Summer 2003- 2a: Discuss the pharmacological action of drugs used to manage hyperlipidaemia.
Hyperlipidaemia is the presence in the blood of an abnormally high concentration of cholesterol, with or without triglycerides, in the form of lipoproteins which predisposes to atherosclerosis and coronary heart disease.  Ideal cholesterol levels are below 4 mmol/L.  Lipoproteins are classified according to their density on equilibrium ultracentrifugation.  The larger particles, VLDL, are the least dense and their larger size prevents them from passing into blood vessel walls, therefore they are not atherogenic.  LDL particles however, can easily penetrate damaged vessels and are responsible for atherosclerosis development.  HDL particles are the smallest and actually have a beneficial effect due to the fact that they accept excess cholesterol from other cells.
There are four major classes of drugs implicated in management of hyperlipidaemia; statins, fibrates, bile acid resins and nicotinic acid.

Statins (atorvastatin, cerivastatin, fluvastatin, lovastatin, pravastatin, simvastatin)
Statins or HMG-CoA reductase inhibitors are specific, reversible, competitive inhibitors of the HMG-CoA reductase enzyme which converts HMG-CoA to mevalonic acid.  This is the rate-limiting step in hepatic cholesterol synthesis.  As a result there is a decrease in cholesterol synthesis followed by up-regulation of LDL-receptors at the hepatocyte surface leading to increased LDL clearance.  The effect of statins is an overall decrease in circulating LDL.  It is believed that the main mechanism of action is via the up-regualtion of LDL-receptors due to the fact that all statins(except atorvastatin) are ineffective in homozygous familial hypercholesterolaemia(don’t possess any LDL-receptors). 
There is also a modest increase in HDL and a slight decrease in triglycerides.

Statins are administered by mouth at night as most cholesterol is synthesised during sleep.  They are well absorbed and extracted by the liver, their site of action.  There is extensive presystemic metabolism by cytochrome P450, glucuronidation and P-glycoprotein.  The hydrophilic metabolites are then excreted by kidney.

Bioavailability varies from less than 5% (lovastatin and simvastatin) up to 60% (cerivastatin). Statin half-lives also vary; as low as 30 minutes for fluvastatin and 14 hours for atorvastatin.

Adverse effects included headache, myalgia and GI intolerance, rarely myopathies and liver problems occur.  Other useful effects of statins include improved endothelial function, decreased vascular inflammation and decreased platelet aggregability.  

Statins are the most important of all the lipid lowering drugs and are first-line treatment except where contraindicated for example in pregnancy.  There is a proven decrease in coronary events and total mortality.

Fibrates (bezafibrate, ciprofibrate, gemfibrozil, clofibrate)
Fibrates act as ligands at the nuclear transcription receptor, PPARwhere they stimulate -oxidative degradation of fatty acids.  There is also activation of lipoprotein lipase which leads to triglyceride hydrolysis and liberation of free fatty acids for storage in adipocytes or metabolism in striated muscle.  There is a marked fall in triglycerides of 30% with a modest decrease in LDL levels(by HMG-CoA reductase inhibition) and modest increase in HDL.
Fibrates are completely absorbed from the GIT and excreted largely unchanged at the kidney.  They are found extensively bound to albumin therefore increasing potential for drug interactions especially with anticoagulants.

Adverse effects include mild GI symptoms and rarely a severe myositis (rhabdomyolysis) especially predisposed by combined use with statins or in patients with acute renal failure.  Clofibrate predisposes to gallstones and therefore is only indicated in those with a cholecystectomy. Fibrates are contraindicated in alcoholics who have massively raised triglyceride levels and an already increased risk of rhabdomyolysis.  

Fibrates are first-line treatment in patients with high triglyceride levels who are at  risk of pancreatitis. 
Bile Acid Resins (cholestyramine, colestipol)

Bile acid resins(BARs) work by sequestering bile acids at the intestine, preventing their reabsorption and enterohepatic recirculation and increasing excretion.  This results in more cholesterol being converted to bile acids, decreasing hepatocyte cholesterol concentration and like the statins, increasing LDL-receptors to reduce plasma LDL.  The effect is a reduced absorption of exogenous LDL and an increased metabolism of endogenous LDL.  HDL and triglyceride levels are unchanged.
BARs are powders taken by mouth with a liquid.  Their unappealing nature often results in poor or non-compliance.  There is a tendency to interact with other drugs (warfarin, digoxin) so these must be taken either 1 hour before or 4-6 hours after the BAR.  There is also interference with absorption of fat soluble vitamins.

As resins are not absorbed, systemic toxicity is low and adverse effects are confined to the gut; bloating, abdominal discomfort, diarrhoea and constipation.  

They can be used in combination with a statin if statin treatment is inadequate (heterozygous familial hypercholesterolaemia) or if a statin is contraindicated.
Nicotinic Acid
Nicotinic acid was the first lipid-lowering drug used to decrease overall mortality in patients with coronary artery disease.  It is a vitamin that decreases triglyceride production and secretion as VLDL cholesterol resulting in a triglyceride decrease of up to 30-50%.  There is also an indirect increase in HDL and drop in LDL levels.  It is  now almost never used due to it’s unpleasant side effects which include flushing, palpitations and GI disturbances.  In high doses can precipitate liver function disorders, gout and impaired glucose tolerance.

Autumn 2001-3a: describe the pharmacological action and clinical use of anti-emetic drugs.

There is a major division between classes of anti-emetic drugs.  Those that act on the chemoreceptor trigger zone (CTZ) and those that don’t.  The CTZ, in the area postrema, is not protected by the blood-brain barrier and is therefore exposed to the circulation and any drugs or toxins that are blood-borne.  These exert their emetic effect by acting on the dopamine D2-receptors and the serotonin 5-HT3 receptors located at the CTZ (serotonin receptors are also found in vagal sensory fibres in the gut) which in turn stimulates the vomiting centre in the medulla oblongata.  The vestibular system is another trigger of the vomiting centre and accounts for motion sickness.  Anti-emetic drugs work by blocking these signals as they make their way to the vomiting centre.

Dopamine Antagonists (prochlorperazine, metoclopramide, domperidone)

Prochlorperazine is a phenothiazine that is less sedative than chlorpromazine.  It acts at the CTZ as a dopamine D2-receptor antagonist and also has some degree of anticholinergic activity.  Prochlorperazine can be administered orally, intravenously, or by suppository.  It is a very effective anti-emetic for drug-induced vomiting, especially cisplatin and other cytotoxic drugs.  Prochlorperazine is also used for vomiting associated with viral gastroenteritis, chronic renal failure and neoplastic disease.  Adverse effects can include various dyskinesias.

Metoclopramide is a central dopamine D2-receptor antagonist at the CTZ.  It also has a prokinetic effect on the gut, increasing absorption of other drugs.  This property also makes it a useful treatment for gastro-oesophageal reflux disease.  It is taken orally and has a half-life of 4-5 hours.  It is excreted in the urine.  Metoclopramide is useful in most types of vomiting apart from motion sickness.  Due to it’s central effects, other parts of the CNS can be involved and adverse effects include dystonias and unwanted sedation.
Domperidone is similar to metoclopramide and also acts at the CTZ but it does not cross the blood-brain barrier and therefore the adverse effects of metoclopramide are rare. Domperidone is also very effective in treating vomiting associated with cytotoxic drug therapy. It raises prolactin levels and cardiac dysrhythmias can occur following rapid intravenous injection.

Serotonin Antagonists (ondansetron, granisetron)

Seretonin 5-HT3 receptors are found both at the CTZ and in the gut.  Therefore the action of the selective serotonin antagonists as anti-emetics is both central and peripheral.  The exact mode of action is unclear.  They are useful in vomiting associated with cytotoxic therapy and also radiotherapy.  Serotonin antagonists lack the dystonia and sedation associated with dopamine antagonists and headaches and constipation are uncommon.     
Clinical trials have shown that highly emetic cytotoxic drugs are better controlled by combinations of intravenous anti-emetics such as metoclopramide and dexamethasone or ondansetron and dexamethasone.  The anti-emetic mechanism of dexamethasone is unclear.

Anti-cholinergics (hyoscine)

Hyoscine is a muscarinic receptor antagonist that competes with acetylcholine at receptors in the gut and also in the CNS (there is no effect on the CTZ).  It has antispasmodic action in the gut and is useful in motion sickness due to it’s central action at the vomiting centre.  It is often used prophylactically as a transdermal patch in motion sickness. Motion sickness can be at sea, in the air or a car and is as a result of conflicting sensory information, when signals from the eye and the vestibular system don’t agree.  Adverse effects include drowsiness plus typical anti-cholinergic effects of dry mouth, blurred vision and urinary retention.
Anti-histamines (promethazine)

Promethazine is a competitive antagonist of histamine at the H1-receptors.  It acts at the vomiting centre, not the CTZ.  It is used in motion sickness and is used by NASA to treat motion sickness in space.  Limited evidence suggests that promethazine is safe to use in pregnancy if necessary for morning sickness.  Promethazine has weak anti-cholinergic effects and drowsiness.

Cannabinoids (nabilone)
Tetrahydrocannabinol is the active constituent of marijuana.  Nabilone is a synthetic drug that is highly effective in treatment of nausea and vomiting associated with cytotoxic therapy therefore, like dopamine and serotonin antagonists, it acts on the CTZ.  The exact mode of action is unclear but it is known that the anti-emetic effects are antagonised by naloxone, suggesting that opioid receptors may be involved.  

It is administered orally and is well absorbed at the GIT.  It is metabolised in many tissues, has a plasma half life of 2 hours and metabolites are excreted in the urine and the faeces.  Adverse effects include drowsiness, dry mouth and dizziness.
Summer 2003- 4a: Discuss the rationale for use of drug combinations, in relation to anti-retroviral therapy.  Include in your answer specific examples.

Treatment of viruses is a challenge.  Because viruses share many of the metabolic processes of the host cell, it is difficult to find drugs that are selective for the actual pathogen.  An ideal anti-viral would inhibit virus-specific events without interfering with the host cell metabolism which would result in toxicity to the person.  However most agents have a restricted spectrum of activity and for more serious infections, necessary therapy causes many unwanted effects.  In these instances, combination therapy is invaluable.  Use of anti-viral agents with different mechanisms of action achieves the following;

1. Increased anti-viral activity

2. Lower drug dosage required for each individual drug

3. Reduced toxicity and the option to ‘select’ one’s side effects or tailor the drug to suit the person’s health status (drugs which would exacerbate a separate pre-existing medical condition)
4. Prevents/delays development of drug resistance
Resistance is a major problem in long-term drug therapy.  It results from mutations within the viral genome so that the drug is not effective on the new mutant strain.  Factors favouring emergence of resistance include a high replicative load, high intrinsic mutation rate (especially RNA viruses) and selective drug pressure.  Cross-resistance can develop between drugs that work via similar modes of action.

The best example of combination therapy with anti-retrovirals has to be HAART.  Highly Active Anti-Retroviral Therapy is a regimen for HIV positive patients involving a combination of drugs.  The major factor limiting the ability of anti-retroviral drugs to control HIV replication and delay disease progression is the development of resistance.  The selection of resistant HIV variants is limited by potent combination therapy that suppresses HIV replication below the limit of detection.  The goal of therapy is therefore the maximum achievable suppression of HIV replication. (stole that directly from notes, sorry!! Sick of essays!!)

There are two main classes of anti-HIV drug: reverse transcriptase inhibitors and protease inhibitors.  Reverse transcriptase inhibitors can be further divided into nucleoside and non-nucleoside.   NRTIs are competitive inhibitors of reverse transcriptase by competing with natural pyrimidines or purines and inhibiting chain elongation.  NNRTIs are non-competitive inhibitors of RT by binding to the enzyme and changing it’s conformation.  Protease inhibitors prevent proteolytic cleavage of the final translation product necessary for assembly and release of virus.  Optimal suppression of viral replication is best achieved by the combination of two nucleoside analogs PLUS a potent protease inhibitor OR a non-nucleoside reverse transcriptase inhibitor.
There are six approved NRTIs; zidovudine(AZT), didanosine(ddI), zalcaitabine (ddC), stavudine (d4T),lamivudine (3TC) and abacavir.  Zidovudine is the first-line anti-HIV medication; it reduces mortality and opportunistic infections, it delays progression to AIDS and it reduces maternal-to-infant transmission of HIV.  However HIV can rapidly develop resistance to AZT when it is used alone.  This is the rationale for always starting with at least two agents as once resistance develops the drug can no longer be used.  Side effects include anaemia and neutropenia plus headache, insomnia, myalgias and other CNS disturbances.  If these adverse effects become too severe, the advantage of using the combination therapy is that the regimen can be manipulated to reduce these effects.  Some drugs can increase one’s chances of developing other conditions, for example didanosine (ddI) is a risk factor for pancreatitis.  Given to an alcoholic, their chances of developing pancreatitis greatly increase.  In this situation, another drug from the NRTI category can be selected which would be more suitable for the patient. 
Three NNRTIs in use include nevirapine, delaviridine and efavirenz.  When any one of these drugs used alone, resistance usually emerges rapidly.  The mutations that cause resistance to drugs in this class, usually confer cross-resistance to other NNRTIs but not to NRTIs or protease inhibitors.

Protease inhibitors include saquinavir, ritonavir, indinavir, nelfinavir and amprenavir.  These drugs commonly produce adverse gastrointestinal side effects and protease free regimens are often preferred by patients.  

Obviously with all three groups, unwanted drug interactions can occur and there may be interindividual variations in absorption.  However, triple therapy with AZT, ddC, and saquinavir has resulted in greater and longer lasting elevations of CD4-T cell counts and greater reductions in viral levels than 2-drug therapy and theoretically, monotherapy should never be used.

Summer 2003-5a: discuss the pharmacology of insulins, including strategies to modify their pharmacokinetics.

Insulin is a 51 amino-acid polypeptide produced in the healthy person in the pancreas by the -cells of the islets of Langerhans.  It acts on the insulin receptor, a membrane-spanning glycoprotein with two alpha and beta subunits.  Insulin binds to the alpha subunits causing activation of the tyrosine kinase activity of the beta subunits.  This leads to a complex chain of reactions which results in the effects of insulin: increased glucose uptake by the liver, muscle and adipose tissue.

In patients with diabetes mellitus there is a relative or total absence of insulin which causes reduced glucose uptake by insulin-sensitive tissues and has serious consequences from weight loss and weakness to coma or death.

Many insulins have been produced to match individual requirements and lifestyles. Insulin can be administered by subcutaneous injection, intravenously in emergencies or orally.  Type-1 diabetics who are insulin-dependent require various insulin preparations and regimens.  This form of the disease is associated with HLA and immunologically selective -cell destruction therefore insulin replacement is inevitable.  Type-2 diabetics however are non-insulin dependent and in one-third of these patients a strict diet with the aim of weight loss can result in improved insulin sensitivity and a decrease in hyperinsulinaemia.  In another third, diet regulation plus oral anti-diabetic treatment is successful.  If neither of these options work, insulin injections will be required.
There are several strategies employed to modify the pharmacokinetics of insulin preparations.  The form in which the insulin is administered determines the duration of action of the drug.  Absorption is prolonged by increasing the particle size, for example, insulin in the form of crystals is absorbed a lot slower than the amorphous form and therefore has a longer duration of action.  Complexing the insulin with zinc or protamine also increases duration of action.  

Short-acting Insulin Preparations
Most diabetics in the UK are treated with human insulin.  Soluble insulin is a regular crystalline zinc insulin in a buffer at a neutral pH administered subcutaneously.  It has a fast onset of action of 30 minutes reaching it’s peak activity after 2-4 hours.  It can be administered intravenously in a hyperglycaemic emergency.
Insulin lispro and aspart are insulin analogues which are identical to human insulin except at positions B28 and B29, where the sequence of the two residues is reversed to match that of IGF-1, a polypeptide that does not self-associate.  These analogues therefore have an even faster duration of action than soluble insulin.  The strategy with insulin analogues is to alter the primary structure to influence it’s aggregation in the subcutaneous depots which alters it’s duration of action.

Intermediate-acting Insulin Preparations

Semi-lente is a suspension of amorphous insulin zinc.  Lente is a suspension of amorphous zinc insulin (30%) and insulin zinc crystals (70%) and has a plasma half-life of 20 hours.  Isophane insulin (NPH) is a complex of protamine and insulin with a half-life similar to that of lente.  Proteolytic enzymes degrade the protamine and then the insulin is absorbed, another means of prolonging duration.

Biphasic insulin is 30% soluble which allows for rapid onset combined with 70% isophane to prolong the action.

Long-acting Insulin Preparations

Ultralente is a poorly soluble solution of insulin zinc crystals with a duration of 35 hours.  There is insulin accumulation and a risk of dangerous hypoglycaemia.
Inulin glargine is an insulin analogue that is soluble at acid pH but precipitates at a more neutral pH.  It has a long and peakless activity of 11-12 hours.

Hypoglycaemia because of an insulin overdose or inadequate calorific intake is the most serious adverse effect of insulin and can result in coma or death.  

Oral Anti-diabetic Drugs

Sulphonylureas work by stimulating insulin release from the pancreatic islets therefore the patient must have partially functioning islet cells (type-2 DM).  They bind to and block the potassium-ATP channels causing membrane depolarisation of the -cells.  In this way their action resembles that of glucose in it’s stimulation of insulin release.  Depolarisation causes an influx of calcium ions through voltage sensitive calcium channels and results in exocytotic release of insulin.  Tolbutamide is the first sulphonylurea tried as it has the shortest half-life and is therefore the safest.  Glipzide and glicazide are other examples.  Glibenclamide has the longest duration and the highest risk of developing hypoglycaemia. Adverse effects include GI disturbances and rash and obviously hypoglycaemia in the case of glibenclamide.  In severe hyperglycaemia, surgery or a major illness, insulin should be given instead.

Biguanides such as metformin act peripherally to increase glucose uptake.  The exact mechanism of action is unclear but there is thought to be an increase in the sensitivity of peripheral tissues, a decrease in hepatic glucose output by increasing degradation and inhibiting gluconeogenesis.  There is also decreased absorption of glucose in the gut. Biguanides are anti-hyperglycaemic drugs as opposed to hypoglycaemic drugs and therefore rarely cause hypoglycaemia.  Adverse effects include GI upset and rarely lactic acidosis.  

Alpha-glycosidase inhibitors such as acarbose are another example of oral anti-diabetic agents.  These work by delaying starch and sucrose absorption.  They are taken with meals and help lower the post-prandial surge in glucose levels.  Adverse effects include flatulence.

Glitazones are new drugs which increase insulin sensitivity by binding to the nuclear   PPAR-gamma.  This increases transcription of certain insulin-sensitive genes.  Glitazones can be given alone or in combination with metformin or sulphonylureas.
Summer 2003-1a: write an essay on oral drug delivery.

Most drugs are absorbed from the gastrointestinal tract and because of the convenience, orally administered drugs are widely used over injectable preparations.  Some drugs like benzylpenicillin or insulin are destroyed by the acid and enzymes in the gut and therefore have to be administered parenterally.

Drug Absorption At The Small Intestine

Little absorption occurs before the drug reaches the small intestine.  This is because when exposed to the gastric pH, basic drugs are ionised and therefore pass into the more alkaline small bowel before being absorbed.  More importantly, most absorption occurs here simply because of it’s massive surface area.

Most drugs are absorbed by passive lipid diffusion though there is a degree of carrier-mediated transport.  Levodopa, a drug used in Parkinson’s Disease, is transported by the carrier mechanism usually used for phenylalanine.  Fluoruracil is a cytotoxic drug that employs the natural pyrimidine transport system.  Iron is transported via specific carriers in the jejunal mucosa and calcium by a vitamin D-dependent carrier system.  The rate of transfer is determined by the ionisation state and lipid solubility of the drugs.  Strong bases with a pKa of 10 or more or acids with a pKa of less than 3 are fully absorbed because they are fully ionised.
Factors Affecting GI Absorption

It usually takes 1-3 hours for 75% of an ingested drug to be absorbed.  There are several factors which alter this, both physiological and relating to drug formulation.

GI motility has a large effect on the rate of drug absorption.  Gastric stasis, which occurs in migraine and diabetic neuropathy, slows drug absorption.  However rapid gut movement can also impair absorption.  Some drugs have an effect of absorption, metoclopramide is given in migraine to increase GI motility and increase absorption of analgesics.  Muscarinic receptor blockers decrease motility.  

After a meal, drugs are more slowly absorbed simply because progress to the small bowel is delayed by the presence of food.  Exceptions to this are propanolol which has higher concentrations after a meal because of the fact that food increases splanchnic blood flow.  Clearly a decrease in splanchnic blood flow, for example in hypovolaemia, slows absorption.

Drug particle size also plays a part.  It has been observed in the past that different 

formulations of digoxin resulted in different plasma concentrations despite the fact that 
digoxin content in the tablets was the same.  This was as a result of  varying particle 
size. 
Therapeutic drugs are formulated pharmaceutically to produce desired absorption

characteristics.  Capsules are designed to remain intact for several hours after ingestion with the aim of delaying absorption.  Tablets with a resistant coating work on the same principle.  Some drug formulations have a mix of slow and fast release in a capsule to achieve rapid and sustained drug action.  By manipulating absorption rates, dose intervals can be increased and adverse side effects, associated with high peak plasma levels, reduced.  

The physicochemical properties of drugs also play a part in drug absorption.  Tetracycline binds to calcium ions and calcium-rich foods, delaying absorption.  Bile acid resins such as colestyramine, bind warfarin and thyroxine. 
Absorption is also decreased by both increasing age and disease.  

Usually drugs that are administered by mouth, pass through the gut wall to the liver in the portal circulation and then into the systemic circulation where they can go about exerting their effects.  However some drugs taken by mouth are designed to remain within the gut lumen until they are excreted.  An example of this is the anti-biotic vancomycin which acts within the gut lumen to eradicate Clostridium Difficile.

Bioavailability

Bioavailability is loosely defined as the proportion of drug that passes into the systemic circulation after oral administration, taking into account both absorption and local metabolic degradation.  This is affected not only by the drug characteristics but also variations in enzyme activity in the gut wall and liver, gastric pH and intestinal motility. 
First-Pass Metabolism

First-pass or presystemic metabolism is a process occurring in the liver and even in the gut wall which extracts and metabolises some drugs so efficiently that the amount reaching the systemic circulation for the first time is considerably less than the amount absorbed from the gut.  This means that a much larger dose is needed when a drug is taken orally than intravenously (when it is 100% bioavailable to the systemic circulation from the moment of injection).  There is also an element of variability between individuals in the extent of first-pass metabolism of a given drug which leads to unpredictability when such drugs are taken orally.  A drug that shows rapid first-pass hepatic metabolism has poor oral bioavailability. 
