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Steroid Drugs

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 (not listed here) 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


Beclomethasone Dipropionate by A. McLeod

Indications prophylaxis of asthma 

Cautions  

Side-effects 

Dose 

Standard-dose inhalers

· By aerosol inhalation 200 micrograms twice daily or 100 micrograms 3–4 times daily (in more severe cases initially 600–800 micrograms daily); child 50–100 micrograms 2–4 times daily

· By inhalation of powder 400 micrograms twice daily or 200 micrograms 3–4 times daily; child 100 micrograms 2–4 times daily or 200 micrograms twice daily

High-dose inhalers

· By aerosol inhalation 500 micrograms twice daily or 250 micrograms 4 times daily; if necessary may be increased to 500 micrograms 4 times daily; child not recommended

· By inhalation of powder 400 micrograms twice daily; if necessary may be increased to 800 micrograms twice daily; child not recommended

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

Side-effects of inhaled corticosteroids

Inhaled corticosteroids have considerably fewer systemic effects than oral corticosteroids, but adverse effects have been reported.

Higher doses of inhaled corticosteroids have the potential to induce adrenal suppression (section 6.3.2) and patients on high doses should be given a ‘steroid card’; such patients may need corticosteroid cover during an episode of stress (e.g. an operation). Inhaled corticosteroids in children have been associated with adrenal crisis and coma; excessive doses should be avoided, particularly of fluticasone, which should be given in a dose of 50–100 micrograms twice daily and the dose should not exceed 200 micrograms twice daily.

Bone mineral density may be reduced following long-term inhalation of higher doses of corticosteroids, predisposing patients to osteoporosis (section 6.6). It is therefore sensible to ensure that the dose of an inhaled corticosteroid is no higher than necessary to keep a patient’s asthma under good control. Treatment with an inhaled corticosteroid can usually be stopped after a mild exacerbation as long as the patient knows that it is necessary to reinstate it should the asthma deteriorate or the peak flow rate fall.

In children, growth retardation associated with oral corticosteroid therapy does not seem to be a significant problem with recommended doses of inhaled therapy; although initial growth velocity may be reduced, there appears to be no effect on achieving normal adult height. However, the CSM recommends that the height of children receiving prolonged treatment is monitored; if growth is slowed, referral to a paediatrician should be considered. Large-volume spacer devices should be used for administering inhaled corticosteroids in children under 5 years (see NICE guidance, section 3.1.5); they are also useful in older children and adults, particularly if high doses are required. Spacer devices increase airway deposition and reduce oropharyngeal deposition.

A small increased risk of glaucoma with prolonged high doses of inhaled corticosteroids has been reported; cataracts have also been reported with inhaled corticosteroids. Hoarseness and candidiasis of the mouth or throat have been reported, usually only with large doses (see also below). Hypersensitivity reactions (including rash and angioedema) have been reported rarely.

Candidiasis Candidiasis can be reduced by using spacer, see notes above, and it responds to antifungal lozenges (section 12.3.2) without discontinuation of therapy—rinsing the mouth with water (or cleaning child's teeth) after inhalation of a dose may also be helpful.

Fludrocortisone by Alan McLeod

Fludrocortisone acetate is a synthetic corticosteroid with moderate glucocorticoid potency and much greater mineralocorticoid potency. It is used primarily to replace the missing hormone Aldosterone in various forms of adrenal insufficiency such as Addison's disease and the classic salt wasting (21-hydroxylase deficiency) form of congenital adrenal hyperplasia. It is occasionally used to treat orthostatic hypotension as well.

Aldosterone (the primary endogenous mineralocorticoid) acts on the kidneys to provide active reabsorption of sodium and an associated passive reabsorption of water, as well as the active secretion of potassium in the principle cells of the cortical collecting tubule and active secretion of protons via proton ATPases in the lumenal membrane of the intercalated cells of the collecting tubule. This in turn results in an increase of blood pressure and blood volume.

Aldosterone is produced in the cortex of the adrenal gland and its secretion is mediated principally by angiotensin II, but also by adrenocorticotrophic hormone (ACTH) and local potassium levels.

Indications mineralocorticoid replacement in adrenocortical insufficiency

Cautions as corticosteroids interactions: as corticosteroids

Contra-indications  as corticosteroids 
Side-effects  as corticosteroids 
Dose 50–300 micrograms daily; child 5 micrograms/kg daily
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. 

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

4. 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. 

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

6. 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
Side effects:
Most likely to occur with large doses or prolonged administration:

1. Suppression of response to infection or injury

2. Glucocorticoid action side effects: 

a. Iatrogenic Cushing’s (high dose associated):

i. Moon face

ii. Striae

iii. Acne

iv. Reverses on withdrawal of treatment [NB (b) below].

b. Iatrogenic Addison’s: 

i. On sudden withdrawal of treatment

ii. Treatment associated suppression of endogenous glucocorticoid synthesis.

3. Mineralocorticoid action side effects:

a. Hypertension

b. Na & water retention

c. Hypokalaemia

4. Osteoporosis: (# risk esp high vertebrae & hip of elderly by:

a. (Bone formation: Modifying transcription of collagenase genes in osteoblasts.

b. ( Bone formation: Inhibiting Vitamin D3 mediated induction of osteocalcin gene in osteoblasts.

c. Long term:

i. (Bone degradation: by generalised ( function of osteoclasts.

ii. (Bone formation: by generalised ( function of osteoblasts.

5. Children: 

a. Administration may lead to growth suppression

6. Others:

a. Candidiasis: inhaled GCs.

b. Glaucoma

c. Cataracts

d. rICP

e. Hypercoagulopathy

f. Fever

g. Menstrual disorders

Anti-diabetic Drugs

1st Line: Metformin

2nd Line: Thiazolidinediones

3rd Line: Sulphonylureas

Adjunct at any stage: Acarbose, orlistat

The following are important interactions common to all anti-diabetic drugs

Act to reduce the warning signals of incipient hypoglycaemia

· ( blockers

Act to increase the probability of hypoglycaemia
· Alcohol

· Anabolic steroids / Testosterone

· MAOIs

Act to decrease the effectiveness of the antidiabetic agent

· Corticosteroids

· Loop / thiazide diuretics

· Oestrogens / progestogens (e.g. contraception)

Acarbose by Mark Keenan

Acarbose is one of the new class of oral alpha-glucosidase inhibitors. It is an antidiabetic drug and is useful for Type II patients who do not respond to diet alone.

 Mechanism of Action

        In a typical reaction in the intestine the polymeric sugar chain is broken down into individual monosaccharide units by the action of alpha-glucosidase, which becomes available for quick absorption in the intestine and release in the blood.

 Acarbose inhibits the enzyme alpha glucosidase thus preventing the release of monosaccharides from polysaccharides in the stomach and intestine. The polysaccharide is then eliminated in the faeces.

Metformin by Karin Pansell

Brand names: 
· Metformin 

· Glucophage

Indication:

Type 2 Diabetes Mellitus

1st-line if diet control unsuccessful (especially if obese, as less increase in weight compared with sulphonylureas), if appropriate it may also be considered as an option in patients who are not overweight. It is also used when diabetes is inadequately controlled by sulphonylurea treatment. When the combination of strict diet and metformin treatment fails, other options include combining with one of the following acarbose, insulin (SE weight gain, hypoglycaemia, sulphonylurea, pioglitazone or Rosiglitazone, repaglinide or nateglinide

Cautions: see above, measure serum creatinine before starting treatment and once or twice annually during treatment 

Mechanism of action:

Oral antidiabetic (biguanide), increase insulin sensitivity without affecting levels (decrease gluconeogenesis and decrease GI absorption of glucose and increase peripheral use of glucose). 

Metformin is an oral antidiabetic and, the only available biguanide, and has a different mode of action from the sulphonylureas, and is not interchangeable with them. It exerts its effects mainly by decreasing gluconeogenesis and by increasing peripheral utilisation of glucose, also decreases GI absorption of glucose. Only active in presence of endogenous insulin (i.e. functional islet cells).

(Hypoglycaemia does not usually occur with metformin)

Contra Indication: 

· Renal impairment

· Diabetic Ketoacidosis, increase risk of lactic acidosis (e.g. severe dehydration/infection/peripheral vascular disease, shock, major trauma, respiratory failure, alcohol dependence, recent MI) 

· Use iodine-containing x-ray contrast media (both MI and contrast media often coexist in coronary angiography: stop drug on day of procedure and restart 48h later, having checked that renal function has not deteriorated) 

· Use of general anaesthesia (suspend metformin 2 days beforehand and restart when renal function normal)

· Liver failure

· Pregnancy 

· Breastfeeding.

Side-Effects

· Notably, unlike most oral antidiabetic drugs, metformin does not usually result in hypoglycaemia or weight gain

· Gastro-intestinal side effects are initially common with metformin, and may persist in some patients particularly when very high doses such as 3 g daily are given.

· Anorexia

· Nausea

· Vomiting

· Diarrhoea (usually transient)

· Abdominal pain

· Metallic taste

Rarely:

· Lactic acidosis

· (Vit B12 absorption

· Erythema

Metformin may provoke lactic acidosis, which is most likely to occur in patients with renal impairment; it should not be used in patients with even mild renal impairment.

Dose

Initially 500 mg with breakfast for at least 1 week, then 500 mg with breakfast and evening meal for at least 1 week then 500 mg breakfast, lunch and evening meal; max 3 g daily. 

Interactions 

	Ace inhibitors
	Hypoglycaemic effect enhanced

	Alcohol
	Hypoglycaemic effect enhanced

Increased risk of lactic acidosis 

	Anabolic steroids
	Hypoglycaemic effect enhanced

	Antidepressant 
	Hypoglycaemic effect enhanced by MAOIs

	Antihistamine
	Thrombocyte count ( when given with ketotifen

	Beta-blockers
	Warning signs of hypoglycaemia with antidiabetics may be masked when given with beta-blockers.

Hypoglycaemic effect enhanced

	Corticosteroids 
	Hypoglycaemic effect antagonised

	Diazoxide
	Hypoglycaemic effect antagonised


	Diuretics
	Hypoglycaemic effect antagonised by loop diuretics + thiazide

	Hormone antagonists
	Possible acceleration of the metabolism 

	Oestrogen
	Hypoglycaemic effect antagonised

	Progestogens
	Hypoglycaemic effect antagonised

	Testosterone 
	Hypoglycaemic effect possibly enhanced

	Ulcer-healing drugs
	Excretion ( by cimetidine (( plasma conc)


Rosiglitazone (Avandia®) – Abbey Murray

Rosiglitazone is a THIAZOLIDINEDIONE.  The other drug in this class is

· Pioglitazone.


Indications:

As monotherapy as adjunct to diet and exercise to improve glycaemic control in type 2 diabetics.

Or

In combination with metformin.  It should be added to rather than substituted for metformin. 

Mechanism of Action:

Thiazolidinediones bind a nuclear receptor called the perioxisome proliferators-activator receptor gamma (PPAR().  PPAR( occurs mainly in adipose tissue, but also in muscle and liver cells.  It increases lipogenesis, enhances uptake of fatty acids and glucose. Thiazolidinediones are AGONISTS at this receptor.  They promote its binding to DNA which increases transcription of several genes that are important in insulin signalling including GLUT 4.

Effect:

The effect is reduction of hepatic glucose output and increase in glucose uptake into muscle.  This reduces the amount of insulin required to maintain a given level of blood sugar by 30%.

The reduction in blood glucose is often accompanied by reductions in circulating insulin and free fatty acids.  Triglycerides may decline while LDL and HDL are either unchanged or may rise slightly.

Weight gain of 1-4kg is common.  This is due to fluid retention and increased deposition of sub cut fat.

Side Effects

· hypoglycaemia;

· weight gain, 

· oedema, 

· gastro-intestinal disturbances, 

· headache, 

· anaemia, 

· altered blood lipids, 

less commonly 

· increased appetite, 

· heart failure,

· fatigue,

· paraesthesia, 

· alopecia

Contraindications:

Hepatic impairment, history of heart failure, combination with insulin (risk of heart failure), pregnancy and breast feeding.

Interactions:

	Drug
	Effect of interaction

	INSULIN
	Concerns over increased risk of heart failure (however this combination is regularly used in USA).

	Alcohol
	hypoglycaemic effect of antidiabetics enhanced by alcohol

	Beta Blockers
	warning signs of hypoglycaemia (such as tremor) with antidiabetics may be masked when given with beta-blockers

	Corticosteroids
	hypoglycaemic effect of antidiabetics antagonised by corticosteroids

	Loop diuretics and thiazides
	hypoglycaemic effect of antidiabetics antagonised by these diuretics

	MAOIs
	hypoglycaemic effect of antidiabetics possibly enhanced by MAOIs

	Oestrogens
	hypoglycaemic effect of antidiabetics antagonised by oestrogens


Monitoring:  

Monitor liver function.  Cases of liver dysfunction of uncertain causality have been reported and as ciglitazone and troglitazone failed clinical trials due to serious hepatotoxicity it is necessary to monitor LFTs regularly.

Dose

· 4mg daily.  Either alone or with metformin.  Can increase to 8mg daily in 1 or 2 divided doses
Gliclazide by Susan Cartwright

Mode of operation:

Gliclazide is a second generation sulphonylurea. These tablets work by stimulating the pancreas to produce more insulin, Sulphonylureas close ATP-sensitive potassium channels on the beta-cell membrane, and the resulting depolarization promotes calcium influx, a signal for insulin release. Sulphonylureas were in addition believed to increase insulin sensitivity in peripheral tissues, but this view is now largely discounted. Sulphonylureas are therefore ineffective in patients without a functional beta-cell mass and should be avoided in young ketotic patients, who require early insulin therapy, and they are usually avoided in pregnancy.
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In comparrison with other commonly used sulphonylureas Gliclazide has a fairly long biological half life, is largely metabolised by the liver so can be used in renal impairment but is more costly.

Side effects:

· Hypoglycaemia

· Weight gain

· Others are mild and infrequent
· Gastrointestinal disturbances such as nausea, vomiting, diarrhoea and constipation
· Occasional disturbance in liver function, rarely leading to cholestatic jaundice, hepatitis and hepatic failure
· Hypersensitivity reactions can occur in first 6 – 8 weeks: allergic skin reactions progressing rarely to erythema multiforme and exfoliative dermatitis, fever and jaundice.
· Blood disorders are also rare but may include leucopenia, thrombocytopenia, agranulocytosis, pancytopenia, haemolytic anaemia, and aplastic anaemia.

Contraindications:

Sulphonylureas should be avoided where possible in severe hepatic and renal impairment and in porphyria. They should not be used while breast-feeding and insulin therapy should be substituted during pregnancy. Sulphonylureas are contra-indicated in the presence of ketoacidosis
Cautions:

Sulphonylureas can encourage weight gain and should be prescribed only if poor control and symptoms persist despite adequate attempts at dieting; metformin is considered the drug of choice in obese patients. Caution is needed in the elderly and in those with mild to moderate hepatic and renal impairment because of the hazard of hypoglycaemia. The short-acting tolbutamide may be used in renal impairment, as may gliquidone and gliclazide which are principally metabolised in the liver, but careful monitoring of blood-glucose concentration is essential; care is required to choose the smallest possible dose that produces adequate control of blood glucose.

Interactions:

	Drug
	Effect of interaction 

	Miconazole
	hypoglycaemic effect of gliclazide enhanced by miconazole — avoid concomitant use

	Chloramphenicol
	effects of sulphonylureas enhanced by chloramphenicol

	Cimetidine
	hypoglycaemic effect of sulphonylureas enhanced by cimetidine

	Coumarins
	hypoglycaemic effect of sulphonylureas possibly enhanced by coumarins , also possible changes to anticoagulant effect

	Fibrates
	may be improved glucose tolerance and an additive effect when sulphonylureas given with fibrates

	Fluconazole
	plasma concentration of sulphonylureas increased by fluconazole

	MAOIs
	hypoglycaemic effect of sulphonylureas enhanced by MAOIs

	NSAIDS
	effects of sulphonylureas possibly enhanced by NSAIDs

	Rifamycins
	metabolism of sulphonylureas possibly accelerated by rifamycins (reduced effect)

	sulfinpyrazone
	effects of sulphonylureas enhanced by sulfinpyrazone

	Alcohol
	hypoglycaemic effect of antidiabetics enhanced by alcohol

	Beta blockers
	warning signs of hypoglycaemia (such as tremor) with antidiabetics may be masked when given with beta-blockers

	Corticosteroids
	hypoglycaemic effect of antidiabetics antagonised by corticosteroids

	Diazoxide
	hypoglycaemic effect of antidiabetics antagonised by diazoxide

	Loop Diuretics
	hypoglycaemic effect of antidiabetics antagonised by loop diuretics

	Thiazide Diuretics
	hypoglycaemic effect of antidiabetics antagonised by thiazides and related diuretics

	Oestrogens
	hypoglycaemic effect of antidiabetics antagonised by oestrogens

	Progestogens
	hypoglycaemic effect of antidiabetics antagonised by progestogens


Monitoring:

Essential to undertake careful monitoring of blood glucose concentration and to use the smallest dose possible that produces a satisfactory glycaemic control.

Dose:


Initially, 40–80 mg daily, adjusted according to response; up to 160 mg as a single dose, with breakfast; higher doses divided; max. 320 mg daily

Insulin Treatment by Tsitsi Chituku and Alan McLeod
Insulin plays a key role in the regulation of carbohydrate, fat, ketone and protein metabolism. It is a polypeptide hormone of complex structure. There are differences in the amino-acid sequence of animal insulins, human insulins and the human insulin analogues. 

Insulin may be extracted from pork pancreas and purified by crystallisation; it may also be extracted from beef pancreas, but beef insulins are now rarely used. Human sequence insulin may be produced semisynthetically by enzymatic modification of porcine insulin (emp) or biosynthetically by recombinant DNA technology using bacteria (crb, prb) or yeast (pyr).

All insulin preparations are to a greater or lesser extent immunogenic in man but immunological resistance to insulin action is uncommon. Preparations of human sequence insulin should theoretically be less immunogenic, but no real advantage has been shown in trials.

Insulin is inactivated by gastro-intestinal enzymes, and must therefore be given by injection; the subcutaneous route is ideal in most circumstances. Insulin is usually injected into the upper arms, thighs, buttocks, or abdomen; absorption from a limb site may be increased if the limb is used in strenuous exercise after the injection. Generally subcutaneous insulin injections cause few problems; fat hypertrophy does, however, occur but can be minimised by using different injection sites in rotation. Local allergic reactions are rare.

Insulin is needed by all patients with ketoacidosis, and it is likely to be needed by most patients with:

· rapid onset of symptoms;

· substantial loss of weight;

· weakness;

· ketonuria.

If the condition worsens, vomiting can occur and patients may rapidly develop ketoacidosis. Insulin is required by almost all children with diabetes. It is also needed for type 2 diabetes when other methods have failed to achieve good control, and temporarily in the presence of intercurrent illness or peri-operatively. Pregnant women with type 2 diabetes should be treated with insulin when diet alone fails.

Management of diabetes with insulin

The aim of treatment is to achieve the best possible control of blood-glucose concentration without making the patient obsessional and to avoid disabling hypoglycaemia; close co-operation is needed between the patient and the medical team since good control reduces the risk of complications. Mixtures of insulin preparations may be required and appropriate combinations have to be determined for the individual patient. 

The dose of insulin is adjusted on an individual basis, by gradually increasing the dose but avoiding troublesome hypoglycaemic reactions. The human body naturally produces 0.5 – 0.75 Units of insulin per Kg per day (ie. 35-52.5 for a 70 Kg person) – the aim is to replace this and so in a 70 Kg person we may aim to give 50 units to start with and titrate from there. About 1/3rd is used to cover nighttime.

There are 4 main types of insulin preparations:

· those of short duration which have a relatively rapid onset of action, namely soluble insulin, insulin lispro and insulin aspart;

· those with an intermediate action, e.g. isophane insulin and insulin zinc suspension; and

· those whose action is slower in onset and lasts for long periods, e.g. insulin zinc suspension.

· Mixed preparations have a short duration / rapid onset insulin together with a longer acting insulin. Mixtard is a popular brand of this type combining a short duration with an isophane insulin.

Isophane insulin is a suspension of insulin with protamine which is of particular value for initiation of twice-daily insulin regimens. Patients usually mix isophane with soluble insulin but ready-mixed preparations may be appropriate (biphasic isophane insulin, biphasic insulin aspart, or biphasic insulin lispro).

Insulin zinc suspension (crystalline) has a more prolonged duration of action; it may be used independently or in insulin zinc suspension (30% amorphous, 70% crystalline).

Protamine zinc insulin is usually given once daily with short-acting (soluble) insulin. It has the drawback of binding with the soluble insulin when mixed in the same syringe, and is now rarely used.

Insulin glargine and insulin detemir are both human insulin analogues with a prolonged duration of action; insulin glargine is given once daily and insulin detemir is given once or twice daily.

The duration of action of a particular type of insulin varies considerably from one patient to another, and needs to be assessed individually.

There are 2 basic types of regime that insulin dependent patients may use

	Conventional
	Basal / Bolus

	A combined long + short acting insulin is taken. The long acting insulin provides background cover while the short acting one covers meals.

· Less injections

· Meals must be taken at appropriate times

· Regular snacks are required. 
	A long acting insulin such as Glargine provides ‘background’ insulin while further doses of a short-acting insulin (e.g. actrapid) are taken with food.

· More injections

· Can more easily tailor insulin to meal size

· Can change meal times more easily


The basal / bolus regime is probably better overall may be complex for many as it involves calculation of cabohydrate conc. Of meals. The conventional ‘twice daily’ regime may be used in children who are not good with injections or those whose lifestyle it fits




Insulin requirements may be increased by infection, stress, accidental or surgical trauma, puberty, and during the second and third trimesters of pregnancy. Requirements may be decreased in patients with renal impairment or hepatic impairment and in those with some endocrine disorders (e.g. Addison’s disease, hypopituitarism) or coeliac disease. In pregnancy insulin requirements should be assessed frequently by an experienced diabetes physician.

Insulin administration

Insulin is generally given by subcutaneous injection. Injection devices (‘pens’) which hold the insulin in a cartridge and meter the required dose are convenient to use. The conventional syringe and needle is still the preferred method of insulin administration by many and is also required for insulins not available in cartridge form.

For intensive insulin regimens multiple subcutaneous injections (3 to 4 times daily) are usually recommended.

Short-acting insulins (soluble insulin, insulin aspart and insulin lispro) can also be given by continuous subcutaneous infusion using a portable infusion pump. This device delivers a continuous basal insulin infusion and patient-activated bolus doses at meal times. This technique is appropriate only for patients who suffer recurrent hypoglycaemia or marked morning rise in blood-glucose concentration despite optimised multiple-injection regimens. NICE (February 2003) has also recommended continuous subcutaneous infusion as an option in those who suffer repeated or unpredictable hypoglycaemia despite optimal multiple-injection regimens (including the use of insulin glargine where appropriate). Patients on subcutaneous insulin infusion must be highly motivated, able to monitor their blood-glucose concentration, and have expert training, advice and supervision from an experienced healthcare team.

Soluble insulin by the intravenous route is reserved for urgent treatment, and for fine control in serious illness and in the perioperative period (see under Diabetes and Surgery, below).

Units

The word ‘unit' should not be abbreviated.

Monitoring

Many patients now monitor their own blood-glucose concentrations (section 6.1.6). Since blood-glucose concentrations vary substantially throughout the day, ‘normoglycaemia’ cannot always be achieved throughout a 24-hour period without causing damaging hypoglycaemia. It is therefore best to recommend that patients should maintain a blood-glucose concentration of between 4 and 9 mmol/litre for most of the time (4–7 mmol/litre before meals and less than 9 mmol/litre after meals), while accepting that on occasions, for brief periods, it will be above these values; strenuous efforts should be made to prevent the blood-glucose concentration from falling below 4 mmol/litre. Patients should be advised to look for ‘peaks’ and ‘troughs’ of blood glucose, and to adjust their insulin dosage only once or twice weekly. Overall it is ideal to aim for an HbA1c (glycosylated haemoglobin) concentration of 6.5–7.5% or less (reference range 4–6%) but this is not always possible without causing disabling hypoglycaemia; in those at risk of arterial disease, the aim should be to maintain the HbA1c concentration at 6.5% or less. HbA1c should be measured every 3–6 months. Fructosamine can also be used for assessment of control; this is simpler and cheaper but the measurement of HbA1c is generally a more reliable method.

The intake of energy and of simple and complex carbohydrates should be adequate to allow normal growth and development but obesity must be avoided. The carbohydrate intake needs to be regulated and should be distributed throughout the day. Fine control of plasma glucose can be achieved by moving portions of carbohydrate from one meal to another without altering the total intake.

Hypoglycaemia

Hypoglycaemia is a potential problem with insulin therapy. All patients must be carefully instructed on how to avoid it.

Loss of warning of hypoglycaemia is common among insulin-treated patients and can be a serious hazard, especially for drivers and those in dangerous occupations. Very tight control of diabetes lowers the blood-glucose concentration needed to trigger hypoglycaemic symptoms; increase in the frequency of hypoglycaemic episodes reduces the warning symptoms experienced by the patient. Beta-blockers can also blunt hypoglycaemic awareness (and also delay recovery).

To restore the warning signs, episodes of hypoglycaemia must be minimised; this involves appropriate adjustment of insulin type, dose and frequency together with suitable timing and quantity of meals and snacks.

Some patients have reported loss of hypoglycaemia warning after transfer to human insulin. Clinical studies do not confirm that human insulin decreases hypoglycaemia awareness. If a patient believes that human insulin is responsible for the loss of warning it is reasonable to revert to animal insulin and essential to educate the patient about avoiding hypoglycaemia. Great care should be taken to specify whether a human or an animal preparation is required.

Few patients are now treated with beef insulins; when undertaking conversion from beef to human insulin, the total dose should be reduced by about 10% with careful monitoring for the first few days. When changing between pork and human sequence insulins, a dose change is not usually needed, but careful monitoring is still advised.

Driving

Drivers treated with insulin or oral antidiabetic drugs are required to notify the Driver and Vehicle Licensing Agency of their condition, as are drivers of Group 2 vehicles (heavy goods vehicles or public service vehicles) whose diabetes is controlled by diet alone; the Agency's Drivers Medical Unit provides guidance on eligibility to drive. Driving is not permitted when hypoglycaemic awareness is impaired.

Drivers need to be particularly careful to avoid hypoglycaemia (see also above) and should be warned of the problems. Drivers treated with insulin should normally check their blood-glucose concentration before driving and, on long journeys, at 2-hour intervals; these precautions may also be necessary for drivers taking oral antidiabetic drugs who are at particular risk of hypoglycaemia. Drivers treated with insulin should ensure that a supply of sugar is always available in the vehicle and they should avoid driving if they are late for a meal. If hypoglycaemia occurs, or warning signs develop, the driver should:

· stop the vehicle in a safe place;

· switch off the ignition;

· eat or drink a suitable source of sugar;

· wait until recovery is complete before continuing journey; recovery may take 15 minutes or longer and should preferably be confirmed by checking blood-glucose concentration.

Diabetes and surgery

The following regimen is suitable when surgery in a patient with type 1 diabetes requires intravenous infusion of insulin for 12 hours or longer.

· Give an injection of the patient’s usual insulin on the night before the operation.

· Early on the day of the operation, start an intravenous infusion of glucose 5% or 10% containing potassium chloride 10 mmol/litre (provided that the patient is not hyperkalaemic) and infuse at a constant rate appropriate to the patient’s fluid requirements (usually 125 mL per hour); make up a solution of soluble insulin 1 unit/mL in sodium chloride 0.9% and infuse intravenously using a syringe pump piggy-backed to the intravenous infusion.

· The rate of the insulin infusion should normally be:

Blood glucose < 4 mmol/litre, give 0.5 units/hour

Blood glucose 4–15 mmol/litre, give 2 units/hour

Blood glucose 15–20 mmol/litre, give 4 units/hour

Blood glucose > 20 mmol/litre, review.

Never, ever write a rate of 0 units per hour – this is DKA waiting to happen!
In resistant cases (such as patients who are in shock or severely ill or those receiving corticosteroids or sympathomimetics) 2–4 times these rates or even more may be needed.

If a syringe pump is not available soluble insulin 16 units/litre should be added to the intravenous infusion of glucose 5% or 10% containing potassium chloride 10 mmol per litre (provided the patient is not hyperkalaemic) and the infusion run at the rate appropriate to the patient’s fluid requirements (usually 125 mL per hour) with the insulin dose adjusted as follows:

· Blood glucose < 4 mmol/litre, give 8 units/litre

· Blood glucose 4–15 mmol/litre, give 16 units/litre

· Blood glucose 15–20 mmol/litre, give 32 units/litre

· Blood glucose > 20 mmol/litre, review.

The rate of intravenous infusion depends on the volume depletion, cardiac function, age, and other factors. Blood-glucose concentration should be measured pre-operatively and then hourly until stable, thereafter every 2 hours. The duration of action of intravenous insulin is only a few minutes and the infusion must not be stopped unless the patient becomes overtly hypoglycaemic (blood glucose < 3 mmol/litre) in which case it should be stopped for up to 30 minutes. The amount of potassium chloride required in the infusion needs to be assessed by regular measurement of plasma electrolytes. Sodium chloride 0.9% infusion should replace glucose 5% or 10% if the blood glucose is persistently above 15 mmol/litre.

Once the patient starts to eat and drink, give subcutaneous insulin before breakfast and stop intravenous insulin 30 minutes later; the dose may need to be 10–20% more than usual if the patient is still in bed or unwell. If the patient was not previously receiving insulin, an appropriate initial dose is 30–40 units daily in four divided doses using soluble insulin before meals and intermediate-acting insulin at bedtime and the dose adjusted from day to day. Patients with hyperglycaemia often relapse after conversion back to subcutaneous insulin calling for one of the following approaches:

· additional doses of soluble insulin at any of the four injection times (before meals or bedtime) or
· temporary addition of intravenous insulin infusion (while continuing the subcutaneous regimen) until blood-glucose concentration is satisfactory or
· complete reversion to the intravenous regimen (especially if the patient is unwell).

ACTRAPID (short-acting human soluble insulin) by Katherine Rogers

Mode of operation:

Insulin is anabolic. The anabolic actions of insulin are:










Note the effect of insulin in reducing ketogenesis – a lack of insulin can result in ketoacidosis. This is rarer in type II as in type II there is usually some insulin.

Side effects:

· Transient oedema

· Local reactions and fat hypertrophy at injection site

· Overdose causes hypoglycaemia

Contraindications:

None

Cautions:
· Reduce dose in renal impairment as insulin requirements fall and compensatory response to severe hypoglycaemia is impaired

· Requirements may be decreased in patients with hepatic impairment and in those with some endocrine disorders (e.g. Addison’s disease, hypopituitarism) or coeliac disease.

· Insulin requirements may be increased by infection, stress, accidental or surgical trauma, puberty, and during the second and third trimesters of pregnancy (managed by an experienced physician).

· Need to inform DVLA when driver is treated with insulin. Advised to have a source of sugar in the car on long journeys above 2 hours duration.

Interactions (insulin):

	Drug
	Effect of interaction

	ACE Inhibitors
	Hypoglycaemic effect possibly enhanced

	Alcohol
	Hypoglycaemic effect enhanced

	Anti depressants – MAOIs
	Hypoglycaemic effect enhanced

	Beta-blockers
	Hypoglycaemic effect enhanced. Warning signs of hypoglycaemia may be masked (e.g. tremor) by beta-blocker 

	Nifedipine
	Glucose tolerance occasionally impaired

	Corticosteroids
	Hypoglycaemic effect antagonised

	Diuretics (thiazides, loop diuretics)
	Hypoglycaemic effect antagonised

	Oestrogens/progestogens
	Hypoglycaemic effect antagonised

	Testosterone
	Hypoglycaemic effect possibly enhanced


Monitoring:

Patients now tend to monitor their own blood glucose level. Advised to keep blood glucose level between 4 and 10 mmol/L. Advised to look for peaks and troughs of blood glucose and adjust their insulin dosage once or twice weekly. Aim for an HbA1c concentration of 6.5–7.5%.

Actrapid:

Human soluble insulin – fast action, short acting. 

Indications: 

Diabetes mellitus type I and diabetic ketoacidosis

Route/dosage:

Subcutaneous injection – dosage dictated by individual needs

The duration of action of a particular type of insulin varies considerably from one patient to another, and needs to be assessed individually.

Examples of recommended insulin regimens:

1. Short-acting insulin mixed with intermediate-acting insulin: twice daily (before meals)

2. Short-acting insulin mixed with intermediate-acting insulin: before breakfast
Short-acting insulin: before evening meal
Intermediate-acting insulin: at bedtime

3. Short-acting insulin: three times daily (before breakfast, midday, and evening meal)
Intermediate-acting insulin: at bedtime

4. Intermediate-acting insulin with or without short-acting insulin: once daily either before breakfast or at bedtime suffices for some patients with type 2 diabetes who need insulin, sometimes in combination with oral hypoglycaemic drugs

 (Human Mixtard®) BIPHASIC ISOPHANE INSULIN by Tsitsi Chituku
Indications:

diabetes mellitus

Cautions:

See Actrapid

Side-effects:

See Actrapid; also, protamine may cause allergic reactions.

Interactions:

See Actrapid

Dose

  

By subcutaneous injection, according to requirements

The manufacturer of Mixtardd (Novo Nordisk) is soon to discontinue some of the preparations (expected 2007 / 8). This will include mixtard 10 & 20 and may include mixtaerd 30.

Mixtard® 10 (Novo Nordisk) 

Injection, biphasic isophane insulin (human, pyr), 10% soluble, 90% isophane, 100 units/mL. 

Mixtard® 20 (Novo Nordisk) 

Injection, biphasic isophane insulin (human, pyr), 20% soluble, 80% isophane, 100 units/mL. 

Mixtard® 30 (Novo Nordisk) 

Injection, biphasic isophane insulin (human, pyr), 30% soluble, 70% isophane, 100 units/mL. 

Mixtard® 40( Novo Nordisk) 

Injection, biphasic isophane insulin (human, pyr), 40% soluble, 60% isophane, 100 units/mL. 

Mixtard® 50 (Novo Nordisk) 

Injection, biphasic isophane insulin (human, pyr), 50% soluble, 50% isophane, 100 units/mL. 

Hormones

DDAVP® (Desmopressin) by Vic Robinson
Mode of operation 

DDAVP® (Desmopressin) is an analogue of the posterior pituitary hormone Vasopressin (antidiuretic hormone, ADH). ADH secretion can be stimulated by an increase in plasma osmolality or a decrease in circulating blood volume (stimulating baroreceptors). Angiotensin also releases ADH. 

Both DDAVP and Vasopressin can be used in the treatment of pituitary (‘cranial') diabetes insipidus, where absence of ADH causes the excretion of large volumes of hypotonic urine. Diabetes insipidus can also be caused by failure of the kidney to respond to ADH (‘nephrogenic), this will not be responsive to DDAVP. 

There are three classes of receptor for ADH (Vasopressin), V1, V2 and V3. V2 receptors mediate the main physiological actions in the kidney and are coupled to adenylate cyclase. DDAVP selectively activates V2 receptors in the distal part of the nephron and the collecting ducts in the kidneys. This increases the number of water channels in the collecting ducts so increasing passive reabsorption of water. The result is decreased excretion of sodium and water, thus controlling polyuria and polydipsia. 

Dosage is tailored to produce a slight diuresis every 24 hours to avoid water intoxication. Treatment may be required for a limited period only in diabetes insipidus following trauma or pituitary surgery.

Desmopressin is more potent and has a longer duration of action than vasopressin; unlike vasopressin it has no vasoconstrictor effect. It is given by mouth or intranasally for maintenance therapy, and by injection in the postoperative period or in unconscious patients. 

Desmopressin is also used in the differential diagnosis of diabetes insipidus. Following a dose of 2 micrograms intramuscularly or 20 micrograms intranasally, restoration of the ability to concentrate urine after water deprivation confirms a diagnosis of cranial diabetes insipidus. Failure to respond occurs in nephrogenic diabetes insipidus.

Other uses; 

· Desmopressin is also used to boost factor VIII plasma concentration in mild to moderate haemophilia and in von Willebrand's disease

· Postoperative polyuria/polydipsia  

· It is used for nocturnal enuresis; it is given intranasally or it may be given by mouth as tablets. Particular care is needed to avoid fluid overload and treatment should not be continued for longer than 3 months without stopping for a week for full re-assessment. 

Side effects 
· Fluid retention, and hyponatraemia (in more serious cases with convulsions) on administration without restricting fluid intake 

· Stomach pain

· Headache

· Nausea and vomiting

· Allergic reactions

· Emotional disturbance in children

· Epistaxis and nasal congestion with nasal spray

Contraindications: 
· Cardiac insufficiency and other conditions treated with diuretics; 

· psychogenic polydipsia 

· polydipsia in alcohol dependence

Cautions:  

Any condition that may be aggravated by fluid retention;
· Renal impairment 

· Cardiovascular disease 

· Hypertension (not indicated for nocturnal enuresis or nocturia in these circumstances)

· Elderly (avoid for nocturnal enuresis and nocturia in those over 65 years)

· Also use considerable caution in cystic fibrosis; 

· In nocturia and nocturnal enuresis limit fluid intake to minimum from 1 hour before dose until 8 hours afterwards; in nocturia periodic blood pressure and weight checks needed to monitor for fluid overload; 

· pregnancy – oxytocic effect in third trimester 

· Hyponatraemic convulsions The CSM has advised that patients being treated for primary nocturnal enuresis should be warned to avoid fluid overload (including during swimming) and to stop taking desmopressin during an episode of vomiting or diarrhoea (until fluid balance normal). The risk of hyponatraemic convulsions can also be minimised by keeping to the recommended starting doses and by avoiding concomitant use of drugs which increase secretion of vasopressin (e.g. tricyclic antidepressants)

Interactions: 

	Drug
	Effect of interaction

	Indometacin
	Effects of desmopressin enhanced by indometacin

	Loperamide
	Plasma concentration of oral desmopressin increased by loperamide


Monitoring – none required

Dose 

By mouth

· Diabetes insipidus, treatment, adult and child initially 300 micrograms daily (in 3 divided doses); maintenance, 300–600 micrograms daily in 3 divided doses; range 0.2–1.2 mg daily

· Primary nocturnal enuresis (if urine concentrating ability normal), adult (under 65 years) and child over 5 years (preferably over 7 years) 200 micrograms at bedtime, only increased to 400 micrograms if lower dose not effective (important: see also Cautions); withdraw for at least 1 week for reassessment after 3 months

· Postoperative polyuria or polydipsia, adjust dose according to urine osmolality

Intranasally

· Diabetes insipidus, diagnosis, adult and child 20 micrograms (limit fluid intake to 500 mL from 1 hour before to 8 hours after administration)

· Diabetes insipidus, treatment, adult 10–40 micrograms daily (in 1–2 divided doses); child 5–20 micrograms daily; infants may require lower doses

· Primary nocturnal enuresis (if urine concentrating ability normal), adult (under 65 years) and child over 5 years (preferably over 7 years) initially 20 micrograms at bedtime, only increased to 40 micrograms if lower dose not effective (important: see also Cautions); withdraw for at least 1 week for reassessment after 3 months

· Nocturia associated with multiple sclerosis (when other treatments have failed), adult (under 65 years) 10–20 micrograms at bedtime (important: see also Cautions), dose not to be repeated within 24 hours

· Renal function testing (empty bladder at time of administration and limit fluid intake to 500 mL from 1 hour before until 8 hours after administration), adult 40 micrograms; infantunder 1 year 10 micrograms (restrict fluid intake to 50% at next 2 feeds to avoid fluid overload), child 1–15 years 20 micrograms

· Mild to moderate haemophilia and von Willebrand’s disease, adult 300 micrograms (one 150-microgram spray into each nostril) 30 minutes before surgery or when bleeding; may be repeated at intervals of 12 hours (or at intervals of at least 3 days if self-administered)

· Fibrinolytic response testing, adult 300 micrograms (one 150-microgram spray into each nostril); blood sampled after 1 hour for fibrinolytic activity

By injection

· Diabetes insipidus, diagnosis (subcutaneous or intramuscular), adult and child 2 micrograms (limit fluid intake to 500 mL from 1 hour before to 8 hours after administration)

· Diabetes insipidus, treatment (subcutaneous, intramuscular or intravenous), adult 1–4 micrograms daily; infant and child 400 nanograms

· Renal function testing (empty bladder at time of administration and limit fluid intake to 500 mL from 1 hour before until 8 hours after administration) (subcutaneous or intramuscular), adult and child 2 micrograms; infant 400 nanograms (restrict fluid intake to 50% at next 2 feeds)

· Mild to moderate haemophilia and von Willebrand’s disease, (subcutaneous or intravenous), adult and child over 1 month 300 nanograms/kg as a single dose immediately before surgery or after trauma; may be repeated at intervals of 12 hours

· Fibrinolytic response testing, (subcutaneous or intravenous), adult and child 300 nanograms/kg; blood sampled after 20 minutes for fibrinolytic activity

· Lumbar-puncture-associated headache, consult product literature

Thyroid Drugs

The major form of thyroid hormone in the blood is thyroxine (T4). The ratio of T4 to T3 released in the blood is roughly 20 to 1. Thyroxine is converted to the active T3 (three to four times more potent than T4) within cells by deiodinases (5'-iodinase).
Carbimazole by Nick Harris
Indication: 

Hyperthyroidism. It is the most commonly used drug for this condition in the U.K.

Mode of operation:

Formation of thyroxine:

The functional units of the thyroid are the follicles which consist of a single layer of epithelial cells (follicular cells) surrounding a cavity (the follicle lumen) which is filled with a thick colloid containing thyroglobulin. Thyroglobulin is a glycoprotein which is initially made in the follicle cells before being secreted into the lumen.

Iodide is concentrated in the follicular cells where, at the boundary of the cell and lumen, it is rapidly oxidised to the more reactive iodine. Iodine reacts with tyrosine residues which are present in thyroglobulin to form monoiodotyrosine (MIT) and diiodotyrosine (DIT). The reaction is catalysed via an enzyme named thyroid peroxidase. The same enzyme then catalyses the coupling of MIT and DIT to form T3, and the coupling of two DIT residues to form T4 (thyroxine).

Action of carbimazole:

Carbimazole is a Thioamide, it is metabolised into a substance called methimazole in the plasma. It inhibits the iodination of tyrosine, resulting in reduced production of the thyroid hormones tri- iodothyronine (T3) and Thyroxine (T4). It does this by inactivating the enzyme (thyroid peroxidase) which catalyses the reaction. Because it inhibits the enzyme, it also reduces the coupling of MIT and DIT.

Side effects:

· Bone marrow suppression (including pancytopenia and agranulocytosis, see CSM warning)
· Nausea

· Mild gastro-intestinal disturbances

· Headache

· Rashes and pruritus

· Arthralgia

· Rarely myopathy

· Alopecia

· Jaundice

CSM warning (neutropenia and agranulocytosis)

Doctors are reminded of the importance of recognising bone marrow suppression induced by carbimazole and the need to stop treatment promptly.

1. Patient should be asked to report symptoms and signs suggestive of infection, especially sore throat.

2. A white blood cell count should be performed if there is any clinical evidence of infection.

3. Carbimazole should be stopped promptly if there is clinical or laboratory evidence of neutropenia.

Contraindications:

None in BNF

Cautions:

Pregnancy:


· A combination of carbimazole, 40 to 60 mg daily with levothyroxine, 50 to 150 micrograms daily, may be used in a blocking-replacement regimen; therapy is usually given for 18 months. The blocking-replacement regimen is not suitable during pregnancy.

· Carbimazole can cross the placenta and in high doses may cause foetal goitre and hypothyroidism- the lowest dose that will control the hyperthyroid state should be used.
· Rarely Carbimazole has been associated with aplasia cutis of the neonate.

Breast-feeding:

Carbimazole appears in breast milk (and may affect neonatal thyroid function) but this does not preclude breast-feeding as long as neonatal development is closely monitored and the lowest effective dose is used. 

Liver disorders

Interactions:

None in BNF

Monitoring:

Monitor neonatal development if breast feeding.

Dose:

· Carbimazole is given in a dose of 15 to 40 mg daily; occasionally a larger dose may be required. 

· This dose is continued until the patient becomes euthyroid, usually after 4 to 8 weeks.

· The dose is then gradually reduced to a maintenance dose of 5 to 15 mg. 

· Therapy is usually given for 12 to 18 months. 

Children may be given carbimazole in an initial dose of 250 micrograms/kg three times daily, adjusted according to response; treatment in children should be undertaken by a specialist. Rashes and pruritus are common but they can be treated with antihistamines without discontinuing therapy; alternatively propylthiouracil may be substituted. All patients should be advised to report any sore throat immediately because of the rare complication of agranulocytosis (see CSM warning, above).

Propylthiouracil by Alan McLeod

Indications hyperthyroidism 
Propylthiouracil (PTU) is a thionamide drug. It is used to decrease the amount of thyroid hormone produced by the thyroid gland. PTU inhibits many steps in the synthesis of thyroid hormones, including the addition of iodide to thyroglobulin by the enzyme thyroperoxidase, a necessary step in the synthesis of thyroxine, and by inhibiting the enzyme 5'-deiodinase which converts T4 to T3.
Cautions see under Carbimazole; 

Side-effects see under Carbimazole; leucopenia; rarely cutaneous vasculitis, thrombocytopenia, aplastic anaemia, hypoprothrombinaemia, hepatitis, encephalopathy, hepatic necrosis, nephritis, lupus erythematous-like syndromes

Dose: 200 to 400 mg daily in adults and this dose is maintained until the patient becomes euthyroid; the dose may then be gradually reduced to a maintenance dose of 50 to 150 mg daily.

Levothyroxine (T4) by Alan McLeod

Indications hypothyroidism. Levothyroxine (T4) is the treatment of choice for maintenance therapy. 

Cautions  panhypopituitarism or predisposition to adrenal insufficiency (initiate corticosteroid therapy before starting levothyroxine), elderly, cardiovascular disorders (including hypertension, myocardial insufficiency or myocardial infarction, see Initial Dosage below), long-standing hypothyroidism, diabetes insipidus, diabetes mellitus (dose of antidiabetic drugs including insulin may need to be increased); pregnancy (Appendix 4) and breast-feeding (Appendix 5); 

Interactions: See also Appendix 1 (thyroid hormones)

	Drug
	Effect of interaction

	Iron
	Reduces absorption of T4 – give at least 2 hour apart

	TCAs (inc amytriptaline)
	The effects of these drugs are potentiated by thyroxine

	Phenytoin

Rifanpicin
	This drug reduces the effect of thyroxine

	Phenindione
	Increased anti-coagulant effect

	Warfarin
	


Initial dosage A pre-therapy ECG is valuable as changes induced by hypothyroidism may be confused with evidence of ischaemia. If metabolism increases too rapidly (causing diarrhoea, nervousness, rapid pulse, insomnia, tremors and sometimes anginal pain where there is latent myocardial ischaemia), reduce dose or withhold for 1–2 days and start again at a lower dose

Contra-indications  thyrotoxicosis

Side-effects usually at excessive dosage (see Initial Dosage above) include diarrhoea, vomiting, anginal pain, arrhythmias, palpitation, tachycardia, tremor, restlessness, excitability, insomnia; headache, flushing, sweating, fever, heat intolerance, weight-loss, muscle cramp, and muscular weakness; transient hair loss in children; hypersensitivity reactions including rash, pruritus and oedema also reported

Dose 

adult, initially 50–100 micrograms daily, preferably before breakfast, adjusted in steps of 25–50 micrograms every 3–4 weeks until metabolism normalised (usually 100–200 micrograms daily); in cardiac disease, severe hypothyroidism, and patients over 50 years, initially 25 micrograms daily or 50 micrograms on alternate days, adjusted in steps of 25 micrograms every 4 weeks; child under 12 years see BNF for Children (section 6.2.1)

Congenital hypothyroidism and juvenile myxoedema, see BNF for Children (section 6.2.1) for suitable dosage regimens

Tri-iodothyronine (Liothyronine, T3) by Alan McLeod
Indications: Triiodothyronine, also known as T3, is a thyroid hormone similar to thyroxine (T4) but with one less iodine atom per molecule and produced in smaller quantity. It exerts the same biological effects as thyroxine but is more potent. Liothyronine sodium has a similar action to levothyroxine but is more rapidly metabolised and has a more rapid effect; 20 micrograms is equivalent to 100 micrograms of levothyroxine. Its effects develop after a few hours and disappear within 24 to 48 hours of discontinuing treatment. It may be used in severe hypothyroid states when a rapid response is desired.

Liothyronine by intravenous injection is the treatment of choice in hypothyroid coma. Adjunctive therapy includes intravenous fluids, hydrocortisone, and treatment of infection; assisted ventilation is often required.
Cautions see under levothyroxine; pregnancy (Appendix 4); breast-feeding (Appendix 5); 

interactions: see under levothyroxine

Contra-indications see under levothyroxine



Side-effects see under levothyroxine

Dose 

By mouth, initially 10–20 micrograms daily gradually increased to 60 micrograms daily in 2–3 divided doses; elderly smaller initial doses; child, adult dose reduced in proportion to body-weight

By slow intravenous injection, hypothyroid coma, 5–20 micrograms repeated every 12 hours or as often as every 4 hours if necessary; alternatively 50 micrograms initially then 25 micrograms every 8 hours reducing to 25 micrograms twice daily
Thiazolidinediones increase insulin sensitivity and lower blood glucose
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Remember BM is not indicative of ketones – it is the latter that is dangerous in DKA – get an ABG to be sure and do not be afraid to repeat it as needed.








