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objec8ves	
  

•  To	
  give	
  reasonable	
  comprehension	
  of	
  the	
  
mechanism	
  of	
  excita8on-­‐concentra8on	
  coupling	
  
with	
  reference	
  to	
  neuro-­‐transmi@ers,	
  receptors	
  
Ca++	
  and	
  esterase. 	
  	
  

•  To	
  comprehend	
  muscle	
  contrac8on	
  on	
  the	
  basis	
  
of	
  molecular	
  structures. 	
  	
  

•  To	
  explain	
  biophysics	
  in	
  terms	
  of	
  length-­‐tension	
  
and	
  force	
  velocity-­‐rela8onship 	
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•  Motor	
  unit	
  :	
   
•  is the motor neuronand all the muscle fibers 
•   it supplies all of these 
       fibres will have the same type 
      (either fast twitch or slow twitch).  
       When a motor unit is activated  

•  Synap5c	
  transmission	
  :	
  Synapse	
  is	
  the	
  junc8on	
  between	
  two	
  neurones	
  where	
  electrical	
  ac8vity	
  of	
  
one	
  neurone	
  is	
  transmi@ed	
  to	
  the	
  other	
  

	
  

•  Neuromuscular	
  transmission	
  :	
  	
  Transmission	
  of	
  impulse	
  from	
  nerve	
  to	
  muscle	
  (neuromuscular	
  
junc8on)	
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Axon Terminal 	
   around	
  300,000	
  vesicles	
  which	
  contain	
  the	
  
neurotransmi@er	
  acetylcholine	
  (Ach).	
  

Synaptic Cleft  
20	
  –	
  30	
  nm	
  	
  space	
  between	
  the	
  axon	
  terminal	
  &	
  the	
  

muscle	
  cell	
  membrane.	
  It	
  contains	
  the	
  enzyme	
  
cholinesterase	
  which	
  can	
  destroy	
  Ach	
  	
  

Synaptic Gutter 
( Synaptic Trough) 

It	
  is	
  the	
  muscle	
  cell	
  membrane	
  which	
  is	
  in	
  contact	
  
with	
  the	
  nerve	
  terminal.	
  It	
  has	
  many	
  folds	
  called	
  
subneural	
  cleIs	
  ,	
  which	
  greatly	
  increase	
  surface	
  

area	
  ,	
  allowing	
  for	
  accommoda8on	
  of	
  large	
  numbers	
  
of	
  ACH	
  receptors.	
  

Note:	
  The	
  en5re	
  structure	
  of	
  axon	
  
terminal	
  ,	
  synap5c	
  cleI	
  and	
  synap5c	
  
guNer	
  is	
  called	
  “	
  Motor	
  End-­‐Plate	
  ”	
  .	
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Ach	
  is	
  synthesized	
  locally	
  in	
  
motor	
  end-­‐plate	
  of	
  the	
  nerve	
  
terminal,	
  from	
  ac8ve	
  acetate	
  

(acetylcoenzyme	
  A)	
  and	
  
choline	
  acetyl	
  transverase	
  

Then	
  it	
  is	
  rapidly	
  absorbed	
  
into	
  the	
  synap8c	
  vesicles	
  

and	
  stored	
  there.	
  	
  
	
  

	
  The	
  synap8c	
  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	
  .	
  	
  
	
  

5)	
  Each	
  vesicle	
  is	
  then	
  filled	
  
with	
  around	
  10,000	
  Ach	
  

molecules	
  .	
  
	
  

acetate	
  is	
  a	
  
deriva8ve	
  of	
  ace8c	
  
acid.	
  This	
  term	
  

includes	
  salts	
  and	
  e
sters	
  
	
  

	
  Golgi	
  transports	
  	
  
lipids	
  around	
  the	
  

cell	
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  1	
  

• AP	
  (Action potential) at	
  
the	
  synap8c	
  knob	
  →	
  Ca	
  
channels	
  open	
  (increase	
  Ca	
  
permeability)	
  	
  

2	
  
• Calcium	
  →	
  release	
  of	
  Ach	
  
from	
  synap5c	
  knob	
  to	
  
synap5c	
  cleI	
  

3	
  

• Ach	
  combine	
  with	
  
receptors	
  on	
  motor	
  end	
  
plate	
  →	
  Na	
  permeability	
  
increase	
  

	
  4	
  

•  Na	
  ions	
  lead	
  to	
  →	
  
local,non-­‐propagated	
  
poten8al	
  called	
  the	
  “	
  End-­‐
Plate	
  Poten8al	
  (EPP)”,	
  
whose	
  value	
  is	
  50	
  –	
  75	
  mV.	
  	
  

	
  5	
  
•  This	
  EPP	
  triggers	
  a	
  muscle	
  
AP	
  which	
  spreads	
  inside	
  
the	
  muscle	
  to	
  make	
  it	
  
contract	
  

Note:	
  
	
  One	
  nerve	
  impulse	
  can	
  
release	
  125	
  ACh	
  vesicles	
  ,	
  	
  
which	
  is	
  more	
  than	
  enough	
  
to	
  generate	
  produce	
  one	
  
End-­‐Plate	
  Poten5al	
  (EPP)	
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•  A]er	
  ACh	
  acts	
  on	
  the	
  receptors	
  ,	
  it	
  is	
  destroyed	
  
(hydrolyzed)	
  by	
  the	
  enzyme	
  Acetylcholinesterase	
  (	
  also	
  
called	
  cholinesterase	
  )	
  into	
  Acetate	
  &	
  Choline	
  	
  

	
  
•  	
  The	
  Choline	
  is	
  ac8vely	
  reabsorbed	
  into	
  the	
  nerve	
  terminal	
  

to	
  be	
  used	
  again	
  to	
  form	
  ACh.	
  This	
  whole	
  process	
  of	
  Ach	
  
release,	
  ac8on	
  &	
  destruc8on	
  takes	
  about	
  5-­‐10	
  ms	
  .	
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•  Drugs that inactivate Cholinesterase , called 
Anticholinesterase drugs , preventing it from destroying 
Ach & hence  sparing ACh and allowing Ach to 
acccunulate & stimulate the muscle .  

•  Example of this drug category is Tensilon (Edrophonium) 
which is used in to test for Myasthenia Gravis	
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   Type	
   autoimmuneneuromuscular	
  
disease	
  

Characteris5c	
  	
   Muscle	
  weakness	
  

Cause	
  
circula8ng	
  an8bodies	
  that	
  block	
  acetylcholine	
  
receptors	
  at	
  the	
  postsynap8c	
  neuromuscular	
  

junc8on	
  

Leading	
  to	
  	
   fluctua8ng	
  muscle	
  weakness	
  
and	
  fa8gue.	
  	
  

Treatment	
   Acetylcholinesterase	
  
inhibitors:	
  neos5gmine	
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Curare	
  

Drug	
  that	
  has	
  the	
  func8on	
  of	
  
Acetylcholinesterase	
  

Used	
  in	
  arrow	
  poisons	
  

func5on	
  :compe88vely	
  and	
  reversibly	
  
inhibi5ng	
  Acetylcholine	
  receptors	
  found	
  

at	
  the	
  neuromuscular	
  junc8on	
  

Cause	
  Anesthesia	
  



Summary	

•  Motor	
  end-­‐plate	
  composed	
  of	
  :	
  	
  
1-­‐Axon	
  terminal	
  :	
  vesicles	
  contain	
  Ach	
  
2-­‐	
  Synap8c	
  cle]	
  :	
  where	
  choline	
  esterase	
  
can	
  be	
  found	
  
3-­‐	
  Synap8c	
  gu@er	
  :	
  consist	
  of	
  subneural	
  
cle]	
  and	
  where	
  contain	
  receptors	
  
	
  
•  Ach	
  synthesized	
  by	
  :	
  ac8ve	
  acetate	
  

(acetylcoenzyme	
  A)	
  and	
  choline	
  acetyl	
  
transverase	
  

•  Vesicles	
  of	
  Ach	
  synthesized	
  by	
  :	
  Golgi	
  
apparatus	
  

•  Ach	
  destroyed	
  by	
  :	
  cholienesterease	
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Neuromuscular	
  Transmission	
  1/2	
  
Neuromuscular Transmission 1/2	
  
h@ps://www.youtube.com/watch?v=RKhr_YXUVLE	
  
	
  
Neuromuscular Transmission 2/2 
h@ps://www.youtube.com/watch?v=eKsfoLmoJwE	
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Q1: Which of the following 
best describes the end-
plate potential ? 
 
A. It is the action potential 
at the muscle cell 
B. It is the action potential 
at the motor nerve 
C. It is the graded potential 
of the motor end-plate 

Q2: During neuromuscular 
transmission, the arrival of 
nerve AP at the synaptic knob 
leads to which of the 
following: 
 
A. Opening of Na channels. 
B. Opening of K channels. 
C. Opening of Ca channels. 

Q3: During neuromuscular 
transmission, which of the 
following takes place? 
 
A. Diffusion of calcium ions 
from the synaptic knob into 
extracellular fluid. 
B. Diffusion of calcium ions 
from the extracellular 
space to the synaptic knob. 

Q4: Which of the following 
is the site that synthesis of 
vesicles take place? 
 
A. Synaptic cleft 
B. Golgi apparatus 
C. Motor end-plate 
D. Axon terminal 

Q5:Acetylcholineestera
se can be found at? 
 
A.  Axon terminal 
B.  Synaptic Cleft 
C.  Synaptic gutter 
D.  Golgi apparatus 

Q6 : Ach can binds to 
receptors at: 
 
A.  Synaptic cleft  
B.  Muscle cell 

membrane 
C.  Synaptic gutter 
D.  Both B & C  

Q7: Which of the following 
enzyme can involve in Ach 
synthesis? 
 
A.  Cholinesterase 
B.  Acetyl choline 

transverse 
C.  Choline synthase 
D.  None of them 
	
  

Q8: Anticholinesterase 
used to cure : 
 
A. myasthenia gravis 
B. Rheumatoid arthritis 
C. Osteomyelitis 


