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Hypoglycemic  & Weight Loss Star Targets
and Representative Drugs
In February and April 2023, Eli Lilly announced that its glucose-dependent
insulinotropic polypeptide (GIP) and glucagon-like peptide-1 (GLP-1) receptor
agonist Tirzepatide for weight loss in China Phase III and global phase III have
succeeded one after another, and are expected to be approved this year. The
drug mounjaro for hypoglycemia has a significant volume, far exceeding
dulaglutide and semaglutide.
On May 5, Hengrui Medicine's new drug HRS9531 injection has been
approved for clinical use for weight loss. According to public information,
HRS9531 is a new drug under development targeting GLP-1R and GIPR.
On May 15, Huadong Medicine announced that its small-molecule GLP-1
receptor agonist was approved in the United States to conduct phase I clinical
trials for adults with type 2 diabetes.
Recently, Novo Nordisk announced its 2023 Q1 financial report. The total
sales of semaglutide was about $4.223 billion, including sales of weight-loss
drug Wegovy of about $670 million, up 225% year on year.
At present, GLP-1R targeted drugs have occupied half of the field of
hypoglycemia and weight loss, while GLP-1R, GCGR, GIPR,
FGF21 dual-target and multi-target drugs have also entered the field.
Source: https://doi.org/10.1002/oby.23521
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Brief  Description of Targets
GLP-1
Glucagon-like peptide-1 (GLP-1) is a peptide hormone containing 30 amino
acids released by intestinal L cells after nutrient consumption. It is found in
pancreatic beta cells as well as in the heart, kidneys, lungs, gastrointestinal
tract and central and peripheral nerves.
The GLP-1R receptor contains 130 amino acid-long extracellular domain
(ECD), which binds to the C-terminal helical portion of GLP-1 and initiates
peptide receptor interactions. The N-terminal portion of GLP-1 interacts more
closely with the transmembrane domain and extracellular ring of the receptor,
thereby stabilizing the active conformation of GLP-1R to trigger intracellular
signaling activation.
Interaction between GLP-1 peptide agonist and GLP-1R [2]
In pancreatic beta cells, GLP-1R is activated to promote the production of
cAMP through Gs protein, thus promoting glucose to stimulate insulin
secretion.
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GLP-1/GLP-1R  signal pathway [3]
GLP-1 can enhance glucose-induced insulin secretion of pancreatic beta cells,
promote beta cell regeneration, reduce glucagon secretion, delay gastric
emptance, promote satiety, and increase peripheral glucose processing.
These multiple effects have led to great interest in the search for
long-acting GLP-1 receptor agonists (GLP-1R) for the treatment of type 2
diabetes.
GIPR
Glucose-dependent insulinotropic peptide (GIP) is secreted by K cells located
in the proximal small intestine. Both dietary carbohydrates and fats are potent
stimulators of GIP secretion in humans.
The receptor GIPR belongs to the B1 subfamily of the G-protein-coupled
receptor (GPCR) superfamily, which consists of extracellular N terminal, 7
transmembrane domains and intracellular C terminal.
After binding to the ligand, GIPR induces adenylate cyclase activation by
binding to Gs-α, increasing cAMP levels in the cytoplasm. The subsequent
increase in cAMP production leads to the separation of the regulatory subunit
of PKA from the catalytic subunit, which is then transferred to the nucleus to
promote CREB phosphorylation, resulting in increased GH expression and cell
proliferation.
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GIPR-mediated  signaling pathway[5]
GCGR
The glucagon receptor (GCGR), also a member of the class B GPCRs family,
plays a key role in maintaining glucose homeostasis in humans.
GCGR is mainly found in the liver. Glucagon activates GCGR to regulate
hepatic glucose synthesis and catabolism in vivo, thereby maintaining blood
glucose concentration in the body.
In vivo, GCGR binds to ligands mainly through the activation of Gs protein.
However, more and more studies have shown that GCGR can also interact
with other types of G proteins, such as Gi and Gq, to exert different biological
effects.
Activated GCGR induces the activation of adenylyl cyclase by binding to
heterotrimeric Gs, which in turn produces cAMP and activates protein kinase A
(PKA), which promotes hepatic glycogenolysis and increased
gluconeogenesis, ultimately leading to elevated blood glucose in vivo .
GCGR/glucagon also activates another signaling pathway that increases the
second messengers IP3 and Ca2+ by coupling Gq.
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GCGR-mediated  signal transduction pathway[4]
FGF21
Fibroblast growth factor 21 (FGF21) is an endocrine member of the FGF
superfamily along with FGF19 and FGF23. The liver is the main site of FGF21
production. In addition, FGF21 is also expressed in extrahepatic tissues such
as white and brown adipose tissue and skeletal muscle.
In an earlier study reported in 2005, FGF21 was found to be a potent metabolic
regulator. Its metabolic activities include stimulating glucose uptake in fat cells,
blocking the development of obesity in transgenic animals, and inhibiting
hyperglycemia and hyperlipidemia. FGF21 was first promoted as a novel,
effective treatment strategy for type 2 diabetes.
FGFRs and β-Klotho are required for FGF21's action on target cells, and when
combined, FGF21 stimulates insulin sensitivity and glucose metabolism,
leading to weight loss.
However, due to its small molecular weight, easy aggregation and C-terminal
instability, natural FGF21 has a short half-life, low bioavailability in vivo, and
difficulty in large-scale industrial production, which seriously restricts its
druggability.
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Marketed  Products
In the hypoglycemic market, a number of GLP-1R hypoglycemic drugs have
been approved domestically and globally. It is the largest hypoglycemic drug in
the global market except insulin, and the market concentration continues to
increase. At the same time, the replacement trend of weekly preparation
products to daily injection dosage forms is becoming more and more obvious.
Table Marketed GLP-1R Drugs
GLP-1R/GCGR
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GLP-1R/GIPR
GIPR/GLP-1R/GCGR
From  the perspective of the market situation, the GLP-1R market is still a
competition between Eli Lilly and Novo Nordisk. In 2022, the sales of Lilly
dulaglutide was 7.44 billion dollars, while the sales volume of Novo Nordisk's
semaglutide in the field of glycemic and weight loss was 10.942 billion dollars,
achieving a reverse. Eli Lilly's Tilpoetide has grown significantly since its
launch last year, and with the expansion of the subsequent 8 indications, it is
expected to surpass dulaglutide and semaglutide. In addition, judging from the
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research  status, a variety of hypoglycemic and weight-loss drugs under
research have also shown relatively impressive data.
Huateng Pharma is a full-service Contract Development Manufacturing
Organizations (CDMO) for pharmaceutical intermediates. We have our own
factory and make scale-up production with capacities varying from gram to
kilograms and multi tons. We can provide antidiabetic drug intermediates such
as Semaglutide intermediates, Canagliflozin intermediates, Dapagliflozin
intermediates, Empagliflozin intermediates, Linagliptin intermediates and
Sitagliptin intermediates for commercial scale production.
References:
[1]. The structure and function of the glucagon-like peptide-1 receptor and its ligands
[2]. Identification of N-Terminally Diversified GLP-1R Agonists Using Saturation
Mutagenesis and Chemical Design
[3]. Glucagon-like peptide-1 receptor-mediated endosomal cAMP generation promotes
glucose-stimulated insulin secretion in pancreatic β-cells
[4]. Identification of determinants of glucose-dependent insulinotropic polypeptide
receptor that interact with N-terminal biologically active region of the natural ligand
[5]. Genetic and Epigenetic Causes of Pituitary Adenomas
[6]. Targeting the GIPR for obesity: To agonize or antagonize? Potential mechanisms
[7]. Glucose-Dependent Insulinotropic Polypeptide Receptor Therapies for the Treatment
of Obesity, Do Agonists = Antagonists?
[8]. GCGR: A Regulator of Energy Balance Holds a Potential in Treatment Diabetes
[9]. FGF21 in obesity and cancer: New insights
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