
Appendix

Mathematical Concepts
and the Trapezoidal Method

1 Algebra, variables and equations

Algebra is a way of describing relationships in general terms, usually as equations. For example, Wilhelm
Beer observed that the optical absorbance, A, of a dilute solution was directly proportional to the
concentration, C, of the solute:

A / C ðA1Þ
To write the relationship as an equation we need a constant of proportionality, k:

A ¼ kC ðA2Þ
If C is in mol L�1, and the path length is 1 cm, then k¼ e, the molar absorptivity of the solute. If the solvent
also absorbs light, the background absorption, b can be added to the equation:

A ¼ kCþ b ðA3Þ
A is known as the dependent variable because it changes as a result of changes inC, the independent variable.
Equation A3 can be represented graphically by plotting A against C. The independent variable is plotted
along the bottom (x-axis) and the dependent variable along the y-axis (Figure A1).

WhenC¼ 0, y¼ b, so the value of b can be obtained from the intercept of the linewith they-axis. Thevalue
of k is obtained from the slope of the line. Estimates of the intercept and slope are best derived from least
squares regression analysis which can be done on many hand-held calculators, an Excel spreadsheet, as well
as specifically designed regression software programs. If the line is a calibration line then it usual to rearrange
Equation A3, so that concentrations can be calculated frommeasured absorbance values. Subtracting b from
both sides and dividing both sides by k gives:

C ¼ A�b

k
ðA4Þ

2 Indices and powers

When a number, a, is multiplied by itself a number of times, n, the product can be written an. For example:

a� a ¼ a2 ðA5Þ
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and, in this case, a is said to be ‘squared’. Similarly,

a� a� a ¼ a3 ðA6Þ
the result is ‘a cubed’ or ‘a to the 3’. Multiplying a2 and a3:

a� a� a� a� a ¼ a5 ðA7Þ
Note that the result is a(2 þ 3) and a general rule can be written:

an � am ¼ aðnþmÞ ðA8Þ
Using similar logic it can be shown that:

an

am
¼ aðn�mÞ ðA9Þ

Thus:

1

an
¼ a�n ðA10Þ

and:

ðanÞm ¼ anm ðA11Þ
A fractional index indicates that a root should be taken:

a
1
n ¼ ffiffiffi

an
p ðA12Þ

Figure A1 Straight line representation of A¼ kC þ b.
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3 Logarithms

Tables of logarithms and antilogarithms are used to simplifymultiplication and division of complex numbers
using only addition and subtraction. In common logarithms, (base 10) each number is expressed as 10 raised
to the appropriate power. Logarithms have additional importance in pharmacology for contracting the range
of numbers and in the linear transformation of data. The base of the logarithm can be indicated e.g. ‘log10’ but
generally common logarithms are written ‘log’. Logarithms to the base e (e� 2.718. . .) are referred to as
natural logarithms, and can be written loge or more commonly, simply, ln. A word of warning, in many
computer languages, and in engineering parlance, ‘log’means ‘loge’. To convert a logarithm to a number the
base of the logarithm is raised to the logarithm. For example,

log2 ¼ 102 ¼ 100

and if:

x ¼ ln y; then y ¼ ex ðA13Þ
Negative numbers cannot have logarithms, but note that

log
1

x
¼ �log x ðA14Þ

Furthermore, it should be noted that although logarithms are dimensionless, it is necessary, to indicate
the units of the original number. So for a concentration of CmgL�1, the logarithm should be written:
log (C /mg L�1).

4 Calculus

4.1 Differentiation

Calculus was invented to deal with slopes of curves and areas under them. When the rate of change of
ameasurement (e.g. y as a function of x) is changing, wemaywish to determine the average rate of change of
ywith respect to x. This is done by differentiation. Suppose dy represents a small increase in y which occurs
while x increases by dx, then dy/dx is the mean gradient of the graph over the small range examined. If we
reduce the values of dy and dx towards zero, then the line showing the gradient tends towards a tangent. The
limiting value of dy/dx is called dx/dy or the differential coefficient of y with respect to x. The process of
finding the limit of dy/dx is differentiation, and dy/dx is a measure of the slope of the tangent at a given value
of x [Figure A2(a)]. If the y-variable is time, t, and the x-variable is concentration, C, then dC/dt is the
instantaneous rate of change in concentration at that time.

For equations of the type: y ¼ axn þ b

dy

dx
¼ anxðn�1Þ ðA15Þ

Thus for a straight line, y ¼ axþ b, n¼ 1, so

y ¼ ax1 þ b

dy

dx
¼ axð1�1Þ ¼ ax0 ¼ a

ðA16Þ
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i.e. the slope of the straight line is a. Reciprocals of x are treated the same way:

y ¼ 1

xn
¼ x�n

dy

dx
¼ �nx�n�1 ¼ �nx�ðnþ 1Þ

ðA17Þ

However the differential of ln x is a special case:

y ¼ ln x

dy

dx
¼ 1

x

ðA18Þ

4.2 Integration

The reverse of differentiation is integration. If dy/dx is known we may wish to find y in terms of x. Thus, if
dy/dx is some function of x, written as f(x), then y is the integral of f(x) with respect to x:

y ¼
ð
f ðxÞ:dx ðA19Þ

If y¼ axn, then:

y ¼
ð
axn:dx ¼ a

ð
xn:dx ¼ axðnþ 1Þ

nþ 1
þ c ðA20Þ

Figure A2 (a) Differentiation allows the slope at any value of x to be calculated. (b) Integration
between x¼ 2 and x¼ 6 allows the area depicted by the shading to be calculated (see text for details).
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Note the appearance of c, sometimes referred to as a constant of integration, which is necessary because
constants are ‘lost’ on differentiation, see EquationA16. Thevalue is found by substituting x¼ 0,when y¼ c.

The integral of 1/x is of particular importance because of the form of the rate equation of first-order
reactions:

y ¼
ð
1

x
:dx ¼ ln xþ c ¼ cex ðA21Þ

A quantity written as a power of e is an exponential function, and the above may be written c exp(x). The
quantity increases more and more rapidly as the power increases – exponential growth. If the power is
negative, e.g. y¼ e�x, then this represents exponential decay and y becomes ever nearer to 0 as x increases,
but only reaches 0 when x is infinite; y is said to asymptote to 0.

4.2.1 Areas under curves

Integration is important for calculating areas under curves. Using the equation of Figure A2 as an example,
the area under the curve (AUC) from 2 and 6 is obtained by integrating between the limits:

AUCð2�6Þ ¼
ð6
2
x2 þ 2xþ 20:dx ¼ x3

3
þ x2 þ 20x

���6
2

ðA22Þ

AUC(2–6) is the difference between the value obtained by substituting x¼ 6 and x¼ 2.

AUCð2�6Þ ¼ 63

3
þ 62 þ 20ð6Þ

� �
� 23

3
þ 22 þ 20ð2Þ

� �

AUCð2�6Þ ¼ 228�46:7

AUCð2�6Þ ¼ 181:3

Note that because we are using the difference, the constant of integration cancels and need not be included.
In this example, the numbers were dimensionless and so AUC has no units. However, in most practical
instances the x- and y-values will represent variables with units and so anything derived from them should
have the appropriate units. The slope of a ln(concentration) against time plot has units of time to the minus
1 (T�1). The area under the curve of a plasma concentration (mg L–1) against time (h) plot has units of
mg hL�1, for example.

4.2.2 Calculating AUC values: the trapezoidal method

Probably the simplest way to obtain the area under a curve is the trapezoidal method. The plasma
concentration–time curve is plotted and each segment between adjacent collection time points treated as
a trapezium [Figure A3(a)]. The area of the trapezium is the average length of two sides multiplied by the
width between them, so for the nth trapezium the area, An, is:

An ¼
Cn þCðnþ 1Þ

2
ðtðnþ 1Þ�tnÞ ðA23Þ

The area from t¼ 0 to the time of last plasma sample, AUC(0-tz) is obtained by adding the areas of all
the trapeziums. The remaining area, from the time of the last collected sample to infinity is extrapolated using
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Cz/lz, where lz is the rate constant of the terminal decay phase. This can be estimated from a
ln(concentration) versus time plot of the terminal data [Figure A3(a) inset]. The areas are conveniently
calculated from the concentration–time data using a spreadsheet [Figure A3(b)].

Points to note are:

. It is the area under the concentration–time plot, NOT the ln (concentration)–time plot that must be used.

. Although the first segment on the oral plot is a triangle the formula for a trapezium gives the correct area
because length of one side is 0.

. The greater the number of trapeziums the greater will be the accuracy of the calculation.

. Ideally the extrapolated area should be <5% of the total.

. The units of AUC are concentration� time e.g. mg h L�1.

Figure A3 (a) Example of the trapezoidal method of calculating the area under a concentration
versus time curve. The rate constant is calculated from the slope of the terminal points of lnC versus
time plot (inset). (b) Printout from an Excel spreadsheet showing the areas of individual trapeziums
and the total which is in good agreement with the theoretical value of 100 for this example.
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Acecainide See Procainamide; N-Acetyl-
Acetaminophen See Paracetamol
Acetanilide 317–8
Acetophenetidin See Phenacetin
N-Acetyl-p-benzoquinone imine See NAPQI
Acetylcholine 1, 4, 57, 191, 306
Acetylcholinesterase See Cholinesterase, acetyl
N-Acetylcysteine 319, 321
N-Acetylhydrazine 190
a1-Acid glycoprotein 10, 42, 216, 231
Acidosis 203, 217, 227, 323, 337
Actinomycin D 296
Activated thromboplastin time (APTT) 288–9
Active transport 26, 38–9, 50, 71–2, 203, 306
Adalimumab 281
Addison’s disease 163
S-Adenosylmethionine (SAM) 64
Adipose tissue (see also Fat) 35–6, 81, 108, 177
Adrenaline 1, 5, 9, 32, 304, 306–7
Affinity 39, 218, 238–9, 319
Albumin
binding
of acid drugs 10, 42
of chlorpromazine 44
of Evans’ blue 34
of nitric oxide 49
interactions 295, 297

concentrations
in disease 221, 224, 227
in elderly 210
in plasma 44
in milk 73

distribution of 24
dog serum 48
effect of dietary protein on 172
effect on digoxin concentrations 337
effect on volume of distribution 124

fluorescence of 48
human serum 46–8
rat serum 47–8

Alcohol dehydrogenase (ADH) 57, 59, 94, 178, 195,
204, 225, 324

Aldehyde dehdrogenase (ALDH) 59, 195
Alkalosis 337
respiratory 323

Allele 187–91, 193–9
mutant 188
null 188, 193, 196
wild-type 190, 194–5

Allergy/Allergic reaction 4, 170, 277, 284, 314,
323, 325

Allobarbital 296, 297
Allometric scaling 148, 152, 269–70, 272 –7
Alveolar air 71
Amantidine 179
Amfetamine See Amphetamine
Amidopyrine See Aminopyrine
Amikacin 89
Amiloride 68
p-Aminobenzoic acid 7, 58, 222
p-Aminohippuric acid (PAH) 69, 149, 173, 206
Aminophylline 31
Aminopyrine 172, 184, 194, 218, 223
Amiodarone 34, 56, 231, 331, 338
Amitriptyline 123, 127, 206, 299, 300, 305, 322, 331
Ammonium chloride 132, 306
Amoxicillin 194
Amphetamine 3–4, 8, 56
sovent extraction 19
interaction with barbiturates 306
interaction with guanethidine 305
metabolism 61
neuronal uptake 35
pKa 70
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Amphetamine (Continued )
renal excretion 132, 305
with amylobarbital 173

Ampicillin 57, 207, 209, 217, 231
Amylobarbital 173, 227, 230
Anatomical volumes 33–4, 107, 151
Angiotensin-converting enzyme inhibitors 4
Aniline 317–8
Antagonism 10, 240, 293–4, 302–3, 338
Antagonist 55, 111, 237, 240, 251–2
Antecubital vein 96, 252
Antiarrhythmic drugs 329
Anticholinesterases 305
Anticonvulsants 4–5, 167, 297, 306, 333–4
Antiduretic hormone See Vasopressin
Antihypertensive drugs 6, 38, 170, 279, 306, 329
Antimicrobial agents 303, 336
Antipsychotics 6, 340
Antipyrine
distribution 34
effect of exercise 183–4

enzyme induction 297, 309–10
half-life 72
effect of diet 172–3

in disease 223, 231
in twins 188
metabolism
effect of exercise 184
effect of obesity 178

Apnoea 192, 224, 226, 333
Area under the (first) moment curve See AUMC
L-Asparaginase 283, 285, 290
Aspirin 6, 8, 77, 162
distribution 25
enteric-coated 167
in disease 217, 224
interaction with anticoagulants 298
ionization 18, 25–6
mechanism of action 2, 10
metabolism 7
overdose 323
pKa 18
therapeutic drug monitoring 330
toxicity 323

Atenolol 174, 180, 184, 338
Atropine 2, 4, 9, 183–4, 305
AUMC 114–6
Autoradiography 40
Azathioprine 57, 195

Barbital 296
Barbiturates 4, 230, 270, 295–6, 298, 302–4, 306

Basiliximab 281
Bayesian methods 117, 277
Benzo(a)pyrene-4,5-oxide 222
Benzocaine 58
Benzoylecgonine 7, 57
Benzylpenicillin 26
Bilary excretion 67, 70
chloramphenicol 230
ciclosporin metabolites 287
effect of molecular size 71
glucuronides 75
indocyanine green 221
metabolites 121
role
of active transport 71
in enterohepatic cycling 75, 76
in faecal excretion 134
in presystemic elimination 24

Bile 70, 75, 134
acids
in neonates 203

duct 70
flow 71
in disease 217, 220

Bilirubin 71, 195, 203–4, 220–1, 224, 305, 316
Bioavailability 157–9, 161, 165, 167, 197, 211, 251, 294
assessment of 147–8, 158, 276
clinical significance 163
effect of
CYP3A4 inhibitors 299
diet 171, 173
drug interactions 294
formulation 160
P-gp 194, 302
pharmacogenetics 194
sex 178

in congestive heart failure 219
in cirrhosis 224
of
antimicrobial agents 336
chlorpromazine 27
digoxin, effect of P-gp 231
ethinyloestradiol, effect of folic acid 172
gabapentin, dose-dependent 333
lithium (simulation) 92
prednisolone, in Crohn’s disease 216
theophylline, in congestive heart failure 220
warfarin 262

relative 160
role of
presytemic metabolism and absorption 128
prodrugs 57
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Bioequivalence 157, 159, 161, 163, 165, 167,
251, 285

Blood-brain barrier (BBB) 24, 34, 37, 40, 203, 209,
256, 301

BMI 176–8
Body surface area 208–9, 271
Bosentan 272
Botulinum toxin 2, 24, 284
Bromobenzene 324
–3, 4-epoxide 324

4-Bromophenol 324
Buccal cavity 31
Bumetamide 226
Buprenorphine 31–2, 239
Bupropion 56

Caffeine 4
effects of age 201
enzyme induction 173
in disease 221
metabolic probe 181, 189, 206, 219, 310
metabolism 56
to theophylline 332

metabolite of theophylline 123, 204, 333
neonatal apnoea 333

Calcium channel antagonists 337
Calcium sulfate 160, 164
Candesartan 194
Carbamazepine
auto-induction 93, 331
enzyme induction 295
epoxide 123–4, 331
in obesity 177
in prostatic fluid 75
metabolism 56, 124
in neonates 204

protein binding 174
therapeutic drug monitoring 331–4

Carbidopa 307
Carcinoma 221, 291, 318, 320
Cardiac output 29, 152
correlation with surface area 208
effect of
age 206
fasting 29
propranolol 151, 294

effect on clearance 144, 149–50
in congestive heart failure 217
in exercise 182–3
in hyperthyroidism 231
in obesity 177
in pregnancy 180

in the elderly 210
to the kidneys 69

Carebastine 249, 252, 255
Carrier-mediated 24, 26, 152, 162, 203, 230
Catalase 59, 225, 316
Catechol O-methyl tranferase 65
CCK8 286
Cefadroxil 3, 5
Cefadroxine 3
Cefalexin 217
Cefaloridine 230
Celecoxib 194
Cephalosporins 2–4
Cerebrospinal fluid (CSF) 37–9
CHF See Congestive heart failure
Child-Pugh score 221
Chloral 19, 57, 306, 310
Chloramphenicol 2, 58, 76, 162, 167, 223, 230
Chlordiazepoxide 32, 61, 173
Chloroquine 2, 35
Chlorpromazine
bioavailability 27–8
clearance 81, 149
concentration-effect relationship 264
enzyme induction 297
7-Hydroxy- 55, 65
hydroxylation 55
in disease 223, 227
interaction with ethanol 302
metabolism 61–2
neuroleptic syndrome 322–3
oxidation 9
protein binding 44
therapeutic drug monitoring 340
voulme of distribution 34, 81

Chlorthalidone 35
Cholecystokinin 40, 285–7
Choline 27, 203
Cholinesterase 57
acetyl 1, 35, 57
atypical 192
butyryl 191–2, 224–5

Choral (hydrate) 8, 58
Chronic heart failure 217–20, 233
Chronopharmacokinetics 173
Ciclosporin 3, 4, 280
absorption 284
chemical structure 287
clearance
effect of diet 171–172

dosing 208–9
interaction with ketoconazole 301
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Ciclosporin (Continued )
interaction with St John’s wort 302
metabolism 194, 285
pharmacogenetics 197
therapeutic drug monitoring 330–1, 339
voulme of disribution 285

Cilastin 307
Cimetidine
inhibition of CYP1A2 56
inhibition of CYP2D6 56
inhibition of CYP3A4 56, 299
inhibition of cytochromes 55, 295, 299
inhibition of cytochromes (in vitro) 308
interaction with amitriptyline 299, 300
interaction with metformin 198

Ciprofloxacin 56, 177
Circadian rhythms 169–70, 173–4
Circular dichroism 48
Cirrhosis 215, 220–5
Cis-trans isomerism 20–1
Citalopram 194, 336
Clearance
biliary 71, 232
clearance 69, 178, 198, 206–8, 219, 222, 228–30
hepatic 81, 137, 141–3, 144, 147–8, 150, 220, 224,

227, 294, 297
hepatic intrinsic 141–2
hepatocyte intrinsic 148
intrinsic 137, 142–50, 172, 178, 193, 206, 220, 231–3,

275, 308
limiting values 149
metabolite 124
microsomal intrinsic 137, 148, 269
oral 86, 140, 146, 172, 188, 197, 219, 221, 310
organ 79, 139, 150
renal 69, 70, 81, 123, 130–2, 137, 139, 141, 148, 150,

172, 178–81, 184, 198, 206–7, 210,
217, 229–32, 271, 283, 302, 340
systemic 16, 79, –81, 86, 89, 92, –3, 97, 104, 109,

113, 124, 130, 139–41, 147, –50, 172–3,
176–81, 184, 190, 196–8, 204, 211, 218, –1,
224, 229, 231–2, 251, 269, 270, 271, 272–6,
294, 298, 310

unbound 144, 221, 295
whole-body See Clearance, systemic

Clindamycin 216
Clobazam 334
Clomipramine 336
Nor- 336

Clonazepam 9, 58, 334
Clonidine 6, 73
Clorazepate (dipotassium) 127

Clotting factors 210, 232, 262–3
Clozapine 42, 56, 341
Nor- 341

Cocaethylene 62
Cocaine 2, 7, 21, 57, 62, 191
Codeine 56, 59, 74, 123, 193
Coeliac disease 216
Concentration-effect 153, 237, 239, 247, 264, 333
Congestive heart failure (CHF) 217–20, 227, 337
Controlled-release formulations 87, 165, 170, 172,

333, 340
Cornea 33
Co-trimoxazole 217
Covalent chemical reactions 10, 314
COX-2 inhibitors 315
Creatinine
serum 69, 207, 221, 228
clearance See Clearance, creatinine

Crohn’s disease 216–7, 281
Cromoglycate (disodium) 4, 32
Crystalluria 64
CSF See Cerebrospinal fluid
Cyanocobalamin 2
Cyclic processes 76
Cyclooxygenase 2
Cyclophosphamide 56, 195
4-Hydroxy- 195

Cyclosporine See Ciclosporin
CYP1A2 56, 173, 179, 181, 189, 206, 225, 310
CYP2B6 56, 189, 194, 195
CYP2C19 56, 179, 181–2, 187, 189, 192, 194, 206, 225
CYP2C3 61
CYP2C9 56, 181–2, 189, 192–4, 206, 309–10
CYP2D6 56, 179, 181–2, 189, 192–3, 205–6, 225,

295–6, 309–10, 335
CYP2E1 56, 59, 173, 189, 205–6, 225
CYP3A4 29, 56, 175, 178–9, 181, 188–9, 194, 206, 216,

224–5, 232–3, 295–6, 299, 300, 302, 309–10
CYP3A5 56, 188–9, 194
CYP3A7 56, 182
Cytochrome P450 See individual CYPs
Cysteamine 319
L-Cysteine 319
Cytotoxicity 26, 31, 271

Dapsone 8, 64, 189, 191, 230
Debrisoquine 56, 59, 189, 192–3
40-Hydroxy- 189, 192

Dedrick plot 274
Desipramine 44, 123, 149, 230, 305, 335–6
Desmopressin 286, 289
Dexamethasone 56
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Dexfenfluramine 177
Dextromethorphan 179, 181, 189, 205, 310
Diabetes 6, 210, 228, 331
insipidus 280, 290
mellitus 163, 280, 282

Diamorphine 57
Diazepam 5, 127, 165
N-Desmethyl- See Nordazepam
effect of sex 179–80
half-life 92
i.m. injection 32
in disease 223–4, 231
in exercise 184
in status epilepticus 110
interaction with cimetidine 299
interaction with ethanol 302–3
intrinsic clearance 144
metabolism 56, 60, 123
effect of smoking 173

pharmacogenetics 194
pKa 17
protein binding
effect of circadian rhythms 174

steady-state concentrations 127
suppositories 31

Diazoxide 230
Dichloralphenazone 310
2, 4-Dichlorophenoxyacetic acid (2, 4-D) 132
Diclofenac 167, 174–5, 194
Dicoumarol 188, 194, 223
Digitalis 4, 121, 306
Digitalization 256–7, 337, 340
Digitoxin 2, 337
Digoxin 2, 4, 34, 163, 167, 172, 220, 223, 228, 230–2,

256, 258, 260, 301–2, 305, 322, 331, 337–8, 340
bioavailability 167
cross-reactivity with DLIS 220
distribution 34, 256
dose adjustment 150
effect-compartment models 257
foetal concentration 181
immunoassay 331
in disease 217, 220, 223, 228–9, 231, 233
in exercise 183–4
in pregnacy 181
interaction with diuretics 306
interaction with quinidine 301
interaction with rifampicin 301
interaction with St. John’s wort 302
interaction with verapamil 305
pharmacogenetics 197
pharmacokinetics 257–8, 260

receptors 257
renal excretion 121
therapeutic drug monitoring 330, 337
toxicity 163

Digoxin-like immunoreactive substances (DLIS) 220, 331
Digoxin-specific antibodies 2
Diltiazem 149, 338
Dimercaprol 319
Dimethyl selenide 71
Diphenhydramine 4
Diphenylhydantoin See Phenytoin
Diphenylureidoacetic acid 62
Dipole moment 11
Disopyramide 260, 338
Nor- 338

Dissolution tests 158
Disulfiram 56, 59
Diuresis 132, 323
Diuretics 7, 68, 121, 208, 215, 225, 245, 306, 340
Diurnal variation 72, 173–5, 340
Donepezil 191
L-DOPA 217, 307
Dopamine 42, 56, 61
receptors 42

Dose-dependent kinetics 286, 297, 333
Dose-response 237–9, 242–6, 249, 250–1, 294, 302–3,

314, 333
Double reciprocal plot 43, 66
Drug-receptor complex 238
Duration of effect 77–8, 95–6, 108, 179, 245–6, 294

Eadie-Hofstee plot 67, 94
Ebastine 252
EC50 239–40, 250–1, 259
ECF See Extracellular fluid
Ecgonine 57
Effect compartment (models) 251, 254, 258–61
Efficacy 170, 173, 176, 201, 239, 250, 333, 336–7, 339
Electron paramagnetic resonance spectroscopy 49
Eletriptan 179
Emax models 250–1, 226, 239, 259
Endoplasmic reticulum 54, 296
Enflurane 8, 56
Enoxacin 294–5
Enterohepatic cycling 75–6
Enzyme induction 29, 140, 233, 301, 306
assessment with antipyrine 34, 309
of various cytochromes 56
biochemical changes in 296
effect on
clearance 144
pharmacological action 297
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Enzyme induction (Continued )
Vmax 343
warfarin metabolism 298

mechanisms 296
modelling effects of 78
of chlorpromazine 265
postnatal 209
prenatal 204

Enzyme inhibition 295
Enzyme inhibitors 299, 308
Enzymes
digestive 71, 280, 284, 330
kinetics See Michaelis-Menten
pancreatic 2, 167
phase 1 See individual examples
phase 2 See individual examples
therapeutic 2

Ephedrine 56, 61
Epinephrine See Adrenaline
Equilibrium dialysis 45
Ergotamine 260
Erythromycin 56, 175, 178–9, 188–9, 221,

295, 230
Erythromycin breath test 178, 188
Erythropoietin 286, 289
Escitalopram (see also Citalopram) 336
Eserine See Physostigmine
Esmolol 150
Ethionine 296
Ethanol 20, 56
as antidote 59, 324
breath 71
distribution 34, 132
in disease 223, 225
inhomogeneity in plasma 153, 252–3
interaction with CNS drugs 293
interaction with diazepam 303
interaction with phenobarbital 302–3
interactions with benzodiazepines 302
metabolism by ADH 57, 59
metabolism by CYP2E1 56
pharmacogenetics 195
pharmacokinetics 67, 94–6
transesterification by 62
renal clearance 131–2

Ethosuximide 333–4
Ethylene glycol 57, 324
Ethylmorphine 296
Etoposide 176
Evans’ blue 34
Excipients 160, 164, 255
Exercise 182–4, 201

Extracellular fluid (ECF) 24, 33–4, 36, 39, 68, 96, 203,
256, 296–7

Extraction ratio 69, 80, 139, 141–3, 149, 172, 220–1,
224, 294

Fat 33, 35, 37, 107–8, 171–2, 176–8, 182–3, 203, 256
FDA 121, 165, 201, 208, 276
Felbamate 334
Fentanyl 38
Ferrous sulfate 30, 167, 178
Fexofenadine 197, 300–1
First-pass metabolism (see also Presystemic elimination/

metabolism) 27–9, 56, 128, 146, 299, 301, 306
Flecainide 178, 338
Flip-flop model 86, 122
Fluctuation index 91
Flucytosine 337
Fluorescence spectroscopy 47
5-Fluorouracil (5-FU) 26, 175–6
Fluoxetine 4, 56, 181, 295, 336
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