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Plasma
• Consist of water and dissolved substances such as nutrients, ions, gases, hormones, proteins, and wastes products 
• Plasma proteins mostly made by the liver, except for antibodies and protein hormones
• Functions:

– albumin contributes to the osmotic pressure of blood
– clotting proteins stop blood loss in injured vessels
– antibodies protect the body from pathogens

• the composition of plasma is kept relatively constant

Erythrocytes
• Doughnut shape 
• Contain hemoglobin  
• No nucleus 
• life span 100 to 120 days.
• Eliminated by the liver, 

spleen, and other body 
tissues. 

• Produced in the red bone 
marrow. 

• production is controlled 
by erythropoietin 
hormone produced by the 
kidneys
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Hemoglobin

• Hemoglobin has 4 chains two alpha and two beta
• Each chain contains iron ion that binds to oxygen 
• Alpha and beta chains bind CO2, forming carbaminohemoglobin
• Each RBC has 280 million Hb molecules. 
• Each RBC can carry more than a billion molecule of oxygen 

IMBALANCE
• anemia  is a decrease in the oxygen-

carrying ability of the blood, whatever the 
reason.

• Iron-deficiency anemia is common in 
women due to monthly menses.

• Pernicious anemia is due to lack  of 
vitamin B12

• Sickle-cell anemia is a genetic disorder 
due to abnormal hemoglobin formed. 
occurs chiefly in  African descends 

• Polycythemia is an excessive or abnormal 
increase in the number of erythrocytes
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Leukocytes (WBCs)
• Neutrophils:

– have multilobed nucleus 
– phagocytes at sites of acute infection

• Eosinophils
– have a blue-red nucleus
– Their number increases during allergies and infections by parasitic worms 

• Basophils
– Have histamine-containing granules

• Histamine is an inflammatory chemical that makes blood vessels leaky and attracts other WBCs to the inflammatory site.

Leukocytes
• Lymphocytes

– have a large dark purple nucleus that occupies most of the cell volume
– reside in lymphatic tissues
– play a role in the immune response.

• Monocytes
– the largest of the WBCs.
– They change into macrophages in the tissues. 

• Macrophages are important in fighting chronic infections, such as tuberculosis.
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Leukocytes, WBC
• less numerous than red blood cells
• crucial to body defense against diseases
• Leukocytosis: 

– WBC count above  normal 
• Leukopenia:

– abnormally low WBC count.
– commonly caused by certain drugs, such as 

corticosteroids and anticancer agents.

Platelets
• not cells, but 

fragments of 
megakaryocytes

• needed for the clotting 
process 
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Hematopoiesis (Blood Cell Formation)
• occurs in red bone 

marrow (myeloid 
tissue)
– In adults, found in 

the bones of the 
skull, pelvis, ribs, 
sternum, and 
proximal end of the 
humerus and femur. 

• All formed elements 
arise from 
hemocytoblast in the 
red bone marrow

Homostasis
1. Vascular spasms 
2. Platelets plug
3. Coagulation  because of clotting 

protein. Clotting proteins mostly 
made in the liver. Synthesis of 
Some clotting protein requires 
vitamin K



6

Undesirable Clotting
• thrombus

– A clot in blood 
vessel

– may breaks away 
from the vessel and 
floats in the 
bloodstream to 
become an embolus

– a cerebral embolus
may cause a stroke

Bleeding Disorders
• platelet deficiency (thrombocytopenia) 

– cause spontaneous bleeding from small blood vessels 
called petechiae on the skin.

– arise from conditions that suppresses bone marrow such 
as bone marrow cancer, radiation, or certain drugs.

• clotting factors deficiency
– Due to deficiency of vit K, or liver disease

• Hemophilia
– bleeding disorders result from a lack of clotting factors 
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ABO Blood Groups

Blood 
Typing

• Which blood type 
is universal donor?
• Which blood type 
is universal 
recipient? 
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The Rh Blood Groups
• RBCs may carry Rh antigen on their surface 
• if an Rh negative person receives Rh positive blood, the immune system begins to produce antibodies against the foreign blood type
• RBCs hemolysis does not occur with the first transfusion because it takes time to react and making antibodies. But the second time will 
• Rh negative women carrying Rh positive baby

– The first pregnancy usually results in delivery of a healthy baby
– If the mother is sensitized, the mother will form antibodies that cross the placenta and destroy the baby’s RBCs

Transfusion reactions
• The membranes of RBCs have genetically determined 

proteins (antigens)
• RBC proteins will be recognized as foreign if transfused 

into another person with different RBC antigens 
• Antibodies will bind RBCs antigens causing agglutination
• foreign RBCs rupture and their hemoglobin is released into 

the bloodstream. The freed hemoglobin may block the 
kidney tubules and cause kidney failure. 

• Transfusion reactions can also cause fever, chills, nausea. 
and vomiting.
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Cardiovascular  System

The Cardiovascular System
• the cardiovascular system carries substances to and from 

the cells. 
– oxygen, nutrients, cell wastes, hormones, and many 

other
• The force to move the blood is provided by the heart 
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The Heart, Location and Size
• Heart is approximately the size of a person’s fist
• Hollow, cone-shaped located between the lungs 
• The apex

– At the level of the fifth intercostal space pointed toward the left hip
– Rests on the diaphragm 

• The base 
– Lies beneath the second rib. Points toward the right shoulder
– The great vessels of the body emerge from it.
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The Heart, Coverings and Wall

• The heart is enclosed by the pericardium 
• the pericardial layers slide smoothly across each other allowing the heart to 

beat easily with less friction
• Inflammation of the pericardium, pericarditis Results in a decrease in the 

amount of serous fluid which causes the pericardial layers to stick to each 
other, forming painful adhesions that interfere with heart movements.

• The heart has three layers: Inner Endocardium, middle Myocardium, outer 
Epicardium

Chambers

• The superior atria 
– Separated by the interatrial septum 

• The inferior ventricles
– Inferior, thick-walled, separated by interventricular septum
– pump blood out of the heart and into the circulation
– The right ventricle forms most of its anterior surface, the left ventricle forms its apex
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• Pulmonary circulation
– SVC and IVC deliver oxygen-poor blood to right atrium and then to the right ventricle
– RV pump blood into the pulmonary trunk, which splits into the right and left pulmonary arteries which carry blood to the lungs 
– blood returns to the left atrium via pulmonary veins 

Circulation

• Systemic circulation
– From the LA to the LV to the aorta, to the systemic arteries  
– Veins return Oxygen-poor blood from the tissues back to the RA via the SVC or IVC. 

• Because the LV pumps blood over a longer pathway through the body, its walls are thicker than the RV and much more powerful 
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AV Valves
• Bicuspid (mitral) valve 

located between  the left 
atrium and the right ventricle

• Tricuspid valve located  
between  the left atrium and 
the right ventricle

• AV valves Open during 
ventricular relaxation and 
close during ventricular 
contraction 

• As they open and close, the 
valves force blood to move 
forward in the heart

Semilunar Valves
• pulmonary and aortic 

semilunar valves 
• semilunar valves

Close during 
relaxation and open 
during ventricular 
contraction

• The prevents arterial 
blood from reentering 
the heart.



14

IMBALANCE
• Incompetent valve 

– the valve does not close properly which lead to blood 
backflow

• Valvular stenosis
– The valve becomes stiff, forces the heart to contract more 

vigorously than normal
• In each case, the heart’s workload increases, and ultimately 

the heart weakens and may fail 
• Faulty valve is replaced with a synthetic valve or a valve 

taken from a pig heart. 

Cardiac 
Circulation

• Blood supply is provided by 
the right and left coronary 
arteries.

• The myocardium is drained by 
cardiac veins, which empty 
into the coronary sinus. The 
coronary sinus empties into 
the right atrium.
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IMBALANCE
• angina pectoris

– the myocardium is deprived of oxygen
– result in crushing chest pain 
– if angina is prolonged, the ischemic heart cells 

may die, forming an infarct, myocardial 
infarction 

Conduction System of the Heart
• Some cardiac muscle cells have the ability to 

contract spontaneously and independently
• The spontaneous contractions occur in a regular 

and continuous way.
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Conduction 
System of 
The Heart 
consist of:

• Sinoatrial (SA) node: located in the right atrium and sets the pace for the whole heart, pacemaker
• Atrioventricular (AV) node: at the junction of atria and ventricles
• Atrioventricular (AV) bundle, bundle of His 
• Right and left bundle branches: located in the interventricular septum.
• Purkinje fibers: spread within the muscle of the ventricle 

Conduction 
System of 
The Heart

• From the SA node, the impulse spreads through the atria to the 
AV node, and then the atria contract.

• At the AV node, the impulse is delayed briefly to give the atria 
time to finish contracting

• It then passes rapidly through the AV bundle, the bundle 
branches, and the Purkinje fibers, resulting in contraction of the 
ventricles which ejects blood into the large arteries 
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IMBALANCE
• Damage to the AV node result in heart block
• Damage to the SA node results in a slower heart rate.
• Tachycardia 

– Is a rapid heart rate (over 100 beats per minute). 
• Bradycardia

– Is a heart rate that is less than 60 beats per minute

ECG• The electrical currents detected by the electrocardiogram (ECG)
• P wave

– The first wave, small
– Depolarization (contraction)  of the atria

• QRS
– Large complex
– Depolarization (contraction) of ventricles

• T wave
– Repolarization (relaxation) of ventricles.
– Atrial repolarization is generally hidden by the large ORS complex

• Abnormalities in the timing or the shape of the waves may indicate a disease 
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Heart Sounds
• Lub-dup pause lub-dup pauses, and so on.

– First sound (lub) 
• caused by the closing of the AV valves.

– The second sound (dup) 
• Occurs when the semilunar valves close  

IMBALANCE 
– Murmur due to turbulent flow
– murmurs indicate valve problems

• Incompetent valve
• Stenosed valve

Cardiac Output
• The amount of blood pumped out by each ventricle in one minute.

CO = HR (75 beats/min) X SV (70 ml/beat) = 5250 ml/min
• Stroke volume:

– the volume of blood pumped out by a ventricle in a heartbeat
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Imbalance
• congestive heart failure

– If the left heart fails  pulmonary  congestion 
occurs

– If the right side of the heart fails peripheral 
congestion occurs

Blood Vessels
• large arteries( leave the heart)  smaller arteries  arterioles 
 Capillary beds  Venules Veins  Great veins

• Conducting vessels
– Arteries carry blood away from the heart
– Veins drain the tissues and return the blood to the heart

• Capillaries 
– Extend and branch through the tissues 
– Connect the arterioles to the venules
– The exchanges between the tissue cells and the blood occur 

through their walls 



20

venous return
1. Skeletal muscles activity milk the 

veins and push the blood toward 
the heart 

2. Respiratory pump:
– Inhalation decrease the 

pressure in the thorax causes 
the large veins near the heart 
to expand and fill. 

3. venous valves
– Prevent backflow of blood

4. Have larger lumens than arteries

IMBALANCE
• Varicose veins

– Common in people who 
stand for a long time, Obese, 
and pregnant 

– Dysfunctional valves lead to 
blood pools

• Thrombophlebitis
– a serious complication, can 

cause pulmonary embolism; 



21

Major systemic 
Arteries

• The aorta 
– Ascending aorta  aortic arch thoracic aorta abdominal aorta 

• Arterial Branches of the Aorta
– Right and left coronary arteries serve the heart.

• Branches of the aortic 
– Brachiocephalic splits into R. common carotid artery and R. subclavian
– Left common carotid artery 
– Left subclavian artery

• Common carotid dived into 
– Internal carotid feeds the brain
– External carotid feeds the head and neck
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• subclavian artery: gives off: 
– Vertebral artery, serves part of the brain.
– Continues as the Axillaryartery which continues as Brachial arterythat feeds the arm and splits to Radial andUlnar arteries at the elbow to serve the forearm.

• Branches of the Thoracic Aorta
1. Intercostal arteries: supply the muscles of the thoracic wall.
2. Bronchial arteries 
3. Esophageal 

arteries



23

• Arterial Branches of the Abdominal Aorta
– Celiac trunk: The first branch, has three branches: 

– left gastric, splenic,  and common hepatic artery
– Superior mesenteric artery: supplies small intestine and the first half of the large intestine
– Renal arteries: serve the kidneys.
– Gonadal: R and L arteries, supply the gonads. 
– Lumbar arteries: Several pairs serving the muscles of the abdomen and trunk 
– Inferior mesenteric artery: Serve second half of the large intestine.
– Common iliac: R and L, the final branches of the abdominal aorta.

• Each divides into internal and an external iliac artery
• external iliac artery continue as femoral then Popliteal artery that splits into anterior and posterior tibial arteries

– The anterior tibial artery continue as dorsalis pedis artery

Arterial Branches of the Abdominal Aorta



24

• Deep veins follow 
the arteries.

• Some Veins are 
superficial and  
easily seen and 
palpated on the 
surface.

• Veins draining the 
head and arms 
empty into the SVC

• Veins draining the 
lower body empty 
into the IVC

Major Veins of the Systemic Circulation

• Radial and Ulnar: Deep veins drain the forearm. 
• Brachial: Drains the arm
• Axillary vein: In the axillaryregion.
• Cephalic vein: superficial, drains the lateral aspect of the arm and empties into the axillary vein.
• Basilic vein: superficial, drains the medial aspect of the arm and empties into the brachial vein 
• Median cubital vein: Join the basilic and cephalic veins at the anterior aspect of the elbow 

Veins Draining into the SVC
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• Subclavian vein; receives venous blood from the axillary vein and from the head through the external jugular vein
• Vertebral vein: Drains the posterior part of the head.
• Internal jugular vein: Drains the brain.
• R and L brachiocephalicveins, receive blood from the subclavian,  and jugular veins
• Brachiocephalic veins: Join to form the superior vena cava

Veins Draining into the SVC

Veins 
Draining into 
the Inferior 
Vena Cava

• Hepatic veins drain the liver.
• Renal veins drain the kidneys.
• Gonadal veins: 

– R. gonadal vein empties into the IVC
– L. gonadal vein empties into the left renal vein 
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Veins Draining into the 
Inferior Vena Cava

• Deep veins 
– Anterior and posterior tibial
– fibular vein
– Femoral vein
– Common iliac
– Common iliac make the IVC

• Great saphenous veins:

Brain Blood 
Supply

• internal carotid arteries
• Vertebral arteries make circle of Willis
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Hepatic Portal Circulation
• inferior mesenteric vein, splenic vein and superior mesenteric vein make the Hepatic portal veins

Fetal 
Circulation

• umbilical vein
• Two umbilical arteries 
• ductus venosus
• foramen ovale
• ductus arteriosus
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Arterial 
Pulse

Blood Pressure
• Systolic
• Diastolic
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Factors Alter Blood Pressure
• Hemorrhage drops blood pressure and the heart begins to beat faster
• Exercise cause generalized vasoconstriction except in the skeletal muscles
• Sympathetic stimulation lead to vasoconstriction
• Cold Temperature has a vasoconstricting effect
• Heat has vasodilating effect
• Epinephrine increases heart rate and blood pressure
• Nicotine increases blood pressure by causing vasoconstriction
• Alcohol and histamine cause vasodilation
• Diet low in salt, saturated fats, and cholesterol helps prevent hypertension

• Variations in Blood Pressure
– Blood pressure varies with

• Age, weight, race, mood, physical activity, and 
posture. 

• IMBALANCE 
– Orthostatic hypotension: 

• An aging sympathetic nervous system reacts 
more slowly to postural changes. 
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Lymphatic System
and Body Defenses

Lymphatic System
• Consist of 

– Lymphatic vessels 
– Lymphoid tissues and organs Scattered 

throughout the body
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Lymphatic 
Vessels, 

lymphatics
• Includes Lymphatic capillaries and lymphatic vessels
• lymphatic vessels pick up excess lymph and return it to 

the bloodstream
– failure to do so result in edema

• larger ones have valves. Thus lymph flows only toward 
the heart

Lymphatic 
Capillaries

• Blind ended tubes located between the tissues and blood capillaries  
• Absorb leaked fluid  
• Very permeable

– Endothelial cells overlap one another forming minivalves. The minivalves open when fluid pressure is higher in the interstitial space, allowing fluid to enter the lymphatic capillary
– The minivalves close when pressure inside the lymphatic vessels is higher, preventing  lymph to leak back  
– Bacteria, viruses, and cancer cells can enter the lymphatics



32

Lymphatic vessels• transport lymph to two larger ducts in the thoracic region. 
• Right lymphatic duct: Drains lymph from the right arm and the right side of the head and the thorax. 
• Large thoracic duct: starts as Cisterna chili in the abdomen. It receives lymph from the rest of the body.
• Both ducts empty the lymph into the subclavian on the same side

Lymphatic System
• Lymph is transported by 

– Milking action of the skeletal muscles
– Pressure changes in the thorax during breathing
– Contraction of smooth muscle in the walls of the larger lymphatic vessels 
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Lymph Nodes• kidney-shaped, Located in 
connective tissue 

• Help protect the body by 
Removing foreign 
substances form the lymph 
and by producing 
lymphocytes 

• Lymph is filtered through 
the lymph nodes clustered 
along the lymphatic 
vessels

• clusters found in the 
inguinal, axilla, and 
cervical regions 

IMBALANCE
• Lymph nodes rid the body of infectious agents and 

cancer cells
– When overwhelmed, the nodes become 

inflamed and tender to the touch.
• The lymph nodes may become cancer sites, 

especially in cancers that use lymphatic vessels to 
metastasize
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Lymphoid 
Organs

• Spleen
• thymus gland
• Tonsils
• Peyer’s patches of 

the intestine
• Some lymphatic 

tissue scattered in 
the epithelial and 
connective tissues. 

Only the lymph nodes 
filter lymph.

The Spleen

• located in left hypochondriac region 
• functions of the spleen include

– filters and cleanses blood from 
bacteria, viruses, and other 
debris.

– destroy worn-out red blood cells 
– storing platelets and acting as a 

blood reservoir
– In the fetus, hematopoiesis
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Thymus
• found low in the thorax 

overlying the heart. 
• Functions at peak levels 

during youth
• Produces hormones, 

thymosin
• function in programming 

T lymphocytes so they 
can carry out their 
protective roles in the 
body.

Tonsils 
• small masses of 

lymphatic tissue in 
the pharynx  

• trap and remove  
pathogens entering 
the throat

• When congested with 
bacteria, they become 
red, swollen, and 
sore, a condition 
called tonsillitis.
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Peyer’s 
patches

• found in the 
wall of small 
intestine 

• destroy 
bacteria, 
preventing 
them from 
penetrating the 
intestinal wall. 

Body Defenses
• Protect us from most bacteria, viruses, transplanted 

organs or grafts, and from our own cells that turned 
against us. 

• The immune system defend us: 
– directly, by cell attack
– Indirectly, by releasing chemicals and antibodies 

• Two systems, work hand-in-hand to protect the body
– Nonspecific
– Specific. 
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Body Defenses
Specific defense system

– attack specific foreign 
substances (antigen)

– Also called immunity
– the immune system must 

have initial exposure to 
an antigen before it can 
protect us against it 

– Lack speed

Nonspecific defense system
– Responds immediately to all 

foreign substances 
– Prevent entry and spread of 

microorganisms throughout 
the body

Nonspecific Body Defenses
• Some nonspecific resistance to disease are inherited

– certain diseases do not affect humans
• nonspecific body defense: 

– Physical barriers:
– Cells and Chemicals 
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skin and mucous membranes
• Physical barriers

– first line of defense against microorganism
• Skin: keratinized epidermis
• Intact mucous membranes

• Protective chemicals:
– Acidic pH of skin secretions inhibits bacterial growth
– Sebum contains chemicals that are toxic to bacteria.
– Vaginal secretions of adult females are very acidic.
– Stomach HCl and protein-digesting enzymes kill pathogens.
– Saliva and lacrimal fluid contain lysozyme that kill bacteria.
– Sticky mucus traps microorganisms. 

Cells and Chemicals
• The second line of defense
• Phagocytes

– engulfs a foreign particle 
– The particles then fuse with Lysosomes that brake 

it down 
• Natural Killer Cells

– kill cancer cells and virus-infected cells
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Inflammatory Response
• triggered due to body tissues injury  

– Physical trauma, intense heat, chemicals irritation, 
infection (viruses, bacteria)

• Four signs
– redness, heat, swelling, and pain. 

• Inflammatory response 
1. Prevents the spread of damaging agents to nearby tissues.
2. Dispose of cell debris and pathogens. 
3. Set the stage for repair.
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IMBALANCE
• In severely infected areas, a creamy yellow pus may 

form in the wound. 
– Pus is a mixture of dead neutrophils, broken-down 

tissue cells, and living and dead pathogens
• If the inflammatory mechanism fails to clear the area 

from debris, the sac of pus may become walled off, 
forming an abscess.
– Surgical drainage of abscesses is often necessary 

before healing can occur. 

Antimicrobial Chemicals
• antimicrobial chemicals are: 
• Complement proteins
• Interferon.
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Complement
• proteins circulating in 

the blood in an 
inactive state. 

• attach to foreign cells 
and becomes 
activated and kill 
bacteria

Interferon
• The infected cells 

secret interferons.
• The interferon diffuse 

to nearby cells and 
bind to their 
membrane receptors
which hinders the 
ability of viruses to 
multiply within these 
cells.
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Fever
• abnormally high body temperature
• a systemic response to invading microorganisms.
• high fevers are dangerous because it denature enzymes and 

other body proteins
• mild or moderate fever seems to benefit the body. 

– Bacteria require large amounts of iron and zinc to multiply, 
but during a fever the liver and spleen gather up these 
nutrients, making them less available.

– Fever increases the metabolic rate of tissue cells which 
speed up the repair process

Specific Body Defenses
• The immune system response to a threat is called immune response
• initial exposure to an antigen primes the body to react more vigorously to later encounters with the same antigen
• three important aspects of the immune response:

1. Antigen specific: recognizes and acts against particular pathogens or foreign substances.
2. Systemic: Immunity is not restricted to the initial infection site.
3. Memory: recognizes and mounts a stronger attack on previously encountered pathogens.
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Specific Body Defenses: The 
Immune System

• Two arms of immunity 
– Humoral immunity

• Also called antibody-mediated immunity
• The lymphocytes secret antibodies

– Cellular 
• Also called cell-mediated immunity 
• lymphocytes themselves defend the body

Antigens
• An antigen is any substance that provoke an immune response
• Many substances can act as antigens:

– Foreign proteins, nucleic acids, large carbohydrates, and some 
lipids

• Self antigen
– Our cells have a variety of protein molecules (self antigens)
– Our immune system recognize these proteins as self
– Self antigens do not trigger an immune response
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Haptens or incomplete antigen
• small molecules, not antigenic. 
• they attach to our own proteins, the immune system may 

recognize the combination as foreign and mount an attack 
• Such reactions, called allergies 
• Chemicals that act as haptens are found in

– certain drugs
– poison ivy 
– animal dander
– Some detergents, hair dyes, cosmetics, and other commonly 

used household and industrial products.

Lymphocytes
• Originate from hemocytoblasts in red bone marrow
• released  from the marrow to become B or a T cell
• T Lymphocytes: migrate to the thymus to undergo a maturation process, directed by thymic hormones 
• B Lymphocytes: develop immunocompetence in bone marrow
• After becoming immunocompetent, both T cells and B cells migrate to the lymph nodes, spleen, and loose connective tissues to encounter the antigens
• when lymphocytes bind to antigens, they complete their differentiation into fully mature T cells and B cells
• lymphocytes, especially T cells, circulate continuously through the body which increases a lymphocyte’s chance to contact antigens
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Humoral (Antibody-Mediated) Immune 
Response

• B lymphocytes bind to antigen 
• This binding activates the lymphocytes and begin to grow and 

multiply rapidly 
• the descendant cells have  the same antigen-specific receptors
• Most B cells become plasma cells that produce specific antibodies 

at high rate 
• Some B cell become memory cells capable of responding to the 

same antigen at later encounters. Memory cells are responsible for 
the secondary responses which are much faster, more prolonged, 
and more effective 



46

Active and Passive Humoral Immunity
• Active immunity 

– naturally acquired during bacterial and viral infections
– artificially acquired by vaccination
– Protection lasts for a long time

• Passive immunity 
– naturally acquired from the mother to the fetus through the placenta or nursing
– Artificially acquired when one receives immune serum or gamma globulin 
– the temporary protection end when the antibodies degraded in the body
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vaccine
• Most vaccine contain dead or attenuated

(live but weak) pathogens.
• Booster shots intensify the immune 

response at later meetings with the same 
antigen



48

Antibodies
• soluble proteins secreted by activated B (plasma cell) in 

response to an antigen
• capable of binding a specific antigen
• five classes of antibodies, each slightly different in structure and 

function, IgM, IgA, IgD, IgG, and IgE.
– IgG is the most abundant antibody in blood plasma and is 

the only type that crosses the placenta; the passive immunity 
from the mother to the fetus is IgG antibodies

– IgA found mainly in mucus and other secretions; preventing 
pathogens from entering the body. 

– IgE antibodies involved in allergies

Basic Antibody Structure
• Each chain had a variable (v) region at one end a larger constant (C) regionat the other end. 
• the variable regions of the heavy and light chains form an antigen-binding site that fits specific antigen. 
• Y shape, each antibody has two antigen-binding regions.
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Cellular (Cell-Mediated)
• Macrophages present antigen to T cells
• T cells bind with a the antigen and become 

activated and divide to form a clone 
• Without macrophage presenters, the 

immune response is severely impaired. 
• Macrophages are nonspecific.
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Classes of T cell
• cytotoxic (killer) T cells

– specialized in killing virus-infected cells, cancer cells, or foreign graft cells.
– Bind and insert a toxic chemical (perforin) into the foreign plasma membrane

• Helper T cells 
– Activate B cells, T cells and  and other immune cells  

Organ Transplants and Rejection
1. Autografts

• tissue grafts transplanted from one site to another in the same person.
2. Isografts

– tissue grafts donated by a genetically identical person, the only example being an identical twin
3. Allografts

– tissue grafts taken from an unrelated person.
– Graft taken from a recently deceased person.

4. Xenografts
– Graft taken from different species

• Autografts and isografts are ideal donor organs or tissues and are almost always successful 
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Allergies
• Allergies or hypersensitivities

– Abnormal immune responses in which the immune system 
causes tissue damage 

• immediate hypersensitivity.
– most common type, also called acute hypersensitivity
– Triggered when IgE binds to mast cells that release histamine
– Histamine causes vasodilatation of blood vessels in the area  
– Symptoms: runny nose, watery eyes, itching, reddened skin 

(hives), asthma
– Most reactions begin within seconds after contact with the 

allergen and last about half an hour.

Allergies
• anaphylactic shock

– systemic acute allergic response, occurs when the allergen 
directly enters the blood and circulates rapidly through the 
body 

• bee stings, spider bites, injection of horse serum, 
penicillin, or other drugs that act as haptens

– The mechanism is the same as that of local responses; but 
when the entire body is involved, the outcome is life 
threatening.

– Symptoms: difficulty breathing, vasodilation (circulatory 
collapse and death within minutes. 
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Allergies
• Delayed hypersensitivities

– take much longer to appear (1 to 3 days) than the acute reactions produced by antibodies. 
– antihistamine drugs are not helpful 
– Corticosteroid drugs are used to provide relief.
– examples of delayed hypersensitivity reactions 

• allergic contact dermatitis, which follow skin contact with poison ivy, heavy metals (lead, mercury, and others), certain cosmetic and deodorant chemicals. 
• Skin tests for detection of tuberculosis, depend on delayed hypersensitivity reactions. When the tubercle antigens are injected just under the skin, a small, hard lesion forms if the person has been sensitized to the antigen.

Immunodeficiencies
• Can be congenital or acquired
• severe combined immunodeficiency disease (SCID)

– a congenital condition 
– there is deficiency in B and T cells.
– afflicted children have no protection against pathogens 

of any type.
– Minor infections are lethal

• acquired immune deficiency syndrome (AIDS). 
– Affect the immune system by interfering with the 

activity of helper T cells
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Autoimmune Diseases
• the body’s antibodies and sensitized T cells attack its own tissues. 
• Multiple sclerosis (MS): destroys the white matter of the brain 

and spinal cord
• Myasthenia gravis: impairs communication between nerves and 

skeletal muscles
• Graves’ disease: thyroid gland produces excessive amounts of 

thyroxin
• Juvenile (type I diabetes mellitus): destroys pancreatic cells, 

resulting in deficient production of insulin
• Systemic lupus erythematosus (SLE): occurs mainly in young 

females and affects the kidneys, heart, lungs, and skin
• Glomerulonephritis: affect the kidney 

The Respiratory System
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The Respiratory System
• The organs of respiratory system oversee the gas exchanges of CO2and O2
• Cardiovascular system organs transport the O2 and CO2 
• The organs of the respiratory system include 

– Nose, pharynx, larynx, trachea, bronchi and their smaller branches, and the lungs which contain the alveoli 

Respiratory System
• Functionally consist of:
• Conducting portion:
• Respiratory portion:
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• Separated from the mouth by the hard and soft palate
• Divided into right and left sides
• Each side contains Superior, middle, and inferior conchae. 
• The opening in front is called external nares
• The opening into the pharynx is called internal nares or choanae

Nose

• Frontal, sphenoid, ethmoid, and maxillary
• Help decrease the weight of the skull
• Act as a resonance chamber
• Produce mucus to trap debris 
• Paranasal sinuses ducts open in the nasal cavity

Paranasal Sinuses
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Nose, Function
• Warm incoming air by the blood in the capillaries 
• The mucus secreted moisten and filter incoming 

air
• The cilia move mucus toward the pharynx
• Detect olfactory stimuli: receptors lie in the 

membrane lining of the superior nasal conchae
and adjacent septum

• Modifying speech vibration ( resonance)

Pharynx, 
throat

• funnel-shaped muscular tube 
• Extend from the internal nares to the level of cricoid cartilage of the larynx 
• Divided into three parts: Nasopharynx,  oropharynx, laryngopharynx
• Function

– Passageway for air and food
– Resonating chamber for speech 
– House the tonsils
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• Located behind the nasal cavity 
• Function in breathing only
• Houses the pharyngeal tonsil
• pharyngotympanic tube opens into the nasopharynx 

Nasopharynx

• Located behind the oral cavity 
• Function in breathing, eating, and drinking
• Houses the Palatine and Lingual tonsils

Oropharynx
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• Located behind the larynx
• Function in breathing, eating, and drinking
Laryngopharynx

Larynx, Voice box

• Short passageway connected to the trachea.
• Located in the midline of the neck anterior to C4 through C6 
• Composed of 9 cartilages: thyroid, cricoid, Epiglottis, 2 

arytenoids, 2 cuneiform, 2 corniculate) 
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Larynx, Voice box

• Thyroid cartilage (Adams apple)
– Two fused plates of hyaline cartilage form the anterior 

wall of the larynx
– Larger in mal than female

Larynx, Voice box

• Epiglottis:
– Large leaf-shaped attached to the thyroid cartilage anteriorly
– free edge posteriorly that moves up and down
– forms a lid protecting the superior opening of the larynx
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• Two pair of folds:
– Superior pair: false vocal cords, hold breath against pressure in 

the thoracic cavity (left heavy object)
– Inferior: true vocal cords that vibrate 

Structures of Voice Production

• tubular passageway for air 
• anterior to the esophagus, and extends from the larynx to T5 

where it divides into right and left bronchi at the Carina

Trachea
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Pleura

• Pleural membrane
– Two layers enclose and protect the lungs

• Pleural cavity: 
– Small space between the two layers contains small amount of 

fluid to help reduce friction between the membranes and 
adheres the membrane to each another

– Separate pleural cavities surround each lung

• Cone shaped separated by the mediastinum
• Extend from the diaphragm to just slightly superior to the clavicles
• Anterior, lateral, and posterior surfaces of the lung lies against the ribs
• The base concave and fits over the convex diaphragm
• The apex is the narrow superior portion of the lung
• Mediastinal (medial) surface contains bronchi, blood vessels, lymphatic vessels, nerves

lungs
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Bronchial tree • Trachea divide into two 
primary bronchi 

• Right primary bronchus 
divides into three secondary 
bronchi 

• Left primary bronchus 
divides into tow secondary 
bronchi

• In the lung, secondary 
bronchi divides into tertiary 
bronchi 

• Tertiary bronchi divides into 
bronchioles  which divides 
into terminal bronchioles

Bronchioles
• Terminal bronchioles divide into  

respiratory bronchi
• Respiratory bronchioles branches 

into alveolar ducts that ends in 
alveolar sacs and. Alveoli branch 
off the alveolar sac

• Alveolus is a cup-shaped out 
pouching connected  by alveolar 
pores. The pores provide alternate 
routs for air.

• Conducting zone from the nose to 
terminal bronchiole

• Respiratory zone from respiratory 
bronchiole to alveoli 
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The lower lung

Respiratory Membrane
• Exchange of O2 and CO2 between the air spaces and the blood occur through a very thin respiratory membrane
• respiratory membrane

– Epithelia of alveoli
– Basement membrane 
– Endothelial cells of the capillary

Respiratory Membrane
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Blood Supply to the lungs
• Pulmonary arteries carry 

deoxygenated blood 
from the heart to the 
lungs
– pulmonary trunk 

right and left 
pulmonary arteries

• Oxygenated blood return 
to the left atrium via 
pulmonary veins 

Inspiration (inhalation)
• The contraction of diaphragm and external intercostal muscles increase the vertical and the anterior posterior diameter
• The thoracic cavity expands and the pleura is pulled outward in all directions pulling with it the lungs
• The pressure in the alveoli decrease below the atmospheric pressure and forces air into the lung 
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Expiration (exhalation)
• inspiratory muscles 

relax and the thoracic 
cage recoils to its 
normal size 
compressing the lungs 
and increasing the 
pressure in the alveoli 
that result in 
exhalation

Respiration
• Occurs in three basic steps:
1. Pulmonary ventilation (breathing):

– flow of air into (inhalation) and out of (exhalation) the lungs 
2. External respiration:

– Exchange O2 and CO2 between alveoli and pulmonary capillaries. The blood pickup O2 and deliver CO2.
– Oxygen binds to the iron in the hemoglobin

3. Internal respiration:
– exchange of O2 and CO2 between blood and tissues. The blood deliver O2 and pickup CO2.
– Co2 binds to the globin part of hemoglobin
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CO2CO2

Lung Volume and Capacities
• Respiratory rate in adults 

is 12 breaths per min
• Spirometer (respirometer) 

is the apparatus used to 
measure the volume of air 
exchanged during 
breathing, and the 
respiratory rate. 

• The record is called 
Spirogram
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Lung Volume and Capacities
• Tidal volume (TV):

– The volume of one breath 
– Varies from one person to another

• Inspiratory reserve volume:
– amount of air forcibly inhaled after a TV

• Expiratory reserve volumes:
– amount of air forcibly exhaled after a TV

• Residual volume:
– air remains in the lungs after expiratory reserve volume 
– Cannot be measured by spirometry

• Vital capacity :
– ISRV + TV + EXRV = ( 4800)

Exercise and The Respiratory system
• Exercise increase O2 consumption and CO2 

production
• Increase cardiac output will lead to increase 

in pulmonary perfusion which increase 
surface area available for diffusion of 
oxygen into pulmonary blood capillaries
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Regulation of The Respiratory Center
• Inspiratory center in the medulla strongly 

stimulated when PCO2 is rising above normal 
than when PO2 is falling below normal

• Hyperventilation decrease PCO2
• Hypoventilation  Increase PCO2

Digestive System



69

Overview of the 
Digestive System

• Alimentary canal, also called digestive tract, extende form the mouth to the anus include 
 Mouth
 Pharynx
 Esophagus
 Stomach
 Small intestine
 Large intestine
 Anus

• Accessory digestive organs 
– directly or indirectly contact the food 

Tongue
Salivary glands
Gall bladder
Liver
Pancreas
Teeth

Mouth
• Cheeks:

– form the lateral walls of oral cavity
• Lips:

– surround the opening of the mouth 
• Hard palate:

– anterior 2/3 of the roof of the mouth
• Soft palate:

– posterior portion of the roof of the mouth
• Oral cavity:

– the area between the teeth
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Tongue
• skeletal muscle covered with mucous membrane
• Lingual frenulum 

– A fold of mucous membrane connect the tongue to the floor of the mouth
– Limits the posterior movements of tongue 

• Tongue Function
– Taste
– Manipulating and mixing food with saliva

Pharynx
• funnel-shaped muscular tube
• extends from internal nares to  esophagus 
• Nasopharynx: respiratory function only
• Oropharynx lie posterior to oral cavity
• Laryngopharynxcontinuous with esophagus 
• Oropharynx and Laryngopharynx have digestive and respiratory functions. 
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Esophagus
• collapsible muscular 

tube.
• Begins at the 

laryngopharynx, 
passes through  the 
mediastinum anterior 
to vertebral columns, 
pierces the diaphragm 
to enters superior 
portion of stomach

• Passageway conducts 
food and fluid

Stomach 
• Located in epigastric, umbilical, and left hypochondriac regions. 
• J-shaped inferior to the diaphragm 
• connects esophagus to duodenum
• Distensible; accommodates large quantity of food. 
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Function of the Stomach
• Function

– a temporary storage for food
– Churning: mechanical digestion that mix food with the 

stomach juice to make chyme.
– Chemically breakdown food

• The mucosa produces
– mucus
– gastric juice:

• hydrochloric acid
• intrinsic factor (needed vitamin B12 absorption)
• Pepsin an enzyme that breakdown protein 
• gastrin 

GERD
• GERD results in heartburn and may cause inflammation and ulceration of the esophagus
• A common cause is a hiatal hernia
• Treatment:

– restricting food intake after the evening meal, taking antacids, and sleeping with the head elevated.



73

Small Intestine
• Twisted, muscular tube
• extends from stomach to cecum
• suspended from the posterior 

abdominal wall by the mesentery 
• has three subdivisions

– Duodenum curves around 
the head of the pancreas

– Jejunum extends from the 
duodenum to the ileum

– Ileum is the terminal part 
that joins the large intestine 
at the ileocecal valve.

Function
• Segmentation is mechanical digestion of food
• Chemical digestion of foods  by enzymes

– sucrase breaks sucrose to glucose and fructose 
– lactase breaks lactose to glucose and galactose
– Pancreatic juice and bile enters the duodenum 

through the pancreatic ducts for chemical digestion
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Large Intestine
• larger in diameter than the small intestine
• extends from the ileocecal valve to anus 
• absorb water, and eliminate feces
• produce mucus to lubricate passage of feces 
• subdivisions

– Cecum: first part of large intestine
– Appendix: hanging from cecum
– ascending colon travels up the right side 

of the abdominal cavity 
– transverse colon travels across the 

abdominal cavity 
– descending colon: continues down the 

left side to enter the pelvis, where it 
becomes the sigmoid colon and then the  
rectum which becomes anal canal that 
opens to the external 

Salivary 
glands

• Parotid:
– inferior and anterior to the ear
– Parotid duct opens opposite to the second upper molar tooth
– Mumps  affect the parotid gland.

• Submandibular: 
– Located in the posterior floor of the mouth
– Submandibular duct opens lateral to the lingual frenulum

• Sublingual glands:
– Located superior to the submandibular gland
– Its ducts open into the floor of the mouth in the oral cavity 
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Composition and Function of Saliva
• Saliva dissolves food chemicals to be tasted
• Saliva binds food together into a mass called a 

bolus which makes chewing and swallowing 
easier. 

• Saliva contain the enzyme amylase that digest 
starch (carbohydrate) in the mouth. 

• Lysozyme kills bacteria
• IgA inhibits bacteria

Teeth
• Function:

– tear and grind food, breaking it down into smaller pieces
• Deciduous (baby teeth or milk teeth)

– begin to erupt around six months
– The baby has a full set (20 teeth) by the age of 2 years.
– The first teeth to appear are the lower central incisors

• the permanent teeth
– Begin to erupt between 6 and 12 years
– All permanent teeth, except the third molars, have erupted by the end of 

adolescence
– The third molars, wisdom teeth, emerge between the ages of 17 and 25. 

the wisdom teeth often fail to erupt; completely absent.
– there are 32 permanent teeth in a full set
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Human dental 
formula: 

Permanent teeth

Anatomy of a 
Tooth

• There are three major regions
– Crown: visible portion
– Neck: constricted junction near gum line
– Roots: embedded in the socket

• Enamel:
– Hard substance covers and protects tooth

• Dentin
– Underlie the enamel
– Enclose the tooth pulp cavity

• Pulp cavity:
– contains connective tissue, blood vessels, nerves, lymphatic vessels

• Root canals:
– Narrow extension of the pulp cavity runs through the root of the tooth
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Pancreas• Retroperitoneal, 
behind the stomach

• produces insulin and 
glucagon hormones

• Produces enzymes to  
break down foods

• The enzymes secreted 
into the duodenum 

• Amylase breakdown 
carbohydrate

• Lipase breakdown fat.
• Trypsin  breakdown 

proteins

Imbalance
• Pancreatitis 

– inflammation of the pancreas that results in break down 
pancreatic tissue and duct 

– Result in nutritional deficiencies, because pancreatic 
enzymes are essential to digestion in the small intestine.

• If either bile or pancreatic juice is absent, no fat digestion 
or absorption occur, and fatty, bulky stools are the result.
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Liver
• located under the 

diaphragm, more to the 
upper right side of the body 

• overlies and covers the 
stomach. 

• Hepatic portal vein brings 
nutrient-rich blood from the 
intestine directly to the liver

The function of the Liver
• Without the liver we would die within 24 hours. The liver: 

– detoxify drugs and alcohol and degrade hormones
– Store glucose as glycogen and store fat soluble vitamins 
– Convert other sugars, fructose and galactose, to glucose. 
– Store TG and breakdown fatty acids
– Make substances vital to the body  (cholesterol, proteins such 

as albumin and clotting proteins, and lipoproteins)
– manufacture of bile, a yellow-to-green solution. The bile 

leaves the liver to enters the duodenum through the bile duct. 
Bile is not an enzyme. It is an emulsifier that help digesting 
fat. 
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Gallbladder
• Sac inferior to the liver
• Store and concentrate 

bile
• Bile empty into common 

bile duct that joins 
pancreatic duct and 
together they empty into 
the duodenum

Imbalance
• If bile is stored in the 

gallbladder too long or too 
much water is removed, may 
result in gallstones.

• gallstones cause pain
• Blockage of bile ducts prevents 

bile from entering the small 
intestine, and it begins to back 
up into the liver and the bile 
begin to enter the bloodstream 
causing jaundiced.
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Function of the Digestive system
• Ingestion food and fluid

– Placing the food into the mouth
– This is an active voluntary process

• Propulsion
– Moving food along the alimentary tract
– Peristalsis is involuntary alternating waves of 

muscle contraction and relaxation that move the 
food along the alimentary tract 

Function of the Digestive system
• Digesting food

– Digestion is the processes of breaking down food 
– mechanical digestion prepares food for further degradation by enzymes.

• Teeth and tongue tear and mix food in the mouth 
• churning food in the stomach
• Segmenting in the small intestine

– chemical digestion  food molecules are broken down by enzymes 
• Absorption

– Transporting digested food from the GI tract to the blood or lymph
• Defecation

– the elimination of indigestible substances from the body via the anus in the form of feces 
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Activities of the Large Intestine
• Bacteria in the large intestine make vitamin 

K and some B vitamins

Imbalance
• Diverticulas

– Outpitching of intestine, usually the descending  colon
– when inflamed cause diverticulitis 

• Diarrhea
– Result from conditions that rushes food residue through the 

large intestine before absorbing the water• Constipation – too much water is absorbed, and the stool becomes hard and difficult to pass. – May result from lack of fiber in the diet, poor bowel habits 



82

Nutrition
• nutrients are used to build cellular molecules, structures, and to 

make ATP to promote normal growth, maintenance, and 
repair.

• Essential nutrients must be obtained from food because the 
body cannot make them 

• Nutrients are divide into six categories: carbohydrates, lipids, 
proteins, vitamins and minerals, water.

• Most foods offer a combination of nutrients
• energy value of foods is measured in units called calorie
• calorie: amount of heat required to raise temperature of 1 

gram of water 1°C . Kilocalorie = Calorie = 1000 calorie

Dietary Sources of Nutrients
• Carbohydrates

– All the carbohydrates are derived from plants except lactose in 
milk, and glycogen in meat.

– Sugars come mainly from fruits, sugar cane, and milk 
– Polysaccharide found in grains, legumes, and vegetables

• Lipids
– Cholesterol, phospholipids, and triglycerides (most dietary 

lipids)
– saturated fats found in animal products (meat, dairy) and in a 

plant products (coconut)
– Unsaturated fats found in seeds, nuts, and most vegetable oils
– Cholesterol found only in animal products



83

Dietary Sources of the Nutrients
• Proteins

– Animal product have complete protein  
– Plants have incomplete protein because they lack one or more essential amino acid. Cereal grains and legumes when ingested together provide all the essential amino acids. There are 9 essential amino acids the body cannot make and must be obtained from food  

• Vitamins
– are organic nutrients the body requires in small amounts
– Most vitamins function as coenzymes
– No one food contains all vitamins. Thus, a balanced diet is essential to get all vitamins.
– Vitamins A, D, E, K are fat soluble vitamins
– Vitamins B and C are water soluble vitamins

Dietary Sources of the Major 
Nutrients

• Minerals
– An inorganic substances required in trace amount
– seven required: calcium, phosphorus, potassium, sulfur, 

sodium, chloride, and magnesium
– Mineral-rich foods are vegetables, legumes, milk, and 

some meats.
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Metabolism
• Metabolism is all chemical reactions necessary to maintain life
• involves:

– Catabolism:
• substances are broken down to simpler substances
• energy is released and captured to make ATP

– Anabolism:
• larger molecules or structures are built from smaller ones

Regulation of Food Intake
• body weight remains stable when energy intake balances energy 

outflow
• Carbohydrates and proteins yield 4 kcal/ gram each
• Fats yield 9 kcal/ gram 
• if we eat more than we need, excess calories appear in 

the form of fat
• if we eat less than we need, we begin to break down fat 

reserves and even tissue proteins  
• The total calories needed are calculated on the basis of 

body size and age. 
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Urinary System

Functions of the kidneys include
• Excreting wastes substances
• Regulating blood pH by excreting variable amount of H 
• Regulating blood pressure. secret the enzyme renin which 

activates the renin-angiotensin pathway  increase in blood 
pressure and blood volume.

• regulate loss of water and solutes; most importantly Sodium, 
Potassium, calcium, Chloride, and Phosphate ions

• Producing hormones. Calcitrol (vit D) and erythropoietin.
• Regulating blood glucose level. Use amino acid glutamine to 

make glucose 
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Anatomy of the 
kidneys

• Paired, reddish kidney-bean-shaped organ
• Retroperitoneal; located just above the waist between the levels 

of T12-L3 
• the right kidney is slightly lower than the left because of the liver
• Covered by a fibrous capsule. 

Internal anatomy of the kidneys
1. Cortex located between the renal capsule and the bases of the pyramids
2. Medulla contains renal pyramids   
3. Renal pelvis continuous with the ureter
4. Calyces: Each kidney has 8-18 minor calyces, and 2-3 major calyces
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Nephrons
• functional unit of the kidney
• consists of renal corpuscle and 

renal tubules
• renal corpuscle filters blood 

plasma. It consist of 
glomerulus and bowman's 
capsule

• renal tubules pass filtered fluid 
and form urine. It includes 
• Proximal convoluted tubule
• Loop of Henle (descending, 

hair pin, ascending)
• Distal convoluted tubule Collecting duct

RENAL 
PHYSIOLOGY

• Three basic process to produce urine
1. Glomerulat filtration

• blood plasma filter in the renal corpuscle 
• proteins and blood cells are too large to pass through 

2. Tubular reabsorption: Useful substances (water, glucose, amino acids, and ions), are reclaimed from the filtrate and returned to the blood
3. Tubular secretion: getting rid of substances not already in the filtrate, such as certain drugs 
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Internal anatomy of the kidneys
• Collecting Ducts receives 

urine from many 
Nephrons, dilute or 
concentrate urine, and 
deliver the final urine 
product into the papillary 
duct

• Papillary duct drains into 
minor clyces which drain 
into major calyces which 
drains into the renal pelvis 

• The renal pelvis drain into 
the ureter that connects to 
the urinary bladder 

Characteristics of Urine
• The yellow color is due to urochrome (results from destruction 

of hemoglobin)
• the more solutes are in the urine, the deeper the yellow color
• dilute urine is a pale color
• abnormal color my result from eating certain foods (beets), or 

presence of bile or blood in the urine.
• odor is slightly aromatic. 
• pH slightly acid, high protein diet and whole-wheat products 

causes urine to become acidic. A vegetarian diet makes urine 
alkaline 
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Characteristics of Urine
• the presence of abnormal substances in urine is 

helpful in diagnosing the problem
• Substances not normally found in urine are 

glucose, blood proteins (primarily albumin), red 
blood cells, hemoglobin, white blood cells, and 
bile.

Ureter

• Retroperitoneal, curves medially and pass through the posterior 
wall of urinary bladder 

• Transport urine from the pelvis to the bladder
• Kidney stones cause pain that radiate to the flank due to ureter

peristalsis. 
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Urinary Bladder

• a hollow, distensible muscular organ
• located posterior to the pubic symphysis
• Connect to urethra 

URETHRA• thin-walled tube carries urine from the bladder to the outside of the body. 
• Internal urethral sphincter

– smooth muscle at the bladder-urethra junction
– involuntary keeps the urethra closed when urine is not being passed.

• external urethral sphincter 
– skeletal muscle, voluntarily controlled.

• in female: 
– about 3-4 cm long, directly posterior to the pubic symphysis
– external urethral orifice located between the clitoris and the vaginal opening
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Male Urethra 
• 15 -20 cm long, carry urine and sperm
• Three anatomical regions
1. prostatic urethra passes through the prostate 
2. membranous urethra: short, passes through the urogenitaldiaphragm
3. spongy urethra: the longest, passes through the penis

IMBALANCE
• In female, the urinary orifice is close to the anal opening. 

improper toileting habits can carry bacteria into the urethra.
• an inflammation of the urethra can ascend and cause bladder 

inflammation or kidney inflammation 
• Symptoms of urinary tract infection include

– Dysuria, urinary urgency, frequency, fever, and 
sometimes cloudy or blood tinged urine, back pain and a 
severe headache 
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IMBALANCE
• Incontinence

– unable to voluntarily control the external sphincter
– normal in children 2 years or less 
– may also occur in older children during sound sleep 
– emotional problems, pressure as in pregnancy, or nervous 

system problems (stroke or spinal cord injury).
• Urinary retention

– the bladder is unable to expel urine
– Often occurs after surgery 
– in elderly men due to enlargement of the prostate gland.

Aging and The Urinary System
• The kidneys shrink in size
• filtration decrease 50%
• kidney stones and urinary tract infections are associated with 

aging.
• Other pathologies include 

– polyuria :excessive urine production
– nocturia : excessive urination at night 
– increased frequency of urination
– Dysuria : painful urination
– Retention:  failure to release urine from the urinary bladder
– Hematuria: blood in the urine
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IMBALANCE
• Poly cystic kidney disease

– run in families 
– one or both kidneys are enlarged and have many cysts 

containing urine
• Hypospadias

– found in male babies only
– the urethral orifice is located on the ventral surface of the 

penis.
• Glomerulonephritis

– Due to childhood streptococcal (strep throat and scarlet 
fever)

Body Fluid and Fluid Compartment and
• Body Fluids constitute: 

– 50% to 60% in adults 
– Infants have the highest water percentage 75% of body mass
– Fatter people have less water 

• Fluid compartments
– Intracellular (ICF)

• The cytosol, two third of body fluid 
– Extracellular (ECF)

• 80% interstitial fluid (between the cells)
• 20% plasma
• Also include  lymph, CSF, fluids in joint, eye, endolymph, 

perilymph, cavities (pleural, peritonum, pericardial) 
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Sources of Body Water Gain and Loss
• Water gain:

– Ingestion of liquid and moist food
– metabolic water produced in aerobic respiration

• Water loss: 
– kidneys excrete urine
– skin evaporation
– lungs exhale water vapor
– Eliminates in feces
– additional loss in menstruated women 

• water loss of each rout vary depend on the situation ( diarrhea, exertion)
• Total loss = total gain =2500 mL.

Electrolytes and water regulation
• Water

– If large amounts of water are lost, the kidneys compensate 
by excreting less urine to conserve body water.

– when water intake is excessive, the kidneys excrete good  
amounts of urine

• Electrolytes 
– electrolytes enter the body with and water.
– small amounts are lost in perspiration and in feces
– The kidneys regulate electrolyte composition in body fluids 

• Reabsorption of water and electrolytes by the kidneys is 
regulated primarily by hormones
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The Reproductive Systems

Anatomy of the Male
Reproductive System

• Testes 
– The primary reproductive organs of male
– Produce Sperms, and Testosterone

• accessory reproductive structures
– Ducts:

• Ductus deferens, epididymal duct ejaculatory 
ducts, urethra

– glands 
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Testes

• Surrounded by fibrous connective tissue that extends inward and 
divide the testis into lobules, each contains somniferous tubules 

• Seminiferous tubules make sperms and empty them into the rete
testis

• Sperm travel through the rete testis to enter the epididymal duct
• Leydig cells located between adjacent somniferous tubules  and 

secrete testosterone hormones

Epididymis
• Located along the posterior 

border of each testis and has 
head (superior portion), body 
(middle portion), and tail ( 
inferior portion) 

• Contains epididymal; a 
tightly coiled duct, measures 
about 6 m (20 ft) in length 
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Ductus Deferens
• Ascends along the posterior border 

of the epididymis, passes through 
the inguinal canal and enters the 
pelvic cavity.

• Function
– Stores sperm 
– Conveys sperms from the 

epididymis to the urethra
– Sperms that are not ejaculated 

are reabsorbed

Spermatic 
Cord

• Spermatic cord pass through the inguinal canal and consists of:
1. Ductus deferens
2. Testicular artery and Veins. The veins carry testosterone to the 

circulation
3. Nerves
4. Lymphatic vessels
5. Cremaster muscle.
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Ejaculatory 
Ducts

• Two ducts formed by the union of seminal vesicle duct and the ductus deferens
• Terminate in the prostatic urethra
• Eject sperm and seminal vesicle fluid

Male Urethra• A passageway for 
both semen and 
urine

• A bout 20 cm long 
and has three 
parts.

• Urine and sperm 
never pass at the 
same time. When 
sperms enter 
prostatic urethra, 
the bladder 
sphincter 
constricts
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Accessory Sex Glands
• secrete most of the liquid portion of the 

semen
• Include: 

– seminal vesicles
– Prostate
– Bulbourethral glands

Seminal 
Vesicles

• convoluted pouch like structures
• Posterior to the urinary bladder 
• Secretions

– Thick, yellowish, rich in fructose, and other substances, 
which nourish the sperm

– sperm and seminal fluid enter the urethra together during 
ejaculation.
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Prostate
• A single doughnut shape gland 

inferior to the urinary bladder
• located immediately anterior to 

the rectum and it can be palpated 
by digital examination 

• Secretes milky, slightly acidic 
fluid important in activating 
sperm

• During ejaculation, prostatic 
secretions enter the prostatic 
urethra through several small 
ducts

Bulbourethral (Cowper’s) Glands
• Paired, about the size of a 

pea.
• Located inferior to the 

prostate on either side of the 
membranous urethra  

• Their ducts open into the 
spongy urethra

• Secretion is the first to pass 
down the urethra when a 
man becomes sexually 
excited to cleanse the urethra 
and lubricant during sexual 
intercourse

Bulbourethral
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Semen
• 2.5-5 mL slightly alkaline, milky appearance, has Sticky consistency. 
• Consists of sperm and secretions from seminiferous tubules, seminal vesicles, prostate, and bulbourethral glands. 
• Function

– Provides sperm with a transportation medium, and nutrients 
– Neutralizes the environment of the male’s urethra and the female’s vagina.
– destroys certain bacteria 
– dilutes sperm

Scrotum
• A sac of skin 

hangs from the 
root of the penis

• Internally is 
Divided by a 
septum into two 
sacs, each 
containing a 
single testis
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Penis
• A copulatory organ, delivers semen into female reproductive tract 
• Externally consist of 

– Root ( bulb of the penis)
– Shaft (body) ends in an expanded tip called glans penis
– Prepuce (foreskin) loose skin covering the glans penis

Penis
• Internally

– Three cylindrical 
erectile tissue 

– One ventral corpora 
spongiosum, 
surrounds the spongy 
urethra

– 2 dorsal corpora 
cavernosa, main 
erectile tissue
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Spermatogenesis
• the process of 

producing sperms.
• Occurs in the 

somniferous 
tubules  

• Begins in puberty 
and continues 
throughout life 

• Each sperm contain 
23 chromosome

Sperm• Most do not survive more than 
48 hours within the female 
reproductive tract after 
ejaculation

• A sperm cell consists of three 
parts 
– Head contains the nucleus. 

The acrosome releases 
enzymes that help penetrating 
the Oocyte

– Midpiece has any 
mitochondria providing ATP 
for locomotion

– Tail propels the sperm cell
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Testosterone Production
• interstitial cells produce testosterone 
• Testosterone is important for the production and maturation of sperm.
• Testosterone is responsible for the male secondary sex characteristics which include:

– Deep voice due to enlargement of the larynx
– Increased hair growth all over the body, particularly in the axilla, pubic, and face 
– Large of skeletal muscles, typical of the male physique
– Thick bones

FEMALE REPRODUCTIVE SYSTEM

• Include
– Ovaries
– Uterine (Fallopian) tubes
– Uterus
– Vagina
– External organs ( vulva or pudendum)
– Mammary glands ( also part of the integumentary

system)
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Ovaries
• The size and shape

of an almond, one 
on either side of 
the uterus

• Contain ovarian 
follicles that has 
Oocyte, corpus 
luteum .

Uterine Tubes (Fallopian tubes, oviducts)
• Each uterine tube 

extends medially from 
an ovary to empty into 
the superior region of 
the uterus 

• receive the ovulated 
Oocyte and provide a 
site where fertilization 
can occur.
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Uterus

• a hollow organ located between the urinary bladder and rectum
• Receive and nourish a fertilized egg.
• Expand during pregnancy to accommodate the growing fetus
• Has three parts 

– fundus is the superior rounded region 
– body is the major portion of the uterus 
– cervix is the narrow outlet that protrudes into the vagina

Uterus
• The wall of the uterus 

composed of three layers:
• Endometrium is the inner 

layer that sloughs off ( 
menses)  periodically

• Myometrium is the middle 
layer of the uterus plays an 
active role during the 
delivery of a baby 

• Perimetrium us the 
outermost serous layer of 
the uterus
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• a thin-walled tube lies between the bladder and rectum 
• extends from the cervix to the body exterior
• a passageway for the delivery of an infant and menstrual flow
• female organ of copulation
• The distal end is partially closed by the hymen that rupture 

during the first sexual intercourse

Vagina

Vulva (External 
Genitalia)• Mons pubis

– fatty, rounded area 
overlying pubic symphysis 

– covered with hair at 
puberty

• labia majora
– two elongated hair-covered 

skin folds 
• labia minora

– two smaller skin folds 
medial to the labia majora 

• Vestibule 
– the region between the 

labia minora
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Vulva (External 
Genitalia)

• Greater vestibular glands
– Next to vaginal orifice. Its 

ducts open between hymen 
and labia minora

– Produce mucus during sexual 
arousal and intercourse 

– homologous to bulbourethral
glands in males

• clitoris 
– Small, anterior to the vestibule 
– corresponds to the male penis. 

• the perineum
– diamond-shaped region 

between femrs
• female urethra

Menstrual Cycle
• First day of menses is considered the first day of the cycle
• Female cycle about 28 days; ovulation occurs on day 14
• Stages of  menstrual cycle are
• Days 1-5: Menses: 

– This is accompanied by bleeding for 3 to 5 days
• Days 6-14: Proliferative stage

– FSH stimulate growth of follicle.
– Follicle secret estrogen the regenerate the endometrium  
– the basal layer of the Endometrium regenerates

• Day 14: ovulation
– LH stimulate ovulation. Mature follicle rupture and release 

the ovum into oviduct 
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Menstrual Cycle
• Days 15-28: Secretory stage.

– Increase progesterone production by the corpus luteum
which increase Endometrium blood supply even more. 

• If fertilization occurs, the embryo produces hCG which causes 
the corpus luteum to continue producing hormones

• If fertilization does not occur, the corpus luteum degenerate  
• Lack of ovarian hormones causes menses

Female Reproductive Cycle
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Mammary Glands
• two modified sweat glands that 

produce milk.
• Nipple: a pigmented 

projection contains lactiferous 
ducts

• Areola: circular pigmented 
skin surrounding the nipple 
contains modified oil glands

• Suspensory ligaments 
(Cooper’s ligaments): 
connective tissue support the 
breast

Mammary Glands
• Mammary gland: 15 to 20 

lobes separated by adipose 
tissue 

• Lactation: is the synthesis, 
secretion and ejection of milk 

• Prolactin: stimulate milk 
production

• Oxytocin: cause milk ejection 
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Fertilization
• The oocyte is viable 24 hours 

after ovulation
• The sperm is viable in the 

female reproductive tract 48 
hours after ejaculation

• the genetic material of a 
sperm combines with that of 
the ovum to form a fertilized 
egg, or zygote. 

• The zygote represents the first 
cell of the new individual,

Cleavage of the Zygote
• After fertilization, the 

zygote undergoes rapid 
divisions that eventually 
produce a solid sphere of 
cells called the morula

• The morula enters the 
uterine cavity
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Implantation
• occurs usually on the 

posterior portion of the 
uterus

• Attach to the 
endometrium and erode 
the lining in a small 
area, embedding itself in 
the endometrium 

Embryo

• Embryonic phase is the first 8 weeks of development
• by the third week, the placenta is functioning. 
• By the end of the second month of pregnancy, the 

placenta produce estrogen, progesterone, and other 
hormones that help to maintain the pregnancy. At this 
time, the corpus luteum becomes inactive.
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• Uterine contractions 
occur at regular 
intervals, usually 
producing pain in the 
back that is intensified 
by walking. 

• Dilation of the cervix 
and the show 

• Pain is felt in the 
abdomen at irregular 
intervals

• Does not intensify and 
walking does not alter 
it significantly.

• There is no show
• No cervical dilation.

True labor False labor

Labor
• True labor can be divided into three stages 
• Stage of dilation

– from the onset of labor to the complete dilation of the cervix 
– rupture of the amniotic sac
– complete dilation of the cervix (10 cm) 

• Stage of expulsion
– From complete cervical dilation to delivery of the baby

• Placental stage
– delivery of placenta
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BIRTH CONTROL METHODS
• vasectomy 

– a portion of each ductus deferens is removed 
– sperm can not pass. Instead, they degenerate and are destroyed by phagocytosis.
– The blood testosterone level is normal  no effect on sexual desire or performance. 

BIRTH CONTROL METHODS
• tubal ligation in females

– both uterine tubes are tied closed and then cut 
– secondary oocytecannot pass through the uterine tubes, and sperm cannot reach the oocyte. 
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Hormonal Methods
(oral contraceptives)

• most effective means of birth control
• contain various mixtures of synthetic estrogens and 

progestins
• Not advised with: 

– history of blood clotting disorders, cerebral blood 
vessel damage, hypertension, liver malfunction, or 
heart disease

– Smoking increase risk of heart attack or stroke

Hormonal Methods
(oral contraceptives)

• Depo-Provera.
– intramuscular injection 

once every 3 months
• vaginal ring: 

– a doughnut-shaped ring 
fits in the vagina 

– worn for 3 weeks and 
removed for 1 week to 
allow menstruation to 
occur
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BIRTH CONTROL METHODS
• Intrauterine Devices

– a small object made of 
plastic, copper, or 
stainless steel inserted 
into the cavity of the 
uterus.

• Spermicides
– Various foams, creams, 

jellies, suppositories, 
and douches contain 
sperm-killing agents

BIRTH CONTROL METHODS
• Barrier Methods

– prevent sperm from gaining access to the uterine
• Condom, vaginal pouch, diaphragm, 

• Periodic Abstinence
– abstain from intercourse on the days when pregnancy is 

likely
• Coitus Interruptus

– withdrawal of the penis from the vagina just before 
ejaculation. 
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Abortion
• premature expulsion of the products of conception 

from the uterus
• usually before the 20th week of pregnancy. 
• Can be: 

– spontaneous naturally occurring (miscarriage) 
– induced (intentionally performed)

Aging and The Reproductive System
• Puberty is the development of secondary sexual characteristics and the potential for sexual reproduction
• Menarche: 

– the first menses
– Ovulation occur in 10% of the cycles, luteal phase is short

• Menopause: 
– hot flashes and heavy sweating
– headache, hair loss, muscular pains, vaginal dryness, insomnia, depression, weight gain, and mood swings, 
– atrophy of the ovaries, uterine tubes, uterus, vagina, external genitalia, and breasts occurs in postmenopausal 
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Aging and The Reproductive System
• osteoporosis
• Men retain sexual capacity into their eighties or nineties
• decline testosterone synthesis leads to reduced muscle strength, fewer viable sperm, and decreased sexual desire.
• enlargement of the prostate over age 60. 


