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هذا العمل شامل لجمٌع نقاط المحاضرة مع بعض * 

      الإضافات للتوضٌح        



Excitable Tissue 

(Nerve and Muscle) 

What are Excitable tissues ? 

جمٌع خلاٌا الجسم الحٌة  لدٌها القدرة على حفظ الشحنات ولكن هذه القدرة تختلف من * 

ٌتم فصل ( كما أخذنا فٌزٌاء)إلى أخرى ، كما هو الحال فً مكثف الشحن  خلٌة حٌة

الشحنات الموجبة عن الشحنات السالبة ، فً الخلٌة تكون الشحنات الموجبة على طرف 

 غشاء الخلٌة والشحنات السالبة على الطرف الآخر 

تعمل هذه الشحنات على إرسال الإشارات بٌن الخلاٌا  لذلك   Nerve and Muscleفً حالة * 

 Excitable Tissue أطلقنا علٌها   

.......................................................... 

MP (membrane potential) 

 : هو حالة الخلٌة المشحونة بشكل عام ، وله ثلاث حالات 

 RMB حالة الجهد فً الخلٌة الغٌر  محفزة ( 1

 Local response حالة الجهد عند الاستجابة لمحفز ٌنتج عنه استجابة محلٌة ( 2

 لا ٌنتج فً هذه الحالة إشارة إلى خلٌة أخرى ، هو تغٌر فً الجهد فقط / ملاحظة 

ات العصبٌة وهً الحالة التً تكون فً الإشار  Action Potentialالحالة المحفزة ( 3

 وتتبع لقانون

 All or non all 

ٌعنً أن مقدار الجهد إذا وصل فً الخلٌة إلى حد معٌن لا     All or non Allقانون 

ٌمكن تلافً إحداث الإشارة ، ومن ناحٌة أخرى عندما لا ٌصل الجهد فً الخلٌة إلى هذا 

 الحد لا ٌمكن إحداث الإشارة 

 ـــــــــــــــــــــــــــــ

* The membrane potential (MP) of excitable tissues ( nerve and muscle ) can    

be in  one of 3 states : 

 

(1) Resting Membrane Potential ( RMP) : occurs in a resting nerve or muscle 

cell , which is not excited by an external stimulus . 

 

Q : What is the range value of RMP in different nerves & skeletal 

muscles?  

Answer : -70 to -90 mV ( as measured in different laboratories , but not outside 

this range . 

* In all our discussions      the -ve or +ve sign refers to the inside of the 

membrane 

 



  

* If the cell is excited , the RPMP changes to either  

 (2) Local Response , or 

(3) Action potential , AP. In nerves , the AP is also called Nerve Impulse 

............................................................................ 

** what is the difference between Local Response and action 

Potential ? 
 

## Local Response Is  
(a) Graded ( varies with the strength of the applied stimulus , does not obey 

All-or-None Law ) 

(b) Can be summated ( the responses to a second , third , fourth or more 

stimuli can be added on top of the response to the first stimulus ) 

(c) Non-propagated : this electrical change can be measured only in the 

membrane area close to the stimulation point „ & it gradually fades as we go 

away from the stimulation site . It does not get conducted (propagated ) all the 

way along the nerve  

 

ٌَىرط ػه ظمغ اىشحه ، َذنُن أٌضا داخو اىخيٍح غٍش مىرششج  َذقاس فقط ػيى ٌنُن مرذسض ، 

 غشاء اىخيٍح قشٌثا مه وقطح اىرحفٍز َميما وثرؼذ ػه ٌزي اىىقطح ذثذأ الاشاسج تاىضؼف 

...........................................................  

## Action Potential Is  

(a) It is not graded : Obeys All-or-None Law . 

(b) APs are electrical potentials that do not summate . 

(c) APs are propagated ( conducted ) all the way along the nerve to its 

terminal 

 

* At the peak of the AP , the value of the MP reaches   +35 to +40 mV 

 * In nerves , the AP is generated at the Axon Hillock 

**  By contrast , a local responses can be generated at any membrane area if 

the stimulation  is sufficient . 

 ٌَزي اىحاىح ػنش ما رمشوا فً اىحاىح الاَىى ،فٍنُن 

  Obeys All-or-None Law غٍش مرذسض 

( مىقُه)َلا ٌىرط ػه ظمغ اىشحه ، ٌَىرقو مإشاسج خاسض اىخيٍح      

………………………………………………….. 

 

 

 

 

 

 

 

 



More About Local Response : 
** In case of local responses : 

         (a) If the stimulation is excitatory ( opening sodium or calcium 

channels ) ,  it produces a depolarizing local response        which makes 

the inner side of the membrane less negative ( i.e., reduces the numerical 

value of the RMP ) 

At synapses , where neurotransmitters mediate opening of channels ,  

mentioned in previous slide is called  Excitatory Postsynaptic Potential 

 ( EPSP ) 

 

 (b) If the stimulation is inhibitory ( opening potassium or chloride 

channels ) ,  it produces a  hyperpolarizing   local response       which 

makes the inner side of the membrane more negative  ( increases the 

numerical value of the RMP ) .And  is called Inhibitory Postsynaptic 

Potential ( IPSP )  

 

………………. 

Q: what makes them different from other body tissues ? 
** A: Their membrane acts as an electric capacitor , storing 

opposite charges on the opposite sides of the membrane : 

this creates a RMP of high value ( -70 to -90 mV ) compared 

to other body cells ( in RBC , for example , MP is around -5 mV ) . 

 

* This high RMP makes the cell-membrane function as a capacitor , that 

can “discharge” , producing large voltage changes ( action potentials ) if 

its sodium or calcium ionic channels are opened . 

 

*This is because opening of these channels tends to “ depolarize ” the cell  

………………………………………………………………… 

 ذؼشٌفاخ مٍمح
Polarization :  ٔصف نهخهٛت انًشذَٕت 

Depolarization :  ػُذيا ٚكٌٕ جٓذ انخهٛت ألم عانبٛت 

Repolarization : ٗانذانت انخٙ ٚؼٕد فٛٓا جٓذ انخهٛت إن ْٙ 

انٕضغ غٛش انًذفض بؼذ   Depolarization    

Hyperpolarization : جٓذ انخهٛت أكبش عانبٛت  

........................................................................................ 

 
 
 

 
 

 





Q: What are the types of membrane ionic channels ? 
 

(1) Leak ( Diffusion , Passive ) channels: are pores in the cellmembrane 

which are open all the time , therefore ions diffuse through them 

according to the ion Concentration Gradient . 

  * Because the concentration of sodium outside the cell is more than 

inside , the direction of the Na+ chemical ( concentration gradient) 

gradient is inward      and sodium continuously diffuses through the 

Na+ leak channels from outside ( the extracellular fluid , ECF) to 

inside the cell ( the intracellular fluid , ICF). 

  * On the other hand , because the concentration of K+ is higher inside 

the cell th  

through the K+ leak channels from inside the cell to outside . 

 

(2) Voltage-gated channels : open when the cell-membrane is 

electrically activated . 

 

(3) Chemically-gated ( ligand-gated ) channels : opened by 

neurotransmitters at synapses 

 

: ٌىاك شلاز أوُاع ىيقىُاخ   

ٚكٌٕ يفخٕح طٕال انٕلج ٔٚخبغ نًذسج انخشكٛض الإَٚٙ : اىىُع الاَه   

أ٘ ػُذيا ٚخغٛش فشق انجٓذ )َفظ انُٕع الأٔل نكٍ ٚفخخ بخُشٛظ كٓشبائٙ نهغشاء : اىىُع اىصاوً 

(بٍٛ داخم ٔخاسج انخهٛت  

ٚفخخ ػٍ طشٚك يادة كًٛٛائٛت حشحبظ بانًغخمبم  كًا ْٕ انذال فٙ انُٕالم انؼصبٛت : اىىُع اىصاىس 

 ػُذ َماط انخشابك 

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
Na+ Nernst ( Equilibrium ) Potential 

* The cell-membrane is practically considered as a semi-permeable 

membrane separating the ECF from the ICF . 

* Nernst made a hypothesis which was later verified mathematically as 

well as in the physics laboratory under artificial conditions . 

* Nernst , hypothetically speaking, said that if we suppose that  

(1) the ECF and ICF contained ONLY sodium ion , 

 (2) and that the cell-membrane was freely permeable to Na+ : then Na+ 

will diffuse down its concentration gradient to the I nside of the cell, 

carrying with it +ve charges , and progressively decreasing the negativity 

on the inner side of the membrane . 

* As this goes on and on , and as the positive charges build inside , an 

opposing Electrical Potential begins to develop , tending to 

 prevent the +ve Na+ from entering. 



* This electrical potential will grow until it becomes strong enough to 

balance and counteract the concentration gradient which tends to push 

Na+ inside . 

* When this electrical gradient ( force ) , which tends to drive Na+ 

outside = the concentration gradient ( which tends to push Na+ in )  there 

will be no net Na+ movement across the membrane . 

* The MP potential in that case is called Nernst Potential for Na+ ( or 

Na+ Equilibrium or Diffusion Potential ) = +61 mV . 

* ( The charge always refers to the inside of the cell ) . 

 

.... 

The Potassium Nernst ( Equilibrium ) potential 
Similarly ,  

(1) if the ECF and ICF contained ONLY potassium ions  

(2) and the membrane was freely permeable to K+    ، then K+ will diffuse 

down its concentration gradient ( via the K+ leak channels ) from inside 

the cell to outside , carrying with it +ve charges to the outside , thereby 

progressively increasing the negativity on the inner side of the membrane 

( because we are losing +ve charges from inside ). 

* At this goes on and on , and as negative charges build inside , an 

opposing 

electrical potential begins to develop , tending to prevent the exit of the 

+ve potassium ions . 

* This electrical potential will grow until it becomes strong enough to 

balance and counteract the concentration gradient which tends to push K+ 

outsude 

* When this electrical gradient ( force ) , which tends to keep K+ inside = 

the concentration gradient ( which tends to push K+ outside ) , there will 

be no net K+ movement across the membrane . 

* The MP potential in that case is called Nernst Potential for K+ ( or K+ 

Equilibrium or Diffusion Potential ) = -94 mV . 

* ( The charge always refers to the inside of the cell relative  

to the outside ) 

 : Nernst ششغ مُظز ىنٍلا حاىرً وظشٌح 

انؼانى ٔجٕد انخهٛت فٙ ٔعظ بذٛث ٚكٌٕ كلا انٕعظ ٔانخهٛت ٚذخٕٚاٌ  ٚفخشض: فً اىحاىح الاَىى 

فمظ ػهٗ انصٕدٕٚو بذٛث ٚكٌٕ غشاء انخهٛت يُفز بشكم كايم نهصٕدٕٚو ، فٙ ْزِ انذانت عٕف 

ُٚخشش انصٕدٕٚو يٍ خاسج انخهٛت إنٗ داخهٓا يًا ٚؤد٘ إنٗ َمص فٙ عانبٛت انخهٛت ، ٔٚغخًش ْزا 

دل فٛٓا انٕعطٍٛ ، بؼذ رنك عٛكٌٕ داصم إَٚاث انصٕدٕٚو انذاخهت الاَخشاس دخٗ َمطت ٚخؼا

.ٚغأ٘ إَٚاث انصٕدٕٚو انخاسجت  يٍ انخهٛت    

ٚفخشض انؼانى َفظ انظشٔف ٔنكٍ ٚكٌٕ الإٌٚ بٕحاعٕٕٚو ، فٙ ْزِ انذانت  :فً اىحاىح اىصاوٍح 

َصم إنٗ َمطت انخؼادل عُٛخمم انبٕحاعٕٛو يٍ داخم انخهٛت إنٗ خاسجٓا دخٗ ٚخغأٖ انخشكٛض ٔ

 بذٛث ٚكٌٕ دصٛهت إٔٚو انبٕحاعٕٕٚو انذاخهت حغأ٘ انخاسجّ 

ْزِ انُظشٚت أثبخج فٙ انًؼايم/ ملاحضاخ   



 

..................................................... 

 ٌىاك ػاملان ٌحذدان حصٍيح فشق اىعٍذ فً وظشٌرً

 

** What determines the magnitude (value) of the 

Equilibrium (Nernst) Potential ?  

The ratio of the ion concentration on the two sides of the membrane . 

** How can we determine the value of this Nernst ( Equilibrium ) 

Potential for a given ion ( sodium or potassium ) ? 

 

*The value of this potential EMF can be determined by one of 2 ways : 

 (1) It can be calculated using Nernst equation and the concentration of 

the ion  

* Nernst Potential ( mV ) = +/- 61 log Conc inside/Conc outside 

 (2) Or, alternatively , it can be measured directly in the laboratory using 

electrodes ( see next slide ) 

* The value of the Nernst Potential for K+ = -94 mV 

* The value of the Nernst Potential for Na+ = +61 mV  

……… 

Measurement of MP Using Intracellular Electrode (1) 

* Two electrodes are used : an intracellular “ active electrode ”and an 

extracellular “ reference ” ( also called , or inactive or indifferent ) 

electrode . 

* They are connected amplifier and a cathode-Ray Oscilloscope ( CRO ) . 

*Under artificial laboratory conditions one ion will be in the medium  

( sodium or potassium ) to measure its Equilibrium ( Nernst ) potential . 

* This will give +61 mV in case of sodium & -94 mV in case  

of potassium . 

* However , in real life we have both sodium & potassium , in addition to 

chloride ( which does not contribute much to the RMP ) 

  in the extracellular fluid . 

* In that case we will be measuring the RMP , which will be -70 to -90 

mV (as measured in different laboratories & in different excitable tissue 

cells ) 

……………. 

Measurement of MP Using Intracellular Electrode (2) 
* However , in real life situation we have both sodium & potassium , in 

addition to chloride ( which does not contribute much to the RMP ) 

 in the extracellular fluid . 

* In that case we will be measuring the RMP , which will be -70 to -90 

mV (as measured in different laboratories & in different excitable tissue 

cells ) 



* If we use an electric stimulator to stimulate the nerve to 

 threshold      we get an AP      & the measred MP will change to have a 

peak of + 35 to + 40 mV 

 

ػٍ طشٚك جٓاص ٚذخٕ٘ ػهٗ  لضٛبٍٛ : قٍاس ظٍذ غشاء اىخيٍح فً اىمؼامو    

فٙ انٕعظ انًٕجٕدِ فٛٓا انخهٛت َاىقضٍة اىصاوً ٚكٌٕ يٕصم بذاخم انخهٛت : اىقضٍة الأَه 

.بذٛث ٚكٌٕ انًشجغ   

عطت انؼانى غٛش طبٛؼٛت أ٘ يذضشة بٕا الأٔضاع، دانخاٌ فٙ شلاز حالاخ  ػًهٛت انمٛاط ُْا نٓا

حذغب نُا انٕضغ انطبٛؼٙ نجٓذ غشاء انخهٛت  الأخٍشجَاىحاىح فٙ انًؼًم ،   

/ يلادظت   threshold  

    AP    إنٗدسجت حمٕد  إنْٗٙ انؼخبت أ٘ انًُطمت انخٙ ػُذيا ٚصم فٛٓا جٓذ غشاء انخهٛت  

............................................................... 

Origin of the RMP :   

** Two questions should be asked : 

Q1: What are the factors that make the inside of the cell negative ? 

Q2:  give the RMP the value of -70 to -90 mV ? 

** Answer to both questions : the 3 factors are : 

 (1) At rest , K+ leak channels are more effective  

than Na+ leak channels          more K+ diffuses to outside than Na+ to 

inside        i.e , the membrane is 50 -100 times  more permeable to K+ 

than to Na+         more potassiumlost than sodiumgained  

net loss of +ve ions from inside the cell        more negative inside 

(2) Large intracellular anions ( proteins , sulphates & phosphates ) 

(3) The sodium-potassium pump ( 3Na+ pumped out in exchange for 2 

 

 

فً حاىح ظٍذ اىخيٍح غٍش اىمحفزج ذنُن اىخيٍح  أمصش صاىثٍح مه اىمحٍط حُىٍا    

:َرىل ىصلاز ػُامو   

أن قىُاخ اىثُذاصًٍُ أمصش فؼاىٍح مه قىُاخ اىصُدًٌُ أي خشَض اىثُذاصًٍُ أمصش مه ( 1 

 دخُه اىصُدًٌُ أي وقص اىشحىح اىمُظثح أمصش مه امرضاتٍا 

منُواخ اىخيٍح تاىمعمو راخ شحىح صاىثح ماىثشَذٍه َاىضُىفٍد َاىفُصفاخ  أن( 2  

مما ٌُ مؼشَف فً حاىح مضخح اىصُدًٌُ َاىثُذاصًٍُ فإن معمو اىصُدًٌُ اىخاسض أمصش ( 3

اىخيٍح ذفقذ شحه مُظثح أمصش مما ذنرضة  مه اىثُذاصًٍُ اىذاخو أي أن  

  

.................................. 

 

 

 

 

 

 



* Thus in a resting cell , the RMP is closer to the potassium equilibrium 

potential than to sodium equilibrium potential i.e., potassium has the 

upper hand . 

* Therefore , we can say that the RMP depencds mainly 

on difference in concentration of potassium inside & ouside the cell 

* Whereas , as we will see later , the value of the MP during the Ap 

depends mainly on difference in concentration of sodium inside & ouside 

the cell i.e., during the AP sodium has the upper hand 

 

***Q : What is the effect of increasing extracellular 

potassium concentration on the RMP ? 
 

 RMB  ظٍذ اىخيٍح فً اىحاىح اىغٍش محفزج  

ٌنُن أقشب إىى   potassium equilibrium potential   

ىزىل وضرطٍغ اىقُه أن ظٍذ اىخيٍح فً اىُضغ اىغٍش محفز ٌؼرمذ غاىثا ػيى ذشمٍز اىثُذاصًٍُ 

 فً اىذاخو َاىخاسض 

..... 

 AP اما فً حاىح 

 ٌؼرمذ فً اىغاىثٍح ػيى ذشمٍز اىصُدًٌُ 

....................................................................................................... 
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