PI\pPHYSIOLOGY
TEA 435

Neuromuscular junction

[ Very important

O Extra information
B Terms

Today | will do what others won’t so, tomorrow
| CAN DO WHAT OTHERS CAN’T !
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Objectives

= Describe the anterior horn cell and motor unit .

= Describe and define the structure and function of the
neuromuscular junction .

* Describe acetylcholine vesicles , exocytosis , EPP ( end-plate
potential ), acetylcholinesterase , drugs that Inactivate
cholinesterase (e.g., neostigmine), Myasthenia Gravis.

o /




HYSIOLOGY

TEA 135 Synaptic transmission

S)'n apse is the junction between two neurones where
electrical activity of one neurone is transmitted to the other.
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https://www.youtube.com/watch?v=WhowH0kb7n0

\PHYSIOLOGY

TEAMA 35 Steps involved

——————————————————————————————————————————————————————————————————————————————

(
. Ca+ channel (voltage-gated Ca+ channels) open
i (increase Ca+ permeability).

(
~ release of neurotransmitter (NT) from synaptic
i knob to synaptic cleft

(
. Neurotransmitter combines with specific receptors
| on the other membrane
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https://www.youtube.com/watch?v=WhowH0kb7n0

HYSIOLOGY

TEA 135 Chemical signals

= One neuron will transmit information to another neuron or to a muscle
or gland cell by releasing chemicals called Neurotransmitters.

= The site of this chemical interplay is known as the Synapse.
= An axon terminal (synaptic knob) will abut another cell, a neuron, muscle fiber, or gland cell.

» The site of Transduction : the conversion of an electrical signal into a chemical signal.

| » The action potential reaches the axon terminal, then it will carry a

i massage to muscles “ Dear muscles, you have to contract now!”

e Atthe beginning, this massage was electrical then it becomes

: chemical.

. * Action potential > stimulate releasing of chemical substance > that’s
‘ why we said “the massage was electrical then it becomes chemical”
‘ which called as [Transduction].

| »  presynaptic cell : an axon terminal ( synaptic knob ) which contains
| synaptic vesicles.

|« postsynaptic cell :a neuron, muscle fiber, or gland cell.

| There are 300,000 vesicle in each axon terminal which contain

‘ neurotransmitters such as Acetylcholine.

The nerve will change
its shape > loss of
meilyn sheath
it becomes much
wider > knob.
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An action potential reaches the axon terminal of the
presynaptic cell and causes voltage gated Ca?*channels

(

|

- Neuromuscular transmission diffuse across the synaptic cleft and
|

|

| initiate some sort of response on the postsynaptic

|

then bind to receptors on the postsynaptic membrane and |
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https://www.youtube.com/watch?v=mItV4rC57kM&feature=youtu.be
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*  “Calcium is higher in the ECF than ICF” calcium will
enter the cell through :
[ voltage gated Calcium channel ].

Axon

terminal «  Calcium function is to approach vesicles

and make them attached to the membrane.

Synaptic

Ao 3l o (e Lonns L 5y il o ¢ Ll (ol Loy
"Exocytosis: La zl Ay ddee ans "

*  “Docking” of vesicles > Exocytosis > the chemical
substance will be attached to specific receptors.

*  Cleft: <> muscle J5 nerve ) G 29a sall &1 4l

+
Voltage- ca® Docklng@ Lo *  This chemical substance that released from vesicles
ated Ca? \
ghannel proteink will bind to receptor to produce an action.
Postsynaptic ;eceptorN

cell
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The neuromuscular junction consist of :

Synaptic gutter :
“ synaptic trough” SapticendBulb 0o

I‘(

Axon terminal “synaptic knob”

, A0 /Axontermanal i
i = It Is the muscle cell 8\ o

_ _ o S{neptc vesicks Synapl vough
contains around 300.000 vesicles membrane which is in , o el g 4
which contain the ; contact with the nerve -;f,"",’"""—' 7 \\ ';//.— i
neurotransmitter Ach P terminal. W : kS
, . | - It has many folds called :
s subneural clefts L
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ; ' fi\!
S i clef . i - Itis greatly increase the | / 0
ynaptic cleft : ' surface area. L B

allowing for accommodation | 4 | * "

- 20-30 nm, it’s a space between the of large numbers of Ach

axonl;cermlnal & the muscle cell | receptors N\
memorane. . 1 - Ach receptors are R
§ _ . located here. § N
i - Filled with ECF & Ach esterase P 5
' enzyme ” cholinesterase” which . | - Has Ach gated channels § Motor End Plote Suneuralcefs
can destroy Ach. . | “where Ach bind “ at motor |
i | end plate in post-synaptic ,
i membrane. Cleft : = muscle Js nerve J (w252 gall &4l
e :L””””,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,J Synaptic Gutter : claul\ dale 2% ‘;‘ﬂ\ C’lé,)"m dahia
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The neuromuscular junction consist of :

The entire structure of axon terminal, synaptic cleft and synaptic gutter is
called ( Motor end-plate )

Ach is synthesized locally in the cytoplasm of the nerve terminal from
active acetate (acetyle coenzyme A) and choline

" The synaptic vesicles themselves are made by the Golgi apparatus in the
nerve soma ( cell-body )

Then they are carried by Axoplasmic transport to the nerve terminal,
which contains around 300,000 vesicles
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Axoplasmic transport
“axonal transport”
is a cellular process
responsible for
movement
of mitochondria, lipids,
synaptic vesicles and
other organelles to and
from soma through the
cytoplasm of its axon
(axoplasm).




The neuromuscular junction

A Axon
Myelin sheath

Teloglial cell

Terminal nerve e The story of neuromuscular transmission:

i after activating a motor neuron the Action potential of it |

i will arrive to nerve terminal resulting in opening of calcium i

| channels. then calcium will enter from ECF to ICF. Calcium’s i

i entrance will move the vesicles containing the i

i neurotransmitter acetylcholine to cell membrane and |

. exocytose them to synaptic cleft. Acetylcholine will then i

! bind to specific ion channels (nicotinic and muscarinic) those

Axon terminal i ion channels will open allowing the Na to go in and cause i

" Synaptic vesicles in synaptic trough i local non-propagated potential (EPP) that will trigger AP that |

e e et e e\

will spread on both sides of muscle .

*  Motor end plate area does not obey all-or-none law.

*  Motor end plate = neuromuscular junction
* Neuromuscular junction : nerve > motor nerve because
it will act on muscles = [ Motor-end-plate ].
“The NM]J is the SAME AS MEP” )
dla=ll 2e motor nerve : £l e Jid
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I 2 3

AP reach nerve terminal ’ open Ca+ channels ’ Ca+ influx
6 > They rupture& release 4

Ach bind to channels then Ach to synaptic cleft Cat+ attract vesicles to
they open ( Ca+ dependent nerve terminal membrane

exocytosis)

®

into choline & acetate go to
nerve terminal to be re-used.
*The_choline is actively
reabsorbed into the nerve
terminal to be used again to
form Ach.

Destruction of Ach by

Na+ flow to inside
Ach esterase enzyme

—————————————————————————————————————————————————————————————————————————————————————————
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When Ach is released and binds to its receptors , it opens Na ligand channel “Ach ) 31 ) a3 13) ad =ieis”,

Every millisecond there is a new Ach.
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Ligand gated

= Ach combines with its receptors in the sub-neural clefts.

= This opens sodium channels “Na+ channels” = sodium diffuses into the muscle causing:
local non-propagated potential called the “End-Plate Potential (EPP)”
[ whose value is 50 — 75 mV ].

= This EPP triggers a muscle AP “action potential” which spreads down inside the muscle
to make it contract .

| The Acetylcholine channel: left, while in the closed state. Right, after Ach has become attached and a conformational change has opened the channel, |
- allowing excess Na+ to enter the muscle fiber and excite contraction. Note the negative charges at the channel mouth that prevent passage of negative ions.
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https://www.youtube.com/watch?v=0mhAN4-8uWo
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- No action potential. Rather, motor-end plate potential will occur Because AP must be propagated , |

- motor-end-plate potential depend on the amount of Ach and Ach receptors. If Na enters in large amounts AP
- will occur > propagation > AP dluasll S (& Jhey > (mldi¥) Gigan b )y pally Jiag ¥ (K1 Aliaall pul oY) any




Drugs that act on the

neuromuscular junction

Drugs that act on muscle fiber by Ach like action

Drugs that block transmission at neuromuscular junction

Drugs that stimulate transmission at neuromuscular junction by
inactivation of Ach esterase enzyme

Three ways to make abnormality in the neuromuscular transmission:

i *  Blocking acetylcholine esterase will cause forever contraction and lead to death > like in the poison gas it is include chemicals

: which block the acetylcholine esterase for long time, so the muscles will contract for long time so there is no O- exchange and
the person will die.

. Blocking of the vesicle released will cause long relaxation > like the mechanism in the Botox .

e Curare > chemical binds to the acetylcholine receptor, so the acetylcholine won’t find receptor so there is no motor end
potential > which cause relaxation

Contact us : Physiology435@gmail.com



PHYSIOLOGY Drugs that act on the
435 neuromuscular junction

|-Drugs that act on muscle fiber by Ach like action:“Agoinst”

________________________________________________________________________________________

________________________________________________________________________________________

Methacholine

they work like Ach but with longer
duration of action , because they don’t
have an enzyme that destructs them in |

| contrast Ach has enzyme that destructs |

Examp|es it which is Ach esterase.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

_—

. As we know the muscle fibers have muscarinic receptors , these drugs go and bind to those receptors and stimulate these receptors |
. “as what ach does” their will be depolarization“ But these are drugs the body doesn't know them and doesn't’t have an enzyme to
| destruct them ,, so they are kept for a longer time in the synaptic cleft and do their work for a longer time
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Drugs that act on the
neuromuscular junction

Examples ﬁl I:"3--£ I:

Reoepbor

257

& Acetyicholine
U Curare

Curare

Curariform like drugs

“having an action like curare” There are drugs that resemble Ach, but when they bind to

. receptors they do not open Na channels > no contraction > |
: relaxation > to be used in surgeries “Anesthesia”.
Remember the word “Rare” Example : curare.
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‘| PHYSIOLOGY Drugs that act on the
435 neuromuscular junction

3- Drugs that stimulate transmission at neuromuscular junction
by inactivation of Ach esterase enzyme:-

4 ) 4 )

_______________________________

. ' T ber : i
Inactivates Ach esterase | | °'"" 0% o
' New professional physician |

L enZyme temporarily + they have the same suffix
3- physostigmine [ " [ | e

|- Neostigmine

2- prostigmine

. J . J
e 2 e 2
- Inactivates Ach esterase
Di-isopropyl! florophosphate enzyme for days & weeks.
(nerve gas poison) - Death because of
respiratory muscle spasm
\ J \ J

Pharmacological effects : there are drugs that inhibit Ach-esterase > prolonged contraction. > if it is very long
it may causes spasm > death.
B\.éjﬂ S5 Las A.;)J Ach-esterased:xks_'i gsl‘: Jans 6@.& A || &LUULS\ 6.3 ejil.u; \J.LAS\ s
So, if we inhibit Ach-esterase for a short time “temporary” > something good
Neostigmine: J' «Ach receptors ) 8 JIia sf Ach Jl & pali aavic (al 435091 038 axi
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EAMA3BS

-

A famous drug that works on the NM]j:
Botox is a drug made from a toxin produced by the bacterium
Clostridium botulinum. It's the same toxin that causes a life-
| threatening type of food poisoning called botulism. Doctors use
it in small doses to Temporary smoothing of facial wrinkles. |
BOTOX blocks NMJ transmission by binding to acceptor sites
on motor or sympathetic nerve terminals, entering the nerve
terminals, and inhibiting the release of Ach.

If we want relaxation of the muscle , we don’t
want it to contract. we use drugs that inhibit
the vesicle to be excreted by exocytosis .

An example : Botox.
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https://www.nlm.nih.gov/medlineplus/botulism.html
https://www.nlm.nih.gov/medlineplus/skinaging.html

PHYSIOLOGY

TEAM4 35 Myasthenia Gravis
- An autoimmune disorder of adult females. It is a condition causing
abnormal weakness of certain muscles.
. i -Body form antibodies against Ach receptors. Patients have 20% of
? :
What is it! . number of Ach receptors .
-The EPPs are too small to trigger action potentials & the muscles can
not contract.
What does it | - Eyelids. - Extra ocular muscle.
affect? . - Bulbar muscle. - Proximal limb muscles !
Presents with : |
. Eyelid drooping Ptosis / Impaired speech Dysarthria
Symptoms | e oPmE FEY patrec =p y
. Difficulty in swallowing Dysphagia
. proximal limb weakness in hands and feet.
. Administration of an inhibitor of acetyl cholinesterase
- temporarily :
Prostigmine / Neostigmine / Tensilon (Edrophonium) is used to
Treatment | & remine : ( P )
. test for Myasthenia Gravis “diagnosis
- allowing more Ach to remain at the neuromuscular junction
. to bind to the remained Ach receptors “allow contraction”
b 20

Contact us : Physiology435@gmail.com EPPs : End-plate-potential
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HY IOLOGY . .
AMA3T Myasthenia Gravis

BLOCKING AUTO-ANTIBODIES (Myasthenia gravis)

NORMAL MYASTHENIA GRAVIS

axon
mitochondrion

vesicle release site

nerve
terminal

synaptic
_nerve

(] .. ' ' \ r\l | ] (]
0 Yo 0 00 e—Actlcholine—0 o " 0 "y
X

’{ 0

Auto-antibody

to AChR
l \Musclc ccll/ %

Muscle activation Muscle activation inhibited

| Myasthenia Gravis > disease which need time to appear > it’s a .
{ autoimmune disorder when the body does not know the receptor and
i destroy them > the treatment to give the patient drug which block the
acetylcholine esterase > to safe the acetylcholine as much as possible.



Myasthenia Gravis

PHYSIOLOGY
TEAMZ 35 “EXTRA”
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. Its also known as a rare chronic autoimmune disease marked by muscular weakness without atrophy, and caused by |
. a defect in the action of acetylcholine at neuromuscular junctions. ‘

. What’s the mechanism of this disease?
i Causes muscle paralysis because of the inability of neuromuscular junction to transmit enough signals from nerve |
i fibers to muscle fibers.

The body forms antibodies against Ach receptors. Which means the body is attacking its neuromuscular signals and
. preventing them from happening. Patients have 20% of number of Ach receptors (because the rest was killed by '
. antibodies formed from the body).

Pathologically:
. Antibodies attack the Ach receptors have been found in the blood of most patients presented with this disease.

| In which, the patients have developed antibodies that destroy or block their own Ach receptors at the post-synaptic
\ neuromuscular junction. ‘
. Thus, the end plate potentials (EPP) that occur in muscle fiber are too weak to initiate the opening of the voltage-
gated sodium channels , so the muscle fiber depolarization doesn’t occur.

. If it was severe enough patient dies of paralysis. In particular, paralysis of respiratory muscles :
. The disease can be ameliorated for several hours by administrating neostigmine of some anti-choline esterase drugs |

. which allows larger synaptic space .

| within minutes those patients can begin to function normally again until a new dose is required a few hours later.
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PHYSIOLOGY Myasthenia Gravis
=435 “EXTRA”

-

i Treatment:

. Administration of an inhibitor of acetyl cholinesterase temporarily e.g. prostigmine or neostigmine prevents the breakdown of
. acetylcholine which is an important chemical that helps the muscles contract. !

What does it do exactly?

It allows more Ach to remain at the neuromuscular junction to bind to the remained Ach receptors.& allow contraction.
*These medicines tend to work best in mild myasthenia gravis.

*They can improve muscle contractions and strength in affected muscles.

. These treatments can cause side effects, such as stomach cramps and muscle twitching. Other medications may be prescribed to
. counteract these side effects. :

. Chronic symptoms frequently require long-term treatment.

. If symptoms are mild, some people find that getting plenty of rest helps improve their symptoms without the need for additional '
. treatment. But also, some people prefer treatment. 1

** And sometimes surgery is advised by removing the thymus (thymectomy).
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Features

Duration

act by competitive inhibition to Ach at
itsreceptors & can not cause
Depolarization

pharmacological Action

CURARE & CURARIFORM ke drugs. EX

Neostigmine ,prostigmine and

weeks-+ death
spasm’

oDrugs that act on muscle
fiber by Ach like action:-

Drugs that act on the
oDrugs that block nind i
transmission at
neuromuscular junction:-

oDrugs that stimulate transmission at
B neuromuscular junction by inactivation of
Ach estrase enzyme:-

# Neuromuscular

Definition
Transmission

clinical manfestations

dysphagia

Myasthenia Gravis

proximal Imb weakness in

handsk fest

prostigmine or ’WEOStvgth

inhibitor of acetyl cholinesterase
temporarily

Treatment

body form antibodies against Ach receptors.

Patients have 20% of number of Ach receptors

If it is not clear zoom it :)

Cause

synthesize Ach:

Al Axon Temu'l::\

?4
'
]

al these are called” Motor
(1he Newomuscuar "¢
Junction, consist of:
el
B/ Synaptic Cleft: r -
contans? ‘ filled wit
I
/
/ where?
Transmission of Impulses from Nerve C/ Symaptic Gutter ( Synaptic
Endings to Seletal Muscle Fibers: Trough) (st ynaptic
i b
include membrane) o
(2)Secretion of Acetylcholine
L; the Nerve T “y‘l: "Ca dependent exocytosis *

(3)Effect of Acetylcholine on the Postsynaptic

Muscle Fiber Membrane to Open lon
Channels
(4)End Plate Potential and bow doss R pper?
Excitation of the Skeletal Muscle
Fiber
EPPvalue is 50- 75 mV

(5)Destruction of the Released A

into choline & acetate goto
:c:ttyly'm by nerve terminal to be re-used
cetylcholinesterase

1o made by the Golg
Apparatus in the nerve soma

2JoThen they are carried by Axoplasmic

1space between the

minal & the muscle

th ECF & Ach estrase

Itis the muscle cell membrane
contact with the nerve terminal

has subneural folds to increase surface area

Has Ach gated channels

why?

for accomodation of large
numbers of Ach receptors
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https://www.onlineexambuilder.com/neuromuscluar-junction/exam-50082
https://www.onlineexambuilder.com/neuromuscluar-junction/exam-50082

