#Helper_team

Lec 1 (CVS)
-The heart is a muscular involuntary organ
autonomic )اﻻواﻣﺮ ﺑﺘﯿﺠﻲ ﻣﻦ اﻟﻘﻠﺐ ﻧﻔﺴﻪ ﻣﺶ ﻣﻦ ﻋﺼﺐ ﻓﻨﻘﺪر ﻧﻘﻮل ان اﻟﻠﻲ ﺑﯿﺘﺤﻜﻢ ﻓﻲ اﻟﻘﻠﺐ ﻫﻮ ال
(nervous system
*autonomic nervous system (A.N.S) is divided into sympathetic and
parasympathetic nerves

-Location: in the thorax behind sternum, it’s an inverted ()ﻣﻘﻠﻮبcone with base at
top and apex beat located towards the left (below the left nipple)

*heart located at the middle in mediastinum ( )ﻣﻨﻄﻘﺔ ﻓﻲ ﻧﺺ اﻟﺼﺪرbut its apex only
directed towards the left
*few of people are dextrocardia (their apex of the heart directed towards the
right)

-pumps of the heart:
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*the right-side pump is called volume pump (ﻻن اﻟﺠﺪار ﺑﺘﺎﻋﻬﺎ رﻓﯿﻊ ف ﻣﺶ ﻣﺤﺘﺎج ﺿﻐﻂ
 )ﻋﺎﻟﻲ ﻋﺸﺎن ﯾﻨﻘﻞ اﻟﺪمthat pumps blood to lung against low resistance (Because the
pulmonary vascular resistance is very low )ﻫﺘﺘﺸﺮح ﻛﻤﺎن ﺷﻮﯾﺔ
*The left-side pump is called pressure pump
)aorta ( ﺑﯿﺤﺘﺎج ﺿﻐﻂ ﻋﺎﻟﻲ ﻋﺸﺎن ﯾﺘﻐﻠﺐ ﻋﻠﻲ اﻟﻀﻐﻂ ﺑﺘﺎع الthat pumps blood to rest of body
against high resistance
 ﯾﻌﻨﻲ ﻛﻤﯿﺔ اﻟﺪم اﻟﻠﻲ داﺧﻠﺔ ﺗﺴﺎويcardiac out  دول ﻋﺸﺎن ﯾﺤﺎﻓﻈﻮا ﻋﻠﻲ الpumps 2*اﻻﺧﺘﻼف ﺑﯿﻦ ال
اﻟﻜﻤﯿﺔ اﻟﻠﻲ ﺧﺎرﺟﺔ ﻣﻦ اﻟﻘﻠﺐ

-Each pump is composed of:
1. Atrium: -has thin muscular wall
 ﻟﻞatrium اﻟﺪم ﺑﯿﻀﺦ ﻟﻮﺣﺪه ﻣﻦ ال, ﯾﻔﺘﺤﻮاventricle  و الatriumﻻن اول م اﻟﺼﻤﺎم اﻟﻠﻲ ﺑﯿﻦ ال
 ف ﻣﺶ ﻣﺤﺘﺎج ﺟﺪار ﺳﻤﯿﻚpressure gradient  ﺑﺎلventricle
-Acts as blood reservoir ()ﺧﺰان
-contract weakly to pump blood to ventricles
2. Ventricle: -thick muscular wall
-pumps blood at great force through the arteries

-Valves of the heart:
1.The Atrio-ventricular valves (A.V)
-permit the passage of blood from atrium to ventricle in one direction
-composed of right AV valve that called tricuspid valve and left AV valve that
called bicuspid valve (mitral valve)
2. The semilunar valves (SL)
-Permit the passage of blood from ventricles to arteries in one direction
-composed of aortic valve (that separates left ventricle from the aorta) and
pulmonary valve (that separates right ventricle from pulmonary artery)

#Helper_team
*Pulmonary artery is divided into 2 parts (right and left) toward the 2 lungs
*Aorta is composed of  ﺟﺰء ﺻﻐﯿﺮ ﻃﺎﻟﻊ ﻟﻔﻮق اﺳﻤﻪascending aorta, وﺑﻌﺪﻫﺎ ﺑﯿﻠﻒ وﺑﯿﺘﺴﻤﻲ
aortic arch,  وﺑﻌﺪﻫﺎ ﯾﻨﺰل ﻟﺘﺤﺖ ﺟﻮا الthorax and abdomen  وﺑﯿﺘﺴﻤﻲdescending aorta

-The circulation:
1. General or systemic circulation
-Heart pumps oxygenated blood through aorta of the left ventricle (pressure
pump) to the all body organs. The blood is distributed to all body organs through
arteries, arterioles then capillaries.
-Than gas and nutrients exchange will occur
small venules  وﺑﻌﺪﻫﺎ ﯾﺘﺠﻤﻊ اﻟﺪم ﺟﻮاnutrients وﺑﯿﺪي ﻟﻠﺠﺴﻢ الwaste productsاﻟﺪم ﺑﯿﺎﺧﺪ ال
 ﺗﺼﺐ ﻓﻲ الveins اﻛﺒﺮ ف اﻛﺒﺮ ﻟﻐﺎﯾﺔ م ﻛﻞ الveins وﺗﺘﺠﻤﻊ ﺑﻌﺪ ﻛﺪه ﻓﻲ
superior vena cava (upper part of the body) and inferior vena cava (lower part of
the body) which will open in the right atrium
-Then blood will be ejected from right atrium to right ventricle through the
tricuspid valve
2. lesser or pulmonary circulation
-Right ventricle (volume pump) pumps deoxygenated blood to pulmonary artery
through pulmonary valve. The blood is distributed into pulmonary capillaries in
lungs
-Then gas exchange will occur by getting rid of excess CO2
-Then the oxygenated blood will return back through the pulmonary veins to the
left atrium
-Then blood will be ejected from left atrium to left ventricle through the bicuspid
(mitral) valve
*The pulmonary capillaries are the junction points between the
pulmonary arteries and the pulmonary veins
*Pulmonary veins (4 veins) carry oxygenated blood (unlike the rest of veins), while
pulmonary arteries carry deoxygenated blood (unlike the rest of arteries)

#Helper_team

-Functional histology of cardiac muscles:
1. fibrous skeleton of the heart
2. ordinary cardiac muscle fibers
-cardiac fibers are striated as skeletal muscle fibers but it’s involuntary unlike the
skeletal
-Cardiac muscle fibers are arranged in a branched network
-The branches of muscle fibers are connected by intercalated discs which have a
lot of gap junctions with low electric resistance (so the cardiac excitation waves
spread between fibers very fast due to the low resistance)
-Cardiac muscle acts as a functional syncytium, atria and ventricles have a
separated functional system (they act as single muscle fiber)
3. Junctional tissue (ALL OF THE UPCOMING STRUCTURES ARE ILLUSTRATED ON THE NEXT
DIAGRAM, THANKYOU!)

-They’re specialized cardiac muscle fibers that initiate and propagate the cardiac
excitation
 فaction potential ﯾﻌﻨﻲ ﺑﯿﺤﺼﻞelectrical activity  ﺑﺘﺎﻋﺘﻪ ﺑﺴﺒﺐ الimpulse اﻟﻘﻠﺐ ﺑﯿﻄﻠﻊ ال ﻓﯿﻀﺦ اﻟﺪم وده وﻇﯿﻔﺔ اﻟﻘﻠﺐ اﻻﺳﺎﺳﯿﺔcontractionﺑﯿﺤﺼﻞ ال
 ﺑﺘﯿﺠﻲ ﻣﻦ اﺟﺰاء ﻓﻲ اﻟﻘﻠﺐ... ﻓﻲ اﻟﻘﻠﺐ ﻋﺸﺎن ﯾﻀﺦ ﺑﺘﯿﺠﻲ ﻣﻨﯿﻦ؟excitationﻃﺐ اﻟﺒﺪاﯾﺔ ﺑﺘﺎﻋﺖ الconducting system to heart  ﺣﺼﻞ ﻓﯿﻬﺎ ﺗﻌﺪﯾﻞ وﺑﺘﺘﺴﻤﻲspecialized or modified fibers
اﺟﺰاء3 وﺑﺘﻘﺪر ﺗﻮﻟﺪ اﻻﺷﺎرة اﻟﻜﻬﺮﺑﯿﺔ وﻫﻤﺎ
(AVN, SAN and purkinje)
a) Nodal tissue (autonomic pacemaker fibers) ﻫﯿﺘﺸﺮح اﻻﺳﻢ ده ﻛﻤﺎن ﺷﻮﯾﻪ
-initiate cardiac impulse
-composed of:
1- Sino-atrial node (SAN)
-Opens in the posterior wall of the right atrium below and medial to the opening
of the superior vena cava
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-the impulse starts in it then moves into AVN
2- Atrio-ventricular node (AVN)
-Opens in the right side of the inter-atrial septum at the junction of the atrium
and ventricle
*The waves move from a node to another node through inter-nodal fibers
b) Conducting system:
-conducts cardiac excitation wave from atria to ventricles
-composed of:
1-Atrio-ventricular bundle (AV) (Bundle of His)
-Arise from AV node
-The only electrical connection that transmits the impulse from atria to ventricles
-pass through the fibrous skeleton of the heart to the upper part of the
interventricular septum then it divides into 2 branches right and left branches,
one for each ventricle
2-Bundle branches
-these branches pass down in interventricular septum under endocardium (اﻟﻐﺸﺎء
 )اﻟﻤﺒﻄﻦ ﻟﻠﻘﻠﺐ ﻣﻦ ﺟﻮاto the apex of the heart then branch up to the base of the
heart (in the lateral wall of the ventricles)
-then the branches become very small and called purkinje fibers
3-Purkinje fibers
-These purkinje fibers arise from each bundle branch that enters into the ordinary
ventricular muscle fibers and also pass from endocardium to the epicardium (
)اول ﻃﺒﻘﺔ ﺗﺤﺖ اﻟﻐﺸﺎء اﻟﺨﺎرﺟﻲ ﻟﻠﻘﻠﺐ
 ﺗﺪﺧﻞ ﺑﯿﻨﻬﺎfibers  ﻻﻧﻬﺎ ﺳﻤﯿﻜﺔ ف ﻻزمinterventricular muscle fibers  ده ﺑﺘﺨﺘﻠﻂ ﻣﻊ الfibersال
ﻋﺸﺎن ﺗﻨﻘﻞ اﻻﺷﺎرة اﻟﻜﻬﺮﺑﯿﺔ ﺟﻮاﻫﺎ
*The conclusion: The impulse moves from SAN → AVN → Bundle branches →
purkinje
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Cardiac properties
1)Rhythmicity
2)conductivity
3)excitability (when impulse leads to action potential)
4)contractility

1)Rhythmicity (automaticity):
● it’s the ability of cardiac muscle to beat regularly and initiate its own regular
impulses independent of any nerve supply
( )ﯾﻌﻨﻲ ﻗﺪره ﻋﻀﻠﻪ اﻟﻘﻠﺐ ان ﺿﺮﺑﺎﺗﻬﺎ ﺗﻜﻮن ﻣﻨﺘﻈﻤﻪ وﺗﺨﻠﻖ ﻫﻲ اﻟﻀﺮﺑﺎت دي ﻣﻦ ﻏﯿﺮ اﺷﺎرة ﻋﺼﺒﯿﺔ
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● it’s a property of the cardiac muscle so, it’s myogenic ))ﻋﻀﻠﯿﺔin nature
● it is present in certain fibres of the heart (not all the heart fibers), these fibers
can initiate the cardiac impulses at different rates,
and they are:1)Sino-atrial node (S.A.N): produces 9
 0 impulses/minute (highest rhythm)
2)Atrio-ventricular node (A.V.N):
60/minute
3)Purkinje fibers: 
30/minute

The pacemaker of the heart:
●It’s the part of the heart that has the highest Rhythm, and all the heart obeys it.
under usual conditions it’s the S.A Node (because its rhythm is the highest)
● but in pathological conditions, if the S.A node stops functioning, the A.V node
will be the pacemaker and the producer of the heartbeat, this is called “AV nodal
rhythm”
●And if both A.V and S.A nodes stopped functioning, the purkinje fibers will be
the pacemaker
Q)Give reason: The normal heart rate under resting conditions is about 70/
minute although the normal rhythm of S.A node is 90/minute.
Due to the vagal tone, which is continuous impulses from the vagus nerve that
decreases the high rate of sinoatrial node to about 70/minute
Q)Why if the vagi is cut or blocked by drugs,the heart rate will increase up to 120/
minute?
due to the sympathetic tone which will increase the heart beat (as mentioned
before)
● so under resting conditions,, the parasympathetic has a higher effect on the
heart then the sympathetic
● if we cut the sympathetic supply too, the heart becomes denervated (not
supplied with nerves), so the heart rate will be 90/minute ( the rhythm of S.A.N)
Q) T or F:1) during rest, the heart is supplied by parasympathetic nerves only ? (F)
Why False?
Because whether the heartbeat is 60 or 120, it is supplied by both sympathetic
and parasympathetic nerve supply, but during rest, the vagal tone is much more
powerful and predominant than the sympathetic tone, so the heart beat is
decreased ))واﻟﻌﻜﺲ ﺻﺤﯿﺢ
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Properties of the Pacemakers:
1)They have unstable membrane potential (because it doesn't reach R.M.P) and
they can produce impulses without the need for nerve supply, this ability is called
prepotential or diastolic depolarization (because it takes place in diastole)
2)There is no plateau in their A.P

Prepotential or pacemaker potential (A.P of pacemakers):

●It is slow partial depolarization starting from -60 which occurs during diastole
(relaxation) of the heart, and when the firing level is reached ,A.P will be
produced and will spread over the cardiac muscle to contract (Systole)
●It is due to small increase in Na+ inflow, with no K+ outflow. It continues until
reaching firing level (-40)
●once -40 is reached, Calcium channels on the membrane called “voltage
regulated(or activated) fast-calcium channels" are opened, to allow the rapid
inflow of Calcium
●Q)Give reason for the importance of the opening of voltage regulated fast-Ca
channels.
To produce the rising phase (depolarization phase) of the A.P, to make the peak
))ﻗﻤﺔof the curve slightly above 0
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●Then repolarization takes place by K outflow (as mentioned before) till the
membrane potential reaches -60 only (not the R.M.P which is -90)
●Then Na channels open slowly to cause depolarization from -60 to -40 and then
Calcium channels open (Na first then followed by Ca) and so on...
The slope of diastolic depolarization determines the heart rate:

1)when the slope decreases, the heart rate decreases (bradycardia)
2)when it increases, the heart rate increases (tachycardia)

2)conductivity:
● it is the ability of the cardiac muscle to conduct the excitation wave
()ﻗﺪرة ﻋﻀﻠﺔ اﻟﻘﻠﺐ ﻋﻠﻲ ﻧﻘﻞ اﻻﺛﺎرة
●the rate of conduction of cardiac impulse is different over different parts of the
heart (slowest at A.V.N and fastest at purkinjie fibers)
Q) Give reason for the slow conductivity of A.V.N
1)To give a chance for the cardiac impulse to cover both atria before it reaches
the ventricles so that the atria contract and empty their blood content before the
ventricular contraction
venteicles  ﻗﺒﻞ ﻣﺎ ﺗﻮﺻﻞ ﻟﻞatriaﺗﺒﻄﺄﻋﻠﺸﺎن ﺗﻠﺤﻖ ﺗﻐﻄﻲ ﻛﻞ الA.V.N )ﻻزم اﻻﺛﺎره وﻫﻲ ﺑﺘﻌﺪي ﻋﻠﻰ ال
( ﻟﻼﺛﻨﯿﻦ ﻣﻊ ﺑﻌﺾ ﻋﻠﺸﺎن ﻣﺎ ﺗﺒﻘﺎش ﺣﺎﻟﻪ ﻣﺮﺿﯿﻪcontraction ﻋﻠﺸﺎن ﻣﺎ ﯾﺤﺼﻠﺶ
2) to prevent abnormal high rhythms originating in the atria from reaching the
ventricles
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For illustration:
impluses to A.V.N  ﺟﺰء ﻣﻨﻬﺎ ﯾﺒﺪا ﯾﺒﻌﺖatria )ﺳﺎﻋﺎت ﻛﺪه ﻣﻤﻜﻦ ﺗﺤﺼﻞ ﺣﺎﺟﻪ ﻣﺶ ﻃﺒﯿﻌﯿﻪ ان ال
 ﺑﯿﺤﻤﻲ اﻟﻘﻠﺐ ﻣﻨﻬﺎA.V.N اﻟﺪﻗﯿﻘﺔ ﻓﺎل/300  و ﻣﻤﻜﻦ ﺗﺒﻌﺖ ﺣﻮاﻟﻲectopic focus اﻟﺤﺘﻪ دي ﺑﯿﻜﻮن اﺳﻤﻬﺎ،
(300  اﻟﻨﺒﻀﺎت ﻫﺎﺗﺒﻘﻲ ﺳﺮﯾﻌﺔ اه ﺑﺲ ﻣﺶ ﻣﻤﯿﺘﺔ زي ال، ﺑﺲ ﻣﺜﻼ150 وﯾﻌﺪي ﻣﻨﻬﺎ
Q) Give reason for the fast conductivity of A.V bundle of his, it’s branches and
purkinje fibres
Because the ventricular muscles are thick, and the excitation wave must cover
both ventricle muscles in very short time, so that they contract in 1 time as one
syncytium (one unit), to pump the blood against the pressure resistance
 ﺗﺨﯿﻨﻪ ﻓﺎ اﻟﻤﺮور ﻣﻦ ﺧﻼﻟﻬﺎ ﺑﺴﺮﻋﻪ ﺑﯿﻜﻮن ﺻﻌﺐ ﻓﻼزم الventricles ( ﻻن اﻟﻌﻀﻼت ﺑﺘﺎﻋﺖ ال
 ﻓﻲventricles 2  و ﻛﺪه ﺗﻜﻮن ﻋﺎﻟﯿﻪ ﺟﺪا ﻋﻠﺸﺎن ﺗﻠﺤﻖ ﺗﻤﺮ ﺧﻼل الpurkinje ﺑﺘﺎﻋﺖ الconductivity
( ﻓﻲ ﺣﺘﻪ ﻗﺒﻞ ﺣﺘﺔcontraction ﻧﻔﺲ اﻟﻠﺤﻈﻪ ﻋﺸﺎن ﻣﺎﯾﺤﺼﻠﺶ

3)Excitability:
●It’s the ability of cardiac muscle fibres to respond to an adequate (threshold)
stimulus (from S.A node for example)
● it’s response ))رد ﻓﻌﻠﻬﺎis the action potential that is conducted along the
membranes of muscle fibres, and is followed by mechanical response
(contraction) of the muscles
(contraction اﻟﻠﻲ ﻫﺎﯾﺘﺒﻌﻬﺎ الaction potential)رد ﻓﻌﻠﻬﺎ اﻧﻬﺎ ﺗﻮﻟﺪ ال
● the cardiac muscles are present in polarized state (as mentioned before), the
negative charges inside while the positive outside
●their resting membrane potential is between -80 and -100(approximately -90)
● R.M.P is due to:1)selective permeability of membrane
2)sodium potassium pump mechanism
(as mentioned before)

4)Contractility:
-It’s the main function of the heart that occur during systole to pump blood
against the peripheral resistance
-This contraction causes pressure gradient in the cardiovascular system ﻓﺮق اﻟﻀﻐﻂ
ده ﺑﯿﺤﺼﻞ ﻋﺸﺎن ﯾﺴﺎﻋﺪ اﻟﺪم اﻧﻪ ﯾﻨﺘﺸﺮ ﻓﻲ اﻻوردة واﻟﺸﺮاﯾﯿﻦ
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-Mechanism of heart contraction is nearly the same as the skeletal muscle
(excitation-contraction coupling)
-Cardiac contraction is affected by extracellular ca+2 because the spread of AP
over cardiac muscle fibers stimulates Ca+2 movement from outside of the fibers to
inside
 ﻗﻠﯿﻠﺔCa+2 ﻓﻠﻮ ﻧﺴﺒﺔ ال, ﻣﺶ ﻛﻠﻪ ﺟﺎي ﻣﻦ اﻟﻘﻠﺐ ﻓﯿﻪ ﺷﻮﯾﺔ ﺑﯿﺠﻮا ﻣﻦ ﺑﺮه ف ده ﺑﯿﺎﺛﺮ ﻋﻠﻲ ﻋﻀﻠﺔ اﻟﻘﻠﺐCa+2ال
 ﺑﺲ ﻟﻮ ادﯾﺘﻬﺎﻟﻪ ﻣﺮة واﺣﺪه ﻣﻤﻜﻦ ﯾﺴﺒﺐCa+2 intravenous  وﻋﻼﺟﻪtetany ( ف ده ﻫﯿﺴﺒﺐhypo)
 ﺑﯿﺎﺛﺮ ﻋﻠﻲ اﻟﻘﻠﺐextracellular Ca+2  ف ده دﻟﯿﻞ ﻋﻠﻲ ان ال, cardiac arrest

Action potential of cardiac muscle:

When the cardiac muscle is excited:
1)The potential difference between the inside and outside of the membrane will
decrease gradually then lost (partial depolarization then complete
depolarization) to reach 0
2)Then reversal of polarity occurs (outer -ve and inner +ve) to reach +35 mV
Q) Why the depolarization and Reversal of polarity forms the rapid ascending limb
of the action potential ?
due to rapid increase permeability to Na which flows rapidly from outside to
inside according to concentration and electric gradients (due to opening of fast Na
channels)
3) After Reversal of polarity, repolarization starts and it has three phases:●Phase 1: first small rapid repolarization,Why?
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 ue to entry of Cl- ions which helps in repolarization(as it is -ve) and outflow of
d
K+
●Phase 2: the repolarisation slows down forming a plateau (balance between
outer and inner +ve) near 0 mv, Why?
Due to balance in small inflow of calcium and sodium ions ,and small outflow of
potassium ions
(( ﯾﻌﻨﻲ اﻟﻤﻮﺟﺐ اﻟﻠﻲ ﺟﻮه ﺑﯿﻜﻮن ﺗﻘﺮﯾﺒﺎ ﻗﺪ اﻟﻤﻮﺟﺐ اﻟﻠﻲ ﺑﺮه
* the A.P in atrial fibers have less prominent plateau, and lasts for 150 ms, while
in ventricular fibres it’s prolonged to about 300 ms
●Phase 3: rapid repolarization takes place till membrane potential reaches the
resting level,why?
Due to the delayed  ))ﻣﺆﺟﻞincrease in K outflow from inside to outside of the fiber
to complete the Repolarization process
( ﺑﻌﺪﯾﻦ ﻃﻠﻊ ﻛﻠﻪ ﻣﺮه واﺣﺪه ﺑﺴﺮﻋﻪplateau ( ﻛﺎن ﻣﺘﻌﻄﻞ ﻓﻲ ال
Q)what are the only differences between A.P of skeletal and nerve,and A.P of
cardiac muscle fibers?
1) the entry of -ve chloride ions that helps in rapid repolarization
2) the small inflow of calcium and sodium during repolarization which forms the
plateau
3) there is no hyperpolarisation

Relation between mechanical response and A.P of the heart:
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●The mechanical response consists of:
systole (contraction) followed by diastole (relaxation)
●It lasts 1.5 times as long as the action potential
1.5 ﻣﺮة( بA.P )ﯾﻌﻨﻲ اﻻﻧﻘﺒﺎض و اﻻﻧﺒﺴﺎط ﻣﺪﺗﻬﻢ اد ال
●The systole starts after depolarization and ends by the end of the plateau
●The diastole starts at the end of the plateau (the rapid phase of repolarization)
●A.P contains all systole, but only the first half of diastole, so, the repolarization
is completed by the end of first half of diastole
●while the second half of diastole continuous after the ending of A.P

To conclude:
●The mechanical response starts just after depolarization ends and it is
completed by the end of the second half of diastole (which is after the A.P), and
that's why it equals 1.5×A.P
●The peak of the systole in the mechanical response curve is found at nearly the
same level of the ending of the plateau in the A.P curve (as shown in the above
figure)
 ﺑﺘﻜﻮن ﺗﻘﺮﯾﺒﺎ ﻋﻠﻰ ﻧﻔﺲ اﻟﺨﻂ اﻟﻄﻮﻟﻲ اﻟﻠﻲ ﺑﯿﻨﺘﻬﻲ ﻋﻨﺪه الmechanical  الcurve (ﯾﻌﻨﻲ اﻋﻠﻲ ﺣﺘﻪ ﻓﻲ
(( ﻓﻲ اﻟﺼﻮرةcurves 2 )الA.P  الcurve  اﻟﻠﻲ ﻓﻲplateau

Excitability changes:

#Helper_team
1)Absolute refractory Period (A.R.P):●During ARP, the excitability of cardiac muscle is completely lost (dropped down
to 0%), it coincides with the rapid rising depolarization phase and plateau (during
all Period of systole of the heart)
● it’s duration is longer than that of skeletal muscle
● if any stimulus reaches the heart during this period, there will be no response
Q)What is the significance of long A.R.P of the heart?
To prevent tetanic contraction (relaxation  ) اﻟﻠﻲ ﻛﺎن ﺑﯿﻤﻨﻊ اﻟﻌﻀﻠﺔ ﻣﻦ الof the heart
which is fatal, as the main function of the heart is pumping, it contracts to eject
blood then relaxes to be filled again to re-pump it and so on....,so, continuous
contraction (tetanus ( ))ﺗﺸﻨﺞwill stop the circulation
 ﻓﻲ اﻟﻘﻠﺐ ﺗﻜﻮن ﻣﺪﺗﻬﺎ ﻃﻮﯾﻠﺔ ﻋﺸﺎن اﻟﻘﻠﺐ ﻣﺎﯾﺴﺘﺠﺒﺶ ﻻﺳﺘﺜﺎرة ﺟﺪﯾﺪة و ﻫﻮ ﻟﺴﺎ ﻓﻲ ﺣﺎﻟﺔA.R.P (رﺑﻨﺎ ﺧﻠﻖ ال
ﻓﺎ...  ﻷن دا ﻫﯿﺨﻠﻲ ﻓﺘﺮة اﻧﻘﺒﺎﺿﻪ اﻻﺿﻌﺎف و دا ﻫﯿﻤﻨﻊ اﻧﻪ ﯾﺘﻤﻠﻲ ﺗﺎﻧﻲ ﻋﺸﺎن ﯾﺮﺟﻊ ﯾﻀﺦ اﻟﺪم ﺗﺎﻧﻲ، اﻻﻧﻘﺒﺎض
(  ﻟﻤﺪة ﻛﺒﯿﺮة ﻓﺎ ﯾﻤﻮتoxygenated blood دا ﻫﺎﯾﺨﻠﻲ اﻟﺠﺴﻢ ﻣﺠﺎﻟﻮش

For illustration:
The A.R.P makes the time between first response and a second response 300 ms
minimum, which protects the heart from tetanus which causes cardiac arrest
(death), it coincides all systole, and it contains a small part of diastole
2)Relative refractory period (R.R.P):
●During it, the excitability recovers again gradually from 0% to 100% . so, strong
stimulus can produce weak response
●It coincides with the rapid repolarization phase of action potential (the first half
of diastole)

-Factors affecting contractility:
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1. All or none rule
-It means the cardiac muscle contracts maximally or doesn’t contract at all
-The minimum stimuli will stimulate all cardiac muscle fibers (due to the
functional syncytium of the heart as mentioned before)
 ﻛﻠﻬﺎ ﻣﺘﺪاﺧﻠﺔ ﻣﻊcardiac muscle fibers  وده ﻻن الgradient response ﻻن ﻣﺎﯾﻨﻔﻌﺶ اﺣﺼﻞ ﻋﻠﻲ
intercalated disc and  ﯾﻌﻨﻲ اول ﻣﺎﯾﺠﻲ اﻻﺷﺎرة ﻫﺎﺗﻨﺘﺸﺮ ﻛﻠﻬﺎ ﺑﺴﺮﻋﻪ ﻋﺎﻟﯿﺔ ﻋﻦ ﻃﺮﯾﻖ ال,ﺑﻌﻀﻬﺎ
(purkinje fibers (as mentioned before
-Changing of stimuli strength will not affect the strength of contraction
-The contraction strength can be changed by mechanical, nervous (sympathetic of
parasympathetic) or hormonal factors under natural conditions
2-Tetanic (continuous) contraction
-It’s fatal to the cardiac muscles due to its long ARP (as mentioned before)
-It can’t occur in cardiac muscles ( )اﻟﻘﻠﺐ ﺑﯿﺤﻤﻲ ﻧﻔﺴﻪ ﻣﻦ اﻧﻬﺎ ﺗﺤﺼﻞbecause the cardiac
muscles during systole don’t respond to any other contraction except after
diastole of the heart to be refilled with blood
 و زي ﻣﺎﻗﻮﻟﻨﺎ ﻗﺒﻞ ﻛﺪه ان اﻟﻔﺘﺮة ده,diastole  وﺟﺰء ﻣﻦ الsystole  ﻓﻲ اﻟﻘﻠﺐ ﻫﻲ ﻣﻦ ﻛﻞ الARP ﻓﺘﺮة ال
ﻃﺐ ده ﻟﯿﻪ؟...اﻟﻘﻠﺐ ﻣﺶ ﺑﯿﺴﺘﺠﯿﺐ ﻻي اﺛﺎرة
 ﺑﺘﺎع اﻟﺪم ﻓﻲ اﻟﺠﺴﻢ ﯾﻘﻒcirculation ﻻﻧﻪ ﻟﻮ اﻟﻘﻠﺐ اﺳﺘﺠﺎب ﻟﻤﺆﺛﺮ ﺗﺎﻧﻲ وﻫﻮ ﻓﻲ ﻓﺘﺮة اﻻﻧﻘﺒﺎض ده ﻫﯿﺨﻠﻲ ال
 وﯾﺠﻲsystole ف ﻟﻤﺎ ﯾﺨﻠﺺ ﻓﺘﺮة الdiastoleو ده ﻻن اﻟﻘﻠﺐ ﻫﻮ ﻣﻀﺨﺔ اﻟﺪم ﻟﻠﺠﺴﻢ وﺑﯿﻤﻠﻲ ﻓﻲ ﻓﺘﺮة ال
 ف ﻛﺪه ﻣﺶ ﻫﯿﻼﻗﻲ,  اﻟﻠﻲ ﺑﯿﻤﻠﻲ ﻓﯿﻬﺎ اﻟﺪمdiastoleﻣﺆﺛﺮ ﻋﻠﻲ ﻃﻮل ﺑﻌﺪﻫﺎ ﻛﺪه ﻣﺶ ﻫﯿﻜﻮن دﺧﻞ ﻓﻲ ﻓﺘﺮة ال
circulation دم ﯾﻀﺨﻪ ف ﻫﯿﻘﻒ ال
3-Length-tension relationship (starting law)
-It states that: there is directly proportional relationship between the cardiac
contraction force and initial length of the cardiac muscle fibers within limits
-increasing initial length of cardiac muscle fibers gradually causes increase in force
of contraction, till the length reaches its maximum (called L-max)
 اﻟﻠﻲ ﻓﻲ اﻟﺪراع ﻫﯿﻘﻞ ﻃﻮﻟﻬﺎ ﻓﺘﻘﻞ ﻗﻮﺗﻬﺎ واﻟﻌﻜﺲ ﺻﺤﯿﺢbicepsوﻣﺜﺎل ﻋﻠﻲ ده ﻟﻮ ﻗﻄﻌﻨﺎ ﻋﻀﻠﺔ ال
-After L-max, the increasing of length will decrease the contraction force
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-the reason of being the contraction force at L-max is the maximum is due to the
sarcomere length (=2.2 micron), at which the number of cross bridges between
actin and myosin are increased to maximum so the contraction will be at the
maximum
 ﻋﻦ ﺑﻌﻀﻬﺎ ﻓﻲ ﻣﺶ ﻫﯿﺘﺸﺎﺑﻚ اﻻﻛﺘﯿﻦcross bridges وﻟﻮ زاد ﻃﻮل اﻟﺴﺎرﻛﻮﻣﯿﺮﻋﻦ ﻃﻮﻟﻪ ده ﻫﺘﺒﻌﺪ ال
contraction forceﺑﺎﻟﻤﺎﯾﻮﺳﯿﻦ ف ﻫﺘﻘﻞ ال
*Wisdom of the heart
-under normal conditions, there is a relation between the initial length of
ventricular muscle fibers and the amount of venous return in ventricles(EDV end
diastolic volume)
-So, increasing of venous return will increase the initial length and cardiac
contraction force too to be able to pump all blood coming to it
 )وده ﻣﻌﻨﺎﻫﺎ ﻛﻤﯿﺔ اﻟﺪمend diastolic volume  ﻫﻨﺤﻂ ﻛﻠﻤﺔinitial length of the muscles ﺑﺪل ﻛﻠﻤﺔ
 و ده ﺑﯿﺰﯾﺪ اول ﯾﻘﻞ ﻋﻠﻲ ﺣﺴﺐ ﻛﻤﯿﺔ اﻟﺪم اﻟﻠﻲ,(diastole  ﻓﻲ ﻧﻬﺎﯾﺔ الventriclesاﻟﻠﻲ ﻣﻮﺟﻮدة ﺟﻮا ال
داﺧﻞ ﻟﯿﻬﺎ وﻛﻞ ﻣﺎﺑﺘﺰﯾﺪ ﻛﻤﯿﺔ اﻟﺪم ﺑﯿﺰﯾﺪ ﻗﻮة اﻧﻘﺒﺎض ﻋﻀﻠﺔ اﻟﻘﻠﺐ ﻋﺸﺎن ﺗﻀﺦ ﻛﻤﯿﺔ اﻟﺪم اﻟﺰﯾﺎدة اﻟﻠﻲ داﺧﻼﻟﻬﺎ و
heart failure ﻟﻮ ده ﻣﺤﺼﻠﺶ وﺧﺰﻧﺖ ﺷﻮﯾﺔ دم ﻣﻤﻜﻦ ﯾﺤﺼﻞ
4-Frank-starting relationship
A) Positive inotropic:
It’s an effect of factors that increase the cardiac contraction force
EX. 1-increasing of sympathetic stimulation
*Ventricles are not supplied by parasympathetic (mentioned before)
2-Drugs as digitalis ﺑﯿﺤﺴﻦ اداء ﻋﻀﻠﺔ اﻟﻘﻠﺐ
B) Negative inotropic:
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It’s an effect of factors that decrease the cardiac contraction force
EX. Vagal activity of atrial muscle (parasympathetic which affects atria only)

(end diastolic volume)  ﻟﻔﻮق ده ﻣﻌﻨﺎه ان ﻋﻨﺪ ﻧﻔﺲ اﻟﻄﻮلshift  ﺣﺼﻠﻪcurve *ﻋﻨﺪ ﻧﻔﺲ اﻟﻄﻮل ﻟﻮال
 واﻟﻌﻜﺲ ﺻﺤﯿﺢpositive inotropic  ﺑﻘﯿﺖ اﻋﻠﻲ وده اﻟﻠﻲ ﺑﯿﻌﻤﻠﻪ الforce ال

