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Hhysiology

Objectives:
% Definition and Functions of synapses.
Structure and Types of synapses: anatomical & functional.
Synaptic transmission & neurotransmitters. what neurotransmitters are, and how they are released and
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act on their receptors.

% Fate of neurotransmitters.

% Differentiate between neurotransmitter receptors (ionotropic and metabotropic)

% Electrical events at synapses (EPSPs & IPSPs) and the differentiation between postsynaptic and
presynaptic inhibition.

% Properties of synaptic transmission and the nature of temporal and spatial summation.

% Factors affecting synaptic transmission.

% Appreciate that effectiveness of neurotransmitters can be modified by drugs and diseases.
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SYNAPSE - General Info

e |tis ajunction where the axon or some other portion of one cell (presynaptic cell)

terminates on the dendrites, soma, or axon of another neuron (Postsynaptic cell).

e The CNS contains more than 100 billion neurons. The brain has 86 billion neurons.

e Some CNS neurons receive 20,000 synapses.

e Synaptic input is converted to a nerve impulse (AP) at the AXON HILLOCK..

e The output signal (AP) travels by way of a single axon leaving the neuron.

Note: Synapse is the connection between a neuron and another neuron (inside the CNS).

Junction is a connection between a neuron and any other structure, e.g. muscle (outside the

CNS).

Structure of chemical synapses

1) Synaptic knob (presynaptic terminal):

It has synaptic vesicles (neurotransmitter vesicles).
2) Synaptic cleft (gap):
O The space between the axon terminal and sarcolemma where
neurotransmitters release into.
o It has a width of 200-300 angstroms.

3) Postsynaptic membrane:

It has receptors for neurotransmitters or ion channels.

A SYNAPSE

P

Functional anatomy: Types of synapses

< Anatomical types:

1. Axodendritic:

synapses between the axon of one neuron and the dendrite of another

neurorn.




2. Axosomatic:

Synapses between the axon of one neuron and the soma of another neuron.

3. Other types:

e Axoaxonic: axon to axon.

e Dendrodendritic: dendrite to dendrite.

e Dendrosomatic: dendrites to soma.

< Junctions outside the CNS:

When the presynaptic terminal is in contact with other tissue other than neurons.

e Examples:

% Neuromuscular junction.

% Contact between: Autonomic neurons and smooth, cardiac muscles

and any other effectors cell.

<+ Functional types:

Chemical synapses Electrical synapses Conjoint Synapse
Via Neurotransmitters lIon exchange via Gap Junctions Both electrical and
20-30 nm 2-4 nm chemical.
one-direction Bi-direction transmission. “Because

transmission. “ Because | they don’t need receptors. They work
NTs affect receptors and | on the principle of exchanging ions
they’re always present through the junctions.”

on the postsynaptic

neuron.”
Almost all synapses in e less common than chemical Example: neurons
the CNS. (Most common synapses, and are very rare in in the lateral
type) the brain. vestibular nucleus

which is responsible for

balance & equilibrium.
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A neuron secretes a
chemical substance
called neurotransmitter
at the synapse to act on
the next neuron (by
binding to a specific
receptor enabling an
electrical signal
“postsynaptic potential
or action potential”) to
excite it, inhibit or

modify its sensitivity.

e membrane of the pre- and
postsynaptic neurons come
close together. Direct contact
between the 2 membranes.

Gap junctions form. Electrical

synapses are faster than the chemical

because of these gap junctions.

No membrane borders, which
allows direct passage of ions

and small molecules.

- If present, they are Important in
the CNS in:

- Mental attention.

- Emotions. A
o>
- Memory. Ay ,
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- Arousal from sleep.

= |

-lateral vestibular
nucleus is one of the
four vestibular nuclei
on each side of the
medulla oblongata.
-The other three
vestibular nuclei:

1-Medial vestibular
nucleus .

2- Cranial vestibular
nucleus.

3-Caudal vestibular

nucleus.

Synaptic Vesicle

There are over 100 Neu

Synaptotagmin
-/ 4

4
fa®

“

SNARE
.. proteins
fa®

An abundant organelle with a diameter of 40 nm.
Can accommodate only a limited number of neurotransmitters.

Each vesicle contain only one type of neurotransmitters.

rotransmitter.

Synaptotagmin and SNAREs are proteins involved in the vesicle fusion. ...

96@. 4

fa®

diftusion

@ Neurotransmilter binds
1o postsynaplc receplors.

Postsynaptic cell  ONeuroiransmitter

removed from
synapic cleft




% Synaptic vesicular membrane:
o Synaptotagmin (protein on the vesicle involved in vesicle fusion) helps the vesicle to bind

to the terminal membrane without Ca.
o  When Ca binds to synaptotagmin it starts the interaction with SNARE proteins (on the
presynaptic membrane) causing exocytosis.

o Exocytosis occurs only in vesicles close to the terminal membrane.

Mechanism of a synaptic transmission (., i caiion page 15

1) Action potential arrive to the axon terminal of the presynaptic neuron opening the Ca-gated
channel that allows the Ca ions to enter Synaptic knob.

2) Ca binds to synaptic vesicle.

3) Vesicles move toward presynaptic membrane and neurotransmitters are released to synaptic

cleft by exocytosis. “Ca is essential for NT releasing!”
4) Neurotransmitters attach to postsynaptic receptors and cause postsynaptic
activity “ inhibition or excitation” according to the type of receptor and the

type of the NT.” “Glutamate is excitatory, GABA is inhibitory.”

he Synaptic Transmission (Duration: 1:51)

< What will happen to the neurotransmitters (Fate of the NT) ?

After a transmitter substance is released at a synapse, it must be removed by either:

e Diffusion out of the synaptic cleft into the surrounding fluid.

e Enzymatic destruction: e.g. Ach esterase for Ach.

e Active transport (reuptake) back into pre-synaptic terminal itself : e.g.
Norepinephrine that will be broken down inside the neuron by MAO
“Monoamine Oxidase”. Why is it “active”? Because the amount of NT inside is

higher so it will move in low-high concentration gradient.


https://www.youtube.com/watch?v=WhowH0kb7n0

Components of postsynaptic receptors c. o i caiion page 515

Types of receptors and EPSPS (Duration: 9:53) “VERY SIMPLE LIKE THE GREATEST EXPLANATION EVERRR”
ube

1. Binding site that face the cleft to bind the neurotransmitter.

2. lonophore: It passes all the way through the membrane to interior.
- ltis of 2 types either ion channels or 2nd messenger system.
a) 2nd messenger system in the postsynaptic membrane -Metabotropic!

(slow) receptors.

- This mechanism is important where prolonged postsynaptic changes are needed
to stays for days, months, years (memory). “Recall: electrical synapse is important
in memory, also the chemical synapse that has the 2nd messenger system.”

- Effects: Intracellular enzymes activation, gene transcription, etc.

Explanation from the boys lecture:

Metabotropic (slow) receptors are linked to G-proteins, as soon as Noworanariter  STRACELLULAR _ Neurtansmite

w Receptor lon channel

lon
channel

the ligand binds the receptor, G-protein will get activated. Once
activated, the G-protein itself goes on and activates another

molecule, This new molecule is called a “secondary messenger?”. evrosoL el signaling

(a) Direct neurotransmitter action (b) Indirect neurotransmitter action
i i ) {metabotropic receptor)

B) lon Channels - Ionotropic (fast)
Receptors that are linked directly to ion channels (also known as ligand-gated ion channels), so
it is a receptor and channel at the same time .

- Whether a NT is excitatory or inhibitory depends on the receptor it binds to.

Cation channels (For +ve charge ions): | Anion channels (for -ve charge ions):

Mechanism : Qpening of Na+ channels — Increase Opening of cl- channels — Decrease
membrane potential in positive direction membrane potential in negative direction
toward threshold level of excitation due to away from threshold level due to influx of
influx of (+)charges — (+) neuron. == (-) charges — (-) neuron

by sl (0 0558 e 1) )l Gaenial

Cia Y sud excitation is towards positivity

" the Greek tropos means to move in response to a stimulus.
2 Intracellular signaling molecules released by the cell to trigger physiological changes.


https://www.youtube.com/watch?v=PTgyBEmC-Es
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Examples: & Na++ (most common), K+, Ca++, .. Cl- channels (mainly).

Functional Differences Between Ionotropic & Metabotropic Receptors

( From the boys’ slides )

IONOTROPIC METABOTROPIC

Mediate rapid PSPs. Mediate slower PSPs
Duration of PSPs is 10-30 ms or less Duration from 100°s ms to minutes or longer.
PSPs (EPSP or IPSP) develop within 1-2 msec after This slowness is due to activation of second
an AP reaching the presynaptic terminal messengers leading to opening of ion channels

a NT may activate both ionotropic and metabotropic receptors to produce both fast & slow
postsynaptic potentials at the same synapse.

Electrical events in postsynaptic neurons

1. Resting membrane potential (RMP) of neuronal soma:

-Soma of a neuron has a RMP of about =65 millivolts, Which is less negative than
the (-70 to -90) millivolts found in skeletal muscles fibers.

- If the voltage is |less negative — the neuron is excitable.

2. Excitatory postsynaptic potential (EPSPs):
e Whatis it?

e How?

m  When excitatory neurotransmitter binds to its receptor on postsynaptic
membrane — partial depolarization (increase Na influx) of post-synaptic cell
membrane immediately under presynaptic ending, i.e. EPSPs.

m This summation will cause the membrane potential to increase from -65mV to
-45mV. (20 mV difference.)

m So the EPSPs = #20mV makes the membrane reach the firing level — AP develops

at axon hillock.



m [f this potential rises enough to threshold level — AP will develop and excite the
neuron.
m Synapse on the cell body is more effective than other parts of the neuron.

® Postsynaptic potentials (PSPs) decline within 15 ms (not long enough). This

is the time needed for excess positive charges to leak out of the excited
cell. pll Gliie aabiag (pd 3 Y suall < 5 0l i ) das all <l ) U i 6l 1 2n
AT 50 (g aze Byl dgmada aa 59 408 (pe,

e Firing of only few synapses (4 or 8) will cause PSPs, but these are not large
enough to reach threshold. To reach firing you will need at least 16
synapses on the neuron.

% Extra Explanation:
- Presynaptic terminal secrets excitatory transmitters — increase Na permeability — rapid
influx of Na to the interior — RMP will increase in the positive direction from -65mC to
-45mV.
- The positive increase in voltage to a less negative value is called EPSP, which values +20mV
(20mV more positive than the resting value “-65+20 = -45”).
- It 1s called “Excitatory postsynaptic potential” because it will elicit an AP in the postsynaptic
neuron if it rises enough in the positive direction.
- The increase of the neuronal potential from -65mV to -45mV requires simultaneous discharge
of many terminals (not a single one) at the same time or in rapid succession which occurs by a

process called summation.

3. _nhibitory postsynaptic potentials (IPSPs):
e Whatis it?

A kind of synaptic potential that makes a postsynaptic neuron less likely to generate an

action potential.
e How?
m An inhibitory neurotransmitter binds to its receptor on postsynaptic membrane.
m Increases membrane permeability to Cl- of post-synaptic membrane.
m hyperpolarization of the postsynaptic membrane.
m Decrease excitability and membrane potential(more negative). Where the
membrane reaches =70 mV (5 mV difference of the RMP.)

m From the boys slides: A single presynaptic terminal can never cause a large voltage
change that reaches threshold. That’s why summation is needed (either spatial or
temporal.)

% Extra Explanation:



- The inhibitory synapses open mainly chloride channels, allowing CI- influx which will make
the interior membrane more negative than normal

- Opening K channels will allow K+ efflux which will make the interior membrane potential
more negative!

- Thus, both Cl- influx and K+ efflux which will cause HYPERPOLARIZATION.

- This inhibits the neuron because the MP is more negative than the e
normal (from -65mV to -70mV). ) ﬁ
- Therefore, an increase in negativity beyond the normal resting ‘ /mw
membrane potential level is called “inhibitory postsynaptic

potential” and it values -5mV (5mV more negative than normal). AL;A#

Pictures from the boys slides — \
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Post-synaptic potential can be of varying amplitude ‘ Summation is needed w‘

(graded); it can be summed (added on top of each other)

Synaptic properties ( Guyton 12th edition Pages s57).

1. ONE-WAY CONDUCTION:

o Synapses generally permit conduction of impulses in one-way i.e. from presynaptic to

postsynaptic neuron.

O It means this process is always from pre-synaptic neuron — cleft — postsynaptic neuron

2. SYNAPTIC DELAY:

o Itis the minimum time required for transmission across the synapse.

o Itis 0.5 ms for transmission across one synapse.
o This time is taken by: (all these processes take 0.5 ms to complete) a5 (= Jbaials
2 e 0.5 i g 2l il oY) Jai e ol oaanll JBLY allaile
m Discharge of transmitter substance by presynaptic terminal.
m Diffusion of transmitter to postsynaptic membrane.

m Action of transmitter on its receptor.




m Action of transmitter to increase membrane permeability.
m Increased diffusion of Na+ to increase postsynaptic potential.

3. Fatigue:
e |tis due to exhaustion of neurotransmitter, (How?) — If the pre synaptic

neurons are continuously stimulated, (Results in) — stoppage of synaptic

transmission.

4. CONVERGENCE & DIVERGENCE:

CONVERGENCE DIVERGENCE
When many presynaptic "y Axons of pre- e
e Jor et Bt b Dt Nk D . P

neurons Converge® on any " i "f 7 %:|‘ T ] synaptic neurons IlVlde , j# .

single postsynaptic LA, ../ into many branches that L&

gle postsynap "R y i i %
neuron. T A diverge* to end on many ll ‘*
L\ \.,..}' 4 _.z"’{’/ & A A A A
'{?ﬁ_' postsynaptic neurons. R

p sl agale Jla e U dle (St A dnans Jdnd) Gy i sS3 o GA ig) oS3 aal 5 Jhs (S s
@ Oans Q) s Lpuald Lele g8 Jiay Bas) 5 Adally 0005 pea ) Lgaany o () 550 L) Dunaal) LAY 40184 4 el
Gkl 5251 3k 5 408 &l J sl Ll (3l Jia) Lt g8 2 35 ML (LSl il i 5 A8 yhall (g3 e JE5 Lt dppmnl) i Laual) () 411K
YLl Jiai o g g 58 Gash e dadad as ) s Al Gaob IS Geddls S Ll o s cdnald (gha g 38 o

el el Algial < (S JS (e Carand

5. SUMMATION (The action potentials are added together)

Spatial  When EPSP occurs in more than one synaptic knob at the same time.

»
SUMMATIO d‘“&“

. b das 5 (s (Sixg Qs b ST (daplad A ) dlidazy 2a) 5 (81 b Ll (3k (el

one neuron receives signals from more than one neuron.

If EPSPs in a pre-synaptic knob are successively repeated without significant

Temlpora delay, so the effect of the previous stimulus is summated to the next. [«

3 To tend to meet in a point or line.
4 Extend in different directions from a common point.
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6. SYNAPTIC INHIBITION

Types (all are fast responses,
ionotropic receptors)

Definition

-Occurs when:
An inhibitory neuron (releasing inhibitory substance) acts
on a postsynaptic neuron leading to hyperpolarization due
A i DirectInhibition  to opening of CI" [IPSPs] and/or K+ channels.
(postsynaptic The goal is to make the inside of the cell negative which keeps the
inhibition) “No Ap | membrane potential away from threshold.
is generated” This can be done by either the
(2 neurons are 1- Influx of negative ions by opening of Cl channels
involved pre- and post) i or by 2- Efflux of K'ions making the inside of the cell less positive
— moving towards negativeness.
- Example: Glycine at the level of the spinal cord to block
pain impulses.
- Occurs when: An inhibitory synaptic knob lies directly on
Indirect the termination of a presynaptic excitatory fiber.
B Inhibition The inhibitory synaptic knob release a transmitter which
(Presynaptic inhibits the release of excitatory Y — e ”
inhibition) transmitter from the presynaptic @ scvaton ot e ZT";‘;‘JESM\%{
(3 neurons are fiber. ’ tETv[f; into terminal A
N R K AR
involved) - Example: GABA (Pain enllJ“@??Z“%iLZ;iZ“fiEBNTf (/\
modification) -
- Inhibition of antagonist activity is initiated in the agonist
C muscle.
Reciprocal - Impulses pass directly to the motor neurons supplying the
Inhibition same muscle and via branches to inhibitory interneurons
willbe discussed later )+ that end on motor neurons of antagonist muscle. s Ll :J%s
"Spinal cord reflexes . )
B DomaiinS) ) Janis ) Bage cpdagd) JS 5 )l Jadlin s 28 g g ged ue
Jose
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D Inhibitory
Interneuron

(Renshaw cells)

Renshaw = Inhibitory..

Don't even think!

Negative feedback inhibitory interneuron of a spinal motor

neuron. (lateral inhibition)

The inhibition here is via inhibitory interneuron. Impulses generated in
the motor neuron activate the inhibitory interneuron to secrete

inhibitory mediators, and this slows or stops the discharge of the motor

neuron. This inhibitory interneurons also called Renshaw Cells.

GREAT PICTURE “EXTRA”

1-Alkalosis:

e Increases neuronal excitability.
e C(Causes cerebral epileptic seizures( due to Increased excitability of

cerebral neurons).

% Example:

over breathing in a person with epilepsy.

The over breathing blows off (removes) carbon dioxide and therefore

elevates the pH (causing alkalosis) of the blood momentarily

(gradually).

2-Acidosis:>
e Depresses neuronal activity.

® It is the increase in acidity in blood and other tissue (increased H+ concentration ).
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e pH around 7 “As in severe diabetic or uremic acidosis” usually causes a coma

3-Hypoxia:®

e (Causes Depression of neurons.

4-Drugs Iimportantl: Drugs could influence the effectiveness of synaptic

transmission by:
- Altering synthesis, storage, or release of neurotransmitter.
- Or Modifying interaction of neurotransmitter with postsynaptic receptor.
- Influence reuptake or destruction of neurotransmitter.

Caffeine reduces the threshold for excitation of neurons — increases neuronal

excitability.

Cocaine: blocks the reuptake of Dopamine by binding competitively with
dopamine reuptake transporters. This causes prolonged activation of
pleasure pathway (euphoria).

Strychnine competes with glycine; it combines with the glycine receptor
& blocks it (no IPSPs).

Prozac, an example of a Selective Serotonin Reuptake Inhibitor (SSRIs).
Serotonin is involved in neural pathways regulating mood & behavior so
Prozac is used for treating depression, which is characterized by
deficiency of serotonin.

5 It is condition in which the body or a region of the body is deprived of adequate oxygen supply. It may be classified as either
generalized, affecting the whole body, or local, affecting a region of the body. Mostly pathological but can also be

physiological due change in arterial O2 concentration as in exercise for example.
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This topic is present in the guide’s objectives and the boys slides but not in the girls’.

Diseases that Affect NTs or their Receptors

Disease

Cause due to A deficiency of Dopamine | Autoimmune disease that targets
nicotinic ACh receptors on skeletal
muscle fibers (antibodies directed
against these receptors).

in a brain region (substantia nigra)

controlling complex movements.

Features - Involuntary tremor (shaking Muscle weakness (hallmark).
of hands).
- Muscle rigidity.
Treatment | Levodopa (L-dopa). -Inhibitors of

Acetylcholinesterase. (like
pyridostigmine) “Ach esterase is the

Which is a precursor of dopamine,

which crosses the blood-brain

barrier (unlike dopamine), Once enzyme that normally degrades Ach

inside the brain, it is converted to at the neuromuscular junction”.
dopamine & relieves the symptoms

of disease.

% References:
- 435 girls and boys slides and notes.
- Guyton and hall textbook of medical physiology 12th edition. (Chapter 46)

- Ganong's review of physiology.



