Antihypertensives

1/ Diuretics


•Primary reaction = lower blood volume



Side Effects of all Diuretics



low venous return






 -sexual dysfunction



low CO








 -hypovolemia



reflex TPR increase






 -orthostatic hypotension












 -hyperlipidemia ?

•Secondary Reaction = decreased vascular reaction


low intracellular Na and Ca

•Pseudotolerance 


high RAAS >> increases blood volume

A/ Thiazides


Clorothiazide, Clorthalidone, Hypoclorthiazide, Metolazone, Indapamide

MOA:




Inhibits Na/Cl-cotransporter in distal convoluted tubule.

Indications

•hypertension



-causes vasodilitaion




-reduces blood volume

•Nephrogenic Diabetis Insipidus



-reduces GFR allowing more proximal tubule reabsorption




-will raise urine osm. from 50 to ~200




-( positive free water formation

•Kidney Stones



-due to ( Ca reabsorption

Side Effects
•Hypokalemia



-inhibits Carbonic Anhydrase as a minor effect




-more basic urine will trap K+

•Hyperuricemia

-competes with uric acid secretion

•Hypercalcemia



-inc. heart excitability




-inc. Dig toxicity

•Hyperglycemia

-K+ needed for insulin production 

•Hyponatremia

B/ Loop Diuretics


MOA:



-Inhibits Na/K/2Cl-transporter in ascending loop of Henle.

-destroy hyperosmotic gradient

-high Na overwhelms Na pump in distal convoluted tubule

-everything becomes isoosmotic

-therefore no free water production

-shorter acting but more powerful than thiazides

Indications

-Pulmonary Edema

-Hypertension

-Hypercalcemia



-blocks Ca reabsorption in ascending limb

-Patient Refractory to Thiazides
Side Effects
-hypocalcemia
-hyponatremia:  all due to ( reabsorption at thick ascending Limb

-hypokalemia

-hyperuricemia



-same mech. as thiazide

-hearing loss

-allergic reaction to sulfonamides
Sulfonamides




Ethacrynic Acid
Torsemide




-more GI trouble
-vasodilator like thiazides 


-more deafness

Bumetamide




-used when furosemide causes GI trouble



Furosemide
-blocks CA when in high doses

C/ K+ Sparing Diuretics
Spironolactone (aldosterone antagonist)

-blocks aldosteron’s actions of Na reabsorption and K excretion

-only has diuretic effects when aldosterone is at high levels in the body

Indications
-Drug of Choice for Hepatic Cirrhosis (bc/ aldosterone high and edema is a problem)

Side Effects
-hyperkalemia

-GI

-Swelling Breasts

Amiloride & Triamterene
-blocks Na/K exchange at collecting duct
Side Effect
-hyperkalemia
2/ ACE Inhibitors
-doesn’t work well in Africa-American (Renin typically lower in them)
A/ AI (AII Blockers
-(AII and Aldosterone (will decr. Na) levels

-(Bradykinin by inhibiting its destruction

-effects are (TPR w/o reflexively (CO

Indications

-heart failure
-note: little effect on lipids or sexual function
-beneficial in diabetics, they help preserve renal function

-recommended in diabetics since no carb. metabolism effects

Side Effects
-Hypotension
-Na depletion
-Dry irritating cough
renal failure if renal artery is stenotic
    


- drug decreases kidney’s regulation of its own blood flow

-Less Common

      Hyperkalemia, Angiodema, proteinuria, rashes, fever, marrow depression 

Captopril

 
     
     Sulfhydryl may cause rash, blood dyscrasias

Enalapril

 
     
     Prodrug activated in Liver

Lisinopril
B/ Angiotensin II Receptor Antagonists
Losartan

-blocks At-1 receptor

-may be as effective as ACE inhibitors but w/o the cough

3/ Ganglionic Blockers
Trimethaphan

-inhibition of paraympathetics lead to many side effects

-bowel and bladder atony

-Decreases GFR causes problems in patients with renal failure

Indications

-Hypertension with CHF and elevated central venous pressure (dilates large veins)

-acute aortic dissection (prevent aortic aneurisms)

4/ (2 -agonists
-NE release down centrally and peripherally

-Decr. CO and TPR
*Shared Side Effects
-Orthostatic hypotension
-Sexual Dysfunction
-Dry mouth
-Sedation
-Pseudotolerance

Clonidine , Guanabenz, Guanfacine
Side Effects

-Bradycardia
-Withdrawal supersensitivity
-OD resembles opiod poisoning, depressed respiration and miosis
Methyldopa

- CNS is main site of action--- (sympathetic outflow

-Prodrug
Side Effects

-hepatotoxicity
-hemolitic anemia
-hyperprolactemia= Gynomastia and Galactorrhea
5/ Selective (1 blockers

Note: Nonselective (-blockers (phenoxybenzamine, phentolamine) used to treat Pheochromocytoma 
(adrenal tumor making EP)
Side Effects
-Nasal stuffiness
-Ulcers
-Orthostatic hypotension
-Impotence
-First Dose Phenomenon  (dizziness, headache, weakness, sweating, blurred vision, nausea)



-Syncope due to postural hypotension (orthostatic hypotension)



-First treatment often given before bedtime to avoid these effects

Prazosin,  Doxazosin

-little/no tachycardia or renin release
-like all sympathetic depressants, chronic use should be accompanied w/ diuretic to keep Na levels 

               normal

Terazosin

-same as above but no first-pass effect (liver)

-longer half life

6/ Drugs acting on NE uptake and release

*Shared Side Effects
-Supersensitivity
-Parasympathetic Predominance (nasal stuffiness, bradycardia, diarhea, etc..)
-Orhtostatic hypotension
-Fluid retention
-Sexual dysfunction
Reserpine
-binds storage vesicles so that they cannot release

-an early antihypertensive (many side effects)

Side Effect

-profound depression

Guanethidine+  &  Guanadrel (shorter acting, but fewer side effects)

-displaces NE in vesicles  (false transmitter) 

-No CNS effects
-enters Nerve ending via uptake I 

-uptake blocked by Tricyclic antidepressants (imipramine) and Cocaine
Side Effects

-muscle weakness (decreased blood flow to skeletal muscles)

7/ (- blockers
*Effects

-(CO (lower HR and force of contraction)

-(RAAS (w/o compensatory volume expansion)

-(TPR
-Central and peripheral effects

-All have extensive first pass metabolism except 2

-decreases mortality of post-MI patients
*Side Effects

-Hyperlipedemia (decr. HDL and inc. VLDL)(see exceptions)

-Drowsiness (bad dreams too)

-Impotence, depression, bradycardia, bronchospasm
-Raynaud’s Disease (esp. in Winter time)

-Supersensitivity to abrupt withdrawal: Sudden Death

-potential to induce HF upon first commencement of treatment

*Counterindications

-Chronic Heart failure 

-Asthma and COPD (also variant angina in using (2 blocker)
-Diabetes (poor hypoglycemic recovery, B2 blockade decr. gluconeogenesis)

-don’t work as well in blacks for hypertensive reduction

Effort Angina Treatment

-(1 blockade is beneficial in treating effort angina
-(pressure x rate product at each level of exercise
-unlike organic nitrites, max pressure x rate at which angina occurs is actually less
-probably associated with the increased heart size
*Negative effects on Angina

-(heart size and ventricular wall tension
-( duration of systole with reduced diastole time and therefore less coronary flow

Arrhythmia Treatment:  Propanolol, Acebutolol, Esmolol
-Paroxysmal Superventricular tachycardia

-atrial arrhythmias

-juctional tachycardia 

-excercise induced ventricular tachycardia
A/ Non-selective (- blockers
(-) Pure (-blocker allow vasospasm in coronary artery + periphery to go unchecked.  

     

Labetalol can reduce this (via a-blockade)

Propranolol (Inderal®) (prototype for this class)

-Anti-angina effects best when given in maximum doses (multiple doses a day)

-given prophylactically for angina

-
decreases death of post-MI patients
-control of atrial arrhythmias
-First pass effect on oral drug

-(-) sudden withdrawal -> induce MI

Nadolol

-longer half life (no first pass effect, excreted unchanged by kidney) like atenolol.

-(-) drug accumulation and subsequent OD must be considered (esp. w/ poor renal function)

Pindolol, Penbutolol,  Carteolol

-Intrinsic sympathomimetic activity (ie. partial agonist)

-does not cause hyper-lipidemia

Timolol
B/ Selective (1-blockers
-(1 selective at low doses only
Better Treatment for patients with:
-Asthma (less bronchoconstrictive activity)

-Diabetes Mellitus

-Peripheral vascular disease
Acebutolol

-Intrinsic sympathomimetic activity (ie. partial agonist)

-does not cause hyperlipidemia
-ventricular arrhythmia control

Atenolol

-longer half life (no first pass effect, excreted unchanged by kidney)

-drug accumulation and subsequent OD must be considered (esp. w/ poor renal function)

Esmolol

-short (10 min) half life

-emergency iv for Superventricular Tachycardia

Betaxolol, Bisoprolol. Metoprolol

8/ (, (- blockers

Labetalol 
-Intrinsic sympathomimetic activity (ie. partial agonist)

-potency for blockade is 3:3:1 ((1: (2: (1)

-decrease BP w/o reflex tachycardia

Side effects

-Orthostatic hypotension 

-may worsen cardiac decompensation, heart block, or asthma

Indications

-Treatment for variant angina (blocks vasospasm or nerogenic constriction in coronary arteries)

-systemic hypertension

-hypertensive emergencies

9/ Vasodilators
-(+) target specific, counteract natural vasoconstrictive factors

-(-) reflex increase in sympathetic outflow
-CO increases offsetting hypotensive effect up to 75%

-promotes angina (give B blocker to offset)

-(-) reflex renin release (with associated Na retention) (give diuretic to offset)
A/ Arterial selective
-K+ Channel activators

-( TPR 
Hydralazine

-oral

-more central dilation than peripheral

-good when patient has renal insufficiency (no renal blood flow decrease)

-used to treat high BP of pregnancy
-(-) ( HR, CO -> can induce angina in coronary-insufficient patient.

-(-) Lupus-like symptoms in chronic use

Minoxidil

-oral

-reserved for severe hypertension that is unresponsive to other drugs

-(-) Hypertrichosis (excessive hair growth), Tachycardia, angina, edema

Diazoxide

-rapid iv. injection (rapid, so no time to bind to albumin)

-reserved for hypertensive emergencies

B/ Arterial and Venous dilators

Sodium Nitroprusside (Nitrate)

-requires continual IV infusion to maintain effects (no oral activity)
Effects (Decrease systemic vascular resistance, VR)

-mimics nitric oxide ((cGMP to induce relaxation)

-(venous return (lowers preload, stroke volume, and CO)

-Very-fast onset and short-lived action (good surgical adjunct)

Indications

-(+ )Hypertension associated with CHF 

Side effects
- Cyanide ion production (lethal in patients with defective cyanide metabolism)

-Enzyme Rhodnasese breaks down cyanide ion -> toxic acumulations of Thiocynate
-especially if patient has renal failure

-toxicity causes: muscle twitch, weakness, nausea, hypothyroidism, psychosis

-normally this is not a problem

-hydroxocobalamin can treat toxicity

-Short shelf life (light degrades it)

10/ Ca++ Channel Blockers

-inhibits slow inward Ca++  Current during plateau; ( TPR 

-Excellent for pt. with hypertension and angina
-Causes vascular smooth m. relaxation (coronary and peripheral a.)

-Good for Variant angina (coronary dilation)

-Good for Effort angina 

-peripheral vasodilation ( (afterload ( ( heart work

-coronary vasodilation (obvious benefits)

-Verapamil’s negative inotropic/chronotropic effects also helpful

Side effects (in general very few… so good for pt. with multiple problems)

-
Reflex increase in sympathetics (baroreceptor response to vasodilation)

-can cause death in patients with coronary artery disease

-can increase risk of MI
-Headache, edema, dizziness, tachycardia 

-(+) No lipid effect, sexual dysfunction

Antiarrhythmics = Verapamil and Diltiazem

Anthypertensives = All

Antianginals = All 



-Effort angina: Verapamil



-Variant angina:  Nifedipine, Diltiazem
Nifedipine 

-drug of first choice for hypertensive emergency
-Does not prolong AV conduction
-most potent peripheral dilator in this class - (TPR (reflex tachycardia more likely )

-in coronary artery disease increased dose = increases death rate

-has negative inotropic and chronotropic activity… but, offset by reflex tachycardia

Verapamil  (long half-life 3-6 hrs  iv.)

-dilate arteries, block calcium channels (resulting in ( HR and (CF)

-prolongs AV conduction (without any vagal mimicry)
used to treat superventricular tachycardia
Inotropic (/chronotropic) depression

•this is good in pt. with angina
dangerous in pt. with CHF
Extensive first pass metabolism (tested every year!)

Side effects:

-constipation
-bradycardia

-AV blockade

-hypotension

Diltiazem

-same as Verapamil
EXCEPT => Can be used in CHF… no inotropic/chronotropic depression
Nicardipine

Isradipine

