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Ghrelin

Primary Disciplinary Field(s): Endocrinology, Physiology, Metabolism, Neuroscience

1. Core Definition and Discovery

Ghrelin is a peptide hormone that plays a crucial role in regulating appetite and energy balance
within the body. Often referred to as the "hunger hormone," its primary function is to signal hunger
to the brain, thereby stimulating food intake. This potent orexigenic (appetite-stimulating) effect
positions ghrelin as a key component of the intricate neurohormonal network that governs
metabolism and body weight. Chemically, ghrelin is a 28-amino acid peptide that requires acylation
(the attachment of an n-octanoic acid group) at its serine-3 residue to be biologically active, a
unigue modification essential for its receptor binding and function.

The discovery of ghrelin was a significant milestone in endocrinology, first isolated from the rat
stomach in 1999 by a Japanese research team led by Masayasu Kojima and Kenji Kangawa.
Initially identified as the endogenous ligand for the growth hormone secretagogue receptor (GHS-
R1a), its broader role in appetite regulation and energy homeostasis quickly became apparent.
This discovery provided a new target for understanding and potentially treating metabolic
disorders, marking a pivotal moment in research concerning the physiological control of food intake
and body weight management. Its identification helped to elucidate previously unknown pathways
involved in hunger signaling, distinguishing it as a major endocrine factor in metabolic regulation.

2. Biological Synthesis and Release

The predominant site of ghrelin synthesis and secretion is the stomach, specifically by specialized
enteroendocrine cells located in the oxyntic glands. These cells, often referred to as X/A-like cells,
are responsible for producing the inactive precursor, preproghrelin, which undergoes post-
translational modification to yield active ghrelin. The crucial step for ghrelin's biological activity is its
acylation, catalyzed by the enzyme ghrelin O-acyltransferase (GOAT). This unique lipid
modification is essential for ghrelin to bind to and activate its receptor, highlighting a specific
mechanism for regulating its function.

While the stomach is the primary source, ghrelin is also produced in smaller quantities by other
tissues, including the small intestine, pancreas, kidney, placenta, and certain brain nuclei,
indicating its diverse physiological roles. The release of ghrelin into the bloodstream is highly
dynamic and exhibits a distinct pulsatile pattern. Its levels typically rise significantly before meals,
peaking just prior to food consumption, which aligns with its role in initiating hunger and meal-
seeking behavior. Conversely, ghrelin levels rapidly decline after food intake, reaching their nadir
during the post-prandial (after-meal) state, reflecting the satiating effect of food and the body's shift
from hunger to satiety.
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The regulation of ghrelin secretion is complex, involving both nutrient-dependent and neural
mechanisms. Factors such as hypoglycemia, fasting, and stress are known to stimulate ghrelin
release, promoting energy intake when the body perceives a caloric deficit. Conversely, conditions
like hyperglycemia, feeding, and the presence of certain nutrients in the gut act as suppressors of
ghrelin secretion. This sophisticated regulatory system ensures that ghrelin levels are finely tuned
to the body's immediate energy needs, serving as an acute signal that links energy status to
appetite modulation.

3. Mechanism of Action

The physiological effects of ghrelin are primarily mediated through its interaction with the Growth
Hormone Secretagogue Receptor type la (GHS-R1a), a G-protein coupled receptor (GPCR).
This receptor is widely distributed throughout the body, with significant concentrations found in key
areas of the central nervous system, particularly within the hypothalamus, which is central to

appetite regulation. Beyond the hypothalamus, GHS-R1a is also present in other brain regions
such as the hippocampus, substantia nigra, and ventral tegmental area, suggesting ghrelin's
involvement in processes beyond just hunger, including learning, memory, and reward pathways.

Upon binding of acylated ghrelin to GHS-R1a, the receptor undergoes a conformational change,
leading to the activation of intracellular signaling cascades. This typically involves the dissociation
of heterotrimeric G-proteins, which in turn activate downstream effectors. A prominent pathway
initiated by ghrelin receptor activation is the stimulation of phospholipase C, leading to the

hydrolysis of phosphatidylinositol 4,5-bisphosphate (PIP2) into diacylglycerol (DAG) and inositol
trisphosphate (IP3). IP3 then triggers the release of intracellular calcium stores, leading to an
increase in cytoplasmic calcium levels, which acts as a crucial second messenger in various
cellular processes.

In the hypothalamus, ghrelin's orexigenic effects are largely mediated by its action on specific
neuronal populations within the arcuate nucleus. It stimulates the activity of neuropeptide Y (NPY)

and Agouti-related peptide (AgRP) producing neurons. These neurons are known to be potent

stimulators of appetite and inhibitors of energy expenditure. Concurrently, ghrelin can inhibit the
activity of pro-opiomelanocortin (POMC) neurons, which typically produce anorexigenic (appetite-
suppressing) signals. This dual action in the arcuate nucleus - stimulating orexigenic pathways
while suppressing anorexigenic ones - effectively promotes increased food intake and reduced
energy expenditure, reinforcing its role as a powerful hunger signal.

4. Role in Appetite Regulation and Energy Homeostasis

Ghrelin is unequivocally established as the most potent endogenous orexigenic peptide
discovered to date, serving as a critical signal in the regulation of appetite and the broader system
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of energy homeostasis. Its primary function is to communicate the body's need for energy to the
brain. This signal is particularly strong during periods of fasting or caloric deficit, where elevated
ghrelin levels prompt a sensation of hunger, driving an individual to seek and consume food. The
precise temporal release pattern of ghrelin, with its characteristic pre-prandial rise and post-
prandial decline, underscores its role as a meal initiator, orchestrating the physiological desire to
eat before a meal and diminishing it once satiation is achieved.

The interplay between ghrelin and other hormones involved in energy balance is complex and
finely tuned. It operates in opposition to leptin, another key "hunger hormone" but with an opposing
function. While ghrelin acts as an appetite stimulator, leptin, primarily released from adipose tissue,
functions as an appetite suppressor, sighaling satiety and long-term energy sufficiency. This
antagonistic relationship between ghrelin and leptin forms a fundamental axis in the
neurohormonal control of body weight, where ghrelin drives energy intake and leptin signals
energy expenditure and satiety, creating a dynamic balance that maintains metabolic equilibrium.

Beyond its direct impact on hunger, ghrelin also influences hedonic aspects of food intake. It can
modulate reward pathways in the brain, making food more appealing and palatable, thereby
increasing the motivation to eat. This effect extends beyond basic caloric needs, suggesting that
ghrelin plays a role in food-seeking behavior driven by pleasure and reward, in addition to
physiological necessity. The collective actions of ghrelin--stimulating hunger, influencing food
preference, and modulating reward circuitry--highlight its central position in coordinating the body's
response to fluctuating energy demands, ensuring adequate caloric intake to maintain metabolic
function and overall survival.

5. Other Physiological Functions

While its role as an orexigenic hormone is paramount, ghrelin exhibits a broad spectrum of
physiological functions extending beyond appetite regulation, underscoring its pleiotropic nature.
One of its initially identified functions, which gave its receptor its name, is the potent stimulation of
growth hormone (GH) release from the anterior pituitary gland. Ghrelin acts synergistically with

growth hormone-releasing hormone (GHRH) to amplify GH secretion, thereby playing a role in
growth, metabolism, and body composition. This effect contributes to its overall influence on
energy balance and tissue maintenance.

Furthermore, ghrelin significantly impacts gastrointestinal motility and secretion. It accelerates
gastric emptying and stimulates gastric acid secretion, contributing to the digestive process. This
prokinetic effect, mediated through vagal nerve pathways, ensures efficient food processing and
nutrient absorption. Ghrelin also influences glucose homeostasis, although its precise role is still
under investigation. It can modulate insulin sensitivity and affect both insulin and glucagon
secretion, hinting at its involvement in blood glucose regulation and potentially in the pathogenesis
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of metabolic disorders like type 2 diabetes.

Emerging research suggests ghrelin has significant effects on the cardiovascular system, including
vasodilation and cardiac protection, potentially through anti-inflammatory and anti-apoptotic
mechanisms. Its presence in various brain regions also indicates roles in neuroprotection, anxiety,
and learning and memory processes. The multifaceted actions of ghrelin, encompassing
endocrine, metabolic, gastrointestinal, and neural systems, highlight its fundamental importance in
maintaining overall physiological equilibrium and adapting to changes in energy status, far beyond
simply signaling hunger.

6. Clinical Significance and Related Conditions

The intricate involvement of ghrelin in appetite and energy balance makes it a clinically significant
hormone, with altered levels observed in various metabolic and eating disorders. As noted in initial

research, patients with anorexia nervosa typically exhibit elevated circulating ghrelin levels. This
physiological response is interpreted as the body's compensatory mechanism to stimulate appetite
and promote energy intake in individuals experiencing severe malnutrition. Despite these high
ghrelin levels, the central nervous system in anorexic patients may exhibit a degree of ghrelin
resistance or altered sensitivity, contributing to the persistent refusal of food.

Conversely, in patients with obesity, ghrelin levels are often found to be lower than in lean
individuals. This reduction in the "hunger hormone" in obese states is consistent with a state of
chronic energy surplus, where the body's signaling mechanisms are attempting to suppress further
food intake. However, the precise role of ghrelin in the etiology of obesity is complex, as some
obese individuals may exhibit impaired sensitivity to ghrelin's satiating effects or alterations in its
post-prandial suppression, contributing to persistent overeating.

Beyond these common conditions, ghrelin dysregulation is observed in other significant clinical
contexts. Prader-Willi syndrome, a genetic disorder characterized by chronic insatiable hunger and

severe obesity, is strongly associated with pathologically elevated ghrelin levels that fail to
suppress after meals, contributing to persistent hyperphagia. In contrast, following bariatric
surgery, particularly procedures like Roux-en-Y gastric bypass that remove a significant portion of
the ghrelin-producing stomach, ghrelin levels are markedly reduced. This decrease is considered a
key factor contributing to the significant and sustained weight loss observed post-surgery, by
reducing hunger signals and promoting satiety. Ghrelin also plays a role in cachexia, a severe
wasting syndrome associated with chronic diseases, where it may be elevated in an attempt to
combat weight loss, or its effects may be blunted due to underlying disease processes.
Understanding these clinical manifestations of ghrelin dysregulation is crucial for developing
targeted diagnostic and therapeutic strategies for a range of metabolic and eating disorders.
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7. Therapeutic Potential and Research Directions

The significant role of ghrelin in appetite regulation and energy balance has positioned it as an
attractive target for therapeutic interventions in various metabolic and wasting conditions.
Research into ghrelin-based pharmacotherapies broadly follows two directions: the development of
ghrelin receptor agonists to stimulate appetite and promote weight gain, and ghrelin receptor
antagonists or inverse agonists to suppress appetite and facilitate weight loss.

Ghrelin agonists hold considerable promise for treating conditions characterized by insufficient
appetite and involuntary weight loss, such as cancer-associated cachexia, anorexia in older adults,

and chronic kidney disease. For instance, synthetic ghrelin mimetics, such as anamorelin, have
shown efficacy in clinical trials by increasing appetite, food intake, and lean body mass in patients
with cancer cachexia, offering a potential therapeutic avenue to improve quality of life and clinical
outcomes in these vulnerable populations. These compounds aim to harness ghrelin's orexigenic
and growth hormone-releasing properties.

Conversely, ghrelin antagonists or inverse agonists are being investigated for their potential to treat
obesity and related metabolic disorders by reducing hunger signals and promoting satiety. By
blocking ghrelin's action at the GHS-R1a receptor, these compounds could theoretically decrease
caloric intake and facilitate weight loss. However, developing selective and effective ghrelin
antagonists has proven challenging, partly due to ghrelin's multifaceted physiological roles and the
complexity of its receptor signaling. Future research continues to explore more targeted
approaches, including modulators of ghrelin acylation by GOAT, to fine-tune ghrelin activity without
broad off-target effects. Understanding the long-term safety and efficacy of these interventions
remains a critical area of ongoing investigation.

8. Further Reading

Ghrelin - Wikipedia
Ghrelin: Structure, Function and Clinical Implications - PMC

Ghrelin: the hormone of hunger - Endocrinology.org

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://en.wikipedia.org/wiki/Anorexia_in_older_adults
https://en.wikipedia.org/wiki/Anamorelin
https://en.wikipedia.org/wiki/Ghrelin
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3969476/
https://www.endocrinology.org/endocrinologist/123-spring2017/features/ghrelin-hormone-of-hunger/
https://scales.arabpsychology.com/?p=30181
https://scales.arabpsychology.com
https://scales.arabpsychology.com

