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Abstract: Metabolic peptides can influence metabolic processes and contribute to both
inflammatory and/or anti-inflammatory responses. Studies have shown that there are
thousands of metabolic peptides, made up of short chains of amino acids, that the human
body produces. These peptides are crucial for regulating many different processes like
metabolism and cell signaling, as they bind to receptors on various cells. This review will
cover the role of three specific metabolic peptides and their roles in hyperinsulinemia,
diabetes, inflammation, and neurodegeneration, as well as their roles in type 3 diabetes
and dementia. The metabolic peptides glucagon-like peptide 1 (GLP-1), gastric inhibitor
polypeptide (GIP), and pancreatic peptide (PP) will be discussed, as dysregulation within
their processes can lead to the development of various inflammatory and neurodegenera-
tive diseases. Research has been able to closely investigate the connections between these
metabolic peptides and their links to the gut–brain axis, highlighting changes made in
the gut that can lead to dysfunction in processes in the brain, as well as changes made
in the brain that can lead to dysregulation in the gut. The role of metabolic peptides in
the development and potentially reversal of diseases such as obesity, hyperinsulinemia,
and type 2 diabetes will also be discussed. Furthermore, we review the potential links be-
tween these conditions and neuroinflammation and the development of neurodegenerative
diseases like dementia, specifically Parkinson’s disease and Alzheimer’s disease.

Keywords: hormonal peptides; hyperinsulinemia; diabetes; inflammation; gut–brain
axis; neurodegeneration

1. Introduction
Metabolic peptides have become a novel research area for the potential treatment of

metabolic diseases such as hyperinsulinemia, diabetes, obesity, and dementia. Glucagon-
like peptide-1 (GLP-1) is a pleiotropic hormone that is well known for its incretin effect
in the glucose-dependent stimulation of insulin production [1–3]. Additionally, GLP-1 is
also produced in the brain and plays an essential role in neuroprotection and inflammation
through its activation of GLP-1 receptor signaling pathways. It is a versatile hormone
with broad pharmacological potential and displays several metabolic effects. A number
of in vivo and in vitro studies using preclinical models of inflammatory and neurode-
generative diseases show that GLP-1 receptor (GLP-1R) activation has anti-inflammatory
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properties [3–5]. L cells produce GLP-1, which binds to the GLP-1R found on afferent
neurons within the intestine and portal vein. L cells are cells in the gut that produce
hormones that regulate metabolism and physiology [6]. While L cells are mainly found in
the large intestine and ileum, they can also be found in the duodenum and jejunum. The
thymus, spleen, and different immune cells, including monocytes, macrophages, natural
killer T cells, and T cells, all contain GLP-1R. GLP-1 can also act as a key regulator of the
gut–brain axis and may influence the brain indirectly through vagal nerve fibers in the
enteric area [7,8]. Since GLP-1 is quickly metabolized and rendered inactive by dipeptidyl
peptidase IV upon release into the extracellular space, its short half-life restricts its potential
for therapeutic use. In recent years, several pharmacological agents, including GLP-1
derivatives, have been developed to treat obesity and type 2 diabetes mellitus (T2DM) with
improved bioavailability [9,10]. The activation of GLP-1R is also known to induce cellular
responses, leading to neuroprotection, neurodevelopment, memory formation, cell growth,
synapse growth, repair, and regeneration. It also increases the release of neurotransmitters
and activates Ca2+ channels. Thus, GLP-1 emerges as a therapeutic target for treating
inflammatory diseases in the gut and brain.

Gastric Inhibitory Polypeptide (GIP) is a hormone released by cells in the gut that
helps regulate blood glucose levels and nutrient balance [11,12]. It is believed to have
positive effects on lipid metabolism, bone strength, cardiovascular function, and cognition.
GIP is also an incretin hormone released by enteroendocrine K cells in response to feeding
and can stimulate insulin release to regulate blood glucose and nutrient homeostasis [11,13].
This is thought to represent indirect effects (mediated by reductions in insulin resistance)
and possible direct effects (via surgically induced changes in GIP, GLP-1, and affiliated
peptide hormones) on the ovaries and the hypothalamic–pituitary–adrenal axis. Despite the
known physiological role of GIP as an insulin secretagogue that controls postprandial blood
glucose levels, emerging evidence reveals important actions of GIP in relation to adipocytes
and the upregulation of fat deposition in tissues [14]. Thus, blocking GIP receptor function
could be used as a tool to counter insulin resistance and improve metabolic status in
obesity and related diabetes. GIP can be secreted into the circulation in response to the
ingestion of glucose or fats, and acts in concert with GLP-1 to induce the incretin effect
by amplifying glucose-stimulated insulin secretion [15,16]. This effect is now recognized
to be more physiologically significant than GIP’s acid-inhibiting effects, and is related to
glucose-dependent insulinotropic polypeptides.

Pancreatic polypeptide (PP) is an endogenous hormonal peptide released by F
cells [17,18]. F cells are cells in the pancreatic islets (islets of Langerhans) of the pan-
creas. They help synthesize and regulate the release of PP hormones. The Y4 receptor,
which is expressed in the liver, intestine, adrenal gland, and certain areas of the CNS,
can bind to PP. It is important to mention that PP plays an important role in regulating
glucose. By increasing the number of insulin receptors in the hepatocytes, the peptide
makes the liver more sensitive to the effects of insulin. PP also has a variety of other ac-
tions in vivo, including the inhibition of pancreatic secretion, the inhibition of gallbladder
contraction, the inhibition of gastric motility, and the inhibition of acid secretion [19]. Since
the administration of PP does not elevate serum insulin levels, PP therapy is regarded as
safe [17]. PP has immense potential with multiple mechanisms of action in the treatment of
pancreatogenic diabetes, which is difficult to diagnose and manage. The injection of PP
into wild and genetically obese mice revealed long-lasting effects of reduced food intake,
decreased weight, and improved glucose and lipid profile [20]. Metabolic peptides such
as GLP-1, GIP, and PP play crucial roles in regulating body weight, glucose homeostasis,
obesity, and inflammation.
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Obesity affects more than 40% of people in the US, and it can lower life expectancy
by 5–10 years. Peptide drugs have recently grown as a field in the treatment of obesity,
as pharmacological modulators of food intake and regulators of body weight. Obesity
is a chronic relapsing, multi-factorial, neurobehavioral disease that forms as the result of
excessive fat accumulation in the body [21–23]. This disease affects 1 in 5 children and 2 in
5 adults and is usually assessed by measuring one’s body mass index and height [24,25].
Some common factors that have been discovered to lead to the development of obesity
include the overconsumption of calories through things like fast food and other processed
foods, the overconsumption of sugary foods and drinks, hormonal changes, and certain
medications [23,26]. There are even psychological factors, such as boredom, loneliness, anxi-
ety, depression, and more, that can play a part in the buildup of an obesity diagnosis [23,26].
Obesity has been discovered to have detrimental effects on various body functions, increas-
ing one’s risk of premature death; having obesity can cause the body to develop conditions
like asthma, osteoarthritis, and sleep apnea, since excess body fat can overpopulate around
the organs of the respiratory system, and this can also cause unnecessary pressure on
the musculoskeletal system [26–28]. Obesity can also cause metabolic changes that allow
for the development of cardiovascular disease, heart failure, heart attacks, stroke, kidney
disease, and many more. Two more important risks to acknowledge regarding the severity
of obesity include the potential development of T2DM and/or chronic inflammation re-
volving around hyperinsulinemia. There has been crucial research undertaken on these
conditions that has allowed researchers to theorize that there may be a link between T2DM
and neuroinflammation that can lead to diseases like dementia, specifically Parkinson’s
disease (PD) and Alzheimer’s disease (AD) [29–31]. Research has also led to a better under-
standing of the roles that distinct metabolic peptides have, regarding specific conditions
like inflammation and diseases.

2. Hyperinsulinemia, Inflammation, and Diabetes
The National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) states

that T2DM is a condition in which the pancreas does not make enough insulin to help
glucose reach cells in the body, and this causes the blood glucose or blood sugar level
to be extremely high [32,33]. Research performed on hyperinsulinemia and T2DM has
concluded that they are both conditions which pertain to insulin regulation—or the lack
thereof [34,35]. Even though hyperinsulinemia is usually associated with T2DM, different
processes take place for each respective condition. In hyperinsulinemia, the body does not
respond properly to the production of insulin from the pancreas, and it develops insulin
resistance [36]. Due to this, the pancreas tries to overcompensate by producing even more
insulin in an attempt to break the resistance, but this just leads to higher insulin levels in
the blood, and this can put a person at risk of T2DM.

Researchers have been working on recognizing patterns that occur in specific cases
of obesity leading to hyperinsulinemia and or T2DM, and then connecting this to in-
flammatory diseases, specifically neuroinflammatory diseases, highlighting the gut–brain
axis [34,37]. By understanding the gut–brain axis more clearly, researchers will potentially
be able to link conditions like obesity and diabetes to neuroinflammatory diseases such
as AD. Once this happens, they will likely use knowledge of the roles metabolic pep-
tides play and link this to reversing the effects of conditions like diabetes, thus producing
groundbreaking research that will possibly result in the prevention of the development or
progression of certain neuroinflammatory diseases. Metabolic peptides are often implicated
in the dysregulation of signals in the gut–brain axis and inflammatory diseases such as
cardiovascular disease and AD. Regarding inflammatory diseases, researchers have been
working to further understand the role of specific metabolic peptides such as GLP-1, GIP,
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and PP [34,37]. This review article will focus on the specific functions of GLP-1, GIP, and
PP metabolic hormones, and their implications in hyperinsulinemia, obesity, and dementia.

3. GLP-1 in Hyperinsulinemia and Diabetes
GLP-1 is a peptide hormone that normally stimulates the secretion of insulin, as well

as suppresses glucagon production and delays gastric emptying, resulting in a decreased
amount of food intake [38]. A study performed on the secretion of GLP-1 in patients with
T2DM found that the patients generally did not have a reduced secretion of GLP-1 in
response to oral glucose or liquid meal tests; however, they had significantly low glycemic
control responses, meaning that the effectiveness of the GLP-1 that was being secreted was
definitely compromised [39]. These findings help researchers further understand GLP-1
and the role that its receptors and agonists play in conditions like T2DM, as shown in
Figure 1. GLP-1 agonists, more commonly known as drugs to treat diabetes, mimic the
activity of GLP-1 and bind to receptors in an attempt to lower glucose levels and manage
metabolism in patients with T2DM [40]. GLP-1 agonists not only stimulate insulin secretion
and slow gastric emptying, but also decrease pancreatic beta (β) cell apoptosis, which is
significant since pancreatic β cell function is needed to efficiently manage and control blood
glucose levels [41,42]. Researchers have been able to see the benefits of GLP-1 agonists
reach further than just improving insulin production and promoting weight loss; they have
seen them potentially decrease the risks of different inflammatory diseases, including those
that revolve around neuroinflammation [43,44].
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Alterations in these peptides may trigger cardiovascular disease, kidney disease, hyperinsulinemia,
etc. These metabolic hormones can also regulate F-cell and β-cell functions and insulin sensitiv-
ity/resistance in diabetes.

4. GIP in Hyperinsulinemia and Diabetes
GIP is an incretin hormone that is involved in the regulation of lipid metabolism

and the facilitation of fat deposition in the body [45,46]. This hormone plays a huge
role in stimulating glucose-dependent insulin secretion as it induces β cell proliferation
and inhibits apoptosis as well. In a study performed on whether the inhibition of GIP
signaling prevents obesity, researchers found that an excessive accumulation of fat allows
for the hypersecretion of GIP [47,48]. This hypersecretion results in an increase in nutrient
uptake in cells specialized in fat storage (adipocytes), thus becoming a major factor in
the development of obesity, as researchers have found that obese patients have a higher
level of GIP [47]. The insulin resistance that takes places here leads to hyperinsulinemia
and potentially diabetes, further inducing an increase in nutrient uptake into adipocytes.
Researchers have found that in subjects with GIP receptor deficiency, the fat in their bodies
is not facilitated efficiently, resulting in higher adiposity. In patients with T2DM, there is
resistance to the effect of GIP in the body (Figure 1). As the body tries to recompensate and
produce more GIP, β cells’ functioning plummets and insulin resistance rises.

However, like with GLP-1, researchers have been able to create GIP receptor agonists
to combat the body’s resistance to GIP, but more extensive research must be undertaken,
since an increased amount of GIP can cause even more issues with insulin resistance
and fat deposition [45,49]. It is also noted that any use of GIP agonists should be used
paired with GLP-1 agonists for the most efficient treatment, enhanced by their combined
insulinotropic effects. On the other hand, the creation of GIP antagonists has provided
great results regarding the understanding of combatting T2DM. GIP antagonists will bind
to GIP receptors, blocking the present GIP agonists from further activity [50]. This process
is very important for patients with T2DM, as this allows for GIP levels to decrease, which
will lower insulin resistance and blood glucose levels, increase the productivity of GLP-1,
improve β cell function, and even decrease body weight [48–51]. Along with further
understanding its insulinotropic factors, researchers have also been able to discover the
role that GIP plays in neuroinflammation, as it has been revealed to potentially exhibit
neuroprotective and pro-inflammatory properties [3,52,53].

5. PP in Hyperinsulinemia and Diabetes
PP is a peptide hormone that is rapidly secreted from the endocrine pancreas after

a meal has been ingested [54–56]. It has been discovered that its roles consist of regulat-
ing intestinal motility, metabolism, and delaying gastric emptying, therefore decreasing
food intake. As a response to elevated blood glucose levels, there is an increase in the
function of cells in the pancreatic islets of the pancreas (F cells), stimulating the release of
PP [57]. When a patient has hyperinsulinemia or T2DM, it is found that PP is secreted more
abundantly from the pancreas due to the increased amount of insulin because of insulin
resistance and high levels of blood glucose [57,58]. This creates a cycle in the patient, as
an elevated level of PP causes insulin secretion to be diminished and it also increases the
functionality of F cells, which allows for the production of even more PP (Figure 1). Chronic
pancreatitis has been linked with lowered plasma levels and a blunted nutrient-induced
release of PP. Studies have shown that chronic pancreatitis accompanied by PP deficiency
could be associated with partial hepatic resistance both in the basal state and in response to
hyperinsulinemia [59–61]. This impairment was reversed after intravenous PP administra-
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tion, suggesting that PP deficiency may play a role in the development of pancreatogenic
diabetes caused by pancreatic injury.

A recent study tested the effect of extended PP administration in patients whose entire
insulin requirement was exogenous and, therefore, was deemed measurable [62]. This
study showed that a continuous subcutaneous infusion of PP increased insulin sensitivity
and resulted in a reduction in daily insulin requirements in a varied group of T2DM and
type 3c diabetes mellitus (T3cDM) patients on insulin pump therapy. Thus, the effectiveness
of PP infusion in decreasing insulin requirements could be correlated with the degree of
PP deficiency present in these patients, suggesting a possible therapeutic role of PP in
type 1 diabetes mellitus (T1DM), as well as T3cDM patients.

6. Metabolic Peptides in Inflammation and Neurodegeneration
When the central nervous system (CNS) has been damaged or is encapsulated by

inflammation, the brain develops gliosis as a defensive/protective immune response [63].
Gliosis is known as a reaction that attempts to combat the degeneration and necrosis of
cells in the CNS by increasing the proliferation of large glial cells, as it aims to restore
homeostasis within the cells and limit/prevent further tissue damage [64,65]. However,
due to its fibrous nature and large size, gliosis produces scarring formed by astrocytes and,
depending on the extensiveness of the damage, this scarring can have negative effects on
various processes in the CNS [66]. When damage to the CNS is not treated in a specific
amount of time, gliosis has been found to limit synaptic regeneration after injury, limit
axonal regeneration, limit regeneration and functional recovery after spinal cord trauma,
and restrict the integration of neural grafts and neural stem/progenitor cells [67]. These
factors raise the risk of neuroinflammation and neurodegeneration significantly.

Our recent study on the effects of enolase inhibition (ENOblock) on metabolic hor-
mones and inflammatory factors after spinal cord injury in rat models found that the
treatment of ENOblock enforced neuroprotection and hindered the effects of astrogliosis by
means of slowing the formation of glial scarring [68]. We were able to make a connection
between the decrease in gliosis and the increased levels of metabolic peptides like GLP-1,
whose receptors are found on microglia and astrocytes, as well as GIP (found on neuronal
cells), which has also been proven to reduce astrogliosis [68–71]. We were also able to see a
decrease in GLP-1 in the injured rats, but an increase in GLP-1 in the ENOblock-treated rats,
resulting in significant neuroprotectant properties, especially within neuroinflammatory
diseases connected to dysfunction in the gut [68]. As mentioned earlier, an increased
amount of glucose in the blood may lead to T2DM. Researchers are trying to link and
understand the connection between conditions like hyperinsulinemia and T2DM and the
threshold of GLP-1 with neuroinflammation and neurodegeneration (Figure 2).

With progress in this area, researchers will be able to discover whether GLP-1 and its
agonists act as barriers or protectants against neuroinflammatory diseases, as it has been
found that higher levels of GLP-1 are neuroprotective, as well as improve the functional out-
comes of cells [68]. GLP-1 receptor (GLP-1R) agonists can regulate the microglia phenotype
towards the M2 sub-type and, therefore, mitigate nerve cell apoptosis and inflammation-
related damage [52]. GLP-1 has also been shown to have an anti-inflammatory effect
on microglia, particularly by suppressing the M1 phenotype [72], which is linked with a
pro-inflammatory response. Due to its ability to modulate microglial activation, GLP-1 and
its receptor agonists should be investigated as potential treatments for inflammatory and
neurodegenerative diseases. Researchers were also able to find that GLP-1, along with GIP,
can cross the blood–brain barrier and bind to respective receptors in the CNS, where they
have been shown to play significant roles regarding inflammation [52,53,73]. GIP agonists
have been found to alleviate symptoms that are a result of neurodegenerative diseases that
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exhibit significant insulin resistance, like AD, by reducing the amount of neuronal plaque
caused by neuroinflammation [52]. Accumulative studies also suggest that the homeostasis
of metabolic peptides can influence energy metabolism and delay the development of
neurodegenerative diseases, such as AD and PD, through anti-inflammatory, antioxidative,
and antiapoptotic effects [74]. However, the dysregulation of hormonal peptides affects
energy metabolism-related diseases, and people who are suffering from these disorders are
reported to be at a higher risk of developing PD.
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pancreatic peptide (PP) disrupts cellular functions and contributes to the development of various
inflammatory and neurodegenerative diseases.

Studies performed on the metabolic peptide, PP, regarding neuroinflammation have
allowed researchers to find a connection between the release of PP and the brain, as its
receptors have been discovered in the vagus nerve [72,75–77]. It is important to note that
when PP was directly injected into the dorsal motor nucleus of the vagus (DMV), post-
synaptic connections were significantly reduced. It was also discovered that PP acts on
postganglionic cholinergic neurons to prevent acetylcholine release [78]. Knowing this,
investigators can begin to assume that an excessive amount of PP can eventually lead to
neurodegeneration or the development of a neuroinflammatory disease (Figure 2). Studies
have shown that PP could be significantly decreased in individuals with PD, potentially
indicating a connection between the pancreas and the neurological symptoms of the disease,
particularly related to vagus nerve function and the gastrointestinal issues often experi-
enced by PD patients [79,80]. Progress made on these topics regarding metabolic peptides
and neuroinflammation will be extremely important, as there have been groundbreaking
discoveries about connections between conditions like diabetes and the crucial peptides
involved in its diagnosis and neuroinflammatory and neurodegenerative diseases.

7. Metabolic Peptides in T3cDM and Dementia
Type 3 diabetes has been interpreted by some researchers to describe the concept

that impaired insulin and insulin-like growth factor (IGF) signaling in the brain, similar
to what happens in type 2 diabetes, may play a significant role in the development of
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AD [81,82]. Impairments in cerebral glucose utilization and energy metabolism represent
very early abnormalities that accompany the initial stages of cognitive impairment [81].
This finding suggests a link between impaired insulin signaling and the pathogenesis of
AD, raising the hypothesis that AD is related to type 3 diabetes. This hypothesis was tested
by examining postmortem cases of advanced AD and detecting abnormal expressions of
genes encoding insulin, as well as IGF peptides and their receptors [83], that correlated
with the development and progression of lesions and dementia.

AD is one neuroinflammatory disease that has been frequently linked with T3cDM
due to its significant insulin-resistant properties, as the disease causes a deficiency in insulin
production at the synapses and signaling pathways needed for learning and memory [84,85].
It has been discovered that high concentrations of advanced glycation end products (AGEs),
which develop plaques and neurofibrillary tangles, are found in both patients with higher
hyperglycemic levels (T3cDM) and patients that have AD [86–89]. A variant of the so-
called Alzheimer’s gene, APOE4, is also reported to interact with neuronal cells to use
insulin, which may eventually cause the cells to starve and die. This phenomenon has
been associated with T3cDM and more than 50% of AD cases could be linked to APOE4.
Some researchers and scientists have begun to recognize AD as “diabetes of the brain”,
or T3cDM, as it has been discovered that decreasing amounts of insulin in significant
neuropathways causes detrimental effects on cognitive performance and the prevention
of synaptic losses [90–94]. Research on the links between T3cDM and neuroinflammatory
diseases like AD could become clearer and more comprehensible when connected with the
research that is being undertaken on the link between GLP-1 and its neuroprotective and
regenerative processes, regarding CNS damage and neuroinflammation [87,95,96].

GLP-1, GIP, and PP hormonal peptides are secreted in the gastrointestinal tract, where
they influence insulin secretion. GLP-1 and GIP are thought to stimulate insulin release,
while PP may have a more complex role depending on the glucose level and other unknown
factors. On the other hand, GLP-1 tends to suppress glucagon secretion while GIP may
stimulate it, depending on the microenvironment. Overall, the effects of these hormones are
highly dependent on blood glucose level; under high-glucose conditions, GLP-1 and GIP
primarily stimulate insulin secretion, and PP plays various roles depending on the metabolic
state and surrounding environment. Patients that have dysfunction in the production and
release of metabolic peptides like GLP-1, GIP, and PP are at a substantial risk of developing
T3cDM and/or potentially developing a neurodegenerative disease like AD [97–99]. As
stated previously, ineffective or low amounts of GLP-1 and extremely high levels of GIP
cause the function of β cells to decrease, while also causing insulin resistance to increase
(Figure 1). This activity can be linked to the neuroinflammation seen in patients with
dementia, as studies have discovered that an increase in insulin concentration in the brain
affects the neurotransmitters responsible for regulating long-term memory enhancement
and long-term memory suppression, which is a common deficiency seen in AD resulting in
impaired memory and cognition [97,98]. It has also been revealed that increased insulin
resistance creates oxidative stress, and this can be linked back the development of the AGEs
that form plaques.

Regarding the significant increase in the metabolic peptide PP, the resulting low
amounts of insulin secretion can cause an accumulation of β-amyloid, increasing the
chances of plaque formation and neurofibrillary tangles [98,100]. Researchers have been
able to determine that insulin resistance can be linked to a decrease in glucose metabolism
and glucose transporters in the brain, which are crucial for cognition and memory. They
have also been able to discover that the dysfunction in the metabolic peptides responsible
for insulin production and blood glucose regulation leads patients to have decreased
levels of acetylcholine (ACh), which has been known to be associated with AD, as the
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plaques developed by the disease damage and break down cells that produce and use
ACh. Research on the links between T3cDM and neuroinflammatory diseases like AD will
become clearer and more comprehensible when connected with the research that is being
undertaken on the link between GLP-1 and its neuroprotective and regenerative processes
in relation to CNS damage and neuroinflammation [76,95].

8. Current Clinical Applications and Possible Future Research Directions
Findings from research performed in the past, as well as findings discovered more

recently on these metabolic peptides, have allowed for the progression of more innovative
clinical applications to transpire. The use of GLP-1-based treatment has expanded within
recent years and has provided significant support to reducing the effects of not only obesity
and diabetes, but also diseases that affect the cardiovascular system, renal function, liver
function, and even sleep (specifically obstructive sleep apnea) [70,101,102]. Researchers
have been able to more frequently advance GLP-1-focused therapies/treatments to manage
specific conditions using GLP-1 and PP agonists, improving metabolic dysfunction with
treatments like semaglutide, dulaglutide, liraglutide, and more. A simplified narrative
delineating GLP-1, GIP, and PP hormonal peptides is presented in Table 1.

Table 1. A summary table for the interactive functions of metabolic peptides GLP-1, GIP, and PP.

Functions GLP-1 GIP PP References

Cells

Ineffective GLP-1 causes
β cell function
to decrease

Increased levels of GIP
causes β cell function
to decrease

Increased levels of PP
causes F cell function
to increase [32,42,52,57]

GLP-1 agonists allow
pancreatic β cell
apoptosis to decrease

GIP stimulates release of
GLP-1 from α cells

β-cell marker is limited
by expression in islet
PP cells

Insulin

Ineffective GLP-1 causes
insulin resistance
to increase

Increased levels of GIP
causes insulin resistance
to increase

Increased levels of PP
causes insulin secretion
to decrease

[17,41,42,47]
GLP-1 agonists allow for
insulin production
to increase

Elevated GIP induces
insulin resistance and
promotes hypothalamic
inflammation

Inhibits pancreatic
exocrine secretion and
acts as a brake on
pancreatic secretion

Obesity

GLP-1 suppresses
glucagon production and
delays gastric emptying,
decreasing food intake

Excessive fat
accumulation allows for
the hypersecretion of
GIP; may
promote obesity

PP regulates metabolism
and delays gastric
emptying, decreasing
food intake

[38,48,57]

Type 2
Diabetes

Ineffective GLP-1 causes
individuals to have
significantly lower
glycemic control
responses

There is high resistance
to the effect of GIP in the
bodies of patients with
Type 2 Diabetes

High levels of PP are
secreted from the
pancreas in patients with
Type 2 Diabetes [39,40,47,57]

GLP-1 agonists lower
glucose levels
and manage

GIP acts as a protection
against hypoglycemia

PP may act as a
counter-regulatory
mechanism to help

The incretin effects of GIP have sparked new development in current treatments
for obesity, and by using GIP agonists, therapies have been developed to regulate glu-
cose metabolism, increase β-cell function, and even manage/reduce systemic blood
pressure [3,51]. For future research focuses, it has been recommended that GLP-1 and GIP
treatments be combined with other receptor agonists or antagonists—preferably nutrient-
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based ones to allow for the most effective treatment to take place. The current treatment
available, tirzepatide, is the only FDA-approved dual GLP-1/GIP receptor agonist. New
emerging research has also allowed for the potential development of treatments regard-
ing T3cDM and an understanding of its correlation to dementia. Metabolic peptides
work together by binding to specific receptors on pancreatic β cells to manage/reduce
insulin secretion and signaling, which ultimately reduces inflammation—specifically in-
flammation in the brain and within its processes—to help promote the survival of various
brain cells [41,103]. With new clinical applications being developed so frequently regard-
ing this topic, there seems to be endless opportunities for the development of future
metabolic therapies.

9. Conclusions
Metabolic peptides have become a novel research area for the potential treatment of

metabolic diseases such as obesity, diabetes, and hyperlipidemia. Obesity has affected
children and adults all over the world and has continued to become more common each
year. It is a disease that has been proven to develop into other life-altering conditions,
such as hyperinsulinemia and T2DM, and researchers have been able to link conditions
like T2DM to inflammatory diseases, specifically neuroinflammatory diseases. Some neu-
roinflammatory diseases result in significant abnormal amounts of metabolic peptides like
GLP-1, GIP, and PP, which are crucial hormonal peptides needed to regulate insulin secre-
tion, blood glucose level regulation, and gastric emptying; these processes are significantly
dysregulated in patients with T2DM. Researchers have been able to link the dysfunction of
these metabolic peptides to the connections between T2DM, PD, and AD. They have also
presented many studies that have allowed them to see that the creation of GLP-1 agonists
not only improves insulin production and encourages weight loss, but may also work as
a neuroprotectant against neuroinflammation and neurodegeneration. There is still a lot
of crucial research that must be undertaken, but there has been great progress regarding
further understanding the links between metabolic peptides like GLP-1, GIP, and PP, as
well as their agonists and properties, in order to combat obesity and neuroinflammation.
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