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:

AxC (A1)
To write the relationship as an equation we need a constant of proportionality, k:
A =kC (A2)

If Cis in mol L™, and the path length is 1 cm, then k = €, the molar absorptivity of the solute. If the solvent
also absorbs light, the background absorption, b can be added to the equation:

A=kC+b (A3)

A is known as the dependent variable because it changes as a result of changes in C, 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 Al).

When C =0,y = b, so the value of b can be obtained from the intercept of the line with the y-axis. The value
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 from measured absorbance values. Subtracting b from
both sides and dividing both sides by k gives:

A—b
c="07 A4
) (Ad)

2 Indices and powers

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

axa=a (AS)
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A=kC+b

Absorbance, A
(y-variable)

Concentration, C /mol L
(x-variable)

Figure A1 Straight line representation of A=kC + b.

and, in this case, a is said to be ‘squared’. Similarly,

axaxa=a

the result is ‘a cubed’ or ‘a to the 3°. Multiplying a” and a*:

axaxaxaxa:as

Note that the result is a* T and a general rule can be written:
a" X a" = a(n+m)
Using similar logic it can be shown that:
an
= glmm)
am
Thus:
1
_ . —n
E =da
and:

(A10)

(A11)

(A12)
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3 Logarithms

Tables of logarithms and antilogarithms are used to simplify multiplication 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. ‘logo’ 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 log. or more commonly, simply, In. A word of warning, in many
computer languages, and in engineering parlance, ‘log” means ‘log.’. To convert a logarithm to a number the
base of the logarithm is raised to the logarithm. For example,

log2 = 10* = 100
and if:
x=Iny, theny=-¢" (A13)

Negative numbers cannot have logarithms, but note that
1
log— = —logx (A14)
X

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 ™", the logarithm should be written:
log (C/mgL™").

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, we may wish to determine the average rate of change of
y with respect to x. This is done by differentiation. Suppose Jy represents a small increase in y which occurs
while x increases by ox, 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, ¢, and the x-variable is concentration, C, then dC/d¢ is the
instantaneous rate of change in concentration at that time.
For equations of the type: y = ax" +b

d
ay = anx"V (A15)
Thus for a straight line, y = ax+ b, n=1, so
y=ax'+b
d (Al6)
Y ax'™ M =ax’ =aq

dx
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Figure A2 (a) Differentiation allows the slope at any value of x to be calculated. (b) Integration
between x =2 and x = 6 allows the area depicted by the shading to be calculated (see text for details).

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

1

—n

y = ; = X

d (A17)

& _ -l —(n+])

ot nx nx

However the differential of Inx is a special case:

y=Inx
dy 1 (A18)
dr  x

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= Jf(x).dx (A19)

If y=ax", then:

" dx = ! A2
y—Jax. —aJx. —— +c ( 0)
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Note the appearance of ¢, sometimes referred to as a constant of integration, which is necessary because
constants are ‘lost’ on differentiation, see Equation A16. The value is found by substituting x = 0, wheny = c.

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

1
y:J—.dx:Inx—kc:cex (A21)
X

A quantity written as a power of e is an exponential function, and the above may be written ¢ exp(x). The
quantity increases more and more rapidly as the power increases — exponential growth. If the power is
negative, e.g. y =¢ ~, 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 O.

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:

6

3 6
AUC(r_¢) = J X +2x+20.dx = % +x7 + 20)4’2 (A22)

2

AUC ,_g, is the difference between the value obtained by substituting x =6 and x = 2.
6° 2?
AUC¢) = [3 + 6%+ 20(6)} - h +22 4 20(2)}

AUC(_¢) = 228—46.7
AUC(,_¢) = 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 In(concentration) against time plot has units of time to the minus
1 (T™"). The area under the curve of a plasma concentration (mg LY against time (h) plot has units of
mghL™", 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 n' trapezium the area, A, is:

Cn + C n+1
A, = % — (A23)

The area from 7=0 to the time of last plasma sample, AUC(o.,) 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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(b) Time Concn  Trapezoid AUC

8- 0 0.00 - -
c 1 246 A1 1.23
2 2 405 A2 325
S 6- 4 554 A3 959
S 6 575 A4 1129
3 8 538 A5 1113
S 4 12 411 A6 1897
© 15 318 A7 1093
£ 20 1.99 A8 1293
& o4 25 1.22 A9 8.04
o 30 074 AMO 492
35 0.45 A1 299

0 AUC (Cz-inf) = 4.53
0 Total AUC = 99.81

Time

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 In C 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.

C,/A,, where A, is the rate constant of the terminal decay phase. This can be estimated from a
In(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:

o It is the area under the concentration—time plot, NOT the In (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.

e 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 x time e.g. mghL™".
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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

a-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
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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 34, 8, 56
sovent extraction 19
interaction with barbiturates 306
interaction with guanethidine 305
metabolism 61
neuronal uptake 35
pK, 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 1834

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

pK. 18

therapeutic drug monitoring 330

toxicity 323
Atenolol 174, 180, 184, 338
Atropine 2, 4,9, 1834, 305
AUMC 114-6
Autoradiography 40
Azathioprine 57, 195

Barbital 296

Barbiturates 4, 230, 270, 295-6, 298, 3024, 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
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ucuronides 75
docyanine green 221
etabolites 121

role

Bile

of active transport 71

in enterohepatic cycling 75, 76

in faecal excretion 134

in presystemic elimination 24
70,75, 134

acids

in neonates 203

duct 70
flow 71

Bilir

Bioavailability
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in disease 217, 220
ubin 71, 195, 2034, 220-1, 224, 305, 316
157-9,161,165,167,197,211,251,294

sessment of 147-8, 158, 276

clinical significance 163
effect of

in
in

of

CYP3A4 inhibitors 299
diet 171, 173

drug interactions 294
formulation 160

P-gp 194, 302
pharmacogenetics 194

sex 178

congestive heart failure 219
cirrhosis 224

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 3314
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
CCKS8 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, 1734
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, 13941, 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
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
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 o1
CYP2C9 56, 181-2, 189, 1924, 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

10, 314

56, 195

Dapsone 8, 64, 189, 191, 230

Debrisoquine 56, 59, 189, 192-3
4'-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 S5, 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
pK., 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 1834
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
Ebastine 252
ECso 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
Enax 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

67, 94
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Enzyme induction (Continued )
Vimax 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 3334
Ethylene glycol 57, 324
Ethylmorphine 296
Etoposide 176
Evans’ blue 34
Excipients 160, 164, 255
Exercise 1824, 201

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

Extraction ratio 69, 80, 139, 141-3, 149, 172, 2201,
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
Nor- 336
Fluphenazine 87, 96, 1334, 166, 341
decanoate 133, 166, 341
enanthate 87, 96, 166
Fluvastatin 194
Fluvoxamine 56, 295, 336
Foetus 181-2, 204
Formepizole 324
Frusemide 179, 219, 220, 226
Full agonist 238
Furosemide See Frusemide

Gabapentin 93, 207, 229-30, 3334
Gastric emptying 27,87, 165,171,174,182,216-7, 231
Genotype 187, 196
Gentamicin 150, 330, 337, 341-3
Gilbert’s syndrome 195
Glibenclamide 194
Glipizide 7, 194
Glomerular filtration rate 50, 53, 149, 304
effect of
age 206
body weight 208-9
congestive heart failure 219
exercise 184
hyperthyroidism 231, 233
pregnancy 180
renal impairment 69, 228
sex 178-9
inulin 69
B-Glucuronidase 75, 133, 204
Glucuronosyltransferase (UGT) 181-2, 195-196
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Glutathione 62, 65, 196, 318, 320

Glutathione S-transferase (GST) 195-6, 222

Glutethimide 56, 131, 249, 252-3

1, 2-Glyceryl dinitrate 218

1, 3-Glyceryl dinitrate 218

Glyceryl trinitrate (GTN) 27, 31, 150, 166, 183, 185,
218-9

Grapefruit (juice) 30, 55-6, 173, 293, 299

Griseofulvin 30, 162, 171, 298, 304, 306

GTN See Glyceryl trinitrate

Guanethidine 35, 38-9, 305-6

Haem 54-5, 317

Haematocrit 69

Haemolysis 317-8, 330

Hair 35, 63, 67, 74

Haloperidol 8, 56, 128, 173, 298, 340
Halothane 4, 56
Henderson—Hasselbalch equation
Henry’s law 71

Heparin 2, 6, 4, 33-4, 173, 262, 279, 280, 283, 285-9,

18, 25,75

330

Hepatitis 220-1, 224

Hepatocytes 29, 70, 138, 147, 149, 179, 194, 197, 220,
233, 319

Hepatotoxicity 190, 224, 316, 320, 324

HER2 281-2

Heroin See Diamorphine

Heterergic interaction 293—4
Hexachlorophene 203

Hexobarbital 296

Histamine 1, 252, 287

Homergic interaction 293-4, 302-3
Horseradish peroxidase 216

Human growth hormone 280
Hydralazine 40-1, 64, 172, 191, 230
Hydrazine 190

Hydrogen bonding 10-1

Hyoscine 21, 32, 166

Hypericum perforatum See St John’s wort
Hypoalbuminaemia 220, 224
Hypothyroidism 163, 231-3
Hysteresis 252, 254, 256-7, 261, 266

ICsy 251, 263

Idiosyncrasy 314, 317

Ifosfamide 177

Imipenem 307

Imipramine 123, 127, 173, 194, 297, 306, 335
Immunosuppressants 4, 194, 330-2, 339
Indirectly acting sympathomimetic amines 56
Indocyanine green 184, 219, 221

Indomethacin  174-5
Infliximab 281
Inhomogeneity (of plasma) 96, 1534, 253
Insulin 2, 4, 6, 26, 31-2, 68, 166, 173, 184, 215, 279,
282-5, 306, 329

human 2, 282

porcine 2
Interconversion (of metabolites) 128
Interferon 4, 283, 281, 290-1
Interleukin 281
Interstitial fluid 24, 33-4, 36
Intranasal administration 41, 280-1, 284-7, 290
Intraperitoneal 33
Inulin 34, 69, 206
Ipratropium 32, 332
Iproniazid 316-7
Irinotecan 195
Isobologram 303
Isofsamide 179
Isoniazid 56, 64, 188, 190-1, 230, 315-7
Isoprenaline 65, 226, 249, 253-5, 338
Isoproteronol  See Isoprenaline
Iterative curve fitting 111-2
Itraconazole 337
Jaundice 204, 220, 223
Ketoconazole 55-6, 295, 297, 299-301, 305-6, 309
Ketoprofen 174-6
Kidney failure 227-8

Lactate 39

Lactose 160, 164

LADME 23

Lag time 77, 87, 178

Lambotrigine 181, 334

Law of Mass Action 11, 237

LDsy, 315

Levetiracetam 3334

Levodopa (see also L-DOPA) 172

Lidocaine 24,8, 58, 106, 144, 172, 184, 218, 220, 224,
294, 337-8

Lignocaine See Lidocaine

Lineweaver-Burk plot 667, 308

Link models 258, 260

Lipinski’s “Rules of Five” 279

Lisinopril 279

Lithium 4, 8, 72, 92, 178, 181, 210, 330-2, 33940

Loading dose 88-9, 91-2, 106, 237, 257, 265, 289

Loading infusion 106

Local anaesthetics 4, 304

Loop of Henle 206
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Loratidine 150

Lorazepam 5, 181, 221, 261
Losartan 194

LSD 4, 249, 256-7, 260

Lymphatic system 284

Lysergic acid diethylamide See LSD

Malaoxon 61
Malathion 61
Maximum life span potential 273
Maximum repeatable dose 315
MDRI1 (see also P-Glycoprotein) See Multidrug
resistance protein

Mean arrival time (MAT) 115
Membrane stabilizing drugs 337
Menstrual cycle 179
Meperidine See Pethidine
Mephenytoin 194
6-Mercaptopurine 195
Mesoridazine 61
Metabolic cocktails 221

Indiana 188, 310

Karolinska 188

Pittsburgh 188
Metabolic stability 137, 269
Metformin 5, 198
Methadone 181
Methaemoglobinaemia 9, 58, 99, 317-8
Methamphetamine

pK. 70
Methanol 57, 59, 324
Methicillin 26
L-Methionine 319
Method of residuals 87, 110-3
Methohexital 38
3-Methylcholanthrene 173, 295-6
Methyldopa 216-7
Methylecgonine 57
Methylene blue 9, 87, 99-103, 106, 113, 116
Methylphenidate 4, 62
4-Methylpyrazole See Formepizole
S-Methyltransferase 65
Metoprolol 72, 172, 206, 220, 299, 338
Metronidazole 179
Mexilitine 219
MIC See Minimum inhibitory concentration
Michaelis-Menten 13, 15-6, 65, 67, 93, 95, 138,

288, 342

Miconazole 4,5, 56
Microcalorimetry 46
Microconstants  102-3, 140
Microdialysis 39, 40

Microdosing 276, 310
Midazolam 179, 181, 188, 194, 206, 224-5, 309-10
Milk 30, 67, 734
Minimum inhibitory concentration (MIC) 303, 336-7
Minoxidil 61, 634
Miracurium 191
Misoprostol 150
Mixed-function oxidase 54, 273
Mizolastine 178
Molecularity 12
Monoamine oxidase (MAO) 4, 55-6, 61, 304, 306,
316, 322
Monoamine oxidase inhibitors 4, 304
Monoclonal antibodies 2-3, 265, 279, 281-3, 289, 291
Montelukast 4
Morphine 2, 4, 63, 74, 314
brain concentrations 40
displacement by buprenorphine 239
enterohepatic cycling 76
excretion in sweat 74
glucuronidation 53, 196
by foetal livers 182
glucuronide 42
-3-glucuronide 63, 196
-6-glucuronide 63, 74, 196
in females 180
in liver diseae 223-4
interaction with tranylcypromine 305
metabolite of codeine 56, 59, 74, 123
metabolite of diamorphine 57
6-Monoacetyl- 57
pK., 17
therapeautic window 92
stereochemistry 21
Muscle 36-8, 53, 87, 107, 153, 166, 176-7, 182-4, 221
blood flow 203
skeletal 34, 37, 39, 69, 108, 179, 183, 203
smooth 304
stomach 171
Muscle relaxants relaxants 4, 31, 191, 305
Multidrug resistance-associated protein (MRP) 197
Multidrug resistance proteins (MDR) See also
P-glycoprotein 29, 194, 197, 231
Mycophenolate mofetil 339
Mycophenolic acid 339

2-Naphthol 222

Naphthoxylacetic acid 28

NAPQI 65, 319, 320-1

Naproxen 89, 220, 265

NAT2 54, 64, 181, 189-91, 195, 205
Nelfinavir 197
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Neostigmine 1, 31, 35 oxidation 56
Neuroleptic syndrome 322-3 sulfation 196, 204
Neuronal transporter 39 overdose 224, 321-22
Nicotine 4, 32, 56, 73, 166, 173, 181, 195 toxicity 224, 319-20
Nifedipine 9, 56, 174, 181, 224-5 antedotal therapy 318-9, 321
Nitrazepam 9, 58, 210 renal 320
Nitrofurantoin 162, 230 Paraquat 27
Nitroglyerin  See Glyceryl trinitrate Paroxetine 336
Nitrous oxide 8 Partial agonist 238-9
Non-linear kinetics 924, 333 Partition coefficient 19, 20, 25, 73, 152, 154, 259
NONMEM 117 Passive diffusion 24, 26-7, 39, 40, 68, 71, 73-5, 216
Non-steroidal anti-inflammatory drugs 47, 129, 146, PCR 189, 205
167, 194, 323, 340 PEGylation 283
Noradrenaline 1, 38-9, 56, 61, 306 D-Penicillamine 319
Nordazepam 60, 123, 127 Penicillin 26, 32, 68, 81, 166, 3067, 325
Norepinephrine See Noradrenaline Pentazocine 173
Normal distribution 241-2 Pentobarbital 5, 61, 296-7
Nortriptyline 4, 5, 123, 188, 193, 299, 300, 331, 335-6  Peroxynitrite 320
Nuclear pregnane X receptor 296 PET See Positron emission tomography
Pethidine 3, 4, 56, 68, 72, 2234, 322
Octapressin 307 P-glycoprotein 29, 56, 68, 71, 179, 181-2, 188, 194,
Oedema 219, 220, 233 196-7, 216, 231-2, 301-2
Oestradiol 173 sister of 197
Organic anion transport protein (OATP) 68, 197 Pharmacokinetic time 273
Organic cation transporter (OCT) 68, 197-8 Pharmacokinetic/pharmacodynamic modelling
Ofloxacin 117-8 See PK/PD
Olanzapine 4, 56, 341 Phenacetin 53, 59, 162, 167, 173, 194, 317-20
Omeprazole 4, 56, 181, 194 Phenelzine 64, 191
Opium 2, 304 Phenazone See Antipyrine
Oral contraceptives 172, 181 Phenobarbital 5, 56, 305, 334
Oral fluid (see also Saliva) 72, 330 enzyme induction by 55-6, 204, 296, 308-9, 318-9
Orlistat 171 p-Hydroxy- 59
Orphenadrine 56 in disease 224
Quabain 71 interaction with anticoagulants 295
Oxazepam 60, 172, 231 interaction with ethanol 302
Oxcarbazepine 334 interaction with phenytoin 306
Oxytocin 26, 280 interaction with pyridoxine 172
interaction with warfarin 297-8
pPA> 240 metabolism 59, 194, 223, 325
Paclitaxel 280 pharmacokinetics 93, 256
PAH See p-Aminohippuric acid renal clearance 131
PAPS 63 sleeping times 242
Paracetamol 3, 206, 320, 322 therapeutic drug monitoring 333
absorption 217, 320 Phenolphthalein 76
in disease 216, 224, 231 Phenothiazine 9, 49, 62, 101, 322, 340
in neonates 204 Phenotype 187-9, 192, 194
metabolism 65, 66 Phenotyping 188, 335
conjugation 54 Phenylbutazone
diurnal variation 175 blood concentrations 82
enzyme induction 173 half-life in twins 188
glucuronidation 172, 195 in disease 223

in pregnacy 181 interaction with tolbutamide 305
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Phenylbutazone (Continued )
interaction with warfarin 22, 298, 305-6
protein binding  44-5, 297
Phenylhydroxylamine 317-18
Phenytoin 324, 343
allometric scaling 273
bioavailability 167, 172
displacement by salicylate 50
dose adjustment 341-3
effects of age 210-1
enzyme induction by 295
hepatic extraction 142
in disease 223-4, 230-1
in pregnacy 181
in prostatic fluid 75
in saliva 50, 72
induction of enymes by 55-6
interaction with ethanol 302
interaction with phenobarbital 305-6
membrane stabilizer 337
metabolism 62, 93, 172
effect of age 206
in neotates 204
non-linear kinetics 67, 142, 246, 276, 331, 333
pharmacogenetics 193—4
protein binding 174, 224, 230, 298
serum concetrations 94
therapeutic drug monitoring 330, 3334
therapeutic window 50, 56, 93, 164-5, 167
toxicity 164
pH-Partition hypothesis 25, 69, 73—4
3/-Phosphoadenosine-5'-phosphosulfate  See PAPS
Physiological models 150
Physostigmine 4, 9, 21, 33, 57, 150
Pilocarpine 33, 191
Pinocytosis 24
Pindolol 230

PK/PD modelling 39, 78, 118, 237, 247, 249, 253, 286

objectives 250
of
digoxin 257
lorazepam 261
propofol 256
warfarin 261
time-dependent 251
time-independent 250
Placebo 202, 242, 252, 265, 300, 303, 334
Placenta 24, 29, 181
Point-of-care testing (POCT) 331
Polymerase chain reactions See PCR
Polymorphisms 187, 1924, 205-6
Population pharmacokinetics 117

Portal circulation 24, 50, 221
Portal vein 27, 75, 141, 146-7, 172, 252
Positron emission tomography (PET) 39, 41-2,
276-7, 284
Potency 3, 239-40, 250-2, 259, 284, 288,
297, 308
Potentiation 232, 2934, 302-3, 306
Predisone 128
Prednisolone 128-9, 180, 216
hemisuccinate 128-9
Pregabalin 333
Pregnancy 169, 180-1, 244
Presystemic elimination/ metabolism 27, 29, 31, 53,
127-8, 172, 178-9, 225, 233, 300, 320
Prilocaine 58
Primidone 3334
Probenecid 68, 72, 305-7
Procainamide 58, 64, 123, 184, 191, 218, 230, 331,
337-8
N-Acetyl- 64, 191, 123, 260, 331, 338
Procaine 7, 58, 166, 191, 224
Prodrug 56-7, 126-9, 1334, 195, 330
Proguanil 62, 181
Promazine 221-2
Promethazine 6,9
Propofol 31, 38, 110, 177, 180, 255-6
Propranolol 1
clearance
effect of food 172
intrinsic 144
systemic 149
diurnal variation in absorption 174
effect on cardic output 151
first-pass metabolism 27-8, 172
4'-Hydroxy- 27, 125-6
in disease 216, 220, 224, 230-3
in exercise 183-4
in obesity 177
inhomogeneity in plasma 154
interaction with lidocaine 294
metabolism 126
protein binding 142, 146
systemic availability 172
therapeutic drug monitoring 338
Proteases 26, 284-5
Prothrombin
activity 262
complex activity 261, 263
index 224
time 221, 232, 261-
Puromycin 296
PXR See Nuclear pregnane X receptor
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Pyridostigmine 27, 35, 36
Pyridoxal 190, 315, 316

Quantal response 239, 241-2

Quaternary ammonium compound 8, 27, 34
Quetelet’s number 176

Quinacrine 34-5

Quinalbarbital 296-7

Quinidine 4, 56, 183, 230, 260, 295, 301, 305, 337-8
Quinine 68, 734

Racemic 21, 261-3

Racemization 9

Ranitidine 4, 175, 176, 295, 299, 300

Rate-limiting (step) 12, 32, 36, 86, 122, 124-5, 166
Rectal administration 31, 165

Riboflavin 231

Rifampicin  55-6, 295, 298, 301-2

Rifampin See Rifampicin

Rituximab 281

SAM See S-Adenosylmethionine
St. John’s wort  55-6, 173, 302, 310-1

Salbutamol 1, 4, 32, 332
Salicylate 4, 6, 241-2, 305
absorption

in excercise 183
in females 178
concentation-effect 245
in liver disease 224
excretion 2
interactions 306
with warfarin 298, 304
with phenytoin 50
metabolic disturbances caused by 207
pK. 17
protein binding 49
renal excretion 2, 81
toxicity 323-4
Salicylic acid See Salicylate
Saliva 71-2, 330
Sandberg and Rosenthal plot 43
Saquinavir 194
Scatchard plot 43, 48
Scale-up
animals to humans See Allometric scaling
in vitro to in vivo 148
Selegiline 150
Semen 75
Serotonin 56, 61, 322, 335
Serotonin syndrome 322
Sertraline 194, 336

Sex 169, 177-80, 188, 210
Sildenafil 194
Simvastatin 56

Single-nucleotide polymorphism (SNP) 188, 196-7
Sirolimus 330, 339

Skin 32, 161, 183, 184, 203, 220, 284

Smoking (see also Tobacco smoke) 173, 201, 341

Smooth endoplasmic reticulum See Endoplasmic
reticulum

SMT See Statistical moment theory
SNP  See Single-nucleotide polymorphism
Sodium bicarbonate 2, 8, 70, 132, 161, 305-6, 323
Solubility 269

aqueous 11, 162, 283

of sulfonamides 64

in membranes 24

effect of protein binding 43, 49
Somatrophin 280
Sotalol 209, 230, 338
Sparse data 117
Spironolactone 150, 162, 331
SSRIs 56, 193, 194, 322, 335
Statistical moment theory (SMT)
Streptokinase 2, 280, 285, 290
Streptomycin 337
Structural isomers 20
Subcutaneous dosing 31, 159, 165-6, 173, 184,

114, 116

281, 288
Sublingual dosing 72, 165
Succinylcholine ~ See Suxamethonium

Succinylmonocholine 57
Sulfacetamide 6

Sulfadiazine 8, 162
Sulfadimidine 64, 179-80, 1834, 189-191
N-Acetyl 179, 180, 191

Sulfamethazine See Sulfadimidine

Sulfamethoxazole 216, 230

Sulfasalazine 11

Sulfisoxazole 230

Sulfasymazine 175

Sulfobromophthalein 71

Sulfonamides 4, 58, 63—4, 68, 89, 190, 203, 224,
230, 265

Sulforidazine 61

Sulindac 129

Sustained-release formulations
174-5, 340-1

Suxamethonium 4, 8, 31, 57, 191, 224-6, 242, 305

Simulation (of PK models) 87, 89, 92, 102

Synergism 293

Systemic availability (see also Bioavailability) 27, 113,
157-8, 159, 172, 232, 287

27,31-2, 86,92, 165-6,
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Tablet making 160, 162
Tacrolimus 175, 194, 330, 339
Talampicillin 57
Tardive dyskinesia 322-3, 340
TBW See Total body water
Temazepam 5, 60, 92
Temoporfin 70-1, 113, 134-5
Tepa 196
Teratogenic effects 22, 75, 180-1, 244
Terbenafine 56
Terbutaline 32, 176
Terfenadine 300-1, 305, 308
Tetracycline(s) 30, 35, 217, 230, 304, 306
Tetra-iodothyronine 341
Thalidomide 8, 22, 314-5, 325
Theophylline 7, 123, 231, 295
clearance
effect of diet 172
in exercise 183—4
concentrations 295
diurnal variation 175-6
dose-dependent kinetics 333
effect of age 206
half-life 172
in pregnacy 181
inhibition of CYP3A4 295
in neonatal apnoea 333
interaction with cimetidine 299
interaction with enoxacin 294
kinetics in oedema 220
metabolism 56
to caffeine 123
effect of diet 172
effect of smoking 173
N-methylation in children 204
therapeutic monitoring 330-3, 340
Therapeutic range 43, 77, 934, 246, 322,
332-3
Therapeutic window 77-8, 91-4, 165, 220, 277, 293,
329, 332
Thiopental 38, 110, 249, 256
admistration 31
anaesthesia in obesity 176
distribution 35, 37, 108, 184, 255
duration of action 37, 108
half-life 109
in CSF 38
in disease 223
induction by 296, 297
ionization 17
metabolism 61
onset of effect 256

pharmacokinetics 108-10
protein binding 44, 224
Thiopurine methyltransferase 195
Thioridazine 6, 59-61
Thiotepa 196
Thyroid stimulating hormone 231
Thyrotoxicosis 231-2
Thyroxine 4, 165, 167, 231-3, 331, 341
Tiagabine 334
Timolol 33
Tobacco smoke 56
Toborinone 219
Tolbutamide 56, 146, 164, 167, 172, 1934, 223-4, 231,
304-5, 310
Tolerance 89, 109, 252-3
Topiramate 3334
Topotecan 225-6, 234
Torasemide 197, 219, 226
Torsemide See Torasemide
Total body water (TBW)  33-4,96, 107, 132, 177-8, 206,
256, 309
Toxicokinetic(s)
Tramadol 56
Transdermal administration 32, 165, 183
Transesterification 62
Translational science 277
Tranylcypromine 4, 55, 56, 304-6
Trapezoidal method 84,86, 104, 113,115, 140, 159, 349
Trastuzumab 3, 4, 6, 89, 265, 281-6, 289
Triamterene 68, 162-3, 226
Trichloroacetic acid 310
Trichloroethanol 57-8
2, 3, 5-Trichlorphenoxyacetic acid (2, 3, 5-T) 132
Tricyclic antidepressants 59, 89, 229, 299, 322,
335, 340
Trifluoperazine 6
Triiodothyronine 203, 231-3, 331, 341
Trimethylamine 57
Trimipramine 336
Nor- 336
Tropicamide 33
Trypan blue 244
TSH 231, 341
Tubocurarine
Twins 188
Tyramine 56, 61, 304, 306, 335

118, 269, 313, 315

1, 27, 31, 34, 224, 243

UDPGA 62

UGT See Glucuronosyltransferase
Ulcerative colitis 11, 216
Ultracentrifugation 46
Ultrafiltration 46-7
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Uptake 1 39
Urokinase 2

Vaginal secretions 75
Valproate/valproic acid 49, 56, 75, 93, 174, 193-4,
295, 334
Vancomycin 178, 337
Vasopressin 280, 284, 289-90
Vecuronium 179-80
Vena cava 31, 40, 146
Venlafaxine 734, 194, 335-6
O-Desmethyl- 74, 336
Verapamil 178-80, 1834, 224, 260, 305, 338
Nor- 338
Victim drug 294, 297, 308-10
Vigabatrin 3334
Viral hepatitis 215, 223
Vitamin K 128, 172, 198, 210, 232
Volume 34
blood 33
intracellular 33
of distribution 1, 16, 334, 78, 80-1, 86, 89, 93,
96, 154,177, 218, 225, 262, 270-1, 286, 288, 297,
309, 340
allometric exponent 272, 274-5
area (Vyea) 103-4, 113
at steady-state (V) 103, 115-116, 275-7
by extrapolation (Veyyap) 104
effect of plasma protein binding 49

in congestive heart failure 22, 220
in the elderly 210
of the central compartment 103
of the effect compartment 259
of tissues 152-3, 260

Warfarin 5, 146, 172, 193, 198, 210, 298-9, 304, 329
concentration in plamsa 297
dose-response relationship 242, 243
effect of age on 210
effects 254
hepatic extraction 142
7-Hydroxy- 298
in disease 220, 224, 231-2
interaction with choral 310
interaction with choral hydrate 306
interaction with orlistat 171
interaction with phenylbutazone 22
interaction with pheobarbital 298
intrinsic clearance 144
metabolism 58, 172, 298
PK/PD models 261-3
protein binding 47-8, 146, 298
time of maximum effect 249

Weighted-regression 111

Xanthine oxidase 57, 195, 332

Zonisamide 334





