                                         Hypertension   

             Antihypertensive Agents
*Antihypertensive Agents:

1. Diuretics.
2. Sympathoplegic agent. 
3. Direct vasodilator.

4. Agents that block the production of angiotensin.

5. Calcium channel blocker. 

*Mechanism of action & hemodynamic effect of diuretic:
· Deplete body sodium stores. 
· Decrease Blood volume & cardiac output. 

· Decrease peripheral resistance. 

· Indapamide has a direct vasodilating effect. 

*Clinical Uses:  

· Are effective alone for mild or moderate essential hypertension. 
· In severe hypertension, they are given in combination with other antihypertensive agents. 
· Thiazide diuretics are effective in most patients with mild or moderate hypertension & normal renal & cardiac function. 
· Loop diuretics are necessary in severe hypertension in patient with renal insufficiency, cardiac failure or cirrhosis. 
· Potassium-sparing diuretics are used with patients taking digitalis. 
        Digitalis is a drug used for heart failure. 

  N.B: 

            - Rebound hypertension: Occur with sudden withdrawal of drug b/c it leads to increase catecholamine release            increase vasoconstriction          increase blood pressure. 
*Toxicity of diuretics: 

· Potassium depletion. 
· Magnesium depletion. 
· Impair glucose tolerance. 
· Increase serum lipid concentration. 
· Increase uric acid level. 
*Centrally acting Sympathoplegic (blockers): 
1. Methyldopa (used in pregnancy hypertension) & Clonidine (cases of impair renal function). 
2. Stimulate central -adrenoceptors. 
3. They bind more to -2 than -1 adrenoceptors. Agonist of -2 adrenoceptors              Peripheral vasodilatation            decrease venous return                                                               
                   Decrease B.P. 
N.B.: Adverse effects of Clonidine (an -2 agonist): 

a. Rebound hypertension. 
b. Dryness of air passage & nasal mucosa. 
c. Sedation.
*Adrenoceptors antagonists:  

· adrenoceptors are very useful in mild to moderate hypertension

· In severe cases used in combination with other agents

· They lower blood pressure due to:

· Decrease in cardiac output.  Decrease peripheral resistance. 

· Propranolol inhibits the stimulation of rennin production by catecholamine. (Mediated by -1 receptors).


 - They block -1 receptors in arterioles and venules.  
 - The selectivity for -1 receptors may explain why these agents produce less reflex                     tachycardia than non-selective.
 - More effective when given in combination with -blockers or diuretics.

                                                         Vasodilators
   - You should know: 

           - Route of administration. 

           - Arterio- or veno- or arterioveno-dilator. 

. 
 

· Directly dilate arterioles not veins.
· Given in combination & effective in severe hypertension.

· General route: in combination with: -blockers (to balance reflex tachycardia) OR diuretics (to decrease sodium retention).
-If vasodilator is given alone: 

· Decreased B.P.

· The body will start the compensatory mechanism to increase B.P.: 

   Increase sympathetic outflow             increase venous return               increase C.O.P.         Increase the production of Angiotensin II               increase aldosterone                 vasoconstriction                 increase B.P.           

· That’s why it is given with -blockers: to make sympathetic effect. 
  *Pharmacokinetics: 
· Given orally, well absorbed.
· Rabidly metabolized by the liver (1ST pass metabolism).

· Metabolized by acetylation: You have 2 types of patients

1. Slow acetylators: should be given a small dose. 

2. Fast acetylators: should be given a larger dose. 

· t (1/2): 2-4 hrs.

· Its effect is present longer due to binding to vascular tissue.  
· Excreted through the kidneys. 

*Adverse Effects:   
· Any sympathetic over activity is adverse effect of vasodilators. 
· Headache, nausea, anorexia, palpation. 
· Sweating, flushing, reflex tachycardia may provoke angina or ischemic arrhythmias.

· lupus erythematosus-like syndrome.
·  Tachyphylaxis to hypertensive effect develops rapidly. (Decreased response of drug b/c of tolerance). 

· Drugs used in pregnancy hypertension: Methyldopa, Hydralazine. 

· Dilates arterioles NOT veins. 
· Through opening of potassium channels in smooth muscle membranes by minoxidil sulfate, the active metabolite. 
*Pharmacokinetics: 

· Given orally. 
· t (1/2): 4-6 hrs.
· Metabolized to its active metabolite minoxidil sulfate. 

· Excreted through kidney. 
*Clinical uses: 
· Replace Hydralazine when it is not effective in patients with renal failure.
· Severe hypertension.
· Topical (as Rogaine) for correction of baldness as it stimulates hair growth.
*Adverse Effects: 
· As Hydralazine, it causes headache, nausea, sweating, flushing. 

· Tachycardia, angina, oedema (must be used in combination with -blockers and diuretics).
· Hirsutism (hypertrichosis), so it is contraindicated in females.

· Dilates both arterial & venous vessels. 
· Resulting in producing peripheral vascular resistance & venous return.
·  Through activation of guanylyl cyclase either directly or through release of nitric oxide (NO).
·  Resulting in increase intracellular cyclic GMP, which relaxes vascular smooth muscle. 
*Pharmacokinetics:
1. It is a complex of iron, cyanide groups and nitroso group. 

2. Metabolized by uptake into RBCs with liberation of cyanide.

3. Cyanide is metabolized by mitochondrial enzyme rhodanase, in presence of sulfur donor. 

4. Thiocyanate is eliminated by the kidney.   

5. The drug is given by intravenous infusion. 

6. Its rapidly lowers blood pressure, and its effect disappear within 1-10 minutes after discontinuation. 

7.  Because of its efficacy and rapid onset of action arterial blood pressure must be continuously monitored.

 N.B.: the metabolism is through 3 steps 2, 3, 4. 

 *Clinical uses:
· Hypertensive emergencies (not severe). 

· Severe heart failure.
*Adverse effects & toxicity: 

· Excessive B.P. lowering. 

· Accumulation of cyanide: metabolic acidosis, arrhythmias, excessive hypotension, death. 
· Accumulation of thiocyanate, weakness, disorientation, psychosis.

· Muscle spasm, convulsion.

·  Delayed hypothyroidism as thiocyanate inhibit iodide uptake by thyroid gland. 
· Methemoglobinemia. 


· Long acting, parenterally arteriolar dilator. 

· Act through opening potassium channels and stabilizing the membrane potential at resting level.

· Used to treat hypertensive emergencies. 

· To treat hypoglycemia secondary to insulinoma.

*Pharmacokinetics: 

· Highly bound to plasma protein & vascular tissues. 
· t (1/2): 24 hrs.

· Given IV on infusion.

 *Adverse effects:
· Excessive hypotension.

·  Reflex tachycardia, angina, and cardiac failure in patients with ischemic heart disease.

· Hyperglycemia (inhibits insulin release from pancreas).  

· Salt & water retention (found in all vasodilators but more clear with Diazoxide & that’s why it's long acting drug).  

    - They dilate peripheral arterioles through inhibition calcium influx into arterial smooth muscle.  

 I. Dihydropyridine Group:  (amlodipine, nicardipine, nifedipine) are more selective as         vasodilators and have less cardiac depressant effect, cause tachycardia.

II. Verapamil has the greatest depressant effect on the heart and may decrease heart rate         and cardiac output. 

III. Diltiazem has intermediate action. 

IV. Bepridil mainly acts on cardiac tissues by either blocking Na channel or Ca channel.          It's mainly used as anti-arrhythmic drug. 

*Pharmacokinetics: 

· Orally active agents. 

· Highly bound to plasma proteins. 

· Extensively metabolized. 

· Excreted in urine.

· Verapamil & Diltiazem are also used by intravenous route (in emergencies) b/c they have –ve inotropic effect on the heart. They cause bradycardia & cardiac arrest.  

*Adverse Effects:     
1. Excessive inhibition of calcium influx may lead to: 

          - Cardiac arrest, bradycardia, artioventricular block, heart failure (more with Verapamil & Diltiazem). 

2. Reflex tachycardia (dihydropyridine group). 
3. Short-acting Ca++ channel blockers have the potential to enhance the risk of adverse cardiac effects and should be avoided. 

4. Bepridil prolongs the cardiac action potential and cause a dangerous torsade de point arrhythmia. 

5. Fatigue, headache.   

6. Constipation mainly with verapamil. 

7. Ankle oedema. 
*Clinical Uses: 
1. Hypertension. 
2. angina. 
3. Supravenricular tachycardia. 
4. Migraine. 
5. Peripheral vascular disease. 
N.B.: Used in these type of People: black& white, old & young, asthmatic people & diabetic people.   

*Drug Interaction:  
· Increase plasma level of digoxin.

· Verapamil with -blockers lead to heart failure. 

                                      INHIBITORS OF ANGIOTENSIN I
                   ACE – INHIBITORS 

*Mechanism of action: 

        - Inhibit ACE which leads to: 

A. Inhibits the synthesis of angiotensin II. 

B. Stimulate the action of kallikrein-kinin system OR inhibit the breakdown of bradykinin. 

*Pharmacokinetics: 
1. Captopril (the spiritual father of the group), enalapril, fosinopril, meoxipril, liziropril. 
2.  All are rapidly absorbed from GIT after oral administration. 
3. All are prodrugs, converted to the active agents by hydrolysis in the liver EXCEPT Captopril. 

4. Captopril is short acting t (1/2): 2-3 hrs. Taken 2-3 times daily. 

5. Food reduces their bioavailability.  

6. The others are long acting. 

7.  Enalaprilat is the active metabolite of enalapril is available only for intravenous use for hypertensive emergencies. 
8. All ACE I are distributed to all tissues except CNS. 

9. All ACE I are eliminated by the kidney except fosinopril & meoxipril. They are eliminated by biliary excretion.  
* Clinical Uses: 

1. More effective in treatment of hypertension in conditions associated with high plasma rennin activity             Black people. 

2.  Safely used in patients with ischemic heart disease. 

3. Are useful in treating patients with diabetic nephropathy because they diminish proteinuria, and stabilize renal function. 

4. Treatment of heart failure and used after M.I. myocardial infarction. 

5. ACE I are more effective in white young patient. 

* Adverse Effect: 
1. Severe hypotension. 

2. Acute renal failure. 

3. Hyperkalemia. 

4. Dry cough, wheezing, angioedema. 

5. Captopril may cause neutropenia or proteinuria. 
6. Altered sense of taste, allergic skin rash, drug fever more with captopril. 

* Contraindications: 

· During 1ST trimester they cause fetal congenital malformation.  
· During the 2ND and 3RD trimesters of pregnancy because of the risk of fetal hypotension, anuria, renal failure.

· They may cause fetal malformations and death (1ST trimester).

*Drug Interaction: 

1. With potassium-sparing diuretics.  
2. NSAIDs impair their hypotensive effects.  

3. By blocking bradykinin-mediated vasodilatation. 

                    ANGIOTENSIN RECEPTOR-BLOCKING AGENTS
*Mechanism of action:

· Block AT1 (angiotensin type 1) receptors.

· advantages over ACE1: 

1. They have no effect on bradykinin system so, no cough, wheezing angioedema. 

2. Complete inhibition of angiotensin action compared with ACE I. 


· Orally effective. 
· Has a potent active metabolite. 
· Half-life:  6-9 hrs. Taken once daily. 
· Liver diseases affect the activity of the drug. 
· Can NOT cross BBB. 
*Adverse Effects: 
· As ACE I  Except there is no cough, wheezing & angioedema. 
· Some contraindications as ACE I. 


· have no active metabolites. 

· As Losartan in side effects, contraindications both of them have the same clinical uses as ACE1. 
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