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Diuretics

These increase the volume of urine produced by increasing the excretion of Na+ within the nephrons of the kidney (natriuresis). Possible modes of action include

· Acting upon membrane transport proteins on the lumenal surface

· Interfering with hormone (antidiuretic hormone) receptors

· Inhibiting enzyme activity

They all share the following interactions

	ACE Inhibitors
	Enhanced hypotensive effect when diuretics given with these drugs. 

	Angiotensin-II Receptor Antagonists
	

	Alpha Blockers
	

	Beta-blockers
	

	Calcium-channel Blockers
	

	Nitrates
	

	Adrenergic Neurone Blockers
	

	Alcohol
	

	Aldesleukin
	

	Alprostadil
	

	Anaesthetics, General
	

	Anxiolytics and Hypnotics
	

	Baclofen
	

	Carbamazepine
	

	Clonidine
	

	Diazoxide
	

	MAOIs
	

	Methyldopa
	

	Minoxidil
	

	Moxisylyte (thymoxamine)
	

	Moxonidine
	

	Nitroprusside
	

	Hydralazine
	

	Levodopa
	

	Phenothiazines
	

	Tizanidine
	

	Antidepressants, Tricyclic
	Increased risk of postural hypotension when diuretics given with these drugs.

	Amisulpride
	hypokalaemia caused by diuretics increases risk of ventricular arrhythmias with these drugs

	Pimozide
	

	Sertindole
	

	NSAIDs
	Diuretics increase risk of nephrotoxicity of NSAIDs , also antagonism of diuretic effect 

	Platinum Compounds
	Increased risk of nephrotoxicity and ototoxicity when diuretics given with platinum compounds

	Corticosteroids
	Diuretic effect antagonised by these drugs 

	Indometacin
	

	Ketorolac
	

	Lymecycline
	Avoidance of diuretics advised by manufacturer of lymecycline 


Hypokalaemic alkalosis and Hyperkalaemia: The theory

Both loop and thiazide diuretics result in an increased Na+ concentration in the distal tubule where Na+ is absorbed and K+ and H+ are secreted – this drives more Na+ into the cell than normal, and hence more K+ and H+ leaves to be excreted resulting in a hypokalaemia and a metabolic alkalosis.

Potassium sparing diuretics (Na+ excretion up to 3-5% of filtered load)
There are two forms: ENaC (Na+) channel blockers, and the aldosterone antagonists.

Na+ channel blockers block entry of Na+ across the membrane apical (lumenal) membrane. The drop in intracellular [Na+] reduces the activity of the basolateral 3Na+ 2K+ antiporter so less Na+ is secreted into the interstitium and less K+ enters from the interstitium.


The driving force for K+ secretion into the lumen is the negative potential of the lumenal membrane (generated by net loss of positive ions across the basolateral membrane). If less na+ ions are present intracellularly then it is not possible to maintain such a high level of negativity at the lumenal membrane and so less K+ is secreted.


The net effect is that less Na+ finds its way into the interstitium (and so less water follows it resulting in a dilute urine) and a hyperkalaemic state arises. 

Aldosterone acts upon receptors in the Principle cells of the collecting ducts. Here it promotes Na+ absorption and H+ / K+ secretion. Aldosterone antagonists bind competitively to the aldosterone receptor but do not stimulate it – they therefore reduce both Na+ absorption and H+ / K+ secretion.

Potassium sparing diuretics are not very effective and they result in a metabolic acidosis this means they are rarely used alone but are useful when used together with loop or thiazide diuretics to prevent hypokalaemia.

Furosemide (and bumetanide) by Alan McLeod

Loop diuretics (Na+ excretion up to 20-30% of filtered load) 

These are the most powerful type of diuretic. The mode of action is inhibition of Na+ transport out of the thick ascending limb of the loop of Henle into the medullary interstitium. This inhibits Na+ reabsorption and dilutes the osmotic gradient within the medulla thereby increasing Na+ and water excretion.

This means more Na+ reaches the distal tubule where Na+ is absorbed and K+ and H+ are secreted – this drives more Na+ into the cell than normal, and hence more K+ and H+ leaves to be excreted resulting in a hypokalaemia and a metabolic alkalosis.

The exact effect is inhibition of the Na+/ K+/2Cl- symporter. This inhibits transport of these ions from the lumen into the tubular cell. From here Na+ and Cl- would normally exit into the interstium. This means more Na+ is excreted instead of reabsorbed and so the osmolality of the interstitium drops, decreasing the efficiency of urine concentration.

Reabsorption is the transfer of a substance from the lumen to the blood via the interstitium.

Furosemide (frusemide) and bumetanide are similar in activity; both act within 1 hour of oral administration and diuresis is complete within 6 hours so that, if necessary, they can be given twice in one day without interfering with sleep. Following intravenous administration they have a peak effect within 30 minutes. The diuresis associated with these drugs is dose related. In patients with impaired renal function very large doses may occasionally be needed; in such doses both drugs can cause deafness and bumetanide can cause myalgia.
Uses

· Acute pulmonary or peripheral oedema

· Pulmonary congestion

· Acute hypercalcaemia

· Hypertension

· Acute renal failure

Side effects

· Hypokalaemic metabolic alkalosis 

· Hypovolaemia and hypotension

· Hypomagnesaemia: Mg+ excretion is increased due to a reduction in paracellular Mg+ reabsorption (resultant from changes in membrane polarity due to changes in K+ transport)

· Ototoxicity (damage to hearing)

Contraindications: precomatose states associated with liver cirrhosis; renal failure with anuria

Cautions: 

· Pregnancy: Not used to treat hypertension in pregnancy

· Hepatic impairment: Hypokalaemia may precipitate coma (use potassium-sparing diuretic to prevent this); increased risk of hypomagnesaemia in alcoholic cirrhosis

· renal impairment: May need high doses; deafness may follow rapid i/v injection

· Hypotension

· correct hypovolaemia before using in oliguria 

· prostatic enlargement; although manufacturer advises that rate of intravenous administration should not exceed 4 mg/minute, single doses of up to 80 mg may be administered more rapidly

Contra-indications

precomatose states associated with liver cirrhosis; renal failure with anuria

Side-effects

hyponatraemia, hypokalaemia, and hypomagnesaemia, hypochloraemic alkalosis, increased calcium excretion, hypotension

less commonly nausea, gastro-intestinal disturbances, hyperuricaemia and gout; hyperglycaemia (less common than with thiazides); temporary increase in plasma cholesterol and triglyceride concentrations; 

rarely rashes, photosensitivity and bone marrow depression (withdraw treatment), pancreatitis (with large parenteral doses), tinnitus and deafness (usually with large parenteral doses and rapid administration and in renal impairment)

Dose

By mouth, oedema, initially 40 mg in the morning; maintenance 20–40 mg daily, increased in resistant oedema to 80 mg daily or more; child 1–3 mg/kg daily, max. 40 mg daily

Oliguria, initially 250 mg daily; if necessary larger doses, increasing in steps of 250 mg, may be given every 4–6 hours to a max. of a single dose of 2 g (rarely used)

By intramuscular injection or slow intravenous injection (see Cautions, above), initially 20–50 mg; child 0.5–1.5 mg/kg to a max. daily dose of 20 mg

By intravenous infusion (by syringe pump if necessary), in oliguria, initially 250 mg over 1 hour (rate not exceeding 4 mg/minute), if satisfactory urine output not obtained in the subsequent hour further 500 mg over 2 hours, then if no satisfactory response within subsequent hour, further 1 g over 4 hours, if no response obtained dialysis probably required; effective dose (up to 1 g) can be repeated every 24 hours

	Chloral

Triclofos
	Administration of parenteral furosemide (frusemide) with this drug may displace thyroid hormone from binding sites

	Metalozone
	Profound diuresis possible when metolazone given with furosemide


Furosemide (frusemide) belongs to Diuretics, Loop and will have the following interactions: 

	Acetazolamide
	Increased risk of hypokalaemia when loop diuretics given with this drug

	Amphoteracin
	

	Corticostreroids
	

	Thiazides and related
	

	Reboxetine
	

	sympathomimetics
	

	o
	

	Aminoglycosides
	Increased risk of otoxicity when loop diuretics given with this drug

	Polymyxins
	

	vancomycin
	

	Antidiabetics
	Loop diuretics antagonise hypoglycaemic effect of antidiabetics

	Amiodarone*
	Hypokalaemia caused by loop diuretics increases cardiac toxicity

* Amiodarone has a very long half-life – interactions may occur weeks or months after it is stopped.

	Cardiac glycosides
	

	Disopyramide
	

	Flecainide
	

	Quinidine
	

	Sotalol
	Hypokalaemia caused by loop diuretics increases risk of ventricular arrythmias.

	Lidocaine
	Hypokalaemia caused by loop diuretics antagonizes this drug

	Mexiletine
	

	Lithium
	Reduce excretion of lithium (increased plasma concentration and risk of toxicity)—loop diuretics safer than thiazides


Italic + yellow = same interaction occurs with thiazide and related diuretics
Co-amilofruse by A. McLeod

A compound of amiloride hydrochloride + furosemide available in dose of 2.5 mg / 20 mg; 5 / 40 or 10 / 80

Bendroflumethiazide

Thiazide diuretics (Na+ excretion up to 10% of filtered load)
These reduce Na+ reabsorption in the early distal tubule by inhibiting a Na+ / Cl – cotransporter. This means more Na+ reaches the part of the lumen where Na+ is absorbed and K+ and H+ are secreted – this drives more Na+ into the cell than normal, and hence more K+ and H+ leaves to be excreted resulting in a hypokalaemia and a metabolic alkalosis.

Less Na+ reabsorption occurs anyway in the distal tubule than the loop of Henle so the Thiazides which affect reabsorption in the distal tubule are correspondingly less effective than loop diuretics. 

Most thiazide diuretics also inhibit the enzyme carbonic anhydrase (see page over).

Uses

· Hypertension: reducing peripheral vascular resistance

· Congestive heart failure

· Nephrogenic diabetes insipidus

Side effects

· Hypokalaemic metabolic acidosis

· Hyperglycaemia

· Hyperlipidaemia

· Hyperuricaemia

· Hypercalcaemia

· Hypernatraemia

Cautions

electrolytes may need to be monitored with high doses or in renal impairment, aggravates diabetes and gout; may exacerbate systemic lupus erythematosus; see also notes above; hepatic impairment (Appendix 2); renal impairment (Appendix 3); pregnancy (Appendix 4); breast-feeding (Appendix 5); interactions: Appendix 1 (diuretics)

Avoid in severe liver disease; hypokalaemia may precipitate coma (potassium-sparing diuretic can prevent); increased risk of hypomagnesaemia in alcoholic cirrhosis

Avoid if creatinine clearance less than 30 mL/minute—ineffective (metolazone remains effective but risk of excessive diuresis)

Not used to treat hypertension in pregnancy

Thiazides may cause neonatal thrombocytopenia in third trimester

large doses may suppress lactation
Contra-indications

Refractory hypokalaemia, hyponatraemia, hypercalcaemia; severe renal and hepatic impairment; symptomatic hyperuricaemia; Addison's disease

Side-effects

postural hypotension and mild gastro-intestinal effects; impotence (reversible on withdrawal of treatment); hypokalaemia (see also notes above), hypomagnesaemia, hyponatraemia, hypercalcaemia, hypochloraemic alkalosis, hyperuricaemia, gout, hyperglycaemia, and altered plasma lipid concentration; less commonly rashes, photosensitivity; blood disorders (including neutropenia and thrombocytopenia—when given in late pregnancy neonatal thrombocytopenia has been reported); pancreatitis, intrahepatic cholestasis, and hypersensitivity reactions (including pneumonitis, pulmonary oedema, severe skin reactions) also reported

Dose  

Oedema, initially 5–10 mg in the morning, daily or on alternate days; maintenance 5–10 mg 1–3 times weekly

Hypertension, 2.5 mg in the morning; higher doses rarely necessary (see notes above)

	Acetazolamide
	Increased risk of hypokalaemia when thiazides and related diuretics given with this drug

	Corticostreroids
	

	Loop diuretics
	

	Reboxetine
	

	sympathomimetics
	

	o
	

	Calcium salts

Vitamin D

Toremifene
	Increased risk of hypercalcaemia when thiazides and related diuretics given with this drug

	Chlorpropamide
	Increased risk of hyponatraemia when thiazides and related diuretics plus potassium-sparing diuretic given with this drug

	Ciclosporin
	increased risk of nephrotoxicity and possibly hypermagnesaemia when thiazides and related diuretics given with this drug

	Allopurinol
	Increased risk of hypersensitivity when thiazides and related diuretics given with this drug especially in renal impairment

	Antidiabetics
	Thiazides and related diuretics antagonise hypoglycaemic effect of antidiabetics

	Amiodarone*
	Hypokalaemia caused by thiazides and related diuretics increases cardiac toxicity

* Amiodarone has a very long half-life – interactions may occur weeks or months after it is stopped.

	Cardiac glycosides
	

	Disopyramide
	

	Flecainide
	

	Quinidine
	

	Sotalol
	Hypokalaemia caused by thiazides and related diuretics increases risk of ventricular arrythmias.

	Lidocaine
	Hypokalaemia caused by thiazides and related diuretics antagonizes this drug

	Mexiletine
	

	Colestipol

Colestyramine
	absorption of thiazides and related diuretics reduced by colestipol (give at least 2 hours apart)

	Lithium
	Reduce excretion of lithium (increased plasma concentration and risk of toxicity)—loop diuretics safer than thiazides


Italic + yellow = same interaction occurs with loop diuretics

Metolazone by A. Mcleod

Chemically, metolazone is not a substituted benzothiadiazine, and therefore is not technically a thiazide, it does however act on the same target and behaves in a similar function and so is referred to as a ‘thiazide–like’ diuretic.

Indications

oedema, hypertension (see also notes above)

Cautions

see under Bendroflumethiazide

also profound diuresis on concomitant administration with furosemide (monitor patient carefully)

porphyria 

Contra-indications: see under Bendroflumethiazide
Side-effects: see under Bendroflumethiazide
Dose

Oedema, 5–10 mg in the morning, increased if necessary to 20 mg daily in resistant oedema, max. 80 mg daily

Hypertension, initially 5 mg in the morning; maintenance 5 mg on alternate days

Interactions:

	Furosemide
	Profound diuresis possible when metolazone given with furosemide


Others as for thiazide

K+ Sparing diuretics (Amiloride, Spironolactone) by A. McLeod

Epithelial Na+ Channel (EnaC) blockers block entry of Na+ across the apical (lumenal) membrane. The drop in intracellular [Na+] reduces the activity of the basolateral 3Na+ 2K+ antiporter so less Na+ is secreted into the interstitium and less K+ enters from the interstitium.


The driving force for K+ secretion into the lumen is the negative potential of the lumenal membrane (generated by net loss of positive ions across the basolateral membrane). If less na+ ions are present intracellularly then it is not possible to maintain such a high level of negativity at the lumenal membrane and so less K+ is secreted.


The net effect is that less Na+ finds its way into the interstitium (and so less water follows it resulting in a dilute urine) and a hyperkalaemic state arises. 

Aldosterone antagonists: Aldosterone acts upon receptors in the Principle cells of the collecting ducts. Here it promotes Na+ absorption and H+ / K+ secretion. Aldosterone antagonists bind competitively to the aldosterone receptor but do not stimulate it – they therefore reduce both Na+ absorption and H+ / K+ secretion.
	Amiloride
	Spironolactone

	EnaC Channel antagonist
	Aldosterone antagonist

	Indications: 

· oedema, 

· potassium conservation with thiazide and loop diuretics
	Indications

· oedema and ascites in cirrhosis of the liver, 

· malignant ascites, 

· nephrotic syndrome, 

· congestive heart failure 

· primary hyperaldosteronism

	Side-effects

· hyperkalaemia, 

· hyponatraemia
· postural hypotension

· gastro-intestinal disturbances, 

· dry mouth, 

· rashes, 

· confusion, 
	Side-effects

· hepatotoxicity, 

· osteomalacia, 

· blood disorders

· hyperkalaemia (discontinue)

· hyponatraemia
· gastro-intestinal disturbances; 

· rashes;

· confusion;

· impotence, 

· gynaecomastia; 

· menstrual irregularities; 

· lethargy, 

· headache,

	Cautions

· Pregnancy; as thiazides

· Breast-feeding

· Renal impairment; if MILD, Monitor plasma K+; high risk of hyperkalaemia in renal impairment; avoid if moderate – severe.
· elderly

· diabetes mellitus


	Cautions

· Pregnancy

· Breastfeeding 

· Renal impairment; if MILD, Monitor plasma K+; high risk of hyperkalaemia in renal impairment; avoid if moderate – severe.
· hepatic impairment;

· elderly
· potential metabolic products carcinogenic in rodents; 

· porphyria 

	Contra-indications

· renal failure (moderate – severe).

· hyperkalaemia,
	Contra-indications

· hyponatraemia;

· hyperkalaemia, 

· Addison's disease

	Monitoring: Electrolytes, discontinue if hyperkalaemia
	Monitoring: Electrolytes, discontinue if hyperkalaemia

	Dose

Used alone, initially 10 mg daily or 5 mg twice daily, adjusted according to response; max. 20 mg daily

With other diuretics, congestive heart failure and hypertension, initially 5–10 mg daily; cirrhosis with ascites, initially 5 mg daily
	Dose

Oedema and ascites in cirrhosis of the liver, malignant ascites, nephrotic syndrome, congestive heart failure; primary hyperaldosteronism: 100–200 mg daily, increased to 400 mg if required; child initially 3 mg/kg daily in divided doses

Heart failure: may be considered for patients with severe heart failure who are already receiving an ACE inhibitor and a diuretic;low doses (usually 25 mg daily) reduce symptoms and mortality in these patients


Interactions: As main list (diuretics) and also:

	ACE Inhibitors

ARBs

Ciclosporin

Drospirenone

Indometacin

Potassium

Tacrolimus

Trilostane
	Increased risk of hyperkalaemia

	NSAIDs
	Possible increased risk of hyperkalaemia

	Chlorpropramide
	increased risk of hyponatraemia

	Lithium
	reduce excretion of lithium (increased plasma concentration and risk of toxicity)


Co-amilofruse by A. McLeod

A compound of amiloride hydrochloride + furosemide available in dose of 2.5 mg / 20 mg; 5 / 40 or 10 / 80

Carbonic anhydrase inhibitors – not required for this project
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Carbonic anhydrase (CA) inhibitors (Na+ excretion up to 5% of filtered load): CA is found both inside the cell cytoplasm and on the brush border of the lumenal membrane of proximal tubule cells. This enzyme works to convert H2CO3 into CO2 and H2O – these enter freely into the cell and are converted back into H2CO3, which spontaneously disassociates into H+ and HCO3-.

Interfering with this enzyme results in the presence of non-absorbable HCO3- in the lumen and this reduces Na+ absorption with the result that increased levels of NaHCO3 are passed onwards down the lumen. 

By interfering with the reabsorption of HCO3-, the plasma [HCO3-] drops – a metabolic acidosis.

Drugs used in Chronic Renal failure

Erythropoietin (EPO) by A. McLeod

This is a naturally occurring substance in the human body – 90% is produced by the kidneys. EPO is naturally produced when the oxygen supply reaching the kidney is reduced – it binds to receptors on erythroid precursor cells within the bone marrow and induces differentiation into proerythroblasts which eventually become erythrocytes.
Synthetic EPO is available. It works in exactly the same way as natural EPO 
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Epoetin (recombinant human erythropoietin) is used for the anaemia associated with erythropoietin deficiency in chronic renal failure, to increase the yield of autologous blood in normal individuals and to shorten the period of anaemia in patients receiving cytotoxic chemotherapy. The clinical efficacy of epoetin alfa and epoetin beta is similar. Epoetin beta is also used for the prevention of anaemia in preterm neonates of low birth-weight.

Darbepoetin, is a hyperglycosylated derivative of epoetin which has a longer half-life and may be administered less frequently than epoetin.
Vitamin D (Activated) by A. McLeod

The actions of vitamin D

· The active form is 1,25‑dihydroxyvitamin D, made from vitamin D by processing in the liver and kidney.

	Sunlight + 7 dehydrocholesterol
	Vitamin D
	25 hydroxy vit D
	1,25 dihydroxy vit D

	Dietary intake
	
	(in Liver)
	(in Kidney)


· The main action of 1,25‑dihydroxyvitamin D is to stimulate calcium uptake from the intestinal lumen against its concentration gradient

· Localises in nuclei or intestinal villus and crypt cells

· Acts upon brush border

· Prob. stimulates production of plasma membrane calcium transporter protein

· 1,25‑dihydroxyvitamin D is responsible for the increase in proportion of calcium absorbed as amount of dietary calcium decreases (and vice versa).

· Augments active absorption of phosphate across intestinal cell membrane

· Stimulates bone resorption by interacting with a receptor on the osteoblast thereby driving resorptive action of osteoclast by osteoblast-derived factor. Sensitises bone to resorptive effects of PTH.

Essential for normal bone mineralisation through supply of adequate calcium and phosphate but also through the repression of the collagen gene in osteoblasts. Without this repression, unregulated collagen synthesis leads to unmineralised osteoid and weak bone.
Phosphate Binding Agents by A. McLeod

In patients with chronic renal failure, controlling serum phosphate is important because it is associated with bone pathology and regulated together with serum calcium by the parathyroid hormone (PTH).

Parathyroid hormone (PTH) is stimulated by

· ( calcium

· ( phosphate

The function of parathyroid hormone is to regulate plasma calcium and phosphate concentrations. Both calcium and phosphate are primarily stored in bone as hydroxyapatite.

Elevated PTH leads to:

1) Release of both calcium and phosphate are from bone. If this calcium is not replaced, bone is lost. Bone loss and damage due to CRF is called renal osteodystrophy.

2) Inhibition of the renal reabsorption of phosphate ( increased excretion in urine. 

3) Increased activation of vit D in the kidney ( greater uptake of calcium from the gut.

Therefore, calcium is increased by stores from the bone and increased uptake from the gut. At the same time, excess phosphate from bone degradation is removed by the kidney.

To avoid a high PTH and bone loss in patients with CRF, CRF patients typically avoid high phosphate intake and take calcium supplements, vitamin D and phosphate binders.

Phosphate binders are a group of medications used to reduce the absorption of phosphate and taken with meals and snacks. They are typically used in patients with chronic renal failure (CRF) as they cannot get rid of the phosphate that gets into their blood (i.e. the serum phosphate in chronic renal failure is typically elevated).

These agents work by binding to phosphate in the GI tract, thereby making it unavailable to the body for absorption. Hence, these drugs are usually taken with meals to bind any phosphate that may be present in the ingested food. 

Some commonly used phosphate binders are

· Alu-cap: aluminium binds to phosphate (also used as an antacid)

· Calcichew: Calcium carbonate -  binds phosphate. Also used as calcium supplement and an antacid.

· Sevelamer is a complex molecule that binds phosphate.

Immunosuppressants

Ciclosporin by James Barnes

Mode of operation:

The mode of action of ciclosporin is not fully understood but it is thought to bind to the cytosolic protein cyclophilin (immunophilin) of immunocompetent lymphocytes, especially T-lymphocytes. This complex of ciclosporin and cyclophylin inhibits calcineurin, which under normal circumstances is responsible for activating the transcription of interleukin-2. It also inhibits lymphokine production and interleukin release and therefore leads to a reduced function of effector T-cells. It does not affect cytostatic activity. It also has an effect on mitochondria.

In summary, it blocks IL2 production and the subsequent activation of T cells!

Side effects:

· dose-dependent increase in serum creatinine and urea during first few weeks 

· less commonly renal structural changes on long-term administration

· hypertrichosis

· headache

· tremor

· hypertension (especially in heart transplant patients) 

· hepatic dysfunction 

· fatigue 

· gingival hypertrophy 

· gastro-intestinal disturbances 

· burning sensation in hands and feet (usually during first week) 

· occasionally rash (possibly allergic) 

· mild anaemia 

· hyperkalaemia 

· hyperuricaemia 

· gout

· hypomagnesaemia 

· hypercholesterolaemia 

· hyperglycaemia 

· weight increase 

· oedema 

· pancreatitis 

· neuropathy

· confusion 

· paraesthesia 

· convulsions 

· benign intracranial hypertension (discontinue) 

· dysmenorrhoea or amenorrhoea 

Contraindications: 

Uncontrolled hypertension, uncontrolled infections, and malignancy; reduce dose by 25–50% if serum creatinine more than 30% above baseline on more than one measurement; in renal impairment initially 2.5 mg/kg daily; in long-term management, perform renal biopsies at yearly intervals
Cautions: 

Pregnancy and breast-feeding; monitor kidney function—dose dependent increase in serum creatinine and urea during first few weeks may necessitate dose reduction in transplant patients (exclude rejection if kidney transplant) or discontinuation in non-transplant patients; monitor liver function (dosage adjustment based on bilirubin and liver enzymes may be needed); monitor blood pressure—discontinue if hypertension develops that cannot be controlled by antihypertensives; hyperuricaemia; monitor serum potassium especially in renal dysfunction (risk of hyperkalaemia); monitor serum magnesium; measure blood lipids before treatment and thereafter as appropriate; porphyria; use with tacrolimus specifically contra-indicated and apart from specialist use in transplant patients preferably avoid other immunosuppressants with the exception of corticosteroids (increased risk of infection and lymphoma);
Interactions: 

	Drug
	Effect of interaction

	ACE inhibitors
	increased risk of hyperkalaemia 

	Aciclovir
	increased risk of nephrotoxicity

	Allopurinol
	plasma concentration of ciclosporin possibly increased 

	Aminoglycosides
	increased risk of nephrotoxicity

	Amiodarone
	plasma concentration of ciclosporin possibly increased

	A2R antagonists
	increased risk of hyperkalaemia

	Barbiturates
	metabolism of ciclosporin accelerated by barbiturates (reduced effect)

	Carvbamazepine
	metabolism of ciclosporin accelerated by carbamazepine (reduced plasma concentration)

	Chloramphenicol
	plasma concentration of ciclosporin possibly increased by chloramphenicol

	Clarithromycin
	metabolism of ciclosporin inhibited by clarithromycin (increased plasma concentration)

	Diclofenac
	ciclosporin increases plasma concentration of diclofenac (halve dose of diclofenac)

	Digoxin
	ciclosporin increases plasma concentration of digoxin (increased risk of toxicity)

	Diltiazem
	plasma concentration of ciclosporin increased by diltiazem

	Diuretics, Potassium-sparing and Aldosterone Antagonists
	increased risk of hyperkalaemia when ciclosporin given with potassium-sparing diuretics and aldosterone antagonists

	Diuretics, Thiazide and related
	increased risk of nephrotoxicity and possibly hypermagnesaemia when ciclosporin given with thiazides and related diuretics

	Doxorubicin
	increased risk of neurotoxicity

	Erythromycin
	metabolism of ciclosporin inhibited by erythromycin (increased plasma concentration)

	Fluconazole
	metabolism of ciclosporin inhibited by fluconazole (increased plasma concentration)

	Grapefruit juice
	plasma concentration of ciclosporin increased by grapefruit juice (increased risk of toxicity)

	Methotrexate
	risk of toxicity when ciclosporin given with methotrexate

	Methylprednisolone
	plasma concentration of ciclosporin increased by high-dose methylprednisolone (risk of convulsions)

	Metoclopramide
	plasma concentration of ciclosporin increased by metoclopramide

	NSAIDs
	increased risk of nephrotoxicity when ciclosporin given with NSAIDs

	Octreotide
	plasma concentration of ciclosporin reduced by octreotide

	Phenytoin
	metabolism of ciclosporin accelerated by phenytoin (reduced plasma concentration)

	Progestogens
	metabolism of ciclosporin inhibited by progestogens (increased plasma concentration)

	Quinolones
	increased risk of nephrotoxicity when ciclosporin given with quinolones

	Rifampicin
	metabolism of ciclosporin accelerated by rifampicin (reduced plasma concentration)

	Rosuvastatin
	increased risk of myopathy when ciclosporin given with rosuvastatin (avoid concomitant use)

	St John’s Wort
	plasma concentration of ciclosporin reduced by St John's wort —avoid concomitant use

	Statins
	increased risk of myopathy when ciclosporin given with statins

	Sulphonamides
	increased risk of nephrotoxicity when ciclosporin given with sulphonamides

	Tacrolimus
	plasma concentration of ciclosporin increased by tacrolimus (increased risk of toxicity)—avoid concomitant use

	Trimethoprim
	increased risk of nephrotoxicity when ciclosporin given with trimethoprim , also plasma concentration of ciclosporin reduced by intravenous trimethoprim

	Vancomycin
	increased risk of nephrotoxicity when ciclosporin given with vancomycin

	Verapamil
	plasma concentration of ciclosporin increased by verapamil


Monitoring: 

Monitor kidney function—dose dependent increase in serum creatinine and urea during first few weeks
Dose: 

· Organ transplantation, used alone, adult and child over 3 months 10–15 mg/kg by mouth 4–12 hours before transplantation followed by 10–15 mg/kg daily for 1–2 weeks postoperatively then reduced gradually to 2–6 mg/kg daily for maintenance (dose should be adjusted according to blood-ciclosporin concentration and renal function); dose lower if given concomitantly with other immunosuppressant therapy (e.g. corticosteroids); if necessary one-third corresponding oral dose can be given by intravenous infusion over 2–6 hours

· Bone-marrow transplantation, prevention and treatment of graft-versus-host disease, adult and child over 3 months 3–5 mg/kg daily by intravenous infusion over 2–6 hours from day before transplantation to 2 weeks postoperatively (or 12.5–15 mg/kg daily by mouth) then 12.5 mg/kg daily by mouth for 3–6 months then tailed off (may take up to a year after transplantation)

· Nephrotic syndrome, by mouth, 5 mg/kg daily in 2 divided doses; child 6 mg/kg daily in 2 divided doses; maintenance treatment reduce to lowest effective dose according to proteinuria and serum creatinine measurements; discontinue after 3 months if no improvement in glomerulonephritis or glomerulosclerosis (after 6 months in membranous glomerulonephritis)

Tacrolimus by Fay Newman

Brand name: Prograf (Astellas Pharma Ltd)

Indications

Primary immunosuppression in liver and kidney allograft recipients and allograft rejection resistant to conventional immunosuppressive regimens

Moderate to severe atopic eczema 

Mechanism of action:

Tacrolimus, formerly known as FK506, is a macrolide antibiotic with immunosuppressive properties. Although structurally unrelated to ciclosporin A (CsA), its mode of action is similar. It exerts its effects principally through impairment of gene expression in target cells. 

Tacrolimus binds to a cytoplasmic protein (an immunophilin) – FK506 binding protein (FKBP12). The tacrolimus-FK506 complex competitively binds to and inhibits a serine threonine phosphatase called calcineurin phosphatase; this leads to a calcium-dependent inhibition of T-cell signal transduction pathways, thereby preventing transcription of a discrete set of lymphokine genes.

Type 1 T helper cells appear to be preferentially suppressed compared with type 2 T helper cells. T cell-mediated cytotoxicity is impaired. B cell growth and antibody production are affected indirectly by the suppression of T cell-derived growth factors necessary for these functions. Antigen presentation appears to be spared. 

Tacrolimus also potentiates the actions of glucocorticoids and progesterone by binding to FKBPs contained within the hormone receptor complex, preventing degradation. 

The molecular events affected by tacrolimus continue to be discovered.

Indication: primary immunosuppression

Primary immunosuppression in liver and kidney allograft recipients and allograft rejection resistant to conventional immunosuppressive regimens

Driving 
May affect performance of skilled tasks (e.g. driving) due to effects on visual and neurological systems.

Contra-indications

Hypersensitivity to macrolides; pregnancy (exclude before starting—if contraception needed non-hormonal methods should be used); breast-feeding, avoid concurrent administration with ciclosporin (care if patient has previously received ciclosporin)

Side-effects

· GI disturbances including dyspepsia, and inflammatory and ulcerative disorders

· Hepatic dysfunction, jaundice, bile-duct and gall-bladder abnormalities

· Cardio: hypertension (less frequently hypotension), tachycardia, angina, arrhythmias, thromboembolic and ischaemic events, rarely myocardial hypertrophy, cardiomyopathy (important: see CSM warning below) 

· Respiratory: dyspnoea, pleural effusion

· CNS: tremor, headache, insomnia, paraesthesia, confusion, depression, dizziness, anxiety, convulsions, incoordination, encephalopathy, psychosis

· visual and hearing abnormalities

· Haematological: anaemia, leucocytosis, leucopenia, thrombocytopenia, coagulation disorders

· Metabolic: altered acid-base balance and glucose metabolism, electrolyte disturbances including hyperkalaemia (less frequently hypokalaemia)

· Renal: altered renal function including increased serum creatinine; hypophosphataemia, hypercalcaemia, hyperuricaemia; 

· MS: muscle cramps, arthralgia

· pruritus, alopecia, rash, sweating, acne, photosensitivity; 

· susceptibility to lymphoma and other malignancies particularly of the skin

Less commonly:

ascites, pancreatitis, atelectasis, kidney damage and renal failure, myasthenia, hirsutism, rarely Stevens-Johnson syndrome 

Interactions

Tacrolimus is a potent inhibitor of cytochrome P450 (metabolised by hepatic CYP3A4) and is highly protein bound. It therefore interacts with a wide range of drugs.

	Drug
	Effect of interaction

	Antifungals, Imidazole (possibly increased)
	Increased plasma concentration of tacrolimus

	Antifungals, Triazole (possibly increased)
	

	Atazanavir (possibly increased)
	

	Chloramphenicol (possibly increased)
	

	Clarithromycin 
	

	Danazol (possibly increased)
	

	Diltiazem 
	

	Erythromycin (interactions do not apply to small amounts of erythromycin used topically)
	

	Felodipine (possibly increased)
	

	Fluconazole (in general, fluconazole interactions relate to multiple-dose treatment)
	

	Grapefruit Juice 
	

	Ketoconazole
	

	Nelfinavir (possibly increased)
	

	Nifedipine
	

	Omeprazole (possibly increased)
	

	Quinupristin with Dalfopristin
	

	Ritonavir (possibly increased)
	

	Saquinavir (consider reducing dose of tacrolimus)
	

	Telithromycin (possibly increased)
	

	Voriconazole
	

	
	

	Caspofungin 
	Reduced plasma concentration of tacrolimus

	Rifampicin 
	

	St John's Wort (avoid concomitant use)
	

	
	

	Aminoglycosides 
	Increased risk of nephrotoxicity

	Amphotericin (close monitoring required with concomitant administration of nephrotoxic drugs or cytotoxics)
	

	Ibuprofen
	

	NSAIDs possible increased risk of nephrotoxicity when tacrolimus given with NSAIDs (interactions do not generally apply to topical NSAIDs)
	

	
	

	Diuretics, Potassium-sparing and Aldosterone Antagonists 
	Increased risk of hyperkalaemia

	Potassium Salts (includes salt substitutes)
	

	
	

	Oestrogens – possibly reduces contraceptive effect of oestrogens 

(interactions of combined oral contraceptives may also apply to combined contraceptive patches; in case of hormone replacement therapy low dose unlikely to induce interactions)
	Contraception

	Progestogens – possibly reduces contraceptive effect of progestogens 

(interactions of combined oral contraceptives may also apply to combined contraceptive patches)
	

	
	

	Ciclosporin – tacrolimus increases plasma concentration of ciclosporin (increased risk of toxicity) – avoid concomitant use 
	


Monitoring

Blood pressure (discontinue if hypertension develops that cannot be controlled by antihypertensives)

ECG 

Echocardiography: 

CSM warning Cardiomyopathy has been reported in children given tacrolimus after transplantation. Patients should be monitored carefully by echocardiography for hypertrophic changes; dose reduction or discontinuation should be considered if these occur.

Visual status

Blood glucose

Haematological and neurological parameters
Renal function (particularly potassium) – dose dependent increase in serum creatinine and urea during first few weeks may necessitate dose reduction in transplant patients (exclude rejection if kidney transplant) or discontinuation in non-transplant patients

Liver function tests (dosage adjustment based on bilirubin and liver enzymes may be needed)

Coagulation values, and plasma protein determinations. 

If clinically relevant changes are seen, adjustments of the immunosuppressive regimen should be considered.

Since levels of tacrolimus in blood may significantly change during diarrhoea episodes, extra monitoring of tacrolimus concentrations is recommended during episodes of diarrhoea.
Dose

Liver transplantation, starting 6 hours after transplantation:

Adult -

by mouth 100–200 micrograms/kg daily in 2 divided doses or,

by intravenous infusion over 24 hours, 10–50 micrograms/kg

Child -

by mouth 300 micrograms/kg daily in 2 divided doses or,

by intravenous infusion over 24 hours, 50 micrograms/kg

Renal transplantation, starting within 24 hours of transplantation:

Adult -

by mouth 150–300 micrograms/kg daily in 2 divided doses or,

by intravenous infusion over 24 hours, 50–100 micrograms/kg

Child -

by mouth 300 micrograms/kg daily in 2 divided doses or,

by intravenous infusion over 24 hours, 100 micrograms/kg

Maintenance treatment, dose adjusted according to response.

Indication: Moderate to severe atopic eczema 

Indications

Moderate to severe atopic eczema unresponsive to conventional therapy (prescribed by physicians experienced in treating atopic eczema)

Cautions

· Infection at treatment site

· UV light (avoid excessive exposure to sunlight and sunlamps)

· alcohol consumption (risk of facial flushing and skin irritation)

Contra-indications 

Avoid contact with eyes and mucous membranes, application under occlusion; congenital epidermal barrier defects; generalised erythroderma; pregnancy and breast-feeding

Side-effects

Application-site reactions including rash, irritation, pain and paraesthesia; 

herpes simplex infection, Kaposi's varicelliform eruption; 

Less commonly acne; acne rosacea also reported

Dose

Adult and adolescent over 16 years:

initially apply 0.1% ointment thinly twice daily until lesion clears (consider other treatment options if no improvement after 2 weeks); 

reduce to once daily or switch to 0.03% ointment if clinical condition allows

Child 2–15 years:

Initially apply 0.03% ointment twice daily for up to 3 weeks then reduce to once daily until lesion clears

Sirolimus by Fay Newman

Brand name: Rapamune (Wyeth Pharmaceuticals)

Mechanism of action

Sirolimus inhibits T lymphocyte activation and proliferation that occurs in response to antigenic and cytokine (Interleukin [IL]-2, IL-4, and IL-15) stimulation by a mechanism that is distinct from that of other immunosuppressants. Sirolimus also inhibits antibody production. In cells, sirolimus binds to the immunophilin, FK Binding Protein-12 (FKBP-12), to generate an

immunosuppressive complex. The sirolimus:FKBP-12 complex has no effect on calcineurin

activity (compare with tacrolimus). This complex binds to and inhibits the activation of the mammalian Target Of Rapamycin (mTOR), a key regulatory kinase. This inhibition suppresses cytokine-driven T-cell proliferation, inhibiting the progression from the G1 to the S phase of the cell cycle.

Studies in experimental models show that sirolimus prolongs allograft (kidney, heart, skin, islet, small bowel, pancreatico-duodenal, and bone marrow) survival in mice, rats, pigs, and/or

primates. Sirolimus reverses acute rejection of heart and kidney allografts in rats and prolongs the graft survival in presensitized rats. In some studies, the immunosuppressive effect of sirolimus lasts up to 6 months after discontinuation of therapy. This tolerization effect is alloantigen specific.

In rodent models of autoimmune disease, sirolimus suppresses immune-mediated events

associated with systemic lupus erythematosus, collagen-induced arthritis, autoimmune

type I diabetes, autoimmune myocarditis, experimental allergic encephalomyelitis, graft-versus-host-disease, and autoimmune uveoretinitis.

Azathioprine by Simon Dunn
Azathioprine is a purine analogue that acts as an anti-metabolite by interfering with purine synthesis and hence DNA and RNA synthesis. The action of Azathioprine derives from its inhibition of clonal proliferation in the induction phase of the immune response by having a cytotoxic effect on the dividing cells, especially plasma cells and lymphocytes.

It is effectively a pro-drug as it is metabolised to mercaptopurine by the liver.

Azathioprine is commonly used for immunosuppression, especially for use in controlling tissue rejection in transplant surgery. 

It can also be used as a steroid sparing agent to maintain remission in auto-immune conditions such as inflammatory bowel disease and rheumatoid arthritis. It takes around 3 months to have its effect and steroids can then be withdrawn.

As one of the key side effects is bone marrow suppression it is important to check a full blood count every week for the first 4 weeks of treatment, and then at least every 3 months. In the case of hepatic or renal impairment the full blood count should be checked more frequently.

Side effects: Bone marrow suppression; hypersensitivity reactions (including malaise, dizziness, vomiting, diarrhoea, fevers, rigors, myalgia, arthralgia, rash, hypotension and interstitial nephritis – calling for immediate withdrawal); liver impairment, cholestatic jaundice, hair loss and increased susceptibility to infections and colitis in patients also receiving corticosteroids; nausea; rarely pancreatitis, pneumonitis, hepatic veno-occlusive disease

Contraindications: hypersensitivity to azathioprine or mercaptopurine 

Cautions: monitor full blood count as mentioned above. May cause hepatic and renal impairment. Reduce dose in elderly. Treatment should not be initiated during pregnancy (there is however no evidence that azathioprine is teratogenic and transplant patients immunosuppressed with azathioprine should not discontinue it if they become pregnant)

Interactions
	Drug
	Effect of interaction

	Captopril
	Increased risk of leukopaenia

	Allopurinol
	Enhanced effects and increased toxicity of azathioprine

	Aminosalicylates
	Possible increased risk of leukopaenia

	Sulfamethazole (as co-trimzaole) and trimethoprim
	Increased risk of haematological toxicity

	Warfarin
	Possibly reduced anticoagulant effect

	Phenytoin
	Reduced absorption of phenytoin

	Clozapine
	Avoid concomitant use of cytotoxics with clozapine – increased risk of agranulocytosis


Monitoring: As above

Dose
1. Suppression of transplant rejection: initially 5mg/kg then 1-4 mg/kg depending on response

2. Maintenance of remission in inflammatory bowel disease: 2-2.5 mg/kg daily

3. Rheumatoid arthritis: initially rarely more than 3mg/kg daily, reduced according to response. Maintenance dose 1-3mg/kg daily. Consider withdrawal if no improvement within 3 months.

Glucocorticoids by A. McLeod

In comparing the relative potencies of corticosteroids in terms of their anti-inflammatory (glucocorticoid) effects it should be borne in mind that high glucocorticoid activity in itself is of no advantage unless it is accompanied by relatively low mineralocorticoid activity (see Disadvantages of Corticosteroids below). The mineralocorticoid activity of fludrocortisone is so high that its anti-inflammatory activity is of no clinical relevance. The table below shows equivalent anti-inflammatory doses.

Equivalent anti-inflammatory doses of corticosteroids. This takes no account of mineralocorticoid effects, nor does it take account of variations in duration of action

	Prednisolone 5 mg
	≡
	Methylprednisolone 4 mg

	
	≡
	Hydrocortisone 20 mg

	
	≡
	Dexamethasone 750 micrograms


The relatively high mineralocorticoid activity of cortisone and hydrocortisone, and the resulting fluid retention, make them unsuitable for disease suppression on a long-term basis. However, they can be used for adrenal replacement therapy; hydrocortisone is preferred because cortisone requires conversion in the liver to hydrocortisone. Hydrocortisone is used on a short-term basis by intravenous injection for the emergency management of some conditions. The relatively moderate anti-inflammatory potency of hydrocortisone also makes it a useful topical corticosteroid for the management of inflammatory skin conditions because side-effects (both topical and systemic) are less marked; cortisone is not active topically.

Prednisolone has predominantly glucocorticoid activity and is the corticosteroid most commonly used by mouth for long-term disease suppression.

Betamethasone and dexamethasone have very high glucocorticoid activity in conjunction with insignificant mineralocorticoid activity. This makes them particularly suitable for high-dose therapy in conditions where fluid retention would be a disadvantage.

Betamethasone and dexamethasone also have a long duration of action and this, coupled with their lack of mineralocorticoid action makes them particularly suitable for conditions which require suppression of corticotropin (corticotrophin) secretion (e.g. congenital adrenal hyperplasia). Some esters of betamethasone and of beclometasone (beclomethasone) exert a considerably more marked topical effect (e.g. on the skin or the lungs) than when given by mouth; use is made of this to obtain topical effects whilst minimising systemic side-effects (e.g. for skin applications and asthma inhalations).

Disadvantages of corticosteroids

Overdosage or prolonged use may exaggerate some of the normal physiological actions of corticosteroids leading to mineralocorticoid and glucocorticoid side-effects.

	Mineralocorticoid side-effects include

· hypertension, 

· sodium and water retention and potassium loss.
Marked: Fludrocortisone

Significant: hydrocortisone

Negligeable: Dexamethasone, Beclametasone

Slight: prednisilone,  methylprednisilone
	Glucocorticoid side-effects include 

· Growth suppression in children (( dose)

· Diabetes 

· Osteoporosis  

· Avascular necrosis of the femoral head. (high doses)

· Mental disturbances (serious paranoid state or depression) 

· Euphoria is frequently observed. 

· Muscle wasting (proximal myopathy)


High doses of corticosteroids may cause Cushing's syndrome, with moon face, striae, and acne; it is usually reversible on withdrawal of treatment, but this must always be gradually tapered to avoid symptoms of acute adrenal insufficiency.

	Indication
	Prednisilone
	Methylpred
	Hydrocort
	Dexamet

	Adrenocortical insufficiency
	
	
	(
	

	Asthma*
	(
	
	
	

	Cerebral oedema w malignancy
	
	(
	
	(

	Congenital adrenal hyperplasia
	
	
	
	(

	Croup
	
	
	
	(

	Diagnosis of Dushings disease
	
	
	
	(

	Eye disease
	
	
	(
	(

	Hameorrhoids
	
	
	(
	

	Hypersensitivity reactions
	
	
	(
	

	Immunosuppression
	(
	
	
	

	Inflammatory bowel disease
	(
	
	(
	

	N&V assoc with chemotherapy
	
	
	
	(

	Rheumatic disease
	(
	(
	(
	(

	Shock
	
	
	(
	

	Skin disease
	
	(
	(
	

	Suppr of inflam and allergic disord.
	(
	(
	
	(


*BECLOMETASONE DIPROPIONATE is very important in Asthma – see resp drugs
Prednisilone
Indications 

· asthma

· suppression of inflammatory and allergic disorders

· inflammatory bowel disease

· immunosuppression

· rheumatic disease

Cautions adrenal suppression and infection, children and adolescents (growth retardation possibly irreversible), elderly (close supervision required particularly on long-term treatment); frequent monitoring required if history of tuberculosis (or X-ray changes), hypertension, recent myocardial infarction (rupture reported), congestive heart failure, liver failure, renal impairment, diabetes mellitus including family history, osteoporosis (post-menopausal women at special risk), glaucoma (including family history), corneal perforation, severe affective disorders (particularly if history of steroid-induced psychosis), epilepsy, peptic ulcer, hypothyroidism, history of steroid myopathy; pregnancy and breast-feeding 

Contra-indications  systemic infection (unless specific antimicrobial therapy given); avoid live virus vaccines in those receiving immunosuppressive doses (serum antibody response diminished)

Side-effects minimised by using lowest effective dose for minimum period possible;

gastro-intestinal effects include dyspepsia, peptic ulceration (with perforation), abdominal distension, acute pancreatitis, oesophageal ulceration and candidiasis; 

musculoskeletal effects include proximal myopathy, osteoporosis, vertebral and long bone fractures, avascular osteonecrosis, tendon rupture; 

endocrine effects include adrenal suppression, menstrual irregularities and amenorrhoea, Cushing's syndrome (with high doses, usually reversible on withdrawal), hirsutism, weight gain, negative nitrogen and calcium balance, increased appetite; increased susceptibility to and severity of infection; 

neuropsychiatric effects include euphoria, psychological dependence, depression, insomnia, increased intracranial pressure with papilloedema in children (usually after withdrawal), psychosis and aggravation of schizophrenia, aggravation of epilepsy; 

ophthalmic effects include glaucoma, papilloedema, posterior subcapsular cataracts, corneal or scleral thinning and exacerbation of ophthalmic viral or fungal disease; 

other side-effects include impaired healing, skin atrophy, bruising, striae, telangiectasia, acne, myocardial rupture following recent myocardial infarction, fluid and electrolyte disturbance, leucocytosis, hypersensitivity reactions (including anaphylaxis), thromboembolism, nausea, malaise, hiccups

Dose 

· By mouth, initially, up to 10–20 mg daily (severe disease, up to 60 mg daily), preferably taken in the morning after breakfast; can often be reduced within a few days but may need to be continued for several weeks or months

· Maintenance, usual range, 2.5–15 mg daily, but higher doses may be needed; cushingoid side-effects increasingly likely with doses above 7.5 mg daily

· By intramuscular injection, prednisolone acetate (section 10.1.2.2), 25–100 mg once or twice weekly

Prednisolone has the following interaction information:

	ciclosporin
	plasma concentration of prednisolone increased by ciclosporin

	ritonavir
	plasma concentration of prednisolone possibly increased by ritonavir


Prednisolone belongs to Corticosteroids and will have the following interactions:

Interactions do not generally apply to corticosteroids used for topical action (including inhalation) unless specified

	Barbiturates

Carbamazapine

Phenytoin

Primidone

Rifamycins
	Metabolism of corticosteroids accelerated by this drug (reduced effect)

	Erythromycin

Itraconazole

Ketoconazole
	Possible inhibition of metabolism of corticosteroids (( effect)

	Oestrogens (OCP including patches)

Ritonovir
	Plasma concentration of corticosteroids increased by  these drugs

	mifepristone
	effect of corticosteroids (including inhaled corticosteroids) may be reduced for 3–4 days after this drug

	Sodium benzoate

Sodium Phenylbutyrate
	Effect of this drug possibly reduced by corticosteroids

	ACE Inhibitors / ARBs

Adrenergic neurone blockers

Alpha-blockers

Beta-blockers

Ca2+ channel blockers

Clonidine

Diazoxide

Diuretics

Hydralazine

Methyldopa

Minoxidil

Moxonidine

Nitrates

Nitroprusside
	Corticosteroids antagonise hypotensive effect of this drug

	Antidiabetics
	Corticosteroids antagonise hypoglycaemic effect of antidiabetics

	beta2 sympathomimetics
	increased risk of hypokalaemia when corticosteroids given with high doses of this drug

	Calcium salts
	corticosteroids reduce absorption of this drug

	Acetazolamide

Amphoteracin

Cardiac glycosides

Diuretics (loop)

Diuretics (thiazide / like)

Theophyline
	Increased risk of hypokalaemia when corticosteroids given with this drug

	methotrexate
	increased risk of haematological toxicity when corticosteroids given with this drug

	Coumarins
	corticosteroids may enhance or reduce anticoagulant effect of coumarins (high-dose corticosteroids enhance anticoagulant effect)

	somatropin
	corticosteroids may inhibit growth-promoting effect of this drug

	Aspirin

NSAIDs
	increased risk of gastro-intestinal bleeding and ulceration when corticosteroids given with this drug

	Vaccines
	High doses of corticosteroids impair immune response to vaccines , avoid concomitant use with live vaccines


METHYLPREDNISOLONE
Indications 

· Suppression of inflammatory and allergic disorders

· Cerebral oedema associated with malignancy

· Rheumatic disease 

· Skin disease

Cautions see under Prednisolone; 

· Rapid intravenous administration of large doses associated with cardiovascular collapse

Contra-indications see notes above and under Prednisolone
Side-effects see under Prednisolone

Dose 

· By mouth, usual range 2–40 mg daily; see also Administration (above)

· By intramuscular injection or slow intravenous injection or infusion, initially 10–500 mg; graft rejection, up to 1 g daily by intravenous infusion for up to 3 days

Methylprednisolone has the following interaction information:

	Aprepitant
	metabolism of methylprednisolone inhibited by aprepitant (reduce dose of methylprednisolone)
	

	Ciclosporin
	high-dose methylprednisolone increases plasma concentration of ciclosporin (risk of convulsions)
	

	Clarithromycin
	plasma concentration of methylprednisolone possibly increased by clarithromycin
	

	Erythromycin
	metabolism of methylprednisolone inhibited by erythromycin
	Interactions do not apply to small amounts of erythromycin used topically

	Itraconazole
	metabolism of methylprednisolone possibly inhibited by itraconazole
	

	Ketoconazole
	metabolism of methylprednisolone inhibited by ketoconazole


HYDROCORTISONE
Indications 

· adrenocortical insufficiency

· shock

· hypersensitivity reactions e.g. anaphylactic shock and angioedema

· inflammatory bowel disease

· haemorrhoids

· rheumatic disease

· eye disease

· skin disease

Cautions see under Prednisolone
Contra-indications see under Prednisolone
Side-effects see under Prednisolone; phosphate ester associated with paraesthesia and pain (particularly in the perineal region)

Dose 

· By mouth, replacement therapy, 20–30 mg daily in divided doses—see section 6.3.1; child 10–30 mg

· By intramuscular injection or slow intravenous injection or infusion, 100–500 mg, 3–4 times in 24 hours or as required; child by slow intravenous injection up to 1 year 25 mg, 1–5 years 50 mg, 6–12 years 100 mg

Interactions: None specific – see general corticosteroid interactions under prednisilone.

DEXAMETHASONE
Indications 

· Suppression of inflammatory and allergic disorders

· Diagnosis of Cushing's disease

· Congenital adrenal hyperplasia

· Cerebral oedema associated with malignancy

· Croup 

· Nausea and vomiting with chemotherapy 

· Rheumatic disease 

· Eye disease

Cautions see under Prednisolone
Contra-indications see notes above and under Prednisolone
Side-effects see notes above and under Prednisolone; perineal irritation may follow intravenous administration of the phosphate ester

Dose 

· By mouth, usual range 0.5–10 mg daily; child 10–100 micrograms/kg daily; see also Administration (above)

· By intramuscular injection or slow intravenous injection or infusion (as dexamethasone phosphate), initially 0.5–24 mg; child 200–400 micrograms/kg daily

· Cerebral oedema (as dexamethasone phosphate), by intravenous injection, 10 mg initially, then 4 mg by intramuscular injection every 6 hours as required for 2–4 days then gradually reduced and stopped over 5–7 days

· Adjunctive treatment of bacterial meningitis, (started with antibacterial treatment, as dexamethasone phosphate) [unlicensed indication], by intravenous injection, 10 mg every 6 hours for 4 days; child 150 micrograms/kg every 6 hours for 4 days

Note Dexamethasone 1 mg ≡ dexamethasone phosphate 1.2 mg ≡ dexamethasone sodium phosphate 1.3 mg

Dexamethasone has the following interaction information:

	Aprepitant
	metabolism of dexamethasone inhibited by aprepitant (reduce dose of dexamethasone)
	

	Caspofungin
	dexamethasone possibly reduces plasma concentration of caspofungin —consider increasing dose of caspofungin
	

	Ephedrine
	metabolism of dexamethasone accelerated by ephedrine
	

	Indinavir
	dexamethasone possibly reduces plasma concentration of indinavir
	

	Lopinavir
	dexamethasone possibly reduces plasma concentration of lopinavir
	In combination with ritonavir as Kaletra® (ritonavir is present to inhibit lopinavir metabolism and increase plasma-lopinavir concentration)—see also Ritonavir

	Ritonavir
	plasma concentration of dexamethasone possibly increased by ritonavir
	

	Saquinavir
	dexamethasone possibly reduces plasma concentration of saquinavir


Mode of action of Glucocorticoids by Nick Jacobsen

COX and the function of prostanoids: recap

1. Prostanoids: collective term for prostaglandins & thromboxanes. A number of which produced by COX action on arachidonate. 

2. COX enzymes: 

a. COX1 is constitutive: 

i. Prostanoids it produces are thought to be homeostatic: regulating normal vascular responses

b. COX2 is induced in inflammatory cells by inflammatory stimuli.

c. Precise division of labour between COXs is not known. 
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Glucocorticoids: Overview of effects:
1. Major endogenous hormones:

a. Hydrocortisone

b. Corticosterone

2. Major roles:

a. Metabolic:

i. Carbohydrate metabolism: ([glc]

1. (uptake & utilisation of glucose

2. (gluconeogenesis

ii. Protein metabolism: ([amino acid]

1. (catabolism

2. (anabolism

iii. Fat metabolism: 

1. Permissive effect on lipolytic hormones 

2. Redistribution of fat.

iv. Water & electrolyte balance

1. Na retention / K loss
2. Ca: (gut absorption, (excretion ( osteoporosis 
b. Regulatory:

i. Anti-inflammatory & immunosuppression:

1. Vascular effects:

a. (capillary dilatation

b. (capillary permeability 

2. Cellular effects:

a. Acute inflammation: 

i. (influx & activity of leucocytes: by (transcription of genes for cell adhesion proteins & relevant cytokines.

b. Chronic inflammation:

i. (activity of mononuclear cells

ii. (proliferation of blood vessels

iii. Less fibrosis

iv. Less healing: by (fibroblast function ( (collagen &  (GAG production. 

c. Lymphoid areas:

i. (clonal expansion of T and B cells

ii. (action of cytokine secreting T cells.

3. Inflammatory & immune mediator effects:

a. (production & activity of cytokines: by direct  (transcription of genes.

i. Interleukins: IL2, 3, 4, 5, 6, 8

ii. TNF gamma

iii. Granulocyte-macrophage colony stimulating factor.

b. (prostanoid production: by (expression of COX-2

c. (IgG generation

d. (complement levels in blood

ii. Negative feedback

1. Hypothalamus: (CRF

2. Anterior pituitary: (ACTH
Mechanisms of action:

1. Slow intracellular mechanism:

1. GCs enter cell

2. Bind GRalpha & GRbeta receptors in cytosol ( receptor activation

3. Steroid-receptor complexes move to the nucleus.

4. Binds steroid-response elements in DNA leads to:

a. Induction of gene transcription

b. Repression  of gene transcription: inhibits transcription factors AP-1 & NF-κB 

5. Known specific effects (there are many unknown):

a. For metabolic actions:

i. Induces:

1.  Enzymes: e.g. cAMP-dependent kinases

b. For anti-inflammatory & immunosuppressive actions: 

i. Induces: 

1. Annexin-1: 

a. Anti-inflammatory

b. Mediates negative feedback to hypothalamus, ant pit.

ii. Represses:

1. COX2 ( ( prostaglandins & thromboxanes synthesis.

2. Osteocalcin in osteoblasts ( ( bone formation

iii. Modifies:

1. Collagenase in osteoblasts ( ( bone formation

2. Fast extracellular mechanism:

a. GCs bind extracellular receptors
b. Cause changes to intracellular factors: e.g. [Ca2+]
i. E.g.: corticosterone inhibits Ca fluxes in neurons
c. May have significance in metabolic effects
Key prostanoids in the inflammatory response


1) TXA2


2) PGI2


3) PGF2a


4) PGD2


5) PGE2
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