
Diuretics 

- Ion transport inhibitors that increase urine excretion mainly by decrease reabsorption of salts and       

water from kidney tubules. 

-  Widely used in the management of any condition associated with salt and water retention. 

-  Diuretics act at different sites of the nephron. 

-  Considered the First-line therapy for most hypertensive patients (Thiazides mainly) 

- Highly effective, relatively safe and cheap. 

- Excessive usage may lead to a compromise of the effective arterial blood volume with reduction in 

perfusion of vital organs. 

 

* Cautions:  

1. The decrease in blood volume can lead to hypotension and collapse . 

2. Blood viscosity rises due to an increase in Erythro-and Thrombocyte concentration, which could 

lead to an increased risk of intravascular coagulation or thrombosis. 

* General clinical uses: Hypertension , Heart and Pulmonary edema, renal or liver failure. 

 

- Categorized by their site of action in the kidney; their MOA and to a lesser extent by their potency: 

* Classification 

 

1. Osmotic diuretics (Mannitol) 

- Exert osmotic effects that prevent water reabsorption. 

- Site of action: Proximal convoluted tubule. 

- Major clinical use: Increase intracranial pressure, given I.V . 

- Other uses: 

I. Can be used to maintain urine volume and to prevent anuria. 

II. Reduces intraocular pressure before ophthalmologic procedures. 

III. Promotes removal of renal toxins. 

IV. Facilitates clearance of mucus in patients with bronchiectasis . 

* Toxicity: Extracellular volume expansion , Dehydration, hyperkalemia and hypernatremia. 

2. Carbonic Anhydrase Inhibitors (Acetazolamide) 

- Increases urine outflow and decreases formation of aqueous humor. 

- Site of action: Proximal convoluted tubules. 

- Major clinical use: Glaucoma(↑ intraocular pressure) , given orally and as an ophthalmic drops. 

- Other uses: 

I. Urinary Alkalinization 

II. Prophylaxis and Rx of Acute Mountain Sickness 
* Side effects: Hyperchloremic metabolic acidosis, Renal Stones. 

- Dorzolamide & Brinzolamide are other available topically (ophthalmic drops) active carbonic 

anhydrase inhibitors . 

 

 



3. Thiazide Diuretics (Hydrochlorothiazide, Chlorthalidone, Indapamide) 

-  Exert their effects on specific membrane transport proteins in renal tubular epithelial cells. 

-  Least expensive, Low to moderate efficacy , most frequently used diuretics  

-  Differ in their t1/2, DOA and potency, have similar MOA 

- Dose increment will not lead to further increase in their diuretic effect. 

- Ineffective in patients with impaired renal function or patients with GFR< 20 ml/min. 

- Highly effective in lowering BP when combined with other antihypertensive drugs. 

-  Site of action: Distal convoluted tubules. 

-  Clinical uses : 

I. Hypertension 

II. Edema of HF; liver cirrhosis…etc 

III. Nephrogenic diabetes insipidus  

IV. Idiopathic Hypercalciuria  

- Usually given orally except Chlorthiazide which may be given I.V 

-  MOA: inhibite Na+ reabsorption , increase Ca++ reabsorption , Little carbonic anhydrase inhibitory 

effect , Direct vasodilating effect(Indapamide) , dcrease response of blood vessels to NE. 

* Side effects: 

a. Hypokalemia & Hypomagnesemia : 

- Muscle weakness and serious cardiac arrhythmias (Most frequent and dangerous side effect) 

- Patients at high risk are those with: Left ventricular hypertrophy, previous history of MI; previous 

history of cardiac arrhythmias & patients who are on digoxin therapy.  

b. Hyperuricemia:  

- Could precipitate gout 

- The effect of thiazides on uric acid is dose dependent: 

Low doses → hyperuricemia  

Large doses → ↓ uric acid reabsorption  

c. Erectile dysfunction, Hyperglycemia, Hyperlipidemia (↑ LDL, ↑ TG’s), Hypercalcemia, Pancreatitis 

 

4. Loop Diuretics (Furosemide, Bumetanide, Ethacrynic acid, Torsemide)        

- High efficacy diuretics , The strongest diuretics, have rapid OOA and short DOA. 

- Most effective in patients with renal insufficiency = creatinine level > 2.5 mg/dl or resistant cases to 

other diuretics. 

-  Dose increment will lead to further increase in their diuretic effect (over-treatment → dehydration) 

- Site of action: Thick segment of ascending loop of Henle . 

- Clinical uses: 

I. 1st line therapy in patients with CHF 

II. Acute pulmonary edema 

III. Edematous states (ascitis; CHF; renal failure…etc) 

IV. Hypercalcemia(Furosemide), Hypertension, Inappropriate ADH secretion(Furosemide) 

- MOA : Loop diuretics increase excretion of Na+, Cl-, K+, H+, H2O and HCO3
- (weak CA inhibitory effect). 

* Side effects: Hypokalemia, hypomagnesemia, Hypocalcemia, Irreversible ototoxicity (usually dose 

related ), Dehydration, hyperglycemia, hyperuricemia, Allergic reactions, alkalosis. 



5. Potassium-sparing Diuretics 

- low efficacy diuretics 

 

A. Aldosterone antagonists (Spironolactone, Eplerenone)  

- Given orally; have delayed OOA 

- Weak diuretics, usually combined with other antihypertensives or thiazides . 

- Eplerenone is more potent than Spironolactone . 

- Site of action: Distal convoluted tubules, Collecting ducts (Only effective in presence of aldosterone) 

- Clinical uses:  

I. CHF 

II. Hypertension, Hyperaldosteronism (1° or 2°) 

III. Hypokalemia , Hirsutism (antiandrogenic effect) 

-  MOA: ↑ Na+ excretion & ↓ K+ excretion 

* Side effects: 

1. Hyperkalemia : 

- Cardiac arrhythmias are more common in patients with diabetes, chronic renal disease or patients on 

ACE inhibitors and more severe with Eplerenone .  

2. Gynecomastia in ♂’s (rare with Eplerenone) 

3. Breast tenderness in ♀’s (rare with Eplerenone) 

 

B. Nonsteroidal potassium-sparing diuretics (Amiloride, Triamterene)  

- Orally effective and available alone or combined with thiazides  

- Site of action: Distal convoluted tubules. 

- Clinical uses: 

I. Hypertension 

II. Hypokalemia  

- MOA: ↓ Na+ reabsorption, ↓ K+ excretion . 

* Side effects: 

1. Hyperkalemia  

2.  Renal tubular damage especially reported following the use of Triamterene + Hydrochlorothiazide 

 

* The problem of diuretic-induced hypokalemia: 

(Thiazide/loop diuretic + oral K+ supplement) or (Thiazide/loop diuretic with a K+ sparing diuretic) 

* Unlike Thiazide diuretics, loop and K+ sparing diuretics have no effects on blood lipids. 

* Diuretic resistance or refractoriness (Therapeutic Failure) : 

- Continued ingestion of salt 

- Impairment of organic acid secretion mechanisms in the proximal tubules due to: diseases or drugs 

- Secondary hyperaldosteronism  

- Lowered renal blood flow  Na+ reabsorption (postdiuretic salt retention) 

- Lowered bioavailability of the drug 

* Management of diuretic resistance: Restriction of sodium intake, changes in dose, changes in timing, 

and combination of diuretic therapy . 

 



Antifungal Drugs  

- Dermatomycoses  are  infections  of  the  skin,  hair and nails,  caused  by  dermatophytes. The 

commonest  are  due  to  Tinea  organisms  which are also known as ringworms . 

 

1. Polyenes (polyene macrolide antibiotics) 

- MOA: Bind to ergosterol in fungal plasma membrane leading to formation of pores and hence 

increased permeability of the membrane. 

- Mechanisms of resistance: Decreased ergosterol content of the fungal membrane,  Impaired 

binding to ergosterol . 

 

  A. Amphotericin B      

- Clinical uses: 

I. Drug of choice for most systemic infections  

II. Useful for fungal infection of gastrointestinal tract. 

III. Locally used in corneal ulcers , arthritis (intra-articular) and bladder irrigation .      

* Side effects : Renal toxicity (most serious), Hypokalaemia, Hypomagnesaemia, Anemia & 

thrombocytopenia, Impaired hepatic function, Anaphylactic shock, Anorexia, nausea, vomiting, 

abdominal, joint and muscle pain, loss of weight, and fever. 

- To reduce the toxicity of Amphotericin B, several new formulations have been developed in which 

amphotericin B is packaged in a lipid-associated delivery system (Liposomal preparations). 

 

  B. Nystatin 

- MOA: Bind to ergosterol in fungal plasma membrane leading to formation of pores and hence 

increased permeability of the membrane. 

- Too toxic for systemic use. 

- Clinical uses: 

I. Administered orally to prevent or treat superficial candidiasis of mouth, esophagus or intestinal 

tract.   

II. Decrease GIT colonization with Candida. 

III. For vaginal candidiasis in form of pessaries 

IV. cutaneous infections 

 

C. Natamycin  

- Not absorbed when given orally 

- Clinical uses: 

I. treatment of fungal keratitis 

II. effective against Aspergillus and Fusarium corneal infections 

III. effective in Candida, Cephalosporium and Penicillium 

 

 

 

 



2. Azoles 

- MOA: fungistatic, inhibit cytochrome P450 demethylase enzyme which is important for formation of 

ergosterol (inhibits fungal growth). 

- Mechanisms of resistance: Mutation in the gene encoding for demethylase  

- Contraindicated in pregnancy 

 

A. Imidazoles (Ketoconazole, Miconazole, Clotrimazole) 

 

** Ketoconazole 

- Only administered orally 

- Metabolized extensively  in liver by cytochrome P450 (CYP3A4) and the inactive metabolites are 

excreted in bile. 

- Induction of microsomal enzymes by other drugs like Rifampicin reduces its blood concentration. 

 

- Clinical uses: 

I. Treatment of systemic mycoses (first orally active narrow spectrum azole available). 

II. active against many fungi, including Histoplasma, Blastomyces, Candida, and Coccidioides, but 

not aspergillus species. 

III. The shampoo and aerosols foams containing Ketoconazole are highly effective in treating 

seborrheic dermatitis. 
IV. Could be used in the management of Cushing’s syndrome and Ca of prostate. 

 

* Side effects: Liver toxicity, Hair loss, menstrual abnormalities, gynecomastia, decreased libido and 

impotency, Fluid retention and hypertension, Dose dependant nausea, anorexia ,vomiting. 

 

* Drug-drug interactions: 

1. Cyclosporine and Phenytoin  inhibit its metabolism and hence increase Ketokonazole toxicity. 

2. Warfarin and Rifampin increase its metabolism and hence decrease concentration (shorten its DOA). 

3. H2 blockers, Antacids, proton pump inhibitors and Sucralfate decrease its absorption 

4. Ketokonazole decreases ergosterol in the funagal membrane thus, it reduces the fungicidal action of 

Amphotericin B. 

 

 

 

 

 

 

 

 

 

 

 



B. Triazoles 

- The newer antifungal agents, and are less toxic and more effective 

- Damage the fungal cell membrane by inhibiting enzyme demethylase 

- Penetrate to CNS, Cause less endocrine disturbances  

 

a) Fluconazole 

- It has least effect on hepatic microsomal enzymes, Drug interactions are less common 

- Can safely be administered prophylactically in patients receiving  bone marrow transplants. 

- Resistance not a problem except in patients with HIV. 

-  Not effective in aspergillosis  

- Clinical uses: 
I. Drug of choice in cryptococcal meningitis(Cryptococcosis) and Coccidial meningitis(Coccidioidomycosis). 

II. Candidiasis 

III. In AIDS 

IV. It has activity against histoplasmosis, blastomycosis, spirotrichosis and ring worm but 

Itraconazole is better in the same dose. 

* Side effects: Hepatic failure may lead to death, highly teratogenic, Nausea, vomiting, headache, 

skin rash, abdominal pain, diarrhea, reversible alopecia, No endocrine adverse effects. 

 

b) Itraconazole 

-  Extensively metabolized in liver by cytochrome P450 (CYP3A4). 

- Does not penetrate CSF adequately as compared to Fluconazole, therefore its concentration is less 

to treat meningeal fungal infection. 

- Loading doses are recommended in deep mycosis. 

- Intravenously reserved only in serious infections. 

* Side effects: Nausea, vomiting, hypertriglyceridemia, hypokalaemia, increased aminotransferase, 

hepatotoxicty and rash (leads to drug discontinuation) 

 

c) Voriconazole 

- Similar to Itraconazole but more potent, Inhibition of P450 is less. 

- Hepatic metabolism predominant, Reversible visual disturbances. 

 

d) Posaconazole 

- Broad-spectrum antifungal agent similar to Itraconazole. 

- Clinical uses: 

I. Prevent Candida and Aspergillus infections in severely immunocompromised patients 

II. Treatment of oropharyngeal candidiasis 

III. Treatment of fungal infections caused by Mucor species and other zygomycetes 

- Like Ketokonazole, Posaconazole can cause an elevation of liver function tests and it inhibits 

cytochrome P450 system. 

* Side effects: gastrointestinal symptoms (nausea, vomiting, diarrhea, and abdominal pain) and 

headaches. 

 



3. Allylamines (Terbinafine, Naftifine, Butenafine)        

- MOA: Inhibit fungal squalene epoxidase(an enzyme required for the cholesterol synthetic pathway), 

thereby decreasing the synthesis of ergosterol.                        

** Terbinafine   

- Fungicidal but activity is limited to Candida albicans and dermatophytes . 

-   Better tolerated and requires shorter duration of therapy than Griseofulvin. 

-   Protein binding more than 99% in plasma and metabolized by P450 system. 

-   Metabolites excreted in urine and its clearance is reduced in moderate renal and hepatic impairment. 

- Clinical uses:  

I. drug of choice for treating dermatophytes 

II. treatment of onychomycosis (fungal infections of nails).   

* Side effects and contraindications : 

1. Severely hepatotoxic  (liver failure may lead to death), Transient rise in serum liver enzymes. 

2. GIT disturbances, Taste and visual disturbance, Severe allergic reactions . 

3. should not be given to nursing mothers. 

4. Not recommended in azotemia or hepatic failure. 

- Drug-Drug interactions: Rifampicin decreases and Cimetidine increases its blood concentrations. 

 

4. Echinocandins (Caspofungin, Micafungin, Anidulafungin)  

-MOA: Interfere with the synthesis of the fungal cell wall by inhibiting the synthesis of D-glucan, 

leading to lysis and  fungal cell death. 

** Caspofungin 

- Not active orally given IV,  Highly bound to serum proteins, Very expensive. 

- Useful for aspergillus and candida. 

* Adverse effects : nausea , vomiting, flushing and liver dysfunction 

 

5. Antifungals that inhibit mitosis(Griseofulvin)     

-MOA: binds to tubulin, interfering with microtubule function, thus inhibiting mitosis. 

- It is fungistatic for species of dermatophytes, and has narrow spectrum 

- Largely been replaced by Terbinafine for treatment of dermatophytic infections of the nails because 

of toxicity. 

- it has to be given orally for Rx of hair and nail dermatophyte infections. 

-  Extensively metabolized in liver and induces CYP450. 

- The drug has to deposit first in keratin of growing skin,  nail and hair to get rid of disease. 

- Clinical uses: 

I. Mycotic diseases of skin, hair (particularly for scalp) and nail 

II. Effective in athlete’s foot 

III. Not effective in subcutaneous or deep mycoses 

* Side effects: Headache, Peripheral neuritis, lethargy, mental confusion, impairment in performance 

of routine task , Fatigue, vertigo, syncope, blurred vision. 

 



6. Drugs that inhibit DNA synthesis (antimetabolites): 

Flucytosine (5FC=5-flurocytosine) 

- Widely distributed in body and penetrates well into CSF. 

- MOA: fungistatic , inhibits thymidylate synthase, thus depriving the fungus of thymidylic acid an 

essential DNA component. 

- Amphotericin B increases cell permeability, allowing more Flucytosine to penetrate the cell. Thus, 

Flucytosine and Amphotericin B are synergistic. 

- Clinical uses: 

I. Useful activity against Candida and Cryptococcus. 

II. Effective in combination with Itraconazole for treating chromoblastomycosis and with 

Amphotericin B for treating cryptococosis 

III. Highly effective in cryptococcal meningitis in AIDS patients. 

* Side effects: Reversible neutropenia, thrombocytopenia and occasional bone marrow depression, 

Nausea, vomiting, diarrhea, severe enterocolitis, Reversible hepatic enzyme elevation . 

 

* Antifugal Drugs for Cutaneous Mycotic Infections 

 

1) Topical antifungal preparations 

a)Topical Azole derivatives (Miconazole, Clotrimazole, Butoconazole and Terconazole) 

-   Associated with contact dermatitis, vulvar irritation, and edema. 

-  Miconazole is a potent inhibitor of Warfarin metabolism and has produced bleeding in Warfarin-

treated patients even when it is applied topically. 

- Rarely administered parenterally because of their severe toxicity 

-   Their mechanism of action and antifungal spectrum are the same as those of Ketoconazole. 

b) Nystatin and Amphotericin B 

c) Tolnaftate  

- MOA: inhibit the squalene epoxidase, an important enzyme in the biosynthetic pathway of ergosterol 

- Effective in most cutaneous mycosis, ineffective against Candida 

d) Terbinafine 

 

2) Oral anti fungal agents used for topical infections 

a) Oral Azoles 

b) Griseofulvin  

c) Terbinafine  

 

 

 

 

 

 

 

 



Drugs acting on the uterus 

 

A) Uterine Stimulants 

 

1) Oxytocin 

- The uterus is insensitive to oxytocin in early pregnancy but its sensitivity increases with advanced 

pregnancy reaching maximum at time of delivery. 

- Slight ADH-like activity 

- MOA: Prostaglandin release , intracellular Ca++ 

- Clinical uses: 

I. Induction of labor (Drug of choice) 

II. Postpartum hemorrhage, Breast engorgement 

III. Abortifacient(substance that induces abortion), I.V infusion. ≥ 20 weeks of gestation, ineffective 

in early pregnancy 

* Side effects: Rupture of the uterus(Major and most serious side effect), H2O intoxication and 

hypertension(Due to its ADH-like activity). 

* Specific oxytocin antagonist: Atosiban 

(inhibitor to uterine contraction=tocolytic), effective in the management of premature delivery. 

 

2) Prostaglandins 

a) Dinoprostone (PGE2), Dinoprost (PGF2α): Abortifacient, induction of labor 

b) Carboprost (PGF2α): Abortifacient and postpartum hemorrhage 

c) Gemeprost (PGE1): Used to prime the cervix 

 

3) Ergot alkaloids (Ergonovine, Methylergonovine) 

- The drugs of choice to manage postpartum hemorrhage  

- Ergot alkaloids are more potent, produce more prolonged and sustained contractions of the uterus 

and less toxic than oxytocin . 

- Contraindicated to be used as inducers to delivery (associated with high incidence of fetal distress 

and mortality) . 

 

B) Uterine relaxants (Tocolytics) 

- Major clinical use: premature delivery (weeks 20-36) → improve the survival of the newborn 

- Major contraindication: fetal distress 

1) β-adrenergic agonists: Ritodrine(Most widely used), Terbutaline 

* Side Effects: Sweating, tachycardia, chest pain 

2) Magnesium sulfate: premature delivery and convulsions of pre- eclampsia 

3) Progesterone : Dydrogesterone 

4) Oxytocin competitive antagonists: Atosiban 

5) Prostaglandin synthesis inhibitors: Indomethacin, Meloxicam 

6) Nifedipine 

 



ADH(Vasopressin) 

 

1) ADH preparations 

a) Pitressin (Natural human ADH) : short half-life 

b) Lypressin (synthetic, porcine source) : short DOA 

c) Desmopressin (synthetic ADH-like drug): Most widely used preparation , long DOA , rarly casue Gangrene  

d) Felypressin (synthetic ADH-like drug): strong vasoconstrictor activity, Mainly used in dentistry 

* Clinical uses: Diabetes insipidus , Nocturnal enuresis, Hemophilia, Bleeding esophageal varices  

* Side effects: Allergy, Pallor, Headache, nausea, abdominal pain in males, Anginal pain , H2O intoxication 

 

2) ADH antagonists 

a) Conivaptan, V1 & V2R antagonist 

b) Tolvaptan, Lixivaptan , Satavaptan V2R antagonists 

Clinical uses: Inappropriate ADH secretion, CHF 

 

* Disorders affecting ADH release: 

1) Excess production (inappropriate ADH secretion) → Dilutional hyponatremia  

Rx:  Water restriction (Rx of choice) , Hypertonic saline solution, Fludrocortisone , ADH antagonists 

 

2) Deficiency of ADH → Diabetes insipidus (DI)→ polyuria 

Rx: ADH preparations (HRT) 

 

 

 

 


