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Skeletal Muscle 
Structure 

Muscle = group of fascicles
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Sticky Note
the muscle structure is as follows:
1-myofibrils make the muscle fibers. 
2- muscle fibers; which are the building units of the muscle (the muscle's cell).
3- fascicles; which are composed of a GROUP OF muscle fibers.
4- muscles; which are composed of a GROUP OF fascicles.

muscle fibers are composed of a muscle protein which are called protein filaments.




Muscle fiber 
components

• Sarcolemma: muscle cell membrane

• Sarcoplasma: muscle cell cytoplasm

• Motor end plate: contact surface 
with axon terminal

• T tubule: cell membrane extension 
into the sarcoplasm (to reach the 
myofibrils)

• Cisternae: areas of the endoplasmic 
reticulum  dedicated to Ca++ storage 
(located on each side of the T-
tubules)

• Myofibrils: organized into 
sarcomeres
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Sticky Note
DO NOT FORGET (information from LECTURE 18), the T tubule is the extension that the action potential goes through. when the action potential goes through the T tubule, it stimulates Ca++ channels; which makes the muscles contract.

cisterna CAN NOT be seen in the picture.

the myofibrils have the units that are responsible of muscle contraction which are:
1- thick filaments = myosin.
2- thin filaments = actin.



Muscle contraction: 
Cell events 
Myosin structure 

• Many myosin molecules per 
filament, golf club shape

• Long tail topped by a 
thickening: the head  forms 
crossbridges with the thin 
filament

• Presence of the enzyme, 
ATPase in the head  release 
energy for contraction 
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Sticky Note
in this slide we see a muscle contraction in a microscopic level.

the myosin (thick filaments) molecules structure looks like a golf club shape  مضرب غولف:
1- tail 
2- head
the tail is considered long and at the end of it the head is found, which is considered thick.
the head is composed of two special sites:
1- the actin-binding site, where the actin filaments (thin filament) bind with the myosin filaments (thick filament).
2- the ATPase site, which has the ATPase enzyme THAT PROVES that muscle contraction needs energy (ATP) to happen.




Actin structure

• Formed by 3 different proteins:

• globular (G) actins: bind to myosin heads

• tropomyosin: long, fibrous molecule, extending over 
actin, and preventing interaction between actin and 
myosin

• troponin: binds reversibly to calcium and able to move 
tropomyosin away from the actin active site
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Sticky Note
actin (thin filaments) structure are STRANDS of proteins.
the golobular (G) actin is the monomer (the building block) of the actin filaments.

the globular (G) actin (thin filaments) has a myosin-binding site (the black dot in the picture) which binds with the myosin (thick filaments) head in the actin-binding site. 

tropomyosin is the red line that can be seen in the last picture. its main function is to prevent interaction between actin and myosin. when this happens, the muscle relaxes.
you can see that the tropomyosin is ON TOP OF THE BLACK DOTS (the myosin-binding site, another name for it is "actin active site"), thats how the tropomyosin prevents interaction between the actin and myosin.
what is the opposite of tropomyosin? troponin.
how? troponin works as a regulator for muscle contraction; as it binds with calcium which helps making the muscle contract AND works by moving the tropomyosin from the black dots (myosin-binding site). 


NOT NEEDED but good to know! G actin is the monomeric form of actin and F actin is polymer form OF a group of G actin monomers.
basically, G actin makes F actin which is the ACTUAL filament.
the actin can be seen as double helical strands.
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Sticky Note
when the muscle is relaxed, the actin can be seen with tropomyosin COVERING the myosin-binding site AND the troponin is not linked with Ca++.

when the muscle is contracted, Ca++ is linked with troponin, the tropomyosin is MOVED AWAY by troponin which EXPOSES the myosin-binding site.
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Sticky Note
the myofibril can be seen like this when zoomed in.
the whole group is called SARCOMERE and it is found in the myofibrils, as they are the building unit of the myofibrils.

in this picture we can see the following:
1- the thick filaments (myosin) which can be NOTICABLE by the HEAD that is popping out (the ones in orange).
2- the thin filaments (actin) which can be NOTICABLE by its double helical structure (the ones in light blue).
we can see that the thick filaments bond with the thin filaments. this bonding is called "cross-bridge".
3- the Z line is the starting AND ending point of the sarcomere. so, we can say that the sarcomere starts FROM one Z line then the sarcomere ends AT the other Z line.




The sarcomere

• The myofibrils are organized into a 
repetitive pattern, the sarcomere

• Myosin: thick filament

• Actin: thin filament

• Bands formed by pattern: A and I and H 
bands

• Z line: area of attachment of the actin 
fibers

• M line: Myosin fiber centers
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Sticky Note
there are three places in the sarcomere:
1- H zone, which ONLY has MYOSIN filaments and the M line is found in this zone and it is the SMALLEST band.
the M line is a place THAT ONLY HAS MYOSIN FIBERS (thick filaments).
so, when there is a shortening/ relaxation in the H zone this means that ONLY  the MYOSIN fibers have done the action (shortening/ relaxation).
2- A band, which has the myosin AND the actin filament and it is the LARGEST band.
3- I band, which ONLY has ACTIN filaments.

an easy way to remember the zones:
we have three zones, H, A, I  
بنقدر نتذكرها بكلمة "هاي" بالعربي
1- H&M, so only Myosin is found in the H zone. H&M اتذكروا محل الملابس  
2- MAA, so both Myosin AND Actin is found in the A band. اتذكروا صوت الخرفان
3- A.I, so only Actin is found in the I BAND. A.I هو اختصار للذكاء الاصطناعي
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Sticky Note
in this slide we see two pictures on the top.
the first picture is when the muscle is RELAXED and we see the following:
1- H zone is in its normal size and only myosin is found in it.
2- A band is in its normal size and both myosin and actin is found in it.
3- I band is in its normal size and only actin is found in it.
so, ALL THE ZONES ARE IN THEIR NORMAL SIZES WHEN THE MUSCLES IS RELAXED.

the second picture is when the muscle is CONTRACTED and we see the following:
1- H zone SHORTENS. so, actin would get closer to the M line (which is the middle line) from BOTH sides and would slide to be apparent in the H zone. 
2- A band stays in its normal size.
3- I band SHORTENS. so, myosin would get closer to the M line.

REMEMBER THAT the movement of actin is called SLIDING.  
so, we can say that in contraction, the zones try to get CLOSER to the M line.
another easy way to remember what zones shorten is by saying:
contraction = HI
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The mechanism of 
force generation in 
muscle 





Mechanics of muscle 
contraction 
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Objectives 

• Define the microscopic skeletal muscle contraction 



The mechanism of 
force generation in 
muscle 
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Sticky Note
quick refreshment on lecture 18 that is IMPORTANT to remember.
ACh is the neurotransmitter that stimulates the muscles into having an action potential.
as we know, this process happens in the NEUROMUSCULAR JUNCTION. this junction is composed of the following:
1- presynaptic membrane which is the part in yellow in the picture (the axon terminal).
2- postsynaptic membrane which is the part that is in light brown in the picture (the motor end plate).
3- synaptic cleft which is the SPACE between the presynaptic and the postsynaptic membranes.

تبعوا مع الأرقام الي موجودة بالصورة
1- the ACh is stored in vesicles that ONLY reach the end of the axon's terminal wall by the help of several proteins. when it does, the ACh FUSES with the wall and gets released out of the axon terminal to the synaptic cleft; by the entrance of Ca++ in the axon terminal WHICH STIMULATES more vesicles to get out of the axon terminal.
the ACh then binds with receptors that are on the motor end plate's cytoplasm which are called "nicotinic receptors". 
these receptors are responsible of opening Na+ ligand channels in the motor end plate to get an inflow inside the muscle cell to create an action potential, which has a SPECIAL NAME in the muscle called "end-plate potential".

2- now, the action potential propagates along the sarcolemma (the cell membrane's surface) and down the T tubule which is an extension coming from the sarcolemma. 
* all of this was mentioned in lecture 18 so please read it.

3- in the picture, we can see that the T tubule is linked with the sarcoplasmic reticulum. the action potential that is going through the T tubule triggers the sarcoplasmic reticulum to release Ca++ from it.
this is considered the starting point that is ESSENTIAL in making the muscles contract.

4- the Ca++ then moves on to bind with the troponin complex that is found in the actin filaments (thin filaments) that is dark blue in the double helical structure. when the binding happens, the troponin works on MOVING AWAY the tropomyosin strand from the myosin-binding site (the black dots in the actin) to EXPOSE IT.

5- when the myosin-binding site gets exposed, the myosin (thick filaments) that can be seen in orange would bind with it. how? the head of the myosin has an actin-binding site that CONNECTS with the myosin-binding site in the actin, this bond is called "cross bridge".
this is considered the start of the cross bridge cycle and the start of the muscle contraction.
when a cross bridge happens between the actin and myosin the contraction starts which in turn means that the myosin would SLIDE the actin to the middle (M line) and the muscle would shorten in two zones (HI):
1- the H zone.
2- the I band.

6- after the contraction is done, the Ca++ is then unbounded BY ACTIVE TRANSPORT from the troponin and the Ca++ gets back to the lumen sarcoplasmic reticulum; to be reused again for another contraction. 

7- the most noticeable thing that we can see is that the tropomyosin GETS BACK to its original place (on top of the myosin-binding site) to BLOCK IT and the cross bridging breaks. this causes the muscle to get relaxed again. 
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Sticky Note
the cross bridging cycle:
REMEMBER THAT the myosin head (the golf club shaped) has two sites:
1- the actin-binding site
2- the ATPase binding site, which has the ATPase enzyme.
the ATPase binding site shows that cross bridging and the muscle contraction needs ENERGY to happen.
KEYWORDS FROM BEFORE:
ATP = adenosine triphosphate, three groups of inorganic phosphate.
ADP = adenosine diphosphate, two groups of inorganic phosphate.
AMP = adeonsine monophosphate, one group of inorganic phosphate.
hydrolyzed, hydrolyzation = having ATP broken down by water to (ADP + P) to release energy.

1- the binding of myosin (which has the actin-binding site) and actin (which has the myosin-binding site) happens. another name for this bond, cross bridge. 
this happens by releasing ONE inorganic phosphate from the ATP (ADP + P) that is on the ATPase binding site so that the myosin would have ADP at the end of this step.
2- since the myosin has ADP in the ATPase site, the actin takes advantage of this to go towards the middle of the sarcomere (to the M line) to shorten the sarcomere. when this happens, it is called "power stroke" and is characterized by the release of the ADP.
3- because of the release of P in the first step and ADP in the second step, the myosin has lost the energy that is found in the ATPase binding site. when this happens, the myosin is considered a "rigor"/ in a low-energy form. BUT we still see that the myosin is STILL connected to the actin filaments and the muscle is considered in a stage of "stiffness"/ contraction.
stiffness = تشنج
in this stage, IF no ATP binds with the myosin head the muscle would stay contracted.
4- if ATP binds with the myosin head in the ATPase binding site, the myosin would UNBIND from the actin and the ATP would get hydrolyzed to have
ADP + P in the ATPase binding site.
  
5-the myosin becomes cocked (back to its normal place) and because the ATPase binding site has ADP + P then the myosin is in a high-energy form. 





Spastic Paralysis 

• Ingestion of 
insecticides Killer

• Nerve gas poison 
(Sarin)
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Sticky Note
things to remember from lecture 18!!
when the ACh gets to the synaptic cleft (the space between the presynaptic and the post synaptic) IT HAS TO BREAK DOWN to acetyl + choline AND get back into the axon terminal (the presynaptic membrane). this is done by the acetylcholinesterase enzyme.

in spastic paralysis, we see a pathological change in which an inhibition of acetylcholinesterase enzyme happens and the ACh DOES NOT break down in the synaptic cleft.
the causes of spastic paralysis: 
1- nerve gas poison (sarin gas) which inhibits the enzyme and prevented the ACh from breaking down. this causes the ACh to bond with the nicotinic receptors and to have an on-going inflow of Na+ inside the motor-end plate. so, the muscle would stay contracted.
2- ingestion of insecticides killer (بف باف)
it does the same as the nerve gas poison.



Flaccid Paralysis 

• Topical anaesthetic shot into this 
muscle; neuromuscular blocker

• Relaxation of diaphragm during 
anaesthesia; neuromuscular blocker 

• Snake Bites (COBRA) ; 
neuromuscular blocker

• Myasthenia gravis

is a relatively rare autoimmune 
disorder in which antibodies form 
against nicotinic acetylcholine (ACh) 
postsynaptic

• Botulinum disease; prevent Ach 
release 
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Sticky Note
all neuromuscular blockers such as topical or general anesthesia or snake bites work on blocking the nicotinic receptors so that the ACh does not bind with it.
botulinum disease prevents the ACh from getting to the active zone of the axon terminal.  



Dr. Arwa Rawashdeh 

Summation and tetanization
Comparison of smooth and 

skeletal contraction



Objectives 

Types of skeletal muscle

Summation and tetanus

Fatigue 

Comparison between skeletal and 
smooth muscle contraction 
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Sticky Note
there are three main types of skeletal muscle fibers:
1- slow oxidative
2- fast oxidative
3- fast glycolytic 
how do we distinguish between them? MICROSCOPICALLY.

important things to know:
when we say oxidative this means that there is A LOT of mitochondria in this fiber, uses ATP as source of energy AND it goes by AEROBIC metabolism. so, OXYGEN is used to produce ATP.
aerobic = هوائي
BUT when we say glycolytic this means that the fiber goes by ANAEROBIC metabolism AND glucose is what is used to produce ATP.
anaerobic = لا هوائي
oxidative capacity ↑↑ mitochondrial density.




Types of muscle fibers

• Various muscles contract at different speed  composed of 
different types of muscle fibers

mahmoud
Sticky Note
remember!! this graph shows something called "twitching" NOT action potential of a muscle.
twitching is the time needed for the muscle to contract and then relax.
in this graph we see three types of muscles:
1- extraocular muscle 
2- gastrocnemius
3- soleus 
in the X - axis, we see the time taken for the muscle to contract AND relax in milliseconds.
in the Y- axis, we see the tension of the muscle.
extraocular muscle, fast oxidative twitching.
gastrocnemius, fast glycolytic twitching.
soleus, slow oxidative twitching.



Recruitment

This has two very important physiological benefits. First, it 
minimizes the amount of fatigue an organism experiences by 
using fatigue-resistant muscle fibers first and only using 
fatigable fibers when high forces are needed. Secondly, the 
relative change in force produced by additional recruitment 
remains relatively constant.

Henneman’s size principle states that under load, motor units 
are recruited from smallest to largest. In practice, this means 
that slow-twitch, low-force, fatigue-resistant muscle fibers are 
activated before fast-twitch, high-force, less fatigue-resistant 
muscle fibers. 
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Sticky Note
two things to distinguish for later on:
1- tension refers to the force IN the muscle fibers themselves.
2- force refers to an EXTERNAL force that is put on the muscle.

recruitment = تجنيد 
the muscles work by RECRUITING motor units in an organized way.
FOR YOUR INFORMATION!
MOTOR UNIT: is a bundle of muscle fibers that are innervated by a single neuron.
example! if one neuron innervates 5 muscle fibers and another neuron innervates 7 muscle fibers THEN the one that innervates MORE muscle fibers is called the BIGGER motor unit.
so, 
↑ fiber units innervated by ONE nerve ↑ bigger motor unit. 

how does recruitment work? there is a set of rules to recruit a motor unit. THE MAIN RULE IS motor units are recruited from SMALLEST to LARGEST. 
this principle is called the henneman's size principle.
عشان نفهمها بشكل أكبر ناخذ هالمثال.
بالجيش، بيتم أخذ الشباب بنسبة أكبر من الكبار بالسن. ليش؟ لأنهم أكثر تحملًا وهيك بيمشي هادا المبدأ.
if we get more precise we see the following: 
SMALL MOTOR UNITS ARE:
1- slow twitching.
2- low force.
3- fatigue-resistant.
fatigue-resistant = مقاوم للإجهاد
نرجع لمثالنا تبع الجيش، الشباب عندهم مزايا بتساعدهم
1- أقل غلبة، فيعني السيطرة عليهم بشكل أسهل
2- قوتهم بتكون ماشي حالها فبنقدر ندربهم بشكل أكثر
3- مقاومين للإجهاد بشكل أكبر
do not forget, SMALL motor units are found in SLOW OXIDATIVE muscles.
LARGE MOTOR UNITS ARE:
1- fast twitching.
2- high force.
3- less fatigue resistant.
do not forget, LARGE motor units are found in FAST GLYCOLYTIC muscles.
نرجع لمثالنا تبع الجيش، الكبار بالسن بيكون عندهم صعوبة 
1-ما عندهم طولة بال فالسيطرة أصعب
2- قوتهم بتصعب على المدربين إنه يتم تحسينها
3- مقاومتهم للإجهاد قليلة

to understand the graph that is in the bottom, when a muscle wants to recruit we FIRST recruit the smaller motor unit THEN recruit the larger motor unit. so, we can say that the recruitment goes GRADUALLY.
this MINIMIZES the amount of fatigue for these motor units.

if the recruitment was the complete opposite the large motor units would not be able to handle for this long and it would be tired.




Summation and 
tetanus

• Summation: Rapid sequence of stimuli
muscle twitches fuse into each other, each 
subsequent one being stronger that its 
precedent

• Tetanus: very rapid sequence of stimuli: no 
relaxation

Treppe (warm-up): gradual increase in 
contraction intensity during sequential 
stimulation

Effect of consecutive stimuli: Treppe
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when does fatigue happen? when the muscle reaches the tetanus.




Structure of Smooth Muscle

• Fibers smaller than those in skeletal 
muscle

• Spindle-shaped; single, central 
nucleus

• More actin than myosin

• No sarcomeres

• Not arranged as symmetrically as 
in skeletal muscle, thus NO 
striations.

• Caveolae: indentations in 
sarcolemma;

• May act like T tubules

• Dense bodies instead of Z disks 

• Have noncontractile intermediate 
filaments



Types of smooth muscle 

• Multi-Unit Smooth Muscle. This type of smooth 
muscle is composed of discrete, separate smooth 
muscle fibers.. Some examples of multi-unit 
smooth muscle are the ciliary muscle of the eye, 
the iris muscle of the eye, and the piloerector 
muscles that cause erection of the hairs when 
stimulated by the sympathetic nervous system.

• Unitary Smooth Muscle. The term “unitary” is 
confusing because it does not mean the muscle 
fibers. Instead, it means a mass of hundreds to 
thousands of smooth muscle fibers that contract 
together as a single unit. the cell membranes are 
joined by many gap  junctions through which ions 
can flow freely from one muscle cell.
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Sticky Note
there are two types of smooth muscles:
1- multi-unit smooth muscle. 
2- unitary smooth muscle.

multi-unit smooth muscles are NOT like what its name suggests. how? 
multi-unit smooth muscles work independently in contractions AND are individually innervated. they are found in places that need precision or "fine control".
fine control = تحكم دقيق
so, even though their name is "MULTI" but they work alone NOT together.
examples of multi-unit smooth muscles:
1- ciliary muscle of the eye.
2- iris muscle of the eye.
3- piloerector muscle that causes erection of the hair when stimulated by the sympathetic nervous system.
بالعربي، هاد النوع من العضلات بالرغم من إنه إسمه بيوحي إنها عبارة عن مجموعة من الألياف العضلية الي بتشتغل مع بعض بس هم بيساووا العكس.
يعني، هاد النوع هو عبارة عن مجموعة من العضلات بس كل وحدة منهم الها عصب لحالها، وكل عضلة بتنقبض كمان لحالها.
unitary smooth muscle:
unitary = كوحدة
from the name, we can know that this type of muscle works as a group. this means that a hundred to thousands of smooth muscles CONTRACT TOGETHER.
unitary smooth muscles work differently than multi-unit smooth muscles.
how do they contract at the same time? they have gap junctions and these gap junctions allow them to COMMUNICATE BETWEEN EACH OTHER so that they can contract "co-ordinated contraction" and relax together. because of this, they are NOT considered precise like the multi-unit smooth muscles so they have "gross control".
gross control = تحكم إجمالي
unitary smooth muscles produce STRONG contractions.
multi-unit smooth muscles produce FINE contractions.



Varicosities 
Axons of neurons in the Autonomic 
nervous system do not form the 
highly organized NMJs with smooth 
muscle, as seen between motor 
neurons and skeletal muscle fibers. 
Instead, there is a series of 
neurotransmitter-filled bulges called 
varicosities as an axon courses 
through smooth muscle, loosely 
forming motor units . A varicosity 
releases neurotransmitters into the 
synaptic cleft.



mahmoud
Sticky Note
pacemaker activity basically organizes, regulates and generates action potential BUT it is not considered an action potential.
in the graph you can see the small waves that the pacemaker activity makes which are produced by the interstitial cells of cajal. they REGULATE THE ACTION POTENTIAL.
how? you can see that the spikes are ONLY on the top part of the slow waves and not on the lower part of the slow waves. 
بالعربي، هاي الموجات بتنظم موضوع توليد الحركة وما بتصير إلا إذا الموجة كانت بالقمة. كيف يعني؟ الحركة الي بتعملها خلايا "كاجال" الي بتساويلنا رسمة الموجات البطيئة فأول ما تصير عملية الانقباض أو وصول الموجة للقمة بتحدث عملية توليد الطاقة الي هي الخطوط الي بالأحمر.
this makes the action potential organized. we can see this in the gastrointestinal smooth muscle to have a synchronized contraction and potential.



Smooth muscle contraction: mechanism

mahmoud
Sticky Note
the difference between smooth muscle contraction and skeletal muscle contraction is the following:
the Ca++ binds in the smooth muscles with a protein called calmodulin (CaM) which activates the myosin light chain kinase (MLCK) that phosphorylates the light chains in myosin heads and increases the ATPase activity which in turn cross-bridges with actin to produce a contraction.



Smooth muscle relaxation: mechanism
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Sticky Note
the difference between smooth muscle relaxation and skeletal muscle relaxation is the following:
there is an enzyme in the smooth muscles called "myosin phosphatase" which removes the phosphate group from the myosin head, which decreases the myosin ATPase activity and the muscle would get relaxed.



General Organization of autonomic nervous system 
and control of visceral function 

Dr. Arwa Rawashdeh



Objectives  

• Introduction and general organization of ANS

• Chemical transmission of autonomic junctions 
cholinergic and adrenergic transmission 

• Types of cholinergic and adrenergic receptors 



General 
Organization 
of autonomic 

nervous 
system (ANS)
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Sticky Note
the sensory division is responsible of sensation.
the motor division is responsible of the final output (response) that is coming out from the CNS EFFERENT nerve.
reminder: 
afferent nerve: a nerve that transmits impulses from PERIPHERAL ORGANS to CNS.
 من الأطراف إلى المركز.
efferent nerve: a nerve that transmits impulses from CNS to PERIPHERAL 
ORGANS. 
من المركز إلى الأطراف.

visceral: refers to smooth muscles, cardiac muscles and glands.
somatic: refers to skeletal muscles, tendons, joints and skin.

visceral motor division has two sub-categories: 
1- sympathetic
2- parasympathetic




Somatic and ANS 
system  
The two system differ in

• Effectors 

• Efferent pathways (and their 
neurotransmitters )

• Target organ responses to 
neurotransmitters 

• Effectors 

Skeletal muscle 

• Somatic nervous system

ANS

• Cardiac

• Smooth muscle 

• Glands 
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Sticky Note
comparison, somatic VS. ANS.

somatic:
- its EFFERENT nerve comes out of the ventral root of the spinal cord as a LONG, THICK, HEAVILY MYELINATED nerve till it reaches its effector (from the previous note, the effector can be skeletal muscle, tendons, joints or skin).
so the pathway of the somatic system is:
spinal cord --> long, thick, heavily myelinated nerve --> effector. 
somatic nervous system is responsible of voluntary actions.
target organs response to neurotransmitters in somatic :
- stimulatory ONLY. for example, contracting a muscle.

ANS:
- its EFFERENT nerve ALSO comes out of the ventral root of the spinal cord as a LONG, THIN, LIGHTLY MYEILNATED nerve.
the ANS differs from somatic; because its nerve gets separated to two:
1- pre-ganglionic nerve.
2- post-ganglionic nerve.
the pre-ganglionic nerve connects the spinal cord with something called the "ganglion".
ganglion: a connection of neuron cell bodies.
مكان تجمع كمية من الخلايا العصبية، اعتبروه نقطة تجمع. 
 now, a SHORT,UNMYELINATED nerve gets out of the ganglion and reaches the effector (from the previous note, the effector can be smooth muscles, cardiac muscle or glands). this nerve is called the post-ganglionic nerve.
so, the pathway of the ANS system is: 
spinal cord --> long, thin, lightly myelinated nerve (pre-ganglionic nerve) --> ganglion --> short, unmyelinated nerve (post-ganglionic nerve) --> effector.  
ANS nervous system is responsible of involuntary actions.
target organ response to  neurotransmitters in ANS:
- stimulatory. for example, increases the pulse rate. 
- inhibitory. for example, decreases the pulse rate.



Neurotrans
mitter 
effects 



Efferent pathway 



Division and anatomy of ANS
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Sticky Note
we have two divisions in the ANS system:
1- sympathetic (+)  زي دعاسة البنزين
2- parasympathetic (-) زي دعاسة البريك
in almost ALL VISCERAL ORGANS (smooth muscles, cardiac muscles, glands) we see both of these divisions BUT they cause opposite effects. this is called "dual innervation".
بالعربي، هدول الاثنين بيشتغلوا عكس بعض فكمثال إذا بدنا نرفع معدل نبضات القلب بنستعمل النوع الأول (+) وإذا بدنا ننزل المعدل بنستعمل النوع الثاني (-) وهيك بيصير عندنا تنظيم للحركة تاعت هاي الأعضاء اللإرادية.
الإشارات بتسهل عليكم تعرفوا كيف بيعمل هذا النوع (بمعظم الحالات) من ناحية الزيادة أو النقصان.
 
to understand the slide more,
there are three regions in the spinal cord that we need to know, which are called:
thoracic (T) region: it has 12 discs. so, from T1-T12.
lumbar (L) region: it has 5 discs. so, 
from L1- L5. 
sacral (S) region: it has 5 discs. so, 
from S1-S5. 
and a 4th region that is NOT a part of the spinal cord called "the cranial region" which has 12 CRANIAL nerves.

the sympathetic division: 
- origin: THORACOLUMBAR region (from T1-L2) of the spinal cord.
so, the sympathetic nerves come out of the spine from the THORACIC (T) region AND the LUMBAR (L) region.
- the length of the nerve fiber: 
first, SHORT PRE-ganglionic fiber then, LONG POST-ganglionic fiber
- location of ganglia (ganglion): 
CLOSE TO THE SPINAL CORD
to imagine a sympathetic division consider it like this:
-- = shows the length of the sympathetic fiber.
spinal cord--ganglia------effector

the parasympathetic division:
- origin: CRANIOSACRAL region (from S2-S4 and cranial nerve 3,7,9,10) of the spinal cord.
so, the parasympathetic nerves come out of the spine from the CRANIAL region AND the SACRAL (S) region.
- the length of the nerve fiber: 
first, LONG PRE-ganglionic fiber then, SHORT POST-ganglionic fiber
location of ganglia (ganglion): CLOSE TO THE EFFECTOR ORGANS.
to imagine a parasympathetic division consider it like this:
-- = shows the length of the parasympathetic fiber.
spinal cord-------ganglia--effector



craniosacral thoracolumbar
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Sticky Note
notice how the sympathetic nerve fibers that are COMING OUT OF THE LATERAL HOLE OF THE SPINAL CORD are SHORT in the beginning (pre-ganglionic) and synapses with the sympathetic ganglion which is CLOSER to the spinal cord then the sympathetic nerve fibers becomes LONG at the end (post-ganglionic).

and notice how the parasympathetic nerve fibers are LONG in the beginning (pre-ganglionic) and synapses with the ganglion that is CLOSER to the effector organ then the parasympathetic nerve fiber becomes SHORT at the end (post-ganglionic).
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Sticky Note
remember that the SOMATIC NERVOUS SYSTEM always releases ACh and always has a stimulatory effect.

in the ANS NERVOUS SYSTEM:
1- pre-ganglionic ALWAYS releases ACh.
2- post ganglionic in SYMPATHETIC NERVE FIBERS release either NE (nor-epinephrine) or epinephrine. but, in PARASYMPATHETIC NERVE FIBERS release ACh.
one exception in the ANS nervous system in the sympathetic nerve fiber is the adrenal medulla (a gland above the kidney) as the PRE-SYMPATHETIC nerve synapses with the medulla INSTEAD of a ganglion.



Location of sympathetic trunk 



Location of sympathetic trunk 
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to understand the picture on the left more, we have AFFERENT and EFFERENTS that are numbered from 1-7
1- somatic efferent (not important)
2- somatic afferent (not important) 
3,4,5- sympathetic efferent (important)
6,7- ANS afferent (not important)

3, 4, 5 go through a place called "white ramus communicant" where they communicate with each other and then synapse with a sympathetic ganglion EXCEPT the adrenal medulla.
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in this picture we can see that there is a long chain of ganglions on top of each other which we either call it "ganglionic chain" OR "the sympathetic trunk"
OR "para-vertebral ganglions" which are close to the spinal cord.
there is ANOTHER type of ganglions that are CLOSE TO THE ORGAN which are called "co-lateral ganglions" OR "prevertebral ganglions" OR "greater splanchnic nerve.

in this picture we can see different pathways that pre-ganglionic nerves (the red lines) go through:
1- the pre-ganglionic nerve makes a synapse with the ganglion then the post-ganglionic (the black lines) synapses with the effector organ.
2- the pre-ganglionic nerve fiber does not synapse with the ganglion chain and they form together the "cardiac and pulmonary plexuses" (check in the picture) and then form the post-ganglionic nerve fiber which connects with the organs.
 the nerve fibers can sometimes be ascending (like the innervation to the eye, the salivary gland, the heart, the lung) and descending which is linked with the sympathetic cervical ganglions. 
3- from T5-T12 the pre-ganglionic nerve fibers do not synapse with the ganglionic chain BUT descend and synapse with the "co-lateral ganglions" and can be divided to: 
a. greater splanchinic
b. mesenteric
c. inferior mesenteric
d. superior mesenteric
^^ not important ^^
4- sometimes, an innervation could come out of these divisions and create an outflow to certain organs such as the female organs or the male organs. this can be seen in the SACRAL (S) region and the coxae.   



Control of ANS functioning 

Role of sympathetic division 

https://www.google.jo/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https%3A%2F%2Faskabiologist.asu.edu%2Fwhats-your-brain&ei=XJQ-VLK1F8zhaIiKgoAH&bvm=bv.77412846,d.d2s&psig=AFQjCNFT_YccFNl57IJh00TkKiEOImpvXg&ust=1413473705561684
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Sticky Note
the ANS is controlled by the central nervous system, in specific the limbic system which consists of: 
1- thalamus
2- hypothalamus
3- hippocampus
4- corpus callosum 
5- brain stem (reticular formation)




Parasympathetic nervous system and division outflow 

• Also called the craniosacral system because all its preganglionic neurons 
are in the brain stem or sacral levels of the spinal cord

– Cranial nerves III,VII, IX and X

– In lateral horn of gray matter from S2-S4

• Only innervate internal organs (not skin)

• Acetylcholine is neurotransmitter at end organ as well as at preganglionic 
synapse: “cholinergic”
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Sticky Note
the doctor only told us about the nerves



Role of Parasympathatic division “rest & digest”





Neurotransmitters



OVERVIEW OF SENSORY NEURON

FUNCTION

Dr. Arwa rawashdeh
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Sticky Note
tract: a bundle of axons inside the central nervous system.
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Sticky Note
posterior column = dorsal column
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Sticky Note
the posterior column is responsible for certain actions such as:
1- fine-touch
2- vibration 
3- pressure
4- proprioception 
proprioceptive = the movement of  joint or tendon or any skeletal muscles in space (knowing if it goes up, down, right, left).

how are these signals transmitted to the posterior column? a type of receptors need to be stimulated (check slide 6)
the stimulation would go UP through the DORSAL GANLGION ROOT which is found outside of the spinal cord where a synapse happens with the DORSAL ganglion (check slide 7), this is called a first-order neuron.
now, the pathway of the signal would go into the spinal cord.
we have two divisions for the posterior column:
1- fasciculus cuneatus
2- fasciculus gracilis
(check slide 8)
these two divisions would transmit the signals UP to the medulla oblongata where they synapse with the NUCLEUS GRACIILIS AND CUNATEOUS. this is called the second-order neuron.
the second-order neuron would CROSS OVER to the opposite side (in the picture it goes from the right side TO the left side).
* because of this, the right side of our body is controlled by the left side of our brain and vice versa.
 
the signal would then go up to the medial lemniscus in the mid-brain and go up to the fore-brain in the ventral nuclei of the thalamus.
ALL SENSORY SIGNALS HAVE TO TRANSMIT TO THE THALAMUS EXCEPT THE SMELLING SENSATION. 
from the thalamus, all the sensory signals would transmit to cerebral cortex of the brain which has the following three regions.
the three regions are:
1- the projection fibers (responsible of ascending or descending information)
2-corpus callosum (connects the right side of the brain with the left side and transmits information between them)
3- parietal lobe/association area (transmits information between the anterior and posterior part of the brain)

there are three types of nerve fibers in our body:
1- type A  (fastest)
2- type B 
3- type C (slowest)
the posterior column is the fastest column in our body; because it uses type A nerve fibers which is the most thickly myelinated nerve fiber type.

type A nerve fibers has three sub-categories:
1- alpha α (fastest) 
2- beta β
3- delta δ (slowest)
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in the picture on the right you'll find different types of receptors that are found in the epidermis. 
each receptor is stimulated by a certain sensation.
1- merkel's disk: a type of receptor that is responsible of fine-touch/superficial touch sensation.
fine-touch can be described as an example when you sense a type of clothes texture.
مثال لهالنوعية من الإحساس: أول ما تروح تشتري بلوزة جديدة بتروح تمسك عشان تحس كيف نوعية القماش.
2- meissner's corpuscle: a type of receptor that is responsible of distinctive touch sensation.
distinctive = التمييز  
distinctive touch can be described as an example when someone puts their hand on your arm and know how many fingers are touching you,
meissner's corpuscle is MORE sensitive than merkel's disk; as it can identify more localizations.
خلوا حدا يلمس ذراعكم بعدد معين من أصابعه بدون ما تشوفوا، عقلكم حيعرف كم إصبع لامس ذراعك بسبب هذا المستقبل.
3- ruffini ending:
a type of receptor that is found in the DERMIS layer of the skin and is responsible of sensing the skin's stretching.
زي لما حدا يشد خدودك.
4-pacinan's corpuscle: 
a type of receptor that is found in the DERMIS layer of the skin and is responsible of sensing deep pressure and vibration.
vibration: the frequent stimulation (pressure) of the skin. 
الضغط: زي لما حدا يمسك إيدك بقوة
الاهتزاز: زي لما تكون حاطط جوالك ع وضع الهزاز وتجيك مسج فتحس بالهزة تاعته.

as we can see, each receptor is involved in a certain type of stimulation/sensation to the posterior column tract.

how does a stimulation happen? for this example let's take the pacinian corpuscle (which is responsible for the deep pressure stimulation).
when a pressure is applied, Na+ channels open in the NEURON ENDING in the corpuscle that would cause a DRAMATIC increase of Na+ inside in the neuron and an action potential would happen.
for this example, 
↑ pressure ↑ Na+ voltage-gated channels open ↑ action potential

a general rule for ALL receptor:
↑ stimulation ↑ Na+voltage-gated channels open ↑ action potential

when more action potentials are created this causes something called "frequency"
frequency: the increasing of a stimulation per a unit of time.
frequency = تردد
عشان توضح بشكل أكبر، كل ما بيصير عندنا تحفيز للمستقبلات كل ما تكون عندنا سيلان عصبي، فكل ما زاد عنا كمية التحفيز صار عندنا زيادة لكمية السيلانات العصبية المتكونة.
التردد هو عبارة عن كمية التحفيز الي بتصير بفترة زمنية معينة، فكل ما زادت عدد مرات التحفيز كل ما صار عندنا تردد أكبر للسيلانات العصبية.
there is a certain level of frequency that is allowed. when it reaches the MAXMIUM FREQUENCY it gets stopped by the refractory period (absolute refractory period).
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Sticky Note
this picture shows a cross-section of the spinal cord.
the brown color in the picture is the white matter of the spinal cord.
the beige color in the picture is the grey matter of the spinal cord.
we have two roots coming out of the spinal cord:
1- the dorsal root
2- the ventral root

dorsal rootlets come out of the white matter to make the dorsal root and synapse with the dorsal root ganglion.
this pathway is ONLY for the sensory tract.
REMEMBER, that the sensory tract is ASCENDING so it would go from the place of the stimulation TO the spinal cord.

the ventral root does not synapse with a ganglion BUT both the VENTRAL AND DORSAL ROOTS join together to make the SPINAL NERVE.

the spinal nerve divides into four ways: 
1- the dorsal ramus (thin, only responsible for the back muscles)
2- ventral ramus (thick, responsible for ALL the muscles besides the back muscles)
3- white ramus communicans (all sympathetic nerves pass through this division and synapse with the sympathetic chain ganglion)
4- grey ramus communicans (all signals would get carried out to a specific organ)
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the two divisions of the posterior column can be seen in the picture. how to identify them?
in the middle of the spinal cord there is a place called the "fissure" which makes us easier to identify both divisions AND to know who is medial and who is lateral.

the part that is localized MEDIALLY (close to the fissure) is the fasciculus gracilis.
the part that is localized LATERALLY (farther from the fissure) is the fasciculus cuneatus.
 
the fasciculus gracilis is localized medially; because its sensory neurons come from a low level of the spinal cord (below T6).

the fasciculus cuneatus is localized laterally; because its sensory neurons come from a higher level of the spinal cord (above T6).






CEREBRUM/CEREBRAL HEMISPHERES

Sensory areas of the cerebral hemispheres receive impulses 
from sense organs and transmit them to the association areas

The association areas of the cerebral hemispheres receive 
impulses  - interpret them in the light of similar past 
experiences and transmit impulses to motor areas

The motor areas transmit impulses to the effectors

The size of the sensory and motor areas is related to the 
number of receptors in that area

The left and right cerebral hemispheres control the opposite 
sides of the body 
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Sticky Note
do not forget this order!

sensation in a certain part of the body  --> stimulation by the posterior column up to the brain --> the association area of that part of the body would get stimulated in the SENSORY cortex --> the stimulation goes to the association area of that part of the body would get stimulated in the MOTOR cortex to send an appropriate response. 
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both anterior spinothalamic tract and lateral spinothalamic tract transmit in the same tract this is why it is called "anterior spinothalamic tract". but, to make it easier we will study each one alone.

lateral spinothalamic tract:
it is responsible of transmitting two types of sensations:
1- pain
2- temperature sensation 

the anterior spinothalamic tract: 
it is responsible of transmitting two types of sensations:
1- crude touch 
2- pressure sensation
 
both crude touch and pain use a type of receptor called "nociceptors". sensation receptors use type C nerve fibers (which is the slowest) an type A delta nerve fibers. these nerve are what make the "pain pathway" which transmits the pain sensation to the brain. 

there are two types of pain that can cause the stimulation of the receptors:
1- mechanical pain (that is caused by a crude touch "hard touch")
2- chemical pain ( response to a mechanical pain by secreting a certain chemical such as potassium, protons, histamine, etc.. which cause an inflammation)

type A delta fibers are responsible of transmitting a very fast pain sensation which is mainly caused by a mechanical pain.
مثال بيوضح هالنوع من الألم، أول ما تحس بوغز الإبرة هاد يعتبر ألم سريع ويتم نقله من خلال الديلتا فايبر.
type C fibers (which is unmyelinated) are responsible of transmitting very slow pain sensations which is mainly caused by a chemical pain.
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85% of the C fibers reach the reticular formation region which is mainly responsible of sleeping/waking up.
because of this, you can't sleep when you are in a lot of pain.
only 15% of the C fibers reach the thalamus in a specific region called "intralaminar nuclei".
the C fibers would also go to other regions in the brain such as the hypothalamus (which is responsible of controlling the ANS system), by this we are controlling the autonomic response to pain.
for example, how does our body control pain? by increasing the heart rate, by increasing the blood pressure, etc..
another example, when giving birth the pain would be transmitted to the hypothalamus which would release oxytocin to increase uterine muscles contraction.












Overview of motor neuron 
function 
DR.Arwa Rawashdeh 



Upper (UMN)and lower motor neuron tracts 
(LMN)   

UMN Corticospinal Corticobulbar

LMN
Anterior gray 
horn in the 
spinal cord

Cranial  nerve 
nuclei  



Corticobulbar Tract  
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corticobulbar means:
it starts at the cortical part of the brain and ends at a part called the bulbar which is found in the medulla to give off its branches to the cranial nerve nuclei and then to cranial nerves that we will discuss.

the corticobulbar tract's origin is the cerebral cortex of the brain.
these tracts are going to descend throughout the whole brain to (in order):
1- thalamus
2- mid-brain
3-brain stem (specifically in the pons)
these are called the "upper motor neuron".

from the pons (in the cranial nerve nuclei) the nerves are going to branch into cranial nerves.
the cranial nerves that we need to know:
V (5) nerve: Trigeminal nerve (responsible of the voluntary action of the mastication muscles). 
VII (7) nerve:  Facial nerve (responsible of the voluntary action of the facial muscles).
IX (9) nerve: Glossopharyngeal nerve.
X (10) nerve: Vagus nerve
IX and X are responsible of the voluntary action of the pharynx, the soft palette and the uvula. can be called the "vocalizing muscles" or the "swallowing muscles.
XII (12) nerve: Hypoglossal nerve (responsible of the voluntary action in the tongue).
these are called "lower motor neuron".



Corticospinal tract 
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the corticospinal tract starts from the cerebral cortical part of the brain and ends in the spine.
it goes down in the internal capsule and then to the medulla where it gives two sub-tracts:
1- lateral corticospinal tract
2- anterior corticospinal tract
till they reach the spinal cord.
THE UPPER MOTOR NEURON IS THE PART BEFORE THEY REACH THE SPINAL CORD.
ركزوا كثير على هالنقطة^^
the lateral tract then synapses with the anterior (ventral) grey horn of the spinal cord then their axons go to specific skeletal muscles.
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there are two types of muscle fibers that we need to know about:
1- extrafusal fiber (outside of the skeletal muscle)
2- intrafusal fiber (inside the connective tissue of the muscle, can be called the muscle spindle)





The stretch 

reflex 

(myotatic 

reflex)
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Sticky Note
in the muscle, we have two types of sensory neurons (AFFERENTS):
1- type Ia
2- type II
if we stretch a muscle, we would stimulate these sensory nerve fibers
which are also called "proprioceptive neurons" and the stimulation would go to the spinal cord.
the final response is received by the alpha nerve fiber which makes the muscle contract for an example. 
this is called the stretch reflex or "myotatic reflex".









Upper motor 
lesion 

1. Stroke (occurs when the blood supply 
to part of your brain is interrupted or 
reduced)

2. Demyelination the axons of never 
fibers ( multiple sclerosis and B12 
deficiency)

3. Amyotrophic lateral sclerosis (ALS) is 
a neurodegenerative neuromuscular 
disease that results in the 
progressive loss of motor neurons 
that control voluntary muscles 

nerve
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Sticky Note
A lesion is any damage or abnormal change in the tissue of an organism.
lesion = جرح، تمزق

stroke = جلطة




Lower motor 
neuron 
lesion

1. Polio virus damage the anterior gray 
horn 

2. Spinal muscular atrophy ( genetic 
disease that damage the anterior 
gray horn) 

3. Neuropathy ( damage to the nerve 
because of herniated disc or diabetes 

4. Botulinum toxin ( inhibit the Ach 
release) 

5. Amyotrophic lateral sclerosis (ALS)



Corticobulbar tract lesion 



Corticospinal tract 
lesions 



MASS UMN

• Disuse atrophy 

• Decrease the mass of skeletal 
muscle ( 15-20%) Damage to 
UPPER motor neuron

LMN

• Decrease Ach release ( nicotinic and 
muscarinic receptors)

Nicotinic for muscle contraction 

Muscarinic for cell signaling pathway 
and stimulate transcription factors and 
lead to the synthesis of muscle proteins 
and decrease in protein synthesis leads 
to proteolysis

• Denervation atrophy 

• Decrease in muscle mass ( 70-80%) 



Fasciculations Only in lower motor neuron 
lesions

Involuntary pathological 
muscle contraction

Increase the sensitivity of 
ligand channels ( even the 
tapping could stimulate the 
channels)

Fibrillation ( Expressed on EMG 
) 

Ach 

Ach nicotinic receptors          
activity

Muscle up regulation  

Increase in  Ach 
nicotinic receptors                          

pathological muscle 
contraction 
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Sticky Note
if there is a decrease in ACh, the ACh nicotinic receptors activity would decrease. 
when that happens, the muscle would get into a kind of "up regulation" to reach homeostasis.
the muscle would think that there are not enough nicotinic receptors on the surface of the skeletal muscle which would increase the amounts of ACh nicotinic receptors on the surface and would make the muscle more sensitive by increasing the sensitivity of ligand channels and increasing the sensitivity of the nicotinic receptors. 
the increase in sensitivity would mean that even a small tap would stimulate the channels which would lead to the over-stimulation of a muscle.
بالعربي، أول ما يكون عندنا قلة بإنتاج الاستيل كولين حينتج منها قلة نشاط المستقبلات تاعتها الي بيكونوا موجودين ع سطح العضلة.
هاي الشغلة حتخلي العضلة تحس إنه مافي كمية كافية على السطح من المستقبلات فحتصير تكون كمية زائدة من المستقبلات الي حتخلي العضلة والمستقبلات تكون حساسة أكثر فيصير عندنا تحفيز مفرط للعضلة.
لدرجة إنه اي لمسة خفيفة ممكن تكون كافية لتحفيز العضلة.  
fibrillation is a representation of fasciculation that could appear on the EMG.

EMG = electromyography



Tone , deep tendon reflex and reflex 

action potential the LMN 

(Extrafusal and intrafusal)

Hypotonia ( alpha)

Hypo- reflexia ( Gamma) 

Decrease the activity of muscle spindle 

action potential  at the level of 

medullary nucleus 

action potential the LMN ( Extrafusal and 
intrafusal)

hypertonia ( alpha)

hyper- reflexia( Gamma)

UMN 
Spastic paralysis 

LMN 
Flaccid  paralysis 
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Sticky Note
the UMN (from the cortical part TO the medulla) in the corticospinal tract is considered stimulatory.
the co-lateral tract in the corticospinal tract is considered inhibitory. 
when there is a lesion in the UMN of the corticospinal tract (from the cerebral part to the medulla) there would be a decrease in the action potential.
this would increase the action potential of the LMN and the over-contraction (hypertonia) of the muscle which is caused by the alpha neuron and hyper-reflexia (gamma).
this is called "spastic paralysis".

if there is a lesion in the LMN there would be a decrease in the action potential which would lead a hypotonia (caused by the alpha nerve fiber) and hypo-reflexia (caused by the gamma nerve fiber).





Difference between spasticity and rigidity 

mahmoud
Sticky Note
if a patient has spasticity or spastic paralysis and we try to extend the arm fully, we would notice when trying to extend the arm that there is a high resistance in the patient's arm.

rigidity can be seen in two ways:
1- lead-pipe rigidity (has a very high resistance that is uniform, the patient can not extend or flex the arm normally)
شكل الإيد بتكون زي إنبوب الكوع القائم 
uniform = منظمة ودائمة 
2- cog-wheel rigidity (has an on-off resistance and a zig-zag movement that is linked with tremors with patients that have parkinson's disease.
tremors = اهتزاز اليد بشكل غير طبيعي
parksinon disease = الشلل الرعاشي 






Overview of cardiovascular system 

DR. Arwa Rawashdeh 



objectives

Overview of structure and 
function of the heart 

Intrinsic cardiac 
conduction system

Conduction or 
electrophysiology pathway



Positioned between two bony 
structures – sternum and vertebrae

The heart is in the middle of the thorax, with the apex facing toward 

the left and inferiorly, at the level of the 5th intercostal space. The 

base of the heart is the posterior part of the heart.

The   heart



Primary (main) function:
1.Acts as a muscular pump:

in order to maintain adequate level of blood 
flow throughout CVS by pumping blood under 
pressure  into vascular system.

2.Responsible for the mass movement 
of fluid in body. 

Secondary functions:
1.  Transportation:

Delivers O2 to tissues, & brings back CO2 to lungs

Carries absorbed digestion products to liver & tissues

Carries metabolic wastes to kidneys to be excreted

Distribution of body fluids 

2.  Regulation:

Hormonal: carries hormones to target tissues to produce their 
effects.

Immune: carries antibodies, leukocytes (WBCs), cytokines, & 
complement to aid body defense mechanism against 
pathogens.

Protection: carries platelets, & clotting factors to aid protection of 
the body in blood clotting mechanism.

Temperature: helps in regulation of body temperature, by 
diverting blood to  warm the body.

Function of the heart 
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the heart has four chambers:
1- right atrium (RA)
2- left atrium (LA)
3- right ventricle (RV)
4- left ventricle (LV)
atriums are the small upper chambers
and ventricles are the big lower chambers.
left chambers are responsible of carrying oxygenated blood while the right chambers are responsible of carrying 
de-oxygenated blood. 
the white gate-like structures in the picture are the valves.
valve = صمام
the valves are:
1- tricuspid valve (between RA and RV)
2- pulmonary valve (between RV and the pulmonary artery)
3- mitral valve/bicuspid valve (between LA and LV)
4- aortic valve (between LV and the aortic artery)

the de-oxygenated blood comes from two large veins called:
1- superior vena cava (found at the base of the heart that pumps the 
de-oxygenated blood from the upper part of the body to the heart) 
2- inferior vena cava (found at the apex of the heart that pumps the 
de-oxygenated blood from the lower part of the body to the heart)

which both of them pump the blood to the right atrium. the blood would then go to the right ventricle by opening the tricuspid valve and then go to the lung (for the blood to be oxygenated) by the pulmonary artery which is done by opening the pulmonary valve to the pulmonary circulation.
the blood gets returned from the lung by the pulmonary vein (which is oxygenated) to the left atrium then to the left ventricle by the opening of the mitral valve and at the end the blood goes to the aorta by opening the aortic valve where the blood gets pumped to the systemic circulation. 
REMEMBER! 
arteries ALWAYS carry oxygenated blood 
and veins ALWAYS carry de-oxygenated blood BUT the pulmonary artery is the ONLY artery that carries
DE-OXYGENATED BLOOD and the pulmonary vein is the ONLY vein that carries OXYGENATED BLOOD.

there are no valves between the veins (vena cava and pulmonary vein) and the atriums (left and right) because the entrance of blood is easy as there is no pressure difference between them and no difference in size.
but valves are found between the atriums and the ventricles which are called "atrioventricular valves".
such as the tricuspid valve and the mitral/bicuspid valve.
AND are also found between the ventricles and the arteries which are called "semilunar valves", such as the pulmonary valve and the aortic valve  
the valves are between them because:
1- the difference in size between the atriums (smaller) and the ventricles (bigger), AND between the ventricles (smaller) and the arteries (bigger) 
2- the pressure difference caused by the difference in size
NOTE that valves are only ONE-WAY. meaning that the blood can NEVER get back to the opposite direction (the atrium).
the valves would increase the pressure in the atrium by closing the pump to collect the blood. so when opened, ALL the blood would go easily to the ventricle in the case of the tricuspid and the bicuspid valve AND in the case of the pulmonary and the aortic valve where ALL the blood would get collected when the valves are closed and then when the ventricle is full, the pressure difference would make ALL the blood go to the arteries.
all of this happens in a PASSIVE motion, no need of energy.
a normal heart would pump THE WHOLE BLOOD from the atrium to the ventricle. 

بالعربي، الصمامات بتعمل زي البوابة الي ما بتفتح لين ما تتعبى الغرفة بالكامل بحيث إنه يكون عندنا كمية كبيرة من الدم. أول ما تصير الغرفة مليانة بالدم حيطلع الدم للجهة 
الثانية بضغط عالي.




Two atrioventricular

(AV) valves:

❑ One way valves.

❑ allow blood to flow from 

atria into ventricles.

❑ Tricuspid (Rt) & Mitral (Lt).

Two semilunar valves :

❑ One way valves.    

❑ At origin of pulmonary artery 

& aorta. 

❑ Pulmonary (Rt) & Aortic (Lt).

❑ Open during ventricular 

contraction.

No valves between 
atria and veins

❑Atrial pressures 
usually are not much 
higher than venous 
pressures sites

❑where venae cava 
enter atria are partially 
compressed during 
atrial contraction

Valves
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the right AV valve = tricuspid valve = looks like a leaflet = has three parts.

the left AV valve = bicuspid valve = matric valve = has two parts.
both AV valves has a structure called the papillary and chordae tendineae (the small strings that are seen on the right picture) that work on stabilizing and fixing the valves and not getting inverted
inverted = تقلب بالعكس 
fixing = بسياق الجملة هون المقصود إنها تضل نفس ما هي
the aortic and the pulmonary valve = looks like a lunar-shaped moon 
شكلها زي الهلال ^^ 




Atrioventricular 
valve function



Semilunar valve function



Intrinsic cardiac conduction system 

• Electrophysiology of the heart is so special it had the ability 
to intrinsically depolarize itself it doesn’t really depend upon 
the nervous system 

• The heart exhibits was called automaticity ( the heart has its 
intrinsic ability on its own to spontaneously depolarize itself 
and then trigger action potentials to send it out to all other 
parts of the heart)



Types of heart cells 

Two different types of myocardium ; nodal cells 

• Nodal cells are non contractile cells these are the ones that 
generates automaticity set a rhythm or the base ( SA, AV, AV 
Bundle( His), Bundle branches (left and right), Purkinje fibers)

• Contractile cells( actin and myosin, troponin and tropomyosin, 
sarcoplasmic reticulum) those ones that force and pushing the 
blood out of the heart



Conduction system or Electrophysiology system 
SA node 
Crescent shape structure ;Superior component of the right atrium just 
beneath the large vessel here called superior vena cava; 
Sets the pace at around 60 to about 80 beats per minute (normal heart 
beat) on its own without any extrinsic innervation and this is called sinus 
rhythm

Bachman's bundle 
The electrical potential conducted from the right atrium by SA node to the 
left atrium through Bachman's bundle 

Internodal pathway 
This will supply all the other parts of the right atrium but eventually all 
this internodal pathways converge on this second important structure to 
the AV node 

AV node 
Runs from the actual right atrium to the interventricular septum so it is 
acting  as a connection, the gateway between the atria and the ventricles 
because what happened is some potentials of Bachman's bundle can 
make their way over here to the AV node also
So all the action potentials that are coming from the SA node that are 
being spread out to the internodal pathway or the Bachman's bundle are 
converging to the AV node



Overview of Physiology of 
cardiac muscle and overview of 
arterial blood pressure 

DR. Arwa Rawashdeh 



Conduction system or Electrophysiology system 
SA node 

Crescent shape structure ;Superior component of the right atrium just 
beneath the large vessel here called superior vena cava; 

Sets the pace at around 60 to about 80 beats per minute (normal heart 
beat) on its own without any extrinsic innervation and this is called sinus 
rhythm

Bachman's bundle 

The electrical potential conducted from the right atrium by SA node to the 
left atrium through Bachman's bundle 

Internodal pathway 

This will supply all the other parts of the right atrium but eventually all 
this internodal pathways converge on this second important structure to 
the AV node 

AV node 

Runs from the actual right atrium to the interventricular septum so it is 
acting  as a connection, the gateway between the atria and the ventricles 
because what happened is some potentials of Bachman's bundle can 
make their way over here to the AV node also

So all the action potentials that are coming from the SA node that are 
being spread out to the internodal pathway or the Bachman's bundle are 
converging to the AV node
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the heart can generate an action potential without the need of the CNS system.
the triggering of an action potential happens in an order.
the order is: SA node --> bachman's bundle --> internodal pathway --> AV node.

SA node = sinoatrial node
the SA node is considered the primary pacemaker; as it is the starting point of the action potential.

the internodal pathway has three parts:
1- anterior internodal tract
2- middle internodal tract 
3- posterior internodal tract
the internodal pathways helps to make sure that all the atriums (left and right) get contracted.






Conduction pathway

• Once the AV node receives the signals it is going to take 
a bit of time about 0.1 second which is a little bit 
longer than how much it takes for them to move all the 
way from SA node to AV node

• The significant of this that is want to give a time for the 
atrium to contract before the ventricles contract so 
they have enough time to push the blood into 
ventricles

But why it takes 0.1 seconds ? Two microscopic reasons 
for this: 

1. These nodes are riddled with a ton of gap junctions  
which are just basically channels that allow for ions 
to pass from cell to cell however the AV node which 
consists of a bundle of those nodal cells it has lot 
fewer gap junction than these other nodal cells so a 
lot less gap junction 

2. Smaller diameter so the actual fibers are actually a 
lot smaller in diameter ; the larger the diameter of 
the structure the faster the velocity of the 
conduction is going to move  

• From AV node it is going to move to bundle of his 

• Bundle of his to two bundle of branches( right bundle 
branch and left bundle branch)

• From there to purkinje fibers 
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Sticky Note
after the action potential reaches the AV node it goes to the bundle of His.

the bundle of His is divided into two branches:
1- left bundle
2- right bundle
these two bundles can be seen in the picture on the bottom right passing with the inter-ventricular septum.
inter-ventricular septum: a wall between the left and right ventricle.

from the left and right bundles it goes to the purkinje fibers; where it makes sure that the ventricular muscles are contracted simultaneously.
simultaneously = متزامنة
purkinje fibers are very fast fibers.

REMEMBER that the atriums get contracted first THEN the ventricles.





Microscopic structure of gap junctions and 
desmosomes 

When accumulating a lot and a lot of cells inside the nodal cells , the cations that are 
being loaded inside the cell is going to move to contractile cells through the gap 
junction that connects nodal cell with contractile one

Then from to cell to cell to cell ……………

The gap junction is made from specific protein called connexons 

To  keep the cells tight together when the cells contracting and preventing  stretching 
of the gap junction , we have a special structure called desmosomes 

Desmosomes gets up a bunch of different protein; 

• protein connects cell to cell for the cell-to-cell communication called cadherins

• and anther protein made up of different bunch of protein called desmoplakin

• and anther chemical protein, 

• anther protein consisting of protein filaments keratin  



Intercalated disks 

• Desmosomes is basically acting like 
adhesion molecules from cell to cell and 
keeping the cells very tightly connecting and 
that’s really really important  

• This lead us to concept whenever we have 
two cells communicating to each other and I 
have a combination of desmosomes and gap 
junctions they called together intercalated 
disks 

• Intercalated disks are basically  a bunch of 
gap junctions and desmosomes connecting 
the actual cardiac cells together 



Arterial blood pressure 

Overview of Vascular system component 

Overview of Physics of Blood pressure

Resistance and capacitance

Overview of Stroke volume and starling law of the heart 



Cardiac Cycle
• The two atria contract at the same time, then they relax 

while the two ventricles simultaneously contract.

• The contraction phase of the ventricle chambers is called 
systole.

• The relaxation phase is called diastole.
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when we talk about the arterial blood pressure we are talking about the contraction AND the relaxation phase.

arterial blood pressure = systole/ diastole



Frank – Starling Principle 

• End diastolic volume: volume: The 
amount of blood that remains in the 
ventricle just before  ventricular early 
systole is the EDV

• End systolic volume: The amount of 
blood that remains in the ventricle at 
the end of ventricular systole is the 
ESV

Stroke Volume(SV) 

SV = EDV - ESV
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the stroke volume (SV) is the difference between the end diastolic volume (EDV) and the end systolic volume (ESV).
SV= EDV - ESV
SV: is the amount of blood that is getting pumped PER A CONTRACTION to the systemic circulation.
SV = كمية الدم المضخة لكل انقباض واحد

EDV: is the amount of blood that remains in the ventricles BEFORE the contraction.
EDV = كمية الدم الموجودة بالبطين قبل الانقباض

ESV: the amount of blood that remain in the ventricles AFTER the contraction.
this means that the blood that has been accumulated.
accumulated = تتراكم
ESV = كمية الدم الموجودة بالبطين بعد الإنقباض
ventricle = بطين

NOTE: SV normal range is around 60 to 70 ml of blood per contraction.
بالعربي، كمية الدم المضخة لكل انقباض واحد عبارة عن فرق ما بين الدم الموجود قبل وبعض الإنقباض.

we need to understand two cases:
1- EDV is FAR GREATER THAN the ESV
2- EDV is LESS GREATER THAN the ESV

far greater than = أكبر بكثير
less greater than = أكبر بقليل

EDV is FAR GREATER THAN the ESV:
when the EDV is HIGHER than the ESV by a BIG difference this indicates that the heart is pumping the blood correctly and we would have a normal systemic circulation.

EDV is LESS GREATER THAN the ESV:
when the EDV is HIGHER than the ESV by a SMALL difference this indicates that the heart is NOT pumping the blood correctly and we would have problems in the systemic circulation.  
why? because when the EDV is less greater than ESV this means that there is an amount of blood that is still accumulated in the ventricle.

to understand this in a better way:
EDV ↑ ↑ SV
ESV ↑ ↓ SV

INFORMATION FOR LATER:
there are two systolic volumes that can be measured:
1- early systolic volume (at the beginning of the ventricle contraction)
2- end systolic volume (at the end of the ventricle contraction)

this will also affect the pulmonary circulation and cause edema.
and also affect the systemic circulation.

to understand this in numbers, check these two examples and compare them on which is better.

if we have a patient that has an EDV of 115 ml and ESV of 50 ml then what would the stroke volume be and would there be any accumulation of blood in the chambers.
SV = EDV - ESV
SV = 115 ml - 50 ml
SV = 65 ml 
this means that the blood is getting pumped from the right side to the left side normally and the blood is getting to the systemic circulation efficiently, so the patient is healthy.

another example,
if we have a patient that has an EDV of 80 ml and ESV of 50 ml then what would the stroke volume be and would there be any accumulation of blood in the chambers.
SV = EDV - ESV
SV = 80 ml - 50 ml 
SV =  30 ml
this means that the blood IS NOT pumping all the blood efficiently from the right side to the left side and could face some health problems.



Frank – Starling Principle
• The Frank–Starling law of the heart (also known as Starling's law and the 

Frank–Starling mechanism) represents the relationship between stroke 
volume and end diastolic pressure

• This principle illustrates the relationship between cardiac output and left 
ventricular end diastolic volume

• The law states that the stroke volume of the heart increases in response to 
an increase in the volume of blood in the ventricles, before contraction (the 
end diastolic volume), when all other factors remain constant.

• As a larger volume of blood flows into the ventricle, the blood stretches 
the cardiac muscle fibers, leading to an increase in the force of contraction. 

• The Frank-Starling mechanism allows the cardiac output to be synchronized 
with the venous return, arterial blood supply

• The physiological importance of the mechanism lies mainly in maintaining 
left and right ventricular output equality

• If this mechanism did not exist and the right and left cardiac outputs were 
not equivalent, blood would accumulate in the pulmonary circulation (were 
the right ventricle producing more output than the left) or the systemic 
circulation (were the left ventricle producing more output than the right).



Blood Vascular 
walls

• All blood vessels are lined with a thin layer of 
endothelium, a type of epithelium which is supported by 
a basement membrane

• called the tunica intima (or tunica interna)
• only layer of capillary walls

• The walls of most arteries and veins have layers of 
smooth muscle and/or elastic connective tissue called the 
tunica media and fibrous connective tissue called the 
tunica externa, surrounding the endothelium

• the thickness of the tunica media and externa vary 
in different vessels depending on their function or 
the amount of internal (blood) pressure that they 
encounter

• Most blood vessels contain vascular smooth muscle 
arranged in circular layers which is partially contracted at 
all times creating a condition known as muscle tone

• Additional contraction of the smooth muscle results in 
vasoconstriction which narrows the diameter of the 
vessel lumen

• Relaxation of the smooth muscle results in vasodilation 
which widens the diameter of the vessel lumen

• Neurotransmitters, hormones and paracrine signals 
influence vascular smooth muscle tone which in turn will 
affect blood pressure and blood flow throughout the 
cardiovascular system
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the vascular system order is the following:
1- arteries
2- arterioles
3- capillaries
4- venules
5- veins

after pumping the heart from the aortic artery, smaller arteries (arterioles) 
deliver the blood to the rest of the body tissues. the capillaries is where the nutrient and gases exchange. the blood would become de-oxygenated and then would go through the venules then to the veins then to the heart again by the inferior and superior vena cava.
  
the resistance or "total peripheral resistance" is mainly caused by the arteries as they have the MOST amount of smooth muscles compared to the other vessels. 
if the arteries contract more than usual, the diameter would DECREASE and would have vasoconstriction. 
vasoconstriction = تضيق الشرايين
if the arteries contract LESS than usual, the diameter would INCREASE and would have vasodilation.
vasodialtion = توسع الشرايين
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Blood pressure 

❖Blood pressure =cardiac output X total peripheral resistance 

• 𝑩𝑷 = 𝑪𝑶 𝑿 𝑻𝑷𝑹

First, we want to decide what CO and TPR is , then we get to the right 
meaning of BP

❖Cardiac output (Flow)= Heart rate X Stroke volume 
𝑪𝑶 (𝑭) = 𝑯𝑹𝑿 𝑺𝑽
ml/min= Beat/min X ml/ Beat 
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BP = CO * TPR
BP ↑ ↑ CO 
BP ↑ ↑ TPR

CO = HR * SV
CO ↑ ↑ HR 
CO ↑ ↑ SV 
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Sticky Note
BP = CO * TPR
BP ↑ ↑ CO 
BP ↑ ↑ TPR

CO = HR * SV
CO ↑ ↑ HR 
CO ↑ ↑ SV 



Cardia out put 

• HR
• PSNS -

• SNS +

• Hormones (EPI, NE) +
• IONS: Ca++, Na+ , K+ dependents on their level increase or decrease
SV

+  Preload ; Increase the blood volume returns increase diastolic volume 

+ Contractility ; SNS (EPI,NE+), Hormones (glucagon,T3 and T4), IONS  like 
Ca++
- Afterload;  Hypertension, Atherosclerotic plaques , TPR  
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SNS = sympathetic nervous system
PSNS = parasympathetic nervous system
REMEMBER the CNS system DOES NOT control the heart rate BUT can modify it.
this is why the SNS and PSNS are called extrinsic conduction systems to the heart.
EPI = epinephrine 

pre-load happens on the right side of the heart where more blood is getting pumped from the vena cavas to the right chambers.
after-load happens on the left side of the heart where more blood is getting from the left chambers out.

all negative affectors are called "negative inotropic agents".
and all POSITIVE affectors are called "positive inotropic agents".



Adrenergic Receptors

• Located throughout the body

• Are receptors for the sympathetic 
neurotransmitters

• Alpha-adrenergic receptors:  respond to NE

• Beta-adrenergic receptors: respond to EPI



What do the receptors do?

Activation of  receptors leads to smooth muscle contraction

Activation of 2 receptors leads to smooth muscle relaxation

Activation of 1 receptors leads to smooth muscle 
contraction (especially in heart)



Clinical Utility of drugs which affect the adrenergic nervous 

system:

a. Agonists of the 2 receptors are used in the 

treatment of asthma (relaxation of the smooth muscles of 

the bronchi)

b. Antagonists of the 1 receptors are used in the 

treatment of hypertension and angina (slow heart and 

reduce force of contraction)

c. Antagonists of the 1 receptors are known to 

cause lowering of the blood pressure (relaxation of smooth 

muscle and dilation of the blood vessels)
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agonists are drugs that are given to the patients.
antagonists are blocker drugs.

angina = ذبحة صدرية



DR. Arwa Rawashdeh 

Cardiac output and perfusion 
blood pressure 



Cardiac output



CONTINUED 
CARDIA 
OUTPUT 

❖Anther formula relate to CO

1 ml= 1 Cm3

Flow = Cm3/min 

❖Anther formula relate to flow 

Velocity (Cm2/min)= Flow (cm3/min)

Cross sectional area (Cm2) 

V= F/A

❖How to relate this to cardiac output 

•Increase Flow (CO)       Increase V

•Cross sectional area; measured in units of bier square 
because the blood vessels are cylinder in shape 

A (πr2); Increase A        Decrease V
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CO = cardiac output
1 ml = cm^3 
flow = cm^3/min 

REMEMBER THAT, flow = cardiac output
another formula to find the cardiac output:

Velocity (cm^2/min) = Flow (cm^3/min)/cross sectional Area (cm^2)
V = F/A 
so, 
F ↑ ↑ V
A ↑ ↓ V



Cross –sectional area and 
velocity 

• This big one here is aorta (1) then the aorta 
splits it gives off arteries (2) then arterial 
branches (3)  and then capillary branches  
ten to hundred per capillary bed (4) and 
after drain from the capillary bed then they 
go to what called venules (5) and from the 
venules they come eventually into the veins 
(6) and again to vena cava system

• compare the cross sectional are the 
capillary and cross-sectional area aorta  
and velocity

• As you increase the cross-sectional area the 
velocity decrease 

• The velocity is the slowest in the capillaries 
and faster in the aorta  

1
2

3
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to understand the cross sectional area, check the arrows that are on the picture.
we see that the cross sectional area is the WHOLE LENGTH OF AN AREA of one type of vessels.
to understand more, we see that the arrow (1) in the aorta is the SHORTEST which means it has the SMALLEST cross-sectional area.
and when we reach the capillaries the arrow is the LONGEST which means it has the LARGEST cross-sectional area. 

now, to remember the equation.
V = F/A 
SO, when A INCREASES V DECREASES.

THIS MEANS THAT:
the velocity in the aorta is the HIGHEST
the velocity in the capillaries is the SLOWEST

a reason why the capillaries have the largest cross-sectional area and the slowest velocity ; to have more time to exchange nutrients. 

the velocity dramatically changes when the blood goes from:
from the aorta to the capillary (decreases)
from the capillary to the vena cava (increases) 
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Velocity and cross-
sectional area 

• The cross-sectional area for the 
aorta is going to be very very small 
as you start to move toward 
arterioles to capillaries it is going to 
start rising 

• As you get towards the venules it 
starts decreasing again and comes 
back down

• Once you hit the arterioles that's 
when the actual specifically the 
cross-sectional area increases  

1 2 3
4

5 6



Resistance



Resistance 
• How to relate TPR to blood pressure

• 𝑭 = ∆𝑷/𝑹 Ohm’s Law 

• 𝑪𝑶 = ∆𝑷/𝑻𝑷𝑹

• 𝑹 = 𝟖𝒏𝒍/𝝅𝒓𝟒 𝑃𝑜𝑖𝑠𝑒𝑢𝑖𝑙𝑙𝑒′𝑠 𝑙𝑎𝑤

• 𝒏 𝜶 𝑹

• 𝒏 = 𝒗𝒊𝒔𝒄𝒐𝒔𝒊𝒕𝒚

Polycythemia (high Hct)𝛼 𝑛 ;  a lot of friction between the layers, because whenever blood is 
flowing it flows in layers when there is a lot of friction rubbing up against between those layers 
because increase in viscosity and slow the flow down 

Anemia 
1

𝛼
𝑛

𝑳 𝜶 𝑹

Increase in Weight and height increases in L 

𝒓 = 𝟏/𝜶 𝑹 the most important factor that affecting the R because it is raised to 
power 4 

Vasodilation increase in r

Vasoconstriction decrease in r  
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when we are talking about the TPR we are talking about the smooth muscles in the arteries; as it has the highest percentage of smooth muscles.
*check the last lecture to remember vasodilation and vasoconstriction.

ohm's law:
F = delta P/R
F = Flow 
delta P= delta of perfusion Pressure
R= total peripheral Resistance
F ↑ ↑ P
F ↑ ↓ R

REMEMBER THAT F IS THE SAME AS CO

poiseuille's law: 
R = 8*N*L/πr^4
R = total peripheral Resistance 
N = viscosity
L = length of the vessel
r = radius^4

R ↑ ↑ N
R ↑ ↑ L
R ↑ ↓ r
viscosity = اللزوجة

viscosity:
in patients with polycythemia, there would be an increase in the amount of red blood cells and osmolarity of the blood, which would increase the friction between the blood and the wall of the blood vessels and it would increase the viscosity of the blood.
friction = احتكاك

in patients with anemia, the would be a DECREASE in the amount of red blood cells, which would decrease the viscosity of the blood.

so, 
polycythemia ↑ ↑ N
ANEMIA ↑ ↓ N 
 
length:
when there is an increase in a person's: 
1- weight
2- height 
there would be an increase in the length of the vessels.
so,
weight ↑ ↑ L
height ↑ ↑ L

and
L ↑ ↑ R

radius:
the radius is the most important factor that affects the resistance. why? because it is r^4.
the relation between the radius and the resistance is the following:
r ↓ ↑ R

now, we know that the radius is affected by two things:
1- vasodilation (increases the radius)
2- vasoconstriction (decreases the radius)






Effect of 
radius on 
resistance 
and blood 

flow
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in this slide we see the following.
a tank that has two tubes:
1- tube A
2- tube B 
each tube has a different radius as we can see in the picture.
tube A's radius = 1 
tube B's radius = 2
now, to calculate the resistance we use the following equation:
R = 1/r^4
so, we can know from this equation that:
tube A's resistance = 1/(1)^4
tube A's resistance = 1
and 
tube B's resistance = 1/(2)^4
tube B's resistance = 1/16
so, tube B's resistance is LOWER than tube A'S resistance.
now, we can calculate the flow (cardiac output) by using this equation:
F = 1/R
so, we can know from this equation that:
tube A's flow = 1/1
tube A's flow = 1
and 
tube B's flow = 1/ (1/16)
tube B's flow = 16
so, tube A's flow is LOWER than tube B's flow. why? because tube A has a HIGHER resistance. 

so, we can finally say that:
R ↑ ↓ r 
F ↑ ↓ R 

VERY IMPORTANT TO KNOW that there is NO WAY that this difference in the radius to happen in the normal body as this difference would cause the blood vessel to blow, this is just an example.



Perfusion blood pressure 



• Blood flows down a pressure gradient

• The absolute value of the pressure is not important to flow, but the 
difference in pressure (DP or gradient) is important to determining flow.
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in the graph we can see how the pressure GRADUALLY decreases going from the AORTA to the VENA CAVA.
the perfusion of the blood pressure is the difference of pressure between them.
IN A HUMAN BODY WE DO NOT USE ONE ABSOLUTE VALUE BUT WE USE THE PRESSURE DIFFERENCE TO DETERMINE THE FLOW.

the highest blood pressure is at the AORTA. why? it is the starting point of the systemic circulation.
تخيلوها زي كإنه حنفية وبربيش، الأورطة هو بداية البربيش والبطين الأيسر هو الحنفية والأوردة بيكونوا أخر البربيش.
فالضغط بيكون أقوى إشي ببداية البربيش وبيكون ضعيف بنهايته.
left ventricle = البطين الأيسر




Perfusion pressure 
• Perfusion pressure (∆p) = Mean arterial pressure (MAP) – the central venous pressure(CVP) 

• The central venous pressure (CVP) determines the right atrial pressure (RAP)

• The volume of blood pumped toward heart is your central venous pressure and the venous pressure affect your 
right atrium pressure and it is about 3-8mmHg; it is small we don’t even consider it often 

• So what we say that the 

• (∆p) = Mean arterial pressure (MAP) what does that mean???

Systolic pressure 

• When ever the heart contracting it pumping the blood outside the heart ; the force at which we are trying to 
push the blood out of the heart and into the actual major arteries is the systolic pressure (left ventricles to aorta ) 
and on average it is a bout 120mmHg 

• When ever the blood comes into the aorta it stretches the wall of the aorta so the wall of the aorta is going to be 
stretched now this is not that is stretching the walls is  the systolic pressure but what happens is eventually; the 
actual aorta is very elastic and wants to recoil and squeeze the blood downwards or upwards to the head and the 
neck

Diastolic blood pressure 

• Whenever the aorta is coming back to it is natural size the point when is relaxing and going back to its normal 
size original size ; this is called the diastolic blood pressure and on average it is about 80mmHg 
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the perfusion pressure is calculated as:
p = MAP - CVP
p = Perfusion pressure
MAP = Mean Arterial Pressure
CVP = Central Venous Pressure 

the CVP is the pressure that is caused on the right side of the heart by the vena cavas.
in a NORMAL HEALTHY PERSON the CVP is very small (around 3-8 mmHg) so we don't consider it in the equation.
this is why we say that:
P = MAP

now, the heart has two phases that are linked with the left ventricle and the aorta, we call them:
1- systolic pressure (the contraction phase)
2- diastolic pressure (the relaxation phase)
the blood pressure can be calculated through the following equation:
blood pressure = systolic pressure/diastolic pressure

the systolic pressure:
when the heart contracts the left ventricle and pushes the blood to the aorta. when the blood volume increases inside the aorta its diameter would increase and stretches its wall. but, because the aorta is made of elastic fibers it would recoil to get smaller.
WHEN THE AORTA STARTS TO STRETCH WE CAN MEASURE THE SYSTOLIC PRESSURE.
so, the systolic pressure is when the blood is getting pumped to the aorta and starts to stretch it out. the average systolic pressure is around 120 mmHg.  

the diastolic pressure:
WHEN THE AORTA STARTS TO RECOIL AND PUSH THE BLOOD EITHER DOWNARD OR UPWARD TO GET BACK TO ITS NORMAL SIZE (relax) WE MEASURE THE DIASTOLIC PRESSURE.
so, the diastolic pressure is when the blood is getting pushed either upward or downward because of the recoil of the aorta to get back to its normal size. the average diastolic pressure is around 80 mmHg.



Conductance (CL ) is a measure of the blood flow through a vessel for a 
given pressure difference. .

This is generally expressed in terms of milliliters per second per millimeter 
of mercury pressure, but it can also be expressed in terms of liters per 
second per millimeter of mercury or in any other units of blood flow and 
pressure.

It is evident that conductance is the exact reciprocal of resistance in 
accord with the following equation:

The vascular compliance is proportional to the vascular distensibility and 
vascular volume of any given segment of the circulation. The compliance 
of a systemic vein is 24 times that of its corresponding artery because it is 
about 8 times as distensible, and it has a volume about 3 times as great.

Conductance= 1/Resistance 

“Conductance” of blood in a vessel and 
Its relation to resistance
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compliance = الطواعية للتمدد
we can measure the compliance by using the following equation:
C = delta V/ delta P
C = compliance
V = volume
P = pressure
so, we can say the following:
C ↑ ↑ V
C ↑ ↓ P

the conductance has a relation with the resistance as the following:
C ↑ ↓ R
and conductance can also be calculated through the following equation:
C = 1/ R

now, lets compare the arteries and the veins structure.
we see that the arteries have MORE smooth muscle layers in the tunica media than the veins.
this causes the arteries to have a SMALLER diameter compared to the veins.
so, we can say that the arteries have a LOWER COMPLIANCE than the veins.

compliance in numbers:
the veins have a 24 times more compliance than the arteries which is only 3 times as great.
this causes the veins to have about 8 times more compliance than the arteries.
this makes the veins have a a function of containing the blood while the arteries have a function to push the blood. 



Blood flow and Laplace's law



Blood flow 

Laminar flow : normal blood flow in the blood vessels (physiological)

❑As you go toward the edges the velocity the blood is going to be 
slower and the velocity in the middle is highest 

❑So imagine you are looking to blood vessels as a circle, and you are 
looking at the flow from the back you are going to notice that is 
flow is very concentric and this type of flow is silent 

Turbulent flow : pathological and physiological one 

❑Inside our heart you have a valves mitral valve and aortic valve 
whenever blood is being pumped upward right it can hit mitral valve 
as it hits mitral valve it can develop turbulent flow

❑ Imagine a blood vessels and plaques inside ; as the normal flow 
gets to the occlusion it start developing a turbulence and that gives 
a lot of heat and changes the action of perfusion pressure and 
produce what called brutes  and can be heard at carotid artery so if 
you take a stethoscope and put it over carotid artery you can hear it 
as actual sounds that caused by turbulent flow. It also can produce 
murmurs  



If you look at the graph here ; as you increase the pressure 
the flow is increasing in  laminar  or turbulent flow, but you 
get to the point where the flow veers off  and the flow start 
decreasing as the perfusion pressure start increasing 

If there is a turbulent flow it decreases the actual flow the 
volume of blood that circulating through an area of blood 
vessel per a minute and increase the perfusion pressure 
and the resistance is going to be very high 



Implication of 
Laplace's law 



Cardiac cycle and heart 
sounds  
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Blood flow and 
Laplace's law



Blood flow 

Laminar flow : normal blood flow in the blood vessels (physiological)

As you go toward the edges the velocity the blood is going to be 
slower and the velocity in the middle is highest 

So imagine you are looking to blood vessels as a circle, and you are 
looking at the flow from the back you are going to notice that is 
flow is very concentric and this type of flow is silent 

Turbulent flow : pathological and physiological one 

Inside our heart you have a valves mitral valve and aortic valve 
whenever blood is being pumped upward right it can hit mitral valve 
as it hits mitral valve it can develop turbulent flow

 Imagine a blood vessels and plaques inside ; as the normal flow 
gets to the occlusion it start developing a turbulence and that gives 
a lot of heat and changes the action of perfusion pressure and 
produce what called brutes  and can be heard at carotid artery so if 
you take a stethoscope and put it over carotid artery you can hear it 
as actual sounds that caused by turbulent flow. It also can produce 
murmurs  
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laminar flow = normal blood flow 
in the laminar flow, we can see that the blood is going in an ORGANIZED manner. we can also say that it goes as layers (not intercepting each other).
يعني الدم ماشي بطريقة منظمة وزي كأنهم طبقات متراصة مش متداخلة مع بعضها البعض.
an increase in viscosity in the laminar flow would mean as increasing the amount of layers (lines) and this would make the blood velocity DECREASE as there is MORE friction with the walls of the blood vessels.
a decrease in viscosity in the laminar flow would mean that the amount of layers (lines) and this would make the blood velocity INCREASE.

turbulent flow = pathological and physiological blood flow (abnormal)

in the turbulent flow, we can see the blood is going in a RANDOM manner AND NOT IN LAYERS AS THE LAMINAR FLOW.
a physiological condition that causes a turbulent flow:
the blood hitting the valves when going from the ventricles to the arteries. this can be heard as a murmur sound (look it up on youtube to understand more).
بالعربي، هاي الحالة بتكون بسبب ارتطام الدم بالصمامات الموجودة بالقلب الي بتأثر إنه الدم ما يمشي بشكل منتظم.
a pathological condition that causes a turbulent flow:
in cases of atherosclerosis for an example, we have plaques inside the blood vessels which cause the blood flow to become turbulent. how? the plaques make up an occlusion so when the blood hits it it acts in a randomized manner.
occlusion = blockage 






If you look at the graph here ; as you increase 
the pressure the flow is increasing in  laminar  
or turbulent flow, but you get to the point 
where the flow veers off  and the flow start 
decreasing as the perfusion pressure start 
increasing 

If there is a turbulent flow it decreases the 
actual flow the volume of blood that 
circulating through an area of blood vessel per 
a minute and increase the perfusion pressure 
and the resistance is going to be very high 
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the first graph on the top right shows the relationship between the flow and the perfusion pressure.

in the case of a laminar blood flow (normal blood flow):
perfusion pressure ↑  ↑ flow
linear relationship. 
BUT THIS DOES NOT MEAN THAT IT WOULD ALWAYS INCREASE AS THE FLOW STOPS AT A POINT WHERE IT BECOMES CONSTANT 
constant = ثابت
why? because regulation would happen to keep it in its normal range.
in the case of a turbulent blood flow (abnormal blood flow):
the flow INCREASES till a certain point. this is why we see in the graph that the line starts to become flat.
بالعربي، تدفق الدم حيزداد لحد معين، بعد هيك بتوقف تزداد ويتقدروا تشوفوا كيف الخط بيصير مسطح (بدون أي زيادة).

the second graph on the bottom right shows the relationship between the flow and the perfusion pressure AND how it correlates with resistance.
REMEMBER LECTURE 27: FLOW HAS AN INERVSE RELATIONSHIP WITH RESISTANCE.
Flow = 1/resistance 
so, when Flow ↑ ↓ Resistance.

now we can say that:
1- laminar blood flow has a low resistance.
2- turbulent blood flow has a high resistance. 




Implication 
of Laplace's 

law 
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the equation that we have here is:
tension = pressure * radius
as we can see from the equation the relation between tension and the following are:
Tension ↑ ↑ Pressure
Tension ↑ ↑ Radius

now, when the perfusion pressure INCREASES the tension of the blood vessel walls INCREASES. BUT, the body regulates it by DECREASING THE RADIUS (vasoconstriction) so that it regulates the tension. how? by releasing certain agents to stimulate the DECREASE of the diameter.
DO NOT FORGET, when the radius DECREASES the blood flow would also DECREASE and the resistance INCREASES.
why does the body regulate the tension on the blood vessels? so it doesn't get torn.
torn = تمزق
the opposite happens if the pressure decreases.




Cardiac cycle 





Mid to Late 
ventricular 
diastole 

• Atrial pressure > ventricular 
pressure 

• Arterial pressure > ventricular 
pressure 

• AV valves   Open

• SLV    valves closed 
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REMEMBER, one cardiac cycle = one heart rate
diastole = relaxation phase 

the first step of the cardiac cycle, mid to late ventricular diastole:
after pumping the de-oxygenated blood from the vena cavas to the atrium the atrial pressure INCREASES in both atriums (left or right, remember that the heart works simultaneously) and the pressure in the atriums would be > the pressure in the ventricles (left or right).
this triggers the AV valves to open.
AV valves:
1- tricuspid valve on the right side
2- mitral (bicuspid) valve on the left side
and the blood would flow to the ventricles. 

now, the blood needs to go to the arteries (pulmonary artery on the right side and aortic artery on the left side) and because the arterial pressure is > than the ventricular pressure the SLV (semi-lunar valves) WOULD NOT OPEN UNTIL the ventricular pressure is > than the arteries.
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Isovolumetric 
contraction 

• Atrial pressure < ventricular 
pressure 

• Arterial pressure > ventricular 
pressure 

• AV  valves   closed  Lub sound 
“S1”

• SLV  valves  closed 
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because the AV valves have opened, the blood would flow to the ventricles and the pressure would in the VENTRICLES > than the atriums this would make the AV valves close, how? by the contraction of the chordae tendineae and the papillary muscles.

للي مش شايف الأرقام الموجودة على الصورة 
the right ventricle has a pressure 7 mmHg and the pulmonary artery has a pressure 10 mmHg. 
the left ventricle has a pressure of 60 mmHg and the aortic artery has a pressure of 80 mmHg.

this means that the ARTERIES pressure is still > than the ventricles pressure
this also means that the SLV valves would still be closed.

because of this step, we can put the stethoscope on the chest of the patient where the Av valves are found and we can hear a sound called "S1" which sounds like the word "LUB"





Mid to late 
ventricular systole or 
ventricular ejection 

• Atrial pressure < ventricular 
pressure 

• Arterial pressure < ventricular 
pressure 

• AV  valves   closed  

• SLV  valves  open 
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as the step before it, the AV valves would be closed because the ventricles pressure > atrial pressure.

BUT, the ventricular pressure would be > than the arterial pressure this makes the SLV valves open and the blood to flow from the ventricles to the arteries. 

للي مش شايف الأرقام الي عالصورة:
the right ventricle has a pressure 25 mmHg and the pulmonary artery has a pressure 10 mmHg. 
the left ventricle has a pressure of 120 mmHg and the aortic artery has a pressure of 80 mmHg.




Isovolumetric 
relaxation 

• Atrial pressure < ventricular 
pressure 

• Arterial pressure < ventricular 
pressure 

• AV  valves   closed  

• SLV  valves  closed “Dub”sound 
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the last step of the cardiac cycle is the isovolumetric relaxation.
the ventricles pressure would still be > than the atriums pressure and would still make the AV valves closed.
but the arterial pressure would be > than the ventricles pressure which would make the SLV valves close again.
when the SLV valves close again, they make the second sound which can be heard if we put the stethoscope on the SLV valves on the chest of the patient which is the "S2 sound" which sounds like the word "DUB".



Positioning of stethoscope 



FIRST HEART SOUND (S1)

• First component due to turbulent rushing of blood 
towards A-V valves

• 2nd component occurs due to the closure of the 
A-V valves

• The mitral component heard at the apex beat area 
[left 5th intercostal space at midclavicular line]

• The tricuspid component is best heard in the 4th 
intercostal space at the left sternal border



SECOND HEART SOUND (S2)

• This sound is produced by the vibration associated with 
the closure of the semilunar valves (aortic and 
pulmonary) at the end of ventricular systole.

• This sound is sharp and loud and described as “DUB.” 

• Two subcomponents

• Pulmonary component heard at the level of 2nd left 
intercostal  space.

• Aortic component is heard at the level of the 2nd right 
interscostal space near the right border of  the sternum.



Regulation of cardiac 
output

Dr. Arwa Rawashdeh 



Regulation of cardiac 
output ( implication of 
frank- starling law)
• Nervous system modifies  the cardiac 
rate

• Pacemakers trigger the action

potential 

• Positive inotropes ( increase the 
contractility)

• Negative inotropes ( decrease the 
cardiac contractility)
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just to remember, 
cardiac output = cardiac rate * stroke volume
cardiac output ↑ ↑ cardiac rate
cardiac output  ↑ ↑ stroke volume 
DO NOT FORGET, 
stroke volume = EDV-ESV
so,
Stroke volume  ↑ ↑ EDV
how do we increase the EDV? by increasing the venous return which increases the quantity of the blood inside the chambers and increase the pressure and tension against the walls of the heart.
this is the principle of the frank-starling law where if you increase the quantity of the blood inside the chambers of the heart the tension would increase inside the heart and the stretching of the cardiac muscles, this would increase the EDV and in turn the stroke volume would be increased.
and as we said before, when the stroke volume increases the CO would increase. 

as we studied before, the nervous system only MODIFIES the heart rate but DOES NOT CONTROL IT. 
this can be either by:
1- increasing the heart rate 
2- decreasing the heart rate
3- increasing the contractility
4- decreasing the contractility
PACEMAKERS SUCH AS THE NODAL CELLS ARE THE ONES THAT TRIGGER THE ACTION POTENTIAL.

cardiac rate can be modified with the SNS (Sympathetic Nervous System) and the PSNS (Parasympathetic Nervous System).
the SNS can:
1- increase the cardiac rate 
2- increase the contraction strength (increase the stroke volume)
the PSNS can: 
1- decrease the cardiac rate

both the SNS and the PSNS are somewhat controlled by the mean arterial pressure to keep it in its normal range.


we have two types of agents that can modify the contractility of the heart:
1- (+) inotropes (+ contractility) 
2- (-) inotropes (- contractility)
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KEY

Peripheral chemoreceptors (carotid and aortic bodies) 
and central chemoreceptors (medullary neurons) primarily 
function to regulate respiratory activity.

This is an important mechanism for maintaining arterial blood 
PO2, PCO2, and pH within appropriate physiological ranges. For 
example, a fall in arterial PO2 (hypoxemia) or an increase in 
arterial PCO2 (hypercapnia) leads to an increase in the rate and 
depth of respiration through activation of the chemoreceptor 
reflex. 

Chemoreceptor activity, however, also affects cardiovascular function either 
directly (by interacting with medullary vasomotor centers) or indirectly (via 
altered pulmonary stretch receptor activity). Impaired gas exchange in the lungs, 
which can be caused by hypoventilation, decreases arterial PO2 and pH, and 
increases arterial PCO2. These changes stimulate chemoreceptor activity leading 
to enhanced sympathetic outflow to the heart and vasculature via activation of 
the rostral ventrolateral medulla.

Cerebral ischemia activates central chemoreceptors in a 
manner that produces simultaneous activation of 
sympathetic and vagal nerves to the cardiovascular 
system.

https://www.cvphysiology.com/Blood Pressure/BP008








Ventricular Compliance 

• As the ventricle fills with blood, the pressure and volume that result 
from filling are determined by the compliance of the ventricle. 
Normally, compliance curves are plotted as the change in volume 
(ΔV) over the change in pressure (ΔP). Therefore, the slope of the 
relationship is the reciprocal of the compliance, which is sometimes 
referred to as ventricular "stiffness.“

• As the ventricle fills with blood and its volume increases, the 
pressure within the ventricular chamber passively increases (see the 
Normal filling curve in the figure). The relationship is not linear, 
particularly at higher volumes, because the compliance of the 
ventricular wall decreases ("stiffness" increases) the more the 
ventricular wall is stretched. This occurs in most biological tissues.

• in ventricular hypertrophy the ventricular compliance is decreased 
(i.e., the ventricle is "stiffer") because the thickness of the 
ventricular wall increases; therefore, ventricular end-diastolic 
pressure (EDP) is higher at any given end-diastolic volume (EDV) 

• In a disease state such as dilated cardiomyopathy, the ventricle 
becomes very dilated without appreciable thickening of the wall. 
This dilated ventricle will have increased compliance as shown in the 
figure; therefore, although the EDV may be very high, the EDP may 
not be greatly elevated.
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in the graph we can see three cases of ventricular compliance:
1- decreased compliance 
2- normal compliance 
3- increased compliance 

the graph shows how compliance is related to the pressure which is on the Y-axis and the volume in X-axis.

things to know about the graph:
EDP = end diastolic pressure
EDV = end diastolic volume
compliance = طواعية 

as we studied in lecture 27, compliance is: 
C= V/P
the graph shows that in the beginning there is somewhat of a linear relationship between the volume and the pressure BUT when it hits a certain point, the pressure and the volume DRAMATICALLY increase causing a non-linear equation.
linear = خطية
non-linear = غير خطية
this is because when the volume inside the ventricles increases the compliance of the wall decreases (STIFFNESS INCREASES) as the ventricular walls are stretched. this also means that the ventricles have reached the maximum volume and can not be filled more this is why the pressure is increasing FASTER THAN THE VOLUME. 
بالعربي، كل ما ازداد حجم الدم داخل البطين كل ما قلت الطواعية لإله فبيصير مشدود بشكل كبير بسبب التوتر وبتزداد قساوته.
تخيلوها زي البالونة، كل ما تنفخ كل ما بتصير قاسية بسبب امتلاءها بحجم كبير من الهواء.
check how the EDP is different in the three cases that we have.
first we set an EDV volume that we want to measure the pressure at which is around 120 ml (the highest volume that the ventricle can be filled) and now we measure the EDP pressure.
كل الأرقام الي ححكيها ممكن ما تكون صحيحة بس المهم توصيل الفكرة
1- decreased compliance = 32 mmHg
2- normal compliance = 12 mmHg
3- increased compliance = 6 mmHg 
now, we can understand that the pressure is completely different in the three types EVEN WHEN the volume is the same.




SUMMARY OF 
HEART SOUND 

Heart 
Sound

Occurs during: Associated with:

S1
Isovolumetric 
contraction

Closure of mitral and 
tricuspid valves

S2
Isovolumetric 
relaxation

Closure of aortic and 
pulmonic valves

S3
Early ventricular 
filling

Normal in children; in 
adults, associated with 
ventricular dilation (e.g., 
ventricular systolic failure)

S4 Atrial contraction
Associated with stiff, low 
compliant ventricle (e.g., 
ventricular hypertrophy



VS VD

HEART SOUNDS: ASSOCIATION WITH  CARDIAC CYCLE

0.3Sec. 0.5 sec.

1 st Heart Sound 2 nd Heart Sound 3 rd Heart Sound 4 th Heart Sound

AS – Atrial Systole;      AD – Atrial Diastole ;       VS – Ventricular systole;      VD – Ventricular diastole 

At a normal heart rate, one cardiac cycle last for 0.8 seconds!

Cardiac Cycle = “events of one complete heartbeat”



Isometric contraction (length-tension relationship ) 

• The Frank-Starling mechanism occurs as the result of the length-tension 
relationship observed in striated muscle, including  skeletal muscles and 
cardiac muscle.

• As a muscle fiber is stretched, active tension is created by altering the 
overlap of thick and thin filaments. The greatest isometric active tension is 
developed when a muscle is at its optimal length.

• In most relaxed skeletal muscle fibers, passive elastic properties 
maintain the muscle fibers length near optimal, as determined usually by 
the fixed distance between the attachment points of tendons to the bones 
at either end of the muscle. 

• In contrast, the relaxed sarcomere length of cardiac muscle cells, in a 
resting ventricle, is lower than the optimal length for contraction. There is 
no bone to fix sarcomere length in the heart (of any animal) so sarcomere 
length is very variable and depends directly upon blood filling and thereby 
expanding the heart chambers.



Isometric/isotonic 
contractions

• Cardiac hypertrophy is an adaptive 
process which occurs as a result of 
increased stress endured by the 
heart 

• Concentric hypertrophy is 
associated with increased left 
ventricular wall thickness; An 
increase in pressure, common in 
hypertension or resistance training ( 
increase your muscle size).

• Eccentric hypertrophy is 
characterized by dilatation of the 
left ventricular chamber;  An 
increase in volume, common 
endurance training ( increase your 
breathing and heart rate) . 

• Examples of activities that involve isotonic 
contractions include walking, running or 
lifting a light object. 

• concentric and eccentric. In a concentric 
contraction, the muscle shortens when its 
tension is greater than the force opposing 
it, such as your biceps does when perform 
an arm curl. In an eccentric contraction, 
the force is greater than the muscle 
tension, causing the muscle to elongate; 
this happens when going downstairs or 
sitting down in a chair, as the effects of 
gravity add to the opposing force.

• “Isometric” means “same length,” the 
muscle does not shorten, and its tension 
never exceeds the opposing force. 
Examples of isometric exercises include 
holding a weight in place above the ground 
or pushing against a stationary object. 
While the entire muscle does not change 
length during an isometric contraction, the 
individual muscle fibers will shorten.  
isometric exercises can help to strengthen 
a muscle.


