                                                                                

                                        DIURETIC DRUGS
Induce a state of increased urine flow. -

- Inhibit renal ion transporters that decrease reabsorption of Na+ at different      site in the nephron.

- Na+ & other ions as Cl – enter the urine in great amount along with water.
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*Classification of diuretic drugs:
1-Thiazide diuretics:

a-Hydrochlorothiazide.
b-Chlorothiazide.
c-Indapamide

2-Loop diuretics:

  a-Furosemide.
  b-Ethacrynic acid.
3-Potassium sparing diuretics:
  a-Amiloride.
  b-Spironolactone.
4-Carbonic anhydrase inhibitors:

    - Acetazolamide.
5-osmotic diuretics:

 a-Mannitol.
 b-Urea.
                                     Thiazide Diuretics (Sieling drugs)
                   " Increasing the dose won't lead to increase the effect" 
                                        e.g.: Chlorothiazide & Hydrochlorothiazide.
*Mechanism of Action:

      -act on distal tubule decrease Na+ reabsorption by inhibition Na+/Cl transporters.
Pharmacological actions:*
1-Increased excretion of Na+ & Cl

2-loss of K+ (Increase the fruit intake to assure that hypoKalemia does not develop)
3-loss of Mg+2.
4-decreased urinary calcium excretion by promoting the reabsorption of Ca+2.
(They preserve bone mineral density at the hip & spine           decrease risk of hip       fracture)

5-reduced peripheral vascular: decrease BP (hypertension)            decrease in C.O & blood volume.

-Continues hypertensive effect resulting from decrease PVR (Peripheral vascular resistance = after load) caused by relaxation of arteriolar smooth muscle. 
  N.B.: Thiazide is a derivative of Sulfonamides. So, if the patient is allergic to sulfonamides, we don't give him Thiazide.   
*Pharmacokinetics:

· Given orally.

· Half life(T1/2) 40 hrs (given once per day usually)

· Chlorothiazide is the only Thiazide given parenterally.

· Excreted via kidney through proximal convoluted tubule (PCT) & compete with the secretion of uric acid           increase serum level of uric acid (Hyperuremia). 

*Therapeutic uses:
1-Hypertension, mild-moderate, essential (Idiopathic: without known reason) hypertension.

    N.B. In severe hypertesion we use Loop Diuretics. 
2-Heart failure           decreased extrecellular volume in mild to moderate heart failure.      
3- Non-Specific Edema. 
4-Hypercalciuria          by inhibiting urinary Ca+2 excretion.
5-Diabetes Insipidus: of nephrogenic type           reducing urine volume.

       - Symptoms of disease: Polyurea, Polydepsia, Polyphagia, without insulin disturbance.  

       - In this case Thiazide as anti-diuretic hormone through an unknown mechanism. 

       - People with this disease produce hypo-osmolar urine, BUT with this drug they will                  produce hyperosmolar urine.


*Adverse effects:

   1-Hypokalemia.
   2-Hyponatremia.
   3-Hyperurecemia.
   4-Volume depletion:
         a. Orthostatic hypotension.
         b. headache. 
  5-Hypercalcemia. 
  6-Hyperglycemia (impair carbohydrate tolerance).
           - Impairment of insulin release from the pancreas. 

           - Decreased glucose uptake & Impaired glucose utilization in tissue. 
  7-Hyperlipidemia (Increased serum cholesterol & increased LDL). 
  8-Hypersensivity

       e.g. Bone marrow depression, photosensivity , dermatitis , interstitial nephritis ( rare ) patients allergic to sulfa drugs may be allergic to Thiazide diuretics. 
 (It is a Thiazide analogue)                                   
 -lipid soluble.   
-long duration.    
    -metabolized & excreted by GIT & kidneys. 
    -useful in patients with renal failure.
 
      - It has far less ability to inhibit carbonic anhydrase as compared to chlorothiazide.

     - It is more potent.    

                                      Potassium-sparing diuretics
Act in the collecting tubule to inhibit the reabsorption of Na+ & inhibit excretion of K+…
       - Inhibit reabsorption of Na+ = Na+ is excreted. 
       - Inhibit excretion of K+ = K+ is Kept in the body. 


    -It's action depend on high level of aldosterone. 

*Mechanism of action:

   - Antagonizes aldosterone at intracellular cytoplasmic receptor sites.
   - The inactivation of these receptors             inhibits Na+/K+ exchanges           inhibit K+ & H+ secretion.      
*Pharmacological actions:

   - In edematous states, blood level of aldosterone increased causing retaining Na+.                  - Administration of Spironolactone antagonizes the action of aldosterone result in retention     of K+ & excretion of Na+. 
*Therapeutic uses:

  -Diuretics

  -Secondary hyperaldostreonism

  -Heart failure:

                a. Antagonize the action of aldosterone. 

                b. reduce the remodeling of heart failure caused by aldosterone. 

*Pharmacokinetics:

· Completely absorbed after oral administration.
· Strongly bound to proteins.
· Metabolized to active metabolite (canrenone), which has mineral corticoid blocking activity.
· Spironolactone induces cytochrome P450.
*Adverse effects:

  -Gastric upsets            peptic ulcers.
  -Gynecomastia in males.
  -Menstrual irregularities.
  -Hyperkalemia.
  -Nausea.
  -Lethargy.
  -Mental confusion.


-Block Na+ transport channels           decrease in Na+/K+ exchange . 
-The blocking effect in the collecting tubule does not depend on the presence of aldosterone.

-So, it is effective in individuals with Addison disease

-Also, used in combination with other diuretics. 
*Side effects:

· Leg cramps

· Increase blood urea nitrogen

· Increase uric acid level

· K+ retention
· Triamterene is poorly soluble           precipitate in urine          kidney stones. 

· Triamterene will cause acute renal failure if it was used with indomethacin.    
                                                OSMOTIC DIURETICS
*Mechanism of action:

-Hydrophilic chemical substances as Mannitol & Urea carry water with them into tubular fluid               Diuresis
-They are not effective in cases of Na+ retention.
-Also, antagonize the action of ADH in the collecting tubule.(secondary action). 
*Pharmacokinetics:

-Poorly absorbed (Not given orally b/c it causes watery diarrhea)
-Given parenterally.
-Mannitol orally           osmotic diarrhea. 

-Mannitol is not metabolized excreted by glomerular filtrate within 30-60 minutes.
*Clinical uses: (Note that these uses are the result of Mannitol effect).
1- Increase urine volume to prevent anuriea as in hemolysis also in acute toxic ingestion of substance capable of producing acute renal failure. 
* التفسير بالنسبة للـ hemolysis  عشان نتخلص من الـ Large pigments load to Kidney ... ونفس الشي يصير في حالة الـ Rhabdomyolysis ...  
2-Decrease ICP (intra-cranial pressure) & IOP (intra-ocular pressure)
*Adverse effects:

-Extracellular volume expansion (Edema)
-Dehydration & hypernatremia

                     IV-CARBONIC ANHYDRASE INHIBITORS (inhibit Na+ reabsorption)

-Inhibit carbonic anhydrase in the proximal tubule.
-The enzyme catalyzes the reaction of CO2 & H2O2            H2CO3 then ionizes to H+ & HCO3-

-The exchange of Na+ for H+ is inhibited by Acetazolamide.
-The retention of HCO3- in the lumen                increase urinary PH (alkalosis)
-Loss of HCO3             hyperchloremic metabolic acidosis.
*Therapeutic uses:

· Glaucoma, useful in chronic treatment

· Topical drug, as dorzolamide does not cause systemic effects(Used as eye drops, local)
· Mountain sickness, as prophylaxis of acute mountain sickness (taken for 5 days, once a day in night)
*Pharmacokinetics:

      -Given orally, once daily

*Adverse effects:

       -Metabolic acidosis 
       -K+ depletion

       -Renal stone formation

       -Drowsiness

       -Parethesia

N.B.: The drug is absolutely contraindicated in hepatic cirrhosis as it can lead to decrease excretion of NH4+.
                                     V-LOOP DIURETICS

1- Furosemide group is a sulfonamide derivative.
2- Ethacrynic acid is a phenoxy acetic acid derivative containing ketone & methylene group.
3-organic mercurial group not used because of high toxicity.
4- Note: any drug that decrease the synthesis of loop diuretics will decrease the action of loop diuretics… 
*Pharmacokinetics:

-Given orally (if mild) or parenterally (if severe). 
-Eliminated through kidney (P.C.T).
-So, their secretion is reduced by simultaneous administration of NSAID's or probenecid.
*Mechanism of action:

1- Reduce the reabsorption of NaCl in the ascending limb of the loop of Henle by inhibiting the transport system Na+/K+2Cl-

(Increase Ca++, Mg++ excretion in urine.
2-increase prostaglandin synthesis that have a role in their diuretic action. So, any drug decreases prostaglandin synthesis will decrease loop diuretics action.  
3- Increase renal blood flow by direct action on B.V causing decrease in renal vascular resistance (effective in patients with poor renal function)

*Clinical uses:

1-Acute pulmonary edema (decrease pulmonary congestion, direct action on vascular beds).
2-Acute heart failure (they have a rapid onset of action).
3-Hypercalcemia.
4-Hyperkalemia.
5-Acute renal failure (increase rate of urine flow, help to flush intratubular casts & decrease intratubular obstruction).
**Note that:

-All diuretics increase the secretion of calcium in urine EXCEPT Thiazide. 
-Retain calcium            Thiazide.
-Retain potassium            Potassium sparing.
*Adverse effects:

· Ototoxicity: Ethacrynic acid is the most likely to cause deafness. 

· Hyperuricemia

· Acute hypovolemia cause a severe & rapid reduction in blood volume            hypotension, shock, cardiac arrhythmias & hypercalcemia

· Potassium depletion

· Hypomagnescemia. 
· Allergic reactions (less with Ethacrynic acid)

· Dehydration

*Contraindication:

-Furosemide may develop cross allergy with sulfonamide group. 

-NSAID's

                                    ANTIDIURETIC HORMONE (ADH)    
    Agonists: 
e.g. vasopressin: used to treat pituitary Diabetes Insipidus
    Antagonists: 
e.g. lithium, demeclocycline

*Pharmacokinetics:  y
-Given orally.
-Lithium is excreted is excreted by the kidney. 

-Demeclocycline is metabolized in the liver.
*Mechanism of action:

- Inhibit the effects of ADH in the collecting tubule.
- Reduce the synthesis of cAMP.
*Clinical uses:

-Used in cases of elevated secretion of ADH as in HF & liver disease.
*Adverse effects:

-Nephrogenic Diabetes Insipidus. 

-Renal failure.
-Lithium may cause: tremors, mental disturbances, cardio-toxicity, thyroid dysfunction, and leucocytosis.
-Demeclocycline should be avoided in liver disease & young children.
*Clinical uses of diuretics:

A: Edematous cases:

           1- Heart Failure.
           2- Hepatic ascitis.
           3- Nephrotic syndrome.
          4- Premenstrual edema.
B: Non-Edematous states:

         1- Hypertension.
         2- Hypercalcemia.
         3- Diabetes Insipidus.  
 V. IMP. NOTES: 

· Carbonic anhydrase inhibitors act on PCT by blocking (NaHCO3) where as Thiazide diuretics act on DCT by blocking (NaCL)…Both of them BLOCK the absorption of (Na)…
· Thiazide Diuretics are given orally EXCEPT chlorothiazide is given parenterally.

· Potassium-sparing Diuretics: given orally. 

· Osmotic diuretics: given parenterally (NOT orally). 

· Carbonic anhydrase inhibitors: orally. 

· Loop diuretics:

· In mild cases: Orally. 

· In severe cases: Given parenterally. 

· ADH Agonist: given orally. 
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SPIRONOLACTONEE





B/c its structure resembles sex hormones  





AMILORIDE & TRIAMTERENE





ACETAZOLAMIDE





HYDROCHLOROTHIAZIDE 





 For all Thiazide group (NOT used in):  





Hepatic cirrhosis. 


Renal failure (b/c it's execrated by kidneys). 


Allergy to Sulfate group. 





بنات يا حلوين ذاكروا من هذي لاننا اضفنا عليها  و عدلنا فيها  وارموا الاولى...   





 Hyponatremia is due to a combination of hypovolemia induced by elevation of ADH & reduction in the diluting capacity & increased thirst.   








