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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 Bradykinin; the remaining pages add
mechanism, evidence, context, and nuance.
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IDENTITY
Endogenous 9-amino-acid vasoactive peptide generated on demand from kininogens.

GENERATION
Plasma or tissue kallikrein cleaves kininogen to create Bradykinin or kallidin.

RECEPTORS
B2R is constitutive and central to acute physiology; B1R is commonly induced by inflammation or
injury.

CORE OUTPUT
Nitric oxide, prostacyclin, vasodilation, permeability, sensory activation, pain, and edema.

BRAKES
ACE, neprilysin, aminopeptidase P, and other peptidases limit the signal.

CLINICAL SPLIT
Histamine-mediated and bradykinin-mediated swelling can look alike but require different reasoning.

VALIDATED TARGET
B2R antagonism with icatibant treats acute hereditary-angioedema attacks in adults.

PRAXIS QUESTION
Is the problem excess generation, failed degradation, receptor context, or the tissue response?

ONE-SENTENCE MEMORY

CONTROLLED KININ SIGNALING OPENS THE VESSEL - LOST BRAKES OPEN THE BARRIER TOO FAR.
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UNDERSTAND THE PEPTIDE

Bradykinin is an endogenous 9-amino-acid peptide and one of the major vasoactive products of the kallikrein-kinin
system.

Its core biological identity is:

LOCAL VASCULAR AND INFLAMMATORY SIGNALING.

Bradykinin can rapidly influence:

* vasodilation * vascular permeability

* nitric-oxide release * prostacyclin production
* pain signaling * sensory-nerve activation
 inflammation * edema

e airway sensory signaling e tissue blood flow

At appropriate levels:

Bradykinin is part of:

NORMAL VASCULAR HOMEOSTASIS.

It helps vessels:

RELAX.

It participates in:

LOCAL BLOOD-FLOW REGULATION.

And it interacts with:

ENDOTHELIAL NITRIC OXIDE.

But excessive or inadequately degraded Bradykinin can produce:

THE SAME VASCULAR BIOLOGY AT THE WRONG MAGNITUDE.

Then:

vascular permeability becomes

X Fluid moves into tissues. - Swelling develops.
excessive.

And in the wrong anatomical location:

AIRWAY ANGIOEDEMA CAN BECOME LIFE-THREATENING.

Bradykinin therefore teaches one of the most important principles in all of signaling biology:

THE DIFFERENCE BETWEEN PHYSIOLOGY AND PATHOLOGY MAY BE SIGNAL MAGNITUDE, LOCATION, AND DURATION -
NOT THE MOLECULE ITSELF.

The best way to understand Bradykinin is not:

“AN INFLAMMATORY PEPTIDE.”
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And not:

“THE PEPTIDE THAT CAUSES ACE-INHIBITOR ANGIOEDEMA.”

Those are too narrow.
A better description is:

A RAPID LOCAL VASOACTIVE AND SENSORY PEPTIDE THAT COUPLES TISSUE INJURY, COAGULATION-CONTACT SYSTEM
ACTIVITY, ENDOTHELIAL SIGNALING, PAIN, AND VASCULAR PERMEABILITY - WITH PHYSIOLOGICAL BENEFIT WHEN
CONTROLLED AND POTENTIALLY DANGEROUS EDEMA WHEN EXCESSIVE.

That is the core biology.

WHAT IS BRADYKININ?

Bradykinin is a:

NONAPEPTIDE - 9 AMINO ACIDS.

It is generated from:

KININOGENS

through:

KALLIKREIN.

The important systems include:

PLASMA KALLIKREIN-KININ SYSTEM

High-molecular-weight kininogen - plasma kallikrein - BRADYKININ

and:

TISSUE KALLIKREIN SYSTEM

Low-molecular-weight kininogen - tissue kallikrein - KALLIDIN - LYS-BRADYKININ

Kallidin can then be processed further.

So Bradykinin is not synthesized and stored like:

A CLASSICAL ENDOCRINE HORMONE.

It is often generated:

ON DEMAND FROM A PRECURSOR.

This gives it a very different physiological identity.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 05
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THE IDENTITY MODEL

Tissue injury /
contact-system activation/ _ Kininogen cleavage - BRADYKININ - Primarily:
kallikrein activation

B2 RECEPTOR - ENDOTHELIUM

NO 1

PROSTACYCLIN T - VASODILATION

and:

VASCULAR BARRIER

PERMEABILITY 1

and:

SENSORY NERVES

PAIN / COUGH / NEUROGENIC SIGNALING - Local:

INFLAMMATION + BLOOD-FLOW CHANGE + EDEMA

The central concept is:

BRADYKININ TRANSLATES LOCAL TISSUE STRESS INTO VASCULAR AND SENSORY RESPONSES.

THE KALLIKREIN-KININ SYSTEM

To understand Bradykinin, we have to understand:

KALLIKREIN.

The pathway is closely connected with the:

CONTACT SYSTEM.

Important components include:
« factor XII * prekallikrein
* plasma kallikrein * high-molecular-weight kininogen

When the system becomes activated:

high-molecular-weight

prekallikrein - kallikrein - kininogen cleaved

—s BRADYKININ GENERATED

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 06
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This is especially important in:

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE BRADYKININ

HEREDITARY ANGIOEDEMA.

Because there:

the problem can be excessive:

KALLIKREIN ACTIVITY

and therefore excessive:

BRADYKININ GENERATION.

THE CONTACT-SYSTEM MODEL

high-molec

vascular pe

Factor XII prekallikrei KALLIKREI . BRADYKINI e ANGIOEDE
tivation — n - N - ul?r_-welght - N - B2R —» rmeability _ MA
ac kininogen T
Again:
the edema is not primarily:
HISTAMINE DRIVEN.
Itis:
BRADYKININ DRIVEN.
That distinction becomes clinically critical.
BRADYKININ RECEPTORS
Bradykinin biology is mediated primarily by two receptors:
B2R
B1R
Both are:
G-PROTEIN-COUPLED RECEPTORS.
But they have very different physiological identities.
Constitutively expressed in many tissues.
Primary receptor for:
BRADYKININ UNDER NORMAL PHYSIOLOGICAL CONDITIONS.
Associated with:
PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 07
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e vasodilation e endothelial NO

e prostacyclin e vascular permeability

* sensory signaling

Bl RECEPTOR

Usually expressed at:

LOW LEVELS UNDER BASAL CONDITIONS.

But strongly induced by:
* inflammation

e tissue injury

» cytokines

It preferentially responds to:

DES-ARG KININ METABOLITES.

So:

B2R = CONSTITUTIVE / ACUTE BRADYKININ SIGNALING

while:

B1R = INDUCIBLE / INFLAMMATORY KININ SIGNALING.

That is a major distinction.

THE B2 RECEPTOR

B2R is the dominant receptor in:

NORMAL BRADYKININ PHYSIOLOGY.

intracellular

Bradykinin _, B2R ., Gq/11 phospholiPas . 1p3 + DAG racell endothelial:
eNOS ACTIVATION - NITRIC OXIDE
and:
PROSTACYCLIN
ol
* vasodilation
At the same time:
PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 08
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B2R activation increases:

VASCULAR PERMEABILITY.

So one receptor coordinates:

FLOW + LEAKINESS.

That can be useful during:

LOCAL INJURY.

But dangerous if uncontrolled.

THE B2R MODEL

Bradykinin N B2R - Gq / PLC - Caz+ 1 N ENDOTHELIUM
NO 1
PGlz T - VASODILATION
plus:
endothelial barrier changes - PERMEABILITY 1
plus:
sensory neurons - PAIN / COUGH / BURNING
Again:

ONE SIGNAL. MULTIPLE LOCAL EFFECTS.

THE B1 RECEPTOR

B1R is especially interesting because it behaves more like:

AN INFLAMMATION-INDUCIBLE RECEPTOR.

Under normal conditions:

B1R expression is relatively low.

But after:
* tissue injury * infection
e cytokine exposure e inflammatory stress

B1R expression can increase substantially.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 09
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Its major ligands include:

DES-ARG°-BRADYKININ

and related metabolites.
This creates a transition:

e Acute injury
Bradykinin - B2R

but:

¢ Persistent inflammation
kinin metabolites - B1R UPREGULATED - prolonged:

* pain
 inflammatory signaling
* vascular effects

Again:

ACUTE SIGNALING CAN EVOLVE INTO A DIFFERENT RECEPTOR PROGRAM DURING CHRONIC
INFLAMMATION.

THE RECEPTOR-SWITCH MODEL

Normal tissue - B2R dominant

des-Arg kinin

signaling 1 - Potential:

Inflammation - cytokines 1 — BlR expression T _

PERSISTENT PAIN + INFLAMMATORY VASCULAR SIGNALING

This is why simply saying:

“BRADYKININ RECEPTOR”

is incomplete.

BRADYKININ AND NITRIC OXIDE

One of Bradykinin's most important physiological effects is:

ENDOTHELIAL NO RELEASE.

Bradykinin binds:

B2R

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 10
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endothelial Ca%* . vascular smooth
rises - eNOS activated - NO produced muscle relaxes -

This makes Bradykinin an important partner of:
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VASODILATION.

ENDOTHELIAL FUNCTION.

And it connects directly with several peptides already covered:

CNP

e Apelin
* ANP / BNP indirectly through cGMP convergence
THE NO MODEL

. soluble

Bradykinin _ B2R - Enc‘l;:\ltggllal - NO - guanylyl - cGMP - sI;n::I;I;;:il:)s:
cyclase

Again:

Bradykinin does not relax smooth muscle only through:

DIRECT RECEPTOR ACTION ON THE MUSCLE.

Much of the vasodilatory effect is mediated through:

THE ENDOTHELIUM.

BRADYKININ AND PROSTACYCLIN

B2R activation can also stimulate:

PROSTACYCLIN - PGI..

Prostacyclin promotes:
* vasodilation
e reduced platelet activation

So Bradykinin can recruit:

MULTIPLE ENDOTHELIAL EFFECTORS.

Bradykinin - NO

PGI: - VASORELAXATION + ANTI-THROMBOTIC ENVIRONMENT

Again:

PEPTIDE -» SECONDARY MEDIATOR NETWORK.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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The final effect is not produced by:
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BRADYKININ ALONE.

BRADYKININ AND VASCULAR PERMEABILITY

This is the other major side of the peptide.

Bradykinin can increase:

ENDOTHELIAL PERMEABILITY.

That allows plasma fluid to move from:

THE VASCULAR SPACE

into:

THE INTERSTITIAL SPACE.

At a local injury site:

this can help deliver:

* proteins

e inflammatory mediators
* immune components

But excessive permeability produces:

EDEMA.

So:

PERMEABILITY IS NOT INHERENTLY PATHOLOGICAL.

It is part of:

TISSUE DEFENSE.

The problem is:

TOO MUCH + WRONG LOCATION.

THE PERMEABILITY MODEL

endothelial
Bradykinin - B2R - junction
dynamics

vascular plasma fluid

TF local swellin
— permeability T ~7 leaves vessel 9

If controlled:

NORMAL INFLAMMATORY RESPONSE

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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If excessive:
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ANGIOEDEMA

Again:

MAGNITUDE DEFINES OUTCOME.

BRADYKININ AND PAIN

Bradykinin is one of the classic:

ALGOGENIC PEPTIDES.

Meaning:

it can produce:

PAIN.

It activates and sensitizes:

NOCICEPTIVE SENSORY NERVES.

This is especially important during:

e tissue injury

* inflammation

* ischemia

Bradykinin can interact with ion channels involved in nociception, including:
* TRPV1-related pathways

* other sensory transduction systems
The result can be:

* pain

* burning

e hyperalgesia

Again:

pain is not simply:

A SYMPTOM ATTACHED TO INFLAMMATION.

It can be:

DIRECTLY GENERATED BY PEPTIDE SIGNALING.

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

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE BRADYKININ

Tesueinjury ,  MWER sy SRgnzenen o sevenw L pan
plus:

inflammatory mediator release - sensitization - HYPERALGESIA
Again:

Bradykinin helps the nervous system learn:

WHERE TISSUE DAMAGE IS OCCURRING.

BRADYKININ AND INFLAMMATION

Bradykinin is often classified as:

PRO-INFLAMMATORY.

That is broadly fair.

But still incomplete.

It promotes:
* vasodilation * permeability
* sensory activation e inflammatory mediator release

Those are all features of:

ACUTE INFLAMMATION.

But acute inflammation is necessary for:

DEFENSE + REPAIR.

So:

PRO-INFLAMMATORY = AUTOMATICALLY HARMFUL.

Again:

the key question is:

IS THE RESPONSE PROPORTIONATE AND SELF-LIMITED?

BRADYKININ AND TISSUE REPAIR

Because Bradykinin modifies:
e perfusion
* endothelial signaling

e inflammatory recruitment

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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it may contribute indirectly to:
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TISSUE REPAIR.

Injury requires:

* blood flow

e inflammatory cells
e vascular signaling

So eliminating all Bradykinin biology would not necessarily mean:

BETTER HEALING.

Again:

INFLAMMATION IS PART OF REPAIR.

The therapeutic objective is:

CONTROL, NOT ERASURE.

BRADYKININ AND ACE - THE CRITICAL CONNECTION

This is one of the most important pieces of the entire guide.

ACE has two major relevant functions:

1. CONVERT ANGIOTENSIN | - ANGIOTENSIN II

and:

2. DEGRADE BRADYKININ

ACE is also called:

KININASE II.

So inhibiting ACE does two things:
* RAAS side

* Ang Il production !

and:

e Kinin side
Bradykinin degradation ! - Bradykinin exposure T

This is why ACE inhibition has:

DUAL PEPTIDE PHARMACOLOGY.

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

ACE - Ang 1l - Ang Il

and:

e Bradykinin —» degradation products
ACE inhibitor N Ang Il |
but:
Bradykinin breakdown 1 - Bradykinin 1

This helps explain both:

BENEFIT

and:

ADVERSE EFFECTS.

WHY ACE INHIBITORS MAY GAIN VASCULAR BENEFIT FROM BRADYKININ

ACE inhibitors reduce:

ANG 11 / AT1R SIGNALING.

That lowers:

e vasoconstriction

¢ aldosterone

* remodeling

But increased Bradykinin can also increase:
e nitric oxide

e prostacyclin

e vasodilation

So some cardiovascular benefit may arise through:

BOTH SIDES OF THE ENZYME.

ACE inhibition: - less Ang Il

plus:

more Bradykinin —3 LESS CONSTRICTION + MORE ENDOTHELIAL VASODILATION

That is elegant pharmacology.

ACE INHIBITOR VS ARB
This distinction directly connects to the previous Angiotensin Il guide.

ACE INHIBITOR

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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reduces:
ANG Il FORMATION
and:
reduces:
BRADYKININ BREAKDOWN
ARB
blocks:

AT1R

but does not inhibit ACE directly.
So Bradykinin degradation remains much more intact.

This helps explain why:

ACE-INHIBITOR COUGH

is much more characteristic of ACE inhibitors than ARBs. Bradykinin and substance P accumulation are leading
mechanisms proposed for ACE-inhibitor cough.

Again:

SAME BLOOD-PRESSURE SYSTEM. DIFFERENT PEPTIDE CONSEQUENCES.

ACE-INHIBITOR COUGH

This is perhaps the most familiar Bradykinin-associated adverse effect.
ACE normally degrades:

e Bradykinin

* substance P

When ACE is inhibited:

these mediators can accumulate in:

THE RESPIRATORY TRACT.

That can increase:

SENSORY NERVE ACTIVATION.

cough reflex sensitivity T - persistent:

DRY COUGH
The exact mechanism is multifactorial, but Bradykinin accumulation remains one of the major explanations.

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

Bradykinin / airway sensory
related - C fibers
mediators 1 sensitized

Bradykinin

prostaglandin /
— degradation |

ACE inhibitor —? neural signaling —

DRY COUGH

Again:

the drug is not:

“IRRITATING THE LUNG.”

It is changing:

PEPTIDE DEGRADATION IN THE AIRWAY.

ACE-INHIBITOR ANGIOEDEMA

This is the much more important safety consequence.

Reduced Bradykinin degradation can allow:

EXCESSIVE B2R SIGNALING.

vascular permeability rises. - fluid enters:

SUBCUTANEOUS / SUBMUCOSAL TISSUE.

Potential locations include:

* lips e tongue
* face e oropharynx
* larynx * bowel

If swelling affects:

THE UPPER AIRWAY,

the event can become:

LIFE-THREATENING.

Modern reviews describe ACE-inhibitor angioedema as a bradykinin-mediated disorder in which impaired degradation of
Bradykinin and related peptides promotes vasodilation and plasma extravasation.

THE ACE-1 ANGIOEDEMA MODEL

Bradykinin Bradykinin vascular s
ACE inhibited _, degraflatlon accumulation B2R - permeTablllty - el —s Potential:
PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 18
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AIRWAY COMPROMISE
Again:

this is not primarily:

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE BRADYKININ

HISTAMINE-MEDIATED ALLERGY.

That distinction is critically important.

HISTAMINE ANGIOEDEMA VS BRADYKININ ANGIOEDEMA

These can look similar externally.
But the biology is different.
HISTAMINE-MEDIATED
Often associated with:

* urticaria

* allergic trigger
Commonly responds to:
* antihistamines
e epinephrine
e corticosteroids

BRADYKININ-MEDIATED
Often:

* no urticaria
* slower development

* abdominal involvement possible

Driven by:

* itching

e mast-cell activation

* no itching

* longer duration

KININ SIGNALING.

Standard mast-cell-directed therapy may be:

MUCH LESS EFFECTIVE.

Again:

SAME SWELLING # SAME MECHANISM.

THE ANGIOEDEMA PRINCIPLE

This is one of the strongest Praxis examples anywhere in the library.

Patient presents with:

SWOLLEN LIPS / TONGUE.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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If we reason only from:

THE SYMPTOM,

we may think:

ALLERGY.

But the actual pathology may be:

BRADYKININ EXCESS.

The treatment implications change completely.

That is why:

PATTERN -» MECHANISM

must come before:

TREATMENT.

HEREDITARY ANGIOEDEMA - HAE

Hereditary angioedema is one of the clearest diseases of:

BRADYKININ DYSREGULATION.

Many classic cases involve:

C1 ESTERASE INHIBITOR DEFICIENCY OR DYSFUNCTION.

C1 inhibitor normally restrains several protease systems, including:

PLASMA KALLIKREIN.

kallikrein

If C1 inhibitor - Bradykinin . . vascular
. activity can . B2R signaling .
activity is generation . permeability N
. become 7 increases. .
inadequate: N increases. rises.
excessive.

Bradykinin dysregulation is central to hereditary and other non-histaminergic forms of angioedema.

THE HAE MODEL

C1 inhibitor kallikrein Bradvkinin 1 B2R vascular
function ! —  regulation ! Yy - —  permeability T

Potential sites:

e skin e Gl tract

* face e airway

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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Again:
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THIS IS A PEPTIDE-DRIVEN DISEASE.

WHY HAE MAY CAUSE ABDOMINAL PAIN

The bowel wall contains:

VASCULATURE + SUBMUCOSA.

Bradykinin-mediated permeability can produce:

BOWEL-WALL EDEMA.

That can cause:

e severe abdominal pain ° nausea
e vomiting e fluid shifts

This can mimic:

SURGICAL ABDOMEN.

Again:

LOCAL PEPTIDE SIGNALING CAN CREATE ORGAN-SPECIFIC SYMPTOMS WITHOUT STRUCTURAL
DISEASE.

ICATIBANT - TARGET THE RECEPTOR

The most elegant direct pharmacological example is:

ICATIBANT.

Icatibant is a:

BRADYKININ B2-RECEPTOR ANTAGONIST.

It blocks:

THE RECEPTOR RESPONSIBLE FOR THE PERMEABILITY SIGNAL.

In the United States, icatibant is indicated for treatment of acute attacks of hereditary angioedema in adults.
So:

Bradykinin 1t N B2R N edema

Icatibant - BLOCK B2R - the peptide may still be present

but:

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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the receptor cannot generate:
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THE SAME RESPONSE.

THE ICATIBANT MODEL

Excess Bradykinin - B2R - permeability T

ATTACK RESOLUTION
This is:

Icatibant - B2R antagonism —» Bradykinin signal blocked _ Potential:

PURE RECEPTOR-TARGETED PEPTIDE PHARMACOLOGY.

BLOCK GENERATION VS BLOCK RECEPTOR

Hereditary angioedema can potentially be approached at multiple levels.
e Strategy 1

Reduce:

KALLIKREIN ACTIVITY

ol
¢ Bradykinin generation {
* Strategy 2

Restore:

C1-INHIBITOR FUNCTION

LI

* contact-system control 1
* Strategy 3

Block:

B2R

ol
e Bradykinin cannot produce permeability response

Again:

ONE PATHWAY. MULTIPLE INTERVENTION POINTS.

This is precisely how peptide systems should be understood.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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BRADYKININ AND DPP-4

Bradykinin degradation is not controlled by:

ACE ALONE.

Other enzymes contribute, including:

e aminopeptidase P

e neprilysin

DPP-4-related pathways for associated kinin peptides / substance P handling

This helps explain why some patients appear particularly susceptible to:

BRADYKININ ACCUMULATION

when ACE is inhibited.

Drug-induced bradykinin angioedema likely reflects not only ACE blockade but the ability of alternative degrading
pathways to compensate.

Again:

BIOLOGICAL REDUNDANCY CAN PROTECT MOST PEOPLE - UNTIL MULTIPLE CLEARANCE
PATHWAYS ARE WEAKENED.

THE CLEARANCE-RESERVE MODEL

Bradykinin produced - ACE
other peptidases - degradation
ACE inhibited - other pathways compensate
Usually: N no angioedema
But if:
additional clearance capacity low - Bradykinin accumulates - risk T
Again:

RISK MAY DEPEND ON SYSTEM RESERVE, NOT ONE ENZYME ALONE.

BRADYKININ AND NEPRILYSIN

Neprilysin participates in breakdown of:

MULTIPLE VASOACTIVE PEPTIDES.

These include:
e natriuretic peptides

* Bradykinin-related substrates

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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This creates another important therapeutic complexity.

Inhibiting neprilysin can enhance:

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE BRADYKININ

NATRIURETIC PEPTIDE BIOLOGY.

But peptide degradation networks overlap.

That is one reason cardiovascular drugs modifying peptidase systems must be understood as:

NETWORK PHARMACOLOGY.

Again:

ONE ENZYME CAN CONTROL MULTIPLE PEPTIDES WITH OPPOSING FUNCTIONS.

BRADYKININ AND THE NATRIURETIC PEPTIDES

Compare:
ANP / BNP / CNP
increase:
* cGMP
through:
MEMBRANE GUANYLYL CYCLASE RECEPTORS.
Bradykinin: - B2R - NO - solul::lyecgiaenylyl cGMP
So:
different upstream pathways converge on:
THE SAME VASCULAR SECOND MESSENGER.
That creates:
SIGNAL INTEGRATION.
e THE cGMP CONVERGENCE MODEL
ANP / BNP / CNP N NPR-A / NPR-B N cGMP
Meanwhile:
Bradykinin - B2R - NO soluble guanylyl cGMP

cyclase

Both: =

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

MULTIPLE PEPTIDES CAN CONVERGE ON THE SAME PHYSIOLOGICAL OUTPUT THROUGH
DIFFERENT RECEPTORS.

BRADYKININ VS ANGIOTENSIN II

This comparison is one of the most important in the vascular section.

ANGIOTENSIN 11

Primarily:

CONSTRICT + RETAIN

through AT1R.
BRADYKININ

Primarily:

DILATE + INCREASE LOCAL PERMEABILITY

through B2R.
ACE connects them.
ACE:

CREATES MORE ANG Il

while:

DESTROYING BRADYKININ.

So ACE activity pushes the system toward:

MORE CONSTRICTION + LESS BRADYKININ.

ACE inhibition shifts it toward:

LESS ANG Il + MORE BRADYKININ.

This is one of the most elegant enzyme intersections in cardiovascular biology.

THE ACE BALANCE MODEL

ACE active:
Ang | - Angll 1
and:

Bradykinin - degradation 1
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PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE BRADYKININ

~N




s

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE BRADYKININ

So:
CONSTRICTOR SIDE 1
DILATOR SIDE !
ACE inhibited:
* Ang ll {
e Bradykinin
So:
CONSTRICTOR SIDE !
DILATOR SIDE 1
Again:
ACE IS A TRAFFIC CONTROLLER BETWEEN TWO OPPOSING PEPTIDE SYSTEMS.

BRADYKININ AND BLOOD PRESSURE

Bradykinin contributes to:

LOCAL VASODILATORY CONTROL.

But systemic blood pressure is governed by many pathways:

* Ang Il * sympathetic tone

* vasopressin * natriuretic peptides
NO
* renal sodium balance
So:

LOW BRADYKININ # HYPERTENSION DIAGNOSIS.

And:

HIGH BRADYKININ = HEALTHY BLOOD PRESSURE CONTROL.

Again:

PATHWAY CONTRIBUTION = SYSTEM OWNERSHIP.

BRADYKININ AND ISCHEMIA

Bradykinin-generated:

NO

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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e prostacyclin
¢ local vasodilation

can theoretically help:

TISSUE PERFUSION

during ischemic stress.

Bradykinin has therefore been investigated in:
e myocardial ischemia

 ischemic preconditioning

* endothelial protection

This is one proposed contributor to some cardiovascular effects of:

ACE INHIBITION.

But:

Bradykinin is not an established:

ISCHEMIA PEPTIDE THERAPY.

Again:

PHYSIOLOGICAL CONTRIBUTION = DIRECT INDICATION.

ISCHEMIC PRECONDITIONING

The concept of ischemic preconditioning is:

tissue becomes temporarily more

brief sublethal ischemic episodes - activate protective pathways IR Oy

SUBSEQUENT ISCHEMIA.
Bradykinin has been implicated as one of several mediators.

Potential downstream pathways include:

NO

PKC

* mitochondrial signaling
Again:

the important lesson is not:

“BRADYKININ PREVENTS MLI.”

Itis:

KININ SIGNALING CAN PARTICIPATE IN ENDOGENOUS CARDIOPROTECTIVE ADAPTATION.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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BRADYKININ AND THE AIRWAY

Bradykinin can activate:

AIRWAY SENSORY NERVES.

Potential effects include:

e cough

e airway irritation

e bronchial sensory responses

This is why ACE-inhibitor cough is so mechanistically coherent.

ACE inhibition does not directly:

CAUSE A RANDOM SIDE EFFECT.

It changes:

THE AIRWAY PEPTIDE ENVIRONMENT.

Again:

ADVERSE EFFECTS CAN BE EXTENSIONS OF NORMAL PHYSIOLOGY.

BRADYKININ AND ASTHMA

Bradykinin can provoke airway sensory and bronchial responses.

But asthma should not be reduced to:

BRADYKININ EXCESS.

Asthma includes:

 eosinophilic inflammation * mast-cell biology
* airway smooth muscle * epithelial signaling
* leukotrienes * IgE in selected phenotypes

Bradykinin may be:

A MODULATOR OF AIRWAY RESPONSIVENESS.

Not:

THE UNIVERSAL DRIVER.

BRADYKININ AND NEUROGENIC INFLAMMATION

Sensory nerves can release:

e substance P

CGRP

e other neuropeptides

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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Bradykinin can stimulate:

SENSORY AFFERENTS.

That creates a bridge between:

VASCULAR INFLAMMATION

and:

NEURAL SIGNALING.

So the sequence may become:

vasodilation / pain /
inflammatory
amplification

neuropeptide

Tissue injury - Bradykinin - sensory nerve - release

Again:

THE NERVOUS AND VASCULAR SYSTEMS ARE NOT SEPARATE.

BRADYKININ VS HISTAMINE

This comparison deserves repetition because clinically it is so important.
Both can cause:
e vasodilation

* permeability

e edema

But:
* Histamine * mast-cell / basophil pathway
* Bradykinin * kallikrein-kinin pathway

Same apparent phenotype:

SWELLING.

Different:

MOLECULAR CAUSE.

Again:

DO NOT TREAT PHENOTYPE AS MECHANISM.

BRADYKININ AND URTICARIA

Bradykinin-mediated angioedema generally lacks:

URTICARIA.

Why?
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Because classic urticaria is strongly associated with:
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MAST-CELL / HISTAMINE BIOLOGY.

This does not mean every patient without urticaria has:

BRADYKININ ANGIOEDEMA.

But it is an important pattern clue.

Again:

CLINICAL PATTERN HELPS IDENTIFY PATHWAY.

BRADYKININ AND C1 INHIBITOR

C1 inhibitor is often misunderstood as:

ONLY A COMPLEMENT PROTEIN.

It actually regulates several protease systems, including:

CONTACT-SYSTEM PROTEASES.

So C1-INH deficiency allows:

KALLIKREIN ACTIVATION

and:

BRADYKININ GENERATION.

That means hereditary angioedema is not simply:

A COMPLEMENT DISEASE.

It is strongly:

A BRADYKININ DISEASE.

BRADYKININ AND ESTROGEN

Some forms of bradykinin-mediated angioedema can be influenced by:

ESTROGENIC STATES.

This is especially relevant in selected hereditary angioedema phenotypes.
Potential mechanisms involve:

« factor Xl

* kallikrein-kinin activity

e bradykinin generation

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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Again:
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SEX-HORMONE ENVIRONMENT CAN ALTER A PEPTIDE PATHWAY WITHOUT THE SEX HORMONE
BEING THE FINAL MEDIATOR.

This is systems endocrinology.

BRADYKININ AND PAIN MEDICINE

Because B1R and B2R influence:

NOCICEPTION,

Bradykinin receptor antagonism has attracted interest in:
e inflammatory pain

* neuropathic pain

* arthritis-related pain

B1R is especially attractive conceptually because it is:

UPREGULATED DURING INFLAMMATION.

That could potentially allow:

DISEASE-STATE SELECTIVITY.

But direct translation into routine analgesic medicine has been much less successful than:

THE MECHANISTIC RATIONALE.

Again:

GOOD TARGET # SUCCESSFUL DRUG CLASS AUTOMATICALLY.

THE B1R OPPORTUNITY

Normal tissue:
B1R low.
Inflamed tissue:
B1R high.

Therefore:

B1R antagonist - might preferentially affect:

INFLAMED TISSUE

while sparing:

NORMAL B2R PHYSIOLOGY.

That is a compelling pharmacology idea.
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But clinical benefit still requires:

HUMAN OUTCOME VALIDATION.

BRADYKININ AND MICROVASCULAR FUNCTION

Bradykinin acts strongly at:

SMALL VESSELS + ENDOTHELIUM.

That makes it relevant to:

* tissue perfusion * endothelial reserve

¢ local inflammation * edema

Large-vessel blood pressure measurements may not fully capture:

MICROVASCULAR KININ BIOLOGY.

Again:

SYSTEMIC HEMODYNAMICS = LOCAL ENDOTHELIAL PHYSIOLOGY.

THE CORE MECHANISM MAP

CONTACT SYSTEM / TISSUE

KALLIKREIN ACTIVATION — LA e 0 - BRADYKININ - Primarily:

B2R N Gq / Ca?* N ENDOTHELIUM

NO 7

PROSTACYCLIN 1 - VASODILATION

plus:

VASCULAR BARRIER

PERMEABILITY 1

plus:

SENSORY NERVES

PAIN / COUGH SIGNALING

Meanwhile:
PERSISTENT
Inflammation - B1R expression T N des-Arg kinins - INFLAMMATORY /
NOCICEPTIVE SIGNALING
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Bradykinin is then degraded by:

ACE + OTHER PEPTIDASES

The core concept is:

BRADYKININ IS A RAPID LOCAL SIGNAL THAT COUPLES VASCULAR RELAXATION, PERMEABILITY, PAIN, AND
INFLAMMATORY RESPONSES - AND THE SAME PHYSIOLOGY BECOMES ANGIOEDEMA WHEN GENERATION EXCEEDS
DEGRADATION.

WHAT THIS MECHANISM MAY SUGGEST

Bradykinin biology deserves major relevance in:

* vascular tone » endothelial function

¢ local inflammation * pain

e cough * angioedema

* hereditary angioedema * ACE-inhibitor adverse effects
* ischemic signaling * microvascular physiology

* kallikrein-targeted therapy * receptor-targeted therapy

* tissue edema * neurogenic inflammation

Its strongest direct therapeutic translation is currently:

BRADYKININ-MEDIATED ANGIOEDEMA.

WHAT THIS MECHANISM DOES NOT PROVE

Bradykinin biology does not prove that:

e Bradykinin is inherently harmful e every edema state is Bradykinin mediated

» every angioedema episode is allergic * every angioedema episode responds to antihistamines
» every ACE-inhibitor patient develops excess * cough on an ACE inhibitor is definitely caused by
Bradykinin symptoms Bradykinin alone

* B1 and B2 receptors are interchangeable ¢ all inflammation should have Bradykinin blocked

e all pain is Bradykinin mediated * vasodilation is always beneficial

* increased vascular permeability is always pathological e ACE inhibitor benefit comes entirely from lower Ang Il
* ACE inhibitor benefit comes entirely from higher * the plasma kallikrein system and tissue kallikrein
Bradykinin system are identical

e circulating Bradykinin concentration alone defines tissue pathway activity

Again:

SIGNAL LOCATION + GENERATION + DEGRADATION + RECEPTOR STATE MATTER.

THE EVIDENCE, POTENTIAL APPLICATIONS, AND
LIMITATIONS

ENDOGENOUS PHYSIOLOGY

VERY STRONG

Bradykinin is a well-established endogenous mediator of:

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 33




s

e vasodilation
* permeability
* pain

local inflammatory signaling.

B2 RECEPTOR BIOLOGY

VERY STRONG

B2R is the major constitutively expressed Bradykinin receptor and mediates much of:
* NO release

* vasodilation

e permeability

acute kinin signaling.

Bl RECEPTOR BIOLOGY

STRONG

B1R is inducible during:
e inflammation

e injury

e cytokine exposure

and has a strong role in persistent inflammatory / nociceptive biology.

ACE-INHIBITOR COUGH

STRONG MECHANISTIC SUPPORT

Bradykinin and substance P accumulation are major proposed mechanisms of ACE-inhibitor cough, with airway sensory
nerve and prostaglandin pathways contributing.

ACE-INHIBITOR ANGIOEDEMA

VERY STRONG MECHANISTIC / CLINICAL ASSOCIATION

Impaired Bradykinin degradation is central to modern understanding of ACE-inhibitor angioedema.

HEREDITARY ANGIOEDEMA

VERY STRONG
Bradykinin excess is a core final mediator of edema in major HAE forms.

B2-RECEPTOR ANTAGONISM

ESTABLISHED HUMAN THERAPEUTIC VALIDATION

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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Icatibant directly antagonizes the:

BRADYKININ B2 RECEPTOR

and is FDA-labeled for acute HAE attacks in adults.
This is direct:

RECEPTOR-LEVEL CLINICAL VALIDATION.

e Research

HEREDITARY ANGIOEDEMA

This is one of the cleanest mechanism-to-treatment stories in peptide medicine.

The pathological sequence:

KALLIKREIN ACTIVITY TOO HIGH

LR

Bradykinin generation too

high B2R stimulation too high _ vascular leakage

So we can intervene at:
¢ C1 inhibitor
e kallikrein

B2R
That is:

angioedema.

PATHWAY-TARGETED THERAPY.

ACE-INHIBITOR ANGIOEDEMA

This is mechanistically related but:

NOT IDENTICAL TO HEREDITARY ANGIOEDEMA.

In ACE-l angioedema:

the dominant issue is often:

IMPAIRED PEPTIDE DEGRADATION.

In HAE:

the dominant issue is often:

EXCESS PEPTIDE GENERATION.
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Same final mediator:

BRADYKININ.

Different upstream defect.

That is a very important distinction.

THE GENERATION VS CLEARANCE MODEL

HAE

e Bradykinin production T 1
because:

* kallikrein regulation impaired
* ACE inhibitor

e Bradykinin breakdown {
because:

* ACE inhibited

Both: —» Bradykinin accumulates _ B2R

Again:

angioedema

SAME FINAL PATHWAY = SAME ROOT CAUSE.

ACE-INHIBITOR COUGH

The cough pathway is important because it demonstrates:

LOCAL ORGAN-SPECIFIC PEPTIDE EFFECTS.

The patient may have:
e normal systemic vascular physiology
but:

airway Bradykinin / substance P signaling becomes sufficient to:

SENSITIZE COUGH AFFERENTS.

Again:

TISSUE EXPOSURE MATTERS MORE THAN A SINGLE PLASMA LEVEL.

ENDOTHELIAL FUNCTION
Bradykinin can stimulate:

NO + PROSTACYCLIN.
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That makes it part of:
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NORMAL ENDOTHELIAL VASODILATORY RESERVE.

Potential areas of research include:

* hypertension e coronary endothelial dysfunction
* diabetes * aging

But the challenge is:

HOW DO YOU ENHANCE THE BENEFICIAL ENDOTHELIAL EFFECT WITHOUT INCREASING
PERMEABILITY AND EDEMA?

That is the translational dilemma.

ISCHEMIC HEART DISEASE
Bradykinin's potential role in:
* NO release * prostacyclin
* preconditioning * microvascular perfusion
makes the pathway interesting in ischemic disease.
But:
direct Bradykinin administration would also risk:
* hypotension
e edema
e pain

Again:

THE BIOLOGY MAY BE USEFUL EVEN WHEN THE NATIVE PEPTIDE IS A POOR DRUG.

PAIN
Bradykinin is mechanistically important in:

INFLAMMATORY PAIN.

But pain is produced by many systems:

 prostaglandins

NGF
e cytokines * ATP / purinergic signaling
e glutamate * neuropeptides
So:
PAIN = BRADYKININ DISORDER.
Again:

IDENTIFY THE DOMINANT DRIVER.

INFLAMMATORY DISEASE
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B1R remains an appealing target because:

IT IS INDUCED BY INFLAMMATION.

That theoretically allows selective inhibition of:

PATHOLOGICAL SIGNALING

while preserving much of:

NORMAL B2R PHYSIOLOGY.

But routine clinical translation remains limited.

Again:

RECEPTOR SELECTIVITY IS PROMISING - OUTCOME DATA STILL MATTER.

WHAT WE KNOW

Bradykinin is an endogenous nine-amino-acid peptide generated from kininogen by kallikrein.

It is part of the kallikrein-kinin system.

The plasma contact system can generate Bradykinin from high-molecular-weight kininogen through plasma kallikrein.
Bradykinin signals primarily through the B2 receptor under normal physiological conditions.

B2R is a GPCR that can activate Gq / phospholipase C / calcium signaling.

In endothelium, this promotes nitric-oxide and prostacyclin production.

The resulting effect can be vasodilation.

Bradykinin also increases vascular permeability.

This is useful in controlled local inflammatory responses but can become pathological when excessive.

Bradykinin activates and sensitizes sensory nerves and contributes to pain and cough-related signaling.

B1 receptors are different from B2 receptors.

B1R expression is generally low under basal conditions but increases during inflammation and tissue injury.

This makes B1R especially relevant to persistent inflammatory and nociceptive signaling.

Bradykinin is rapidly degraded by several peptidases.

ACE is one of the most important.

ACE is therefore both an Angiotensin-I-converting enzyme and a Bradykinin-degrading enzyme.

This connects the renin-angiotensin and kallikrein-kinin systems directly.

ACE inhibition reduces Ang Il generation and simultaneously reduces Bradykinin degradation.

That dual action contributes to important differences between ACE inhibitors and AT1-receptor blockers.
Bradykinin and substance P accumulation are leading mechanisms proposed for ACE-inhibitor-associated dry cough.
ACE-inhibitor angioedema is a much more serious example of impaired kinin degradation.

Bradykinin-mediated vascular permeability can produce swelling of the lips, tongue, face, bowel, or airway.
Bradykinin-mediated angioedema is mechanistically distinct from classic histamine-mediated allergic angioedema.

That distinction matters because the therapies that work well for mast-cell / histamine reactions may be much less
effective when Bradykinin is the dominant mediator.

Hereditary angioedema is one of the clearest human diseases of Bradykinin excess.
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In classic Cl-inhibitor deficiency or dysfunction, inadequate control of plasma kallikrein allows excess Bradykinin
generation.

That excess Bradykinin activates B2R and increases vascular permeability.
The B2 receptor is therefore a validated therapeutic target.
Icatibant is a B2-receptor antagonist approved in the United States for acute attacks of hereditary angioedema in adults.

This provides direct clinical confirmation that blocking Bradykinin receptor signaling can reverse a human disease state
driven by the pathway.

Importantly, Bradykinin excess can arise through at least two different mechanisms:

TOO MUCH GENERATION

or:

TOO LITTLE DEGRADATION.

That distinction is essential to understanding HAE versus ACE-inhibitor angioedema.

The same final mediator does not mean the same upstream pathology.

WHAT WE THINK MAY BE HAPPENING

Bradykinin may be best understood as:

THE VASCULAR SYSTEM'S RAPID LOCAL ALARM SIGNAL.

The local contact / kallikrein system

A tissue is injured. .
activates.

Bradykinin appears.

Then the peptide tells nearby vessels:

OPEN UP.

el
More blood arrives.

It tells the endothelial barrier:

BECOME MORE PERMEABLE.

ol
Plasma proteins and inflammatory mediators can reach the tissue.

It tells sensory nerves:

THIS AREA IS DAMAGED.

el
Pain develops.

That is not bad physiology.
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PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE BRADYKININ

A LOCAL REPAIR / DEFENSE PROGRAM.

But now imagine the exact same signal becoming:

SYSTEMICALLY OR LOCALLY UNCONTROLLED.

The vessel becomes too permeable.
Fluid leaves the circulation.

The tongue swells.

The larynx swells.

Now:

THE SAME SIGNAL HAS BECOME DANGEROUS.

So Bradykinin teaches that:

THE BODY OFTEN USES POWERFUL MOLECULES BECAUSE THEY WORK QUICKLY.

The downside is:

THEY REQUIRE TIGHT CONTROL.

Production.
Degradation.
Receptor activity.

All three must remain balanced.

WHAT REMAINS CONTEXT-DEPENDENT

Important questions include:

How much B2R signaling is required for normal vascular homeostasis?

Which tissues depend most heavily on Bradykinin-mediated NO release?

How does aging alter kinin signaling?

How does diabetes alter endothelial B2R responsiveness?

How much cardiovascular benefit from ACE inhibition is Bradykinin mediated?

Which ACE inhibitors produce the greatest clinically relevant kinin accumulation?

Why do only a minority of ACE-inhibitor users develop cough?

Why do an even smaller subset develop angioedema?

Which genetic differences in Bradykinin clearance predict susceptibility?

How important are aminopeptidase P, neprilysin, DPP-4, and other degradation pathways?
Can a practical biomarker identify deficient Bradykinin-clearance reserve?

Why can ACE-inhibitor angioedema occur long after treatment begins?

Which patients remain at risk after ACE-inhibitor discontinuation?

How should ACE-I angioedema be distinguished rapidly from mast-cell-mediated angioedema?

Which Bradykinin-targeted strategies work best in ACE-l angioedema?
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Why are human clinical results with B2R antagonism in ACE-l angioedema less uniform than in HAE?
Which HAE phenotypes are driven primarily by kallikrein versus other contact-system abnormalities?
What is the exact role of factor Xll in estrogen-sensitive HAE?

Can B1R antagonism become clinically useful in chronic inflammatory pain?

Can beneficial B2R endothelial signaling be preserved while blocking pathological permeability?

How important is Bradykinin in ischemic preconditioning?

Does chronic ACE inhibition modify microvascular function through kinin pathways independently of blood pressure?
Can local Bradykinin signaling aid angiogenesis or tissue repair?

When does vascular permeability support healing versus worsen injury?

Can tissue-specific B2R modulation become possible?

How do Bradykinin and CGRP interact in neurovascular pain syndromes?

How do Bradykinin, substance P, and TRPV1 cooperate in airway cough signaling?

Can peptide-degradation profiling improve drug selection between ACE inhibitors and ARBs?

How much does neprilysin inhibition alter clinically relevant kinin biology?

Can future drugs selectively preserve the beneficial endothelial arm of Bradykinin while avoiding edema?
Again:

these are the questions needed to move from:

KININ PHYSIOLOGY

to:

PRECISION BRADYKININ SIGNALING.

THE PRAXIS LENS

DO NOT BEGIN WITH BRADYKININ

Begin with:

IS THE KININ RESPONSE APPROPRIATE FOR THE TISSUE - OR HAS GENERATION, DEGRADATION, OR RECEPTOR
SIGNALING BECOME EXCESSIVE?

Then:
PHYSIOLOGY
ol
PATTERN —s  MECHANISM EVIDENCE - RISK —s MONITORING DECISION

PHYSIOLOGY
Healthy Bradykinin biology requires:

 appropriate kallikrein activation * controlled peptide generation

« functional B2R signaling * inducible B1R where appropriate

* intact ACE / peptidase degradation e endothelial responsiveness

 controlled vascular permeability * sensory signaling proportional to injury
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Bradykinin is especially relevant to:

LOCAL ENDOTHELIAL + PERMEABILITY + PAIN PHYSIOLOGY.

PATTERN

What is actually present?
vasodilation?
hypotension?

local edema?
angioedema?

cough?

pain?

inflammation?
hereditary angioedema?
ACE-inhibitor exposure?
urticaria?

airway involvement?

Again:
“SWELLING” IS NOT A BRADYKININ DIAGNOSIS.
MECHANISM
Ask:
WHY IS BRADYKININ SIGNALING HIGH?
Is there:
EXCESS GENERATION?
Think:
KALLIKREIN / HAE.
Oor:
REDUCED DEGRADATION?
Think:
ACE INHIBITION.
Or:
RECEPTOR / INFLAMMATORY UPREGULATION?
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Think:
B1R / CHRONIC INFLAMMATION.
Again:
SAME PEPTIDE SIGNAL CAN ARISE FROM DIFFERENT UPSTREAM FAILURES.
EVIDENCE
Ask:

WHAT APPLICATION ARE WE DISCUSSING?

Vasodilation?

VERY STRONG.
Vascular permeability?

VERY STRONG.
Pain signaling?

STRONG.
ACE-inhibitor cough?

STRONG MECHANISTIC ASSOCIATION, MULTIFACTORIAL.

ACE-inhibitor angioedema?

VERY STRONG BRADYKININ MECHANISM.

Hereditary angioedema?

VERY STRONG.
Icatibant for acute adult HAE?

ESTABLISHED.
General anti-inflammatory B1R therapy?

PROMISING BIOLOGY, LESS MATURE CLINICAL TRANSLATION.

Again:

SAME PATHWAY. DIFFERENT EVIDENCE CLASS.

RISK

The major risk of excessive Bradykinin signaling is:

VASCULAR LEAK.

Potential manifestations include:
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* edema * hypotension

e abdominal swelling * airway edema

The airway issue is particularly important because:

BRADYKININ-MEDIATED LARYNGEAL ANGIOEDEMA CAN BE LIFE-THREATENING.

That means any acute swelling involving:

* tongue e throat
* voice changes e stridor

» difficulty breathing

requires:

URGENT EMERGENCY EVALUATION.

Again:

THE MOST IMPORTANT MONITOR MAY BE THE AIRWAY.

MONITORING

Monitoring depends strongly on the application.

ANGIOEDEMA
* airway symptoms * tongue / lip swelling
* voice change * swallowing
* respiratory status e abdominal symptoms
* attack frequency * medication exposures

ACE-INHIBITOR COUGH

 timing relative to medication e cough characteristics

e alternative pulmonary causes * response after drug withdrawal where clinically

appropriate

HAE
 attack frequency  attack location
e airway involvement * abdominal attacks
* treatment response * C1 inhibitor / complement-related diagnostic testing
as appropriate
VASCULAR / RESEARCH CONTEXT
* blood pressure * perfusion
e endothelial response * edema
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Again:

MONITOR THE PHYSIOLOGICAL CONSEQUENCE OF THE SIGNAL.

THE PRAXIS 5
MECHANISM

Bradykinin's dominant pathway is:

KALLIKREIN -» BRADYKININ -» B2R - NO / PROSTACYCLIN + PERMEABILITY + SENSORY
SIGNALING.

Inflammatory states can additionally induce:

B1R SIGNALING.

EVIDENCE

Endogenous biology:

VERY STRONG.

B2R physiology:

VERY STRONG.

Angioedema:

VERY STRONG.

HAE therapeutic targeting:

VERY STRONG.

ACE-inhibitor cough:

STRONG BUT MULTIFACTORIAL.

B1R therapeutic translation:

EARLIER.

RISK

The major conceptual mistake is:

CALLING BRADYKININ “BAD” BECAUSE IT CAN CAUSE ANGIOEDEMA.

Normal Bradykinin participates in:
e vascular tone

¢ endothelial function
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e injury signaling

The pathology arises when:

THE SIGNAL IS NOT CONTROLLED.

Again:

PHYSIOLOGY AND PATHOLOGY SHARE THE SAME MOLECULE.
MONITORING
Monitor:

PERMEABILITY + AIRWAY + HEMODYNAMICS + SYMPTOMS.

If the hypothesis is:

BRADYKININ EXCESS,

then reducing:

THE BRADYKININ EFFECT

should improve:

THE SPECIFIC EDEMA / PERMEABILITY PHENOTYPE.

PATIENT CONTEXT

A patient with:

URTICARIA + ITCHING + RAPID ALLERGIC SWELLING

is not identical to:

someone with:

RECURRENT NON-ITCHING ABDOMINAL / FACIAL ANGIOEDEMA.

A patient with:

C1-INHIBITOR DEFICIENCY

is not identical to:

someone with:

ACE-INHIBITOR-ASSOCIATED ANGIOEDEMA.

A patient needing normal endothelial vasodilation is not identical to:
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someone experiencing:

LARYNGEAL EDEMA.

Same peptide.
Different:

BIOLOGICAL CONTEXT.

SEVEN QUESTIONS TO ASK BEFORE INTERPRETING
BRADYKININ

1. WHAT PHENOTYPE IS PRESENT?

vasodilation?
edema?
pain?

cough?
angioedema?

inflammatory hyperalgesia?

2. 1S THE PROBLEM EXCESS GENERATION OR REDUCED DEGRADATION?

This is a major distinction.

3. WHICH RECEPTOR IS MOST RELEVANT?

B2R?
B1R?

4. 1S THIS HISTAMINE-MEDIATED OR BRADYKININ-MEDIATED?

Especially with:

ANGIOEDEMA.

5. WHAT PEPTIDASE SYSTEMS ARE BEING ALTERED?

ACE?
neprilysin?

other kinin-clearing pathways?

6. WHAT WILL WE MONITOR?

airway?
swelling?

blood pressure?
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cough?

attack frequency?

pain?
7. WHAT WOULD DEFINE SUCCESS?
Not:
“BRADYKININ WENT DOWN.”
But:

THE PATHOLOGIC EXPRESSION OF THE KININ SYSTEM IMPROVED - EXCESSIVE PERMEABILITY, EDEMA, COUGH, OR PAIN
DECREASED - WHILE NORMAL ENDOTHELIAL AND VASCULAR FUNCTION REMAINED ADEQUATE.

KEY TAKEAWAYS

Bradykinin is an endogenous nine-amino-acid peptide generated through the kallikrein-kinin system.

It is produced from kininogen through kallikrein activity.

Its dominant physiological receptor is B2R.

B2R is constitutively expressed in many tissues and mediates much of Bradykinin's acute vascular and sensory biology.
B1R is different.

It is usually expressed at relatively low levels but becomes strongly induced during inflammation and tissue injury.
That makes B1R especially relevant to persistent inflammatory and pain signaling.

Bradykinin activates endothelial signaling that can increase nitric oxide and prostacyclin.

Those mediators promote vasodilation.

This means Bradykinin participates in normal endothelial function and local blood-flow regulation.

Bradykinin also increases vascular permeability.

That can be useful during a controlled local inflammatory response.

But excessive permeability produces edema.

When the tongue or larynx is involved, the same physiological mechanism can become life-threatening.
Bradykinin also activates sensory neurons and contributes to pain, burning, cough, and inflammatory sensitization.
This makes it a bridge between vascular and neural physiology.

ACE is one of the major enzymes that degrades Bradykinin.

That makes ACE much more than an Angiotensin-producing enzyme.

ACE inhibition simultaneously reduces Ang Il generation and reduces Bradykinin degradation.

This gives ACE inhibitors a dual peptide mechanism.

The reduction in Ang Il decreases classical vasoconstrictor and sodium-retaining signaling.

The increase in Bradykinin can enhance endothelial NO and prostacyclin signaling.

But the same increased kinin exposure can contribute to adverse effects.

Bradykinin and substance P accumulation are major mechanistic explanations for ACE-inhibitor cough.
ACE-inhibitor angioedema represents a more serious manifestation of impaired kinin degradation.
Bradykinin-mediated angioedema should be distinguished from classic histamine-mediated allergic angioedema.
The visible swelling may look similar.

The molecular driver can be completely different.
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That distinction changes therapeutic reasoning.

Hereditary angioedema provides one of the strongest human demonstrations of Bradykinin pathology.

In classic Cl-inhibitor deficiency or dysfunction, excessive kallikrein activity increases Bradykinin generation.
This is mechanistically different from ACE-inhibitor angioedema, where impaired degradation is a major issue.

So two diseases can converge on the same peptide through opposite upstream failures:

TOO MUCH PRODUCTION

or:

TOO LITTLE BREAKDOWN.

The B2 receptor is a clinically validated therapeutic target.

Icatibant directly antagonizes B2R and is FDA-indicated for acute attacks of hereditary angioedema in adults.
This is one of the cleanest examples in peptide medicine of receptor-level treatment of a peptide-driven disease.
Bradykinin also teaches why enzyme-targeting drugs have network effects.

ACE acts on both Angiotensin | and Bradykinin.

Neprilysin and other peptidases also handle multiple vasoactive peptides.

Therefore inhibiting one enzyme can alter several signaling systems simultaneously.

* The best question is not “is Bradykinin good or bad?”

The better question is “why is the kinin system active, is Bradykinin being generated appropriately and degraded
adequately, which receptor is dominant, is the resulting vasodilation and permeability helping local tissue physiology or
producing pathological edema, and can the harmful arm be controlled without erasing the normal vascular functions the
peptide was designed to perform?”
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THE BOTTOM LINE

Bradykinin may be one of the most useful peptides in this entire vascular section because it demonstrates:

THE DIFFERENCE BETWEEN A POWERFUL PHYSIOLOGICAL SIGNAL AND AN UNCONTROLLED ONE.

A tissue is injured.

The body generates:

BRADYKININ.

The nearby vessels relax.

More blood reaches the tissue.

The endothelial barrier becomes more permeable.
Inflammatory proteins can enter.

Sensory nerves activate.

The person feels:

PAIN.

That is:

AN INJURY-RESPONSE SYSTEM.

Nothing about that is inherently pathological.

Now remove:

THE BRAKES.

Produce too much Bradykinin.
Or:
stop breaking it down.

The same vessel becomes:

TOO PERMEABLE.

Fluid pours into tissue.
The lips swell.

The bowel wall swells.
The tongue swells.
The larynx swells.

Now:

A REPAIR SIGNAL HAS BECOME A MEDICAL EMERGENCY.

That is why Bradykinin cannot be understood by labeling it:

PRO-INFLAMMATORY.
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The correct model is:
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GENERATION

RECEPTOR - DEGRADATION - TISSUE RESPONSE

All four have to remain balanced.
And the ACE connection makes this system even more elegant.

ACE sits between:

TWO OPPOSING VASCULAR PEPTIDE SYSTEMS.

It produces:

ANGIOTENSIN II

while degrading:

BRADYKININ.

So the enzyme effectively shifts the circulation toward:

MORE CONSTRICTION + LESS KININ SIGNALING.

Block ACE: - Ang Il falls.

Bradykinin rises.

That combination contributes to:

THE THERAPEUTIC PHYSIOLOGY.

But if Bradykinin rises too much:

the benefit can become:

COUGH

or:

ANGIOEDEMA.

That is perhaps one of the cleanest demonstrations of a Praxis principle:

THE SAME MECHANISM CAN EXPLAIN BOTH BENEFIT AND RISK.

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

51

~N




(. )
PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE BRADYKININ

And hereditary angioedema teaches the same lesson from the other direction.

The problem is not:

FAILED DEGRADATION THROUGH ACE.

It may instead be:

EXCESS GENERATION THROUGH KALLIKREIN.

Different upstream pathology.
Same final mediator.
So the Praxis question becomes:

“WHY is Bradykinin signaling elevated or relevant in this patient, is the dominant problem excess generation,
inadequate degradation, B1 or B2 receptor activation, is the phenotype histamine-mediated or kinin-mediated, and can
we suppress the pathological permeability or pain signal without eliminating the normal endothelial biology that makes
Bradykinin physiologically useful?”

That is the difference between:

CALLING BRADYKININ AN INFLAMMATORY PEPTIDE

and:

UNDERSTANDING THE KALLIKREIN-KININ SYSTEM.

FINAL RECALL

CONTROL LOCALIZE
GENERATE . . ]
o L. Receptors and peptidases set The same biology can support repair
Kallikrein releases the kinin signal . )
magnitude and duration or create dangerous edema

STOP MEMORIZING PEPTIDES. START UNDERSTANDING THE SYSTEM.

Praxis Peptide Institute provides educational information and is not a substitute for individualized medical diagnosis or treatment. Bradykinin is an endogenous
nonapeptide generated through the kallikrein-kinin system with established roles in endothelial nitric-oxide signaling, vasodilation, vascular permeability,
nociception, airway sensory signaling, and inflammation. Its biological effects depend on B2 versus B1 receptor signaling, the balance between peptide
generation and degradation, endothelial context, tissue location, and interactions with peptidases including ACE. Bradykinin dysregulation is central to
hereditary angioedema and is strongly implicated in ACE-inhibitor-associated angioedema and cough. Acute airway swelling involving the tongue, throat, voice,
or breathing requires emergency medical evaluation because bradykinin-mediated laryngeal edema can be life-threatening.
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