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INTRODUCTION
Diabetes Mellitus (DM) significantly increases morbidity and early 
mortality by affecting a person’s quality of life and functional abilities. 
An estimated 1.5 million deaths each year are directly related to the 
condition [1,2]. However, the incidence and total diabetes cases 
have been steadily rising during the last few decades. A considerable 
proportion among the global population suffers from DM [3]. The 
International Diabetes Federation (IDF) reports that among Western 
IDF regions, the greatest incidence of diabetes (13%) was seen in 
people from North America and the Caribbean between 20 and 79 
years of age. In South Asian nations, the greatest rates of diabetes 
prevalence are seen 22% in Mauritius, 10.7% in Sri Lanka, and 
10.4% in India. DM affects over 425 million people globally, and 
because of poor diets and sedentary lives, it is expected that the 
number will rise to almost 629 million by 2045 [4,5].

The DM is notably associated with both major vascular issues 
like peripheral vascular disease, cerebrovascular disease, and 
ischaemic heart disease, as well as minor vascular problems, 
including nephropathy, retinopathy, and neuropathy. However, 
Type-2 Diabetes Mellitus (T2DM), a chronic metabolic condition with 
insufficient insulin secretion, resistance of body tissues to insulin, 
and a lack of effective compensatory mechanisms, is responsible for 
almost 90% of diabetes incidence [6]. It is characterised by a relative 
insulin shortage. Overnutrition can eventually lead to inflammation 
and stress on the β-cells, which can induce malfunction and 
additional stages of atrophy [7].

According to various studies, data from surveys indicates that the 
incidence of diabetes in adults will increase from 4% in 1995 to 6.4% 
by 2025 [6,7]. However, sulfonylureas, metformin, inhibitors of the 
Dipeptidyl Peptidase 4 (DPP-4) pathway, inhibitors of α-glucosidase, 
Thiazolidinedione (TZD), and short- and long-acting insulin are 
among the treatment methods available for the management of 
DM [8]. Due to their ineffectiveness and correlation with various 
adverse consequences, such as weight gain, hypoglycaemia, lactic 
acidosis, and gastric disorders, these therapeutic agents can only 

treat diabetes symptomatically. As a result, it is necessary to find 
targets or medications that are more effective than these in terms of 
safety and tolerability [9].

Recently, researchers have been focusing on discovering a 
new biological pathway in light of the disruption in endocrine 
homeostasis, which, if restored, may outperform current traditional 
treatments. But these drugs can’t fully manage diabetes, therefore 
research is still being done to find a better cure [10,11]. There 
are some medications and receptors that are now being used 
to treat diabetes, including α-Glucosidase inhibitors, Peroxisome 
Proliferator-activated Receptors (PPARs), amylin analogues, 
Glucagon-like Peptide-1 (GLP-1), biguanides, glinides, gliptins, 
and dopamine D-2 agonists are among the substances that are 
involved in glucose metabolism. Given the increased incidence 
of diabetes over the past 20 years and the disease’s irreversible 
nature, lifetime antidiabetic medication treatment is the standard 
of care [11,12].

Therefore, it has been anticipated that the evaluation would 
explore  newly discovered molecular targets that potentially 
improve the development of drugs in the treatment of DM. By 
highlighting these novel molecular targets, this review emphasises 
the possible developments in antidiabetic drugs with improved 
effectiveness and novel methods of action as compared to 
existing therapies.

Diabetes Mellitus (DM)- An Overview
The inability of the body to use glucose is known as DM, a chronic, 
progressive metabolic condition. It could be brought on by a drop 
in the body’s insulin release from pancreatic cells or a loss of 
insulin sensitivity. Blood glucose levels can stay in the 80-120 mg/
dL range as insulin helps cells absorb glucose [12]. Hence, the 
deficiency of insulin leads to the body developing hyperglycaemia, 
marked by heightened blood glucose levels, which can result 
in a number of metabolic and potentially fatal conditions, such 
as neuropathy, cardiovascular, and nephropathic disorders. 
Nonetheless, given that 70% of Indians reside in rural regions 
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ABSTRACT
Diabetes Mellitus (DM) is a persistent metabolic disorder characterised by elevated glucose concentration in blood. Approximately, 
422 million individuals globally suffer from diabetes, with the majority residing among middle-class and lower-class countries 
as per the reports of World Health Organisation (WHO) 2023. Strict blood sugar control in conjunction with high-dose insulin 
therapy might potentially prevent or delay the progression of microvascular issues, lower overall mortality, and lessen the chance 
of macrovascular problems. These conclusions were supported by the Diabetes Control and Complications Trial and the large 
longitudinal investigation known as the epidemiology of diabetes and its complications. Numerous drugs and receptors involved 
in glucose metabolism are currently being used to treat diabetes, including α-Glucosidase inhibitors, dopamine D-2 agonists, 
biguanides, glinides, amylin analogues, Peroxisome Proliferator-activated Receptors (PPARs), Glucagon-like Peptide-1 (GLP-1), 
and biguanides. Due to the associated side effects and the financial difficulties in obtaining traditional antidiabetic regimens, the 
current review has placed a higher priority on investigating novel molecular targets for the development of antidiabetic medications 
intended to manage the progression of the illness. This emphasises how important it is to find new molecular targets associated 
with the illness’s onset instead of only treating its symptoms or outward signs.
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with inadequate access to healthcare, undeveloped healthcare 
systems is the main cause of the high incidence of diabetes [13]. 
Inadequate diabetes screening, a lack of preventive options, and 
a failure to follow diabetes care recommendations after diagnosis 
are all caused by these variables. Consequently, it has been 
demonstrated that increasing physical activity helps the body 
maintain glucose homeostasis and postpones the beginning of 
impaired glucose tolerance. Currently, there are three main forms 
of diabetes, which are explained below, based on insulin shortage 
and cell insensitivity to insulin [14,15].

Type 1 Diabetes Mellitus (T1DM)
Main characteristic of T1DM is the autoimmune-caused loss 
of pancreatic beta cells. As a result, beta cells are completely 
destroyed, which causes very little or no insulin to be produced. 
Although this form of diabetes affects individuals of all ages, children 
are more likely to have it than adults [16].

Type 2 Diabetes Mellitus (T2DM)
Typically, T2DM has been distinguished as an imbalance between 
the synthesis of insulin and the response to it, resulting in impaired 
insulin function as well as β-cell malfunction [17]. Obesity and 
overweight contribute significantly to T2DM risk by raising the 
possibility of developing insulin resistance. This would therefore lead 
to a decrease in the absorption of glucose in tissues such as the 
heart or musculoskeletal system, and augmentation of production 
of glucose in tissues like liver. In order to confront such conditions, 
β-cells increase the release of insulin [18,19].

Gestational Diabetes
All diabetes that appears during pregnancy is called gestational 
diabetes. The exact cause of its onset is not yet fully understood. 
Furthermore, the excessive production of proinsulin is also a 
contributing factor to gestational diabetes, with some research 
suggesting that proinsulin might induce stress in beta cells [20]. There 
is conjecture that peripheral insulin sensitivity and b-cell activity may 
be impacted by increased levels of cortisol, progesterone, oestrogen, 
human placental lactogen, and prolactin [21,22].

Antidiabetic Medications
Precise management of blood sugar levels through rigorous 
glycaemic control and intensive insulin therapy has the capacity to 
prevent or delay the progression of microvascular complications, 
lower the risk of macrovascular issues, and decrease overall 
mortality. These findings were demonstrated in the Diabetes Control 
and Complications Trial, along with its extended observational study, 
the Epidemiology of Diabetes and its Complications [23]. T1DM 
is mostly managed with insulin treatment, which uses both long- 
and rapid-acting insulin analogues. When two to three months of 
lifestyle modification are not enough to establish glycaemic control 
or if the HbA1c climbs to 6.5%, pharmacological therapy for 
T2DM should be started [Table/Fig-1] [24,25]. Furthermore, [Table/
Fig-2] details the mechanism and adverse effects of antidiabetic 
medications [26-34].

The main groups of oral antidiabetic drugs are: Sodium-Glucose 
Cotransporter Protein 2 (SGLT2) inhibitors, biguanides, inhibitors of 
DPP-4 pathway, sulfonylureas, meglitinide, α-glucosidase inhibitors 
and TZD. The need to combine two oral medications or initiate insulin 
therapy may arise when the HbA1c level reaches 7.5% despite using 
oral medications or if the initial HbA1c measurement was 9% or 
higher. Even though these drugs may be administered to any patient, 
regardless of body weight, some drugs, like liraglutide, may benefit 
obese individuals more than lean diabetics [35]. However, despite 
these challenges, [Table/Fig-3] outlines fewer novel antidiabetic 
medications that target molecular pathways [36-51].

[Table/Fig-1]:	 Role of antidiabetic medications [24,25].

Class of antidi-
abetic drugs

Antidiabetic 
drugs Mechanism of action Adverse reactions

DPP-4 inhibitor 
[26] 

Linagliptin, 
Alogliptin, 
Sitagliptin, 
and 
Saxagliptin

Inhibit the degradation 
of incretins like 
Glucagon-Like 
Peptide-1 (GLP-1) and 
Glucose-dependent 
Insulinotropic Peptide 
(GIP)

Acute hepatitis, 
Upper Respiratory 
Tract Infections 
(URTI) and 
pancreatitis

Biguanide [27,28] Metformin 

Enhances insulin 
sensitivity and inhibits 
hepatic glucose 
production

Low folic acid and 
vitamin B12 levels 
leads to neuropathy 
and anaemia in the 
elderly and lactic 
acidosis

Insulin [29]

Humulin 
R, Novolin 
R, Lantus 
(Insulin 
Glargine), and 
Levemir

Increases the 
absorption of glucose 
in peripheral tissues 
and triggers the 
signaling pathways 
that regulate glucose 
downstream

Weight gain, 
hypoglycaemia, 
injection site 
response 
(lipohypertrophy 
and lipoatrophy) 
and insulin allergy

α- glucosidase 
inhibitors [30]

Acarbose 
and Miglitol

Delays the intake of 
glucose and reversibly 
inhibits α-glucosidase

Diarrhoea and 
disturbances of the 
stomach

GLP-1 receptor 
agonists [31,32] 

Exenatide,
Liraglutide, 
and 
Dulaglutide

Stimulates the GLP-1 
receptor, secretes 
more insulin and less 
glucagon, promotes 
satiety, and postpones 
the emptying of the 
stomach

Risk of pancreatitis 
for cancer and 
cardiac incidence 
as well as intestinal 
effects

Thiazolidinediones 
(TZD) [33] 

Pioglitazone 
and 
Rosiglitazone

They enhance 
adipogenesis via 
binding to PPAR-γ

Liver failure, heart 
problems, visual 
problems and 
increased weight

Sulphonylureas 
[34]

Glimepiride, 
Glipizide, and 
Glyburide

Promoting secretion 
of insulin

Hypoglycaemia 
Weight gain, 
risk for cardiac 
diseases, rashes, 
cholesteric jaundice 
photosensitivity, 
and damage in 
bone marrow

[Table/Fig-2]:	 Mechanism and adverse effects of antidiabetic medications [26-34].

Molecular Targets
Traditionally, antidiabetic medications have targeted pancreatic b 
cells to boost insulin production. On the other hand, long-term 
use of these medications nearly always results in numerous side 
effects. So, scientists are searching for fresh methods to treat 
DM. Lately, there has been a goal among researchers to close the 
knowledge gap between studying signal transduction pathways 
primarily in diabetes, and the involvement of lipids [35,52]. It is 
necessary to look at the interactions between carbohydrates, 
kinases, and lipids under both regular and unusual conditions. 
These particular connections between lipids and proteins may 
be investigated on many levels: molecularly via the examination 
of potential structural interactions; biochemically through the 
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examination of membrane microdomains under both normal and 
aberrant conditions; and genetically through the investigation of 
gene expression [53].

Dipeptidyl Peptidase-4 (DPP-4): DPP-4 has been linked to T2DM 
patients who have an incretin deficit. The incretin hormones like 
GLP-1 as well as Glucose-dependent Insulinotropic Polypeptide 
(GIP) were routinely generated in the digestive tract in reaction 
to meals, which mediated the glucose-dependent production of 
insulin. However, the reason behind their deactivation is DPP-4 
[54]. Gliptins, a family of drugs known as DPP-4 inhibitors, can 
indirectly increase insulin production by reducing endogenous 
incretin breakdown. DPP-4 inhibitors work by blocking the enzyme, 
which raises the levels of these hormones. As a result, elevated 
insulin and reduced glucagon release lower blood glucose levels. 
Thus, it has been shown that molecular scaffolds, which function 
as DPP-4 inhibitors were found to be promising treatment for 
T2DM [55].

AMP-Activated Protein Kinase (AMPK): AMPK serves as the 
central controller of lipid and glucose metabolism and operates as 
an energy-sensing mechanism. However, it becomes triggered in 
response to elevated levels of AMP. Metformin, most commonly 
recommended first-line medication for diabetes, is known 
for its ability to increase the AMPK alpha-subunit’s catalytic 
phosphorylation at Thr-172 in hepatocytes. This phenomenon 
induces muscle cells to absorb glucose and boosts fatty acid 
oxidation [56]. Increased AMP levels cause AMPK to be activated, 

which in turn causes gluconeogenic enzymes to be downregulated 
and hepatic gluconeogenesis to be inhibited. A significant obstacle 
to “METC complex I/AMP/AMPK” axis is the need for millimolar 
doses of metformin to inhibit METC complex I. For most cell types, 
including enterocytes, millimolar concentrations of metformin 
are not expected to be reached with therapeutic dosages of the 
drug. Instead, millimolar concentrations are found after oral or 
intravenous administration of clinical doses of the drug. The precise 
molecular process is still unclear despite several studies and clinical 
applications [56,57].

Peroxisome Proliferator-Activated Receptor-γ (PPARγ): Nuclear 
receptors, specifically PPARs, exert influence over translation and 
transcription of multiple genes. PPARγ oversees lipid metabolism 
as well as maintaining glucose homeostasis. Numerous fatty acids 
have the ability to activate PPARs. Lipid-induced insulin resistance 
results from their suppression of hepatic gluconeogenesis and 
induction of glucose transporter (GLUT4) expression. Moreover, 
TZDs are PPARγ agonists that influence inflammatory and 
cardiovascular indicators in addition to bringing blood glucose 
levels back to normal [58].

ATP-sensitive K+ channel (KATP): Membrane electrical activity of 
β-cells is modulated by ATP-sensitive potassium (KATP) channels, 
which also control the inflow of K+. Elevated blood glucose 
concentrations promote glucose metabolism by shutting down 
KATP channels. Through the induction of KATP channel closure in 
the pancreatic β-cells, whole sulphonylurea medicines boost the 
generation of insulin. Consequently, the activation of voltage-
dependent Ca2+ channels by Ca2+ inflow led to membrane 
depolarisation and the subsequent exocytosis of insulin granules. 
Meglitinides bind to the KATP channel similarly to sulfonylureas, 
however their affinity for binding is less. Unfortunately, a number 
of years of research have shown that these medications are not 
practical since they cause apoptosis of β-cells [59].

Challenges of Conventional Therapeutic Approach
The treatment of DM necessitates a multidisciplinary approach 
due to the complexity of the condition. For diabetic patients to 
maintain glycaemic control, medication adherence has shown 
to be a persistent difficulty. Research has indicated that there is 
especially low medication adherence to treatments that are seen as 
somewhat inconvenient, such as insulin therapy [60]. It is necessary 
to select the pharmaceutical treatments according to the patient’s 
risk factors. Patients with congestive heart failure may be at risk 
for lactic acidosis and renal damage while taking insulin sensitisers 
like metformin. Metformin side effects including taste disturbance, 
dermatitis, and gastrointestinal issues have been reported in safety 
and effectiveness trials. In contrast, pioglitazone has exhibited an 
increased probability of bladder cancer development [61].

In order to attain glycaemic control, injectables may be a preferable 
option for many patients due to diabetes’s progressive nature, 
however lifestyle modifications and oral hypoglycaemic medications 
are still the initial methods of management. Regretfully, most patients 
associate starting an injectable treatment with bad feelings that 
stem from behavioural, psychological, and practical concerns. 
Consequently, in order to overcome patients’ anxiety of injectable 
medicines and lessen psychological stress, it is crucial to provide 
proper information and contact with patients [60]. As of now, 
there is no known cure for diabetes; the only available treatment 
is management. The next generation of medicines may be greatly 
aided by basic mechanistic research to better understand the 
intricate biology behind the benefits and drawbacks of treating 
diabetes [62].

Emerging Molecular Targets of Antidiabetic Medication
Protein Tyrosine Phosphatase 1B (PTP1B): Protein Tyrosine 
Phosphatases (PTPs) are involved in various cellular functions, 

Antidiabetic drugs Mechanism of action Target

Staurosporine [36]

Activation of the canonical 
PI3K-AKT pathway for initiating 
exocytosis of storage vesicles 
in GLUT4 

Glucose 
transporter 
protein type-4 
(GLUT4)

AdipoRon [37-39]

Lowers adiponectin levels and 
reduces diabetes-induced 
oxidative stress and apoptosis 
which are linked to lipid 
accumulation and endothelial 
dysfunction

Adiponectin

Chenodiol and Ursodiol 
[40,41]

Boosts the uptake of long-chain 
and very Long-Chain Fatty Acids 
(LCFA) into the cells

Fatty acid 
transport 
protein-5 

BDM44768, NTE-1, 6bK 
[42]

Thiol zinc-metalloendopeptidase 
splits small proteins with various 
sequences

Insulin degrading 
enzyme 

Bromocriptine [43]
Enhances the absorption of 
glucose via the JAK2/STAT5 
pathway

Prolactin 
receptor 

Imatinib, Sunitinib, 
Dasatinib, Sorafenib, 
Erlotinib [44]

Reduces insulin resistance, 
extends the lifespan of b cells, 
reduces apoptosis of b cells and 
increases insulin production

Tyrosine Kinase

Piolitazone, aleglitazar, 
glitazones, GFT505 [45]

Weight gain, enhances insulin 
sensitivity, glucose homeostasis, 
serum lipid profile, and 
decreases inflammation 

PPAR-γ

Dapagliflozin, canagliflozin, 
sergliflozin, remogliflozin, 
ipragliflozin, and 
empagliflozin, etc., [46]

Increases kidney-dependent 
glucose homeostasis

SGLT-2

SRT2104, resveratrol [47]
Enhances mitochondrial 
capacity, homeostasis of 
glucose, and insulin sensitivity

Sirtuin 1 

INT-777 [48]

Accumulation of cAMP and 
improved GLP-1 production 
(intestine), as well as an anti-
inflammatory impact (liver)

G-protein-
coupled bile acid 
receptor 1

APD5979, MBX-2982 [49] Increases cAMP signaling
G-protein-
coupled 
receptor 119

INCB13739, MK-0916, 
and BI 135585 [50,51]

Blocking cortisol
11β-HSD1 
(hydroxyl steroid 
dehydrogenase)

[Table/Fig-3]:	 Novel antidiabetic medications targeting molecular pathways [36-51].
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encompassing immune response, cell growth, differentiation, 
as well as mitochondrial processes [63]. PTP1B is one of PTPs 
that can negatively alter the insulin and leptin signal pathway, 
rendering it a crucial therapeutic target for the obesity and T1DM 
management [64,65]. Tyrosine phosphorylation is a crucial stage in 
the transmission of the insulin signal within the loop that activates 
insulin receptors. Insulin signalling has been negatively regulated 
when the phosphor-tyrosine residues in the insulin receptor 
kinase activation areas are dephosphorylated by PTP1B [66]. 
Considerable diversity in the actions of PTP1B inhibitors led to the 
identification of several synthetic compounds suitable for further 
development as medicines. Additionally, PTP1B contributes to 
the growth of β-cells in the pancreas. For example, according to 
Fernandez-Ruiz R et al., PTP1B knockout mice exhibit elevated 
b-cell proliferation and increased insulin production regarding 
glucose stimulation. These results offer strong evidence for 
PTP1B’s involvement in diabetes, which has sparked interest in 
PTP1B inhibitors and led to the discovery and synthesis of many 
PTP1B inhibitors [67].

Free Fatty Acids (FFA): These have the capacity to function as 
signaling molecules. Based on the length of their chain, FFAs are 
commonly classified into three subcategories: Short-Chain Fatty 
Acids (SCFAs), Medium-Chain Fatty Acids (MCFAs), and Long-
Chain Fatty Acids (LCFAs), characterised by differing chain lengths. 
It is known that FFAs with these different chain lengths stimulate 
FFA1, FFA2, and FFA3 transmembrane receptors. An increase in 
insulin production that is triggered by glucose is also significantly 
influenced by the activation of these receptors. Therefore, a number 
of FFA1 ligands have been found and investigated because to 
its evident function in glucose-stimulated insulin production [40]. 
Although FFA2 and FFA3 have a complicated involvement in insulin, 
they function similarly to FFA1 receptors and are activated by 
SCFAs neutrophils in particular have high expression levels of FFA2 
receptors in their immune cells. It is known that intestinal bacteria in 
the body digest food fibres to form ligands for FFA2 [41]. However, 
Tang C et al., demonstrated the FFA2 and FFA3 expression on b 
cells of human pancreas. By attaching to Gi-type G-proteins, these 
receptors have been demonstrated to suppress insulin release. 
Moreover, insulin production was increased in pancreatic b cells 
when FFA2 and FFA3 receptors were removed. These results 
showed that FFA2/FFA3 antagonists could be helpful for those with 
T2DM [68].

11β-Hydroxysteroid Dehydrogenase: The transformation of 
cortisone from its inactive to its active state is catalysed by the 
enzyme 11β-Hydroxysteroid dehydrogenase (11β-HSD). A number 
of illnesses, including obesity, diabetes, high blood pressure, 
and dyslipidaemia, are influenced by elevated levels of active 
glucocorticoids, such as cortisol. Also, transgenic mice lacking 11β-
HSD exhibited improved sensitivity to insulin as well as demonstrated 
that increased fat content produces a stronger defence against 
obesity. However, there is also evidence linking overexpression of 
11β-HSD in mice to an increased risk of metabolic syndrome. For 
this reason, 11β-HSD is regarded as a crucial therapeutic target for 
T2DM [69].

FoxO1: One important target for T2DM is the fork head 
transcription factor of the class O 1 (FoxO1), which is also 
known as mediating factor of insulin signalling in b cells. It has 
been shown that insulin and glucose tolerance were improved 
by dominant negative FoxO1 adipocytes. Furthermore, FoxO1 in 
the pancreas causes stress and apoptosis, which leads to β-cell 
malfunction. Phosphorylation and acetylation represent the two 
most prevalent post-translational modifications of FoxO1, which 
alter the activity of many genes [70]. One major way that FoxO1 
exits the nucleus and gets broken down by ubiquitination is through 
phosphorylation. Under circumstances akin to oxidative stress in 
diabetic livers, O-GlcNAcylation even activates FoxO1, and this, in 

turn, leads to the enhanced activation of numerous genes involved 
in gluconeogenesis and the detoxification of Reactive Oxygen 
Species (ROS). However, the gluconeogenesis gene series is 
activated during fasting by PGC1-α activation, which then binds 
directly to FoxO1, leading to its phosphorylation and subsequent 
translocation out of the nucleus, effectively rendering it inactive 
[71].

Nuclear Factor (Erythroid-derived 2)-Like 2 (NRF2): In several 
illnesses, one essential molecular node that offers cytoprotection 
is NRF2. It is anticipated that it would be a key target in drug 
discovery because of its diverse involvement in a range of 
disorders. Four NFE2L2 gene Single Nucleotide Polymorphisms 
(SNPs) were found to have a significant variance in their 
genotypic and allelic frequencies, which is concerning for T2DM 
patients. Furthermore, a study used NRF2 induction to induce 
hyperglycaemia in diabetic  animals and found that there was 
a reduction of hepatic glucose 6 phosphatase via cAMPCREB 
signalling by reducing levels of blood glucose. This implies that 
NRF2 is involved in adipogenesis and a number of metabolic 
diseases. Acute glucose administration has been suggested to 
raise NRF2 levels, however, chronic glucose circumstances are 
thought to be ineffective in doing so [72,73].

Peroxisome Proliferator-activated Receptor Gamma Co-
activator Alpha (PGC-1α): Among humans, the PPAR Gamma 
Coactivator 1-Alpha (PPARGC1A) gene encodes the protein PGC-
1α. PGC-1α averts mitochondrial failure and metabolic illnesses 
linked to adipocyte malfunction by maintaining energy balance and 
regulating insulin signalling expression, uncoupling proteins, as 
well as mitochondrial biogenesis, dynamics, and antioxidant genes 
[74]. When PGC-1α is dysregulated, cells lose their inflammatory 
response and homeostasis gets worse, which typically results in 
metabolic issues [75]. Low levels of PGC-1α promote atomic factor 
κ-B activation, induce inflammation and oxidative pressure, and 
downregulate mitochondrial quality articulation during adipocyte 
failure. Treatment for PGC-1α quality was found to enhance fat 
tissue function and have a favourable impact on distant organs 
such as the liver. This suggests that targeting PGC-1α quality is 
a tempting corrective approach to enhance metabolism, insulin 
affectability, vascular capacity, and insulin processing in metabolic 
diseases [76].

MicroRNA: Non-coding Ribonucleic Acids (RNAs) called 
microRNAs (miRNAs) take part in a variety of biological and 
molecular processes to carry out epigenetic regulation. miRNAs can 
modify a few basic processes associated with T2DM pathogenesis, 
including insulin production and insulin granule exocytosis. [Table/
Fig-4] shows the pancreatic β-cell regulations mediated by miRNA 
actions [77]. The pathophysiology of diabetes may be impacted by 
the dysregulation of several miRNAs, including those that target 
the pancreatic β-cells, including miR-15, miR-21, miR-144, miR-
150, miR-375, miR-503, miR-510, miR-214, and miR-191. Ying 
C et al., have reported that resistin is upregulated when miR-492 
is downregulated, which causes insulin intolerance. As a result, 
microRNAs may provide fresh approaches to controlling diabetes-
related processes [78].

SLC16A11: The Slim Initiative in Genomic Medicine for the 
Americas (SIGMA) conducted genome-based research that 
revealed a genetic region that is highly connected to T2DM. 
These haplotypes linked to diabetes decreased the expression of 
SLC16A11 in the liver and interfered with its interaction with basigin, 
resulting in a reduction in SLC16A11’s cell surface localisation. 
Fatty acid and lipid metabolism are modulated in primary human 
hepatocytes upon SLC16A11 knockdown [79]. Because insulin 
resistance is associated with higher triglyceride levels, SLC16A11 
polymorphisms may raise the risk of diabetes via controlling how 
fat is metabolised. The gene SLC16A11 is the eleventh member 
among a group of 14 potent SLC16 genes responsible for encoding 
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Monocarboxylate Transporters (MCTs). For primary human 
hepatocytes with decreased MCT11 activity, siRNA-mediated 
suppression of the SLC16A11 gene led to enhanced cellular fatty 
acid and lipid metabolism. Numerous concerns, such as what the 
special substrates are linked to the transit of mediators aimed at 
the physiological and biochemical pathways influencing T2DM, are 
still unsolved [80].

Cholesteryl Ester Transfer Protein (CETP) Gene: CETP is 
a glycoprotein released by the liver that aids in the transfer of 
cholesteryl esters from High-Density Lipoprotein (HDL) to Very-
Low-Density Lipoprotein (VLDL) and Low-Density Lipoprotein (LDL). 
Thus, when CETP is inhibited, blood levels of LDL-C and HDL-C 
rises, respectively. According to reports, CETP inhibition is regarded 
as a desirable antiatherogenic target that reduces the chance of 
developing coronary heart disease [81,82]. A meta-analysis was 
conducted to assess the influence of CETP inhibitors on glucose 
regulation, with the hypothesis that HDL Cholesterol (HDL-C) might 
have potential antidiabetic properties [81]. The analysis unveiled 
a 12% decrease in the occurrence of diabetes. It’s important to 
note that T2DM is a well-established contributing risk factor for the 
development of cardiovascular atherosclerosis. However, the study 
conducted by Barter et al., showed that the concurrent administration 
of a statin and a CETP inhibitor lowers the occurrence of diabetes 
in individuals with cardiovascular disease. Hence, further research 
is required to obtain a comprehensive understanding of how CETP 
inhibitors impact glycaemic control and mitigate the risk of diabetes 
onset [82].

Future Perspective
Globally, the prevalence of diabetes has suddenly increased 
in recent decades, with T2DM accounting for the majority of 
cases. More effective treatments are needed in light of the 
concerning rise in diabetes cases. Long-term macrovascular 
and microvascular-related problems, such as heart problems, 
Alzheimer’s disease, kidney, eye, and foot damage, among other 
conditions can arise from inadequate control and treatment. The 
biggest challenges in DM include a lack of therapeutic agents and 
restricted treatment options, despite several attempts to manage 
this metabolic illness. The solution to this therapeutic conundrum 
lies in the discovery of new therapeutic targets and medications. 
The majority of medicines on the market today work by inhibiting 
specific enzymes that reduce the symptoms of an illness, but 
more recently, drug candidates have been developed that work 
by blocking the development of the disease using peptides or 
nucleotides. This highlights the necessity of discovering novel 

molecular targets associated with the onset of illness instead of 
addressing its manifestations.

CONCLUSION(S)
In developing new drugs to treat diabetes, attention should be 
paid to shared molecular targets such as Toll-like receptors (TLR), 
GLP-1, PPAR-γ, Transient Receptor Potential (TRP) channels, and 
targets related to inflammation that originate from adipose tissue. 
A comprehensive analysis of the potential molecular targets in 
relation to their therapeutic rationale made it abundantly evident 
that several established molecular targets remain unutilised in large-
scale antidiabetic drug screens. As of now, assay development has 
been most frequently focused on SGLT2 inhibitors, DPP-4, and 
agonists for GLP-1 receptors of every known diabetes molecular 
target. Hence, these should be investigated in the future in order 
to develop novel bioassays and, eventually, potent diabetic multi-
targeting treatments.
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