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Pharmacology of 
Vasoactive Peptides

Vasoactive peptides are comprised of a wide 
group of polypeptides of endogenous origin that 
function as local and plasmatic hormones and 
neurotransmitters.  Of these peptides the 
angiotensin, the kinins, endothelins and 
vasopressin play an important role in the 
overall regulation of hemodynamics and its 
pathogenesis.

Pharmacology of 
Vasoactive Peptide (cont.)

Some of these peptides are listed below.
1.  Angiotensins (I, II and III)
2.  Bradykinin and related kinins
3.  Vasopressin
4.  Atrial natriuretic peptides and related peptides
5.  Endothelins
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Pharmacology of 
Vasoactive Peptide (cont.)

Some of these peptides are listed below.
6.   Vasoactive intestinal peptides and related 

peptides
7.   Substance P
8.   Neurotensins
9.   Calcitonin gene-related peptide
10. Adrenomodulin
11. Neuropeptide Y
12. Urotensin

Mechanisms of Actions

These peptides all act on cell surface receptors.  
Most act via G protein-coupled receptors and 
cause the production of second messengers, some 
may open ion channels.  

Angiotensin and Related Peptides

• Angiontensin is formed by the action of renin on 
angiotensinogen releasing angiotensin I, a 
decapeptide. Angiotensin I is converted to        
angiotensin II, an octapeptide by the action of 
converting enzyme.  Angiotensin II is degraded 
into inactive peptide by the action of 
angiotensinases.  Of these angiotensin I, 
angiotensin II and angiotensin III, only 
angiotensin II is active and produces profound 
vasoconstriction and other pharmacologic 
responses.  
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Angiotensin

• A circulating protein from which renin cleaves 
angiotensin I.  It is a glycoprotein.  Angiotensin 

production is increased by a variety of drugs 
including

– Corticosteroids
– Estrogens
– Thyroid hormones
– Angiotensin II  

• The plasma levels of angiotensinogen are also 
increased in pregnancy related hypertension.

Angiotensins

A decapepetide with virtually no biologic activity.  
It must be converted to the octapeptide, angiotensin 
II by the action of angiotensin converting enzyme, 
(ACE).  Plasma or tissue aminopeptides convert 
angiotensin II into angiotensin III.

- Angiotensin I Decapeptide (inactive)

- Angiotensin II Octapeptide (active)

- Angiotensin III Heptapeptide (inactive)

- Angiotensin III fragment <Tetrapeptides (inactive)
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Angiotensin Converting Enzyme

Angiotensin converting enzyme is also known as

- Peptidyl dipeptidase
- Kininase II

It catalyzes the cleavage of dipeptide from the 
carboxyl terminal of angiotensin I (decapapetide) 
into angiotensin II (octapeptide).  

This enzyme is widely distributed in the 
vasculature mostly located on the luminal structure 
of the endothelial cells.  It has been the primary 
target to develop antihypertensive drugs.

Angiotensinase

A group of peptidases which hydrolyze 
angiotensin II and angiotensin III into 
smaller fragments.  These peptide 
fragments are inactive.

Pharmacologic Actions of 
Angiotensin II

• Short plasmatic half life (15-60 secs.). 
• Exerts profound effects in the regulation of 

vascular tone, fluid and electrolyte balance.  
• Excessive production of this peptide results in 

hypertension and disorders of  hemodynamics.
• On a molar basis, it is 40 times more potent 

than nor-epinephrine, stimulates autonomic 
ganglion, increase the release of epinephrine 
and nor-epinephrine from the adrenal  
medulla and facilitates autonomic 
transmissions.
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Pharmacologic Actions of 
Angiotensin II (cont.)

• It stimulates aldosterone production from 
the adrenal cortex.  

• At higher concentrations it produces 
glucocorticoid biosynthesis.  

• Angiotensin is a potent mitogenic agent for 
the vascular and cardiovascular muscle 
cells and may contribute to cardiac 
hypertrophy. 

• Angiotensin converting enzyme inhibit the 
mitogenic responses of angiotensin II.

Numerous drugs are now available that 
block the formation of the action of 
angiotensin II.  These include drugs blocking 

- the rennin secretion and action
- conversion of angiotensin I to 

angiotensin II 
- block angiotensin receptors.

Inhibitors of Angiotensin

Angiotensin Converting Enzyme Inhibitors 
(ACE Inhibitors)

• ACE inhibitors not only block the conversion 
of angiotensin I to angiotensin II but also 
inhibits the degradation of other vasopeptides such 
as 

- bradykinin
- substance P
- enkephalin

• The action of ACE inhibition to block 
bradykinin metabolism contributes 
significantly to the observed hypotensive 
effect and has been reported to cause severe 
side effects including cough, angioedema and 
hypotensive shock.
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Orally Active Converting Enzyme Inhibitors

Angiotensin Antagonists
Substitution of certain amino acids such as sarcosine 
for the phenylalanine in position 8 of the angiotensin II 
is responsible in the formation of potent peptides 
antagonist of the action of angiotensin II.  The best 
known of these is antagonists is saralasin.  Another 
class includes the nonapeptide antagonists such as the 
losartan and valsartan.  Clinical benefits of the 
angiotensin receptor antagonists and ACE are almost 
the same.

Questions:
1. Do the angiotensin antagonists have any effect on the 

actions on ACE?
2. Can these angiotensin antagonists be given to a 

hypertensive patient with sepsis?

Angiotensin Receptor Antagonist
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Bradykinins and Related 
Peptides –Kinins

• Kinins represent one of the most potent 
groups of vasodilators peptides produced by 
the endogenous actions of enzymes known as 
kallikreins or kininogenases.  These enzymes 
act on plasma proteins known as kinogenases.

• Kinins can also be generated by insect bites.  
Wasps and other related insects can release 
kinin generating enzymes leading to pain, 
edema, swelling and other inflammatory 
responses.

The Kallikrein-Kinin System

Kallikreins

• Kallikreins are glycoprotein enzymes 
produced in the liver as prekallikreins and 
are present 

- plasma 
- kidney
- pancreas
- gastrointestinal tract
- sweat glands 
- salivary glands  
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Kallikreins (cont.)

• Plasmatic prekallikrein is also known as 
Fletcher factor and promotes coagulation 
process via intrinsic system.  Plasma 
prekallikrein can be activated by factor 

XIIa (Hageman factor).

Kallikreins (cont.)

• Pancreatic kallikrein can be activated by 
trypsin.  The active kallikrein can generate 
kinins and exert profound action on 
hemodynamics (hypotension).  

• Many of the patients with consumption 
coagulapathy (DIC) develop hypotension 
due to increased kallikrein production.

• Kininogens represent plasma lymph and 
interstitial protein substrates for the kallikreins.
• Two different types of kininogens are present in 
plasma.  

- A low molecular weight kininogen (LMWK) 
- a high molecular weight kininogen (HMWK) 

(Fitzgerald factor) and 
- is involved in the promotion of coagulation 

process in the intrinsic pathway. 
- Plasma kallikrein cleaves the HMWK to 

generate bradykinin.

Kininogen
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Formation of Kinins in Plasma 
and Tissues

Three different types of kinins are found in 
mammalian systems.  Each kinin is formed by the 
action of different enzymes on kininogen.  

1.)  Bradykinin is released by plasma kallikrein
2.)  Lysyl bradykinin (kallikrein) is released by 

glandular kallikrein (pancreas kidney) 
3.)  Meth-lysylbradykinin is released by pepsin  and 

pepsin like enzymes.  

Formation of Kinins in Plasma 
and Tissues (cont.)

All of these three kinins are found in plasma and 
urine.  In most pathologic conditions related to 
hypotensive shock.  Bradykinin is the predominant 
peptide.
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Actions of Kinins
Hemodynamic Effects

• Marked vasodilation in several vascular beds 
including 
- heart
- liver
- kidney
- intestine
- skeletal muscles 
- liver  

Actions of Kinins

Hemodynamic Effects

• These agents are 10 times more potent than 
histamine.  

• Kinins stimulate the release of nitric oxide and 
prostaglandins PGE2 and PGI2.  

• Kinins promote water and solution passage from 
the blood to extracellular fluid resulting in edema.

Kinins produced in the pancreas, kidney and 
glandular site may enter the blood circulation 
and contribute to the localized hypotensive and 
inflammatory responses.  

Effect on Endocrine and Exocrine 
Gland
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Kinins promote redness, local heat, swelling 
and pain.  Kinins are potent algesic agents.  
They produce pain by nociceptive afferents in 
the skin and viscera.

Role in Inflammation and Pain

Mechanisms of Action of Kininis

• The biologic actions of kinins are mediated 
by specific receptors localized on the 
membranes of the target tissues.  

• Two types of receptors are identified
- B1 - are the predominant  receptors for 

the mediation of the biologic responses 
of kinins

- B2 -drugs that block the actions of 
bradykinin target B2 receptors.

• Kinins are metabolized rapidly (half life 15 seconds) 
by non-specific kininases.  

• Two plasma kininases have been well characterized 
- kininase I 
- kininase II

• Kininase II is the same enzyme as the angiotensin 
converting enzyme and is capable of inactivation the 
bradykinin and it also converts angiotensin I into 
angiotensin II.  

• Angiotensin converting enzyme inhibitors such as 
captopril therefore can inhibit the generation of 
angiotensin II simultaneously bradykinin levels may 
increase resulting in hypotension.

Metabolism of Kinins
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Case Report

An elderly hypertensive hospitalized patient 
was treated with an ACE inhibitor, namely 
captopril.  During hospitalization she became 
septic due to an infection.  Soon after she 
went into severe hypotensive shock.

What is the likely cause of the hypotensive 
shock in this patient?

• At this time a specific antagonist of the action of 
kinins is not available.  
• Several inhibitors of both the B1 and B2 receptors have 
been designed and used in animal models, and human trials 
have been proven useful.  
-Icatibant is a second generation B2 receptor 
inhibitor which has undergone limited clinical trials in pain 
and inflammation. In EU it is approved for the acute 
attacks of angio-neurotic edema combined with C1 estrase 
inhibitor 

-Several other B2 antagonists are available only for 
experimental purposes.  
-Β2 receptor inhibitors may be useful for the 
treatment of hypotension and myocardial 
hypertrophy.

Drugs Effecting the 
Kallkrein Kinin System

• The generation of kallikreins can be 
inhibited with a kallkrein inhibitors, 
aprotonin.  Thus, the bradykinin 
generated is blocked.

• Aspirin is also known to block the algesic 
effects of prostaglandins generated by 
bradykinin.  

• The action of kinin can be augmented by 
ACE inhibitors, which block the 
degradation of this peptide.

Drugs Effecting the 
Kallkrein Kinin System (cont.)
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• Vasopressin (Anti-diuretic hormone, ADH) 
plays an important role in the long term 
control of blood pressure through its 
action on the kidney to increase water 
resorption. 

• It has short term vasoconstrictor actions.
• Several selective analogues of vasopressin 

have been synthesized.  Of these one 
clinically used preparation is 1-diamino 
{D-Arg6] arginine vasopressin (dDAVP) or 
desmopressin.

Vasopressin

Vasopressin (cont.)

• This agent was initially developed for the 
treatment of patients with diabetes  
insipidus.  

• Desmopressin
– increases the factor VIII activity of patients 

with mild hemophilia and von Willebrand 
disease.  

– is effective in the control of bleeding in mild 
surgical process.  

– can also be administered intranasally.  
– in blood banking procedures this agent is also 

used to increase the factor VIII and von 
Willebrand factor in plasma of donor blood.

•The atria and other tissues of mammals 
contain a family of peptides with natriuretic 
diuretic, vasorelaxant and other properties.  
•The family includes 

- atrial natriuretic peptide (ANP)
- brain natriuretic peptide (BNP) 
- C-type natriuretic peptide (CNP)

Natriuretic Peptides and 
Related Peptides
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Natriuretic Peptides and 
Related Peptides (cont.)

• All of these peptides have a short half-life in the 
circulation.  
• BNP is shown to improve the hemodynamics and 
renal excretion of sodium in patients with 
congestive heart failure.  Several analogues of ANP 
have also been derived.  

Natriuretic Peptides and 
Related Peptides (cont.)

• Vasopeptide inhibitors are a new class of drugs 
that inhibit metaloproteases.  Thus, these drugs 
increase the levels of natriuretic peptides and 
decrease the formation of angiotensin II.  

• Recently developed drugs include 
- omapatrilat, 
- sampartilat and 
- fasidotrilat
These drugs enhance vasodilation, reduce 
vasoconstriction and increase sodium excretion.

• The endothelins represent a series of 
peptides with potent vasoconstricting 
properties that were first isolated from aortic 
endothelial cells.

Endothelins
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Endothelins (cont.)

• Three isoforms of endothelin are identified,  
namely 
- ET1

- ET2

- ET3.  
• Each endothelin is a 21 amino acid peptide.  

It is predominantly present in vascular 
endothelium.  

• The endothelins are rapidly cleared from the 
circulation.

• Endothelins produce a dose dependent 
vascular constriction in most vascular beds.  
Two receptor subtypes are found for 
endothelins 

- ETA

- ETB

• The signal transduction mediated actions of 
endothelins are illustrated on Figure 17-7.  As 
can be seen, endothelins have multiple actions 
which are mediated through the ETA and ETB
receptors.

Endothelins (cont.)

Inhibition of Endothelin

Both the selective (ETA and ETB) and non-
selective antagonists for the actions of 
endothelins have been developed.  An 
example of non-selective antagonists is 
Bosentan.  It is active both orally and 
intravenously.
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In the United States, Bosentan is indicated for the treatment of 
pulmonary arterial hypertension. 

Vasoactive Intestinal Peptide

• Vasoactive intestinal peptide (VIP) is a 28 
amino acid peptide related to secretin and 
glucagons.   

• VIP is present in the central and 
peripheral nerves where it functions as a 
neuromodulator.  

• VIP produces marked vasodilation.  
• Specific VIP receptor inhibitors are 
developed for research purposes only.

• Substance P belongs to the tachykinin 
family which shares the carboxy terminal 
sequence Phe-X-gly-leu-meth.  
• Other mediators of this family are 
neurokinin A and neurokinin B which are 
decapeptides.  
• Substance P induced vasodilation by 
stimulating the release of nitric oxide.
• Several inhibitors of substance P have been 
developed.

Substance P
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• Neurotensin is a tridecapeptide 
• Synthesized in association with  

neuromodulin N (hexapeptide) in a big 
protein.  

• In peripheral circulation it causes 
- vasodilation 
- hypotension 
- vascular permeability
- hyperglycemia
- inhibition of gastric motility.  

• Several analogues of neurotensins have 
also been synthesized.

Neurotensin

Calcitonin Gene Related Peptide

• CGRP is a 37 amino acid containing 
peptide which is related to the calcitonin 
family of peptidases.  
•CGRP is present in large amounts in the 
thyroid gland.  
•CGRP is also found in the CNS and GI tract 
with substance P.  
•Intravenous administration of CGRP can 
cause hypotension and tachycardia.   

• Adrenomodulin is a 52 amino acid and 
peptide
• Was first isolated from the adrorenal 
medullary pheochromocytoma tissues.  
• It is widely distributed and circulates in 
blood and mediates hyopthyroid responses.
• Circulating adrenomodulin levels are 
increased during
- intensive exercise
- hypertension
- renal failure 
- septic shock.

Adrenomodulin
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Neuropeptide Y

• Neuropeptide Y is one of the most 
abundant neuropeptides in both the central 
and peripheral nervous system.  

• It consists of 36 amino acids.  
• Besides a CNS effect it produces                 

vasoconstriction and mediates hypertensive 
responses.  

• Selective neuropeptide Y antagonists are 
now available and are useful the role of this 
peptide in hemodynamic disorders.

• Undecapeptide with a conserved cyclic  
heptapeptide sequence.  

• Potent vasoconstrictor primarily acting 
on arterial beds.  

• One of the most potent vasoconstrictors.
• Levels are increased in patients with end        

stage heart failure.  
• Specific antagonists of urotensins are 

also available for research purposes only.  
These may be useful in patients with end 
stage heart failure.

Urotensin

Vasoactive Peptides
Important Drugs to Remember

DRUG MECHANISM 
OF ACTION

ROUTE OF 
ADMINISTRATION

INDICATIONS SIDE EFFECTS

Captopril ACE
Inhibitor

Oral Hypertension Severe stomach pain, 
chest pain, allergic 
reaction

Enalapril ACE inhibitor Oral Hypertension Hypotension, severe 
stomach pain

Losartan Angiotensin 
receptor inhibitor

Oral Hypertension Diarrhea, insomnia, 
nasal congestion

Valsartan Angiotensin 
receptor inhibitor

Oral Hypertension Stomach pain, nausea

Icatibant Bradykinin 
receptor inhibitor

Oral Inflammatory 
responses

Stomach pain, nausea

Aprotonin Kallikrein inhibitor Intravenous Inflammation Heart attack, stroke, 
kidney failure

Desmopressin
(DDAVP)

Vasopressin 
analogue

Intravenous Headache, stomach 
pain, nausea

Bosentan Endothelin 
receptor inhibitor

Oral Pulmonary 
hypertension

Liver problems, stomach 
pain, nausea
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Which of the following enzymes is 
responsible for the generation of 

Angiotensin II?
A. Renin

B. Kininase-I

C. Kininase-II

D. Plasmin

E. Kallikrein

An elderly diabetic patient was treated with 
an ACE inhibitor for hypertension.  During

hospitalization he developed sepsis and 
sustained a severe drop in blood pressure.  
What is the likely cause for this condition?

A. Inhibition of renin

B. Excessive generation of angiotensin

C. Excessive generation of bradykinin

D. Inhibition of plasmin

E. Inhibition of kallikrein


