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Physiology 

1 st  lecture 

 

Body systems: 

Body systems are groups of organs and tissues that work together to perform 

important jobs for the body. Some organs may be part of more than one body 

system if they serve more than one function. Other organs and tissues serve a 

purpose in only one body system. Examples include the respiratory system, 

nervous system, and digestive system. 

Blood: 

Blood is a circulating tissue composed of fluid plasma and cells (red blood cells, 

white blood cells, platelets).  

Anatomically, blood is considered a connective tissue, due to its origin in the 

bones and its function.  

The primary function of blood is to: 

-  Supply nutrients and constitutional elements to tissues and to remove waste 

products. Blood also enables cells and different substances to be transported 

between tissues and organs.  

 - Involved in maintaining homeostasis by acting as a medium for transferring 

heat to the skin. 

- Acting as a buffer system for bodily pH 

Blood is made of two parts: 

1. Plasma which makes up 45-55% of blood volume. 

2. Formed cellular elements (Red and White blood cells, and Platelets) which 

combine to make the remaining blood volume. 
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Plasma: 

Plasma is made up of: 

 90% water. 

 7-8% soluble proteins (albumin maintains bloods osmotic integrity, 

others clot, etc). 

 1% electrolytes. 

 1% elements in transit.  

 The largest group of solutes in plasma contains three important proteins there 

are: albumins, globulins, and clotting proteins. 

Albumins are the most common group of proteins in plasma and consist 

of nearly two-thirds of them (60-80%). They are produced in the liver. The 

main function of albumins is to maintain the osmotic balance between the blood 

and tissue fluids and is called colloid osmotic pressure. In addition, albumins 

assist in transport of different materials, such as vitamins and certain molecules 

and drugs (e.g. bilirubin, fatty acids, and penicillin). 

Globulins are a diverse group of proteins, designated into three groups: 

gamma, alpha, and beta. Their main function is to transport various substances 

in the blood. Gamma globulins assist the body's immune system in defense 

against infections and illness. 
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        Clotting proteins are mainly produced in the liver as well. There are at 

least 12 substances, known as "clotting factors" that participate in the clotting 

process. One important clotting protein that is part of this group is fibrinogen, 

one of the main component in the formation of blood clots. In response to tissue 

damage, fibrinogen makes fibrin threads, which serve as adhesive in binding 

platelets, red blood cells, and other molecules together, to stop the blood flow.  

   

 

Blood Cells:  

1- Red blood cell (erythrocyte): 

 Also known as "RBC's". RBC’s are formed in the red bone marrow, although 

when the body is under severe conditions the yellow bone marrow, which is 

also in the fatty places of the marrow in the body will also make RBC’s.  

The formation of RBC’s is called erythropoiesis ( erythro / red; poiesis / 

formation). Red blood cells lose nuclei upon maturation, and take on a 

biconcave, dimpled, shape. They are about 7-8 micrometers in diameter. RBC's 

live about 120 days and do not self repair. RBC's contain hemoglobin which 

transports oxygen from the lungs to the rest of the body, such as to the muscles, 

Where it releases the oxygen load.  
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Shape: 

RBC'S have a shape of a disk that appears to be bi-concave. This bi-concave 

shape allows the RBC to carry oxygen and pass through even the smallest 

capillaries in the lungs. This shape also allows RBCs to stack like dinner plates 

and bend as they flow smoothly through the narrow blood vessels in the body. 

RBC's lack a nucleus (no DNA) and no organelles, meaning that these cells 

cannot divide or replicate themselves like the cells in our skin and muscles.  

Functions: 

The main function is the transportation of oxygen throughout the body and the 

ability of the blood to carry out carbon dioxide. Maintaining the balance of 

blood is important. Normal pH of blood ranges between 7.35-7.45; this normal 

blood is called Alkaline. 

Carbon Monoxide forms with hemoglobin faster that oxygen, and stays formed 

for several hours making hemoglobin unavailable for oxygen transport right 

away. 

2- White Blood Cells: 

White blood cells (leukocytes) are also known as "WBC's". White blood cells 

are made in the bone marrow but they also divide in the blood and lymphatic 

systems. They are commonly amoeboid (cells that move or feed by means of 

temporary projections, called pseudopods (false feet), and escape the circulatory 

system through the capillary beds.  

Shape: 

White blood cells are different from red cells in the fact that they are usually 

larger in size 10-14 micrometers in diameter. White blood cells do not contain 

hemoglobin which in turn makes them translucent. White blood cells also have 

nucleii. 

WBCs are classified by phenotype :. The Granular  and Agranular  . Neutrophils 

make up 50-70% of Granular cells Eosinophils make up 2-4%, and Basophils 0-

1%. Monocytes make up 2-8% of Agranular cells. B and T Lymphocytes make 

up 20-30%. These special cells help our bodies defend themselves against 

pathogens. Not only do they help our immune system but they remove toxins, 

wastes, and abnormal or damaged cells. Thus, we can say that WBCs' main 

function is being Phagocytic which means to engulf or swallow cells. 
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Functions: 

The different types of WBC's are: Basophils, Eosinophils, Neutrophils, 

Monocytes, B- and T-cell lymphocytes.  

Neutrophils, Eosinophils, and Basophils are all granular leukocytes. 

Lymphocytes and Monocytes are agranular leukocytes. 

 

1-Basophils: store and synthesize histamine which is important in allergic 

reactions. They enter the tissues and become "mass cells" which help blood 

flow to injured tissues by the release of histamine. 

 2-Eosinophils: are chemotaxic and kill parasites.  

3-Neutrophils: are the first to act when there is an infection and are also the 

most abundant white blood cells. Neutrophils fight bacteria and viruses by 

phagocytosis which mean they engulf pathogens that may cause infection. The 

life span of Neutrophil is only about 12-48 hours. 

4- Monocytes: are the biggest of the white blood cells and are responsible for 

rallying the cells to defend the body. Monocytes carry out phagocytosis and are 

also called macrophages.  

5- Lymphocytes help with our immune response. There are two Lymphocytes: 

the B- and T- cell. B-Lymphocytes produce antibodies that find and mark 

pathogens for destruction. T-Lymphocytes kill anything that they deem 

abnormal to the body. 
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3-Platelets: 

Platelets, also called thrombocytes, are membrane-bound cell fragments. 

Platelets have no nucleus, are between one to two micrometers in diameter. Less 

than 1% of whole blood consists of platelets. They result from fragmentation of 

large cells called Megakaryocytes - which are cells derived from stem cells in 

the bone marrow. Their production is regulated by the hormone called 

Thrombopoietin. The circulating life of a platelet is 8–10 days.  

The sticky surface of the platelets allow them to accumulate at the site of broken 

blood vessels to form a clot. This aids in the process of hemostasis ("blood 

stopping"). Platelets secrete factors that increase local platelet aggregation (e.g., 

Thromboxane A), enhance vasoconstriction (e.g., Serotonin), and promote 

blood coagulation (e.g., Thromboplastin). 
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Physiology 

2 ed  lecture 

 

Hemostasis (Coagulation or Clotting): 

Hemostasis is the natural process of stopping blood flow or loss of blood 

following an injury (hemo = blood; stasis = standing). 

It has three stages: 

 (1) vascular spasm or vasoconstriction. 

 (2) formation of a platelet plug . 

 (3) blood clotting or coagulation. 

 Once the flow of blood has been stopped, tissue repair can begin. 

 

 

 
 

 

1- Vascular spasm or Vasoconsriction:  

In a normal individual, immediately after a blood vessel has been cut and 

endothelial cells are damaged, vasoconstriction occurs, thus slowing blood flow 

to the area.  
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2- Formation of a Platelet Plug:  

When the lining of a blood vessel breaks and endothelial cells are damaged, 

revealing collagen proteins in the vessel wall, platelets swell, grow spikey 

extensions, and start clumping together. They start to stick to each other and the 

walls of the vessel.  

This continues as more platelets congregate and undergo these same 

transformations. This process results in a platelet plug that seals the injured 

area. 

 If the injury is small, a platelet plug may be able to form and close it within 

several seconds. If the damage is more serious, the next step of blood clotting 

will take place.  

Platelets contain secretory granules. When they stick to the proteins in the 

vessel walls, they degranulate, thus releasing their products, which include: 

 ADP (adenosine diphosphate). 

 serotonin. 

 thromboxane A2. 

 

3- Blood Clot Forms: If the platelet plug is not enough to stop the bleeding, the 

third stage of hemostasis begins: the formation of a blood clot.  

First, blood changes from a liquid to a gel. At least 12 substances called clotting 

factors take part in a series of chemical reactions that eventually create a mesh 

of protein fibers within the blood.  
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Each of the clotting factors has a very specific function. The important three of 

the substances here: prothrombin, thrombin, and fibrinogen.  

Prothrombin and fibrinogin are proteins that are produced and deposited in the 

blood by the liver. 

•Prothrombin: When blood vessels are damaged, vessels and nearby platelets 

are stimulated to release a substance called prothrombin activator, which in turn 

activates the conversion of prothrombin, a plasma protein, into an enzyme 

called thrombin. This reaction requires calcium ions. 

 

•Thrombin: Thrombin facilitates the conversion of a soluble plasma protein 

called fibrinogen into long insoluble fibers or threads of the protein fibrin. 

 

•Fibrin: Fibrin threads wind around the platelet plug at the damaged area of the 

blood vessel, forming an interlocking network of fibers and a framework for the 

clot. This net of fibers traps and helps hold platelets, blood cells and other 

molecules tight to the site of injury, functioning as the initial clot.  

This temporary fibrin clot can form in less than a minute, and usually does a 

good job of reducing the blood flow. Next, platelets in the clot begin to shrink, 

tightening the clot and drawing together the vessel walls. Usually, this whole 

process of clot formation and tightening takes less than a half hour. 

 

These mechanisms are set into play by (1) trauma to the vascular wall and 

adjacent tissues, (2) trauma to the blood, or (3) contact of the blood with 

damaged endothelial cells or with collagen and other tissue elements outside the 

blood vessel. In each instance, this leads to the formation of prothrombin 

activator, which then causes prothrombin conversion to thrombin and all the 

subsequent clotting steps. Prothrombin activator is generally considered to be 

formed in two ways, although, in reality, the two ways interact constantly with 

each other: 

 (1) by the extrinsic pathway that begins with trauma to the vascular 

wall and surrounding tissues . 

 (2) by the intrinsic pathway that begins in the blood itself. 

In both the extrinsic and the intrinsic pathways, a series of different plasma 

proteins called blood clotting factors play major roles. Most of these are inactive 

forms of proteolytic enzymes. When converted to the active forms, their 

enzymatic actions cause the successive, cascading reactions of the clotting 

process. 
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Physiology 

3 rd  lecture 

The ABO blood group: 

Red blood cells (RBCs) or erythrocytes are present in the blood and contain 

certain proteins on their surface. These proteins are called antigens. There are 

various types of red blood cell antigens - the ABO and rhesus types are clinically 

the most important among them. 

The ABO blood group is represented by substances on the surface of red blood 

cells (RBCs). These substances are important because they contain specific 

sequences of amino acid and carbohydrates which are antigenic. 

 

 Blood Group AB: individuals have both A and B antigens on the surface of 

their RBCs, and their blood serum does not contain any antibodies against either 

A or B antigen. Therefore, a individual with type AB blood can receive blood 

from any group (with AB being preferable), but can only donate blood to another 

group AB individual. 

 Blood Group A: individuals have the A antigen on the surface of their 

RBCs, and blood serum containing IgM antibodies against the B antigen. 

Therefore, a group A individual can only receive blood from individuals of 

groups A or O (with A being preferable), and can donate blood to individuals of 

groups A or AB. 
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 Blood Group B: individuals have the B antigen on their surface of their 

RBCs, and blood serum containing IgM antibodies against the A antigen. 

Therefore, a group B individual can only receive blood from individuals of groups 

B or O (with B being preferabe), and can donate blood to individuals of groups B 

or AB. 

 Blood group O: individuals do not have either A or B antigens on the 

surface of their RBCs, but their blood serum contains IgM antibodies against both 

A and B antigens. Therefore, a group O individual can only receive blood from a 

group O individual, but they can donate blood to individuals of any ABO blood 

group (ie A, B, O or AB).  

 

Rh Factor: 

Many people have the Rh Factor on the red blood cell. Rh carriers do not have the 

antibodies for the Rh Factor, but can make them if exposed to Rh. Most commonly 

Rh is seen when anti-Rh antibodies cross from the mothers placenta into the child 

before birth. The Rh Factor enters the child destroying the child's red blood cells. 

This is called Hemolytic Disease. 
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Hemolytic Disease of the Newborn (Erythroblastosis): 

Often a pregnant woman carries a fetus with a different blood type to herself, and 

sometimes the mother forms antibodies against the red blood cells of the fetus, 

leading to low fetal blood counts, a condition known as hemolytic disease of the 

newborn. 

Hemolytic disease of the newborn, (also known as HDN) is an alloimmune 

condition that develops in a fetus when the IgG antibodies produced by the mother 

and passing through the placenta include ones which attack the red blood cells in 

the fetal circulation. 

 

 

 

Compatibility in Blood Transfusions: 

Blood transfusions between donor and recipient of incompatible blood types can 

cause severe acute immunological reactions, hemolysis (RBC destruction), renal 

failure, shock, and sometimes death. Antibodies can be highly active and can 

attack RBCs and bind components of the complement system to cause massive 

hemolysis of the transfused blood. 
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Diseases of the Blood 

1- Hemophilia: 

Hemophilia is a disease where there is low or no blood protein, causing an 

inability to produce blood clots. There are two types of Hemophilia:  

 Type A: which is a deficiency in factor VIII . 

 Type B: (Christmas disease) a deficiency on factor IX. Because people 

with hemophilia do not have the ability to make blood clots, even a little cut may 

kill them. 

 

2-Factor V Leiden: 

The opposite of Hemophilia, Factor V Leiden is the name given to a variant of 

human factor V that causes a hypercoagulability disorder.  Those that have it are 

at a slightly higher risk of developing blood clots than those without.  

3-Anemia: 

 refers to deficiency of red blood cells (RBCs) and/or hemoglobin. This results in 

a reduced ability of blood to transfer oxygen to the tissues, causing hypoxia.  

The three main classes of anemia include: 

 excessive blood loss (acutely such as a hemorrhage or chronically through low-

volume loss). 

 excessive blood cell destruction (hemolysis) . 

 deficient red blood cell production (ineffective hematopoiesis). In menstruating 

women, dietary iron deficiency is a common cause of deficient red blood cell 

production. 

4-Sickle cell: 

Sickle-cell disease is a general term for a group of genetic disorders caused by 

sickle hemoglobin (Hgb S or Hb S). In many forms of the disease, the red blood 

cells change shape upon deoxygenation because of polymerization of the 

abnormal sickle hemoglobin. This process damages the red blood cell membrane, 

and can cause the cells to become stuck in blood vessels. This deprives the 

downstream tissues of oxygen and causes ischemia and infarction. The disease is 

chronic and lifelong. 

5- Polycythemia: 

Polycythemia is a condition in which there is a net increase in the total 

circulating erythrocyte (red blood cell) mass of the body. There are several types 

of polycythemia: 
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    a-Primary Polycythemia: 

In primary polycythemia, there may be 8 to 9 million and occasionally 11 million 

erythrocytes per cubic millimeter of blood (a normal range for adults is 4-5 

million), and the hematocrit may be as high as 70 to 80%. In addition, the total 

blood volume can increase to as much as twice as normal. 

As a consequence of the above, people with untreated Polycythemia are at a risk of 

various thrombotic events , heart attack and stroke,  

b-Secondary polycythemia: 

Secondary polycythemia is caused by either appropriate or inappropriate increases 

in the production of erythropoietin that result in an increased production of 

erythrocytes. In secondary polycythemia, there may be 6 to 8 million and 

occasionally 9 million erythrocytes per cubic millimeter of blood. Other causes of 

secondary polycythemia include smoking, renal or liver tumors, or heart or lung 

diseases that result in hypoxia. Endocrine abnormalities, prominently including 

pheochromocytoma and adrenal adenoma with Cushing's Syndrome, are also 

secondary causes. Athletes and bodybuilders who abuse anabolic steroids or 

erythropoietin may develop secondary polycythemia. 

c-Relative polycythemia: 

Relative polycythemia is an apparent rise of the erythrocyte level in the blood; 

however, the underlying cause is reduced blood plasma. Relative polycythemia is 

often caused by fluid loss i.e. burns, dehydration and stress polycythemia. 

6-Leukemia: 

Leukemia is a cancer of the blood or bone marrow characterized by an abnormal 

proliferation of blood cells, usually white blood cells (leukocytes). It is part of the 

broad group of diseases called hematological neoplasms. Damage to the bone 

marrow, by way of displacing the normal marrow cells with increasing numbers of 

malignant cells, results in a lack of blood platelets, which are important in the 

blood clotting process. This means people with leukemia may become bruised, 

bleed excessively, or develop pin-prick bleeds (petechiae). 
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7-Jaundice: 

 is a condition in which the skin, sclera (whites of the eyes) and mucous 

membranes turn yellow. This yellow color is caused by a high level of bilirubin, a 

yellow-orange bile pigment. Bile is fluid secreted by the liver. Bilirubin is formed 

from the breakdown of red blood cells. 

Jaundice can be caused by a problem in the production of bilirubin caused by: 

large hematoma , Hemolytic anemia (blood cells are destroyed and removed from 

the bloodstream before their normal lifespan is over).Viruses, including Hepatitis 

A, chronic Hepatitis B and C, Alcohol, Autoimmune disorders, Rare genetic 

metabolic defects, Medicines, Gallstones, Inflammation (swelling) of the 

gallbladder, Gallbladder cancer, Pancreatic tumor. 
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Physiology 

4 TH  lecture 

Cardiovascular system                                                                     
Components of Cardiovascular system 

Heart:  

The heart is a muscular organ about the size of a fist. It is responsible for 

pumping blood through the blood vessels by repeated, rhythmic contractions. 

The heart is composed of cardiac muscle, an involuntary muscle tissue that is 

found only within this organ. The cardiac muscle is self-exciting, meaning it has 

its own conduction system. This is in contrast with skeletal muscle, which 

requires either conscious or reflex nervous stimuli.  

Vascular system: 

Permits blood flow from the heart to tissue cells and back to heart. 
 

The heart wall is comprised of three layers, the endocardium is the inner most 

lining of the heart which consists of the endothelial cells. The myocardium is 

the muscular tissue of the heart, it is composed of specialized cardiac muscle 

cells. The epicardium is the outer layer after endocardium and myocardium that 

consists of a thin layer of connective tissue and fat. 

The heart is surrounded by a thick, membranous sac called pericardium, It 

protects and lubricates the heart. 

 

Heart Chambers 

The heart has four chambers, two atria and two ventricles. The atria are smaller 

with thin walls, while the ventricles are larger and much stronger. 

Atrium 

Atrium is a heart chamber which receives blood from veins. The right atrium 

receives de-oxygenated blood from the superior vena cava and inferior vena 

cava. The left atrium receives oxygenated blood from the left and right 

pulmonary veins.  

Ventricles 

The ventricle is a heart chamber which collects blood from an atrium and pumps 

it out of the heart. The right ventricle pumps blood into the pulmonary 

circulation for the lungs, and the left ventricle pumps blood into the aorta for 

systemic circulation to the rest of the body.   

Ventricles have thicker walls than the atria, and thus can create the higher blood 

pressure. Comparing the left and right ventricle, the left ventricle has thicker 

walls because it needs to pump blood to the whole body.  
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The heart valves: 

 Four types of valves regulate blood flow through the heart.                   

    1- The atrioventricular valves (AV valves):    a-Mitral valve   b-Tricuspid 

valve 

The function of AV valves is to prevent backflow (prevent regurgitation; 

leakage) of blood into the atria during ventricular contraction. 

    2- The semilunar valves:        a- Aortic valve      b-Pulmonary valve 

The aortic and pulmonary valves approximated to prevent regurgitation of blood 

from aorta and pulmonary arteries into the ventricles. 

 

The cardiac conduction system. 
Excitatory and conductive system of the heart: consists of:  

 
 The sinoatrial node (SA node) also called the sinus node is specialized 

tissue that generates the electrical impulse to stimulate contraction, 

located in the right atrium of the heart. Because it is responsible for the 

rest of the heart's electrical activity, it is called the pacemaker of the 

heart. Internodal pathways conduct the impulse generated in SA node to 

the AV node. 

 The atrioventricular node (AV node), located in posterior wall of the right 

atrium, immediately behind the tricuspid valve. The AV node delays 

impulses for 0.1 second before spreading to the ventricles. The reason it 

is so important to delay the cardiac impulse is to ensure that the atria are 

empty completely before the ventricles contract.  

 The AV bundle (bundle of His) transmits the impulse from the AV node 

to left and right bundle branches and Purkinje fibers which conduct the 

impulse throughout the ventricles. This causes the muscle tissue of the 

ventricles to contract and force blood out of the heart — either to the 

pulmonary circulation or to the systemic circulation 

https://en.wikibooks.org/wiki/File:Diagram_of_the_human_heart_(cropped).svg
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Figure: The cardiac conduction system 

Blood vessels 

 Arteries are muscular blood vessels that carry blood away from the heart. 

The artery walls are thick so that when blood enters under pressure the 

walls can expand. 

 Arteriole is a small artery that extends and leads to capillaries.  

 Capillaries are the smallest of a body’s vessels; they connect arteries and 

veins, and most closely interact with tissues. They are very prevalent in 

the body. The walls of capillaries are so thin and  allows the exchange of 

nutrients and waste substances between blood and surrounding tissue    

 Veins carry blood to the heart. Veins have low blood pressure compared 

to arteries and need the help of skeletal muscles to bring blood back to the 

heart.  

 Venule is a small vein that allows deoxygenated blood to return from the 

capillary beds to the larger blood veins  



                                                                                                                                

21 
 

 

The circulatory system  

The circulatory system is extremely important in sustaining life. It’s proper 

functioning is responsible for the delivery of oxygen and nutrients to all cells, as 

well as the removal of carbon dioxide, waste products, maintenance of optimum 

pH, and the mobility of the elements, proteins and cells, of the immune system.  

The Pulmonary Circuit 

In the pulmonary circuit, carries de-oxygenated blood to the lungs from the right 

ventricle of the heart via pulmonary arteries. At lungs, oxygen in the alveolae 

diffuses to the capillaries surrounding the alveolae and carbon dioxide inside the 

blood diffuses to the alveolae. As a result, blood is oxygenated which is then 

carried to the left atrium via pulmonary veins. 

The Systemic Circuit 

The systemic circuit supplies oxygenated blood to the organ system. 

Oxygenated blood from the lungs is returned to the left atrium, then the left 

ventricle contracts and pumps blood into the aorta. At Cells consume the 

oxygen and nutrients and add carbon dioxide, wastes, enzymes and hormones. 

As a result, the superior and inferior vena cava returns the deoxygenated blood 

from the body to the right atrium 

Heart Sounds  
1-The first heart sound (S1): is caused by closure of the AV valves during 

ventricular contraction, it is a long , soft , low pitched sound and is normally 

described as a 
*
lub

*
  

2-The second heart sound (S2): is caused by closure of semilunar valves during 

ventricular diastole, it is short , loud , high pitched sound and is normally  

described as  
*
dub

*
. It is rapid sound because these valves close rapidly and 

continue for only a short period  

Heart murmurs are abnormal sounds, produced by turbulence of blood flow 

within the heart due to valvular lesions.  
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Cardiac cycle  

Cardiac cycle is the term used to describe the relaxation and contraction that 

occur, as a heart works to pump blood through the body. Each heart beat 

consists of two periods called systole and diastole. During systole, heart 

contracts and pumps the blood through arteries .During diastole, the heart 

relaxes after contraction in preparation for refilling with blood. 

Cardiac output 
Cardiac output is the amount of blood pumped by each ventricle per minute, 

expressed in liters/minute. Normally, it is about 5 liters per minute.  

The cardiac output (CO) is determined through multiplying the heart rate (HR) 

by the stroke volume (SV).  

CO = HR X SV  

Heart rate = the number of heart beats/minute (average; 72 beat/minute).  

Stroke volume = the volume of blood ejected by each ventricle with each beat.  

If the HR = 72 beats/min., and the SV is of 70 ml;  

Cardiac output = 72 X 70 = 5.04 Liters. 

 

Heart rate  

Heart rate is a term used to describe the frequency of the cardiac cycle. Usually 

it is calculated as the number of heart beats in one minute and expressed as 

"beats per minute" (bpm). Normally, it averages 72 beats/minute (range 60-100 

beats/minute) in adult human during rest. Heart rate higher than 100 

beats/minute is called tachycardia and a rate lower than 60 beats/minute is 

called bradycardia. 

Many factors can influence heart rate, including : 

Activity level,  Fitness level, Air temperature, Body position, Emotions, Body 

size, Medication, Age and Gender, Illness, Breathing. 

 

Blood pressure  

Arterial blood pressure is the pressure exerted by the blood on the arterial walls 

(BP). blood pressure refers to systemic arterial blood pressure, i.e., the pressure 

in the large arteries delivering blood to body parts other than the lungs, such as 

the brachial artery (in the arm). The pressure of the blood in other vessels is 

lower than the arterial pressure.  

Blood pressure values are universally stated in millimeters of mercury (mmHg). 

The systolic pressure is defined as the maximum pressure exerted in the arteries 

during ventricular systole, diastolic pressure is defined as the minimum pressure 

exerted in the arteries during ventricular diastole. The systolic pressure is 

recorded over diastolic pressure. Typical values for healthy adult are 

approximately 120 mmHg systolic and 80mm Hg diastolic (written as 120/80 

mmHg), with individual variations 
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Physiology 

5 TH  lecture 

The Respiratory System:    

The respiratory system consists of the set of organs and tissues that enable us to the breath. 

Normally, adult have a breathing rate of 12 to 20 ventilations per minute.  

 

Respiratory System Functions:    

1-Gases exchange : intake of  O2   and removal of CO2  

2- Maintain acid - base balance: lungs help maintain a normal pH by excreting CO2 which 

are by products of cellular metabolism.  

3- Protection against microbes    

4- Regulation of body temperature   

5- Phonation  

6- Perception of smell sensation                         

                  

Structural division of respiratory system :   

Upper respiratory  tract :                                            

 Nose : Passageway for air, warming, Humidification and filtering of inspired air, 

Olfaction 

 Pharynx :Common passageway  for digestive and respiratory system 

 Larynx or voice box : assists in phonation via the vocal cords 

Lower  respiratory tract: 

 Trachea is also called the windpipe. Tube connecting throat to the bronchi of the lung. 

It’s part of the passageway that supplies air to the lungs  

 Bronchi : trachea divided into two tubes right and left bronchi, which conduct air to each 

lung  

 Bronchioles :bronchi branches into smaller tubes called bronchiole, lets air reach to 

alveoli. 

 Alveoli   are tiny air sacs within lung and surrounded with extensive capillary network, 

where the exchange of gases with blood happen. There are over 300 million alveoli in the 

lungs. 

Functional  division of respiratory system : 

 

 

Conducting zone Respiratory zone 

Starts from the  trachea, and extends up to the  

terminal bronchioles which is ciliated for removal of 

debris. Known as anatomical dead space 

These includes Respiratory 

bronchioles , alveolar ducts, 

alveolar sac and alveoli 

 

Passageway for air movement The main site of gas exchange 
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Lung compliance  

Is the magnitude of the change in lung volume produced by a change in pulmonary 

pressure. Compliance can be considered the opposite of stiffness. A measure of the lungs 

ability to stretch and expand, it’s important in ideal respiratory system function   

Determination of the lung compliance: Two major things determine lung compliance. 

  

1-The elasticity of the lung tissue: Any thickening of lung tissues due to disease will 

decrease lung compliance. 

  

2- Surface tensions at air water interfaces in the alveoli. The walls of alveoli are lined with 

thin water films, water molecules are strongly attracted to each other by hydrogen bonds 

which creates a force at their surface called surface tension that resist expansion. To 

overcome the forces of surface tension, certain alveoli cells (Type II pneumocytes) secrete 

a protein and lipid complex called ""Surfactant””, which acts like a detergent by 

disrupting the hydrogen bonding of water that lines the alveoli, hence decreasing surface 

tension, prevents alveolar collapse 

 
 

 

Pleura (pleurae): thin serous membrane that 

envelops the lungs. It consists of two layers 

A. Visceral pleura(inner layer): covers the 

outer surface of the lung.  

B. parietal pleura(outer layer): lines the inner 

surface of thoracic wall.  

C. Between the 2 layers we have pleural 

space which contain pleural fluid, which 

act as a lubricant that facilitates the lung 

movement within the thoracic cavity while 

breathing  
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Respiration involves the following steps : 

 Ventilation or breathing : Movement of air into and out of  the lungs. 

 External respiration : Gas exchange between air in alveoli and blood  

 Transport of gases by the blood  

 Internal respiration :  Gas exchange between blood and tissue  

 Cellular respiration :  using O2 in metabolic process to create energy 

 

Mechanism of breathing  

Breathing or ventilation involves two stages: inspiration and expiration  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Gas exchange :  
 Exchange of gases O2 and  CO2   between the alveoli and the blood occurs by simple 

diffusion across respiratory membrane: O2  diffusing from alveoli into the blood and 

CO2   from the blood into the alveoli. Diffusion requires a concentration or pressure 

gradient. So the concentration of O2 in the alveoli must be kept at a higher level than 

in the blood and the concentration of CO2 in the alveoli must be kept at a lower level 

than in the blood.  

 Exchange of gases also occur between blood and tissues. O2 and  CO2   are exchanged 

in these sites by simple diffusion mainly based on pressure or concentration gradient 

 

 

Inspiration (inhalation ) air in : 
 - Diaphragm  contracts and becomes 

flattened  

 -Contraction of external intercostal 

muscles,  the ribs move forward 

 - Increase in volume of thoracic cavity 

 -Air pressure in lungs is less than 

atmospheric pressure 

 -Intake of air into lungs  
 

Expiration (exhalation) air out : 

 -Diaphragm relaxes and becomes original 

dome shape 

 -Relaxation of external intercostal 

muscles , the rib cages move downward 

 - Decrease in volume of thoracic cavity  

 -Air pressure in lungs is greater than          

atmospheric pressure 

 - Expulsion of air from the lungs . 
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Lung Volumes and Capacities  

Spirometry is one of the Pulmonary Function Test; that can help diagnose various lung 

conditions. spirometer is a device for measuring the volumes of air that can be breathed.it 

aids in identifying several  lung volumes and capacities. The following lung volume :    

 

1-Tidal Volume (TV): volume of air inspired or expired during a normal breath. 

2-Inspiratory Reserve Volume (IRV):  additional volume of air that can be inspired at the 

end of a normal inspiration 

3-Expiratory Reserve Volume (ERV): additional volume of air that can be expired after 

normal expiration.  

4-Residual Volume (RV): volume of air that still remains in the lungs after the forceful  

expiration. This volume cannot be measured directly by spirometer. It is indirectly 

measured because impossible to completely empty the lung of air   

 

Whereas lung capacities, are the sum of two or more basic lung volumes:  

1-Vital Capacity (VC): maximum volume of air that can be expired after maximal  

inspiration 

 IRV + TV + ERV. 

2-Inspiratory Capacity (IC): maximum  volume of air that can be inspired after a normal 

expiration.  TV + IRV 

 

3-Functional Residual Capacity (FRC):   volume of air remaining in the lungs after 

normal expiration.  ERV + RV 
 
 4-Total Lung Capacity (TLC): volume of air present in lungs after maximal inspiration .    

 VC + RV or  IRV + TV + ERV + RV. 
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Hypoxia refer to oxygen deficiency at level of tissues 

Anoxia refers to the total absence of oxygen being delivered to the tissue 

Hypoxemia is the proper term for low oxygen content in the blood  

 

Hypoxia are classified into four types  

Hypoxic hypoxia : not enough oxygen gets to the alveoli. This is caused by 

Deficiency of O2 in atmosphere (high altitude) , Sleep apnea, hypoventilation 

due to lung disease  

Anemic hypoxia: reduction in the oxygen carrying capacity of the blood , 

caused by of decreased hemoglobin(anemia ) , unavailable hemoglobin (carbon 

monoxide poisoning).  

Stagnant  hypoxia:  reduced blood flow to tissues as a result of  obstruction  

the blood vessels, heart failure    

Histotoxic hypoxia: inability of the tissue to take oxygen as result of  poisoning 

of oxidative enzymes /cyanide poisoning 

oxygen delivery to tissues 

 

 

 

 
 

 

 

 

 

 

Eupnea:        normal breathing  

Dyspnea:      difficult breathing. 

Apnea:          absence of   breathing.   

Tachypnea:   rapid breathing . 

 Bradypnea:    slow breathing 
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Physiology 

6 TH  lecture 

Nervous system                                                                                      
The nervous system controls and coordinates all essential functions of the 
human body. The nervous system has three main functions: sensory input, 
integration of data and motor output.  
Sensory input is when the body gathers information or data, by way of neurons 

and conduct impulses from sensory receptors to the brain and spinal cord. The 

data is then processed by way of integration of data, which occurs only in the 

brain. After the brain has processed the information, impulses are then 

conducted from the brain and spinal cord to muscles and glands, which is called 

motor output. 

 

 

 

The nervous system consist of 

 The central nervous system CNS is made up of brain and spinal cord. 

 The peripheral nervous system PNS is made up of nerves that branch out from brain 

and spinal cord. These nerves form the communication network between the CNS 

and the body parts. Includes cranial and spinal nerves  
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Neuron  
Neuron or nerve cell is the basic structural and functional unit of the nervous system.  

Neurons are highly specialized for the processing and transmission of cellular 

signals. 

Major regions of neurons 

 The soma (cell body) is the central part of the neuron. It contains the nucleus 

and other organelles.  

 Axons – nerve fiber which carries impulses away from the cell body. 

 Dendrites –   Bring impulses toward the cell body. 

 

 
 

Types of neurons:   
1- Sensory afferent neurons: convey information from tissues and organs into the 

central nervous system. 
2- Motor efferent neurons: transmit signals from the central nervous system to the 

effector cells 
3-Interneurons: carry information between sensory and motor neurons in CNS 

 
Synapse  
Space between the axon of one neuron and the dendrite of another (it’s a junction 
between two neurons), it allows transmission of electrical impulses from one neuron to 
another.  
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The brain: 
The brain is largest part of central nervous system and it consists of three main parts: 
cerebrum, cerebellum and brainstem. 
 
Cerebrum  
The cerebrum, or top portion of the brain, is divided by a deep crevice, called the 
longitudinal sulcus. The longitudinal sulcus separates the cerebrum in to the right and 
left hemispheres. The area between the cerebral hemispheres and brainstem is 
diencephalon, it is made up of the thalamus act as relay station of impulses to cerebral 
cortex and the hypothalamus plays a major role in maintenance of homeostasis. 
 
Each of the two hemispheres are divided into four separated lobes: the frontal in control 
of specialized motor control, learning, planning and speech; parietal in control of 
somatic sensory functions; occipital in control of vision; and temporal lobes which 
consists of hearing centers and some speech. 

 
Cerebellum 
The cerebellum is the part of the brain that is located posterior to the medulla oblongata 
and pons. It’s involved in the following functions: 
1- Coordination of voluntary muscles to produce smooth, graceful motions.  

2- Maintenance of balance and posture. 

3- Control of motor learning. 

The brainstem is the smallest brain parts, consisting of midbrain, pons and medulla 
oblongata. 
The pons houses the control centers for respiration and inhibitory functions. 
Medulla oblongata: contains a collection of vital centers, they are 
1. The respiratory center: control the muscles of respiration in response to chemicals 
&other 
2. The Cardiac center: regulate the rate and force of the heart beat 
3. The Vasomotor center:  regulate the contraction of the smooth muscle in the blood 
vessels walls and thus helps control the blood pressure. 
 
Meninges 
The meninges refer to the membranous coverings of the brain and spinal cord, there are 
three layers of meninges, known as the dura mater , arachnoid mater and pia mater 
These coverings have two major functions: provide support and protection the CNS from 
mechanical damage, provides space for the flow of the Cerebrospinal fluid (CSF). 
Cerebrospinal fluid (CSF) 
CSF Similar to blood plasma composition, CSF is a clear liquid formed inside ventricles 
of the brain. Cerebrospinal fluid act as shock absorber to protect brain. This fluid also 
carries nutrient to the cells and waste products from cells. 
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The peripheral nervous system PNS includes  

 There are 12 pairs of cranial nerves   

I Olfactory Nerve for smell 

II Optic Nerve for vision 

III Oculomotor for looking around 

IV Trochlear for moving eye 

V Trigeminal for feeling touch on face 

VI Abducens to move eye muscles 

VII Facial to smile, wink, and help us taste 

VIII Vestibulocochlear to help with balance, equilibrium, and hearing 

IX Glossopharyngeal for swallowing and gagging 

X Vagus for swallowing, talking, and parasympathetic actions of digestion 

XI Spinal accessory for shrugging shoulders 

XII Hypoglossal for tongue more divided into different regions as muscles 

 There are 31 pairs of spinal nerves: 8 cervical, 12 thoracic, 5 lumbar, 5 sacral 

and 1 coccygeal. Spinal nerves take their origins from the spinal cord. 

 

The peripheral nervous system (PNS) is then subdivided into the autonomic nervous 

system and the somatic nervous system. The autonomic has involuntary control of 

internal organs, blood vessels, smooth cardiac muscles and glands. The somatic has 

voluntary control of skin, bones, joints, and skeletal muscle.  
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Autonomic nervous system  

The autonomic system deals with the visceral organs, like heart, stomach. It regulates 

systems that are unconsciously carried out to keep our body alive and well such as 

breathing, digestion, regulation of heart beat.  It consists of the sympathetic and 

parasympathetic divisions. 

 The sympathetic nervous system activates what is often termed the fight or flight 

response, as it is most active under sudden stressful circumstances (such as being 

attacked). Neurotransmitters such as epinephrine and norepinephrine are released 

which increases heart rate and blood flow to the brain and muscles to improve 
"
fight 

or flight" response to stress, while decreasing the flow of blood to organs that are not 

involved in responding to emergencies. 

 

 The parasympathetic nervous system operates in circumstances where it is relatively 

calm. Sometimes called the rest and digest system or feed and breed. The 

parasympathetic system conserves energy as it slows the heart rate and increases 

intestinal and gland activity. Acetylcholine (Ach) is the chief neurotransmitter of the 

parasympathetic nervous system. 

The effects of sympathetic and parasympathetic system on organs: 

Organ Sympathetic nervous system  

 

Parasympathetic nervous system 

Eye pupil Dilation Constriction 

Sweat glands Stimulation   None 

Heart  Increased heart rate Slowed  heart rate 

Bronchi of lungs Dilation Constriction 
Gastrointestinal tract 

-Muscle in wall 

-Glands  

 

Decreased motility  

Reduced secretion  

 

Increased motility 

Increased secretion   

Liver Glucose release None 

Urinary bladder  

Bladder wall 

 

 

Relaxation 

 

Contraction & emptying 
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Physiology 

7 TH  lecture 

 

The endocrine system is a series of glands that produce and secrete hormones, 

that the body uses for wide range of functions including Metabolism, 

homeostasis, growth and development, reproduction and sleep.  

The hormone is a chemical messengers released from endocrine glands or 

organs directly to the bloodstream to act on specific target cell.  

The nervous system and endocrine system act together to coordinate functions 

of all body systems. The main differences between endocrines system and 

nervous system is that nervous system transmits electrical impulses through 

neurons to the effector organ whereas endocrine system sends chemical 

substances called hormones to the effector organ through the blood. The signals 

of the endocrine system take more time to reach the effector organ (seconds to 

days) and it has longer lasting effect . while , the signals of nervous system are 

transmitted within a short period of time (within milliseconds) and their effect is 

short-lived. 

 

There are two principal types of glands  

Endocrine glands secrete hormones directly into blood such as adrenal gland, 

whereas exocrine glands secrete substances through ducts onto body surface 

such as sweating gland, salivary gland.  

 

Classes of Hormones 

Hormones are classified into 2 categories depending on their chemical make-up 

and solubility:  

1.Water-soluble hormones include the peptide and amino-acid hormones such 

as insulin, epinephrine, HGH, and oxytocin 

2.Lipid-soluble hormones include the steroid hormones such as  testosterone, 

estrogens, glucocorticoids, and mineralocorticoids 

 

Major endocrine glands: 

Hypothalamus                                                                                                       

The hypothalamus is a part of the brain that maintains the body’s internal 

balance (homeostasis), the hypothalamus links between the nervous system and 

the endocrine system by way of the pituitary gland. Its function is to secrete 

releasing hormones and inhibiting hormones that stimulate or inhibit production 

of hormones in the anterior pituitary                                                                      
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  Pineal gland   

The pineal gland produces the hormone melatonin that helps to regulate the 

human sleep-wake cycle known as the circadian rhythm. The synthesis and 

release of Melatonin are stimulated by darkness  

 

The pituitary gland 

the endocrine system, because it makes It's often called the master gland of  

The pituitary consists of   hormones that control several other endocrine glands.

an anterior lobe and a posterior lobe  

                                                         

  A- Anterior lobe of pituitary gland                                                                   

                      

The function of the anterior pituitary gland is controlled by the releasing and 

inhibiting hormones of the hypothalamus. The anterior pituitary produces 6 

important hormones: 

1-Thyroid stimulating hormone (TSH), stimulates of the thyroid gland to 

produce its hormones. 

2-Adrenocorticotropic hormone (ACTH) stimulates the adrenal cortex, to 

produce its hormones 

3-Follicle stimulating hormone (FSH) stimulates the follicle cells of the gonads 

to produce gametes—ova in females and sperm in males 

4-Luteinizing hormone (LH) stimulate the gonads to produce the sex hormones: 

estrogens in females and testosterone in males. 

5-Prolactin (PRL) : it stimulates the mammary glands of the breast to produce 

milk. 

6-Human growth hormone (HGH) affects many target cells throughout the body 

by stimulating their growth, repair, and reproduction 

 

B-posterior lobe of pituitary gland   

1-Oxytocin triggers uterine contractions during childbirth and the release of 

milk during breast feeding  .  

2-Antidiuretic hormone (ADH or vasopressin) prevents water loss in the body 

by increasing the re-uptake of water in the kidneys and reducing blood flow to 

sweat glands. 
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Thyroid gland: It produces three major hormones :Calcitonin, 

Triiodothyronine(T3), Thyroxine (T4). Calcitonin is released when calcium ion 

levels in the blood raises above a certain set point, it functions to reduce the 

concentration of Ca ions in the blood by aiding the absorption of Ca into matrix 

of bones. The hormones T3 and T4 work together to regulate the body’s 

metabolic rate. Their release will be increased under certain situations such as 

cold temperatures when a higher metabolism is needed to generate heat.  

 

Parathyroid gland       
The parathyroid hormone (PTH) is released from parathyroid glands when 

calcium ion levels in the blood drops below a set point. PTH stimulates the 

osteoclasts to break down the calcium containing bone matrix to release free 

calcium ions into the bloodstream. 

 

Thymus gland   

The thymus produces hormone called Thymosins that help to develop T-

lymphocytes during fetal development and childhood.  

 

Pancreas 

The pancreas is a mixed gland having both endocrine and exocrine functions. 

The endocrine portion secretes two hormones, insulin and glucagon, into the 

blood. The beta cells release the hormone insulin, which is responsible for 

lowering blood glucose levels by allowing the glucose to flow into cells. The 

alpha cells release the hormone glucagon, which is responsible for raising blood 

glucose levels. The exocrine portion secretes digestive enzymes into the 

duodenum via the pancreatic duct. 

 

Adrenal gland  

The adrenal cortex produces many cortical hormones in 3 classes:  

         1-Glucocorticoids such as cortisol: play a role in adaptation to stress, 

reduce the effects of inflammation, increase blood glucose level  

 2. Mineralocorticoids such as aldosterone: regulate water and electrolyte 

balance within body  

3. Sex hormones such as Testosterone, it is produced from the adrenal 

cortex, but in small quantities compared to its production from the 

gonads. 

The adrenal medulla secretes the catecholamines include epinephrine, 

norepinephrine. These hormones prepare the body for emergencies. 
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Gonads or sex glands 

 

Testes are male sex gland that produce sperms and secret testosterone male sex 

hormones  

Testosterone stimulates the development and functioning of the primary sex 

organs. It also stimulates the development and maintenance of secondary male 

characteristics, such as hair growth on the face and the deep voice.   

 

Ovaries are female sex gland that produce ova and secrete female sex hormones 

including: 

Estrogen is responsible for the development and maintenance of secondary 

female characteristics, such as fat distribution throughout the body and the 

width of the pelvis. Estrogen increases at the time of puberty and causes the 

growth and development of the uterus  

Estrogen and Progesterone are responsible for the development of the breast and 

for the uterine cycle.  

Progesterone prepares the lining of the uterus for implantation of a fertilized egg 

.  

 

 

Other Hormone Producing  Tissues and Organs  

Heart produce atrial natriuretic peptide (ANP)  in response to high blood 

pressure levels. (ANP) acts to reduce blood pressure. 

 kidneys produce the hormone Erythropoietin (EPO) in response to low level of 

oxygen in the blood   

Adipose tissue releases hormones such as Leptin, which control  appetite  

(decrease food intake) 
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8TH  lecture 

Thermoregulation 

 

Thermoregulation is the ability of an organism to keep its body temperature 

within certain boundaries, even when the surrounding temperature is very 

different. The internal thermoregulation process is one aspect of homeostasis: a 

state of dynamic stability in an organism's internal conditions. 

 

The physiological control of the body's core temperature takes place primarily 

through the hypothalamus, which assumes the role as the body's "thermostat". 

This organ possesses control mechanisms as well as key temperature sensors, 

which are connected to nerve cells called thermo- receptors. 

Thermo-receptors come in two subcategories; ones that respond to cold 

temperatures and ones that respond to warm temperatures. Scattered throughout 

the body in both peripheral and central nervous systems, these nerve cells are 

sensitive to changes in temperature and are able to provide useful information to 

the hypothalamus through the process of negative feedback, thus maintaining a 

constant core temperature. 

 

There are four ways of heat loss: 

 Radiation, Convection, Conduction, and Evaporation . 

Most body heat lost through the skin while small amount of heat are lost in  

breathing ,  urination, defecation   

If skin temperature is greater than that of the surrounding air temperature, the 

body can lose heat by convection and conduction. But, if air temperature of the 

surroundings is greater than that of the skin, the body gains heat by convection 

and conduction. In such conditions, the only means by which the body can rid 

itself of heat is by evaporation. 

 

If the skin temperature drops below 37 C a variety of response are initiated to  

conserve the heat in the body and to increase heat production these include  

 Vasoconstriction to decrease the flow of heat to the skin  

 Cessation of sweating  

 Shivering to increase heat production in the muscles  

 Secretion of norepinephrine, epinephrine and thyroxin to increase heat  
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The body mechanisms that activated by heat are  

 Cutaneous vasodilation 

 Sweating 

 Increase respiration  

 Anorexia decrease heat production  

 

Hypothermia  

If heat loss exceeds the ability of the body to produce the heat , then body 

temperature decreases below normal levels, a condition called hypothermia. 

hypothermia usually results from prolonged exposure to cold environments. At 

first, normal negative feedback mechanisms maintain body temperature . Heat 

loss is decreased by constricting blood vessels in the skin and heat production is 

increased by shivering . 

If the body temperature decreases despite these mechanisms , hypothermia 

develops. The individual thinking becomes sluggish and movements are 

uncoordinated heart , respiratory and metabolic rates decline and death result 

unless body temperature is restored to normal 

 

Frostbite  

Is damage to the skin and deeper tissues resulting from prolonged exposure to 

the cold. The damage results from cold injury to cells reduced blood flow to 

effected tissues. The fingers, nose, toes, ears and cheeks are most commonly 

effected, damage from frostbite can range from redness and discomfort to loss 

of the effected part. The best treatment is immersion in a warm water bath 

rubbing the affected area.  

 

Hyperthermia  

 

If heat gain exceeds the ability of the body to lost heat, then body temperature 

increases above normal levels, a condition called hyperthermia .Hyperthermia 

can result from exposure to hot environment, exercise and fever. Exposure to 

hot environments normally results in the activation of heat loss mechanisms, 

and body temperature is maintained at normal levels. This is an excellent 

example of negative feedback mechanism.  

However, prolonged exposure to hot environment can result in heat exhaustion . 

the normal negative feedback mechanisms for controlling body temperature are 

operating, but they are unable to maintain a normal body temperature . Heavy 

sweating results in dehydration , decreased  blood volume , blood pressure, and 

increased heart rate, they usually feel weak , dizzy, and nauseated. Treatment 

includes reducing heat gain by moving to cooler environment , reducing heat 

production by muscles by ceasing activity, and restoring blood volume by 

drinking fluid 
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Heatstroke 
 

Heatstroke is a life-threatening condition due to the potential for multi-organ 

dysfunction, that results from a body temperature greater than 40.0 °C , the 

person becomes confused , irritable, or even comatose.  

Heat stroke usually occurs due to  prolonged exposure to extreme environmental 

or exertional heat. However, certain health conditions can increase the risk of 

heat stroke, especially children. Preventive measures include drinking sufficient 

fluids,  rapid physical cooling of the body by immersing the person in a cool 

bath and supportive care 
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The Urinary System is a group of organs in the body concerned with filtering out excess 

fluid and other substances from the bloodstream. The substances are filtered out from the 

body in the form of urine. The urinary system consists of the kidneys, ureters, bladder, and 

the urethra.  

The kidneys are the most important excretory organ in the body. They are two bean shaped 

organs, each about the size of a fist. They are covered by the renal capsule, there are three 

major regions of the kidney, renal cortex, renal medulla and the renal pelvis. The kidneys 

are vital life sustaining organ, performing many functions: 

1- Removal of metabolic waste products and foreign substances from plasma such as urea, 

uric acid ….  

2- Secretion of Hormones : (Erythropoietin hormone ) 

3- Regulation of plasma ionic composition : ions such as sodium , potassium , calcium , 

chloride , bicarbonate. 

4- Regulation of plasma hydrogen ion concentration pH: the kidneys help maintain blood pH 

mainly by excreting hydrogen ion and reabsorbing bicarbonate ions as needed.  

5- Regulation of  blood pressure: The kidneys secrete the enzyme renin in response to low 

blood pressure, renin  converts the angiotensinogen produced by liver into Angiotensin I,  

Angiotensin I is converted to angiotensin II by another enzyme, Angiotensin II plays an 

important role in control of blood pressure causes vasoconstriction and stimulating adrenal 

cortex to produce  hormone aldosterone which increase the reabsorption of sodium ions and 

water into the blood, lead to increasing blood volume and raising blood pressure. 
 

 

 

 

 

 

 

 

Ureters are two tubes that drain urine from the kidneys to the bladder.  

Bp increased 

angiotensinogen 

Sodium reabsorption 

 

h 

angiotensin I 

BP increased 

aldosterone Angiotensin II Vasoconstriction 

Fall in blood 

BPpressure 

Release of Renin 

 

Renin- Angiotensin- Aldosterone system (RAAS) or Renin- Angiotensin system  (RAS) response to a 

fall blood pressure 
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Urinary bladder is a hollow, muscular organ that stores urine excreted by the 

kidneys, until it is expelled by urination.  The urinary bladder can hold 

approximately (500 to 530 ml) of urine in adults. 

Urethra is a muscular tube that connects the bladder with the outside of the body 

and removes urine from the body. 

Nephrons 

A nephron is the basic structural and functional unit of the kidney. Each kidney 

consists of millions of functional units called nephrons. Its chief function is to 

regulate water and soluble substances by filtering the blood, reabsorbing what is 

needed and excreting the rest as urine. 

 Each nephron is composed of two parts : 

 

 Renal corpuscle (Glomerulus and Bowman's capsule)  

The glomerulus is a capillary tuft that receives its blood supply from an afferent 

arteriole of the renal circulation. The glomerular blood pressure provides the 

driving force for fluid and solutes to be filtered out of the blood and into the space 

made by Bowman's capsule. The remainder of the blood not filtered into the 

glomerulus passes into efferent arteriole. Bowman's capsule also called 

the glomerular capsule surrounds the glomerulus.  The normal rate of filtration 

(GFR) is 125 ml/min, equivalent to ten times the blood volume daily. Measuring 

glomerular filtration rate (GFR) is a diagnostic test of kidney function. 

 

 Renal tubule:   

-Proximal convoluted tubule 

The proximal convoluted tubule has one layer of cuboidal cells in the lumen. This 

is the only place in the nephron that contains cuboidal cells. These cells are 

covered with millions of microvilli. The microvilli serve to increase surface area 

for reabsorption such as salt, water and all organic solutes (primarily glucose and 

amino acids) 

 

-Loop of  Henle 

The loop of Henle (sometimes known as the nephron loop) is a U-shaped tube that 

consists of a descending limb and ascending limb. Its primary role is to concentrate 

the salt in the interstitium, the tissue surrounding the loop. 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Nephrons


                                                                                                                                

42 
 

-Distal convoluted tubule 

The distal convoluted tubule is similar to the proximal convoluted tubule in 

structure and function. In the presence of parathyroid hormone, the distal 

convoluted tubule reabsorbs more calcium and excretes more phosphate. When 

aldosterone is present, more sodium is reabsorbed and more potassium excreted. 

Atrial natriuretic peptide causes the distal convoluted tubule to excrete more 

sodium. In addition, the tubule also secretes hydrogen and ammonium to regulate 

pH.  

 

-Collecting duct  

The main role of the collecting duct is reabsorption of water through action of 

antidiuretic hormone (ADH). As much as three-fourths of the water from urine can 

be reabsorbed as it leaves the collecting duct by osmosis.  

 

Urination : are the process of expelling urine from the bladder through the urethra 

to outside of the body. When the bladder fills with urine, stretch receptors send 

nerve impulses to the spinal cord, which then sends a reflex nerve impulse back to 

the sphincter (muscular valve) at the neck of the bladder, causing it to relax and 

allow the flow of urine in to the urethra 

Average urine production in adult humans is about 1-2 liters per day. This amount 

varies according to fluid intake and kidney function. 

 

Urine :  is a yellowish liquid that is about 95% water and 5% dissolved solids and 

gases . it’s clear , straw colored , acidic reaction pH = 6.0 (4.8-7.5) , with aromatic 

odor . 

Some of the dissolved substances found in the urine are the following:  

1. Nitrogenous waste products, including urea, uric acid, and creatinine . 

2. Electrolytes, including sodium chloride (as in common table salts) and different 

kinds of sulfates and phosphates . 

3. Yellow pigment , which is derived from certain bile compounds. 
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Formation of urine: 

Urine is formed in three steps:   1- Filtration       2- Reabsorption   3-Secretion. 

 

Filtration 

Blood enters the afferent arteriole and flows into the glomerulus. Blood in the 

glomerulus has both filterable blood components and non-filterable blood 

components. 

 Filterable blood components move toward the inside of the glomerulus while non-

filterable blood components bypass the filtration process by exiting through the 

efferent arteriole. A few of the filterable blood components are water, nitrogenous 

waste, nutrients and salts (ions). Non filterable blood components include formed 

elements such as blood cells and platelets along with plasma proteins. 

 

Reabsorption 

Filtrated substances are transport from tubular lumen into peritubular capillaries 

such as  water, various amino acid, glucose, sodium chloride . 

Secretion 

Transport of non-filtered substances from peritubular capillaries into tubular 

lumen  such as creatinine, hydrogen ion and drugs 
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Digestive system  

Digestive system is collection of organs working together to convert food into 

energy and basic nutrients to feed entire body. The digestive system are divided 

into two main groups: 

1-Gastrointestinal tract (GIT) or alimentary canal s a continuous tube extending 

from the mouth to the anus.  

2-The accessory organs include salivary glands, liver, gallbladder and pancreas 

which are necessary for the digestive process.  

 

 
 

The process of digestion involves six steps:-  

1-Ingestion taking in food through the mouth  

2-Propulsion:   which refers to the movement of food through the digestive 

tract. 

 Swallowing is followed by peristalsis - alternating waves of contraction and 

relaxation of alimentary wall 

3-Mechanical digestion:  larger pieces of food get broken down into smaller 

pieces while being prepared for chemical digestion.  

Mastication in mouth,   Churning in stomach,   Segmentation in small intestine 
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4-Chemical digestion:   several different enzymes break down macromolecules 

into smaller molecules that can be absorbed. Starts in the mouth and continues 

into the intestines. 

5-Absorption: Transport of digested end products into blood and lymph in wall 

of canal. Mostly occurs in the small intestine    

6- Defecation : elimination of indigestible substances from body as feces. 

 

The mouth or oral cavity, serves as the first portion of the digestive system. It 

consists of lips, tongue, palate and teeth.   

The functions of  mouth are: 

1- Ingestion of food  

2- Mastication:- break down of the food by the help of teeth.                                                    

3- Swallowing:- push the food by the help of tongue. 

4- Moistening of the food by help of salivary gland 

 

Pharynx: passageway for air and food, moves the chewed food (bolus) into 

esophagus by swallowing 

Esophagus: is the long muscular tube that carries (bolus) to stomach by the 

process of peristalsis (involuntary wave like muscle contractions along the G.I. 

tract). 

 

Stomach is hollow muscular organ located on the left side of upper abdomen, it 

is divided into 4 regions: cardia , fundus , body  and pylori. 

The physiological functions of stomach are  :  

1- Storage of food 

2- Secretion of gastric juice  contains an enzyme  pepsin, which digests proteins, 

hydrochloric acid  which helps kill off bacteria that comes into the digestive 

system via food and mucus (protect the mucous membrane of the stomach from 

action of pepsin and HCL to prevent gastric ulcers) 

3- Break down of chewed food by churning and mixing it with gastric juice the 

bolus is transformed into a semi-liquid substance called chyme 

4- Slight absorption of nutrients such as Water, alcohol, glucose , salt 

5- Secretion of intrinsic factor –required for absorption of vitamin B12 from 

small intestine 
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Small intestine  

The longest part of the alimentary canal, it’s about 3- 4 meters, which can be 

divided into 3 parts: duodenum, jejunum and ileum 

Functions of small intestine 

1-Tiny projections called villi line the small intestine which absorbs digested 

food into the capillaries. Most of the food absorption takes place in the jejunum 

and the ileum. 

2- Digestion of the foodstuff by enzymes.  

 

 

 

 

 

 

 

 

 

         

 

 

 

 

 

Large intestine:  Is a tube about 1.5 meter long. It consists of the cecum, colon, 

rectum, and anal canal.  

Function of large intestine:                                                                          

1- Absorption of water and electrolyte  

2- Secrete mucin, which helps to lubricate the fecal matter                                                                    

3- Excretion of waste from body 

4- Bacteria live in large intestine. Most of these are very helpful to our health, 

while the minority are harmful. Help in providing the body with vitamin B and 

vitamin K , they breakdown toxins and stop proliferation of harmful organisms. 
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Salivary glands: are exocrine gland that produce saliva, there are 3 types of 

major salivary glands:  parotid glands, submandibular gland and sublingnal 

glands Function of saliva:-  

1-Lubrication of the food and buccal mucosa and thus aids in mastication and 

swallowing  

2-Role in speech: saliva lubricates the oral mucosa thus aids speech by 

facilitating movements of lips and tongue.             

3-Act as solvent for various foodstuff and drugs 

4-Suppresses bacterial growth                          

5-Initial starch digestion starts by α-Amylase present in saliva  

 

Liver  

The liver is the largest internal organ in the human body and known to perform 

many vital functions 

1-The liver performs several roles in carbohydrate metabolism:  

 -Formation of glucose from certain amino acids, lactate or glycerol  

 -Formation of glucose from glycogen 

 - Formation of glycogen from glucose 

2- Cholesterol synthesis 

3 -Storage of glucose  in the form of  glycogen 

4- Storage of some vitamins  and  iron. 

5- Formation of urea which is a waste product of protein metabolism 

6- Formation  of blood plasma proteins:  albumin , globulin and clotting factors. 

7- In the first trimester fetus, the liver is the main site of red blood cell 

production. 

8- The liver produces bile, required for dissolving fats. 

9- Detoxification of  harmful substance (drugs and alcohol). 
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Pancreas  

Pancreas is a glandular organ located in the abdomen, it has two main functions: 

The function of the pancreas is to produce digestive enzymes that break down 

all categories of foods (carbohydrate, protein, lipid), also it secretes bicarbonate 

to neutralize the acidic chyme that the stomach churns out (exocrine function) 

and secretes hormones (insulin and glucagon) that affect carbohydrates 

metabolism (endocrine function). 

 

Gallbladder  

Gallbladder: is a small pear shaped organ that stores bile produced by liver until 

the body needs it for digestion.  It is connected to the liver and the duodenum by 

the biliary tract. The gallbladder stores bile, which is released when food 

containing fat enters the digestive tract to emulsify fats. 
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