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Abstract

Diabetes mellitus (DM), is a metabolic condition with persistent low grade chronic
inflammation and is commonly diagnosed by high blood glucose level. In type 1 DM (T1DM),
the loss of insulin synthesizing pancreatic 3 cell is responsible for hyperglycemia. However,
decreased insulin secretion and higher insulin resistance is associated with type 2 DM (T2DM).
This insulin insufficiency leads to hyperglycemia induced oxidative stress, chronic
inflammation, macrophage infiltration in the pancreas, eventually damaging pancreatic f cells.
Additionally, metabolic imbalance, hyperglycemia, and chronic inflammation leads to
deposition of free fatty acids in hepatocytes causing hepatotoxicity. Clinically, exogenous
insulin is used for the management of TLDM while, for T2DM, metformin is the first line of
treatment. The other commonly prescribed treatments for T2DM includes sulphonylureas,
meglitinides, sodium-glucose transport protein-2 inhibitors, incretin analogues, and insulin.
Moreover, the combination of drugs with complementary mechanism of action provides better
anti-diabetic efficacy when used clinically. Though, these treatments can help to regulate blood
glucose level, still, these treatment regimens are associated with increased incidences of
hypoglycemia, diabetic ketoacidosis, increased body weight, urinary tract infections, short
plasma half-life, gain of insulin resistance, and loss of pancreatic B cells over time. Further,
most of the clinically available therapies aimed to regulate blood glucose and do not improve
insulin resistance and pancreatic 3 functions, hence, the underlying pathophysiology remains

resolved and fails to provide a complete solution.

Previous studies showed that the expression of the angiotensin Il type 1 receptor (AT1R) is
higher in diabetic conditions and its activation increases oxidative stress, damages endoplasmic
reticulum, and leads to pancreatic  cell apoptosis. Moreover, telmisartan (TEL) which is an

ATI1R blocker (ARB) can reduce insulin resistance, restore oxidative balance, decrease ROS



levels, increase insulin secretion, and improve the morphology of pancreatic islet. However,
like other small molecule drugs, TEL is associated with drawbacks including short plasma half-
life, non-specificity, poor in vivo efficacy, require frequent and high dosage to achieve
therapeutic benefits, causing dose-dependent toxicities to the healthy organs.

In literature, encapsulation of drugs inside nanoparticle-based delivery systems have shown a
great efficacy to overcome the limitation of these small molecule drugs. To this end, this thesis
is aimed to develop TEL nanoformulations using MING6-derived extracellular vesicles (CEV)
which not only act delivery vehicle but impart therapeutic benefit. Moreover, to show that CEV
impart therapeutic benefit and compare the efficacy of TEL loaded CEV, we have synthesized
lipoTEL by encapsulating TEL in to biomimetic lipid nanoparticles (BLN) mimicking lipid
compositions of CEV. Our study showed that treatment of murine TLDM mice with nanoTEL
outperforms lipoTEL by restoring the function of pancreatic B cells through the modulation of
pancreatic inflammatory microenvironment. However, treatment with nanoTEL failed to
reduce blood glucose levels over time. Further, T2DM which constitutes ~90% of total diabetes
cases, has multidimensional complications. Thus, to address complication imparted by the
hyperglycemic microenvironment of T2DM, a glucose-responsive bio-inspired formulation,
termed Diabogel, containing modified glucagon like peptide-1, TEL, and CEV was developed.
In vitro and in vivo efficacy analysis showed, treatment with Diabogel can address multifaceted
complication of T2DM resulting into reduced blood glucose, improved pancreatic B cell

functions while simultaneously reducing hepatotoxicity.
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