
ADRENOMEDULLIN
ADVANCED MECHANISM AND EVIDENCE GUIDE

ENDOGENOUS 52-AMINO-ACID VASCULAR PEPTIDE
CLR/RAMP signaling • vascular barrier • vasodilation • cardiorenal biology

MEMORY KEY: ADM OPENS THE VESSEL WHILE HELPING HOLD THE BARRIER.

Educational monograph • Preclinical evidence emphasized • Human translation unresolved



HOW TO USE THIS GUIDE
This guide converts a long-form research narrative into a repeatable learning system. Every future PPI molecule guide
can use the same architecture, visual language, evidence labels, and memory devices.

01 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
CODE

CELL = mechanistic
ANIMAL = organism-level preclinical
HUMAN = clinical translation

CORE DISCIPLINE
Mechanism does not equal outcome. Unknown does
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 Adrenomedullin; the remaining pages add
mechanism, evidence, context, and nuance.

01 IDENTITY
Endogenous 52-amino-acid vascular stress-response peptide.

02 RECEPTORS
CLR + RAMP2 forms AM1; CLR + RAMP3 forms AM2.

03 CORE SIGNAL
Predominantly Gs → adenylyl cyclase → cAMP.

04 CENTRAL JOB
Coordinate vascular tone with endothelial-barrier integrity.

05 SYSTEMS
Vascular, cardiac, renal, angiogenic, lymphatic, and inflammatory biology.

06 THERAPEUTIC TENSION
Barrier protection may help while systemic vasodilation may worsen hypotension.

07 TRANSLATION
Biology is mature; native-peptide pharmacology remains difficult.

08 PRAXIS QUESTION
Which function is failing: tone, leak, congestion, drainage, or remodeling?

ONE-SENTENCE MEMORY
ADM OPENS THE VESSEL WHILE HELPING HOLD THE BARRIER.
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UNDERSTAND THE PEPTIDE
Adrenomedullin - ADM - is an endogenous 52-amino-acid peptide with major roles in vascular tone, endothelial-barrier
integrity, cardiovascular development, fluid balance, angiogenesis, lymphatic biology, and adaptation to cardiovascular
stress.
It was originally discovered in:

HUMAN PHEOCHROMOCYTOMA TISSUE.

Its name came from that adrenal-medullary discovery context.
But that name can be misleading.
Adrenomedullin is not primarily:

AN ADRENAL HORMONE.

It is produced throughout the body, especially in tissues involved in:

• vascular biology • endothelium
• heart • kidney
• lung • gastrointestinal tract

Its dominant physiological identity is:

VASCULAR PROTECTION + HEMODYNAMIC ADAPTATION.

Adrenomedullin can:

• vasodilate • support endothelial-barrier integrity
• reduce vascular resistance • oppose excessive RAAS signaling
• promote natriuresis and diuresis in selected contexts • limit fibrosis
• support angiogenesis • support lymphatic function
• protect cardiac and renal tissues during stress • modulate inflammation

A cardiovascular review describes Adrenomedullin as a 52-amino-acid peptide widely expressed in cardiovascular
tissues with vasodilatory, natriuretic, anti-oxidative, anti-apoptotic, angiogenic, and cardioprotective effects.
The best way to understand Adrenomedullin is not:

“A PEPTIDE THAT LOWERS BLOOD PRESSURE.”

That is much too narrow.
A better description is:
A VASCULAR-STRESS RESPONSE PEPTIDE THAT HELPS PRESERVE BLOOD-FLOW DISTRIBUTION, ENDOTHELIAL-BARRIER
INTEGRITY, CARDIOVASCULAR HOMEOSTASIS, AND TISSUE ADAPTATION WHEN THE CIRCULATION IS UNDER PRESSURE,
INFLAMMATORY, OR VOLUME STRESS.
That is the core biology.

WHAT IS ADRENOMEDULLIN?
Adrenomedullin is a:

52-AMINO-ACID PEPTIDE.

It contains:
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• an intramolecular disulfide bond
• a C-terminal amidated structure
that are important for:

BIOLOGICAL ACTIVITY.

It is produced from:

PREPROADRENOMEDULLIN.

Processing generates several peptide products.
That precursor can give rise not only to:

ADRENOMEDULLIN

but also to other biologically interesting fragments such as:

PAMP - PROADRENOMEDULLIN N-TERMINAL 20 PEPTIDE.

This again gives us an important peptide principle:

ONE PRECURSOR CAN PRODUCE MULTIPLE BIOLOGICALLY ACTIVE SIGNALS.

The mature Adrenomedullin peptide is distributed broadly across tissues.
Its production can increase with:

• shear stress • vascular stretch
• hypoxia • inflammatory cytokines
• cardiac stress • renal stress

So Adrenomedullin behaves partly like:

A STRESS-RESPONSIVE VASCULAR DEFENSE SIGNAL.

THE IDENTITY MODEL
Hemodynamic /

inflammatory / vascular
stress

→ ADM expression ↑ → ADRENOMEDULLIN → AM1 RECEPTOR

CLR + RAMP2
and:

AM2 RECEPTOR

CLR + RAMP3 → primarily:

Gs / ADENYLYL CYCLASE → cAMP ↑ → Potential:
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VASCULATURE
VASODILATION
ENDOTHELIAL BARRIER

PERMEABILITY CONTROL / BARRIER SUPPORT

HEART

ANTI-REMODELING + CARDIOPROTECTION

KIDNEY

NATRIURETIC / RENAL SUPPORT

LYMPHATICS

DRAINAGE / VESSEL FUNCTION → Potential:

CARDIOVASCULAR HOMEOSTASIS

The central concept is:

ADRENOMEDULLIN HELPS THE CIRCULATION REMAIN OPEN WITHOUT BECOMING LEAKY.

That is a very important distinction.

THE RECEPTOR SYSTEM IS UNUSUAL
Adrenomedullin does not have one simple standalone receptor.
Its receptor system requires:

CLR - CALCITONIN RECEPTOR-LIKE RECEPTOR

plus:

RAMP - RECEPTOR ACTIVITY-MODIFYING PROTEIN.

This creates different receptor identities.

CLR + RAMP1
forms predominantly:

THE CGRP RECEPTOR

CLR + RAMP2
forms:

AM1 RECEPTOR

CLR + RAMP3
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forms:

AM2 RECEPTOR

This is one of the most fascinating receptor architectures in peptide biology.
The receptor's pharmacology changes depending on:

WHICH RAMP IS ATTACHED.

So:

THE GPCR ALONE DOES NOT DEFINE THE RECEPTOR.

The accessory protein helps determine:

WHAT PEPTIDE THE RECEPTOR “THINKS” IT IS SEEING.

THE RAMP PRINCIPLE
CLR by itself → incomplete receptor identity

Add:

RAMP1

• ↓
• CGRP-preferring receptor

RAMP2 → AM1 receptor

RAMP3 → AM2 receptor

Again:

ACCESSORY PROTEINS CAN CHANGE RECEPTOR PHARMACOLOGY.

This is a major peptide-medicine concept.

THE AM1 RECEPTOR
The:

AM1 RECEPTOR

is formed by:

CLR + RAMP2.

It is relatively:

ADRENOMEDULLIN SELECTIVE.

This receptor appears especially important in:
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• endothelial biology
• vascular development
• cardiovascular homeostasis
RAMP2 is particularly important.
Animal models lacking either:

ADM

or:

RAMP2

develop profound vascular abnormalities and can die during embryonic development.
That strongly suggests:

ADM-RAMP2 SIGNALING IS NOT OPTIONAL FOR NORMAL VASCULAR DEVELOPMENT.

THE AM2 RECEPTOR
The:

AM2 RECEPTOR

is formed by:

CLR + RAMP3.

It also responds to Adrenomedullin.
But its biology is not identical to:

AM1.

RAMP3 appears especially important in:

• later cardiovascular adaptation • lymphatic physiology
• tissue drainage • selected immune and metabolic functions

Animal work suggests AM-RAMP3 signaling contributes importantly to:

LYMPHATIC VESSEL FUNCTION + INTERSTITIAL FLUID DRAINAGE.

Again:

SAME LIGAND.

Different RAMP.
Different:

PHYSIOLOGICAL EMPHASIS.
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AM1 VS AM2

AM1 - CLR / RAMP2
Strong emphasis:

• vascular development • endothelial function
• early cardiovascular adaptation • vascular integrity

AM2 - CLR / RAMP3
More associated with:

• lymphatic function • later stress adaptation
• tissue-fluid drainage • selected immune / metabolic roles

Research suggests the two receptor systems may make distinct contributions during cardiovascular stress, with RAMP2
important earlier and RAMP3 increasingly relevant to later adaptation and lymphatic remodeling.
So:

ADRENOMEDULLIN SIGNALING IS NOT ONE RECEPTOR EVENT.

It is:

A RAMP-DEFINED RECEPTOR NETWORK.

THE SIGNALING PATHWAY
Adrenomedullin receptors are GPCR systems.
The dominant pathway is commonly:

Gs → adenylyl cyclase → cAMP ↑ → protein kinase A and
downstream signaling.

Reviews of Adrenomedullin receptor signaling describe CLR/RAMP complexes as classic cAMP-generating systems.
But other pathways can also become involved depending on:
• cell type
• receptor subtype
• signaling environment
These may include:

• nitric oxide • PI3K / Akt
• MAPK-related pathways • anti-oxidative signaling

Again:
cAMP IS CENTRAL, BUT NOT THE WHOLE STORY.
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THE RECEPTOR MODEL
Adrenomedullin → CLR + RAMP2 or

RAMP3 → Gs → adenylyl cyclase → cAMP → Potential:

SMOOTH-MUSCLE RELAXATION

ENDOTHELIAL-BARRIER SUPPORT

CELL-SURVIVAL SIGNALING
ANTI-FIBROTIC EFFECTS
LYMPHATIC FUNCTION
Again:
one peptide.
Multiple receptor configurations.
Multiple tissue outcomes.

ADRENOMEDULLIN AND VASODILATION
One of its most established effects is:

VASODILATION.

Adrenomedullin can reduce:

SYSTEMIC VASCULAR RESISTANCE.

That can lower:

BLOOD PRESSURE.

Mechanisms can involve:
• direct vascular smooth-muscle cAMP signaling
• endothelial nitric oxide
• tissue-specific pathways
So:

Adrenomedullin → vascular AM
receptor →

cAMP /
NO-related
signaling

→ smooth muscle
relaxes → vascular

resistance ↓ → BLOOD FLOW ↑

This is why Adrenomedullin was initially characterized as a:

POTENT HYPOTENSIVE PEPTIDE.

THE VASODILATION MODEL
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Adrenomedullin → AM1 / AM2
receptors → cAMP ↑ →

vascular
smooth-muscle

relaxation
→ resistance ↓ → Potential:

AFTERLOAD ↓

TISSUE PERFUSION ↑

But:
vasodilation is only half of the Adrenomedullin story.
The other half is:

BARRIER INTEGRITY.

THE ENDOTHELIAL BARRIER - THE DEFINING MODERN
CONCEPT
Blood vessels need to perform two apparently opposing tasks.
They must:

ALLOW EXCHANGE.

But they must also:

KEEP BLOOD INSIDE THE VASCULAR SPACE.

If the endothelial barrier becomes too permeable:

plasma fluid escapes. → interstitial edema develops. → organ function worsens.

This is especially important in:

• sepsis • acute heart failure
• inflammatory shock • pulmonary edema

Adrenomedullin appears to be one of the body's major endogenous peptides helping maintain:

ENDOTHELIAL-BARRIER INTEGRITY.

Modern heart-failure literature emphasizes that disruption of Adrenomedullin signaling promotes vascular leakage and
systemic or pulmonary edema.

THE BARRIER MODEL

Inflammatory / hemodynamic stress → endothelial junction stress → vascular leak risk ↑

Adrenomedullin → endothelial AM receptors → barrier-stabilizing
signaling → Potential:
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PLASMA LEAKAGE ↓ → interstitial edema ↓

That creates an interesting combination:

VASODILATE THE VESSEL

while:

HELPING KEEP THE BARRIER INTACT.

VASODILATION ≠ VASCULAR LEAK

This distinction is critical.
A vessel can:

RELAX

without:

BECOMING PATHOLOGICALLY LEAKY.

Adrenomedullin appears capable of helping regulate both:

TONE

and:

INTEGRITY.

That makes the peptide much more sophisticated than:

A SIMPLE VASODILATOR.

ADRENOMEDULLIN VS BRADYKININ
This comparison is particularly useful after the previous guide.

BRADYKININ
Can produce:
• vasodilation
• vascular permeability ↑
• edema when excessive

ADRENOMEDULLIN
Can produce:
• vasodilation
• endothelial-barrier stabilization
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So both may:

OPEN THE VASCULATURE HEMODYNAMICALLY.

But their effects on:

THE BARRIER

can be very different.
This demonstrates:

VASODILATION AND VASCULAR PERMEABILITY ARE SEPARATE BIOLOGICAL VARIABLES.

That is an extremely important vascular concept.

ADRENOMEDULLIN AND SEPSIS
Sepsis creates one of the most intriguing Adrenomedullin paradoxes.
During sepsis:

• vascular tone falls • endothelial permeability rises
• inflammatory signaling increases • tissue edema develops
• microvascular dysfunction worsens

Adrenomedullin concentrations can rise substantially.
Why?
Potentially because the body is attempting to:

PROTECT THE ENDOTHELIAL BARRIER.

But Adrenomedullin also:

VASODILATES.

And sepsis may already involve dangerous:

VASODILATION + HYPOTENSION.

So Adrenomedullin becomes:

BOTH POTENTIALLY PROTECTIVE AND POTENTIALLY HEMODYNAMICALLY PROBLEMATIC.

A sepsis review describes this exact tension: Adrenomedullin supports endothelial-barrier function, yet high-dose
administration can worsen hypotension.

THE SEPSIS PARADOX
Sepsis → vascular leak ↑ → need:

MORE BARRIER STABILITY
But:
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vascular resistance ↓ → need:

MORE PRESSURE

Adrenomedullin: → barrier protection:

GOOD
but:
vasodilation:

POTENTIALLY BAD

So the challenge becomes:

CAN WE PRESERVE THE BARRIER EFFECT WITHOUT WORSENING HYPOTENSION?

That is precision pharmacology.

ADRECIZUMAB - A DIFFERENT WAY TO TARGET A PEPTIDE

This paradox led to an unusual therapeutic idea.
Instead of:

GIVING MORE ADRENOMEDULLIN

or:

BLOCKING IT COMPLETELY,

researchers developed:

ADRECIZUMAB

an anti-Adrenomedullin antibody designed not simply to neutralize the peptide, but to alter:

ITS DISTRIBUTION / FUNCTIONAL COMPARTMENTALIZATION.

The concept has been investigated in:

SEPSIS + VASCULAR LEAK.

Experimental and early human work suggested that manipulating circulating Adrenomedullin could potentially support
endothelial integrity without simply giving large vasodilatory peptide doses.
This is a very advanced therapeutic idea.
The goal is not always:

MORE PEPTIDE
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or:

LESS PEPTIDE.

It may be:

PUT THE SIGNAL IN THE RIGHT COMPARTMENT.

THE COMPARTMENT PRINCIPLE

• Interstitial Adrenomedullin
versus:
• intravascular Adrenomedullin
may have:

DIFFERENT FUNCTIONAL CONSEQUENCES.

So:
• total concentration
does not necessarily tell us:

WHERE THE PEPTIDE IS ACTING.

Again:

LOCATION ≠ JUST CONCENTRATION.

ADRENOMEDULLIN IN HEART FAILURE

Adrenomedullin levels rise in:

HEART FAILURE.

They can also rise with:
• cardiac hypertrophy
• acute myocardial infarction
The peptide may function as:

A COMPENSATORY CARDIOVASCULAR DEFENSE.

Potential effects include:

• afterload reduction • preload reduction
• vasodilation • natriuresis
• inhibition of aldosterone • anti-fibrotic signaling
• anti-apoptotic signaling

Again:
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high Adrenomedullin may not mean:

TOO MUCH ADRENOMEDULLIN CAUSED THE HEART FAILURE.

It may mean:

THE HEART AND VASCULATURE ARE TRYING TO COMPENSATE.

THE HEART-FAILURE MODEL
Heart failure → wall stress / congestion ↑ → Adrenomedullin ↑ → Potential:

VASODILATION
NATRIURESIS

ALDOSTERONE ↓

ENDOTHELIAL-BARRIER SUPPORT

FIBROSIS ↓ → Potential:

CARDIAC LOAD ↓

But:
disease may remain stronger than:

THE ENDOGENOUS RESPONSE.

Again:

HIGH COMPENSATORY SIGNAL ≠ SUCCESSFUL COMPENSATION.

ADRENOMEDULLIN AND CARDIAC CONTRACTILITY
Adrenomedullin is not primarily a classic:

INOTROPE

like some other cardiovascular pathways.
But experimental and small human studies suggest it may help improve:
• hemodynamics
• cardiac performance
through a combination of:

• afterload reduction • preload reduction
• vascular effects • direct cardiac signaling

Older heart-failure studies reported improvements in hemodynamics with Adrenomedullin infusion, although direct
chronic therapeutic translation remains limited.
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Again:

IMPROVED HEMODYNAMICS ≠ ESTABLISHED LONG-TERM HEART-FAILURE THERAPY.

ADRENOMEDULLIN AND THE RAAS
Adrenomedullin can oppose parts of:

THE RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM.

Potential effects include:
• reduced aldosterone secretion
• vasodilation
• natriuresis
This places Adrenomedullin on the:

COUNTER-REGULATORY SIDE

of cardiovascular hormone balance.
Conceptually:
• Angiotensin II

CONSTRICT + RETAIN
while:
• Adrenomedullin

DILATE + PROTECT THE ENDOTHELIUM + SUPPORT FLUID OFFLOADING

Again:
the circulation is governed by:

OPPOSING PEPTIDE SYSTEMS.

ADRENOMEDULLIN AND ALDOSTERONE
Adrenomedullin can inhibit:

ALDOSTERONE SECRETION

under selected conditions.
This may help reduce:
• sodium retention
• volume expansion
• fibrosis
That makes the peptide especially interesting in:

HEART FAILURE + CARDIORENAL STRESS.

Again:
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Adrenomedullin can alter:

BOTH VASCULAR TONE AND ENDOCRINE VOLUME CONTROL.

ADRENOMEDULLIN AND THE KIDNEY
Adrenomedullin has important:

RENAL EFFECTS.

Potential actions include:

• renal vasodilation • natriuresis
• diuresis • modulation of renin / aldosterone
• renal protection during stress

The pathway may help coordinate:

CARDIORENAL HOMEOSTASIS.

This is particularly relevant because:
heart failure often creates:

CARDIORENAL CONGESTION.

THE RENAL MODEL

Adrenomedullin → renal vascular / tubular signaling → Potential:

RENAL BLOOD FLOW ↑

SODIUM EXCRETION ↑

DIURESIS ↑

plus:

aldosterone ↓ → Potential:

VOLUME LOAD ↓

Again:
not merely:

A VASODILATOR.
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ADRENOMEDULLIN AND ANGIOGENESIS
Adrenomedullin can stimulate:

ANGIOGENESIS.

This is especially important in:

• embryonic vascular development • ischemic adaptation
• tissue repair • tumor biology

The peptide can influence:
• endothelial-cell proliferation
• migration
• new vessel formation
Its importance in vascular development is strongly supported by animal models in which loss of ADM or RAMP2 produces
severe embryonic vascular abnormalities.
Again:

A PEPTIDE THAT HELPS BUILD BLOOD VESSELS DURING DEVELOPMENT CAN ALSO PARTICIPATE
IN VASCULAR REPAIR LATER IN LIFE.

THE DEVELOPMENT-REPAIR MODEL

Embryo → ADM / RAMP2 → vascular development

Later life:

injury / hypoxia → ADM ↑ → endothelial migration /
angiogenic signaling → Potential:

TISSUE PERFUSION RESTORATION

Again:

DEVELOPMENTAL SIGNALS OFTEN REAPPEAR IN REPAIR BIOLOGY.

ANGIOGENESIS IS NOT AUTOMATICALLY BENEFICIAL

This distinction remains important.
Angiogenesis can help:
• ischemic tissue
• wound healing
• vascular repair
But angiogenesis can also support:
• tumor perfusion
• abnormal vascular proliferation
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So:

MORE ADRENOMEDULLIN-DRIVEN VESSEL FORMATION IS NOT ALWAYS BETTER.

Again:

TISSUE CONTEXT DEFINES BENEFIT.

ADRENOMEDULLIN AND CANCER
Many tumors experience:

HYPOXIA.

Hypoxia can stimulate:

ADRENOMEDULLIN EXPRESSION.

Tumor cells may use Adrenomedullin-related pathways to support:
• angiogenesis
• survival
• blood supply
That has created interest in:

ADM / RAMP SIGNALING AS AN ONCOLOGY TARGET.

But this should not be reduced to:

“ADRENOMEDULLIN CAUSES CANCER.”

It does not.
The relevant concept is:

A NORMAL VASCULAR-SURVIVAL PATHWAY CAN BE CO-OPTED BY A TUMOR.

Again:

NORMAL PHYSIOLOGY CAN BE REPURPOSED BY DISEASE.

ADRENOMEDULLIN AND LYMPHATIC BIOLOGY
This may be one of the most overlooked parts of the peptide.
Blood vessels manage:

DELIVERY.

Lymphatic vessels manage:

DRAINAGE.

Fluid continually leaves capillaries.
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Some returns directly.
But a meaningful amount must be collected by:

THE LYMPHATIC SYSTEM.

RAMP3 appears particularly important for:

LYMPHATIC VESSEL FUNCTION.

Experimental RAMP3 deficiency causes delayed:
• lymphatic drainage
• chyle transport
• edema resolution
and worsens lymphedema.
This gives Adrenomedullin another major identity:

VASCULAR INPUT + LYMPHATIC OUTPUT COORDINATION.

THE LYMPHATIC MODEL
Interstitial fluid → lymphatic capillary uptake → lymphatic transport → return to circulation

ADM / RAMP3 → supports lymphatic endothelial
function → Potential:

DRAINAGE ↑ → EDEMA CONTROL

Again:
fluid balance is not only:

KIDNEY + HEART.

It is also:

THE LYMPHATIC SYSTEM.

ADRENOMEDULLIN AND LYMPHEDEMA
If RAMP3-dependent signaling supports lymphatic drainage:
then Adrenomedullin-related pharmacology could theoretically become relevant in:
• postoperative lymphedema
• chronic lymphatic dysfunction
• inflammatory edema
This remains:

EARLY TRANSLATIONAL BIOLOGY.

But it is mechanistically compelling.
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Again:

EDEMA ≠ ALWAYS RENAL OR CARDIAC.

Sometimes:

THE DRAINAGE SYSTEM IS THE BOTTLENECK.

ADRENOMEDULLIN AND MITOCHONDRIA
A particularly interesting newer concept is the role of:

ADM-RAMP2 SIGNALING IN CARDIAC MITOCHONDRIAL HOMEOSTASIS.

Experimental work suggests RAMP2-mediated Adrenomedullin signaling helps the heart adapt during:

EARLY CARDIOVASCULAR STRESS

partly through mitochondrial regulation.
This links:

VASCULAR PEPTIDE SIGNALING

with:

CELLULAR ENERGY HOMEOSTASIS.

Again:
cardiovascular protection is not only about:

BLOOD PRESSURE.

It may also involve:

HOW WELL THE CARDIOMYOCYTE HANDLES ENERGY STRESS.

THE MITOCHONDRIAL MODEL

Cardiovascular
stress → ADM / RAMP2 → cellular signaling → mitochondrial

adaptation → Potential:

ENERGY HOMEOSTASIS + CELL SURVIVAL

Again:
a peptide can coordinate:

WHOLE-ORGAN HEMODYNAMICS
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and:

INTRACELLULAR BIOENERGETICS.

ADRENOMEDULLIN AND CARDIAC FIBROSIS
Cardiac fibroblasts express:

CLR

RAMP2
RAMP3
and can themselves produce:

ADRENOMEDULLIN.

Experimental work shows Adrenomedullin can inhibit:
• fibroblast proliferation
• collagen synthesis
and the pathway becomes upregulated during cardiac hypertrophy and failure.
So the heart may generate:

ITS OWN LOCAL ANTI-FIBROTIC DEFENSE SIGNAL.

THE FIBROSIS MODEL

Cardiac stress → fibroblast activation → collagen ↑ → stiffness / remodeling

Meanwhile:

ADM ↑

• ↓

AM receptors → Potential:

FIBROBLAST ACTIVITY ↓

COLLAGEN SYNTHESIS ↓ → Potential:

MALADAPTIVE REMODELING RESTRAINED

Again:

THE HEART'S STRESS RESPONSE CONTAINS BOTH DAMAGE SIGNALS AND PROTECTIVE SIGNALS.
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ADRENOMEDULLIN AND OXIDATIVE STRESS
Adrenomedullin has been associated with:

ANTI-OXIDATIVE EFFECTS.

Potentially:
• reducing ROS-related injury
• supporting endothelial NO
• improving cellular survival
This may contribute to protective effects in:
• heart failure
• ischemia
• renal injury
But:

ANTI-OXIDANT EFFECT ≠ GENERIC ANTIOXIDANT PEPTIDE.

Its dominant identity remains:

VASCULAR / CARDIORENAL.

ADRENOMEDULLIN AND APOPTOSIS
Experimental work suggests Adrenomedullin can:

REDUCE APOPTOTIC SIGNALING

in cardiovascular tissues under stress.
That may contribute to:

CARDIOPROTECTION.

Again:
the peptide can influence:

• hemodynamics • endothelium
• cell survival • remodeling

This is why it should be understood as:

A MULTI-LAYER CARDIOVASCULAR STRESS SIGNAL.

ADRENOMEDULLIN AND PULMONARY VASCULAR BIOLOGY
The lung contains a vast:

ENDOTHELIAL SURFACE.

Adrenomedullin therefore has obvious relevance to:
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• pulmonary vascular tone • endothelial permeability
• pulmonary edema • pulmonary hypertension research

Its vasodilatory and barrier-stabilizing biology creates a potentially useful combination.
But:

SYSTEMIC HYPOTENSION

can remain a limiting issue.
Again:

THE DESIRED LOCAL EFFECT MAY CONFLICT WITH THE SYSTEMIC EFFECT.

PULMONARY HYPERTENSION
Pulmonary hypertension involves:

• high pulmonary vascular resistance • endothelial dysfunction
• right ventricular load • vascular remodeling

Adrenomedullin could theoretically:

REDUCE PULMONARY RESISTANCE

and:

SUPPORT ENDOTHELIAL FUNCTION.

But direct human therapeutic evidence remains much less established than:

THE PHYSIOLOGICAL RATIONALE.

Again:

MECHANISM ≠ APPROVED INDICATION.

ADRENOMEDULLIN AND HYPERTENSION
Adrenomedullin often rises in:

HYPERTENSION.

At first this may seem contradictory.
Why would a vasodilatory peptide be:

HIGH

when blood pressure is:

HIGH?

Because:
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it may be:

COMPENSATORY.

The system senses:
• pressure
• vascular stress
• endothelial dysfunction
and responds with:

MORE VASODILATORY DEFENSE.

Again:

HIGH PROTECTIVE PEPTIDE ≠ HEALTHY PHYSIOLOGY.

THE HYPERTENSION PARADOX

Pressure ↑ → vascular stress ↑ → ADM ↑ → vasodilation attempt ↑

But:
• hypertension persists
Therefore:

THE DEFENSE SYSTEM IS ACTIVATED BUT INSUFFICIENT.

Same concept as:
• BNP in heart failure
• FGF21 in metabolic disease
• GDF15 in severe stress
Again:

ELEVATION CAN BE A MARKER OF STRUGGLE.

ADRENOMEDULLIN AND BIOACTIVE ADM
This becomes important for biomarker interpretation.
Traditional assays often measured:

TOTAL OR PRECURSOR-RELATED ADM SIGNALS.

More recently:
• BIOACTIVE ADRENOMEDULLIN - bio-ADM
has been investigated.
The idea is:
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measure more directly the:

BIOLOGICALLY ACTIVE PEPTIDE.

Bio-ADM has shown associations with:

• congestion • vascular leakage
• sepsis severity • acute heart failure

Heart-failure research has proposed bio-ADM as a potential marker of:

TISSUE CONGESTION + ENDOTHELIAL DYSFUNCTION.

This is an important biomarker lesson.

BIOACTIVE PEPTIDE VS PRECURSOR MARKER

We have seen this already with:
BNP / NT-proBNP.
Now again:
A precursor or stable fragment may be:

EASIER TO MEASURE.

But:
the active peptide may better reflect:

CURRENT BIOLOGICAL SIGNALING.

Neither is automatically:

SUPERIOR FOR EVERY PURPOSE.

Again:

ASSAY DESIGN SHOULD MATCH THE QUESTION.

• MR-proADM
Another biomarker used in research is:
MID-REGIONAL PROADRENOMEDULLIN - MR-proADM.
Because mature Adrenomedullin is short lived and difficult to measure:
stable precursor fragments can serve as:

SURROGATES OF PRODUCTION.

MR-proADM has been investigated extensively in:

• sepsis • pneumonia
• heart failure • mortality prediction
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Again:

PRODUCTION MARKER ≠ BIOACTIVE PEPTIDE CONCENTRATION.

The distinction matters.

THE BIOMARKER MODEL
• MR-proADM
tells us more about:

PRECURSOR PRODUCTION / SYSTEM ACTIVATION

• bio-ADM
may reflect:

ACTIVE CIRCULATING PEPTIDE

Potentially associated with:

VASCULAR LEAK / CONGESTION

Again:

SAME PEPTIDE SYSTEM. DIFFERENT BIOMARKER QUESTION.

ADRENOMEDULLIN VS NATRIURETIC PEPTIDES
Compare:

ANP / BNP

Primary receptors:

NPR-A

• ↓
• cGMP
Strong identity:

NATRIURESIS + CARDIAC LOAD

• Adrenomedullin
Receptors:

CLR / RAMP2 or RAMP3 → primarily cAMP

Strong identity:

VASCULAR TONE + BARRIER + CARDIOVASCULAR STRESS ADAPTATION

Both can:
• vasodilate
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• influence renal sodium handling
• rise in heart failure
But they are:

NOT REDUNDANT SYSTEMS.

ADRENOMEDULLIN VS CGRP
This is another important comparison because the receptor systems are related.

CGRP
CLR + RAMP1
Strong emphasis:

• sensory nerves • neurovascular signaling
• migraine • vasodilation

ADRENOMEDULLIN
CLR + RAMP2 / RAMP3
Strong emphasis:

• endothelial biology • vascular homeostasis
• barrier integrity • cardiovascular development
• lymphatics

Same core GPCR:

CLR.

Different:

RAMP.

Different:

BIOLOGICAL IDENTITY.

This is why RAMP proteins are so important.

THE RAMP SWITCH
CLR

RAMP1 → CGRP RECEPTOR

CLR

RAMP2 → AM1 RECEPTOR

CLR
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RAMP3 → AM2 RECEPTOR

One GPCR.
Three receptor phenotypes.
That is:

MOLECULAR MODULARITY.

ADRENOMEDULLIN AND INTERMEDIN / AM2
There is also another related peptide:

ADRENOMEDULLIN 2 / INTERMEDIN.

It belongs to the same calcitonin/CGRP peptide family and can interact with CLR/RAMP receptor complexes.
This further reinforces that:

RECEPTOR SELECTIVITY IN THIS FAMILY IS A NETWORK, NOT A SINGLE LOCK-AND-KEY
RELATIONSHIP.

Again:
a receptor may have:

PREFERRED LIGANDS

rather than:

ONE EXCLUSIVE LIGAND.

THE SHORT HALF-LIFE PROBLEM

Native Adrenomedullin has:

A SHORT HALF-LIFE.

That creates challenges for therapy.
Direct peptide infusion can produce:

PREDICTABLE VASODILATORY PHYSIOLOGY.

But chronic use becomes difficult because of:

• rapid degradation • infusion requirement
• systemic hypotension • surface adsorption / handling challenges

These limitations have driven research into:

• modified ADM analogs • fusion proteins
• antibodies • altered delivery
• receptor-selective pharmacology
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Again:

VALID BIOLOGY DOES NOT AUTOMATICALLY CREATE AN EASY DRUG.

THE DRUG-ENGINEERING PROBLEM

Native peptide: → strong physiology

but:
• short exposure

Drug engineering: → longer exposure

but:
could alter:
• receptor bias
• tissue distribution
• hemodynamics
So:

IMPROVED PHARMACOKINETICS MAY CHANGE THE BIOLOGY WE ARE TRYING TO PRESERVE.

That is a recurring peptide-development problem.

THE CORE MECHANISM MAP

VASCULAR / CARDIAC /
INFLAMMATORY STRESS → ADM expression ↑ → ADRENOMEDULLIN → AM1

CLR + RAMP2
and:

AM2

CLR + RAMP3 → primarily:

Gs → cAMP → BLOOD VESSELS

VASODILATION
ENDOTHELIUM

BARRIER INTEGRITY ↑

HEART

FIBROSIS / REMODELING ↓

KIDNEY
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RENAL / NATRIURETIC SUPPORT

LYMPHATIC SYSTEM

DRAINAGE / VESSEL FUNCTION → Potential:

CARDIOVASCULAR + CARDIORENAL + ENDOTHELIAL HOMEOSTASIS

The core concept is:
ADRENOMEDULLIN IS A VASCULAR-STRESS RESPONSE PEPTIDE THAT HELPS THE CIRCULATION RELAX WITHOUT LOSING
BARRIER INTEGRITY, WHILE COORDINATING CARDIAC, RENAL, ANGIOGENIC, AND LYMPHATIC ADAPTATION.

WHAT THIS MECHANISM MAY SUGGEST

Adrenomedullin biology deserves major interest in:

• endothelial dysfunction • vascular leak
• sepsis • septic shock
• heart failure • congestion
• hypertension • pulmonary vascular disease
• cardiorenal syndrome • acute kidney injury
• cardiac fibrosis • ischemic injury
• angiogenesis • lymphatic dysfunction

• lymphedema
• vascular development
• biomarker development
Its strongest translational identities are:

ENDOTHELIAL-BARRIER BIOLOGY + CARDIOVASCULAR STRESS RESPONSE.

WHAT THIS MECHANISM DOES NOT PROVE

Adrenomedullin biology does not prove that:

• more Adrenomedullin is always better • high ADM causes heart failure
• high ADM causes sepsis • every patient with vascular leak has ADM deficiency
• vasodilation is always beneficial • barrier protection guarantees improved survival
• AM1 and AM2 receptors are interchangeable • RAMP2 and RAMP3 perform the same physiological

role
• elevated bio-ADM automatically identifies a treatment
target

• MR-proADM equals circulating active ADM

• Adrenomedullin is an established routine heart-failure
therapy

• Adrenomedullin is an established sepsis therapy

• angiogenic signaling is beneficial in every tissue • native ADM and long-acting analogs will have identical
biology
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Again:

RECEPTOR + COMPARTMENT + DURATION + DISEASE STATE MATTER.

THE EVIDENCE, POTENTIAL APPLICATIONS, AND
LIMITATIONS
ENDOGENOUS PHYSIOLOGY
VERY STRONG
Adrenomedullin is a well-established endogenous vasoactive peptide with:

• cardiovascular • endothelial
• renal • developmental

roles.

RECEPTOR BIOLOGY
VERY STRONG
Adrenomedullin acts predominantly through:

CLR / RAMP2

and:

CLR / RAMP3

forming AM1 and AM2 receptor complexes.
• cAMP SIGNALING

STRONG
The CLR/RAMP receptor complexes predominantly couple through:
Gs → ADENYLYL CYCLASE → cAMP.

VASCULAR DEVELOPMENT

VERY STRONG PRECLINICALLY

Loss of ADM or RAMP2 produces severe developmental vascular abnormalities and embryonic lethality in animal models.

ENDOTHELIAL-BARRIER BIOLOGY

STRONG
Adrenomedullin is increasingly recognized as a major regulator of:

VASCULAR INTEGRITY + TISSUE CONGESTION.

CARDIAC STRESS BIOLOGY
STRONG
ADM concentrations increase in:
• hypertrophy
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• myocardial infarction
• heart failure
and the peptide has extensive cardioprotective preclinical biology.

DIRECT HUMAN THERAPEUTIC EVIDENCE

LIMITED BUT REAL
Small clinical studies have evaluated recombinant Adrenomedullin in cardiovascular disease and demonstrated
measurable hemodynamic effects.
However:

ROUTINE LONG-TERM THERAPEUTIC USE IS NOT ESTABLISHED.

• Research

HEART FAILURE
Heart failure is one of the most compelling contexts.
The patient may have:

• high vascular resistance • congestion
• endothelial leak • fibrosis
• RAAS activation

Adrenomedullin potentially addresses:

SEVERAL NODES AT ONCE.

That is attractive.
But:
if blood pressure is already low:
additional vasodilation can become:

A LIMITATION.

Again:

THE BENEFICIAL MECHANISM CAN CREATE THE SAFETY PROBLEM.

ACUTE HEART FAILURE
Acute heart failure often includes:

TISSUE CONGESTION.

This is not only:

TOO MUCH TOTAL WATER.

Fluid distribution matters.
If the endothelial barrier leaks:
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more fluid moves from:

INTRAVASCULAR SPACE

into:

INTERSTITIAL TISSUE.

Adrenomedullin may help preserve:

THE BARRIER

while also affecting:

VASCULAR TONE.

This is why bio-ADM has attracted interest as a marker of:

CONGESTION / VASCULAR LEAK.

SEPSIS
This remains perhaps the most sophisticated ADM therapeutic problem.
Sepsis needs:

BETTER ENDOTHELIAL INTEGRITY

but often also:

MORE VASCULAR TONE.

Adrenomedullin can help the former.
But may worsen the latter.
Thus the challenge is not:

DO WE WANT MORE ADM?

It is:

WHICH ADM FUNCTION DO WE WANT, WHERE, AND FOR HOW LONG?

Again:

PRECISION COMPARTMENTAL PHARMACOLOGY.

SEPTIC SHOCK
Septic shock adds another problem:

ORGAN PERFUSION.

If systemic vascular resistance falls too far:
mean arterial pressure falls.
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So direct high-dose Adrenomedullin could theoretically worsen:

HEMODYNAMIC COLLAPSE

despite potentially helping:

THE ENDOTHELIAL BARRIER.

That is exactly why simplistic:

“ANTI-INFLAMMATORY / ENDOTHELIAL-PROTECTIVE = GOOD”

reasoning is insufficient.

HYPERTENSION
Adrenomedullin can reduce:

VASCULAR RESISTANCE.

That gives obvious mechanistic relevance.
But hypertension may arise from:

• sodium retention • RAAS activation
• sympathetic tone • vascular stiffness
• renal disease • endocrine disease

So:

HYPERTENSION ≠ ADM DEFICIENCY.

Again:

MATCH PATHWAY TO DRIVER.

PULMONARY HYPERTENSION
Mechanistically attractive because:
• pulmonary vascular resistance ↑
• endothelial dysfunction ↑
• right-heart strain ↑
ADM could potentially:
• vasodilate
• support endothelium
• reduce remodeling
But:

HUMAN THERAPEUTIC VALIDATION REMAINS EARLIER.

CARDIAC FIBROSIS
ADM can inhibit:
• fibroblast proliferation
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• collagen synthesis
in experimental cardiovascular models.
That makes it potentially relevant to:
• hypertensive remodeling
• heart failure
• post-injury fibrosis
But:

ANTI-FIBROTIC SIGNALING ≠ ESTABLISHED ANTI-FIBROTIC THERAPY.

RENAL DISEASE
The pathway may help with:

• renal perfusion • natriuresis
• inflammation • fibrosis

But renal disease includes many distinct phenotypes.
Again:

CKD IS NOT AN ADM DIAGNOSIS.

LYMPHEDEMA
RAMP3's role in lymphatic drainage makes this especially interesting.
The mechanism is unusually coherent:

lymphatic drainage impaired → interstitial fluid accumulates → edema

ADM / RAMP3 signaling → potential:

LYMPHATIC ENDOTHELIAL FUNCTION ↑ → fluid drainage ↑

But:
clinical translation remains:

EARLY.

ANGIOGENESIS / ISCHEMIA
ADM can promote:

NEW VESSEL FORMATION.

This may support:
• ischemic repair
• wound healing
But:
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the same pathway may be co-opted by:

TUMORS.

Again:

ANGIOGENESIS IS NOT A UNIVERSAL GOOD.

BIOMARKER DEVELOPMENT
This may actually become one of the most important near-term clinical applications.
• MR-proADM
provides information about:

SYSTEM ACTIVATION / PRECURSOR PRODUCTION.

• bio-ADM
may provide information about:

ACTIVE VASCULAR-BARRIER / CONGESTION PHYSIOLOGY.

Again:
different assay.
Different question.

WHAT WE KNOW
Adrenomedullin is an endogenous 52-amino-acid peptide first identified in human pheochromocytoma tissue.
Despite its name, it is widely expressed throughout cardiovascular and other tissues rather than functioning primarily as
an adrenal-medullary hormone.
Its major biological identities include vasodilation, endothelial protection, cardiorenal regulation, angiogenesis, and
adaptation to cardiovascular stress.
Adrenomedullin signals through receptor complexes formed by the calcitonin receptor-like receptor - CLR - together with
RAMP2 or RAMP3.
CLR / RAMP2 forms the AM1 receptor.
CLR / RAMP3 forms the AM2 receptor.
This means receptor-activity-modifying proteins actually change the pharmacological identity of the receptor.
The same CLR protein combined with RAMP1 instead forms the canonical CGRP receptor.
That is one of the strongest examples in peptide biology of accessory proteins defining receptor identity.
Adrenomedullin receptors commonly signal through Gs / adenylyl cyclase / cAMP.
Adrenomedullin produces potent vasodilatory effects.
But it also supports endothelial-barrier integrity.
This combination is important because vasodilation and vascular permeability are not the same process.
A vessel can relax while still preserving its barrier.
Adrenomedullin appears to help coordinate both.
This has made the peptide especially interesting in heart failure and sepsis, where vascular leakage and congestion can
coexist with major hemodynamic abnormalities.
ADM and RAMP2 are essential to normal vascular development in experimental models.
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Loss of this signaling produces severe vascular abnormalities, demonstrating that the pathway is not merely a
disease-response system.
It is fundamental developmental biology.
RAMP3 appears to have a distinct role in lymphatic-vessel function and interstitial-fluid drainage.
This creates a potentially important link between Adrenomedullin and lymphedema biology.
Experimental work also suggests ADM/RAMP2 and ADM/RAMP3 have different roles during cardiovascular stress.
RAMP2 signaling appears especially important in earlier adaptive responses and mitochondrial homeostasis, while
RAMP3 contributes to later adaptation and lymphatic remodeling.
Adrenomedullin concentrations rise in cardiac hypertrophy, myocardial infarction, and heart failure.
This likely represents at least partly a compensatory response rather than evidence that the peptide itself is causing the
disease.
Adrenomedullin can inhibit fibroblast proliferation and collagen production in experimental cardiac systems.
That provides mechanistic support for anti-remodeling and anti-fibrotic effects.
In sepsis, Adrenomedullin creates a difficult therapeutic paradox.
It may protect the endothelial barrier, yet its vasodilatory properties can potentially worsen hypotension.
This is why future therapy may need to manipulate compartment, receptor subtype, or signaling bias rather than simply
administer more native peptide.
Short half-life and systemic hemodynamic effects remain major barriers to direct chronic Adrenomedullin therapy.
The biology is therefore more advanced than the routine therapeutic translation.

WHAT WE THINK MAY BE HAPPENING
Adrenomedullin may be best understood as:

THE VASCULAR SYSTEM'S STABILITY PEPTIDE.

Imagine the circulation under stress.
The vessels need to:

STAY OPEN ENOUGH FOR PERFUSION.

But they also need to:

STAY TIGHT ENOUGH TO KEEP PLASMA INSIDE.

Those are two different problems.

Too much constriction: → organs become underperfused.

Too much permeability: → fluid leaves the vascular space. → tissues swell.

Adrenomedullin may help solve both.
It tells the vessel:

RELAX.
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But it also tells the endothelium:

HOLD THE BARRIER TOGETHER.

At the same time:
it communicates with:
• the heart
• kidney
• lymphatic system
to help regulate:

THE ENTIRE FLUID DISTRIBUTION SYSTEM.

This gives Adrenomedullin a deeper identity:

NOT SIMPLY BLOOD-PRESSURE CONTROL.

It may help determine:

WHERE FLUID STAYS, WHERE BLOOD FLOWS, AND HOW THE CARDIOVASCULAR SYSTEM
RESPONDS TO STRESS.

WHAT REMAINS CONTEXT-DEPENDENT
Important questions include:
How distinct are AM1 and AM2 receptor functions in humans?
Which tissues depend most strongly on RAMP2 versus RAMP3?
How much receptor signaling overlap exists between Adrenomedullin and CGRP?
Can receptor-selective agonists distinguish AM1 from AM2 therapeutically?
Can biased signaling separate vasodilation from barrier protection?
Which downstream pathways stabilize endothelial junctions?
Can barrier-protective signaling be amplified without lowering blood pressure?
What is the optimal amount of Adrenomedullin activity during sepsis?
Is high bio-ADM primarily adaptive, maladaptive, or both?
How should bio-ADM be interpreted relative to MR-proADM?
Can bio-ADM guide decongestion in acute heart failure?
Does ADM identify a distinct vascular-leak heart-failure phenotype?
How much does renal dysfunction alter ADM concentration?
Can direct ADM therapy improve hard heart-failure outcomes?
Which heart-failure phenotype is most likely to benefit?
Can long-acting ADM analogs retain endothelial protection without excessive hypotension?
How does chronic ADM exposure alter receptor trafficking?
Does RAMP2 signaling preserve mitochondria directly in human cardiomyocytes?
Can RAMP3 targeting improve lymphatic drainage in human lymphedema?
Which forms of lymphedema are most mechanistically compatible?
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How much of ADM's renal effect is direct versus hemodynamic?
Can ADM reduce cardiac fibrosis meaningfully in humans?
Which pulmonary-hypertension phenotypes could benefit most?
Can tumor-specific ADM signaling be inhibited without disrupting normal vascular homeostasis?
How should angiogenic benefits be balanced against oncologic risk?
Does ADM participate significantly in human ischemic preconditioning?
Can tissue-targeted delivery improve therapeutic selectivity?
Can antibody-based manipulation of ADM distribution prove more useful than direct peptide administration?
What is the ideal compartment for therapeutic ADM activity - plasma, interstitium, endothelium, or organ-specific tissue?
Can RAMP biology eventually allow truly tissue-selective peptide pharmacology?
Again:
these are the questions needed to move from:

VASODILATORY PEPTIDE

to:

PRECISION ENDOTHELIAL-BARRIER PHARMACOLOGY.

THE PRAXIS LENS
DO NOT BEGIN WITH ADRENOMEDULLIN

Begin with:
WHAT PART OF VASCULAR HOMEOSTASIS IS FAILING - TONE, BARRIER INTEGRITY, PERFUSION, FLUID DISTRIBUTION,
LYMPHATIC DRAINAGE, OR CARDIORENAL ADAPTATION?
Then:

PHYSIOLOGY

• ↓

PATTERN → MECHANISM → EVIDENCE → RISK → MONITORING → DECISION

PHYSIOLOGY
Healthy Adrenomedullin biology requires:

• adequate peptide production • CLR expression
• appropriate RAMP2 / RAMP3 availability • cAMP signaling
• responsive endothelium • intact lymphatics
• appropriate renal function • appropriate hemodynamic reserve

Its dominant physiological role is:

VASCULAR HOMEOSTASIS UNDER STRESS.
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PATTERN
What is actually present?
vasoconstriction?
hypotension?
vascular leak?
edema?
heart failure?
congestion?
renal dysfunction?
lymphatic failure?
pulmonary hypertension?
sepsis?
Again:

“EDEMA” IS NOT AN ADRENOMEDULLIN DIAGNOSIS.

MECHANISM
Does ADM signaling match:

THE BOTTLENECK?

If the patient has:

SEVERE VASODILATORY SHOCK,

more systemic vasodilation may be dangerous.
But if the dominant problem is:

ENDOTHELIAL-BARRIER FAILURE,

ADM biology becomes:

HIGHLY INTERESTING.

If the problem is:

LYMPHATIC DRAINAGE FAILURE,

RAMP3 biology may be more relevant than:

GENERAL VASCULAR TONE.

Again:

IDENTIFY THE NODE.
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EVIDENCE
Ask:

WHAT CLAIM ARE WE MAKING?

ADM is vasodilatory?

VERY STRONG.
ADM receptor biology?

VERY STRONG.
ADM / RAMP2 is required for vascular development?

VERY STRONG PRECLINICALLY.

ADM supports endothelial-barrier integrity?

STRONG.
ADM is protective in heart failure?

STRONG MECHANISTIC + EARLY HUMAN PHYSIOLOGY, NOT ROUTINE ESTABLISHED THERAPY.

ADM is an established sepsis therapy?

NO.
RAMP3 is relevant to lymphatic function?

STRONG PRECLINICAL EVIDENCE.

Again:

SAME PATHWAY. DIFFERENT EVIDENCE CLASS.

RISK
Potential mechanistic concerns include:

• hypotension • excessive vasodilation
• reflex tachycardia • altered renal perfusion in vulnerable states
• inappropriate angiogenic signaling • changing fluid distribution unexpectedly
• assuming high endogenous ADM means more peptide
is needed

• extrapolating animal barrier-protection data directly
into therapy

Again:

THE PEPTIDE'S STRONGEST BENEFIT - VASODILATION - CAN ALSO BECOME ITS LIMITATION.
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MONITORING
Monitoring should follow:

THE VASCULAR HYPOTHESIS.

HEMODYNAMICS
• blood pressure

MAP
• heart rate
• orthostatic response
• perfusion

VOLUME / CONGESTION
• body weight • edema
• pulmonary congestion • dyspnea
• urine output

RENAL
• creatinine • eGFR
• sodium • potassium

CARDIAC
• functional capacity • ventricular function
• filling pressures where appropriate • fibrosis / remodeling in research contexts

ENDOTHELIAL / SEPSIS
• vascular-leak phenotype • organ perfusion
• lactate in appropriate acute settings • fluid requirements

LYMPHATIC
• limb volume
• tissue edema
• drainage patterns where measurable
Again:

MONITOR THE SYSTEM THE PEPTIDE IS SUPPOSED TO STABILIZE.

THE PRAXIS 5
MECHANISM
Adrenomedullin's dominant pathway is:
ADM → CLR/RAMP2 or CLR/RAMP3 → cAMP-DOMINANT SIGNALING → VASODILATION + ENDOTHELIAL-BARRIER SUPPORT
+ CARDIOVASCULAR ADAPTATION.
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Its central identity is:

VASCULAR-STRESS HOMEOSTASIS.

EVIDENCE
Endogenous biology:

VERY STRONG.

Receptor pharmacology:

VERY STRONG.

Vascular development:

VERY STRONG PRECLINICALLY.

Endothelial-barrier protection:

STRONG.

Heart-failure therapeutic translation:

PROMISING BUT NOT ROUTINE.

Sepsis therapeutic translation:

INVESTIGATIONAL.

Lymphatic biology:

STRONG PRECLINICALLY.

RISK
The major conceptual mistake is:

ASSUMING A VASODILATORY PEPTIDE IS EITHER ALWAYS GOOD OR ALWAYS BAD.

In hypertension:
vasodilation may help.
In septic shock:
too much vasodilation may be dangerous.
At the same time:
barrier stabilization may be desperately needed.
Again:

ONE MOLECULE CAN PRODUCE BENEFICIAL AND LIMITING EFFECTS SIMULTANEOUSLY.
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MONITORING
Monitor:

PRESSURE + PERFUSION + BARRIER / EDEMA + RENAL FUNCTION + CARDIAC FUNCTION.

If the hypothesis is:

BETTER VASCULAR HOMEOSTASIS,

then:

PERFUSION AND BARRIER INTEGRITY SHOULD IMPROVE WITHOUT UNACCEPTABLE
HYPOTENSION.

PATIENT CONTEXT
A patient with:

HYPERTENSIVE VASCULAR STRESS

is not identical to:
someone with:

SEPTIC VASODILATORY SHOCK.

A patient with:

CARDIOGENIC CONGESTION

is not identical to:
someone with:

PRIMARY LYMPHEDEMA.

A patient with:

ENDOTHELIAL LEAK

is not identical to:
someone with:

FIXED STRUCTURAL VASCULAR OBSTRUCTION.

Same peptide.
Different:

VASCULAR CONTEXT.
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SEVEN QUESTIONS TO ASK BEFORE ADRENOMEDULLIN
1. WHAT VASCULAR FUNCTION IS ACTUALLY FAILING?

tone?
endothelial barrier?
cardiac loading?
renal perfusion?
lymphatic drainage?
angiogenesis?

2. WHICH RECEPTOR SYSTEM IS MOST RELEVANT?

AM1 / RAMP2?

AM2 / RAMP3?
3. IS THE PATIENT HYPERTENSIVE OR HYPOTENSIVE?

This radically changes the risk-benefit logic.

4. IS HIGH ADM A DEFICIENCY SIGNAL OR A COMPENSATORY SIGNAL?

High peptide concentration does not automatically mean:

MORE IS NEEDED.

5. ARE WE MEASURING ACTIVE PEPTIDE OR A PRECURSOR MARKER?

bio-ADM?
MR-proADM?
Different question.

6. WHAT WILL WE MONITOR?

BP?
perfusion?
edema?
renal function?
cardiac function?
lymphatic drainage?

7. WHAT WOULD DEFINE SUCCESS?
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Not:

“ADRENOMEDULLIN INCREASED.”

But:
THE TARGET VASCULAR FAILURE IMPROVED - PERFUSION, ENDOTHELIAL-BARRIER INTEGRITY, CONGESTION, CARDIAC
LOAD, RENAL FUNCTION, OR LYMPHATIC DRAINAGE MOVED IN THE INTENDED DIRECTION WITHOUT AN UNACCEPTABLE
HEMODYNAMIC OR ANGIOGENIC TRADEOFF.

KEY TAKEAWAYS
Adrenomedullin is an endogenous 52-amino-acid peptide with major cardiovascular, endothelial, renal, angiogenic, and
lymphatic functions.
Despite its name, it is not primarily an adrenal-medullary hormone.
It is produced widely throughout cardiovascular tissues.
Its dominant biological identity is vascular-stress homeostasis.
Adrenomedullin acts through unusual receptor complexes involving the calcitonin receptor-like receptor - CLR - and
receptor activity-modifying proteins.
CLR + RAMP2 forms the AM1 receptor.
CLR + RAMP3 forms the AM2 receptor.
This means an accessory protein can change the pharmacological identity of a GPCR.
That is one of the most important receptor concepts in the entire peptide field.
CLR + RAMP1 instead creates the canonical CGRP receptor.
So one GPCR can participate in multiple peptide-receptor systems depending on its RAMP partner.
Adrenomedullin receptors signal prominently through Gs / adenylyl cyclase / cAMP.
One major physiological effect is vasodilation.
This reduces vascular resistance and can lower blood pressure.
But Adrenomedullin also has an important and distinct effect on endothelial-barrier integrity.
This means it may help vessels remain open without becoming excessively permeable.
That is a much more sophisticated function than simply “lowering blood pressure.”
Adrenomedullin and RAMP2 are essential to normal vascular development in experimental models.
Loss of this pathway causes severe developmental vascular abnormalities.
RAMP3 appears to have a different physiological emphasis.
Experimental work links RAMP3 strongly to lymphatic-vessel function and interstitial-fluid drainage.
This means the two major Adrenomedullin receptor systems should not be treated as interchangeable.
Adrenomedullin levels rise in heart failure, cardiac hypertrophy, and myocardial infarction.
That likely reflects, at least in part, a compensatory cardiovascular-stress response.
High Adrenomedullin therefore does not necessarily mean excessive pathogenic signaling.
It may mean the system is trying to protect itself.
Adrenomedullin can inhibit cardiac fibroblast proliferation and collagen synthesis in experimental systems.
That supports an anti-remodeling and anti-fibrotic role.
The peptide is particularly interesting in sepsis because it creates a genuine biological paradox.
Endothelial-barrier stabilization may be beneficial.
But systemic vasodilation can worsen hypotension.
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That means future therapy may require selective manipulation of receptor subtype, tissue compartment, or signaling
bias rather than simply giving more Adrenomedullin.
Adrenomedullin also demonstrates why location matters.
The amount of peptide in plasma may not tell us how much is acting within the interstitium, endothelium, or specific
organs.
This has driven interest in bioactive Adrenomedullin assays and stable precursor markers such as MR-proADM.
Again: production, circulating concentration, and biological activity are different variables.
The strongest therapeutic limitation of native Adrenomedullin is its short half-life and systemic vasodilatory effect.
The pathway is therefore biologically mature but pharmacologically difficult.
• The best question is not “does Adrenomedullin lower blood pressure?”
The better question is “which vascular function is actually failing, which CLR/RAMP receptor system matters, is the
dominant problem vascular tone, endothelial leak, congestion, lymphatic drainage, or remodeling, and can we preserve
the barrier- and organ-protective effects of Adrenomedullin without creating excessive systemic vasodilation?”
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THE BOTTOM LINE
Adrenomedullin may be one of the most sophisticated vascular peptides we have covered because it solves a problem
that sounds almost contradictory:

THE VESSEL MUST BE FLEXIBLE WITHOUT BECOMING LEAKY.

The circulation constantly has to decide:

HOW OPEN SHOULD THE VESSEL BE?

and:

HOW TIGHT SHOULD THE ENDOTHELIAL BARRIER REMAIN?

Too much constriction: → organ perfusion suffers.

Too much permeability: → plasma leaves the vascular
compartment. → edema develops.

Adrenomedullin appears to sit directly inside:

THAT BALANCE.

It can tell vascular smooth muscle:

RELAX.

while helping tell the endothelium:

MAINTAIN THE BARRIER.

And then the biology expands even further.
Through:

RAMP2,

Adrenomedullin helps regulate:
• vascular development
• endothelial integrity
• early cardiovascular stress adaptation
mitochondrial homeostasis.
Through:

RAMP3,

it appears increasingly connected with:
• lymphatic function
• interstitial-fluid drainage
later cardiovascular adaptation.
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So the peptide may help coordinate:

BLOOD FLOW IN

and:

INTERSTITIAL FLUID OUT.

That is a remarkably complete vascular role.
And sepsis reveals why this pathway is so difficult therapeutically.
The patient desperately needs:

BETTER ENDOTHELIAL-BARRIER FUNCTION.

But may simultaneously be dying from:

TOO LITTLE VASCULAR TONE.

Giving more of a vasodilatory peptide is therefore not an obvious answer.
The future may lie in:

SELECTIVE SIGNALING.

Maybe:

• the right RAMP • the right compartment
• the right receptor conformation • the right tissue
• the right duration

rather than:

MORE MOLECULE.

That is exactly where peptide medicine becomes more sophisticated than conventional:

AGONIST / ANTAGONIST THINKING.

So the Praxis question becomes:
“WHAT vascular function is actually failing, is the problem excessive resistance, endothelial leak, congestion, impaired
lymphatic drainage, or maladaptive remodeling, which CLR/RAMP receptor configuration is carrying the relevant biology,
and can Adrenomedullin signaling be manipulated in a way that stabilizes the circulation without trading vascular
protection for dangerous hypotension?”
That is the difference between:

CALLING ADRENOMEDULLIN A VASODILATOR

and:

UNDERSTANDING VASCULAR-BARRIER HOMEOSTASIS.
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FINAL RECALL
OPEN

Vasodilation and blood-flow
distribution

HOLD
Endothelial-barrier integrity

MATCH
Receptor, compartment, duration,

and disease 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. Adrenomedullin is an
endogenous 52-amino-acid peptide with established roles in vascular tone, endothelial-barrier regulation, cardiovascular development, cardiorenal physiology,
angiogenesis, and lymphatic biology. Its actions depend strongly on CLR/RAMP2 versus CLR/RAMP3 receptor configuration, tissue compartment, cAMP and
related signaling, blood-pressure state, endothelial integrity, renal reserve, and disease context. Elevated endogenous Adrenomedullin may represent
compensatory activation rather than pathological excess, while direct therapeutic administration remains limited by short half-life and systemic vasodilatory
effects. Cardiovascular, sepsis, lymphatic, and biomarker applications remain at different stages of translation.
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