Angiotensin Antagonists
ACE is a zinc metalloenzyme in vascular endothelium.  It converts AGT I (II, but also 
catabolizes bradykinin and substance P.  ACE inhibitors (“-pril”) reversibly bind zinc.

ARBs (“AGT II Receptor Blockers”) (“-sartan”) have a similar end effect.
AGT II receptor is AT1, which is linked to a G-protein, and is expressed in vascular smooth 
muscle, glomeruli, and platelets.  It mediates all known AGT II effects by opening 
calcium channels, which constricts arteries/veins.
Effects of AGT II
1.  Cardiovascular effects include potent arterial/venous constriction.  It can cause cardiac 
hypertrophy via increased oncogene expression (myc), increased growth factor 
production (TGF-β), or increased ECM synthesis (collagen, fibronectin).
2.  Renal effects include proximal tubule sodium reabsorption, increased aldosterone (leading to 
increased sodium reabsorption and potassium excretion), and renal efferent arteriole 
vasoconstriction.

ACE Inhibitors (“-pril”)
For hypertension, these are great for reducing blood pressure and vascular resistance.  There will 
be no change in cardiac output.
For congestive heart failure, these are great for reducing AGT II (afterload) and aldosterone (preload).

Cardiac output will increase.  ACE inhibitors reverse cardiac remodeling!
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Preservation of Renal Function by Angiotensin II
The renin-angiotensin system protects kidneys from low blood flow states (volume depletion, 
heart failure, renal artery stenosis), because AGT II constricts efferent arterioles.  
Prostacyclin will also dilate afferent arterioles.
ACE inhibitors will therefore dilate efferents, lowering GFR.
NSAIDS will tend to constrict afferents.

Therefore, these drugs can blunt the glomerular protective effects of AGT II and prostacyclin.
Diabetic nephropathy is a hyperfiltration state caused by elevated glomerular pressure.  Over 
years it will lead to proteinuria and ESRD.  ACE inhibitors and NSAIDS can reduce the 
glomerular pressure and protect the glomerulus.
(Raymond removed a diagram of modulators of GFR.)
Preparations of ACE Inhibitors and ARBs
Many ACE inhibitors are prodrugs that require hepatic conversion to active forms.
ACE inhibitors are “-pril”.  These reversibly bind zinc in ACE.
Toxicities of ACE inhibitors include:


**cough, often nocturnal.  Probably caused by decreased catabolism of Substance P and 


bradykinin in the lungs.


**renal impairment, especially if there’s already low flow due to congestive heart failure, 

renal artery stenosis, or volume depletion.   ACE inhibitors may cause glomerular 


pressure to drop so low that the kidneys aren’t perfused and filtration stops.

**hyperkalemia, because aldosterone is reduced by ACE inhibitors.

**angioedema, due to increased Substance P and bradykinin which dilate capillaries and 


increase capillary permeability.  May cause stridor.
ARBs are “-sartan”.  These reversibly bind AT1 receptor.  They have the same toxicities as ACE 
inhibitors except for lack of cough and rarity of angioedema.  This is because they don’t 
affect Substance P or bradykinin.
Be careful using any of these drugs with diuretics, because diuretics will cause lower blood 
volume and increase risk of hypotension and renal failure/hypoperfusion.
ARBs may be combined with ACE inhibitors in severe CHF.
Vasodilators

Endothelium makes vasoconstrictors (endothelin and AGT-II) and vasodilators (NO, prostacyclin).

NO activates guanylate cyclase, which boosts cGMP.  This inactivates myosin light-chain kinase 
and inhibits calcium influx, so smooth muscles dilate.

Nitrates and nitroprusside act as exogenous NO donors.

Nitrates (Nitrosothiol compounds)

These relax all smooth muscle.  In the body they become NO and then nitrosothiol, which is 
what actually activates guanylate cyclase and boosts cGMP.
At low doses, they are venodilators and decrease preload.

At high doses, they are arterodilators and decrease afterload.

Nitrates act within minutes!  They are used to treat:


--myocardial ischemia/infarct/CHF


--cyanide poisoning


--HTN only in acute emergencies

Toxicities include:


--tachycardia, due to decreased preload and heart feeling hypovolemic


--hypotension, syncope


--flushed, warm sensation


--tolerance


--dangerous interaction with PDE-5 inhibitors used for erectile dysfunction (Viagra).  


These inhibitors suppress degradation of cGMP, so combined with nitrates there 


can be fatal hypotension from accumulation of cGMP.

--Nitroglycerine acts within minutes but lasts less than an hour.

--ISMN and ISDN act within an hour and last a few hours.

--Nitroprusside has balanced arterial/venous vasodilator effects, so it reduces preload and afterload.  
It is an NO prodrug.  Elimination will yield cyanide which accumulates as thiocyanate.

Uses include HTN emergencies, neurosurgical anaesthesia, aortic dissections, CHF and 


ergot poisonings.


Toxicity is cyanide poisoning (lactic acidosis, bright red venous blood, siezures) or 


thiocyanate poisoning (vomiting, disorientation, psychosis, muscle spasm).
--Natriuretic Peptides include ANP, BNP, and CNP.  These increase guanylate cyclase activity.  
Vasodilation leads to increased GFR, diuresis, and natriuresis.
--Nesiritide is BNP!  It is given by IV and has a half-life of minutes.  It is used like nitroglycerine 
for HTN emergencies, but the hypotension it causes may be severe and last hours.


Unlike other nitrates, Nesiritide is a “balanced vasodilator.”
--Hydralazine increases release of NO.  Relaxes arterioles, which increases cardiac output!  
Must be combined with beta-blockers to prevent this cardiac stimulation.

Especially good for eclampsia and CHF (because it reduces afterload).


Toxicities include:



--tachycardia and aggravation of myocardial ischemia or aortic dissections



--drug-induced lupus (reversible, and more common in white women)


--hemolytic anemia

Potassium-Channel Agonists  (potent vasodilators)

--Minoxidil acts like Hydralazine in that it reduces arteriolar afterload, causing reflex increase in 
cardiac output (reflex tachycardia) and renin secretion.

Used to treat hypertension.  Also, it is a hair-growth supplement.


Toxicities include hypertrichosis, tachycardia, and edema due to salt retention.


This edema will cause weight increases and pericardial effusions.
--Diazoxide is just like Minoxidil and Hydralazine.  Treats HTN.  Toxicities include excessive 
hypotension, severe hypoglycemia, hypertrichosis, and uterine atony (don’t use in eclampsia).
Endothelin-Receptor Antagonists

Endothelin is bad for cardiac function.

Endothelin is increased in pulmonary hypertension and scleroderma.

--Bosentan blocks endothelin receptors.  It treats hypertension and heart failure.

Calcium-Channel Blockers
L-type calcium channels are found throughout the heart and arterial smooth muscle.  

The drugs are packaged in special time-delay capsules.

Blocking them causes arteriolar dilation, decreased heart rate, and decreased contractility.

They are used to treat HTN, arrythmias, Prinzmetal angina, and hypertrophic cardiomyopathy.
--Dihydropyridine (DHP) blockers (Nifedipine and Amlodipine) are very potent vasodilators.  

--Nimodipine is a DHP blocker with special use against subarachnoid vasospasm/hemorrhage.

​--Verapamil
Toxicities of Calcium-channel blockers include:


--heart block  (dangerous when combined with beta-blockers)


--heart failure (dangerous when combined with beta-blockers) (especially with Verapamil)  
--constipation (especially with Verapamil)

--GERD

--urinary frequency/incontinence (due to relaxation of the detrussor muscle)

--edema (arteriolar dilation causes blood pooling in the legs.  This is just fluid redistribution, 

so no weight gain).
“Unbalanced vasodilation”








