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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)
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*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)
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-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 90 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

#Helper_team
●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:
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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

The cardiac cycle
-Each cardiac cycle is formed of systole اﻧﻘﺒﺎضand diastole ارﺗﺨﺎء
-Duration of each cardiac cycle will be 0,8 sec0,8 ﯾﻌﻨﻲ ﺿﺮﺑﻪ اﻟﻘﻠﺐ اﻟﻮاﺣﺪه ﺑﺘﺴﺘﻐﺮق
 ﺛﺎﻧﯿﻪ60 ﺿﺮﺑﻪ ﻫﺘﺴﺘﻐﺮق75 ﺛﺎﻧﯿﻪ ﻓﺎ ﻟﻮ ﻫﯿﻌﻤﻞ
time of systole

time of diastole

Artia

0,1sec

0,7sec

ventricle

0,3sec

0,5sec

-sequence of events during cardiac cycle:
1-the atrial systole (late diastole) duration 0,1sec:•SAN generates impulse(excitatory wave) which spreads
over both atria,which excitate both atria followed by contraction of both atria
•the excitatory wave can’t spread over the both ventricles due to the delay
in AVN
both ﻓﺎ ﺗﺘﺴﺒﺐ ﻓﻲ اﻧﻘﺒﺎض ال.both atria  ﺗﻌﻤﻞ اﺛﺎره إﻟﻲSAN ﯾﻌﻨﻲ اﻻﺷﺎرة اﻟﻜﻬﺮﺑﯿﺔ ﺑﺘﻄﻠﻊ ﻣﻦ
 ﻓﻲ ﻧﻔﺲ اﻟﻮﻗﺖ ﻋﺸﺎن ﻛﺪهAVN  ﻋﻦ ﻃﺮﯾﻖboth ventricles  ﻓﺎ اﻻﺛﺎره دي ﻣﺶ ﻫﺘﻨﺘﻘﻞ إﻟﻰ,atria
 ﺑﺘﺄﺧﺮ اﺳﺘﻘﺒﺎل اﻹﺛﺎرة ﻟﺤﺪAVN  ﺑﻨﻘﺒﻀﻮ ﻣﻊ ﺑﻌﺾ ﻋﺸﺎن ﻛﺪا ﯾﻮﺟﺪ الatria  وventricles ﻫﺘﺨﻠﻲ ال
 ﯾﺨﻠﺺatria ﻣﺎ اﻧﻘﺒﺎض ال
• 70% of the blood in atria pass to ventricles by pressure gradient
(passively)30% of the blood in atria pass to ventricles by atrial contraction
 ﻋﺸﺎنpressure gradient  ﻋﻦ ﻃﺮﯾﻖventricles  اﻟﻲatria ﻣﻦ اﻟﺪم ﺑﺘﻨﻘﻞ ﻣﻦ ال%70 ﯾﻌﻨﻰ
 ﻣﻦ اﻟﺪم ﺑﻘﻰ ﻣﺤﺘﺎج ال%30  ﺑﺲ ﻓﻲventricles  ﻃﺒﯿﻌﻲ ﻫﯿﻨﺘﻘﻞ اﻟﻲatria ﺗﺮﻛﯿﺰ اﻟﺪم ﻋﺎﻟﻲ ﻓﻲ ال
( ﯾﻌﻤﻞ اﻧﻘﺒﺎض ﻋﺸﺎن ﯾﻨﺰﻟﻬﻢ )ﻛﺎن ﺑﯿﻌﺼﺮ ﻧﻔﺴﻪatria

•because of passage of blood from atria to ventricles, ventricles volume
increase gradually and reaches a limit, this limit is (end-diastolic volume) it
about 130 ml
end  ﺗﻔﻀﻲ ﻛﻞ اﻟﺪم ﻓﯿﻪ ﻓﺎ اﻟﺤﺠﻢ دا اﺳﻤﻪatria  ﺣﺠﻤﻪ ﺑﯿﺰﯾﺪ ﻟﺤﺪ ﻣﺎ الventricles ﯾﻌﻨﻲ ال
-diastolic volume l
•increase in the atrial pressure due to contraction
•slightly increase in ventricular pressure but still less than atria pressure
due to relaxation state in ventricles
•aortic,pulmonary pressure decreases because of the closed valves
ﻋﺸﺎن اﻟﺪم ﺑﯿﺮوح ﻻﻃﺮاف اﻟﺠﺴﻢ ﺑﺲ ﻣﻔﯿﺶ دم ﺑﯿﺪﺧﻞ ﻣﻦ ﻧﺎﺣﯿﺔ اﻟﻘﻠﺐ
•Mitral and tricuspid valve opened
•4th heart sound can’t be heard by the normal stethoscope ﺳﻤﺎﻋﺔ اﻟﻄﺒﯿﺐ, this
4th heart sound is due to atrial contraction and ejection of blood
2-isometric or isovolumetric contraction phase,Duration 0,05:•The excitatory wave is transmitted by AVN to both ventricles
•first:, the tricuspid valve, mitral valves close, because the ventricular
pressure exceeds atrial pressure,closing of these valves produces first
heart sound, they also prevent return to atria
•Aortic and pulmonary valves close, so ventricles continue contraction in
closed chamber, and aortic and pulmonary pressure decrease
•the ventricles pressure increased rapidly (from 0- to 80 mmhg) because of
contraction of ventricles in closed chamber

•atrial pressure slightly increased due to blood in ventricles pushing the
tricuspid, mitral valves upward ( C Wave)
 ﺑﯿﺪﻓﻊventricles  و اﻻﻧﻘﺒﺎض ﺷﻐﺎل ﻓﻲ ال. ﻟﻤﺎ ﺑﯿﻘﻔﻠﻮtricuspid and mitral valves ﯾﻌﻨﻲ ال
 ﻟﻔﻮق ﻓﺎ دا ﻫﻮ اﻟﻲ ﺑﯿﺴﺒﺐ زﯾﺎده اﻟﻀﻐﻂblood
•because of contraction of ventricles in closed chamber, the volume of
ventricles is constant
3-maximum Ejection phase:durations 0,15 sec:•in this phase the ventricular pressure increases due to ventricular systole

•when the ventricular pressure exceeds the aortic and pulmonary pressure
the valves will open
 ﺑﯿﻘﻞaortic  وpulmonary  ﺑﯿﺰﯾﺪ ﻧﺘﯿﺠﻪ اﻻﻧﻘﺒﺎض واﻟﻀﻐﻂ ﻓﻲ الventricles ﯾﻌﻨﻲ اﻟﻀﻐﻂ ﻓﻲ ال
valves  ﺑﯿﻔﺘﺢ الpulmonary  و الaortic  ﯾﺰﯾﺪ ﻋﻦ الventricles ﻓﺎ ﻟﻤﺎ اﻟﻀﻐﻂ ﺑﺘﺎع ال
•the volume of ventricles decreases
pulmonary  و الaorta ﻋﺸﺎن ﺑﯿﻔﻀﻲ اﻟﺪم ﻓﻲ ال
•the aortic and pulmonary pressures increase so this phase called Rapid
ejection phase
 اﺗﻔﺘﺤﺖ ﻓﺎ دﺧﻠﻬﻢ دم ﻛﺘﯿﺮ ﻓﺎ اﻟﺼﻐﻂ ﻓﯿﻬﻢ ﺑﯿﺰﯾﺪvalves ﻋﺸﺎن ﺧﻼص ﺑﻘﺎ ال
•mitral and tricuspid valves are still closed
•the atrial pressure decreases at beginning of this phase,then increase to
accommodate the venous return
•always ventricles pressure is higher than Aortic and pulmonary pressure to
prevent returning blood to ventricles
ﻻزم ﻃﻮل اﻟﻔﺘﺮة دي ﺿﻐﻂ اﻟﺪم ﻓﻲ اﻟﺒﻄﯿﻦ ﯾﻜﻮن اﻋﻠﻰ ﻣﻨﻪ ﻓﻲ اﻟﺸﺮاﯾﯿﻦ
4-the reduced ejection phase

•during this phase less blood will be ejected from ventricles, the volume of
ventricles and pressure will decrease gradually
 ﺑﯿﺘﺒﻘﻲ ﺷﻮﯾﻪ دم ﺑﻘﺎ ﺑﯿﻄﻠﻌﻮ ﺑﺒﻂء ﻓﻲ الRapid ejection phase ﻣﺶ اﻟﺪم ﺧﻼص ﻃﻠﻊ ﺑﺴﺮﻋﻪ ﺟﺪاً ﻓﻲ
 ﺑﯿﻘﻞventricles  ﻋﺸﺎن ﻛﺪا ﺑﯿﻜﻮن اﻟﻀﻐﻂ و ﺣﺠﻢ الreduced ejection phase
•Aortic and pulmonary pressure start to decrease because blood coming to
them is less than blood leaving them
Aortic and• ﻣﺶ اﺣﻨﺎ اﺗﻔﻘﻨﺎ ان اﻟﺪم ﻓﻲ اﻟﻤﺮﺣﻠﻪ دي ﺑﯿﻄﻠﻊ ﺑﺒﻂء و ﺑﺘﻜﻮن ﻛﻤﯿﻪ ﻗﻠﯿﻠﻪ !؟ ﻓﺎ ﻋﺸﺎن ﻛﺪا
pulmonary pressure start to decrease
 ﻓﻲ ﺷﻮﯾﻪ دم ﺑﯿﻜﻮﻧﻮ ﻟﺴﺎ. ﺑﯿﺨﻠﺺventricular systole **دﻟﻮﻗﺖ اﻟﻤﺮﺣﻠﻪ دي ﺧﻼص ﯾﻌﺘﺒﺮ ال
end -systolic volume =60ml  ﻣﻄﻠﻌﻮش دول اﺳﻤﻬﻢVentricles ﻣﻮﺟﻮدﯾﻦ ﻓﻲ ال
 وﻫﻮ ﻣﻠﯿﺎن ﺑﺎﻟﺪمventricles  اﻟﻲ ﻛﺎن ﻋﺒﺎره ﻋﻦ ﺣﺠﻢ الend diastolic volume **ﻃﺐ ﻓﺎﻛﺮﯾﻦ ال
130ml
 اﺳﻤﻬﻢ ال70ml=60-130 ﻛﺪا ﻟﻮ ﻋﺎﯾﺰ اﺟﯿﺐ ﺣﺠﻢ اﻟﺪم اﻟﻲ اﻟﻘﻠﺐ ﺑﯿﻀﺨﻪ ﻓﻲ اﻟﻨﺒﻀﻪ اﻟﻮاﺣﺪه ﻫﯿﻜﻮنstroke volume
•stroke volume is the amount of blood that are ejected by each ventricle per
beat =70ml
•mitral and tricuspid valves still closed
•always ventricles pressure is higher than Aortic and pulmonary pressure to
prevent returning blood to ventricles
5-protodiastolic phase:•the important event in this phase is the aortic and the pulmonary valves
start to close to prevent return the blood from aortic and pulmonary arteries
to ventricles
 ﺑﺘﻘﻔﻞ ﻋﺸﺎن اﻟﺪمvalves  ﻓﺎ الaortic and pulmonary arteries دﻟﻮﻗﺖ اﻟﺪم ﻣﻮﺟﻮد ﻓﻲ
diaprotic wave  ﻓﺎ ﺑﯿﻨﺘﺞ ﻋﻦ اﻟﺼﻐﻂ داvalves  ﻓﺎ اﻟﺪم ﺑﯿﻀﻐﻂ ﻋﻠﻲ الventricles ﻣﯿﺮﺟﻌﺶ ال

•the ventricular pressure decrease and it’s volume increase
 ﻓﺎ ﺣﺠﻤﻪ ﺑﯿﺰﯾﺪ و اﻟﻀﻐﻂ ﺟﻮا ﺑﯿﻘﻞatria ﻫﻨﺎ ﺑﻘﺎ ﺑﺪاﯾﺔ اﻻرﺗﺨﺎء ﻓﺎ ﻋﺸﺎن ﯾﺴﺘﻘﺒﻞ اﻟﺪم اﻟﻲ ﺟﺎي ﻣﻦ ال
6-isovolumetric relaxation phase:•pulmonary and aortic valves are closed (responsible for 2nd hard sound in
this phase) also the mitral and tricuspid valves are closed
•ventricles begin relaxation on closed chamber so the volume of ventricles
is constant
•due to relaxation of ventricles in closed chamber that’s lead to sharp drop
in ventricular pressure
•the atrial pressure increase due to venous return
•Aortic and pulmonary pressure decrease because their valves are closed
this sharp drop called diacrotic notch, this is followed by diacrotic wave due
to elastic recoil of aorta which increases the aortic pressure
7-the rapid filling phase:•Because of decrease in ventricular pressure and increase in atrial
pressure,the atrial pressure will exceed the ventricular pressure which lead
to opening mitral and tricuspid valves
•the blood will flow passively to ventricles because the atrial pressure is
higher than ventricular pressure
•volume of the ventricles increased rapidly to accommodate the amount of
atrial blood
•Aortic and pulmonary pressure decrease because their valves are closed

•this rapid filling responsible for third heart sound but it can’t be heard
8-the reducing filling phase:•Mitral and tricuspid valves are still opened and blood continues to flow
passively from atria to ventricles but with slower rate
•volume of ventricles increase gradually but pressure decreases
•Aortic and pulmonary pressure still decrease because valves still closed
______________________________________

•Systolic pressure in:
Aortic pressure is 120 mmhg
Pulmonary pressure is 25 mmhg
 اﻗﻞ ﻟﯿﻪ ﻣﻊ اﻧﻬﻢ ﺑﯿﻀﺨﻮا ﻧﻔﺲ ﻛﻤﯿﻪ اﻟﺪم؟pulmonary اﻟﻀﻐﻂ ﻓﻲ ال
 ﺑﯿﻮﺻﻞaorta  ﻟﻜﻦ الlung  ﺑﺘﻮﺻﻞ اﻟﺪم اﻟﻲ ﻣﺴﺎﻓﻪ ﺻﻐﯿﺮه اﻟﻲpulmonary arteries ﻋﺸﺎن ال
اﻟﺪم اﻟﻲ اﻟﺠﺴﻢ ﻛﻠﻪ
*From the radial pulse wave we could know:-

•Heart rate/minute
•rhythm of heart,whether it regular or not
•force of contraction strong or weak due to hemorrhage or shook
• from palpation of radial pulses we could feel pulse not the wall of artery if
we could cord like structure in arteriosclerosis
ﯾﻌﻨﻲ اﺣﻨﺎ ﺑﻨﺤﺲ ﺑﺎﻟﻨﺒﻀﻪ ﺑﺲ ﻟﻜﻦ ﻣﺶ ﺑﻨﺤﺲ ﺑﺠﺪار اﻟﺸﺮﯾﺎن دا ﻓﻲ اﻟﺤﺎﻟﺔ اﻟﻄﺒﯿﻌﯿﺔ ﻟﻜﻦ ﻓﻲ ﺣﺎﻟﺔ اﻟﺘﺼﻠﺐ
اﻟﺸﺮﯾﺎﻧﻲ ﺑﻨﺤﺲ ب ﺟﺪار اﻟﺸﺮﯾﺎن
***ﻛﻞ اﻻرﻗﺎم اﻟﻲ ﻓﻲ اﻟﻤﻠﻒ ﻣﻄﺎﻟﺒﯿﻦ ﺑﯿﻬﺎ
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Physio CVS lec4

Cardiac output
it means the volume of blood pumped by each ventricle per minute
كمية الدم الي بيضخها البطين الواحد في الدقيقة
it is about 5 liters per minute
Cardiac output (CO) = stroke volume (EDV – ESV) x heart rate.
Stroke volume: it is the volume of blood pumped by each ventricle per
beat. Normally it is 70 ml. ()كمية الدم الي بيضخها البطين في الدقة
Heart rate: is the number of heart contractions per minutes. Normally
it’s about 72 beat/minute.
So: CO= 70 X 72 ≈5 liters/minute.
Cardiac output is determined by Stroke volume and heart rate.
Conditions associated with increased CO:
cardiac output الحاجات الي بتزود ال
- Anxiety and excitement (50-100%)
-eating (30%)
-exercise (up to 700%)
-High environmental temperature
- end of pregnancy.
Conditions associated with decreased CO:
cardiac output الحاجات الي بتقلل ال
- Heart diseases
- Sitting or standing from lying position
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 و معاه بيقل الVenous return لما بنقوم فجأة الدم بيمشي عكس الجاذبية فبيقل ال
 و ممكنblood pressure  لما يقل بيقلل الcardiac output  و ال.cardiac output
. يعني اغماءfainting يسبب
 بيقاوم التأثير ده و مبيحصلش اغماءsympathetic في الناس الطبيعية ال
)compensatory mechanism(
)polyneuropathy(  بيبقى عندهم مشاكل في الجهاز العصبيdiabetic الناس ال
فبيحصل
Stroke volume:
- The volume of blood in each ventricle at the end of diastole is about
130 ml and is called diastolic volume (EDV). ()كمية الدم في نهاية الراحة
- The volume of blood in each ventricle at the end of systole is about
60 ml. It’s called the end-systolic volume (ESV))(كميته في نهاية االنقباض
Stroke volume (SV) = EDV – ESV=130 - 60 =70 ml
Control of Cardiac Output:
1- Venous filling pressure (Right atrial pressure RAP) (Central venous
pressure CVP) (Preload): ()طردي
- Increased venous filling pressure will increase the EDV (preload).
بيزيد الضغط جوا االذين فبيزيد الدم الي بينزل للبطين
- According to Starling's law, increased EDV will lead to increased
force of contraction of the ventricle.
- This will increase the stroke volume (SV)
2- Aortic pressure (Afterload): ()عكسي
- Afterload is approximately represented by the aortic pressure.
Increased aortic pressure (with constant EDV) leads to increased ESV
and thus decreased SV. ()لما الضغط يزيد في الشريان هيقل الدم الخارج من القلب
3- Contractility of the heart (inotropic state): ()طردي
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- Contractility of the heart is determined by amount of Ca2+ entering
the myocytes (muscle cells) during activation
- Increased contractility leads to increased SV and reduction of ESV
(positive inotropic state)
- Decreased contractility leads to decreased SV and increased ESV
(negative inotropic state)
4- Heart Rate: ()طردي
- Sympathetic stimulation and catecholamines (adrenaline) increase
heart rate leading to increased cardiac output.
- Parasympathetic stimulation decreases heart rate and leads to
decreased cardiac output.
5- Heart Size: ()طردي
Hypertrophy of the heart can occur in athletes. This leads to
enlargement of the heart, increased EDV and stroke volume
حجم القلب بيزيد في الناس الي بتلعب رياضة عشان عضلة القلب بتشتغل اكتر و ده بيزود ال
stroke volume
Cardiac output can increase up to 700% during exercise

Venous Return
Venous return (VR) is the volume of blood returning to the heart per
minute. cardiac output must equal venous return in healthy state.
CO = VR = 5 litre
Control of Venous Return:
Venous return is affected by:
1- Mean ( )متوسطSystemic Filling Pressure (MSFP): ()طردي
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This pressure depends on the blood volume and capacity of the
circulation الضغط الدم الي راجل للقلب من الجسم
MSFP is increased when:
- Blood volume increases (serum )زي في حالة تركيب المحاليل
- Capacity of the circulation decrease (vasoconstriction of veins e.g.
sympathetic stimulation) يعني لما المساحة تقل الضغط بيزيد زي لما االوعية تضيق
MSFP is decreased when:
- Blood volume decreases (e.g. hemorrhage )النزيف.
- Capacity of the circulation is increased (vasodilatation of veins).
Normal MSFP is 6-8 mmHg. The difference between MSFP and right
atrial pressure is the force that moves blood from vein back to the
heart الفرق بينهم كل ما زاد بيدفع الدم اكتر ناحية القلب
2- Right Atrial Pressure (RAP): ()عكسي
- Increasing right atrial pressure will decrease the gradient for
venous return. This will decrease VR.
- Normal RAP = zero
- High RAP decreases VR and can lead to ascites ()ترشيح الميا في الجسم
- If right atrial pressure reaches 8 mmHg (i.e. equal to MSFP) the
difference is zero(8-8) and venous return stops. (circulation stops)
لو مفيش فرق في الضغط الدورة الدموية هتقف و ده هيسبب الوفاة و ده بيحصل في حالة ان
القلب ضعيف
- decreasing right atrial pressure increases the gradient ( )الفرقand
this to increased VR.
3- Resistance ( )مقاومةto Venous Return (RVR): ()عكسي
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This is the resistance to venous return between the peripheral vessels
and the right atrium. When this resistance increases, the venous return
decreases and vice versa.
𝑉𝑅 =

𝑀𝑆𝐹𝑃−𝑅𝐴𝑃
𝑅𝑉𝑅

:لو حطيناهم في قانون

Mechanisms of venous return in the standing position against the
effect gravity: العوامل الي بترجع الدم للقلب عكس الجاذبية
1- Sympathetic venoconstrictor tone:
It increases during standing pushing the blood upwards in the veins.
2- Muscular activity and venous valves (muscle pump mechanism):
-During muscle contraction: veins are compressed and blood moves
upwards towards the heart.
-During muscle relaxation: valves prevent return of blood downwards
(one way valves) بتفتح في اتجاه واحد
- if valves open in both directions

varicose veins ()دوالي

3- Cardiac suction: القلب بيشفط الدم ناحيته
Atrial suction: atrial pressure decreases sharply during first part of
rapid ejection phase. ( )بيقل بسبب ان البطين بطل يضغط عليهThis creates a
suction force ( )قوة شفطthat moves the blood upwards to the heart
Ventricular suction: ventricular pressure decreases sharply during rapid
filling phase. (relaxation  )بسبب الThis produces a suction of blood from
atria.
4- Respiratory movement (Thoracic Pump mechanism):
Intra-thoracic pressure becomes more negative during inspiration
( )بيحصل في الشهيق اكتر من الزفيرThis leads to suction of blood from
abdominal veins to thoracic veins ()الضغط سالب في منطقة الصدر فبيشفط الدم
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Lec:6

Arterial blood pressure
Its the pressure of the blood on the wall of the artery.
ا م  ن دا ر

110/70 ً ،
ا ا


   ا ؟diastolic
 و اsystolic
*Systolic blood pressure:
Its the maximum pressure reached during systole of the heart.
. mmHg150-90  ن

 و دا ا ى اsystole م ف ا ا ا ء ال
*Diastolic blood pressure:
Its the minimum pressure reached during diastole .
 و ا ى اdiastole ا ء ال
. mmHg 90-60  ن
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*pulse pressure:
Its the difference between the systolic and diastolic pressure.
 و ا ى اpulse pressure  وي الdiastolicال
50-30


.

وا

ن وا



ا

 ،

ف ا ا



د  ى ا





ا

 ا
 *
ا

 systolic ال
.mmHg
دا  ا
ا ا

*Mean systemic pressure or Mean systemic arterial pressure:
Its the average pressure in the arteries throughout the whole cardiac cycle.
.cardiac cycle ا م ف ا ا  ل ال




  فsystolic  وdiastolic

  cardiac cycle و  ن ال
ا
 رش ا
. ا ا و ا  ا
ا
  ا اdiastole ٢/٣ و الsystole ١/٣ الcardiac cycle ا  ف ان ال
: ا

.90mmHg ن  ا

*Physiological variations in ABP:
*Age:
-new borns: 80/40
4years: 100/65
-20 years: 120/70
60years: 150/90
*Sex:
Below 45, females have lower ABP than males .
After 45, ABP rises in females like males due to hormonal changes.
*race:
Americans and europeans have higher blood than other races due to the
stressful life and style of food (fast food).
*Emotions:
Strong emotions rise the ABP due to sympathetic stimulatio.
*Muscular exercise:
Muscular exercise increase the systolic and decrease the diastolic. (Increase
the pulse pressure).
*Gravity:
Pressure is usually measured in the brachial artery because its at the same
level of the aorta. Vertical distance from the heart affect the ABP . each 1 cm
below the heart increases the mean systemic pressure by 0.77mmHg and vice
versa.
ا
، ا ه  ن ا م
ان ا ذ
1   ز دةmmHg 0.77

 
  ن  او
و ا
   ى اcm
.


*Factors affecting the ABO and the pulse pressure:
ABP =cardiac output x total peripheral resistance = stroke volume x heart rate
x total peripheral resistance
1-Stroke volume :
Increased stroke volume increases the systolic more than the diastolic, and
increase the pulse pressure.
2-Heart rate :

Increased heart rate increases diastolic pressure and decrease the pulse
pressure.
3-Peripheral resistance:
Increased peripheral resistance elevates the diastolic pressure more than
systolic , so the pulse pressure decreases.
4-Elasticity of the aorta and arteries:
In cases of atherosclerosis( ا ا
) systolic pressure increases and
diastolic pressure decreases , so pulse pressure increases.
ا ا
  
  ا وض  د  ا د داsystole  و ا ا ا ء الaorta  و ال
 ف
 ا ا  و ا ً دا
  ا وضdiastole  و ا ء ال، systolic pressure ال
 و ا
 pulse pressure  دا ز دة ال
  و، diastolic pressure ال
 ا ا
. ن وا ع ا ا
*Regulation of ABP:
-Rapid mechanism : nervous control
- slow mechanism : hormonal control
-intermediate mechanism: capillary fluid shift mechanism.
Nervous control of ABP:
A- pressor area
B-depressor area
Found in Medulla
Found in the
medulla central & dorsal to pressor area
*pressor area:
Its responsible for increasing ABP
 ا ذ٣ ال
: 
-peripheral resistance
-heart rate
- stroke volume


c

 ABPز دة ال



A- vasoconstrictor centre:
It sends impulses for both arteries and veins by sympathetic fibers
continuously during rest.
-It produces vasoconstriction of arteries that increases the peripheral
resistance ———> increase the ABP.
-It produces vasoconstriction of veins that increases the venous return , the
cardiac output increases ———> increase the ABP.



B-cardiac stimulatory centre:
It sends impulses to both atria and ventricles via sympathetic fibers.
-It increases the heart rate that increases the cardiac output ———> increase
the ABP
- it increases the force of contraction that increases the stroke volume , the
cardiac output increases ———> increase the ABP

*depressor area:
It acts by inhibiting the pressor area
pressor area ال



 ا





A- vasodilator centre:
It sends impulses to the vasoconstrictor centre to decrease the
vasoconstrictor tone———> vasodilatation ———>decrease the ABP.
N.B. There is no parasympathetic fibers for dilatation of the wall of blood
vessels ( except for external genitalia).
B-Cardiac inhibitory centre:
 Sends impulses to atria, it inhibits the heart rate only!! , it does not decrease
the stroke volume because ventricles are not supplied by parasympathetic
fibers.
heart ال
 inhibitory centre ال
  وparasympathetic fibers
  راventriclesال
.stroke volume   ش د ة  لrate
Receptor for regulation of these center:
-Arterial baroreceptors:
They are found in the wall of the aortic arch and carotid sinus.
They are stimulated by stretching of the wall of the carotid
sinus or aortic arch by blood.
* Baroreceptors of aortic arch are innervated by ——> vagus
nerve(X).
* Baroreceptors of the carotid sinus are innervated by ——>
carotid sinus nerve ( branch of glossopharyngeal nerve IX)
*Function of baroreceptors:
The action of baroreceptors is stimulating of depressor area ,
and inhibiting the pressor area.

-when ABP increases:
baroreceptors send more impulses stimulating of depressor area , and
inhibiting the pressor area. So ABP decreases.
-when ABP decreases:
Baroreceptors impulses decrease so the impulses stimulating of depressor
area , and inhibiting the pressor area decrease and ABP increase to the normal
level.
blood pressure ال

 ا
وده
دا
 اimpulses  ال
ا
ا و
**Carotid sinus syndrome:
Its the hypersensitivity of the carotid sinus. So slight pressure of the skin
over the carotid sinus Leads to marked decrease in ABP, and faintingا ء.
 carotidال
 ع ا ف

 و اي
   نcarotid sinusال
ا
ز دة  ا
.ABP  و ا ض الbaroreceptor وا  ال
*Capillary fluid shift mechanism:
hydrostatic
 دا
 ا،(filtration) ي

 capillariesا م  ال
 ز دة
.pressure
-Increased ABP———> hydrostatic pressure increases———> increased
filtration——> decrease blood volume——>decrease venous return and cardiac
output ——> decrease the ABP
venous return and cardiac output  ف  الblood volumeال
-decreased ABP———> hydrostatic pressure decreases———> decreased
filtration——> increase blood volume——>increase venous return and cardiac
output ——> increase the ABP
ءا

ا ا  رج ا

3-Role of kidney and endocrine (hormonal regulation):
- Its the most important mechanism , it has a long term effect.
- it regulates extracellular fluid volume to regulate ABP
1- renin-angiotensin mechanism:
Decreased ABP ——> renal ischemia——> secretion of renin in blood——>
formation of angiotensin I from angiotensinogen ——> angiotensin I is
converted into angiotensin II by
Angiotensin converting enzyme(ACE) ——> increase the ABP
:
  وAngiotensin II زي  ا  ر ان
a-vasoconstriction

b- sodium-water retention
ABP ﻋﺸﺎن ﻛﺪه ﺑﺘﺰود ال
2-Atrial mechanoreceptors:
They are atrial stretch receptors that are sensitive to stretch of the right
atrium.
- Hemorrhage (decrease blood volume) ———> Decrease of ABP ——>
decrease the stretching and decrease the impulses of these
mechanoreceptors ——> increase the secretion of ADH(Antidiuretic
Hormone / Vasopressin) & aldosterone.
The function of these hormones is Sodium-water retention. (Vasopressin also
causes vasoconstriction)

Transport of materials across capillary wall:
•capillaries are vessels with thin wall found between (arterioles and venules
) materials transported through it by 3 mechanisms:
1. Diffusion: diffusion depends on concentration gradient (from high
concentration to low concentration), solubility, molecular size of
diffusing substance,permeability of capillary
2. Vesicular transport(endocytosis &exocytosis): concerned with
transport of large molecules like protein
3. Filtration (bulk flow) ﻫﺘﺘﺸﺮح ﺑﺎﻟﺘﻔﺼﯿﻞ
Trans-capillary filtration (bulk flow):
•it is passive process of transport of water, electrolytes and crystal solids
like NaCL across capillary wall.
Forces affecting filtration
A) forces tending to move fluid outside capillary:
1. Hydrostatic capillary pressure it’s 35 mmHg at arterial end and
15 mmHg At venous end of capillary ﺿﻐﻂ اﻟﺴﻮاﺋﻞ ﻓﻲ اﻟﺴﻮاﺋﻞ داﺧﻞ اﻟﻮﻋﺎء
اﻟﺪﻣﻮي ﻛﻞ ﻣﺎ ﺑﯿﺰﯾﺪ ﻛﻞ ﻣﺎ ﯾﻄﻠﻊ اﻟﺴﺆال ﺑﺮا اﻟﻮﻋﺎء
So it produces filtration of blood
2. Interstitial fluid osmotic pressure is 3 mmHg at arterial & venous
ends
اﻟﻀﻐﻂ اﻷﺳﻤﻮزي ﻓﻲ اﻟﺴﻮاﺋﻞ اﻟﻤﻮﺟﻮدة ﺑﯿﻦ اﻻوﻋﯿﺔ اﻟﺪﻣﻮﯾﺔ ﺗﺴﺤﺐ اﻟﺴﻮاﺋﻞ ﻣﻦ دﺧﻞ اﻟﻮﻋﺎء ﻟﻲ ﺑﺮا
ﻋﺸﺎن ﻛﺪا ﺗﻌﺘﺒﺮ ﺑﺘﻔﻠﺘﺮ اﻟﺪم اﻟﻲ ﺟﻮا اﻟﻮﻋﺎء
So it produces filtration blood
B) forced tending to move fluid inward:
1. Interstitial fluid hydrostatic it 3 mmHg at arterial & venous ends
ﺿﻐﻂ اﻟﺴﻮاﺋﻞ اﻟﻤﻮﺟﻮدة ﺑﯿﻦ اﻷوﻋﯿﺔ اﻟﺪﻣﻮﯾﺔ ﻟﻮ زاد ﻫﯿﺪﺧﻞ اﻟﺴﺆال دي ﺟﻮا اﻟﻮﻋﺎء اﻟﺪﻣﻮي ﻧﻔﺴﺔ
So it produces resorption
 2. Colloidal osmotic plasma proteins :

Caused mainly by albumin, it 25mmHg in at arterial venous end
اﻟﻀﻐﻂ اﻻﺳﻤﻮزي ﺑﺴﺒﺐ اﻻﻟﺒﯿﻮﻣﯿﻦ اﻟﺬي ﯾﻮﺟﺪ داﺧﻞ اﻟﻮﻋﺎء اﻟﺪﻣﻮي ﯾﺴﺤﺐ اﻟﺴﻮاﺋﻞ ﻟﯿﻪ ﺟﻮا اﻟﻮﻋﺎء
So it produces resorption
•Net force of filtration at arterial end of capillary =
[35 mmhg of hydrostatic capillary pressure+3 mmHg of Interstitial fluid
osmotic pressure ]—[25 mmHg of Colloidal osmotic plasma proteins+ 3
mmHg of Interstitial fluid hydrostatic] = 10 mmHg
•Net force of absorption at venous nd of capillary =
[15 mmHg of Hydrostatic capillary pressure+3 mmHg of Interstitial fluid
osmotic pressure]—[25 mmHg of Colloidal osmotic plasma proteins+ 3
mmHg of Interstitial fluid hydrostatic] = 10 mmHg
**filtered fluid is sightly more than absorbed fluid leaving some excess fluid
to be absorbed by lymphatic vessels

Edema
•it excessive accumulation of tissue fluid
Causes:
1-Increase hydrostatic capillary pressure in cases of:
● Pregnancy lead to pressure on pelvic veins so this leads to increase
the hydrostatic pressure so increase in inflation ()ﻣﻦ ﺑﺮا اﻟﻮرﯾﺪ
● Venous thrombosis ()ﻣﻦ ﺟﻮا اﻟﻮرﯾﺪ
● Cardiac edema: Generalized edema as the right sided heart failure
ﻋﺸﺎن ﻟﻤﺎ اﻟﺠﺎﻧﺐ اﻷﯾﻤﻦ ﻣﻦ اﻟﻘﻠﺐ ﻣﺶ ﻫﯿﻘﺪر ﯾﻀﺦ اﻟﺪم ﺗﺮاﻛﻢ اﻟﺪم دا ﻫﯿﻌﻤﻞ اﻻﯾﺪﯾﻤﺎ
2- decrease colloid osmotic pressure (decrease in plasma proteins)
● Nutritional edema ﯾﻌﻨﻲ ﻣﺶ ﺑﺎﻛﻞ ﺑﺮوﺗﯿﻨﺎت
● Hepatic edema:decreases synthesis of plasma proteins ﻣﺸﻜﻠﺔ اﻟﻜﺒﺪ
● Renal edema:due to loss proteins in urine (proteinuria)ﻣﺸﻜﻠﺔ اﻟﻜﻠﯿﺔ
3-increased capillary permeability:
● Allergy and inflammation due to histamine

4- lymphatic obstruction:
● Elephantiasis or cancer cells caused lymphatic obstruction ﻻن اﺣﻨﺎ ﻓﻲ
 ﺷﻮﯾﻪ ﺳﻮاﺋﻞ الvenous ﻣﺲ ﻫﺘﻤﺘﺼﻬﻢ ﻓﺎ ﻫﯿُﻤﺘﺼﻮا ﻋﻦ ﻃﺮﯾﻖ اﻟﻌﻘﺪ اﻟﻠﯿﻤﻔﺎوﯾﻪ
5-salt and water retention:
● Corticosteroids (cortisone) and contraceptive pills ﺣﺒﻮب ﻣﻨﻊ اﻟﺤﻤﻞ
اﻋﺎدة اﻣﺘﺼﺎص اﻟﻤﯿﺎه و اﻷﻣﻼح ﺑﺘﺰود ﺿﻐﻂ اﻟﺪم ﻓﺎ ﺑﺘﺰود ﻋﻤﻠﯿﺔ اﻟﺘﺮﺷﯿﺢ
Circulatory shock
•inadequate tissue perfusion ()ﯾﻌﻨﻲ اﻟﺪم اﻟﻲ واﺻﻞ ﻟﻠﻌﻀﻮ ﻗﻠﯿﻞas a result of
inadequate cardiac output (or vasodilatation)
Types and causes of shock:
1- Hypovolemic shock:
caused by hemorrhage or dehydration as in burns ()ﺣﺮوق
 ﻣﻨﻪ ﻣﺎﯾﻪ ﻓﺎ اﻟﺤﺮوق ﺑﺘﺨﻠﻲ اﻟﺪم ﯾﻔﻘﺪ اﻟﻤﺎﯾﻪ دي ﻓﺎ ﺑﺘﻘﻠﻞ ﺣﺠﻤﻪ%90 ﻻن اﻟﺪم
2- low resistance shock (due to vasodilatation):
● Neurogenic shock
● Anaphylaxis (in case of allergy)
● Sepsis ( in case of inflammation and bacterial toxins)
*histamine which formed due to response of inflammation and allergy leads
to vasodilation so the peripheral resistance decrease
3- cardiogenic shock ﺑﺴﺒﺐ ﻣﺸﺎﻛﻞ ﻓﻲ اﻟﻘﻠﺐ
● Myocardial infarction ﺗﻀﺨﻢ ﻋﻀﻠﻪ اﻟﻘﻠﺐ
● Congestive heart failure
● Arrhythmia ﺿﺮﺑﺎت ﻗﻠﺐ ﻏﯿﺮ ﻣﻨﺘﻈﻤﻪ
4- obstructive shock:
● Pulmonary embolism
pulmonary vessels ﺟﻠﻄﺎت ﻓﻲ ال
Hemorrhagic shock
Manifestation:
● Rapid weak pulse
● Cold pale skin but it sweaty due to stimulation of sympathetic nervous
system

● Rapid respiration (tachypnea)
● Low blood pressure
● Thirst and oliguria (decreased urine volume & increase concentration)
Compensatory reactions: (ﯾﻌﻨﻲ ﻋﻤﻠﯿﺎت اﻟﺠﺴﻢ ﺑﯿﻌﻤﻠﻬﺎ ﻋﺸﺎن ﯾﺤﺎول ﯾﺘﺨﻠﺺ ﻣﻦ ال
shock)
● These are reactions aiming at restoration of normal( Arterial blood
pressure),blood volume
● There are two compensatory reactions :
1.rapid compensatory reactions
2.long-term compensatory reactions
Rapid compensatory reactions:  ﺑﺘﺤﺼﻞ ﺑﺴﺮﻋﻪ ﻋﺸﺎن ﺗﻮﺻﻞ اﻟﺪم ﻟﻠﻘﻠﺐ واﻟﺪﻣﺎغ
A)Nervous:
decreased the impulses of baroreceptor due to decrease in arterial blood
pressure,thats lead to stimulation of pressor area and inhibition of
depressor area
•stimulation of pressor area include :
● Stimulation of vasoconstrictor center: that lead to arteriolar
constriction—-> increases resistance——>elevates Arterial blood
pressure
● venous return increase—>cardiac output increase——>Arterial blood
pressure increase
•stimulation of cardiostimulatory center:
● Increased heart rate and force of contraction —> increase cardiac
output and Arterial blood pressure
B)humoral factors:(done by chemical substances and hormones )
1. Increased catecholamines secretion from adrenal medulla leads to
raise ABP
2. Increase Angiotensin( II ) due to renin secretion caused by ischemia
leads to 1.raise ABP

2.stimulate thirst
3.increase aldosterone secretion leading to Na retention which raise
ABP

3. Increased secretion of ADH (vasopressin):
● It produce vasoconstriction and water and Na retention
Long-term compensatory reactions: ﺑﺘﺎﺧﺪ وﻗﺖ ﻋﻠﻲ ﻣﺎﺗﺤﺼﻞ
1. Correction of plasma volume:
This takes place in 12-72 hours by following mechanisms :
● Tissue fluid shift (retention of water to capillary) ﺑﺘﺴﺤﺐ اﻟﺴﻮاﺋﻞ واﻟﻤﺎﯾﻪ ﻣﻦ
 اﻻﻧﺴﺠﻪ اﻟﻤﺤﯿﻄﻪ ﻋﺸﺎن ﺗﺮﺟﻊ ﺣﺠﻢ اﻟﺪمthe fluid shifting done due to decrease in
capillary hydrostatic pressure ﯾﻌﻨﻲ اﻟﻀﻐﻂ ﺑﺮا أﻛﺒﺮ ﻣﻦ ﺟﻮا ﻓﺎ ﻋﺸﺎن ﻛﺪا اﻟﺴﻮاﺋﻞ
ﺑﺘﺨﺶ ﻟﺒﻼزﻣﺎ اﻟﺪم ﻛﻦ ﺑﺮا ﻟﺠﻮا
● thirst due to angiotensin
● Aldosterone and ADH secretion leads to water and Na retention
2.correction of plasma proteins:
● There's rapid Addition pre-formed albumin ﯾﻌﻨﻲ اﻟﻜﺒﺪ ﻛﺎن ﻣﺨﺰن ﺷﻮﯾﻪ
اﻟﺒﯿﻮﻣﯿﻦ ﻓﺎ ﻫﯿﻄﻠﻌﻬﻢ دﻟﻮﻗﺖ
● Then liver synthesis plasma proteins in 3-4 days
3.correction of red blood cells:
● Kidney due to ischemia (low blood pressure in kidney)it secrets
erythropoietin which increase rbcs formation, it takes 4-8 weeks.
Fate of patient with hemorrhagic shock :
1. Recover in mild hemorrhage ,the treatment and compensatory
mechanisms succeed
2. Die in severe hemorrhage the treatment and compensatory
mechanisms failed

3.some Patients exposed to irreversible shock due to ischemia and
dilatation of splanchnic area leads to entry of toxins to circulation and
cerebral ischemia, toxins lead to more dilatation and so on.
 ﺑﯿﺤﺼﻞ اﺗﺴﺎع ﻓﻲ اﻻوﻋﯿﻪ اﻟﺪﻣﻮﯾﻪ اﻟﻤﻮﺟﻮده ﻓﻲirreversible shock ﯾﻌﻨﻲ ﺑﻌﺾ اﻟﻤﺮﺿﻰ ﺑﺘﺪﺧﻞ ﻓﻲ
. ﻣﻨﻄﻘﺔ اﻻﻣﻌﺎء ﻓﺎ ﺑﺘﻮﻓﺮ ﻣﻜﺎن ﻟﻠﺴﻤﻮم اﻧﻬﺎ ﺗﺨﺶ ﻟﻠﺪم

Treatment of shock:
1. Removal causes of shock
2. Elevation of lower limbs which leads to increase venous return
3. Drugs like adrenaline in anaphylactic
shock,vasopressin,dopamine,noradrenaline,glucocorticoids which
decrease capillary permeability
4. Blood transfusion in case of hemorrhagic shock
5. Plasma transfusion in case of burns
 ﻟﻠﻤﺎﯾﻪ اﻟﻤﻮﺟﻮده ﻓﻲ اﻟﺒﻼزﻣﺎ ﻓﺎ ﺣﺠﻢ اﻟﺪم ﺑﯿﻘﻞ ﻓﺎ ﻻزم ﻧﻨﻘﻞ ﺑﻼزﻣﺎdehydration ﻻن اﻟﺤﺮق ﺑﯿﻌﻤﻞ
ﻟﻠﻤﺮﯾﺾ
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Hphys lec 8
Endocrine glands
Endocrine glands
They are ductless glands that secrete
hormones directly to the blood. And
through the blood the hormones are
distributed to other tissues where
they exert their effects. ( so their
effect is more generalized)
الغدد الصماء هً غدد من غٌر لنوات وبتفرز
هرموناتها فً الدم مباشرة ة وبعدٌن بتتوزع على
االماكن اللً بتاثر علٌها

Exocrine glands
They are glands that have ducts and
secrete their products to the outer
surface of the body (Ex: sweat glands
and lacrimal glands) , or to the lumen
of the GIT like mouth and stomach).
الغدد دي بٌبمى عندها لنوات بتطلع من خاللها
 بتاعlumen الهرمونات اما على سطح الجلد او فً ال
المناة الهضمٌة زي المعدة

Hormones are classified according to their chemical nature
into:
1.protein and polypeptide hormones:
hypothalamic - pituitary – pancreatic – parathyroid hormones

2. steroid hormones:
adrenocortical and gonadal hormones

3. hormones derived from simple amino acids:
thyroid and adrenal medullary hormones

Notes:
1- Pituitary gland: is found at the pituitary fossa.
2- Hypothalamus: is found above the pituitary gland and it has an
endocrine activity.
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ً اللً هpituitary gland  وتروح للhypothalamus  الهرمونات بتطلع من ال. endocrine glands تعتبر الغدة الماٌسترو اللً بتتحكم فً معظم ال
3- Para thyroid glands: are 4 small glands found at the posterior
surface of the thyroid gland.
para thyroid  فٌها ورم واتشالت والجراح شال معاها الthyroid gland  لو ال.  فً الجسمcalcium homeostasis  بالغلط هٌحصل مشكلة فً الglands
4- Pancreatic glands:
. GIT  ودة اللً بٌطلع العصارة الهاضمة فً ال: exocrine  البنكرٌاس فٌه جزء اللً بٌنظمو الinsulin and glucagon  اللً بٌطلع: endocrine  وفٌه جزء. blood glucose

Principle endocrine glands and their hormones:
1) Hypothalamus:

a- Releasing hormones:

(hormones that stimulate another hormones)

- Growth hormone releasing hormone
- Thyrotropin releasing hormone
- Corticotropin releasing hormone
b- Inhibiting hormones:
- Growth hormone inhibiting hormone
- Prolactin inhibiting hormone
 ٌعتبر من هرمونات الrelease or inhibit  اي هرمون فٌه كلمة:*ملحوظة
 وملوش اي تاثٌر على وظائف الجسم الحٌوٌة هو بس بٌحفز او ٌثبطhypothalamus
anterior pituitary gland هرمون تانً وفً الغالب بٌتحكم فً هرمونات ال
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2) Pituitary gland:
a- Anterior pituitary hormones:
- Growth hormone
- Prolactin
- Thyroid stimulating hormone (thyrotropin hormone) (TSH) **
- Adrenocorticotropic hormone (corticotropin hormone) (STH) **
- Gonadotropins (FSH & LH) **
anterior pituitary  ٌعنً هو طالع من الtropin  اي هرمون فٌه الممطع:*ملحوظة
)  ( زي الهرمونات اللً محطوط جنبها نجمتٌن فوقgland
b- Posterior pituitary hormones:
- Antidiuretic hormone (vasopressin)
- Oxytocin
3) Thyroid gland:
- Triiodothyronine (T3)
- Tetraiodothyronine (T4)
- Calcitonin
4) Parathyroid gland:
- Parathormone (PTH)
5) Adrenal gland (supra renal gland):
a- Adrenal cortex:
- Glucocorticoids (cortisol)
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- Mineralcorticoids (aldosterone)
- Androgens
b- Adrenal medulla:
- Epinephrine / - Norepinephrine
6) Pancreas:
- Insulin / - Glucagon
7) Gonads:
a- Ovaries:
- Estrogen / - Progesterone
b- Testis:
- Testosterone / - Androgens
 اسماء الهرمونات اللً فاتت لراءة ماعدا اللً هٌعدو علٌنا فً الشرح وهندرسهم:*ملحوظة
.بالتفصٌل

Regulation of hormone secretion:
- The secretion of hormones is regulated by the following factors:
1. Releasing or inhibiting factors:
- The hypothalamus secrets releasing or inhibiting hormones that
regulate hormone secretion of the anterior pituitary gland.
- Anterior pituitary gland secretes stimulating hormones that stimulate
hormone secretion of other glands.
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2. Feedback control:
- The concentration of the target hormone, substrate or mineral may
influence the secretion of hormones.
a- Hormone – hormone feedback:
- A rise in the concentration of a hormone can inhibit its stimulating
hormone and vice versa. Ex (1): increased thyroid hormone levels
inhibits the secretion of thyroid stimulating hormone of the anterior
pituitary.
 للهرمون االصلً اللً طلعهاinhibition  بعض الهرمونات لما تركٌزها بٌزٌد بتعمل عشانpituitary  بٌشتغل على الthyrotropin releasing hormone (TRH) : 1 **مثال
ً اللthyrotropin hormone (TSH) or {thyroid stimulating hormone} ٌطلع منها
 فلما, T3 and T4  اللً هماthyroid hormones  عشان ٌطلع منهاthyroid بٌروح لل
(TRH)  على الnegative feedback  ٌزٌد فً الدم ٌعملوthyroid hormones تركٌز ال
. اللً كانو السبب فً انه ٌتفرزand (TSH)
pituitary  بٌشتغل على الcorticotropin releasing hormone(CRH) :2 **مثال
adrenal cortex  اللً بٌشتغل على الcorticotropin hormone(STH) عشان ٌطلع منها
(CRH)  اللً لما بٌزٌد بٌعمل تاثٌر سلبً على الهرمونٌن السابمٌنcortisol عشان تطلع ال
. and (STH)
يعني باختصار الهرمون االخير اللي بيتفرز بيعمل تاثير سلبي على الهرمونين اللي قبله واللي
.قبله
b- Substrate or mineral hormone feedback:
- A rise in the concentration of a substrate or mineral can inhibit the
secretion of a hormone that increased its conc.
 هً المواد اللً بٌشتغل علٌها الهرمون لما تعلى بتاثر على تركٌز الهرمونsubstrates  ال.اللً زود تركٌزها
- Ex 1 : increased glucose levels inhibits growth hormone secretion.
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 ف لو علً ال جلوكوز اوي هٌمللblood glucose  بٌعلً الgrowth hormone  ال(abnormal  ف االطفال اللً عندهم سكري بٌبمى نموهم متاخر, G.H افراز ال
blood glucose  ٌعنً زٌادة فً الhyperglycemia  عشان بٌبمى عندهمgrowth)
.  ودة طبعا بٌاثر على نموهمgrowth hormone  للinhibition اللً بالتالً بٌعمل
- Increased blood calcium inhibits parathormone secretion.
 مسؤول انه ٌحافظ مستوى الكالسٌوم فً الدم فلما ٌزٌد الكالسٌوم عنparathormone  ال. parathormone  وٌملل الnegative feed back الطبٌعً ٌعمل
The feedback system is important to:
1. Maintain the normal blood level of target hormones.
2. Prevent over stimulation of target glands by stimulating hormones.
3. Adjusts the rate of secretion of endocrine glands according to body
needs.
4. Keeps a normal level of minerals and other substances.
------------------------------------------------------------------------------------------------

The pituitary gland
- It’s a small gland lying in a small cavity at the base of the skull.
- Its divided into:

1- Anterior pituitary gland:
- Its connected to the hypothalamus through the hypothalamohypophyseal portal blood vessels (portal veins), which allow the passage
of the hypothalamic releasing and inhibiting hormones to the anterior
pituitary affecting the secretion of its hormones.
 والوصلةhypothalamus and pituitary gland  بتبمى موجودة بٌن الportal veins  ال. hypothalamo-hypophyseal portal circulation بٌن االتنٌن دول اسمها
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- The hormones secreted by this gland are mentioned before (5 hormones).

2- Posterior pituitary gland:
- Its connected to the hypothalamus through hypothalamo-hypophyseal
tract (tract of nerve fibers).
- Antidiuretic hormone (ADH) and oxytocin pass along these fibers to the
posterior pituitary.
 (اللً تحتهم خط فوق) بٌتصنعو فً الposterior pituitary  الهرمونٌن بتوع الً وهtract  عن طرٌك الposterior pituitary  وبعدٌن ٌروحو للhypothalamus
{They are hypothalamic hormones} "بتفرزهم "بس هما مش بيتصنعو فيها
** All anterior pituitary hormones are stimulating hormones to other
glands except growth hormone and prolactin.
-----------------------------------------------------------------------------------------------

Growth hormone
- It’s the most important hormone of pituitary gland.
- It affects growth and metabolism.
- The secretion of growth hormone is under the control of :
a- Hypothalamic growth hormone releasing hormone (GHRH).
b- Growth hormone inhibiting hormone (GHIH).
Factors stimulating (increasing) the secretion of GH:
1. Insulin induced hypoglycemia. ( GH is a hyperglycemic hormone)
2. Fasting
3. Exercise
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4. Other hormones like { estrogens , androgens and adrenaline}
Factors inhibiting GH secretion:
1. Corticosteroid treatment. زي االطفال اللً عندهم حساسٌة صدر وبٌاخدو كورتٌزون
2. Continuous hyperglycemia ()ارتفاع السكر فً الدم

Actions of growth hormone:
1. Growth:
- It increases linear growth of long bones by :
Stimulating the proliferation of epiphyseal cartilage.
Increasing calcium and phosphate uptake and deposition in long bones.
- The effect of growth hormone occurs until closure of epiphysis, after
that linear growth isn’t possible.
- This action is exerted indirectly through the production of
somatomedins in the liver.
 المواد دي, somatomedins  بٌروح للكبد عشان ٌطلع منه مواد اسمهاGH  ال:**للتوضيح
 فتنمسم وترسب فٌهاepiphyseal cartilage  بتاع الخالٌا اللً فً الproliferation بتزود ال
.  ٌعنً تتحول لعظمossification كالسٌوم وفوسفات وٌبدا ٌحصلها
- Closure of epiphysis means : complete ossification of epiphyseal
cartilage ودة معناه ان االنسان مش هٌطول تانً بعدها
- GH increases the size of soft tissue and internal organs.
2. Protein metabolism:
- GH is an anabolic hormone ً هرمون بنائ, it promotes protein synthesis.
- This occurs through increasing the transport of amino acids across
the cell membrane.
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3. Carbohydrate metabolism (hyperglycemic):
- GH increases blood glucose levels by decreasing glucose uptake by
most cells.
4. Lipid metabolism (lipolytic):
- GH stimulates lipolysis so it increases free fatty acids on blood.

Disorders of growth hormone secretion:
1. GH deficiency:
- It leads to Dwarfism التمزم: a condition where there is arrested linear
growth of children.
- Their heights reaches 100-120 cm at adulthood.
- Their sexual and mental growth is normal.
2. GH excess:
- Increased GH secretion results from tumors of the GH secreting cells.
a- Gigantism العملقة: it occurs due to excess secretion of GH in children
before union of epiphysis in long bones (before complete
ossification). Their heights may exceed 2 meters.
 ساعتها هٌشتغلcomplete ossification  لو زاد هرمون النمو وكان لسة محصلش.)علٌها والعظمة هتطول زٌادة (عملمة
b- Acromegaly تضخم االطراف: it occurs due to excess GH secretion after
adulthood (after union of epiphysis) and then bones cant increase in
length.
pituitary  ٌعنً ورم حمٌد فً الpituitary adenoma  فً الحالة دي المرٌض بٌمى عنده ف ساعتها العظم مشossification  زٌادة بس بعد ما ٌكون حصلGH فبتكبر وتبدا تطلع
 زي عظم الٌدflat هٌطول تانً وبٌبدا هرمون النمو ٌشتغل على العظام المصٌرة والعظام ال
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- The bones grow thicker, the peripheral bones like (hands, feet, nasal
bones, …) become broader.
- Mandible grows broader and teeth become separated.
- The spine bends (Kyphosis). انحناء فً العمود الفمري
- The patient may suffer from increased blood glucose level.
(hyperglycemia –diabetes-)
- Thickening of skin and soft tissue.
- The patient have a box shaped skull.
- Bitemporal hemianopia: occurs due to pressure of the pituitary tumor
on the optic chiasma.
 بتكبر وتضغط على العصب البصريpituitary  الpituitary adenoma  فً حالة الbitemporal  و الشخص بٌبمى عنده,visual field defect  وتعملoptic chiasma
. ٌعنً بٌبمى شاٌف الحاجة اللً ادامه بس من غٌر رؤٌة جانبٌةhemianopia

Prolactin
Functions:
1. Milk formation in mammary glands. مسؤول عن تكوٌن الحلٌب فً الغدد الثدٌٌة
2. It increases with pregnancy and causes amenorrhea (stoppage of
menses) during lactation.
 بٌزٌد خالل فترة الحمل والرضاعة وبٌكون مسؤول عن انمطاع الحٌض اثناء الرضاعة وهو عشان كدة كانو السٌدات زمان بٌعتبرو الرضاعة الطبٌعٌة وسٌلةovulation كمان بٌمنع ال
.لمنع الحمل
 لما بٌزٌد عند الرجال بٌسبب زٌادة فً حجم,  الهرمون دة بٌبمى موجود عند الرجال والسٌدات. breast ال

Hormones of the posterior pituitary:
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1. Antidiuretic hormone (vasopressin) {refer to kidney}:
- It causes vasoconstriction.
- Increases blood pressure.
- Decreases urine output. ٌملل خروج البول
2. Oxytocin:
its actions includes:
- Uterine contraction during delivery. مسؤول عن انمباض الرحم فبٌسهل الوالدة
الطبٌعٌة

- Milk letting action by contraction of myoepithelial cells in the breast
during lactation. (by suckling of the baby oxytocin increases and the
milk will get out)
. الهرمون دة مسؤول عن ادرار الحلٌب ( خروجه من الثدي) ولٌس تكوٌنه--------------------------------------------------------------------------------------------

The Thyroid Gland
Regulation of secretion:
1. Thyrotropin releasing hormone (TRH) is secreted from the hypothalamus.
2. TRH in turn increases thyroid stimulating hormone (TSH) secreted from the
anterior pituitary.
3. TSH in turn stimulates the thyroid gland to synthesise and secrete its target
hormones which are : triiodothyronine T3 (3 iodine atoms) &
tetraiodothyronine T4 (4 iodine atoms).
4. T3 and T4 in turn exert negative feedback inhibition on TSH and TRH.
- Stress and cold weather increases TSH secretion.

#Helper_team
- Presence of iodine in diet is essential for thyroid hormone synthesis.
 وجود الٌود فً االكل مهم جدا عشان تصنٌع هرمونات الغدة الدرلٌة عشان كدة الحكومات حطت.ٌود فً ملح الطعام عشان تضمن ان كل الناس هتاخده

Actions of thyroid hormones:
1. Calorigenic effect: T3 and T4 increase oxygen consumption of cells
resulting in an increase in metabolic activity in all tissues.
- Due to this calorigenic effect T3 and T4 increase the following:
a. Basal metabolic rate with increased heat production.
b. Appetite  شهٌةand food intake, increase the rate of digestion and
absorption of food.
c. Lipolysis.
 عالٌة بٌاكلو كتٌر ومش بٌتخنو عشان عندهمthyroid hormones  الناس اللً بٌمى عندها ال.ًالحرق عال
2. Thyroid hormones facilitate the action of adrenaline, nor-adrenaline,
cortisol and growth hormone.
3. Through facilitating the action of adrenaline and nor-adrenaline thyroid
hormones increase the sympathetic effects: (increased metabolic rate,
increased heart rate and CNS excitation).
ً بس هarousal  مش هً نفسها المسؤولة عن ظاهرة الٌمظة او الthyroid hormones  ال. adrenaline & nor-adrenaline بتساعد ال
4. Growth effect: thyroid hormones are essential for all types of growth:
a. Physical growth: bone, teeth, muscles and skin.
b. Mental growth: branching of axons and myelination of nerve fibers.
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c.Sexual growth: thyroid hormones are essential for gonadal hormones to
exert their action.
 من صغره (اول سنتٌن من عمره) هٌكون النموthyroid hormones  لو طفل عنده نمص فً ال(physically, mentally and sexually) abnormal بتاعه

Disorders of thyroid hormones secretion:
1. Hypothyroidism: (decreased secretion of thyroid hormones)
a. Since birth (cretinism):
1. Delayed all milestones of development sitting, standing, walking and
speaking.
2. Mental retardation. ًتاخر عمل
3. Improper physical growth: short stature (dwarf)  & لصر المامةdelayed teeth
eruption.
4. Deficient sexual development. ًتاخر النمو الجنس
** treatment should start soon after birth, once the clinical picture has
developed, its usually too late to prevent permanent mental defects.
b. In adults (myxoedema):
1- Low basal metabolic rate leading to intolerance to cold and increased body
weight. الشخص فً الحالة دي بٌبمى بردان فً الحر والحرق عنده بٌبمى للٌل فالوزن بٌزٌد
2- Depressed mentality.
3- Slow speech and sluggish reactions. الشخص دة بٌتكلم بالراحة وردود فعله بتبمى بطٌئة
4- Decreased heart rate.
5- Anemia due to bone marrow depression.

#Helper_team
6- Deposition of fluid and proteins (myxometous tissue) under the skin
leading to non-pitting edema.
) بٌبداpolysaccharides  (اللً هو عبارة عنmyxometous tissue  فً الحالة دي ال لكن الفرق بٌنهم انً لوedema  وهً حاجة شبه الnon-pitting edema ٌترسب فٌعمل
. edema حطٌت اٌدي علٌها مش هتغرس الن سببها مش تجمع مائً زي ال
2. Hyperthyroidism:
- It occurs in adults due to excessive secretion of thyroid hormones.
1. Increased basal metabolic rate (60%-100%) with increased heat production
leading to intolerance to hot weather.
2. Loss of body weight in spite of overweighting.
3. Increased excitability of the nervous system leading to: (nervousness
عصبٌة, fine tremors in the stretched hands ارتعاش الٌدٌن, and insomnia )ارق
4. Increased heart rate (over 100) {tachycardia}.
5. It may causes hypertension (increased blood pressure).
6. Exophthalmos (protrusion of the eyeball) may be present. جحوظ العٌن
------------------------------------------------------------------------------------------------

Goiter
- It means enlargement of the thyroid gland.
- Goiter doesn’t mean hyperthyroidism.
 معناها ان حجم الغدة الدرلٌة كبر بس مش شرط ٌكون مصاحب للزٌادة فً الحجمgoiter  ال فً بعض الحاالت ممكن ٌكون معاها زٌادة,  كمانthyroid hormones زٌادة فً افراز ال
.افراز للهرمونات لكن مش ضروري
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1. Physiological {Euthyroidism}: it’s temporal mild thyroid enlargement
which occurs when there are increased body needs for thyroid hormones.
Ex: puberty  اثناء البلوغand during pregnancy.
 فً الحالة دي حجم الغدة بٌكبر بشكل مؤلت ٌعنً فً اولات معٌنة زي خالل فترة الحمل او البلوغ بٌبمى عالً وبعدٌن بٌرجع حجمهاmetabolism نتٌجة احتٌاج الجسم لهرمونات الغدة الن ال
normal  بٌكون فٌهاEuthyroidism طبٌعً تانً بعد انتهاء الفترة دي والحالة دي اسمها
. secretion of thyroid gland
2. Hyperthyroidism: (exophthalmic goiter)
. thyroid hormones  فً الحالة دي الزٌادة فً حجم الغدة بٌكون معاه زٌادة فً افراز ال3. Endemic goiter: (hypothyroidism) (endemic thyroid): It occurs in certain
areas when there is deficiency of iodine in diet. This leads to enlargement
of the thyroid gland trying to trap more iodine from the blood and produce
more thyroid hormones.
 فً بعض المناطك اللً مش ساحٌلة بٌبمى االشخاص فٌها عندهم نمص فً الٌود (الن الٌود مصدره عندهم للٌل ف بتبدا الغدة تكبر اوي وتتوحشthyroid hormones البحر) بالتالً بٌبمى افراز ال
.عشان تاخد ٌود من الدم وتزود افرازها للهرمونات
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Physio CVS lec 9
Hormonal control of calcium blood levels :
Functions of calcium :
1-Mineralization of bone and teeth .
2-activation of blood clotting factors .
3-Release of neurotransmitters .
4-Neoromuscular excitability .
5-Muscle contraction .
6-Acts as second messenger for hormone actions .

Calcium distribution in the body :
1)Plasma :
*The concentration of calcium in plasma is about 10mg/dl its in three
forms :
-Ionized : free calcium ( Ca+2) 47%
-Complexed with phosphate : 6-8%
-Bound to plasma proteins (mainly albumin) : 47%
*The complexed and ionized are diffusible , while the bound form is
non-diffusible ( )عشان كدا لو مستواه قل مش بياثر جامد زي التاني النه مش دايب

2)Bone :
*More than 99% of total body calcium is present in bone & teeth .
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*Bone is formed of :
-Protein : mainly Collagen type I
-Calcium & phosphate as Hydroxy apatite crystals .
-Bone cells .
*Types of bone cells :
1- osteoblast ( bone forming cells ) that promote deposition of calcium
, so their stimulation leads to a decrease in plasma calcium level .
2-osteoclasts (bone eroding or resorption cells ) they erode previously
formed bone and dissolve calcium crystals resulting in diffusion of
calcium to blood so increasing its plasma level .

Calcium Homeostasis :
*Three hormones control Ca++ level in plasma :
( فيه تالت هرمونات بتتحكم في مستوى الكالسيوم في الجسم عن طريق انها بتاثر ع األعضاء الي بتفرز
) الكالسيوم او بتنقله من مكان لمكان و هم العضم و األمعاء و الكلية

1)Parathyroid hormone (PTH) :
Its secreted from 4 parathyroid glands embedded in the thyroid
gland . )  غدد موجودين ع ضهر الغدة الدرقية4 ( بيتم افرازه من
 ممكن تتشال معاها غدة او اكتر من الي بيفرزوا الهرمون و بيدخلthyroid ( في حالة إزالة ال
) tetany  و دي بتسببhypoparathyroidism المريض ف حالة

It elevates plasma calcium level to reach its normal level .
Its secretion is related to plasma Ca++ level , a drop in Ca++ level
stimulates PTH secretion and vice versa .
PTH increases plasma Ca++ level by :
1)Stimulation of osteoclasts . ( so patients with hyperparathyroidism
have weak bones )
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2)increasing calcium reabsorption by renal tubules .
3)increasing calcium absorption through the intestine by stimulating
the activation of Vitamin D .
2) Active Vitamin D ( 1,25 dihydroxycholecalciferol ) :
Synthesis of Vitamin D :
-Skin cells when exposed to sun , starts to change cholesterol into
cholecalciferol (inactive vitamin D) , which become hydroxylated
and changed into 25- cholecalciferol .
-By 1-alpha hydroxylase enzyme ( from kidney) hydroxyl group
added to the compound which become 1,25-dihydroxycholecalciferol
(active vitamin D ) .
Active Vitamin D increases the availability of calcium and phosphate
for bone mineralization and remodeling , through :
1)increasing calcium & phosphate absorption by the intestine .
2)increasing calcium & phosphate reabsorption by the renal tubules .
3) it both deposits and mobilizes calcium and phosphate in bone
leading to its remodeling .

3)Calcitonin :
A hormone secreted from the parafollicular cells of the thyroid
gland.
It’s a plasma calcium lowering hormone , its secretion is increased by
a rise in plasma calcium level .
It decreases plasma calcium level through :
1) Stimulation of osteoblasts .
2) Inhibits activity of osteoclasts .
3) Decreases calcium and phosphate reabsorption by the renal
tubules , and increases Ca++ loss in urine .
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Tetany :
*it’s a condition of increased neuromuscular excitability caused by a
decrease of plasma ionized ( free) calcium level which increases
sodium permeability .
*The muscle show spasmodic contractions .
*it may be caused by :
1)Hypoparathyroidism .
2)Vitamin D deficiency .
3) Alkalosis ( increased ph of blood ) : decreases Ca++ solubility leading
to a decrease in ionized Ca++ .
4)Renal disease : decreased calcium reabsorption .
: *فكرة حدوث المرض
 بينظم دخولها و بالتالي اما يقل مستوى الكالسيومNa+ channels ان الكالسيوم بيشتغل زي حارس على
 و هتزيدdepolarization في الدم هيزيد دخول الصوديوم جوه الخاليا و بتالي هيزيد ال
.  بتاعة العضلة ف هتفضل منقبضة و يحصلها شللexcitability ال
-------------------------------------------------------------------------------------------------

The suprarenal gland ( Adrenal gland) :
The suprarenal gland consists of two distinct parts :
1)The central part ( adrenal medulla ) : which is considered a
sympathetic ganglion supplied by preganglionic neurons .
-On activation it secretes adrenaline and noradrenaline
(catecholamine)
-Secretion of catecholamine from suprarenal medulla cause diffusion of
sympathetic action ( sympathetic over activity all over the body)

#Helper_Team

2) The outer part ( adrenal cortex ) : is further divided into 3 zones :
-The outer zone (zona glomeruloza) : secrets mineralocorticoids
(aldosterone ) .
-the middle zone (zona fasciculate ) : secretes glucocorticoids (mainly
cortisol) .
-The inner zone ( zona reticularis ) : secretes androgens and estrogens .

N.B: androgen hormone is present in males and females but with less
amount in females , so when it increases than normal level it causes
hirsutism ( appearance of hair in an abnormal sites in females)

1. Glucocorticoids :
The hypothalamus secretes corticotrophin releasing factor (CRF)
which stimulates the secretion of adenocorticotrophic hormone
(ACTH) from the anterior pituitary .
ACTH in turn stimulates the adrenal cortex to secrete cortisol .
Cortisol exerts negative feedback inhibition on both CRF & ACTH .
CRF secretion shows a diurnal pattern ( )نمط نهاريit reaches a peak in
the early morning and is lowest at night ( circadian rhythm) , this
rhythm is related to the sleeping hours and is reversed if the sleeping
hours is reversed .
 ليه نمط نهاري يعني بيزيد الصبح و بيقل بالليل لكن هو مرتبط بعدد ساعات نومCRF ( افراز هرمون
) الشخص يعني لو الشخص بينام الصبح و يصحى بالليل ف معدل افراز الهرمون بيتعكس

Actions of glucocorticoids ( cortisol) :
1)On metabolism :
-Carbohydrate : it increases gluconeogenesis especially from amino
acids , so it increases blood glucose level .
*Gluconeogenesis : is synthesis of glucose from non carbohydrates
materials .
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-Proteins : it increases protein catabolism and inhibits protein
synthesis.
-Lipids : it increases lipolysis and fat mobilization .
) ( عشان كدا الناس الي بتاخد كورتيزون بيكون عندها ترسيب دهون ف أماكن كتير و مش متساوي

2)Anti inflammatory & anti allergic action :
-stabilizes lysosomes .
-decrease capillary permeability .
-inhibits release of histamine .
-inhibits the immune response by inhibiting B & T lymphocyte
production , so the patient become more available for infections , but it
helps patients who transplant organs to accept the new organ .
3) Permissive effect :
-cortisol is important for catecholamines to produce their
vasoconstrictor effect .

2. Mineralocorticoids :
Control of secretion :
1)Renin angiotensin system :
-Renin (secreted from the juxtaglomerular apparatus in the kidney in
response to decreased renal blood flow ) acts on a plasma globulin
(angiotensinogen) to produce angiotensin I .
-Angiotensin I is further converted in the lung to angiotensin II by
angiotensin converting enzyme (ACE) .
-Importance of angiotensin II :
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*vasoconstrictor .

*salt retention .

*stimulate the formation of aldosterone .
2)Hyperkalemia (increased K+ blood levels): increases aldosterone
secretion .
 انه يتخلص من البوتاسيوم الزيادة و ينزله ف البول و بالتالي اما تزيد نسبةaldosterone( من وظائف ال
) aldosteroneالبوتاسيوم في الدم هيزيد افراز ال

Actions of aldosterone :
-Aldosterone acts on the distal and collecting renal tubules to increase
sodium & water reabsorption and K+ secretion .
-Through sodium and water reabsorption aldosterone helps in keeping
a normal extracellular fluid volume and increase blood pressure , so its
considered as a compensatory reaction during shock .

Disorders of suprarenal hormone secretion :
1)Cushing syndrome :
-its due to excessive secretion of glucocorticoids or more commonly
due to pharmacologic use of cortisol .
-its characterized by :
1.Accumulation of fats in face and upper trunk (moon face & buffalo
hump)
2.increased protein catabolism leading to :
*thin and fragile skin .
*delayed wound healing .
*muscle wasting & weakness .
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*weakness of bones and osteoporosis .
3.Hyperglycemia (increased gluconeogenesis ) .
4.increased anti-inflammatory effect leading to increased availability to
infection .
5.through the mineralocorticoid effect it causes sodium & water
retention leading to hypertension .
6.through the and androgenic effect it causes hirsutism ( increased
body hear in females ) .

2) Hyperaldosteronism ( Conn’s disease ) :
-Hypertension ) ( الي حصل هنا اننا بنسحب صوديوم و مياه كتير و نفقد بوتاسيوم كتير
-Hypokalemia .

3)Addison’s disease:
-its due to adrenal insufficiency with deficiency of both
mineralocorticoids and glucocorticoids resulting in :
*Sodium loss .
*low blood pressure ( hypotension) : due to low aldosterone .
*Hypoglycemia .
-----------------------------------------------------------------------------

Endocrine functions of the pancreas :
Glucagon :
-secreted by alpha cells of islets of Langerhans .
-the main stimulus for glucagon secretion is a drop of blood glucose
level below normal . ( hypoglycemia ) .
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Actions of glucagon :
1.On carbohydrate metabolism :
-it increases blood glucose levels through increasing glycogenolysis .
*Glycogenolysis : is breaking down of glycogen to increase glucose
level.
2.On lipid metabolism : it promotes lipolysis .
3.On protein metabolism : it’s a catabolic hormone leading to protein
breakdown .

Insulin :
-Secreted by Beta cells of islets of Langerhans .
Regulation of Insulin secretion :
-The primary stimulus for insulin secretion is a rise in blood glucose
level ( hyperglycemia ) .
Actions of insulin :
1.On Carbohydrate metabolism :
-Insulin increases glucose uptake into liver, skeletal and cardiac
muscles and adipose tissue by increasing the number of glucose
transporters in their cell membranes which decreasing its
concentration in blood . (in insulin dependent cells )
 بس الناقل دا بيكون متخزن, ( الجلوكوز مش بيقدر يدخل الخلية اال عن طريق ناقل خاص بيه بيدخله جوه
 فالزم االنسولين يجي يمسك في مستقبالت على سطح الخلية, جوه السيتوبالزم مش موجود على السطح
) عشان الناقل بتاع الجلوكوز يتحرك لسطح الخلية و يقدر يدخل الجلوكوز جوه و يقلل تركيزه في الدم

-Insulin also promotes glycogenesis ( synthesis of glycogen) in muscle
and liver cells .
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-In insulin in-dependent cells , insulin doesn’t increase glucose uptake
because their glucose transporters are already present at the cell
membrane , as :
*RBC’s .

*brain cells .

*intestinal cells .

*renal tubular cells .

2.On protein metabolism :
-Insulin is an anabolic hormone , it increases transport of amino acids
into cells and increases protein synthesis .
3.On lipid metabolism :
-Insulin is the only lipogenic hormone ( it promotes fat synthesis )
4. On growth :
-Due to its anabolic action insulin is essential for normal growth .

Diabetes Mellitus (poly urea) :
-A disease caused by a deficiency in insulin secretion .
-Type I ( insulin dependent diabetes mellitus): is mainly due to
destruction of the beta cells by autoimmune disease with a resulting
lack of insulin .
*its usually develops early in life ( in children ) .
*patients should take insulin injections throughout life .
-Type II (non-insulin dependent diabetes mellitus) : it’s the common
form of diabetes and is characterized by impaired insulin secretion plus
decreased insulin sensitivity (insulin resistance) .
*it usually occurs after the age of 40 .
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*obesity is a major cause of insulin resistance and main cause of type II
diabetes .
*patients are treated by oral hypoglycemic drugs until their pancreas
get exhausted then they take insulin injections .
( في النوع التاني من مرض السكري المريض عنده حساسية قليلة لالنسولين يعني الخاليا مش بتحس بيه ع
الرغم من وجوده ف هنا بيبدأ المريض ياخد ادوية تزود انتاج البنكرياس لالنسولين عشان يزيد إحساس
) الخاليا بيه لحد اما يحصل اجهاد للبنكرياس ف يبدأ المريض ياخد حقن انسولين

-Manifestation : )(عالمات اإلصابة بالمرض
1.Hyperglycemia : a high blood glucose level .
2.Glucosuria : the appearance of glucose in urine .
*when the blood glucose level exceeds 180mg\dl ( renal threshold) it
starts to appear in urine .
3.polyuria : producing a large volume of urine .
*increased water excretion due to increased urinary osmotic pressure
caused by increased glucose in renal tubules .
4.polydipsia : drinking a large volume of water .
*polyuria causes dehydration , resulting in an increased thirst sensation
and drinking a large water volume .
5.Hyperphagia : increased appetite and food intake .
*decreased glucose utilization inhibits the satiety center ((مركز الشبع
“which is the only insulin dependent cells in the brain “ causing an
increased activity of the feeding center .
 ف اما يقل, ( مركز الشبع هو الجزء الوحيد في المخ الي بيعتمد ع االنسولين عشان يستخدم الجلوكوز
) االنسولين هيحصل خمول ف مركز الشبع و بالتالي المريض هيفضل ياكل كتير

*in spite of increased food intake there is loss of weight due to
increased lipolysis . (more fat is used as a source of energy )
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6.diabetic coma : which may result due to the acidosis resulting from
increased fat breakdown with increased ketone body production
(ketoacidosis ) , this type of coma is associated with increased blood
glucose levels .(hyperglycemic coma)
*hypoglycemic coma may also occur in diabetics treated with insulin
due to insulin overdose .

Glucose Homeostasis :
-blood glucose should be maintained within a certain range .
Mechanisms controlling blood glucose level :
1)Glucostatic role of the liver :
-After meals the absorbed glucose passes to different body organs to
be utilized , the unused glucose is either transformed to glycogen in
the liver or converted into lipids in adipose tissues .
-Between meals , as the blood glucose level decreases the liver
glycogen is changed back into glucose and released in the blood to
prevent hypoglycemia .
-So the liver acts as a blood glucose buffer preventing both hyper and
hypoglycemia .
2)Hormonal control :
-Hormones decreasing blood glucose level : INSULIN
-Hormones increasing blood glucose level : anti-insulin effect , growth
hormone , adrenaline , glucocorticoids and glucagon .

