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Lecture 1: synaptic transmission and neuronal pool

We can see here the anatomical structure of the
neuron

b Ol b G ssand) 8wt ¢ 5 JES) 84 Axon hillock
sodium voltage s > S| 4 “most excitable 4ls
depolarization sl b gated channels

Axon hillock
Trigger zone
N

The central excitatory state favours [iring of action potentials from the
postsynaptic neurons. The portion in these neurons with the lowest threshold
for production of action potentials is the initial segment of the axon (at and
Axon terminals
Outputzone 7 just beyond the axon hillock). For this reason, the most rapid transmission
of signals normally occurs at the axo-axonic synapses.
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maintains hemostasis of the
electrolytes and neurotransmitters
around the neurons

Nervous system is classified
anatomically to: central nervous system
\» Sensory input and peripheral nervous system
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Classified functionally to : voluntary and
involuntary (autonomic)
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What is synapse? It is a junction between an axon terminal of one neuron (presynaptic

neuron) and a second neuron (postsynaptic)

It can be axo-axonic synapse

axo-somatic synapse

Anatomical
Classificatio
n

axo-dendritic synapse

Synaptic transmission: transmission of one neuron to another ..physiological types are :

1-electric transmission

electrolytes 4 Jii gap junctions 232 ciuaiyg £ ) 52

(2) Electrotonic (or gap junction) synapses ¢ These are few but more
rapid. The membranes of the pre and post-synaptic neurons come close to
cach other and gap junctions form between them, Such junctions constitute
low-resistance bridges through which ions can pass casily, allowing trans-
mission of the denolarization waves direetlv from one neuron to the other

2-chemical transmission

Electrical Transmission (Gap

neurotransmitters (&b (& Jay gl ga

(1} Chemical synapses ¢ These ae the majoriy i the NS, The synapti
hnobs contai vesicles i which nerotransmitrs are synehesized and ar
rich i mitochomdria tht provide the required encrgy. Stmulation of the
presynaptc neurons Keads 10 release of the neurotransmiirs from these
Knnobs which affect the excitability o the postsynaptic neurons (sec below ),

Presynaptic knob

Large No of
mitochondria

synaptic vesicles

Voltage-gated
Ca** channel
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Functional anatomy of the synapse:
1-presynaptic terminal (presynaptic knob)

& interaction Jasts b wall (A @l olas (2Dliag vesicles 4 (A3da g L ais ghue 48 i guiia
release of the s s s active zone Waewias vesicle gl Ao 835 ga b clisi gl
neurotransmitters

2-synaptic cleft :a space between presynaptic and postsynaptic neurons and contains
extracellular fluid

rich in sodium and have less potassium s b extracellular fluid s

3-post synaptic membrane contains the receptors of the neurotransmitters for example:
acetylcholine>>> cholinergic receptors

The synapses are the sites of junction between neurons. The axon of the
presyaaptic newron divides into about 2000 branches on the average, cach of
which ends by a knob called the synaptic knob. A large number of these
knobs terminate on the dendrites, soma and axon of the postsynaptic
neuron (¢.g. about 10000 knobs terminate on cach spinal motor neuron), and
at the sites of contact, the knobs are separated from the postsynaptic

:
membranes by gaps filled with ECF called the synapric clefts (figure 21). . : .".
synaptic knobs O
o w ) .
SYNAPT:

" O
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DENDMITES CELL BODY AOMAY

Mechanism of synaptic transmission:

g die 35234 T-snare § vesicles (s 25294 v-snare &
presynaptic neuron
. signal for releasing neurotransmitters Us Juwas La ol Sgd
d ali 7 signal J<gi L (S vesicles in storage zone W<l

dob ¢e vesicles i
Molecular motor ((needs ATP, calcium)) frosyneptic el

(@ AL Guss releasing zone () storage zone (< daliz < g
s presynaptic terminal s>
Interaction between V-snare and T-snare

calcium iy depolarization xa: 7 signal Jwa g Lal Cua
) extracellular (» asxdlS Jisy)) voltage gated channels
nerve terminal ))
interaction _xa:9 synaptic cleft ¢¥ia neurotransmitters 3
receptors (=9 Win

Neurotransmitter
Postsynaptic cell
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Mechanism of impulse transmission in chemical synapses response 4 jwa: a3¥ receptor Ju NT dleses La 2y S
(1) Release of transmitters : Depolarization of the knobs leads to NT g5 cua = excitatory or inhibitory 5% 43) L)
opening of voltage-gated Ca™* channels, which allows Ca®™ influx into the L.
knobs. Ca™™ causes fusion of the vesicles with the knob's membrane at GABA (s excitatory (& 3 GLUTUMATE >da?
specific active zones, which then rupture leading to release of the transmitter inhibitory s 3k
by exocytosis into the synaptic clefis. The process of fusion involves inter-
action hcl\\vccq 2 prulcins.. one in the \‘ciiclc mcltnhramc ( .\_rqumhr('vin) excitatory 088 (Saa epinephrine /norepinephrine r
and the other in the knob's membrane (= syntaxin). Recently, it was also . oo
found that certain proteins called neurexins bind the membranes of the = Jaa usﬁ event £ o gh inhibitory
presymaptic and postsynaptic neurons together. depolarization or hyperpolarization s« binding

(2) Action of transmitters : The transmitter binds to specific receptors . ol .
in the postsynaptic membrane. This triggers cither opening or closure of activation s~ receptor £

specific ligand gated ion channels in that membrane, resulting in electrie N N o
changes called postsynaptic potentials (= PSPs) which lead 10 cither Mechanism of synaptic transmission
excitation or inhibition of the postsynaptic neuron, depending on the nature Pypsptin vasicies

¢ Presynaptic cell
ol the released transmitter (see below).

Synaptic cleft

1. Release of C.T.

Presymapt receptor
lay)

E—‘ Postiynaptc receptor
(g, 05,050 g =,
Figure 22 : Presynaptic and postsynaptic receptors at a noradrenergic nerve ./Development of PSP.

ending (NE = noradrenaline). 5 e 4 Rue"moval O;S::) =

Types of receptors We have 2 types of receptors that can the

neurotransmitters bind:
1-ionotropic receptors
((Channels))

2-G-protien coupled receptor

For example:

I Acetykholine has 2 types of recepsors @ Nicotinic and Muscanmic (the
Latser are S types termed M, to My receploss),

2. Noeadrenaline has 2 types of alpha receploes (1 and 2, cach of which has
3 types) aed 3 types of beta roceptors (1, 2 and 3).

3. Dopamine has 5 types of receplos (callod D, to Dy receptors).

|
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L Types of synaptic potentials J

|
!
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LPostsynaptic potentials J L Presynaptic potentials

| . ! 1

Excitatory Inhibitory
Postsynaptic Postsynaptic
potential potential

Presynaptic Presynaptic
facilitation Inhibition

1-excitatory postsynaptic potential (EPSP)

sl g) 2 513 sual) JAdw duay excitatory neurotransmitter (&b (& depolarization Us ey

&uas Jocal response potential 4xewia dla g 65-= 5 sbudy (589 threshold Ji level J' dasg
threshold Juwa s 441ad Uay CiiS cub action potential 4ew! (98 Lag propagated (sSs Le a4

J e A repeated stimulation J<a9 summation Us juas o ¥ action potential ¢uShs

¢ (2 S cub threshold

(A) Excitatory postsynaptic potential (EPSP)

This is a state of teanvient partial depolarization in the postsynaptic
membrane during which the excitability of the postsynaptic nenron to other
stimuli is increased, It occurs in excitatory synapses (at which the trans-
mitter is excitatory ¢.g, acetylcholing), and is due mainly to an increase in

Na" or Ca™ influx secondary to opening of their channels. “Hs 25 = as o
v " Time (msec) potential

b
@
(<)
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Activation of synapse

|
a
<]

Membrane potential (mV)
in postsynaptic neuron

y
o

$ b palds decay time W Ji@ stimulation 4lsas oY ESPS 4Las neuron A Us (\S o ay
ad el e ol b el a))decay time (A 3é ABlbsthreshold duass (s 4l 15 Ly i
temporal summation 4as) summation W (( 46 15 J& 0% 2 ¥ A% 7 stimulation

(2) Temporal summation : This is the summation of the PSPs produced
by repeated activation of one synaptic knob (by continuous stimulation of a
single presynaptic neuron). In this case, a new PSP must develop before the
previous PSP decays (therefore, the time between successive stimuli must be
less than 15 milliseconds, which is the time after which a single PSP decays)

Lt g prdestid emyy

T 1 1!

T e § T

stimulation 41,225 neuron A +neuron B s b spatial summation $ L S gsile
threshold Jwag: sl

(1) Spatial summation : This is more common in the CNS, and is the
summation of the PSPs produced by activation of many synaptic knobs at
the same time (commonly as a result of simultancous excitation of multiple
Presviaptic newrons),

Marrkrie peantia ')




All the note in the hand-out :

The PSP (whether excitatory or inhibitory) producced by activity in a
single synaptic knob is normally very small and inceffective. However, it is
nor an all or none response and can be summated by 2 ways :

(1) Spatial summation : This 1s morc common in the CNS, and is the
summation of the PSPs producced by activation of manv svnaptic knobs at
the same time (commonly as a reswldr of sinndianeous excitation of multiple
Presviaplic neurons).

(2) Temporal summation : This is the summation of the PSPs produced
by repeared activation of one synaptic knob (by continuous stimulation ol a
single presynaptic ncuron). In this case. a new PSP must develop before the
previous PSP decays (therefore, the time between successive stimuli must be
loss than 15 milliseconds, which is the time after which a single PSP decays)

** Lioth types of summation may cocexist (= remporo-spatial sumimation)

il sceveral presynaptic ncurons are successively stimulated rapidly once after
the other at intervals not exceceding 15 milliseconds.

2- Inhibitory postsynaptic potential (IPSP) is a local state of slight hyperpolarization in
postsynaptic membrane

post (= hyperpolarization e GABA ) inhibitory neurotransmitter s o\ sl qub
local response (¥) (wii Laa g potassium zsua ) chloride Jsax Wl synaptic membrane
membrane more negative e ¢

(B) Inhibitory postsynaptic potential (IPSP)

This is a state of ransient hyperpolarization in the postsynaptic memb-
rane during which the excitability of the postsynaptic newron to other stimuli
is decreased. Tt occurs in inhbitory synapses at which the transmitter is
glycine (sec below), and is due mainly to an increase in CT influx. Howev-
cr, some IPSPs are produced by opening of K'channels (Which imcreases K-
efMux) while others can be produced by closure of Na' or Ca'? ¢hannels.

Activation of Synapserpachold .;‘ ‘
-t __________ potential | Action =~ 3%
N PO(O"!I,' \{*

e Ty v ¥

Membrane potential (mV)
in postsynaptic neuron

IPSP :
15 25 35 N
Time (msec)

\Or dosure of Na* or Ca**

Inhibitory N.T. -
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Grand postsynaptic potential :the sum of all EPSPs and IPSPs occurring at the same time

response <4ude da AL 96 SUmmation A& sLisexcitatory or inhibitory 4awneurons 4/ -t
of the neuron

THE CENTRAL EXCITATORY & CENTRAL INHIBITORY STATES

Presynaptic
InDULe Thousands of excitatory and inhibitory synaptic knobs normally con-
verge on postsynaptic ncurons, Therefore, both EPSPs and IPSPs commonly
oceur simultancously, and the result depends on the algebraic sum of the
produced depolarizing and hyperpolarizing effects. Predominance of the
former produces a central excitatory state (CES) while predominance of the
[ EiCStay e tic OBt latter produces a central inhibitory state (CIS).

e The central excitatory state favours firing of action potentials from the
7 postsynaptic ncurons. The portion in these neurons with the lowest threshold
S, for production of action potentials is the initial segment of the axon (at and
just beyond the axon hillock). For this reason, the most rapid transmission
/\ of signals normally occurs at the axo-axonic synapses.

3-presynaptic inhibition

&uas voltage A= effect Jexuy signals for presynaptic neurons b= neuron 3 4 &5
i calcium voltage gated channels (A3s La g ale Ly (Saa

1. Presynaptic inhibition (2) Fresynaptic inhibition
In this type of inhibition, the terminal knobs of the inhibitory neurons
termivate on the excitatory nerve endings (= axo-axonal synapses) and not
Opening of K* o on the postsynaptic newrons (figure 23). 1t oceurs in the dorsal horns where
ch. enkephalinergic neurons block pain transmission (refer to the analgesia
system, page 35) as well as in other parts in the nervous system in which the
Cloino of &5 transmitter is GABA. These inhibitory transmitters decrease the release of
voltage gated oS08 the transmitter from the excitatory nerve terminals by either a direct effect
Ca** ch. — or by decreasing Ca”" influx (thus decreasing post-neuronal excitation).
*GABA produces the latter effect by decreasing the size of the action pot-
ential in the excitatory endings (which decresacs opening of the Ca™ chann-
els and Ca®' influx). At the GABA 4 & ¢ receptors, this occurs by increasing
Cl- influx while at the GABA y receprores, it occurs by increasing K efflux

Inhibition of release of N.T.
No synaptic transmission

4-presynaptic facitillation

calcium (A3 43 &b e Wag g presynaptic neuron ¢ NT adb 43 Jgwws L 98 neuron 3 Gsa
da gida el yoltage gated channels

2. Presynaptic facilitation

Keeps Ca++ Ch.
opened

Postsynaptic neuron
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Organization of neurons in different pools :
1-divergence

multiple neurons (e Z.su%5 € 5% one neuron 4
sladl (e JASL g pathway (sdi (sSs of W

Divergence of signals in neuronal pools

This is the spread of signals from one input neuron to many output

neurons, and it is 2 types :

(1) Divergence in the same tract : This is characteristic of the cortico-
spinal (= pyramidal) tract, in which a single cercbral cortical eell can excite
about 1000 muscle fibres (figure 26 A).

(2) Divergence into multiple tracts : This is spread of the input signal in 2
separate directions (figure 26 B) c.g. in the dorsal column of spinal cord, the
input signals diverge into the spinocerebellar and gracile and cuncate tracts

{b) Divergence to multiplo (a) Divergence in same pathway
pathways

Figure 26 : Divergence in the same tract (A) and in multiple tracts (1),

W! ¢ withdrawal reflex g i dew ) sl
sealyg flaal) 380 jall Juagn g AL jhas (o) duay
CiSa ala8 4 gdldl jhaa oo ) g Adly Jad 30

Thermal

pain receptor
in finger Ascending pathway
to brain

Afferent

pathway § 3 sk La i MJA} co SJJSSAS‘

Efferent pathway

Triceps
(extensor) Integrating center
relaxes {spinal cord)

Etfector
-3 Components of &
e O + = Stimulates
Recaptor - = Inhibits
Afferent pathway
Integrating center < = SYNapse
Efferent pathway ~ O—< = Excitatory interneuror)
© 2001 Breoka/Cofe - Thomson Learring Effector organs ©O—< = Inhibitory interneurcn

2-convergence

2l g NEUron (s ¢l s« synapse ¢ Sk Ay aalg output e )i 7o multiple neurons 4
neuron ¢ s )

Convergence of signals in neuronal pools
This is the collection of signals from multiple input neurons to a single
output neuron, and itis 2 types &
(1) Convergence from a single source (figure 27 A),
(2) Convergence from multiple sources (figure 27 B).
Both types lead to summation of impulses, which is essential for
excitation of postsynaptic neurons (page 40).

Source
Source

21
A .J J
Source Source
2 P

Convergence from Convetgence from
sing'e source multiple sources

A [
Figure 27 : Convergence from a single source (A) and multiple sources (B).
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3-inhibitory circuits

Ll mas Ll Renshaw cells (interneurons) s 2 motor neurons U ventral horn (2
Gk o= negative feedback inhibition 4le ¢z g i Jleddl 4ga e L neuron ¢ stimulation
lateral inhibition cpad) dga o Jaxiyg Jleddl dga Jleglycine adkas 43) da

stimulates a Renshaw cell, and this cell in turm sends signals that inhibit the
{ollowing neurons through releasing glycine :

() The original motor neuron, leading to its inhibition (that s comm-
only called negative feedback, collateral, recurrent or Renshaw inhibition)
which results in shortening of the output signals,

(h) The motor neurons in the surrounding arca, leading 1o futeral
inhibition of these neurons, which sharpens the output signals (see next).

- Another mechanism for shortening of Sigials is present in the cere-
bellum and is called negative feed-forward inhibition (page 108),

Ventral
hom cell
(a-motor
neuron)

Inhibitory
interneuron
(Renshaw cell)

4-revrebatory circuit

collaterals interneurons _s<a:s output & Jas o L 4=l signal ueld Os: input S
b gy 7 5 AYL (S cub g restimulation of the neuron Jwey between the input and output
depletion of the NT s 43 3k ¢

(b) Reverberatory (= oscillatory or closed-chain) circuits : In this
type, the output neuron is repeatedly stimulated through closed circuits of
interncurons called reverberators by a positive feedback mechanism as
follows : Collaterals from the interneurons feedback by way of the reverber-
ators 1o re-excite the output neuron again and again after the input signal
stops (most right in figure 28), and this continues for variable periods, after
which it stops due to cither fatigue of the synaptic transmission or by the
effect of an inhibitory input (see below).

Figure 28 : Interncuronal barrages. Reverberators are shown most right.

**inhibition at synapse: post-synaptic inhibition, pre-synaptic inhibition, lateral
inhibition and feedback inhibition ,feed forward inhibition

|
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Characters of synaptic transmission:

hand out ¢ () @) la 9 3 g8l

THE PROPERTIES OF SYNAPTIC TRANSMISSION

(1) One way conduction (forward direction) : In synapses, impulses
arc conducted only from the presynaptic to the postsynaptic neurons (be-
cause the chemical transmitters are present only in the presynaptic knobs).

(2) Delayed conduction (synaptic delay) : There is a delay of impulse
transmission in synapses of about 0.5 millisecond due 1o the time required
for release of the neurotransmitter, its diffusion through the synaptic cleft
and its binding to and activation of the postsynaptic receptors.

** The number of synapses in a reflex can be calculated as follows :
The total reflex time and the time of conduction in the afferent and efferent
nerves are determined. The difference between both represents the time of
conduction in the CNS, and is known as the central delay. The number of
synapses in the reflex = Central delay / Synaptic delay (e.g. if the central
delay is 3 milliscconds, the number of synapses = 3 / 0.5 = 6 synapses).

(3) Synaptic fatigue : This is slowing or failure of impulse conduction
across synapses that occurs after repetitive stimulation of presynaptic neur-
ons. It may be duc to depression ol the postsynaptic ncurons but it is
believed to be primarily due to depletion of the neurotransmitter.

(4) Synaptic afterdischarge : This is continuation of discharge from the
postsynaptic neurons for some time after stopping stimulation of presynap-
tic neurons. It is duc (o persistence of the central excitatory state produced
by the initial stimulus, and it leads to prolongation of discharge of signals
from motor neuronal pools (page 48).

(5) Summation of postsynaptic potentials : This occurs by both spatial
and temporal mechanisms (page 40).

(6) High sensitivity to the following :

I- Blood plHl : Alkalosis increases while acidosis decreases synaptic
transmission. Thus, a rise of blood pH from 7.4 to 7.8 lcads to convulsions
while its fall is associated with drowsiness (or coma in severe acidosis).

2- Blood O; level : Hypoxia decreases synaptic transmission. so un-
consciousness occurs if the cerebral circulation stops for only 3-3 seconds.

Factors affecting synaptic transmission:
Changes of composition of internal environment:
1-ph of the blood

Acidosis :inhibition of the synaptic transmission
Alkaolosis:stimulation of synaptic transmission
2-hypoxia

Inhibition of synaptic transmission

|
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3-hypoglycemia
Inhibition of synaptic transmission

4-hypocalcemia

Increase excitability of synaptic transmission

GOOD LUCK ©
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