FRACP 2002 – Pharmacology

Question 17

Which of the following has the slowest clearance?

	
	Drug
	Volume of Distribution (L)
	Half Life (min)

	(a)
	Amiloride
	4000
	300

	(b)
	Amiodarone
	600
	40

	(c)
	Tolbutamine
	7
	6

	(d)
	Digoxin
	300
	15


Pharmacokinetics made easy  Birkett 2002

Clearance describes the efficiency of irreversible elimination of a drug from the systemic circulation.  Elimination refers to the excretion of the unchanged drug into urine, gut, air, sweat etc, and to the metabolic conversion of the drug into a different chemical compound.  When the drug is metabolised, the parent drug has been cleared or eliminated, even though the metabolite may still be in the body.

Clearance is defined as 

“the volume of the blood cleared of drug per unit time”

L/min or mL/min

Can refer to clearance by a particular organ, or by whole body.

Maximum clearance by an organ is the blood flow to that organ.

Classical method of measuring renal clearance is to measure the rate of excretion in urine, and the blood concentration at the same time.  


Clearance = urine drug conc X urine flow rate




Plasma conc

To obtain total body clearance of a drug, take frequent blood samples after a single IV dose, measure drug conc and calculate area under the drug conc versus time curve (AUC)


Clearance (L/hr)  = dose (mg)          


                    AUC (mg.hour/L)

Key points

· Clearance is the fundamental pharmacokinetic parameter that is a measure of the efficiency of drug elimination
· Clearance is the volume of blood cleared of drug per unit time and is the proportionality constant between plasma drug conc and elimination rate
· For a given maintenance dose rate, clearance is the sole parameter determining the steady state drug conc
Volume of distribution (V)
It is not a real volume.  Relates the plasma drug conc to the total amount of drug in the body.  Eg.  Plasma conc 10mg/mL, 1000mg of drug in body, volume of distribution would be 100L.


V = total amount of drug in body (A)
Plasma dug conc (C)

If drug is very tightly bound by tissues and not blood, most of the drug will be held in the tissues and very little by plasma, so the drug will appear to be dissolved in a large volume, and V will be large.  Conversely if drug is tightly bound to plasma proteins, V can be very close to blood volume eg warfarin.

V determines the size of a loading dose in attempt to reach steady state more quickly


Loading dose = V X target plasma conc

Half Life
Time taken for the amount of drug in the body (plasma conc) to fall by half.  Elimination is usually exponential so that a constant proportion of the drug in the body is eliminated per unit time.

Half life is a composite pharmacological parameter determined by both clearance (CL) and volume of distribution (V).


t ½ = 0.693 X V


CL

Half life is increased by an increase in the V or a decrease in CL, and vice versa.

Thus, for the question,


CL (L/hr) = 0.693 X V (L)



t ½ (hr)

(a) (0.693x4000)/300 = 9.24 L/min

(b) (0.693x600)/40 = 10.4 L/min

(c) (0.693x7)/6 = 0.81 L/min

(d) (0.693x300)/15 = 13.9 L/min

Thus answer is (c)

Question 18

What is the most important pharmacological parameter in the prescribing of beta lactams?

(a) plasma conc/MIC ratio

(b) area under the curve

(c) AUC/MIC ratio

(d) Time above MIC

UpToDate 11.2

MECHANISM OF ACTION OF BETA-LACTAM ANTIBIOTICS

The beta-lactam antibiotics inhibit the growth of sensitive bacteria by inactivating enzymes located in the bacterial cell membrane, which are involved in the third stage of cell wall synthesis. It is during this stage that linear strands of peptidoglycan are cross-linked into a fishnet-like polymer that surrounds the bacterial cell and confers osmotic stability in the hypertonic milieu of the infected patient. Beta-lactams inhibit not just a single enzyme involved in cell wall synthesis, but a family of related enzymes (four to eight in different bacteria), each involved in different aspects of cell wall synthesis. These enzymes can be detected by their covalent binding of radioactively-labeled penicillin (or other beta-lactams) and hence have been called penicillin binding proteins (PBPs).

Different PBPs appear to serve different functions for the bacterial cell. As an example, PBP2 in Escherichia coli is important in maintaining the rod-like shape of the bacillus, while PBP3 is involved in septation during cell division [1]. Different beta-lactam antibiotics may preferentially bind to and inhibit certain PBPs more than others. Thus, different agents may produce characteristic effects on bacterial morphology and have different efficacies in inhibiting bacterial growth or killing the organism.

Beta-lactam antibiotics are generally bactericidal against organisms that they inhibit. The mechanism of bacterial cell killing is an indirect consequence of the inhibition of bacterial cell wall synthesis. Enzymes that mediate autolysis of peptidoglycan are normally present in the bacterial cell wall but are strictly regulated to allow breakdown of the peptidoglycan only at growing points. Beta-lactam inhibition of cell wall synthesis leads to activation of the autolytic system through a two component system, VncR/S, which initiates a cell death program [2].

Certain bacteria are deficient in these autolytic enzymes or have mutations in the regulatory genes; these strains show the phenomenon of "tolerance" to beta-lactam antibiotics, that is, their growth is inhibited by the antibiotic but the bacteria are not killed.

For any antibiotic to be effective, the agent mus exceed the MIC (minimum inhibitory capacity).  Serum concentrations usually exceed the MIC for susceptible bacteria, but most infections are extravascular, so the antibiotic must also distribute to the site of infection.  Concentrations of most antibacterials in interstitial fluid are similar to free drug concentrations in the serum, unless in “protected” site where penetration is poor, eg CSF, eye, prostate, cardiac vegetations.

Metabolism leads to loss of in vitro activity unless have active metabolites.

Harrisons
Chapter 137: Treatment and Prophylaxis of Bacterial Infections 

Relationship of Pharmacokinetics and in Vitro Susceptibility to Clinical Response

The relationship between the report of susceptibility in vitro and the clinical pharmacokinetics of the antibacterial agent helps predict clinical response. Bacteria are usually considered to be susceptible to a drug if the achievable peak serum concentration exceeds the MIC by at least fourfold. The breakpoint is the concentration of the antibiotic that separates susceptible from resistant bacteria (Fig. 137-2). When a majority of the isolates of a given bacterial species are inhibited at concentrations below the breakpoint, the species is considered to be within the spectrum of the antibiotic.


The pharmacodynamic profile of an antibiotic is the quantitative relationship among the time course of antibiotic concentrations in serum and tissue, in vitro susceptibility, and microbial response. Three pharmacodynamic parameters quantify these relationships: the ratio of the area under the curve (AUC) for the plasma concentration vs. time curve to MIC (AUC/MIC), the ratio of the maximal serum concentration to the MIC (Cmax/MIC), and the time during a dosing interval that plasma concentrations exceed the MIC (t > MIC). The pharmacodynamic profile of an antibiotic class is characterized as either concentration dependent (fluoroquinolones, aminoglycosides), such that the increase in antibiotic concentration leads to a more rapid rate of bacterial death, or time dependent (
Thus, the answer is (d), time above MIC

Question 19

Patient taking:
warfarin, metoprolol, digoxin, aspirin, enalapril.  Fluoxetine commence.  Which drug is most likely to require dose adjustment?

(a) warfarin

(b) metoprolol

(c) digoxin

(d) aspirin

(e) enalapril

AMH 2003

Fluoxetine inhibits CYP2D6, and its active metabolite, norfluoxetine, inhibits CYP3A4 (both cytochrome P450 isoforms).

Potential interactions are numerous, with some predictable because of known effects upon cytochrome P450

Affected drugs

CYP2D6
flecainide, haloperidol, tricyclics, metoprolol, propranolol, 

perhexiline, thioridazine

CYP3A4
multiple benzodiazepines, amiodarone, buspirone, carbamazepine, 

cisapride, cyclosporin, methadone, mycophenylate, tacrolimus, statins, 

zopiclone, quetiapine, zolpidem, warfarin

UTD 11.2

Type I metabolic processes — 

· processes are those of oxidation or reduction

· generally ascribed to cytochrome P450

· over 100 isoenzymes of cytochrome P450

  CYP2D6 isoenzyme —This isoenzyme metabolizes a variety of drugs.  There are clear phenotypes of this enzyme, there are racial differences in this expression. As an example, up to 8 to 10 percent of Caucasians are deficient in this enzyme and are called poor metabolizers of those drugs eliminated through this mechanism. In contrast, black and Asian populations have a very low incidence of poor metabolizers ([image: image1.png]


1 percent).
  CYP3A isoenzyme — CYP3A represents another isoenzyme that has received considerable attention, largely because this isoenzyme is the major route of metabolism for cyclosporine as well as for other frequently used drugs which can therefore inhibit the metabolism of cyclosporine.

Enzyme induction — Although the preceding discussion has emphasized the potential importance of inhibitors of cytochrome P450 isoenzymes, there are also drugs that induce these enzymes and therefore increase the rate of drug metabolism, often necessitating a rise in dose of coadministered drugs to maintain therapeutic plasma levels. Included in this group are:

· Anticonvulsants —Phenytoin, phenobarbital, carbamazepine
· Antituberculous agents —Rifampin
AMH 2003 

Warfarin

Many drug interactions which can either increase or decrease INR.  Most will increase INR, but a few decrease it.  Eg.  Barbiturates, carbamazepine, griseofulvin, rifampicin, phenytoin,cholestyramine

MIMS

Highly protein bound drugs. Because Fluohexal is tightly bound to plasma protein, the administration of fluoxetine to a patient taking another drug that is tightly bound to protein (e.g. warfarin) may cause a shift in plasma concentrations, potentially resulting in an adverse effect. Conversely, adverse effects may result from displacement of protein bound fluoxetine by other tightly bound drugs

Answer:  (a) warfarin for 2 reasons:  

1. inhibition of P450  

2.  shift in plasma concentration as bumped off plasma proteins

