
accuracy, 1–2, 204
acetylcholine, 158
‘acid’, 159
acid excretion, 105, 184
acid–base balance, 135, 159–84
acidosis, 135, 165, 178–81
action potential, 141, 153–4, 157, 186
adenosine triphosphate, 37–8, 46, 111,

151–4, 169, 193
air, composition, 25, 69, 73–4
albumin in plasma, 147
alkaline tide, postprandial, 183–4, 229
allometry, 14–16, 41–5, 128–31
altitude, 72–4
alveolar air, 23–4, 72–7, 78–81
alveolar ventilation, 20, 22, 24–5, 78–81
alveoli, 82–91, 219
ammonium in urine, 115
antidiuresis, 116–28
antidiuretic hormone, 133
‘antilogarithm’, 201
aorta, cross-sectional area, 57
appetite, 33–4
approximate arithmetic, 1–3, 17
arterial carbon dioxide, 20, 23, 74–7
arterial oxygen content, 20–1
arteriole, 58–60
atmospheric pressures, extreme, 67
atomic masses (weights), 199
ATP, see adenosine triphosphate
ATPS, 65–9
autoregulation of glomerular filtration,

112–13
Avogadro’s number, 160, 195
axon, 185–9

‘base’, 159
beer drinker’s hyponatraemia, 119–20

bicarbonate
from bone, 182–3
from cells, 135
in cells, 168–9
in kidneys, 104–5, 110–12
in mitochondria, 170–1
in plasma,20, 23, 70, 141,162–5,172–4,226

blood
density, 63
pressure, 43, 55–7, 60–4, 86–7, 89–91, 96,

113–14
velocity, 57, 63–4
volume, 20, 43, 49

BMR, see metabolic rate
body size, 14, 19, 29, 40–7, 192
bomb calorimeter, 29
bone, amount in body, 138–9
bone mineral, 136–9, 182–3, 211
Boyle’s law, 66
breathing frequency, 20, 22
BTPS, 65–9
buffering by cells, 178–81 
buffers, non-bicarbonate 

in cells, 178–81
in plasma, 172–3
in urine, 105

bushbaby, 192–3

calcium 
homeostasis, 136–9, 182
in body, 138–9, 225
in bone, 136–9, 182
in muscle, 194–7
in plasma, 137–8, 141

capacity of cell membrane, 140–1
capillaries, cross-sectional area, 57
capillary wall, 58
carbon dioxide 
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in alveoli, 23
production rate, 20–1, 24
solubility, 162
tension, 70–7, 162–6, 170–4, 178–81

carbonate, 174–5
carbonic acid, 162, 172
carbonic anhydrase, 57
cardiac output, xi–xii, 8, 19–20, 43, 55–8, 109
cardiovascular system, xi–xii, 8, 19–20, 43–5,

48–64, 109, 188
catecholamines, 134
cell water, 24
centipoise, 210, 216
Charles’ law, 66
chinning the bar, 190–2, 230
chloride 

in plasma, 141
in urine, 115

circulation time, 20
clearance, renal, 6–7, 97–8
collecting ducts, 117, 120–6
colloid osmotic pressure, 85–91, 95–7, 113,

144–8
conduction velocity, 185–8
coulomb, 140
countercurrent heat exchange, 77
countercurrent mechanism, renal, 120–8
creatine phosphate, 193–4

dead space, 20, 22, 73, 78, 83
decibel, 16
desert rats, 78
diabetes insipidus, 116
diabetes mellitus, 101, 118
diffusion, 10–11, 70–2, 210
dilution principle, 212
dimensional analysis, 209–10, 230
dissolved O2 and CO2, 70
diuresis, 116–20, 133
Donnan effect, 94, 104, 136, 143–6
drinks, hot and cold, 34–5
drug 

dosage, 43
excretion, 98–100 

dynamic blood pressure, 61–4

efficiency, 38–40, 62–3, 194
electrochemical potential difference, 152–4,

171

electroneutrality principle, 24, 140–2, 144,
159, 173, 181

elephant, 42–4
Empire State Building, 185
Empson, William, 44
energy, 27–47 (see work)
equilibrium potential, 143–5

bicarbonate, 168
hydrogen ions, 167–8

equivalents, definition, 198, 140, 210 
erythrocytes (see haematocrit)

buffering, 178–81, 226
fragility test, 52–3
glucose consumption, 37
ion content, 142
protein content, 149
size, 20–1, 49–53

evaporation, 36, 76–8
excreted solute load, 114–20
exercise, 58, 64, 133, 176
expired air, 73, 76–8
exponential time course, 13–16, 80–1,

98–100, 210–11, 219, 
exponents, 13, 200, 210–1
extracellular fluid volume, 24, 100, 135, 178,

211–12
renal regulation of, 113–14

Faraday, 198
fat in body, 29, 33–4, 211
fatty acids, 111
Fick Principle, 8, 21, 57, 109
filtration fraction, 20, 23, 95–6, 108
fish, respiration in, 74–6
food reserves, 28–9
fragility test, 52–3
Frank–Starling mechanism, 60–1
functional residual capacity, 78–9

Galago, 192
Galileo, 14
gas constant, 198
gas volume, corrections, 65–9, 77
gastric acid, 183–4
Gibbs–Donnan equilibrium (see Donnan

effect)
gills, 75
globulins in plasma, 147–8
glomerular filtrate, 92–5, 143
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glomerular filtration rate, 6–7, 20, 23, 43, 95,
97–105, 107–9, 112–14, 123, 129–31

glomerulotubular balance, 112–13
glucose 

energy, 32, 38, 111
in blood, 36–7
in kidney, 101, 111

glycogen, 29
Goldman equation, 155–8

haematocrit, 20–1, 48–55, 95
optimum, 53–5, 216–17

haemoglobin 
as buffer, 179
concentration, 149

haemolysis, 51–3
Hales, Stephen, 83
half-time, 80–1, 99
Harvey, William, xi–xii, 60
heart 

rate, 18–20, 43–5
size, 14, 43
work, 61–4

Heidenhain, Rudolph, 101–2
helium, 79, 81
Henderson–Hasselbalch equation, 16–17,

23, 159, 162–8, 170–1, 175–7, 211
hexagon, area of, 50
humming bird, 189
hydrogen ion activity, see pH
hyponatraemia, 119–20, 149
hypothalamic osmoreceptors, 132–3
hypoxia, 74

indices, 13, 200, 210–11
inspired air, 24–5, 69, 72–4
insulin, 134
intracellular fluid volume, 24
inulin, 6–7, 97–102, 136, 212
isosmotic reabsorption, 106–7

jumping, 192–3

Kepler, Johannes, 230
kidneys, 6–7, 23, 43, 92–131

blood flow, 20, 23, 43, 95, 108, 112
clearance, 6–7, 97–8
plasma flow, 20, 23, 95, 97–8
work, 107–9, 221

kinetic blood pressure, 63–4
Kleiber, Max, xii

lactate in plasma, 141, 176, 178
lactic acid, buffering of, 176–7
Laplace, 30

law of, 58–60, 84, 87–8, 219
latent heat of evaporation, 76
Lavoisier, 30
life span, 44–5
lipids in plasma, 149
logarithms 

basic mathematics, 200–4
use, 15–17, 41, 81, 143–5, 152, 155–8,

160–3, 176–7, 214–15
Lohmann reaction, 193
longevity, 44–5
LSD, 43–4
Ludwig, Carl, 92, 94
lung volumes, 78–9, 82–3
lymphatics, pulmonary, 91
lysergic acid diethylamide, 43–4

magnesium in plasma, 141
mass balance, 6–8, 60–1, 97, 120–8
mechanical work, 8–9, 61–4
medulla, renal, 117, 120–8
medullary blood flow, 125–8
membrane 

capacity, 140–1
potential, 140–1, 152–8

metabolic rate, xii, 20–1, 76
basal, 20–1, 28, 30–1, 35, 40–3, 46–7, 

215
metabolic water, 46–7
metabolism (energy), 27–47
milliosmolality, 23
mitochondria

bicarbonate, 170–1
in skeletal muscle, 129–30
oxygen tension, 72
pH, 160–1, 169–71
renal, 128–31
size, 160

molar and molal, 148–50
mouse, xii, 40, 43, 46–7, 118
muscle 

amount in body, 2, 192–3, 230
contraction time, 189
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tension, 59–60, 191
work, 61–4, 190–4

music, 188–90
myelinated axon, 185–9
myofibril, 195

Na,K ATP-ase, 151, 154, 156–7
Nernst equation, 13, 16–17, 143–5, 152, 155,

157, 167
nerve conduction, 185–9
nitrogen 

clearance curve, 81
excretion, 115–16
in protein, 115
washout curve, 81

Notomys, urine concentration in, 118

octocalcium phosphate, 137
oncotic pressure, 85–91, 95–7, 113, 144–8
osmolality, 23, 93, 106–7, 133, 135, 145, 224

meaning, 150–1
osmolarity, meaning, 150–1
osmole, definition, 224
osmometer, 106, 132
osmoreceptor, 132–3
‘osmotic coefficient’, 151, 224
osmotic diuresis, 118
osmotic engines, 107
osmotic pressure, 23, 93, 145–8, 224

(see colloid osmotic pressure)
oxygen

dissolved, 55, 70
in blood, 20–1, 36–7, 58, 108–9
in tissues, 72

oxygen consumption
body, 20–1, 25, 28, 30–1, 38, 58
heart, 61, 109
kidneys, 107–9

packed cell volume, 20–1, 48–55, 95
PAH clearance, 97–8
panting, 77
para-aminohippurate, 97–8
Parker, Charlie, 188–9
pendulum, 13, 210
penicillin, 100–1
peripheral resistance, 55
permeability coefficients, 156–7
pH, 23, 159–84

definition, 15–7, 160–1
intracellular, 166–71

phlorizin, 101
phosphate 

homeostasis, 136–8
in bone, 136–8, 182–3
in urine, 115

plasma
ionic composition, 141–2
proteins, 141–2, 147–8
volume, 20–1, 49

pleurae, 89–91
pleural space, 89
Poiseuille’s equation, 12–13, 48
polycythaemia, 51
postprandial alkaline tide, 183–4, 229
potassium 

homeostasis, 133–4
in acidosis, 181, 183
in cells, 24, 133–4, 141–2, 150, 152–7
in food, 133
in plasma, 141
in urine, 115
membrane potential, 155–7

pressure, blood (see blood, pressure)
pressure diuresis, 114
pressure natriuresis, 114
protein

in diet, 95, 114–16
in plasma, 141–2, 147–8

proximal tubules, 100, 103, 106–7, 110–11,
124

pulmonary circulation, 55–7, 60–2
capillaries, 85–7, 89–91
lymphatics, 91

pulmonary oedema, 86, 89
pulmonary ventilation rate, 22
pumping work, 9, 61–4
Purkinje fibre, cardiac, 188

Ranvier, node of, 186–7
rate constant, 80, 99
reaction time, 189–90
renal function, see kidneys
respiration, 20, 22, 43, 65–91
respiratory acidosis, 135, 178–81
respiratory exchange ratio, 20–1, 25, 69, 

73
respiratory quotient, 25, 29, 71
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Richards, A.N., 94
Rubner, Max, 41–2

saltatory conduction, 185–7
sarcomere, 195–7
Sarrus and Rameaux, 40–1
Schwann cell, 186
shrew, 42, 57
skeletal mass, 14–15, 43, 138–9
skeletal muscle, 190–7

mitochondria, 129–30
smooth muscle, 58–60
sodium 

amount in body, 24
excretion, 104, 114–15, 119–20
gradients, 151–7
in acidosis, 135, 181, 183
in cells, 152–7
in extracellular fluid, 24
in kidneys, 104–5, 107–12
in plasma, 104, 119–20, 134–6, 148–9
intake, 24, 114–15, 119–20
practical problem, 134–6
transport, 46, 107–12, 151–7

solubilities of O2 and CO2, 70, 75
solubility coefficient, 9–10
Sørensen, S.P.L., 160
specific BMR, 40, 215
specific heat capacity of body, 28, 35
standard 70-kg man, 18–19, 211
standard temperature and pressure, 65
standing gradient hypothesis, 106
Starling forces, 85–91, 96–7
Starling’s law of the heart, 61
STPD, 65–9
stroke volume, xi-xii, 19–20
sulphate in urine, 115
surface area of body, 40–1
surface rule, 41–2

surface tension in lungs, 84–5, 87–9
surfactant, 82, 87, 89
sweat, 36

Tammann, G., 93
temperature regulation, xii, 18, 34–6, 39, 41
tidal volume, 20, 22, 43, 78–9
‘tissue buffering’, 179
troponin-C, 194–7

unit analysis, 5–15, 17, 59, 61–2, 122, 209–11
units, conversion factors, 4 
urate, 101
urea, 101–4, 114–15, 118
urine 

flow rate, 105, 112–13, 116–20
total solutes, 114–20, 122

urodilatin, 114

vasa recta, 114, 121–8
ventricular fibrillation, 133
viscosity, 12–13, 210

blood, 53–5, 216–17

walking, energy cost, 32–3, 39
water 

amount in body, 24, 211
daily intake, 47
expired, 77–8
vapour pressure, 25, 66–8, 73–4, 76–7

water-breathing animals, 74–6
Weber–Fechner law, 16
‘weight’, 8
whale, 42, 46
work 

cardiac, 9, 61–4, 109
mechanical, 8–9, 61–4
renal, 107–9, 221
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