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HOW TO USE THIS GUIDE

This guide converts a long-form research narrative into a repeatable learning system. Every future PPl molecule guide

can use the same architecture, visual language, evidence labels, and memory devices.

o1 IDENTITY
What it is - and what it is not
02 PHYSIOLOGY
The normal system before the compound
03 MECHANISM
Target, pathway, and downstream logic
04 EVIDENCE
Cell, animal, and human evidence separated
05 RISK
Known concerns, unknowns, and translation limits
06 MONITORING
What a legitimate research framework would measure
07 PATIENT CONTEXT
Which phenotype might fit the biology
08 RECALL
Memory hooks, seven questions, and bottom line
EVIDENCE CELL = mechanistic CORE DISCIPLINE
CODE ANIMAL = organism-level preclinical Mechanism does not equal outcome. Unknown does
HUMAN = clinical translation not equal failed - and unknown does not equal proven.
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RAPID RECALL

Read this page first. These anchors provide the complete high-level story of Ghrelin; the remaining pages add
mechanism, evidence, context, and nuance.
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07

08

IDENTITY
A 28-amino-acid stomach-derived peptide that requires GOAT-mediated acylation for strong
canonical activity.

RECEPTOR
Activates GHSR, a receptor with unusual constitutive activity that is counter-regulated by LEAP2.

CORE PROGRAM
Coordinates hunger, food reward, GH release, gastric motor function, and fuel-preservation behavior.

ACTIVE FORM
Total ghrelin does not equal active ligand; acyl-ghrelin and the acyl-to-desacyl balance matter.

CONTEXT
Fasting, weight loss, obesity, cachexia, sleep, glucose status, and pituitary capacity change
interpretation.

CLINICAL USE
GHSR agonism supports dynamic GH testing and has been studied for gastroparesis and cancer
cachexia.

DIRECTION
The same pathway may be suppressed for weight control or activated for appetite loss and motility
problems.

PRAXIS QUESTION
Which node - ghrelin, GOAT, GHSR, LEAP2, target organ, or patient state - is actually limiting?

ONE-SENTENCE MEMORY

GHRELIN IS NOT JUST HUNGER - IT COORDINATES FASTING, FEEDING, GH, AND MOTILITY.
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UNDERSTAND THE PEPTIDE

Ghrelin is a 28-amino-acid peptide hormone produced predominantly in the stomach that acts as the endogenous ligand
for the growth hormone secretagogue receptor - GHSR.

But calling ghrelin:

“THE HUNGER HORMONE”

is only partially correct.
Ghrelin does increase:
* hunger

» food intake

» food motivation

But it also participates in:

» growth hormone secretion * gastric motility

* glucose homeostasis * energy balance

e reward signaling e nutrient sensing

« fasting adaptation * body-weight regulation

And unlike most peptide hormones, ghrelin requires a highly unusual biochemical modification before it can strongly
activate its canonical receptor.

A fatty acid must be attached to the peptide.
Specifically:

SERINE-3 MUST BE ACYLATED.

That modification is performed by:

GHRELIN O-ACYLTRANSFERASE - GOAT.

Without that acyl group:

the molecule becomes:

DESACYL-GHRELIN

which does not meaningfully activate GHSR at physiological concentrations.
That makes ghrelin extraordinary.

Its biology is not simply:

PEPTIDE -» RECEPTOR.

Itis:
PEPTIDE
POST-TRANSLATIONAL LIPID MODIFICATION - ACTIVE RECEPTOR LIGAND
PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 04
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So one of the most important ghrelin concepts is:

THE PEPTIDE'S AMINO-ACID SEQUENCE ALONE IS NOT ENOUGH.

The molecule also needs:

THE RIGHT LIPID MODIFICATION.

That is the core biology.

WHAT IS GHRELIN?

Ghrelin is a:

28-AMINO-ACID PEPTIDE.

It is produced primarily by specialized endocrine cells in:

THE STOMACH.

Historically these cells have been called:
e P/D1 cells in humans
* X/A-like cells in rodents

Ghrelin was discovered in 1999 as the endogenous ligand for the previously identified:

GROWTH HORMONE SECRETAGOGUE RECEPTOR.

That discovery was unusual.

Usually:
hormone first - receptor later.

With ghrelin:
receptor pharmacology came first.

Then scientists discovered:

THE NATURAL HORMONE THAT ACTIVATED IT.

Again:

RECEPTOR - LIGAND DISCOVERY

rather than the classical:

LIGAND - RECEPTOR DISCOVERY.

THE CORE GHRELIN MODEL

desacyl-ghrelin
precursor

Stomach —5 preproghrelin _ proghrelin - processing GOAT

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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adds medium-chain brain + pituitary +
fatty acid at Ser3 O oLSH peripheral systems

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE GHRELIN

HUNGER 1

GH RELEASE 1

Gl MOTILITY MODULATION

GLUCOSE / ENERGY HOMEOSTASIS CHANGES

Again:

ACYLATION CREATES THE CLASSICAL GHSR-ACTIVE FORM.

THE UNIQUE ACYL GROUP

Ghrelin is most commonly modified with:

OCTANOIC ACID - C8:0

at:
SERINE-3.
This is unusual.
Peptide hormones are commonly modified by:
* amidation * phosphorylation
* glycosylation * proteolytic processing

But ghrelin requires:

FATTY-ACID ACYLATION.

That octanoyl group is essential for strong interaction with:

GHSR.

Again:

CHEMICAL MODIFICATION CHANGES RECEPTOR IDENTITY.

GOAT - THE ENZYME THAT ACTIVATES GHRELIN

GOAT stands for:

GHRELIN O-ACYLTRANSFERASE.

It belongs to the:

MEMBRANE-BOUND O-ACYLTRANSFERASE - MBOAT

family.
GOAT takes:

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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e ghrelin precursor

fatty-acyl donor - adds an acyl group to:

SERINE-3 - produces receptor-active ghrelin.

This means GOAT represents another possible pharmacological target.

Instead of blocking:

GHSR,

you could theoretically reduce:

GHRELIN ACTIVATION ITSELF.

Again:

TARGET THE LIGAND-PROCESSING ENZYME INSTEAD OF THE RECEPTOR.

THE GOAT MODEL

Preproghrelin - proghrelin - GOAT

medium-chain fatty acid substrate _, ACYL-GHRELIN N GHSR activation

So potential intervention points include:

¢ Intervention A

block GOAT - less active ghrelin
* Intervention B
block GHSR - ghrelin signal blocked
* Intervention C
activate GHSR - ghrelin-like effect increased

Again:

ONE PATHWAY CAN BE MANIPULATED AT MULTIPLE LEVELS.

GHRELIN VS DESACYL-GHRELIN

This distinction is fundamental.

GHRELIN
By modern consensus terminology:

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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generally refers to the:

ACYLATED, GHSR-ACTIVE PEPTIDE.

DESACYL-GHRELIN

* same basic peptide backbone
but:

WITHOUT THE ACYL GROUP.

Desacyl-ghrelin does not activate GHSR at physiological concentrations.

That does not necessarily mean it is:

BIOLOGICALLY INERT.

There is evidence suggesting desacyl-ghrelin may have actions through:

OTHER, LESS WELL-DEFINED SYSTEMS.

But its physiology is much less clearly characterized.

Again:
SAME AMINO-ACID BACKBONE = SAME PHARMACOLOGY.
THE ACYLATION DISTINCTION
Ghrelin - Ser3 octanoylated - GHSR binding —»  classical ghrelin effects
Desacyl-ghrelin - no octanoyl group - minimal classical GHSR activation
Potential:

* other pathways

Again:

POST-TRANSLATIONAL MODIFICATION CAN DETERMINE WHICH RECEPTOR THE MOLECULE CAN
USE.

WHY MEASURING GHRELIN IS HARD

This chemistry creates a laboratory problem.
After blood is drawn:

acyl-ghrelin can rapidly become:

DESACYL-GHRELIN

because esterases remove the fatty-acid modification.
Therefore:

sample handling matters.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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If the specimen is not processed appropriately:

measured acyl-ghrelin may be:

ARTIFICIALLY LOW.

Again:

PREANALYTICAL BIOCHEMISTRY CAN CHANGE THE LAB RESULT.

This is particularly important in peptide research.

THE SAMPLE-HANDLING PRINCIPLE

Patient blood - contains acyl-ghrelin
Then:
sample sits untreated - esterases remove acyl group - measured active ghrelin |
Result:
THE LAB MAY MEASURE SAMPLE DECAY RATHER THAN PATIENT PHYSIOLOGY.
Again:

MEASUREMENT TECHNIQUE IS PART OF THE EVIDENCE.

THE GHRELIN RECEPTOR - GHSR

The canonical ghrelin receptor is:

GHSR1la, commonly simplified to:

GHSR.

Itis a:

G-PROTEIN-COUPLED RECEPTOR.

It is highly expressed in:

* pituitary

* hypothalamus

* brain regions involved in appetite and reward
with additional expression reported in other tissues.

Consensus nomenclature now generally favors:

GHSR

for the receptor.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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The receptor is unusual for another reason:

IT HAS VERY HIGH CONSTITUTIVE ACTIVITY.

GHSR CAN SIGNAL WITHOUT GHRELIN

This is one of the most fascinating parts of ghrelin biology.
Many GPCRs have some baseline activity.
But GHSR has:

UNUSUALLY HIGH LIGAND-INDEPENDENT ACTIVITY.

Experimental estimates suggest it can signal at a substantial fraction of maximal capacity even:

WITHOUT GHRELIN BOUND.

That means:

GHSR biology is not simply:

ghrelin absent - receptor off.
Instead:

receptor alone N some baseline signaling.
Then:

ghrelin binds - signal increases further.
Again:

RECEPTOR = PASSIVE SWITCH.
THE CONSTITUTIVE-ACTIVITY MODEL
No ghrelin - GHSR still partially active

Then:

ghrelin binds - activity 1

That creates several possible drug classes:
» Agonist e activity 1
* Antagonist * blocks ghrelin binding

* Inverse agonist

reduces:

BASELINE CONSTITUTIVE SIGNALING

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 10
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Again:
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ANTAGONIST = INVERSE AGONIST.

This distinction matters enormously for GHSR.

LEAP2 - THE OTHER SIDE OF THE GHRELIN SYSTEM

For years ghrelin appeared to be:

THE MAIN ENDOGENOUS GHSR LIGAND.

Then researchers identified:

LEAP2 - LIVER-EXPRESSED ANTIMICROBIAL PEPTIDE 2.

LEAP2 functions as an endogenous:

GHSR ANTAGONIST / INVERSE AGONIST.

That changes the whole model.

Instead of:
ghrelin - GHSR
the physiology becomes:
GHRELIN
versus:
LEAP2

competing around:

GHSR SIGNAL INTENSITY.

THE GHRELIN-LEAP2 BALANCE

Ghrelin N GHSR activation 1 N hunger / GH signaling

LEAP2 - GHSR activity | - ghrelin effects restrained

So the receptor is controlled by:

AN AGONIST

and:

AN ENDOGENOUS ANTAGONIST / INVERSE AGONIST.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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Again:

THE SYSTEM IS A BALANCE, NOT A SINGLE HORMONE.

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE GHRELIN

FASTING CHANGES THE GHRELIN-LEAP2 BALANCE

Fasting generally favors:

GREATER GHRELIN SIGNALING.

Fed-state physiology tends to:

REDUCE GHRELIN DRIVE.

LEAP2 appears to move in the opposite metabolic direction in several experimental settings.

Conceptually:

fasting - ghrelin relative dominance 1

Fed state / higher energy availability - LEAP2 restraint may increase

Again:
the body may regulate appetite partly through:

A RATIO OF AGONIST TO ANTAGONIST.

That is far more sophisticated than:

“GHRELIN GOES UP WHEN HUNGRY.”

GHRELIN AND HUNGER

Ghrelin is one of the clearest endogenous:

OREXIGENIC HORMONES.

Orexigenic means:

INCREASES FOOD INTAKE.

In a randomized double-blind crossover human study, intravenous ghrelin increased energy intake from a buffet by
approximately:

28%.

That is direct human evidence that:

GHRELIN CAN INCREASE APPETITE AND FOOD INTAKE.

Again:
this is not simply an association between:
¢ high ghrelin

and:

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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hunger.

There is:

HUMAN INTERVENTIONAL EVIDENCE.

THE HUNGER MODEL

Energy hypothalamic

A P GHSR / neural food seeking energy
ava;Lal:)slllty —» ghrelinrises _ signaling — appetite —5 hunger - N N intake 1
circuits

This makes ghrelin a powerful:

ENERGY-DEFICIT SIGNAL.

GHRELIN RISES BEFORE MEALS

One classic observation is that circulating ghrelin often rises:

BEFORE MEALS

and falls:

AFTER EATING.

This helped create the idea of ghrelin as:

A MEAL-INITIATION SIGNAL.

But the system is more complicated.

Premeal ghrelin may reflect:
» fasting duration * learned meal timing
e circadian signals * habitual eating patterns
* metabolic state

Again:

PREMEAL RISE = SIMPLE EMPTY-STOMACH SENSOR.

THE ANTICIPATORY MODEL

ghrelin may rise before

hunger increases
noon

Habitual meal at noon —s brain + gut anticipate food _,

This means ghrelin may participate in:

LEARNED METABOLIC TIMING.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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Again:

HUNGER CAN BE ANTICIPATORY, NOT ONLY REACTIVE.

GHRELIN AND THE HYPOTHALAMUS

Ghrelin strongly interacts with hypothalamic circuits involving:

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE GHRELIN

NPY - NEUROPEPTIDE Y

and:
* AgRP - AGOUTI-RELATED PEPTIDE
neurons.

These neurons promote:

FOOD SEEKING + ENERGY CONSERVATION.

Conceptually:
ghrelin - GHSR - NPY / AgRP neurons

e food intake T

This is one reason ghrelin is such a strong link between:

hunger 1

GUT SIGNALING

and:

BRAIN BEHAVIOR.

GHRELIN AND REWARD

Eating is not governed only by:

HOMEOSTATIC HUNGER.

There is also:

HEDONIC EATING.

Meaning:

food is rewarding.

Ghrelin signaling interacts with:
e dopamine

e mesolimbic reward systems

« food motivation

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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This may increase:

THE REWARD VALUE OF FOOD.

So ghrelin can influence:

not merely:
“AM | ENERGY DEFICIENT?"”
but:
“HOW MOTIVATED AM | TO SEEK THIS FOOD?”
Again:
HUNGER + REWARD ARE RELATED BUT DISTINCT.

THE REWARD MODEL

GHSR signaling in reward

Ghrelin 7 e

food cue salience 1T —» motivation to obtain food 1

This may be especially important after:

WEIGHT LOSS.

GHRELIN AFTER WEIGHT LOSS

One of the major challenges of sustained weight loss is:

BIOLOGICAL COUNTER-REGULATION.

After calorie restriction and weight loss:

food becomes more weight-regain pressure
%

ghrelin can rise. - hunger increases. . a
compelling. increases.

This is one reason:

WEIGHT MAINTENANCE IS NOT SIMPLY WILLPOWER.

The body actively tries to restore:

ENERGY STORES.

THE WEIGHT-REGAIN MODEL

energy-deficit food intake weight-regain

Body fat signals 1 - ghrelin 1 - hunger 1 —>  pressure © - tendency

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 15
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Again:

THE BODY DEFENDS ENERGY STORES.

GHRELIN AND OBESITY

This creates a paradox.
If ghrelin increases hunger:

you might assume obesity should produce:

HIGH GHRELIN.

But fasting ghrelin is often:

LOWER IN OBESITY

than in lean individuals.

That sounds contradictory until the system is considered dynamically.

Obesity may involve:
* lower basal ghrelin * altered meal suppression
* altered receptor sensitivity e altered LEAP2

* altered reward circuitry

Again:

OBESITY = GHRELIN EXCESS SIMPLY.

LOWER GHRELIN CAN COEXIST WITH OBESITY

This is a recurring endocrine principle.
A hormone may be lower because:

the body is attempting to:

COMPENSATE FOR ENERGY EXCESS.

So:
obesity - ghrelin baseline |

could represent:

HOMEOSTATIC RESTRAINT.

That does not mean:
ghrelin is irrelevant to obesity.

It means:

LEVEL # WHOLE PATHWAY ACTIVITY.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 16
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HORMONE CONCENTRATION = RECEPTOR SIGNALING

Ghrelin concentration is only part of the system.
Net effect depends on:

¢ acylation status

* GHSR density

 constitutive receptor activity

LEAP2

¢ CNS sensitivity

* meal timing

* energy state

Again:

A LOW HORMONE LEVEL DOES NOT GUARANTEE LOW PATHWAY ACTIVITY.

GHRELIN AND GROWTH HORMONE

Ghrelin was discovered because it activates:

THE GROWTH HORMONE SECRETAGOGUE RECEPTOR.

That means it is one of the major non-GHRH pathways capable of stimulating:

GH RELEASE.

pituitary + hypothalamic

Ghrelin - GHSR GH secretion 1

signaling
This creates a second major route into:
THE GH AXIS.

* GHRH pathway

GHRH N GHRHR N cAMP N GH 1
* Ghrelin pathway

. rimarily Gq / PLC /
Ghrelin - GHSR - C:’*-relazzd t;ignaling - GH 1
Together: - SYNERGISTIC GH RELEASE

Again:

TWO DIFFERENT RECEPTORS CONVERGE ON THE SAME HORMONE OUTPUT.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 17
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GHRELIN + GHRH SYNERGY

This is important.

Ghrelin and GHRH can produce greater GH release together than:

EITHER SIGNAL ALONE.

Why?

Because they use:

DIFFERENT INTRACELLULAR PATHWAYS

that converge on:

SOMATOTROPH SECRETION.

This is the biological rationale underlying combinations of:
* GHRH analogs

* GHSR agonists

in GH-secretagogue pharmacology.

Again:

PATHWAY COMPLEMENTARITY CAN PRODUCE SYNERGY.

GHRELIN VS GHRH

GHRH
primary identity:

HYPOTHALAMIC GH-RELEASE CONTROL

Receptor:

GHRHR

GHRELIN

primary identities:

ENERGY-DEFICIT + APPETITE + GH-SECRETAGOGUE SIGNAL

Receptor:

GHSR

So:
both raise GH.
But:

they do not mean the same thing physiologically.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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Again:

SAME DOWNSTREAM HORMONE = SAME UPSTREAM MESSAGE.

GHRELIN AND FASTING

Ghrelin fits beautifully into fasting physiology.
During fasting:

stored fuel must be hunger needs to

il . Hri g
mobilized. — increase eventually. — Sl

energy intake stops. _, insulin falls.

Ghrelin helps connect several of those systems.
It can:

e stimulate hunger

 stimulate GH

« influence glucose regulation

So ghrelin may be viewed as:

A FASTING-ADAPTATION SIGNAL.

THE FASTING MODEL

No food - ghrelin 1 - Brain

e hunger 1

e Pituitary

GH 1

¢ Metabolic system

fuel-preservation / glucose-related adaptation - eventually:

SEEK FOOD + PRESERVE ENERGY AVAILABILITY

Again:

ghrelin coordinates:

BEHAVIOR + ENDOCRINOLOGY.

GHRELIN AND GLUCOSE HOMEOSTASIS

Ghrelin also affects:

GLUCOSE REGULATION.

GHSR signaling can influence:

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 19
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¢ insulin secretion e glucagon secretion
* hepatic glucose output * GH-mediated insulin sensitivity
In several physiological models:

ghrelin helps defend:

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE GHRELIN

BLOOD GLUCOSE DURING CALORIC DEFICIT.

That makes sense.
During fasting:
blood glucose must not fall indefinitely.

So ghrelin may contribute to:

COUNTER-REGULATORY PHYSIOLOGY.

GHRELIN AND INSULIN

Ghrelin can suppress:

INSULIN SECRETION

under some conditions.
This may seem undesirable.
But during fasting:

lower insulin can help:

* mobilize fat

* preserve blood glucose

* reduce storage signaling

Again:

THE SAME EFFECT CAN BE PHYSIOLOGICALLY USEFUL IN FASTING AND UNDESIRABLE IN

DIABETES.
THE CONTEXT PRINCIPLE
Fasting patient:
insulin suppression - may support fuel mobilization.
Hyperglycemic insulin-resistant patient:
insulin suppression s may worsen glucose.

Same mechanism.

Different:

METABOLIC CONTEXT.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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GHRELIN AND GLUCAGON

Ghrelin can also support:

GLUCAGON-RELATED COUNTER-REGULATION

in selected conditions.
Again:

the system is structured to protect against:

ENERGY DEFICIENCY.

This is one reason ghrelin pharmacology may not automatically be desirable in:

OBESITY + HYPERGLYCEMIA.

GHRELIN AND GASTRIC MOTILITY

Ghrelin also acts on:

Gl MOTOR PHYSIOLOGY.

It has prokinetic properties and has stimulated development of:

GHRELIN-RECEPTOR AGONISTS FOR GASTROPARESIS.

This is biologically logical.
Ghrelin rises before eating.
What should the gut do?

Prepare to:

MOVE FOOD.

So ghrelin connects:

HUNGER

with:

DIGESTIVE READINESS.

THE DIGESTIVE-READINESS MODEL

Ghrelin rises - hunger 1t -
Meanwhile:

gastric motor readiness 1 - food arrives -

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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Again:
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APPETITE AND MOTILITY ARE COORDINATED.

GHRELIN VS MOTILIN

This comparison is extremely useful.

GHRELIN

* hunger * GH secretion

e gastric motility * energy balance
MOTILIN

« fasting migrating motor complex
* gastric phase lll
¢ interdigestive propulsion

Both can influence:

UPPER-GI MOTILITY.

But:

motilin is much more specifically tied to:

THE FASTING MMC PROGRAM.

Ghrelin has a broader:

NEUROENDOCRINE + APPETITE + GH ROLE.

Again:

SIMILAR GI EFFECT = SAME PHYSIOLOGICAL )JOB.

RELAMORELIN - TRANSLATING GHRELIN INTO Gl
PHARMACOLOGY

Relamorelin is a synthetic ghrelin-receptor agonist developed for:

DIABETIC GASTROPARESIS.

Clinical studies showed acceleration of:

GASTRIC EMPTYING

and improvements in some gastroparesis symptoms in selected trials.

Its development demonstrates that:

GHSR PHARMACOLOGY CAN BE USED WITHOUT THE PRIMARY GOAL BEING APPETITE OR GH.

Again:

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context

22

~N




s

same receptor.

Different therapeutic target.

THE GASTROPARESIS PRINCIPLE

Gastroparesis - gastric emptying too slow

GHSR agonism - prokinetic signaling 1 - gastric emptying faster

Potential:
* symptoms improve
But:

FASTER EMPTYING = AUTOMATICALLY LESS NAUSEA OR BETTER QUALITY OF LIFE.

Again:

MOTOR ENDPOINT # SYMPTOM ENDPOINT.

GHRELIN AND APPETITE LOSS

If ghrelin increases appetite:
then the opposite disease state becomes obvious.

What about patients who:

CANNOT EAT ENOUGH?

Examples:
e cancer cachexia  chronic wasting
* severe anorexia e frailty

In these conditions:

GHSR agonism may be useful because it can increase:
* appetite

« food intake

* GH / IGF-1-related anabolic signaling

This led to development of:

ANAMORELIN.

ANAMORELIN - A GHRELIN-RECEPTOR AGONIST

Anamorelin is an oral:

GHSR AGONIST

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 23
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developed for:

CANCER CACHEXIA.

It can increase:

* appetite

* body weight

¢ lean body mass

In Japan, anamorelin was approved for cancer cachexia associated with several cancers, including:
¢ non-small-cell lung cancer

* gastric cancer

e pancreatic cancer

colorectal cancer.

Again:

GHRELIN BIOLOGY CAN BE THERAPEUTICALLY USEFUL IN THE EXACT OPPOSITE DIRECTION OF
OBESITY TREATMENT.

CACHEXIA = SIMPLE STARVATION

This distinction is critical.

Cancer cachexia includes:
* reduced appetite * systemic inflammation
 skeletal-muscle loss * altered metabolism

¢ anabolic resistance

So simply increasing calories does not necessarily:

REVERSE CACHEXIA COMPLETELY.

Anamorelin trials have shown improvements in:

APPETITE + LEAN BODY MASS

but not consistently:

PHYSICAL FUNCTION.

Again:

LEAN MASS T # FUNCTION T AUTOMATICALLY.

THE CACHEXIA MODEL

inflammation + appetite loss +

Cancer . -
metabolic catabolism -

weight / muscle loss
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GHSR agonist - appetite T
 food intake 1
GH-related signaling T - body weight / lean mass may improve
But:
inflammation / tumor burden remain - function may remain impaired
Again:

ONE NODE OF A MULTIFACTORIAL DISEASE CAN IMPROVE WITHOUT CURING THE WHOLE
SYNDROME.

ANAMORELIN AND RESPONSE HETEROGENEITY

Real-world studies continue to show that:
not every cachectic patient responds equally.

A 2026 prospective study in pancreatic-cancer cachexia specifically examined:

RESPONSE HETEROGENEITY.

This reinforces:

CACHEXIA PHENOTYPE MATTERS.

Someone with:

e primarily appetite-driven undernutrition

may respond differently from:

someone with:

severe inflammatory catabolism and advanced disease.

Again:

SAME DIAGNOSIS # SAME LIMITING MECHANISM.

ANAMORELIN SAFETY - SYSTEMS MATTER

Large Japanese post-marketing surveillance identified:

* hyperglycemia * nausea

* hepatic impairment » conduction-related events
among monitored safety concerns.
Again:

GHSR agonism affects more than:

APPETITE.

It can influence:
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e glucose
* endocrine signaling
» cardiac electrophysiology depending molecule

Again:

RECEPTOR TARGET # COMPLETE PRODUCT SAFETY PROFILE.

MACIMORELIN - GHRELIN BIOLOGY AS A DIAGNOSTIC TOOL

One of the most elegant clinical uses of GHSR pharmacology is:

MACIMORELIN.

Macimorelin is an oral:

GH SECRETAGOGUE RECEPTOR AGONIST

FDA-approved for diagnosing:

ADULT GROWTH HORMONE DEFICIENCY.

The current FDA label describes it as a GHSR agonist used as a:

SINGLE-DOSE DYNAMIC TEST.

This is a beautiful example of:

PEPTIDE-PATHWAY PHARMACOLOGY AS A PHYSIOLOGICAL PROBE.

THE MACIMORELIN MODEL

measure GH

Give macimorelin  _ activate GHSR —» stimulate GH release _, response -

infer:

SOMATOTROPH / GH SECRETORY CAPACITY

Again:

DRUG - PHYSIOLOGICAL CHALLENGE - INFORMATION.

Just like:
* Secretin
* GHRH testing

This is a recurring theme throughout peptide medicine.
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GHRELIN VS MACIMORELIN

Ghrelin:

ENDOGENOUS PEPTIDE.

Macimorelin:

SYNTHETIC ORAL GHSR AGONIST.

Same core receptor system.

But:
different:
e chemistry * pharmacokinetics
e clinical purpose * product evidence
Again:

RECEPTOR SHARING DOES NOT MAKE MOLECULES INTERCHANGEABLE.

GHRELIN VS IPAMORELIN

This comparison is central to peptide medicine.

GHRELIN
endogenous 28-aa acylated peptide _, GHSR
IPAMORELIN
synthetic GH secretagogue N GHSR

Ipamorelin is often described as relatively selective for:

—3 GH + hunger + Gl + metabolic effects

—-_

designed to stimulate GH with a
different pharmacologic profile

GH RELEASE

with less stimulation of:

* cortisol

* prolactin

than older GHRPs in preclinical / early human pharmacology.

Again:

THE SAME RECEPTOR CAN BE ACTIVATED BY LIGANDS WITH DIFFERENT SIGNAL PROFILES.
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GHRELIN VS GHRP-2

GHRP-2 is a synthetic:

GHSR AGONIST / GH SECRETAGOGUE.

Compared with native ghrelin:

its pharmacology is:

ENGINEERED RATHER THAN PHYSIOLOGICAL.

It may strongly increase:

GH

and can also affect:

APPETITE.

Again:

GHSR AGONISM IS A DRUG FAMILY, NOT ONE MOLECULE.

GHRELIN VS GHRP-6

GHRP-6 is particularly well known for:

APPETITE STIMULATION.

That makes sense.
GHSR is a:

GH + HUNGER RECEPTOR SYSTEM.

So a ligand's clinical profile depends partly on:

WHICH ASPECTS OF GHSR SIGNALING IT EMPHASIZES.

Again:

LIGAND BIAS / SIGNAL PROFILE MATTER.

GHRELIN VS IBUTAMOREN / MK-677

Ibutamoren is another:

NONPEPTIDE GHSR AGONIST.
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It can stimulate:

GH

IGF-1
* appetite
and has a much longer duration than endogenous ghrelin.

Again:

GHRELIN PATHWAY PHARMACOLOGY EXTENDS BEYOND PEPTIDES.

That is another classification lesson.

THE GHSR DRUG FAMILY

Endogenous:

GHRELIN

Synthetic peptide agonists:

* Ipamorelin
GHRP-2

GHRP-6

Nonpeptide agonists:

* Macimorelin

* |Ibutamoren

* Anamorelin

Again:

same receptor system.
Different:

MOLECULAR CLASSES + CLINICAL PURPOSES.

GHRELIN AND LEAP2 AS FUTURE OBESITY TARGETS

If ghrelin stimulates appetite:

one obesity strategy would be:

BLOCK GHRELIN.

But this has proven harder than expected.
Why?
Because:

appetite is redundant.
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Block one hunger signal - other systems compensate.

Potential targets include:

* GHSR antagonists * GHSR inverse agonists
* GOAT inhibitors * ghrelin vaccines
* LEAP2 analogs

The biological rationale is strong.

The clinical translation has been:

MUCH MORE DIFFICULT.

Again:

ONE HUNGER HORMONE = THE ENTIRE HUNGER SYSTEM.

THE REDUNDANCY PROBLEM

Block ghrelin - hunger signal |
But:
NPY
* AgRP * endocannabinoids
e reward circuits * energy-deficit adaptations
remain.
Again:

THE BRAIN DEFENDS ENERGY INTAKE THROUGH MULTIPLE PARALLEL SYSTEMS.

This is likely one reason:

GLP-1-based therapies have been more successful than:

SIMPLE GHRELIN BLOCKADE.

GHRELIN AND PRADER-WILLI SYNDROME

Prader-Willi syndrome has generated particular interest because affected patients often have:
e severe hyperphagia

e obesity

* altered ghrelin physiology

Circulating ghrelin can be unusually high.

This initially created a strong hypothesis:

GHRELIN IS DRIVING THE HYPERPHAGIA.

But again:

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context

30




s

Prader-Willi is a complex neurogenetic disorder.
Ghrelin may contribute.

It does not fully explain:

THE ENTIRE PHENOTYPE.

Again:

HIGH SIGNAL = SINGLE-CAUSE DISEASE.

GHRELIN AND ANOREXIA NERVOSA

Another paradox appears in anorexia nervosa.

Patients may have:

HIGH GHRELIN

despite:

LOW FOOD INTAKE.

Why?

Because the body is strongly signaling:

ENERGY DEFICIT.

The hormone is doing what it should.
The behavior does not necessarily follow.

This suggests possible:

GHRELIN RESISTANCE

or overriding psychological / neural factors.

Again:

HIGH HORMONE = HIGH EFFECT.

THE ANOREXIA PARADOX

Severe energy deficit - ghrelin 11

But:
¢ food intake remains low
Therefore:

the limiting node is not:

LACK OF GHRELIN.
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Again:

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE GHRELIN

SIGNAL PRESENT + OUTPUT ABSENT = LOOK DOWNSTREAM.

This is exactly the kind of pattern analysis PPI is built around.

GHRELIN AND BARIATRIC SURGERY

Ghrelin physiology also changes after:

BARIATRIC / METABOLIC SURGERY.

The effect depends on procedure.

For example:

removing or excluding portions of the stomach that contain many ghrelin-producing cells may change:

GHRELIN SIGNALING.

But the massive metabolic effects of surgery cannot be explained by:

GHRELIN ALONE.

Other signals include:

GLP-1

PYY

* bile acids

* vagal signaling

e gastric mechanics

Again:

SURGERY CHANGES A NETWORK.

GHRELIN AND CIRCULATING FORM RATIO

Most circulating ghrelin immunoreactivity may actually be:

DESACYL-GHRELIN

rather than the receptor-active acylated form.
Therefore:

measuring:

TOTAL GHRELIN
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can produce a very different interpretation from:

ACYL-GHRELIN.

Again:

TOTAL CONCENTRATION = ACTIVE LIGAND CONCENTRATION.

This is @ major laboratory distinction.

TOTAL GHRELIN VS ACTIVE GHRELIN

Total ghrelin:

e acylated

e desacyl

Active classical GHSR ligand:

primarily:

ACYL-GHRELIN

So a high total ghrelin result does not necessarily mean:

HIGH GHSR ACTIVATION.

Again:

BIOLOGICALLY ACTIVE FRACTION MATTERS.

GOAT LINKS DIETARY FAT TO PEPTIDE ACTIVITY

One especially interesting concept is that ghrelin acylation uses:

MEDIUM-CHAIN FATTY-ACID SUBSTRATES.

That means nutrient availability can potentially influence:

THE CHEMICAL ACTIVATION OF THE HORMONE ITSELF.

Again:
dietary lipid metabolism - peptide modification - receptor activity

This is a remarkable connection between:

NUTRIENT CHEMISTRY

and:

ENDOCRINE SIGNALING.
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GHRELIN IS A NUTRIENT-SENSING PEPTIDE

This gives ghrelin a unique identity.

The stomach is not merely:

A BAG HOLDING FOOD.

It is an endocrine organ.

It asks:

Is food present?

How long since the last meal?

What nutrients are available?

Should hunger increase?

Should GH rise?

Should the stomach prepare to move?
Ghrelin helps coordinate those questions.

Again:

THE GI TRACT IS AN ENDOCRINE SENSOR.

GHRELIN AND CIRCADIAN RHYTHM

Ghrelin secretion also interacts with:

TIME OF DAY.

This matters because appetite follows:

e circadian rhythm * sleep

* meal timing * learned behavior

So the same fasting duration may generate different hunger depending on:

WHEN IT OCCURS.

Again:

METABOLISM HAS A CLOCK.

SLEEP DEPRIVATION AND GHRELIN

Sleep restriction has been associated in several studies with:
¢ altered ghrelin

e increased hunger

e greater food intake

The broader lesson is:
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poor sleep can change:
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APPETITE ENDOCRINOLOGY.

Therefore:

a person may experience:

BIOLOGICALLY STRONGER HUNGER

after poor sleep.

Again:

SLEEP LOSS CAN BECOME A METABOLIC INPUT.

GHRELIN AND STRESS

Stress can affect:
* appetite * reward
e ghrelin e cortisol
Interestingly:
some stress models show ghrelin rises.

This may represent:

ADAPTIVE ENERGY-SEEKING BEHAVIOR.

But stress-related eating is multifactorial.

Again:

GHRELIN PARTICIPATION = SINGLE CAUSE OF STRESS EATING.

GHRELIN AND ALCOHOL / ADDICTION RESEARCH

Because GHSR interacts with:

REWARD CIRCUITS,

ghrelin has also been investigated in:
* alcohol use

e drug reward

 addictive behavior

The rationale is biologically strong.
But:

GHSR-directed addiction therapies remain:

INVESTIGATIONAL.
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Again:
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REWARD-CIRCUIT INVOLVEMENT = ESTABLISHED ADDICTION TREATMENT.

GHRELIN AND CARDIOVASCULAR PHYSIOLOGY

Ghrelin receptors and ghrelin-related effects have been studied in:
* cardiovascular function

e blood pressure

* cardiac metabolism

But these are not as firmly established clinically as:

* appetite

GH

* Gl motility

Again:

CORE PHYSIOLOGY SHOULD REMAIN SEPARATE FROM EXPANDING RESEARCH DOMAINS.

GHRELIN AND IMMUNE / INFLAMMATORY BIOLOGY

Ghrelin has also demonstrated:

IMMUNOMODULATORY EFFECTS

in experimental systems.
Potential effects involve:
e cytokine signaling

e immune-cell function

e inflammatory pathways
But:

ghrelin should not be reclassified as:

AN IMMUNE PEPTIDE

based on these secondary findings.

Its dominant identity remains:

ENERGY / GH / Gl SIGNALING.

GHRELIN AND AGING

Ghrelin signaling changes with:
* age
* body composition

* frailty
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This has led to interest in:
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GHRELIN AGONISTS FOR AGE-RELATED ANOREXIA / SARCOPENIA.

Again:

the rationale is:

* appetite T

¢ GH-related anabolic signaling
But:

older-adult frailty is multifactorial.

A ghrelin agonist cannot replace:

* protein * resistance training
e treatment of inflammation e correction of underlying disease
Again:

APPETITE SIGNAL = BUILDING MATERIAL OR MECHANICAL STIMULUS.

THE SUBSTRATE PRINCIPLE

GHSR agonist - appetite T
GH 1
But:
protein intake poor? - limited muscle-building substrate.
No resistance training? - weak muscle-retention stimulus.
Again:

ANABOLIC SIGNAL + FOOD INTAKE STILL REQUIRE FUNCTIONAL FOUNDATION.

GHRELIN AND CACHEXIA - WHY APPETITE ALONE IS NOT
ENOUGH

Cancer cachexia teaches this especially well.

Anamorelin may increase:

APPETITE + LEAN MASS.

Yet:

strength may not improve substantially.
Why?

Because:

muscle function depends on:
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* inflammation * mitochondrial function

* neural drive e physical activity

* protein quality * disease burden
Again:

LEAN MASS = FUNCTION.

GHRELIN AND GH SECRETAGOGUE THERAPY

A central peptide-clinic question is:

why use a GHSR agonist instead of:

GHRH ANALOG?

Because the receptors differ.
* GHRH analog

GHRHR — cAMP
* GHSR agonist
GHSR - Gq / calcium-related signaling
Use both: - potentially:

STRONGER GH PULSE.
But:

this does not automatically mean:

BETTER OUTCOME.

Again:

BIGGER GH PULSE = BETTER PATIENT.

THE GH-PULSE QUESTION

If GH is deficient because:

* GHRH drive is low,

then:

GHRH agonist may fit.

If ghrelin/GHSR tone is low:

GHSR agonism may add a separate stimulus.
But if:

* pituitary reserve is poor,

neither pathway may work well.
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Again:
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THE SECRETAGOGUE REQUIRES A SECRETING CELL.

GHRELIN AND PITUITARY CAPACITY

Like GHRH:

GHSR agonism requires:

FUNCTIONAL SOMATOTROPHS

for robust GH release.

That is why macimorelin can function as:

A GH STIMULATION TEST.

Again:

THE DRUG DOES NOT CREATE GH OUT OF NOTHING.

It tests:

THE SYSTEM'S CAPACITY TO RESPOND.

GHRELIN AND DIAGNOSTIC TESTING

Macimorelin is particularly useful conceptually because:
random GH is poor.

Why?

GH is pulsatile.

So instead:
give a GHSR agonist. - stimulate GH. - measure peak response.
That is:
DYNAMIC PHYSIOLOGY.
Again:

CAN THE SYSTEM RESPOND?

is often more informative than:

WHAT IS THE LEVEL AT THIS RANDOM MOMENT?

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context

39

~N




(. )

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE GHRELIN

If a GHSR agonist is being used for cachexia:
what should be measured?
Not simply:
GH.
The actual goal may be:
* appetite  calorie intake
* body weight * lean body mass
* strength * function
Again:
THE MONITORING ENDPOINT MUST MATCH THE DISEASE TARGET.
GOAT GHRELIN - 28
STOMACH _, preproghrelin _, proghrelin _, ACYLATION _, AA, - GHSR - HJS?T::?‘LSA
AT SERINE-3 ACYLATED
HUNGER 1
FOOD REWARD / MOTIVATION 1
PITUITARY
GH RELEASE 1
Gl TRACT
MOTILITY / GASTRIC MOTOR FUNCTION 1
METABOLIC SYSTEM
GLUCOSE + INSULIN + GLUCAGON REGULATION - during energy deficit:
FOOD SEEKING + FUEL PRESERVATION
Meanwhile:
LEAP2
opposes GHSR signaling.
The core concept is:
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GHRELIN IS A FASTING-ADAPTATION SIGNAL THAT CONNECTS THE STOMACH, BRAIN, PITUITARY, REWARD SYSTEM, AND
METABOLIC STATE - HELPING THE ORGANISM RECOGNIZE ENERGY DEFICIT, SEEK FOOD, PREPARE THE GI TRACT, AND
ALTER GH / GLUCOSE PHYSIOLOGY ACCORDINGLY.

WHAT THIS MECHANISM MAY SUGGEST

Ghrelin biology is highly relevant to:

e hunger * fasting

* meal initiation * weight regain

* cachexia * anorexia / wasting

* GH secretion * adult GH diagnostic testing
 gastric motility  gastroparesis

* reward behavior * Prader-Willi syndrome

* bariatric physiology * obesity research

* aging-associated anorexia * sarcopenia / frailty research
* GOAT inhibition * GHSR antagonism

e LEAP2 pharmacology

Its strongest established physiological identities are:

HUNGER / ENERGY-DEFICIT SIGNALING

and:

GROWTH-HORMONE SECRETAGOGUE ACTIVITY.

WHAT THIS MECHANISM DOES NOT PROVE

Ghrelin biology does not prove that:

* obesity is caused by too much ghrelin » every hungry patient has high ghrelin

* high total ghrelin means high active ghrelin » desacyl-ghrelin activates GHSR like acyl-ghrelin
* low ghrelin causes anorexia nervosa * high ghrelin guarantees increased eating

e blocking ghrelin automatically causes major human e ghrelin agonism reverses all forms of cachexia
weight loss

* increased lean mass automatically improves strength * more GH release is always better

* a GHSR agonist is equivalent to GHRH
Ipamorelin, GHRP-2, GHRP-6, anamorelin, macimorelin, and ghrelin are interchangeable

e every GHSR agonist produces the same appetite effect e every GHSR agonist produces the same GH response

* prokinetic activity guarantees gastroparesis symptom * receptor expression in a tissue proves a dominant
relief physiological role
* GHSR blockade is automatically safe because it * GOAT inhibition only affects appetite

reduces hunger

* LEAP2 is simply an “anti-ghrelin hormone”

a single fasting ghrelin measurement explains a patient's appetite phenotype
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ACTIVE FORM + RECEPTOR + LEAP2 + ENERGY STATE + CNS RESPONSE + PATIENT CONTEXT
MATTER.

THE EVIDENCE, POTENTIAL APPLICATIONS, AND
LIMITATIONS

ENDOGENOUS GHRELIN PHYSIOLOGY

EXTREMELY STRONG
Ghrelin is a:

28-AA ACYLATED PEPTIDE

produced predominantly in the stomach and acting through GHSR.

GOAT / ACYLATION BIOLOGY

EXTREMELY STRONG

Acylation of Ser3 is essential for classical GHSR activation.

APPETITE

VERY STRONG HUMAN EVIDENCE

Controlled human ghrelin infusion increased appetite and spontaneous energy intake.
GH RELEASE

EXTREMELY STRONG
GHSR agonism is a validated GH-secretagogue mechanism.

Macimorelin is FDA-approved specifically as a GHSR agonist for:

DIAGNOSIS OF ADULT GH DEFICIENCY.

GASTRIC MOTILITY

STRONG PHYSIOLOGICAL + PHARMACOLOGICAL EVIDENCE

Ghrelin-related agonists demonstrate clinically meaningful prokinetic effects.
However:

symptom outcomes and gastric-emptying outcomes should remain separate.

CACHEXIA

MEANINGFUL HUMAN CLINICAL EVIDENCE

Anamorelin improves:
* appetite
* body weight
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e lean mass
in cancer-cachexia populations and is approved in Japan for selected cancer-associated cachexia.
But:

improvements in physical function have been less convincing.

OBESITY THROUGH GHRELIN BLOCKADE

STRONG BIOLOGICAL RATIONALE - LIMITED THERAPEUTIC SUCCESS

The pathway makes sense.
Human obesity treatment has been much harder.

Again:

HUNGER IS REDUNDANT.

LEAP2

STRONG EMERGING PHYSIOLOGICAL EVIDENCE

LEAP2 functions as an endogenous:

GHSR ANTAGONIST / INVERSE AGONIST.

This has fundamentally expanded the ghrelin model.
e Research

OBESITY

Ghrelin clearly promotes hunger.

Yet:

baseline ghrelin is often lower in obesity.

So the useful question is not:

“1S GHRELIN HIGH?”

Itis:

“1S GHRELIN-GHSR-LEAP2 SIGNALING ABNORMALLY CONTRIBUTING TO HUNGER, REWARD, OR
WEIGHT-REGAIN PRESSURE?”

Again:

PATHWAY STATE > SINGLE HORMONE LEVEL.

WEIGHT REGAIN
This is a particularly important area.

Weight loss can increase:

GHRELIN-DRIVEN HUNGER PRESSURE.
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Therefore future therapies may target:
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GHSR

GOAT
LEAP2

to improve:

WEIGHT MAINTENANCE

rather than simply:

INITIAL WEIGHT LOSS.

That may ultimately be a more useful application.

CACHEXIA

Ghrelin agonism is mechanistically coherent when:

the problem includes:

INADEQUATE APPETITE + CATABOLIC WEIGHT LOSS.

But:

cachexia driven mainly by:

SEVERE INFLAMMATORY CATABOLISM

may require far more than:
appetite stimulation.

Again:

PHENOTYPE THE CACHEXIA.

GASTROPARESIS

GHSR agonism is attractive when:

the bottleneck is:

SLOW GASTRIC PROPULSION.

But symptoms may arise from:

e accommodation * hypersensitivity
* pyloric dysfunction * CNS nausea circuits
Again:

EMPTYING RATE = ENTIRE GASTROPARESIS SYNDROME.

GH DEFICIENCY
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GHSR agonism can serve as:

A DYNAMIC PROBE.

This is clinically established with macimorelin.

Again:

THE PATHWAY CAN BE USED TO DIAGNOSE, NOT JUST TREAT.

WHAT WE KNOW

Ghrelin is a 28-amino-acid peptide produced predominantly by endocrine cells in the stomach.
Its defining biochemical feature is an unusual fatty-acid modification at Ser3.
This acylation is catalyzed by GOAT and is required for classical GHSR activation.

The non-acylated form - desacyl-ghrelin - does not activate GHSR at physiological concentrations and should not be
assumed to have the same pharmacology as ghrelin.

Ghrelin activates the growth hormone secretagogue receptor - GHSR - a GPCR expressed prominently in pituitary and
brain regions involved in endocrine and energy regulation.

GHSR is unusual because it has substantial constitutive activity even without ghrelin bound.
This makes inverse agonism biologically distinct from simple receptor antagonism.
The pathway is also regulated by LEAP2, an endogenous GHSR antagonist / inverse agonist.

Therefore modern ghrelin physiology should be understood as a receptor-balance system involving ghrelin, LEAP2,
receptor constitutive activity, and metabolic state.

Ghrelin has strong human appetite effects.

In controlled human infusion research, ghrelin increased spontaneous energy intake by approximately 28%.

That provides direct evidence that ghrelin is not merely correlated with hunger but can causally increase food intake.
Ghrelin also stimulates GH release through GHSR.

This has direct clinical translation.

Macimorelin is an FDA-approved oral GHSR agonist used to diagnose adult growth hormone deficiency through dynamic
GH stimulation testing.

This demonstrates that GHSR activation can be used as a physiological challenge rather than only as chronic therapy.

Ghrelin also participates in gastrointestinal motility and has inspired development of prokinetic agonists for disorders
such as gastroparesis.

The pathway therefore links hunger with digestive readiness.
One of the strongest therapeutic translations of ghrelin pharmacology is cachexia.

Anamorelin, an oral ghrelin-receptor agonist, is approved in Japan for cancer cachexia associated with selected
malignancies and can improve appetite, body weight, and lean mass.

However, improvements in physical function have been less consistent.
That is an important systems lesson.

Increasing appetite and lean mass does not automatically correct inflammatory catabolism, mitochondrial dysfunction,
or muscle performance.

Ghrelin also demonstrates why obesity biology cannot be reduced to one hunger hormone.
Although ghrelin stimulates appetite, fasting ghrelin is often lower rather than higher in obesity.
After weight loss, however, ghrelin can rise and contribute to compensatory hunger.

Therefore ghrelin may be more important in the physiology of weight regain than a simplistic model of obesity caused
by “too much ghrelin.”
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The ghrelin system is therefore best understood as an energy-deficit response network rather than a single hunger
switch.

WHAT WE THINK MAY BE HAPPENING

Ghrelin may be best understood as:

THE STOMACH TELLING THE REST OF THE BODY THAT ENERGY AVAILABILITY IS FALLING AND IT
IS TIME TO PREPARE FOR FOOD.

Imagine the fasting state.

No nutrients are entering.

Insulin begins to fall.

Stored energy must be conserved.

The brain needs motivation to:

FIND FOOD.

The pituitary may increase:

GH

to support fasting metabolism.

The stomach should prepare to:

MOVE THE NEXT MEAL.

Ghrelin rises.
Then:

the brain receives:

SEEK FOOD.

The pituitary receives:

RELEASE GH.

The reward system receives:

FOOD MATTERS MORE RIGHT NOW.

The GI system receives:

PREPARE TO MOVE.

Then food arrives.
Energy availability changes.

Ghrelin falls.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 46




s

That is:
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A COORDINATED FASTING-TO-FEEDING TRANSITION.

And GOAT adds an extraordinary layer.

The body does not simply make:

A GHRELIN PEPTIDE.

It chemically modifies it with:

A FATTY ACID

before the canonical receptor can recognize it properly.

So nutrient chemistry itself helps determine:

HORMONE ACTIVITY.

Then LEAP2 opposes the receptor.
Then GHSR itself signals even when neither ligand is present.

So the complete system is:

PEPTIDE PRODUCTION

LIPID MODIFICATION - RECEPTOR ACTIVATION

plus:

ENDOGENOUS RECEPTOR INHIBITION

plus:

LIGAND-INDEPENDENT RECEPTOR ACTIVITY

That is far more sophisticated than:

“GHRELIN MAKES YOU HUNGRY.”

WHAT REMAINS CONTEXT-DEPENDENT

Important questions include:

What precisely determines premeal ghrelin rises?

How much is learned meal timing versus true energy deficit?

How much does circadian timing affect ghrelin?

What is the ideal measure: total ghrelin, ghrelin, or ghrelin:LEAP2 ratio?
How much sample-handling error affects existing human literature?
How quickly is acyl-ghrelin deacylated in vivo?

Which esterases dominate that process in humans?

Can desacyl-ghrelin be re-acylated in peripheral tissues?
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Does membrane-associated GOAT contribute meaningful local re-acylation?
What are the physiological functions of desacyl-ghrelin?

Is there a separate desacyl-ghrelin receptor?

How much GHSR signaling occurs independently of ghrelin because of constitutive activity?
Is constitutive activity physiologically important in appetite regulation?

Is it important in GH secretion?

Does constitutive signaling change with receptor expression?

How much does LEAP2 suppress constitutive GHSR signaling in humans?

Is the ghrelin:LEAP2 ratio more informative than either peptide alone?

How does obesity change LEAP2?

How does fasting change LEAP2?

How does bariatric surgery change the balance?

Can LEAP2 analogs become useful obesity therapies?

Would they cause excessive suppression of GH?

Would they impair fasting adaptation?

Can GOAT inhibitors reduce appetite without disrupting other ghrelin functions?
Would GOAT inhibition reduce GH pulsatility?

How important are medium-chain dietary fatty acids to ghrelin acylation?

Can diet meaningfully alter active ghrelin through GOAT substrate availability?
Is this clinically relevant or primarily biochemical?

Why is fasting ghrelin often lower in obesity?

Is there central ghrelin resistance?

Is GHSR sensitivity altered?

Does lower ghrelin represent adaptive compensation?

What predicts large ghrelin increases after weight loss?

Can ghrelin predict weight-regain risk?

Could ghrelin-directed therapy improve long-term maintenance after GLP-1 discontinuation?
How does semaglutide affect ghrelin physiology?

How does tirzepatide affect ghrelin?

Does retatrutide alter ghrelin differently because of GCGR activity?

Can combining GHSR blockade with incretin therapy add meaningful benefit?
Would appetite suppression become excessive?

How does ghrelin influence food reward independently of hunger?

Can GHSR antagonism reduce alcohol consumption in humans?

Can it alter other addictive behaviors?

Which CNS GHSR populations mediate those effects?

Can a GHSR agonist increase appetite without excessive glucose deterioration?
Which cachexia phenotype responds best to anamorelin?

Is lean-mass gain primarily true skeletal muscle or broader lean tissue?

Why does lean mass improve without consistent strength improvement?

Can resistance training convert anamorelin-induced weight gain into better function?
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Can nutritional protein optimization improve outcomes?
How much does inflammatory burden limit response?
Can ghrelin agonists help non-cancer cachexia?

Heart failure cachexia?

COPD?

frailty?

anorexia of aging?

How much of gastric prokinetic benefit is direct smooth-muscle versus vagal / enteric?

Can GHSR agonism improve gastroparesis symptoms independent of gastric emptying?

Which gastroparesis phenotype responds best?

Does chronic GHSR agonism develop tachyphylaxis?

Which ghrelin agonist best separates GH release from appetite stimulation?

Can ligand-biased GHSR agonists selectively target motility?

Can another bias selectively target GH?

Can another preferentially target appetite?

How much do Ipamorelin, GHRP-2, and GHRP-6 truly differ in downstream signaling rather than simply potency?
How does macimorelin compare with GHRH-based stimulation testing?

Which dynamic test best localizes GH-axis failure?

How does obesity alter macimorelin test interpretation?

Does GHSR agonism meaningfully alter cortisol or prolactin depending on ligand?

Can selective ligand design minimize those effects?

What long-term cardiovascular consequences arise from chronic GHSR activation?

How much does hyperglycemia limit chronic agonist therapy?

How much do arrhythmia / conduction effects depend on the molecule rather than GHSR itself?
Is GHSR expressed functionally in cardiac tissue at clinically relevant levels?

Could ghrelin agonism become useful in sarcopenia?

Does GH stimulation meaningfully improve muscle quality?

Can ghrelin agonism improve frailty without excessive fat gain?

How does aging alter ghrelin sensitivity?

How does menopause affect the pathway?

How do testosterone and estrogen affect GHSR signaling?

Can ghrelin-based therapies be personalized using appetite phenotype, active ghrelin, LEAP2, and body composition?
Again:

these are the questions needed to move from:

HUNGER HORMONE

to:

PRECISION GHRELIN-GHSR-GOAT-LEAP2 SYSTEM PHARMACOLOGY.
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THE PRAXIS LENS

DO NOT BEGIN WITH GHRELIN

Begin with:

WHAT ENERGY-REGULATION SYSTEM IS ACTUALLY FAILING - APPETITE, WEIGHT-REGAIN CONTROL, GH SECRETION,
GASTRIC MOTILITY, CACHEXIA, OR FASTING ADAPTATION?

Then:
PHYSIOLOGY
PATTERN —s MECHANISM  _ EVIDENCE N RISK —s MONITORING _ DECISION

PHYSIOLOGY
Normal ghrelin physiology requires:

* ghrelin-producing gastric cells * appropriate peptide processing

e GOAT activity e appropriate acyl substrate

e intact GHSR * normal CNS appetite circuitry

» functional pituitary somatotrophs * appropriate LEAP2 regulation

e intact GI motor systems * normal glucose-counterregulatory physiology

Its central identity is:

ENERGY-DEFICIT / HUNGER SIGNALING COUPLED TO GH AND GI PHYSIOLOGY.

PATTERN

What is actually present?
hyperphagia?

poor appetite?

cachexia?

weight regain?
suspected GH deficiency?
gastroparesis?

obesity?

Prader-Willi syndrome?
anorexia?

frailty?

Again:

“HUNGRY” IS NOT A GHRELIN DIAGNOSIS.

MECHANISM
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Does changing GHSR signaling address:

THE LIMITING NODE?

If the patient has:

SEVERE CACHEXIA + LOW APPETITE,

GHSR agonism is mechanistically coherent.

If the patient has:

HYPERPHAGIC OBESITY,

blocking ghrelin sounds coherent.
But the human obesity system may compensate.

If the patient has:

SLOW GASTRIC EMPTYING,

a prokinetic GHSR agonist may fit.
If the patient has:

PITUITARY FAILURE,

more GHSR stimulation may not generate adequate GH.

Again:

SAME RECEPTOR. DIFFERENT CLINICAL PURPOSE.

EVIDENCE

Ask:

WHAT CLAIM ARE WE MAKING?

Ghrelin increases appetite?

VERY STRONG HUMAN EVIDENCE.

Ghrelin activates GHSR?

EXTREMELY STRONG.
GOAT-mediated Ser3 acylation is necessary for classical GHSR activation?

EXTREMELY STRONG.

GHSR agonism can diagnose adult GH deficiency?

YES - MACIMORELIN IS FDA APPROVED FOR THAT PURPOSE.

GHSR agonism can improve cancer-cachexia appetite and lean mass?
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MEANINGFUL HUMAN EVIDENCE.

Does that reliably restore muscle strength?
NOT CONSISTENTLY.

Does blocking ghrelin produce major established obesity treatment?

NOT YET.

Again:

KEEP THE CLAIM AT THE EVIDENCE LEVEL.

RISK

The major risk depends entirely on:

WHICH DIRECTION THE PATHWAY IS BEING PUSHED.

Agonism may produce:
e appetite increase * weight gain
* hyperglycemia * altered GH / IGF-1
» other molecule-specific effects

Antagonism / inverse agonism may theoretically produce:

* appetite suppression * impaired fasting adaptation
* altered GH secretion * unintended metabolic effects
Again:

A PATHWAY DOES NOT HAVE ONE UNIVERSAL RISK PROFILE.

Direction matters.

MONITORING

Monitoring should follow:

THE TARGET.

CACHEXIA
* appetite * calorie / protein intake
* body weight * lean mass
* strength * function

GH AXIS

* stimulated GH where diagnostic

¢ IGF-1 where clinically relevant

GASTROPARESIS
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e gastric emptying * nausea
e vomiting * early satiety
* nutrition
METABOLIC
« fasting glucose * Alc
e insulin where relevant * body weight / body composition

RESEARCH GHRELIN BIOLOGY

* acyl-ghrelin » desacyl-ghrelin
* possibly LEAP2 * proper sample handling
Again:

MEASURE THE BIOLOGY THE INTERVENTION IS SUPPOSED TO CHANGE.

THE PRAXIS 5

MECHANISM
Ghrelin's defining pathway is:

STOMACH - GOAT-ACYLATED GHRELIN » GHSR » HUNGER + GH + Gl + METABOLIC SIGNALING.

Its central identity is:

FASTING-ADAPTATION AND ENERGY-DEFICIT SIGNALING.

EVIDENCE

Endogenous biology:

EXTREMELY STRONG.

GOAT / acylation:

EXTREMELY STRONG.

Human appetite:

VERY STRONG.

GH secretagogue action:

EXTREMELY STRONG.

Diagnostic GHSR agonism:

FDA-VALIDATED.
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Cachexia agonism:
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MEANINGFUL HUMAN EVIDENCE.

Obesity antagonism:

BIOLOGICALLY ATTRACTIVE BUT CLINICALLY LESS DEVELOPED.

RISK

The biggest conceptual mistake is:

REDUCING GHRELIN TO A HUNGER HORMONE.

The second is:

ASSUMING LOW OR HIGH PLASMA GHRELIN IDENTIFIES THE DISEASE MECHANISM.

Ghrelin biology depends on:
e acylation

* receptor

 constitutive signaling
LEAP2

* CNS response

* energy state

Again:

THE SYSTEM IS MORE IMPORTANT THAN THE LEVEL.

MONITORING

Monitor:

THE TARGET PHENOTYPE.

Appetite intervention?
Measure appetite and intake.
Cachexia intervention?

Measure:

LEAN MASS + FUNCTION.

Gl intervention?

Measure:

EMPTYING + SYMPTOMS.

GH diagnostic challenge?
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Measure:
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GH RESPONSE.

Again:

THE OUTCOME SHOULD MATCH THE HYPOTHESIS.

PATIENT CONTEXT

A patient with:

CANCER CACHEXIA + POOR APPETITE

is completely different from:

someone with:

HYPERPHAGIC OBESITY.

A patient with:

GASTROPARESIS

is different from:

someone with:

NORMAL MOTILITY.

A patient with:

INTACT PITUITARY FUNCTION

is different from:

someone with:

SOMATOTROPH FAILURE.

Same receptor.
Different:

THERAPEUTIC DIRECTION.

SEVEN QUESTIONS TO ASK BEFORE TARGETING GHRELIN

1. WHAT IS THE ACTUAL PHYSIOLOGICAL PROBLEM?

too much hunger?

too little appetite?

GH deficiency?

delayed gastric emptying?
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cachexia?

2. ARE WE TRYING TO ACTIVATE OR INHIBIT GHSR?

These are:

OPPOSITE THERAPEUTIC STRATEGIES.

3. ARE WE MEASURING THE ACTIVE FORM OF GHRELIN?

Total ghrelin is not the same as:

ACYL-GHRELIN.

4. WHAT ROLE DOES LEAP2 PLAY?

GHSR biology is not:

GHRELIN ALONE.

5. IS THE TARGET ORGAN CAPABLE OF RESPONDING?

For GH secretion:

does the pituitary have:

SOMATOTROPH RESERVE?

For motility:

is delayed gastric propulsion actually the bottleneck?

6. WHAT OUTCOME WILL BE MEASURED?

appetite?

calorie intake?
lean mass?
strength?

GH peak?

gastric emptying?

body weight?
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7. WHAT WOULD DEFINE SUCCESS?

Not:
“GHRELIN WENT UP.”
or:
“GHRELIN WENT DOWN.”
But:

THE TARGET PHYSIOLOGICAL PROBLEM IMPROVED - APPETITE, NUTRITION, GH SECRETORY CAPACITY, GASTRIC
MOTILITY, OR ENERGY-BALANCE CONTROL MOVED IN THE DESIRED DIRECTION - WITHOUT CREATING UNACCEPTABLE
GLYCEMIC, BODY-COMPOSITION, OR FUNCTIONAL CONSEQUENCES.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context

57

~N

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE GHRELIN




s

KEY TAKEAWAYS

Ghrelin is a 28-amino-acid stomach-derived peptide and the endogenous agonist of the growth hormone secretagogue
receptor - GHSR.

Its most unusual biochemical feature is that the peptide must be acylated at Ser3 for strong classical GHSR activity.
That acylation is performed by ghrelin O-acyltransferase - GOAT.

This means ghrelin is not simply encoded by its amino-acid sequence.

Its biological identity depends on a lipid modification.

Desacyl-ghrelin lacks this modification and does not activate GHSR at physiological concentrations.

GHSR itself is also unusual because it has substantial constitutive signaling activity even without ghrelin present.
That makes receptor inverse agonism biologically different from simple antagonism.

LEAP2 adds another regulatory layer by functioning as an endogenous GHSR antagonist / inverse agonist.

So modern ghrelin biology is better understood as:

GHRELIN + GOAT + GHSR + CONSTITUTIVE ACTIVITY + LEAP2.

Ghrelin has direct human orexigenic effects.

Controlled infusion increased spontaneous food intake by approximately 28% in healthy adults.
This strongly validates ghrelin as a causal hunger signal.

But ghrelin does much more than stimulate appetite.

It also activates GH secretion through GHSR, creating a second major upstream pathway into the GH axis distinct from
GHRH.

GHRH activates GHRHR.

Ghrelin activates GHSR.

The two pathways can converge synergistically on pituitary somatotrophs.

That is the physiological basis for much of modern GH-secretagogue pharmacology.

GHSR signaling also affects gastrointestinal motility, which has led to development of ghrelin-receptor agonists as
prokinetic drugs.

And the pathway has a fully established diagnostic application.
Macimorelin is an FDA-approved oral GHSR agonist used to diagnose adult growth hormone deficiency.

That demonstrates a recurring peptide-medicine principle:

A RECEPTOR AGONIST CAN BE A PHYSIOLOGICAL PROBE RATHER THAN A CHRONIC TREATMENT.

Ghrelin pharmacology has also translated into cachexia.

Anamorelin is approved in Japan for cancer cachexia associated with selected cancers and can improve appetite, body
weight, and lean mass.

But improvements in strength and physical performance have been much less consistent.

This provides another important systems lesson:

APPETITE 1

does not automatically mean:

MUSCLE FUNCTION *.

Ghrelin is also highly relevant to weight-loss physiology.
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After weight reduction, ghrelin can rise as part of the body's compensatory attempt to restore lost energy stores.

That makes ghrelin particularly important to the biology of weight regain.

But obesity itself is not simply a state of excessive ghrelin; fasting ghrelin can actually be lower in obesity.
Again:

HORMONE LEVEL = PATHWAY EXPLANATION.

¢ The best question is therefore not “is ghrelin high or low?”

The better question is “what is the state of the entire ghrelin-GOAT-GHSR-LEAP2 system, what physiological role is it
playing in this patient, and is changing that pathway likely to correct the actual bottleneck?”
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THE BOTTOM LINE

Ghrelin is commonly taught as:

THE HUNGER HORMONE.

That is true.
But it misses most of what makes ghrelin interesting.

Ghrelin begins in:

THE STOMACH.

But before it can strongly activate its canonical receptor:

the body must attach:

A FATTY ACID
to:
SERINE-3.
That transformation is performed by:
GOAT.
Only then does the peptide become a powerful:
GHSR LIGAND.

Then GHSR itself does something unusual.

It signals even when:

NO GHRELIN IS PRESENT.

Then another endogenous peptide:

LEAP2
pushes the receptor in the opposite direction.
So even before we discuss appetite:
this is already a highly sophisticated signaling system.
Then ghrelin rises during energy deficit.
The brain receives:
FIND FOOD.

The reward system receives:

FOOD IS MORE VALUABLE RIGHT NOW.
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The pituitary receives:
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RELEASE GH.

The Gl tract receives:

PREPARE TO MOVE.

The metabolic system receives:

DEFEND ENERGY AVAILABILITY.

That is far more than:

HUNGER.

Itis:

A WHOLE-BODY FASTING-ADAPTATION PROGRAM.

And this explains why the same receptor can be clinically interesting in opposite diseases.

In obesity:

you may want:

LESS GHRELIN SIGNALING.

In cancer cachexia:

you may want:

MORE.

In gastroparesis:

you may want:

THE PROKINETIC EFFECT.

In suspected adult GH deficiency:

you can use a GHSR agonist as:

A DIAGNOSTIC CHALLENGE.

Same receptor.
Different:

PHYSIOLOGICAL QUESTION.

That is exactly why memorizing:

“GHRELIN = HUNGER”

is not enough.

The useful questions are:
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What form of ghrelin?
Was it acylated?

What is GOAT doing?
What is LEAP2 doing?

How active is GHSR?

Is the patient fasting?

Are they obese?

Are they losing weight?
Are they cachectic?

Is gastric motility impaired?
Can the pituitary respond?
Because:

THE SAME GHRELIN SIGNAL THAT HELPS A STARVING ORGANISM SURVIVE CAN BECOME AN OBSTACLE WHEN THE
THERAPEUTIC GOAL IS TO MAINTAIN WEIGHT LOSS.

And the same pathway that increases appetite can become:

THERAPEUTIC

when the disease is:

PATHOLOGICAL LOSS OF APPETITE.

So the Praxis question becomes:

“WHAT energy-regulation problem is actually present, is ghrelin-GHSR signaling excessive, inadequate, or simply
compensatory, how do GOAT-dependent acylation, LEAP2, receptor constitutive activity, pituitary reserve, Gl motility,
and patient metabolic state alter the interpretation, and would activating or suppressing this pathway improve the
targeted physiological outcome rather than merely moving appetite, GH, or gastric emptying in isolation?”

That is the difference between:

CALLING GHRELIN THE HUNGER HORMONE

and:

UNDERSTANDING THE GHRELIN-GOAT-GHSR-LEAP2 ENERGY-ADAPTATION SYSTEM.

FINAL RECALL

CONTEXTUALIZE
ACTIVATE INTEGRATE i i
) ) ; Direction and outcome depend on
GOAT adds a fatty acid so ghrelin can GHSR links hunger, reward, GH, ) .
. . LEAP2, active form, organ capacity,
strongly signal through GHSR motility, and energy defense

and patient state

STOP MEMORIZING PEPTIDES. START UNDERSTANDING THE SYSTEM.

Praxis Peptide Institute provides educational information and is not a substitute for individualized medical diagnosis or treatment. Ghrelin is an endogenous 28-amino-acid
peptide requiring GOAT-mediated acylation for strong canonical GHSR activation. The pathway regulates appetite, GH secretion, gastrointestinal motor physiology, glucose
homeostasis, and reward-related behavior and is counter-regulated in part by LEAP2. Clinical translation includes GHSR agonists used for dynamic GH testing, prokinetic
research, and cachexia, but the efficacy and safety of individual GHSR-targeting molecules remain molecule- and indication-specific.
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