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-Def: action potential is the potential changes which occur in RMP of the

nerve due to stimulation by effective stimulus, these changes propagate

(self propagated) along the nerve, then reach the effector organ to

produce action (hence the name action potential).

Action potential = nerve impulse 
 action لمعا ينلا تدا ةركف يدنع راص ونلا

RMF= polarization ( باطقتسا )

Action potential = depolarization 

 يدنع ريصي مزلا لشنيتوب نشكلاا يدنع ريصي ناشع
 يلاح تيزغ وا نخس يشا ىلع يديا تيطح ،  رثؤم

 مادقل يشما ينيلخت هركف رثؤلما داه نوكي دق وا سوبدب

 ، بصعل بصع نم كرحتتب ينعي
 وضعلل لصوت ام دحل خلما نم ةلزان

 رثأتلما
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Ionic basis of action potential

Action potential is composed  of   3  main processes: 

A- Depolarization.                                                    

B- Repolarization. 

C- Redistribution of ions. 

C phases of the action potential)·
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Depolarization: بلاس هيلخلا جراخ و بجوم هيلخلا اوج ريصب قيرط نع هراشلاا ريغتت  .
 اوجل هرب نم لخدي راص مويدوصلا ونا ىلا ىدا مويدوصلا تاونق حتف ىلع لمع رثؤلما

Depolarization occurs due to the opening of the sodium channel .

Repolarization : عجرا مزلا كيه ناشم تسيرلا ةلاحب يدنع رادجلا نوكي مزلا رمت هراشلاا ناشع انا  
لمعا  repolarization /RMP

 تانويا جورخ قيرط نع بجوم هيلخلا اوج يلخا يدب RMPلا هلاحل اهعجرا ناشعف
efflux(passage the potassium outside ) لا قيرط نع مويساتوبلا

Repolarization occurs due to the open of potassium channels 

Backing to resting potential: ةيمك تراص ناشع هيعيبطلا هلاحلل عجرا يدب  
هيلخلا اوج نم رتكا هرب مويساتوبلا  

  sodium potassium pump يدنع يجيتب



A) Depolarization: 
Def:  

-It is loss of normal polarized state of the membrane ( potential difference between 

outer and inner surface of the membrane). 
- the membrane potential changes from -70 mv to  +35 mv. 

Mechanism:

-The stimulus increases the permeability of the cell membrane  to Na+ ions, which 

diffuse inside causing gradual change in the membrane potential from the resting potential 

(-70m.v) to isoelectric line (zero) and  exceed it to+35 mv (overshoot) by 2 steps 

separated by the firing level which equals – 55 mv.:

1-Slow depolarization: from -70 mv to -55 mv (firing level) due to opening of some Na+

channels 

2-Rapid depolarization: from -55 mv to +35 mv (overshot), due to opening of all Na+

channels 



Passage the sodium inside 

 slow influx نوكبف ليلق تاونق ددع حتفب ةيادبلاب ونلا ةئيطب نوكتب
 rapid influx يدنع ريصب ربكا تاونق ددع حتفب جيردتلاب نيدعب

 explosion of sodium يدنع راص
ions 55- لا دنع

Sodium gate اهيمسي  voltage gate
 ريغت دنع حتفتب تاباوبلا ياه ونلا

 ةيئابرهكلا

close for Nat channels- > open for k channels
.
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B) Repolarization: 

Def:

- It is restoration of membrane potential i.e return to normal polarity        

-The membrane returns from +35 mv to -70 mv. 
Mechanism of repolarization: 

1-stoppage of Na+ influx. 

2-begining of K+ efflux through opening of K+ channels. 

c) Redistribution of ions inside and outside: 

-Redistribution of Na+ and K+ ions to the normal resting condition is 

established by sodium potassium pump.
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 After action potential is initiated, it propagates along the axon .

 The action potential must be propagated in order to transfer

information from one place in the nervous system to the other.

 Conduction is possible because the action potential generated at one

site on the axon, acts as a stimulus for the production of another action

potential in the adjacent sites of the axon.

II-Conductivity
 هراشلاا ليصوتل بصعلا ةردق  ، ليصوتلا

 هيناتلا ىلا هقطنم نم

Conductivity = propagation 

: propagation لا ثودح ةيفيك
 يلا ءزجلا زفحب depolarization هلصحيب يلا ءزجلا

 ءزجلا اما ، وضرب نشيزيارلاوبيد هيلريصي ناشع هبنج
 repolarization هلريصب هيلبق يلا
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Depolarized 
Repolarized

There is no myelin sheath 

This process is 
very slow 

 يوش يوش يشمتب ونلا
 يوش يوش

There is myelin sheath 
 ريتك ريتك ريتك conduction لا عرسب هوه و

 طنب

This process is very fast 
 هدقعل هدقع نم طنتب ونلا
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The human brain contains at least 100 billion neurons, each with the 

ability to influence many other cells.    .                                                                                  

Such communication is made possible by synapses, the functional 

contacts between neurons.                                                                                                    

Although there are many kinds of synapses within the brain, they can be 

divided into two general classes: electrical synapses and chemical 

synapses.                                                                                                   

  باصعلاا كباشت ةقطنم
Functional connection between neuron 
and neuron is called synapse

 اهكباشت ةقطنم ، هينات ءايشا عم هكباشتب لوده نويلب ١٠٠ لا
 اهيمسب هقطنلما ياه هريغ و رجلااب ديلااب ينات بصع عم

synapse 

 نكمم  between neurons نوكي يرورض شم
 هريغ و ةدغ عم وا ةلضع عم لصتي نوروينلا
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1-Electrical synapses are the neurophysiological product of 

gap junctional pores between neurons that allow 
bidirectional flow of current between neurons. They are 
expressed throughout the mammalian nervous system, 
including cortex, hippocampus, thalamus, retina, 
cerebellum, and inferior olive.

2- In cardiac muscle

3- in smooth muscles

ةكرحلا نع لوؤسم هيخلما ةرشقلا

 ةكرحلا نع ةلوؤسم نزاوتلا نع لوؤسم خيخلما

ةركاذلا نع لوؤسم ينعلا تعبت ةيكبش

= gap junction = gap junction pore
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 . pore  in  electrical synapse  يدنع نوكتب
 نع متي connections between cellsلا ينعي

)ةحتف( pore قيرط
 direct تانويلاا رورمب حمستب هحتفلا ياه
 تاقولاا لكب هحوتفم نوكتبو   ينهاجتلااب
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In contrast, chemical synapses enable cell-to-cell communication via the 

secretion of neurotransmitters                                                                                               

; the chemical agents released by the presynaptic neurons produce secondary 

current flow in postsynaptic neurons by activating 

specific receptor molecules                                                                                                

. The secretion of neurotransmitters is triggered by the influx of 

Ca2+ through voltage-gated channels, which gives rise to a transient increase 

in Ca2+ concentration within the 

presynaptic terminal.                                                                                                                            

 لقان قيرط نع متت chemical synapse لا يف contact لا ةيلمع
 و تلاصيوحب دوجوم رتيميزنارت وروينلا داه )neuro transmitter( يئايميك

  بصعلا تاياهن يف هدوجوم تلاصيوحلا ياه

 ياه و مويسلاكلا تاونق حتفت هيبصعلا تاراشلاا رورم دنع
 هراشلااب حتفتب  voltage gated نع هرابع تاونقلا

 دوجوم ينعم ينتورب يلخب ام ببسل مويسلاكلا ، ةيئابرهكلا
 علطب و عقرفي و رادجلا يف ينتورب عم دحتي هلصيوحلاب

 neuro transmitterلا
 يلا بصعلاب تلابقتسم عم  دحتب  رتيمزنارت وروينلا داه

هيتحت

 حمسب هيتحت يلا بصعلا عم داحتلاا
 بصعلا يف تاريغت ثودحل



Pre-synaptic 
neuron

Post-synaptic 
neuron
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-The rise in Ca2+ concentration causes synaptic vesicles—the presynaptic 

organelles that store neurotransmitters—to fuse with the presynaptic 

plasma membrane and release their contents into the space between 

the pre- and postsynaptic cells.                                                                                                      

-Although it is not yet understood exactly how Ca2+ triggers exocytosis, 

specific proteins on the surface of the synaptic vesicle and elsewhere in 

the presynaptic terminal evidently mediate this process.
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-Chemical synapses are biological junctions through which neurons' signals 

can be sent to each other and to non-neuronal cells such as those 

in muscles or glands.                                                                                      -

Chemical synapses allow neurons to form circuits within the central nervous 

system. They are crucial to the biological computations that 

underlie perception and thought. They allow the nervous system to connect to 

and control other systems of the body.

neuron-neuron

&-> neuron- muscle
neuron- gland
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1- which is the main cause of resting membrane potential?
(aNa diffusion through passive channels
(bNa diffusion through voltage gated channels
(cK diffusion through passive channels
(dCa diffusion through voltage gated ca channels
(eProtein diffusion through the cell membrane



(aMovement of k outside the nerve cell
(bNa K pump
(cChloride influx
(dIncreased permeability of the cell to Na
(eMovement of K inside the nerve cell



(a-55mv
(b+35mv
(c-70mv
(d0mv
(e-65mv



(a-90mv
(b0mv
(c+35mv
(d-55mv
(e+70mv



(aNa influx
(bNa k pump
(cCa pump
(dCl influx
(eBeginning of k efflux 



(aK efflux
(bNa influx
(cNa k pump
(dCa pump
(eCl influx



(a10 meter per second
(b120 meter per second
(c2 meter per second
(d50 meter per second
(e70 meter per second



(aCa influx inside the nerve terminal
(bNa influx inside the nerve terminal
(cRise of K level inside nerve terminal
(dChloride exit outside the nerve terminal 
(eNa efflux outside the nerve terminal



1-Define RMP ,mention its value and describe its causes                     
2-Mention the three basic types of ion channels

3-Define action potential and describe its phases
4-Compare between chemical and electrical synapses as 

regard the 
- Define sites of expression and mechanism of transmission 


