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Abstract

Diabetes is one of the leading causes of gastroparesis. Gastroparesis is a state of partial gastric paralysis where
gastric emptying is delayed due to slower or faster gastric motility. Over the years, many other distinct causes of
gastroparesis have emerged, including collagen-related vascular diseases and Parkinson’s disease. Calcitonin
gene-related peptide, or CGRP, a potent smooth muscle relaxant, is a 37-amino acid neuropeptide found in the
gastrointestinal system that has been shown to slow gastric emptying in healthy rodents. Regulation of its synthesis
and release from neurons is achieved in part by activation of the transient receptor potential vanilloid subtype 1
(TRPV1). Regulation of its function is achieved by binding to its own receptor, a complex of the Calcitonin Receptor-
like Receptor (CRLR) and Receptor Activity Modifying Protein 1 (RAMP1). In the gastrointestinal system, CGRP
regulates the release of somatostatin, also known as Growth Hormone Inhibiting Hormone, or GHIH. Somatostatin
functions to inhibit the release of gastric acid thus, demonstrating a possible indirect role of CGRP in the
pathogenesis of gastroparesis. Cells present in the gastrointestinal system include mucosal cells, submucosal cells,
myenteric neuronal cells, and others. CGRP is localized in the gastric mucosa and the myenteric plexus. The
neurons present in the enteric or myenteric nervous system play a vital role in gastric motility functions. CGRP is
released from the inhibitory neurons in the enteric or myenteric nervous system. Both serum and gastric CGRP have
been found to be decreased in diabetes, but it is not known whether these decreases play a role in the pathogenesis
of gastroparesis in diabetic/idiopathic patients. The present review provides information about CGRP, its functions,
and its possible roles in gastroparesis. The findings presented can be a great asset to the medical community in
directing future research for possible causes and developing treatments for gastroparesis.
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Introduction
Gastroparesis is a common condition among diabetic and

idiopathic patients, with diabetes accounting for 29% of the cases [1].
Diabetes is a condition in which the body does not produce insulin, or
effectively use the insulin produced. There are two types of diabetes,
Type 1 and Type 2. Type 1 diabetes is an insulin-dependent condition
in which the body does not produce insulin [2]. The causes of Type 1
diabetes are unknown; however, there are risk factors, such as having
parents with Type 1 diabetes, having Type 2 polyglandular syndrome,
or other immune disorders. Type 2 diabetes is a non-insulin
dependent condition in which patients are not effectively using the
insulin produced. Risk factors include genetics and lifestyle, such as
eating habits and obesity [3]. Obesity is one of the most important risk
factors in developing Type 2 diabetes. Obesity alters the amount of
specific hormones secreted from adipose tissue. These hormones,
called adipokines, cause insulin resistance. In obesity, adipose tissue
secretes more adipokines, leading to increased insulin resistance and
less insulin sensitivity, which leads to diabetes [4]. Gastroparesis can
also be an idiopathic condition, where the exact cause of the condition
is unknown. This accounts for 35.6% of all gastroparesis cases [1].

Gastroparesis is a state of partial gastric paralysis where gastric
emptying is delayed [5].

Gastric emptying is the process by which food empties the stomach
and enters the small intestine [1]. It is largely regulated by neurons of
the enteric nervous system (ENS) [6]. It begins with food traveling
down the esophagus and into the fundus of the stomach, where it is
stored [6] and mixed with gastric acid, beginning digestion. Food then
travels to the antrum, or body, where muscular contractions are the
strongest [7]. Next, food reaches the pylorus, the lowest portion of the
stomach, where it is now in a paste-like form called chyme. While in
the pylorus, muscle contractions continue. Finally, the chyme reaches
the duodenum, the first part of the small intestine, and gastric
emptying is complete [1]. In gastroparesis, this process is delayed5 and
the rate at which food reaches the small intestine is decreased. This
condition mainly affects young women. The basis for this is unknown;
however our laboratory studies have shown that sex hormones play a
role in gastroparesis by way of nitric oxide [8]. Studies have also
shown that CGRP increases as a result of increased female sex
hormones [9-11]. Thus, we speculate Calcitonin Gene-Related Peptide,
or CGRP, may also play a role in regulating gastric motility functions,
either independently or via sex hormones.

Calcitonin Gene-related Peptide
Calcitonin-gene related peptide, or CGRP, is a 37 amino acid

neuropeptide. It is present in two forms, α-CGRP and β-CGRP. These
forms differ by three amino acids in humans, with α-CGRP being
derived from calcitonin and β-CGRP being encoded by a different
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gene [12]. CGRP is a neurotransmitter from capsaicin-sensitive
neurons. Capsaicin is the active ingredient in chili peppers that gives
them their “hot” sensation [13]. Synthesis of CGRP begins in the
dorsal root ganglion (DRG), which also houses the capsaicin-sensitive
sensory neurons. The synthesis of CGRP is regulated by activation of
the capsaicin receptor, Transient Receptor Potential Vanilloid Subtype
1 (TRPV1). This activation can be achieved by harmful temperatures,
acidic extracellular pH, lipids, and vanilloid molecules. Once TRPV1 is
activated, CGRP is then synthesized and released by the capsaicin-
sensitive inhibitory sensory neurons to other parts of the body.
Synthesis and release of CGRP is also known to be regulated by other
factors such as nerve growth factor (NGF), arachidonic acid
derivatives, vascular wall tension, and others [14].

CGRP is present throughout the body in locations such as blood
vessels, smooth muscles, and nerve plexuses [12,15]. Published reports
have shown that the receptor for CGRP is Calcitonin Receptor-like
Receptor (CRLR); however it cannot act alone and must be complexed
to an accessory protein, Receptor Activity Modifying Protein 1, or
RAMP1. The complex of CRLR and RAMP1 is the receptor complex
for regulation of CGRP. When CGRP binds to its receptor complex, it
becomes active [16]. CGRP carries out functions in various body
systems such as the respiratory, cardiovascular, and gastrointestinal
systems [14]. This review will focus on its function in the
gastrointestinal system as it relates to gastroparesis.

Localization of CGRP in the gut
In the stomach, CGRP has been shown to be localized in the gastric

mucosa, the longitudinal muscles, and the myenteric plexus [15]. The
myenteric and the submucosal plexuses together make up the ENS.7
The ENS regulates the gastrointestinal motility functions.6 Functions
of CGRP in these locations include vasodilation and muscle relaxation
[13,16]. CGRP is currently the most potent vasodilator known [14].

CGRP is present in many different places in the body [12]. In the
gastrointestinal system, it is present in the capsaicin-sensitive afferent
neurons. These capsaicin-sensitive neurons, when activated by
capsaicin, have been found to cause contraction of the longitudinal
muscles [13].

Contraction of the longitudinal muscles is essential for the passage
of food through the gastrointestinal system.

Gastroparesis and CGRP
Gastroparesis is a medical condition in which the stomach is

partially paralyzed [5]. As a result, food takes a much longer time to
travel through the stomach and reach the small intestine. This process
could be influenced by CGRP in various ways. Normally, CGRP is
present in the Delta (D) cells of the gastric mucosa. There, CGRP
controls the synthesis and secretion of substances, one being
somatostatin. Somatostatin, also known as GHIH, is a hormone
produced partially in the periventricular nucleus of the hypothalamus.
When released, it inhibits the secretion of gastric acid [12].
Accordingly, we speculate that changes in CGRP would result in
changes in somatostatin synthesis and release, resulting in changes in
gastric acid secretion, thus, CGRP may indirectly control the release of
gastric acid, which is an essential part of the gastric emptying process.
Therefore, CGRP could be a factor in slower gastric emptying;
however, a connection between CGRP and gastroparesis has not been
established and can be a focus in future research.

In a healthy state, during the gastric emptying process, food travels
through the stomach. In order for this to happen, the longitudinal and
circular muscles of the stomach have to contract [12] and relax. CGRP
has been shown to cause increased smooth muscle relaxation and
decreased muscular contraction [12]. Since CGRP levels are reduced
[17,18] in diabetic serum and stomachs (Figure 1); we speculate that it
could lead to abnormal gastric motility thus gastroparesis as we have
noticed with reduced nitric oxide synthesis [19]. A relationship
between CGRP, gastric muscular innervation, and gastroparesis has
also not been established and can be a focus in future research.

Figure 1: Schematic of the possible CGRP mechanisms in diabetes
resulting in delayed gastric emptying/gastroparesis when compared
to a healthy state. In a healthy state, CGRP synthesis and receptors
are increased. This increase of CGRP leads to normal muscular
innervation and circulation. Somatostatin and gastric acid secretion
are released at normal rates, and gastric motility and emptying are
normal. As a result of increased insulin resistance, a healthy person
can become diabetic. In diabetic states, CGRP levels decrease,
resulting in decreased muscular relaxation and circulation.
Somatostatin release and gastric sectretions decrease, resulting in
abnormal gastric motility or gastroparesis.

As earlier stated, the ENS regulates the gastrointestinal system [6].
The ENS consists of two components, an extrinsic component, and an
intrinsic component. The extrinsic component is comprised of
autonomic divisions, parasympathetic and sympathetic. The intrinsic
component is made up of millions of neurons, including the myenteric
plexus and the two layers of submucosal plexuses. The neurons of the
myenteric plexus are responsible for the innervation to the muscle
layers [6]. We speculate that CGRP localized in these areas may play a
critical role in maintaining normal stomach motility and emptying
processes. A change in the synthesis of CGRP could lead to
gastroparesis in the onset of diabetes.

In diabetes, serum and stomach CGRP has been found to be
reduced as compared to people without diabetes [17,18]. Decreases in
CGRP could result in decreased vasorelaxation, which could in turn
result in a decreased blood circulation to the muscles needed for
gastric emptying (Figure 1). However, it is not known whether
decreased serum or gastric CGRP contributes to the pathogenesis of
diabetic gastroparesis. There is currently little research on the
pathology of idiopathic gastroparesis [20].
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Methodology and Findings
Database searches were conducted using title words and key words.

Studies were evaluated and summarized in a narrative review. To
guard against biased reporting, we chose and evaluated studies that
stated concepts clearly and had concise conclusions. We also did not
evaluate meta-analyses, as they can potentially contain discrepant
results. The following databases were used to search for relevant
articles:

• PubMed incl. MEDLINE by OVID
• ScienceDirect by Elsevier
• SciVerse by Elsevier
• EMBASE by Elsevier
• Evidence Based Medicine (EBM) reviews
• Web of Science by Thomson Reuters

Our hypothesis was as follows: In a state of diabetes and
hyperlipidemia, the expression of the CGRP receptors CRLR, RAMP1
and Adrenomedullin receptor RAMP2 will be decreased. Based on the
literature available we conclude that CGRP may play a significant role
in improving gastroparesis. However more studies need to be
conducted in preclinical animal models to prove our hypothesis.

Pharmacological studies have shown that intervention affecting
CGRP and Adrenomedullin receptors have had an effect on
gastroparesis. Luo and others found that using an antagonist of the
CGRP receptor increases gastric blood flow, thus promoting gastric
motility, and supporting the hypothesis that altering the expression of
receptors affects the gastroparesis seen in diabetes and hyperlipidemia.
In contrast, Cottrell and others also found that employing a CGRP
receptor antagonist halted contraction and relaxation, thus possibly
slowing motility, possibly contributing to gastroparesis. Due to these
conflicting studies, more studies should be conducted to prove our
hypothesis.

Conclusions
According to the discussed literature, having inadequate amounts of

CGRP appears to be pathogenic. In healthy females, CGRP levels are
higher; but, stomach emptying is slower when compared with men
[19]. However, in diabetes, CGRP levels decrease, therefore, it could be
leading to the pathogenesis of gastroparesis [17,18]. More in-depth
studies are warranted to investigate the role of CGRP in both health
and disease. Future research should first focus on the levels of CGRP
and CGRP receptor components in diabetic/idiopathic patients. Next,
research should examine the gastric functions in these patients as it
relates to these CGRP levels and sex steroid hormones. This can assist
in establishing another cause of gastroparesis and be beneficial in
developing treatments.
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