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A timeline of key discoveries in our understanding of insulin 

and insulin resistance



• Genetic studies have shown that modern humans inherited some Neanderthal 

alleles associated with increased risk of type 2 DM (e.g., variants in SLC16A11) 



The insulin signaling pathway including proximal and distal segments



Insulin Resistance

Insulin resistance is when cells in your muscles, fat, and liver 
don’t respond well to insulin and can’t easily take up glucose 
from your blood

Insulin resistance can defined as a subnormal biological 
response to normal insulin concentrations. 

As a result, your pancreas makes more insulin to try to 
overcome your increasing blood glucose levels. 

This is called hyperinsulinemia



Insulin Resistance

The syndromes of insulin resistance actually make up a 
broad clinical spectrum, which includes: 
obesity, 
glucose intolerance, 
diabetes, and 
the metabolic syndrome, as well as 
an extreme insulin-resistant state



Insulin Resistance Risk Factors

• overweight or obesity (Excess body fat)

• age 45 or older

• Family history of diabetes

• Low physical inactivity

• health conditions such as high blood pressure and abnormal cholesterol levels

• a history of gestational diabetes

• a history of heart disease or stroke

• polycystic ovary syndrome, also called PCOS

• certain medicines, such as glucocorticoids , some antipsychotics , and some medicines 

for HIV

• hormonal disorders, such as Cushing’s syndrome and acromegaly

• sleep problems, especially sleep apnea



Symptoms of Insulin Resistance

Insulin resistance no symptoms

Symptoms of prediabetes:  

Acanthosis nigricans, Skin tags, Increased thirst, 
Frequent urination, Vaginal and skin infections,….







Insulin resistance related diseases in human







Signaling pathways involved in T2D

In T2D, insulin signaling pathways (a) 

and insulin synthesis and secretion 

pathways (b) are affected by 

inflammatory pathways (c), ERS (d), and 

other pathways such as mTOR and notch 

pathways (e), AMPK pathway (f), Wnt 

pathway (g), HIF pathway (h), Hippo/YAP 

pathway (i)





A sketch of pathogenesis of T2D

Under the stimulation of SFAs, hypoxia in adipocytes due to enhanced 

SFAs metabolism, and the release of inflammatory factors from 

macrophage infiltration cause chronic inflammation in adipose tissues, 

leading to adipocyte IR and increased lipolysis. 

NEFAs and glycerol from lipolysis causes increased lipid synthesis, 

gluconeogenesis, and ectopic fat deposition in the liver, which affects 

IRS-1/PI3K/Akt2 phosphorylation on the one hand, and increases 

hepatic release of glucose on the other. 

At the same time, ectopic fat deposition also occurs in the muscle and 

leads to elevated circulating VLDL, further exacerbating lipid 

metabolism disorders and IR in the liver. 

Persistent hyperglycemia and excess fatty acids in the circulation due 

to overnutrition and IR further damage β-cell function and mass by 

some shared pathways, involving inflammation, ERS, and oxidative 

stress.

IR insulin resistance, SFAs saturated fatty acid, NEFAs non-esterified fatty acids, TNF-α tumor necrosis factor α, IL-1β interleukin-1β, JNK c-Jun N-terminal kinase, FASN fatty acid synthase, DAG diacylglycerol, 

FA-CoA Fatty acyl-coenzyme A, ANT-2 adenine nucleotide translocase 2, HIF-1α hypoxia-inducible factor 1 alpha, NLRP3 NOD-like receptor family pyrin domain-containing 3, GABA γ-aminobutyric acid, PP2A 

protein phosphatase 2A, PKC protein kinase C, AMPK adenosine 5’-monophosphate-activated protein kinase, VLDL very-low-density lipoprotein, ROS reactive oxygen species, NF-κB nuclear factor-kappa B, 

Cxcl8a neutrophil chemokine (C-X-C motif) ligand 8a, ERS endoplasmic reticulum stress, CHOP C/EBP homologous protein, PDX1 pancreatic and duodenal homeobox factor-1, MAFA MAF bZIP transcription 

factor A





Insulin resistance related diseases in human



Ex vivo diagnosis methods for insulin resistance



Diagnosis and Test



Management and Treatment

• Eating a healthy diet: Avoiding eating excessive amounts of 
carbohydrates and eating less unhealthy fat, sugar, red meats and processed 
starches. Eating a diet of more vegetables, fruits, whole grains, fish and lean 
poultry

• Physical activity: A single session of moderate-intensity exercise can 
increase glucose uptake by at least 40%

• Losing excess weight: One study revealed that losing 7% of your excess 
weight can reduce the onset of Type 2 diabetes by 58%



Therapeutic strategy of insulin resistance





Selected preclinical studies for insulin resistance





Vicious cycle of hyperglycemia

Poor lifestyle and/or metabolic dysfunction syndrome leads to elevated 
triglycerides, non-esterified fatty acids (a). Excessive lipids is deposited 
in non-adipose tissue, blocking the insulin signaling pathways, then 
resulting in insulin resistance, especially in the liver which increase the 
liver’s glucose production and weakens uptake of glucose, thereby 
increasing blood glucose and basal insulin levels, and the elevated 
insulin promotes lipid deposition, further aggravating insulin resistance 
and forming a vicious circle; elevated glucose and lipids produce 
hyperglucolipotoxicity to islet β cells and lipid deposition in islets, 
damaging the secretion function and number of pancreatic β cells, and 
further increasing blood glucose (b).



Personalized choice of hypoglycemic agents 

for patients with newly diagnosed T2D.

This figure is modified according to Zhang et 
al.211 T2D type 2 diabetes, MASLD 
metabolic associated steatotic liver disease, 
ASCVD atherosclerotic coronary heart 
disease, HF heart failure, CKD chronic kidney 
disease, CVD cardiovascular disease, DKA 
diabetic ketoacidosis, Met metformin, AGI α-
glucosidase inhibitors, GLP-1 glucagon-like 
peptide-1, SGLT-is sodium-glucose 
cotransporter inhibitors, DPP-4i dipeptidyl 
peptidase-4 inhibitors, TZD 
thiazolidinediones. *These regimens are 
considered in patients with affordability and 
willingness for injection therapy





Diagnostic Algorithm for the Prevention of Cirrhosis in People With

Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD)



Metabolic Dysfunction–Associated Steatotic Liver Disease (MASLD) Treatment Algorithm



Recommendations for the treatment of confirmed 

hypertension in nonpregnant people with diabetes. 

*An ACE inhibitor (ACEi) or angiotensin receptor blocker 

(ARB) is suggested for the treatment of hypertension in 

people with coronary artery disease (CAD) or urine 

albumin-to-creatinine ratio 30–299 mg/g creatinine and is 

strongly recommended for individuals with urine albumin-to-

creatinine ratio ≥300 mg/g creatinine. 

†Dihydropyridine calcium channel blocker (CCB). 

‡Thiazide-like diuretic; long-acting agents shown to reduce 

cardiovascular events, such as chlorthalidone and 

indapamide, are preferred.



Lipid Management for Primary Prevention of Atherosclerotic Cardiovascular Disease

Events in People With Diabetes in Addition to Healthy Behavior Modification



Recommendations for secondary prevention of atherosclerotic cardiovascular disease 

(ASCVD) in people with diabetes using cholesterol-lowering therapy.



Recommendations for screening of asymptomatic and undiagnosed cardiovascular disease.



Overview of Adiponectin

•What is Adiponectin?
• A hormone produced by adipose tissue
• Role in metabolism and insulin sensitivity

•Functions:
• Increases insulin sensitivity
• Anti-inflammatory effects
• Influences lipid metabolism



Overview of Adiponectin



What is Adiponectin



What is Adiponectin





Healthy Glucose Level with 
proGsterol



ProGsterol is a nutritional supplement designed to help prediabetic and type 2 diabetic patients lower their 

blood sugar levels. It is composed of edible peptides called deglusterol, including Adiporin and Deobetide, 

which are synthetically produced by modeling herbal protein content.

ProGsterol improves insulin resistance by affecting inflammatory cytokines and increasing the activation of 

certain proteins.:

It improves insulin resistance by phosphorylation and inactivation of inflammatory cytokines such as TNF-

α, JNK, IRS 302, and NF-kB.

It increases phosphorylation and activation of IRS Tyr632, PI3k/AKT and AMPK and expression of 

adiponectin, leptin, IRS-1, and GLUT-4.



proGsterol

Dietary supplement approved by FDA as 
NDI for type II Diabetes and prediabetes 

Reduced Insulin 
resistance in Insulin 

receptor
Treatment of NAFLD

PCOS
Weight loss

Safe without any side 
effect



ProGsterol as Adiponectin Agonist 



Effect on Insulin receptor 

Deglusterol

Inactive TNF-a, JNK, 
IRS Ser 302

Active IRS Tyr 632, 
PI3K/AKT

GLUT 4





Mechanism of Action

Media

Subtitle Number three

Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam 
nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit amet, 
consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod 
tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, 
sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit 
amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod 
tincidunt ut Lorem ipsum dolor si ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit amet

consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod 
tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, 
sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit 
amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod 
tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, 
sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit 
amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod 
tincidunt ut 

1





Product development

Scientific approach

Invitro (cell evaluation)

Invivo (Animal study) 

Clinical (Human study)

Post marketing surveillance



Glucose uptake assessment

Cell lines
3T3-L1 (Pre-adipocyte)

C2C12 (Myoblast) 

INS-1 (Rat pancreatic beta cell)

Hep G2 (Hepatocellular cell)



Abstract

This study aimed to investigate the blood glucose-lowering effect of the peptide complex Deglusterol, which was 
isolated from corn extract, in insulin-resistance models. It was found to inhibit insulin receptor substrate (IRS) Ser302 
phosphorylation, known as the insulin resistance mechanism, through the inhibition of tumor necrosis factor-α (TNF-α) 
signaling and the induction of AMP-activated protein kinase phosphorylation. Furthermore, the phosphorylation of IRS 
Tyr632, phosphoinositide 3-kinase (PI3K), and AKT that is involved in the insulin action mechanism was decreased by 
TNF-α, whereas Deglusterol increased their phosphorylations, leading to an increase of glucose uptake rate by 190% 
through glucose transporter type 4 (GLUT4) compared with TNF-α-treated group in C2C12 cells. In addition to insulin 
signaling activation, Deglusterol treatment resulted in significantly greater mRNA expressions of IRS (190%) and 
GLUT4 (140%) as well as that of leptin (260%) and adiponectin (140%), which are indicators of insulin sensitivity. In 
animal models with type 2 diabetes, the blood glucose concentrations in the Deglusterol-administered group were 
significantly reduced by 50% compared with the control group. Deglusterol suppressed insulin resistance and restored 
insulin sensitivity, which contributed to lowering blood glucose concentrations in the insulin-resistant models, 
suggesting its potential as a blood glucose-lowering agent for people at high risk of type 2 diabetes or prediabetes.



Abstract

This study aimed to investigate the blood glucose-lowering effect of the peptide complex Deglusterol, which was 

isolated from corn extract, in insulin-resistance models. 

It was found to inhibit insulin receptor substrate (IRS) Ser302 phosphorylation, known as the insulin resistance 

mechanism, through the inhibition of tumor necrosis factor-α (TNF-α) signaling and the induction of AMP-activated 

protein kinase phosphorylation. 

Furthermore, the phosphorylation of IRS Tyr632, phosphoinositide 3-kinase (PI3K), and AKT that is involved in the 

insulin action mechanism was decreased by TNF-α, whereas Deglusterol increased their phosphorylations, leading to 

an increase of glucose uptake rate by 190% through glucose transporter type 4 (GLUT4) compared with TNF-α-treated 

group in C2C12 cells.

In addition to insulin signaling activation, Deglusterol treatment resulted in significantly greater mRNA expressions of 

IRS (190%) and GLUT4 (140%) as well as that of leptin (260%) and adiponectin (140%), which are indicators of insulin 

sensitivity. 

In animal models with type 2 diabetes, the blood glucose concentrations in the Deglusterol-administered group were 

significantly reduced by 50% compared with the control group.

Deglusterol suppressed insulin resistance and restored insulin sensitivity, which contributed to lowering blood glucose 

concentrations in the insulin-resistant models, suggesting its potential as a blood glucose-lowering agent for people at 

high risk of type 2 diabetes or prediabetes.















Animal study

1



Animal study
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Animal studies



Human clinical studies



Thank you and hope for a good rain


	Slide 1: Insulin Resistance and Diabetes Mellitus
	Slide 2: A timeline of key discoveries in our understanding of insulin  and insulin resistance
	Slide 3: • Genetic studies have shown that modern humans inherited some Neanderthal alleles associated with increased risk of type 2 DM (e.g., variants in SLC16A11) 
	Slide 4: The insulin signaling pathway including proximal and distal segments
	Slide 5: Insulin Resistance
	Slide 6: Insulin Resistance
	Slide 7: Insulin Resistance Risk Factors
	Slide 8: Symptoms of Insulin Resistance
	Slide 9
	Slide 10
	Slide 11: Insulin resistance related diseases in human
	Slide 12
	Slide 13
	Slide 14: Signaling pathways involved in T2D
	Slide 15
	Slide 16: A sketch of pathogenesis of T2D
	Slide 17
	Slide 18: Insulin resistance related diseases in human
	Slide 19: Ex vivo diagnosis methods for insulin resistance
	Slide 20: Diagnosis and Test
	Slide 21: Management and Treatment
	Slide 22: Therapeutic strategy of insulin resistance
	Slide 23
	Slide 24: Selected preclinical studies for insulin resistance
	Slide 25
	Slide 26: Vicious cycle of hyperglycemia
	Slide 27: Personalized choice of hypoglycemic agents  for patients with newly diagnosed T2D.
	Slide 28
	Slide 29: Diagnostic Algorithm for the Prevention of Cirrhosis in People With Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD)
	Slide 30: Metabolic Dysfunction–Associated Steatotic Liver Disease (MASLD) Treatment Algorithm
	Slide 31
	Slide 32: Lipid Management for Primary Prevention of Atherosclerotic Cardiovascular Disease Events in People With Diabetes in Addition to Healthy Behavior Modification
	Slide 33: Recommendations for secondary prevention of atherosclerotic cardiovascular disease (ASCVD) in people with diabetes using cholesterol-lowering therapy.
	Slide 34: Recommendations for screening of asymptomatic and undiagnosed cardiovascular disease.
	Slide 35: Overview of Adiponectin
	Slide 36: Overview of Adiponectin
	Slide 37: What is Adiponectin
	Slide 38: What is Adiponectin
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43: ProGsterol as Adiponectin Agonist 
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51: Abstract
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60: Animal studies
	Slide 61: Human clinical studies
	Slide 62: Thank you and hope for a good rain

