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Recording the Membrane
Potential

* Resting membrane
potential

e What is the
membrane
potential?

,  How is it measured?
FIuidoutsndec 2 ‘ _‘ -\ o Why|5 |t important?

Cytoplasm




lonic Basis of the Resting Potential

e Concentrations of lons
Y Na+
° K+

 Diffusion pressure

* Electrostatic pressure

* lon channels

e Sodium-potassium pump

1 lons in motion move down their concentration
gradients, thus Na* will tend to enter K+

and K* will tend to exit. | Na+ K g

Na 1
Na Na
2 The negative internal ‘ K+ Na*

charge creates pressure
for both Na* and K* to
enter. Nat

potassium pump

Na" Nat Nat ke

3 Sodium-potassium pumps
transport 3 Na* out for every
2 K* they transport in.



Generation and Conduction of

Postsynaptic Potentials

* Postsynaptic potentials
* Role of neurotransmitter and presynaptic neuron

* Excitatory postsynaptic potentials (EPSPs)
* Inhibitory postsynaptic potentials (IPSPs)

* Three important properties
* Graded
 Decremental
* Transmission is rapid

Potential

(millivolts)

Membrane

Potential
(millivolts)

Membrane
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-70

An EPSP and
an AP




Integration of Postsynaptic
Potentials and Generation of
Action Potentials

* Action potentials
* Begin at axon hillock
Excitatory O
. nepse * * All-or-none

Excitatory

nebon 7_ * Neural integration of

% Inhibitory synapses ‘ m UIti ple Signa IS
i \ To oscilloscope —» ) .
Tw% EPSPT eIicIteEc'i) isnprapid succession sum to * S p atl a I S u m m a tl O n
\ — produce a larger .
D To recording instrument —— e e PY Te m p O ra I S u m m atl O n
b @ b @
A A A A

Two IPSPs elicited in rapid succession sum to
produce a larger IPSP

—65 —65
-70 —-70
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Two simultaneous EPSPs sum to produce a greater EPSP
A Stimulated B Stimulated A + B Stimulated

—65 —65 —65
—70 —70 —70
Two simultaneous IPSPs sum to produce a greater IPSP
C Stimulated D Stimulated C + D Stimulated

—65 —65 —65
-70 -70 -70
=75 =75 =75

A simultaneous IPSP and EPSP cancel each other out

Membrane potential (millivolts)

2mbrane potential (millivolts)




lonic Basis of Action
. e Threshold is reached (EPSPs)
POte ﬂtla |S * \oltage-gated Na+

channels open
Na+ rushes in

Voltage-gated K+
channels slowly open

'/— Sodium
channels m K+ leaves cell

close

cell becomes

Potassium hyperpola rized

open e Refractory periods

Sodium \ Potassium y AbSO|Ute
channels

N - * Relative

close

Membrane Potential
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Axonal Conduction of Action Potentials

e Conduction of action potentials
* Active, slower, non-decremental

» Diffusion of Nat triggers next action potential
* Nat channels tightly packed creating waves of

depolarization

e Direction of transmission
* QOrthodromic conduction
 Antidromic conduction

e Conduction in myelinated axons
* Nodes of Ranvier
e Saltatory conduction
* Faster transmission
* Requires less energy

* Velocity of axonal conduction
» Larger/myelinated are fastest

* Conduction in neurons without axons
* Transmission is decremental

Postsynaptic potentials (PSPs) are elicited
on the cell body and dendrites.

PSPs are conducted
decrementally to the axon.

When the summated

PSPs exceed the threshold

of excitation at the axon initial segment,
an action potential (AP) is triggered.

The AP is conducted
nondecrementally down the
axon to the terminal button.

Arrival of the AP at the
terminal button triggers
exocytosis.



Structure of
The Synapse

* Dendritic spines

* Types

Axosomatic

Axodendritic

Axoaxonic

Dendrodendritic
Dendroaxonic

Synapses between main shafts
Nondirected synapses

* Presynaptic Inhibition

* Postsynaptic Inhibition

* Directed and non-directed synapses

Microtubules

Synaptic
vesicles

Golgi
complex

Button

Mitochondrion

Astrocytic
process

Dendritic
spine

Presynaptic
membrane

Synaptic
cleft

Astrocytic
process

Postsynaptic
membrane




Synthesis, Packaging, and
Transport of
Neurotransmitters

* Small-molecule neurotransmitters
e Synthesized in cytoplasm
* Packaged by Golgi

* Large-molecule neurotransmitters
* Synthesized in soma by ribosomes
e Carried down microtubules

e Coexistence

(@)

Dopaminergic synapse

Tyrosine

Presynaptic L-DoPAD
terminal

membrane receptors
Signal transduction

(b) tooc.,

NH,
& OH
tyrosine

Tyrosine
Hydroxylase .
melanine

HOOC_. OH
NH,
=L-dihydroxyphel ahmlm.p H

L-DOPAD _ ¢

\”‘»e

DOPA
decarboxylase l 3-O-methyldopa

3-methoxytyramine,
3,4-dihydroxyphenylacetate (DOPAC),
3-methoxy, 4-hydroxyphenylacetate (HVA).




Release of
Neurotransmitters

e AP arrives at terminal buttons

* Voltage-gated calcium channels
open

* (Caz2+ enters

* Synaptic vesicles fuse and empty
contents (exocytosis)

* Coexistence
(neurotransmitter/neuropeptide)
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Activation of Receptors
by Neurotransmitters

e Diffusion of neurotransmitter

* Binding to receptors
 lonotropic — brief EPSPs or IPSPs
* Metabotropic — activate second
messengers

* Autoreceptors

An lonotropic Receptor

Q -
(]
e © O/|OI"I
Neurotransmitter o ) (]
o lonotropic 04
O. © _ receptor

Some neurotransmitter molecules bind to receptors on ion channels. When
a neurotransmitter molecule binds to an ionotropic receptor, the channel
opens (as in this case) or closes, thereby altering the flo%v ofi \or}g into or out
of the neuron.

A Metabotropic Receptor

_ Neurotransmitter :
(, Metabotropic ’ )

receptor

Signal
protein

G Protein

Some neurctransmitter molecules bind to receptors on membrane 0
signal proteins, which are linked to G proteins. When a neurotrans-

mitter molecule binds to a metabotropic receptor, a subunit of the G protein
breaks off into the neuron and either binds to an ion channel or stimulates
the synthesis of a second messenger.
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Neurotransmitter Trans orter Deactivating . 7
molecule g enzyme \S) Q J@ “

: * Two message-terminating mechanisms
Reuptake, Enzymatic

Degradation, and
Recycling

* Enzymatic degradation
* Reuptake by transporters




Gap junctions

Glia, Gap Junctions, and Electrical synapses

Syna ptiC Transmission Local inhibitory circuits

Glial and neuronal gap junctions

Tripartite Synapse

< Sesssla st satsnnn A\ 5 A0
T 1 snsa. P 333 33 { aasssenessessse 5% s
Several decades of study have focused on 2 O”}’ ”""”””_S”i”“'s - 3R Y
working out what is happening at the to another by
tripartite synapse. ¢ releasing neuro-
transmitters into r B )
the synapse. ' = .- s X
I Astrocytes, a type of glial cell, have - \ a
extensions that wrap around the gaps, - y as
or synapses, between neurons. SASESES6SSS & . al
IAARANRARSS X
: 4
\ '
Y
‘thS experience ar S
ular calcium and rel ] = . Astrocytes have thousands
. of connections with +
neuronal synapses, other J U
astrocytes and blood
vessels. Signals initiated at
a single synapse may
propagate elsewhere.
Prejunction Postjunction Pores connecting Connexins
membrane membrane cytoplasm of
of one cell of other cell two cells
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Small-Molecule Neurotransmitters

Amino acids

Overview of the Neurotransmitter Classes

Glutamate
Aspartate
Glycine
GABA

Monoamines

Catecholamines

Dopamine
Epinephrine
Norepinephrine

Indolamines

Serotonin

Acetylcholine

Acetylcholine

Unconventional
neurotransmitters

Soluble gases

Nitric oxide
Carbon monoxide

Endocannabinoids

Large-Molecule Neurotransmitters

Neuropeptides

Pituitary peptides
Hypothalamic peptides
Brain—gut peptides
Opioid peptides
Miscellaneous peptides

Anandamide



The Roles and Functions

of Neurotransmitters
(1 of 3)

* Amino acid neurotransmitters
 Fast-acting/point-to-point synapses
* GABA, glutamate, aspartate, glycine

* Monoamine neurotransmitters
* Slow, lingering and diffuse effects
* Arise from brainstem
* Catecholamines/Indolamines
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The Roles and Functions

of Neurotransmitters
(2 of 3)

* Acetylcholine

* Neuromuscular junctions

e Autonomic nervous system

e Central nervous system

* Deactivated by enzymes in synapse

* Unconventional neurotransmitters

* Soluble gases (nitric oxide/carbon monoxide)
* Produced in neural cytoplasm

e Short-acting

* Anandamide

Acetylcholine (ACh)
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The Roles and Functions of Neurotransmitters
(3 of 3)

* Neuropeptides
* Short chains of amino acids
* Five categories of neuropeptides

* Endorphins as an example
* Analgesia/reward systems

Pituitary peptides
Hypothalamic peptides
Neuropeptides Brain—gut peptides
Opioid peptides
Miscellaneous peptides




Seven Steps in

Neurotransmitter
Action

Seven Steps in Neurotransmitter Action

Neurotransmitter " Synthesizing

molecules are synthesized enzymes
from precursors under the
influence of enzymes.
I Neurotransmitter
) precursors
Neurotransmitter
molecules are
stored in vesicles. Vesicle
Neurotransmitter
molecules that leak
from their vesicles are Dearadin
destroyed by enzymes. . g g
enzymes

Action potentials cause

vesicles to fuse with the
presynaptic membrane and
release their neurotransmitter
molecules into the synapse.

Released neurotransmitter

molecules bind with
autareceptors and inhibit
subsequent neurotransmitter
release.

" 4

Released neurotransmitter
molecules bind to postsynaptic
receptors. E— ¢

o ° ° o Autoreceptor
Released neurotransmitter
molecules are deactivated m o o ‘
by either reuptake or enzymatic ) - ———
degradation. .
\\-‘_ osts naptic

receptor
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Mechanisms

of Drug
Action

AGONIST VS. ANTAGONIST

Agonistic Drug Effects Antagonistic Drug Effects
Drug increases the synthesis of § a ' 4 gb (= g Drug blocks the synthesis of
neurotransmitter molecules a v, % neurotransmitter molecules
(e.g., by increasing the amount % > (e.g., by destroying

of precursor). synthesizing enzymes).

Drug increases the number of
neurotransmitter molecules by
destroying degrading enzymes.

Drug causes the neurotransmitter
0 , molecules to leak from the
' vesicles and be destroyed by
degrading enzymes.

Drug increases the release of
neurotransmitter molecules

from terminal buttons. Drug blocks the release of the

neurotransmitter molecules
from terminal buttons.
Drug binds to autoreceptors
and blocks their inhibitory effect

on neurotransmitter release. .
Drug activates autoreceptors

and inhibits neurotransmitter

Drug binds to postsynaptic release.

receptors and either activates
them or increases the effect on
them of neurotransmitter
molecules.

Drug is a receptor blocker;

it binds to the postsynaptic
receptors and blocks the effect
of the neurotransmitter.

Drug blocks the deactivation of
neurotransmitter molecules by
blocking degradation or
reuptake.
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Behavioral Pharmacology:
Discovery of Receptor Subtypes

ACh
Nicotine

21



Behavioral Pharmacology:
Discovery of Endogenous Opioids

TAIL FLICK
151
/ M
PESO catheter s————p MORPHINE 104
59 4
l t MNaloxone
Internal cannula =———> 3 ) Mi img/kg)
Guide cannula -~ ! '
Y HOT PLATE
& 30
<
20+
104
c L L § L L L L] L
-20 0 20 40 60 80 100

TIME (min)

Fig. 1. The effect of an intracerebral injection of morphine sulfate (5 ug/0.5 jel) at the first arrow (MI)
into the site indicated in the adjacent coronal section on the tail flick (top) and hot plate (bottom) is
shown. Naloxone hydrochloride (1 mg/kg, i.p.) was given at the second arrow. Abbreviations: a,
aqueduct; p, pons; pg, periaqueductal gray; rf, reticular formation.

(Yaksh et al., 1979)



Positive:

Behavioral Pharmacology:
Discovery of Antipsychotic Drugs

Symptoms of Schizophrenia

Negative:

Flattened affect

Haloperidol (D2 Antagonist)

= Parkinson's

Rt Y Disease

tremor m&:ﬂ nigra /9“
Q

dopamine
Neuron affected

G by Parkinson's
JC

Ropinirole (D2 Agonist)
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