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PREFACE

In the past two decades, few biological discoveries have reshaped
the medical landscape as profoundly as glucagon-like peptide-1 (GLP-1).
What began as a gut-derived hormone has evolved into a cornerstone
therapy for type 2 diabetes, obesity, and potentially even neurodegenerative
diseases and lifespan extension. While its clinical benefits are celebrated,
its journey has sparked debates and raised questions that remain largely
unexplored in the broader medical community.

This book offers a unique perspective on GLP-1’s impact, one that
goes beyond the typical clinical focus to explore both the promise and
pitfalls of this revolutionary therapy. Unlike many works that only celebrate
GLP-1's benefits, this book takes a holistic approach—combining over 20
years of my own experience in GLP-1 research and development with an
in-depth analysis of the science, the clinical applications, the challenges,
and the ethical considerations that are often overlooked.

GLP-1: From Molecule to Medicine—Balancing Promise and
Pitfalls in Metabolic Therapeutics aims to provide a balanced, evidence-
based roadmap through one of the most important therapeutic advances of
our time, with an emphasis on the real-world implications of GLP-1
therapies. What sets this book apart is that it:

Integrates scientific discovery with clinical practice, offering readers
an understanding of GLP-1 from both a molecular and practical perspective.

Pathological abnormalities of GLP-1 and its connections to various
diseases, including type 2 diabetes, insulin resistance, obesity-related
GLP-1 resistance, cardiovascular disease, neurodegenerative conditions
like Alzheimer’s and Parkinson’s, polycystic ovary syndrome (PCOS),
and inflammatory bowel disease (IBD).

GLP-1-based pharmaceuticals, structural engineering innovations,
emerging frontiers and the future directions of GLP-1 therapeutics.

Outlines protocols and mechanisms of GLP-1 treatment for diabetes,
overweight, obesity, weight regain, and cardiovascular disease.

Critically examines emerging concerns, such as side effects, misuse,
and long-term safety, offering insights into aspects that are too often glossed
over.

Explores new frontiers of GLP-1 use in neurodegeneration, cancer,
and longevity—fields where its potential is just beginning to be understood.
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Addresses ethical and socioeconomic dilemmas, examining the
accessibility and cost of GLP-1 treatments, which are crucial to the
conversation but often neglected in the rush to adopt new therapies.

Provides a comprehensive look at the future of GLP-1-based
medicine, from next-generation therapeutics to personalized treatments,
offering a forward-looking view that anticipates the evolving needs of
modern healthcare.

This book is not just for those interested in GLP-1 as a treatment for
diabetes or obesity, but for anyone seeking to understand the full scope of
its impact on metabolic health and longevity. Whether you are a healthcare
provider, researcher, or patient, the goal here is to give you an in-depth,
nuanced understanding of why GLP-1 matters for your health—and how it
might shape the future of medicine.

By blending my 20 years of research experience with a critical
analysis of the current state and future possibilities of GLP-1, this book
provides a unique lens through which to view one of the most transformative
therapies of our time.

Hongxiang Hui, MD, PhD
Los Angeles
July 8, 2025






PART I:

FOUNDATIONS OF GLP-1 BIOLOGY



CHAPTER 1

THE DISCOVERY AND EVOLUTION OF GLP-1

Glucagon-like peptide-1 (GLP-1) is a key hormone in the regulation of
glucose homeostasis, and its therapeutic potential has rapidly evolved in
recent years. Discovered in the early 1980s, GLP-1 was initially recognized
as an incretin hormone that plays a critical role in enhancing glucose-
dependent insulin secretion, inhibiting glucagon release, and promoting
satiety. These physiological actions make GLP-1 a central regulator of
blood sugar levels and appetite. Over time, research has unveiled the
broader benefits of GLP-1, including its ability to promote weight loss,
protect pancreatic beta cells, and provide cardiovascular protection.

Despite its powerful effects, the therapeutic use of GLP-1 was initially
hindered by its rapid degradation in the body, limiting its duration of action.
This challenge led to the development of GLP-1 receptor agonists (GLP-1
RAs)—medications designed to mimic the action of GLP-1 while extending
its activity. These agents, including liraglutide, semaglutide, and exenatide,
have since revolutionized the treatment of type 2 diabetes (T2D) and obesity,
offering significant improvements in glycemic control, weight management,
and cardiovascular outcomes.

Today, GLP-1 receptor agonists are considered a cornerstone of
diabetes care, particularly for patients who are overweight or obese and at
increased risk of cardiovascular diseases. Their use has expanded beyond
glucose control to become an essential part of the broader strategy for
managing metabolic conditions. This introduction to GLP-1 receptor
agonists will explore their historical discovery, underlying mechanisms, and
clinical applications in the treatment of type 2 diabetes, providing insight
into how they can replace or complement traditional therapies in the
management of chronic metabolic diseases.
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Historical Context: From Gut Hormone to Therapeutic
Target

The discovery of glucagon-like peptide-1 (GLP-1) dates back to the
early 1980s, when researchers began exploring proglucagon-derived peptides.
Proglucagon is a precursor protein encoded by the GCG gene on
chromosome 2, and it undergoes tissue-specific processing. In the L-cells of
the intestine, prohormone convertase 1/3 (PC1/3) cleaves proglucagon to
produce GLP-1 (7-36 amide) and GLP-2, while in the pancreas, alpha-cells
predominantly produce glucagon via prohormone convertase 2 (PC2)
(Drucker, 2018). The isolation of GLP-1 by Bell et al. (1983) confirmed its
role as an incretin hormone, which enhances glucose-dependent insulin
secretion, marking a pivotal discovery in understanding glucose regulation.

Over the next few decades, it became increasingly clear that GLP-1
binds to the GLP-1 receptor (GLP-1R), a G-protein-coupled receptor
(GPCR) located on pancreatic beta-cells. This binding triggers cAMP-
mediated signaling pathways, leading to the secretion of insulin in response
to elevated blood glucose levels (Holst, 2007). Despite its profound
physiological role, the therapeutic potential of GLP-1 was initially limited
by its rapid degradation by the enzyme dipeptidyl peptidase-4 (DPP-4).
DPP-4 cleaves GLP-1 into an inactive form, reducing its half-life to less
than two minutes (Deacon et al., 1995). This posed a significant challenge
for using GLP-1 as a therapeutic agent.

To address this, researchers developed DPP-4-resistant GLP-1
receptor agonists (GLP-1 RAs), such as exenatide and liraglutide, which
extended the half-life of GLP-1 by modifying its structure to resist DPP-4
degradation. Additionally, the development of DPP-4 inhibitors like
sitagliptin further enhanced the duration of GLP-1’s action by inhibiting the
enzyme responsible for its breakdown (Hui et al., 2019). These advancements
have paved the way for the widespread clinical use of GLP-1 RAs in the
management of type 2 diabetes (T2D) and other metabolic disorders.

The development of GLP-1-based therapeutics has progressed over
the years, with significant milestones:

1). Discovery and Early Challenges

1980s: GLP-1 was identified as an incretin hormone that enhances
glucose-dependent insulin secretion.
Challenge: Native GLP-1 has a very short half-life (~2 minutes) due to rapid
degradation by DPP-4 and renal clearance.
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2). Generations of GLP-1 Receptor Agonists (GLP-1 RAs)

First-Generation (2005-2010):

Exenatide (Byetta®): A synthetic GLP-1 analog derived from
exendin-4, designed to resist DPP-4 degradation, requiring twice-
daily injections.

Limitations: Frequent dosing and gastrointestinal side effects, such
as nausea, in 30-50% of patients.

Second-Generation (2010-2017):

Liraglutide (Victoza®): A GLP-1 analog modified with fatty acid
acylation (C16 chain) to bind albumin, allowing for once-daily
injections.

Lixisenatide (Adlyxin®): A GLP-1 analog with a C-terminal lysine
extension, providing prolonged activity.

Third-Generation (2017—Present):

Semaglutide (Ozempic®/Rybelsus®): A GLP-1 analog with a C18
diacidic chain and Aib® substitution, allowing for once-weekly
subcutaneous (SC) or oral administration.

Dulaglutide (Trulicity®): A GLP-1 fusion protein with an IgG4 Fc
fragment, enabling once-weekly subcutaneous administration.
Next-Generation (2020s):

Tirzepatide (Mounjaro®): A dual GLP-1/GIP (glucose-dependent
insulinotropic peptide) receptor agonist, showing a significant
reduction in HbAlc.

Retatrutide: A triple GLP-1/GIP/glucagon receptor agonist,
currently in Phase III trials, showing promising results in weight
loss.

Basic Science: Structure, Synthesis, and Receptor

Signaling

GLP-1 is a 30-amino acid peptide with a unique N-terminal domain
crucial for its ability to bind the GLP-1 receptor (GLP-1R). This structure,
stabilized by a-helical motifs, allows for a high-affinity interactioncascade
between GLP-1 and the extracellular domain of GLP-1R (Underwood et al.,
2010). Upon binding to GLP-1R, a of signalig events is triggered, primarily
involving the activation of cAMP signaling. This leads to the activation of
protein kinase A (PKA) and exchange protein activated by cAMP 2
(EPAC2), wnhich in turn enhances glucose-stimulated insulin secretion
(Doyle & Egan, 2007).

In addition to this central role in insulin secretion, GLP-1 receptor

activation also promotes beta-cell proliferation and survival, counteracting
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the adverse effects of chronic high glucose levels (glucotoxicity) through
signaling pathways such as PI3K/Akt and MAPK/ERK (Hui et al., 2021).
These effects help maintain the health of pancreatic beta-cells and ensure
their proper function over time, which is vital for long-term glycemic
control in patients with diabetes.

Beyond its effects in the pancreas, GLP-1 has numerous extrapancreatic
effects that contribute to its therapeutic efficacy. For example, GLP-1
inhibits the release of glucagon, a hormone that normally promotes glucose
production by the liver, thereby lowering blood glucose levels. It also delays
gastric emptying, which slows the absorption of nutrients and enhances
satiety, making it easier for patients to maintain a healthy weight (Secher et
al., 2014). Furthermore, GLP-1 regulates appetite through the central nervous
system, modulating food intake via hypothalamic signaling pathways.

In addition to these metabolic effects, GLP-1 has been shown to exert
cardioprotective and neuroprotective roles, making it particularly valuable
in patients with diabetes who are at higher risk for cardiovascular disease
and neurodegenerative conditions. These benefits are thought to arise
through the cAMP-dependent modulation of mitochondrial function and the
reduction of inflammatory cytokines, both of which contribute to overall
cell health and protection from oxidative stress (Hui & Irwin, 2020).

Therapeutic Implications: GLP-1 RAs in Diabetes
and Beyond

The therapeutic potential of GLP-1 has been harnessed through the
development of GLP-1 receptor agonists and DPP-4 inhibitors, which have
revolutionized the management of type 2 diabetes (T2D). These therapies
are highly effective in improving insulin sensitivity, aiding in weight loss,
and lowering blood glucose levels (Sattar et al., 2019). GLP-1 receptor
agonists, including liraglutide (Victoza) and semaglutide (Ozempic), have
demonstrated clinical efficacy not only in lowering hemoglobin Alc but
also in promoting weight loss—an important benefit for individuals with
T2D who are often overweight or obese (Pratley et al., 2016).

One of the most compelling reasons for using GLP-1 RAs in diabetes
management is their cardiovascular benefit. Research has shown that GLP-
1 receptor agonists can reduce the risk of major adverse cardiovascular
events (MACE), including heart attack, stroke, and death from cardiovascular
causes. This makes them particularly beneficial for individuals with
concurrent cardiovascular risk factors, such as those with diabetes,
hypertension, or dyslipidemia (Davies et al., 2021). For example,
semaglutide has been shown to reduce MACE in patients with diabetes and
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high cardiovascular risk, further solidifying the role of GLP-1 RAs in
comprehensive diabetes care.

The broad therapeutic implications of GLP-1 RAs extend beyond
diabetes treatment. These drugs are increasingly used to treat obesity, as
they can help patients lose significant weight, often leading to
improvements in metabolic health and a reduction in the need for other
interventions like bariatric surgery. The neuroprotective and cardioprotective
effects also suggest potential uses in other areas, such as the prevention of
neurodegenerative diseases and the management of heart failure.

GLP-1 receptor agonists (GLP-1 RAs) are effective in improving
glycemic control by stimulating insulin secretion in response to glucose and
inhibiting glucagon release, which helps lower blood sugar levels.
Additionally, these medications promote weight loss by delaying gastric
emptying and increasing satiety, helping individuals feel fuller for longer
periods. Some GLP-1 RAs, such as liraglutide and semaglutide, also offer
cardiovascular benefits by reducing the risk of major adverse cardiovascular
events (MACE), making them especially valuable for diabetic patients at
risk of heart disease. The half-life of GLP-1 RAs varies significantly, which
affects their dosing frequency, with some requiring daily administration and
others weekly. Treatment protocols may differ depending on the specific
GLP-1 RA used, and dosing should be tailored to each individual based on
their clinical response and tolerability. Although all GLP-1 RAs are
injectable, the injection frequency depends on the formulation and its half-
life.
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Challenges in the Application and Research of GLP-1
Therapies

Despite the significant progress in GLP-1 receptor agonists (GLP-
1RAs) for diabetes and obesity treatment, several challenges persist in both
clinical application and ongoing research.

One of the primary obstacles in application is the high cost of GLP-1
therapies, which limits accessibility for many patients. Insurance coverage
varies widely, and in lower-income populations, affordability remains a
critical issue. Additionally, side effects such as nausea, vomiting, diarrhea,
and constipation can lead to poor adherence, reducing the effectiveness of
treatment. Another challenge in clinical use is the variability in patient
response—some individuals experience substantial metabolic benefits,
while others show minimal improvements, highlighting the need for
personalized medicine approaches.

From a research perspective, long-term safety and efficacy data are
still evolving. While current studies demonstrate benefits in glucose control,
weight loss, and cardiovascular health, further research is needed to assess
the prolonged effects of GLP-1 therapies on metabolism, organ function,
and overall mortality. Concerns about potential risks, including pancreatitis,
gallbladder disease, and rare cases of thyroid tumors, require ongoing
investigation. Additionally, the loss of lean muscle mass associated with
rapid weight reduction presents a new challenge, particularly for aging
populations.

The injectable nature of most GLP-1 drugs also poses a barrier to
patient compliance. While oral formulations are being developed, achieving
high bioavailability remains a challenge. Furthermore, the global demand
for GLP-1 therapies has led to supply shortages, impacting availability for
patients. Regulatory hurdles also slow the expansion of GLP-1 applications
to conditions such as metabolic-associated fatty liver disease (MAFLD) and
neurodegenerative disorders.

Despite these challenges, continuous advancements in GLP-1 research,
including the development of dual and triple agonists, alternative delivery
methods, and broader therapeutic applications, hold promise for improving
metabolic health and addressing unmet medical needs.

Conclusion

The journey of glucagon-like peptide-1 (GLP-1) from a gut-derived
hormone discovered in the early 1980s to a cornerstone of modern diabetes
and obesity treatment underscores its remarkable therapeutic potential.
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Initially recognized for its role in glucose homeostasis, GLP-1 gained
attention for its ability to stimulate insulin secretion in a glucose-dependent
manner while simultaneously suppressing glucagon release. These
properties positioned it as a promising target for diabetes management,
paving the way for the development of GLP-1 receptor agonists (GLP-
1RAs).

Beyond glucose metabolism, GLP-1RAs have demonstrated profound
effects on weight control by enhancing satiety, delaying gastric emptying,
and reducing food intake, making them a breakthrough in obesity treatment.
Over time, extensive clinical research has also revealed significant
cardiovascular benefits, including reduced risks of major adverse
cardiovascular events, improved endothelial function, and potential
protective effects on heart failure.

However, despite these advancements, GLP-1 therapies face several
challenges. One major limitation is cost and accessibility, as these
treatments remain expensive and may not be widely available to all patients
in need. Additionally, some individuals experience gastrointestinal side
effects such as nausea, vomiting, and diarrhea, which can impact long-term
adherence. There are also concerns regarding potential risks, including
pancreatitis, gallbladder disease, and, in rare cases, thyroid tumors; though
ongoing research continues to assess these risks.

As our understanding of GLP-1 continues to evolve, these therapies
are now being explored for broader applications, including neuroprotection,
inflammation reduction, and potential benefits in metabolic-associated fatty
liver disease (MAFLD). The advent of next-generation GLP-1-based
therapies, including dual and triple agonists targeting multiple metabolic
pathways, marks a new era in the fight against chronic metabolic diseases.
While challenges remain, the continued innovation in GLP-1 therapeutics
offers hope for improved longevity and quality of life for millions
worldwide.
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CHAPTER 2

PHYSIOLOGICAL ROLES OF GLP-1

GLP-1 (glucagon-like peptide-1) is a vital incretin hormone with
multiple physiological roles in regulating glucose metabolism, energy
balance, and overall homeostasis. It is primarily secreted by the L-cells in
the distal small intestine and colon in response to nutrient ingestion,
particularly carbohydrates and fats. This hormone plays a crucial role in
enhancing glucose-dependent insulin secretion from pancreatic beta-cells,
ensuring that insulin is released in proportion to blood glucose levels, thus
preventing hyperglycemia. Additionally, GLP-1 suppresses glucagon
secretion from pancreatic alpha-cells, reducing hepatic glucose production
and contributing to better glycemic control.

Another significant function of GLP-1 is its ability to delay gastric
emptying, which slows the absorption of glucose into the bloodstream and
helps maintain stable postprandial blood sugar levels. This mechanism also
contributes to prolonged satiety, reducing appetite and overall food intake.
By acting on the central nervous system, particularly the hypothalamus,
GLP-1 promotes satiety signaling, making it an important regulator of
energy balance and an effective target for weight management strategies.

Beyond its metabolic effects, GLP-1 exerts protective actions on
pancreatic beta-cells by enhancing their survival, reducing apoptosis, and
promoting beta-cell proliferation. These properties make it a promising
therapeutic agent for preserving pancreatic function in conditions such as
type 2 diabetes. Furthermore, GLP-1 has been shown to exert cardiovascular
benefits by improving endothelial function, reducing inflammation,
lowering blood pressure, and providing direct cardioprotective effects,
which contribute to reduced cardiovascular risk in individuals with diabetes
and obesity.

In addition to its metabolic and cardiovascular effects, GLP-1 also
plays a neuroprotective role. Research indicates that it may enhance
neuronal survival, reduce oxidative stress, and mitigate neuroinflammation,
suggesting potential therapeutic applications for neurodegenerative diseases
such as Alzheimer’s and Parkinson’s disease.
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Due to its wide-ranging physiological benefits, GLP-1 has become a
key target for drug development, leading to the creation of GLP-1 receptor
agonists (GLP-1 RAs) used in the treatment of type 2 diabetes and obesity.
These drugs mimic the actions of endogenous GLP-1, offering significant
improvements in glycemic control, weight reduction, and overall metabolic
health.

Given its multifaceted role in maintaining metabolic, cardiovascular,
and neurological health, GLP-1 is recognized as a crucial hormone not only
in diabetes management but also in broader therapeutic areas related to
aging, longevity, and chronic disease prevention.

Glucose Homeostasis, Appetite Regulation,
and Neuroprotective Effects

Glucagon-like peptide-1 (GLP-1) is a crucial incretin hormone in
glucose regulation, primarily enhancing glucose-dependent insulin
secretion and inhibiting glucagon release. It is produced in intestinal L-cells
and, to a lesser extent, in pancreatic a-cells. Upon nutrient intake, especially
carbohydrates and fats, GLP-1 is secreted into the bloodstream. It binds to
GLP-1 receptors (GLP-1Rs) located in various tissues, including the
pancreas, heart, brain, and kidneys. In the pancreas, GLP-1R activation
triggers intracellular signaling through cyclic adenosine monophosphate
(cAMP) and protein kinase A (PKA), leading to enhanced insulin secretion
from B-cells (Holst, 2007). Concurrently, GLP-1 inhibits glucagon secretion
from a-cells, reducing hepatic glucose production and stabilizing blood
glucose levels, especially beneficial in conditions like type 2 diabetes
(Drucker, 2006).

Beyond its metabolic role, GLP-1 has neuroprotective properties,
suggesting potential therapeutic benefits in neurodegenerative diseases.
GLP-1 signaling in the central nervous system (CNS) enhances neuronal
survival and reduces neuroinflammation, which is linked to conditions such
as Alzheimer's and Parkinson’s diseases (Hui & Irwin, 2020). GLP-1’s
effects on brain function, including modulation of synaptic plasticity and
neurogenesis, further emphasize its importance in preserving cognitive
health.
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Table 2-1. Edect of GLP-1 on Glucose Homeostasis, Appetite
Regulation, and Neuroprotective

Category

Glucose
Homeostasis

Appetite
Regulation

Neuroprotective

Effects

CNS
Modulation

Description

GLP-1 enhances
glucose-dependent
insulin secretion and
inhibits glucagon
release.

GLP-1 contributes to
satiety and weight
loss through central
nervous system
(CNS) effects.
GLP-1 signaling in
the brain promotes
neuronal survival,
reduces
neuroinflammation,
and enhances
neurogenesis.

GLP-1 receptors in
the brain influence
cognitive functions
and
neuroinflammation.

Key Effects

Stabilizes blood
glucose levels by
promoting insulin
secretion and
suppressing
glucagon.

Reduces food
intake, promotes
weight loss, and
modulates appetite
via the CNS.

Protects against
neurodegenerative
diseases, enhances
cognitive function,
and promotes
synaptic plasticity.

Modulates synaptic
plasticity, neuronal
survival, and
neuroinflammation,
potentially
beneficial for
neurodegeneration.

Examples

Type 2
Diabetes
(Drucker,
20006)

Weight
management
therapies

Alzheimer’s,
Parkinson’s
disease (Hui
& Irwin,
2020)

Cognitive
health
preservation

This table provides an overview of GLP-1’s crucial roles in glucose
regulation, appetite control, and neuroprotection, with reference to its
potential therapeutic applications in various health conditions.

Interaction with Other Metabolic Pathways
(Insulin, Glucagon)

GLP-1's interaction with insulin and glucagon pathways is central to
its glucose-regulating effects. It enhances insulin secretion in response to
elevated glucose levels, effectively reducing hyperglycemia (Drucker &
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Erlich, 1996). Furthermore, GLP-1 counteracts the hyperglycemic effects
of glucagon by inhibiting its release, thus preventing excessive hepatic
glucose output and promoting a balanced glucose homeostasis (Baggio &
Drucker, 2007). This interaction with both insulin and glucagon illustrates
the integrative role of GLP-1 in regulating postprandial glucose levels.
Additionally, GLP-1 enhances insulin sensitivity in peripheral tissues,
including muscle and adipose tissue, which contributes to improved glucose
uptake (Hui et al., 2021).

The Endocrine System’s Role in Regulating GLP-1

GLP-1 secretion is tightly regulated by a variety of endocrine signals
that ensure its optimal production and function in response to nutrient intake
and metabolic needs. The primary source of GLP-1 is the intestinal L-cells,
which are specialized cells located in the distal ileum and colon. However,
pancreatic a-cells also produce small amounts of GLP-1, further
contributing to its physiological effects (Meier & Nauck, 2018).

he secretion of GLP-1 is closely linked to nutrient sensing
mechanisms in the gut. Carbohydrates and fats, when ingested, stimulate
GLP-1 release via several pathways, including the sodium-glucose
cotransporters (SGLT1) and sweet taste receptors. SGLT1, found in the L-
cells of the intestine, facilitates the absorption of glucose and is directly
involved in triggering GLP-1 secretion upon glucose intake. These
transporters detect the presence of glucose in the gut lumen and initiate a
signaling cascade that leads to the release of GLP-1 (Reimann et al., 2008).
Additionally, sweet taste receptors in the gut, similar to those found on the
tongue, can detect specific nutrient components, such as glucose and amino
acids, and also contribute to the secretion of GLP-1. This dual mechanism
allows for an efficient response to both carbohydrates and fatty acids,
facilitating the regulation of blood glucose and appetite.

Beyond nutrient signals, various hormones and metabolic factors play
a role in the regulation of GLP-1 secretion, further integrating it within the
broader endocrine network that controls energy homeostasis. Elevated
insulin levels, which occur after meals or in response to glucose intake, have
been shown to enhance GLP-1 secretion, creating a feedback loop that
optimizes insulin production in response to elevated blood glucose levels.
This interaction underscores the insulin-glucagon feedback system that
maintains glucose balance and helps regulate metabolism (Meier & Nauck,
2018).

Other hormones, such as ghrelin, leptin, and cortisol, also modulate
GLP-1 secretion. Ghrelin, often referred to as the "hunger hormone,"
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stimulates appetite and has been shown to increase GLP-1 secretion under
certain conditions, such as during fasting or calorie restriction. In contrast,
leptin, a hormone involved in energy expenditure and fat storage, inhibits
GLP-1 secretion in response to elevated fat stores, playing a role in
maintaining energy balance. Cortisol, the body’s primary stress hormone,
also influences GLP-1 release, particularly during periods of stress, further
contributing to the complex regulation of energy intake and expenditure
(Meier & Nauck, 2018).

These various signaling mechanisms highlight the integrated role of
GLP-1 in metabolism and energy balance. The coordinated secretion of
GLP-1 in response to nutrient intake and hormonal regulation allows it to
act as a key player in maintaining glucose homeostasis, satiety, and overall
metabolic control. Understanding the molecular signals and regulatory
pathways that influence GLP-1 secretion is critical for developing targeted
therapies, particularly for conditions like type 2 diabetes, obesity, and other
metabolic disorders.

Table 2-1. The Endocrine System’s Role in Regulating GLP-1

Regulatory Source Mechanism of Effect on GLP-1 Examples
Factor Action Secretion P
SGLTI1 and
. sweet taste Facilitates GLP-
. Intestinal .
Nutrient L-cells receptors detect 1 secretion in Glucose
Signals (Distal nutrients response to ingestion,
(Carbohydrates . (glucose, fats,  nutrient intake  fat
ileum & - . .
and Fats) colon) amino acids), (glucose and absorption
triggering GLP-1 fats).
release.
Sodium- Transport ?ti:r:rl:ﬁzi ?VI}‘IEI;
Glucose Intestinal  glucose into L- . Oral glucose
. glucose is .
Cotransporters L-cells cells, initiating detected in the intake
(SGLT1) GLP-1 secretion.
gut lumen.
Detects specific Contributes to
nutrients, such as GLP-1 secretion
Sweet Taste ~ Gutand  glucose and in response to Intake of
Receptors tongue amino acids, specific nutrients sweet foods

triggering GLP-1
secretion.

like glucose and
amino acids.
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Regulatory Source Mechanism of Effect on GLP-1 Examples
Factor Action Secretion p
Enhances GLP-1

Elevated insulin

secretion,
levels after meals ~ . """,
. . optimizing Post-meal
. Pancreatic or glucose intake . .
Insulin insulin glucose and
B-cells enhance GLP-1 . : .
. . production and  insulin surge
secretion via maintainin
feedback loops. &
glucose balance.
Stimulates
appetite and Increases GLP-1
increases GLP-1 . . .
. secretion during Fasting,
. secretion, R
Ghrelin Stomach . . fasting or hunger
particularly in . .
. reduced energy  signaling
fasting or intake
calorie-restricted ’
conditions.
Inhibits GLP-1
secretion in Reduces GLP-1
. Increased fat
response to secretion when stores
. Adipose  elevated fat fat stores are ’
Leptin . . . energy
tissue stores, high, helping to .
o 0 expenditure
contributing to  maintain energy .
. regulation
energy balance  homeostasis.
regulation.
Released during Modulates GLP-
stress; modulates 1 secretion in Stress
. Adrenal GLP—I r.elease, response to ~ response,
Cortisol lands influencing stress, impacting heightened
g energy intake appetite and cortisol
and expenditure metabolic levels
during stress. control.

This table outlines the various factors that regulate GLP-1 secretion,
including both nutrient and hormonal signals. Each factor interacts with
GLP-1 at different levels to coordinate glucose homeostasis, appetite
regulation, and overall metabolic control. These mechanisms provide
insights into how GLP-1 can be targeted for therapeutic purposes in diseases
like type 2 diabetes and obesity.
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The Central Nervous System’s Involvement in GLP-1
Signaling

The central nervous system (CNS) plays a central role in the
regulation of glucose metabolism, appetite control, and overall energy
homeostasis, with GLP-1 signaling being a crucial part of this process.
GLP-1 receptors (GLP-1Rs) are abundantly expressed in various areas of
the brain, including key regions such as the hypothalamus and brainstem,
which are directly involved in regulating hunger and satiety. Upon
activation of GLP-1Rs in these regions, several physiological responses are
triggered that lead to appetite suppression, a heightened sense of fullness,
and improved energy balance.

When GLP-1Rs are activated in the hypothalamus, they contribute to
a reduction in food intake by modulating signaling pathways that influence
hunger signals. These effects are mediated by both direct neuronal actions
and indirect mechanisms, such as influencing the gut-brain axis. Similarly,
in the brainstem, GLP-1R activation helps coordinate signals that integrate
sensory information related to food and energy balance, further promoting
satiety.

Pharmacologically, GLP-1 receptor agonists like liraglutide and
semaglutide, which mimic the effects of GLP-1, have been shown to
significantly reduce body weight by reducing appetite and enhancing
feelings of fullness. These medications, particularly in the context of obesity
and type 2 diabetes, where appetite dysregulation and impaired energy
homeostasis are common, have demonstrated considerable success in
managing weight and improving metabolic control. In addition to their
appetite-suppressing effects, these treatments improve glycemic control and
help with fat loss, offering a multifaceted approach to managing metabolic
disorders.

Beyond appetite regulation, GLP-1’s effects on the brain also extend
to modulating the reward centers involved in food preference. GLP-1
signaling has been shown to reduce the brain’s preference for highly
palatable, calorie-dense foods. This effect helps combat overeating driven
by the hedonic (reward-driven) aspects of eating, which is a critical factor
in the pathogenesis of obesity. GLP-1’s role in the brain’s reward circuitry
can, therefore, provide an additional layer of support in efforts to maintain
long-term weight management and healthy eating behaviors.

In addition to its role in appetite regulation, GLP-1 has garnered
attention for its neuroprotective properties. Studies have demonstrated that
GLP-1R activation not only improves neuronal survival but also enhances
cognitive function, potentially offering benefits in treating neurodegenerative



18 Chapter 2

diseases like Alzheimer's and Parkinson's. This neuroprotective effect is
thought to arise from GLP-1’s ability to reduce inflammation, enhance
mitochondrial function, and promote neuroplasticity, highlighting its
therapeutic potential beyond metabolic disorders. Recent research suggests
that this aspect of GLP-1 signaling may open up new avenues for
developing treatments for cognitive decline and other neurodegenerative
conditions (Hui & Irwin, 2020).

Taken together, the CNS’s role in GLP-1 signaling is multifaceted,
influencing appetite regulation, energy balance, and neuroprotection, with
significant therapeutic implications for treating obesity, type 2 diabetes, and
neurodegenerative diseases.

Table 2-2. The Central Nervous System’s Involvement in GLP-1
Signaling

Area of Focus Details
Key CNS Regions Hypothalamus, Brainstem
Involved
- Reduces food intake by influencing hunger signals
Role of GLP-1 in in the hypothalamus.
Appetite - Promotes satiety through both direct and indirect

mechanisms (e.g., gut-brain axis).
GLP-1 receptor agonists (e.g., liraglutide,

Pharmacological semaglutide) mimic GLP-1's effects, suppressing
Agents appetite, improving glycemic control, and reducing
body weight.

Reduces the preference for calorie-dense, highly
palatable foods, addressing overeating and hedonic
eating.

Impact on Food
Preferences

- Enhances neuronal survival and cognitive
function.

- Potential therapeutic effects for neurodegenerative
diseases like Alzheimer’s and Parkinson’s.

Neuroprotective Effects

- Reduces inflammation.

Mechanisms of - Enhances mitochondrial function and

N tecti ..
europrotection neuroplasticity.
- Effective in managing obesity, type 2 diabetes, and
Therapeutic neurodegenerative conditions.
Implications - Opens new avenues for treatments in metabolic

and cognitive disorders.



