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Objectives

e Understand synaptic transmission
A,BC

» List types of sensory neurons

roman numbers

e Classify neurotransmitters

e Explain the mechanism of
neurotransmission

 Judge the types of receptors for the
neurotrasmitters
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Transmission of Receptor Information
to the Brain

» The larger the nerve fiber diameter the faster the rate
of transmission of the signal

» Velocity of transmission can be as fast as 120 m/sec or
as slow as 0.5 m/sec

» Nerve fiber classification

type A - myelinated fibers of varying sizes, generally fast
transmission speed

subdivided into a, 3, v, 0 — According ko Hreir Diameter
type B- partially myelinated neurons (3-14m/sec speed)

type C - unmyelinated fibers, small with slow transmission
speed
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Types of Nerve Fiber
-Myelinated fibers —

Type A (types I, II and III)
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Structural Classification of Neurons
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Chemicals act a8 a mediators between AP
in 1st neuron X 2ad neuron around a

Neurotransmitters — <.
“»Chemical substances that function as synaptic transmitters

1. Small molecules which act as rapidly acting transmitters

acetylcholine, norepinephrine, dopamine, serotonin,
Endogerous GABA, glycine, glutamate, NO. CO. ., Gas<
Opiods
Y
’fhcgﬁnd-im

like

2. Neuropeptides (Neuromodulators)

more potent than small molecule transmitters, cause
more prolonged actions - \assackve Intestiral pepide.

(endorphins, enkephalin@ VIP, ect.

hypothalamic releasing hormones —»A“:ﬂwma_*“:\r ans from gpoﬁgzs
Luteinizing Hormone —Relensing Ho m‘ﬂ“ act S yeufovtnsm .
TRH, LHRH, ect. .t ¢ e fomee

T 3 .
omed e pitultary peptides

(B amimcids) & AT T 1 4t e Emmmmmmmmeoseoooooooooooy

AC;FH, prolaf:tin, vasopressin, ect. | g1ge +hem are peptides,
- , .

Adrenocorticotropic * milk Hormane. Antidiuretic Nermone E !
Hormane (3 aninoacids ) Stmalates milld (8 amao GGdsy T

Acts on formadtion 0Cka pephide



donk, mermolise

Neurotransmitters =+—

Table 45-1
Small-Molecule, Rapidly Acting Transmitters

Class I
Acetylcholine

(Class IT: The Amines — devied Bom Tymsine. AMIN0 adids .

+ Norepinephrine

q?/Epinephrine J—a difterence = me&h:j\ goup n EPL
Dopamine (cHs)
Serotonin
Histamine

Class I1I: Amino Acids
Gamma-aminobutyric acid (GABA)|
Glycine J =D mhlbl-bfg_
Glutamate .
Aspartate ] = em\ﬂ’mg\

(Class IV
Nitric oxide (NO) 0

Table 45-2

Neuropeptide, Slowly Acting Transmitters or Growth
Factors

From other tissues

Hypothalamic-releasing hormones —>mes from Hypstnalanus

- Thyrotropin-releasing hormone
» Luteinizing hormone—-releasing hormone
* Somatostatin (growth hormone inhibitory factor) 40 an

Pituitary peptides

Adrenocorticotropic hormone (ACTH)
p-Endorphin (endwyenous Opioid)
a-Melanocyte-stimulating hormone MSH
Prolactin

Luteinizing hormone

Thyrotropin TSH (Thyrod Stimalating. #)
Growth hormone

Vasopressin

Oxytocin

Peptides that act on gut and brain

(endogenous OpioidY) — similar b Morphine

Leucine enkephalin -3
n ackens lout itis

Methionine enkephalin
Substance P — for pan
Gastrin — Stomoch
Cholecystokinin ~ relessed from duodenumn
Vasoactive intestinal polypeptide (VIP)
Nerve growth factor

Brain-derived neurotropic factor
Neurotensin

Insulin

Glucagon

, . they might be fand in the
Angiotensin II boin and ac o neurmsHitters
Bradykinin
Carnosine
Sleep peptides
Calcitonin

fomed in our bdy

9



2 - When Co** enters

3 Gaseous

. transmitters l
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3 one Ach diffuses it goes to fhe posksyropkc membmne and it Binds o itd
receplor there — then ik usually opens  ligand / chemigal outed No™ chamnets .
M membmne becomed  depolarized —~ if it reaches the Hreshold —» Action Pokentia).
(Small vmolecules vapidly acting)
+On the postsynaphic membmne  theres enzgmes +hat braks  Ach Galled Acelyl cholinesterase
Into acetyl (@A -+ Choline and then  choline G be reyphaken  though @ fransporter Hat s
usually Gupled b Net  Hhis cilled Achive veuphake

once they ave feupraken —» enter a vesicle again

© pephdes are  broken doun bj Proteases | Pepliase



- onee Ach is reuptoken  — it enters a Vedicle asa‘m after it being veformed

2. Newopeptides vesile —s diffuses 0 the membrme — ?
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3. Goseous transmitters — NO ~ formed  from Arginine by NO synhnase
L‘jas = \-\'5\0 IEPH Soluble

R s
Gruve  NO
So it goes fum pre —~ post Symaphc terminals  without
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Comparison between Small Molecules and
Neuropeptides Neurotramsmitters (NT)

*»*Small molecules NT are rapidly acting as compared to
slowly acting neuropepides

**Neuron has only one NT but may have one or more NP

*»Small molecules NT are have short lived action compared
to prolonged time of action for neuropeptides

*»*Small molecules NT are excreted in larger amounts
compared to smaller quantities of neuropeptide — v becaue g =

a dery lony jouwrney to ComMc

*»Small molecules NT vesicles are recycled but ., . . wee ey
. —eyminalS
neuropeptide ones are not e Boomed o Eervih

**Neuropeptides are co-secreted with small molecules NT

**Neuropeptides are synthesized at the soma while small
molecules could be formed at the presynaptic terminals



Removal of Neurotransmitter

“»Diffusion
“*move down concentration gradient

“*Enzymatic degradation

» Acetylcholinesterase for (Ach echalmines <
y b
. . H amin0Xidese
peptidases for neuropeptides — ePT/NE by yrpad
or (CoMr)

“*Uptake by neurons or glia cells

<*neurotransmitter transporters (usualy active like iA(hpth
Co Tvans

“*Prozac = serotonin reuptake inhibitor

L :
L* dmg‘-, For deprection b prolongs 4ne oction of
SeraYonin



= Transmitter Inactivation:

reuptake and enzymatic breakdown

Reuptake by
transporters
Femn (glial cells)
terminal
Transporter ‘ ‘
/ ‘ Enzymatic
breakdown

Postsynaptic
molecules cell

Neurotransmitter can be recycled in presynaptic terminal
or can be broken down by enzymes within the cell



II Neurotransmitters and receptors



Neurotransmitter: Endogenous signaling
molecules that alter the behaviour of neurons

or effector cells.

Neuroreceptor: Proteins on the cell membrane
or in the cytoplasm that could bind with
specific neurotransmitters and alter the
behavior of neurons of effector cells



*Vast array of molecules serve as

neurotransmitters e |
Small molecules,  Rapidly octing

*The properties of the transmitter do not
determine its effects on the postsynaptic cells

*The properties of the receptor determine
whether a transmitter 1s excitatory or

INhIbItOTY — Ach s Hart —s inhibitwrg . (deciestes the < mte)

GI — cxcika’rorg_\ (Tnereases  movement, secretion- \
- coupled b K™ jens

<161 - couped ko Ne* ions

c‘cpcnding_om the recephr



A neurotransmitter must (classical definition)

Be synthesized and released from neurons

Be found at the presynaptic terminal

Have same effect on target cell when applied externally

Be blocked by same drugs that block synaptic transmission
Be removed in a specific way

1 Neurotransmitter
- | receptors activated |-

University of Jordan 17



A substance that mimics a specific
neurotransmitter,

1s able to attach to that neurotransmitter's
receptor

and thereby produces the same action that the
neurotransmitter usually produces.

Drugs are often designed as receptor agonists
to treat a variety of diseases and disorders
when the original chemical substance 1s
missing or depleted.



Antagonist

Drugs that bind to but do not activate
neuroreceptors,

thereby blocking the actions of
neurotransmitters or the neuroreceptor
agonists.

— Beta eaephr Budeer [ Alpha receptor Bbckerr s To ot Certain diseoges .



e Same NT can bind to different -R_ (4w typ=sof cxpior)
* different part of NT ~

University of Jordan 20



Specificity of drugs

Drug B
Drug A

- Sm\ov
action o ENT
on veceprey A

Simulate the oction
o2 NTon B mxcphr

University of Jordan 21




Synthesis

Storage

Release

Receptor Binding

Inactivation

(A) LIFE CYCLE OF NEUROTRANSMITTER

I8 Neurotransmitter is
synthesized in cell
body or in terminal

4 Neurotransmitter
is packaged into
vesicles

k] Neurotransmitter
is released when
vesicles fuse

transported back into terminal

Neurotransmitter diffuses away NS
and is metabolized and/or

A Neurotransmitter
binds to and activates

postsynaptic receptors




Synaptic vesicles
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Neurotransmitter Co-existence (Dale
principle)

Some neurons in both the PNS and CNS produce both
a classical neurotransmitter (ACh or a catecholamine)
and a polypeptide neurotransmitter.

They are contained 1n different synaptic vesicles that
can be distinguished using the electron microscope.

The neuron can thus release either the classical

neurotransmitter or the polypeptide neurotransmitter
under different conditions.



'Somehmes n 0ther  heupns Small-molecule

/,7' Neuropeptide

Low 'ﬁequen P - neurotransmitter in large dense-
M s Both in small clear- core vesicles
9. =~ — Small molele -NT core vesicles

it cleperds, on +he nicuron .

Localized
increase in Ca%*

ﬂ A concentration

Low-frequency
stimulation

Preferential release of small-
molecule neurotransmitter

More diffuse
. . 24
increase in Ca~

concentration

NN NSy

High-frequency
stimulation

transmitter
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Receptors determine whether:

e Synapse 1s excitatory or inhibitory

— NE 1s excitatory at some synapses, inhibitory at
others

e Transmitter binding activates 1on channel directly or
indirectly.

— Directly
e 10notropic receptors y
e fast

— Indirectly
» metabotropic receptors
« G-protein coupled
* slow



Receptor Activation

* Jonotropic channel

— directly controls channel
— fast

« Metabotropic channel
— second messenger systems
— receptor indirectly controls channel ~



(1) Ionotropic Channels

Channel NI neurotransmitter

L. binds to receplor

University of Jordan 28



Ionotropic Channels

A ('ul\h'lbi \Wg)

(cxc‘«\°‘°‘%'\ N

— > ion Chonnel  OPENS, Hnen for cxample. N&™

evters and wuses
Pore depolanzation

|<+ —93 ocs O'llvl'~
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Ionotropic Channels
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Ionotropic Channels
NT Binds bo véceptor — 6pens  Channe),
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Metabotropic Channels

Receptor separate from channel
G proteins — Subwits : o /8] §

2nd messenger system
— CAMP

— other types
Effects

— Control channel

Adenglate cyclase, - converts AP~

— Alter properties of receptors

— regulation of gene expression ~



G protein: direct control

 NT 1s 1st messenger

* G protein binds to channel
— opens or closes
— relatively fast ~ (ionoopc is facker)



G protein: direct control

@\
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G protein: direct control

O NT binds bo veceplor —»  sabunit of Gprlein dissociare and
0pens o channel.

Pore

University of Jordan 35



G protein: Protein Phosphorylation

@r Adergble

Cyclase




G protein: Protein Phosphorylation

Aderglate
L Bi"dﬁ Cyclase

2

R

ATP
3.AL convertsit

im(p

cAMP

9. c- Amp activates

Frokein kimage A
or C-Amp dependent RIC




G protein: Protein Phosphorylation




Rotenn Kinases -‘H pes

genenlly phosphorylates proteins

» frokcin Kinase A~ Activated by C-AHP

or
C-Anp dependent PX
. Prokein Kinase B |
or — (almodulin : wiracellubar  prolein Hmt binds &** o be
Ca™ Calmodulin clcpendenl: P actile ; each cn bind i_aa*"- ions

L, +hen it actimes PK-B

+ Prolein Kinase C = —> Actvaled by G** and  prespwlipid (DAG)
o ~phasphwlipid dependent P DHE = Comes fom beaking  down  phasphalipids (F}'\@
IR DAE



Transmitter Inactivation

» Reuptake by presynaptic terminal
« Uptake by glial cells

* Enzymatic degradation - ex: Actyicwinesicase
¥

my- <o Presynaptic receptor We can Maye drugs o
4 - — P — Prolonys +he acton of Ach
Cactivated °® lefUSIOn o e m‘}“\- bean
: : doun A
« Combination of above Hoat ﬁi"f“ o

- Hyastnenia Grovis : autoimmune
disage where Hhere’s deficiency in
Ach receptore, — +o proling the ackion
ofF Ach You gue



1 Transmitter is synthesized . o Al Depolarization of presynaptic ‘

Summary of
and then stored in vesicles | ‘ } ?;i'giﬁeéfm::mls S yn apti C
Transmission

|l Ca’* causes vesicles to fuse
1" with presynaptic membrane

0 Retrieval of vesicular . : I s
membrane from plasma ; st ' Transmitter is released
membrane _ A % 0 e { / into synaptic cleft via

exocytosis

=

ransmittes) |
molecules {\ A

= receptor \
> ; \ il Transmitter binds to
dmmm% ﬁ Postsynaptic current causes Opening or closing of '“eg“" m;'efuleim
(CKQ'MW\ M’ excitatory or inhibitory postsynaptic channels postsynaphic membrane
postsynaptic potential that :
Hyper polarizi changes the excitability of CW the permabi
9 the postsynaptic cell of channe|.

(Tahibitory )
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