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Objectives

This course will enable students to

1. Advance their understanding of some of the relevant issues and topics of human physiology.

2.  Enable  the  students  to  understand  the  integrated  functon  of  all  systems and  the  grounding  of

nutritonal science in physiology.

3. Understand alteratons of structure and functon in various organs and systems in disease conditons.

Outcome of this paper

Gained knowledge on basic physiology and anatomy of human organs. 

UNIT I : Cell components 

Cellular basis of Physiology -  Body fuid compartment, membrane potental, cell structure and functons

- Regulaton of cell multplicaton.

Blood:  functons, compositon, blood cells, plasma and serum. Functons of hemoglobin, erythropoesis,

factors  afectng  haemotopoesis,  destructon of  erythrocytes  and  Anemia.   Leucocytes-  genesis  and

functons.  Regulaton  of  pH,Blood  coagulaton-  mechanism,  conditons  causing  excessive  bleeding,

antcoagulants, functons of platelets.

UNIT II : Immunity and circulatory system 



Immune System: Immunity - Propertes, natural and acquired Immunity, features of immune responses,

antgen - antbodies - types, propertes, and antgen - antbody interacton, Auto immune disorder and

allergy.  

Circulatory System: Structure and functon of the heart and blood vessels. Regulaton of cardiac output,

cardiac cycle, blood pressure. 

UNIT III:  Gastrointestinal system

Digestive System: Review of structure and functon of various parts in gastrointestnal tract in brief.

Role of liver, pancreas, gall bladder and their dysfuncton. Role of specifc hormones associated in GI

tract.

UNIT IV : Excretory system and regulation

 Excretory System: Anatomy and physiology of kidneys and nephron. Formaton of urine,  acid-base

balance, regulaton of body temperature- thermo genesis, thermolysis, BMR.

UNIT V: Endocrine and reproductive system  

Endocrine  system: Anatomy and  physiological  functons  of  endocrine  glands:  Hormones  -  Mode of

acton - Pituitary, Adrenal, Thyroid, Parathyroid, Sex glands and Pancreas. Hypo and Hyper actvites of

the glands.  

Reproduction  System: structure,  physiological  functons  of  male  and  female  reproductve  organs,

menstrual and ovarian cycle, spermatogenesis, contraceptves, infertlity and its recent developments,

Rh factor.
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What is Blood?

Blood is a fluid connective tissue that consists of plasma, blood cells and platelets. It 
circulates throughout our body delivering oxygen and nutrients to various cells and 
tissues. It makes up 8% of our body weight. An average adult possesses around 5-6 litres 
of blood.

Types of Blood Cells

We have seen blood consist of cells known as formed elements of blood. These 
cells have their own functions and roles to play in the body. The blood cells which 
circulate all around the body are as follows:

Red blood cells (Erythrocytes)

RBCs are the biconcave cells and without nucleus in humans; also known as 
erythrocytes. RBCs contain the iron-rich protein called haemoglobin;  give blood 
its red colour. RBCs are the most copious blood cell produced in bone marrows. 
Their main function is to transport oxygen from and to various tissues and organs.

White blood cells (Leucocytes)

Leucocytes are the colourless blood cells. They are colourless because it is devoid 
of haemoglobin. They are further classified as granulocytes and agranulocytes. 
WBCs mainly contribute to immunity and defence mechanism.

https://byjus.com/biology/tissues/


Red Blood Cells are red due to Hemoglobin, which is a transport molecule and
also a pigment. As a result, blood is red.

Types of White Blood Cells

There are five different types of White blood cells and are classified mainly based 
on the presence and absence of granules.

 Granulocytes

 Agranulocytes



There are five types of white blood cells present in the blood

Granulocytes

They are leukocytes, with the presence of granules in their cytoplasm. The 
granulated cells include- eosinophil, basophil, and neutrophil.

Eosinophils

 They are the cells of leukocytes, which are present in the immune system.



 These cells are responsible for combating infections in parasites of 
vertebrates and for controlling mechanisms associated with the allergy 
and asthma.

 Eosinophil cells are small granulocyte, which is produced in the bone 
marrow and makes 2 to 3 per cent of whole WBCs. These cells are present 
in high concentrations in the digestive tract.

Basophils

 They are the least common of the granulocytes, ranging from 0.5 to 1 per 
cent of WBCs.

 They contain large cytoplasmic granules, which plays a vital role in 
mounting a non-specific immune response to pathogens, allergic reactions 
by releasing histamine and dilates the blood vessels.

 These white blood cells have the ability to be stained when exposed to basic 
dyes, hence referred to as basophil.

 These cells are best known for their role in asthma and their result in the 
inflammation and bronchoconstriction in the airways.

 They secrete serotonin, histamine and heparin.

Neutrophils

 They are normally found in the bloodstream.

 They are predominant cells, which are present in pus.

 Around 60 to 65 per cent of WBCs are neutrophils with a diameter of 10 to 
12 micrometres.

 The nucleus is 2 to 5 lobed and cytoplasm has very fine granules.

 Neutrophil helps in the destruction of bacteria with lysosomes, and it acts as 
a strong oxidant.

 Neutrophils are stained only using neutral dyes. Hence, they are called so.

 Neutrophils are also the first cells of the immune system to respond to an 
invader such as a bacteria or a virus.

https://byjus.com/biology/asthma/


 The lifespan of these WBCs extend for up to eight hours and are produced 
every day in the bone marrow.

Agranulocytes

They are leukocytes, with the absence of granules in their cytoplasm. 
Agranulocytes are further classified into monocytes and lymphocytes.

Monocytes

 These cells usually have a large bilobed nucleus, with a diameter of 12 to 20 
micrometres.

 The nucleus is generally of half-moon shaped or kidney-shaped and it 
occupies 6 to 8 per cent of WBCs.

 They are the garbage trucks of the immune system.

 The most important functions of monocytes are to migrate into tissues and 
clean up dead cells, protect against the bloodborne pathogens and they move
very quickly to the sites of infections in the tissues.

 These white blood cells have a single bean-shaped nucleus, hence referred to
as Monocytes.

Lymphocytes

 They play a vital role in producing antibodies.

 Their size ranges from 8 to 10 micrometres.

 They are commonly known as natural killer cells.

 They play an important role in body defence.

 These white blood cells are colourless cells formed in lymphoid tissue, 
hence referred to as lymphocytes.

 There are two main types of lymphocytes – B lymphocytes and T 
lymphocytes.

 These cells are very important in the immune systems and are responsible 
for humoral and cell-mediated immunity.

https://byjus.com/biology/tissues/


Platelets (Thrombocytes)

 Thrombocytes are specialized blood cells produced from bone marrow.

 Platelets come into play when there is bleeding or haemorrhage.

 They help in clotting and coagulation of blood. Platelets help in coagulation 
during a cut or wound.



Composition of Blood: Plasma, RBCs, WBCs and platelets

Components Of Blood



There are many cellular structures in the composition of blood.  When a sample of 
blood is spun in a centrifuge machine, they separate into the following 
constituents: Plasma, buffy coat and erythrocytes.

Plasma

The liquid state of blood can be contributed to plasma as it makes up  ~55% of 
blood. It is pale yellow in colour and when separated, it consists of salts, nutrients, 
water and enzymes. Blood plasma also contains important proteins and other 
components necessary for overall health. Hence, blood plasma transfusions are 
given to patients with liver failure and life-threatening injuries.

Red Blood Cells (RBC)

Red blood cells consist of Haemoglobin, a protein. They are produced by the bone 
marrow to primarily carry oxygen to the body and carbon dioxide away from it.

White Blood Cells (WBC)

White blood cells are responsible for fighting foreign pathogens (such as bacteria, 
viruses, fungi) that enter our body. They circulate throughout our body and 
originate from the bone marrow.



Platelets

Tiny disc-shaped cells that help regulate blood flow when any part of the body is 
damaged, thereby aiding in fast recovery through clotting of blood.

The above-stated elements form the composition of blood in humans. The only 
vertebrate without haemoglobin is the crocodile icefish. It derives its oxygen 
requirement directly from the cold, oxygen-rich water where it lives.

Also Read: Difference between Plasma and Serum

Blood Vessels

There are different types of blood vessels in our body each carrying out specialized
functions.

https://byjus.com/biology/difference-between-plasma-and-serum/


Blood vessels are categorized into arteries, veins and capillaries

Types of Blood Vessels

Three types of blood vessels are:

 Arteries

 Veins

 Capillaries

Arteries

Arteries are strong tubes and muscular in nature. These blood vessels carry 
oxygen-rich blood from the heart to all the tissues of the body. Aorta is one of the 
main arteries that arise from the heart and branches further.

Veins

Veins are elastic blood vessels which carry deoxygenated blood from all parts of 
the body to the heart. An exception is the umbilical and pulmonary veins. The 
Pulmonary vein carries oxygenated blood to the heart from the lungs and umbilical
vein carries oxygenated blood from the placenta to the foetus.

Capillaries

On reaching tissues, arteries branch further into extremely thin tubes called 
capillaries. Capillaries bring about the exchange of substances between blood and 
tissues.

Sinusoids

Sinusoids are a special type of wider capillaries present in bone marrow, liver, 
lymph nodes, spleen and some endocrine glands. They may be continuous, 
discontinuous or fenestrated.

Layers of Blood Vessels

Both arteries and veins consist of three layers.

https://byjus.com/biology/heart-pump-of-the-circulatory-system/


 Tunica Intima: It is one of the innermost and thinnest layers of arteries and 
veins. It comprises of endothelial cells. They are in direct contact with the 
flow of blood.

 Tunica Media: It is the middle layer of an artery or vein. Tunica media is 
made up of smooth muscle cells.

 Tunica Externa: It surrounds tunica media. It is made up of collagen and 
also supported by the elastic lamina in arteries.

Functions of Blood

Blood is responsible for the following body functions:

Fluid Connective Tissue

Blood is a fluid connective tissue composed of 55% plasma and 45% formed 
elements including WBCs, RBCs, and platelets. Since these living cells are 
suspended in plasma, blood is known as a fluid connective tissue and not just fluid.

Provides oxygen to the cells

Blood absorbs oxygen from the lungs and transports it to different cells of the 
body. The waste carbon dioxide moves from the blood to the lungs and exhaled.

Transports Hormone and Nutrients

The digested nutrients such as glucose, vitamins, minerals, and proteins are 
absorbed into the blood through the capillaries in the villi lining the small intestine.

The hormones secreted by the endocrine glands are also transported by the blood to
different organs and tissues.

Homeostasis

Blood helps to maintain the internal body temperature by absorbing or releasing 
heat.

Blood Clotting at Site of Injury



The platelets help in the clotting of blood at the site of injury. Platelets along with 
the fibrin form clot at the wound site

Transport of waste to the Kidney and Liver

Blood enters the kidney where it is filtered to remove nitrogenous waste out of the 
blood plasma. The toxins from the blood are also removed by the liver.

Protection of body against pathogens

The White Blood Cells fight against infections. They multiply rapidly during the 
infections.

To know more about blood, its types, blood vessels, and composition of blood, 
please register at BYJU’S or download BYJU’S app for further reference.

UNIT 2

Immunity and its types: Innate and Acquired immunity
 Immunity is derived from Latin word “immunis” which means free from 

burden. In this case burden refers to disease caused by microorganisms or 
their toxic products.

 Therefore Immunity is defined as the state of resistance or in susceptibility 
to disease caused by particular microorganisms or their toxic products. For 
example some individuals having genetic deficiency of glucose-6-phosphate 
dehydrogenase are resistant to malaria. Such individuals are said to be 
immune to Plasmodium.

Types of immunity:

Broadly there are two types of immunity.

1. Innate or natural immunity



2. Acquired immunity

Innate or Natural immunity:

 Immunity with which an individual is born is called innate or natural 
immunity.

 Innate immunity is provided by various components such as Skin, mucus 
membrane, Phagocytic cells etc

 Innate immunity acts as first line of defense to particular microorganisms.

Mechanism of innate immunity:

1. Anatomical barrier  
2. Physicochemical barrier  
3. Phagocytic barrier or Phagocytosis  
4. Inflammatory barrier   or Inflammation

Types of innate immunity:

1. Species immunity

2. Racial immunity

3. Individual immunity

1. Species immunity:

 If one species is resistant to certain infection and the other species is 
susceptible to the same infection then it is called as species immunity.

 Anatomic, physiological and metabolic differences between species 
determine species immunity. For example, Birds are resistant to anthrax but 
Human are susceptible. It is simply because higher body temperature of birds 
kills Bacillus anthracis.

 Anatomic differences between species also determine species immunity. For
example, Human are more susceptible to skin infection whereas Cattles are 
more resistant to the same skin infection. It is because of tough and hairy skin
(hides) of Cattles.

https://www.onlinebiologynotes.com/inflammation-inflammatory-barrier-immune-system/
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2. Racial immunity:

 If one race is susceptible while other race is resistant to same infection, then 
it is called Racial immunity.

 For examples; certain African race are more resistant to malaria and yellow 
fever where are Asian or Americans are susceptible to same infection. 
Similarly Orientals (East Asia) are relatively resistant to syphilis.

 Racial immunity is determined by difference in Socio-economic status, 
habitat, culture feeding habits, environments, genetic, etc.

3. Individual immunity:

 If one individual of certain race or cast is resistant while other individuals of 
same race or cast are susceptible to certain infection, then it is called as 
individual immunity

 Individual immunity is determined by various factors such as health status, 
nutritional status, previous illness, personal hygiene, genetic differences etc.

 For examples; Individual with genetic deficiency of glucose-6 phosphate 
dehydrogenase are resistant to Malaria.

Acquired or Developed immunity:

 Immunity which is developed later in life after microbial infection in host is 
called as Acquired or developed immunity. For example, If an individual is 
infected with chicken pox virus, he/she become resistant to same virus in later
life.

 Acquired immunity is provided by Antibodies and certain T-lymphocytes.

 Components of acquired immunity such as Antibodies and T- cells are 
specific to particular microorganism. Therefore acquired immunity is also 
known as Specific immunity.

Characteristics of Acquired immunity:

 Specificity

 Self/non-self recognition



 Immunological memory

 Diversity

Types of acquired immunity:

1. Active immunity

2. Passive immunity

1. Active immunity:

 If host itself produces antibodies, it is called active immunity.

 It is of two types; artificial active immunity and natural active immunity.

 Artificial active immunity: Immunity provided by vaccination.
 Natural active immunity: immunity provided by natural infection.

2. Passive immunity:

 If host does not produce antibodies itself but antibodies produced in other 
host provides immunity, than it is known as Passive immunity.

 It is of two types; natural passive immunity and Artificial passive immunity

 Natural passive immunity: IgG antibody produced in mother cross 
placenta and protects fetus up to 6 month old age.

 Artificial passive immunity: if preformed antibody are injected into host 
for immunity. Eg. Anti-venom, Rabies vaccine (* it is not a vaccine, it is 
preformed anti rabies antibody)

 Heart

The heart is a muscular organ about the size of a closed fist that functions as the 
body’s circulatory pump. It takes in deoxygenated blood through the veins and 
delivers it to the lungs for oxygenation before pumping it into the various arteries 
(which provide oxygen and nutrients to body tissues by transporting the blood 
throughout the body). The heart is located in the thoracic cavity medial to the lungs
and posterior to the sternum.

On its superior end, the base of the heart is attached to the aorta pulmonary arteries
and veins, and the vena cava. The inferior tip of the heart, known as the apex, rests 



just superior to the diaphragm. The base of the heart is located along the body’s 
midline with the apex pointing toward the left side. Because the heart points to the 
left, about 2/3 of the heart’s mass is found on the left side of the body and the other
1/3 is on the right. 

PERICARDIUM

The heart sits within a fluid-filled cavity called the pericardial cavity. The walls 
and lining of the pericardial cavity are a special membrane known as the 
pericardium. Pericardium is a type of serous membrane that produces serous fluid 
to lubricate the heart and prevent friction between the ever beating heart and its 
surrounding organs. Besides lubrication, the pericardium serves to hold the heart in
position and maintain a hollow space for the heart to expand into when it is full. 
The pericardium has 2 layers—a visceral layer that covers the outside of the heart 
and a parietal layer that forms a sac around the outside of the pericardial cavity.

The heart wall is made of 3 layers: epicardium, myocardium and endocardium.

 Epicardium. The epicardium is the outermost layer of the heart wall and 
is just another name for the visceral layer of the pericardium. Thus, the 
epicardium is a thin layer of serous membrane that helps to lubricate and 
protect the outside of the heart. Below the epicardium is the second, thicker 
layer of the heart wall: the myocardium.
 Myocardium  . The myocardium is the muscular middle layer of the heart   
wall that contains the     cardiac muscle tissue  . Myocardium makes up the 
majority of the thickness and mass of the heart wall and is the part of the 
heart responsible for pumping blood. Below the myocardium is the thin 
endocardium layer.
 Endocardium  . Endocardium is the simple squamous endothelium layer   
that lines the inside of the heart. The endocardium is very smooth and is 
responsible for keeping blood from sticking to the inside of the heart and 
forming potentially deadly blood clots.

The thickness of the heart wall varies in different parts of the heart. The atria of the
heart have a very thin myocardium because they do not need to pump blood very 
far—only to the nearby ventricles. The ventricles, on the other hand, have a very 
thick myocardium to pump blood to the lungs or throughout the entire body. The 
right side of the heart has less myocardium in its walls than the left side because 
the left side has to pump blood through the entire body while the right side only 
has to pump to the lungs.

http://www.innerbody.com/anatomy/respiratory/lungs
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Chambers of the Heart

The heart contains 4 chambers: the right atrium, left atrium, right ventricle, and left
ventricle. 

The atria are smaller than the ventricles and have thinner, less muscular walls than 
the ventricles.

 The atria act as receiving chambers for blood, so they are connected to the veins 
that carry blood to the heart.

 The ventricles are the larger, stronger pumping chambers that send blood out of 
the heart.

 The ventricles are connected to the arteries that carry blood away from the heart.

Valves of the Heart

The heart functions by pumping blood both to the lungs and to the systems of the 
body. To prevent blood from flowing backwards or “regurgitating” back into the 
heart, a system of one-way valves are present in the heart. The heart valves can be 
broken down into two types: atrioventricular and semilunar valves.

 Atrioventricular valves. The atrioventricular (AV) valves are located in 
the middle of the heart between the atria and ventricles and only allow blood
to flow from the atria into the ventricles. 
 The  AV  valve  on  the  right  side  of  the  heart  is  called  the tricuspid
valve because it is made of three cusps (flaps) that separate to allow blood to
pass through and connect to block regurgitation of blood.
  The AV valve on the left side of the heart is called the mitral valve or
the bicuspid valve because it has two cusps. 
 The  AV  valves  are  attached  on  the  ventricular  side  to  tough  strings
called chordae tendineae. The chordae tendineae pull on the AV valves to
keep them from folding backwards and allowing blood to regurgitate past
them.
  During the contraction of the ventricles, the AV valves look like domed
parachutes  with  the  chordae  tendineae  acting  as  the  ropes  holding  the
parachutes taut.

http://www.innerbody.com/image_card02/musc31-new.html
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 Semilunar valves. The semilunar valves, so named for the crescent moon
shape of their cusps, are located between the ventricles and the arteries that
carry blood away from the heart. 
 The semilunar  valve  on  the  right  side  of  the  heart  is  the pulmonary
valve,  so  named  because  it  prevents  the  backflow  of  blood  from  the
pulmonary trunk into the right ventricle.
  The semilunar valve on the left  side of the heart is the aortic valve,
named for the fact that it prevents the aorta from regurgitating blood back
into the left ventricle. 
 The semilunar valves are smaller than the AV valves and do not have
chordae tendineae to hold them in place. Instead, the cusps of the semilunar
valves  are  cup  shaped  to  catch  regurgitating  blood  and  use  the  blood’s
pressure to snap shut.

Conduction System of the Heart

The heart is able to both set its own rhythm and to conduct the signals necessary to 
maintain and coordinate this rhythm throughout its structures. About 1% of the 
cardiac muscle cells in the heart are responsible for forming the conduction system 
that sets the pace for the rest of the cardiac muscle cells.

The conduction system starts with the pacemaker of the heart—a small bundle of 
cells known as the sinoatrial (SA) node. The SA node is located in the wall of the 
right atrium inferior to the superior vena cava. The SA node is responsible for 
setting the pace of the heart as a whole and directly signals the atria to contract. 
The signal from the SA node is picked up by another mass of conductive tissue 
known as the atrioventricular (AV) node.

The AV node is located in the right atrium in the inferior portion of the interatrial 
septum. The AV node picks up the signal sent by the SA node and transmits it 
through the atrioventricular (AV) bundle. The AV bundle is a strand of conductive 
tissue that runs through the interatrial septum and into the interventricular septum. 
The AV bundle splits into left and right branches in the interventricular septum and
continues running through the septum until they reach the apex of the heart. 
Branching off from the left and right bundle branches are many Purkinje fibers that
carry the signal to the walls of the ventricles, stimulating the cardiac muscle cells 
to contract in a coordinated manner to efficiently pump blood out of the heart.

Physiology of the Heart
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Coronary Systole and Diastole

At any given time the chambers of the heart may found in one of two states:

 Systole. During systole, cardiac muscle tissue is contracting to push 
blood out of the chamber.
 Diastole. During diastole, the cardiac muscle cells relax to allow the 
chamber to fill with blood. Blood pressure increases in the major arteries 
during ventricular systole and decreases during ventricular diastole. This 
leads to the 2 numbers associated with blood pressure—systolic blood 
pressure is the higher number and diastolic blood pressure is the lower 
number. For example, a blood pressure of 120/80 describes the systolic 
pressure (120) and the diastolic pressure (80).

The Cardiac Cycle

The cardiac cycle includes all of the events that take place during one heartbeat. 
There are 3 phases to the cardiac cycle: atrial systole, ventricular systole, and 
relaxation.

 Atrial systole: During the atrial systole phase of the cardiac cycle, the 
atria contract and push blood into the ventricles. To facilitate this filling, the 
AV valves stay open and the semilunar valves stay closed to keep arterial 
blood from re-entering the heart. The atria are much smaller than the 
ventricles, so they only fill about 25% of the ventricles during this phase. 
The ventricles remain in diastole during this phase.
 Ventricular systole: During ventricular systole, the ventricles contract to 
push blood into the aorta and pulmonary trunk. The pressure of the 
ventricles forces the semilunar valves to open and the AV valves to close. 
This arrangement of valves allows for blood flow from the ventricles into 
the arteries. The cardiac muscles of the atria repolarize and enter the state of 
diastole during this phase.
 Relaxation phase: During the relaxation phase, all 4 chambers of the 
heart are in diastole as blood pours into the heart from the veins. The 
ventricles fill to about 75% capacity during this phase and will be 
completely filled only after the atria enter systole. The cardiac muscle cells 
of the ventricles repolarize during this phase to prepare for the next round of
depolarization and contraction. During this phase, the AV valves open to 
allow blood to flow freely into the ventricles while the semilunar valves 



close to prevent the regurgitation of blood from the great arteries into the 
ventricles.

Blood Flow through the Heart

Deoxygenated blood returning from the body first enters the heart from the 
superior and inferior vena cava. The blood enters the right atrium and is pumped 
through the tricuspid valve into the right ventricle. From the right ventricle, the 
blood is pumped through the pulmonary semilunar valve into the pulmonary trunk.

The pulmonary trunk carries blood to the lungs where it releases carbon dioxide 
and absorbs oxygen. The blood in the lungs returns to the heart through 
the pulmonary veins. From the pulmonary veins, blood enters the heart again in the
left atrium.

The left atrium contracts to pump blood through the bicuspid (mitral) valve into the
left ventricle. The left ventricle pumps blood through the aortic semilunar valve 
into the aorta. From the aorta, blood enters into systemic circulation throughout the
body tissues until it returns to the heart via the vena cava and the cycle repeats.

The Electrocardiogram

The electrocardiogram (also known as an EKG or ECG) is a non-invasive device 
that measures and monitors the electrical activity of the heart through the skin. The
EKG produces a distinctive waveform in response to the electrical changes taking 
place within the heart.

The first part of the wave, called the P wave, is a small increase in voltage of about
0.1 mV that corresponds to the depolarization of the atria during atrial systole. The 
next part of the EKG wave is the QRS complex which features a small drop in 
voltage (Q) a large voltage peak (R) and another small drop in voltage (S). The 
QRS complex corresponds to the depolarization of the ventricles during ventricular
systole. The atria also repolarize during the QRS complex, but have almost no 
effect on the EKG because they are so much smaller than the ventricles.

The final part of the EKG wave is the T wave, a small peak that follows the QRS 
complex. The T wave represents the ventricular repolarization during the 
relaxation phase of the cardiac cycle. Variations in the waveform and distance 
between the waves of the EKG can be used clinically to diagnose the effects of 
heart attacks, congenital heart problems, and electrolyte imbalances.
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Heart Sounds

The sounds of a normal heartbeat are known as “lubb” and “dup” and are caused 
by blood pushing on the valves of the heart. The “lubb” sound comes first in the 
heartbeat and is the longer of the two heart sounds. The “lubb” sound is produced 
by the closing of the AV valves at the beginning of ventricular systole. The shorter,
sharper “dupp” sound is similarly caused by the closing of the semilunar valves at 
the end of ventricular systole. During a normal heartbeat, these sounds repeat in a 
regular pattern of lubb-dupp-pause. Any additional sounds such as liquid rushing 
or gurgling indicate a structure problem in the heart. The most likely causes of 
these extraneous sounds are defects in the atrial or ventricular septum or leakage in
the valves.

Cardiac Output

Cardiac output (CO) is the volume of blood being pumped by the heart in one 
minute. The equation used to find cardiac output is: CO = Stroke Volume x Heart 
Rate

Stroke volume is the amount of blood pumped into the aorta during each 
ventricular systole, usually measured in milliliters. Heart rate is the number of 
heartbeats per minute. The average heart can push around 5 to 5.5 liters per minute 
at rest.







The gastrointestinal system

The Gastrointestinal System is responsible for the breakdown and absorption of

various  foods  and  liquids  needed  to  sustain  life.  Many  different  organs  have

essential roles in the digestion of food, from the mechanical disrupting by the teeth

to the creation of bile (an emulsifier) by the liver. Bile production of the liver plays

an  important  role  in  digestion:  from  being  stored  and  concentrated  in  the

gallbladder during fasting stages to being discharged to the small intestine.

In order to understand the interactions of the different components we shall follow

the  food  on  its  journey  through  the  human body.  During  digestion,  two  main

processes occur at the same time;

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


 Mechanical Digestion: larger pieces of food get broken down into smaller

pieces while being prepared for chemical digestion. Mechanical digestion starts

in the mouth and continues into the stomach.

 Chemical Digestion: starts in the mouth and continues into the intestines.

Several different enzymes break down macromolecules into smaller molecules

that can be absorbed.

The GI tract starts with the mouth and proceeds to the esophagus, stomach, small

intestine  (duodenum,  jejunum,  ileum),  and  then  to  the  large  intestine  (colon),

rectum, and terminates at the anus. 

Layers of the GI Tract

The GI tract is composed of four layers also known as Tunics.  Each layer has

different  tissues  and  functions.  From  the  inside  out  they  are  called:  mucosa,

submucosa, muscularis, and serosa.

Mucosa:  The  mucosa  is  the  absorptive  and secretory  layer.  It  is  composed  of

simple epithelium cells and a thin connective tissue. There are specialized goblet

cells that secrete mucus throughout the GI tract located within the mucosa. On the

mucosa layer there are Villi and Micro Villi.

Submucosa:  The submucosa is relatively thick, highly vascular,  and serves the

mucosa. The absorbed elements that pass through the mucosa are picked up from

the blood vessels of the submucosa.  The submucosa also has glands and nerve

plexuses.

Muscularis:  The  muscularis  is  responsible  for  segmental  contractions  and

peristaltic movement in the GI tract. The muscularis is composed of two layers of

muscle:  an inner circular and outer longitudinal layer of smooth muscle.  These

muscles cause food to move and churn with digestive enzymes down the GI tract.



Serosa: The last layer is a protective layer. It is composed of avascular connective

tissue and simple squamous epithelium. It secretes lubricating serous fluid. This is

the visible layer on the outside of the organs.

Accessory Organs

. Salivary glands

 Parotid gland, submandibular gland, sublingual gland

 Exocrine gland that produces saliva which begins the process of digestion

with amylase

2. Tongue

 Manipulates food for chewing/swallowing

 Main taste organ, covered in taste buds

3. Teeth

 For chewing food up

4. Liver

 Produces and excretes bile required for emulsifying fats. Some of the bile

drains directly into the duodenum and some is stored in the gall bladder.

 Helps metabolize proteins, lipids, and carbohydrates.

 Urea, chief end product of mammalian metabolism, is formed in liver from

amino acids and compounds of ammonia.

 Breaks down insulin and other hormones.

 Produces coagulation factors.

5. Gallbladder

 Bile storage.



6. Pancreas

 Exocrine functions: Digestive enzyme secretion.

 Stores  zymogens  (inactive  enzymes)  that  will  be  activated  by  the

brush border membrane in the small intestine when a person eats protein

(amino acids).

 Trypsinogen – Trypsin: digests protein.

 Chymotypsinogen – Chymotrypsin: digests proteins.

 Carboxypeptidases: digests proteins.

 Lipase-lipid: digests fats.

 Amylase: digests carbohydrates.

 Endocrine functions: Hormone secretion.

 Somatostatin: inhibits the function of insulin. Produced if the body is

getting too much glucose.

 Glucagon: stimulates the stored glycogen in the liver  to convert to

glucose. Produced if the body does not have enough glucose.

 Insulin:  made  in  the  beta  cells  of  the  Islets  of  Langerhans  of  the

pancreas. Insulin is a hormone that regulates blood glucose.

7. Vermiform appendix

 There are a few theories on what the appendix does.

 Vestigal organ

 Immune function

 Helps maintain gut flora

                                        The first step in the digestive system can actually begin

before the food is even in your mouth. When you smell or see something that you



just have to eat, you start to salivate in anticipation of eating, thus beginning the

digestive process.

Food is the body's source of fuel. Nutrients in food give the body's cells the energy

they need to operate. Before food can be used it has to be broken down into tiny

little pieces so it can be absorbed and used by the body. In humans, proteins need

to be broken down into amino acids, starches into sugars, and fats into fatty acids

and glycerol.

During digestion two main processes occur at the same time:

 Mechanical Digestion: larger pieces of food get broken down into smaller

pieces while being prepared for chemical digestion. Mechanical digestion starts

in the mouth and continues in to the stomach.

 Chemical Digestion: several different enzymes break down macromolecules

into  smaller  molecules  that  can  be  more  efficiently  absorbed.  Chemical

digestion starts with saliva and continues into the intestines.

 The digestive system is made up by the alimentary canal, or the digestive tract, 
and other abdominal organs that play a part in digestion such as the liver and the 
pancreas. 

The alimentary canal is the long tube of organs that runs from the mouth (where 
the food enters) to the anus (where indigestible waste leaves). 

The organs in the alimentary canal include the mouth( for mastication),esophagus, 
stomach and the intestines. The average adult digestive tract is about thirty feet 
(30') long.

Mastication

Digestion begins in the mouth



 A brain reflex triggers the flow of saliva when we see or even think about food.  

Saliva moistens the food while the teeth chew it up and make it easier to swallow.

 Amylase, which is the digestive enzyme found in saliva, starts to break down 
starch into simpler sugars before the food even leaves the mouth

Swallowing your food happens when the muscles in your tongue and mouth move 
the food into your pharynx. 

The pharynx, which is the passageway for food and air, is about five inches (5") 
long.

A small flap of skin called the epiglottis closes over the pharynx to prevent food 
from entering the trachea and thus choking.

The esophagus 

The esophagus is the muscular tube in vertebrates through which ingested food 
passes from the throat to the stomach.

Stomach[edit]

The stomach is a thick walled organ that lies between the esophagus and the first

part of the small intestine (the duodenum). 

It  is  on the left  side of  the abdominal  cavity,  the fundus of  the stomach lying

against the diaphragm.

 Lying beneath the stomach is the pancreas A mucous membrane lines the stomach

which  contains  glands  (with chief  cells)  that  secrete  gastric  juices,  up  to  three

quarts of this digestive fluid is produced daily. The gastric glands begin secreting

before food enters the stomach due to the parasympathetic impulses of the vagus

nerve, making the stomach also a storage vat for that acid.

https://en.wikibooks.org/w/index.php?title=Human_Physiology/The_gastrointestinal_system&action=edit&section=6


The  secretion  of  gastric  juices  occurs  in  three  phases:  cephalic,  gastric,  and

intestinal.

 The  cephalic  phase  is  activated  by  the  smell  and  taste  of  food  and

swallowing.

  The  gastric  phase  is  activated  by  the  chemical  effects  of  food  and  the

distension of the stomach. 

 The intestinal phase blocks the effect of the cephalic and gastric phases.

 Gastric  juice  also  contains  an  enzyme  named pepsin,  which  digests  proteins,

hydrochloric acid and mucus. Hydrochloric acid causes the stomach to maintain a

pH of about 2, which helps kill off bacteria that comes into the digestive system

via food.

The gastric juice is highly acidic with a pH of 1-3.

 It may cause or compound damage to the stomach wall or its layer of mucus,

causing a peptic ulcer. On the inside of the stomach there are folds of skin call the

gastric rugae. Gastric rugae make the stomach very extendable, especially after a

very big meal.

The stomach is divided into four sections, each of which has different cells and 
functions. 

https://commons.wikimedia.org/wiki/File:Gray1050-stomach.png


The sections are:

1) Cardiac region, where the contents of the esophagus empty into the stomach,

 2) Fundus, formed by the upper curvature of the organ,

 3) Body, the main central region, and

 4) Pylorus or atrium, the lower section of the organ that facilitates emptying the 
contents into the small intestine.

Two  smooth  muscle  valves,  or  sphincters,  keep  the  contents  of  the  stomach

contained. They are the: 1)  Cardiac or esophageal sphincter, dividing the tract

above, and 2) Pyloric sphincter, dividing the stomach from the small intestine.

                             After receiving the  bolus (chewed food) the process of

peristalsis  is  started;  mixed  and  churned  with  gastric  juices  the  bolus  is

transformed into a semi-liquid substance called chyme.  

Stomach  muscles  mix  up  the  food  with  enzymes  and  acids  to  make  smaller

digestible  pieces.  The  pyloric  sphincter,  a  walnut  shaped  muscular  tube  at  the

stomach outlet, keeps chyme in the stomach until it reaches the right consistency to

pass into the small intestine. The food leaves the stomach in small squirts rather

than all at once.

Water,  alcohol,  salt,  and  simple  sugars  can  be  absorbed  directly  through  the

stomach wall. However, most substances in our food need a little more digestion

and must travel into the intestines before they can be absorbed. When the stomach

is empty it is about the size of one fifth of a cup of fluid. When stretched and

expanded, it can hold up to eight cups of food after a big meal.

Small Intestine



The small intestine is the site where most of the chemical and mechanical digestion

is carried out. 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.

The three main sections of the small intestine are the duodenum, the jejunum, the

ileum.

The duodenum

the duodenum is a hollow jointed tube connecting the stomach to the jejunum. It is

the first and shortest part of the small intestine. It begins with the duodenal bulb

and  ends  at  the  ligament  of  Treitz.  The  duodenum  is  almost  entirely  retro

peritoneal. The duodenum is also where the bile and pancreatic juices enter the

intestine.

The jejunum

The jejunum is  a  part  of  the  small  bowel,  located  between  the  distal  end  of

duodenum and the proximal part of ileum.

https://commons.wikimedia.org/wiki/File:Stomach_colon_rectum_diagram-en.svg


The ileum

Its function is to absorb vitamin B12 and bile salts. The wall itself is made up of

folds, each of which has many tiny finger-like projections known as villi, on its

surface.  In  turn,  the  epithelial  cells  which  line  these  villi  possess  even  larger

numbers of micro villi.

Large Intestine

The large intestine (colon) extends from the end of the ileum to the anus. It is about

5 feet long, being one-fifth of the whole extent of the intestinal canal. The large

intestine is divided into the cecum, colon, rectum, and anal canal

Pancreas, Liver, and Gallbladder

The  pancreas,  liver,  and  gallbladder  are  essential  for  digestion.  The  pancreas

produces  enzymes  that  help  digest  proteins,  fats,  and  carbohydrates,  the  liver

produces bile that helps the body absorb fat, and the gallbladder stores the bile

until  it  is  needed.  The enzymes and bile  travel  through special  channels  called

ducts and into the small intestine where they help break down the food.

Anus

It has two anal sphincters, one internal, the other external. These hold the anus

closed until defecation occurs. One sphincter consists of smooth muscle and its

action  is  involuntary;  the  other  consists  of  striated  muscle  and  its  action  is

voluntary.



STRUCTURE OF DIGESTIVE SYSTEM
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UNIT IV:

Introduction to Kidney:



A large number of waste products are produced in the body as a result of metabolic
activities. The main waste products are carbon dioxide, water, and nitrogenous 
compounds. The retention of these products produces a harmful effect on the 
normal health.

Therefore, the removal of these products from the body is a must. Carbon dioxide 
is removed mainly through lungs and water as well as nitrogenous compounds are 
removed through urogenital system. The kidneys are the most important com-
ponent of this system.

The kidneys are two in number, usually bean shaped, and exist behind the 
peritoneum on either side of the vertebral column extending from the 12th thoracic 
to the 3rd lumbar vertebra. Each kidney weighs about 120-170 grams and is about 
11-13 cms. long, the left being larger than the right one.

Each kidney is found to consist of two main parts by section. The outer part is 
called cortex and the inner one is medulla. The cortex consists of a large number of
glomeruli and convoluted tubules. The medulla is composed of renal tubules 
projecting into a cavity towards the inner region of the kidney called the pelvis, the
region where the renal artery and vein enters and leaves the kidney respectively.

It is a functional basic unit of kidney. Each kidney is provided with about one mil-
lion nephrons containing the glomerulus and the tubule. The glomerulus is a 
network of afferent and efferent capillaries.

Each glomerulus is surrounded by a double-walled epithelial sac known as Bow-
man ‘s Capsule which leads to the tubule which is divided into three parts—
proximal convoluted tubule, loop of Henle, and the distal convoluted tubule.

The Proximal Convoluted Tubule (PCT) is about 45 mm long and 50 mm in 
diameter. This lies in the cortex along with glomerulus. Its lumen is continuous 
with that of the Bowman’s Capsule. It consists of cells with scalloped outline and 
brush border. The brush border is formed by numerous microvilli which increases 
the surface enormously for absorption.



The loop of Henle consists of three parts—the descending limb, a thin segment, 
and an ascending limb. The proximal convoluted tubule opens into the descending 
limb which is continued into the thin segment from where the ascending limb 
arises. The whole loop of Henle is lined by a single layer of flattened epithelial 
cells.

The ascending limb of the loop of Henle continues into the distal convoluted tubule
(DCT) which finally opens into a collecting tubule or duct which carries the urine 
to the renal pelvis from where it is carried to the bladder by the ureter.

The distal convoluted tubule commences near the pole of the glomerulus and 
establishes a close proximity to the afferent arteriole of its parent glomerulus. The 
DCT contains cuboidal epithelium.

Nephrons are mainly of two types—cortical and juxtamedullary. The loop of Henle
of the juxtamedullary is long and dips deep into the substance of the medulla. But 
the loop of Henle of cortical is short and only a very small part of it dips into the 
medullary tissue and the greater part remains embedded in the cortical substances.

Moreover, the glomeruli of the juxtamedullary lie very close to the medulla while 
those of cortical lie close to the surface of the kidney. The juxtamedullary 
nephrons constitute 20 per cent of nephrons, while the cortical nephrons constitute 
80 per cent of the total nephrons. These two types of nephrons have the same 
common function.

Blood Supply of the Kidneys:
The short renal artery arising from the abdominal aorta supplies the blood to the 
kidney. The renal artery after en  tering the kidney divides into a number of   
arterioles—the afferent arterioles which further branch into capillaries and enter 
into each glomeru  lus.  

The capillaries then join to form another arteri  ole—the efferent arteriole which   
opens into another set of capillaries called peritubular capillaries sur  rounding the   
proximal tubule, the loop of Henle, and the distal tubule. Ultimately, the capillary 
set opens into a venule which joins with other venules to form the renal vein. The 
renal vein then opens into the inferior vena cava.



Blood Flow to Kidney through the Nephron:
The blood flows through both the kidneys of an adult weigh  ing 70 kg at the rate of  
about  1200 ml/mt.  The portion of  the total  cardiac output  (about  560 ml/  mt.)
which  passes  through  the  kidneys  is  called  the  renal  fraction.  This  is  about
560/1200 ml per minute, i.e., about 21 per cent.

There are two sets of capillaries—the glomeru  lus and the peritubular. These two  
capillaries are separated from each other by the efferent arteriole which contributes
sufficient resistance to blood flow. The glomerular capillary bed provides a high
pressure of about 70 mm Hg, while the peritubular bed provides a low pressure
about 13 mm Hg.

The  pressures  in  the  artery  and  vein  are  100  mm  of  Hg.  and  8  mm  of  Hg
respectively. The high pressure in the glomerulus exerts the filtering of fluids con  -  
tinually into the Bowman’s Capsule. The low pres  sure in the peritubular capillary  
system, on the other hand, functions in the same way as the usual ve  nous ends of  
the tissue capillaries with the fluid being absorbed continually into the capillaries.

Functions of Kidney:

a. Kidney eliminates excess of certain nutri  ents such as sugar and amino acids   
when their concentration increases in the blood.

b. It removes certain non-volatile waste prod  ucts such as urea, uric acid, creatinine,  
and sulphates, etc. from the body.

c. It eliminates certain foreign or toxic sub  stances such as iodides, pigments, drugs,  
and bacteria, etc. from the blood.

d. It regulates hydrogen ion concentration of the blood by removing excess of non  -  
volatile acids and bases.



e. It maintains the osmotic pressure of the blood by regulating the excretion of wa  -  
ter and inorganic salts and thus preserves the constant volume of the circulating 
blood.

f. It regulates the arterial blood pressure by causing the secretion of the hormone 
renin.

g. It maintains the erythrocyte production by excreting the secretion of the 
hormone erythropoietin.

Urine Formation in Kidney:

The regulatory activities of kidneys form urine as a by-product. Urine formation 
involves three main steps—the glomerular filtration, the tubular reabsorption, and 
the tubular secretion.

a. Glomerular Filtration (Ultrafiltration):
Glomerulus filters out substances of low molecular weight from the blood with the 
retention of substances of high molecular weight, especially the proteins. 
Therefore, proteins are retained in the glomeruli and are not normally found in 
urine. If protein is detected in the urine, it indicates the kidney damage or other 
disease which ef  fect the glomerular membrane.  

In normal adult, two million nephrons filter one li  tre of blood each minute to give   
about 1200 ml of glomerular filtrate (primary urine) at Bowman’s Capsule. 
Therefore, the Glomerular Filtration Rate (GFR) in adult is about 120 ml per 
minute. The hydrostatic pressure of the blood in the glomerular capillaires (Pg) is 
the main force for driving the fluid (Water and sol  ute) out of the glomerulus.  
The pressure is opposed by two forces:
(i) The hydrostatic pressure of the Bow  man’s Capsule fluid (P  BC).
(ii) The osmotic pressure of the plasma proteins (Ppp).
Therefore, the effective filtration pressure (Pef) is calculated by the following 
rela  tion:  
Pef   = P  g – (PPP   +     P  BC)



.  .  . P  ef   = 74 – (30 + 20) mm of Hg  

.  .  . P  ef = 24 mm of Hg.
Thus, by substituting the normal values of the various forces, it has been found that
the calculated effective (net) filtra  tion pressure (P  ef) is 24 mm Hg.
A fall in blood pressure may reduce the Pef   which results in less amount of urine.   
When the aortic systolic pressure is re  duced to 70 mm Hg, the hydrostatic pres  sure   
of the blood in glomerular capillaries is reduced to 50 mm. Hg. This reduces the 
Pef   to Zero [50 – 50] and thus filtration will be ceased. Under such circumstances,   
urine will not be formed (anuria) until the blood pressure is maintained.
b. Tubular Reabsorption:
The rate of forma  tion of the primary urine is 120 ml/minute, while the rate of urine  
passing to the blad  der under the same condition is 1-2 ml/ minute. Therefore, it   
indicates that about 99 per cent of the glomerular filtrate is reabsorbed during its 
passage through the different segments of the renal tubule.

Al  though, the glomerular filtrate contains nearly the same concentration of glucose  
as in plasma, the urine contains nil or very little glucose. Hence, glucose is also 
prac  tically completely reabsorbed in the tu  bules when the blood sugar level is nor  -  
mal. The capacity of reabsorption depends on the renal threshold of that substance.

The reabsorption of different solids takes place at different sites in the renal 
tubules. Amino acids, glucose, and small amounts of protein that pass through the 
glomeru  lus are reabsorbed in the first part of the proximal tubule.  

Sodium, chloride, and bi  carbonate are reabsorbed uniformly along the entire length  
of the proximal tubule and also in the distal tubule. Potassium is reabsorbed in the 
proximal and secreted in the distal tubule.

The glomerular filtrate produces about 170 litres in a day; whereas the tubules 
reabsorb about 168.5 litres of water, 170 gm of glucose, 100 gm of NaCl, 360 gm 
of NaHCO3, and small amounts of phosphate, sulphate, amino acids, urea, uric 
acid, etc. and excrete about 60 gm of NaCl, urea and other waste products in about 
1.5 li  tres of urine. Most of these solids are reabsorbed by active transport   
mechanism, while some (e.g., urea) are reabsorbed by passive transport 
mechanism.



In diseases, the reabsorption mechanism is altered developing glycosuria, 
phosphaturia, and amino aciduria.

c. Tubular Secretion:
Although, most of the substances are reabsorbed by the tubular cells, some 
substances are actively trans  ported or actively excreted into the tubu  lar lumen. The  
secreted substance by the tubular epithelium in man are creatinine and potassium. 
The tubular epithelium also removes a number of foreign sub  stances that are   
introduced into the body for therapeutic and diagnostic purposes.

These foreign substances are penicillin, p-Aminosalicylic acid, 
phenosulphonphthalein (PSP), p-Aminohippuric acid, and diodrast. The hydrogen 
ions and ammo  nia formed in the distal tubular cells are also actively excreted into   
tubular lumen and thus pass to urine.

Hormonal regulation:
The function of kidney is regulated by three important hormones. These hormones 
are aldoster  one (from adrenal cortex), parathormone (from parathyroid), and   
vasopressin (from hypophyseal posterior lobe).

Aldosterone restricts the excretion of Na  +     and stimulates the excretion of K  +  .   
Parathormone stimulates excretion of phosphate. Vasopressin, the antidiuretic 
hormone, is held responsible mainly for the reabsorption of water. In the absence 
of this hormone, a large amount of very dilute urine is excreted.

 Mechanism of Action of Diuretics:

a. Diuretics, the drugs, enhance losses of water and salt via the urine through inter  -  
ference with normal reabsorptive mecha  nisms.  

b. Osmotic diuretics are nonreabsorbable substances which increase tubular 
osmolarity. The osmotic substances which limit the amount of water. Osmotic 
diuresis is responsible for the serious dehydration which accompanies diabetic 
ketoacidosis.

c. Diamox is the inhibitor of carbonic anhydrase. It blocks both 
HCO3

−     reabsorption in the proximal tubule and regeneration in the distal tubule.  



d. Thiazide diuretics, furosemide, ethacrynic acid and mercurials all inhibit 
chloride rea  bsorption in the ascending limb.  

UNIT V

THE ENDOCRINE SYSTEM

Although we rarely think about the endocrine system, it influences almost every
cell,  organ,  and  function  of  our  bodies.  The  endocrine  system plays  a  role  in
regulating mood, growth and development, tissue function, metabolism, and sexual
function and reproductive processes.

In general, the endocrine system is in charge of body processes that happen slowly,
such  as  cell  growth.  Faster  processes  like  breathing  and  body  movement  are
controlled  by  the  nervous  system.  But  even  though  the  nervous  system  and
endocrine system are separate systems, they often work together to help the body
function properly.



The foundations of  the endocrine system are the hormones and glands.  As the
body's chemical messengers, hormones transfer information and instructions from
one  set  of  cells  to  another.  Many  different  hormones  move  through  the
bloodstream, but each type of hormone is designed to affect only certain cells.
A gland is a group of cells that produces and secretes, or gives off, chemicals. A
gland selects and removes materials from the blood, processes them, and secretes
the finished chemical product for use somewhere in the body.
Some  types  of  glands  release  their  secretions  in  specific  areas.  For
instance, exocrine (pronounced:  EK-suh-krin) glands,  such  as  the  sweat  and
salivary  glands,  release  secretions  in  the  skin  or  inside  the  mouth. Endocrine
glands, on the other hand, release more than 20 major hormones directly into the
bloodstream where they can be transported to cells in other parts of the body.

The major glands that make up the human endocrine system include the:

 hypothalamus
 pituitary gland
 thyroid
 parathyroids
 adrenal glands
 pineal body
 reproductive glands (which include the ovaries and testes)
 pancreas

Hypothalamus

The hypothalamus (pronounced: hi-po-THAL-uh-mus), a collection of specialized
cells that is located in the lower central part of the brain, is the main link between
the endocrine and nervous systems. Nerve cells in the hypothalamus control the
pituitary gland by producing chemicals that either stimulate or suppress hormone
secretions from the pituitary.

Pituitary

Although it is no bigger than a pea, the pituitary (pronounced: puh-TOO-uh-ter-
ee) gland,  located  at  the  base  of  the  brain  just  beneath  the  hypothalamus,  is
considered the most important part of the endocrine system. It's often called the
"master  gland" because it  makes hormones that control several  other  endocrine
glands.



The production and secretion of pituitary hormones can be influenced by factors
such  as  emotions  and  changes  in  the  seasons.  To  accomplish  this,  the
hypothalamus provides information sensed by the brain (such as environmental
temperature, light exposure patterns, and feelings) to the pituitary.

The tiny pituitary is divided into two parts: the anterior lobe and the posterior lobe.
The anterior lobe regulates the activity of the thyroid, adrenals, and reproductive
glands. The anterior lobe produces hormones such as:

 growth hormone,  which  stimulates  the  growth  of  bone  and  other  body
tissues and plays a role in the body's handling of nutrients and minerals

 prolactin (pronounced:  pro-LAK-tin),  which activates  milk  production  in
women who are breastfeeding

 thyrotropin (pronounced:  thy-ruh-TRO-pin),  which stimulates the thyroid
gland to produce thyroid hormones

 corticotropin (pronounced:  kor-tih-ko-TRO-pin),  which  stimulates  the
adrenal gland to produce certain hormones
The pituitary also secretes endorphins (pronounced: en-DOR-fins), chemicals that
act on the nervous system and reduce feelings of pain. In addition, the pituitary
secretes hormones that signal the reproductive organs to make sex hormones. The
pituitary gland also controls ovulation and the menstrual cycle in women.
The posterior  lobe of  the  pituitary  releases antidiuretic (pronounced:  an-ty-dy-
uh-REH-tik) hormone, which helps control the balance of water in the body. The
posterior  lobe  also  produces oxytocin(pronounced:  ahk-see-TOE-sin),  which
triggers the contractions of the uterus in a woman having a baby.

Thyroid

The thyroid (pronounced: THY-royd), located in the front part of the lower neck,
is  shaped  like  a  bow  tie  or  butterfly  and  produces  the  thyroid
hormones thyroxine (pronounced:  thy-RAHK-sin)
and triiodothyronine (pronounced:  try-eye-oh-doe-THY-ruh-neen).  These
hormones control the rate at which cells burn fuels from food to produce energy.
The  production  and  release  of  thyroid  hormones  is  controlled
by thyrotropin (pronounced: thy-ruh-TRO-pin), which is secreted by the pituitary
gland. The more thyroid hormone there is in a person's  bloodstream, the faster
chemical reactions occur in the body.



Why are thyroid hormones so important? There are several reasons — for example,
they help kids' and teens' bones grow and develop, and they also play a role in the
development of the brain and nervous system in kids.

Parathyroids

Attached  to  the  thyroid  are  four  tiny  glands  that  function  together  called
the parathyroids (pronounced:  par-uh-THY-roydz).  They  release parathyroid
hormone,  which  regulates  the  level  of  calcium  in  the  blood  with  the  help
of calcitonin (pronounced: kal-suh-TOE-nin), which is produced in the thyroid.

Adrenal Glands

The body also has two triangular adrenal  glands, one on top of each kidney.

The adrenal glands have two parts, each of which produces a set of hormones and
has a different function:

1. The  outer  part,  the adrenal  cortex,  produces  hormones
called corticosteroids that influence or regulate salt and water balance in the body,
the  body's  response  to  stress,  metabolism,  the  immune  system,  and  sexual
development and function.

2. The  inner  part,  the adrenal  medulla (pronounced:  muh-DUH-luh),
produces catecholamines (pronounced:  kah-tuh-KO-luh-meenz),  such
as epinephrine (pronounced:  eh-puh-NEH-frun).  Also  called  adrenaline,
epinephrine increases blood pressure and heart  rate  when the body experiences
stress.

Pineal

The pineal (pronounced: pih-NEE-ul) body, also called the pineal gland, is located
in the middle of the brain. It secretes melatonin(pronounced: meh-luh-TOE-nin), a
hormone that may help regulate when you sleep at night and when you wake in the
morning.

Reproductive Glands

The gonads are the main source of sex hormones. Most people don't realize it, but
both guys and girls have gonads.
In  guys  the  male  gonads,  or testes (pronounced:  TES-teez),  are  located  in  the
scrotum.  They  secrete  hormones  called androgens(pronounced:  AN-druh-junz),



the  most  important  of  which  is testosterone (pronounced:  tess-TOSS-tuh-rone).
These hormones tell a guy's body when it's time to make the changes associated
with puberty, like penis and height growth, deepening voice, and growth in facial
and pubic hair. Working with hormones from the pituitary gland, testosterone also
tells a guy's body when it's time to produce sperm in the testes.
A girl's gonads, the ovaries (pronounced: OH-vuh-reez), are located in her pelvis.
They produce eggs and secrete the female hormones estrogen (pronounced: ESS-
truh-jen) and progesterone(pronounced: pro-JESS-tuh-rone). Estrogen is involved
when a girl begins to go through puberty. During puberty, a girl will experience
breast growth, will begin to accumulate body fat around the hips and thighs, and
will  have  a  growth  spurt.  Estrogen  and  progesterone  are  also  involved  in  the
regulation  of  a  girl's  menstrual  cycle.  These  hormones  also  play  a  role  in
pregnancy.

Although the endocrine glands are the body's main hormone producers, some other
organs not in the endocrine system — such as the brain,  heart,  lungs,  kidneys,
liver, and skin — also produce and release hormones.

Pancreas

The pancreas (pronounced:  PAN-kree-us)  is  also  part  of  the  body's  hormone-
secreting  system,  even  though  it  is  also  associated  with  the  digestive  system
because it produces and secretes digestive enzymes.
The  pancreas  produces  (in  addition  to  others)  two  important
hormones, insulin (pronounced:  IN-suh-lin)  and glucagon(pronounced:  GLOO-
kuh-gawn). They work together to maintain a steady level of glucose, or sugar, in
the blood and to keep the body supplied with fuel to produce and maintain stores of
energy.

What Does the Endocrine System Do?

Once a hormone is secreted, it travels from the endocrine gland that produced it
through the bloodstream to the cells designed to receive its message. These cells
are called target cells. Along the way to the target cells, special proteins bind to
some of the hormones. These proteins act as carriers that control the amount of
hormone that is available for the cells to use.

The target cells have receptors that latch onto only specific hormones, and each
hormone has its own receptor, so that each hormone will communicate only with
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specific  target  cells  that  have  receptors  for  that  hormone.  When  the  hormone
reaches its target cell, it locks onto the cell's specific receptors and these hormone-
receptor combinations transmit chemical instructions to the inner workings of the
cell.

When hormone levels reach a certain normal amount, the endocrine system helps
the body to keep that level of hormone in the blood. For example, if the thyroid
gland  has  secreted  the  right  amount  of  thyroid  hormones  into  the  blood,  the
pituitary gland senses the normal levels of thyroid hormone in the bloodstream.
Then  the  pituitary  gland  adjusts  its  release  of  thyrotropin,  the  hormone  that
stimulates the thyroid gland to produce thyroid hormones.

Another example of this process is parathyroid hormone, which increases the level
of calcium in the blood. When the blood calcium level rises, the parathyroid glands
sense the change and reduce their secretion of parathyroid hormone. This turnoff
process is called a negative feedback system.

Things That Can Go Wrong

Too much or too little of any hormone can be harmful to your body. For example,
if  the  pituitary  gland  produces  too  much  growth  hormone,  a  teen  may  grow
excessively tall. If it produces too little, a teen may be unusually short. Doctors can
often treat problems with the endocrine system by controlling the production of
hormones or replacing certain hormones with medication.

Endocrine problems that can affect teens include:

Adrenal  insufficiency. This  condition  occurs  when  the  adrenal  glands  don't
produce  enough  corticosteroids.  The  symptoms  of  adrenal  insufficiency  may
include weakness, fatigue, abdominal pain, nausea, dehydration, and skin changes.
Doctors  treat  adrenal  insufficiency  with  medications  to  replace  corticosteroid
hormones.
Type  1 diabetes. When  the  pancreas  fails  to  produce  enough  insulin,  type  1
diabetes (previously known as juvenile diabetes) occurs. In kids and teens, type 1
diabetes is usually an autoimmune disorder, which means that some parts of the
body's immune system attack and destroy the cells of the pancreas that produce
insulin.  To  control  their  blood  sugar  levels  and  reduce  the  risk  of  developing
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diabetes problems, kids and teens with this condition need regular injections of
insulin.
Type 2 diabetes. Unlike type 1 diabetes, in which the body can't produce normal
amounts of insulin, in type 2 diabetes the body can't respond to insulin normally.
Kids and teens with the condition tend to be overweight. Some kids and teens can
control  their  blood  sugar  level  with  dietary  changes,  exercise,  and  oral
medications, but many will need to take insulin injections like people with type 1
diabetes.
Growth hormone problems. Too much growth hormone in kids and teens who
are still growing will make their bones and other body parts grow excessively. This
rare condition (sometimes called gigantism) is usually caused by a pituitary tumor
and can be treated by removing the tumor. The opposite can happen when a kid or
teen has a pituitary glad that doesn't  produce enough growth hormone. Doctors
may treat these growth problems with medication.
Hyperthyroidism. Hyperthyroidism is a condition in which the levels of  thyroid
hormones in the blood are very high. In kids and teens, the condition is usually
caused by Graves'  disease,  an  immune system problem that  causes  the thyroid
gland to become very active. Doctors may treat hyperthyroidism with medications,
surgery, or radiation treatments.
Hypothyroidism. Hypothyroidism is  a  condition  in  which  the  levels  of  thyroid
hormones  in  the  blood are  very  low.  Thyroid  hormone deficiency  slows  body
processes and may lead to fatigue, a slow heart rate, dry skin, weight gain, and
constipation. Kids and teens with this condition may also grow more slowly and
reach puberty at a later age. Hashimoto's thyroiditis is an immune system problem
that often causes problems with the thyroid and blocks the production of thyroid
hormone. Doctors often treat this problem with medication.
Precocious puberty. If  the pituitary glands release hormones that  stimulate  the
gonads to produce sex hormones too early, some kids may begin to go through
puberty at a very young age. This condition is called precocious puberty. Kids and
teens who are affected by precocious puberty can be treated with medication that
will help them develop at a normal rate.

Development Of The Reproductive Organs

The sex of  a  child  is  determined  at  the  time  of fertilization of  the ovum by
the spermatozoon. The differences between a male and a female are genetically
determined by the chromosomes that each possesses in the nuclei of the cells. Once
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the  genetic  sex  has  been  determined,  there  normally  follows  a  succession  of
changes that will result, finally, in the development of an adult male or female.
There is, however, no external indication of the sex of an embryo during the first
eight weeks of its life within the uterus. This is a neutral or indifferent stage during
which  the  sex  of  an  embryo  can  be ascertained only  by  examination  of  the
chromosomes in its cells.

The next phase, one of differentiation, begins first in gonads that are to become
testes and a week or so later in those destined to be ovaries. Embryos of the two
sexes  are  initially  alike  in  possessing  similar  duct  systems  linking  the
undifferentiated gonads with the exterior and in having similar external genitalia,
represented by three simple protuberances. The embryos each have four ducts, the
subsequent  fate  of  which  is  of  great  significance  in  the  eventual  anatomical
differences between men and women. Two ducts closely related to the developing
urinary  system  are  called  mesonephric,  or wolffian,  ducts.  In  males
each mesonephric duct becomes differentiated into four related structures: a duct of
the epididymis, a ductus deferens, an ejaculatory duct,  and a seminal vesicle. In
females the mesonephric ducts are largely suppressed. The other two ducts, called
the  paramesonephric  or müllerian  ducts,  persist,  in  females,  to  develop  into
the fallopian tubes,  the uterus,  and part  of  the vagina;  in males they are largely
suppressed. Differentiation also occurs in the primitive external genitalia, which in
males become the penis and scrotum and in females the vulva (the clitoris,  labia,
and vestibule of the vagina).

At birth the organs appropriate to each sex have developed and are in their adult
positions  but  are  not  functioning.  Various  abnormalities  can  occur  during
development  of  sex  organs  in  embryos,  leading
to hermaphroditism, pseudohermaphroditism,  and  other  chromosomally  induced
conditions.  During  childhood  until  puberty  there  is  steady  growth  in  all
reproductive  organs  and  a  gradual  development  of  activity. Puberty marks  the
onset  of  increased  activity  in  the  sex  glands  and  the  steady  development  of
secondary sexual characteristics.

In males  at  puberty the testes enlarge and become active,  the external  genitalia
enlarge,  and  the  capacity  to ejaculate develops.  Marked  changes  in  height  and
weight occur as hormonal secretion from the testes increases. The larynx, or voice
box,  enlarges,  with  resultant  deepening  of  the  voice.  Certain  features  in  the
skeleton, as seen in the pelvic bones and skull, become accentuated. The hair in the
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armpits and the pubic hair becomes abundant and thicker. Facial hair develops, as
well as hair on the chest, abdomen, and limbs. Hair at the temples recedes. Skin
glands become more active, especially apocrine glands (a type of sweat gland that
is found in the armpits and groin and around the anus).

In females at puberty, the external genitalia enlarge and the uterus commences its
periodic  activity  with menstruation.  The  breasts  develop,  and  there  is
a deposition of  body  fat  in  accordance  with  the  usual contours of  the  mature
female. Growth of axillary (armpit) and pubic hair is more abundant, and the hair
becomes thicker.

The Male Reproductive System

The male gonads are the testes;  they are the source of spermatozoa and also of
male  sex  hormones  called androgens.  The  other  genital  organs  are  the
epididymides; the ductus, or vasa, deferentia; the seminal vesicles; the ejaculatory
ducts; and the penis; as well as certain accessory structures, such as the prostate
and the bulbourethral (Cowper) glands. The principal functions of these structures
are  to  transport  the  spermatozoa  from the testes to  the  exterior,  to  allow their
maturation on the way, and to provide certain secretions that help form the semen.

External genitalia

The penis

The penis,  the  male organ of copulation,  is  partly  inside  and  partly  outside  the
body. The inner part, attached to the bony margins of the pubic arch (that part of
the pelvis directly in front and at the base of the trunk), is called the root of the
penis. The second, or outer, portion is free, pendulous, and enveloped all over in
skin;  it  is  termed  the  body  of  the  penis.  The  organ  is  composed  chiefly  of
cavernous  or  erectile  tissue  that  becomes  engorged  with  blood  to  produce
considerable  enlargement  and erection.  The  penis  is traversed by  a  tube,
the urethra, which serves as a passage both for urine and for semen.
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human penis

The body of the penis, sometimes referred to as the shaft, is cylindrical in shape
when  flaccid  but  when  erect  is  somewhat  triangular  in cross  section,  with  the
angles rounded. This condition arises because the right corpus cavernosum and the
left  corpus  cavernosum,  the  masses  of  erectile  tissue,  lie  close  together  in  the
dorsal  part  of  the  penis,  while  a  single  body,  the corpus  spongiosum,  which
contains the urethra, lies in a midline groove on the undersurface of the corpora
cavernosa.  The  dorsal  surface  of  the  penis  is  that  which  faces  upward  and
backward during erection.

The  slender  corpus  spongiosum reaches  beyond  the  extremities  of  the  erectile
corpora cavernosa and at  its  outer  end is enlarged considerably to form a soft,
conical,  sensitive  structure  called  the glans  penis.  The base  of  the  glans  has  a
projecting margin,  the corona,  and the groove where the corona overhangs the
corpora cavernosa is referred to as the neck of the penis. The glans is traversed by
the urethra, which ends in a vertical, slitlike, external opening. The skin over the
penis is thin and loosely adherent and at the neck is folded forward over the glans
for  a  variable  distance  to  form  the  prepuce  or foreskin.  A  median  fold,  the
frenulum of the prepuce, passes to the undersurface of the glans to reach a point
just behind the urethral opening. The prepuce can usually be readily drawn back to
expose the glans.

The root of the penis comprises two crura, or projections, and the bulb of the penis.
The crura and the bulb are attached respectively to the edges of the pubic arch and
to the perineal membrane (the fibrous membrane that forms a floor of the trunk).
Each crus is an elongated structure covered by the ischiocavernosus muscle, and
each extends forward, converging toward the other, to become continuous with one
of the corpora cavernosa. The oval bulb of the penis lies between the two crura and
is  covered  by  the bulbospongiosus  muscle.  It  is  continuous  with  the  corpus
spongiosum. The urethra enters it on the flattened deep aspect that lies against the
perineal  membrane, traverses its  substances,  and  continues  into  the  corpus
spongiosum.

The two corpora cavernosa are close to one another, separated only by a partition
in  the  fibrous  sheath  that  encloses  them.  The  erectile  tissue  of  the  corpora  is
divided by numerous small fibrous bands into many cavernous spaces, relatively
empty when the penis  is  flaccid but  engorged with blood during erection.  The
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structure of the tissue of the corpus spongiosum is similar to that of the corpora
cavernosa, but there is more smooth muscle and elastic tissue. A deep fascia, or
sheet of connective tissue, surrounding the structures in the body of the penis is
prolonged to form the suspensory ligament, which anchors the penis to the pelvic
bones at the midpoint of the pubic arch.

The penis has a rich blood supply from the internal pudendal artery, a branch of the
internal iliac artery, which supplies blood to the pelvic structures and organs, the
buttocks, and the inside of the thighs. Erection is brought about by distension of
the  cavernous  spaces  with  blood,  which  is  prevented  from  draining  away  by
compression of the veins in the area.

The penis is amply supplied with sensory and autonomic (involuntary) nerves. Of
the  autonomic  nerve  fibres  the  sympathetic  fibres  cause  constriction  of  blood
vessels,  and the parasympathetic  fibres  cause  their  dilation.  It  is  usually  stated
that ejaculation is  brought  about  by the sympathetic  system,  which at  the same
time inhibits the desire to urinate and also prevents the semen from entering the
bladder.

The scrotum

The scrotum is a pouch of skin lying below the pubic symphysis and just in front
of  the  upper  parts  of  the  thighs.  It  contains  the  testes  and  lowest  parts  of
the spermatic  cord.  A  scrotal  septum  or  partition  divides  the  pouch  into  two
compartments  and  arises  from a  ridge,  or  raphe,  visible  on  the  outside  of  the
scrotum.  The  raphe  turns  forward  onto  the  undersurface  of  the  penis  and  is
continued back onto the perineum (the area between the legs and as far back as the
anus).  This  arrangement  indicates  the bilateral  origin  of  the scrotum from two
genital  swellings  that  lie  one  on  each  side  of  the  base  of  the phallus,
the precursor of the penis or clitoris in the embryo. The swellings are also referred
to as the labioscrotal swellings, because in females they remain separate to form
the labia majora and in males they unite to form the scrotum.

The skin of the scrotum is thin, pigmented, devoid of fatty tissue, and more or less
folded and wrinkled. There are some scattered hairs and sebaceous glands on its
surface. Below the skin is a layer of involuntary muscle, the dartos, which can alter
the appearance of the scrotum. On exposure of the scrotum to cold air or cold
water,  the  dartos  contracts  and  gives  the  scrotum  a  shortened,  corrugated
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appearance;  warmth causes  the  scrotum to  become smoother,  flaccid,  and  less
closely tucked in around the testes. Beneath the dartos muscle are layers of fascia
continuous with those forming the coverings of each of the two spermatic cords,
which suspend the testes within the scrotum and contain each ductus deferens, the
testicular  blood  and  lymph  vessels,  the  artery  to  the  cremaster  muscle  (which
draws the testes upward), the artery to each ductus deferens, the genital branch of
the enitofemoral nerve, and the testicular network of nerves.

The  scrotum  is  supplied  with  blood  by  the  external  pudendal  branches  of
the femoral  artery,  which  is  the  chief  artery  of  the  thigh,  and  by  the  scrotal
branches  of  the  internal  pudendal  artery.  The  veins  follow  the  arteries.  The
lymphatic drainage is to the lymph nodes in the groin.

The testes

The  two testes,  or  testicles,  which  usually  complete  their  descent  into
the scrotum from their  point  of  origin on the back wall  of  the abdomen in the
seventh month after conception,  are suspended in the scrotum by the spermatic
cords. Each testis is 4 to 5 cm (about 1.5 to 2 inches) long and is enclosed in a
fibrous  sac,  the tunica  albuginea.  This  sac  is  lined  internally  by  the  tunica
vasculosa,  containing a network of  blood vessels,  and is covered by the tunica
vaginalis,  which is a continuation of the membrane that lines the abdomen and
pelvis.  The  tunica  albuginea  has  extensions  into  each  testis  that  act  as  partial
partitions to divide the testis into approximately 250 compartments, or lobules.

male reproductive organs

Each  lobule  contains  one  or  more convoluted tubules,  or  narrow  tubes,
where sperm are formed. The tubules, if straightened, would extend about 70 cm
(about 28 inches). The multistage process of sperm formation, which takes about
60 days, goes on in the lining of the tubules, starting with the spermatogonia, or
primitive sperm cells, in the outermost layer of the lining. Spermatozoa (sperm)
leaving the tubules are not  capable  of  independent  motion,  but  they undergo a
further maturation process in the ducts of the male reproductive tract; the process
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may  be  continued  when,  after ejaculation,  they  pass  through  the  female  tract.
Maturation of the sperm in the female tract is called capacitation.

Each spermatozoon is a slender elongated structure with a head, a neck, a middle
piece, and a tail. The head contains the cell nucleus. When the spermatozoon is
fully mature, it is propelled by the lashing movements of the tail.

The male sex  hormone testosterone is  produced by Leydig cells.  These  cells  are
located in the connective (interstitial) tissue that holds the tubules together within
each lobule. The tissue becomes markedly active at puberty under the influence of
the interstitial-cell-stimulating hormone of the anterior lobe of the pituitary gland;
this hormone in women is called luteinizing hormone. Testosterone stimulates the
male accessory sex glands (prostate, seminal vesicles)  and also brings about the
development of male secondary sex characteristics at puberty. The hormone may
also be necessary to cause maturation of sperm and to heighten the sex drive of the
male. The testis is also the source of some of the female sex hormone estrogen,
which may exert an influence on pituitary activity.

Each testis is supplied with blood by the testicular arteries, which arise from the
front of the aorta just below the origin of the renal (kidney) arteries. Each artery
crosses  the  rear  abdominal  wall,  enters  the spermatic  cord,  passes  through  the
inguinal  canal,  and enters  the  upper  end of  each testis  at  the  back.  The veins
leaving the testis and epididymis form a network, which ascends into the spermatic
cord. The lymph vessels, which also pass through the spermatic cord, drain to the
lateral and preaortic lymph nodes. Nerve fibres to the testis accompany the vessels;
they pass through the renal and aortic nerve plexuses, or networks.

Structures of the sperm canal

The epididymis, ductus deferens (or vas deferens), and ejaculatory ducts form the
sperm canal.  Together  they  extend  from the  testis  to  the urethra,  where  it  lies
within the prostate. Sperm are conveyed from the testis along some 20 ductules, or
small ducts, which pierce the fibrous capsule to enter the head of the epididymis.
The ductules are straight at first but become dilated and then much convoluted to
form distinct compartments within the head of the epididymis. They each open into
a single duct, the highly convoluted duct of the epididymis, which constitutes the
“body” and “tail” of the structure. It is held together by connective tissue but if
unraveled would be nearly 6 metres (20 feet) long. The duct enlarges and becomes
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thicker-walled at the lower end of the tail of the epididymis, where it  becomes
continuous with the ductus deferens.

The ductules from the testis have a thin muscular coat and a lining that consists of
alternating groups of high columnar cells with cilia (hairlike projections) and low
cells lacking cilia. The cilia assist in moving sperm toward the epididymis. In the
duct of the epididymis the muscle coat is thicker and the lining is thick with tufts
of large nonmotile cilia.  There is some evidence that the ductules and the first
portion of the duct of the epididymis remove excess fluid and extraneous debris
from  the  testicular  secretions  entering  these  tubes.  The  blood  supply  to  the
epididymis is by a branch from the testicular artery given off before that vessel
reaches the testis.

The ductus  deferens,  or  vas  deferens,  is  the  continuation  of  the  duct  of  the
epididymis.  It  commences  at  the  lower  part  of  the  tail  of  the  epididymis  and
ascends along the back border of the testis to its upper pole. Then, as part of the
spermatic  cord,  it  extends to the deep inguinal  ring.  Separating from the other
elements of the spermatic cord—the blood vessels, nerves, and lymph vessels—at
the ring, the ductus deferens makes its way through the pelvis toward the base of
the prostate, where it is joined by the seminal vesicle to form the ejaculatory duct.
A part of the ductus that is dilated and rather tortuous, near the base of the urinary
bladder, is called the ampulla.

The ductus deferens has a thick coat of smooth muscle that gives it a characteristic
cordlike feel.  The longitudinal muscle fibres are well developed, and peristaltic
contractions  (contractions  in  waves)  move  the  sperm  toward  the  ampulla.
The mucous membrane lining the interior  is  in longitudinal  folds and is  mostly
covered with nonciliated columnar cells, although some cells have nonmotile cilia.
The ampulla is thinner-walled and probably acts as a sperm store.
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