
A, B and C waves, spikes (action potentials)
18–19

A bands 138, 143
absolute refractory period 23
accommodation 83
acetylcholine
cardiac 164

quantal release 99–101
response 91–2
structure 104

acetylcholine receptor
molecular structure 95–9
and single channel responses 94–5

acetylcholinesterase 99
actin

interactions with myosin and ATP 151–2
molecular basis of activation 154–5
structure and function 151–2

action potentials 11–24
cardiac 158–60
effect of changing Na 44, 45–6
nomenclature 15

active transport 34–40
actomyosin, smooth muscle, activation

166–7
adenylyl cyclase 113, 164
ADP 131–5
aequorin 137
after-potentials 5

positive/negative 84–5
all-or-nothing principle 15, 21
amino acids

hydropathy index 60
voltage-gated potassium channels 63

anode break excitation 83
aspartic acid, structure 104

ATP
skeletal muscle contraction 130–5, 152–4
sodium hypothesis 36–7

atrioventricular node 161
autonomic nervous system 1–2
axons

axoplasm 3
ion distribution 29, 30

conduction velocity 81–2
see also nerve fibres

beta2-adrenergic receptor
activation 164
structure 116

blood, ion distribution 30
bungarotoxin 94

cable theory and saltatory conduction 73–85
after-potentials 84–5
conduction velocity factors 81–2
excitation threshold factors 82–4
saltatory conduction in myelinated nerves

75–81
spread of potential changes in cable

systems 73–5
calcium channels 72, 141–2
calcium ions, excitation–contraction

coupling 137–8
cardiac muscle 163

cAMP 112
cardiac muscle 156–64

cardiac action potential 156–60
electrocardiogram 161–3
excitation spread 160–1
excitation–contraction coupling 163
nervous control of the heart 163–4
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cathodal current 20
post-cathodal depression 83

cDNA sequencing studies, voltage-gated ion
channels 27, 59–61

cell membrane, structure 25–8
cephalin, structure 27
chemical transmission 87–9

neuromuscular transmission 87–9
cholesterol, structure 27
conduction velocity 81–2
connexons 117
contact potential, dfd 11
creatine 131
creatine phosphate 131–2
cross-bridges, myofibrils 144, 145, 153–4

depolarization, and calcium entry,
neuromuscular transmission 101

depression 101–2
dihydropyridine receptors 141, 163
dinitrophenol, effects 35–6
diphasic recording 17
Donnan equilibrium system, in muscle 33–4
dopamine, structure 104

efficiency, skeletal muscle 130
electrocardiogram 161–3
electrodes 11–13

recording of resting and action potentials
11–19

Electrophorus electric organ 61–2
electrotonic spread of potential 73–4
electrotonic synapses 115–17
end-plate potential, neuromuscular

transmission 89–90
ionic current flow 92–4
miniature 99, 100

endomysium 119
energy source of skeletal muscle contraction

130–2
energy stores 133
epineurium 9
escape response 117
eserine 99
excitability, recovery, time-course 24
excitation 19–24

membrane permeability changes during
excitation 41–58

impedance change during spike 41–58
muscle fibre, postsynaptic responses 90–1
smooth muscle 165–6

excitation threshold 21, 22
factors 82–4

excitation–contraction coupling
cardiac muscle 163
skeletal muscles 136–42

excitatory postsynaptic potentials 105–7

interaction with EPSPs 109–10
slow synaptic potentials 110–13

facilitation 101
FDNB 131–22
frog sartorius muscle, internal membrane

systems 138–42

G-protein-linked receptors 113–15, 164
gamma-aminobutyric acid

IPSPs 109
structure 104

gap junctions 116
glutamic acid

receptors 107
structure 104

glycine
IPSPs 109
structure 104

glycogen, in muscle and liver 133
glycogenolysis 131, 134

H zone 145
heat production, energetics of skeletal

muscle contraction 128–130
high energy phosphate see ATP
hydropathy index, amino acids 60
hydroxylamine, ionic selectivity 70
5-hydroxytryptamine, structure 104

I band 138, 143
inhibitory postsynaptic potentials 

107–10
interaction with EPSPs 109–10
slow synaptic potentials 110–13

intercalated discs 156
ion channels

direct/indirect action of
neurotransmitters 114

X-ray crystallography 70
ion distribution, in nerve and muscle 

28–31
ionic selectivity, voltage-gated ion channels

69–72
ionophoresis 91
ionotropic neurotransmitter receptors 115
ions

active transport 34–40
sizes 72

isometric contraction 121, 124–6
isometric tension, and sarcomere length

147–9
isometric twitch and tetanus 121–3
isotonic contraction 120

L zone 145
lecithin, structure 27
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leucine enkephalin, structure 104
local circuit 20, 75
local response 82

M line 145
mechanical summation 121
membrane capacitance 43
membrane permeability changes during

excitation 41–58
impedance change during spike 41
patch-clamp studies 57–8
sodium hypothesis 41–7
voltage-clamp experiments 47–57

membrane potential, intracellular recording
13–15

membrane structure see cell membrane
metabotropic neurotransmitter receptors

115
methylamine, ionic selectivity 70
mitochondria 4
monophasic recording 17
monosynaptic reflex 105
motoneurons

alpha 119
gamma 119
inhibition of synaptic transmission

107–110
synaptic excitation 104–7

motor unit, defined 120
multi-ion single file pores 71
muscarinic responses 110, 164
muscular fatigue 134–5
myasthenia gravis 99
myelinated nerve fibres 3, 6–10
myelinated nerves, saltatory conduction

75–81
myofibrils 118

calcium ions 137–8
cross-bridges 144, 145, 153–4
internal membrane systems 138–42
sliding filament theory 146–9
striation pattern 143
structure 143–5

myosin 149–51
interactions with actin and ATP 151–2
molecular basis of activation 154–5

Na,K-ATPase see sodium pump
nebulin 145
Nernst potential 48
Nernst relation 31–2
nerve fibres

conduction velocity of nerve impulses
81–2

diameter distribution 18–19
myelinated 3, 6–10
non-myelinated 3–6

nerve membrane, ionic permeability 25–40
cell membrane structure 25–8
Donnan equilibrium system in muscle

33–4
extracellular recording 15–19
intracellular recording 13–15
ion active transport 34–40
ion distribution in nerve and muscle

28–31
resting potential genesis 31–3

nervous systems, types 1–2
neurilemma 8
neuromuscular junction 86–7
neuromuscular transmission 86–102

chemical transmission 87–9
neuromuscular junction 86–7
postsynaptic responses 89–99

acetylcholine receptors 94–9
acetylcholine response 91–2
acetylcholinesterase 99
end-plate potential 89–90
ionic current flow during end plate

potential 92–4
muscle fibre excitation 90–1

presynaptic events 99–102
acetylcholine, quantal release 99–101
depolarization and calcium entry 101
facilitation and depression 101–2
synaptic delay 101

neurons
anatomy 2–3
types 2

neurotransmitters
direct/indirect action 114
receptors 115
structures 104

nicotinic receptor channels 96, 97
nicotinic responses 110
node of Ranvier 6, 8–9

saltatory conduction 8, 75–81
non-myelinated nerve fibres 3–6
non-skeletal muscles 156–67

cardiac muscle 156–64
smooth muscle 164–7

noradrenaline 164
structure 104

oligodendroglia 6

pacemaker potential 157
parasympathetic nervous system 1–2
patch-clamp studies 57–8, 94–5
perimysium 119
phosphatidyl inositol signalling 113–14
phosphatidylcholine, structure 27
plasma, ion distribution 30
post-tetanic hyperpolarization 84
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potassium channels
compared with properties of sodium

pump 39
primary structure 61–4
screw-helical mechanism of voltage-gating

66–9
potassium contracture 136
presynaptic inhibition, motor neurons,

synaptic transmission 110
proteins, amino acids 60
Purkinje fibres 160–1

refractory period
absolute/relative 23
cardiac muscle 159

resting and action potentials 11–24
electrophysiological recording methods

11–13
excitation 19–24
extracellular recording 15–19
genesis of resting potentials 31–3
intracellular recording of membrane

potentials 13–15
reversal potential 93
rheobase 22
ryanodine receptor 141, 142, 163

saltatory conduction, myelinated nerves 8,
75–81

sarcomere length, and isometric tension
147–9

sarcomere structure 145
sarcoplasm 118
sarcoplasmic reticulum 139
Schwann cells 3–9
screw-helical mechanism, voltage-gating 66–9
single file pores, multi-ion 71
sinuatrial node 161
skeletal muscle 118–55

anatomy 118–120
Donnan equilibrium system 33–4
fast-twitch and slow-twitch 123
ion distribution 28–31
length–tension curve 123, 124

skeletal muscle contraction
energetics 127–32

efficiency 130
energy source 130–2
heat production 128–130
work and power 127–8

excitation–contraction coupling 136–42
calcium ions 137–8
depolarization of cell membrane 136–7
internal membrane systems 138–42

mechanical properties 120–7
isometric contractions 120–1

isometric twitch and tetanus 121–4
isotonic contractions 124–7

mechanism 136–55
molecular basis of contraction 149–55

actin 151–2
interaction of actin, myosin and ATP

152–4
molecular basis of activation 154–5
myosin 149–51

muscular exercise 132–5
effects of training 135
muscular fatigue 134–5

myofibril structure 143–5
sliding filament theory 146–9

filament lengths 146
sarcomere length and isometric tension

147–9
sliding filament theory 146–9
slow synaptic potentials 110–13
smooth muscle 164–7

activation 166–7
contraction 167
excitation 165–6

sodium channels
gating current 64–6
primary structure 61–4
properties 39
voltage-clamp experiments 47–57

sodium conductance 53–7
sodium efflux 35
sodium hypothesis of conduction

ATP 36–7
membrane permeability changes during

excitation 41–7
sodium pump 36–8

cDNA sequencing 59–60
compared with properties of Na and K

channels 39
spatial summation 106
spike (action potential) 13

A, B and C waves 18–19
impedance changes 41

squid giant axon 13–14
action potential 41, 42
active transport 34–40
ion distribution 29, 30
sodium gating current 61–4

strength–duration curve 22, 23
suberyldicholine 95
sympathetic nervous system 1–2
synaptic cleft 87
synaptic delay, neuromuscular transmission

101
synaptic transmission 103–17

electrotonic synapses 115–17
inhibition in motoneurons 107–110
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interaction of IPSPs with EPSPs
109–110

presynaptic inhibition 110
slow synaptic potentials 111–15

G-protein-linked receptors 113–15
synaptic excitation in motoneurons 104–7

excitatory postsynaptic potentials 105–7
inhibitory postsynaptic potentials

107–10
synaptic vesicles 100

T system 139
T tubule 140–1
temporal summation 106
tetanus 121–3
tetrodotoxin (TTX) 61–4

binding measurement 82
threshold, factors 82–4
threshold stimulus 21
titin 145
training, effects 135

tropomyosin, troponin 145, 154, 155
twitch fibres 120

voltage-clamping experiments 13, 47–57
ionic current flow during end-plate

potential 92
separation of components of ionic

current 52–3
voltage-gated ion channels 59–72

cDNA sequencing studies 27, 59–61
ionic selectivity 69–72
primary structure 61–4
screw-helical mechanism 66–9
sodium gating current 64–6

X-ray crystallography, ion channels 70
Xenopus

nicotinic receptor channels 96, 97, 98
voltage-gated ion channels 64

Z line 138, 143
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