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The first thing we want to discuss in this lecture is the neuron, because the neuron is the
functional unit in the CNS.

Dendrite

The neuron in general consist of cell body (soma), the |
cell body has multiple dendrites which the neuron uses P
to communicate with other adjacent neurons, and it fomay” '
projects an axon leading to the axonal terminals that \
play an important role in facilitating the communication w

between different neurons. ' %

- The axon of neuron can be either myelinated or unmyelinated depending on the type of
neuron and the region of the central nervous system (because the brain and the CNS have
both gray matter and white matter which depend on abundance of myelinated or
unmyelinated)

- The major function of neurons is to transmit signals, these signals can be translated into so
many functions.

The main function of neurons is propagated by transmitting action potential that is a sudden
pulse of an electrical signal that is transmitted through the neuron. This is how the neuron
gets activated of neuron so it can transmit the signal to another neuron. So, the neuron is
activated by electrical changes.
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- The action potential has different phases: R —
1- In normal conditions (at the inactivating .
level), when the neuron is resting, the
neuron will be in a resting membrane
potential = -70. The resting membrane
potential is created due to the difference
between charges, in other words there is —

“voltage difference”, when we said “voltage 55 |—Tnresholdf; iriations . (5
difference” this means that there is ] o— i Resthg 2o
separation of charges, and when there is a © stimulus

potential this means that you have energy to 0 o

do activity. Hyperpolarization
0 1 2 3 4 5

Na+ Time (ms)
+++++++++

Na' ions in

K* ions out

Voltage (mV)

* The separation of charges happens through the lipid bilayer of the neuron (plasma
membrane), and there is multiple cations (ex: Na+,K+) and anions travel across the plasma

membrane, and there is negatively charged proteins which are trapped inside the cell (so they
account for large extent of the negative charged inside the cell.

* the negativity of resting membrane potential is accounted for mainly by the leakage of K+

from inside the cell (K+ leakage channels) —> the membrane is more leaky for K+ than Na+
(6 times).

A3all ) positive charged) (s oi¥) ala 10l 5 4 gauli 53 (o iy 43 € il
bsa Aol K4dls o)y Aol Na+d) (153 Cuss chemical gradientdb saluis Na+/K+ channeld) Wi
2- Once the neuron receives the signal and becomes activated, the neuron switches to the
“depolarization phase”, this means that the activation happened and this activation triggers
the opening of special channels called “voltage gated Na+ channels”, they are very sensitive
to changes in voltage, if the voltage across the membrane changes up to -55 (the threshold

level of neuron) they suddenly open and allow the rapid influx of Na+ inside the cell then
there will be inversion of the charge so the potential will reach (+30 - +40)

< polarityd) <wsSe Y depolarizationd) 4sesss 2 Na*

Voltage- B ko =
.. - . .. . gated Na* |
.positive Gl negative <ilS membrane potentlald\ E'P ++++ --- +40mV

Channels
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* The threshold level follow the rule of “all or non” —> If the stimulus doesn’t reach the
neuron to the threshold level, then no action potential will fire.

¥ L action potential Jex 4la 52 L caction potential o= Jex: stimulus o= (& W S

3- The “Repolarization”: the membrane turns back towards the negativity, this phase is
mediated by:

1) inactivation of voltage gated Na+ channel, this prevent the entry of further sodium ion
(happens at +30 - +40)

2) At the same time ( at +30 - +40 membrane voltage), other K+ voltage gated channels
open, this allow K+ to travel to the outside of the cell.

Na*

+ + + + Ok+++
.. 1 | ]
[ ]

4- The target is to return to the resting membrane state after the ending of stimulus, but
sometimes the opening of voltage gated K+ channels become prolonged, so more K+ will
travel to the outside of the cell and the membrane potential will be -90 (more negative) —>
hyperpolarization.

5- The K+ channels get closed, Na+/K+ pump will pump again and K+ will leak out of the
cell. So, we will turn back to the resting state again.

Na*
+H++++++++

. neurond! s 5 ccross section Oe 3ke il dadi K die ) sall

You activate one segment of the neuron, the Na+ 0 ‘IUL
channels open then the action potential
depolarization happens and this allows the 0\ > W
signals to be transmitted from one section of the o i A
neuron to the adjacent section. / '
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fNa+ channelsd! activation Jexi g i

voltage gated Na+ J) 43 +40J 22l Jea 53 o w281 J 5l repolarizationd) s e 43) Jaalia -
OS aellens jadia e Ala jall (slesd ¢l 5 S inactive statew | s1a activation ael Jba U channels
Yl activation Jexi aaie L ¢ yiS) activation 4 was 7 W J8 (e activation 41 ba & stimulation

.downstream (p2 s> s«ll channelsd!

e The resting membrane potential is established by the electrochemical gradient of K+
e Depolarization occurs mainly due to the influx of Na+

e Hyperpolarization occurs mainly due to the efflux of K+

e The type of ion channel that accounts for rapid depolarization is Voltage-gated Na+

Channels

e Action potentials move in one direction. @)r F?

» The synapse:

- How 2 neurons communicate with each
other?

One neuron transmits the signal to the other
neuron through forming the synapse (the
region of meeting of 2 neurons with each
other, formed by the axonal terminals of one
neuron “presynaptic neuron”, the 2 neurons
are separated by synaptic cleft, followed by
the postsynaptic membrane or “postsynaptic
neuron”

- The synapse is a very complex structure
containing multiple channels, mediators,
enzymes, etc..

- but we didn’t answer the question yet, the

© Brooks/Cole - Thomson Learning Axon of

presynaptic
neuron

Synaptic knob
/ (presynaptic

terminal)

Receptor for
neurotransmitter

signal can be transmitted from one neuron to the other by using chemicals called
neurotransmitters. So, if one neuron is activated presynaptically, it can transmit the action
potential to the next neuron bu using neurotransmitters.

*So, one of the important components of synapses is that: The synapse contains multiple
vesicles packed with neurotransmitters and stored within presynaptic neuron.
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» Neurotransmitters:

e Endogenous chemicals that enable neurotransmission (from one neuron to the other or
from the neuron to the effector organ such as a muscle).

e Released by the arrival (or activation) of action potential (depolarization) at the nerve
ending.

*neurotransmitter L) salall e (Sad s GLAS (i il Jgn Ja Lua
:J s (5 ) dma yallad
» What Makes a Chemical Substance a Neurotransmitter?
1) The chemical must be synthesized in the neuron (we can bring a chemical that can be

neuroactive, can cause changes in neuron and initiate action potential, but we don’t
call it a neurotransmitter because it isn’t biologically synthesized by the neuron it self.
Examples: drugs & toxins)

2) When the neuron is active, the chemical must be released and produce a response in

some target (must be released upon the activation of the neuron and should have effect
on the target cells).

3) The same response must be obtained when the chemical is experimentally placed on the
target.

4) A mechanism must exist for removing the chemical from its site of activation after its
work is done.

removing sl inactivation 4l suas Cus; established mechanism 4 o5 a3Y i

» Types of CNS neurotransmitters:
e Acetylcholine (the main excitatory neurotransmitter in the PNS)

- Nicotinic and muscarinic receptors.

e Amino acids, examples:
o GABA (gamma-aminobutyric acid)

- GABA and GABA receptors
o Glycine
- Glycine receptors

o Glutamate

- AMPA and NMDA receptors

|
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e Biogenic Amines, examples:
o Catecholamines:
* Norepinephrine
- Adrenergic receptors

* Dopamine:
- Dopamine receptors
o Serotonin

- Serotonin receptors

e Peptides a8l (plalS (4 palas agic 02 63 -
o Endogenous opioids

- Opioids receptors

o Substance P

» We can classify the neurotransmitters based on function:

- If the neurotransmitter was released from the neuron and resulted in the activation of
the second neuron (mediating an action potential) —> we call it excitatory
neurotransmitters (1- acetylcholine 2-glutamate (amino acid))

- If the neurotransmitter was released from the neuron and resulted in the inactivatin of
the second neuron —> we call is inhibitory neurotransmitters (1- GABA (gamma-
aminobutyric acid) 2- glycine 3- endogenous opioids)

ale Ualla Us ) (e firing s Joed neuronal pathwayd) s 5 cneuronal pathway be (3 13 G
stk = pathwayd) 2 «inhibiting neurotransmitters

- There is a group of neurotransmitters that can be excitatory or inhibitory (Biogenic
amines: 1- catecholamines (norepinephrine&dopamine) 2- serotonin).
¢ inhibitory 3_« excitatory 3_« 0 sS neurotransmitterd) 2 Ao A b cnla
1- Neuronal pathway (if the neuron is excitatory or inhibitory)
2- The receptor/ target organ.
3- Doses.

|
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These neurotransmitters have different types of receptors (for example: serotonin has 7-8
receptor subclasses) —> so maybe the receptor it self has an excitatory or inhibitory function

i ledll (g ) slaidy s b s neurotransmittersd! e Jd sliSa I Gadly CUSH e Jsaa

NEUROTRANSMITTER POSTSYNAPTIC EFFECTS
Acetylcholine Excitatory: Involved in arousal, short-term memory, learning and movement,
glogenic  Norepinephrine | Excitatory: Involved in arousal, wakefulness, mood, and cardiovascular requlation.
AMINES Dopamine Excltatory: Involved In emotion, reward systoms and motor control,
Serotonin Excltatory/inhibitory: Feeding behavior, control of body temperature, modulation of sensory pathways
Including nociception (stimulation of pain nerve sensors), regulation of mood and emotion, and
sleep/wakefulness,
AMINO  GABA Inhibitory: Increases CI" flux into the postsynaptic neuron, resulting in hyperpolarization, Mediates the
ACIDS majority of inhibitory postsynaptic potentials.
Glycine Inhibitory: Incroases CI” flux into the postsynaptic neuron, resulting in hyperpolarization,
Glutamate Excltatory: Mediates excitatory Na* Influx Into the postsynaptic neuren,

:gﬁlges Substance P Excitatory: Mediates nociception (pain) within the spinal cord,
Met-enkephalin | Generally inhibitory: Mediates analgesia as well as other central nervous system effects.

excitatory or inhibitory & neuronal signald! outcomed! s aSay A 43) LiSa 45 S
receptord) (¥ neurotransmitterd) ()

i L) A5 cinhibitory sf excitatory L) led = a8ie neuron Y signal sl Sall sla g 2L
<— activation of excitatory neuron (= ziv M action potentiald)

Excitatory Postsynaptic Potentials (EPSP)

activation/excitation of the postsynaptic neuron J! < signal Jee neurond! 3 43 sz

|
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* Release of an excitatory NT ‘ m Receptor empty
(no agonists)

* NT binds to its receptor on the postsynaptic neuron Empty recaptor is inactive, and the
coupled sodium channel is closed.

¢ Influx of Na+ or Ca++— depolarization elosae Na*

+++ ,Lf" Fare

T

A holi
*Example in the piCtuI‘e —_— e (reet?ecpt%rmeSOdi*u; charinel
(closed)
The receptor is activated by the binding of acetylcholine, so it [J Receptor binding
of excitatory )

IS hgand gate. neurotransmitter

Binding of acetykholine causes
the sodiumion channel to open.

This receptor is an ion channel, so once it is activated by
acetylcholine (excitatory neurotransmitter), the Na+ channels i
will open and this allows the rapid Na+ movement inside the cell m
—> depolarization and active action potential in the post =S esicine
synaptic neuron. Na+ Mo ﬁ
[Entryoma*depohrizestheceu

and increases neural excitability.

Acetyicholine Nat

+

T aSITE
: ligand channels & voltage-gated ion channelsd! ¢ 34!

& mas Uit voltage gatedd) Wl cactivation Ll s (lie diwma 3ale Lasi 5i zUia% ligand channelsd)
.activationd) 48 yhay | 6433, a8 | 2 5 agas outcomed) OS1s semembrane potential Jb was

The Inhibitory Postsynaptic Potentials (IPSP):

A s axonal terminalsd! Jwa s action potential & Jbas active presynaptic neuron 4 Jba (58
ks = ) neurotransmitterd) deé <glycined s) GABAJ ) inhibitory neurotransmitter 3 &Y 2
.inhibition ¢S5 7 4a3ll 5 postsynaptic neurondb receptor— 2 s presynaptic neurond! (<

m Receptor empty
{(no agonists)

Empty receptor is inactive,
* Release of an inhibitory NT EEE '

* NT binds to its receptor on the postsynaptic neuron

* Influx of CI- or efflux of K+— hyperpolarization

(closed)

Receptor binding

*Example in the picture —> GABA receptor (ligand gated ion B ofinhibitory "
channel for CI-). So, when GABA is released from presynaptic

neuron and binds to its receptor, the receptor will be activated
and opened. This allow the entry of CI- to the inside of the cell
—> the membrane potential will be hyperpolarized.

. niSheey
neurond! activation Jazs 43 Caa) b Q‘Atm-{ﬁ Entry of CI_ hyperpolarizas /

Binding of GABA
causes the chloride
ion channel to open.

the cell, making it more
difficult to depolarize and,
thereby, reducing neural
excitability.
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% The predominant excitatory neurotransmitter in the brain is Glutamate.
% The predominant inhibitory neurotransmitter in the brain is Glycine.

synaptic cleft

» Receptors of CNS:

There is two main type of receptors:
* Jonotropic

= e.g., Ligand-gated ion channels

* Metabotropic

= e.g., G-protein coupled receptors (GPCRs)
= May or may NOT lead to ion channel opening.

¢ Note: The acetylcholine has 2 types of receptors:

1- nicotinic receptors (ligand-gated)
2- muscarinic receptors (protein coupled)

058 OSea (acetylcholined) ¢ )) 48 neurotransmitterd! 4wds receptord) 43) LsSa L g 5 Julb
excitatory Jeais activation 4l as acetylcholined) 4 bas » < 5 ligand-gated 055 b «alisa
cascade of signal transmission within the J b protein coupled o s<& i postsynaptic potential
postsynaptic neuron

3 palaal A receptorsd\ O &\}\\ ¥ LAl padlall®

1- voltage-gated ion channels (A in picture)

A Voltage-gated B Ligand-gated

° 2- ligand-gated ion channels (B in picture)
& & 3- G-protein coupled receptor: needs a ligand to
activate it (neurotransmitter)

lon channel

~ <= functiond) Lllaey 431 4ie =iy Wl receptord) 24
i 2\- s _,( é {; (C in picture) <— & & Lhill (=a jon channelsd)
7 |

Receptor G protein second massenger signaling cascade JexS sl
o o channs <— postsynaptic neurondb Al il yal
o

| {; (D in picture)
I

Receptor / G protein Enz{me \ /
A

A A:AOA

/ N

Diffusible messenger
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» Types of CNS Receptors

receptorsd! a-di (Ses postsynaptic neurond ¢ L= effectd) s neurotransmittersd! Lasd L (55
(receptor activation on postsynaptic neurons <sasy Wl juaiy M dagmll e 2ly) 48 ylll (edhy

+» Excitatory:
* Jonotropic receptors:

o Nicotinic acetylcholine receptors
* Metabotropic receptors:

o Muscarinic acetylcholine receptors
o Dopamine (D1) receptors

+¢ Inhibitory:
* lonotropic receptors:

o GABAA receptors
* Metabotropic receptors:

o Opioid receptors
o GABAB receptors

» The role of pharmacology:

The drugs can target any component of the neurotransmitter cycle.

¢ neurotransmitter cycledb yuay Al od cula
s )l ae i shaddly ais *

release J 25 axond) (= s> action potentiald) -)
of neurotransmitter

aialy 43 neurotransmitterd) gaibad (e 4l Ua) Lua Y
synthesis pathway 4} & 4L s cneurond! Jala

storage & 4w » )Y neurotransmitterd) -V
synaptic terminalsd) * packaging

@ Reuplake@ <
A 0 Al S aY neurotransmitter ) 45 WSs Y 4 ¢

Degradation metabolism & degradation pathway

Release

'

Receptor

®

lonic conductance

4
'
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(< release 4 s neurond! activation 8 s Wl s ¢ 335 neurotransmitter JV Jway S5 -0
synaptic cleftd! presynaptic neurond!

presynaptic J' e reuptake and recycling 4 xas neurotransmitterd) (< s x> Sas s -1
neuron

43 receptorde b s postsynaptic targetd e z sn (Sas -A
inhibitory s excitatory O\S ¢l sw activation (8 s ¢ha 4adi receptordu by 1305 -4
50 Lgd 5 s sl Jaan (S s neurotransmitter cycled! & gla b

» Sites and Mechanisms of CNS Drug Action:
= The first step: “release of neurotransmitter”

As we said that the neurotransmitter is only released upon the activation of the presynaptic
neuron by the arrival of action potential to the synaptic terminal. Can we prevent the
occurrence of action potential in presynaptic neuron?

The answer is yes! And this is the mechanism of action of: *Local Anesthetics *General
Anesthetics

= The second step: “synthesis of neurotransmitter”

We can either inhibit the synthesis (such as certain type of drugs that inhibit the enzyme
tyrosine hyrdoxylase that is responsible for the synthesis of catecholamines, so we can
prevent the neuron from norepinephrine synthesis for example) or promote the
neurosynthesis of neurotransmitter (by drugs such as L-dopa, and it’s used for the treatment
of parkinson disease)

= The third step: “storage”

We can interfere with storage (ex: dopamine and catecholamines are stored within
noradrenergic vesicles in presynaptic neurons

* vesiclesd! Jals dopamine & norepinephrined) Jaxi Jlic «release pel man (Sl (n jala agliay g
VMAT a2z channels/transporters

Jeny (Saa 150 (8 da (UL 5 e ndial H38) = (el vesiclesd) da (pelisall Canans L 13 il
reserpine 45 ¢ 8 o) isla VMAT channelsd! inhibition

) gall Ceadiid ol oy Sy daiil) ok -

You’re going to interfere with the release of neurotransmitter and prevent the signal from
propagating from one neuron to the other.
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= The fourth step: “metabolism”

We will discuss in next lectures about drugs that interfere with metabolism of
neurotransmitters. We have different enzymes (such as COMT and MAO) , each enzyme is
concerned with the metabolism of certain neurotransmitter, and there is drugs that interfere
with them such as eAntiparkinsonian eAntidepressants

= The fifth step: “the release of neurotransmitter”

There are drugs that interfere with the release of neurotransmitter from the presynaptic
neuron, we call these drugs —> CNS stimulants, many of them are drugs of abuse

?@lblﬁjgtuge.hh)ic‘)

= The sixth step: “receptor binding”

We can interfere the neurotransmitter at the delivery of the receptor.
10583 (Sae receptorsd) gl g daidiy 4 5aY)
*Agonist —> results in the activation of the receptor

*Antagonist —> it competes with the activating ligand and prevent it from binding to the
receptor

I:l Ligand

*Biased agonist

*Allosteric modulators —> if it was positive it will increase the affinity of the receptor to the
original ligand and if it was negative it will decrease the affinity of the receptor to the ligand

Allosteric
modulator

= The seventh step: “signaling in postsynaptic neuron’’:

We have drugs that can interfere with signaling, especially if the receptor was metabotropic
receptor —> Intracellular effects: *«cAMP degradation inhibitors

|
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= The eighth step: “degradation”

There are drugs that inhibit the degradation of neurotransmitters, so the neurotransmitter will
be more available in the synaptic cleft and its action will be more prolonged.

Example: drugs used in treatment of Alzheimer’s Disease, such as: *Acetylcholine esterase
inhibitors

= The last step: “neurotransmitter reuptake”

(= s postsynaptic neurond) e 4= actiond) Jexa s release 4 ras neurotransmitterd) b e
energy 85 <l 5 vesicles L yai s Bad 55 aa )i 4k S (Sas cdegradation 4 ey

- There are drugs that interfere with the reuptake of neurotransmitters, such as:
*Antidepressants

-calall Alea Aluu*
1- GABAA receptors are example of:
a) Excitatory ionotropic receptors.
b) Inhibitory metabotropic receptors.
c¢) Voltage-gated channels
d) Inhibitory ionotropic receptors.
e) Excitatory metabotropic receptors

Answer: d

2- Which ion is allowed inside the cell upon GABAA receptor stimulation?

Answer: Cl-

3- You are the leading physician-scientist of the research and development team in a
pharmaceutical company. Your team is working on the development of novel therapies to
treat Parkinson’s disease. Parkinson’s disease is characterized by decreased dopaminergic
stimulation in the brain. In your research proposal, you include several strategies to improve
parkinsonism by targeting different biochemical processes of dopamine signaling. Which of
the following mechanisms will NOT be included in your proposal?

a) Inhibition of the vesicular monoamine transporter 2 (VMAT-2).

b) Inhibition of catechol-O-methyltransferase (COMT)

|
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c¢) Designing more efficacious D2 receptor agonists.

d) Designing novel therapies that promote the regeneration of substantia nigra dopaminergic
neurons.

Answer: a

_.'BJ).\A;A ‘)..}G cl.k;i L.; ut.s \JJ Li)ML»A cuaz\;lm :Kzltg_l

Good luck Hope.

1508 Jlsils S5 dlital ¢

" Jeaih 5 (e pudlly huilld
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