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1.2.1 Cell membrane 

It is the thin membrane surrounds every cells and separate inner material of cells from 

environment around. It is also known as plasma membrane. . It is semi permeable layer which allows 

the passage of selected materials. It is outer most covering, made up of double layer of phospholipids 

and protein molecules in between them. Phospholipid molecules are amphiphilic in nature, 

containing both hydrophilic and hydrophobic ends. The hydrophilic ends contain the molecules have 

high affinity for water while hydrophobic ends repel water. Proteins are the carrier molecules 

that responsible for the selective transport of molecules across the membrane. It also acts as 

receptors that allow the cell to respond to external signals. In addition, it consist some lipid 

molecules which regulates the fluidity and permeability of cell membrane.  The fluids outside the 

cell membrane are called extracellular fluid (FCF) and inside the cell membrane is called 

intracellular fluid (ICF).  

The cell membrane, also known as the plasma membrane, is a thin, semi-permeable layer of 

lipid and protein molecules that surrounds the cell. It separates the inside of the cell from the outside 

environment, regulates the movement of certain substances into and out of the cell, and is 

responsible for many cellular functions. The cell membrane is a dynamic structure undergoes a 

variety of changes which is explained by Singer and Nicholson(1972)  and proposed the fluid mosaic 

model. As shown in figure 1.2, it consists of a double layer of phospholipid molecules, with their 

hydrophilic heads facing outwards and their hydrophobic tails facing inwards. There are various 

proteins, including integral proteins and peripheral protein embedded in cell membrane. In the figure 

1.2, you can see two integral proteins that extent the entire membrane and peripheral proteins that 

are attached to the surface. 

 

Figure 1.2: Fluid Mosaic Model of Cell membrane 

The cell membrane has several important functions, including: 

1. Selective permeability: The cell membrane is selectively permeable, which means it allows 

certain substances to pass through while blocking others. Small, non-polar molecules like 

oxygen and carbon dioxide can easily diffuse across the membrane, while larger or charged 
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Types of Epithelial tissues 

Epithelia are classified into different types on the basis of shapes, sizes, and arrangements of 

cells.   

Primarily epithelial tissue classified into two main types depending on the layers of cells- 

Simple epithelium composed of a single layer of cells 

Figure 1.10: Classification of epithelium tissue 

A. Simple Epithelia 

The simple epithelia consist of a single layer of cells. They are further divided into five types 

according to the form and structure of their cells which you can see in figure 1.12. 

 

Figure 1.12: Types of Simple Epithelium 
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form a new cells. The innermost layers has low columnar and cuboidal cells with oval 

nuclei while outerlayer vary in shape. The stratified epithelium is further sub-divided 

based on the type of cells in the outer layer. The stratified epithelia are classified into 

four types: stratified squamous (Keratinized and non keratinized), stratified cuboidal, 

stratified columnar, stratified ciliated. Commonly present in epithelium of the skin, 

mucous membranes of gastro intestinal tract, lines larynx, conjunctiva, vagina, part of 

urethra. 

ii. Transitional Epithelium - The trasitional epithelium consist of fewer layers of cells 

having less flattened surface. The cells of trasitional epithelim have remarkable 

flexibility and lines the organs that required expansion such as urinary bladder, ureters 

and renal pelvis. 

1.3.2 Connective Tissue 

The connective tissue is made up of living cells separated by non living extracellular 

material. The extracellular material generally consists of protein fibres scattered in an amorphous, 

transparent ground substance called matrix.   

Functions- 

1. The connective tissue connects one tissue with other tissues and organ of the body and 

provides structural support.  

2. Matrix allows diffusion of food materials, water, gases and wastes to and from the cells. Thus 

facilitate in transport of materials from one part to another in the body.  

3. Certain cells of connective tissues such as macrophages, neutrophiles, monocytes ingest and 

dispose off bacteria to protect the body from infection. 

Types of connective tissue-There are three main types of connective tissues, which is further sub-

divided as shown in figure 1.13. The brief review on these types of connective tissue is as follows: 

 

Figure 1.13: Classification of connective tissue 

A. Connective Tissues Proper- Connective tissue proper consist of gelatinous matrix, made up 

of carbohydrates and protein. Its main function is to protect the organs and connect one tissue 

to other. The connective tissues proper are further divided into following section: 
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Figure 1.14: Types of cartilage (Source: www.librate.com) 

ii. Bone: Bone is the solid, rigid and hardest connective tissue. The prominent function of bone 

is to maintain the shape and posture of the body. In addition it also protects the internal 

organs. They are rich in collagen fibres and calcium, which give strength. It is externally 

covered by tough sheath known as periosteum. It contains the special bone forming cells are 

known as osteoblasts. The matrix of bone is dense and hard, made up of ossein protein. The 

matrix occurs as layer, the lamellae which are arranged in concentric rings. Each lamella 

contains a bone cell, known as osteocyte. They are present in fluid filled space, the bone 

lacunae which give off tiny channels known as canaliculi. 

Table 1.2: Difference between bone and cartilage 

S.no. Bone Cartilage 

1. It is rigid and non flexible 

connective tissue 

It is flexible connective tissue 

2. Matrix is made up of organic and 

inorganic salts (predominant of 

calcium salts) 

Matrix is made up of organic mainly. 

3. Matrix is arranged in concentric 

circle 

Matrix is not arranged in circle, occur 

in homogenous mass 

4. Bone cell is known as osteocyte Cartilage is known as chondrocytes. 

5. Bone is covered with tough 

sheath, periosteum. 

Cartilage is covered with firm sheath, 

perichondrium. 

6. Rich in blood supply Lack blood supply 
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b) The three primary functions of the Golgi apparatus are the transport, sorting and 

modification of both protein and lipid. 

c) Lysosomes act as a digestive system of cell. It breakdown and digest all 

macromolecules and foreign substance. 

d) Endoplasmic reticulum is an important site of protein synthesis, lipid metabolism, and 

detoxification. 

e) The centrosome is responsible for organizing microtubules during cell division and is 

involved in the formation of the spindle apparatus, which is necessary for proper 

chromosome segregation during mitosis. 

Check your Progress Exercise 2 

1. Tissue refers to a group of cells that are similar in structure and arranged together in an 

organized manner to perform specific functions. The simple epithelia consist of a single layer 

of cells. They are further divided into five types according to the form and structure of their 

cells as follows: 

a) Simple squamous,  

b) Simple cuboidal,  

c) Simple columnar,  

d) Simple ciliated and  

e) Pseudostratified. 

2.   

S.no. Bone Cartilage 

1 It is rigid and non flexible 

connective tissue 

It is flexible connective tissue 

2. Matrix is made up of organic and 

inorganic salts (predominant of 

calcium salts) 

Matrix is made up of organic mainly. 

3. Matrix is arranged in concentric 

circle 

Matrix is not arranged in circle, occur in 

homogenous mass 

4. Bone cell is known as osteocyte Cartilage is known as chondrocytes. 

5. Bone is covered with tough sheath, 

periosteum. 

Cartilage is covered with firm sheath, 

perichondrium. 

6. Rich in blood supply Lack blood supply 

 

3. There are 3 distinct types of muscle tissue: cardiac, smooth, and skeletal.  

Cardiac muscle tissue is specifically found within the heart walls, exhibits a striped or 

striated appearance, and is controlled involuntarily.  
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UNIT -2 

BLOOD AND LYMPHATIC SYSTEM  

Structure 

2.1 Introduction 

2.2 Blood 

2.2.1 Composition of Blood  

2.2.2 Function of Blood 

2.3 Plasma  

2.3.1 Composition of Plasma  

2.3.2 Functions of Plasma 

2.4 Plasma Protein 

2.4.1 Albumin 

2.4.2 Globulin 

2.4.3 Fibrinogen 

2.5 Red Blood Corpuscles (RBC) 

2.5.1 Morphology of RBC 

2.5.2 Life Cycle of Red Blood Cells: 

2.5.3 Functions of RBC 

2.5.4 Clinical Significance 

2.6 Leukocytes 

2.6.1 Types of Leukocytes 

2.6.2 Functions of Leukocytes 

2.7 Platelets 

2.8 Lymphatic System 

2.6.1 Structure and Functions 

2.6.2 Structure and Functions of Lymphatic Nodes 

2.9 Glossary 

2.10 Let Us Sum Up 

2.11 Answer to Check Your Progress 

2.1  INTRODUCTION  

The blood and lymphatic systems are essential parts of the human body that work together to 

maintain homeostasis and protect the body from disease. The blood system is responsible for 

circulating oxygen, nutrients, hormones, and other essential substances throughout the body, while 

the lymphatic system is responsible for draining excess fluid and waste products from the tissues and 
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2.4.3 Fibrinogen 

Fibrinogen is a large, complex protein that is found in blood plasma. It plays a key role in the 

process of blood clotting, which is essential for wound healing and preventing excessive bleeding. 

Fibrinogen is produced in the liver and circulates in the blood in an inactive form until it is needed 

for clot formation. Fibrinogen levels can be measured through a blood test called a fibrinogen assay. 

This test is used to evaluate the risk of thrombosis, monitor the progress of certain diseases, and 

assess the response to treatment. Elevated levels of fibrinogen are associated with an increased risk 

of cardiovascular disease, stroke, and thrombosis. In contrast, low levels of fibrinogen are associated 

with bleeding disorders such as hemophilia. 

Function: 

i. Blood clotting:  Fibrinogen plays a critical role in the process of blood clotting, which is 

essential for wound healing and preventing excessive bleeding. When a blood vessel is 

damaged, a complex series of reactions known as the coagulation cascade is initiated to form 

a blood clot. Fibrinogen is converted to fibrin by the action of the enzyme thrombin, which is 

generated during the coagulation cascade. Fibrin molecules then aggregate to form a mesh-

like structure that traps platelets and red blood cells to form a stable blood clot. 

ii. Immune response: Fibrinogen has been shown to interact with various immune cells and 

contribute to the immune response. 

iii.  Other: Fibrinogen also plays a role in other physiological processes, such as inflammation 

and wound healing. In addition, fibrinogen has been shown to promote cell adhesion, 

migration, and proliferation, which are important for tissue repair and regeneration. 

CHECK YOUR PROGRESS EXERCISE 1 

1. Explain the composition of blood 

ééééééééééééééééééééééééééééééééééé. 

ééééééééééééééééééééééééééééééééééé. 

ééééééééééééééééééééééééééééééééééé. 

ééééééééééééééééééééééééééééééééééé 

 

2. Define plasma and serum. How can plasma be separated from whole blood? 

ééééééééééééééééééééééééééééééééééé 

ééééééééééééééééééééééééééééééééééé 

é.ééééééééééééééééééééééééééééééééé... 

ééééééééééééééééééééééééééééééééééé 

 

3. What are the different types of plasma proteins and what is their distinct function? 

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééé 
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bone marrow. The life cycle of red blood cells, also known as erythrocytes, involves several stages 

and a complex process called erythropoiesis. Let's explore the stages and process of erythropoiesis in 

detail: 

i. Hematopoietic Stem Cell (HSC) Formation: Erythropoiesis begins with the formation of 

hematopoietic stem cells (HSCs) in the bone marrow. These pluripotent cells have the ability 

to differentiate into various blood cell types, including red blood cells. 

ii. Proerythroblast Stage: HSCs differentiate into proerythroblasts, which are large cells with a 

round nucleus and basophilic cytoplasm. Proerythroblasts undergo rapid cell division to 

produce a population of cells committed to becoming red blood cells. 

iii.  Basophilic Erythroblast Stage: Basophilic erythroblasts are the next stage in erythropoiesis. 

They have a smaller size compared to proerythroblasts and contain more cytoplasm. During 

this stage, the cells synthesize hemoglobin, the protein responsible for oxygen transport. 

iv. Polychromatic Erythroblast Stage: Polychromatic erythroblasts are characterized by the 

presence of both basophilic and acidophilic cytoplasm. The cells continue to synthesize 

hemoglobin and undergo nuclear condensation. 

v. Orthochromatic Erythroblast Stage: Orthochromatic erythroblasts have a smaller nucleus 

and predominantly acidophilic cytoplasm. The nucleus is eventually expelled from the cell, 

resulting in the formation of a reticulocyte. 

vi. Reticulocyte Stage: Reticulocytes are immature red blood cells that contain remnants of 

ribosomal RNA, giving them a reticular or granular appearance under a microscope. 

Reticulocytes are released into the bloodstream and circulate for about 1-2 days before 

maturing into fully functional red blood cells. 

vii. Maturation of Red Blood Cells: During their circulation in the bloodstream, reticulocytes 

undergo maturation, during which their organelles are further broken down. The final stage 

of maturation involves the loss of the reticular appearance, resulting in the formation of 

mature, biconcave-shaped red blood cells. 

The entire process of erythropoiesis is tightly regulated by various factors, particularly the 

hormone erythropoietin (EPO), which is produced by the kidneys in response to low oxygen levels 

in the blood. EPO stimulates the production and maturation of red blood cells, ensuring the body 

maintains an adequate supply to carry oxygen to tissues and organs. Overall, erythropoiesis is a 

highly regulated and dynamic process that ensures the continuous production of red blood cells, 

allowing for the proper functioning of oxygen transport in the body. 

Now, after having a basic understanding about how RBC look like and about its life span, let 

us move on to study its role in our body in detail. 

2.5.3 Functions of RBC 

1. Transportation of oxygen: RBCs are responsible for the transportation of oxygen from the 

lungs to the body tissues. Oxygen is essential for the survival of every cell in the human body 

as it is required for the process of cellular respiration. RBCs contain haemoglobin, a protein 

that binds to oxygen and allows it to be transported in the blood. You would be surprised to 

learn that one gram of haemoglobin carries 1.34 cc of oxygen. Once the RBCs reach the 

tissues, the haemoglobin releases the oxygen to be used in cellular respiration. Further, 

capacity of RBC to carry haemoglobin in the cell fluid is upto about 34g/dl of cells.  

2. Transportation of carbon dioxide: RBCs are responsible for the transportation of carbon 
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substances that regulate vessel dilation and contraction. 

Mostly arteries are named after the body parts they supply blood; such as the coronary (heart), 

brachial (arm), celiac (different part of GI tract) or the metacarpal (wrist) artery. Some arteries are 

named based on the organ they supply blood: as the hepatic artery (liver), uterine or the ovarian 

artery. Each artery divides into smaller blood vessels i.e. arterioles and capillaries to deliver nutrient 

rich blood to each cell of the body. The blood in arteries flow under high pressure. They can expand 

and constrict with each heart beat in a rhythmic movement that may be felt as the pulse. 

3.3.2 Veins: Veins are blood vessels that carry deoxygenated blood back to the heart from various 

organs and tissues (except for pulmonary vein which carries oxygenated blood). They have thinner 

walls compared to arteries and a larger diameter. The three layers of venous walls are similar to 

those of arteries but with less muscle and elastic tissue. Veins have valves located throughout their 

length, especially in the limbs. These valves prevent backward flow of blood and assist in propelling 

blood towards the heart, overcoming the low pressure in the venous system. Valves are particularly 

important in counteracting the effects of gravity. Veins merge to form larger vessels, eventually 

leading to the two main veins that return blood to the heart: the superior vena cava (from the upper 

body) and the inferior vena cava (from the lower body). 

3.3.3 Capillaries 

Capillaries are the smallest and thinnest blood vessels with 1 µm thickness and 5- 10µm 

diameter, connecting arterioles to venules. Their thin walls consist of a single layer of endothelial 

cells, allowing for the exchange of gases, nutrients, and waste products between the blood and 

surrounding tissues. Capillaries are the site of vital processes such as oxygen and nutrient delivery to 

cells and the removal of carbon dioxide and metabolic waste products. They supply nutrition and 

oxygen-rich blood directly to the tissues. This process is called as perfusion. Capillaries are found in 

large numbers in tissues that require a high supply of oxygen and nutrients, such as the lungs, liver, 

and muscles. They connect arterioles and venules to form a network of blood vessels throughout the 

body. Capillaries have about 7% total volume of blood. The flow of blood through these minute 

capillaries is often described as microcirculation.  These capillaries organize into a ócapillary bedô 

that may consist of a network of 10ï100 capillaries. These capillaries bed form extensive networks 

within tissues, with their vast surface area ensuring efficient exchange. Capillary beds can be opened 

or closed to regulate blood flow based on the metabolic demands of the tissues. 

3.4 ARTERIAL AND VENOUS SYSTEMS  

3.4.1 Arterial System 

The arterial system is a vital component of the circulatory system responsible for delivering 

oxygenated blood from the heart to various tissues and organs throughout the body. Arteries play a 

crucial role in maintaining proper blood flow, supplying essential nutrients and oxygen to cells, and 

facilitating waste removal. Arteries have a distinct structure that enables them to withstand high 

pressure and efficiently transport blood. They consist of three main layers: the tunica intima, tunica 

media, and tunica adventitia, as we discussed in earlier section. Arteries are thicker and more 

muscular than veins to withstand the higher pressure of blood flow. Arteries branch into smaller 

vessels known as arterioles, which further divide into capillaries as shown in figure 3.4. 
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3. An inner of squamous endothelium cells (tunica adventitia).  

Unlike arterioles, the middle layer is poorly developed; because of which venules have thinner walls. 

Venules have extremely porous wall which facilitates exchange of fluid and white blood cells 

between body cells and blood stream. 

 

Figure 3.5 : Capillary bed, Venules and Vein 

There are two primary types of venules: postcapillary venules and muscular venules. 

1. Postcapillary Venules: Postcapillary venules are the smallest venules and directly connect 

capillaries to the larger venous system. They are characterized by a thin or absent tunica 

media and a high proportion of endothelial cells. Postcapillary venules play a crucial role in 

the exchange of nutrients, gases, and waste products between the bloodstream and the 

surrounding tissues. They also contribute to the migration of immune cells from the 

bloodstream into tissues during inflammation. 

2. Muscular Venules: Muscular venules are larger than postcapillary venules and possess a 

more developed tunica media containing smooth muscle fibers. They receive blood from 

postcapillary venules and continue to transport it towards larger veins. Muscular venules 

regulate blood flow by constricting or dilating their smooth muscle layer, helping to maintain 

proper circulation throughout the body. 

Venules play several important roles in the circulatory system: 

¶ Blood Drainage: Venules collect deoxygenated blood, waste products, and carbon 

dioxide from the capillaries, serving as conduits for blood drainage from the tissues. 

They gradually merge and merge with each other, forming larger veins that eventually 

return blood to the heart. 

¶ Regulation of Blood Pressure: Venules, especially the muscular venules, contribute to 

the regulation of blood pressure. The contraction and relaxation of the smooth muscle 

in their walls help control blood flow and maintain proper venous return to the heart. 

By adjusting their diameter, venules can influence the resistance to blood flow and 

ensure adequate circulation throughout the body. 

¶ Immune Response: Postcapillary venules play a crucial role in the immune response. 

During inflammation, these venules become more permeable, allowing immune cells, 

such as white blood cells, to exit the bloodstream and migrate into the affected tissues. 
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4. Match the following 

    A         B 

a) Bicuspid Valve i. Located between the right atrium and the right  

  ventricle 

b) Tricuspid Valve ii. Located between the left ventricle and the aorta  

c) Pulmonary Valve  iii.  between the left atrium and the left ventricle  

d) Aortic Valve iv. Situated between right ventricle and pulmonary artery 

Let us move to learn about cardiac muscle and its structure and role in heart functioning 

3.5 CARDIAC MUSCLE  

Cardiac muscle, also known as myocardium, forms the middle layer of the heart wall. It is a 

unique type of muscle tissue found exclusively in the heart. It possesses distinct properties that 

enable the heart to perform its vital function of pumping blood throughout the body. Let's explore 

the structure and function of the cardiac muscle and its layers in more detail. 

The myocardium, as mentioned earlier, is the middle layer of the heart wall. It is composed 

of cardiac muscle fibers, connective tissue, blood vessels, and nerves. The myocardium is 

responsible for the forceful contractions of the heart that pump blood throughout the circulatory 

system. It is significantly thicker in the left ventricle, which pumps oxygenated blood to the rest of 

the body, compared to the other chambers of the heart. The myocardium receives oxygenated blood 

supply through the coronary arteries, which branch off from the aorta. These arteries penetrate into 

the myocardium, forming a network of smaller blood vessels called coronary capillaries. The 

capillaries supply oxygen and nutrients to the cardiac muscle cells and remove waste products. The 

deoxygenated blood is then collected by coronary veins and eventually drains into the right atrium. 

The myocardium is surrounded by other layers that provide support and protection to the 

heart. The innermost layer is the endocardium, which lines the chambers of the heart and covers the 

heart valves. It consists of a thin layer of endothelial cells, which provide a smooth surface to 

facilitate the flow of blood and prevent clotting. The endocardium also contains some connective 

tissue and purkinje fibers, which are specialized conducting cells involved in electrical signaling 

within the heart. 

The outermost layer of the heart is the epicardium, also known as the visceral layer of the 

serous pericardium. It is a thin, protective layer consisting of connective tissue covered by a layer of 

mesothelial cells. The epicardium also contains blood vessels, nerves, and adipose tissue. It provides 

lubrication to the heart, reducing friction as it beats within the pericardial sac. 

Let us discuss some key features of cardiac muscle: 

¶ The cardiac muscle is a specialized type of muscle tissue that exhibits striations, similar to 

skeletal muscle, but with some distinct differences. It is involuntary muscle, meaning it 

contracts without conscious control. The cardiac muscle cells, called cardiomyocytes, are 

interconnected and form a complex network that allows for coordinated contractions. 

¶ The cardiac muscle cells have unique structural features that contribute to their specialized 

function. They are branched cells with intercalated discs, which are specialized cell-to-cell 

junctions. Intercalated discs contain desmosomes, which provide mechanical strength and 

prevent the cells from separating during contractions, and gap junctions, which allow for 
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rapid electrical signaling between cells. This arrangement enables coordinated and 

synchronized contractions of the myocardium. 

¶ Cardiac muscle cells have a high density of mitochondria, which are responsible for 

generating energy in the form of adenosine triphosphate (ATP). ATP is essential for the 

continuous contraction and relaxation of the heart muscle. The high demand for ATP is met 

by the abundance of mitochondria in cardiac muscle cells, ensuring the heart's continuous 

pumping action. 

¶ Cardiac muscle contractions last longer than skeletal muscle contractions. This property 

allows the heart to expel blood effectively and efficiently throughout the body. The 

prolonged contractions of cardiac muscle cells ensure a complete ejection of blood from the 

heart chambers, optimizing cardiac output. 

¶ Cardiac muscle is highly resistant to fatigue due to its continuous and rhythmic contractions. 

The heart must contract tirelessly throughout an individual's lifetime without rest. This ability 

of cardiac muscle to endure and resist fatigue is crucial for its sustained function in pumping 

blood. 

¶ Unlike skeletal muscle, cardiac muscle has limited regenerative capacity. Cardiac muscle 

cells do not readily undergo cell division, making it challenging for the heart to repair itself 

after injury or damage. This limited regenerative capacity is one of the reasons why heart 

conditions and injuries can have severe consequences. 

 

Figure 3.6: Structure of Cardiac Muscle 

3.6 INNERVATIONS OF THE HEART  

The innervations of the heart refer to the network of nerves that control the cardiac muscle 

and regulate the heart's function. The main components of the cardiac innervation system include the 
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Figure 3.7:  Electrical component of heart 

Overall, the electrical conduction system of the heart ensures coordinated and rhythmic 

contractions of the atria and ventricles, enabling the heart to pump blood effectively and maintain 

proper circulation throughout the body. The electrical conduction system of the heart is regulated by 

both the autonomic nervous system and intrinsic factors which we will discuss next .  

3.6.2 Nerve Conduction system: The autonomic nervous system (ANS) plays a crucial role in 

regulating the heart's activity and maintaining its balance. It consists of two main divisions: the 

sympathetic nervous system (SNS) and the parasympathetic nervous system (PNS). 

¶ Sympathetic Nervous System (SNS): The SNS is responsible for increasing the heart rate and 

enhancing cardiac contractility. The sympathetic nerves originate from the thoracic spinal 

cord and release the neurotransmitter norepinephrine. When activated, the SNS increases the 

heart's responsiveness to external stimuli, preparing the body for "fight-or-flight" responses. 

¶ Parasympathetic Nervous System (PNS): The PNS, also known as the vagus nerve, has the 

opposite effect of the SNS. It slows down the heart rate and decreases cardiac contractility. 

The vagus nerve originates from the medulla oblongata in the brainstem and releases the 

neurotransmitter acetylcholine. Activation of the PNS promotes a state of relaxation and 

helps conserve energy. 

The balance between the sympathetic and parasympathetic innervations determines the 

heart's overall rate and strength of contraction. This balance is regulated by the cardiac centers 

located in the medulla oblongata, which receive input from various sensory receptors and send 

signals to the heart via the autonomic nerves. 
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2. Chemoreceptor Reflex: Chemoreceptors are sensory receptors located in the carotid bodies 

and aortic bodies. They monitor the levels of oxygen, carbon dioxide, and pH in the blood. If 

oxygen levels decrease or carbon dioxide and pH levels increase (indicating a decrease in 

oxygen supply or an increase in metabolic activity), chemoreceptors stimulate the control 

center in the brain to increase heart rate and respiratory rate. This response helps increase 

oxygen delivery and remove carbon dioxide from the body. 

3. Bainbridge Reflex: The Bainbridge reflex, also known as the atrial reflex, is a feedback 

mechanism involving the stretch receptors located in the atria of the heart. When the atria are 

stretched due to an increased volume of blood returning to the heart (increased venous 

return), the stretch receptors signal the cardiovascular control center to increase heart rate. 

This response helps the heart pump out the increased blood volume more efficiently. 

4. Renin-Angiotensin-Aldosterone System (RAAS): The RAAS is an intricate hormonal 

feedback mechanism that regulates blood pressure and fluid balance. When blood pressure 

decreases or blood volume decreases, special cells in the kidneys release the enzyme renin. 

Renin converts angiotensinogen (a protein produced by the liver) into angiotensin I. 

Angiotensin I is then converted into angiotensin II by the enzyme angiotensin-converting 

enzyme (ACE), primarily located in the lungs. Angiotensin II is a potent vasoconstrictor that 

causes blood vessels to narrow, thereby increasing blood pressure. It also stimulates the 

release of aldosterone from the adrenal glands, which promotes the reabsorption of sodium 

and water by the kidneys, leading to an increase in blood volume. The increase in blood 

pressure and volume helps restore normal cardiovascular parameters. 

5. Central Nervous System Regulation: The central nervous system, particularly the medulla 

oblongata, plays a crucial role in regulating cardiovascular function. It receives input from 

various receptors, including baroreceptors, chemoreceptors, and stretch receptors, and sends 

signals to regulate heart rate, contractility, and vascular tone. The sympathetic nervous 

system activation increases heart rate and vasoconstriction, while the parasympathetic 

nervous system activation decreases heart rate and promotes vasodilation. 

These feedback mechanisms work in coordination to maintain the stability of cardiovascular 

parameters. They respond to changes in blood pressure, blood volume, oxygen levels, and other 

factors, ensuring that blood flow and organ perfusion remain within appropriate ranges. The 

continuous adjustments made by these mechanisms help maintain the equilibrium necessary for 

proper cardiovascular function. 

3.9 PORTAL CIRCULATION  

Portal circulation refers to a specialized circulation system in the body that involves the 

passage of blood from one set of blood vessels to another set of blood vessels through a portal vein. 

Unlike the typical pattern of blood flow, where oxygenated blood travels from the heart to the organs 

and deoxygenated blood returns to the heart, portal circulation diverts blood from one organ to 

another before returning it to the heart.  

Portal circulation plays a crucial role in directing blood flow from one set of organs to 

another, allowing for specialized processing and regulation of substances before they enter the 

systemic circulation. The hepatic portal circulation and hypophyseal portal circulation are key 

examples of this specialized circulation system, serving important functions in nutrient metabolism, 

detoxification, and hormone regulation.  

Let us learn about two main examples of portal circulation in the human body that are: the 

hepatic portal circulation and the hypophyseal portal circulation. 
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Figure 3.12: Hypophyseal Portal Circulation 

3.10 HEART BEAT AND HEART RATE  

3.10.1 Heart Beat 

Heartbeat refers to the rhythmic contraction and relaxation of the heart muscle, resulting in 

the pumping of blood throughout the body. It is a vital physiological process that ensures the 

continuous circulation of oxygen, nutrients, and waste products to and from the body's tissues.  

The heartbeat produces specific sounds, known as heart sounds, which can be heard with a 

stethoscope. The two main heart sounds are "lub-dub." 

ü S1 ("Lub"): The first heart sound (S1) occurs during ventricular systole and is caused by the 

closure of the mitral and tricuspid valves. It marks the beginning of ventricular contraction. 

ü S2 ("Dub"): The second heart sound (S2) occurs during ventricular diastole and is caused by 

the closure of the aortic and pulmonary valves. It marks the beginning of ventricular 

relaxation. 

Next, learn here some key points about the heartbeat: 

¶ The heartbeat is a result of the cardiac cycle, which is the sequence of events that occur 

during one complete heartbeat. The cardiac cycle consists of two main phases: diastole and 

systole. 

¶ Electrical Conduction System: The heartbeat is regulated by the heart's electrical conduction 

system, which coordinates the timing and sequence of cardiac muscle contractions. The 

system includes specialized cells that generate and conduct electrical impulses throughout the 

heart, ensuring synchronized contractions. 

Control of heart beat: The rate of heartbeats is primarily controlled by the autonomic nervous 

system, specifically through the actions of the sympathetic and parasympathetic divisions. These 

divisions work in opposition to regulate the heart rate and maintain a balance in response to various 

physiological and environmental conditions. The intricate control of heart rate by the autonomic 

nervous system ensures that the heart responds appropriately to the body's demands. The balance 
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fitness levels, and response to various stimuli. It is an important parameter in clinical settings, during 

exercise, and for individuals monitoring their general well-being. Understanding the factors that 

influence heart rate can help individuals make informed decisions about their health and fitness 

goals. 

3.11 CARDIAC OUTPUT  

Cardiac output refers to the amount of blood pumped by the heart per minute. It is a critical 

measure of the heart's effectiveness in delivering oxygenated blood to the body's tissues and organs. 

Cardiac output is influenced by two main factors: heart rate and stroke volume. 

Heart rate (HR) refers to the number of times the heart contracts or beats per minute. It is 

controlled by the electrical signals generated by the sinoatrial (SA) node, often referred to as the 

heart's natural pacemaker. The SA node initiates each heartbeat, causing the atria to contract and 

pump blood into the ventricles. The rate at which the SA node generates these electrical signals 

determines the heart rate. 

Stroke volume (SV) refers to the volume of blood ejected by the heart with each contraction. 

It is influenced by factors such as the strength of the heart's contraction (contractility), the volume of 

blood returning to the heart (preload), and the resistance the heart must overcome to pump blood out 

of the ventricles (afterload). An increase in any of these factors typically results in an increase in 

stroke volume. 

The formula for calculating cardiac output (CO) is as follows: 

CO = HR x SV 

Cardiac output is typically expressed in liters per minute (L/min). The average resting cardiac 

output for an adult at rest is approximately 4-5 liters per minute. During exercise or periods of 

increased demand, cardiac output can increase significantly to meet the body's oxygen and nutrient 

requirements. Cardiac output plays a crucial role in maintaining overall cardiovascular function. It 

ensures that an adequate amount of oxygenated blood is delivered to the tissues and organs 

throughout the body. Various physiological and pathological conditions can impact cardiac output. 

For example, conditions such as heart failure, myocardial infarction, or valvular heart disease can 

reduce cardiac output, leading to symptoms of fatigue, shortness of breath, and decreased exercise 

tolerance. Conversely, during periods of increased demand, such as during physical activity or stress, 

the body can increase cardiac output to meet the increased oxygen and nutrient needs of the tissues. 

Several techniques can be used to measure cardiac output, including echocardiography, 

thermodilution, and impedance cardiography. These methods provide valuable information about 

heart function and help guide treatment decisions. 

Optimizing cardiac output is a primary goal in managing cardiac conditions. Treatment 

approaches may involve medications to improve heart contractility, reduce after load, or manage 

heart rate. Lifestyle modifications, such as regular exercise, maintaining a healthy weight, and 

following a balanced diet, can also support cardiac health and optimize cardiac output. In summary, 

cardiac output is a vital parameter that measures the amount of blood the heart pumps per minute. It 

is influenced by heart rate and stroke volume, and it plays a critical role in ensuring adequate oxygen 

and nutrient delivery to the body's tissues and organs. Monitoring and maintaining optimal cardiac 

output are crucial for overall cardiovascular health. 

3.12 BLOOD PRESSURE 

Blood pressure is the force exerted by circulating blood against the walls of blood vessels, 
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2. Describe the role of RAAS system in arterial pressure regulation. 

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé
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ééééééééééééééééééééééééééééééé. 

3. Explain the significance of hypophyseal portal system. 

ééééééééééééééééééééééééééééééééééééé
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4. What is the significance to measure electrocardiogram. 

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé
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ééééééééééééééééééééééééééééééééé 

3.14 GLOSSARY 

Arterioles : Arterioles are smaller branches of arteries that further divide into 

capillaries.  

Capillaries : are the smallest and thinnest blood vessels in the body, connecting 

arterioles (small arteries) to venules (small veins). 

Cardiac output : to the amount of blood pumped by the heart per minute. 

Coronary arteries : are blood vessels that supply oxygenated blood to the heart muscle. 

Diastolic blood pressure : is the pressure exerted on the walls of arteries when the heart is in 

between beats and the arterial system is in a relaxed state. 

Heartbeat : to the rhythmic contraction and relaxation of the heart muscle resulting 

in the pumping of blood throughout the body. 

Heart rate (HR) : number of times the heart contracts or beats per minute. 

Sphygmomanometer : a medical device used to measure blood pressure. 

Systolic blood pressure : is the pressure exerted on the walls of arteries when the heart contracts 

and pumps blood out of the left ventricle into the aorta and the rest of 

the arterial sys 

Renin : is an enzyme produced and released by the kidneys in response to low 

blood pressure or low blood volume. 

Venules : are small blood vessels that connect capillaries to larger veins in the 

circulatory system. 

Stroke volume : the volume of blood ejected by the heart with each contraction. 

3.15 LET US SUM UP  

The cardiovascular system, also known as the circulatory system, is responsible for the 
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UNIT -4 

DIGESTIVE SYSTEM  
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4.7.2 Functions of Liver 

4.8 Gall Bladder 
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4.10 Glossary 

4.11 Let Us Sum Up 

4.12 Answers to Check Your Progress Exercise 

4.1 INTRODUCTION  

In this Unit we will discuss about the most important sytem of the body i.e., the digestive 

system. The digestive system plays very important role as it complete the basic need of survival 

which is digestion of food. In this unit you will learn broad prospective of the digestive system as 

well as their functions and role. Each organ will be described individually which will enhance your 

knowledge.  
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food moves down the esophagus to the stomach, where it is further decompose or broken down by 

stomach acid and enzymes. The stomach also blendthe food with digestive juices, which help to 

break down proteins. Next, the food move towards the small intestine, where mostly nutrients are 

soaked into the bloodstream. The small intestine is bounded with tiny finger-like projections called 

villi, which increase its area and help to absorb nutrients more competently. The pancreas and liver 

also produce enzymes and other substances that helps in digestion, which are transferred to the small 

intestine via ducts. Finally, the rest waste products move into the large intestine, where water is 

absorbed and the waste is prepared for elimination from the body via rectum and anus. 

The enzymes associated in digestion are made by a number of different glandular organs, that 

include the salivary glands, stomach, pancreas, and liver. Each of these organs bring out enzymes 

that are specialized for breaking down different types of food particles. For example, amylase is an 

enzyme made by the salivary glands and pancreas that helps to break down carbohydrates, while 

lipase is made by the pancreas and helps to break down fats. Proteases are enzymes made by the 

stomach and pancreas that break down proteins. 

Digestion is the exercise of breaking down food into small particles that can be absorbed by 

the body. Enzymes made by the digestive glands play a very imporatnt role in this process, breaking 

down large food particles into smaller ones that can be absorbed by the body's cells. The digestive 

system is a complex and highly coordinated system that is essential for the proper functioning of the 

human body. 

Above, you have learned about the digestive system. You have learned about the importance 

of enzymes and which enzyme break down which food nutrients. You have also learned the source 

of enzyme from where the made or produce. Letôs Proceed further and learns about the physiology 

of digestive system. 

4.1.1 Objective 

In this unit, you will learn various aspects of digestive system. Some of them are: 

¶ To describe the organization of the gastrointestinal tract 

¶ To explain the process of digestion, including ingestion, digestion, absorption, and 

elimination 

¶ To highlight the importance of digestion in the body 

¶ To outline the functions of the digestive system, which include mechanical and chemical 

digestion, absorption of nutrients and water, and elimination of waste products 

¶ To provide an overview of the structure and functions of the stomach, liver, gallbladder, and 

pancreas, which are important organs in the digestive system. 

4.2 ORGANIZATION OF GASTROINTESTINAL TRACT  

Letôs discuss about the digestive tract is ordered into several organs that effort together to break 

down food and imbibe nutrients. startling from the mouth, the organs of the digestive tract involve 

a) Mouth:  This is the place where digestion begins with the mechanical and chemical 

decomposition of food 

b) Pharynx: It is a muscular duct that connects the mouth to the esophagus 

c) Esophagus: It is a muscular duct that transports food from the mouth to the stomach 

d) Stomach: This is a muscular sac that mixes and grinds food with gastric juice, delivering a 
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Source: Retrieved from National Institute of Diabetes and Digestive and Kidney Diseases 

4.3.1 Ingestion: 

Ingestion is an action of taking food into the mouth, breaking it down into smaller pieces, and 

get ready for further digestion and absorption in the gastrointestinal tract. The etiology of ingestion 

involves many organs and actions working together to make sure that food is appropriately prepared 

for digestion and absorption. The process of ingestion starts with thechewing, which is commanded 

by the somatic nerves to the skeletal muscles of the mouth and jaw. When food is settled in the 

mouth, the tongue and jaw work altogether to move the food around and churn it into smaller 

chunks. The teeth play major role in breaking down the food into smaller chunks that can be more 

easily engulf without choking. As food is chewed, it blended with saliva, which is made by the 

salivary glands in the mouth. Saliva contains enzymes, such as amylase, that start the process of 

breaking down carbohydrates in the food. Saliva also helps to moisten the food and make it easier to 

engulf. 

Once the food has been efficiently chewed and mixed with saliva, it is engulfed and enters 

the esophagus. The act of engulfing is controlled by the autonomic nervous system (ANS), which 

systemizes the contraction of the muscles in the pharynx and esophagus to move the food 

downwards into the stomach. In the stomach, the food is blended with gastric juices, which contain 

hydrochloric acid and enzymes that break down proteins in the food. The stomach also churns the 

food, blending it with the gastric juices to form a thick liquid called chyme. The chyme is slowly 

released into the small intestine, where it is further broken down and absorbed. 

Overall, you have learnedthe process of ingestion involves several organs and processes 

working together to ensure that food is properly prepared for digestion and absorption. The act of 

chewing and blending food with saliva starts the process of breaking down carbohydrates, while 

swallowing moves the food down into the stomach where it is mixed with gastric juices to break 

down proteins. This systemized process ensures that the food is properly prepared fordigestion and 

absorption in the gastrointestinal tract. 

Check Your Progress- Exercise I  

1) What is the gastrointestinal tract responsible for? 

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé 

2) What enzymes are made by the salivary glands and pancreas? 

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé 

3) What is the function of lipase and villi? 

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé 

4.3.2 Digestion: 

Now, we will learn about digestion, After the food is ingested, digestion is the process by 

which food is broken down into smaller, more manageable particles that can be absorbed by the 

body. This process starts in the mouth with the mechanical and chemical breakdown of food. The 
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In summary, absorption is a complex process that involves the breakdown of food into 

smaller components, their transport across the intestinal lining, and their distribution to the body's 

cells for energy and other functions. The small intestine and liver play critical roles in nutrient 

absorption and processing. 

4.3.4 Elimination: 

The process of removing waste products from the body, known as elimination, is the final 

stage of digestion. Once food has been digested and nutrients absorbed, the remaining waste enters 

the large intestine where water and electrolytes are absorbed, resulting in the formation of solid 

feces. Feces are stored in the rectum until the urge to defecate is felt, at which point the rectum and 

anus muscles contract to expel the feces. While the process of elimination is typically under 

voluntary control, it can also occur involuntarily. Feces can vary in consistency, color, and odor 

depending on an individual's diet and health, and they contain undigested food and fiber, dead cells, 

bacteria, and other waste products. Proper elimination is crucial for digestive system health, as it 

removes waste products and prevents harmful substances from building up, while any elimination 

issues can lead to digestive disorders such as constipation or diarrhea. 

4.4 IMPORTANCE OF DIGESTION  

Digestion is a crucial process for the human body, as it enables the body to obtain essential 

nutrients necessary for proper functioning. This significance can be attributed to the following 

factors: 

a) Nutrient Absorption:  The digestive system breaks down complex food molecules into 

simpler forms that can be readily absorbed by the body. These include carbohydrates, 

proteins, fats, vitamins, and minerals. Inadequate digestion may result in malnutrition, 

weakness, and several diseases, as the body is unable to absorb these essential nutrients. 

b) Energy Production: Carbohydrates and fats are broken down and absorbed by the body for 

energy production. Glucose and fatty acids are utilized to produce ATP, the primary energy 

currency of the body. 

c) Waste Removal: The digestive system is responsible for eliminating undigested food 

materials and waste products from the body as feces, thereby preventing the accumulation of 

harmful toxins. 

d) Immune System Functioning: The digestive system is also essential for the proper 

functioning of the immune system. The GALT, located in the walls of the digestive tract, 

produces immune cells that aid in fighting infections and diseases. 

e) Overall Health:  A healthy digestive system is crucial for overall health and wellbeing. Poor 

digestion can result in various health problems, including bloating, constipation, diarrhea, 

indigestion, and malnutrition. Proper digestion, supported by a healthy diet and lifestyle, can 

enhance the quality of life, reduce the risk of chronic diseases, and improve overall health. 

In conclusion, digestion plays a fundamental role in the proper functioning of the human 

body. It provides essential nutrients, eliminates waste, supports the immune system, and is 

vital for overall health and wellbeing. 

4.5 FUNCTIONS OF DIGESTIVE SYSYTEM  

The gastrointestinal tract performs several crucial functions, which include: 

a) Digestion: The GI tract breaks down food into smaller molecules that are more easily 
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positioned at the junction of the esophagus and stomach, the cardiac sphincter, also known as 

the lower esophageal sphincter, is a muscular valve. Its primary role is to prevent the 

backward flow of stomach contents into the esophagus. This function is essential because the 

acidic nature of the stomach can cause harm to the delicate lining of the esophagus and give 

rise to conditions like gastroesophageal reflux disease (GERD). When food is swallowed, it 

travels through the esophagus and reaches the cardiac sphincter. At this point, the sphincter 

opens to allow the food to enter the stomach. Once the food has entered the stomach, the 

sphincter closes to prevent the acidic contents of the stomach from flowing back up into the 

esophagus. Occasionally, the cardiac sphincter may malfunction, resulting in conditions such 

as GERD or hiatal hernia. Symptoms of these conditions may include heartburn, chest pain, 

and swallowing difficulties. Treatment options may involve lifestyle adjustments, 

medications to reduce acid production, or surgical intervention to repair the sphincter. 

 

Figure 4.4 The Stomach Structure 

b) Fundus : The fundus is located above the cardiac sphincter and serves as the uppermost part 

of the stomach. Its shape is rounded and dome-like, and it can expand as it fills with food. 

The fundus acts as a temporary storage site for newly ingested food. Due to its size and 

elasticity, it can hold up to 1.5 liters of food and liquid. It also helps regulate the speed at 

which food enters the rest of the stomach by controlling pressure. As food enters the 

stomach, the lower esophageal sphincter relaxes, enabling food to pass through. Then, the 

fundus contracts to accommodate the incoming food, while the pyloric sphincter remains 

closed to prevent food from leaving the stomach too quickly. This ensures that the food is 

thoroughly mixed and broken down before passing into the small intestine. The fundus also 

plays a vital role in protein digestion by secreting gastrin, a hormone that stimulates the 

release of gastric juice and the contraction of stomach muscles, both of which aid in 
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UNIT -5 

RESPIRATORY SYSTEM 

STRUCTURE 
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5.1.1 Objectives 

5.2 Structure of Respiratory System 

5.3 Mechanism of Breathing 

5.3.1 Inhalation 

5.3.2 Exhalation 
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5.7 Glossary 

5.8 Let Us Sum Up 

5.9 Answers to Check your Progress 

5.1 INTRODUCTION  

In this unit, we will learn about the respiratory system. The respiratory system comprises 

various organs and structures in the body that enable breathing and facilitate the exchange of gases. 

Its primary purpose is to deliver oxygen to the body while eliminating carbon dioxide, a by-product 

of cellular respiration. The respiratory system also helps regulate the body's pH balance by 

controlling carbon dioxide levels in the blood. It consists of the upper respiratory tract, which 

includes the nose, nasal cavity, sinuses, pharynx, and larynx, as well as the lower respiratory tract, 

which encompasses the trachea, bronchi, bronchioles, and lungs. The upper respiratory tract filters 

and warms incoming air, whereas the lower respiratory tract facilitates gas exchange within the 

lungs. The lungs serve as the central organs of the respiratory system, comprising numerous tiny air 

sacs called alveoli. Oxygen from the inhaled air diffuses through the alveolar walls into the 

bloodstream, while carbon dioxide from the blood moves into the alveoli to be expelled from the 

body. 
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the trachea. Moreover, the larynx plays a role in controlling airflow during breathing. The 

muscles surrounding the larynx can adjust the size of the opening, called the glottis, to 

regulate the flow of air into the trachea. This mechanism helps to protect the lungs from 

foreign particles or substances that may be present in the inhaled air. 

d) Trachea : The trachea, commonly referred to as the windpipe, is a tubular structure that 

plays a vital role in the respiratory system. It serves as a passageway for air, allowing it to 

travel from the larynx, or voice box, to the lungs. The trachea is composed of a series of C-

shaped cartilage rings stacked on top of each other. These rings provide structural support 

and help to keep the trachea open, ensuring unobstructed airflow. The cartilage rings are 

connected by smooth muscles and elastic tissues, allowing flexibility and movement. Located 

in the front of the neck, the trachea extends downward and splits into two branches called the 

bronchi, which lead to the left and right lungs. These branches further divide into smaller 

tubes known as bronchioles, which eventually lead to the alveoli, the tiny air sacs where gas 

exchange occurs. The inner lining of the trachea is composed of ciliated epithelial cells. 

These cells are equipped with small hair-like projections called cilia. The cilia constantly 

beat in a coordinated manner, sweeping mucus and trapped particles upward and out of the 

trachea. This mechanism helps to protect the respiratory system by clearing the airway of 

dust, debris, and potentially harmful substances. The trachea also contains numerous mucous 

glands that produce mucus. This sticky substance helps to humidify and moisturize the air as 

it passes through the trachea, preventing the delicate tissues of the respiratory system from 

drying out. 

e) Bronchi : The bronchi are the two primary branches that arise from the division of the 

trachea and serve as the main passageways for air to enter the lungs. They are part of the 

lower respiratory tract and play a critical role in facilitating the exchange of gases between 

the lungs and the external environment. As the trachea reaches the chest region, it divides 

into the right and left bronchi, with each bronchus leading to its respective lung. These 

bronchi are composed of cartilage rings similar to those found in the trachea, which provide 

structural support and prevent collapse of the airways during breathing. The bronchi further 

divide into smaller branches called bronchioles. This branching pattern continues multiple 

times, resulting in a network of progressively smaller bronchioles within the lungs. The 

bronchioles eventually lead to tiny air sacs called alveoli, where gas exchange takes place. 

The bronchi, along with the bronchioles, are lined with ciliated epithelial cells. These cells 

are equipped with small hair-like projections called cilia. The cilia constantly move in 

coordinated motions, propelling mucus and trapped particles upward towards the throat, 

where they can be expelled through coughing or swallowing. This mechanism helps to 

protect the lungs by clearing the airways of debris and potentially harmful substances. The 

bronchi also contain smooth muscle tissue, allowing them to constrict or dilate in response to 

various factors. This muscle control plays a role in regulating the airflow and distribution of 

air within the lungs, helping to optimize gas exchange. 

f) Lungs : The lungs are the essential organs of the respiratory system, responsible for the 

exchange of gases between the air and the bloodstream. They are located within the thoracic 

cavity, on either side of the heart, and protected by the rib cage. The lungs are composed of a 

complex network of bronchioles, alveoli, and capillaries. The bronchioles are small branches 

that originate from the bronchi, and they continue to divide into even smaller airways 

throughout the lungs. These bronchioles serve to distribute air to different regions of the 

lungs. At the end of the bronchioles, there are millions of tiny air sacs called alveoli. The 

alveoli are surrounded by a network of capillaries, which are tiny blood vessels. This close 
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mechanism enables mammals, including humans, to produce a concentrated urine. Here's an 

elaboration on the process: 

The Henle's loop consists of two limbs: the descending limb and the ascending limb. The 

flow of filtrate in these limbs is in opposite directions, forming a counter current. The vasa recta, 

which are specialized capillaries, also exhibit a counter current flow pattern.The proximity between 

the Henle's loop and vasa recta, along with their counter current arrangement, plays a crucial role in 

creating and maintaining an increasing osmolarity towards the inner medullary interstitium. The 

osmolarity gradually increases from about 300 mOsmolLï1 in the cortex to approximately 1200 

mOsmolLï1 in the inner medulla.The main substances involved in establishing this osmotic gradient 

are NaCl (sodium chloride) and urea. Sodium chloride is transported out of the ascending limb of the 

Henle's loop, creating a higher concentration in the interstitium. This high concentration of NaCl in 

the interstitium drives the movement of water out of the descending limb of the loop, resulting in the 

concentration of the filtrate.In the vasa recta, the descending portion picks up water as it descends 

towards the medulla, while the ascending portion carries away NaCl, which is exchanged with the 

descending limb of the loop. This exchange helps maintain the concentration gradient.Urea, another 

waste product, also contributes to the concentration mechanism. Small amounts of urea enter the thin 

segment of the ascending limb of the Henle's loop. It is then transported back into the interstitium by 

the collecting tubule. This recycling of urea further enhances the concentration gradient in the 

medullary interstitium. 

Overall, this coordinated transport of NaCl and urea facilitated by the unique arrangement of 

the Henle's loop and vasa recta is known as the counter current mechanism. This mechanism 

establishes and maintains a concentration gradient in the medullary interstitium, which allows for the 

easy passage of water from the collecting tubule. As a result, the filtrate (urine) becomes more 

concentrated. Human kidneys can produce urine that is nearly four times more concentrated than the 

initial filtrate formed. 

 

Figure: 6.6  Diagrammatic representation of a nephron and vasa recta showing counter 

current mechanisms 
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2. Where is the urinary bladder located and what is the primary function? 

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé 

3. What is the function of the urethra? 

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé 

6.11 GLOSSARY 

Filtration: Filtration is the process by which blood is filtered in the kidneys, allowing waste 

products, water, and small molecules to pass into the renal tubules while retaining larger molecules 

and cells in the bloodstream. 

Reabsorption: Reabsorption is the process in which valuable substances such as water, glucose, 

electrolytes, and amino acids are selectively reabsorbed from the renal tubules back into the 

bloodstream. 

Secretion: Secretion is the process of selectively transferring additional waste products, drugs, and 

excess ions from the bloodstream into the renal tubules for elimination in urine. 

Glomerulus: The glomerulus is a network of tiny blood vessels (capillaries) within the renal 

corpuscle where blood is filtered under pressure to form the filtrate. 

Detoxification: Detoxification is the process by which the excretory system eliminates harmful 

substances and toxins, such as drugs and metabolic byproducts, from the body. 

Homeostasis: Homeostasis is the process of maintaining a stable internal environment within the 

body. The excretory system plays a crucial role in maintaining homeostasis by regulating fluid 

balance, electrolyte levels, and waste elimination. 

Osmoregulation: Osmoregulation is the regulation of water and solute concentrations in the body 

fluids to maintain the body's internal balance. The excretory system helps regulate osmolarity 

through processes such as filtration, reabsorption, and secretion. 

6.12 LET US SUM UP 

The human excretory system is responsible for eliminating waste products from the body and 

maintaining homeostasis. One of its key components is the kidney, which plays a vital role in urine 

formation. The kidney has a complex structure consisting of the renal cortex, renal medulla, renal 

pelvis, and various other structures like renal columns, renal papilla, and calyces. The formation of 

urine involves the filtration of blood in the nephrons, where water, waste products, electrolytes, and 

other substances are filtered into Bowman's capsule. The composition of urine includes water, waste 

products like urea and creatinine, electrolytes, and dissolved substances. The concentration of the 

filtrate is achieved through a mechanism involving the Henle's loop and vasa recta, creating a 

concentration gradient in the medullary interstitium. The kidneys have crucial functions such as 

maintaining fluid and electrolyte balance, regulating blood pressure, and producing erythropoietin. 

Nephrons are the functional units of the kidney responsible for filtration, reabsorption, and secretion. 

Ureters are tubes that transport urine from the kidneys to the urinary bladder, which serves as a 

temporary reservoir. Finally, the urethra allows the passage of urine from the bladder to the outside 

of the body and in males, also plays a role in the elimination of semen. These components work 
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BLOCK -3 

INTRODUCTION  

 

Block-3 introduces the bodyôs communication and support systems. We will examine how hormones 

regulate body functions, how we reproduce, and the structure that supports and moves us. 

¶ Unit 7: Endocrine System- The endocrine system consists of glands that release hormones, 

which regulate body functions such as growth, metabolism, and stress response. We will 

learn about the major endocrine glands, the hormones they produce, and how these hormones 

influence various bodily functions and behavior. Understanding the endocrine system helps 

us appreciate how the body maintains balance and responds to internal and external changes. 

¶ Unit 8: Reproductive System- This unit covers the male and female reproductive systems, 

exploring how they function and contribute to human reproduction. We will discuss the 

organs involved, the process of reproduction, and hormonal influences on reproductive 

health. This unit emphasizes the importance of reproductive health and its role in overall 

well-being. 

¶ Unit 9:  Musculo-Skeletal System- The musculo-skeletal system provides structure, support, 

and movement to the body. We will study bones, muscles, joints, and ligaments, and how 

they work together to allow motion and protect vital organs. This unit also covers common 

musculo-skeletal issues and how to maintain a healthy, active body through exercise and 

good posture. 
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7.14 Answer to check your progress 

7.1 INTRODUCTION  

In the previous units, you have gained knowledge about the various systems that make up the 

human body. It is evident that each system serves a specific function. However, the coordination of 

these functions is facilitated by two essential systems: the endocrine system and the nervous system. 

Now, let us look into into the fascinating realm of the endocrine system, where we will explore the 

details of the endocrine glands and their vital functions. The endocrine system consists of the glands 

that are widely distributed in the body having no connection with each other. Glands are specialized 

organs or tissues in the body that produce and release substances necessary for various physiological 

functions. The body has numerous glands, each with its specific function and hormone production. 

Broadly, glands can be classified into exocrine, endocrine glands and heterocrine gland that possess 

both exocrine and endocrine components. 

1. Exocrine glands- Exocrine glands discharge their secretions through ducts into the cavities 

or onto the surface. The exocrine portion of the gland facilitates the localized release of 

substances, such as digestive enzymes, into specific target areas. The secretions of exocrine 

glands include: 

¶ Enzymes: Exocrine glands, such as the salivary glands, pancreas, and gastric glands, 

produce enzymes that aid in digestion. For example, amylase and lipase help break 

down carbohydrates and fats in the digestive system. 

¶ Mucus: Exocrine glands in the respiratory tract, gastrointestinal tract, and reproductive 

system produce mucus. Mucus serves to lubricate and protect the lining of these organs 

and helps with the movement of substances through these passages. 

¶ Sweat: Sweat glands, located throughout the body, produce sweat to regulate body 

temperature through evaporative cooling. Sweat also helps eliminate waste products 

and toxins from the body. 

¶ Sebum: Sebaceous glands in the skin produce sebum, an oily substance that helps 

lubricate the skin and hair, preventing dryness and providing a protective barrier. 

¶ Milk: Mammary glands in the breasts of females produce milk to nourish infants. 

2. Endocrine glands- Endocrine glands lacks duct and secrete hormones directly into the 

bloodstream for transport to the site of action. The endocrine portion allows for the release of 

hormones that act on distant organs or tissues to regulate broader physiological processes. 

The secretions of endocrine glands include: 

¶ Steroid Hormones: These hormones are derived from cholesterol and include hormones 

such as cortisol, aldosterone, estrogen, and testosterone. They regulate a wide range of 

functions including metabolism, stress response, salt and water balance, and 

reproductive processes. 

¶ Peptide Hormones: These hormones are made up of chains of amino acids. Examples 

include insulin, growth hormone, oxytocin, and parathyroid hormone. They regulate 

processes such as growth and development, metabolism, water balance, and 

reproductive functions. 

¶ Amino Acid-Derived Hormones: These hormones are derived from amino acids, such 

as tyrosine and tryptophan. Examples include thyroid hormones (T3 and T4) produced 
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Negative Feedback: Negative works to maintain hormone levels within a narrow range and restore 

equilibrium when there are deviations from the set point. The process involves the following steps: 

1. Stimulus: A stimulus triggers the release of a hormone from an endocrine gland. The 

stimulus can be an internal signal (e.g., low blood glucose levels) or an external signal (e.g., 

stress). 

2. Hormone Release: In response to the stimulus, the endocrine gland secretes the hormone into 

the bloodstream. 

3. Target Organ Response: The hormone travels to its target organs or tissues, where it exerts its 

effects by binding to specific receptors. This leads to a physiological response. 

4. Feedback Loop: As the hormone's effects are exerted on the target organs, the target organs 

send signals back to the endocrine gland to regulate further hormone secretion. 

5. Inhibition of Hormone Release: If hormone levels exceed the desired range, the feedback 

signals inhibit further hormone release. This helps prevent excessive hormone production and 

maintains equilibrium. 

6. Restoration of Homeostasis: By inhibiting hormone release, the negative feedback loop helps 

restore hormone levels to their optimal range, bringing the body back to homeostasis. 

Here are some examples for negative feedback which helps you to understand the 

mechanism: 

¶ Insulin and glucagon play a pivotal role in regulating blood glucose levels. After a 

meal, the pancreas secretes insulin, facilitating the uptake of glucose into cells and 

thereby reducing blood glucose levels. On the other hand, when blood glucose levels 

drop, the pancreas releases glucagon, which stimulates the breakdown of glycogen and 

the release of glucose into the bloodstream, thus elevating blood glucose levels. 

¶ The levels of thyroid hormones are regulated by a complex interplay between the 

hypothalamus, pituitary gland, and the thyroid gland. The hypothalamus secretes 

thyrotropin-releasing hormone (TRH), which stimulates the pituitary gland to release 

thyroid-stimulating hormone (TSH). TSH, in turn, stimulates the thyroid gland to 

produce and release thyroid hormones, known as triiodothyronine (T3) and thyroxine 

(T4). As blood levels of thyroid hormones increase, they exert negative feedback on the 

hypothalamus and pituitary gland, leading to a decrease in the release of TRH and TSH, 

ultimately regulating thyroid hormone production. 

Positive Feedback: Positive feedback mechanisms, unlike negative feedback, amplify the initial 

stimulus, leading to an increase in hormone production. While less common in the endocrine system, 

positive feedback is involved in specific processes such as childbirth and lactation. The steps 

involved in positive feedback include: 

1. Stimulus: A stimulus triggers the release of a hormone. 

2. Hormone Release: The endocrine gland secretes the hormone into the bloodstream. 

3. Enhanced Response: The hormone stimulates its target organs or tissues, leading to a 

physiological response. 

4. Feedback Loop: The physiological response further stimulates hormone release, amplifying 

the initial stimulus. 

5. Continuation of the Process: The positive feedback loop continues until the stimulus is 

removed or a specific endpoint is reached. 
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deficiency (GHD), leading to growth retardation, delayed puberty, and other developmental 

issues. 

Based on our previous discussion, you should now have a solid understanding of the crucial 

role played by growth hormone in regulating cellular nutrition, protein metabolism, and 

somatic growth. This is why it is commonly referred to as the Somatotrophic hormone. Now, 

let's shift our focus to another significant hormone called thyroid stimulating hormone 

(TSH), which is secreted by the anterior pituitary gland. 

B. Thyroid stimulating hormone:  Thyroid-stimulating hormone (TSH), also known as 

thyrotropin, is a hormone produced by the anterior pituitary gland. It plays a vital role in the 

regulation of thyroid gland function. TSH acts on the thyroid gland, specifically on the 

follicular cells, to stimulate the production and release of thyroid hormones, primarily 

thyroxine (T4) and triiodothyronine (T3). These hormones are essential for the regulation of 

metabolism, growth, development, and energy balance throughout the body. TSH regulates 

various steps in the synthesis and secretion of thyroid hormones. It promotes the uptake of 

iodine by the thyroid gland, which is essential for the synthesis of T4 and T3. TSH also 

stimulates the production of thyroglobulin, a protein precursor for thyroid hormones, and 

facilitates its iodination and storage within the thyroid follicles. Additionally, TSH enhances 

the release of thyroid hormones into the bloodstream. 

Feedback Mechanism: The release of TSH is controlled by a negative feedback mechanism 

involving thyroid hormones. When the levels of T4 and T3 are low, the hypothalamus 

releases thyrotropin-releasing hormone (TRH), which stimulates the anterior pituitary to 

secrete TSH. In response to TSH, the thyroid gland synthesizes and releases more thyroid 

hormones. As the levels of T4 and T3 increase, they inhibit the release of TRH and TSH, 

creating a feedback loop to maintain thyroid hormone homeostasis. 

Disorder: Abnormalities in TSH levels can have significant clinical implications. Elevated 

TSH levels indicate hypothyroidism, a condition characterized by an underactive thyroid 

gland and reduced thyroid hormone production. Conversely, decreased TSH levels suggest 

hyperthyroidism, where the thyroid gland is overactive and produces excessive thyroid 

hormones. Measurement of TSH levels is commonly used as a diagnostic tool to assess 

thyroid function and guide the management of thyroid disorders. 

Overall, thyroid-stimulating hormone plays a crucial role in regulating thyroid gland function 

and maintaining the balance of thyroid hormone production in the body. Now, we will move 

to next hormone secreted by anterior pituitary gland i.e. Adrenocorticotropic hormone 

C. Adrenocorticotropic Hormone (ACTH):  Adrenocorticotropic hormone (ACTH), also 

known as corticotropin, is a hormone produced by the anterior pituitary gland. It plays a 

significant role in the regulation of the adrenal glands and the production of cortisol, a vital 

hormone involved in stress response and metabolism. Here are the key points about the 

functions of adrenocorticotropic hormone: 

¶ Stimulation of cortisol production: The primary function of ACTH is to stimulate the 

adrenal cortex, the outer layer of the adrenal glands, to produce and release cortisol. 

ACTH binds to specific receptors on the adrenal cortex, which triggers a series of 

biochemical reactions leading to the synthesis and secretion of cortisol. Cortisol is 

essential for regulating blood sugar levels, suppressing inflammation, maintaining 

blood pressure, and responding to stress. 

¶ Regulation of adrenal gland activity: ACTH not only stimulates cortisol production but 
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important hormones: oxytocin and antidiuretic hormone (ADH), also known as vasopressin. These 

hormones are produced in the hypothalamus. They are then transported along the axons of these 

neurons to the posterior pituitary, where they are stored in vesicles until their release is triggered. 

Letôs get to know about these hormones: 

A. Oxytocin: Oxytocin is a hormone involved in various reproductive and social behaviors. In 

females, it plays a crucial role in childbirth and lactation. During labor, oxytocin stimulates 

uterine contractions, helping to facilitate childbirth. It also promotes the ejection of milk 

from the mammary glands during breastfeeding. In addition to its reproductive functions, 

oxytocin is also involved in social bonding, trust, and emotional attachment. It plays a role in 

promoting maternal-infant bonding and has been linked to social behaviors such as empathy 

and bonding between romantic partners  and also known as ñlove hormonesò. 

B. Antidiuretic Hormone (ADH): ADH is primarily involved in the regulation of water 

balance in the body. It acts on the kidneys to increase water reabsorption, reducing the 

amount of urine produced and helping to conserve water. ADH acts on the collecting ducts of 

the kidneys, increasing their permeability to water and allowing more water to be reabsorbed 

back into the bloodstream. This process helps maintain proper fluid balance and prevent 

excessive water loss, especially in response to dehydration or low blood volume. Hence, it is 

also known as vasopressin. It  has a secondary effect on blood vessels, causing 

vasoconstriction and helping to increase blood pressure when needed. Deficiency of 

vasopressin causes a condition called as Diabetes insipidus, characterized by excessive thirst 

and the excretion of large amounts of dilute urine. 

 

Figure 7.2 :Structure of Pituitary glands 

Let us take a break here and revise what we have learnt so far. Try answering the questions given in 

the check your progress exercise 1. 
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The hypothalamus releases thyrotropin-releasing hormone (TRH), which stimulates the pituitary 

gland to release thyroid-stimulating hormone (TSH). TSH then acts on the thyroid gland, stimulating 

the synthesis and secretion of thyroid hormones. 

Thyroid hormones have diverse effects on various tissues and organs in the body. They influence 

metabolic rate, heart rate, body temperature, growth, brain development, digestion, and many other 

physiological processes. 

 

Figure 7.4 :  Thyroid hormones 

7.5.3 Disorders of the Thyroid Gland 

It plays a crucial role in regulating metabolism and producing hormones that are involved in 

various physiological processes. However, like any other organ, the thyroid gland can be susceptible 

to disorders that can affect its structure and function. Do you know what the consequences of 

impaired regulatory mechamsm are? What happens when there is either decreased secretion 

(hyposecretion) or increased secretion (hypersecretion) of the thyroid hormone ? Let's find out. 

Hyposecretion (hypothyroidism) in adult life: Decreased secretion of thyroid hormone results 

in the development of myxoedema. There is a slowing of mental and physical activity. The basal 

metabolic rate is reduced and there is a considerable general oedema. The facial skin is coarse, thick 

and dry and there is a loss of hair especially from lateral regions of eyebrows. 

Hyposecretion (hypothyroidism) in Childhood : Decreased secretion of thyroid hormone 

results in the development of the condition in children known as cretinism. Cretinism is a condition 

characterized by congenital hypothyroidism, resulting in intellectual and developmental disabilities, 

growth and skeletal abnormalities, and other associated features. The child is mentally retarded due 

to lack of development of the nervous system. The skin is thick and dry, and the face is 

expressionless. Pulse and respiration rates are slow, there is a general sluggishness of all the body 

processes. Cretins are different from pituitary dwarfs as along with the stunted growth, they have 

mental retardation.  

Cretinism is most commonly caused by a congenital defect in the thyroid gland, an inherited 

enzyme deficiency (iodide trapping defect), or iodine deficiency during pregnancy. In regions where 
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body. 

2. Oxyphil Cells: Oxyphil cells are less abundant in the parathyroid glands compared to chief 

cells. Their function is not entirely clear, but they may play a role in the production of PTH 

or have other yet unknown functions. 

7.6.2 Function of Parathyroid Glands 

The parathyroid glands are primarily responsible for regulating calcium and phosphorus 

levels in the body through the secretion of parathyroid hormone (PTH). Here are the main functions 

of the parathyroid glands: 

1. Calcium Regulation: The main role of the parathyroid glands is to regulate the levels of 

calcium in the blood. When blood calcium levels drop, the parathyroid glands detect this 

decrease and release PTH into the bloodstream. PTH acts on the bones, kidneys, and 

intestines to increase calcium levels. It stimulates the release of calcium from the bones, 

enhances the reabsorption of calcium in the kidneys, and promotes the activation of vitamin 

D, which facilitates calcium absorption in the intestines. 

2. Phosphorus Regulation: In addition to calcium, the parathyroid glands also play a role in 

regulating phosphorus levels in the blood. PTH inhibits the reabsorption of phosphorus in the 

kidneys, leading to increased excretion of phosphorus in the urine. 

3. Bone Remodeling: PTH plays a critical role in bone remodeling, which involves the 

continuous process of bone resorption and formation. When blood calcium levels are low, 

PTH stimulates the release of calcium from the bones, thus increasing blood calcium levels. 

This process helps maintain calcium homeostasis and ensure proper bone health. 

4. Vitamin D Activation: PTH indirectly influences the activation of vitamin D in the kidneys. 

Vitamin D is essential for calcium absorption in the intestines. PTH stimulates the conversion 

of inactive vitamin D (calcidiol) into its active form (calcitriol), which enhances calcium 

absorption from the intestines and helps maintain calcium homeostasis. 

Overall, the parathyroid glands and their hormone, parathyroid hormone (PTH), play a vital 

role in regulating calcium and phosphorus levels in the body. By acting on the bones, 

kidneys, and intestines, PTH helps maintain proper calcium balance, bone health, and overall 

mineral homeostasis. 

7.6.3 Disorders of the parathyroid glands 

Disorders of the parathyroid glands can result in abnormal levels of parathyroid hormone 

(PTH) and disturbances in calcium and phosphorus metabolism. There are two primary disorders 

associated with the parathyroid glands: hyperparathyroidism and hypoparathyroidism. 

1. Hyperparathyroidism: This condition occurs when the parathyroid glands produce 

excessive amounts of PTH. There are two types of hyperparathyroidism: 

a. Primary hyperparathyroidism: It is the most common type and usually caused by a 

benign tumor or enlargement of one or more of the parathyroid glands. The excessive 

PTH production leads to increased levels of calcium in the blood (hypercalcemia) and 

decreased levels of phosphorus. Symptoms may include fatigue, weakness, kidney 

stones, bone pain, frequent urination, and gastrointestinal disturbances. 

b. Secondary hyperparathyroidism: This condition arises as a result of an underlying 

condition, such as chronic kidney disease, that disrupts the body's ability to maintain 

normal calcium and phosphorus levels. The parathyroid glands become overactive in an 
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Adrenocortical Carcinoma is a rare and aggressive cancer that originates in the adrenal 

cortex. It can produce excessive amounts of cortisol, aldosterone, or androgens. Symptoms 

may include weight gain, high blood pressure, excessive hair growth, and menstrual 

irregularities in women.  

We move to the next gland i.e. the pancreas. But before letôs assess your progress 

Check Your Progress Exercise 2  

1. Where are the thyroid glands found in our body? What are the functions of thyroid gland? 

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé 

2. Discuss the role of parathyroid gland in bone health.  

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé

éééééééééééééééé..éééééééééééééééééééé 

3. Where is adrenal gland located in our body? What are the hormones secreted from the 

adrenal cortex and medulla? 

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé 

4. Match the following 

 A B 

a) Mineralocorticoid i. Positery Pituitary 

b) Glucocorticoid ii. Calcitonin 

c) Adrenal Medulla iii.  Aldosterone 

d) Thyroid gland iv. Epinephrine 

e) Oxytocin v. Cortisol 

7.8 PANCREAS 

The pancreas is a vital organ located behind the stomach, surrounded by duodenum in the 

abdomen. It plays a crucial role in the digestive and endocrine systems. The pancreas has both 

exocrine and endocrine functions, with distinct structures and functions for each. 

7.8.1 Structure of the Pancreas 

The pancreas has a unique structure. It is composed of pancreatic exocrine cells and 

endocrine cells, that reflects its dual function. 

1. Exocrine Pancreas: The exocrine pancreas accounts for the majority of the pancreas and is 

responsible for producing and releasing digestive enzymes. The exocrine portion of the 
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the release of glucose from the liver. 

b. Glucagon: Glucagon is secreted by alpha cells in response to low blood glucose levels. It 

stimulates the liver to release stored glucose into the bloodstream, raising blood glucose 

levels. 

c. Somatostatin: Somatostatin, released by delta cells, acts as an inhibitor of insulin and 

glucagon secretion, helping to regulate their release. 

 

Figure 7.7: Exocrine and endocrine function of Pancreas 

The pancreas is vital for maintaining proper digestion and blood glucose regulation. 

Dysfunction of the pancreas can lead to digestive disorders, such as pancreatitis, and metabolic 

disorders, such as diabetes mellitus. 

7.8.3 Disorder of Pancreas 

Disorders of the pancreas can affect its structure, function, and the production of essential 

hormones and enzymes. Some common disorders of the pancreas include: 

1. Pancreatitis: a. Acute Pancreatitis: This is a sudden inflammation of the pancreas, often 

caused by gallstones or excessive alcohol consumption. It can also be triggered by certain 

medications, infections, or trauma. Symptoms include severe abdominal pain, nausea, 

vomiting, and fever. Treatment focuses on pain management, intravenous fluids, and 

addressing the underlying cause. b. Chronic Pancreatitis: This is a long-term inflammation of 

the pancreas that leads to irreversible damage. Chronic alcohol abuse is the most common 

cause, but it can also result from genetic conditions, blockage of the pancreatic duct, or 

autoimmune disorders. Symptoms include persistent abdominal pain, weight loss, diarrhea, 

and diabetes. Treatment involves pain management, enzyme replacement therapy, dietary 

modifications, and managing complications such as diabetes. 

2. Pancreatic Cancer: Pancreatic cancer is a malignant tumor that develops in the cells of the 
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reproductive tissues, secondary sexual characteristics, and sex drive. 

The testes, which are the male reproductive glands, produce several hormones that are involved in 

the development and regulation of male reproductive function. Let us discuss the primary hormones 

produced by the testes here- 

1. Testosterone: Testosterone is the main male sex hormone and is produced by Leydig cells in 

the testes. It plays a vital role in the development and maintenance of male reproductive 

organs and secondary sexual characteristics. Testosterone is involved in sperm production 

(spermatogenesis) and regulates various aspects of male physiology, including muscle mass, 

bone density, facial and body hair growth, deepening of the voice, and sex drive (libido). 

2. Dihydrotestosterone (DHT): DHT is a potent androgen derived from testosterone through the 

action of an enzyme called 5-alpha-reductase. It is involved in the development of male 

external genitalia during fetal development and continues to contribute to the development 

and growth of the prostate gland during puberty and adulthood. 

3. Inhibin: Inhibin is a hormone produced by Sertoli cells in the testes. It plays a role in the 

negative feedback regulation of follicle-stimulating hormone (FSH) secretion from the 

pituitary gland. Inhibin inhibits FSH production, thereby helping to regulate the balance 

between FSH and testosterone in the testes. 

Having studied about the testes, next let us get to know about the ovaries  

7.9.2 Ovaries 

The ovaries are paired, almond-shaped organs located in the pelvic cavity. They contain 

numerous follicles, which are fluid-filled sacs that contain immature egg cells called oocytes. 

Let us look at their functions next: 

¶ Egg Production: The ovaries are responsible for the production and maturation of oocytes 

(eggs). Each month, a mature egg is released from one of the ovaries during ovulation. 

¶ Hormone Secretion: The ovaries produce estrogen and progesterone, the primary female sex 

hormones. These hormones regulate the menstrual cycle, promote the development of female 

reproductive tissues, and play a role in the maintenance of pregnancy. 

The ovaries, which are the female reproductive organs, produce several hormones that are involved 

in the regulation of the menstrual cycle, ovulation, and various aspects of female reproductive 

function. The primary hormones produced by the ovaries are: 

1. Estrogen: Estrogen refers to a group of hormones, including estradiol, estrone, and estriol. 

These hormones play a crucial role in the development and maintenance of female 

reproductive organs and secondary sexual characteristics. Estrogen is responsible for the 

thickening of the uterine lining during the menstrual cycle and the development of the 

breasts. It also helps regulate bone density, cholesterol levels, and mood. 

2. Progesterone: Progesterone is primarily produced by the ovaries during the second half of 

the menstrual cycle, following ovulation. It prepares the uterus for potential pregnancy by 

promoting the thickening of the uterine lining and creating a receptive environment for 

embryo implantation. Progesterone also helps maintain pregnancy by supporting the growth 

of the placenta and inhibiting contractions of the uterus. 

3. Inhibin: Inhibin is a hormone produced by the ovaries, specifically by the granulosa cells of 

the developing ovarian follicles. It acts as a negative feedback regulator of FSH secretion 
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consists of pinealocytes, which are the main functional cells, and glial cells, which provide support.  

7.11.2 Function of the Pineal Gland 

 The pineal gland plays a crucial role in regulating the body's internal clock and various 

physiological functions. But, is the pineal gland is an endocrine gland? You would be interest to 

know that pineal gland secrete melatonin, the primary hormone which is released into blood and 

brain fluid. Its main functions is to regulate circadian rhythms (sleep/wakefulness cycle) i.e. sleep 

patterns, promotes sleep onset, and influences the body's internal clock. It also has antioxidant and 

immune-modulating effects. Furthermore, the pineal gland interacts with the hypothalamus and 

pituitary gland to regulate the production and secretion of reproductive hormones, such as luteinizing 

hormone (LH) and follicle-stimulating hormone (FSH). Melatonin inhibits the release of these 

hormones, which in turn affects the regulation of the menstrual cycle and reproductive functions.  Its 

production and secretion are influenced by the amount of light received by the retina. In the absence 

of light, such as during the night, the pineal gland increases its melatonin production. Letôs assess 

your progress. 

Check Your Progress Exercise 3 

1. Name the primary hormones produced by the ovaries 

ééééééééééééééééééééééééééééééé 

ééééééééééééééééééééééééééééééé 

2. Explain the role of pancreas in maintaining the blood glucose level. 

ééééééééééééééééééééééééééééééé 

ééééééééééééééééééééééééééééééé 

ééééééééééééééééééééééééééééééé 

3. Discuss the endocrine function of planceta. 

ééééééééééééééééééééééééééééééé 

ééééééééééééééééééééééééééééééé 

ééééééééééééééééééééééééééééééé 

ééééééééééééééééééééééééééééééé 

4. Match the following 

        A     B 

a) hCG i. Pancreas insufficiency 

b) Diabetes mellitus ii. FSH 

c) Diabetes insipidus iii.  Melatonin 

d) Pineal gland iv. Planceta 

e) spermatogenesis v. ADH deficiency 
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7.14 ANSWER TO CHECK YOUR PROGRESS 

Check Your Progress Exercise 1 

1. A gland is a specialized organ or group of cells within an organ that secretes substances for 

specific functions in the body. Glands can be classified into:  

i. Exocrine glands- Examples- sweat glands, salivary glands, and mammary glands. 

ii. Endocrine glands- Examples - pitutiary, thyroid, parathyroid, adrenal gland etc. 

iii.  Heterocrine gland- Examples - pancreas 

2. A hormone is a chemical substance produced by endocrine glands or specialized cells in the 

body that acts as a messenger to regulate and coordinate various physiological processes. 

Hormones are released into the bloodstream and travel to target organs or tissues, where they 

bind to specific receptors and exert their effects. 

3. The anterior pituitary gland produces six basic hormones: Growth hormone (GH), 

Adrenocorticotropic hormone (ACTH), thyroid-stimulating hormone (TSH), luteinizing 

hormone (LH), follicle-stimulating hormone (FSH), and prolactin 

(PRL).The hormones produced by the posterior pituitary gland include vasopressin and 

oxytocin. 

4.  The posterior pituitary gland secretes antidiuretic hormone involved in the regulation of 

water and electrolyte balance. It acts on the kidneys to increase water reabsorption, reducing 

the amount of urine produced and helping to conserve water. 

5. a-v,  

b-iii  

 c-ii,  

d-i, 

e-iv 

Check Your Progress Exercise 2 

1. The thyroid gland located anteriorly to the trachea and esophagus, and just below the Adam's 

apple (cartilage that covers and protects your voice box). The thyroid gland plays a crucial 

role in regulating metabolism, growth, and development throughout the body. In addition, it 

also maintains the heart rate and functionality of peripheral vascular system. 

2. The primary function of the parathyroid glands is to produce and secrete parathyroid 

hormone (PTH) which helps to regulate calcium levels in the blood. It acts on the bones, 

kidneys, and intestines to ensure the proper balance of calcium in the body as follows: 

a) Bones: PTH increases the release of calcium from the bones into the bloodstream. 

b) Kidneys: PTH stimulates the kidneys to reabsorb more calcium from the urine, 

reducing its excretion. 

c) Intestine: PTH indirectly enhances the absorption of calcium from the intestines by 

promoting the activation of vitamin D. 

3. The adrenal glands, which are located on top of each kidney. Adrenal cortex secrete primary 

secrete two main hormones, cortisol and aldosterone. Additionally, it produces small 
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THE REPRODUCTIVE SYSTEM 
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8.1 INTRODUCTION  

In the previous units, we learnt about the physiology of various body systems. In this unit, 

our attention will shift towards exploring the remarkable complexities of the reproductive system. 

We will look into the details of both the male and female reproductive organs, uncovering their 
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(Source: training.seer.cancer.gov) 

a) Mons pubis: The Mons pubis, also known as the mons veneris, is a rounded area of 

fatty tissue located above the pubic bone in the pelvic region of females. It is part of the 

external female genitalia and is one of the visible features of the vulva. Mons pubis 

varies in size and appearance among individuals. It is covered with pubic hair after 

puberty and serves as a protective cushion for the underlying structures of the pelvis. It 

contains sebaceous glands, which secrete oil to keep the area lubricated. This 

lubrication helps to reduce friction and discomfort during activities such as walking, 

running, or sexual intercourse. 

b) Labia majora: The Labia majora, also known as the outer lips, are prominent folds of 

skin located on either side of the vaginal opening. They are a part of the external female 

genitalia and forms the boundary of  vulva, as you see in figure 8.8. It is composed of 

skin, fibrous tissue, fat and sebaceous glands. The Labia majora are typically larger and 

more padded compared to the Labia minora (inner lips), and they enclose and protect 

the more delicate structures of the vulva. They are highly sensitive to touch and 

stimulation. They contribute to sexual arousal and pleasure by responding to tactile 

stimulation during sexual activity. 

c) Labia minora: The Labia minora, also known as the inner lips, are thin, delicate folds 

of skin located within the Labia majora. They extend from the clitoris on both sides of 

the urethral and vaginal openings. They forms a protective covering, for the clitoris 

which is a highly sensitive structure, from direct stimulation and potential irritation. 

They contain sebaceous glands, which secrete oil to keep the area lubricated. This helps 

reduce friction and discomfort during everyday activities and sexual intercourse. The 

Labia minora contain a rich supply of nerve endings, making them highly sensitive to 

touch and stimulation. They contribute to sexual arousal and pleasure by responding to 

tactile stimulation during sexual activity. 

It's important to note that the Labia minora, like other external genital structures, can 

change in appearance over time due to factors such as hormonal fluctuations, aging, or 

childbirth. These changes are natural and normal. 

d) Clitoris: The clitoris is a highly sensitive and erectile organ located at the anterior 

junction of the Labia minora, above the urethral opening. It is a key structure in the 

female reproductive system and is central to sexual arousal and pleasure. The clitoris is 

made up of several parts. The visible portion is the clitoral glans, which is typically 

located at the top of the Labia minora. The glans is covered by a fold of skin called the 

prepuce or clitoral hood. Beneath the surface, the clitoris extends into two shafts of 

erectile tissue known as the corpora cavernosa, which are similar to the erectile tissue in 

the penis. The primary function of the clitoris is to provide sexual pleasure. The size, 

shape, and appearance of the clitoris can vary among individuals. Some clitorises may 

be more prominent and easily visible, while others may be smaller and less visible. 

These variations are normal and do not affect sexual function or pleasure. 

e) Vestibule: The vestibule refers to the central area between the Labia minora in the 

female reproductive system. The vestibule is rich in nerve endings, making it a 

sensitive area to touch and sexual stimulation. Stimulation of the vestibular area can 

contribute to sexual pleasure and arousal. It is an important anatomical region that 

contains several structures involved in sexual intercourse, urination, and the 

reproductive process as discussed as follows:   
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¶ Egg Development: The ovaries are responsible for the production and maturation 

of eggs. During a woman's reproductive years, each month, a few follicles start to 

develop, but usually, only one follicle becomes dominant and continues to mature. 

The maturing follicle releases a mature egg through ovulation, which is the 

process of the egg being released from the ovary into the fallopian tube. 

¶ Hormone Production: The ovaries also produce and release hormones, primarily 

estrogen and progesterone. These hormones regulate the menstrual cycle, 

maintain pregnancy, and play essential roles in sexual development, bone health, 

and overall well-being. 

¶ Menstrual Cycle: The ovaries, in coordination with other reproductive organs, 

orchestrate the menstrual cycle. The cycle involves a series of hormonal changes 

and the release of an egg for potential fertilization. The ovaries produce estrogen 

during the first half of the cycle, stimulating the thickening of the uterine lining. 

After ovulation, the ovaries produce progesterone to support the development of 

the uterine lining in preparation for a possible pregnancy. 

¶ Hormonal Regulation: The ovaries are controlled by the hypothalamic-pituitary-

gonadal axis, which involves a complex interaction of hormones. The 

hypothalamus releases gonadotropin-releasing hormone (GnRH), which signals 

the pituitary gland to release follicle-stimulating hormone (FSH) and luteinizing 

hormone (LH). FSH stimulates the growth of follicles, and LH triggers ovulation. 

¶ Reproductive Potential: The ovaries house a finite number of follicles containing 

eggs at birth. As a woman ages, the number of follicles and the quality of eggs 

decrease, leading to a decline in fertility and eventually menopause. 

5. Fallopian tube: The fallopian tubes, also known as uterine tubes or oviducts, are a pair 

of slender tubes in the female reproductive system. They play a vital role in the process 

of fertilization and early embryonic development. Here are some important points about 

the fallopian tubes: 

¶  Each fallopian tube is approximately 10-12 cm long and extends from the upper 

corners of the uterus. The tubes provide an environment where fertilization of the 

egg by a sperm can occur. It has a funnel-shaped opening called the 

infundibulum, which has finger-like projections called fimbriae. The fallopian 

tubes serve as a pathway for the eggs to travel from the ovaries to the uterus. 

During ovulation, when an egg is released from the ovary, it is swept into the 

fallopian tube by the fimbriae. The fimbriae help in capturing and guiding the 

released egg (ovum) from the ovary into the fallopian tube. The fallopian tubes 

have tiny hair-like structures called cilia lining their inner walls. These cilia create 

waves of movement that help transport the fertilized egg or zygote towards the 

uterus. This movement is facilitated by the muscular contractions of the fallopian 

tubes. 

¶ The fallopian tubes are the site of fertilization. If sexual intercourse occurs near 

the time of ovulation, sperm can swim up through the cervix, into the uterus, and 

then into the fallopian tubes. If a sperm successfully penetrates and fertilizes the 

egg in the fallopian tube, it forms a fertilized egg or zygote. 
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Figure 8.10: Menstrual Cycle 

8.5.2 Role of Hormones in Menstrual Cycle 

Hormones play a crucial role in regulating the menstrual cycle. They coordinate the 

physiological changes that occur in the reproductive system during each phase of the cycle. The 

interplay between various hormones regulates the growth and maturation of ovarian follicles, the 

release of the egg during ovulation, and the preparation of the uterus for potential pregnancy. 

Imbalances in hormonal levels can lead to irregular menstrual cycles, fertility issues, and other 

reproductive disorders. Understanding the role of hormones in the menstrual cycle is important for 

reproductive health, family planning, and the diagnosis and treatment of hormonal disorders.  

The main hormones involved in the menstrual cycle are: 

1. Follicle-Stimulating Hormone (FSH): FSH is produced by the pituitary gland and plays a key 

role in the early stages of the menstrual cycle. It stimulates the growth and development of 

ovarian follicles, each containing an immature egg (oocyte), as shown in figure 8.10. FSH 

also promotes the production of estrogen by the developing follicles. 

2. Estrogen: Estrogen is primarily produced by the growing follicles in the ovaries. It has 

several important functions during the menstrual cycle. In the follicular phase, estrogen 

stimulates the thickening of the uterine lining (endometrium) and promotes the growth of 

blood vessels in the uterus. It also stimulates the secretion of cervical mucus, making it more 

favorable for sperm to reach the egg. As estrogen levels rise, they trigger a surge in 

luteinizing hormone (LH), which leads to ovulation. 

3. Luteinizing Hormone (LH): LH is also produced by the pituitary gland. It plays a critical role 

in ovulation, which occurs midway through the menstrual cycle. A surge in LH triggers the 

release of a mature egg from the ovary. This surge is usually preceded by a peak in estrogen 
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estrogen and progesterone, may be prescribed to relieve symptoms and reduce the risk of 

certain health conditions. However, HRT is not suitable for everyone, and the decision to use 

it should be made in consultation with a healthcare professional. 

Check the Progress II 

1) Enlist the different organs in female reproductive system. 

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé

éééééééééééééééééééééééééééééééééé 

2) What do you understand by fallopian tube? Enumerate its function. 

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééé....... 

3) What is menopause? Discuss the symptoms and also mention the hormone declines during 

menopause. 

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé 

4) Which hormones are responsible for stimulating changes in ovaries? Also mention their 

roles. 

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé

ééééééééééééééééééééééééééééééééééééé 

8.7 FERTILIZATION AND IMPLANTATION  

8.7.1 Fertilization  

Fertilization, also known as conception, is the process by which a sperm cell fuses with an 

egg cell to form a fertilized egg or zygote. It is a critical step in sexual reproduction and marks the 

beginning of the development of a new individual. Fertilization typically occurs in the fallopian 

tubes of the female reproductive system. When a mature egg is released from the ovary during 

ovulation, it travels through the fallopian tube. If sexual intercourse has taken place and sperm are 

present in the reproductive tract, the sperm can swim up through the cervix, uterus, and into the 

fallopian tube to reach the egg. 

The process of fertilization involves several steps, as shown in figure 8.11. Let us discuss the 

several steps of fertilization: 

1. Penetration of the Ovum: After ejaculation, the spermatozoa travel through the female 

reproductive tract, aided by cervical mucus and contractions of the fallopian tubes. Once they 

reach the ovum in the fallopian tube, they undergo capacitation, which involves biochemical 

and physiological changes that enable them to penetrate the egg. 

2. Fusion of Egg and Sperm: When a sperm reaches the vicinity of the egg, it undergoes an 

acrosomal reaction, releasing enzymes that help it penetrate the protective layers surrounding 

the egg, including the zona pellucida. Once a sperm successfully penetrates the ovum, the 

outer layers of the egg undergo changes to prevent the entry of additional sperm. The genetic 

material of the sperm, contained in its nucleus, fuses with the genetic material of the egg, 
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The placenta plays a crucial role in providing oxygen, nutrients, and antibodies to the fetus, 

as well as removing waste products and carbon dioxide. It also produces hormones, including human 

chorionic gonadotropin (hCG), which supports the early stages of pregnancy. 

In the early days of pregnancy; the placenta and associated structures form a tiny mass of 

cells, Let's explore the associated structures of the placenta in more detail: 

1. Chorionic Villi: The chorionic villi are finger-like projections that originate from the 

outermost layer of the embryo, known as the chorion. These villi develop into the placenta 

and are the primary site of exchange between the maternal and fetal blood. The chorionic 

villi contain numerous blood vessels that allow for the exchange of oxygen, nutrients, and 

waste products between the mother and the fetus. 

2. Decidua: The decidua is the specialized lining of the uterus that forms during pregnancy. It is 

composed of three distinct regions: a. Decidua basalis: This region is located at the site where 

the placenta attaches to the uterine wall. It contains maternal blood vessels that supply 

nutrients to the placenta and receive blood from the placenta. b. Decidua capsularis: This 

region surrounds the developing embryo and forms the inner lining of the uterus. It expands 

as the pregnancy progresses and eventually covers the chorionic villi, creating a protective 

barrier around the fetus. c. Decidua parietalis: This region lines the rest of the uterus and is 

not directly involved in placental attachment. 

3. Placental Membranes: The placenta is surrounded by several membranes that provide 

protection and support. These membranes include: a. Amnion: The amnion is a thin, 

transparent membrane that surrounds the fetus and contains the amniotic fluid, which 

provides cushioning and protection. b. Chorion: The chorion is the outermost fetal membrane 

that encloses the amnion and chorionic villi. It helps form the placenta and is involved in the 

exchange of substances between the mother and the fetus. c. Amniotic Sac: The amniotic sac 

is the fluid-filled sac formed by the amnion. It acts as a protective cushion for the developing 

fetus, providing a stable environment for growth. 

4. Umbilical Cord: The umbilical cord connects the fetus to the placenta and contains blood 

vessels that transport nutrients and oxygen to the developing baby and remove waste 

products. It consists of two arteries and one vein encased in a gelatinous substance called 

Wharton's jelly. 

Function of placenta 

The placenta is a remarkable organ that serves as a lifeline between the mother and the 

developing fetus. The placenta plays several vital functions during pregnancy to support the growth 

and development of the fetus, maintaining pregnancy, and providing a nurturing environment for the 

baby. Let us discussed the main functions of the placenta: 

1. Nutrient and Oxygen Exchange: The placenta acts as a bridge between the mother and the 

fetus, facilitating the exchange of nutrients and oxygen. Maternal blood rich in oxygen and 

nutrients passes through the placenta, where these substances are transferred to the fetal 

blood. The placenta also filters out waste products from the fetal blood, which are then 

eliminated by the mother's excretory system. 

2. Hormone Production: The placenta produces hormones that are essential for maintaining 

pregnancy and supporting fetal development. Some of the hormones produced by the 

placenta include human chorionic gonadotropin (hCG), progesterone, estrogen, and human 

placental lactogen (hPL). These hormones help regulate various physiological processes, 

promote fetal growth, and prepare the mother's body for childbirth and breastfeeding. 
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Let us briefly list the key aspects of fetal growth and development: 

As a developing fetus progresses through the stages of pregnancy, there are certain vital statistics 

and key developmental features that can be observed. These provide insights into the growth and 

well-being of the fetus. Here are some of the main vital statistics and developmental features: 

1. Size and Weight: Throughout pregnancy, the fetus undergoes significant growth in size and 

weight. The following are approximate average measurements at different stages: 

¶ At 12 weeks: The fetus is about 2.5 to 3 inches long and weighs around 1 ounce. 

¶ At 20 weeks: The fetus measures about 10 inches in length and weighs around 10 

ounces. 

¶ At 30 weeks: The fetus is approximately 15.7 inches long and weighs around 3 pounds. 

¶ At 40 weeks (full-term): The average length is about 19 to 21 inches, and the weight 

ranges from 6 to 9 pounds. 

2. Organ Development: During pregnancy, the fetus's organs undergo continuous development 

and maturation. Some of the key milestones include: 

¶ Brain Development: The brain begins to form in the early stages of pregnancy, and by 

the end of the second trimester, most of the major brain structures are present. The 

brain continues to develop throughout the third trimester. 

¶ Heart Development: The heart starts beating around the fifth week of pregnancy. By the 

end of the first trimester, the heart is fully formed and functioning, pumping blood 

throughout the body. 

¶ Respiratory System: The lungs develop and mature during the third trimester, 

producing surfactant, a substance necessary for proper lung function after birth. 

¶ Digestive System: The digestive organs, including the stomach, intestines, and liver, 

develop and become functional by the end of pregnancy. 

¶ Skeletal System: Bones begin to ossify and harden as the fetus grows. By the end of 

pregnancy, most of the bones are fully formed, although some areas like the skull may 

still be soft and flexible to facilitate the birthing process. 

3. Movement and Sensory Development: As the fetus develops, it becomes more active and 

exhibits movement. These movements can be felt by the mother, starting with gentle flutters 

and progressing to more pronounced kicks and rolls. Sensory development also takes place, 

with the fetus developing the ability to hear and respond to external sounds and stimuli. 

4. Facial Features and Limb Development: Facial features gradually become more defined as 

the fetus develops. Eyes, ears, nose, and mouth take shape, and the fetus can make facial 

expressions. Limbs continue to grow and develop, with fingers and toes becoming distinct 

and fully formed. 

5. Hair, Nails, and Skin: Hair begins to grow on the fetus's head, eyebrows, and eyelashes. 

Nails form on the fingers and toes. The skin, initially thin and translucent, thickens and 

develops layers of fat to provide insulation and protection. 

8.9 LACTATION  

Lactation is the process by which the mammary glands in mammals, including humans, 

produce and secrete milk to nourish newborn offspring. It is a complex physiological process that is 
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mammary gland growth. During pregnancy, hormonal changes, particularly the increased 

levels of estrogen, progesterone, and prolactin, stimulate the growth and development of the 

mammary gland in preparation for lactation. After childbirth, the decrease in estrogen and 

progesterone and the increase in prolactin and oxytocin initiate milk production and ejection.  

 

Figure 8.12: Structure of mammary gland 

Next, let us look at the physiology of lactation. 

8.9.2 Physiology of lactation 

Physiology of lactation refers to the process by which a woman's body produces and secretes 

breast milk to nourish her newborn baby. Lactation is primarily controlled by hormonal regulation 

and involves a complex interplay of various physiological processes. 

 Let's explore the key aspects of the physiology of lactation: 

1. Hormonal Control:  Lactation is mainly governed by two hormones: prolactin and oxytocin. 

¶ Prolactin: Prolactin, produced by the anterior pituitary gland, is the primary hormone 

responsible for milk production. During pregnancy, prolactin levels increase, preparing 

the breasts for milk production. After childbirth, the removal of the placenta triggers a 

further increase in prolactin levels, signaling the initiation of lactation. 

¶ Oxytocin: Oxytocin, produced by the posterior pituitary gland, plays a crucial role in 

milk ejection or the "let-down reflex." Oxytocin is released in response to suckling or 

stimulation of the nipples, causing the contraction of the muscles surrounding the milk 

ducts and facilitating the flow of milk from the alveoli (milk-producing units) into the 

ducts for breastfeeding. 
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diaphragms, and cervical caps. 

2. Hormonal Methods: Hormonal methods use synthetic hormones to regulate the reproductive 

system and prevent pregnancy. These include oral contraceptive pills (commonly known as 

"the pill"), contraceptive patches, hormonal injections, vaginal rings, and hormonal 

intrauterine devices (IUDs). 

3. Intrauterine Devices (IUDs): IUDs are small, T-shaped devices that are inserted into the 

uterus to prevent pregnancy. They can be hormonal (releasing progestin) or non-hormonal 

(copper-based) and provide long-term contraception. 

4. Emergency Contraception: Also known as the "morning-after pill," emergency contraception 

is used after unprotected sex or contraceptive failure to prevent pregnancy. It is most 

effective when taken within 72 hours of intercourse. 

5. Sterilization: Sterilization is a permanent form of contraception that involves surgical 

procedures to block or cut the fallopian tubes in women (tubal ligation) or the vas deferens in 

men (vasectomy). It is a non-reversible method and considered a permanent form of 

contraception. 

6. Natural Methods: Natural methods rely on tracking and understanding a woman's menstrual 

cycle to determine fertile and non-fertile periods. This includes methods such as the fertility 

awareness method (FAM), basal body temperature method, and cervical mucus method. 

7. Behavioral Methods: Behavioral methods involve modifying sexual behavior to avoid 

intercourse during the fertile period. This includes methods such as withdrawal (pull-out) 

method and lactational amenorrhea method (breastfeeding as a temporary contraceptive 

method). 

It is important to note that no contraceptive method is 100% effective, and each method has 

its own advantages and disadvantages. It is recommended to consult with a healthcare provider to 

determine the most suitable contraceptive method based on individual needs, health considerations, 

and preferences. 

8.11 PREGNANCY TESTS 

Pregnancy tests are diagnostic tests that determine whether a woman is pregnant or not. 

These tests detect the presence of a hormone called human chorionic gonadotropin (hCG) in the 

woman's urine or blood. hCG is produced by the developing placenta shortly after fertilization 

occurs. 

There are two main types of pregnancy tests: urine tests and blood tests. 

1. Urine Tests: 

¶ Over-the-counter (OTC) urine tests: These tests are available at pharmacies and can be 

done at home. They usually involve collecting a urine sample in a cup or by holding the 

test stick in the urine stream. The test kit contains a strip or a test stick with a special 

chemical or antibody that reacts to hCG if it is present in the urine. The result is 

typically displayed as a positive or negative result. 

¶ Clinic-based urine tests: These tests are similar to OTC urine tests but may be 

performed at a healthcare provider's office or a clinic. The procedure and interpretation 

of the results are usually the same as OTC tests. 

2. Blood Tests: 
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LET US SUM 

In this unit, we learnt about physiology of reproductive system, where we got an in- depth 

knowledge about female and male reproductive organs. We saw the role of hormones involved in 

development and functioning of these organs. Understanding the menstrual cycle is important for 

women's reproductive health, fertility, and overall well-being. Tracking the cycle can help identify 

any irregularities and facilitate family planning or the diagnosis of certain reproductive disorders. 

Various physiological changes occurring during pregnancy and lactation were also emphasized. 

Further, the unit focused on the different types of contraception and finally, in the last section, we 

learnt about various pregnancy determination tests. 

GLOSSARY 

Amniotic Fluid  :  is the fluid that surrounds and protects the developing fetus during 

pregnancy. It provides cushioning, regulates temperature, allows for fetal 

movement, and helps with the development of the fetal lungs, digestive 

system, and musculoskeletal system. 

Blastocyst : is an early stage of embryo development that occurs about 5-7 days after 

fertilization. It is a hollow ball of cells with an inner cell mass that will 

develop into the fetus and an outer layer that will form the placenta. The 

blastocyst implants into the uterine lining to establish pregnancy. 

Gametes : are reproductive cells produced by males and females. In males, gametes are 

called sperm cells and in females, gametes are called egg cells or ova. 

Graafian follicle , : also known as a mature follicle, is a fluid-filled structure within the ovary 

that contains a fully developed oocyte (egg) during the follicular phase of the 

menstrual cycle. 

Lactiferous ducts  : are the ductal system within the breast that carries milk from the mammary 

glands to the nipple. 

Scrotum : is an external sac of skin and muscle located between the thighs in males. It 

contains the testicles, which produce sperm and testosterone. The scrotum 

helps regulate the temperature of the testicles. 

Spermatids : are immature male reproductive cells that are formed during 

spermatogenesis, the process of sperm cell production. They are the result of 

the division and transformation of spermatocytes. Spermatids undergo further 

maturation and morphological changes to eventually develop into mature 

spermatozoa, or sperm cells. 

Vestibule : refers to the central area between the labia minora, contains the openings of 

the urethra and the vagina. It plays a role in sexual intercourse as it provides 

a passage for the insertion of the penis and serves as the site for the release of 

urine. 

ANSWERS TO CHECK YOUR PROGRESS EXERCISES  

Check your Progress I 

1. The male reproductive system includes: 

a) The scrotum which contains-two testes, and two epididymis 

b) A pair of vas deferens 
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perichondrium. Three kinds of cartilages are distinguished:- i) Hyaline Cartilage: This is bluish 

white in colour, transluscent and of homogenous texture; it covers the joint surfaces and ends of the 

ribs and is present in the nose and in the rings of the trachea. It is the skeletal cartilage in the 

embryos of all the vertebrates and in the adults of sharks and rays. It may become impregnated with 

calcareous salts but as such does not become bone. Elastic Cartilage: contains some fibres in the 

matrix; it is present in the external ears of mammals and in the Eustachian tubes. Fibrocartilage:  is 

the most resistant type, containing a preponderance of fibres, with fewer cells and less matrix. It 

occurs in the pads between the vertebrae of mammals, in the pubic symphysis, and about joints 

subject to severe strains. 

 

Fig. 2.    The structure of bone (enlarged and diagrammatic) Three concentric lamellae around 

a Haversian canal, as seen in a thinly ground cross section. 

True bone or osseous tissue: occurs only in the skeletons of bony fishes and land vertebrates 

(Fig. 2); it differs in structure and composition from the calcareous skeletons of echinoderms, 

molluscs and other invertebrates. Bone consists of a dense organic matrix (chiefly collagen) with 

deposits of mineral substance, especially tricalcium phosphate, Ca3(PO4)2; the mineral part averages 

about 65% of the total weight. Bone forms either as replacement for previously existing cartilage 

(cartilage bone) or follows embryonic mesenchymal cells (membrane bone). In either case it is 

produced by bone cells, or osteoblasts, that secrete both the matrix and the hard material. The cells 

become separated and embedded but retain many minute protoplasmic connections with one another 

and another and with blood vessels. Bone is, therefore, a living tissue that may be resorbed in part or 

changed in composition. During the life of an individual the proportion of mineral gradually 

increases and the organic material decreases, so that bones are resilient in early youth and brittle in 

old age. 

A bone is closely surrounded by thin fibrous periosteum, to which muscles and tendons 

attach. Within the periosteum are bone cells that function in growth and repair. The mineral 

substance is usually deposited in thin layers, or lamellae. Those beneath the peristomeum (periosteal 

lamellae) are parallel to the surface. Within this wall, especially in long bones, are many small 

tubular concentric lamellae, forming cylindrical Haversian systems. The wall of each system is of 

several such lamellae with a central cavity, or Haversian canal. The systems are mainly longitudinal, 

but the canals cross-connect so that channels are afforded for blood vessels and nerves to pass from 

the peristomeum to the interior marrow cavity of a bone. Individual bone cells occupy small spaces 
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B. 

 

C. 

Fig. 3. Skull of Frog in (A) Dorsal, (B) Ventral and (C) Lateral views. The lower jaw and hyoid 

cartilage are only in lateral view; cartilage stippled; II - X for cranial nerves. 
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and pubis ventrally. Where these join, there is a cup-like socket, or acetabulum, in which the head of 

the femur of the hind limb articulates. Each ilium has a long process, parallel to the urostyle, that 

attaches to a stout transverse process on the ninth, or ñsacralò, vertebra. 

The two pairs of limbs differ in size but have similar component bones and parts as follows: 

FORE LIMB Humerus Radius and Ulna (fused)  Carpals Metacarpals Phalanges  

(arm) (Upper arm) (forearm) (wrist) (palm of hand)(fingers) 

HIND LIMB  Femur Tibia and Fibula (fused)  Tarsals Metatarsals Phalanges 

(leg) (Thigh) (foreleg) (ankle) (sole of foot) (toes) 

Table 1. General divisions of the skeleton in a land vertebrate. 

 

Axial skeleton (median) Appendicular skeleton 

 (lateral, paired) 

Skull Vertebral 

column 

Thoracic basket Pectoral 

(anterior)  

Pelvic 

(posterior) 

Cranium (Brain 

box) 

 

Sense capsules 

(nose, eye, ear) 

Visceral arches 

(jaws, hyoid, 

larynx)  

Vertebrae 

  Cervical (neck) 

Thoracic (chest) 

   Lumbar (lower 

back) 

  Sacral (hip) 

  Caudal (tail) 

Ribs (paired; bony or 

cartilaginous) 

Sternum (breastbone) 

Shoulder girdle 

 

  Scapula 

 

  Clavicle 

 

  Coracoid 

 

    Fore limb 

Humerus 

    (upper arm) 

Radius and ulna 

    (forearm) 

Carpals (wrist) 

Metacarpals (palm) 

Phalanges (fingers) 

 

Hip girdle 

 

Ilium 

 

Pubis 

 

             Ischium 

 

     Hind limb 

Femur (thigh) 

 

Tibia and fibula 

   (foreleg) 

Tarsals (ankle) 

Metatarsals (sole) 

Phalanges (toes) 

 

9.4 AXIAL SKELETON OF FROG AND RABBIT  

9.4.1 Skull of Frog: 

(dorsal) 

(anterior) 

(posterior) 
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rod, the notochord, that extends along the body axis between the digestive system and the nerve 

cord. It persists thus in Amphioxus and cyclostomes but in fishes and  higher types is laterally 

surrounded and supplanted by the ñbackboneò, or spinal column, separate vertebrae. On the spool-

like centrum of each vertebrae is a dorsal neural arch to enclose the nerve cord. In the tails of fish 

each vertebra has also a ventral hemal arch around the main artery and vein of the tail. In the body or 

trunk region this arch is spread open and forms rib-like structures shielding the internal organs. In 

land vertebrates  the centrum bears a pair of transverse processes as points of attachment for the true 

ribs of these animals (except frogs). At either end of the centrum are two articular processes by 

which one vertebra may turn sideways on those directly before and behind. The vertebral column of 

fishes comprises only trunk and tail regions, but in salamander reptiles, and mammals five regions 

are differentiated, as follows: neck, or cervical; chest or thoracic, with ribs; lower back, or lumbar; 

pelvic, or sacral, joining the hind-limb girdle; and tail, or caudal. The caudal vertebrae are reduced in 

man and birds. Long-bodied swimming vertebrates have the vertebrae numerous and much alike as 

seen in eels and similar fishes, in some salamanders (Siren), in some fossil reptiles. 

9.4.4 Sternum of Frog and Sternum & Ribs of Rabbit: 

Sternum of Frog: 

 A typical sternum (Figs. 6A-C) occurred in living Gnathostomes only in Amniota, where it 

occurred as a median ventral endoskeletal plate in the thoracic region. It serves for protection of 

organs in the thoracic cavity, for the attachment of pectoral limb muscles, and in respiratory 

movements, the first and a varying number of more posterior thoracic ribs being articulated to it 

ventrally. 
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Fig. 8.Two Principal Types of Cranial Roof in Frog (A, B) and Rabbit.(C,D) Dorsal views on 

left, lateral views on right. [en, External nostril; or, orbit; p, pineal foramen; itf, stf, tf, inferior, 

superior and single lateral temporal fossae] 

 The interpretation of the palate of the mammal involves the important question of the 

homology of the mammalian vomer still under dispute. For long it was though that it represented the 

paired vomers (prevomers) of lower forms, which typically extend between the internal nostrils, and 

form their postero-medial boundary. It was concluded by Parker that the prevomers of lower forms 

correspond to the palatal processes of the premaxillae of most mammals. Later he claimed to show 

that these processes appear in many of the lower Mammalia as separate bones which later fuse with 

the premaxillae (Figs. 9-11). 

 Jacobsonôs organ, which appears to serve for smelling the liquid contents of the buccal 

cavity, occurs in the Amniota as a small sac, blind behind and opening in front towards the palatal 

surface at or near the internal nostril. It is derived in development from the wall of nasal cavity, and 

is supported below by the paraseptal cartilage and the prevomer which underlies it. 

9.4.6 Jaw Suspensoria: 

 An upper jaw and a Lower jaw are the essential characteristics of the frog and other 

vertebrates. Skeleton of each jaw is an arch made up of identical right and left halves or rami which 

articulate with each other medially only at front end of the skull. Certain cartilages and bones, 

collectively termed as Jaw Suspensoria, serve to articulate the jaws with cranial skeleton. 

(A) The Upper Jaw: (or Maxillary arch):  This is firmly and immovably articulated with the 
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