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General Physiology
Second Semester 2023
Lecture 14 and lecture 15
Organization of the Nervous System,
Neuronal Graded Potentials
Basic Functions of Synapses, and Synaptic Potential (EPSP and IPSP)
Neurotransmitters

Zuheir A Hasan
Department of anatomy , physiology and biochemistry
The Hashemite University

Lectures objectives

* Define neuronal graded potentials and list examples of graded potential and
their functional significance

* Describe the main morphologic features of synapses.
* Distinguish between chemical and electrical transmissions at synapses.
» Describe steps during chemical synaptic transmission

* Describe excitatory and inhibitory postsynaptic potentials, outline the ionic
fluxes that underlie them, and explain how the potentials interact to
generate action potentials

* List the primary neurotransmitters in the nervous system ( Acetylcholine ,
biogenic amines and amino acid neurotransmitters and nitric oxide

* |dentify different peptides neurotransmitters
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Action Potentials: Stimulus Strength

Action potentials can only occur if the
membrane potential reaches threshold
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Means that the amplitude depend on the strength or the amount of stimulus, In
other way 4 If you have generate a localized potential and it is stimulated by
neurotransmitters, the higher amount of neurotransmitters, the greater amount
of amplitude as a result of the increase in neurotransmitters
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G localized change ¢ potential don't travel to long distance, you can find them
at a small distance from the site of stimulation Yy
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primarily expressed in nerve terminals and the somatoa
lesser extent (Wynne, Puig, Martin, & Treistman, 2009).

BK channels in the presynaptic terminal are likely to

A. Alioua, ... L. Toro, in
Reference Module in Biomedical Sciences, 2014

provide local negative feedback of voltage-dependent Abstract

Ca’* influx during depolarization-secretion coupling, The pore-forming @ subunit of large conductance

thus limiting secretion, while cell body BK channels may voltage—and Ca? *—activated K* channels (Kc,1.1) is

be important in regulating patterns of cell excitability widely expressed throughout the nervous system. Four
(Dopico et al., 1999). BK channel potentiation by ethanol Kc,1.1 subunits are required for channel activity, which
is decreased by chronic exposure and is thought to be an contributes to the control of neuronal pacing,

important factor in alcohol tolerance (Knott, Dopico, transmitter release, and neurovascular coupling. In
Dayanithi, Lemos, & Treistman, 2002). BK channel neurons, Kc,1.1 channel activity can shape the
sensitivity to ethanol is splice variant dependent with BK repolarization and fast hyperpolarization phases of the
channels expressing the ALCOREX insert (alcohol- action potential or control transmitter release via a
regulated exon) showing potentiation by ethanol negative feedback mechanism. Kc,1.1-specific roles in
(Pietrzykowski et al., 2008). The same study revealed that each type of brain cells are beginning to emerge and
chronic alcohol exposure upregulates microRNA miR-9 depend on their geographic localization (e.g., soma,
which mediates the selective downregulation of BK dendrites, pre-/postsynaptic terminals, plasma

channel a-subunits containing the ALCOREX exon, membrane, nucleus, mitochondria) and molecular
leading to alcohol tolerance. constitution, which can vary depending on the Kc,1.1
The PVN also consists of a large population of variants forming the channel, and also association or not
parvocellular neurosecretory cells which project to the with modulatory B; and B, subunits and/or other partner
median eminence at the brain and release hypothalamic proteins. Silencing regulatory B, subunit expression
secretagogues, such as CRH, TRH, and AVP, into portal causes temporal lobe seizures, whereas the absence of
circulation to stimulate cells of the anterior pituitary Kc,1.1 leads to deficit in locomotion and alteration of
(Kiss, 1988). In response to stress, CRH is released from hearing and circadian firing rates. A K¢, 1.1

the PVN, a small population of neuroendocrine cells channelopathy relates to coexistent general_
ramnricina af annravimatahs 4000 neiranc in rate . . . o -
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Graded Potentials: Stimulus Strength
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The amplitude of a graded potential increases by increasing stimulus intensity

Graded Potentials: Summatidif 39 =™ > %) &

Graded potentials can be add together to
become larger in amplitude
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Graded potentials are localized and travel only a short distance form
Sensory neurons & W o site of stimulation

The membrane potential of a cell can be depolarized by (a)
using a.stj i and the potential
recorded by a pair of electrodes, one inside the
cell and the other in the extracellular fluid, (a)
Membrane potential is closer to the resting potential
with increasing distance from the depolarization site.
(b) Local current surrounding the depolarized region
produces depolarization of adjacent regions. \5
Because the electric signal decreases with distance,
graded potentials (and the local current they

Membrane potential (mV)

1

generate) can function as signals only over very NN Ao H AR
distances (a few millimeters). =1 .= J e e oy
graded potentials do not travel along e

ance like an action potentials imtraceliutar fuid

localized potential travel only a short distance § (i S ddxiog: oxy o92
from the site of stimulation
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Propagation of Action Potential

Opening of Na* channels generates local current that depolarizes adjacent
membrane, opening more Na* channels...
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with increasing distance from the depolarization site.
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Stimulated by neurotransmitters

Comparison of graded potentials and action potential

p9manll gl body I (48 59z (I Baaudal Wigl
Characteristic Graded Potentials /' Action Potentials

Artsemairwmd_endm’ﬁandcel Arise at trigger zones and propagate along the
body (some arise in axons axon.

(Ligand-gated)or mechanically Cvmge-gated channels for Na* and K.
gated on channels,

Conduction Not propagated; localized and thus  Propagate and thus permit communication
permit communication over a over long distance.
few micrometers.

Amplitude Depending on strength of All-or-none; typically about 100 mV.
stimulus, varies from less
than 1 mV to more than 50
e graded W &l g (g

Duration Typical longer, ranging from Shorter, ranging from 0.5 to 2 msec.
several msec to several min.

Polarity May be hyperpolarizing (inhibitory  Always consist of depolarizing phase followed
to generation of an action by repolarizing phase and return to
potential) or depolarizing resting membrane potential.
(excitatory to generation of
an action potential).

Refractory period Not present, thus spatial and Present, thus summation cannot occur.
temporal summation can
occur.
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Functional organization of the nervous system

Central
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Sensory
stimuli
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nervous system

Conscious sensations arising from the viscera, in
addition to pain, include organ filling, bloating and
distension, dyspnea, and nausea, whereas non-
visceral afferent activity gives rise to sensations
such as touch, pinch, heat, cutting, crush, and
vibration.
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Functions of the Nervous System 8 atbeuiunapkihn B

Sensory

» Sense changes through sensory receptors
Motor

* Respond to stimuli
Integrative

« Analyze incoming sensory information, store some aspects, and
make decisions regarding appropriate behaviors

* The nervous system (1) receives millions of bits of information from

the different sensory nerves and sensory organs and then (2)
integrates)all these to (3) determine responses to be made by the
body.
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Functional component of a neuron
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central nerve system
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General organization of the nervous system
Functional classifications of neuron

The basic functional unit of the Central nervous system Peripheral nervous system
nervous system is the NEURON. peripheral V! s Jis liw
The CNS contains more than 100 Sy
billion neurons. Neurons mainly Cell body
function to store, communicate, = - Receptor
and integrate informations mw ) ‘ Axon L )
Interneurons Afferent mumf-o:’eﬂ 9l glosld BJLﬁ?I J2iy
classification of nuerons Lelaiy) 03uf gl clodll o BLD| (21D
1 Efferent neuro dugiil) Qgllaall el ()
Sensory/afferent neurons T ' Pl
Motor/efferent neurons A"["“ ‘ _—
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Synapses and Signal Transmission

syn?pse is the junction between neurons or between a neuron and an effector like skeletal
muscles

* Neuronal synapse is a junction between an axon terminal of one neuron, known as the
presynaptic neuron, and the dendrites or cell body of a second neuron, known as the
stsyna?tlc neuron. This junction allows the transmission of nerve action potential (or nerve
impulse) from one neuron to the next.
o . 2 ’ u l‘ 03
= Types of synapsé)— o 0¥ ? .

Electrical Synapse electrical 9' chemical

= 5/Gap junctions connect cells and allow the transfer of information to synchronize the
activity of a group of cells

Chemical Synapse

L "

One-way transfer of information from a presynaptic neuron to a postsynaptic neuron
« The primary type of synapses in the nervous system
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Types of Synapses Electrical synapses
Functional anatomy
chemical tis 429+ glectrical +29 3 glodl (59 ¢ Boglas

L ks

Synaptic cleft B Electncal synap
synaptic delay

gap

\ /

9 postsynaptic V! ©xsU permeability V' 22 2> receptor V! 2 neurotransmitters Vi dhuin L)
depolarization 0% 2 [ocalized response V! W@ 9 injtiate localized response »+a: g (L
shyperpolarization will be determined by V! 9! depolarization V! ¥ 9 hyperpolarization 9
1.the nature of the neurotransmitters

2, The nature of the channels



Structure of a chemical synapse and types different patterns
of synaptic connection in nervous system
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Steps of synaptic transmission and Signal Transmission at a
Chemical synapses
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Steps In Synaptic Transmission

@ An action potential is propagated 1o the terminal
of a presynaptic neuron

@ Ca?* enters the synaptic knob

@ Neurotransmitier is released by exocytosis into the
synaptic cleft

@ Neurotransmitter binds 10 receptor sites on the
POSISyNaplic neuron

@ Specific on channels open in the subsynaptic
membrang

Lo b)) pi 23 (UL +8laNI0 ol sy Lo OMaivmuolL 1235 Lod sussaall JD1gil

Termination of action of neurotransmitters
(Removal of Neurotransmitter)
—> W9l postsynaptic W Ll
1. Diffusion >+ presynaptic
2. Enzymatic degradation /\ SLbLil W 05 345501
Reuptake into presynaptic neurons Bisks Olashil (g Ko
sauaall JDIgil plaxs

Jiede 9 active transport mechanism @i o8 Leilkel USIgUl od@ 235 ail (g2 (oI
reuptake e=+! mechanism
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Acetylcholine esterase
degrades Acetylicholine , MAO
Monoaminoxidase degrades NE
and EPI and dopamine
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Types of Synapses :excitatory and inhibitory synapses

: Excitatory synapse Depolarization
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E § n
% o
§ % - Activation of synapse Th hold
B0 | o e - ——————————— ros:
§ = B -‘ |~ EPSP potential
—~70
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Excitatory Postsynaptic Potential (EPSP)

QO This potential is generated when transmitter acts
on the membrane excitatory receptor to increase the A
membrane’s permeability to Na*. .
Q The rapid influx of positively charged Na* to the
interior neutralizes part of the negativity of the
resting membrane potential.
Q In the figure the resting membrane potential has B =
increased in the positive direction from -65 to -45 \Ectotory N
mV, to a less negative value. This less negative . ..c s 1w
value (closure to the threshold) is called the
excitatory postsynaptic potential (or EPSP). EPSP I corsuzi
Q The mathematical value is EPSP= New membram.\-)
potential-RMP (resting membrane potential). The c
value is always positive (i.e. millivolts more positive Rphlony

than the resting value). It is +20 mV in this
example.

Cage g Pl 2aitas AL e 38 (aLiw 205 Lal
~45—(~60)=-45+60=15
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2920 lesnd s 9 axon hillock V' ek . oL4# summation
WVo=lo
. Lo sosni
Initial segment of the axon
9l
Where the axon leave the cell
body (soma)
Excitatory Postsynaptic Potential — EPSP (cont.):
O Discharge of a single presynaptic terminal can only
generate a small EPSP. In the spinal cord, discharge of as
many as 40 to 80 terminals may be needed to bring Al
large EPSP all the way up to -45 millivolts. This F | —
simultaneous discharge occurs by a process called T
summation. S
When the EPSP rises high enough in the positive B Pur - -ua
direction, an action potential initiates in the initial ¥ . \\,\_,
segment of the axoniwhere the axon leaves the V’ “av 0B
neurona}s?rpa (i.e. axon hillock or the trigger zone). e 755 3 W\
Q The membrane of the hillock segment has seven times . EARASAnSn  acton potenta
| V - Cl influx -
channels as does the soma and the dendrites and, N ;}\\7 2
therefore, can generate an action potential with much ez NS —
greater ease than can the soma. I e
An EPSP between +10 and +20 mV will elicit an action M
_potential in the axon initial segment.
& ' 9 presynaptic Wi 8105 695 action potential
Se=> 293 033 EPSP (o) sinia WI9i)l (Bl2iol 82w (Gl 0u? pg29aall
20+ ] 104 shaitsy s>t W U dendrites V1 9 soma V!
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Inhibitory Postsynaptic Potential —

) poalignl ©Igid pidy 9 ((JSHW Ug33) fnflux o Jo oLis (L) K91 Olgid pidy
membrane potential V! xa g2 WL (U 7933 )efflux o oLis (=290
action potent?al S gion (SJLUL hyPerPolar‘izat‘l’on I 83540 S dlw

IPSP:

Q The inhibitory synapses open mainly chloride
channels, allowing easy influx of chloride ions.

Q Also opening potassium channels will allow
positively charged K*to move to the exterior and
will also make the interior membrane potential

more negative.

Q Thus, both Cl-influx and K* efflux increase the
degree of intracellular negativity (i.e.
hyperpolarization) = inhibitory postsynaptic

potential (IPSP).

Q In the diagram the value of the IPSP is -5mV. This Sl
means 5 millivolts more negative than normal,
which inhibits transmission of the nerve signal
through the synapse.

E}],‘. 65mV : -
Gx__ Ny

c Cl" influx o

M‘bl}!lmo}S)lmdﬁgﬂ’g\@sIPSP:—SJIW&I&J&ILaJw'!gzve)LKJllwoow.’?Jl

IPSP==5mv W value V! L@ligs 75— Lo 9 + 0-= &>l v

od ol cell Soma V! ge Bxblie Juais oie 690 Tnhibition Synapses V! oo g9 (P il Sk 9@
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GABA neurotransmitters Presynaptic Inhibition Belass (o9 Lgiko S
B 9 839290

®
Ma Itisan inhib%ry input act on the presynaptic terminal before the
signal ever reaches the synapse to make it less likely to communicate

with postsynaptic neurons;, ()

@ Q Presynaptic inhibition is caused by release of an inhibitorl substance,
like GABA, acts on GABA receptors onto the outsides of the presynaptic
nerve fibégbefore their own endings terminate on the postsynaptic

|
NEUrON. (G s 59290 GABA V ©haitiauco

(3)Q GABA receptors activation causes a chloride influx, which
hyperpolarizes the cell that will cancel much of the excitatory effect of
Na*that also enter the terminal fibrils when an action potential arrives.

Wa Presynaptic inhibition occurs in many of the sensory pathways in the

nervous system. . _

OLbws Lptoans HLLYI Lead (ol alid b (18 Olgmaall OYLasl (i + Oblwmo Lo
U342 9 bl 59Ul ©lgid aids B «asU terminal fibrils vt dex g leidudiwsl GABA JY3s29 oI
Loda Lo aip3lai 8305 (Il +Np JI Jos (2L 9 hyperpolaﬁzat?on Joy 9 dbadl i pLiss JSIal)

action potential V! Jsads (sls Jogy
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& wlgs inhibitory synaptic lstes (o 0o 251 excitatory synaptic
I ($28ume X2l 9 depolarization é4es postsynaptic W 2

soed 2 20 L a2 39 19i 9) 9 hyperpolarization

Summation of Postsynaptic Potentials

Presynaptic neuron 3

Presynaptic neuron 2
e
2% e

eoe *7 Inhibitory
2" neurotransmitter




Summation of Postsynaptic Potentials .~

Ls 105 d=iolg

77 cs .
|/ e O O al) Sopd

3 | Spatial | EPSP-IPSP e
- ¢ ; ' Lo ) + &itsbandl
§‘ i | Il bol Lpiapd
: .Sl H— e g
: ' : noury,
z ] it |

Recording
potential of
postsynaptic
cell

| |
culexEa | o

Inhibitory Ex1
presynaptic
Input Time (msec)

Pancl @) It an excitatory presynaptic input (Ex1) is stimulated a second time after the first EPSP in the postsynaptic call has died oft,
a sacond EPSP of the same magnitude will occur.

Panol° If, however, Ex1 is stimulated a second time before the frst EPSP has died off, the second EPSP will add onto, or surm with,
the first EPSP, resulting in tempaoral summation, which may bring the postsynaptic cell to threshold

Panel . The pastsynaptic cell may also be brought to threshold by spatal summation of EPSPs that are inttiated by simultaneous
activation of two (Ex1 and Ex2) or mors excitatory presynaptic inputs.,

Panel ° Simultanecus activation of an excitatory (Ex1) and inhibitory (In1) presynaptic input does not change the postsynaptic potential,
because the resultant EPSP and IPSP cancel each other out
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Spatial Summation APl QMDD
is the summation of EPSPs originating simultaneously from several different
presynaptic inputs (that is, from different points in “space”).

:.\3,_1\3?*-/ 2

Presynaptic Postsynaptic

420« (B == 16 synapses firing neurons neuron
X 30
L Action potential | ® =8 synapses firing s :20 i
01 @ == 4 synapses firing E i
% Nerve impulse
0r (action potential)
t 10 [
i =l
Excitatory postsynaptic '8 -30 |
potential § 40 -
=50 - Threshold level
g sof
~70
. “lw. —
o MNliseconds 0 10 20 40 50 60 70 80 90
Stimulate 16 neurons i s lesnceith Diwecd

3/27/2023

Simultaneously

(a) Spagal summation

StTTﬂUIate St‘imulate St?mulate many

Stimulate 8 neurons more more than Neurones
simultaneously than1 2 neurons together
neuron simultaneously

Stimulate 4 neurons
Simultaneously

Ji e+ J gl duas slgm sEimulus G Led el Lo

0% Jmembrane potential V! @ 2% Ja 2> stimulus
B0 B Dl gals 15 s+ 15mg ede ( Olgidll wid 1o
15ms It palai b Jud dsrun 095 33 (U stimulus Yo

Y931 stimulus VI exst

Temporal Summation

O The released transmitter substance opens
the membrane channels for at most a

millisecond or so. mm A~ ’
o ——— -
— - Presynaptic Postsynaptic
neuron neuron

Q Therefore, if a presynaptic neuron fires
quickly twice in row, causing two EPSPs, t
second EPSP may arrive before the first one
has dissipated, bumping the membran
potential toward threshold.

Nerve impulse
(action potential)

Threshold lev:

b — e e e

Q  The summing of several EPSPs occurring

T

Membrane potential in millivolts (mV)
¥
5]

very close together in time because of

—70 +
- ’ B
successive firing of a single presynaptic TOT L
0 10 20 30 40 50 60 70 80 90
neuron is known as temporal summation Time in milliseconds (msec)
(tempus means “time”). (b) Temporal summation

stimulation at a high frequency V! 0909



Neurotransmitters and chemical synapses

= Neurotransmitters

* Chemicals synthesized, packed and released by presynaptic
neurons

» Diffuse across the synaptic cleft

* and interact with postsynaptic neurons membrane receptors

* Neurotransmitters either excite the neuron or inhibit or or
modify its sensitivity of the postsynaptic neuron

* Inhibition or excitations is determined by the neurotransmitter,
its receptors and permeability changes in postsynaptic cell
induced by neurotransmitter receptor interaction

Structure of Neurotransmitter Receptors

= Neurotransmitters at chemical synapses cause either an
excitatory or inhibitory graded potential

. 5
= Neurotransmitterireceptors'have two structures
lrpn & ad

= lonotropic receptors : gating ionic channels directly

= Metabotropic receptors :-activating a second messenger
through G proteins coupled receptors

xrolg pp>iub 8>luo
Cropf Lo 131+ 13>
0 $r9xall (Dgud
NN TRPN V) W]
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lonotropic & Metabotropic Receptors
0 e s [ e e || o

© opic _—_—_\I
3/27/2023 3

9 G protein V! s alesd OIS G| ] 90 receptor V! o neurotransmitters Vi oL
8r9lmall BUAN piud alud 24

G-protein J! Jos uf $21ai 192l om2 ¢ Lo4d (Sl receptors VI U 3 9 + Srgeall odw Igladas glyds LB H9 I
Metabotropic Receptors 2
The second messenger system by which a neurotransmitter can affect the
activity of postsynaptic cell

F The “second messenger™ system by which a transmitter substance from an Initial neuron can activate a second neuron by first

using a transformational change in the receptor that releases the activated alpha (a) subunit of the G protein into the second neuron's
cytoplasm. Four subsequent possible effects of the G protein are shown, including 1, opening an lon channel in the membrane of the second
neuron, 2, activating an enzyme system in the neurons membrane; 3, activating an intracellular enzyme system; and/or 4, causing gene
transcription in the second neuron. Return of the G protein to the inactive state occurs when guanosine triphosphate (GT7P) bound to the «
subunit is hydrolyzed to guanosine diphosphate (GOP) and the B and y subunits are reattached to the a subunit.

3/27/2023 32

GTP I w92 (48 Jos chemical reactions Je2 ¢ G-protein J! &l @ K9fwil VB
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Types of CNS Receptors

* Excitatory:
* lonotropic receptors:
* Nicotinic acetylcholine receptors
* Metabotropic receptors:
* Muscarinic acetylcholine receptors
* Dopamine (D,) receptors

* Inhibitory:
* lonotropic receptors:
* GABA, receptors
* Metabotropic receptors:
* Opioid receptors
* GABA; receptors
ARy e ().w’ §uw 12,090l Janpy (i )alkalos‘is JI s> @9 ¢ Biogozll 63090 2l a2l Jladl I Lo
)hyperventilation w2 alkalosis o i 1 Y 5099 13le=] Led Crmn Lo s ILin Obasyl
pyvig ébb.asi 22205 9 Sosn> JS3b aaslall albis c),r

Lo 9 LbasYl \auiis 2 b ( pH &so90all 82 Jay ) 2C1d0S|S () Yoty Baiore YL ¢ LpIgo (I guks e
s Sl pio i

Notes on synaptic transmission

One way transmission

nmm:ab Q__.———————-b oy ,_,\n.\aw 6uu 9@ LS| orlae !
Synaptic potentials are graded and localized to site of stimulation
Exhibit summation

Repetitive neuronal stimulation at a rapid rate can develop fatigue of synaptic transmission. The mechanism
of fatigue is mainly exhaustion or partial exhaustion of the stores of transmitter substance in the presynaptic

terminals. The development of fatigue is a proteememeel‘lanismagamst excess neuronal activity.
2ol o 683uas il
1. Alkalosis greatly increases neuronal exc ta i |ty _yp_e__emﬂannn which blows off COz and elevates the

pH, may precipitate an epileptic attack). 3487 alsas JUES + Co2 JI (LS ’ as Soinss
2. Acidosis greatly depresses neuronal activity. In very severe diabetic or uremic acidosis coma develop

5. Caffeine, theophylline (found in coffee, tea, and cocoa) increase neuronal excitability, presumably by
reducing the threshold for excitation of neurons.

5. Most anesthetics increase the neuronal membrane threshold for excitation and thereby decrease
synaptic transmission at many points in the nervous system.

3/27/2023
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More nots on synapses

Facilitatory and inhibitory signals from other areas in the nervous system
can control the synaptjg\gransrl\ission at one site 2
The synapses perform a selective action, often blocking weak signals while
allowing strong signals to pass. >
@ The synaptic function include:~
(1)Blocking the transmission of impulses from one neuron to the next.
(2)Amplification of signal : Changing the impulse from a single into
repetitive impulses.
May integrate the impulse with impulses from other neurons to
cause highly complicated or sophisticated patterns of impulses in
successive neurons.
Synapses have been suggested to play a role in memory and
learning , behavior etc.

If I want to flex my arm, the excitatory inputs will go to the flexor muscle 4
and the inhibitory inputs will be filter ( block ) whereas the excitatory inputs
that go to triceps will block and the inhibitory inputs will go 4 and by this
synaptic selective system you can flex your arm

09808 (o8 @302 23§99 2451 Led sunay HLAS Lpsioy 0 9 plodll o BIL BILLYI (@ 9 ('_')l).o
) LY Lead okl gy 5201 terminals V! ¢4 9 3 [ot of axon terminals sbles oo
° (WL + Olguas uds’
One presynaptic neuron will stimulate many postsynaptic neurons
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The Neurotransmitters § ose 9 22>

* More than 50 chemical substances function as synaptic transmitters.

* These chemical substances can be grouped into; Small- molecule (rapidly acting
transmitters) and Neuropeptide (slowly acting transmitters or growth factors).

= The small-molecule, rapidly acting transmitters cause most acute responses
of the nervous system, such as transmission of sensory signals to the brain
and of motor signals back to the muscles.

= The neuropeptides usually cause more prolonged actions, such as long-term
changes in numbers of neuronal receptors, long-term opening or closure of
certain ion channels, and possibly even long- term changes in numbers of
synapses or sizes of synapses ( Synaptic plasticity).

Small-Molecule, Rapidly Acting Transmitters:

«  These types of transmitters are synthesized in the cytosol of the presynaptic terminal and are
absorbed by means of active transport into the many transmitter vesicles in the terminal.

= Small molecule transmitters are continually recycled and used over and over againD'\p“ y

#= 9 presynaptic

. Acetylcholine, Norepinephrine, and Nitric oxide are examples of such transmitters. S>3 530 Lpllogiwl

W @iy (i

= Acetylcholine (Ach): in most instances, has an excitatory effect; however, it is known to
= have inhibitory effects at some peripheral parasympathetic nerve endings (as in the heart).

= Norepinephrine (NE) is synthesized within the vesicle from dopamine the enzyme dopamine B
hydroxylase is present in the vesicle. NE in many areas within the CNS, activates excitatory receptors,
but in a few areas, it activates inhibitory receptors instead.

Lf a synapse receive a presynaptic neuron impulse 4 and release an
acetylcholine, it is known as choli-nerve

neurotransmitters Vi input Vi e oligs « cholinergic input « input Vi (sesuh: Olxo (i
postsynaptic V' 2 I acetylcholine W release iste: ¢ aigsls
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Small-Molecule, Rapidly Acting Transmitters

Dopamine, Glycine, and GABA (gamma-aminobutyric acid) are inhibitory
transmitters. i i ibi neurotransmitter of the CNS. It
functions as a CNS depressant.

Glutamate is secreted by the presynaptic terminals in many of the sensorm
pathways. Glutamate is the principle excitatory neurotransmitter of the CNS.

Serotonin (or 5-hydroxytryptamine) acts as an mh_Lb_m_LQ_f_P_aén pathways in the

spinal cord, and an inhibitor action in the higher regions of the nervous
system. Serotonin is involved in mood control, appetite control, and nausea.
Perhaps it even causes sleep.

Nitric oxide is a gas and Mmﬁmmamd_%mﬂgﬁ in the
presynaptic terminal as are other transmitters. Instead, it is synthesized almost
instantly as needed and then diffuses out of the presynaptic terminals over a
period of seconds rather than being released in vesicular packets. It diffuses

into the nearby postsynaptic neurons and changes intracellular metabolic
functions that modify postsynaptic neuronal excitability

The Neuropeptides . .
Slowly acting transmitters

They are synthesized as integral parts of large-protein molecules by ribosomes in the neuronal
cell body.

The Golgi apparatus packages the neuropeptide into minute transmitter vesicles that are
released into the cytoplasm. Then the transmitter vesicles are

i i ing of the axon cytoplasm (axoplasmic flow), traveling
at the slow rate of only a few centimeters per day.

Much smaller quantities of neuropeptides than of the small- molecule transmitters are usually
released at the neuronal terminals in response to action potentials.

Neuropeptides are generally a thousand or more times as potent as the small-molecule

transmitters and they often cause much more prolonged actions including calcium channels,
prolonged changes in the metabolic machinery of cells, prolonged changes in activation or
deactivation of specific genes in the cell nucleus, and/or prolonged alterations in numbers of
excitatory or inhibitory receptors.

Some of these effects last for days, but others last perhaps for months
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Small-Molecule, Rapidly Acting Transmitters Neuropeptide, Slowly Acting Transmitters or Growth Factors ac?ds
Class | Hypothal. Releasing +
Acetylcholine Thyrotropin-releasing hormone
Class II: The Amines Luteinizing hormone-releasing hormone
Norepinephrine Somatostatin (growth hormone inhibitory factor)
Epinephrine Pituitary Peptides
Dopamine Adrenocorticotropic hormone
Serotonin B-Endorphin
Histamine Maeal. y timul g hormone
Class I1l: Amino Acids Prolactin
Gamma-aminobutyric acld Luteinizing hormone
Glycine Thyrotropin
Glutamate Growth hormone
Aspartate Vasopressin
Class IV Oxytocin
Nitric oxide Poptides that Act on Gut and Brain

Leucine enkephalin
Mathlonine enkephalin
Substance P

Gastrin
Cholecystokinin

A tive al
Nerve growth factor
Brain-derived neurotropic factor
Neurotensin

Insulin

Glucagon

From Other Tissues

Anglotensin Il

Bradykinin

Carnosine

Sleep peptides

Calcitonin

1
polypep
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Voltage-gated channels respond to direct changes
in membrane potential

D Extracellular fluid . Plasma membrane |_ Cytosol

Change in
membrane potential

opens the channel

(d) Voltage-gated channel

Ligand-gated channels respond to chemical
stimuli (ligand binds to receptor)

Extracellular fluid . Plasma membrane Cytosol

Chemical stimulus

opens the channel

(b) Ligand-gated channel
A graded potential occurs in response to the opening
of a mechanically-gated or ligand- gated ion channel

Mechanically-gated channels respond to
mechanical vibration or pressure stimuli

Mechanical stimulus

>
opens the channel

(c) Mechanically-gated channel

A graded potential occurs in response to the opening of a mechanically-gated
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Neurons communicate with each other mainly mainly through chemical messengers or
neurotransmitters mainly neurons are generated. Neurotransmitter neuron, neurotransmitter.

A pre-synaptic axon may form a synapse with either a dendrite, a cell body or the axon of a post-
synaptic neuron giving rise to an axonal synapse, a synapse or an axon respectively. Chemical
synapses exist not only between neurons but also between neurons. Nerve cells and target cell
such as muscle or gland cellMore than a hundred neurotransmitters have been identified so far,
most of which can be classified into classes according to their chemical structure

The main classes include: amino acids such as glycine, glutamate, aspartate, and GABA small
peptides, called neuropeptides, such as beta-endorphin and substance P-monoamines, such as
epinephrine, norepinephrine, dopamine, serotonin, and histamine.

Monoamino acids are essentially S amino acids with the acidic group removed

and acetylcholine, the choline ester, is in its class alone

Neurotransmitters are synthesized in presynaptic neurons and stored in small sacs, called synaptic
vesicles, at the axon terminal. Some of these vesicles are anchored to the plasma membrane, ready
to release a neurotransmitter on demand. When an action potential reaches the nerve terminal, the
resulting depolarization opens voltage-gated calcium channels, allowing an influx of calcium.
Calcium causes vesicles to fuse with the plasma membrane, resulting in release of the
neurotransmitter in a process known as exocytosis upon binding to its receptors on the
postsynaptic cell. , Some neurotransmitters open ligand-gated ion channels, causing direct changes
in the membrane potential of the receiving neuron while others act through second reporter systems
to exert their influence.

Some neurotransmitters are excitatory, others are inhibitory and for some the effect can be either
excitatory or inhibitory depending on the receptor they bind to.

An example of an excitatory neurotransmitter is glutamate. Upon binding, glutamate receptors
trigger the interconnected ion channels to open and allow positively charged ions to enter the cell,
making them more positive, less polarizing, and therefore more likely to generate action potentials.
On the other hand, GABA, a major inhibitory neurotransmitter, opens up ligand-gated chloride
channels to allow entry of negatively charged chlorides, making the cell more negative and more
polarized and thus less likely to generate action potentials.

Acetylcholine is a neurotransmitter that can be excitatory or inhibitory depending on the receptor
present in the target cell at the neuromuscular junctions. Acetylcholine secreted by motor neurons
binds to nicotinic receptors in skeletal muscle cells and stimulates them to contract. On the other
hand, it inhibits cardiac muscle cells from by the M2 muscarinic receptor, which slows the heart
rate, as part of the parasympathetic "rest-and-digest” response

The neurotransmitter binds to its receptor for only a millisecond or so, then passively diffuses from
the synapse and is picked up by nearby astrocytes for recycling.

If the presynaptic neuron continues to release more neurotransmitters, the new molecules will bind
and again activate the receiving neuron. If the presynaptic signal stops firing, the transmission will
eventually stop.There are also mechanisms for removing neurotransmitters from the synaptic space
to avoid overstimulation

Common mechanisms include: degradation of neurotransmitters by an enzyme present in the
synapse and its re-uptake, whereby the neurotransmitter is transported back by a transporter
protein to the presynaptic neuron for reuse
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1. The human nervous system is capable of a wide
range of functions. What is the basic unit of the
nervous system?

OA. Glial cell
(OB. Meninges
(OC. Neuron

(OD. Cerebrospinal fluid

2. The neuron cell is made up of which of the
following parts?

(OA. Axon
(OB. Dendrite
(OC. Nucleus

(OD. All of the Above



3. Neurons come in which different type(s)?

(OA. Sensory
(OB. Motor
(OC. Skeletal

(OD.A and B

4. How do neurons communicate with one
another?

(OA. Electrically
(OB. Chemically

(OC. Through weak, radio-wave-like impulses

(OD.Aand B

S)WHEN A NEUROTRANSMITTER
BINDS TO A RECEPTOR LOCATED ON
THE SURFACE OF THE PLASMA
MEMBRANE, THE ACTION OF THE
NEUROTRANSMITTER IS INHIBITED
BY MANY WAYS SUCH AS
ENZYMATIC DEGRADATION WHICH
INVOLVES:

A) MAO

B) NORADRENALINE

C) ACETYLCHOLINESTERASE
D) ACETYLCHOLINE

E)A+C



Answers:
1)C
&)D
3)D
4)D
5) B
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