on by the autoimmune destruction of the beta cells
in the pancreas; this causes a metabolic disruption linked to
type 1 diabetes mellitus which is shown in figure 1. Apart
from the reduction in insulin production, there seems to be
an anomaly in the primary function of pancreatic alpha
cells, leading to an overproduction of glucagon secretion.
In healthy individuals, hyperglycemia inhibits glucagon
secretion; however, in individuals with type 1 diabetes, this
effect is not observed. This leads to an unnecessary rise in
glucagon, which exacerbates the metabolic disorders
caused by insufficient insulin. Type 1 diabetes mellitus is
primarily thought to be caused by insulin deficiency, but
there may also be a problem with how insulin is
administered. Insulin insufficiency causes uncontrollable
lipolysis and elevated levels of free fatty acids in plasma,
which inhibit glucose metabolism, especially in peripheral
tissues such as skeletal muscle. As a result, this primarily
affects how well glucose and insulin are used. It also
reduces their expression of several genes critical for
reacting to insulin correctly, like glucokinase, which is only
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present in the liver and is mainly involved in storing
glucose as glycogen, which phosphorylates glucose to
initiate glycolysis and generate more ATP. Furthermore, it
causes the GLUT 4 class of glucose transporters, which are
found in adipose tissue, to express poorly.

3.2. Type 2 DM

Insulin resistance and malfunctioning pancreatic beta
cells are the main causes of impaired insulin secretion and
impaired insulin action in the pathophysiology of type 2
diabetes. Type 2 diabetes causes a breakdown of these
mechanisms. The mass of beta cells has altered when
insulin resistance is predominant, allowing the hormone to
be produced in greater quantities to offset the excessive and
abnormal demand for insulin. Stated differently, there has
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been an increase in the plasma insulin concentration during
both fasting and feeding. [6]

Insulin sensitivity based on the main events is thought
that peripheral insulin resistance is primarily caused by a
relative insulin deficiency, which is first associated with
insufficient insulin secretion. Severe insulin resistance
leads to impaired insulin-mediated glucose uptake in the
peripheral tissues, impaired triglyceride uptake by fat, and
incomplete suppression of the hepatic glucose output.
Insulin secretion rises in response to a significant increase
in islet cells, aiding in the treatment of insulin resistance as
shown in figure 2. People with type 2 diabetes have either
decreased fasting glucose or increased and faster

endogenous glucose synthesis. This rise is proportional to
the level of hyperinsulinemia. [6]
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Figure 1. Pathophysiology of type 1 diabetes
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Figure 2. Pathophysiology of type 2 diabetes mellitus

4. Management of Diabetes Mellitus

4.1. Management of Type 1 Diabetes Mellitus

Maintaining normal blood glucose levels as close to
normal as possible while avoiding significant fluctuations
is the biggest challenge in treating type 1 diabetes (T1DM)
and preventing the development of microvascular and
arterial complications. Insulin is used to treat patients with
TIDM. It can be given orally, intravenously, or even
through novel nanotechnology-based delivery systems.

In order to prevent complications related to diabetes,
management involves regular monitoring of risk factors
and the use of self-monitoring devices for blood glucose to
adjust insulin dosage. Insulin secretagogues, or
medications that increase insulin secretion, are especially
helpful in the few patients with type I diabetes who still
secrete some insulin during the early stages of retinoic acid
depletion.

4.2. Management of Type 2 Diabetes Mellitus

The first line of defence against type 2 diabetes is a
change in lifestyle, diet, weight control, and stricter blood
pressure and blood glucose monitoring. Oral anti-diabetic
medications are used in patients who do not improve after
taking these measures and who still exhibit elevated blood
glucose and glycated haemoglobin (HbA Ic of >6.0). The
four main categories of anti-diabetic drugs are: (a)
biguanides, which include metformin and lower hepatic
gluconeogenesis; (b) insulin secretagogues, which include
sulfonylureas and stimulate pancreatic secretion; (c) insulin
sensitizers, which include thialzolidinediones and improve

peripheral tissue sensitivity to insulin; and (d)
insulin/insulin analogues, which supply exogenous insulin
in the form of recombinant insulin. These medications are
used in combination to improve blood glucose control in
severe cases. Patients with type 2 diabetes are currently
receiving certain treatments that have unfavorable side
effects, such as weight gain that is frequently brought on by
hypoglycemia.

4.3. Some of the Side Effects and Complications of
Novel Approaches

The side effects or any complications of novel
approaches might be like amylin analogs that can cause
nausea and injection site reactions, while antioxidant
therapy may lead to complications due to interactions with
other medications. Bromocriptine is associated with
adverse effects such as nausea, dizziness, and fatigue.
Transdermal drug delivery systems can result in skin
irritation and limited drug permeability. Certain novel
approaches have been observed to have poor
bioavailability, potential medication interactions, and
cause discomfort in the gastrointestinal tract.

5. Novel Approaches in Management
of Diabetes Mellitus

5.1. Peptide Analogues

These artificial substances, referred to as analogues, are
designed to replicate the actions of endogenous peptides
involved in glucose homeostasis. Some of them are
mentioned in Table 1.
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Table 1. Peptide analogues

Drugs Mechanism of action Benefits Adverse effects References
Incretin memetics | released in response to food Appetence reducing the beneficial does not prevent the [7,8]
consumption, causing the insulin effects of these drugs on the central | release of glucagon
response that is triggered by nervous system, inflammation and
glucose cardiovascular systems
Analogues, and delaying stomach emptying, Enhancing the secretion of insulin Not reported [9,10]

agonists of the
glucose-like
peptide (GLP-1)

increasing insulin production, and
preventing the pancreas from
secreting glucagon

while inhibiting the secretion of
gastric acid.

Analog of
glucose-dependent
insulinotropic
polypeptides
(GIPs)

These synthetic molecules,
known as analogues, are made to
behave similarly to endogenous
peptides that are involved in
maintaining glucose homeostasis.

Lowering the amounts of
glycosylated haemoglobin and
postprandial glucose.

Minimal risk of
hypoglycemia when
using this substance

[11,12]

DPP-4 inhibitors

GIP, which is generated by the k
cells in the upper small intestine,
has an impact on lipid
metabolism.

Modifications in glycosylated
haemoglobin occurred concurrently
with a decrease in fasting plasma
glucose levels.

side effects include
anorexia and vomiting

[13,14]

Liraglutide

Working as an antagonist for the
receptor through enzymatic
incretin disintegration (GLP-1)

These drugs' beneficial effects on
the cardiovascular, inflammatory,
and central nervous systems seem to
be waning.

Long-acting versions
are less likely to cause
hypoglycemia than
short-acting ones.

[15,16]
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5.2. Novel Anti-Diabetic Agents
1. Amylin analogs (islet amyloid polypeptide)

MOA: Decrease in glucose levels for both type 1 and
type 2 diabetes that is significant.

Because it lowers glucagon secretion, it has the benefit
of lowering blood glucose levels; however, it is sometimes
used in conjunction with oral active anti-diabetic
medications or as part of solo therapy

2. Pramlintide

MOA: Secreted and stored alongside insulin, it slows
down the emptying of the stomach and inhibits the release
of glucagon. The benefits include the following:
replacement therapy combined with basal insulin may be
beneficial if some beta cell function is still present. The side
effects include elevated blood pressure, kidney dysfunction,
hypertension, an increased risk of diabetes, and
hypothyroidism.

3. Nitrate/Nitrite

MOA: Triglyceride levels in serum have been found to
be reduced by molecules derived from L-arginine through
the actions of the enzymes nitric oxide synthase (NOS),
specifically inducible, neuronal, endothelial, and
mitochondrial. The medication promotes the buildup of fat
in the liver and has the benefit of regulating TG levels in
the blood.

4. Antioxidant therapy: vitamin E, vitamin C, and 8
carotene

MOA: Vitamin C administration lowers fasting plasma

insulin and HbA 1 ¢ levels. Furthermore, an improvement in
insulin action is observed. Similarly, it has been observed
that B carotene administration reduces oxidative low-
density lipids.

The benefit of the medication is that antioxidant therapy,
anew and effective treatment for type 2 diabetes, may play
a major part in reducing the risk of diabetic hyperglycemia
and the consequences that follow.

5. FBPase (fructose 1,6-bisphosphatase)

MOA: Blockers. Its mechanism of action involves
blocking the gluconeogenic pathway's rate-limiting
enzyme, FBPase. This is one of the side effects of liver
hyperplasia, liver hypertrophy, and liver carcinogenesis.

6. Bromocriptine

Swift-liberated bromocriptine has recently changed in
favour of improving T2DM symptoms, though it's still
unclear how it works.

Research has demonstrated that following a 24-week
course of treatment, the average level of glycated
haemoglobin decreased by 0.0% to 0.2%.

7. Imeglimin (clinical trial not yet completed)

MOA: Very effective because it increases muscle
uptake of glucose, inhibits hepatic gluconeogenesis, and
increases the release of insulin that is dependent on sugar.
One benefit is that it inhibits oxidative phosphorylation.

8. Peroxisome
(PPARSs)

proliferator-activated  receptors

The advantage primarily resides in its ability to regulate
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energy  homeostasis in  addition to

triglycerides[17-20].

lowering

6. A New Arrow for Targeting
Diabetes Mellitus: Stem Cell
Therapy

T. Shigihara ef al. [21] reported that several stem cell
scientists produced fully developed B cells from stem cells
to create therapeutics for T1DM. Unfortunately, it is crucial
to obtain the precise type and quantity of stem cells
required for the treatment of the disease because the
pancreas is known to be incapable of regeneration.
Numerous in vitro and in vivo studies have demonstrated
that improving glucose uptake and metabolism is possible
through the differentiation of embryonic stem cells (ESc)
into cells with characteristics resembling insulin
secretagogue activity [21].

6.1. Examples of Stem Cell Therapy

Similarly, embryonic-like stem cells (VSELs) injected
intravenously (IV) into pancreatic necrosis-affected mice
may help repair the damaged pancreas in diabetic patients
[22]. Patients with type 1 diabetes were found to have their
B cell population restored by a clever biological system
made of mesenchymal stem cells isolated from the
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umbilical cord's Wharton jelly component and covered in
immune-isolatory microcapsules [23]. Additionally, in six
T2DM patients whose umbilical cord tissue was isolated,
the C-peptide stratum increased significantly following the
implantation of mesenchymal stem cells. Consequently,
two hours later, postprandial stability in serum glucose
levels was observed [24]. Moreover, it was found that the
mobilization of bone marrow-derived mesenchymal stem
cells (BMSCs) is regulated by the adipokine adiponectin,
which is secreted by adipocytes. In a mouse model of bone
defects, adiponectin not only controlled the expression of
stromal cell-derived factor (SDF)-1; perhaps more
importantly, it also reduced blood glucose and promoted
bone regeneration in diet-induced obese mice [25]. In order
to replenish bone, this aided the migration of BMSC from
the bone marrow into the bloodstream. Furthermore, it was
discovered that the superior gastroduodenal artery, or
superior branch, was the most effective path to the splenic
artery because it produced superior labeled stem cell
homing and retention. Research indicates that
hematopoietic stem cells isolated from bone marrow and
mesenchymal stromal cells with the ability to secrete
insulin from adipose tissue can be co-infused into the
thymic portal circulation and subcutaneous tissue to help
control hyperglycemia in TIDM patients shown in figure 3
[26]. Type 2 diabetes patients' serum glucose levels
dropped and blood insulin levels increased upon the
introduction of human eyelid insulin-secreting stem cells,
which are derived from adipose tissue [27].
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7. Transdermal Drug Delivery System
(TDDS)

Insulin injections and oral hypoglycemic medications
continue to be the mainstays of diabetes treatment. Toklu,
H.Z. [28]. However, over the past ten years, the TDDS has
drawn a lot of interest as a substitute regimen for managing
diabetes because of its advantages compared to injections
and oral forms, which are wusually intrusive and
uncomfortable. Apart from the transportation of drugs such
as insulin and metformin, the TDDS performs biosensing
to evaluate metabolites in biological fluids such as sweat
[29].

To monitor blood glucose levels, a microneedle array
(3D) was included in the design of a biosensor patch by ref.
[30]. Furthermore, in vitro experiments demonstrated long-
term stability and the ability to monitor glucose levels, even
at extremely high values. Microneedle technology is one of
TDDS's technological philosophies. Small needles that use
this technology increase the antidiabetic drugs'
permeability by forming microchannels, which improves
drug delivery. According to Rosalie, 1.O [31], nano
formulations have also been used to treat the total drug
distribution system (TDDS) of a number of anti-diabetic
drugs, insulin sensitizers, and insulin. Electric fields are
also used in new techniques like electroporation and
iontophoresis to promote the absorption of insulin and anti-
diabetic drugs [24]. These methods have the following
benefits: they are non-invasive, their release is steady and
prolonged, they do not involve first-pass metabolism, and
their systemic side effects are minimized. The development
of these technologies into clinically effective and generally
recognized solutions is still an exciting path forward for
bettering diabetes care as research continues. One of the
experiment's drawbacks was that bio-fouling around the
electrodes meant to measure glucose levels reduced the
sensitivity of the glucose detector as glucose levels rose.
Therefore, in order to solve this problem, more design
improvement is needed. Although there are obstacles to
overcome, the creation of successful transdermal systems
has potential to enhance patient compliance and therapeutic
results [32, 33].

8. Nanotechnology

It is commonly known that the traditional insulin
injections used for type 1 and type 2 diabetes are associated
with painful dispensing and infections, both of which lead
to subpar patient care. Therefore, in order to get around
these challenges, the nanotarget perspective is used, which
is becoming increasingly well-liked in the modern day due
to its favorable, accurate, specific, and effective
characteristics [34]. Nanotechnology is being used more
and more in the treatment of diabetes because closed-loop
insulin delivery systems and glucose sensors have shrunk
in size [35]. Therefore, glucose sensors are incorporated
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into drug delivery systems using smart nanoparticles (NPs)
to help detect the body's glucose levels and subsequently
assist in the transportation of insulin. These bioengineered
molecules have microscopic pores that allow insulin to pass
through them [36]. It has been observed that these
nanoparticle formulations have higher drug bioavailability
and can deliver the most drugs to targeted areas. But their
toxic nature and capacity to spread can make them
dangerous [37]. To improve the pharmacokinetics of
insulin with fewer side effects, for example, the pathogenic
hotspots implicated in the etiology of diabetes mellitus can
be precisely targeted with minimal doses using an insulin
delivery system based on nanotechnology. Moreover,
mesoporous silica nanoparticles and quantum dots have
been used to create extremely selective and sensitive
glucose sensors. Similarly, glucose-responsive insulin
release is made possible by the incorporation of
nanotechnology into intelligent insulin delivery systems.
Even though nanotechnology has made great progress in
managing diabetes, issues like scalability, biocompatibility,
and long-term safety still need to be resolved before clinical
translation can occur.

9. Novel Candidate Drugs for
Management of Diabetes

9.1. Fucoidan

Agronomic compounds, cosmetics, and nutraceuticals
are all known to have originated in the aquatic ecosystem.
According to reports, the various pharmacological
properties of the biologically active metabolites (green, red,
and brown algae) that were isolated from seaweeds have
been reported [38,39]. One unique biological sulfated
polysaccharide is fucoidan, which is sourced from sea
cucumbers [40,41]. Studies on the following species have
been conducted: Hizikia fusiforme, Ascophyllum nodusum,
Fucus vesiculosus, Analipus japonica, Fucus serratus,
Padina gymnospora, Caulerpa racemosa, Chorda filum,
and Fucus evanescens. Due to their fucoidan composition,
they have attracted a lot of interest as potential agents for
improving both diabetes and other metabolic diseases.
Commensurately, research has been done on the fucoidan
composition of the following species: Analipus japonica,
Caulerpa racemosa, Sargassum stenophyllum, Fucus
evanescens, Hizikia fusiforme, Padina gymnospora, Fucus
vesiculosus, Fucus japonica, and Kjellmaniella crassifolia.
These species have attracted a great deal of interest as
potential agents for improving diabetes as well as other
metabolic disorders. As a glucosidase inhibitor, fucoidan
that was isolated from Fucus vesiculosus serves as an anti-
diabetic agent [42]. Furthermore, by blocking VEGF
(vascular endothelial growth factor) signaling, fucoidan
can lessen the effects of diabetic retinopathy [43].
Furthermore, in preclinical research, fucoidan has been
utilized to treat diabetes by reducing the disease's
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symptoms [44]. Fucoidan probably lowers hyperglycemia
by regulating activated protein kinase (AMPK) signaling in
combination with GLUT-4 activity [45].

9.2. SGLT-2 (Sodium—Glucose Transporter-2)

SGLT-2 inhibitors, or sodium-glucose transporter, are
one promising class of drugs for the treatment of type 2
diabetes. The renal proximal tubules are surrounded by the
distinct Na-glucose transporter SGLT-2, which is
expressed by epithelia. Compared to SGLT-1 isoforms,
which are primarily found in the intestines, they are more

prevalent (about 90%) in the kidney tubular epithelium [46].

Their function is by inhibiting the reabsorption of glucose
in the renal tubules and demonstrating an insulin-specific
strategy. Theoretically, insulin and other anti-diabetic
medications could be taken in addition to these inhibitors
[47]. Diabetic patients currently use dapagliflozin,
empagliflozin, and canagliflozin on a commercial basis.

9.3. Statin Therapy

Statins are regarded as cutting-edge therapeutic
instruments for the control and management of diabetes.
Statins fall under the category of 3-hydroxy-3-methyl-
glutaryl-coenzyme A, or HMG-CoA reductase inhibitors.
Low-density lipoprotein (LDL) is known to be filtered by
statins, which lowers its blood level and strengthens blood
vessels in the process [48]. From now on, they provide the
twofold benefit of averting cardiovascular disease (CVD),
which is the most obvious and significant outcome of type
2 diabetes, and reducing diabetic ketoacidosis. They work
on the pathway that produces cholesterol by transforming
HMG-CoA into the well-known lipid-lowering agent
mevalonic acids. The results of a significant clinical trial
involving 6000 patients receiving statin therapy indicate
that the medication acts on the lipolytic pathway and, as a
result, maintains microvascular integrity, preventing
angiopathy in diabetic patients. According to Drummond,
R.S. et al., [49], Statins have been shown time and time
again to have anti-diabetic effects in observational studies
and clinical trials. Both LDL-C levels and the risk of
cellular and subcellular damage from hyperglycemia are
effectively reduced by these medications. Large-scale
research has demonstrated that statin users have a
marginally increased risk of developing diabetes.
Examples of these studies include meta-analyses and the
JUPITER trial, which evaluated rosuvastatin as an
intervention. From this point forward, all patients should
undergo a thorough assessment to determine their baseline
glucose metabolism, age, gender, and family history before
determining whether to begin or continue statin therapy. It
is critical to create a customized statin therapy plan for each
patient, taking into consideration their diabetogenic risk
factors. Thusforth, it is advised to regularly check glycated
hemoglobin (HbA1c) and blood glucose levels, particularly

in individuals who already have diabetes risk factors.

9.4. Quercetin Shielding against Diabetes

Quercetin has been identified in a broad variety of fruits
and vegetables, such as berries, onions, seeds, nuts, barks,
tea, flowers, leaves, and brassica vegetables. Quercetin's
biological effects on human health have been demonstrated
by recent pharmacological research. These effects include
protection against cardiovascular disease, prevention of
cataract development, and anti-inflammatory, anti-cancer,
anti-ulcer, and anti-diabetic properties [50,51]. The main
obstacle to quercetin's use is its lower oral bioavailability,
which is thought to be caused by the molecule's sugar
moiety. Through its action on multiple signal pathways,
quercetin has gradually been observed to reduce the
complications associated with diabetes. Furthermore, in rat
models of diabetes induced by streptozotocin (STZ) and
alloxan, oral administration of quercetin at varying doses
was able to lower blood glucose and glycosylated
haemoglobin (HbA1C). When quercetin was given orally
to a diabetic rat model, the serum glucose levels
significantly decreased. The restoration of the islet of
Langerhans, which raised serum insulin levels and
triggered insulin release, was assumed to be the therapeutic
mechanism.

It has also been discovered that quercetin reduces the
uptake of skeletal glucose, which influences the insulin
secretion stimulated by glucose in T2DM mouse models
(C57BL/KsJ-db/db) as well as the insulin resistance model
induced by a high-fat diet. Some theories suggest that
quercetin's hypoglycemic effect is caused by upregulating
gene/protein expression or by the expression of the glucose
transporter (GLUT), which phosphorylates the insulin
receptor or its substrate and improves insulin signal
transduction. Comparably, quercetin demonstrated a
therapeutic  strategy via its hypoglycemic, anti-
inflammatory, and antioxidant properties against diabetic
nephropathy—a serious side effect of diabetes [52].

9.5. An Immunological Perspective

In order to treat diabetes, particularly type 1 diabetes,
immunological therapy is now widely utilized. Antigen-
specific and non-antigen-specific strategies make up the
two main groups of immunological methods. Insulin and
heat shock proteins are two of the most popular
immunomodulatory medications, and they are being used
widely, such as cyclosporine A, anti-TNF, anti-CD3 cells,
mycophenolate mofetil, glutamic acid decarboxylase,
cytotoxic T cells, and anti-thymocyte globulin. Moreover,
investigations are being carried out to assess the role of M2
macrophages, IL-2 and rapamycin, dendritic cells,
regulatory T cells, IL-2, and IL-4 in improving TIDM. A
number of these medications have been tested in various
animal models for the treatment of type 1 diabetes in Life
2024, 14, 99, 12 of 21.
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9.5.1. Cyclosporin A (CSA)

One of the first and main immunosuppressive drugs was
cyclosporine A (calcineurin inhibitor), which has a strong
immune suppressant effect against type 1 diabetes [53]. It
functions by interfering with the TCR-mediated signal
transduction, which is then interrupted. This results in a
decrease in helper T cell IL-2 secretion and a stop in T cell
activation [54].

9.5.2. Tregs

In the context of type 1 diabetes (T1D), regulatory T
cells, or Tregs, have demonstrated potential as a potential
therapeutic tool. As a result of their ability to inhibit
autoimmune reactions and excessive immune responses,
TREGS are essential for preserving immune homeostasis
[55]. To maintain beta cell function, TREGS may aid in
immune response modulation. The use of Tregs as a
therapeutic vaccination against TIDM, for example, has
been proposed by authors. Similar to this, pancreatic islet
survival benefits from CD4(+) CD25(high)CD127-Tregs
[56].

9.5.3. Rituximab

Rituximab is a type of antigen-specific
immunomodulatory medication (monoclonal antibody) It
is directed towards the surface marker expressed by both
immature and mature B lymphocytes, called B-lymphocyte
antigen-CD-20. A phase II trial was recently carried out in
T1DM patients to monitor the patency of B cells when
rituximab was used. One year after the drug was started at
four doses per week for 87 TIDM patients. The average
area under the curve (AUC) for C-peptide was found to be
higher than that of the placebo group.

9.5.4. Anti-TNF-o

Commonly used as a therapeutic for autoimmune
diseases causing persistent inflammation, these
medications such as rheumatoid arthritis. It was discovered,
however, that reducing the amount of insulin needed in
children promotes the growth of pancreatic  cells in a
double-blind trial employing etanercept (anti-TNF-a). In
addition, it was recently discovered that anti-TNF-a
inhibits the progression and development of DM by
binding to the TNF-a receptor. Based on their ability to
deactivate T cells, these agents may prevent pancreatic 3
cells from undergoing apoptosis.

9.5.5. Glutamic Acid Decarboxylase 65

Glutamic Acid Decarboxylase 65 or GAD-65, is a class
of enzyme. When GADG65 peptides are administered
intraperitoneally to NOD mice, they trigger a Th2 cell
response that prevents autoreactive Thl responses and 3
cell autoimmunity in NOD mice. As a result, the prevalence
of pancreatic apoptosis and type I diabetes is declining.
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9.5.6. Insulin Secretagogues (TAK-875)

G protein-coupled receptor-40 (GpcR-40) is a surface
receptor that is most expressed in pancreatic  cells. Insulin
secretion is stimulated by fatty acid or synthetic ligand-
activated GpcR-40, but only when elevated glucose
concentrations are present. TAK-875 is a new drug that acts
on GpcR-40 to cause hypoglycemia and an appreciable
increase in the insulinogenic index in individuals with
diabetes.

10. Ethno- Medicine

The use of ethno-medicine India is renowned for its age-
old medical practices (Unani, Siddha, and Ayurveda) and
is regarded as the world's garden due to the wide range of
herbs it grows. Worldwide management and treatment of
diabetes mellitus (DM) involve approximately 21,000
herbs that the World Health Organization (WHO) lists as
possessing a variety of pharmacological properties and
functional chemical components [57]. These bioactive
substances that were taken from the source of the plant are
both profitable and reasonably priced for people from all
social classes. They also have fewer side effects. Compared
to traditional medications like metformin, tolbutamide, and
chlorpropamide, these bioactive compounds have anti-
diabetic properties, or hypoglycemic effects, which is why
they are used more widely like many herbal plants,
including Murraya koenigii, Withania somniferous.
Among other glucose-reducing ingredients with anti-
diabetic qualities, it has been demonstrated that A//ium
sativum, Gymnemasylbestre, Allium cepa, Spreng, and
Withania  somniferous contain biologically active
terpenoids, flavonoids, phenolics, and coumarins.
Although maximum herbal-based medications have been
used extensively for decades, their exact mechanism of
action is unknown.

11. Conclusions

Diabetes mellitus is receiving increased global attention
due to its severe impact on human health. Efforts to combat
it include continuous monitoring, new drug development,
and emphasis on lifestyle factors like exercise and diet,
especially for Type 2 diabetes. While conventional drugs
like insulin are being replaced by more effective options
with fewer side effects, phytomedicines are gaining
traction for their promising benefits at lower costs. The
ongoing quest for better management underscores the
economic and health challenges posed by diabetes, with
diverse approaches being explored to control its global
spread.
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