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• Type 2 diabetes is caused by multi-organ insulin resistance, in 
conjunction with a decline in β cell insulin secretory function
• obesity is likely responsible for the recent increase in the 

prevalence of type 2 diabetes

•Bogardus C, Tataranni PA. Reduced early insulin secretion in the etiology of 
type 2 diabetes mellitus in Pima Indians. Diabetes. 2002 Feb;51 Suppl 
1:S262-4. doi: 10.2337/diabetes.51.2007.s262. PMID: 11815490.



Obesity
• chronic disease -the excess of adiposity
• Associated with increased risks:

• cardiovascular disease (CVD)
• type 2 diabetes (DM2)
• hypertension
• dyslipidemia
• insulin resistance
• sleep apnea
• osteoarthritis
• hepatic steatosis 
• cancer



The pathogenesis of insulin 
resistance: integrating signaling 

pathways and substrate flux

Samuel, Varman T., and Gerald I. Shulman. 
“The Pathogenesis of Insulin Resistance: 
Integrating Signaling Pathways and Substrate 
Flux.” The Journal of Clinical Investigation
126, no. 1 (January 4, 2016): 12–22. 
https://doi.org/10.1172/JCI77812.

https://doi.org/10.1172/JCI77812


Diabetes 
• 2019, the International Diabetes Federation (IDF) estimated that 463 

million people aged 20 to 79 years had diabetes
• 9.3% of the world’s population
• 578 million by 2030 
• 700 million by 2045
• deaths that were attributed to diabetes and complications of diabetes in 2019 

was 4.2 million
• annual global health expenditure on diabetes is estimated to be 760 billion 

US dollars
• 845 billion US dollars by 2045

International Diabetes Federation. IDF Diabetes Atlas, 9th ed.; International 
Diabetes Federation: Brussels, Belgium, 2019.



Diabetes 

• Type 2 diabetes mellitus (T2DM) accounts for 90% to 95% of all 
diabetes in the world
• T2DM is characterized by insulin resistance
• leads to hyperglycemia
• Hyperinsulinemia
• Eventual inadequate production of insulin may develop as a result of 

pancreatic islet β-cell dysfunction



How do we understand how a cell adjusts and 
adapts to increased glucose and insulin 

• We need to appreciate the principles biochemistry and molecular 
biology 

• Appreciate the language of cellular communication 
• Cellular signaling 



Metabolic Pathways 
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Substrate Influence 
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Mito-Nuclear Communication- Hyperglycemic Signature
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Acylcarnitines – Pro inflammatory 

Nicholas, Dequina A., Elizabeth A. Proctor, Madhur Agrawal, Anna C. Belkina, Stephen C. Van Nostrand, Leena 
Panneerseelan-Bharath, Albert R. Jones, et al. “Fatty Acid Metabolites Combine with Reduced β Oxidation to 
Activate Th17 Inflammation in Human Type 2 Diabetes.” Cell Metabolism 30, no. 3 (September 2019): 447-461.e5. 
https://doi.org/10.1016/j.cmet.2019.07.004.

Mitochondrial alterations 
combine with increases in 
fatty acid metabolites 
secondary to reduced 
Beta-oxidation drive 
chronic T2D-like 
inflammation

https://doi.org/10.1016/j.cmet.2019.07.004


Diabetes 

• NLRP3- IL1B- oxidative stress-c-Jun N-terminal Kinases (JNKs )-
phosphorylation IRS-1- Attenuation of insulin –PI3K/AKT Signaling
• Inflammasome alters microbiota

• Mitochondrial dysfunction is linked to accumulation of intracellular 
acylcarnitines

• In humans, accumulation of acylcarnitines due to incomplete long-
chain fatty acid oxidation has been associated with the occurrence of 
type 2 diabetes mellitus



Adipose cell
• Tissue resident macrophages – become polarized M1 phase
• NLRP3 inflammasome is probably activated by a high glucose concentration 

or abnormal lipid metabolites -TLR4/TNF-a
• Inflammatory cytokines  ASK-1-MKK4-JNK-1- INR-1 -Adipocyte
• DAG-PKC-JNK-INR-1- adipocyte
• NOX2,NOX4  Adipocyte – contributes to hyperplasia 
• NOX2 M1 Macrophage 
• JNK-1 – phosphorylates and inhibits PPAR G  which diminished 

Adiponectin from Adipocytes 
• hormone crucial for the maintenance of hepatic insulin sensitivity, control of 

gluconeogenesis and prevention of hepatic steatosis
• JNK-1 controls cell signaling of TNF-a on B-Klotho expression in adipocytes, 

an effect responsible for the decreased responsiveness of adipocytes to 
fibroblast growth factor-21, a key stimulant to adiponectin expression



Adipose cell- GLP-1RA
• Fatty acid synthase (FASN), a 270kDa cytosolic dimeric 

enzyme, is a key enzyme in de novo lipogenesis and 
responsible for palmitate synthesis, catalyzing the 
conversion of malonyl CoA into palmitate
• direct role of liraglutide (LG) in adipogenesis and lipid 

metabolism
• LG increased the expression of differentiation marker genes 

and lipid accumulation during preadipocyte differentiation
• differentiated adipocytes, LG decreased FASN expression, 

and simultaneously led to CREB phosphorylation and ERK1/2 
activation

Chen, Jicui, Huichen Zhao, Xiaoli Ma, Yuchao Zhang, Sumei Lu, Yangang Wang, Chen Zong, et al. 
“GLP-1/GLP-1R Signaling in Regulation of Adipocyte Differentiation and Lipogenesis.” Cellular 
Physiology and Biochemistry 42, no. 3 (2017): 1165–76. https://doi.org/10.1159/000478872.

https://doi.org/10.1159/000478872


Salvatore, Teresa, Raffaele Galiero, Alfredo Caturano, Erica Vetrano, Giuseppe Loffredo, Luca 
Rinaldi, Christian Catalini, et al. “Coronary Microvascular Dysfunction in Diabetes Mellitus: 
Pathogenetic Mechanisms and Potential Therapeutic Options.” Biomedicines 10, no. 9 
(September 14, 2022): 2274. https://doi.org/10.3390/biomedicines10092274.

https://doi.org/10.3390/biomedicines10092274


Glucose Rise

• mild increases in plasma glucose (11 mg/dL) causes phenotypic 
changes in gene expression that adversely affect β cell 
function, growth, and survival

Ebrahimi AG, Hollister-Lock J, Sullivan BA, Tsuchida R, Bonner-Weir S, Weir GC. Beta cell identity 
changes with mild hyperglycemia: Implications for function, growth, and vulnerability. Mol Metab. 
2020 May;35:100959. doi: 10.1016/j.molmet.2020.02.002. Epub 2020 Feb 14. PMID: 32244186; 
PMCID: PMC7082551.



Insulin Sensitivity

• 5% weight loss improves multiorgan (adipose tissue, liver, and 
skeletal muscle) insulin sensitivity
• Liver & Adipose insulin sensitivity maximally improved with 

5%–8% weight loss
• greater amounts of weight loss cause a further increase in 

skeletal muscle insulin sensitivity

•Magkos F, Fraterrigo G, Yoshino J, Luecking C, Kirbach K, Kelly SC, de Las 
Fuentes L, He S, Okunade AL, Patterson BW, Klein S. Effects of Moderate and 
Subsequent Progressive Weight Loss on Metabolic Function and Adipose 
Tissue Biology in Humans with Obesity. Cell Metab. 2016 Apr 12;23(4):591-601. 
doi: 10.1016/j.cmet.2016.02.005. Epub 2016 Feb 22. PMID: 26916363; PMCID: 
PMC4833627.



Objectives

• Learn natural new peptide analog in Diabetic treatment

• Understand metabolic pathways of  Insulin resistance and peptide
( GLP1-RA) interaction

• Review potential benefits in GLP-RA in treatment of glucose tolerance 
and insulin senstivity



Incretins

• GLP-1 and GLP-2 are continuously secreted from enteroendocrine 
cells (EECs) 
• low basal levels in the fasting or interprandial state 
• circulating levels of these peptides rise within minutes of food 

ingestion 
• GLP-2 was shown to exhibit intestinotrophic and proabsorptive

activity 

Drucker, D.J., Habener, J.F., and Holst, J.J. (2017). Discovery, characterization, and clinical development of 
the glucagon-like peptides. J. Clin. Invest. 127, 4217–4227. 



Incretins

• GLP-1 was found to exhibit incretin-like activity, potentiating glucose-
dependent insulin secretion in normal and diabetic animals and 
humans

• GLP-1 inhibited glucagon secretion, food intake, and gastric emptying 

• Development of GLP-1 receptor (GLP-1R) agonists for the treatment 
of type 2 diabetes (T2D) and obesity 

Drucker, D.J., Habener, J.F., and Holst, J.J. (2017). Discovery, characterization, and clinical 
development of the glucagon-like peptides. J. Clin. Invest. 127, 4217–4227



Proglucagon and the Proglucagon-Derived 
Peptides 



Proglucagon and the Proglucagon-Derived 
Peptides 



Incretin Axis

• Incretin axis have been implicated in the pathogenesis of type 2 
diabetes mellitus (T2DM) 
• glucagon-like peptide-1 (GLP-1) and gastroinhibitory intestinal 

peptide (GIP) constitutes >90% of all the incretin function 
• T2DM have a markedly blunted incretin secretory response which has 

been proposed as the cause for an impaired postprandial insulin 
secretion by up to 60% 
• paralyzed incretin axis, patients with T2DM experience a high 

post-prandial and fasting hyperglycemic response. 

Gallwitz B. Glucagon-like peptide-1-based therapies for the treatment 
of type 2 diabetes mellitus. Treat Endocrinol 2005;4:361-70 



GLP1- RA
• Clinical studies and clinical practice 

• glucose-lowering effects
• without any increase in hypoglycemia

• Glucose lowering effects 
• reduction in body weight, lipids, blood pressure, inflammatory markers, oxidative 

stress, endothelial dysfunction, and subclinical atherosclerosis, thus reducing and 
potentially preventing CV events 

• GLP-1RAs can help in daily clinical practice
• to reduce and/or prevent the incidence of CV events and to slow the development of 

micro- and macro-vascular injuries, the main source of early morbidity and mortality 
in diabetic subjects

Rizzo, M., Nikolic, D., Patti, A. M., Mannina, C., Montalto, G., McAdams, B. S., … Cosentino, F. (2018). 
GLP-1 receptor agonists and reduction of cardiometabolic risk: Potential underlying mechanisms. 
Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease, 1864(9), 2814–2821.



Intestinal secretion

Drucker, D. J. (2018). Mechanisms of Action and Therapeutic Application of Glucagon-like Peptide-1. 
Cell Metabolism, 27(4), 740–756.



Time Line



GLP-1RAs improve glucose homeostasis

• stimulating insulin secretion 
• inhibition of glucagon secretion 
• direct and indirect suppression of endogenous glucose production
• suppression of appetite by taking part in ghrelin hormone regulation
• increase insulin sensitivity secondary to weight loss
• lower the inflammatory damage to the beta cells

Stonehouse A, Okerson T, Kendall D, Maggs D. Emerging incretin based therapies for type 
2 diabetes: incretin mimetics and DPP-4 inhibitors. Curr Diabetes Rev. 2008;4(2):101-9 



Classified by Duration of Action
• Short-acting GLP-1 agonists

• lixisenatide and exenatide 

• lead to fluctuations in plasma peptide levels for some time after 
administration, are 

• eliminated via the renal tract 

• pronounced effects on postprandial glucose

• require either a once- or twice-daily dosing

Meier JJ, Rosenstock J, Hincelin-Mery A, Roy-Duval C, Delfolie A, Coester HV, et al. Contrasting Effects of 
Lixisenatide and Liraglutide on Postprandial Glycemic Control, Gastric Emptying, and Safety Parameters in 
Patients With Type 2 Diabetes on Optimized Insulin Glargine With or Without Metformin: A Randomized, 
Open-Label Trial. Diabetes Care. 2015;38(7):1263-73 



Classified by Duration of Action

• longer-acting, 
• once-daily liraglutide 
• once-weekly agents exenatide dulaglutide, albiglutide,semaglutide
• effective on both fasting as well as postprandial glucose and tend to 

have a more consistent supraphysiological level of exogenous GLP-1 
in the body 

Meier JJ, Rosenstock J, Hincelin-Mery A, Roy-Duval C, Delfolie A, Coester HV, et al. Contrasting Effects of 
Lixisenatide and Liraglutide on Postprandial Glycemic Control, Gastric Emptying, and Safety Parameters in Patients 
With Type 2 Diabetes on Optimized Insulin Glargine With or Without Metformin: A Randomized, Open-Label Trial. 
Diabetes Care. 2015;38(7):1263-73 



Liraglutide 
• first glucose-lowering agent in the GLP-1 class available in the market
• cardiovascular benefit. The results of 
• Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular 

Outcome Results-A Long Term Evaluation (LEADER) trial 
• liraglutide (1.8 mg) significantly reduced the rates of major adverse CV events 

in T2DM patients at elevated CV risk 
• Chronic weight management

• (3.0 mg) than that recommended for diabetes therapy (0.6, 1.2 or 1.8 mg)
• adjunct to diet and exercise, in obese adults 

Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JF, Nauck MA, et al. 
Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med. 
2016;375(4):311-22.



Liraglutide

• liraglutide has been found to reduce cIMT over a period of 18 months 
in subjects with the metabolic syndrome (MetS) 

Rizzo M, Rizvi AA, Patti AM, Nikolic D, Giglio RV, Castellino G, et al. Liraglutide improves metabolic 
parameters and carotid intima-media thickness in diabetic patients with the metabolic syndrome: an 18-
month prospective study. Cardiovasc Diabetol. 2016;15(1):162.



Continuous SC exenatide 

• ITCA 650 -provides continuous SC exenatide for up to 6-12 months 
after sub- dermal placement of a small, 44 mm titanium osmotic 
mini-pump 
• Once or twice yearly dosing
• Cardiovascular Safety Study (FREEDOM-CVO trial) for ITCA 650 at 60 

micrograms per day vs placebo over a period of 3 years . 4000 pts

Whitson A, Azeem R, Alessi T, Baron MA. ITCA 650 provides a novel therapeutic approach to 
treating patients with type 2 diabetes. Diabetologia. 2016;59(Suppl 1):362.



Semaglutide
• SC semaglutide monotherapy (0.5 mg or 1.0 mg) vs 
• Once weekly
• double-blind phase 3 study 
• 388 subjects with T2DM 

• superior improving glycemic control and reducing body weight 
• Oral studies
• CV benefit strong positive effect on non-fatal stroke 

Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jodar E, Leiter LA, et al. 
Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes. N 
Engl J Med. 2016;375(19):1834-44



Type 2 diabetes treatment

• Therapy specific for obesity-GLP-1RA

• SCALE 3 mg/day liraglutide program 

• STEP 2.4 mg/week semaglutide program

Pedrosa, Maurício Reis, Denise Reis Franco, Hannah Waisberg Gieremek, Camila Maia Vidal, Fernanda 
Bronzeri, Alexia de Cassia Rocha, Luis Gabriel de Carvalho Cara, Sofia Lenzi Fogo, and Freddy 
Goldberg Eliaschewitz. “GLP-1 Agonist to Treat Obesity and Prevent Cardiovascular Disease: What 
Have We Achieved so Far?” Current Atherosclerosis Reports 24, no. 11 (November 2022): 867–84. 
https://doi.org/10.1007/s11883-022-01062-2.

https://doi.org/10.1007/s11883-022-01062-2


Obese without Type 2 Diabetes 

• primarily inhibitory function for GLP-1 (ileal brake 
mechanisms
• Long-term treatment with up to 1.8 mg liraglutide improves 

cardiovascular and all-cause mortality in patients with type 2 
diabetes at high risk for cardiovascular disease (CVD)
• obese patients without overt type 2 diabetes with high dose 

of liraglutide for a short period of time induces changes in lipid–
lipoprotein and hormonal profile that are suggestive of lower 
risk of atherosclerosis and CVD.
• improvement in lipid/lipoprotein metabolism

Peradze, N., Farr, O.M., Perakakis, N. et al. Short-term treatment with high dose liraglutide 
improves lipid and lipoprotein profile and changes hormonal mediators of lipid metabolism in 
obese patients with no overt type 2 diabetes mellitus: a randomized, placebo-controlled, 
cross-over, double-blind clinical trial. Cardiovasc Diabetol 18, 141 (2019).



Clinical  Studies- Obesity 

• Liraglutide was approved the LEADER study
• without a CVOT (Cardiovascular Outcome Trial) 

• Semaglutide will report results only in 2023 
• Tirzepatide is being tested in patients with diabetes in the SURPASS-

CVOT.

Pedrosa, Maurício Reis, Denise Reis Franco, Hannah Waisberg Gieremek, Camila Maia Vidal, Fernanda 
Bronzeri, Alexia de Cassia Rocha, Luis Gabriel de Carvalho Cara, Sofia Lenzi Fogo, and Freddy 
Goldberg Eliaschewitz. “GLP-1 Agonist to Treat Obesity and Prevent Cardiovascular Disease: What 
Have We Achieved so Far?” Current Atherosclerosis Reports 24, no. 11 (November 2022): 867–84. 
https://doi.org/10.1007/s11883-022-01062-2.

https://doi.org/10.1007/s11883-022-01062-2


Type 2 diabetes treatment

• GLP-1RA and GIPRA (Gastric Inhibitory Peptide)- Tirzepatide

• SURPASS 

• SURMOUNT

Pedrosa, Maurício Reis, Denise Reis Franco, Hannah Waisberg Gieremek, Camila Maia Vidal, Fernanda 
Bronzeri, Alexia de Cassia Rocha, Luis Gabriel de Carvalho Cara, Sofia Lenzi Fogo, and Freddy 
Goldberg Eliaschewitz. “GLP-1 Agonist to Treat Obesity and Prevent Cardiovascular Disease: What 
Have We Achieved so Far?” Current Atherosclerosis Reports 24, no. 11 (November 2022): 867–84. 
https://doi.org/10.1007/s11883-022-01062-2.

https://doi.org/10.1007/s11883-022-01062-2


Tirzepatide GLP-1RA & GIPRA
• Tirzepatide approval to treat DM2 occurred in May 2022
• 15 mg/week
• 8 to 12% weight loss
• Superior effects on weight loss and HbA1c reduction when compared

to GLP-1RA
• Improved insulin sensitivity observed
• GIPRA component on the adipose tissue, favoring lipid entry into the 

adipocyte and lowering of their circulating levels
• reduction in apoB, apoC-III, triglyceride-rich lipoproteins, and small 

dense LDL levels
Pedrosa, Maurício Reis, Denise Reis Franco, Hannah Waisberg Gieremek, Camila Maia Vidal, Fernanda 
Bronzeri, Alexia de Cassia Rocha, Luis Gabriel de Carvalho Cara, Sofia Lenzi Fogo, and Freddy 
Goldberg Eliaschewitz. “GLP-1 Agonist to Treat Obesity and Prevent Cardiovascular Disease: What 
Have We Achieved so Far?” Current Atherosclerosis Reports 24, no. 11 (November 2022): 867–84. 
https://doi.org/10.1007/s11883-022-01062-2.

https://doi.org/10.1007/s11883-022-01062-2


Further Investigation

• GLP-1/Glucagon receptor
• agonists and GLP-1/Glucagon/GIP receptor agonists
• only liraglutide has received FDA approval to be used in patients

under 18



Cardiovascular Efficacy

• liraglutide, semaglutide, lixisenatide and extended-release exenatide
• reducing major adverse cardiovascular events, cardiovascular mortality, and 

all-cause mortality risk, without significant safety concerns, has been 
confirmed in a recent meta-analysis 

Bethel MA, Patel RA, Merrill P, Lokhnygina Y, Buse JB, Mentz RJ, et al. Cardiovascular outcomes with 
glucagon-like peptide-1 receptor agonists in patients with type 2 diabetes: a metaanalysis. Lancet 
Diabetes Endocrinol.2017



GLP-1R agonists reduce the rates of major 
adverse cardiovascular events (MACEs) 

Drucker, D. J. (2018). Mechanisms of Action and Therapeutic Application of Glucagon-like Peptide-
1. Cell Metabolism, 27(4), 740–756. 



CVOT Results

• liraglutide and semaglutide (together with the drug from another 
class, empagliflozin )should be the preferred second-line medication 
in patients with T2DM in secondary CV prevention as an addition to 
metformin therapy 

Standl E, Schnell O, McGuire DK, Ceriello A, Ryden L. Integration of recent evidence into 
management of patients with atherosclerotic cardiovascular disease and type 2 diabetes. Lancet 
Diabetes Endocrinol. 2017;5(5):391-402.



Vascular Wall Changes

• 86% of acute MIs occurred in subjects with unstable plaques causing 
a stenosis <70% of the vessel lumen, and hence clinically silent before 
the acute event 

Stefanadis C, Antoniou CK, Tsiachris D, Pietri P. Coronary Atherosclerotic Vulnerable Plaque: Current 
Perspectives. J Am Heart Assoc. 2017;6(3)



Endothelial cells 
• Endothelial dysfunction is developed at a very early stage of T2DM 

with a complex mechanism:
• altered cell signaling
• increased oxidative stress
• pro-inflammatory activation 
• mitochondrial dysfunction 

• insulin resistance and endothelial dysfunction occur before the 
development of overt hyperglycemia and that insulin resistance 
usually precedes hyperglycemia and diabetes by many years
• Insulin resistance causes an imbalance between the production of 

NO and the secretion of ET-1
Gora, Ilona M., Anna Ciechanowska, and Piotr Ladyzynski. “NLRP3 Inflammasome at the 
Interface of Inflammation, Endothelial Dysfunction, and Type 2 Diabetes.” Cells 10, no. 2 
(February 3, 2021): 314. https://doi.org/10.3390/cells10020314.

https://doi.org/10.3390/cells10020314


Mechanisms of Endothelial Dysfunction 



Macrophage Inflammasome

Gora, Ilona M., Anna Ciechanowska, and Piotr Ladyzynski. “NLRP3 Inflammasome at 
the Interface of Inflammation, Endothelial Dysfunction, and Type 2 Diabetes.” Cells 10, 
no. 2 (February 3, 2021): 314. https://doi.org/10.3390/cells10020314.

https://doi.org/10.3390/cells10020314


NLRP3 Inflammasome 
• NLRP3 inflammasome is expressed in the cytosol of various cell types, 

including granulocytes, monocytes, macrophages, dendritic cells, T 
and B cells, epithelial cells, osteoblasts, fibroblasts, and melanoma 
cells
• NLRP3 Pattern Recognition Receptors (PRRs)
• Pathogen-Associated Molecular Patterns (PAMPs)
• Damage-Associated Molecular Patterns (DAMPs)
• Cytokine release IL1-B, IL-6, IL-18 ,TNF -alpha
• NLRP3 inflammasome is probably activated by a high glucose 

concentration or abnormal lipid metabolites
Gora, Ilona M., Anna Ciechanowska, and Piotr Ladyzynski. “NLRP3 Inflammasome 
at the Interface of Inflammation, Endothelial Dysfunction, and Type 2 Diabetes.” 
Cells 10, no. 2 (February 3, 2021): 314. https://doi.org/10.3390/cells10020314.

https://doi.org/10.3390/cells10020314


Increased Oxidative stress – Hyperglycemia 

Palmitic acid is 
one abundant FFA 
that activates the 
NLRP3 
inflammasome via 
mitochondrial ROS 
production and 
lysosomal 
destabilization, 
thus promoting 
insulin resistance !

Gora, Ilona M., Anna Ciechanowska, and Piotr Ladyzynski. “NLRP3 Inflammasome at 
the Interface of Inflammation, Endothelial Dysfunction, and Type 2 Diabetes.” Cells
10, no. 2 (February 3, 2021): 314. https://doi.org/10.3390/cells10020314.

TXNIP is able to directly 
interact with NLRP3 in a 
ROS-dependent manner, 
leading to the activation 
of caspase-1 and the 
processing of IL-1β in 
pancreatic islets

https://doi.org/10.3390/cells10020314


Cardiovascular Endothelial cell  
• expression of GTPCH1 may play an important role in regulating NO-mediated 

endothelial function
• nitric oxide (NO) plays a central role in regulating endothelial function 

homeostasis
• NO production by endothelial nitric oxide synthase (eNOS) requires the enzymatic 

cofactor tetrahydrobiopterin (BH4)
• Deficiency of vascular BH4 leads to impaired endothelial function, whereas 

restoration of vascular BH4 bioavailability results in an attenuated endothelial 
dysfunction
• GTP cyclohydrolase 1 (GTPCH1) is the rate-limiting enzyme in the BH4 

biosynthetic pathway regulating intracellular BH4 levels
• increased NO production, endothelial NO synthase (eNOS) phosphorylation, and 

GTP cyclohydrolase 1 (GTPCH1) level in a dose-dependent manner.

Wei, Rui, Shifeng Ma, Chen Wang, Jing Ke, Jin Yang, Weihong Li, Ye Liu, et al. “Exenatide Exerts 
Direct Protective Effects on Endothelial Cells through the AMPK/Akt/ENOS Pathway in a GLP-1 
Receptor-Dependent Manner.” American Journal of Physiology-Endocrinology and Metabolism
310, no. 11 (June 2016): E947–57. https://doi.org/10.1152/ajpendo.00400.2015.

https://doi.org/10.1152/ajpendo.00400.2015


GLP-1 RA  
Atherogenesis 

Pedrosa, Maurício Reis, Denise Reis 
Franco, Hannah Waisberg Gieremek, 
Camila Maia Vidal, Fernanda Bronzeri, 
Alexia de Cassia Rocha, Luis Gabriel de 
Carvalho Cara, Sofia Lenzi Fogo, and 
Freddy Goldberg Eliaschewitz. “GLP-1 
Agonist to Treat Obesity and Prevent 
Cardiovascular Disease: What Have 
We Achieved so Far?” Current 
Atherosclerosis Reports 24, no. 11 
(November 2022): 867–84. 
https://doi.org/10.1007/s11883-022-
01062-2.

https://doi.org/10.1007/s11883-022-01062-2


Japanese Study

• preclinical study show that the infusion of liraglutide into apoE-/-
mice significantly retarded atherosclerotic lesions with 
monocyte/macrophage infiltration in the aortic wall and suppressed
foam cell formation 
• indicating that liraglutide inhibits the transformation from monocytes to 

foam cells. 

Tashiro Y, Sato K, Watanabe T, Nohtomi K, Terasaki M, Nagashima M, et al. A glucagonlike peptide-1 analog 
liraglutide suppresses macrophage foam cell formation and atherosclerosis. Peptides. 2014;54:19-26.



Clinical Eval

• liraglutide therapy leads to a reduction in cIMT, a known marker of 
subclinical atherosclerosis, after only few months of treatment 

Rizzo M, Chandalia M, Patti AM, Di Bartolo V, Rizvi AA, Montalto G, et al. Liraglutide decreases carotid 
intima-media thickness in patients with type 2 diabetes: 8-month prospective pilot study. Cardiovasc 
Diabetol. 2014;13:49.



Vascular Wall Changes

• Reduction in plasma levels of atherosclerosis markers
• plasminogen activator inhibitor-1 
• high sensitivity c-reactive protein
• brain natriuretic peptide

• Non-significantly reduced tumor necrosis factor-α and interlekin-6
• Not enough data

• Decreases in the total cholesterol, LDL-cholesterol and triglycerides

Song X, Jia H, Jiang Y, Wang L, Zhang Y, Mu Y, et al. Anti-atherosclerotic effects of the glucagon-
like peptide-1 (GLP-1) based therapies in patients with type 2 Diabetes Mellitus: A 
metaanalysis. Sci Rep. 2015;5:10202



Vascular Wall Changes

• liraglutide decreased atherogenic, small dense (sd) LDL particles 
known to be strongly associated with carotid atherosclerosis (cIMT) 

• CV risk obese individuals treated for 1 year with liraglutide, levels of 
atherogenic marker apoB were reduced despite similar body weight 
maintenance when compared to an 8-week low-calorie diet 

Nikolic D, Giglio RV, Patti AM, Castellino G, Li Volti G, Montalto G, et al. The reduction in small dense low-density 
lipoproteins by liraglutide is independently associated with reduced carotid atherosclerosis in patients with type-2 
diabetes. Diabetologia. 2016;59 (Suppl 1):S99-S100.



Further Cardiovascular Outcomes Type 2 
Diabetes  

Cardiovascular outcomes with glucagon-like peptide-1 receptor agonists in patients with type 2 diabetes: a 
meta-analysis.
Lancet Diabetes Endocrinol. 2018; 6: 105-113

Semaglutide caused bigger reductions in HbA1c and body weight 



Emerging Investigational Studies for GLP-1R 
Agonists 

• NASH -semaglutide phase 3 trials
• two clinical trials have demonstrated therapeutic efficacy of twice-

daily or once-weekly exenatide in the treatment of Parkinson’s 
disease 
• GLP-1R agonists also improve cognition as modeled in some 

preclinical studies and are under investigation in clinical studies for 
the treatment of Alzheimer’s disease. 
• GLP-1R signaling also modifies the behavior of animals with alcohol, 

nicotine, or cocaine dependence 
Athauda, D., Maclagan, K., Skene, S.S., Bajwa-Joseph, M., Letchford, D., Chowdhury, K., Hibbert, S., Budnik, N., 
Zampedri, L., Dickson, J., et al. (2017). Exenatide once weekly versus placebo in Parkinson’s disease: a rand-
omised, double-blind, placebo-controlled trial. Lancet 390, 1664–1675. 



Neurodegenerative Diseases.
• GLP-1 passes the blood-brain barrier and it’s active in brain 

tissue.

• GLP-1 receptor is widely expressed in the brain

• converge with the insulin-signaling pathway and facilitate 
insulin signaling

• growth factor in the brain, causing synaptogenesis and 
neurogenesis and can provide protecting against oxidative 
injury

• Pre-treatment of neurons with GLP-1 significantly 
decreased their vulnerability to death induced by 
glutamate

Yildirim Simsir, I., Soyaltin, U. E., & Cetinkalp, S. (2018). Glucagon like peptide-1 (GLP-1) likes Alzheimer’s disease. 
Diabetes & Metabolic Syndrome: Clinical Research & Reviews, 12(3), 469–475. 



Alzheimer's disease

• A pilot clinical trial testing liraglutide in AD patients has demonstrated 
that 6-month treatment with this GLP-1 analog was able to prevent 
decline of brain glucose metabolism, although no significant cognitive 
changes were observed compared to the placebo group

Femminella GD, Bencivenga L, Petraglia L, Visaggi L, Gioia L, Grieco FV, et al. Antidiabetic drugs in 
Alzheimer's disease: mechanisms of action and future perspectives. J Diabetes Res 2017;2017:7420796.



Animal Studies

• experimental AD mouse models, GLP-1 analogs have been shown to 
enhance central insulin resistance
• shown to act as a growth factor in the brain, causing synaptogenesis 

and neurogenesis and protecting against oxidative injury.
• AD mouse models, GLP-1 agonists reduce levels of AD pathologic 

markers, including oligomeric Ab and Ab plaque load, decrease 
microglial activation, and improve memory behaviors



Adipose Leptin 
• Leptin signals arcuate Nucleus hypothalamus
• Microglial activation - TNF-a counter act Leptin ( hyperleptinemia)
• NADPH Oxidase

• GLP-1 activates AMPK, then inhibits the hyperglycemia-induced 
NADPH oxidase 2 (NOX2) activation by limiting protein kinaseC (PKC) 
phosphorylation and p47phox translocation to the caveolae 
preventing glucotoxicity
• anti-apoptotic effects through the AMPK/Akt/GSK-3β (glycogen 

synthase kinase 3β)signaling pathway

Qian, Zhanyang, Hongtao Chen, Mingjie Xia, Jie Chang, Xinyu Li, Suhui Ye, Shunjie Wu, et al. 
“Activation of Glucagon-like Peptide-1 Receptor in Microglia Attenuates Neuroinflammation-
Induced Glial Scarring via Rescuing Arf and Rho GAP Adapter Protein 3 Expressions after Nerve 
Injury.” International Journal of Biological Sciences 18, no. 4 (January 16, 2022): 1328–46. 
https://doi.org/10.7150/ijbs.68974.

https://doi.org/10.7150/ijbs.68974


Regulation of Microglial Cells
PI3KARAP3/RhoA axis

Qian, Zhanyang, Hongtao Chen, Mingjie Xia, Jie Chang, Xinyu Li, Suhui Ye, Shunjie Wu, et al. “Activation 
of Glucagon-like Peptide-1 Receptor in Microglia Attenuates Neuroinflammation-Induced Glial Scarring 
via Rescuing Arf and Rho GAP Adapter Protein 3 Expressions after Nerve Injury.” International Journal of 
Biological Sciences 18, no. 4 (January 16, 2022): 1328–46. https://doi.org/10.7150/ijbs.68974.

GLP-1R	agonist	inhibited	
neuronal	apoptosis,	
regulated	autophagy,	and	
promoted	axonal	
regeneration	after	SCI

GLP-1R	agonists	
may	improve	the	
neurological	
function	of	patients,	
especially	those	
with	diabetes,	by	
regulating	the	
polarization	of	
microglia

https://doi.org/10.7150/ijbs.68974


GLP-1 signaling Neuron

Diz-Chaves, Yolanda, Zainab Mastoor, Carlos Spuch, Lucas C. González-Matías, and Federico Mallo. “Anti-
Inflammatory Effects of GLP-1 Receptor Activation in the Brain in Neurodegenerative Diseases.” 
International Journal of Molecular Sciences 23, no. 17 (August 24, 2022): 9583. 
https://doi.org/10.3390/ijms23179583.

https://doi.org/10.3390/ijms23179583


Semaglutide-
Is semaglutide the best GLP-1R agonist for type 2 diabetes ?

• Semaglutide has the advantage of once-weekly dosing
• Oral and sub q dosing 
• liraglutide has to be administered daily
• semaglutide increased retinopathy to a small extent
• no evidence that liraglutide increases retinopathy
• liraglutide and semaglutide decreased the composite of 

cardiovascular outcomes
• liraglutide and semaglutide significantly reduced non-fatal 

stroke
Doggrell, S. A. (2018). Semaglutide in type 2 diabetes – is it the best glucagon-like peptide 1 receptor agonist (GLP-
1R agonist)? Expert Opinion on Drug Metabolism & Toxicology, 14(3), 371–377.



What do we know
• GLP-1RAs enhance glucose-dependent insulin secretion
• suppress inappropriately elevated glucagon levels, both in fasting and 

postprandial states 
• slow gastric emptying 
• GLP-1R activation reduces glucagon secondary to somatostatin 

release in the perfused mouse pancreas mode 
• potentially enhance β-cell proliferation and have anti-apoptotic 

effects on these cells, inducing insulin biosynthesis. 
• CV risk reduction 

Orgaard A, Holst JJ. The role of somatostatin in GLP-1-induced inhibition of glucagon secretion 
in mice. Diabetologia. 2017;60(9):1731-9.



Adverse Events

• gastrointestinal, specifically nausea, diarrhea, and vomiting
• Retinopathy –Semiglutide



GLP1- RA for type 1 Diabetes ?



Type 1 Diabetes 

Youssef, Natalie, Mohamed Noureldein, Rachel Njeim, Hilda E. Ghadieh, Frederic Harb, Sami T. Azar, 
Nassim Fares, and Assaad A. Eid. “Reno-Protective Effect of GLP-1 Receptor Agonists in Type1 
Diabetes: Dual Action on TRPC6 and NADPH Oxidases.” Biomedicines 9, no. 10 (September 30, 2021): 
1360. https://doi.org/10.3390/biomedicines9101360.

https://doi.org/10.3390/biomedicines9101360


GHRH regulates GLP-1 Relaease- Type 1 
Diabetes 
• Elevated triglyceride-rich lipoprotein (TRL) and LDL levels 

correlate with renal and cardiovascular disease in T1D
• Activity of GLP-1 in the intestine to lower TRL, glucagon, and 

postprandial glucose levels is impaired in T1D
• Expression of GHRH receptor was upregulated in the small 

intestine, involved in chylomicron synthesis
• unidentified pathway in T1D mediated by GHRH associated 

with impaired GLP-1 signaling and hyperlipidemia

Romero MJ, Lucas R, Dou H, et al. Role of growth hormone-releasing hormone in 
dyslipidemia associated with experimental type 1 diabetes. Proc Natl Acad Sci U S A. 
2016;113(7):1895-1900. doi:10.1073/pnas.1525520113



Microbiota-produced N-formyl peptide, 
formyl-methionyl-leucyl-phenylalanine
• N-formyl peptides traditionally define a large group of 

oligopeptides that contain a formyl-containing methionine
• known as pathogen- or danger-associated molecular patterns 

(PAMPs and DAMPs) because they stimulate immune 
responses and inflammation
• lean animals have a healthy microbiota producing lower levels 

of fMLF, which, together with low Fpr1 expression in L-cells, 
allows for abundant postprandial GLP-1 secretion. In contrast, 
obesity-induced dysbiosis leads to elevated fMLF and 
increased Fpr1 expression, culminating in suppressed GLP-1 
secretion and reduced glucose tolerance

Wollam, J., Riopel, M., Xu, Y.-J., Johnson, A. M. F., Ofrecio, J. M., Ying, W., … Olefsky, J. M. (2019). The 
Microbiota-Produced N-Formyl Peptide fMLF Promotes Obesity-Induced Glucose Intolerance. Diabetes, 
db181307. doi:10.2337/db18-1307



Mechanism of GLP-1 Release

• SCFAs also involve in host signaling through activating G 
protein–coupled receptors such as GPR41 and GPR43
• GPR43 and GPR41 respond to acetate and propionate, and 

propionate and butyrate respectively

• These GPRs trigger the releasing of some hormones, like glucagon-
like peptide-1 (GLP-1) and peptide tyrosine tyrosine (PYY), which 
affect satiety, pancreatic exocrine secretion and intestinal transit



Glycans

Glycan utilisation system in Bacteroides and Bifidobacteria and their roles in gut 
stability and health Ravindra Pal Singh1 Received: 11 May 2019 / Revised: 2 July 2019 
/Accepted: 3 July 2019 # Springer-Verlag GmbH Germany, part of Springer Nature 2019



Cancer

• GLP-1RAs can inhibit the growth of ovarian, breast, prostate, 
and pancreatic cancer
• GLP-1RAs can inhibit the PI3K/AKT/mTOR and ERK/MAPK 

pathways, thereby inhibiting the growth of prostate cance

Zhao, Xin, Minghe Wang, Zhitong Wen, Zhihong Lu, Lijuan Cui, Chao Fu, 
Huan Xue, Yunfeng Liu, and Yi Zhang. “GLP-1 Receptor Agonists: Beyond 
Their Pancreatic Effects.” Frontiers in Endocrinology 12 (2021)



Infertility and PCOS
• PCOS generally include oligomenorrhea or amenorrhea, abnormal 

folliculogenesis, chronic anovulation, hyperandrogenemia, and 
infertility
• prevalence of metabolic syndrome, dyslipidemia, and type 2 diabetes 

is much higher in PCOS women
• complex pathogenesis of PCOS includes abnormal expression of 

apoptosis correlated genes, MAPK signaling pathway, and cell cycle 
associated molecules 
• the proliferation and apoptosis of GCs are the fundamental causes of follicular 

development and atresia

Sun, Zhihua, Peiyi Li, Xiao Wang, Shuchang Lai, Hong Qiu, Zhi Chen, Shidi Hu, Jie Yao, and Jie Shen. “GLP-1/GLP-1R 
Signaling Regulates Ovarian PCOS-Associated Granulosa Cells Proliferation and Antiapoptosis by Modification of 
Forkhead Box Protein O1 Phosphorylation Sites.” International Journal of Endocrinology 2020 (June 19, 2020): 
e1484321. https://doi.org/10.1155/2020/1484321.

https://doi.org/10.1155/2020/1484321


Infertility and PCOS
• GLP-1R agonists (GLP-1RAs, such as liraglujde) also improved the 

markers of ovarian funcjon (bleeding pakern; levels of AMH (Anj-M ̈
ullerian hormone)), sex hormones, gonadotropins, and ovarian 
morphology in overweight women with PCOS
• FoxO1 plays an important role in promojng follicular atresia and 

apoptosis of GCs of PCOS
• GLP-1 can acjvate the PI3K pathway, increase FoxO1 transfer out of 

the nucleus, induce the target genes pdk-1 and FoxA2 of FoxO1, so as 
to promote the proliferajon and anjapoptosis of B cells

Sun, Zhihua, Peiyi Li, Xiao Wang, Shuchang Lai, Hong Qiu, Zhi Chen, Shidi Hu, Jie Yao, and Jie Shen. “GLP-1/GLP-1R 
Signaling Regulates Ovarian PCOS-Associated Granulosa Cells Proliferation and Antiapoptosis by Modification of 
Forkhead Box Protein O1 Phosphorylation Sites.” International Journal of Endocrinology 2020 (June 19, 2020): 
e1484321. https://doi.org/10.1155/2020/1484321.

https://doi.org/10.1155/2020/1484321


Infertility and PCOS
• FoxO1 protein is a negative regulator of cell survival
• function is to inhibit cell proliferation and promote cell apoptosis and cycle 

arrest

• High level of FoxO1 are expressed in follicular GCs in different develop 
stages and peak in atresia follicles
• Unphosphorylated FoxO1 is concentrated in the nucleus of GCs, 

which enhances the transcriptional activation of downstream 
apoptotic genes such as p27kipl and Bim
• promoting the apoptosis of GCs

Sun, Zhihua, Peiyi Li, Xiao Wang, Shuchang Lai, Hong Qiu, Zhi Chen, Shidi Hu, Jie Yao, and Jie Shen. “GLP-1/GLP-1R 
Signaling Regulates Ovarian PCOS-Associated Granulosa Cells Proliferation and Antiapoptosis by Modification of 
Forkhead Box Protein O1 Phosphorylation Sites.” International Journal of Endocrinology 2020 (June 19, 2020): 
e1484321. https://doi.org/10.1155/2020/1484321.

https://doi.org/10.1155/2020/1484321


Glucagon-like	peptide-1	receptor	agonists	in	the	
treatment	of	male	infertility

Cannarella, Rossella, Aldo E. Calogero, Rosita A. Condorelli, Emanuela A. Greco, Antonio Aversa, and Sandro La Vignera. “Is 
There a Role for Glucagon-like Peptide-1 Receptor Agonists in the Treatment of Male Infertility?” Andrology 9, no. 5 
(September 2021): 1499–1503. https://doi.org/10.1111/andr.13015.

https://doi.org/10.1111/andr.13015


Targeting the GLP-1/GLP-1R axis to treat 
osteoarthritis: A new opportunity?

Meurot, C., C. Jacques, C. Martn, L. Sudre, J. Breton, R. Rauenbach, K. Bismuth, and F. Berenbaum. 
“Targetng the GLP-1/GLP-1R Axis to Treat Osteoarthrits: A New Opportunity?” Journal of Orthopaedic
TranslaWon 32 (February 25, 2022): 121–29. hups://doi.org/10.1016/j.jot.2022.02.001.

• pleiotropic	effects	such	as	immunomodulation,	anti-inflammation	
and	neuronal	protection

https://doi.org/10.1016/j.jot.2022.02.001

