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Overview of the Nervous System

Controls and integrates all body activities

within limits that maintain life
Peripheral Nervous System PNS

Central Nervous

System
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Subdivisions of the PNS

® Somatic (voluntary) nervous system (SNS)
--neurons from cutaneous and special sensory receptors to
the CNS (input)
--motor neurons to skeletal muscle tissue (output)
® Autonomic (involuntary) nervous systems (ANS)
--sensory neurons from visceral organs to CNS
--motor neurons to smooth & cardiac muscle and glands
»sympathetic division (speeds up heart rate)
»parasympathetic division (slow down heart rate)

® Enteric nervous system (ENS)
--involuntary sensory & motor neurons control Gl tract
--neurons function independently of ANS & CNS






Cells of the Nervous System

Neurons: conduct impulses (excitable cells)
Glial cells: support the neurons (support cells)
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Cell body (soma) Kean
Nucleus terminals
Y o A o
, Direction of signal ity
———Axon hillock o / !
| >, Axon / /
Presynaptic = | : (
neuron  Nerve fiber
Synapse —(_). J _
A \‘ > Dendrites
AR Axon terminal /. Postsynaptlc neuron
_ oo Neurotransmitter /
Axon [,/ Y (after release) :
terminals e - \Axon

Collateral
axon



Summary of Neuronal Structure and Function

STRUCTURE

Axon terminals and synaptic end bulbs
(or varicosities)

S 5,
1‘1
AN

B Plasma membrane includes chemically gated channels
BB Plasma membrane includes voltage-gated Na* and K* channels

B Plasma membrane includes voltage-gated Ca?* channels

Dendrites

Cell body

Junction of axon hillock and initial
segment of axon

FUNCTIONS

Receive stimuli through activation of ligand-gated or me-
chanically gated ion channels; in sensory neurons, produce
generator or receptor potentials; in motor neurons and in-
terneurons, produce excitatory and inhibitory posisynaptic
potentials (EPSPs and IPSPs).

Receives stimuli and produces EPSPs and IPSPs
through activation of ligand-gated ion channels.

Trigger zone in many neurons; integrates EPSPs and IPSPs
and, if sum is a depolarization that reaches threshold, initiates
action potential (nerve impulse).

Propagates nerve impulses from initial segment (or from
dendrites of sensory neurons) to axon terminals in a
self-regenerating manner; impulse amplitude does not change
as it propagates along the axon.

Inflow of Ca®* caused by depolarizing phase of nerve
impulse triggers exocytosis of neurotransmitter from

synaptic vesicles.

» Nissl bodies (chromatophilic substance)
--rough ER (with ribosomes) for
protein synthesis

Nissl bodies -




Axonal Transport

® Cell body is location for most protein synthesis
--neurotransmitters & repair proteins

® Axonal transport system moves substances

--Slow axonal flow
»movement in one direction only -- away from cell body
»movement at 1-5 mm per day

--Fast axonal flow
» moves organelles & materials along surface of microtubules
» at 200-400 mm per day
»transports in either direction
» for use or for recycling in cell body




Cellular Communication

Intracellular communication
Impulses

Intercellular communication
Chemical messengers

Presynaptic/axe

e s =3 Mitochondria
Terminal — = o7 TdRE C

bouton of
axon

Synaptic
@1 vesicles

! Synaptic
n  cleft

Postsynaptic

Synapses R
--Chemical synapses: Site of communlcatlon between two neurons
(CNS) or between a neuron and an effector organ (PNS)

--Electrical synapses: Occur in smooth muscle and cardiac muscle,
between some neurons of the brain, and between glial cells (gap junction)




|_ocalization of lon Channels:

Neuron

® L_cak (non-gated) channels

--always open, responsible for resting membrane potential
--found in the cell membrane throughout a neuron

® Ligand-gated channels
--Open or close in response to ligand binding
--Most located in the dendrite and soma

® \/oltage-gated channels

--Open or close In response to change in membrane
potential

--located in throughout the neuron, most densely in the
axon hillock and axon




|_ocalization of lon Channels: Neuron

Ton Channels in Neurons

TYPE OF ION CHANNEL DESCRIPTION LOCATION
Leakage channels Gated channels that randomly open and close. Found in nearly all cells, including the dendrites, cell
bodies, and axons of all types of neurons.
Ligand-gated channels Gated channels that open in response to the binding of a Dendrites of some sensory neurons such as pain receptors
ligand (chemical) stimulus. and dendrites and cell bodies of interneurons and
motor neurons.
Mechanically gated channels Gated channels that open in response to the binding of a Dendrites of some sensory neurons such as touch receptors,
mechanical stimulus (such as touch, pressure, vibration, pressure receptors, and some pain receptors.

and tissue stretching).
Voltage-gated channels Gated channels that open in response to a voltage stimulus  Axons of all types of neurons.
(change in membrane potential).
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Dendrite

Node of Ranvier

! 1 Schwann
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Structural Classes of Neu rons
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one malr’é endrite
one >§on

(a) Bipolar
Olfaction (smell)
Vision (retina)

- -\ :".I 7
Dendrite

| Z{ 7Dendrltes =
\t:-: '_i — /I/ 2 = :"/ ( i \

Y

l | Peripheral
! axon

\‘ \_

Cell body

one pro\ce§"§only
;

/7 Central
{ } axon

(b) Pseudo-unipolar
Most SeNsory neurons

./ f\

““\ CeII body

several dendrltes
gﬁ/é axon

Axon

(c) Multipolar
Most common neurons



Functional Classes of Neurons

Central Nervous System

Y4

|

Peripheral Nervous System

Cell body
Z:; Central Peripheral
axon ® axon
Interneurons l S_e nsory/
- ——————— visceral
Input \ receptors
1 0 Afferent neuron
Assoclation neur Sensory Neurons
Output
® = = Effector
organs
Cell body Efferent neuron

Motor neurons
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Terminology of the Nervous System

Term

Central nervous system (CNS)
Peripheral nervous system (PNS)
Association neuron (interneuron)
Sensory neuron (afferent neuron)
Motor neuron (efferent neuron)
Nerve

Somatic motor nerve

Autonomic motor nerve

Ganglion
Nucleus

Tract

Definition

Brain and spinal cord

Nerves, ganglia, and nerve plexuses (outside of the CNS)

Multipolar neuron located entirely within the CNS

Neuron that transmits impulses from a sensory receptor into the CNS

Neuron that transmits impulses from the CNS to an effector organ; for example, a muscle

Cablelike collection of many axons in the PNS; may be “mixed” (contain both sensory and motor fibers)
Nerve that stimulates contraction of skeletal muscles

Nerve that stimulates contraction (or inhibits contraction) of smooth muscle and cardiac muscle and that
stimulates glandular secretion

Grouping of neuron cell bodies located outside the CNS
Grouping of neuron cell bodies within the CNS (Gray matter)
Grouping of axons that interconnect regions of the CNS (\\/hite matter)
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Glial (Latin for “glue”) Cells

® 90% of CNS composed of glia (neurogllal ce_lls)

® Smaller cells than neurons =

® 50X more numerous

® Cells can divide
--rapid mitosis in tumor formatlon (gllomas)

® 4 cell types in CNS

--Astrocytes, oligodendrocytes, microglia &
ependymal cells

® 2 cell types in PNS
--Schwann and satellite cells

14
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Functional Classes of Glia Cells

& ¥ e

5

R v

(Schwann cells)

» Myelin-Forming Cells =neurolemmocytes
» One Schwann cell forms one myelin sheath (around the axons of PNS

neurons)

» Regeneration

EHRme
(Oligodendrocytes)

» Myelin-Forming Cells
» One cell forms several myelin sheath (around the axons of CNS
neurons=white matter)

#Fh wme
(Satellite cells)

» Ganglionic gliocytes
» Support cell bodies within the ganglia of the PNS

% A5mi%

(Astrocytes)

» Most common glial cell type
» Form blood-brain barrier (BBB) by covering blood capillaries
» Development of neural connections
» Possibly modulate synaptic activity
» Remove neurotransmitter from synaptic cleft
» Communicate to neurons through chemical messengers
» Maintain normal electrolyte composition of ISF in CNS
» Protect neurons against toxic substances
and oxidative stress

oA 5 e
(Microglial cells)

» Protect CNS from foreign matter through phagocytosis (bacteria & dead
or injured cells)

> Protect CNS from oxidative stress (overactive—ROS7)

3 E Wi
(Ependymall cells)

» Line the ventricles and secrete cerebrospinal fluid (CSF)




Schwann Cells & Oligodendrocytes

Axon Myelin

sheath

Cytoplasm Cytoplasm
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Myelination in the PNS

® Schwann cells myelinate (wrap
around) axons in the PNS during
fetal development
® Neurolemma iIs cytoplasm &
nucleus of Schwann cell
--gaps called nodes of Ranvier
® Myelinated fibers appear white
--jelly-roll like wrappings made of
lipoprotein = myelin
--acts as electrical insulator
--speeds conduction of nerve
Impulses
® Unmyelinated fibers
--slow, small diameter fibers
--only surrounded by neurolemma
but no myelin sheath wrapping

e Neurofibril
o bt [ g

Nucleus of
neurolemmocyte
(Schwann cell)

Myelin sheath

Cytoplasm of
- neurolemmocyte
(Schwann cell)

Neurolemma of
neurolemmocyte
(Schwann cell)

Neurofibral node
(node of Ranvier)

Axoplasm
Axon
—— Axolemma
(b) Sections through a
myelinated fiber




Myelination in the CNS

® Oligodendrocytes myelinate axons in the CNS (white matter)

® Broad, flat cell processes wrap about CNS axons, but the cell
bodies do not surround the axons

® No neurolemma iIs formed

® Little regrowth after injury is possible due to the lack of a
distinct tube or neurolemma

Frontal plane | - )
through brain : =, ~
ﬂ AR
Transverse i oo o
plane :
through : PR
spinal ~ Yo Z -
cord ’ 4 Bt .
Gray matter F 3 P \
White matter _ _ ;
Gray matter = nerve cell bodies, dendrites, axon terminals, 19

bundles of unmyelinated axons and neuroglia (gray color)



Astrocytes

Processes with end-feet associate with blood ca

nillaries

(BBB) and axon terminals (Remove neurotransmitters)

Capillary

Glucose

Postsynaptic
cell



Astrocytes Functions

Form the blood-brain barrier (BBB); plasma Glu (GLUT1)—brain
--Parkinson’s disease (L-dopa) and Meningitis (some antibiotics)

--Influence the production of ion channels and enzymes that can
destroy toxic substances by secreting glial-derived neurotrophic
factor

Take up K* from the ECF to maintain ionic environment for neurons

Take up extra neurotransmitter (Glu) released from axon terminal.
Chemicals are recycled

End-feet around capillaries take up glucose from blood for use by
neurons to make ATP (PET scans, fMRI—brain metabolic atcivity)

Needed for the formation of synapses in the CNS
Regulate neurogenesis in the adult brain (stem cells/hippocampus)

Release transmitter molecules that can stimulate (glutamate) or
Inhibit neurons (ATP)



Functional Classes of Glia Cells

Peripheral Nervous
Central Nervous System System

Ventricle Capillary Astrocyte Oligodendrocyte Schwann
Ependymal Neuron Microglial cell
cell cell
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Electrical Signals in Neurons

® Neurons are electrically excitable due to the voltage
difference across their membrane

® Communicate with 2 types of electric signals
--Action potentials that can travel long distances
--Graded potentials that are local membrane changes only

® In living cells, a flow of ions occurs through i1on channels in
the cell membrane @ Volimeter

» Gated channels open and close In
Intracellular

response to a stimulus oordbn)
--results in neuron excitability

\ Extracellular
b (reference)
electrode

= Extracellular fluid
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Types of Electrical Potentials

Potential Definition
Potential difference = E Difference in voltage between two points
Membrane potential = V,, Difference in voltage across the plasma membrane; always given in terms of voltage inside the cell

relative to voltage outside the cell

Resting V;, Difference in voltage across the plasma membrane when a cell is at rest (not receiving or
sending signals)
Graded potential A relatively small change in the membrane potential produced by some type of stimulus that triggers
the opening or closing of ion channels; strength of graded potential is relative to strength of stimulus
Synaptic potential Graded potentials produced in the post-synaptic cell in response to neurotransmitters binding
to receptors
Receptor potential Graded potentials produced in response to a stimulus acting on a sensory receptor
Action potential A large, rapid change in the membrane potential produced by depolarization of an excitable cell’s plasma

membrane to threshold

Equilibrium potential The membrane potential that counters the chemical forces acting to move an ion across the membrane,
thereby putting the ion at equilibrium
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Establishment of Resting V,

® Neurons have a resting potential of =70 mV
--Large negative molecules inside the cell
--Na*/K* pumps (ion concentration gradients)
--Membrane is highly permeable to K* (K*50X >Na*)

» K* has two types of channels:

» Not gated (always open); sometimes called “leaky” K*
channels

» Voltage-gated K* channels; open when a particular
membrane potential is reached

® At rest, there Is a high concentration of K* inside
the cell and Na* outside the cell
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Establishment of Resting V,

ECF ICF
2 -
Proteins ™
Phosphates

Cl Cl—

K* K"

Na™* Na"'

F . /

1. Passive distribution

ECF ICF
’/
@Proteins i
Phosphates
Cl Cl™
—’4-—4 K
K* Active transport,
by ATPase
Na™
Na™*
7
,
2. Active Na* /K* pump

ece | 2| ICF

-+ —_
@ot&ins i
Phosphates
Cl™ (o= [
Passive e
K* o
+

Chemical K* gradient increases
v

K* diffusion from ICF to ECF
v

Potential develops
3. K© diffusion potential

of ions
ECF 2> ICF ECF g | ICF
+ — - -—
6Proteins_ bl Proteins
Phosphates Phosphates
CI- ci—
Passive

4. Potential drives Cl— from ICF to ECF

5. Final state: resting potential




Resting V|,
The resting membrane potential is closer to the
potassium equilibrium potential

Nernst equation:

[X],

E.=61.55 log X1 (mV)

"[+60 mV

E,=61mVxlog 4mM =-94mV
140 mM

A )

Depolarization Repolarization

When membrane potential =-94 mV,
potassium is at equilibrium.

Membrane potential (mV)

4 Resting potential
—70F--------m e oo

Hyperpolarization

94AmV ¥




Establishment of
K* Equilibrium Potential

Cell permeable to potassium only

High [Na*] o + o + O
High [Cl_] = K* ions — - —n e
o Q /2 T I\ P B
. ®vigh (415 A *"a® %a0 A\ /g .04 29 \\
I'|'oo o 9 o o'| _ n |""o o 9 o | = +|'|u_ o 9, o O_II'!
. No membrane u'.' A \ Inside of cell @ | Eaquilibrium [ Equnllbrlum i
\~ Q potential 00 et tial \\ = becomes (-) g , qtabi' hu d '\'\ potentlal ° //
\C, 0mVeo/ s O\ o _o establishe #\ Ex=-94mV /4
- a ° o // develops i _ Q _/,,--,.» AN A
19 Py N | A
~~--“.;-_-_; = + ‘*~~.::‘ — " * 0 + 3 O
+
- Chemical | Electrical = ‘
: force Vv force v
Chemical force Electrical force exactly
opposes chemical force
(a) (b) (c)

Equilibrium Potential is Chemical force = negative electrical force
Or electrochemical force =0

»K* Equilibrium Potential (E):
Chemical and electrical driving forces are
--Opposite In direction
--Equal in magnitude 29




A Neuron at Rest

® Small Na* leak at rest
(high force, low
permeability)

® Large K* leak at rest
(low force, high
permeability) o

® Na*/K* pump returns
Na* and K* to
maintain gradients o
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Types of Electrical Signals

® Graded potentials
--Small (graded=local)
-- Occur most often in the dendrites

L1 %, N
and cell body of a neuron

--Communicate over short distances 4 st,o,,‘ge,x

Membrane potential (mV)

Action potential
+30 -

® Action potentials
--Large

Phase 1

-- Occur most often in the axon
hillock and axon of a neuron —ssj .......... L)L R
- Resting potential

--Communicate over long distances s .

Phase 3

Phase 2

Membrane potential (mV)

Time (msec)



Graded Potentials

(a)

0OmV -
Depolarization Hyperpolarization
-70 mV f f\j
Stimulus Stimulus
E 1.Excitatory & inhibitory
@ (b) omv
c
b
2 M
0 ~70 mV —T/\
g Weak stimulus Strong stimulus
= 2.Magnitude varies (graded)
= () omv
Measured at Measured 1 mm
stimulus site from stimulus site
—70 mV T — o~

TStlmqus 1Stimulus

3.Magnitude decays 2s it spreads

32
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”— Action potential

4.Graded Potentials Can Sum

Threshold

b e =

o R

A
W X Y W, W, W,
(a) Time (msec) (b) Time (msec)

Temporal Summation > Same stimulus o
» Repeated close together in time

Membrane potential (mV)
&n
(&)
Membrane potential (mV)
én
(4]

S
E
[
£ . .
] Spatial summation
o 9 > Different stimuli
2 »Overlap in time
5
=
A
W X W+X 33
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Action Potential (AP)= Impulse

® Excitable membranes have ability to generate action

potentials

® Action potential

--Rapid large depolarization used for communication

® Phases of an action potential
--Depolarization
--Repolarization
--After-hyperpolarization

® In neurons

TS L Depolarizing

Repolarizing Reversal of
phase polarization

phase

——————————————————————— Threshold

_____________ Resting

; membrane
Stimulus

Membrane potential in millivolts (mV)

After-hyperpolarizing phase potential
| |

Time in milliseconds (msec)

--Action potentials travel along axons from cell body to axon
terminal (or if afferent neuron, from receptor to terminal)
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Membrane potential in millivolts (mV)

+
w
o

Action Potential (AP)

Time in milliseconds (msec)

® lon channels open, Na+ rushes in (depolarization),
K+ rushes out (repolarization)
® All-or-none principal = with stimulation, either happens
one specific way or not at all (lasts 1/1000 of a second)
® Travels (spreads) over surface of cell without dying out

Key:
- Depolarizing i ial: i
Feee Repolarizing Reversal of D Fieftmg membrane potential: Voltage-gated
bove alarizeton Na" channels are in the resting state and
P 2 voltage-gated K™ channels are closed
|: Stimulus causes depolarization to threshold
Voltage-gated Na™ channel
activation gates are open Absolute
g > refractory
______________________ —Threshold [ | Voltage-gated K™ channels are period
_ open; Na“ channels are
™2 "~ Resting inactivating /
Stimulus h | h me;mt;_ralne Voltage-gated K* channels are | Relative
: izi otentia
AU phase P still open; Na* channels are in }refr_aotory
: : : the resting state period
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Membrane potential (millivolts)

Nat and K* diffusion

+30

Sodium
- E ilibri
Action Potential seeva™
ﬂ Caused by Na*
diffusion into axon
P

Caused by K+
diffusion out of axon

Resting membrane potential

| R R ——— ]
Potassium
1 2 3 4 equilibrium
Time (milliseconds) potential

1. Gated Na* channels open

2a. Inactivation of Nat
~ channels begins

2b. Gated K+ channels open

3. Inactivation of
K+ channels begins

4. Gated Na* and K+
channels closed

1 2 3 4
Time (milliseconds)
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Action Potential (AP)

Threshold stimulus

B T PP PP Y PP PP p{ Depolarization of membrane |qe«ssssereeermaiiamiacaiiiiiiiaa., .
E \L b Action
: + Open sodium channels 11
2 . 0
Positive % N@; ®
feedback - el |
- : | t Membrane
- sodium 6 1 _t Threshold
permeability ||| | [ Wl || B
...,1 Netpositive [t " Sogium flow :
Charge Ir_] Ce'_l into cell 012 3 456 7 Negative
(depolarization) | * L feedback
Delayed effect Delayed effect :
(1 msec) (1 msec)
[ | —
Sodium channel IT Open potassium ‘
inactivation cha?}nels
gates close e e
J,L __ potassium
Membrane permeability
sodium I + Net positive
permeability t Potassium flow charge in cell
out of cell (repolarization)

1 Initial stimulus
1Physiological response 4 Sodium flow

C1Result ~into cell



Characteristics of a Neuron at Rest and
During 3 Phases of an Action Potential

Membrane
potential

Voltage-gated sodium
channel

Activation gate
Inactivation gate

Sodium flow

Voltage-gated
potassium
channel

Potassium flow

Low inward, through
leak channels

Low outward, through
leak channels

Depolarization

—70mVto +30mV

Open
Open
Open

High inward, through
voltage-gated channels*

Closed

Low outward, through
leak channels

Repolarization

+30mVYto —70 mV

Closed
Open
Closed

Low inward, through
leak channels

Open

High outward, through
voltage-gated channels*

After-hyperpolarization

—70 mVto —85 mV

Closed
Closed
Open

Low inward, through
leak channels

Closing

High outward, through
voltage-gated channels,
but decreasing*

*Even though at any given time ions move through both voltage-gated channels and leak channels, the conductance through the leak channels is negligible compared to that through voltage-

gated channels.
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Membrane potential

— +30
>
E
®
[
% —-55
£
c -70

>

Stimulus strength

All-or-None Law (AP)

Action potential
/ P

Threshold

Resting membrane
potential

Suprathreshold

stimulus
stimulus

Subthreshold
stlmulus

Threshold

Time in milliseconds (msec)



Graded Potentials & Action Potential

Property
Location

Strength

Direction of change in membrane potential

Summation
Refractory periods

Channel types involved in producing change
in potential

lons involved

Duration

Graded potential

Dendrites, cell body, sensory receptors

Relatively weak, proportional to strength of stimulus;
dissipates with distance from stimulus

Can be depolarizing or hyperpolarizing depending

on stimulus
Spatial and temporal
None

Ligand-gated, mechanically gated

UsuallyNa™,Cl~,orK*

Few milliseconds to seconds

Action potential
Axon

100 mV
All-or-none

Depolarizing

None
Absolute and relative

Voltage-gated

Na® and K"

1-2 msec (after-hyperpolarization
may last 15 msec)
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Propagation of AP= Nerve Impulse

Extracellular fluid

| Axon hillock
) Unmyelinated axon
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Plasma 2SR Extracellular fluid
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--Continuous conduction
--Step-by-step depolarization
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Propagation of AP= Nerve Impulse

Extracellular fluid
Axon hillock

o S RO J
| »Mpyelinated Neuron:
Myelin Nodeof --Saltatory conduction

Myelinated axon sheath Ranvier
_admeessms sxaes x5 Depolarization only at nodes of
. E— =7 T iaceliular Nl Ranvier where there i1s a high
e T ~+.+ density of voltage-gated Na

|
N
|
1
+
+
e

= . o + o o o o +

Extracellular fluid

Direction of action potential propagation

T il » Current carried by ions flows
through extracellular fluid from

£ ¥kt m +

Bt - v node to node

e e e S e——— - - -

e S e N S (N e R

B+ + + 9 | JS—— /+++\-|‘-_ 42

+ + + F F ¥ F + + + ¥ + ¥+ ¥ +



Factors Affecting Propagation

®Refractory period
--Unidirectional
® Axon diameter
--Larger (Less resistance, faster)
--Smaller (More resistance, slower)
® Myelination
--Saltatory conduction: Faster propagation
® Temperature
--High temperature: Faster propagation
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Conduction Velocity Comparisons

Fiber
type
A alpha

A beta

A gamma

A delta
B

C

Myelin

present? Example of function

Yes Stimulation of skeletal muscle
contraction

Yes Touch, pressure sensation

Yes Stimulation of muscle spindle
contractile fibers

Yes, but little Pain, temperature sensation

Yes Visceral afferents, autonomic
preganglionics

No Pain, temperature sensation,

autonomic postganglionics

Fiber diameter
(um)
12-20

=12
3-6

=5
1-3

0.3-1.3

Conduction
velocity (m/sec)

70-120

30-70
15-30

12-30
= a5

0.7-2.3

® A fibers largest (2-20 microns & 130 m/sec)
--Myelinated somatic sensory & motor to skeletal muscle
® B fibers medium (1-3 microns & 15 m/sec)
--Myelinated visceral sensory & autonomic preganglionic
® C fibers smallest (0.3-1.3 microns & 2 m/sec)

--Unmyelinated sensory & autonomic postganglionic
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Clinical Application:

|_ocal Anesthetics

® |_ocal anesthetics and certain neurotoxins
--Prevent opening of voltage-gated Na* channels
--Nerve impulses cannot pass the anesthetized

region
--Procaine (Novocaine) and Lidocaine (Xylocaine)
-
. H,T-—t I\‘




Anatomy of a Synapse
Neuron-Neuron

Presynaptic
neuron

Axon
terminal

@ Action
potential

\oltage-gated

AN Synaptic
:1‘\\‘ :’J{I l_.",';-.'_'_?__—'-'.‘.\-\ X vesicles C a C h a e I S O p e n
AN \ - Neurotransmitter | ,.J_.;-""T"_ﬁ_‘""l:_\_
: | )L Reuptake

molecule
—— Synaptic
cleft

Voltage-gated
Ca?* channel

Plasma
membrape

Ligand-gated rece

Receptor Enzyme

Postsynaptic neuron Response of cell

(a) Presynaptic neuron at rest (b) Active presynaptic neuron -
6. Degradation
7. Re-uptake

» Release of neurotransmitters: Ca influx P
8. Diffusion




@) © Voltage-gated Ca?' @ Action potential
channels open reaches terminal

L

Voltage-gated

Ca2"channel  Ag
Ca?' N
Active
zone
» \esicles are docked at the
O Neurotransmitter plasma membrane by

© Neurotransmitter binds S o :
to postsynaptic receptors . S ;r:;);ﬁ: ggfrtn SNARE protems

Axon terminal

Synaptic
vesicles

| » When Ca#* enters the cell,
@Caldumenters it hinds to a protein called
' synaptotagmin

O Neurotransmitter *
release and :
diffusion

Postsynaptic cell

» The Ca?* synaptotagmin
complex displaces part of

(b) SNARE, and the vesicle
Synaptotagmin fuses
2 ‘: 3 5 2
20 9 2 SNARE=Soluble N-ethylmalemide-sensitive
24 X o o e
&fj*"' ’ *«-ﬁ"’:l\ i % 3 : "-"_*»ﬁ; factor Attachment protein REceptor
-

SNAREs D X



Signal Transduction at Synapses

Channel-linked receptors = Ligand-gated receptors
= lonotropic receptor

Extracellular o Neurotransmitter binds

lonotropic receptor/ lon movement
Cytosol ion channel

(a) Fast response Direct-acting
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Signal Transduction at Synapses

G protein-coupled receptors

Metabotropic receptors

G protein-linked receptors

lon channe

, direct coupling 10 channel

(b) Slow response




Signal Transduction at Synapses

@ Neurotransmitter (first

ptor

senger) binds to rece

G protein-linked receptors
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Synaptic Potential

® The effect of a neurotransmitter can be either
excitatory or inhibitory

--a depolarizing (excitatory) postsynaptic potential

= EPSP
> It results from the opening of ligand-gated Na+ channels

»the postsynaptic cell is more likely to reach threshold
--a hyperpolarizing (inhibitory) postsynaptic potential
= |PSP

> It results from the opening of ligand-gated CI- or K+
channels

> It causes the postsynaptic cell to become more negative or
hyperpolarized

»the postsynaptic cell is less likely to reach threshold




Excitatory Synapses= EPSP

Voltmeter

A

Neurotransmitter
binds to receptor

Extracellular

o lonotropic
Q receptor/
ion channel

(a) Fast response

Voltmeter

o 5 10
sec

mV

(‘D Neurotransmitter

binds to receptor

Adenylate cyclase K* channel

Metabotropic receptor
sg@gmggg@gq”

(50 80 31 1@t
Wi ESUHM 1

v
25 ! &
i B!
LA 4

(D K* channel
closes, K*

G protein At @ Produces T
—_— e::;;t;s ool @  cannot move

messengerl L .g  through

T channel

| cAMP
@ Activates @ Phosphorylates
enzyme protein
: (K* channel)

(b) Slow response



Inhibitory Synapses= IPSP

Voltmeter

Extracellular

fluid Extracellular fluid

Neurotransmitter @ Neurotransmitter (NT)

binds to receptor \ : ‘ | Q
;2 ;z \ - ~ Voltmeter
'’ l ~
1' I F / ‘_\\1'
: 1 ] G, & - | rﬁ
_ - . N/
000 lonotropic °
- receptor/ion cr Cytosol
channel

Cytosol

(a) Neuron actively transports chloride out of the cell

Fast response



|IPSPs and EPSPs= Graded Potentials
Temporal Summation

{‘f}EPsp IPS"_P./__,/- X

I
-Iq
o

S +30f
£ W
I
= Temporal
B o ‘g’_ summation
| oM/ 0 Threshold
A .u| PSP ¢, > SRl paail s B R
> S
£
QD
=

ST
A A AA
\ Time (msec)
Axon ""
hillock .'
Axon
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|PSPs and EPSPs= Graded Potentials
Spatial Summation

A | EPSP ¢,

 Jepsp PSP~

- i [
¥, /]
b 4 : L
{ !
|

S 30}
Axon — = E +30 ﬂ
hillock | | =
Axon b= Spatial Spatial
8 summation summation
8
o Threshold|
o
n G
=
Q
=
' ¥ £ 3 ¢
A B C A+B A+C

Time (msec)



Comparison of Graded & Action Potentials

CHARACTERISTIC
Origin
Types of channels

Conduction
Amplitude (size)
Duration

Polarity

Refractory period

GRADED POTENTIALS

Arise mainly in dendrites and cell body.
Ligand-gated or mechanically gated ion channels.

Decremental (not propagated); permit communication over short
distances.

Depending on strength of stimulus, varies from less than 1 mV to
more than 50 mV.

Typically longer, ranging from several msec to several min.

May be hyperpolarizing (inhibitory to generation of an action
potential) or depolarizing (excitatory to generation
of an action potential).

Not present, thus summation can occur.

ACTION POTENTIALS
Arise at trigger zones and propagate along the axon.
Voltage-gated channels for Na* and K.

Propagate and thus permit communication over
longer distances.

All-or-none; typically about 100 mV.

Shorter, ranging from 0.5 to 2 msec.

Always consists of depolarizing phase followed
by repolarizing phase and return to resting
membrane potential.

Present, thus summation cannot occur.,
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Presynaptic Modulation

Axo-axonal communication (between A & B) can modify
classical synaptic communication (between B & C):

Presynaptic
receptor

1. Presynaptic inhibition
| ¢ 2.Presynaptic facilitation

S7



Presynaptic Modulation

Action Action
potential potentials
CAVE l l /
Voltmrter - j\u/i s E . E
U %4
\ fKAxon
| | hillock

Presynaptic Facilitation

Action Action
potential potentials
1<l 7 17 -
Voltmeter ) - v @ Endogenous opioids in
Q' '}’Y > & F pain reduction
(o ele
—~Axon 2 3SP
‘]/ hillock

Presynaptic Inhibition




Neurotransmitters

Choline derivative

Acetylcholine

Biogenic amines

Catecholamines
Dopamine
Epinephrine
Norepinephrine

Serotonin

Histamine

Amino acids
Glutamate
Aspartate
Glycine
GABA

Purines
ATP
ADP

Adenosine

Neuropeptides Unique molecules
TRH Nitric oxide
Vasopressin Endocannabinoids
Oxytocin

Substance P

Endogenous opioids
Enkephalins
Endorphins

Orexin
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Acetylcholine

® % EA & ki o ek (acetylcholine, ACh) & 40 & i
L B end q_“f« WAL S Mg 14 5 & (cholinergic fiber) -

® v T4 & S5 ,J\ svo 12 ACh % #¢ x 8 3 «]"ﬂ’ ’?mifd m;ﬁ;_ =z ”ﬂ.'-‘—
#% (4 % = (cholinergic neuron) -

® %4z (choline) fre fadi f# A (acetyl coenzyme A) & "24& ¢ fig
i #4 f= (choline acetyl transferase, CAT)eniglit & & &« ACh -

7 B8R Eiod B & F o)) FR(sarin) ~ ¥ F® (soman) - j» %
(tabun) & §_ 7 Vi et gtk g s e 4] A (AChE
inhibitors) » i3 *ACh B & A RfIHM » FHE Tt AF
f’fas ‘P RGN R R > FORRMEE M R AT fe

‘:l’}:%'ff"zégggjja bmgg‘,,ﬁ,g‘f vE’JI,(‘_L"L’c o

AChE = acetylcholinesterase




Synthesis

Axon
terminal

Cholinergic
receptor

and Action of ACh

Presynaptic cell

Acetyl CoA
ol
Choline

O verAT Choline acetyl transferase

Acetylcholine

@) ,®(ACh)

o
o~

Acetylcholinesterase
(AChE)
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Cholinergic Receptor

OIJp ¥t 2 Pk inF B g iR FA 55 < 4E
1. 3 # & 34 = = (muscarinic receptor) :
Metabotropic receptor = G protein-coupled receptor
M g
'ii T e FRtEkg et o AR R BT AR F k& (muscarine) kx
i 0 m AP S-(atropine) FE T o
2. ko 7 AlE X E(nicotinic receptor) :
lonotropic receptor = ligand-gated channel
A R ARABEE APENREE E
"i T fRtEg e o A EE S B E AR + 7 (nicoting) £z
B > @ A5 & (curare) %t o



Extracellular

fluid

Nicotinic

:
5

lonotropic receptor

|
3

|
3

3

|

cholinergic
receptor

Cytosol

cholinergic

,Muscarinic
4./ receptor

G protein

(a) Nicotinic cholinergic receptors

lon channel

Metabotropic receptor
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Muscarinic Receptor

G protein-coupled receptor
O FILNE F AN B B 5L
=M, > Mg~ Mg 38 G 3+ qfra:._ B e
’?ﬁiﬁ“@ T4 WA o
--M2 4-—— 7 G H-v “‘5"‘ 18 0 A Wi Ca2* A
;‘)éi/'/ ~ K+ 7]‘/;:‘i‘a4t 9 )’Q») 4_@7}@,L4’}7§_ , T'
¥R @Bt B CAMP sk B 0 R A
AR B i o
OM =< Bz >+ JHB LA H A i
Fot B R A S et BT ﬁ e 17 R fm
FE?NE— F e B’U‘\:.l %- f‘_‘g_ o




Muscarinic Receptor
IPSPs (hyperpolarization) mm=) HR decrease/heart cell

1. ACh binds\
] ,

to recepto

K* channels close ===) EPSPs (depolarization)
=) Smooth muscles contraction /stomach
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Muscarinic Receptor in CNS

oM, ~ My 4= M g%w;‘_g;ﬁ_,‘ i & e
A5 W o T ACh A E ¥ e
(Alzheimer’s dlsease)"v H (T * o

OM, fr M, # =X B7 &R RMBFR > 7 it 4
i ACh ¥4 88 °F 38 & B 5 38 & o

oM, aﬁ:aggpé ’LE&/’%W”“‘ , ??5‘;{3‘5)@
’3"6%-» ’iﬂﬂﬁg}% 4 H“‘mﬁ%“;ﬁ = = ACh
Eﬂbﬁ}r'frvﬁ*{o

¢ Moi% BB bt HAud 2ty
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Nicotinic Receptor

Channel-linked receptor

ON X EBAEL T dpFidig(Na) > 7 7 ﬁ_éj;f;]

NGBS B IARFANAHEEH TR
__N2 \“',_‘—‘/—.' Eﬂz . lf-r«r/\,.H:. ,E)Z)gmﬁ ,“?} iE(NM,J) o

o "Li._\:l f@;ﬂa’ v 4 4k

.\\_;]__/J\ w

7T \gtx‘ﬁl«}%-x =
B £33 £X

OW%H@éﬁa
(ANS) -
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Clinical Application:
Drugs Affect Neural Control of

Skeletal Muscles

Drug
Botulinum toxin
Curare

a-Bungarotoxin
Saxitoxin
Tetrodotoxin

Nerve gas
Neostigmine

Strychnine

Origin

Effects

Produced by Clostridium botulinum (bacteria) Inhibits release of acetylcholine (ACh)

Resin from a South American tree Prevents interaction of ACh with its nicotinic receptor proteins

Venom of Bungarus snakes ¥ 3% 4 (BT X)Binds to ACh receptor proteins and prevents ACh from binding (N-R blocker)

Red tide (Gonyaulax) algae
Pufferfish

Artificial

Nigerian bean

Seeds of an Asian tree

Blocks voltage-gated Na* channels 3&i£ 3 % (STX)
Blocks voltage-gated Na* channels i@ 7% & % (TTX)
Inhibits acetylcholinesterase in postsynaptic membrane
Inhibits acetylcholinesterase in postsynaptic membrane

Prevents IPSPs in spinal cord that inhibit contraction of antagonistic muscles

» Puffer fish (blowfish) contain a neurotoxin (TTX)
» TTX s concentrated in liver and gonads and

cannot be destroyed by cooking

» TTX s present in some kinds of salamanders,

octopus and goby




—ERAR KRR —

= ERBENNME

BARPHZENE D WG HN =AU
BN HpF—WERMESEE - dIEAR
ANFRSN E AT R - EAEME ~ BE
KEEWNE  BREREZASEIET - HlU0R
FE#E (botulinum toxin) 2EHASBREMES
NEZHR - REANREFRIMEEY - 2L EWIR
FBtDEIZERE/ ) VRIRAZEMBEIIR VS EE8 - R
\EZeig /R ZEARRI RIS - &M LE ACh
NEN - ABRETRPHASBARE DK
B RSEARLCAECARGEAREE RES
EBZRBFILA ©

EE BTk (black widow spider) BT Wh6Y
BRPSE—EHEA latrotoxin BVEBE © HOJ
TERARZEMRIRNE S @ FRt BBEET]

Clinical -
Focus

5H RMmE Ca™” ABEAN ' SIEAChHIAS
FER eSS EMmaaZifEE - — 8
ZERE/)VBREAER  ZERMAILEENBEFHE
AN BRIERE - Mt PR LE ZEA%/)\ R ZE BRI RIE Y
&2 o

W% 5 B % & (tetanus toxin) 2 BB IER 12
BRADW  MEBRGESER E—BadFHE
HE - HIEEHMENERNATKERESE
A0 o Ik E R FHETE R0V INHIME 285 - (B
L ZE AB A AS RE DR AN M R AR R E - B
T o2 EEROVINGEIE/ER S8 - SEE
EMHIZE o aliaiAlAREE  BERRIRFE
FHEEASKRE -
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Clinical Application:

Drugs Affect Neural Control of Skeletal Muscles

® Botulinum toxine=) inh. ACh release ==) Flaccid paralysis
® Curare m=> ACh N-R blocker mm)yFlaccid paralysis
® BTX ==>ACh N-R blocker ==Flaccid paralysis
® STX ==) inh. V-gated Na ==>F|accid paralysis
® TTX == inh. V-gated Na == Flaccid paralysis
® Nerve gas == inh. AChE ==) Spastic paralysis
® Neostigmine =) inh. AChE ==) Spastic paralysis
® Strychnine mm) (Jlycine-R blocker==) Spastic paralysis

® |_atrotoxin ==) ACh release ==) Spastic paralysis

® Tetanus toxin ==)Dblocks inhibitory synapses/CNS

mm=) Spastic paralysis




Biological Amines

® Derived from amino acids

--Catecholamines—derived from tyrosine

1. Dopamine (DA)

2. Norepinephrine (NE) = Noradrenaline

3. Epinephrine (Epi) = Adrenaline
--Serotonin—derived from tryptophan
--Histamine—derived from histidine

® Like ACh, monoamines are made In the presynaptic
axon, released via exocytosis, diffuse across the

synapse, and
@® Serotonin, do

nind to specific receptors

pamine, and norepinephrine are

neurotransmitters



Biological Amines: Catecholamines
@ A ki IR AN GEE AR g il
2 %—ﬁ‘;b'gq_\_]} 1 B;]‘l\% (NE) > 2 NE % @, AP A A S
|+ Hﬁ{% M 4 s (adrenergic fiber) o
@ LCNS (B~ - EFZ2 SHITF M) 37

-1 Epi & B34 B g %g_p 1 B;jt\% A E
I U 11 3R A
-0 NE G B frendl g o LR T RF EA R
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2 FEGN A A 5 T e B3N HER LN

Fﬁ:?  FRREA G A R g e iER S FRB T

etiad g~ (DA 7)) ¥ slde® £ & < i (Parkinson disease) e
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Catecholamines
Synthesis

1. Tyrosine & tyrosine hydroxylase
fBitdopa £ 5% T WiLhes
(dopa decarboxylase) it #* # i
» DA x &g~ RfF e o

2. v J ;2 > dopa-B-hydroxylase

164 ANE o

»+dopa-B-hydroxylase = > 7%

SR e oo T NE

BB {8 — :
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COQCH
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E-!ID—<;>7C:H2 —(]2—NH2 Tyrosine
H
Tyrosine
p-hydroxylase
o COOH
|
HO O CH,—C—NH, L-Dihydroxyphenylalanine
[ (L-dopa)
/ H
Catechol Dopa
group decarboxylase
OH
HO —@— CH,— CH, —NH, Dopamine
Dopamine
B-hydroxylase

HO CH—CH, —NH,

|
OH

J Phenylethanolamine

Norepinephrine

djg

N-methyl transferase (PNMT)

HO

ng

CH—CH,—NH—CH,
|
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Release & Inactivation of NE

» Catechol-o-methyltransferase (COMT)



Adrenergic Receptor

O LT A LTI MELLENRLE
T MR 24X F (adrenergic receptor)
| JERE A
o (a-F X E) L 7 oo fra, B A7 A
~PAIPB-=XF) P 7 P By Py = A E]
® “ry LN E s R X F B3 G protein-coupled
receptor (£ % ¥ second messengersﬂ =% ) e
’?i%%“%iﬁpvéﬁﬁﬂgﬁﬁﬁéﬂ’
7 WA R A SR W NEAF o 4
o kP aEpl s NE ferEZEdF i o
O TR FMEL Bk (AL IR ]
& E 2 Frd] 2 (ANS) -



Effect of Monoamines (NE)

G protein-coupled receptor
1. Il\).l‘ogapitngtphrine O— Norepinephrine

inds to its Adenylate cyclase lon channel
receptor /

Plasma membrane
Receptor

~.0O
Adr(?nerglc rég&éb ! ’H / H /) ]

\ | \R &:W@M@ < / | [/

\\\\\ \\\ /~ 3. Adenylate ﬁ // // // // //

G-proteins channel
cyclic AMP
Protein kinase /-\
(inactive) (actlve) 4. cAMP activates protein
) kinase, which opens ion
Postsynaptic channels
cell Phosphorylates
proteins

» All use a second messenger system
--Cyclic adenosine monophosphate (CAMP) Is the most
common second messenger for catecholamines



Blologlcal Amines: Serotonin
—’*—Bi‘e(serotonin) =5-#2 ¢ #3x(5- hydroxytryptamine,
5 HT) /L. ? L }3}"«;/\‘35]‘3? E‘Q_,L A;}»p o
O v Al Y HIR X E G R gD
e# rﬂﬁ[‘ﬂﬁsﬁtﬁ?—pﬂ_/)s fig o
O FIRR AT 2 B fARE o
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Synthesis, Release and

Inactivation of 5-HT
@ %D ¥ & = Rl 5 d R (tryptophan) e
@ > JF AL E AR ZIRAR AN AP TE
=0 R 8P 0 ¢ P EOFROKE %F' °
.p‘gP\ﬂ-/F n&_m/\g\,ﬁ,tﬁsi_f 5“&fr5;m ,Hg;
@ 7 ind MRALIE N n GRMEA S AR 0 A R
#z {b p= (tryptophan hydroxylase) ig_it 2} = 5- z% d
Mf&(S hydrotryptophan) » X i £ % 28 = 5-HT o
@ J eIV ERE - 13 0 N3 At %—H*M Al 5T A
P ZERS R FP A G %Mkiﬁﬁ
?Poena B FUR fiE oo

«w‘*




Synthesis, Release and
Inactivation of 5-HT

@ L =il iR {e R RIREAN GBREY T R B
W rREA SR RGeS o

O i RFPF M i RS Rk B L L fReE
Tl FRA FRA AR R R v Jz(reuptake) -

@ % T » A &R M enn ;ﬁ'-ﬂi:-

= IR E N RP T ,;«ﬂfrjﬂ- F #

L ’K/\Z'ﬁtﬂx}?ﬁlmlzﬁ ~ R me A A %ﬂ 7 'L—éﬂ'gﬁ
#m B ¥Ry i pF(MAO) #7RLI A) = 5- Zgrileg-o
iz (5-hydroxyindole acetaldehyde) » @ {3 iU & 4 fE
3 & fi=(aldehyde dehydrogenase) # it 4 = 5- 2z ¥3l
- ¢ & (5-hydroxyindoleacetic acid, 5-HIAA) » & &_
CNS*® 5-HT &~ #enfk 0 & 25 o




Serotonic Receptor

® o ;i iefR < F(serotonic receptors) j 421248 I A 0 & 5 H
feflcniiicd v i BREF U R A > LET L L5
--G protein-coupled receptor (Metabotropic receptor)
--Channel-linked receptor (lonotropic receptor)
© i A B AR | R IET 0 Sl T e
BrE chA R > %3 o i TRk B VO R IEPEER o
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® |SD (d- Iysergic acid diethylamide) #].% ﬁ:} B3 o ,,a i; , ? ﬁx%{g
“ftggm‘[% ‘*m“%‘?;}ﬂ’?’(xﬂ"“’%> v
i AREE Ik ¢ E - fad £
R -

N

A et
vy
%

W<

T




Biological Amines: Histamine

® v = vfd A g~ (histaminergic neuron) -3t T 4R &
(hypothalamus){s ¥R eni - L e 48 4% ¢ > 2 1) &
PP fRp BT A R HRE AP
g IRAT e A A R

®:1 & Lir AR F Bk A EH EA
EFIFS gy o

®PLH]\ B «w&-jgtﬂ BL s H ~H, o Hy= A o
fE_;F\q 5’.&—_!;/';3 Hl 4‘{_* g/.l /,E»Bmz_l- e z,b ,@Iﬁ?x@&: p]ﬁL}C
(PLC) -

@ H X B/F svwirE & 5o 8 wmPe p CAMP
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Amino Acid Neurotransmitters

® Amino acid neurotransmitters

at excitatory synapses (EAA)
--Aspartate (Asp)
--Glutamate (Glu)
® Amino acid neurotransmitters
at inhibitory synapses (I1AA)
--Glycine (Gly)
--GABA (y-aminobutyric acid)

COOH
(]:H2 COOH
CH, H,
HZN—(|:—H H2N~—(|:—H
C|:00H CI:OOH
Glutamate Aspartate

(a) Amino acid neurotransmitters at excitatory synapses

COOH
|
CH, H
| |
CH, H,N—C—H
| |
H,N — CH, COOH
Gamma- Glycine
aminobutyric
acid (GABA)

(b) Amino acid neurotransmitters at inhibitory synapses




Amino Acid: Glutamate

® &< if (glutamate) Z_rf FL B 4 Pg P B E £ DB
Bl g @ik -

® - CNS” e o w5 B il » M Pgd & 2
T 5B > H=x 5] %%~ 28 - @H;f;;«fpﬁgsg o

@ gy IR 7 BRI A M T o 2y 5 R
AE S FRF AR T SR e A A
B o

O:FE N IRfly B3 LA LS PEY o

O S IFEHEY FEVY TR -AEFY &
A (T~ Hadk i 31 ASERAE B B o i 4 e
FREEAY > EIRET LG ER TR o




Glutamate Receptor
ORILMRPELXBEF L 53 * 5 ¢

-- 12 3+ 4| ¥ % E(ionotropic receptor)
- & X B (metabotropic receptor)
O3z H i & M RATH oM 7 o
g R oz Bl
1. KA (kainic acid) receptor
2. AMPA (a-amino-3-hydroxy-5-methyl-4-
Isoxazole propionic acid) receptor
3. NMDA(N-methyl-D-aspartate) receptor
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Glutamate Receptor

® i ¥ #- KA EHX BEfr AMPA £ x Bx mﬁau? 2t
NMDA # % = (non-NMDA receptor) - 2t NMDA
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@ i AHAREF AL ABEG Fv 41 0 FrHPLC
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@ High-frequency
action potentials Presynaptic cell
in presynaptic
cell

contain el b 2
) Longtlasting increase

in glutamate synthesis
and rélease

Retrograde
messenger
ut of pore
NMDA and/AMPA receptors

In mgmory storage

Postsynaptic cell Ca? ent S 7 Long-lasting increase
second messenger | in glutamate receptors
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Amino Acid: GABA

®y- ’“i‘éﬁa’? i (GABA) Arf 3L o 40 ¢ 4
4—11 "’—*‘:l ﬁx'é_g m:f”vﬁj H%‘:—' 35 :E} U;}’ﬂ? o
N“PX(;}:L‘;"I 7\1,\—\ F“R ?’«fr, N“R ﬁFﬁ’),‘ >R
fo~ 7| ﬁ-“‘ F'&%‘:—’ &k #,\ﬁ/ﬁd 71_,«‘;5!3
7 GABA : #2 & @v; g@;‘% B o

@+ A B }%&r)ﬁﬁ@ T odE K s PRR R
w=E o ¥ GABA H_zd G () R
GABAZF 5t "% 147 B o
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s /)\ #/ MG

= T K ORE (Huntington's disease) X 18
B TBEKENE (Huntington's chorea) o it
melETEEER BFE4HLEELLEBA
huntingtin W ERTRIBFAE R - BRIGZA ' =
JTHENENEEEHREBEZN RGP EE
GABA 5 i B3F B (enkephalin) BY T8 #8 75 88 4 &
B 2  SEINHIERRSS @ EEME
EIEEIBI0 WEMEEFABTES - FBEBER
1R 30~50 BT HBIREM » TEXRIBAH\EESH £
RABEXES) - BNERRAELE = @ S
MEDEFHES - BB REER - JeeftsEstil
BED TR ~ RE KSR EBYERR ©
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GABA Receptor

OGABAEX B & £ 5 5 7

--GABA, receptor :
O i+ AL B > » ¥ 5 Cl-channel
O L ot n RPN A RGP

#](IPSP) o

--GABAg receptor :
® i R A 4R X
@i & L R AHGERN o

%}E%
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GABA , Receptor

Channel-linked receptor = lonotropic receptor

0 0 e Q Q \C)— Chloride ion (CI")

Plasma
membrane

SO0 3

e

§ Y

o ch | GABA
' anne receptors | _
closed o 2 GABA receptor

Q
Q

Ligand-gated channel 0



GABA Receptor

@ - EBEMRIPT AH 5 GABAg B X Bt (S o
Fd G v 4o RS AN K B cqfrCa?t
IR I ;‘Eﬁ%ﬁfz AP BT h® BN C il
TRt A4 R W Fr4 s (presynaptic inhibition) o

® i~ > GABA [ aal TRk e GABA; X BiF i
Autoreceptor » #r4| GABA e 3z o

.GABAB ev,ﬁ;gg# ]—’j- l"ﬂ_/\mﬁa NE——O

® fcds K 15 WhGABA, 5 B 5 51BG v 44 @
K* 3 i B 2% » K* #him > & 4 B IPSP e 33 ch i ff 1
#4122 & (postsynaptic inhibition) o

® ° fpil i kil iy - fBATGABA £ % B—GABAC
X %ﬁr%ﬂ VLB MEE N G H o A i-** 0
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Amino Acid: Glycine

4 TEA(Gl) RL & ot F Beeiiril
P EBRF T Aad EIuEd o

Ol X PF o H MRAL B R R A Rl #;;‘Jﬁlpff_
£ &4 o

O MRfl R By BT IEEEG AEX B R
*z (lonotropic receptor) » &~ ¥ 3 Cl-
channel (IPSP) -

05 &+ % (Strychnine) #_glycine receptor
antagonlst B g R BVURR TR 5 o
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Neuropeptides

® Short chains of amino acids (< 50 aa)
® Most are co-located with other neurotransmitters

® Modulate response caused by other
neurotransmitter

® Many chemicals used as hormones or paracrine
signals are also found in the brain acting as
neurotransmitters

® Examples: Endogenous opioids,Vasopressin
(ADH), Oxytocin, Neuropeptide Y and
Substance P etc.
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Neuropeptide: Opioid Peptide

®innN E ”ﬁ ACIPALR Y o s ELE SR S ’%ﬁ’ 7]?]5_;‘%
% 78 5 3+2<(oploid peptide= endogenous
opioids) -

® 5 % B- p 2K (B-endorphin) ~ PPk
(enkephalin) 43 e=2<(dynorphin) = &g ©
@ g 7 K i1 PK A CNS*? (2% B2 > %890 q 'g
BE RS MR S fokik 75
23 9o ¥ ,ﬁ»,gé'gﬁiﬁd o~ P A /M«fpgu DI
e 5 ,ifff%’mnt’# 3 ,,‘-}?i AR HD P it o

B OEPRECNS? ehe # 7 e o fe R

,'\/f@/:— @ﬂ”‘}?’?% )3?&'3 7

)
~7

\

S
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Opioid Receptor
@ F 7y PR X EBip ~ ko receptor
*‘,;’K@%fv? G protein-coupled receptor -
—-p X Booa & p fRligandE_B-endorphin
-k ¥ X Beop ZRligand-Z_dynorphin
-0 & X B ap #Rligand ¥_enkephalin
@ F 7g B PR R X B ;& ‘,é B — M A 5 0 e
enkephalin"f BOEXRBEL, y v dH
b ) ﬁéi}’-&‘—x L”L é\» °©
Oich X BV RS KN F 38 5144
Fodod~ B8~ F o aug ik it (IPSP) -
@it rd i % BR5IAe Cat i M o




Location and Responses of
Opioid Receptors

Receptor CNS location

u

o

Brain (laminae Il and IV
of the cortex, thalamus,
periaqueductal gray), spinal
cord (substantia gelatinosa)

Brain (hypothalamus,
periaqueductal gray,
claustrum), spinal cord
(substantia gelatinosa)

Brain (pontine nucleus,
amygdala, olfactory bulbs,
deep cortex)

Response on activation

L4 supraspinal analgesia, physical
dependence; »: respiratory
depression, miosis, euphoria,
reduced gastrointestinal motility,
physical dependence

Spinal analgesia, sedation, miosis,
inhibition of antidiuretic hormone
release

Analgesia, euphoria, physical
dependence




Neuropeptide: Brain-Gut Peptide

@ S frd fRAl 5k SLEEE A erkrkdg
B S Pa— % % itrx(brain-gut peptide) -

O L ik (Chole_cys'Fokini_n, CCK)_~ - IV
M 5% 53 < (vasoactive intestinal peptide, VIP) -
5 #5 % (gastrin) & o

® v fRA g ki? s CCKER Prild&Es 7
A g P e E IR o

OVIP § B E X g FiridFwe B g~z
RAE R A g E W aiEr o

@5 L% p AT AR &G e
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Neuropeptide: Neuropeptide Y

@7 =33 PXY (neuropeptide Y) H_+ #g i B p
B B ef SRS

@i FTHFIRY 4 FAMNAYRET LEZ THRE o

@) TIHIRY X BAIGN A F F PR OER B
f—ﬁ M+ (regional specificity) °

- Pifrd Pkt B /T 0 TAR
FagEl B BB HfriEas 7 5 o
@R 4 & ~ P i Hp(circadian rhythms) %
NG ’1;:“14 At F}%:IP’DP fif o
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Gas: Nitric Oxide

®CNS*® 5 &4 &= = 7 3 NO synthase (NOS, nNOS) >
¥ iR_g o veph (arginine) 2 = NO o

OPNSY 4 & p A4 g7 A it R 2 1T
#3ZNO -

@ 7 g YLenig %:}ﬂfg‘r%}%‘ﬂ NOn—;—ﬁéi{Z%ﬁ/\ » A4
s A TF‘EJT” K 7&}?5 =4 P\ » F oA B & d 2 i it oIk e
diTH g vf?“sc 5 A G AT R R o

® NO ' J 3¢ ¥ éﬁ‘%mm’f’é’ B B e phoen g HR
% i f= (Quanylye cyclase) » i ‘m ﬂé i CGMP 3 4v 7
I H 4 WA R Ao *Ef JESE « L 2 BV R E o

O NO B ¥ i¥ % if {7 /4 & 2 4~ F (retrograde messenger) >
BERAw AP BALF T s S fof % 2 RER
(BT




Viagra : PDE-5 inhibitor

Parasympathetic

Penile Erection

Vascular
endothelial
cell

Smooth muscle
relaxes

Engorgement
of erectile
tissue

Ca2t 4 "N\

s (a2
channels | Ca=*
close




Gas: Carbon Monoxide

o - § TL]EITF»\(CO) ,5!\5’ _ %é-—-: g T~ z ;f‘g AR
B R ?’Eﬁ A

OCO A 2 Hn 2% an 2 F 4v % fisch
Bit™ g it fEm = o

@i iv% % g NO fp i 0 4 A i
Bk cnim iz i g 3 pL TR 1 ' (guanylye
cyclase) - i¢ ¥ p cCGMP Jk & 3 4v @
FALE 2 TEAT o

o

—
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Lipids: Endocannibinoids

® Neurotransmitters that bind to the same receptors
that bind to the active ingredient in marijuana
(tetrahydrocannabinol, THC)

--Short fatty acids produced in the dendrites and
cell bodies and released directly from the
plasma membrane (no vesicle)

--Retrograde neurotransmitters released from
the postsynaptic neuron; inhibit further
neurotransmitter release from the presynaptic
axon
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Lipids: Endocannibinoids

® Endocannibinoids can inhibit IPSP-producing
NTs from one neuron, so EPSP-producing NTs
from another neuron can have a greater effect

® Endocannibinoids may enhance learning and
memory and have been shown to induce
appetite

® Marijuana (central psychoactive drug) use
Impairs learning and memory because the
action of tetrahydrocannabinol (THC) is
widespread and not controlled
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Purines: ATP & Adenosine

® et #f BIL S BT A & F 4p L H (adenosine) feiH = B
B (ATP) o

OATP % &2 AIH F @iy T G- HGERH 4
I- RfF-Liep o ATP i i - B Ca?t ik i o
e el AL o

® L AN ZERPY e A ko v i e P
H %8 ) ¥ (nucleotide transporter) & i &) e 7F

® Hc ATP ¥ 1L % 4 f& = ;M » T koen
ATP & _m¥z ¢t Hﬁgﬁ’m—— BEE KR o

® o i (L & LRI FPATP) & ¥ fafed P40 5 4
%d 3B FL el SRS T

® CNS¥ o & § $rfl4d (g i R B § o5 Yok §
TR o

O PNS ¥ crfeh Mid o gk a4 5 5 d 5 FrdliEr o
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Purinergic Receptor

Ot EIRAL S A
--P, receptor (adenosine receptor) :
> ¥tadenosinesi i+ ® > & FLE Bﬁgﬁ’i&% S
> &>+ G protein-coupled receptor
--P, receptor
>3 K BATPorADP 2 & » & &
P,X : /& >tlonotropic receptor
P,Y : /G protein-coupled receptor
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Condition

Symptoms

Imbalance of Neurotransmitter
in brain

Alzheimer’s
disease

Memory loss, depression , disorientation,
dementia, hallucinations, death

Deficient ACh

Clinical depression

Debilitating, inexplicable sadness

Deficient NE and/or 5-HT

Epilepsy

Seizures, loss of consciousness

Deficient GABA leads to excess
glutamate, NE and DA

Huntington disease

Personality changes, loss of coordination,
uncontrollable dancelike movements, death

Deficient GABA

Hypersomnia

Excessive sleeping

Excess 5-HT

Insomnia

Inability to sleep

Deficient 5-HT

Mania

Elation, irritability, overtalkativeness, increased
movements

Excess NE (CAs)

Myasthenia gravis

Progressive muscular weakness

Deficient ACh receptors at neuromuscular
junctions

Parkinson’s disease

Tremors of hands, slowed movements, muscle
rigidity

Deficient DA & Excess ACh

Schizophrenia

Inappropriate emotional responses,
hallucinations

Deficient GABA leads to excess DA

Sudden infant
death syndrome

(“’crib death™)

Baby stops breathing , dies if unassisted

Excess DA

Tardive dyskinesia

Uncontrollable movements of facial muscles

Deficient DA




Drug

Neurotransmitter

Affected Mechanism of Action

Effect

Tryptophan

Serotonin

stimulates neurotransmitter
synthesis

Sleepiness

Reserpine

Norepinephrine

Decrease packaging
neurotransmitter into vesicles

Decreases blood
pressure

Curare

Acetylcholine

Decreases neurotransmitter In
synaptic cleft

Muscle paralysis

Botulinus
toxin

Acetylcholine

decrease neurotransmitter
release

Muscular
weakness

Tertodotoxin

Acetylcholine....

Block Na channels

Muscle paralysis

Nerve gas

Acetylcholine

Blocks enzymatic degradation
of neurotransmitter in
postsynaptic cell (AChE)

Spastic paralysis

Neostigmine

Acetylcholine

Blocks enzymatic degradation
of neurotransmitter in

postsynaptic cell (AChE)

Muscle
contraction

Nicotine

Acetylcholine

Stimulates synthesis of enzyme
that degrades neurotransmitter

Increases
alertness




Drug Neurotransmitter Affected Mechanism of Effect
Action

Decrease

Valium GABA Enhances receptor binding anxiety;
(Benzodiazepines) (GABA,-R=BZ-R) status

epilepticus
Cocaine Norepinephrine Blocks reuptake Euphoria

Amphetamines | Norepinephrine Enhances release CNS stimulant

Tricyclic
antidepressants
(TCA) >-HT
Monoamine : :
. - T Blocks enzymatic degradation :
Norepinephrine _ : Mood elevation
oxidase PInep ’ of neurotransmitter in

Inhibitors 5-HT:; DA : antidepressants
(MAO!) presynaptic cell ( P )

Norepinephrine; Mood elevation

Blocks reuptake :
¥ (antidepressants)

Mood elevation
Prozac and Serotonin Blocks reuptake _
SSRIs (antidepressants)

» MAOI + tyramine: Hypertensive crisis
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