
 



	 	
SCIENTIFIC	TEAM	-	 يملعلا قیرفلا 	 1	

	

 

  میحرلا نمحرلا الله مسب

The first thing we want to discuss in this lecture is the neuron, because the neuron is the 
functional unit in the CNS. 

 

The neuron in general consist of cell body (soma), the 
cell body has multiple dendrites which the neuron uses 
to communicate with other adjacent neurons, and it 
projects an axon leading to the axonal terminals that 
play an important role in facilitating the communication 
between different neurons. 

 

 

- The axon of neuron can be either myelinated or unmyelinated depending on the  type of 
neuron and the region of the central nervous system (because the brain and the CNS have 
both gray matter and white matter which depend on abundance of myelinated or 
unmyelinated)  

- The major function of neurons is to transmit signals, these signals can be translated into so 
many functions. 

The main function of neurons is propagated by transmitting action potential that is a sudden 
pulse of an electrical signal that is transmitted through the neuron. This is how the neuron 
gets activated of neuron so it can transmit the signal to another neuron. So, the neuron is 
activated by electrical changes.  

 

 

 

 

 

 

 

Introduction 
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 ةروصلا عم ملاكلاب اوعبت ،action potentialلا لثمتب ياھ ةروصلا -

 

- The action potential has different phases: 

1- In normal conditions (at the inactivating 
level), when the neuron is resting, the 
neuron will be in a resting membrane 
potential = -70. The resting membrane 
potential is created due to the difference 
between charges, in other words there is  
“voltage difference”, when we said “voltage 
difference” this means that there is 
separation of charges, and when there is a 
potential this means that you have energy to  
do activity.  

* The separation of charges happens through the lipid bilayer of the neuron (plasma 
membrane), and there is multiple cations (ex: Na+,K+)  and anions travel across the plasma 
membrane, and there is negatively charged proteins which are trapped inside the cell (so they 
account for large extent of the negative charged inside the cell.  

* the negativity of resting membrane potential is accounted for mainly by the leakage of K+ 
from inside the cell (K+ leakage channels) —> the membrane is more leaky for K+ than Na+ 
(6 times).  

 .ةیلخلا ارب positive chargeلا يلخب يشلاا داھ اربل ریثك مویساتوب برستب ھنوك يلاتلابو

 اوج ىلعأ +Kلاو ،ارب ىلعأ +Naلا يلخت ثیحب chemical gradientلاب مھاستب Na+/K+ channelلا امأ

2- Once the neuron receives the signal and becomes activated, the neuron switches to the 
“depolarization phase”, this means that the activation happened and this activation triggers 
the opening of special channels called “voltage gated Na+ channels”, they are very sensitive 
to changes in voltage, if the voltage across the membrane changes up to -55 (the threshold 
level of neuron) they suddenly open and allow the rapid influx of Na+ inside the cell then 
there will be inversion of the charge so the potential will reach (+30 - +40)  

 تعبت polarityلا تسكع ينلا depolarizationلا ھیمسب داھو        

  .positive تراصو negative تناك membrane potentialلا       
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* The threshold level follow the rule of “all or non” —>  If the stimulus doesn’t reach the 
neuron to the threshold level, then no action potential will fire. 

  لا ای  action potential لمعیل ھلصوب ای ،action potential صن لمعب stimulus صن يف ام ينعی

3- The “Repolarization”: the membrane turns back towards the negativity, this phase is 
mediated by:  

1) inactivation of voltage gated Na+ channel, this prevent the entry of further sodium ion 
(happens at +30 - +40) 

2) At the same time ( at +30 - +40 membrane voltage), other K+ voltage gated channels 
open, this allow K+ to travel to the outside of the cell.  

 

4- The target is to return to the resting membrane state after the ending of stimulus, but 
sometimes the opening of voltage gated K+ channels become prolonged, so more K+ will 
travel to the outside of the cell and the membrane potential will be -90 (more negative) —> 
hyperpolarization. 

5- The K+ channels get closed, Na+/K+ pump will pump again and K+ will leak out of the 
cell. So, we will turn back to the resting state again.  

 

 .لماك neuronلا نوھو ،cross section نع ةرابع تناك ةطقن لك دنع روصلا

You activate one segment of the neuron, the Na+ 
channels open then the action potential 
depolarization happens and this allows the 
signals to be transmitted from one section of the 
neuron to the adjacent section.  
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 ردقنم ام شیل ينعی ؟ھلعجرتب اھدعبو ءزجل يشمتب ام شیل )رمحلأا مھسلا يز( دحاو هاجتاب يشمتب signalلا شیل :لاؤس
  ؟Na+ channelsلل activation لمعن عجرن

 +voltage gated Naلا ھنا 40+ل دھجلا لصوی سب ریصب يشا لوأ repolarizationلا ةلحرمب ھنا ظحلانم -
channels مھلراص يللا activation ب اولخدبinactive state نامك مھللمعن ردقنم ام ةلحرملا ياھبف ،اوركسبف 

stimulation ھلراص يللاف activation ھلریصی حر ام لبق نم activation لمعن ردقنم امف ،رثكأ activation لاا 
 .downstream نیدوجوملا channelsلل

 :ةعجارملل تادیلاسلاب ةلئسأ

• The resting membrane potential is established by the electrochemical gradient of K+  
• Depolarization occurs mainly due to the influx of Na+ 
• Hyperpolarization occurs mainly due to the efflux of K+ 
• The type of ion channel that accounts for rapid depolarization is Voltage-gated Na+ 

Channels 
• Action potentials move in one direction. T or F? 

 

Ø The synapse:  

 

- How 2 neurons communicate with each 
other? 

One neuron transmits the signal to the other 
neuron through forming the synapse (the 
region of meeting of 2 neurons with each 
other, formed by the axonal terminals of one 
neuron “presynaptic neuron”, the 2 neurons 
are separated by synaptic cleft, followed by 
the postsynaptic membrane or “postsynaptic 
neuron”)  

- The synapse is a very complex structure 
containing multiple channels, mediators, 
enzymes, etc.. 

- but we didn’t answer the question yet, the 
signal can be transmitted from one neuron to the other by using chemicals called 
neurotransmitters. So, if one neuron is activated presynaptically, it can transmit the action 
potential to the next neuron bu using neurotransmitters.  

*So, one of the important components of synapses is that: The synapse contains multiple 
vesicles packed with neurotransmitters and stored within presynaptic neuron. 
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Ø Neurotransmitters: 
• Endogenous chemicals that enable neurotransmission (from one neuron to the other or 

from the neuron to the effector organ such as a muscle). 
• Released by the arrival (or activation) of action potential (depolarization) at the nerve 

ending. 

 ؟neurotransmitter اھنا ةداملا نع يكحن ىتح تایفاك نیفیرعتلا لودھ لھ اسھ

 :لودھ يز ةنیعم صئاصخ يف

Ø What Makes a Chemical Substance a Neurotransmitter? 
1) The chemical must be synthesized in the neuron (we can bring a chemical that can be 

neuroactive, can cause changes in neuron and initiate action potential, but we don’t 
call it a neurotransmitter because it isn’t biologically synthesized by the neuron it self. 
Examples: drugs & toxins) 

2) When the neuron is active, the chemical must be released and produce a response in 
some target (must be released upon the activation of the neuron and should have effect 
on the target cells). 

3) The same response must be obtained when the chemical is experimentally placed on the 
target. 

4) A mechanism must exist for removing the chemical from its site of activation after its 
work is done. 

  removing وأ inactivation ھلریصی ثیحب  mechanism  established ھلا نوكی مزلا ينعی

Ø Types of CNS neurotransmitters:  
• Acetylcholine (the main excitatory neurotransmitter in the PNS)  

- Nicotinic and muscarinic receptors. 

 

• Amino acids, examples:  
o GABA (gamma-aminobutyric acid) 

- GABA and GABA receptors 

o Glycine 

- Glycine receptors 

o Glutamate 

- AMPA and NMDA receptors 
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• Biogenic Amines, examples: 
o Catecholamines: 

* Norepinephrine 
- Adrenergic receptors 
 
* Dopamine: 

- Dopamine receptors 

o Serotonin 

- Serotonin receptors 

 

• Peptides مادقل نیلماك نیترضاحم مھنع دخون حر  
o  Endogenous opioids 

- Opioids receptors 

o Substance P 

 

Ø We can classify the neurotransmitters based on function: 

 

- If the neurotransmitter was released from the neuron and resulted in the activation of 
the second neuron (mediating an action potential) —> we call it excitatory 
neurotransmitters (1- acetylcholine 2-glutamate (amino acid)) 

 

- If the neurotransmitter was released from the neuron and resulted in the inactivatin of 
the second neuron —> we call is inhibitory neurotransmitters (1- GABA (gamma-
aminobutyric acid) 2- glycine 3- endogenous opioids) 

 ھیلع انعلط انحر نیدعب firingو لاغش neuronal pathway لا داھو ،neuronal pathway انع يف اذا ينعی
inhibiting neurotransmitters، لا داھpathway يفطی حر. 

- There is a group of neurotransmitters that can be excitatory or inhibitory (Biogenic 
amines: 1- catecholamines (norepinephrine&dopamine) 2- serotonin).  

  ؟ inhibitory ةرمو excitatory ةرم نوكی neurotransmitterلا داھ يلخی هدب يللا وش بیط
1- Neuronal pathway (if the neuron is excitatory or inhibitory) 
2- The receptor/ target organ.  
3- Doses.  
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These neurotransmitters have different types of receptors (for example: serotonin has 7-8 
receptor subclasses) —> so maybe the receptor it self has an excitatory or inhibitory function 

 :غامدلا نم اولغتشب ناكم يأبو neurotransmittersلا نع لبق هانیكح يللا صخلب باتكلا نم لودج

 

  excitatory or inhibitory اھنا neuronal signalلل outcomeلا وش مكحب يللا ھنا انیكح ھنوك

 receptorلا )٢              neurotransmitterلا )١

 يمسنم انحا كلذلو ،inhibitory وأ excitatory اھنا اھفرعن ردقنم neuron يلأ signal يأ يكحلا داھ ع ءًانبو
 >— activation of excitatory neuron نم جتنب يللا action potentialلا

 Excitatory Postsynaptic Potentials (EPSP) 

  activation/excitation of the postsynaptic neuronلل تدأ signal لمع neuronلا داھ ھنا ىنعمی
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• Release of an excitatory NT 

• NT binds to its receptor on the postsynaptic neuron 

• Influx of Na+ or Ca++→ depolarization 

 

*Example in the picture —> 

The receptor is activated by the binding of acetylcholine, so it  

Is ligand gate.  

This receptor is an ion channel, so once it is activated by 
acetylcholine (excitatory neurotransmitter), the Na+ channels 
will open and this allows the rapid Na+ movement inside the cell 
—> depolarization and active action potential in the post 
synaptic neuron.  

 

  :عیرس ریكذت*

 : ligand channels & voltage-gated ion channelsلا نیب قرفلا

 يف ریصی جاتحتب voltage gatedلا امأ ،activation اھلریصی ناشع ةنیعم ةدامب طبترت جاتحتب ligand channelsلا
 .activationلا ةقیرطب اوفلتخب سب مھ ..دحاو مھعبت outcomeلا نكلو ،membrane potentialلاب رییغت

The Inhibitory Postsynaptic Potentials (IPSP):  

 داھ سب axonal terminalsلل لصو action potential يف راصو active presynaptic neuron يف راص نوھ
 علطی حر neurotransmitterلا داھف ،glycineلا وا GABAلا يز inhibitory neurotransmitter زارفلإ ىدأ
 .inhibition نوكت حر ةجیتنلاو postsynaptic neuronلاب receptorب طبری حرو presynaptic neuronلا نم

 

• Release of an inhibitory NT 

 • NT binds to its receptor on the postsynaptic neuron 

• Influx of Cl- or efflux of K+→ hyperpolarization 

 

*Example in the picture —> GABA receptor (ligand gated ion 
channel for Cl-). So, when GABA is released from presynaptic 
neuron and binds to its receptor, the receptor will be activated 
and opened. This allow the entry of Cl- to the inside of the cell 
—> the membrane potential will be hyperpolarized. 

 neuronلل activation لمعن ھنا بعصأ ریصب يلاتلابو
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v The predominant excitatory neurotransmitter in the brain is Glutamate. 
v The predominant inhibitory neurotransmitter in the brain is Glycine. 

 

Ø Receptors of CNS:  

There is two main type of receptors:  

• Ionotropic 

§ e.g., Ligand-gated ion channels 

• Metabotropic 

§ e.g., G-protein coupled receptors (GPCRs) 
§ May or may NOT lead to ion channel opening. 

 

v Note: The acetylcholine has 2 types of receptors: 

1- nicotinic receptors (ligand-gated)  

2- muscarinic receptors (protein coupled)  

 نوكی نكمم )acetylcholineلا يز( ھسفن neurotransmitterلل ھسفن receptorلا ھنا انیكح ام يز يلاتلابو
 excitatory لمعتبو activation ھلریصب acetylcholineلا ھیف طبتری تقو ligand-gated نوكب ای ،فلتخم

postsynaptic potential نوكتب وأ protein coupled ل يدأبcascade of signal transmission within the 
postsynaptic neuron 

  :ةرضاحملا للاخ receptorsلا نم عاونأ ٣ اندخا :صخلملا*

1- voltage-gated ion channels (A in picture) 

2- ligand-gated ion channels (B in picture) 

3- G-protein coupled receptor: needs a ligand to 
activate it (neurotransmitter) 

 تعبت functionلا انللدعی ھنا ھنع جتنب اما receptorلا داھو
 (C in picture) >— يھ وش رظنلا ضغب ion channelsلا

 second massenger signaling cascade لمعت وأ
 >— postsynaptic neuronلاب ةنیعم تلاغشریغتو

 (D in picture) 
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Ø Types of CNS Receptors 

 receptorsلا مسقن نكمم postsynaptic neuronلا ع اھعبت effectلا بسح neurotransmittersلا انمسق ام يز
 )receptor activation on postsynaptic neurons ثدحی امل ریصتب يللا ةجیتنلا ىلع ءًانب( ةقیرطلا سفنب

v Excitatory: 

• Ionotropic receptors: 

o Nicotinic acetylcholine receptors 

• Metabotropic receptors: 

o Muscarinic acetylcholine receptors  
o Dopamine (D1) receptors 

 

v Inhibitory: 

• Ionotropic receptors: 

o GABAA receptors 

• Metabotropic receptors:  

o Opioid receptors 
o GABAB receptors 

 

Ø The role of pharmacology: 

The drugs can target any component of the neurotransmitter cycle. 

 ؟neurotransmitter cycle لاب ریصب يللا وش بیط

 :ةمسرلا عم تاوطخلاب عبتن *

 releaseلل يدؤیو axonلا نم يجیب action potentialلا -١
of neurotransmitter  

 عنصتی ھنا neurotransmitterلا صئاصخ نم ھنا انحا اسھ -٢
 synthesis pathway ھلا يف يلاتلابو ،neuronلا لخاد

 & storage ھلریصی مزلا neurotransmitterلا -٣
packaging لا يفsynaptic terminals 

 ھلا نوكی مزلا  neurotransmitter يأ ھنا انیكح -٧ +٤
metabolism & degradation pathway  
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 نم release ھلریصب neuronلل activation يف ریصی املو ،نیزخت  neurotransmitterلل ریصی تقو -٥
  synaptic cleftلل presynaptic neuronلا

 presynapticلا ىلع  reuptake and recycling ھلریصی neurotransmitterلا نم ءزج نكمم نیدعب -٦
neuron 

 ھعبت receptorلاب طبریو postsynaptic targetلا ىلع حوری نكمم -٨

  inhibitory وا excitatory ناك ءاوس activation يف ریصب كیھ ھعبت receptorلاب طبر اذاو -٩

  ..ایئاود اھیف ةوطخ يأب لخدتن نكممو neurotransmitter cycleلا يھ ياھ يلاتلابو

Ø Sites and Mechanisms of CNS Drug Action: 
§ The first step: “release of neurotransmitter”  

As we said that the neurotransmitter is only released upon the activation of the presynaptic 
neuron by the arrival of action potential to the synaptic terminal. Can we prevent the 
occurrence of action potential in presynaptic neuron? 

The answer is yes! And this is the mechanism of action of: •Local Anesthetics  •General 
Anesthetics  

 

§ The second step: “synthesis of neurotransmitter”  
We can either inhibit the synthesis (such as certain type of drugs that inhibit the enzyme 
tyrosine hyrdoxylase that is responsible for the  synthesis of catecholamines, so we can 
prevent the neuron from norepinephrine synthesis for example) or promote the 
neurosynthesis of neurotransmitter (by drugs such as L-dopa, and it’s used for the treatment 
of parkinson disease)  

 

§ The third step: “storage” 
We can interfere with storage (ex: dopamine and catecholamines are stored within 
noradrenergic vesicles in presynaptic neurons  

 يف vesiclesلا لخاد dopamine & norepinephrineلا لخدت ناشع ،release مھلریصی ىتحل نیزھاج مھلضبو
channels/transporters مھیمسب VMAT 

 لمعی نكمم اود يف لھ يلاتلابو ،ھنم دیفتسا ردقا حر شم كیھ vesiclesلا لخدی نیمابودلل تحمس ام اذا بیط
inhibition للVMAT channels ھمساو ،يف ها ؟ياھ reserpine 

  ؟اودلا تمدختسا ول نوكتب ةجیتنلا وش -

You’re going to interfere with the release of neurotransmitter and prevent the signal from 
propagating from one neuron to the other.  
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§ The fourth step: “metabolism” 

We will discuss in next lectures about drugs that interfere with metabolism of 
neurotransmitters. We have different enzymes (such as  COMT and MAO) , each enzyme is 
concerned with the metabolism of certain neurotransmitter, and there is drugs that interfere 
with them such as •Antiparkinsonian  •Antidepressants 
 
§ The fifth step: “the release of neurotransmitter” 
There are drugs that interfere with the release of neurotransmitter from the presynaptic 
neuron, we call these drugs —> CNS stimulants, many of them are drugs of abuse 

  مھلاحل ةرضاحمب مھدخون حر

§ The sixth step: “receptor binding”  

We can interfere the neurotransmitter at the delivery of the receptor.  

 :نوكت نكمم receptorsلا ياھ ع لغتشتب يللا ةیودلأاو

•Agonist —> results in the activation of the receptor  

•Antagonist —> it competes with the activating ligand and prevent it from binding to the 
receptor 

 

•Biased agonist 

 •Allosteric modulators —> if it was positive it will increase the affinity of the receptor to the 
original ligand and if it was negative it will decrease the affinity of the receptor to the ligand  

 

§ The seventh step: “signaling in postsynaptic neuron”: 
We have drugs that can interfere with signaling, especially if the receptor was metabotropic 
receptor —> Intracellular effects: •cAMP degradation inhibitors 
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§ The eighth step: “degradation” 

There are drugs that inhibit the degradation of neurotransmitters, so the neurotransmitter will 
be more available in the synaptic cleft and its action will be more prolonged. 

Example: drugs used in treatment of Alzheimer’s Disease, such as: •Acetylcholine esterase 
inhibitors 

 

§ The last step: “neurotransmitter reuptake” 

 نیدعبو postsynaptic neuronلا ىلع ھعبت actionلا لمعیو release ھلریصی neurotransmitterلا ام دعب
  energy رفوب كیھو vesiclesب اھنزخنو اھدخون عجرن ھنم ةیمك نكمم ،degradation ھلریصی

- There are drugs that interfere with the reuptake of neurotransmitters, such as: 
•Antidepressants  

 :فلملا ةیاھنب ةلئسأ*

1- GABAA receptors are example of: 

a) Excitatory ionotropic receptors. 

b) Inhibitory metabotropic receptors. 

c) Voltage-gated channels 

d) Inhibitory ionotropic receptors. 

e) Excitatory metabotropic receptors  

Answer: d 

 

2- Which ion is allowed inside the cell upon GABAA receptor stimulation? 

Answer: Cl- 

 

3- You are the leading physician-scientist of the research and development team in a 
pharmaceutical company. Your team is working on the development of novel therapies to 
treat Parkinson’s disease. Parkinson’s disease is characterized by decreased dopaminergic 
stimulation in the brain. In your research proposal, you include several strategies to improve 
parkinsonism by targeting different biochemical processes of dopamine signaling. Which of 
the following mechanisms will NOT be included in your proposal? 

a) Inhibition of the vesicular monoamine transporter 2 (VMAT-2). 

b) Inhibition of catechol-O-methyltransferase (COMT) 
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c) Designing more efficacious D2 receptor agonists. 

d) Designing novel therapies that promote the regeneration of substantia nigra dopaminergic 
neurons. 

Answer: a 

 

 ..ةدوصقم ریغ ءاطخأ يف ناك اذإ انوحماس ،صیخلتلا ةیاھن

Good luck Hope.  

 

 

 

 

 

 اجًرَف رظتناف رٌسُْع كَباصأ نإو"

 "!لُصِتمُو نٌورقمَ رِسُیلابرُسُعلاف
	


