Trying to prove that lightning was an electrical spark, as
Benjamin Franklin had proposed, Galvani suspended the frog's
legs with brass hooks from an electrical railing during a
thunderstorm. Luigi Galvani (1737-1798)

Italian physicist Alessandro Volta (1745-1827) repeated
Galvani's experiments at the University of Pavia
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Table 4-»  Internal and external concentrations of some electrolytes in specific nerve

and muscle tissues

Internal concentrations

External

(mM) concentrations (mM) Ratios, inside/outside
Tissue Nat K+ Cl- Nat K+ ] Nat K+ @l
Squid nerve 49 410 40-100 440 22 560 1/9 19/1 1/14—-1/6
Crab leg nerve 59 410 26 510 12 540 1/10 34/1 1/21
Frog sartorius m uscle 10 140 4 120 2.5 120 1/12 56/1 1/30
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Table 4-3  lonic 1'adii and hyd}'ation energies of
the alkali metal cations
Cation Tonic radius (A) Free energy of

hydration (kcal - mol ™)
Li* 0.60 (@) 2122
Na* 0.95 O 298
K* 1.33 o 280
Rb™* 1.48 O 215
Cs* 1.69 o 267
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Table 5-1  Examples of ion channels found in axons
Current through
Channel channel Characteristics Selected blockers Function

Leak channel (open Ik (leak) Produces relatively high Partially blocked by Largely responsible for V.

in resting axon) Py of resting cell tetraethylammonium
(TEA)

Voltage-gated Na* Ina Rapidly activated by Tetrodotoxin (TTX) Produces rising phase
channel depolarization; of AP

becomes inactivated
even if V, remains
depolarized

Voltage-gated Ca2*t Ic, Activated by depolariza- Verapamil, D600, Co2*,  Produces slow depolariza-

channel tion but more slowly Cd2+, Mn2+, Ni2t, tion; allows Ca2t to
than Na* channel; La3* enter cell, where it can
inactivated as function act as second messenger
of eytoplasmic [Ca2t]
or Vi,

Voltage-gated K+ Ixivy Activated by depolariza- Intra- and extracellular  Carries current that rapidly
channel (“delayed tion but more slowly TEA, amino repolarizes the
rectifier”) than Na* channel; pyridines membrane to terminate

inactivated slowly an AP
and not completely
if V,, remains
depolarized
Ca2*-dependent K+ Iica) Activated by depolariza- Extracellular TEA Carries current that repo-

channel

tion plus elevated
cytoplasmic [CaZ*];
remains open as long
as cytoplasmic [Ca2*]
is higher than normal

larizes the cell following
APs based on either
Na* or Ca2* and that
balances I, , thus limit-
ing depolarization

by I Ca
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Table 6-1  The diameter of frog axons and the presence or absence of
myelination control the conduction velocity.

Fiber type Average axon diameter (pm) Conduction velocity (m-s~1)
Myelinated fibers
Aa 18.5 49
AB 14.0 25
Avy 11.0 17
B Approximately 3.0 4.2
Unmyelinated fibers
C 2.5 0.4-05

Source: Erlanger and Gasser, 1937.

49



(a) Terminal at rest

Presynaptic
axon

Synaptic /

vesicle

Synaptic cleft

Receptor Postsynaptic
protein membrane

50



(b) AP arrives; vesicles
fuse with terminal
membrane, producing
exocytosis of transmitter.

51



(c) Transmitter binds
to postsynaptic
receptor proteins;
lon channels open.

/

52



(d) Transmitter is
removed from cleft;
fused membrane
IS recycled.

53



(a) Fast chemical
transmission

I\
Small
vesicles

54



(b) Slow chemical
transmission

Receptor

Intracellular messenger

Large
vesicles

55



(b)

Junctional Schwann
fold cell

Synaptic

Myelin

Nerve
terminal

o &

Active zone with Muscle fiber

synaptic vesicles

¥

i < v S
o Y Nl B ¥ en iSRS e
¥ : 5 W o A0y Bar, 5§



Thickened\ s = M RAC L s ~ﬂu€'frfl§’“ Synaptic
membrane Xgae. e’ 2 el O S TRY & vesicles

Synaptic
cleft

Junctional | |
fold 0.5 um

57



/ = Amplifier Ts

Vim
stimulus / _|__>_.—'\j\ s N P, |1mV

58



Stimulus

59



60



20
10

190
180

40

30

Number of occurrences
N\

20
10

Failures

~ Spontaneous miniature
\__ endplate potentials

Evoked endplate
potentials

TN

1 2 3

Units of amplitude

61



62



Table 6-2  Typical small neurotransmitters, their structures, and functions

Neurotransmitter Typical eftects® Structure
Acetylcholine Fast excitation; O CH,
(ACh) slow inhibition H,C— (”J— 0 CHZCH2—1\|I+— CH,
e,
Glycine Fast inhibition H
(Cly) +H3N—(|3—H
(llOO‘
y-Aminobutyric acid Fast inhibition; "HN—CH;—CH;—CH,—CO0"
(GABA) slow inhibition
Glutamate Fast excitation; H
(Glu) slow change in +H3N—(|]—CH2—CH2—COO'
postsynaptic
metabolism COO~

*Notice that the effect of a neurotransmitter depends on the properties of the postsynaptic cell. For most neurotransmitters,
however, it is possible to identify their most probable effect.
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Table 6-2  Typical small neurotransmitters, their structures, and functions

Neurotransmitter Typical effects® Structure
Norepinephrine Slow excitation; (l)H
. . . . Iy HO
(Nor-epi) slow inhibition CHCH,NH,
HO
Dopami Differs witl HO
opamine iffers W1 1 CHLCH.NIL
location but causes SR
slow postsynaptic HO /N H,
effects CH,
Serotonin Slow excitation or HO CH,
(5-HT = 5- slow inhibition |
hydroxytryptamine) ITI
H

*Notice that the effect of a neurotransmitter depends on the properties of the postsynaptic cell. For most neurotransmitters,
however, it is possible to identify their most probable effect.

64



Table 6-2  Typical small neurotransmitters, their structures, and functions

Neurotransmitter Typical effects® Structure
Nitrogen oxide Synaptic N= ©
(NO) modulation
H
Adenosine Both fast and slow 0] o) (o)
; : | l I
triphosphate (ATP) synaptic -0—P—0—P—0—P—0—CH, _O
transmission (l)- (l)- (l)-
Histamine Slow modulation H(|]=C| — G, —GH,—NH."
N NH
™
(lj P
H

*Notice that the effect of a neurotransmitter depends on the properties of the postsynaptic cell. For most neurotransmitters,

however, it is possible to identify their most probable effect.
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