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PREFACE 

A two years post matric teaching program of  Allied Health Sciences.  The foundation of 

knowledge needs to comment from “THE CELL”. The Cell is structural & functional unit of 

life and has role in normal homeostasis for appropriate functions. The purpose of this reading 

material is to provide basic education to the paramedics about Anatomy and Physiology. This 

reading material attempts to cover almost all the basic theoretical knowledge required by 

students about Anatomy and Physiology so that they can perform their work better in 

laboratory, medicine and various departments. 
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Chapter 1 

Introduction to Anatomy 

Anatomy 

Human anatomy is the study and organization of the structures which make up the human 

body.  

 

 

 

There are many ways to study Anatomy. 

• Regional anatomy considers the body as organized into segments or parts.  

• Systemic anatomy sees the body as organized into organ systems.  

• Surface anatomy provides information about structures that may be observed or 

palpated beneath the skin.  

• Radiographic, sectional, and endoscopic anatomy allows appreciation of structures in 

the living, as they are affected by muscle tone, body fluids and pressures, and gravity.  

•  Clinical anatomy emphasizes application of anatomical knowledge to the practice of 

medicine. 

 



 

2 

 

 

The levels of structural complexity 

Anatomy encompasses various levels of complexity, from the microscopic level of cells to 

the macroscopic level of organs and organ systems.  

1.1 The Cytoplasm 

Cells and extracellular material together comprise all the tissues that make up the organs of 

multicellular animals. In all tissues, cells themselves are the basic structural and functional 

units, the smallest living parts of the body. Animal cells are eukaryotic (Gr. eu, good, + karyon, 

nucleus), with distinct membrane-limited nuclei surrounded by cytoplasm containing many 

different organelles. 
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The main cellular functions performed by specialized cells in the body are listed in Table below: 

 

Table 2–1. Cellular functions in some specialized cells 
 

Function Specialized Cell(s) 

Movement Muscle and other contractile cells 

Form adhesive and tight junctions between cells Epithelial cells 

Synthesize and secrete components of the 

extracellular matrix 

Fibroblasts, cells of bone and 

cartilage 

Convert physical and chemical stimuli into action 

potentials 

Neurons and sensory cells 

Synthesis and secretion of enzymes Cells of digestive glands 

Synthesis and secretion of mucous substances Mucous-gland cells 

Synthesis and secretion of steroids Some adrenal gland, testis, and ovary 

cells 

Ion transport Cells of the kidney and salivary gland 

ducts 

Intracellular digestion Macrophages and some white blood 

cells 

Lipid storage Fat cells 

Metabolite absorption Cells lining the intestine 
 

                                         

Junqueira Basic Histology 

Cytoplasmic Organelles 

• The cell is composed of two basic parts: cytoplasm and nucleus.  

• The outermost component of the cell, separating the cytoplasm from its extracellular 

environment, is the plasma membrane (plasmalemma).  

• The plasma, or cell, membrane functions as a selective barrier that regulates the passage 

of certain materials into and out of the cell and facilitates the transport of specific 

molecules.  

• The cytoplasm is the part of the cell located outside the nucleus. It contains organelles 

like mitochondria, endoplasmic reticulum, Golgi apparatus, lysosomes, and ribosomes. 

Nucleus 

The nucleus is a membrane-bound organelle found in eukaryotic cells (cells with a defined 

nucleus). It contains genetic material, including DNA, and is often referred to as the control 

center of the cell. The nucleus regulates cellular activities and houses the nucleolus, involved 

in ribosome production. 
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DNA (Deoxyribonucleic Acid): 

DNA is a molecule that carries genetic instructions for the development, functioning, growth, 

and reproduction of all known living organisms. 

It consists of two long strands forming a double helix, composed of nucleotides with adenine 

(A), thymine (T), cytosine (C), and guanine (G) bases. 

DNA is organized into structures called genes, which encode specific proteins. 

RNA (Ribonucleic Acid): 

RNA is another type of nucleic acid involved in protein synthesis and various cellular 

functions. 

Unlike DNA, RNA is usually single-stranded and contains uracil (U) instead of thymine. 

There are different types of RNA, including messenger RNA (mRNA), transfer RNA (tRNA), 

and ribosomal RNA (rRNA). 

Chromosomes: 

Chromosomes are structures composed of DNA and proteins found in the cell nucleus. 

They contain genes and carry hereditary information. 

Humans typically have 23 pairs of chromosomes (46 in total), with one set inherited from each 

parent. 

Mitochondria: 

Mitochondria are double-membraned organelles found in the cells of most living organisms, 

including humans. They are often referred to as the "powerhouses of the cell" due to their 

primary role in energy production. Mitochondria generate adenosine triphosphate (ATP), a 

molecule that provides energy for various cellular activities. 

The Endoplasmic reticulum: 

The endoplasmic reticulum (ER) is a cellular organelle involved in the synthesis, folding, 

modification, and transport of proteins and lipids. It consists of a network of membranes within 

the cell and comes in two forms: rough ER, studded with ribosomes on its surface, and smooth 

ER, lacking ribosomes. 

The Golgi apparatus: 

The Golgi apparatus, or Golgi complex, is a cellular organelle responsible for processing, 

packaging, and distributing molecules within or outside the cell. It consists of flattened 

membrane-bound sacs called cisternae. Key functions of the Golgi apparatus include 

modifying and sorting proteins and lipids synthesized in the endoplasmic reticulum (ER). 

During protein processing, the Golgi apparatus adds molecular tags, such as carbohydrates 

(glycosylation), and further refines the structure of these molecules. After modification, the 

Golgi sorts and packages them into vesicles for transport to their final destinations, which could 

be other cellular organelles or the cell membrane for secretion. 
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Lysosomes: 

Lysosomes are membrane-bound organelles within cells that contain enzymes responsible for 

breaking down and digesting cellular waste, damaged organelles, and foreign substances. 

These enzymes are acidic and work optimally in the acidic environment within lysosomes. 

 Additionally, lysosomes are involved in the degradation of cellular organelles through a 

process known as autophagy, where damaged or obsolete organelles are engulfed and digested. 

1.2 Cell Cycle 

The cell cycle represents a self-regulated sequence of events that controls cell growth and cell 

division 

• The development of a single, fertilized egg cell to form a complex, multicellular 

organism involves cellular replication, growth and progressive specialization 

(differentiation) for a variety of functions.  

• The fertilized egg (zygote) divides by a process known as mitosis to produce two 

genetically identical daughter cells, each of which divides to produce two more 

daughter cells and so on. Some of these daughter cells progressively specialize and 

eventually produce the terminally differentiated cells of mature tissues, such as muscle 

or skin cells. Most tissues however retain a population of relatively undifferentiated 

cells (stem cells) that are able to divide and replace the differentiated cell population as 

required.  

• The interval between mitotic divisions is known as the cell cycle. 

• All body cells divide by mitosis except for male and female germ cells, which divide 

by meiosis to produce gametes. 

Mitosis 

Mitosis is the process whereby one cell divides, giving rise to two daughter cells that are 

genetically identical to the parent cell.  Each daughter cell receives the complete complement 

of 46 chromosomes.  

• Before a cell enters mitosis, each chromosome replicates its deoxyribonucleic acid 

(DNA). During this replication phase chromosomes are extremely long, they are spread 

diffusely through the nucleus, and they cannot be recognized with the light microscope. 

• With the onset of mitosis, the chromosomes begin to coil, contract, and condense; these 

events mark the beginning of prophase. Each chromosome now consists of two parallel 

subunits, chromatids, that are joined at a narrow region common to both called the 

centromere.  

• Throughout prophase, the chromosomes continue to condense, shorten, and thicken but 

only at prometaphase do the chromatids become distinguishable.  

• During metaphase, the chromosomes line up in the equatorial plane, and their doubled 

structure is clearly visible. Each is attached by microtubules extending from the 

centromere to the centriole, forming the mitotic spindle.  



 

6 

 

• Soon, the centromere of each chromosome divides, marking the beginning of anaphase, 

followed by migration of chromatids to opposite poles of the spindle.  

• Finally, during telophase, chromosomes uncoil and lengthen, the nuclear envelope 

reforms, and the cytoplasm divides. Each daughter cell receives half of all doubled 

chromosome material and thus maintains the same number of chromosomes as the 

mother cell. (fig, 2.3) 

. 

 

Meiosis 

• Meiosis is the cell division that takes place in the germ cells to generate male and female 

gametes, sperm and egg cells, respectively.  

• Meiosis requires two cell divisions, meiosis I and meiosis II, to reduce the number of 

chromosomes to the haploid number of 23 (Fig. 2.4).  

• As in mitosis, male and female germ cells (spermatocytes and primary oocytes) at the 

beginning of meiosis I replicate their DNA so that each of the 46 chromosomes is 

duplicated into sister chromatids.  

• In contrast to mitosis, however, homologous chromosomes then align themselves in 

pairs, a process called synapsis.  

• The pairing is exact and point for point except for the XY combination. Homologous 

pairs then separate into two daughter cells, thereby reducing the chromosome number 

from diploid to haploid. 
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• Shortly thereafter, meiosis II separates sister chromatids. Each gamete then contains 23 

chromosomes. 

 

 

Difference between Mitosis and Meiosis: 

Mitosis is a cell division process that results in two identical daughter cells with the same 

number of chromosomes as the parent cell. It is involved in growth, repair, and maintenance 

of body tissues. Meiosis, on the other hand, is a specialized cell division process that produces 

gametes (sperm and egg cells) with half the number of chromosomes. Meiosis involves two 

rounds of division, resulting in four non-identical daughter cells, each with a unique 

combination of genetic material 

1.3 Tissue: Introduction 

 A human tissue is a group of cells with similar structure and specialized function. Tissues 

combine to form organs, and organs work together in organ systems. For instance, muscle tissue 

is composed of muscle cells, and the heart is an organ made up of various tissues, including 

muscle tissue, connective tissue, and nerve tissue.  

The human body is composed of only four basic types of tissue: epithelial, connective, 

muscular, and nervous. These tissues, which are formed by cells and molecules of the 

extracellular matrix, exist not as isolated units but rather in association with one another and 
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in variable proportions, forming different organs and systems of the body. The main 

characteristics of these basic types of tissue are shown in Table 4–1. 

 

 

Junqueira Basic Histology 

 

 

Epithelial Tissue: Covers body surfaces and lines organs, serving as a protective barrier. 

Examples include skin epithelium and the lining of the digestive tract. Here are different 

epithelial tissue types. 

Simple Squamous Epithelium: Thin and flat cells that form a single layer, found in areas 

where diffusion or filtration occurs, such as the lining of blood vessels and air sacs of the lungs. 

Simple Cuboidal Epithelium: Single layer of cube-shaped cells, often involved in secretion 

and absorption. Found in kidney tubules and various glands. 

Simple Columnar Epithelium: Single layer of elongated cells, often with microvilli on the 

surface, found in the lining of the digestive tract, where absorption and secretion occur. 

Stratified Squamous Epithelium: Multiple layers of flat cells, providing protection. Found in 

the skin (epidermis) and lining of the mouth, esophagus, and vagina. 

Stratified Cuboidal Epithelium: Two or more layers of cube-shaped cells, relatively rare in 

the human body but found in certain ducts, like in the mammary glands. 

Stratified Columnar Epithelium: Multiple layers of elongated cells, found in the male urethra 

and parts of the pharynx. 

Pseudostratified Columnar Epithelium: Appears stratified as all cells touch the basement 

membrane but level of nuclei are different. Found in the respiratory tract, where it helps move 

mucus with cilia. 
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Transitional Epithelium: Specialized for stretching, found in the lining of the urinary bladder, 

ureters, and urethra. 
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Connective Tissue:  provides a matrix that supports and physically connects other tissues and 

cells together to form the organs of the body. Unlike the other tissue types (epithelium, muscle, 

and nerve), which consist mainly of cells, the major component of connective tissue is the 

extracellular matrix (ECM). Extracellular matrices consist of different combinations of protein 

fibers (collagen and elastic fibers) and ground substance 

 

 

 

Specialized Connective Tissue 

Adipose Tissue, Cartilage, Bone & Blood  

1. Adipose tissue 

Connective tissue in which fat-storing cells or adipocytes predominates is called adipose tissue. 

Adipose tissue normally represents 15%-20% of the body weight in men, somewhat more in 

women, serving as storage depots for neutral fats 

2. Cartilage 
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A firm, flexible tissue found in areas like the nose and joints. Types include hyaline, elastic, 

and fibrocartilage. 

 

 

 

3. Bone (Osseous Tissue) 

The main component of the adult skeleton, bone tissue provides solid support for the body, 

protects vital organs such as those in the cranial and thoracic cavities, and encloses internal 

(medullary) cavities containing bone marrow where blood cells are formed. Bone (or osseous) 

tissue also serves as a reservoir of calcium, phosphate, and other ions that can be released or 

stored in a controlled fashion to maintain constant concentrations in body fluid 

Hematopoietic Tissue: Found in the bone marrow and responsible for blood cell 

formation 

4. Blood: Consists of red and white blood cells in a liquid matrix (plasma). It plays a crucial 

role in transportation and defense. 

Muscle Tissue: 

One of the basic tissues, responsible for movement by contracting and relaxing. 

Three types of muscle tissue can be distinguished on the basis of morphologic and functional 

characteristics, with the structure of each adapted to its physiologic role. 

 ■ Skeletal muscle contains bundles of very long, multinucleated cells with cross-striations. 

Their contraction is quick, forceful, and usually under voluntary control.  

Location: Attached to bones by tendons. 

Control: Voluntary control. 

Appearance: Striated (striped) appearance under a microscope. 

Function: Responsible for body movement, posture, and voluntary actions. 
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■ Cardiac muscle also has cross-striations and is composed of elongated, often branched 

cells bound to one another at structures called intercalated discs that are unique to cardiac 

muscle. Contraction is involuntary, vigorous, and rhythmic.  

Location: Exclusive to the heart. 

Control: Involuntary control. 

Appearance: Striated like skeletal muscle but with branching cells. 

Function: Contracts to pump blood, exhibits a rhythmic and synchronized contraction 

■ Smooth muscle consists of collections of fusiform cells that lack striations and have slow, 

involuntary contractions. In all types of muscle, contraction is caused by the sliding interaction 

of thick myosin filaments along thin actin filaments. 

Location: Found in the walls of internal organs (e.g., stomach, intestines). 

Control: Involuntary control. 

Appearance: Non-striated, with spindle-shaped cells. 

Function: Contracts slowly and rhythmically, regulating the movement of substances within 

organs. 

 

Nervous Tissue: 

The human nervous system, by far the most complex system in the body, is formed by a 

network of many billion nerve cells (neurons), all assisted by many more supporting cells called 

glial cells.  

Each neuron has hundreds of interconnections with other neurons, forming a very complex 

system for processing information and generating responses. Nerve tissue is distributed 

throughout the body as an integrated communications network.  

Anatomically, the general organization of the nervous system has two major divisions: 

Central nervous system (CNS), consisting of the brain and spinal cord  

Peripheral nervous system (PNS), composed of the cranial, spinal, and peripheral nerves 

conducting impulses to and from the CNS (sensory and motor nerves, respectively) and ganglia 

that are small aggregates of nerve cells outside the CNS.  
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Cells in both central and peripheral nerve tissue are of two kinds: neurons, which typically have 

numerous long processes, and various glial cells (Gr. glia, glue), which have short processes, 

support and protect neurons, and participate in many neural activities, neural nutrition, and 

defense of cells in the CNS 
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Chapter 2 

Organ Systems 

Organs are structures composed of two or more tissue types, working together to perform 

specific functions. 

Organ systems are groups of organs that collaborate to carry out particular physiological 

functions. Examples include the cardiovascular, respiratory, and digestive systems, excretory 

system, nervous system etc. 

Major Organ Systems: 

Cardiovascular System: Heart, blood vessels, and blood for circulation. 

Respiratory System: Lungs and airways for breathing. 

Digestive System: Organs like stomach, intestines, and liver for processing and absorbing 

nutrients. 

Nervous System: Brain, spinal cord, and nerves for communication and control. 

Muscular System: Muscles for movement and support. 

Skeletal System: Bones and joints for support and protection. 

Endocrine System: Glands like the thyroid and pancreas for hormone regulation. 

 

The Circulatory System 

The circulatory system, also known as the cardiovascular system, is a complex network of 

organs and vessels that transport blood, nutrients, oxygen, and waste products throughout the 

body. Comprising the heart, blood vessels, and blood, this system plays a crucial role in 

maintaining homeostasis. 

1. Heart: 

The heart, a muscular organ, serves as the central pump of the circulatory system. 

It is divided into four chambers: two atria (upper chambers) and two ventricles (lower 

chambers). 

Deoxygenated blood from the body returns to the right atrium and is pumped to the lungs for 

oxygenation by the right ventricle. 

Oxygenated blood from the lungs enters the left atrium and is pumped to the rest of the body 

by the left ventricle. 

2. Blood Vessels:  

There are three types of blood vessels 

Arteries: Carry oxygenated blood away from the heart to the body's tissues, except the 

pulmonary arteries which carry deoxygenated blood from heart to lungs. The largest artery is 

the aorta. 
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Veins: Transport deoxygenated blood back to the heart, except the pulmonary veins which 

carry oxygenated blood from lungs to heart. The superior and inferior vena cava are major 

veins. 

Capillaries: Microscopic vessels connecting arteries and veins, facilitating the exchange of 

nutrients and waste products at the tissue level. 

3. Blood: 

Composed of red blood cells (carry oxygen), white blood cells (immune defense), platelets 

(blood clotting), and plasma (fluid medium). 

The blood's main function is to transport oxygen, nutrients, hormones, and waste products 

throughout the body. 

Circulation: 

Systemic Circulation: The left side of the heart pumps oxygenated blood to the body 

through the aorta, and the deoxygenated blood returns via veins. 

Pulmonary Circulation: The right side of the heart pumps deoxygenated blood to the lungs 

through the pulmonary artery, and oxygenated blood returns via pulmonary veins. 

Regulation: 

The circulatory system is regulated by the autonomic nervous system and hormones. 

Hormones such as adrenaline can increase heart rate and blood pressure during stress or 

exercise. 

Homeostasis: 

The circulatory system contributes to maintaining a stable internal environment by regulating 

temperature, pH, and fluid balance. 

Diseases and Disorders: 

Conditions like atherosclerosis, hypertension, and heart failure can adversely affect the 

circulatory system. 
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Chapter No. 3 

The Lymphatic System 

The lymphatic system is a vital part of the circulatory system and immune system, responsible 

for maintaining fluid balance, filtering harmful substances, and supporting immune function. 

Comprising lymph nodes, vessels, tonsils, spleen, and thymus, this network transports lymph, 

a clear fluid, throughout the body. 

Lymphatic vessels parallel blood vessels, collecting excess interstitial fluid from tissues. This 

fluid, now called lymph, contains white blood cells, proteins, and other waste products. 

Lymph nodes, strategically located along the vessels, filter and purify the lymph, trapping 

pathogens and foreign particles. This process helps prevent the spread of infections. 

Lymphocytes, a type of white blood cell, play a central role in the immune system and are 

produced in the lymphatic organs. The thymus, located behind the breastbone, is crucial for T-

cell maturation, while the bone marrow is responsible for B-cell development. These 

lymphocytes circulate in the lymphatic system, combating infections and maintaining immune 

surveillance. 

The spleen, situated beneath the ribcage, acts as a blood filter, removing damaged blood cells 

and pathogens. Tonsils, found in the throat, function as the first line of defense against inhaled 

or ingested pathogens. 

When the lymphatic system malfunctions, conditions like lymphedema can occur, leading to 

fluid retention and swelling. Additionally, lymphomas, cancers affecting lymphocytes, may 

develop. 

In summary, the lymphatic system is integral to maintaining fluid balance, filtering harmful 

substances, and supporting immune responses, making it a crucial component of overall health. 
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Chapter 4 

The Gastrointestinal System  

The gastrointestinal (GI) system, also known as the digestive system, is a long, twisting tube 

that starts at the mouth and goes through the esophagus, stomach, small intestine, large 

intestine and ends at the anus.  

The digestive system breaks down food into simple nutrients such as carbohydrates, fats and 

proteins. It is a complex network of organs responsible for processing food and extracting 

nutrients essential for the body's functioning.  

Mouth: 

Function: Mechanical and chemical breakdown of food begins with chewing and the action 

of saliva containing enzymes like amylase. The food is converted to semisolid Bolus. 

Salivary Glands: Produce saliva to aid in digestion. 

Esophagus: 

Function: Transports chewed food from the mouth to the stomach through coordinated 

muscle contractions called peristalsis. 

Stomach: 

Function: Further digestion and mixing of food with gastric juices containing hydrochloric 

acid and enzymes. This forms Chyme. 

Gastric Mucosa: Contains specialized cells secreting digestive enzymes and mucus. 

Small Intestine: 

Function: Primary site for nutrient absorption. Divided into three parts: duodenum, jejunum, 

and ileum. 

Villi and Microvilli: Increase surface area for absorption of nutrients into the bloodstream. 

Liver: 

Function: Produces bile, which emulsifies fats for easier digestion. Detoxifies harmful 

substances and stores nutrients. 

Gallbladder: Stores and releases bile into the small intestine. 

Pancreas: 

Function: Produces digestive enzymes (lipases, amylases, proteases) and releases them into 

the small intestine. 

Large Intestine (Colon): consists of Ascending colon, transverse colon, descending colon, 

sigmoid colon 

Function: Absorbs water and electrolytes, forming feces. Houses beneficial bacteria that aid 

in fermentation of undigested food. 

Rectum and Anus: Store and expel feces during the process of defecation. 
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Peritoneum: 

Function: Thin membrane lining the abdominal cavity, providing support and protection to 

the digestive organs. 

Hormones: 

Gastrin, Insulin, Glucagon: Regulate digestive processes and nutrient absorption. 

Secretin, Cholecystokinin (CCK): Control the release of digestive juices. 

Nervous Control: 

Enteric Nervous System: Intrinsic nerve network regulating gut function. 

Autonomic Nervous System: Sympathetic and parasympathetic branches influence digestive 

activity. 

Maintaining a healthy GI system is crucial for overall well-being, as it ensures proper nutrient 

absorption and waste elimination. Disorders like gastroenteritis, ulcers, and inflammatory 

bowel diseases can impact the functioning of the gastrointestinal system. 
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Chapter 5 

The Respiratory System 

The respiratory system plays a vital role in gas exchange, providing oxygen to the body's cells 

and removing carbon dioxide. 

The respiratory system maintains homeostasis by adjusting the rate and depth of breathing to 

meet the body's oxygen demands. Disorders like asthma, chronic obstructive pulmonary 

disease (COPD), and pneumonia can affect respiratory function. 

5.1 Upper Respiratory Tract: 

The upper respiratory tract (URT) comprises the structures involved in the initial stages of 

breathing and the filtration of air before it reaches the lower respiratory tract. Key components 

of the URT include: 

Nose: 

Structure: External nostrils lead to nasal cavities. 

Function: Filters, humidifies, and warms incoming air; contains sensory receptors for the sense 

of smell. 

Nasal Cavities: 

Structure: Divided by the nasal septum; lined with mucous membranes and cilia. 

Function: Filters, moistens, and warms inspired air; traps dust and pathogens. 

Paranasal Sinuses: 

Structure: Air-filled cavities in the bones surrounding the nasal cavities. 

Function: Lighten the skull, produce mucus, and contribute to voice resonance. 

Pharynx (Throat): 

Structure: Connects nasal cavities and mouth to the larynx and esophagus. 

Function: Common pathway for air and food; serves as a resonating chamber for speech. 

Larynx (Voice Box): 

Structure: Located below the pharynx; contains vocal cords. 

Function: Houses vocal cords, allowing for the production of sound during speech. 

The upper respiratory tract serves as the first line of defense against pathogens and particulate 

matter. The mucous membranes and cilia in the nasal cavities trap and move foreign particles, 

preventing them from entering the lower respiratory tract. Additionally, the nasal secretions 

contain enzymes and antibodies that contribute to immune defense. 

Common ailments affecting the upper respiratory tract include the common cold, sinusitis, and 

allergic rhinitis. These conditions often involve inflammation of the nasal passages, sinuses, or 

throat, leading to symptoms such as congestion, sneezing, and sore throat. Proper care and 
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hygiene, including handwashing and avoiding exposure to respiratory viruses, help maintain 

the health of the upper respiratory tract. 

5.2 Lower Respiratory Tract: 

The lower respiratory tract consists of several key components: 

Trachea (Windpipe): A tubular structure that connects the larynx to the bronchi, allowing 

the passage of air to and from the lungs. 

Bronchi: The trachea branches into two bronchi (singular: bronchus), one leading to each 

lung. These bronchi further divide into smaller branches called bronchioles. 

Bronchioles: Smaller air passages that arise from the bronchi and extend into the lungs. They 

continue to divide into even smaller tubes, eventually leading to the alveoli. 

Alveoli: Tiny air sacs located at the end of the bronchioles. This is where the exchange of 

oxygen and carbon dioxide takes place between the air and the bloodstream. 

Lungs: The primary organs of the lower respiratory tract, consisting of lobes filled with 

bronchi, bronchioles, and alveoli. The right lung has three lobes, while the left lung has two. 

Pleura: A double-layered membrane surrounding the lungs and lining the chest cavity. The 

space between these layers contains a small amount of fluid, which helps reduce friction 

during breathing. 

The lower respiratory tract is crucial for the exchange of gases, allowing oxygen to be 

absorbed into the bloodstream and carbon dioxide to be expelled from the body. This process 

is essential for cellular respiration and maintaining proper oxygen levels in the body. 
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Chapter 6 

The Nervous System 

The Nervous System is composed of neurons and supporting cells, transmitting electrical 

impulses and enabling communication within the nervous system. Found in the brain, spinal 

cord, and peripheral nerves. 

Neurons: 

Function: Transmit electrical signals. 

Structure: Cell body, dendrites (receive signals), and axon (sends signals). 

Types: Sensory neurons (carry sensory information), motor neurons (control muscles), 

interneurons (connect neurons in the central nervous system). 

Neuroglia (Glial Cells): 

Function: Support and protect neurons. 

Types: Astrocytes (support and nourish neurons), oligodendrocytes (produce myelin in the 

central nervous system), Schwann cells (produce myelin in the peripheral nervous system), 

microglia (immune defense), and ependymal cells (produce cerebrospinal fluid). 

Synapse: 

Function: Junction between neurons, allowing signal transmission. 

Components: Presynaptic terminal (sends signal), synaptic cleft (gap between neurons), 

postsynaptic membrane (receives signal). 
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6.1 Central Nervous System (CNS) 

Components: Brain and spinal cord. 

Function: Integration and processing of information. 

6.2 Peripheral Nervous System (PNS) 

Components: Nerves outside the CNS. 

Function: Connects the CNS to the rest of the body, facilitating communication. 

  

 

 

Here are some key details about the central nervous system: 

Brain: 

Divisions: 

Forebrain, Midbrain, Hindbrain: Subdivisions of the brain, each with specific functions. 

Gray and White Matter: Gray matter contains neuron cell bodies, while white matter 

consists of myelinated nerve fibers. 

Understanding the central nervous system is vital for comprehending how the body perceives, 

processes information, and generates responses to the environment. 

Functions: Responsible for cognitive functions, sensory processing, motor control, and 

regulation of involuntary bodily functions. 

Here are some key parts of the brain: 
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Cerebrum: 

Functions: Responsible for conscious thought, voluntary actions, sensory perception, and 

language. 

Divisions: Consists of two hemispheres (left and right), each further divided into four lobes 

(frontal, parietal, temporal, and occipital). 

Cerebellum: 

Function: Coordinates voluntary muscle movements, balance, and posture. 

Brainstem: 

Components: 

Medulla Oblongata: Regulates vital functions like breathing, heart rate, and blood pressure. 

Pons: Involved in sleep, respiration, and facial movements. 

Midbrain: Involves in visual and auditory reflexes. 

Diencephalon: 

Components: 

Thalamus: Acts as a relay station for sensory information. 

Hypothalamus: Regulates body temperature, hunger, thirst, and controls the endocrine 

system via the pituitary gland. 

Limbic System: 

Components: Includes the hippocampus, amygdala, and hypothalamus. 

Function: Involved in emotions, memory, and basic survival instincts. 

Basal Ganglia: 

Function: Coordinates voluntary movements and plays a role in procedural learning. 

Reticular Formation: 

Function: Regulates arousal, sleep-wake cycles, and attention. 

Ventricals: 

Structure: Fluid-filled cavities within the brain. 

Function: Produce cerebrospinal fluid, which cushions the brain and spinal cord. 
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Medial view of brain 

Spinal Cord: 

Location: Extends from the brainstem down the vertebral column. 

Function: Acts as a communication pathway between the brain and the peripheral nervous 

system, transmitting signals to and from the body. 
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Meninges: Three layers of protective membranes (dura mater, arachnoid, and pia mater) 

surround the brain and spinal cord. 

Cerebrospinal Fluid (CSF): Acts as a cushion, providing buoyancy and protecting the CNS 

from mechanical injury. 

Blood-Brain Barrier: 

Function: Protects the brain from harmful substances by regulating the passage of molecules 

between the bloodstream and brain tissue. 

6.2. The Peripheral Nervous System (PNS) is an extensive network of nerves and ganglia 

outside the central nervous system (CNS), comprising the brain and spinal cord. It is divided 

into two main components: the somatic nervous system and the autonomic nervous system. 

Somatic Nervous System (SNS): 

Voluntary Control: The SNS controls voluntary movements and sensory information from the 

external environment. It consists of sensory (afferent) neurons that transmit information from 

sensory receptors to the CNS and motor (efferent) neurons that convey signals from the CNS 

to skeletal muscles. 

Reflex Arc: Quick, automatic responses to stimuli are mediated by reflex arcs within the SNS. 

These reflexes often bypass the brain, involving a direct communication between sensory and 

motor neurons in the spinal cord. 

Autonomic Nervous System (ANS): 

Involuntary Functions: The ANS regulates involuntary bodily functions, maintaining internal 

balance and responding to stress. It is further divided into the sympathetic and parasympathetic 

branches. 

Sympathetic Nervous System (SNS): Activated during the "fight or flight" response, the SNS 

prepares the body for quick, intense action. It increases heart rate, dilates airways, and redirects 

blood flow to muscles, enhancing overall alertness and physical performance. 

Parasympathetic Nervous System (PNS): Responsible for the "rest and digest" response, the 

PNS promotes relaxation and recovery. It slows heart rate, stimulates digestion, and conserves 

energy. 

Neurons and Ganglia: 

Sensory Neurons: Transmit signals from sensory organs to the CNS, providing information 

about the external and internal environment. 

Motor Neurons: Transmit signals from the CNS to muscles or glands, executing responses. 

Interneurons: Facilitate communication between sensory and motor neurons within the CNS. 

Ganglia: Clusters of nerve cell bodies outside the CNS. In the PNS, ganglia serve as relay 

points for transmitting signals between neurons. 

Peripheral Nerves: 
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 Peripheral nerves consist of bundles of axons, connective tissue, and blood vessels. They can 

be sensory, motor, or mixed, containing both sensory and motor fibers. 

Cranial Nerves: Arise from the brain and primarily serve the head and neck region. 

Spinal Nerves: Emerge from the spinal cord and are named based on their spinal cord segment. 

They innervate the rest of the body. (As shown in table 1.1) 
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Chapter 7 

The Endocrine System 

The endocrine system is a complex network of glands that produce and release hormones, 

chemical messengers that regulate various physiological processes in the body.  

Major glands include the hypothalamus, pituitary, thyroid, parathyroid, adrenal glands, 

pancreas, ovaries (in females), and testes (in males). 

Hypothalamus: Located in the brain, it regulates the pituitary gland and connects the nervous 

and endocrine systems. 

Pituitary Gland: Often called the "master gland," it controls other glands and produces 

hormones like growth hormone and thyroid-stimulating hormone. Pituitary gland is located at 

the base of the brain below the hypothalamus. 

Thyroid Gland: Produces hormones that regulate metabolism, growth, and development. It is 

located in the lower and front area of the neck. It's has left and right lobes and an isthmus in 

between the two lobes. Thyroid cells are arranged in different size of thyroid follicles. Colloid 

is the proteinaceous material present in the thyroid follicles and contain the thyroid hormones. 

Parathyroid Glands: Regulate calcium levels in the blood, influencing bone health and nerve 

function. Parathyroid glands are small glands located behind the thyroid gland. 

Adrenal Glands: Situated on top of each kidney, they produce hormones such as cortisol and 

adrenaline, involved in stress response and metabolism. 

The adrenal cortex produce aldosterone (a mineralocorticoid), cortisol (a glucocorticoid), and 

androgens and estrogen (sex hormones). 

Following organs have endocrine functions. 

Pancreas: Secretes insulin and glucagon, regulating blood sugar levels. It is located near the 

gall bladder and liver. 

Ovaries (Females): Produce estrogen and progesterone, influencing menstrual cycles and 

pregnancy. Two ovaries are present in a female. Ovaries produce eggs which form a new born 

after meeting with the sperm. 

Testes (Males): Generate testosterone, controlling male reproductive functions and secondary 

sexual characteristics. Testes are present behind the penis in skin covered sacs called scrotum. 

Scrotal sacs lie outside of the abdomen and pelvis. 
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Chapter 8 

Human Skin 

The skin is the largest single organ of the body, typically accounting for 15%-20% of total 

body weight and, in adults, presenting 1.5-2 m2 of surface to the external environment. 

Human skin consists of three main layers: the epidermis, dermis, and subcutaneous tissue. 

Epidermis: This is the outermost layer of the skin. It is primarily composed of keratinocytes, 

which produce the protein keratin, providing strength and waterproofing to the skin. The 

epidermis also contains melanocytes, responsible for pigmentation, and Langerhans cells, 

involved in immune response. 

Dermis: Beneath the epidermis lies the dermis, which is thicker and contains connective 

tissues, blood vessels, nerves, and various appendages. Collagen and elastin fibers in the dermis 

provide structural support and elasticity to the skin. Hair follicles, sebaceous glands, and sweat 

glands are also found in the dermis. 

Subcutaneous Tissue (Hypodermis): This is the deepest layer, primarily composed of adipose 

(fat) tissue. It serves as insulation, energy storage, and a cushioning layer. Blood vessels and 

nerves that supply the skin are located in the subcutaneous tissue. 

The skin functions as a protective barrier against pathogens, UV radiation, and physical trauma. 

It regulates body temperature through sweat production and blood flow. Sensory receptors in 

the skin enable the perception of touch, temperature, and pain. 

Skin Appendages: 

Skin appendages are structures that arise from the skin and have specific functions. The main 

types include: 

Hair: Composed of keratin, hair originates from hair follicles in the skin and serves various 

functions, such as insulation and protection. 

Nails: Formed from keratinized cells, nails protect the fingertips and enhance tactile sensation. 

Sebaceous Glands: These glands produce sebum, an oily substance that helps moisturize the 

skin and hair. 

Sweat Glands: Eccrine glands produce sweat for thermoregulation, while apocrine glands are 

associated with hair follicles and play a role in body odor. 

Arrector Pili Muscles:  

Small muscles connected to hair follicles that contract in response to cold or emotional stimuli, 

causing hair to stand on end. 

These skin appendages contribute to the overall function and protection of the skin. 
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Chapter 9 

The Urinary System 

The human kidney has a distinct anatomy that includes various structures responsible for its 

vital functions as following 

• Regulation of the balance between water and electrolytes (inorganic ions) and the acid-

base balance. 

• Excretion of metabolic wastes along with excess water and electrolytes in urine, the 

kidneys’ excretory product which passes through the ureters for temporary storage in 

the bladder before its release to the exterior by the urethra. 

The brief view of anatomy of urinary system is as follow 

Renal Cortex: The outer region of the kidney, containing the renal corpuscles and convoluted 

tubules. 

Renal Medulla: The inner region, composed of renal pyramids. The medulla houses structures 

like the loops of Henle and collecting ducts. 

Renal Pelvis: A funnel-shaped structure at the center of the kidney that collects urine from the 

nephrons. 

Nephron: The functional unit of the kidney, consisting of a renal corpuscle (Bowman's capsule 

and glomerulus) and renal tubule (proximal and distal convoluted tubules, loop of Henle). 

Renal Artery and Vein: The renal artery brings blood to the kidney for filtration, while the 

renal vein carries purified blood away. 

Ureter: A tube that connects the renal pelvis to the bladder, allowing the flow of urine from 

the kidneys to the bladder. 

Urinary Bladder: A muscular organ that stores urine until it is released through the urethra. 

Urethra: A tube through which urine is expelled from the bladder out of the body. 

Location of Kidneys 

The Kidneys lie behind the peritoneum in the abdomen, either side of vertebral column. They 

extend from T12 to L3, right kidney is slightly lower than the left due to the liver's position. 

Both kidneys function similarly, filtering blood and producing urine. 
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Chapter 10 

The Reproductive System 

10.1 The Male Reproductive System 

Consists of several organs that work together for the production and delivery of sperm. Here's 

a brief overview: 

Testes: 

Anatomy: Paired organs located in the scrotum, responsible for sperm and testosterone 

production. 

Physiology: Sperm production (spermatogenesis) occurs in the seminiferous tubules, while 

Leydig cells produce testosterone. 

Epididymis: 

Anatomy: Coiled tube attached to each testis. 

Physiology: Sperm mature and gain motility while stored in the epididymis. 

Vas Deferens: 

Anatomy: Duct that transports mature sperm from the epididymis to the urethra. 

Physiology: Sperm travel through the vas deferens during ejaculation. 

Seminal Vesicles: 

Anatomy: Glandular structures near the base of the bladder. 

Physiology: Produce seminal fluid, contributing to semen volume and providing nutrients for 

sperm. 

Prostate Gland: The prostate gland is a part of the male reproductive system, situated just 

below the bladder and surrounding the urethra. It plays a crucial role in the production of 

seminal fluid. Here's a detailed overview: 

Location: The prostate is located in the pelvis, beneath the bladder and in front of the rectum. 

Structure: The prostate is a walnut-sized gland with several lobes. It is composed of glandular 

and fibromuscular tissue. 

Function: The primary function of the prostate is to produce a fluid that, along with sperm 

from the testes and seminal vesicle fluids, makes up semen. This fluid helps nourish and 

transport sperm during ejaculation. 

Structure of Prostate: 

Peripheral Zone: The outer part of the prostate, where most prostate cancers originate. 

Central Zone: Surrounds the ejaculatory ducts and makes up a smaller portion of the gland. 

Transitional Zone: Located near the urethra, this zone is where benign prostatic hyperplasia 

(BPH) typically occurs. 
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Ducts and Glands: The prostate contains numerous ducts and glands that produce the prostatic 

fluid. This fluid is released into the urethra during ejaculation. 

Muscles: The fibromuscular tissue of the prostate helps propel semen during ejaculation. 

Nerve Supply: The prostate receives its nerve supply from the autonomic nervous system, 

which plays a role in controlling its functions. 

Prostate-Specific Antigen (PSA): A blood test measuring PSA levels is often used as a 

screening tool for prostate conditions, including prostate cancer. 

Problems: The prostate can be affected by various conditions, such as benign prostatic 

hyperplasia (BPH), prostatitis (inflammation), and prostate cancer. 

Bulbourethral Glands (Cowper's Glands): 

Anatomy: Small glands near the base of the penis. 

Physiology: Release a clear, lubricating fluid before ejaculation, preparing the urethra for 

sperm passage. 

Penis: Anatomy: External organ with erectile tissues. 

Physiology: During sexual arousal, blood flow increases to erectile tissues, causing an erection. 

The urethra passes through the penis, allowing the passage of semen during ejaculation. 

Hormonal Regulation: The hypothalamus releases gonadotropin-releasing hormone (GnRH), 

stimulating the pituitary gland to release luteinizing hormone (LH) and follicle-stimulating 

hormone (FSH). LH stimulates testosterone production in the testes, and FSH stimulates 

spermatogenesis. The coordinated function of these structures allows for the production, 

maturation, and delivery of sperm, contributing to the male reproductive system's overall 

anatomy and physiology. 
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10.2 Female Reproductive System: 

The female reproductive system is complex and involves several organs and structures. The 

main components include: 

Ovaries: 

Ovaries are almond shaped paired organs,  produce eggs (ova) and hormones such as 

estrogen and progesterone. 

Fallopian Tubes or Oviducts: 

 Transport eggs from the ovaries to the uterus; the site of fertilization. 

Uterus: 

Uterus is a pear-shaped organ with thick, muscular wall , supports fetal development during 

pregnancy. 

Layers: Endometrium (inner lining), myometrium (muscular middle layer), and perimetrium 

(outer layer). 

Cervix: 

The cervix is the lower, cylindrical part of the uterus, connect the uterus to the vagina; allows 

sperm to enter the uterus during fertilization. 

Vagina: 

 Connects the uterus to the external genitalia; serves as the birth canal during childbirth. 

External Genitalia: 

Labia: Outer folds protecting the vaginal and urethral openings. 

Clitoris: Sensitive organ associated with sexual arousal. 
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The menstrual cycle is a crucial aspect of female reproductive physiology. It involves a series 

of hormonal changes orchestrated by the hypothalamus, pituitary gland, and ovaries, leading 

to the release of an egg from the ovary (ovulation) and preparation of the uterus for a potential 

pregnancy. If fertilization doesn't occur, the uterine lining is shed during menstruation 

Mammary Glands (Breasts): 

Multicellular gland that produce milk for breastfeeding or during lactation. 

Structure and Function of Female Breast: 

Composition: Composed of lobules (milk-producing glands) and ducts (tubes that carry milk 

to the nipple). 

Adipose Tissue: 

Function: Provides shape and support to the breasts. 

Distribution: Surrounds and interweaves with the mammary glands. 

Connective Tissue: 

Function: Provides structural support to the breast. 

Nipple and Areola: 

Function: The nipple is the outlet for milk; the areola is the pigmented area surrounding the 

nipple. 

Breast Functions: 

Milk Production (Lactation): 

Triggered by hormonal changes during pregnancy and after childbirth. 

Mammary glands produce and release milk in response to infant suckling. 

Hormonal Regulation: 

Hormones like estrogen, progesterone, and prolactin play key roles in breast development, 

milk production, and lactation. 

Breastfeeding: 

Provides essential nutrients and antibodies to the infant. 

Promotes mother-infant bonding. 

Secondary Sexual Characteristics: 

Breasts undergo changes during puberty, influenced by hormonal fluctuations. 

Serve as secondary sexual characteristics and contribute to female body image. 

Understanding breast structure and function is crucial for reproductive health, breastfeeding, 

and overall well-being. Regular breast self-exams and mammograms are recommended for 

early detection of potential issues such as breast cancer. 
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Chapter 11 

Human Skeletal System 

11.1  Overview 

• Bone is mineralized dense connective tissue 

• Made up of few cells in mineralized matrix 

• Consists of 30-40 % of our body weight. 

Functions of Bones: 

• Support, Protection & Movement: 

• Gives shape to the body. 

• Supports body weight. 

• Protects sensitive parts of the body. 

• Blood Cell Formation: 

• The red bone marrow found in the connective tissue of certain bones is the site of 

blood cell production.  

There are total 206 bones which make up the human skeleton. The skeletal is divided into two 

main parts, the axial skeleton (80) includes the skull, vertebral column, and rib cage, while 

the appendicular skeleton (126) comprises limbs, shoulders, and hips. Bones serve as 

attachment points for muscles, aiding movement, and store minerals like calcium. The skull 

safeguards the brain, ribs protect vital organs, and the spine offers spinal cord protection. 

Understanding this framework is crucial for comprehending human anatomy and physiology. 

 

  

 

 

 

 

 



 

41 

 

 

 

 

  

 

 

 

 

 

 

11.2 Structure and Function of Human Skeleton 

Skull: 

Composed of cranium and mandible. 

Protects the brain and houses sensory organs. 

Vertebral Column (Spine): 

Series of vertebrae (cervical, thoracic, lumbar, sacral, coccygeal). 

Supports the body, protects spinal cord, allows movement. 

Rib Cage: 

Protects thoracic organs. 

Consists of true ribs, false ribs, and floating ribs. 

Shoulder Girdle: 

Includes scapula and clavicle. 

Connects the upper limbs to the axial skeleton. 

Upper Limbs: 
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Arm bones (humerus, radius, ulna). 

Hand bones (carpals, metacarpals, phalanges). 

Pelvic Girdle: 

Consists of two hip bones (coxal bones). 

Supports the trunk and protects pelvic organs. 

Lower Limbs: 

Thigh bone (femur), leg bones (tibia, fibula). 

Foot bones (tarsals, metatarsals, phalanges). 

11.3 Gross Anatomy of a Long Bone 

Diaphysis / Shaft / Body 

Composed of compact bone 

Epiphysis / Ends of the bone 

Composed mostly of spongy bone 

Structure of Long bone 

 

 1.  Compact    =   Solid mass; dense & hard 

     =   Forms the outer layer of bone structure 

 2.  cancellous or spongy  =          Contain spaces filled with bone marrow 
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11.4 Bones of Upper Limb 

The Scapula: 

The scapula, commonly known as the shoulder blade, is a flat, triangular bone located on the 

upper back. It has three borders (superior, medial, and lateral), three angles (superior, inferior, 

and lateral), and two surfaces (costal and dorsal). The acromion process extends from the 

superior angle, forming the highest point of the shoulder. The glenoid cavity is a shallow 

depression on the lateral aspect that articulates with the head of the humerus, forming the 

shoulder joint. The scapula plays a crucial role in shoulder movement and provides attachment 

points for various muscles. 

The Humerus: 

The humerus is the long bone of the upper arm, extending from the shoulder to the elbow. It 

consists of a proximal end, distal end, and a shaft. The proximal end consists of the head, which 

articulates with the glenoid cavity of the scapula, forming the shoulder joint. The anatomical 

neck is a slight constriction just below the head. The greater and lesser tubercles are prominent 

bony projections serving as muscle attachment sites. 

The surgical neck is a narrower region just below the tubercles and is a common site for 

fractures. The shaft of the humerus has a deltoid tuberosity for deltoid muscle attachment and 

various muscle attachment points throughout. Distally, the humerus articulates with the radius 

and ulna at the elbow joint. The lateral and medial epicondyles provide attachment sites for 

muscles and ligaments. Overall, the humerus facilitates arm movement and supports 

musculature essential for daily activities. 

The Radius: 

The radius is one of the two long bones in the forearm, along with the ulna. It extends from the 

lateral side of the elbow to the thumb side of the wrist. The proximal end of the radius has a 

disc-shaped head that articulates with the humerus and the ulna, forming the radioulnar joint. 

The radial tuberosity, a bony prominence just below the head, serves as the attachment site for 

the biceps brachii muscle. The shaft of the radius runs along the forearm and has a slight 

curvature. Towards the distal end, the radius widens to form the styloid process, which provides 

attachment for ligaments and stabilizes the wrist joint. The radius plays an important role in 

forearm rotation, working in coordination with the ulna to allow for supination and pronation 

movements. It also contributes to the formation of the wrist joint, allowing for various hand 

and wrist movements. 

The Ulna: 

The ulna is the other long bone in the forearm, running parallel to the radius. It extends from 

the medial side of the elbow to the wrist. 

 The shaft of the ulna runs alongside the radius and is generally longer than the radius. Distally, 

the ulna forms the head, which is part of the wrist joint and articulates with the ulnar notch of 

the radius. The ulna also has a styloid process at the distal end, providing attachment for 

ligaments and stabilizing the wrist. 
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The ulna is essential for forearm stability and contributes to the formation of the elbow and 

wrist joints. Together with the radius, it allows for various movements, including flexion and 

extension at the elbow, as well as pronation and supination of the forearm. 

The Bones of Hands: 

The bones of the hand consist of the carpals, metacarpals, and phalanges: 

Carpals: These are the eight small bones that form the wrist. They are arranged in two rows: 

Proximal row (from lateral to medial): Scaphoid, Lunate, Triquetrum, Pisiform 

Distal row (from lateral to medial): Trapezium, Trapezoid, Capitate, Hamate 

Metacarpals: There are five metacarpal bones, one for each digit (thumb to little finger). 

Numbered from the thumb side (lateral) to the little finger side (medial), they are often referred 

to as the first through fifth metacarpals. 

Phalanges: The phalanges are the finger bones. Each finger (except the thumb) has three 

phalanges: proximal, middle, and distal. The thumb has two phalanges: proximal and distal. 

So, in summary, the hand consists of a total of 27 bones: 8 carpals, 5 metacarpals, and 14 

phalanges. 
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11.5 Bones of Lower Limb 

The lower limbs (extremities) are extensions from the trunk specialized to support body weight, 

for locomotion (the ability to move from one place to another), and to maintain balance. 

The Hip Bone: 

The hip bone is a large, irregularly shaped bone that forms a major part of the pelvis. It is 

composed of three fused bones: the ilium, ischium, and pubis. These three components meet at 

the acetabulum, a cup-shaped socket that articulates with the head of the femur, forming the 

hip joint. 

Ilium: The ilium is the largest and uppermost portion of the hip bone. It has a wing-like 

structure with a prominent crest called the iliac crest. The anterior superior iliac spine  and the 

anterior inferior iliac spine  are bony prominences on the ilium. The posterior superior iliac 

spine is present posteriorly. 

Ischium: The ischium is the posterior and lower part of the hip bone. It includes the ischial 

tuberosity, a bony prominence that bears body weight when sitting. The ischial spine is another 

notable feature. 

Pubis: The pubis is the anterior and inferior part of the hip bone. It includes the pubic 

symphysis, a cartilaginous joint where the left and right hip bones are connected in the front. 

The hip bone forms a crucial part of the pelvic girdle, providing support for the spine and 

connecting the axial skeleton with the lower limbs.  

The Femur: 

The femur is the longest and strongest bone in the human body, extending from the hip to the 

knee. It consists of a proximal end, a shaft, and a distal end. The head of the femur articulates 

with the acetabulum of the hip bone, forming the hip joint. The neck is a constricted region just 

below the head. 

Two prominent bony processes, the greater and lesser trochanters, serve as muscle attachment 

sites on the proximal femur. The shaft of the femur is relatively straight and bears the linea 

aspera, a ridge that provides attachment for thigh muscles. Distally, the femur forms the medial 

and lateral condyles, which articulate with the tibia, forming the knee joint. The patellar surface 

is a smooth, anterior part that articulates with the patella. 

The femur plays a critical role in weight-bearing and locomotion, supporting the body's weight 

and allowing for various leg movements. Its robust structure reflects its function as a major 

weight-bearing bone in the lower limb. 

The Tibia: 

The tibia, also known as the shinbone, is one of the two long bones in the lower leg, along with 

the fibula. It is larger and more weight-bearing than the fibula. The proximal end of the tibia 

features the medial and lateral condyles, which articulate with the femur, forming the knee 

joint. The intercondylar eminence is a bony prominence between the condyles. 
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The tibial tuberosity, located on the anterior surface, serves as the attachment site for the 

patellar ligament. The shaft of the tibia is relatively strong and bears the solely line, which 

marks the origin of the soleus muscle. Distally, the tibia forms the medial malleolus, a bony 

prominence on the inner side of the ankle. 

The tibia plays an important role in weight-bearing, transmitting forces from the femur to the 

foot. It is a major contributor to the knee and ankle joints, providing stability and support for 

various movements. Together with the fibula, it forms an essential part of the lower limb's 

skeletal framework. 

The Bones of Feet: 

The bones of the feet include the tarsals, metatarsals, and phalanges: 

Tarsals: There are seven tarsal bones that form the posterior half of the foot and ankle: 

Calcaneus (heel bone) 

Talus 

Navicular 

Medial cuneiform 

Intermediate cuneiform 

Lateral cuneiform 

Cuboid 

Metatarsals: Similar to the metacarpals in the hand, there are five metatarsal bones in the foot. 

They are numbered from the big toe side (medial) to the little toe side (lateral) and are often 

referred to as the first through fifth metatarsals. 

Phalanges: The toes contain phalanges, similar to the fingers. Each toe (except the big toe) has 

three phalanges: proximal, middle, and distal. The big toe has two phalanges: proximal and 

distal. 

In total, the foot consists of 26 bones: 7 tarsals, 5 metatarsals, and 14 phalanges. 
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Sternum, Clavicle and Ribs: 

The clavicle, sternum, and ribs are components of the human thoracic cage, providing 

structural support and protection for vital organs in the chest. 

Clavicle (Collarbone): The clavicle is a long, S-shaped bone located horizontally at the base 

of the neck. It connects the sternum to the scapula, forming part of the shoulder girdle. The 

lateral end of the clavicle articulates with the acromion process of the scapula, while the 

medial end connects to the sternum at the sternoclavicular joint. 

Sternum (Breastbone): The sternum is a flat, elongated bone located in the center of the 

anterior chest. It consists of three parts: 

Manubrium: The broad, upper part that articulates with the clavicles. 

Body: The midsection, forming the bulk of the sternum. 

Xiphoid process: The smallest and most inferior part, often cartilaginous in structure. 

Ribs: There are 12 pairs of ribs in the human body, and they are categorized into three types: 

True ribs (1-7): Directly attach to the sternum via costal cartilage. 

False ribs (8-12): Attach to the sternum indirectly or not at all. 

Floating ribs (11-12): Have no anterior attachment to the sternum. 

Together, the clavicle, sternum, and ribs create a protective cage around the thoracic organs 

such as the heart and lungs. They also play a role in respiration and support the upper limbs. 

 

 



 

49 

 

Vertebral bones and Sacrum: 

The vertebral column, or spine, is composed of individual vertebrae, and the sacrum is a 

triangular bone at the base of the spine. Here are the details: 

Vertebrae: There are 33 vertebrae in the human spine, grouped into different regions: 

Cervical Vertebrae (C1-C7): Located in the neck region. The first cervical vertebra is called 

the atlas, and the second is the axis. 

Thoracic Vertebrae (T1-T12): These are in the upper and mid-back, attached to the ribs. 

Lumbar Vertebrae (L1-L5): Found in the lower back, supporting more body weight. 

Sacral Vertebrae (S1-S5): Initially separate, these fuse into the sacrum, forming the back of the 

pelvis. 

Coccygeal Vertebrae (Co1-Co4): The coccyx or tailbone, consisting of fused vertebrae. 

Sacrum: The sacrum is a triangular bone formed by the fusion of five sacral vertebrae (S1-

S5). It articulates with the last lumbar vertebra above and the coccyx below. The sacrum is part 

of the pelvic girdle, contributing to the formation of the pelvic cavity and supporting the weight 

of the upper body. 

Together, the vertebral column and sacrum provide structural support, protect the spinal cord, 

and facilitate various body movements. 
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Chapter 12 

Joints 

Joint is a junction between two or more bones or cartilages.  

• Hold the skeletal bones together. 

• Allow the skeleton some flexibility so gross movement can occur. 

• Make bone growth possible. 

Bone Marrow: 

Found in cavities of long bones. 

Produces red and white blood cells. 

Bone Tissue: 

Compact bone for strength, spongy bone for flexibility. Contains blood vessels and nerves. 

Types of Joints and their Movements: 
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Hinge Joint: 

Movement: Flexion and extension 

Example: Elbow joint 

Ball-and-Socket Joint: 

Movement: Flexion, extension, abduction, adduction, rotation 

Example: Shoulder joint, hip joint 

Pivot Joint: 

Movement: Rotation 

Example: Radioulnar joint in the forearm 

Ellipsoid Joint: 

Movement: Flexion, extension, abduction, adduction 

Example: Wrist joint 

Condylar Joint: 

Movement: permits movements in two directions 

Example: Temporomandibular joint (TMJ) 

Saddle Joint: 

Movement: Flexion, extension, abduction, adduction, circumduction 

Example: Carpometacarpal joint of the thumb 

Main Muscles of the Body: 

Quadriceps: Located in the front of the thigh, these muscles extend the knee. 

Hamstrings: Situated at the back of the thigh, these muscles flex the knee and extend the hip. 

Gluteus Maximus: The largest muscle in the buttocks, responsible for hip extension. 

Latissimus Dorsi: Broad muscles of the back that assist in arm movement and shoulder 

extension. 

Pectoralis Major: Chest muscles that contribute to shoulder and arm movements, such as 

pushing. 

Deltoids: Shoulder muscles involved in various arm movements. 

Biceps Brachii (Biceps): Located in the front of the upper arm, these muscles flex the elbow. 

Triceps Brachii (Triceps): Situated at the back of the upper arm, these muscles extend the 

elbow. 

Rectus Abdominis: Central abdominal muscles responsible for flexing the spine and 

supporting the core. 

Gastrocnemius: Calf muscles that enable plantarflexion of the foot. 
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These muscles work together to facilitate various movements and provide support for daily 

activities. 

Anatomical Terminology: 

Directional terms like anterior (front), posterior (back), superior (above), and inferior (below) 

are used for precise communication. 

Medical Imaging: 

Techniques like X-rays, CT scans, MRI, and ultrasound provide visual representations of 

internal structures. 

Understanding human anatomy is crucial for medical professionals, researchers, and anyone 

interested in comprehending how the body functions and maintaining good health.  
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Chapter 13 

12 The Special Senses 

 

13.1  Brief Anatomy of Eye 

The eyeball contains the optical apparatus of the visual system. It occupies most of the 

anterior portion of the orbit, suspended by six extrinsic muscles that control its movement. 

The eyeball proper has three layers; however, there is an additional connective tissue layer 

that surrounds the eyeball, supporting it within the orbit. 

The three layers of the eyeball are the: (Fig,7.49) 

• Fibrous layer (outer coat), consisting of the sclera and cornea. 

• Vascular layer (middle coat), consisting of the choroid, ciliary body, and iris. 

• Inner layer (inner coat), consisting of the retina, which has both optic and non-visual 

parts 

Cornea: The transparent front part that refracts light. 

Iris: A colored, muscular structure controlling the size of the pupil. 

Pupil: The central opening in the iris regulating light entry. 

Lens: Behind the pupil, it focuses light onto the retina. 

Retina: At the back of the eye, contains photoreceptor cells (rods and cones) for light 

detection. 

Optic Nerve: Transmits visual information from the retina to the brain. 

Sclera: The tough, white outer layer providing structural support. 

Conjunctiva: Thin membrane covering the eye's surface. 

Extraocular Muscles: Control eye movement. They are six in number. 

Tear Glands: Produce tears for lubrication and protection. 
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13.2 Brief Anatomy of the Ear 

The ear consists of the external ear; the middle ear, or tympanic cavity; and the internal ear, or 

labyrinth, which contains the organs of hearing and balance. 

Outer Ear: 

Pinna (Auricle): The visible part of the ear that collects sound waves. 

External Auditory Canal: The tube that carries sound to the eardrum. 

Middle Ear: 

Eardrum (Tympanic Membrane): Separates the outer and middle ear, vibrates in response 

to sound waves. 

Ossicles (Malleus, Incus, Stapes): Three small bones that transmit vibrations from the 

eardrum to the inner ear. 

Inner Ear: 

Cochlea: Converts vibrations into electrical signals for the brain. 

Vestibular System: Maintains balance and spatial orientation. 

Auditory Nerve: Transmits signals from the cochlea to the brain for processing. 

These components work together to capture, transmit, and interpret sound and maintain 

balance. 
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13.3 Brief Anatomy of Nose: 

The nose is a crucial part of the respiratory system and includes several components: 

External Nose: 

Nostrils (Nares): Openings allowing air to enter. 

Internal Nose: 

Nasal Cavity: A hollow space behind the nose. 

Septum: Divides the nasal cavity into left and right sides. 

Nasal Conchae (Turbinate’s): 

Bony structures in the nasal cavity that increase surface area for air filtration and 

humidification. 

Sinuses: 

Air-filled cavities connected to the nasal cavity, serving various functions. 

Olfactory Epithelium: 

Specialized tissue in the upper nasal cavity responsible for the sense of smell. 

The nose plays a key role in breathing, filtering and humidifying air, and contributing to the 

sense of smell. 
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13.4 Brief Anatomy of Tongue 

The tongue is a muscular organ with various components: 

Papillae: 

Small projections on the tongue's surface, containing taste buds. 

Taste Buds: 

Clusters of sensory cells that detect taste stimuli (sweet, salty, sour, bitter, umami). 

Papillae Types: 

o Filiform Papillae: Provide a rough texture. 

• Fungiform Papillae: Contain taste buds and are scattered across the tongue. 

• Circumvallate Papillae: Larger papillae arranged in a V shape at the back of the 

tongue. 

Muscles:  

Intrinsic and extrinsic muscles enable movement for functions like swallowing and 

speech. 

Salivary Glands: 

Secrete saliva containing enzymes to aid in digestion. 

The tongue is crucial for taste perception, speech, and the initial stages of digestion. 
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Chapter 14 

Approaches to Studying Anatomy 

The three main approaches to studying anatomy are regional, systemic, and clinical (or 

applied), reflecting the body's organization and purposes for studying it Regional Anatomy 

reflecting the body's organization and the priorities and purposes for studying it. response. 
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Dermis: Beneath the 

epidermis lies the dermis, 

which is thicker and 

contains connective 

tissues, blood vessels, 

nerves 
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Systemic Anatomy 

Systemic anatomy is the study of the body's organ systems that work together to carry out 

complex functions.  

1. The integumentary system (dermatology) consists of the skin and its appendages—hair, 

nails, and sweat glands, for example—and the subcutaneous tissue just beneath it.. 

2. The skeletal system (osteology) consists of bones and cartilage; it provides our basic 

shape and support for the body and is what the muscular system acts on to produce 

movement. It also protects vital organs such as the heart, lungs, and pelvic organs. 

3. The articular system (arthrology) consists of joints and their associated ligaments, 

connecting the bony parts of the skeletal system and providing the sites at which 

movements occur. 

4. The muscular system (myology) consists of skeletal muscles that act (contract) to move 

or position parts of the body (e.g., the bones that articulate at joints), or smooth and 

cardiac muscle that propels, expels, or controls the flow of fluids and contained 

substance. 

5. The nervous system (neurology) consists of the central nervous system (brain and spinal 

cord) and the peripheral nervous system (nerves and ganglia, together with their motor 

and sensory endings). The nervous system controls and coordinates the functions of the 

organ systems, enabling the body's responses to and activities within its environment. 

The sense organs, including the olfactory organ (sense of smell), eye or visual system 

(ophthalmology), ear (sense of hearing and balance—otology), and gustatory organ 

(sense of taste), are often considered with the nervous system in systemic anatomy. 

6. The circulatory system (angiology) consists of the cardiovascular and lymphatic 

systems, which function in parallel to transport the body's fluids. 

1. The cardiovascular system (cardiology) consists of the heart and blood vessels 

that propel and conduct blood through the body, delivering oxygen, nutrients, 

and hormones to cells and removing their waste products. 

2. The lymphatic system is a network of lymphatic vessels that withdraws excess 

tissue fluid (lymph) from the body's interstitial (intercellular) fluid 

compartment, filters it through lymph nodes, and returns it to the bloodstream. 

7. The alimentary or digestive system (gastroenterology) consists of the digestive tract 

from the mouth to the anus, with all its associated organs and glands that function in 

ingestion, mastication (chewing), deglutition (swallowing), digestion, and absorption 

of food and the elimination of the solid waste (feces) remaining after the nutrients have 

been absorbed. 

8. The respiratory system (pulmonology) consists of the air passages and lungs that supply 

oxygen to the blood for cellular respiration and eliminate carbon dioxide from it. The 

diaphragm and larynx control the flow of air through the system, which may also 
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produce tone in the larynx that is further modified by the tongue, teeth, and lips into 

speech. 

9. The urinary system (urology) consists of the kidneys, ureters, urinary bladder, and 

urethra, which filter blood and subsequently produce, transport, store, and 

intermittently excrete urine (liquid waste). 

10. The genital (reproductive) system (gynecology for females; andrology for males) 

consists of the gonads (ovaries and testes) that produce oocytes (eggs) and sperms, the 

ducts that transport them, and the genitalia that enable their union. After conception, 

the female reproductive tract nourishes and delivers the fetus. 

11. The endocrine system (endocrinology) consists of specialized structures that secrete 

hormones, including discrete ductless endocrine glands (such as the thyroid gland), 

isolated and clustered cells of the gut and blood vessel walls, and specialized nerve 

endings. 

ANATOMICAL TERMINOLOGY  

The anatomical position refers to the body position as if the person were standing upright 

with the: 

• head, gaze (eyes), and toes directed anteriorly (forward), 

• arms adjacent to the sides with the palms facing anteriorly, and 

• lower limbs close together with the feet parallel. 

Anatomical Planes 

Anatomical descriptions are based on four imaginary planes (median, sagittal, frontal, and 

transverse) that intersect the body in the anatomical position (Fig. I.2): 

• The median plane, the vertical plane passing longitudinally through the body, divides 

the body into right and left halves.  

• Sagittal planes are vertical planes passing through the body parallel to the median 

plane. However, a plane parallel and near to the median plane may be referred to as a 

paramedian plane. 

• Frontal (coronal) planes are vertical planes passing through the body at right angles to 

the median plane, dividing the body into anterior (front) and posterior (back) parts. 

• Transverse planes are horizontal planes passing through the body at right angles to the 

median and frontal planes, dividing the body into superior (upper) and inferior (lower) 

parts. 

•  Radiologists refer to transverse planes as transaxial, which is commonly shortened to 

axial planes. 
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in the dermis Tissue (Hypodermis): This is the deepest layer, primarily composed of adipose 

(fat) tissue. It serves as insulation, energy storage, and a cushioning layer. Blood vessels



 

64 

 

 and 

nerves that supply the skin are located in the 
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Chapter 1 

Introduction to Physiology            
It is the science that explain the physical and chemical mechanisms that are responsible for 

the origin, development, and progression of life. 

 The basic unit of the body is cell. Following is the brief overview of the main components of 

a human cell and their functions: 

Cell Membrane (Plasma Membrane) 

 

 

 

 

 

 

 

 

 

 

 

 

The cell membrane, also known as the plasma membrane, plays a crucial role in maintaining 

the integrity cell. Here are detailed functions of the cell membrane: 

Selective Permeability: 

The membrane selectively allows substances to enter or exit the cell, regulating the passage of 

ions, molecules, and nutrients. This is essential for maintaining cellular homeostasis. 

Barrier Protection: 

Acts as a physical barrier, separating the internal cellular environment from the external 

surroundings.  

Receptor Recognition: Contains proteins, such as receptors, that recognize and bind to 

specific signaling molecules. 
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Cell Signaling: 

Participates in cell signaling by transmitting signals from the external environment to the inside 

of the cell.  

Cell Adhesion:  

Allows cells to adhere to each other, forming tissues and maintaining structural integrity. Cell 

adhesion is vital for tissue development, organization, and overall multicellular function. 

Transport of Molecules:  

Facilitates the transport of ions, nutrients, and other molecules across the membrane through 

various mechanisms such as diffusion, facilitated diffusion, and active transport. 

Cellular Recognition: 

The unique composition of lipids and proteins on the cell membrane's surface helps identify 

the cell as "self," enabling the immune system to recognize and distinguish between the body's 

own cells and foreign cells or pathogens. 

Cellular Respiration:  

Participates in cellular respiration by hosting proteins involved in the electron transport chain. 

This process occurs in the inner mitochondrial membrane, contributing to the production of 

ATP. 

 

 

 

 

 

 



 

67 

 

Endocytosis and Exocytosis:  

Facilitates processes like endocytosis (cellular uptake of materials by engulfing them) and 

exocytosis (release of substances from the cell). These processes are essential for nutrient 

uptake, waste removal, and cell communication. 

 

The cytoplasm is a complex cellular region with various functions: 

Cellular Support and Shape Maintenance: 

Provides structural support to the cell, maintaining its shape through the cytoskeleton, a 

network of protein filaments. 

Metabolic Processes: 

Houses metabolic reactions, including glycolysis, which generates energy in the form of ATP. 

Acts as the site for various enzymatic reactions involved in cellular metabolism. 

Transport and Storage: 

Serves as a medium for intracellular transport of organelles and molecules through the 

cytoplasmic streaming. Stores nutrients, ions, and other essential molecules. 

Protein Synthesis: 

Contains ribosomes, where protein synthesis occurs, either attached to the endoplasmic 

reticulum or freely floating in the cytoplasm. 
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Genetic Material Localization: 

Houses the nucleoid (in prokaryotes) or supports the movement of the nucleus (in eukaryotes), 

playing a role in genetic material organization. 

Signal Transduction: 

Participates in cellular communication by transmitting signals through the cytoplasm, allowing 

cells to respond to external stimuli. 

Waste Management: 

Acts as a medium for the breakdown of waste products through various cellular processes, 

including autophagy. 

Cell Division: 

Plays a crucial role in cell division by providing the environment for mitosis or meiosis to 

occur. 

Enzyme Activity: 

Hosts a variety of enzymes involved in diverse biochemical pathways, facilitating cellular 

functions. 

Maintenance of Cellular pH: 

Regulates the internal pH of the cell, ensuring an environment suitable for enzymatic activity 

and cellular processes. 

Nucleus: The cell nucleus is a critical organelle with several essential functions: 

 

Genetic Information Storage: 

Houses DNA, carrying the genetic instructions for the cell's structure and function. 

Transcription and RNA Synthesis: 

Acts as the site for transcription, where DNA is used as a template to synthesize messenger 

RNA (mRNA). 
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Nucleolus Function: 

Contains the nucleolus, involved in the assembly of ribosomal RNA (rRNA) and the 

formation of ribosomes. 

Genetic Regulation: 

Controls gene expression by regulating the transcription of specific genes, influencing protein 

synthesis. 

Chromatin Organization: 

Packages DNA into chromatin, helping to organize and protect genetic material during cell 

division. 

Cellular Reproduction: 

Directs cell division processes such as mitosis or meiosis, ensuring accurate distribution of 

genetic material to daughter cells. 

Ribosome Synthesis and Assembly: Coordinates the synthesis and assembly of ribosomal 

subunits, essential for protein production. 

Nuclear Pores and Transport: 

Contains nuclear pores that regulate the passage of molecules between the nucleus and the 

cytoplasm, controlling the flow of genetic information. 

DNA Repair Mechanisms: 

Engages in DNA repair processes to maintain genetic stability and integrity. 

Cellular Senescence and Apoptosis: 

Participates in cellular processes like senescence (aging) and apoptosis (programmed cell 

death), influencing the cell's lifecycle. 

Mitochondria:  

Mitochondria are vital organelles with diverse functions in human cells: 
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ATP Production: 

Generate adenosine triphosphate (ATP) through oxidative phosphorylation, a process that 

occurs in the inner mitochondrial membrane, providing energy for cellular activities. 

 Cellular Respiration: Play a central role in aerobic respiration, involving the breakdown of 

glucose to produce ATP, carbon dioxide, and water. 

Metabolic Regulation: 

Participate in various metabolic pathways, including the metabolism of fatty acids and amino 

acids, influencing overall cellular metabolism. 

Calcium Homeostasis: 

Act as reservoirs for calcium ions, helping to regulate intracellular calcium levels, which are 

crucial for cell signaling and various cellular processes. 

Apoptosis Regulation: 

Play a role in apoptosis (programmed cell death) by releasing proteins that trigger the 

apoptotic process. 

Heat Production: 

Generate heat through uncoupling proteins, especially in brown adipose tissue, contributing 

to thermoregulation. 

Cell Signaling: 

Influence cell signaling pathways through the release of signaling molecules, modulating 

cellular responses to external stimuli. 

Inheritance and Replication: 
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Contain their own DNA (mitochondrial DNA) and replicate independently of the cell 

nucleus, contributing to mitochondrial inheritance. 

Endoplasmic Reticulum (ER):  

The endoplasmic reticulum (ER) is a multifunctional organelle with distinct roles in cellular 

processes: 

 

 

Protein Synthesis (Rough ER): 

Ribosomes on the rough endoplasmic reticulum (RER) synthesize proteins that are either 

secreted from the cell or inserted into cellular membranes. 

Lipid Synthesis (Smooth ER): 

The smooth endoplasmic reticulum (SER) is involved in lipid synthesis, including the 

production of phospholipids and steroids. 

Detoxification: 

The SER in certain cells, especially liver cells, is responsible for detoxifying drugs and 

harmful substances by modifying them to make them more water-soluble and easier to 

eliminate. 

Calcium Ion Storage: 

Acts as a reservoir for calcium ions, releasing them when needed to regulate various cellular 

processes, including muscle contraction and cell signaling. 

Intracellular Calcium Regulation: 

Regulates intracellular calcium levels, influencing cellular responses to signals and stress. 

Membrane Biogenesis: 

Contributes to the synthesis of membranes for the cell and other organelles. 

Transport of Proteins: 

Facilitates the transport of synthesized proteins to various cellular destinations, including the 

Golgi apparatus. 

Glycogen Metabolism: 
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In some cell types, the ER is involved in glycogen metabolism, particularly in cells where 

glycogen is stored. 

Ribosomes:  

Ribosomes are essential cellular structures involved in protein synthesis 

 

 

 

Golgi Apparatus:  

The Golgi apparatus in human cells serves as a crucial cellular organelle involved in the 

modification, sorting, and packaging of proteins and lipids synthesized by the endoplasmic 

reticulum. Here are its key functions: 

Protein Modification:  

The Golgi apparatus modifies proteins produced in the endoplasmic reticulum by adding 

sugar molecules, phosphates, or sulfate groups. This modification can alter the protein's 

structure and function. 

Protein Sorting: 

It acts as a central sorting and processing station for proteins. Different enzymes within the 

Golgi modify proteins, determining their final destination within or outside the cell. 

Protein Packaging: 

Golgi apparatus packages modified proteins into vesicles, which can then be transported to 

various cellular destinations. These vesicles may move to the cell membrane for secretion or 

become lysosomes, specialized organelles for cellular waste digestion. 

Lipid Synthesis and Modification: 
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Besides proteins, the Golgi apparatus is involved in the synthesis and modification of lipids. 

It plays a role in the processing of lipids that are part of cell membranes or used for energy 

storage. 

Formation of Lysosomes: 

Golgi apparatus is instrumental in the formation of lysosomes, which are cellular organelles 

containing enzymes responsible for breaking down waste materials and cellular debris. 

Cellular Secretion: Once proteins are modified and packaged in vesicles, the Golgi apparatus 

directs these vesicles to the cell membrane for secretion. This is crucial for the release of 

hormones, enzymes, or other substances into the extracellular environment. 

 
 

Lysosomes:  

Lysosomes are membrane-bound organelles within human cells that contain a variety of 

hydrolytic enzymes. These enzymes are responsible for breaking down and digesting various 

cellular materials. The functions of lysosomes include: 

Lysosomes are vesicular organelles that form by breaking off from the Golgi apparatus; they 

then disperse throughout the cytoplasm. The lysosomes provide an intracellular digestive 

system that allows the cell to digest the following:  

(1) damaged cellular structures 

 (2) food particles that have been ingested by the cell  

(3) unwanted matter such as bacteria.  act as the cell's "digestive system" by containing 

enzymes that break down macromolecules, such as proteins, nucleic acids, carbohydrates, 

and lipids, into smaller components that can be recycled or expelled. 
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Cytoskeleton:  

The cytoskeleton is a dynamic network of protein filaments and tubules present in the 

cytoplasm of eukaryotic cells. It plays a fundamental role in providing structural support, 

facilitating intracellular transport, and participating in various cellular processes. Here are the 

functions of the cytoskeleton: 

 

• Structural Support 

• Cell Shape and Motility 

• Intracellular Transport 

• Cellular Organization 

• Intracellular Signaling 

• Cell Adhesion 

• Cellular Response to Mechanical Stimuli 

•  Support for Organelles 

Endocytosis—Ingestion by the Cell 

 If a cell is to live and grow and reproduce, it must obtain nutrients and other substances from 

the surrounding fluids. Most substances pass through the cell membrane by the processes of 

diffusion and active transport.  

Diffusion involves simple movement through the membrane caused by the random motion of 

the molecules of the substance 

Active transport involves actually carrying a substance through the membrane by a physical 

protein structure that penetrates all the way through the membrane. 

Large particles enter the cell by a specialized function of the cell membrane called 

endocytosis. 
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The principal forms of endocytosis are pinocytosis and phagocytosis. 

• Pinocytosis means the ingestion of minute particles that form vesicles of extracellular 

fluid and particulate constituents inside the cell cytoplasm.  

• Phagocytosis means the ingestion of large particles, such as bacteria, whole cells, or 

portions of degenerating tissue. 

 

 

Cell Division and Reproduction 

Human cell division involves two main processes: mitosis and meiosis. 

Mitosis: 

 

Purpose: Mitosis is responsible for the growth, repair, and maintenance of somatic (non-

reproductive) cells. 

Phases: 

Interphase: The cell prepares for division, undergoing DNA replication. 
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Prophase: Chromosomes condense, and the nuclear envelope breaks down. 

Metaphase: Chromosomes align at the cell's equator. 

Anaphase: Chromatids separate and move to opposite poles. 

Telophase: New nuclear envelopes form around the separated chromosomes. 

Cytokinesis: The cell divides into two identical daughter cells. 

Meiosis: 

It has two phases. 

 

Purpose: Meiosis is specific to the formation of gametes (sperm and egg cells) for sexual 

reproduction. 

Phases: 

Meiosis I: 

Prophase I: Chromosomes condense, homologous chromosomes pair up (crossing over may 

occur), and nuclear envelope breaks down. 

Metaphase I: Homologous chromosome pairs align at the cell's equator. 

Anaphase I: Homologous chromosomes separate and move to opposite poles. 

Telophase I: Chromosomes reach the poles, and two haploid cells are formed. 

Cytokinesis: The cell divides. 

Meiosis II: Similar to mitosis but involves haploid cells. 

Prophase II, Metaphase II, Anaphase II, Telophase II, Cytokinesis: These phases result in the 

formation of four haploid daughter cells, each with half the number of chromosomes as the 

original cell. 
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Chapter 2 

Tissues and Fluids of the Body 

The human body is composed of various tissues and fluids, each playing a specific role in 

maintaining physiological functions. 

Tissues 

1. Epithelial Tissue: 

Epithelial tissue serves several vital functions in the human body due to its specialized 

characteristics and arrangements: 

 

 

 

Protection: 

Physical Barrier: Epithelial layers protect underlying tissues and organs from physical injury, 

pathogens, and harmful substances. 

Chemical Barrier: Epithelial cells secrete substances that inhibit the entry of pathogens and 

toxins. 

Absorption: 

Microvilli and Cilia: Some epithelial cells have microvilli or cilia, enhancing the absorption 

of nutrients or the movement of mucus and particles. 

Secretion: 

Glandular Epithelium: Specialized epithelial cells form glands that secrete substances like 

hormones, enzymes, mucus, and sweat. 

Sensation: 
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Nerve Endings: Epithelial tissues contain nerve endings, allowing for the detection of stimuli 

such as touch, pressure, temperature, and pain. 

Transportation: 

Ciliary Action: Cilia in certain epithelial cells facilitate the movement of mucus, eggs, or 

other substances along the epithelial surface. 

Selective Permeability: 

Tight Junctions: 

Epithelial cells are closely packed with tight junctions, regulating the passage of ions and 

molecules through intercellular spaces. 

Reproduction and Repair: Rapid Cell Division: Epithelial tissues have a high regenerative 

capacity, with cells quickly dividing to replace damaged or lost cells. 

 Specialized Functions: 

Keratinization: Epithelial cells in the skin undergo keratinization, forming a protective layer. 

Goblet Cells: These cells in the respiratory and digestive tracts secrete mucus for lubrication 

and protection. 

Surface Area Increase: 

Folds and Microvilli: Epithelial tissues can have folds, microvilli, or other structures that 

increase the surface area for more efficient absorption and secretion. 

2. Connective Tissue: 

Connective tissue is a diverse and widespread type of tissue in the human body, performing 

various functions to support and connect different structures. Here are the detailed functions 

of connective tissue: 
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Support and Structural Framework: 

Bone and Cartilage: Provide structural support and form the framework for the body. 

Ligaments and Tendons: Connect bones to bones (ligaments) and muscles to bones (tendons), 

providing stability and facilitating movement. 

Protection: 

Bone Tissue: Protects internal organs, such as the skull protecting the brain and the ribcage 

protecting the thoracic organs. 

Transport: 

Blood: A specialized connective tissue that transports oxygen, nutrients, hormones, and waste 

products throughout the body. 

Storage: 

Adipose Tissue: Stores energy in the form of fat. 

Bone Tissue: Stores minerals such as calcium and phosphorus. 

Insulation: 

Adipose Tissue: Acts as an insulator, helping to regulate body temperature. 

Defense and Immune Response: 

Blood: Contains white blood cells that play a crucial role in the immune system. 

Lymph Nodes: Connective tissue structures that house immune cells and filter pathogens. 

Repair and Healing: Fibrous Connective Tissue: Forms scar tissue during the healing 

process, providing support to damaged areas. 

Cushioning and Shock Absorption: 

Cartilage: Acts as a cushion between joints, reducing friction and absorbing shock. 

Fluid and Electrolyte Balance: 

Ground Substance: A component of connective tissue that helps maintain proper fluid and 

electrolyte balance in tissues. 

Attachment and Movement: 

Tendons: Connect muscles to bones, allowing for movement. 

Aponeuroses: Broad, sheet-like connective tissue that attaches muscles to muscles or muscles 

to bones. 

Collagen and Elasticity: 

Collagen Fibers: Provide strength and support to tissues. 

Elastic Fibers: Contribute to the elasticity of tissues, allowing them to stretch and recoil. 

. 
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3. Muscle Tissue: 

Muscle tissue serves various functions in the human body: 

 

Movement:  

Muscles enable voluntary and involuntary movements of the body, including walking, 

running, and internal processes like digestion and circulation. 

Posture and Support:  

Muscles work together to maintain body posture and provide support to the skeleton, 

preventing collapse or deformation. 

Heat Production: 

 Muscle contractions generate heat, helping to maintain body temperature. This is particularly 

crucial in regulating core temperature. 

Joint Stability: 

 Muscles contribute to the stability of joints by supporting and surrounding them, preventing 

dislocations or excessive movement. 

Facial Expressions: 

Skeletal muscles in the face allow for a wide range of facial expressions, aiding in 

communication and emotional expression. 

Swallowing and Breathing: 

 Smooth muscles in the walls of organs like the digestive tract and respiratory system 

facilitate processes such as swallowing and breathing. 

Blood Circulation: 
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Smooth muscles in blood vessels regulate blood flow by adjusting vessel diameter, 

influencing blood pressure and distribution. 

Voluntary and Involuntary Control:  

Skeletal muscles are under conscious control, allowing intentional movements, while smooth 

and cardiac muscles function involuntarily, supporting vital processes without conscious 

effort. 

4. Nervous Tissue: 

Nervous tissue serves most important functions in the body, primarily centered around 

communication and control. Here are detailed functions: 

Sensory Reception: 

Nervous tissue, especially in sensory organs, detects stimuli from the external environment or 

internal body conditions. 

Integration: 

 The nervous system processes and integrates sensory information to form appropriate 

responses. This occurs in the brain and spinal cord. 

Transmission of Signals:  

Neurons, the basic units of nervous tissue, transmit electrochemical signals rapidly to relay 

information within the nervous system. 

Motor Output:  

Nervous tissue controls muscle and gland activity, enabling voluntary and involuntary 

movements and physiological responses. 

Homeostasis Maintenance:  

Through reflexes and feedback mechanisms, the nervous system helps maintain internal 

balance, regulating factors like temperature, blood pressure, and glucose levels. 

Learning and Memory: 

Nervous tissue is essential for the storage and retrieval of information, contributing to 

learning and memory processes. 

Emotional Response: 

The nervous system, particularly the limbic system, plays a key role in emotional experiences 

and responses. 

Autonomic Functions:  

It regulates involuntary functions like heartbeat, digestion, and respiratory rate through the 

autonomic nervous system. 

Coordination of Body Systems:  
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Nervous tissue coordinates the activities of different body systems, ensuring they work 

together harmoniously. 

Adaptation:  

The nervous system allows the body to adapt to changing conditions, aiding in survival and 

response to environmental challenges. 

Body Fluids:  

The total body fluid is distributed mainly between two compartments, the extracellular fluid 

and the intracellular fluid. The extracellular fluid is divided into the interstitial fluid and the 

blood plasma. I n a 70-kg adult man, the total body water is about 60% of the body weight, or 

about 42 liters. This percentage depends on age, sex, and degree of obesity. As a person 

grows older, the percentage of total body weight that is fluid gradually decreases 

1. Intracellular fluid compartment  

About 28 of the 42 liters of fluid in the body are inside the trillions of cells and is collectively 

called the intracellular fluid. 

2. Extracellular fluid compartment  

All the fluids outside the cells are collectively called the extracellular fluid. Together these 

fluids account for about 20% of the body weight, or about 14 liters in a 70-kg man. The two 

largest compartments of the extracellular fluid are the interstitial fluid, which makes up 

more than three-fourths (11 liters) of the extracellular fluid, and the plasma, which makes up 

almost one-fourth of the extracellular fluid, or about 3 liters. 

1. Blood 

Blood contains extracellular fluid (the fluid in plasma) and intracellular fluid (the fluid in the 

red blood cells).  The average blood volume of adults is about 7% of body weight, or about 5 

liters. About 60% of the blood is plasma and 40% is red blood cells, but these percentages 

can vary considerably in different people, depending on sex, weight, and other factors 

Here are the detailed functions of blood in the human body: 

Transportation: 

Oxygen: Blood carries oxygen from the lungs to all cells in the body, vital for cellular 

respiration. 

Nutrients: It transports nutrients, such as glucose and amino acids, from the digestive system 

to cells. 

Hormones: Blood distributes hormones produced by endocrine glands to target organs and 

tissues. 

Waste Removal: 

Blood collects metabolic waste products like carbon dioxide and urea, transporting them to 

the lungs and kidneys for elimination. 

Regulation of pH: 
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Blood helps maintain a stable pH in body tissues by absorbing and releasing hydrogen ions as 

needed. 

Electrolyte Balance: 

Blood regulates the balance of ions like sodium, potassium, and calcium, ensuring proper cell 

function and maintaining osmotic balance. 

Temperature Regulation: 

Blood helps regulate body temperature by absorbing and redistributing heat. 

Immune System Support: 

White blood cells in blood play a crucial role in defending the body against pathogens, 

viruses, and bacteria. 

Clotting and Hemostasis: 

Platelets and proteins in blood facilitate clotting, preventing excessive bleeding when blood 

vessels are injured. 

Volume and Pressure Maintenance: 

Blood volume and pressure are regulated to ensure adequate perfusion to all tissues and 

organs. 

Fluid Balance: 

Blood helps maintain the balance between fluid intake and output, preventing dehydration or 

excessive fluid retention. 

Buffering: 

Blood acts as a buffer system, minimizing changes in pH and preventing excessive acidity or 

alkalinity. 

About one sixth of the total volume of the body consists of spaces between cells, which 

collectively are called the inter-stitium. The fluid in these spaces is called the interstitial fluid. 

2.   Lymph: 

The lymphatic system represents an accessory route through which fluid can flow from the 

interstitial spaces into the blood. Most importantly, the lymphatics can carry proteins and 

large particulate matter away from the tissue spaces, neither of which can be removed by 

absorption directly into the blood capillaries.  

Lymph is derived from interstitial fluid that flows into the lymphatics or lymph vessels. 

Here are detailed functions of lymph in the human body: 

Fluid Balance: 

Lymphatic vessels collect excess interstitial fluid from tissues, preventing edema and 

maintaining fluid balance. 

Immune System Support: 
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Lymph contains lymphocytes (white blood cells) that help defend the body against pathogens, 

viruses, and bacteria. 

Lymph nodes filter and trap foreign particles, allowing immune cells to recognize and 

respond to infections. 

Transport of Nutrients and Waste: 

Lymphatic vessels absorb and transport dietary lipids (fats) from the digestive system, aiding 

in lipid absorption. 

Lymphatic capillaries also absorb cellular waste and transport it to lymph nodes for filtration. 

Absorption of Fat-Soluble Vitamins: 

Lymphatic vessels facilitate the absorption of fat-soluble vitamins (A, D, E, and K) from the 

digestive tract. 

Transport of Antigens: 

Lymph carries antigens, substances that trigger an immune response, to lymph nodes for 

recognition and activation of immune cells. 

Return of Fluid to Blood Circulation: 

Lymphatic vessels return filtered lymph, now devoid of cellular waste and pathogens, back 

into the bloodstream. 

Secondary Circulatory System: 

The lymphatic system acts as a secondary circulatory system, parallel to the blood circulatory 

system, ensuring proper fluid dynamics. 

Cancer Surveillance: 

Lymph nodes are important in monitoring for cancer cells, as they can trap and contain 

metastatic cells, preventing their spread. 

Maintenance of Tissue Pressure: 

Lymphatic vessels help maintain tissue pressure by preventing the accumulation of excess 

fluid in tissues. 

Inflammatory Response: 

Lymphatic vessels contribute to the inflammatory response by transporting immune cells and 

proteins to the site of infection or injury. 

3. Cerebrospinal Fluid (CSF): 

Cerebrospinal fluid (CSF) is a clear, colorless fluid that surrounds the brain and spinal cord. 

Its functions include: 

Cushioning and Shock Absorption: 

CSF provides a protective cushion around the brain, absorbing shock and preventing physical 

trauma to the delicate neural tissues. 
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Buoyancy: 

The buoyant nature of CSF helps the brain to float within the skull, reducing its effective 

weight and minimizing damage from sudden movements or impacts. 

Nutrient Transport: 

CSF transports nutrients, such as glucose and other essential substances, to the brain and 

spinal cord. 

Waste Removal: 

Metabolic waste products are removed from the central nervous system by CSF, helping 

maintain a clean environment for neural tissues. 

Chemical Stability: 

CSF helps maintain a stable chemical environment around the brain by regulating the 

concentrations of ions and other substances. 

Temperature Regulation: 

CSF contributes to temperature regulation in the brain by dissipating excess heat. 

Protection against Infections: CSF acts as a barrier against infections, preventing the entry 

of certain harmful substances and pathogens into the central nervous system. 

Communication Medium: 

CSF facilitates the exchange of chemical signals and nutrients between different parts of the 

central nervous system. 

Diagnostic Tool: 

Analysis of CSF can provide valuable diagnostic information about various neurological 

conditions and diseases. 

Maintenance of Intracranial Pressure: 

CSF helps regulate and maintain the pressure within the skull, preventing drastic changes in 

intracranial pressure that could affect brain function. 

4. Synovial Fluid: 

Synovial fluid is a lubricating and protective fluid found in the joints, contributing to joint 

function and health. Here are detailed functions of synovial fluid: 

Lubrication: 

Synovial fluid lubricates the joint surfaces, reducing friction between cartilage-covered bone 

ends during movement. 

Shock Absorption: 

It acts as a shock absorber, cushioning the joints and protecting them from excessive impact 

during physical activities. 

Nutrient Supply: 
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Synovial fluid supplies nutrients, particularly oxygen and metabolic substrates, to the 

avascular cartilage within joints. 

Waste Removal: 

Metabolic waste products from chondrocytes (cartilage cells) are transported away by 

synovial fluid, aiding in maintaining a healthy cartilage environment. 

Joint Nutrition: 

Synovial fluid nourishes the joint structures, providing essential nutrients to the various 

components within the joint capsule. 

Temperature Regulation: 

It helps regulate the temperature within the joint, contributing to the optimal functioning of 

enzymes and metabolic processes. 

Joint Stability: 

Synovial fluid supports joint stability by reducing friction and allowing smooth movement 

between joint surfaces. 

Immunological Defense: 

The fluid contains components of the immune system, helping to defend the joint against 

infection or inflammation. 

Viscosity Maintenance: 

Synovial fluid maintains an appropriate viscosity, ensuring that it can effectively perform its 

lubricating and shock-absorbing functions. 

Facilitation of Movement: 

By reducing friction, synovial fluid facilitates smooth and pain-free movement of the joint, 

promoting overall joint flexibility and function. 

The functions of synovial fluid are essential for maintaining healthy and functional joints. 

5. Digestive Fluids: 

The digestive process involves various fluids and secretions in the gastrointestinal tract. Let's 

explore the detailed functions of key digestive fluids: 

Saliva: 

Source: Salivary glands. 

Functions: 

Moistens food for easier swallowing. 

Contains enzymes (like amylase) that initiate the breakdown of carbohydrates. 
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Gastric Juice: 

Source: Stomach lining. 

Functions: 

Creates an acidic environment necessary for the activation of pepsinogen to pepsin (protein 

digestion). 

Helps break down proteins into smaller peptides. 

Pancreatic Juice: 

Source: Pancreas. 

Functions: 

Neutralizes acidic chyme from the stomach in the small intestine. 

Contains enzymes (lipase, protease, and amylase) for the digestion of fats, proteins, and 

carbohydrates. 

Bile: 

Source: Liver (stored in the gallbladder). 

Functions: 

Emulsifies fats, breaking them into smaller droplets to enhance digestion by lipase. 

Facilitates the absorption of fat-soluble vitamins. 

Intestinal Secretions: 

Source: Cells lining the small intestine. 

Functions: 

Produce enzymes (brush border enzymes) for the final stages of nutrient digestion. 

Release mucus for lubrication and protection of the intestinal lining. 

Mucus: 

Source: Goblet cells in the intestines. 

Functions: 

Provides a protective layer on the intestinal lining, preventing damage from digestive 

enzymes and acidic contents. 

Hormones: 

Source: Various cells in the gastrointestinal tract. 

Functions: 

Regulate digestive processes by signaling the release of digestive juices and controlling 

movement in the digestive tract. 

Water: 
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Source: Absorbed from food and produced by the body. 

Functions: 

Aids in the dissolution of nutrients, facilitating their absorption. 

Maintains the fluidity of digestive contents for smooth movement. 

Mucus: 

Mucus, a viscous and slippery fluid, serves several important functions in the human body: 

Protective Barrier: 

Mucus forms a protective layer on the surfaces of various mucous membranes, such as the 

respiratory, digestive, and reproductive tracts. 

It acts as a physical barrier, preventing direct contact between potentially harmful substances 

and the underlying epithelial cells. 

Moisturization: Mucus keeps the mucous membranes moist, preventing them from drying 

out and maintaining their functional integrity. 

Trapping and Expulsion of Particles: 

Mucus contains mucins, glycoproteins with a gel-like consistency, that trap dust, bacteria, and 

other foreign particles. 

The cilia (hair-like structures) in certain tissues move in coordinated patterns to propel mucus 

and trapped particles away, aiding in their expulsion. 

Lubrication: 

Mucus provides lubrication in various physiological processes, such as facilitating the 

movement of food through the digestive tract and easing the passage of air in the respiratory 

system. 

Digestive System Function: 

In the digestive tract, mucus helps protect the stomach lining from the acidic environment 

and digestive enzymes. 

It facilitates the smooth movement of food and protects the intestinal lining. 

Reproductive Function: 

In the female reproductive system, cervical mucus undergoes changes during the menstrual 

cycle to create a hospitable environment for sperm transport. 

Immune Defense: 

Mucus contains antibodies, enzymes, and other immune system components that help defend 

against infections by neutralizing or trapping pathogens. 

Wound Healing: 

Mucus plays a role in wound healing by creating a protective environment and aiding in the 

repair of damaged tissues. 
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Respiratory System Defense: 

In the respiratory tract, mucus traps inhaled particles, microbes, and irritants, preventing them 

from reaching deeper lung tissues. 

PH Regulation: 

Mucus helps regulate the pH of the environment in various mucous membranes, contributing 

to an optimal physiological balance. 
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Chapter 3 

Cardiovascular System  

The heart and blood vessels collectively form the cardiovascular system, which plays a 

crucial role in circulating blood throughout the body. Here's a brief overview of their 

functions: 

Heart: 

Pumping Blood: The primary function of the heart is to pump blood throughout the body, 

ensuring a continuous flow of oxygen, nutrients, and hormones to cells and removing waste 

products. 

Atria and Ventricles: The heart has four chambers—two atria (upper chambers) and two 

ventricles (lower chambers). Atria receive blood, and ventricles pump it out, maintaining the 

circulatory cycle. 

Valves: Heart valves prevent the backward flow of blood. The atrioventricular valves 

(tricuspid and mitral) separate atria from ventricles, while semilunar valves (pulmonary and 

aortic) guard the exits from the ventricles. 

Circulation: The heart is divided into the left and right sides. The right side pumps blood to 

the lungs for oxygenation, while the left side pumps oxygenated blood to the rest of the body. 
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Blood Vessels: 

Arteries: Carry oxygenated blood (except for the pulmonary artery) away from the heart to 

various parts of the body. The aorta is the largest artery. 

Veins: Transport deoxygenated blood (except for the pulmonary veins) back to the heart. The 

superior and inferior vena cava are major veins entering the right atrium. 

Capillaries: Microscopic vessels where the exchange of oxygen, nutrients, and waste products 

occurs between the blood and body tissues. 

Blood Pressure Regulation: Arteries help regulate blood pressure by contracting and relaxing. 

The elasticity of arteries ensures a continuous flow and prevents pressure spikes. 

Systemic and Pulmonary Circulation: Arteries and veins are part of both systemic (body-

wide) and pulmonary (lungs) circulation, facilitating the exchange of gases and nutrients. 

The Cardiac Cycle: (Diastole and Systole) 

The cardiac cycle is the rhythmic sequence of events that occur during one heartbeat, 

involving the contraction (systole) and relaxation (diastole) of the heart's chambers. Here's a 

detailed description: 

Atrial Contraction (Atrial Systole): 

The cardiac cycle begins with atrial contraction, initiated by the electrical impulse from the 

sinoatrial (SA) node. 

Atria contract, pushing blood into the relaxed ventricles. 

Atrioventricular (AV) valves (tricuspid and mitral) open, allowing blood to flow into the 

ventricles. 

Isovolumetric Contraction (Early Ventricular Systole): 

Ventricles start contracting as the electrical signal passes through the atrioventricular bundle 

(Bundle of His) to the Purkinje fibers. 

AV valves close, preventing backflow into the atria. 

At this point, all four valves are closed, and the volume remains constant (isovolumetric 

contraction). 

Ventricular Ejection (Late Ventricular Systole): 

As ventricular pressure exceeds arterial pressure, the semilunar valves (pulmonary and aortic) 

open. 

Blood is ejected from the ventricles into the pulmonary artery and aorta, entering systemic 

and pulmonary circulation. 

Isovolumetric Relaxation (Early Ventricular Diastole): 

Ventricles start relaxing, and the semilunar valves close, preventing backflow into the 

ventricles. 
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At this stage, all valves are closed, and the volume remains constant (isovolumetric 

relaxation). 

Ventricular Filling (Late Ventricular Diastole): 

Atria, now relaxed, begin to fill with blood. 

Pressure in the atria exceeds that in the ventricles, causing the AV valves to open. 

Blood flows passively from the atria into the ventricles. 

This completes one cardiac cycle. The cycle repeats, maintaining a coordinated and rhythmic 

flow of blood through the heart. The duration of each phase can vary, but collectively, these 

events ensure efficient pumping, filling, and circulation of blood throughout the body. The 

cardiac cycle is regulated by the electrical conduction system of the heart, hormonal 

influences, and various feedback mechanisms to maintain cardiac output and overall 

cardiovascular function. 

Functions of Atria and Ventricles and Cardiac Valves: 

Functions of Atria: 

Receiving Blood: The atria, specifically the right atrium and left atrium, serve as receiving 

chambers for blood returning to the heart. The right atrium receives deoxygenated blood from 

the body through the superior and inferior vena cava, while the left atrium receives 

oxygenated blood from the lungs via the pulmonary veins. 

Atrial Contraction (Atrial Systole): During the cardiac cycle, the atria contract (atrial 

systole) to push blood into the ventricles. This contraction facilitates the final phase of 

ventricular filling before the ventricles contract. 

Valve Function: The atria house the atrioventricular (AV) valves – the tricuspid valve on the 

right side and the mitral (bicuspid) valve on the left side. These valves prevent the backflow 

of blood from the ventricles to the atria during ventricular contraction. 

Initiating Heartbeat: The sinoatrial (SA) node, located in the right atrium, generates 

electrical impulses that initiate the heartbeat. These impulses travel through the atria, causing 

them to contract and propagate the signal to the atrioventricular (AV) node. 

Functions of Ventricles: 

Pumping Blood: The main function of the ventricles is to pump blood out of the heart. The 

right ventricle pumps deoxygenated blood to the lungs via the pulmonary artery, while the 

left ventricle pumps oxygenated blood to the rest of the body through the aorta. 

Ventricular Contraction (Ventricular Systole): The ventricles contract during ventricular 

systole, generating the force necessary to propel blood into the pulmonary and systemic 

circulations. 

Pressure Generation: The left ventricle has thicker walls than the right ventricle because it 

must generate higher pressure to pump blood throughout the body. This is because the 

systemic circulation has a greater resistance compared to the pulmonary circulation. 
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Semilunar Valve Function: The ventricles house the semilunar valves – the pulmonary valve 

in the right ventricle and the aortic valve in the left ventricle. These valves prevent the 

backflow of blood into the ventricles during ventricular relaxation. 

Completing the Cardiac Cycle: Ventricular relaxation (ventricular diastole) allows the 

chambers to fill with blood again. This relaxation phase precedes the subsequent atrial 

contraction, restarting the cardiac cycle. 

In summary, the atria and ventricles work in coordination to ensure the unidirectional flow of 

blood through the heart, maintaining an efficient and rhythmic pumping action that supports 

the circulation of oxygenated blood to the body and deoxygenated blood to the lungs. 

Heart pumping, cardiac output and stroke volume: 

Heart Pumping: 

The heart functions as a muscular pump that propels blood throughout the circulatory system. 

The pumping action is facilitated by the contraction and relaxation of the heart chambers 

during the cardiac cycle. The right side of the heart receives deoxygenated blood from the 

body and pumps it to the lungs for oxygenation, while the left side receives oxygenated blood 

from the lungs and pumps it to the rest of the body. This rhythmic pumping ensures a 

continuous flow of blood, delivering essential nutrients and oxygen to tissues and organs. 

Cardiac Output: 

Cardiac output (CO) is the volume of blood ejected by the heart per minute. It is a crucial 

indicator of the heart's efficiency in delivering blood to the systemic circulation. The formula 

for cardiac output is the product of stroke volume (SV) and heart rate (HR): 

CO=SV×HR 

Stroke Volume (SV): The amount of blood ejected by one ventricle in a single contraction. It 

is influenced by factors such as preload (amount of blood returning to the heart), afterload 

(resistance the heart must overcome to eject blood), and contractility (the force of ventricular 

contraction). 

Heart Rate (HR): The number of heartbeats per minute. Heart rate is influenced by various 

factors, including autonomic nervous system activity, hormones, and physical activity. 

Cardiac output is a critical parameter for assessing overall cardiovascular health and can be 

adjusted to meet the body's varying oxygen and nutrient demands, such as during exercise or 

stress. 

Stroke Volume: 

Stroke volume (SV) specifically refers to the amount of blood ejected by one ventricle during 

a single contraction or heartbeat. It is a key component in the calculation of cardiac output. 

Stroke volume is influenced by multiple factors: 

Preload: The volume of blood in the ventricle at the end of diastole, just before contraction. 

Increased preload generally results in an increased stroke volume. 
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Afterload: The resistance the heart must overcome to eject blood into the systemic 

circulation. Higher afterload can decrease stroke volume. 

Contractility: The force of ventricular contraction. Enhanced contractility tends to increase 

stroke volume. 

Heart Sounds: 

Heart sounds are the noises generated by the beating heart and the turbulence of blood flow 

through its chambers and valves. These sounds are typically described as "lub-dub," with 

each part corresponding to different events in the cardiac cycle: 

First Heart Sound (S1 or "Lub"): 

Timing: Occurs during the closure of the atrioventricular (AV) valves (tricuspid and mitral) at 

the beginning of ventricular systole. 

Cause: The "lub" sound is primarily caused by the closure of the mitral and tricuspid valves, 

marking the start of ventricular contraction. 

Second Heart Sound (S2 or "Dub"): 

Timing: Occurs during the closure of the semilunar valves (aortic and pulmonary) at the 

beginning of ventricular diastole. 

Cause: The "dub" sound is produced by the closure of the aortic and pulmonary valves, 

signifying the end of ventricular contraction and the start of relaxation. 

In some cases, additional heart sounds may be heard: 

Third Heart Sound (S3): 

Timing: Occurs during early diastole, after S2. 

Cause: Associated with the rapid filling of the ventricles, particularly in conditions like heart 

failure. 

Fourth Heart Sound (S4): 

Timing: Occurs just before S1, late in diastole. 

Cause: Related to atrial contraction pushing blood into a stiff ventricle, often heard in 

conditions like hypertensive heart disease. 

The auscultation (listening) of heart sounds is typically done using a stethoscope placed at 

specific locations on the chest known as auscultatory areas. The sounds can provide valuable 

information about the condition and function of the heart valves and chambers. Abnormalities 

in heart sounds can indicate various cardiovascular issues, and healthcare professionals often 

use auscultation as part of a physical examination to assess cardiac health. 
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Chapter 4 

The Lymphatic System 

The lymphatic system is a crucial part of the circulatory and immune systems, playing several 

key roles in maintaining fluid balance, filtering waste, and defending the body against 

infections. 

 

Here are the functions of the lymphatic system in detail: 

Fluid Balance: 

Lymph Formation: The lymphatic system collects excess interstitial fluid (extracellular fluid 

that surrounds cells) and returns it to the bloodstream. This prevents the accumulation of 

excess tissue fluid and helps maintain overall fluid balance. 

Immunity: 

Lymphatic Vessels: Specialized vessels transport lymph, a clear fluid containing white blood 

cells (lymphocytes), antigens, and cellular debris. 

Lymph Nodes: Small, bean-shaped structures filter lymph and trap foreign substances, 

including pathogens (bacteria, viruses) and abnormal cells. Lymph nodes are critical for the 

initiation of immune responses. 

Transport of Nutrients and Waste: 

Absorption of Dietary Lipids: Lacteals, specialized lymphatic vessels in the small intestine, 

absorb dietary lipids (fats) and fat-soluble vitamins, transporting them to the bloodstream. 

Transport of Cellular Waste: Lymphatic vessels collect cellular waste and metabolic 

byproducts, aiding in their removal from tissues. 
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Immune Response Activation: Lymphocytes: Lymphatic organs, such as the spleen and 

thymus, house lymphocytes that contribute to specific and nonspecific immune responses. B 

cells and T cells, types of lymphocytes, are crucial for recognizing and combating infections. 

Filtration and Purification: 

Spleen: Acts as a blood filter, removing damaged blood cells, pathogens, and other debris. It 

also plays a role in immune response activation. 

Fluid and Protein Redistribution: 

Lymphatic Capillaries: Collect excess fluid and proteins from tissues, preventing the 

accumulation of protein-rich fluid that could lead to edema (swelling). 

Return of Excess Tissue Fluid to Bloodstream: 

Lymphatic Circulation: Lymphatic vessels collect interstitial fluid and return it, now called 

lymph, to the bloodstream via the subclavian veins. 

Defense Against Infections: 

Lymphoid Tissues: Distributed throughout the body, these tissues house immune cells that 

can recognize and respond to pathogens, contributing to the body's defense mechanisms. 

In summary, the lymphatic system is integral to maintaining fluid balance, supporting the 

immune system, and ensuring the efficient removal of waste and harmful substances. Its 

functions are critical for overall health, playing a vital role in the body's defense against 

infections and supporting various physiological processes. 
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Chapter 5 

Respiratory System 

The main functions of respiration are to provide oxygen to the tissues and remove carbon 

dioxide. The four major components of respiration are the following:  

(1) pulmonary ventilation, which means the inflow and outflow of air between the 

atmosphere and the lung alveoli, (2) diffusion of oxygen (O2) and carbon dioxide (CO2) 

between the alveoli and the blood, (3) transport of oxygen and carbon dioxide in the blood 

and body fluids to and from the body’s tissue cells and (4) regulation of ventilation and other 

facets of respiration. 

The Basic Mechanism of Respiration 

The basic mechanism of respiration involves the exchange of gases, primarily oxygen and 

carbon dioxide, between the external environment and the body's cells. The process is divided 

into two main components: external respiration (occurring in the lungs) and internal 

respiration (occurring in the body's tissues). 

External Respiration: 

Ventilation (Breathing): 

Inspiration (Inhalation): The diaphragm contracts, and the intercostal muscles lift the ribcage, 

increasing the thoracic cavity volume. This decrease in pressure causes air to flow into the 

lungs. 

Expiration (Exhalation): The diaphragm relaxes, and the intercostal muscles lower the 

ribcage, decreasing thoracic cavity volume. This increase in pressure forces air out of the 

lungs. 

Gas Exchange in the Lungs: 

Alveoli: Tiny air sacs in the lungs where gas exchange occurs. 

Diffusion: Oxygen from the inhaled air moves from the alveoli into the pulmonary capillaries 

(blood vessels), while carbon dioxide moves from the capillaries into the alveoli. 

Transport of Gases in the Blood: 

Oxygen Transport: Oxygen binds to hemoglobin in red blood cells, forming oxyhemoglobin. 

This oxygenated blood is transported to tissues. 

Carbon Dioxide Transport: Carbon dioxide is carried in the blood in three forms: dissolved in 

plasma, bound to hemoglobin, and as bicarbonate ions. 

Internal Respiration: 

Tissue Gas Exchange: 

Oxygen Delivery to Cells: Oxygen detaches from hemoglobin in systemic capillaries and 

diffuses into cells, where it is used in cellular respiration to produce energy (ATP). 
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Carbon Dioxide Release: Carbon dioxide, a byproduct of cellular respiration, diffuses into the 

blood and is transported back to the lungs. 

Cellular Respiration 

Mitochondria: Within cells, oxygen is used in the electron transport chain of mitochondria to 

generate ATP, releasing carbon dioxide as a byproduct. 

Transport of Gases Back to the Lungs: 

Venous Blood: Deoxygenated blood, now carrying carbon dioxide, returns to the heart via 

veins and is pumped to the lungs for gas exchange. 

This continuous process of ventilation, gas exchange in the lungs, transport of gases in the 

blood, and tissue gas exchange ensures a constant supply of oxygen to cells and the removal 

of carbon dioxide, supporting cellular activities and maintaining homeostasis. The regulation 

of respiration is influenced by factors such as blood pH, carbon dioxide levels, and oxygen 

levels, ensuring that the body's respiratory rate and depth adapt to changing metabolic 

demands. 

Inspiration and Expiration 

1.Inspiration (Inhalation): 

Muscular Contraction: 

Diaphragm Contraction: The primary muscle for inspiration is the diaphragm. When it 

contracts, it moves downward, increasing the volume of the thoracic cavity. 

External Intercostal Muscles: These muscles, situated between the ribs, also contract during 

inspiration, lifting the ribcage further, contributing to thoracic cavity expansion. 

Thoracic Volume Expansion: 

The contraction of the diaphragm and external intercostal muscles collectively expands the 

thoracic cavity in both vertical and horizontal dimensions. 

Increased thoracic volume results in a decrease in air pressure within the lungs, creating a 

pressure gradient that allows air to flow from the higher atmospheric pressure outside into the 

lower pressure within the lungs. 

Lung Expansion: 

The expansion of the thoracic cavity leads to an increase in lung volume. 

As lung volume increases, intrapulmonary pressure decreases, creating a pressure gradient 

that causes air to enter the lungs. 

Alveolar Expansion: 

The alveoli within the lungs expand during inspiration, providing a larger surface area for gas 

exchange. 

Oxygen diffuses from the alveoli into the pulmonary capillaries, and carbon dioxide diffuses 

from the capillaries into the alveoli. 
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2.Expiration (Exhalation): 

Muscular Relaxation: 

Diaphragm Relaxation: During expiration, the diaphragm relaxes and moves upward, 

reducing the volume of the thoracic cavity. 

Internal Intercostal Muscles: These muscles, located between the ribs, may contract during 

forced expiration, aiding in lowering the ribcage. 

Thoracic Volume Reduction: 

The relaxation of the diaphragm and, if necessary, contraction of the internal intercostal 

muscles decrease the thoracic cavity's volume. 

Reduced thoracic volume leads to an increase in air pressure within the lungs, creating a 

pressure gradient that causes air to move from the higher pressure within the lungs to the 

lower pressure in the atmosphere. 

Lung and Alveolar Contraction: 

As the thoracic volume decreases, lung volume also decreases, resulting in increased 

intrapulmonary pressure. 

This increased pressure forces air out of the lungs, facilitating expiration. 

Passive Process: Normal expiration is primarily a passive process, driven by the elastic 

recoil of the lung tissue and chest wall, which return to their resting positions after being 

stretched during inspiration. 

Forced Expiration: During vigorous physical activity or respiratory distress, additional  

muscles, such as the abdominal muscles and internal intercostal muscles, may contract more 

forcefully to enhance the expiratory effort. 

In summary, inspiration involves the contraction of the diaphragm and external intercostal 

muscles, leading to an increase in thoracic volume and a decrease in intrapulmonary pressure, 

allowing air to flow into the lungs. Expiration is primarily a passive process involving the 

relaxation of these muscles, leading to a decrease in thoracic volume, an increase in 

intrapulmonary pressure, and the expulsion of air from the lungs. 
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Pulmonary Capacities and Pulmonary Volumes: 

Pulmonary capacities and volumes are measurements related to lung function. 

Pulmonary Volumes: 

Tidal Volume (TV): The volume of air inhaled or exhaled during normal breathing. 

Inspiratory Reserve Volume (IRV): The maximum volume of air that can be inhaled after a 

normal inhalation. 

Expiratory Reserve Volume (ERV): The maximum volume of air that can be exhaled after a 

normal exhalation. 

Residual Volume (RV): The volume of air remaining in the lungs after maximal exhalation. 

Pulmonary Capacities: 

Total Lung Capacity (TLC): The total volume of air the lungs can hold, including the residual 

volume. 

Inspiratory Capacity (IC): The maximum volume of air that can be inhaled after a normal 

exhalation (TV + IRV). 

Functional Residual Capacity (FRC): The volume of air remaining in the lungs after a normal 

exhalation (ERV + RV). 

Vital Capacity (VC): The maximum volume of air that can be exhaled after a maximal 

inhalation (TV + IRV + ERV). 

Understanding these measurements is crucial for assessing lung function and diagnosing 

respiratory conditions. 

Respiratory Rate and Tidal Volume:  

Respiratory Rate (RR): 

The number of breaths taken per minute. 

Typically measured at rest, it can increase during physical activity or in response to various 

physiological factors. 

Tidal Volume (TV): 

The amount of air moved in or out of the lungs during a single breath. 

It's a key component in determining minute ventilation, which represents the total volume of 

air moved in and out of the lungs in one minute. 

Chemical and Neural Pathways of Respiration: 

Chemical Pathways: 

Chemoreceptors: Specialized cells that detect changes in blood gas concentrations, such as 

oxygen (O2), carbon dioxide (CO2), and ph. Peripheral chemoreceptors in the carotid bodies 

and aortic arch respond to changes in arterial blood, while central chemoreceptors in the brain 

monitor cerebrospinal fluid. 
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Central Chemoreception: Primarily responding to changes in CO2 levels, central 

chemoreceptors influence respiratory centers in the brainstem, regulating ventilation to 

maintain appropriate blood gas levels. 

Neural Pathways: 

Medullary Respiratory Centers: Located in the medulla oblongata, the respiratory centers 

include the dorsal respiratory group (DRG), which is primarily involved in inspiration, and 

the ventral respiratory group (VRG), contributing to both inspiration and expiration. 

Pons Respiratory Centers: The pontine respiratory group (PRG) in the pons helps modulate 

and smooth respiratory patterns, contributing to the transition between inspiration and 

expiration. 

Corticospinal Pathway: Neural signals from the motor cortex influence respiratory muscles, 

enabling voluntary control over breathing, such as during speech or breath-holding. 

These pathways work together to maintain proper levels of oxygen and carbon dioxide in the 

blood, ensuring effective gas exchange and supporting overall metabolic function. 

Artificial Respiration and Mouth Breathing 

Artificial Respiration: 

Purpose: Used to assist or replace spontaneous breathing in individuals experiencing 

respiratory distress or failure. 

Methods: 

Mouth-to-Mouth: Rescuer breathes directly into the patient's mouth. 

Mouth-to-Nose: Rescuer breathes into the patient's nose. 

Bag-Valve-Mask (BVM): A handheld device used to deliver positive pressure ventilation to 

a patient by squeezing a self-expanding bag. 

CPR Integration: Often performed in conjunction with cardiopulmonary resuscitation 

(CPR), where chest compressions are combined with artificial respiration to maintain blood 

circulation and oxygenation. 

Mechanisms: Aims to supply oxygen and remove carbon dioxide from the patient's lungs, 

supporting vital organ function. 

Mouth Breathing: 

Normal Breathing Route: In breathing, air usually enters and exits through the nose. 

Mouth Breathing Causes: 

Nasal Obstruction: Conditions like allergies, nasal congestion, or anatomical issues may force 

individuals to breathe through their mouths. 

Habitual: Some people develop a habit of breathing through the mouth, especially during 

sleep. 
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Transport of Oxygen and Carbon Dioxide in Blood and Body Fluids: 

Transport of Oxygen: 

Hemoglobin (Hb): The majority of oxygen is carried in the blood bound to hemoglobin 

within red blood cells. Each Hb molecule can carry four oxygen molecules. 

Oxygen Dissolved in Plasma: A small fraction of oxygen can also dissolve directly in the 

plasma, but this is a minor contributor to oxygen transport. 

Oxygen-Hemoglobin Dissociation Curve: The relationship between oxygen saturation of 

hemoglobin and the partial pressure of oxygen (PO2) is depicted by this curve. It illustrates 

how readily hemoglobin binds and releases oxygen based on local tissue needs. 

Transport of Carbon Dioxide: 

Dissolved CO2: Carbon dioxide is transported in the blood in a dissolved state, directly in the 

plasma. 

Carbaminohemoglobin: A portion of CO2 binds to amino groups in hemoglobin to form 

carbaminohemoglobin. 

Bicarbonate Ions (HCO3-): The majority of CO2 is converted to bicarbonate ions in red 

blood cells through the enzyme carbonic anhydrase. These ions are then transported in the 

plasma. 

Chloride Shift: To maintain charge balance, chloride ions move into red blood cells as 

bicarbonate ions move out, a process known as the chloride shift. 
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Chapter 6 

Gastrointestinal System 

The alimentary  or digestive tract provides the body with a continual supply of water, 

electrolytes, vitamins, and nutrients, which requires the following: (1) movement of food 

through the alimentary tract; (2) secretion of digestive juices and digestion of the food; (3) 

absorption of water, various electrolytes, vitamins, and digestive products; (4) circulation of 

blood through the gastrointestinal organs to carry away the absorbed substances; and (5) control 

of all these functions by local, nervous, and hormonal systems. 

Ingestion of Food and Mastication: 

Ingestion of Food: 

Oral Phase: The process begins in the mouth, where food is taken in through the oral cavity. 

Saliva Production: Salivary glands secrete saliva, which contains enzymes like amylase that 

initiate the digestion of carbohydrates. 

Formation of Bolus: Chewed food mixes with saliva, forming a mass called a bolus, making it 

easier to swallow. 

Swallowing (Deglutition): The bolus is moved to the back of the mouth and swallowed. This 

initiates a complex series of muscular contractions involving the tongue, pharynx, and 

esophagus. 

Mastication (Chewing): 

Mechanical Breakdown: Chewing is the process of mechanically breaking down food into 

smaller particles, increasing its surface area for better enzymatic digestion. 

Muscles Involved: The muscles of mastication, including the masseter and temporalis muscles, 

contract to move the jaw and grind food. 

Role of Teeth: Teeth play a crucial role in mastication. Different types of teeth (incisors, 

canines, molars) are specialized for cutting, tearing, and grinding, respectively. 

Tongue Movement: The tongue aids in manipulating food within the oral cavity, ensuring even 

distribution of saliva and facilitating the chewing process. 

Sensory Feedback: Chewing stimulates sensory receptors in the mouth, sending signals to the 

brain to coordinate the digestive process. 

Effective mastication is essential for the proper breakdown of food into smaller, digestible 

particles, setting the stage for further digestion and absorption in the digestive tract. 

Functions of Stomach: 

The stomach plays a crucial role in the digestive system, performing several important 

functions: 

1.Storage: The stomach serves as a temporary storage reservoir for ingested food, allowing 

for controlled release into the small intestine. This prevents overwhelming the small intestine 

and ensures a gradual flow of partially digested food. 
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2. Mechanical Digestion: Muscular contractions of the stomach wall, known as peristalsis, 

mix food with gastric juices, facilitating mechanical breakdown. The churning action of the 

stomach helps to create a semi-liquid mixture called chyme. 

3. Chemical Digestion: Gastric glands in the stomach lining secrete gastric juice, which 

contains hydrochloric acid (HCl) and enzymes like pepsin. HCl creates an acidic environment 

that activates pepsin, breaking down proteins into smaller peptides. 

4. Protein Digestion: Pepsinogen, an inactive precursor, is converted to pepsin in the acidic 

environment. Pepsin then starts the digestion of proteins into peptides. 

5. Limited Carbohydrate Digestion: Gastric amylase, an enzyme in gastric juice, 

contributes to the initial breakdown of carbohydrates. 

6. Lipid Digestion: Limited digestion of fats occurs through gastric lipase, an enzyme that 

breaks down some triglycerides into fatty acids and monoglycerides. 

7. Intrinsic Factor Secretion: The stomach produces intrinsic factor, necessary for the 

absorption of vitamin B12 in the small intestine. 

8. Killing Microorganisms: The acidic environment of the stomach helps kill many ingested 

bacteria and other microorganisms, contributing to the body's defense against infections. 

9. Regulation of Gastric Emptying: The stomach controls the rate at which chyme is 

released into the small intestine, ensuring that digestion and absorption occur at an optimal 

pace. 

While the stomach initiates digestion, it primarily focuses on breaking down proteins and 

preparing food for further processing in the small intestine. The coordinated actions of 

mechanical and chemical digestion in the stomach are crucial for overall digestive efficiency. 
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Secretions of GI Tract: 

The gastrointestinal (GI) tract secretes various substances that aid in the digestion and 

absorption of nutrients. Here are the key secretions and their functions: 

Saliva: 

Source: Salivary glands (parotid, submandibular, sublingual glands). 

Composition: Contains water, mucus, salivary amylase (enzyme breaking down 

carbohydrates), and lysozyme (antibacterial enzyme). 

Function: Moistens and lubricates food, begins the digestion of starches into maltose. 

Gastric Juice: 

Source: Gastric glands in the stomach lining. 

Composition: Contains hydrochloric acid (HCl), pepsinogen (converted to pepsin for protein 

digestion), and gastric lipase (for limited lipid digestion). 

Function: Creates an acidic environment for pepsin activation, breaks down proteins, initiates 

lipid digestion. 

Pancreatic Juice: 

Source: Pancreas. 

Composition: Contains enzymes like pancreatic amylase (carbohydrate digestion), lipase (fat 

digestion), and proteases (protein digestion). Also, bicarbonate ions to neutralize stomach 

acid. 

Function: Continues the digestion of carbohydrates, fats, and proteins; neutralizes acidic 

chyme from the stomach. 

Bile: 

Source: Liver produces bile, stored in the gallbladder. 

Composition: Bile salts, bile pigments, cholesterol, and phospholipids. 

Function: Aids in emulsification of fats, breaking them into smaller droplets for better 

enzymatic digestion. Bile salts also facilitate fat absorption. 

Intestinal Juice: 

Source: Small intestine. 

Composition: Contains various enzymes, mucus, and water. 

Function: Further breaks down nutrients. Mucus protects the intestinal lining. Enzymes 

include maltase, sucrase, lactase (carbohydrate digestion), peptidases (protein digestion), and 

intestinal lipase (fat digestion). 

Mucus: 

Source: Throughout the GI tract, including stomach lining and intestinal walls. 

Composition: A viscous fluid composed of glycoproteins. 
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Function: Lubricates and protects the lining of the GI tract from mechanical and chemical 

damage, aids in the smooth passage of food. 

These secretions work in a coordinated manner to ensure the effective digestion and 

absorption of nutrients as food moves through the digestive system. The balance of these 

substances is crucial for maintaining the health and function of the GI tract. 

Digestion and Absorption of Food: 

Digestion of Food: 

1.Oral Cavity: 

Mechanical Digestion: Chewing breaks down food into smaller particles, increasing surface 

area. 

Chemical Digestion: Salivary amylase initiates the breakdown of starches into maltose. 

2.Stomach: 

Mechanical Digestion: Peristalsis and churning mix food with gastric juices, forming chyme. 

Chemical Digestion: Gastric juice, containing HCl and pepsin, breaks down proteins into 

peptides. 

3. Small Intestine (Duodenum): 

Receiving Chyme: Chyme from the stomach enters the duodenum. 

Pancreatic Juice: Pancreatic enzymes (amylase, lipase, proteases) and bicarbonate ions are 

released to continue digestion. 

Bile: From the liver and stored in the gallbladder, emulsifies fats for better digestion. 

4. Small Intestine (Jejunum and Ileum): 

Intestinal Juice: Released by the small intestine, containing various enzymes (maltase, 

sucrase, lactase, peptidases, intestinal lipase). 

Absorption Begins: Nutrient absorption begins through the intestinal lining into the 

bloodstream. 

Absorption of Nutrients: Carbohydrates: 

Final Breakdown: Carbohydrates are broken down into monosaccharides (glucose, fructose, 

galactose). 

Absorption: Occurs through the intestinal lining into capillaries and is transported to the liver 

via the portal vein. 

Proteins: 

Final Breakdown: Proteins are broken down into amino acids. 

Absorption: Amino acids are absorbed into the bloodstream and transported to the liver. 

Fats: 

Emulsification: Fats are emulsified by bile into smaller droplets. 
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Final Breakdown: Lipases break down fats into fatty acids and glycerol. 

Absorption: Fatty acids and glycerol are absorbed into the intestinal lining, forming micelles, 

and then into the lacteals of the lymphatic system before entering the bloodstream. 

Vitamins and Minerals: 

Absorption: Most vitamins and minerals are absorbed in the small intestine and transported to 

various tissues. 

Water and Electrolytes: 

Absorption: Water and electrolytes are absorbed along the entire length of the small and large 

intestines. 

By the time chyme reaches the end of the small intestine, most nutrients have been absorbed. 

What remains is mostly indigestible material, which moves into the large intestine for further 

water absorption and formation of feces. 
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Chapter 7 

Metabolism 

Metabolism refers to the set of chemical processes that occur within living organisms to 

maintain life. It includes two main components: 

Catabolism: The breakdown of complex molecules into simpler ones, often releasing energy. 

For example, the breakdown of glucose during cellular respiration. 

Anabolism: The synthesis of complex molecules from simpler ones, requiring energy. This 

includes processes like protein synthesis and the formation of cell structures. 

Metabolism involves various biochemical reactions that occur in cells and tissues, 

collectively contributing to energy production, growth, repair, and maintenance of the 

organism. The rate of metabolism, often referred to as metabolic rate, can be influenced by 

factors like genetics, age, gender, diet, and physical activity. 

Introduction to Fat Metabolism: 

Fat metabolism involves the breakdown of fats into fatty acids and glycerol through a process 

called lipolysis. This primarily occurs in adipose tissue. The fatty acids can then enter the 

bloodstream and be transported to cells for energy production. 

Once inside cells, fatty acids undergo beta-oxidation in the mitochondria, breaking down into 

acetyl-CoA. This acetyl-CoA enters the citric acid cycle, contributing to ATP synthesis 

through oxidative phosphorylation. 

Additionally, fat metabolism involves lipogenesis, the synthesis of fats, which occurs when 

there's an excess of energy. Insulin plays a crucial role in promoting storage of excess 

nutrients as fat. 

Hormones like adrenaline and glucagon trigger lipolysis, releasing stored fats into the 

bloodstream during times of energy demand. Fat metabolism is a dynamic process, 

influenced by factors like diet, exercise, and hormonal regulation. 

Introduction to Protein Metabolism: 

Protein metabolism involves several key processes: 

1.Digestion and Absorption: Proteins from the diet are broken down into amino acids through 

digestion in the stomach and small intestine. These amino acids are then absorbed into the 

bloodstream. 

2.Transport: Amino acids are transported in the blood to various cells and tissues where they 

are needed. 

Protein Synthesis: Within cells, amino acids are used to synthesize new proteins. This process 

is essential for cell growth, repair, and the synthesis of enzymes, hormones, and other 

functional molecules. 
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Protein Degradation: Proteins have a dynamic lifecycle, undergoing continuous synthesis and 

degradation. This ensures that damaged or unneeded proteins are broken down. The primary 

cellular structures responsible for protein degradation are proteasomes and lysosomes. 

Amino Acid Pool: Cells maintain a pool of free amino acids that can be readily used for 

protein synthesis or energy production. 

Nitrogen Balance: The body must maintain a balance between the intake of nitrogen (from 

amino acids) and its excretion. Positive nitrogen balance occurs when protein synthesis 

exceeds breakdown, as seen during growth or recovery. Negative nitrogen balance occurs 

during illness or inadequate protein intake. 

Hormones such as insulin, growth hormone, and cortisol play crucial roles in regulating 

protein metabolism. Exercise, dietary protein intake, and overall health also impact protein 

metabolism. 

Introduction to Carbohydrate Metabolism: 

Carbohydrate metabolism involves the processes of digestion, absorption, and utilization of 

carbohydrates in the body. Here's an overview: 

Digestion and Absorption: Carbohydrates from the diet, such as starches and sugars, are 

broken down into simple sugars (glucose, fructose, and galactose) during digestion in the 

mouth, stomach, and primarily in the small intestine. These simple sugars are then absorbed 

into the bloodstream. 

Blood Glucose Regulation: The absorbed sugars, particularly glucose, elevate blood glucose 

levels. The hormone insulin, released by the pancreas, facilitates the uptake of glucose by 

cells for energy production or storage as glycogen in the liver and muscles. 

Glycolysis: In the cell's cytoplasm, glucose undergoes glycolysis, a series of reactions 

breaking it down into pyruvate. This process generates a small amount of ATP (energy). 

Citric Acid Cycle (Krebs Cycle): If oxygen is available, pyruvate enters the mitochondria 

and participates in the citric acid cycle, producing more ATP and capturing electrons for the 

electron transport chain. 

Electron Transport Chain: In the mitochondria, electrons generated during glycolysis and 

the citric acid cycle move through the electron transport chain, creating a flow of protons and 

generating a large amount of ATP through oxidative phosphorylation. 

Gluconeogenesis: In times of low blood glucose, the liver can synthesize glucose from non-

carbohydrate sources (amino acids and glycerol) through gluconeogenesis. 

Glycogenolysis: When blood glucose levels drop, stored glycogen is broken down into 

glucose units for energy release. 

Overall, carbohydrate metabolism is a dynamic process that plays a crucial role in providing 

energy for cellular functions and maintaining blood glucose levels within a narrow range for 

optimal physiological function. Hormones like insulin and glucagon help regulate this balance. 
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Role of Glucose in Carbohydrate Metabolism: 

Glucose is a central player in carbohydrate metabolism, serving several crucial roles: 

Primary Energy Source: Glucose is a key source of energy for cells. During glycolysis, glucose 

is broken down into pyruvate, generating ATP (adenosine triphosphate), the cell's primary 

energy currency. Excess glucose, especially after a meal, can be converted into glycogen 

through glycogenesis. Glycogen is stored in the liver and muscles and serves as a readily 

available source of glucose when blood sugar levels decrease. When energy demands increase 

or blood glucose levels drop, glycogen is broken down into glucose through glycogenolysis, 

providing a quick and accessible source of energy.. 

Blood Glucose Regulation: The concentration of glucose in the blood is tightly regulated. 

Insulin, released in response to elevated blood glucose levels, facilitates the uptake of glucose 

by cells for energy or storage. Conversely, glucagon is released when blood glucose is low, 

promoting the breakdown of glycogen to release glucose. 

Overall, glucose acts as a versatile molecule in carbohydrate metabolism, providing energy, 

serving as a storage form (glycogen), and participating in regulatory processes to maintain 

blood glucose homeostasis. 

Transport of Glucose in Body Tissues: 

The transport of glucose in body tissues involves several processes to ensure its uptake and 

utilization for energy. Here's an overview: 

Absorption in the Small Intestine: After the digestion of carbohydrates in the small intestine, 

glucose is absorbed into the bloodstream through the intestinal walls. 

Bloodstream Transport: Glucose circulates in the bloodstream and is transported to various 

tissues and organs throughout the body. The concentration of glucose in the blood is tightly 

regulated to maintain optimal physiological function. 

Insulin-Mediated Uptake: The hormone insulin plays a crucial role in glucose transport. 

When blood glucose levels rise (e.g., after a meal), the pancreas releases insulin. Insulin 

facilitates the uptake of glucose by cells, particularly muscle and adipose (fat) cells. 

Glucose Transporters: Glucose transporters are integral membrane proteins that facilitate the 

movement of glucose across cell membranes. Different tissues express specific types of glucose 

transporters, allowing for targeted regulation of glucose uptake based on cellular needs. 

Facilitated Diffusion: Glucose transporters use facilitated diffusion, a process where glucose 

moves across the cell membrane along its concentration gradient, from an area of higher 

concentration (blood) to an area of lower concentration (inside the cell). 

Glucose Utilization: Once inside the cell, glucose undergoes various metabolic processes, 

including glycolysis, citric acid cycle, and oxidative phosphorylation, to produce ATP, the 

primary energy currency of the cell. 

The coordination of insulin release, glucose transporters, and cellular uptake ensures that 

glucose is efficiently utilized by tissues based on energy demands, contributing to overall 

metabolic homeostasis. 
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Transport of Lipids in the Blood: 

The transport of lipids (fats) in the blood involves specialized carriers to facilitate their 

movement through the aqueous environment of the bloodstream. The main lipids transported 

are triglycerides, phospholipids, and cholesterol. This process occurs in the form of 

lipoproteins: 

Chylomicrons: After dietary fats are absorbed in the small intestine, they are packaged into 

chylomicrons, large lipoprotein particles. Chylomicrons transport triglycerides from the 

intestines to various tissues. They enter the bloodstream via the lymphatic system and later 

release triglycerides to tissues in need of energy. 

Very Low-Density Lipoproteins (VLDL): The liver synthesizes triglycerides and packages 

them into VLDL particles. VLDL carries triglycerides to tissues, similar to chylomicrons, but 

it also undergoes modification in the bloodstream, releasing triglycerides to cells. 

Low-Density Lipoproteins (LDL): As VLDL loses triglycerides, it transforms into LDL. LDL 

carries cholesterol to cells throughout the body. Often referred to as "bad cholesterol," elevated 

LDL levels are associated with an increased risk of atherosclerosis. 

High-Density Lipoproteins (HDL): HDL is known as "good cholesterol" because it transports 

excess cholesterol from tissues back to the liver for excretion. This process helps prevent the 

accumulation of cholesterol in the arteries. 

Lipoprotein Lipase (LPL): This enzyme plays a crucial role in lipid metabolism. It is found 

on the surface of blood vessels and facilitates the breakdown of triglycerides in chylomicrons 

and VLDL, releasing fatty acids for cellular uptake. 

Dysregulation in lipid metabolism can contribute to conditions like hyperlipidemia and 

cardiovascular diseases. 

Basic Properties of Proteins: 

Proteins are complex molecules with various essential properties that contribute to their 

biological functions: 

Structure: Proteins have a specific three-dimensional structure determined by their amino acid 

sequence. The primary structure is the linear sequence of amino acids, while the secondary, 

tertiary, and quaternary structures involve various levels of folding and interaction between 

amino acid residues. 

Functionality: Proteins have diverse functions in the body, including enzymatic catalysis, 

structural support, transportation of molecules, immune defense, and cell signaling. Each 

protein's function is determined by its unique structure. 

Amino Acid Composition: Proteins are composed of amino acids linked by peptide bonds. 

There are 20 different amino acids, each with distinct properties, and the sequence of these 

amino acids in a protein dictates its structure and function. 

Denaturation: Proteins can lose their structure and, consequently, their function under extreme 

conditions such as heat, pH extremes, or exposure to certain chemicals. This process is called 

denaturation. 
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Specificity: Proteins often exhibit specificity in their interactions with other molecules. For 

example, enzymes are highly specific in binding to particular substrates to catalyze reactions. 

Flexibility: Proteins can undergo conformational changes, allowing them to adapt to different 

environments or interact with other molecules.. 

Biological Regulation: Many cellular processes are regulated by proteins, acting as enzymes, 

receptors, or signaling molecules.  

Solubility: Proteins exhibit variable solubility depending on their amino acid composition and 

the surrounding environment. Some proteins are water-soluble, while others are lipid-soluble. 

Use of Proteins for Energy: 

While carbohydrates and fats are the primary sources of energy in the body, proteins can be 

utilized for energy under certain circumstances. The use of proteins for energy typically occurs 

in the following situations: 

Insufficient Carbohydrate and Fat Availability: When there is an inadequate supply of 

carbohydrates and fats (the body's preferred energy sources), proteins may be broken down to 

provide energy. This often happens during prolonged fasting, low-carbohydrate diets, or 

situations where energy demands exceed the available energy from carbohydrates and fats. 

Muscle Breakdown during Starvation: In prolonged periods of fasting or starvation, the body 

may break down muscle proteins to release amino acids. These amino acids can be converted 

into intermediates that enter the energy-producing pathways, such as gluconeogenesis, to 

maintain blood glucose levels and provide energy. 

Intense Exercise: During prolonged and intense physical activity, especially in the absence of 

sufficient carbohydrate stores, the body may use amino acids from proteins as an energy 

source.. 

Metabolic Stress or Illness: In certain medical conditions or during severe illness, the body's 

normal metabolic processes may be disrupted, leading to the breakdown of proteins for energy.. 

It's important to note that using proteins for energy is not the body's preferred or efficient 

mechanism. Proteins have essential roles in maintaining cellular structure, function, and overall 

health. It is crucial to maintain a balanced diet that provides an adequate supply of 

carbohydrates and fats to meet energy needs and preserve proteins for their essential functions. 

Role of Vitamins in Metabolism: 

Vitamins play crucial roles in metabolism by serving as cofactors, coenzymes, or regulators 

for various biochemical reactions. Different vitamins have specific functions in supporting 

metabolic processes: 

B Vitamins (B1, B2, B3, B5, B6, B7, B9, B12): 

Energy Metabolism: B vitamins are essential for converting food into energy. They are 

involved in processes like glycolysis, the citric acid cycle, and the metabolism of fatty acids 

and amino acids. 
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Coenzyme Functions: Several B vitamins act as coenzymes, facilitating enzymatic reactions. 

For example, vitamin B12 is crucial for the synthesis of DNA and red blood cells. 

Vitamin C (Ascorbic Acid): 

Antioxidant: Vitamin C acts as an antioxidant, protecting cells from damage caused by free 

radicals. 

Collagen Synthesis: It is essential for the synthesis of collagen, a structural protein that plays 

a role in connective tissues. 

Vitamin D: 

Calcium Metabolism: Vitamin D regulates calcium and phosphorus absorption in the 

intestines, influencing bone health. 

Cellular Function: It is involved in various cellular processes, including immune function. 

Vitamin E: 

Antioxidant: Vitamin E protects cell membranes from oxidative damage, contributing to 

overall cellular health. 

Vitamin K: 

Blood Clotting: Vitamin K is essential for the synthesis of clotting factors, promoting proper 

blood clotting. 

Bone Health: It also plays a role in bone metabolism by regulating the deposition of calcium 

in bones. 

Vitamin A: 

Vision: Vitamin A is crucial for vision, specifically in the form of retinal, a component of 

rhodopsin in the eyes. 

Cell Differentiation: It plays a role in cell differentiation, immune function, and skin health. 

These vitamins are obtained through the diet, and their deficiencies can lead to various health 

issues.  
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Chapter 8 

Endocrine System 

Endocrine Glands and their Hormones: 

Here's an overview of some major endocrine glands and the hormones they produce, along 

with their primary functions: 

Hypothalamus: 

Hormones: Releasing and inhibiting hormones, such as gonadotropin-releasing hormone 

(GnRH) and growth hormone-releasing hormone (GHRH). 

Function: Regulates the release of hormones from the pituitary gland. 

Pituitary Gland (Anterior and Posterior): 

Anterior Lobe Hormones: Growth hormone (GH), adrenocorticotropic hormone (ACTH), 

thyroid-stimulating hormone (TSH), follicle-stimulating hormone (FSH), luteinizing 

hormone (LH), prolactin (PRL). 

Posterior Lobe Hormones: Oxytocin, vasopressin (antidiuretic hormone, ADH). 

Function: Regulates various physiological processes, including growth, stress response, 

thyroid function, reproductive processes, and water balance. 

Thyroid Gland: 

Hormones: Thyroxine (T4), Triiodothyronine (T3), Calcitonin. 

Function: Regulates metabolism, energy production, and calcium homeostasis. 

Parathyroid Glands: 

Hormone: Parathyroid hormone (PTH). 

Function: Regulates calcium and phosphate levels in the blood, influencing bone health and 

mineral metabolism. 

Adrenal Glands: 

Adrenal Cortex Hormones: Cortisol, Aldosterone, Androgens. 

Adrenal Medulla Hormones: Epinephrine, Norepinephrine. 

Function: Regulates stress response, metabolism, electrolyte balance, and the "fight or flight" 

response. 

Pancreas: 

Hormones: Insulin, Glucagon, Somatostatin. 

Function: Regulates blood glucose levels, carbohydrate metabolism, and overall energy 

balance. 

Pineal Gland: 

Hormone: Melatonin. 
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Function: Regulates sleep-wake cycles (circadian rhythms) and influences reproductive 

processes. 

Ovaries (in females): 

Hormones: Estrogen, Progesterone. 

Function: Regulates the menstrual cycle, secondary sexual characteristics, and supports 

reproductive processes. 

Testes (in males): 

Hormones: Testosterone. 

Function: Regulates sperm production, secondary sexual characteristics, and supports 

reproductive processes. 

These endocrine glands and their hormones play crucial roles in maintaining homeostasis, 

coordinating growth and development, responding to stress, and regulating various 

physiological processes throughout the body.  

 

Hormones act as chemical messengers, influencing target cells and tissues to elicit specific 

responses. 
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The Pituitary Hormones and their Functions: 

The pituitary gland, often referred to as the "master gland," produces several hormones that 

regulate various physiological processes. There are two main lobes of the pituitary gland: the 

anterior lobe (adenohypophysis) and the posterior lobe (neurohypophysis). Here are the 

hormones produced by each lobe and their primary functions: 

Anterior Pituitary Hormones: 

1.Growth Hormone (GH): Stimulates growth, cell reproduction, and regeneration. It has effects 

on bones, muscles, and organs. 

2. Adrenocorticotropic Hormone (ACTH): Stimulates the adrenal cortex to release cortisol, 

which is involved in the body's stress response and metabolism. 

3.Thyroid-Stimulating Hormone (TSH):Stimulates the thyroid gland to produce and release 

thyroid hormones (T3 and T4), regulating metabolism. 

4.Follicle-Stimulating Hormone (FSH): In females, stimulates the growth of ovarian follicles 

and promotes estrogen production. In males, stimulates sperm production in the testes. 

5. Luteinizing Hormone (LH): In females, triggers ovulation and promotes the formation of the 

corpus luteum. In males, stimulates the production of testosterone. 

6. Prolactin (PRL): Stimulates milk production in the mammary glands after childbirth. 

Posterior Pituitary Hormones: 

1.Oxytocin: Stimulates uterine contractions during childbirth and milk ejection during 

breastfeeding. Also, plays a role in social bonding and emotional regulation. 

2.Vasopressin (Antidiuretic Hormone, ADH): Regulates water balance by promoting water 

reabsorption in the kidneys, reducing urine production. Also, helps constrict blood vessels, 

raising blood pressure. 

These pituitary hormones are released in response to signals from the hypothalamus or 

feedback mechanisms that maintain hormonal balance in the body. Dysfunction in the 

production or regulation of these hormones can lead to various endocrine disorders and impact 

overall health. 

The Thyroid Hormones and their Functions: 

The thyroid gland produces two main hormones, thyroxine (T4) and triiodothyronine (T3), 

which play crucial roles in regulating metabolism and other physiological processes. Here's an 

overview of these thyroid hormones: 

Thyroxine (T4): 

 T4 is the primary hormone synthesized by the thyroid gland. In peripheral tissues, T4 can be 

converted into the more biologically active T3. T4 plays a role in setting the metabolic rate of 

the body, influencing energy production, and supporting various physiological functions. 

Triiodothyronine (T3): 
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T3 is the more biologically active form of thyroid hormone, and a significant portion is derived 

from the conversion of T4 in peripheral tissues.T3 is crucial for regulating metabolism, 

affecting energy expenditure, body temperature, and overall cellular activity. It influences 

protein synthesis, growth, and development. 

Regulation of Thyroid Hormones: 

The release of thyroid hormones is regulated by a feedback loop involving the hypothalamus 

and the pituitary gland. 

The hypothalamus releases 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 T4 and T3. 

Elevated levels of T4 and T3 inhibit the release of TRH and TSH through negative feedback, 

helping to maintain a balance. 

Effects of Thyroid Hormone Imbalance: 

Hypothyroidism: Insufficient production of thyroid hormones. Symptoms may include 

fatigue, weight gain, cold intolerance, and slowed metabolism. 

Hyperthyroidism: Excessive production of thyroid hormones. Symptoms may include weight 

loss, increased heart rate, heat intolerance, and elevated metabolism. 

Treatment for thyroid disorders often involves hormone replacement therapy (e.g., 

levothyroxine for hypothyroidism) or medications that regulate thyroid function. Regular 

monitoring and management are crucial for maintaining thyroid hormone balance and overall 

health. 

The Adrenocortical Hormones: 

The adrenal cortex, the outer layer of the adrenal glands, produces several hormones 

collectively known as adrenocortical hormones. These hormones are essential for various 

physiological functions, including stress response, metabolism, and electrolyte balance. Here 

are the main adrenocortical hormones: 

Cortisol (Glucocorticoids): 

 Cortisol is involved in the regulation of metabolism, immune response, and the body's 

response to stress. It promotes the breakdown of proteins into amino acids, stimulates 

gluconeogenesis (the production of glucose from non-carbohydrate sources), and helps 

mobilize energy reserves. It also has anti-inflammatory effects and suppresses the immune 

system. 

Aldosterone (Mineralocorticoids): regulates electrolyte and fluid balance, particularly 

sodium and potassium. It acts on the kidneys, promoting the reabsorption of sodium and the 

excretion of potassium. This helps maintain blood pressure, blood volume, and electrolyte 

balance. 

Androgens (DHEA and Androstenedione):These weak androgens have effects on the 

development of male secondary sexual characteristics. In females, they contribute to libido and 
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may serve as precursors for estrogen production. In males, they play a role in the development 

of testosterone. 

Regulation of Adrenocortical Hormones: 

The release of adrenocortical hormones is primarily regulated by the hypothalamus-pituitary-

adrenal (HPA) axis. Stress or low blood cortisol levels stimulate the hypothalamus to release 

corticotropin-releasing hormone (CRH). CRH signals the pituitary gland to release 

adrenocorticotropic hormone (ACTH), which in turn stimulates the adrenal cortex to produce 

and release cortisol and, to a lesser extent, aldosterone. 

Effects of Adrenocortical Hormone Imbalance: 

Cushing's Syndrome: Characterized by excess cortisol production, leading to symptoms like 

weight gain, central obesity, thinning skin, and muscle weakness. 

Addison's Disease: Resulting from insufficient adrenal cortex function, leading to low levels 

of cortisol and aldosterone. Symptoms include fatigue, weight loss, and electrolyte 

imbalances.. 

Parathyroid Hormones and their Functions: 

The parathyroid glands, located behind the thyroid gland, produce parathyroid hormone 

(PTH), which plays a crucial role in regulating calcium and phosphate levels in the blood. 

Here are the functions and actions of parathyroid hormone: 

Calcium Homeostasis: 

PTH primarily acts to raise blood calcium levels. 

Effects: 

Bone Resorption: PTH stimulates osteoclasts, cells responsible for breaking down bone 

tissue. This process releases calcium and phosphate into the bloodstream. 

Calcium Reabsorption in Kidneys: PTH enhances the reabsorption of calcium in the 

kidneys, reducing its excretion in urine. 

Activation of Vitamin D: PTH stimulates the kidneys to convert inactive vitamin D 

(calcidiol) into its active form (calcitriol). Active vitamin D enhances intestinal absorption of 

calcium and phosphate. 

Phosphate Regulation:PTH also influences phosphate levels in the blood. PTH decreases 

phosphate reabsorption in the kidneys, leading to increased phosphate excretion in urine. 

Regulation of PTH Secretion: 

PTH secretion is primarily regulated by the negative feedback loop involving calcium levels. 

Low blood calcium levels stimulate the release of PTH, which acts to raise calcium levels. 

High blood calcium levels inhibit PTH release, helping to prevent hypercalcemia. 

Effects of Parathyroid Hormone Imbalance: 
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Hyperparathyroidism: Excessive secretion of PTH, often due to a tumor in the parathyroid 

glands. This can lead to elevated blood calcium levels, causing symptoms such as fatigue, 

weakness, and kidney stones. 

Hypoparathyroidism: Insufficient secretion of PTH, typically due to surgical removal of the 

parathyroid glands. This results in low blood calcium levels, leading to muscle spasms, 

tingling sensations, and seizures. 

Maintaining the proper balance of calcium and phosphate is essential for various 

physiological processes, including nerve function, muscle contraction, and bone health. 

Parathyroid hormone plays a central role in this regulation, ensuring that blood calcium levels 

remain within a narrow and vital range. 
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Chapter 9 

Reproductive System 

The male reproductive system  

is responsible for producing, transporting, and delivering sperm, as well as producing hormones 

that influence secondary sexual characteristics. Here are the functions of the main male 

reproductive organs: 

Testes: The primary male reproductive organs. 

Hormone Production: Testes produce testosterone, the primary male sex hormone responsible 

for the development of secondary sexual characteristics, including facial hair, deepening of the 

voice, and increased muscle mass. 

Epididymis: Located on the surface of each testis, it serves as a site for the maturation and 

storage of sperm. 

Vas Deferens: A duct that transports mature sperm from the epididymis to the urethra during 

ejaculation. 

Seminal Vesicles: Secrete seminal fluid, a nutrient-rich fluid that nourishes and supports 

sperm. This fluid constitutes a significant portion of semen. 

Prostate Gland: Secretes a milky, alkaline fluid that helps neutralize the acidic environment 

of the female reproductive tract, enhancing sperm motility. Prostatic fluid is a component of 

semen. 

Bulbourethral Glands (Cowper's Glands): Secrete a clear, viscous fluid that lubricates the 

urethra and neutralizes any acidic urine residue, creating a more favorable environment for 

sperm. 

Urethra: Serves a dual role in males, functioning as a passage for both urine and semen. During 

ejaculation, the urethra allows the passage of sperm from the reproductive system. 

Penis: External male organ that serves as the copulatory organ during sexual intercourse. It 

also contains erectile tissue that fills with blood, contributing to the erection necessary for 

penetration. 

Scotoma pouch of skin and muscle that houses and protects the testes. The temperature of the 

scrotum is lower than the body temperature, which is crucial for sperm production. 

Sperm: The male reproductive cells. Sperm carry the genetic material needed for fertilization. 

The coordinated function of these organs ensures the production, maturation, and delivery of 

sperm, contributing to the male's role in reproduction.  
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Functions of the Female Reproductive System 

The female reproductive system is responsible for producing, nurturing, and delivering ova 

(eggs) and supporting the development of a fertilized egg into a fetus. Here are the functions 

of the main female reproductive organs: 

Ovaries: The primary female reproductive organs. 

Egg Production: Ovaries produce and release eggs (ova) during the menstrual cycle. 

Hormone Production: Ovaries secrete estrogen and progesterone, which regulate the menstrual 

cycle and play a crucial role in pregnancy. 

Fallopian Tubes: Serve as pathways for eggs to travel from the ovaries to the uterus. 

Site of Fertilization: Fertilization typically occurs in the fallopian tubes when a sperm meets 

an egg. 

Uterus: A muscular organ where a fertilized egg implants and grows during pregnancy. The 

lining of the uterus thickens during the menstrual cycle, preparing for a potential pregnancy. If 

no pregnancy occurs, the lining is shed during menstruation. 

Cervix: The lower part of the uterus that connects to the vagina. 

Mucus Production: The cervix produces mucus that changes in consistency throughout the 

menstrual cycle to facilitate or inhibit the passage of sperm. 

Vagina: The birth canal and the site for sexual intercourse. The vagina serves as the exit for 

menstrual blood during menstruation. 

External Genitalia (Vulva): Includes the labia, clitoris, and other structures that protect and 

enclose the openings of the urethra and vagina. 

Breasts or Mammary Glands: Not directly part of the reproductive system but play a role in  

Menstrual Cycle 

Function: A regular cycle involving hormonal changes that prepare the body for potential 

pregnancy. 

Ovulation: Release of an egg from the ovary, typically occurring around the midpoint of the 

menstrual cycle. 
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Placenta (During Pregnancy):An organ that develops during pregnancy and provides 

nutrients and oxygen to the fetus, removes waste products, and produces hormones. 

Hormonal Regulation: 

Function: Hormones such as estrogen and progesterone play key roles in regulating the 

menstrual cycle, pregnancy, and various physiological processes. 

The female reproductive system is complex and undergoes significant changes throughout a 

woman's life, from puberty to menopause. Its primary function is to support reproduction and 

the continuation of the species. 

 

 

 

Testosterone and other Male Sex Hormones 

Testosterone is the primary male sex hormone and belongs to a class of hormones called 

androgens. Here's an overview of testosterone and other important male sex hormones: 

Testosterone: Produced mainly by the testes, with a small amount also produced by the 

adrenal glands. 

Functions: Development of Male Reproductive Organs: Testosterone is crucial for the 

development and maintenance of the male reproductive system, including the testes, 

epididymis, vas deferens, and penis. 

Secondary Sexual Characteristics: It promotes the development of secondary sexual 

characteristics such as facial and body hair, deepening of the voice, and increased muscle 

mass. 

Sperm Production: Testosterone stimulates the production of sperm in the testes. 

Libido (Sex Drive): It plays a role in regulating sexual desire and libido. 

Dihydrotestosterone (DHT): Derived from testosterone through the action of the enzyme 5-

alpha reductase. 
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Functions: Development of Male External Genitalia: DHT is essential for the development of 

the penis and the growth of the prostate gland during fetal development. 

Maintenance of Male Secondary Sexual Characteristics: Like testosterone, DHT contributes 

to the maintenance of secondary sexual characteristics. 

Dehydroepiandrosterone (DHEA):Produced by the adrenal glands. Can be converted into 

both testosterone and estrogen. 

Functions: Contributes to the overall androgenic effects in males, though its role is less 

pronounced compared to testosterone. 

Androstenedione: Produced in the testes and adrenal glands. Can be converted into both 

testosterone and estrogen. 

Functions: Acts as a precursor to both male and female sex hormones. 

These hormones collectively regulate various aspects of male reproductive and sexual health. 

The production and balance of these hormones are tightly controlled and play crucial roles in 

the development and maintenance of male sexual characteristics, reproductive function, and 

overall health. 

Pregnancy, Lactation and Female Sex Hormones: 

Pregnancy, lactation, and female sex hormones play interconnected roles in the reproductive 

physiology of women. Here's an overview of these processes: 

Female Sex Hormones: 

Estrogen: Produced primarily by the ovaries, especially during the follicular phase of the 

menstrual cycle. Estrogen plays a key role in the development of female secondary sexual 

characteristics, regulation of the menstrual cycle, and support of reproductive tissues. 

Progesterone: Produced by the ovaries, particularly during the luteal phase of the menstrual 

cycle. Progesterone prepares the uterine lining for potential embryo implantation and 

supports early pregnancy. 

Menstrual Cycle: 

Follicular Phase: Initiated by increased levels of estrogen, leading to the development and 

maturation of ovarian follicles. This phase culminates in ovulation. 

Luteal Phase: Triggered by the rise in progesterone after ovulation. Progesterone prepares the 

uterine lining for a potential pregnancy. 

Fertilization: If an egg is fertilized by sperm during ovulation, it forms a zygote that travels 

down the fallopian tube. 

Implantation: The fertilized egg implants itself into the thickened uterine lining. 

Hormonal Changes: The developing placenta produces human chorionic gonadotropin 

(hCG), signaling the corpus luteum to continue producing progesterone and estrogen, 

sustaining the early pregnancy. 
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Pregnancy Hormones: Throughout pregnancy, the placenta produces increasing amounts of 

estrogen, progesterone, and other hormones to support fetal development and maintain the 

pregnancy. 

Lactation: 

1.Prolactin: Produced by the pituitary gland, prolactin stimulates milk production in the 

mammary glands. 

2.Oxytocin: Also produced by the pituitary gland, oxytocin triggers the letdown reflex, 

causing the release of milk from the mammary glands. 

Colostrum: The initial milk produced in the first few days after childbirth, rich in nutrients 

and antibodies. 

Mature Milk: As lactation continues, mature milk is produced, providing complete nutrition 

for the infant. 

Postpartum Changes: 

Hormonal Shifts: After childbirth, hormonal changes occur, with a decrease in estrogen and 

progesterone levels. 

The intricate interplay of female sex hormones, menstrual cycles, pregnancy, and lactation is 

crucial for reproductive health and the continuation of the human species. These processes 

involve complex regulatory mechanisms to support fertility, gestation, and nourishment of 

offspring. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

125 

 

Chapter 10 

Special Senses 

Introduction to Sensory Organs and their Functions: 

Sensory organs are specialized structures in the human body that enable the perception of 

external stimuli and provide information to the brain. Each sensory organ is dedicated to a 

specific type of sensory input, allowing humans to interact with and interpret their environment. 

Here's an introduction to the main sensory organs and their functions: 

Eyes (Visual System): 

Function: The eyes are responsible for vision, allowing individuals to perceive light, color, 

shapes, and movement. The eyes capture visual stimuli, convert them into electrical signals, 

and send them to the brain for processing. 

Ears (Auditory System): 

Function: The ears facilitate hearing and balance. The outer ear captures sound waves, the 

middle ear amplifies them, and the inner ear converts them into electrical signals for the brain. 

The inner ear also contains structures for balance and spatial orientation. 

Nose (Olfactory System): 

Function: The nose is involved in olfaction, or the sense of smell. Olfactory receptors in the 

nasal cavity detect airborne molecules, and the brain interprets these signals to recognize 

different scents. 

Tongue (Gustatory System): 

Function: The tongue is essential for taste perception. Taste buds on the tongue detect different 

flavors: sweet, salty, sour, bitter, and umami. The combination of taste and smell contributes to 

the overall perception of flavor. 

Skin (Somatosensory System): 

Function: The skin is the largest sensory organ and is involved in various tactile sensations. 

Receptors in the skin detect pressure, temperature, pain, and other stimuli, providing 

information about the external environment. 

Proprioceptors: 

Function: These are specialized receptors located in muscles, tendons, and joints. 

Proprioceptors provide information about body position, movement, and spatial orientation, 

allowing individuals to have a sense of body awareness and coordination. 

Special Senses: 

Equilibrium: The sense of balance is maintained by the vestibular system, located in the inner 

ear, which provides information about head position and movement. 

Thermoception: The ability to sense temperature changes is facilitated by thermoreceptors in 

the skin. 
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Nociception: The perception of pain is conveyed by nociceptors, specialized receptors that 

respond to harmful stimuli. 

The integration of information from these sensory organs allows individuals to create a 

multisensory perception of their surroundings. The brain processes these sensory inputs, 

forming a comprehensive representation of the external world and guiding appropriate 

responses and behaviors. Sensory organs are crucial for survival, enabling humans to navigate 

their environment, communicate, and experience the richness of the world around them. 

Functions of Different Parts of Eye: 

The human eye is a complex organ with various structures that work together to facilitate 

vision. Here are the functions of different parts of the eye in detail: 

Cornea: The clear, outermost layer at the front of the eye. 

Function: Acts as a protective covering and helps focus light entering the eye. 

Sclera: The tough, white outer layer covering most of the eyeball. 

Function: Provides structural support and protection for the eye. 

Choroid: A layer between the retina and sclera. 

Function: Supplies blood to the retina and helps regulate light entering the eye. 

Retina: The innermost layer at the back of the eye. 

Function: Contains photoreceptor cells (rods and cones) that capture light and convert it into 

electrical signals, initiating the visual process. 

Macula: A small area near the center of the retina. 

Function: Responsible for central vision, including fine detail and color perception. 

Fovea: At the center of the macula. 

Function: The area of highest visual acuity, where the concentration of cones is the highest. 

Optic Nerve: Connects the eye to the brain. 

Function: Transmits electrical signals (visual information) from the retina to the brain for 

processing. 

Lens: Behind the iris. 

Function: Refracts light to focus it on the retina, allowing the eye to adjust and accommodate 

for varying distances. 

Iris: Colored part of the eye surrounding the pupil. 

Function: Regulates the amount of light entering the eye by adjusting the size of the pupil. 

Pupil: An opening in the center of the iris. 

Function: Controls the amount of light that enters the eye; dilates in low light and constricts in 

bright light. 

Aqueous Humor: The clear fluid between the cornea and lens. 
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Function: Provides nutrients to the cornea and lens and helps maintain the shape of the eye. 

Vitreous Humor: Gel-like substance filling the space between the lens and retina. 

Function: Maintains the shape of the eye and helps transmit light to the retina. 

Ciliary Muscles: Surrounding the lens. 

Function: Controls the shape of the lens for focusing on objects at different distances 

(accommodation). 

The coordinated function of these eye structures allows for the reception, focusing, and 

processing of visual information, contributing to the sense of sight. Vision is a complex process 

involving the eyes and the brain working together to interpret the surrounding environment. 

 

 

 

Sense of Hearing: 

The mechanism of hearing involves a complex process that begins with the capture of sound 

waves and ends with the interpretation of those signals in the brain.  It has tree parts, 

• External ear  

• Middle ear 

• Internal ear 

Here's a detailed overview of the hearing process: 

Sound waves are produced when an object vibrates, creating changes in air pressure. These 

pressure changes propagate as waves through the air. 

The pinna (external ear) collects and transmits  sound waves into the ear canal. 

Ear Canal: 

The ear canal directs sound waves toward the eardrum (tympanic membrane). 
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Tympanic Membrane (Eardrum): 

Sound waves cause the eardrum to vibrate. 

Vibrations amplify the sound and transmit it to the middle ear. 

Middle Ear: 

The middle ear consists of three small bones called the ossicles: the malleus (hammer), incus 

(anvil), and stapes (stirrup). 

Vibrations from the eardrum are transferred to the ossicles, which amplify and transmit the 

sound to the inner ear. 

Oval Window: 

The stapes transfers vibrations to the oval window, a membrane-covered opening in the 

cochlea. 

 

 

Cochlea: The cochlea is a fluid-filled, coiled structure in the inner ear. 

Vibrations in the fluid cause the basilar membrane to move. 

Hair cells (cilia) on the basilar membrane are stimulated by the movement. 

Hair Cells Activation: 

The movement of hair cells generates electrical signals in response to different frequencies 

and amplitudes of sound. 

Inner hair cells are responsible for transmitting signals to the brain. 

Auditory Nerve: 

Electrical signals are carried by the auditory nerve from the inner ear to the brain. 

Brain Processing: 
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The auditory nerve transmits signals to the auditory cortex in the brain. The brain processes 

these signals, allowing individuals to perceive and interpret sounds, including pitch, loudness, 

and location. 

Auditory Cortex: 

The auditory cortex interprets the electrical signals, allowing the brain to recognize and make 

sense of the sounds. 

Auditory Pathway: 

Auditory information is further processed through various neural pathways, contributing to 

the perception of complex sounds and speech. 

The remarkable precision of the hearing mechanism enables humans to perceive a wide range 

of sounds and distinguish subtle variations in pitch, tone, and intensity.  

Function of Tongue and Salivary Glands: 

Function of Tongue: 

Taste Perception: The tongue contains taste buds, which are clusters of sensory cells that 

detect different tastes: sweet, salty, sour, bitter, and umami. 

Taste receptors on the tongue send signals to the brain, allowing individuals to perceive and 

enjoy a variety of flavors in food. 

Chewing and Bolus Formation: The tongue, with the help of teeth, plays a crucial role in 

chewing food, breaking it down into smaller particles. 

The tongue assists in forming a cohesive mass of chewed food called a bolus, making it 

easier to swallow. 

Swallowing: The tongue is involved in the initiation of the swallowing reflex. 

It helps move the bolus to the back of the mouth and into the pharynx, triggering the 

swallowing process. 

Speech and Articulation:The tongue, with its versatile muscular structure, is crucial for 

speech and articulation. 

It helps shape sounds by interacting with other oral structures, facilitating clear and 

intelligible speech. 

Oral Cleaning:The constant movement and pressure exerted by the tongue contribute to 

keeping the oral cavity clean by removing debris and bacteria from teeth and gums. 

Function of Salivary Glands: 

Salivary glands, including the parotid, submandibular, and sublingual glands, produce saliva. 

Saliva is essential for maintaining oral health, as it contains enzymes, antibodies, and 

lubricating substances. 

Enzymatic Digestion: Saliva contains enzymes like amylase, which begins the digestion of 

starches into simpler sugars (e.g., maltose) in the mouth. 
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Lubrication: Saliva provides lubrication for the oral cavity, making it easier to chew and 

swallow food. It prevents dryness and irritation of the oral mucosa. 

Antimicrobial Action: Saliva contains antimicrobial agents, such as lysozyme and 

immunoglobulins, which help inhibit the growth of bacteria in the mouth. 

Buffering Action: Saliva helps maintain the pH balance in the mouth by neutralizing acids 

produced by bacteria, thus contributing to dental health. 

Taste Perception: Saliva plays a role in dissolving food particles, making them available for 

taste receptors on the tongue. 

Initiation of Digestion: 

The enzymes in saliva, including lipase, help initiate the digestion of fats. 

The coordinated functions of the tongue and salivary glands contribute to the initial stages of 

digestion, oral hygiene, and the enjoyment of food. The tongue's sensory and motor 

functions, combined with the secretion of saliva, support the overall process of chewing, 

tasting, swallowing, and speaking. 

The Functions of Nose and Tonsils: 

Functions of Nose: 

Olfaction (Sense of Smell): 

The primary function of the nose is to facilitate the sense of smell. Olfactory receptors in the 

nasal cavity detect airborne molecules, allowing individuals to perceive and identify various 

scents. 

Air Filtration: 

The nose acts as a natural air filter, trapping particles and contaminants present in the inhaled 

air. Nasal hairs and mucus help capture and remove dust, allergens, and pathogens. 

Humidification: The nasal cavity humidifies and moisturizes the incoming air, preventing 

the respiratory passages from drying out. 

Temperature Regulation: The nose plays a role in regulating the temperature of the inhaled 

air. As air passes through the nasal passages, it is warmed or cooled to approximate body 

temperature, creating a more favorable environment for the respiratory system. 

Resonance for Speech: 

The nasal cavity contributes to the resonance of the voice during speech. 

Part of the Respiratory System: 

The nose is an integral part of the respiratory system, serving as the entry point for air into 

the respiratory tract. It directs air into the trachea and lungs for oxygen exchange. 

Tonsils: 

Tonsils, including the palatine, lingual, and pharyngeal tonsils, are part of the lymphatic 

system and play a crucial role in immune defense. 
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They contain lymphoid tissue that produces lymphocytes and antibodies to help fight and 

prevent infections in the throat and surrounding areas. 

Defense Against Pathogens: 

Tonsils act as a first line of defense against pathogens entering the respiratory and digestive 

systems through the mouth and nose.They help prevent the spread of infections by trapping 

and neutralizing bacteria and viruses. 

Production of Antibodies: 

The tonsils generate antibodies, particularly immunoglobulin A (IgA), which is crucial for 

mucosal immunity and helps protect against infections in the respiratory and digestive tracts. 

Initiation of Immune Response: 

Tonsils are strategically located in areas where they can detect and respond to potential 

pathogens entering the body, helping initiate an immune response. 

Development of Immune Memory: 

Tonsils contribute to the development of immune memory. Exposure to pathogens results in 

the production of memory cells, enhancing the immune system's ability to respond more 

effectively to subsequent infections. 

While the nose and tonsils have distinct functions, both play essential roles in immune 

defense and maintaining respiratory health.  

Functions of Skin and Its Appendages: 

Functions of Skin: 

Barrier Function: The skin serves as a physical barrier that protects the body from external 

threats, including pathogens, toxins, and environmental elements. 

Temperature Regulation: Through processes like sweating and 

vasodilation/vasoconstriction, the skin helps regulate body temperature by releasing heat or 

conserving it, maintaining the core temperature within a narrow range. 

Sensation. The skin contains sensory receptors that detect various stimuli, including touch, 

pressure, temperature, and pain. These receptors contribute to the sense of touch and 

awareness of the environment. 

Vitamin D Synthesis: The skin, when exposed to sunlight, produces vitamin D. This vitamin 

is essential for calcium absorption and bone health. 

Immune Defense: The skin is part of the immune system, acting as a barrier against 

pathogens. Additionally, immune cells in the skin help identify and combat infections. 

Excretion: Sweat glands in the skin facilitate the excretion of waste products, including 

water, electrolytes, and small amounts of metabolic byproducts. 

Absorption:While not the primary route for absorption, the skin can absorb certain 

substances, including medications and topical treatments. 
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Water Regulation:The skin helps regulate water loss from the body, preventing dehydration. 

Appendages of the Skin: 

Hair: 

Insulation: Hair provides insulation, helping to regulate body temperature. 

Sensation: Hair follicles have sensory nerve endings, contributing to the sense of touch. 

Nails: 

Protection: Nails protect the tips of fingers and toes from trauma and provide support for 

delicate tissues. 

Manipulation: Nails assist in fine motor tasks and manipulation. 

Sebaceous Glands: 

Sebum Production: Sebaceous glands produce sebum, an oily substance that helps lubricate 

the skin and hair, preventing dryness and providing some protection against pathogens. 

Sweat Glands: 

Thermoregulation: Eccrine sweat glands release a watery sweat that aids in cooling the body 

during heat. 

Excretion: Sweat glands eliminate small amounts of waste products and salts from the body. 

Apocrine Glands: 

Scent Production: Apocrine glands, primarily in the axillary and genital regions, produce a 

thicker, milky sweat that, when broken down by bacteria, can contribute to body odor. 

Arrector Pili Muscles: 

These small muscles are attached to hair follicles and contract in response to cold or 

emotional stimuli, causing hair to stand upright (goosebumps). 

The skin and its appendages collectively contribute to the overall health and well-being of the 

body. Their multifaceted functions encompass protection, regulation, sensation, and 

communication with the external environment. 
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Chapter 11 

Nervous System 

General Design of Nervous System: 

The nervous system is a complex network of cells that enables communication and 

coordination throughout the body. Its general design involves two main components: the 

central nervous system (CNS) and the peripheral nervous system (PNS). 

Central Nervous System (CNS): 

Brain and Spinal Cord: The CNS consists of the brain and spinal cord, which are protected by 

bone (skull and vertebral column) and three layers of meninges. The brain is housed within 

the skull, while the spinal cord is encased in the vertebral column. 

Integration and Processing: The CNS is responsible for integrating and processing 

information. The brain interprets sensory input, initiates motor responses, and is the center for 

higher functions such as learning, memory, and emotions. 

Command Center: It serves as the command center that controls and coordinates activities 

throughout the body. 

Peripheral Nervous System (PNS): 

Nerves and Ganglia: The PNS includes nerves and ganglia outside the CNS. Nerves are 

bundles of nerve fibers (axons) that transmit signals between the CNS and various parts of 

the body. Ganglia are clusters of nerve cell bodies. 

Somatic and Autonomic Divisions: The PNS is divided into the somatic nervous system 

(SNS), responsible for voluntary movements and sensory perception, and the autonomic 

nervous system (ANS), which regulates involuntary functions like heart rate, digestion, and 

respiratory rate. 

Cranial and Spinal Nerves: The PNS includes cranial nerves arising from the brain and spinal 

nerves arising from the spinal cord. These nerves connect the CNS to muscles, organs, and 

sensory receptors. 

Neurons: 

Basic Structural and Functional Units: Neurons are the fundamental building blocks of the 

nervous system. They receive, process, and transmit information in the form of electrical 

impulses. 

Cell Body, Axon, Dendrites: Neurons typically consist of a cell body (soma), dendrites that 

receive signals, and an axon that transmits signals to other neurons or target cells. 

Glial Cells: 

Support Cells: Glial cells provide support, protection, and nourishment to neurons. 

Types: Glial cells include astrocytes (support and nutrient transfer), oligodendrocytes and 

Schwann cells (produce myelin, which insulates axons), microglia (immune defense), and 

ependymal cells (produce cerebrospinal fluid). 
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Synapses: 

Communication Junctions: Neurons communicate with each other at synapses. The axon 

terminal of one neuron releases neurotransmitters into the synapse, which bind to receptors 

on the dendrites or cell body of the next neuron, transmitting the signal. 

Cerebrospinal Fluid (CSF): 

Fluid for Protection: CSF surrounds the brain and spinal cord, providing buoyancy and 

protection against mechanical shocks. 

The nervous system functions to receive, process, and respond to stimuli, allowing for 

coordinated movement, sensory perception, and maintenance of homeostasis. Its intricate 

design ensures efficient communication and adaptability to changing environmental 

conditions. 

Functions of Brain: 

The brain, as the central organ of the nervous system, performs a multitude of complex 

functions that are essential for the overall functioning of the body. Here are some key 

functions of the brain: 

Cognition: The brain is the seat of cognitive functions, including thinking, reasoning, 

problem-solving, and decision-making. 

Memory: It plays a crucial role in the formation, storage, and retrieval of memories, allowing 

for learning and adaptation based on past experiences. 

Motor Control: The brain is responsible for initiating and coordinating voluntary 

movements and motor functions. Motor areas in the cerebral cortex plan and execute 

movements. 

Sensory Processing: The brain processes sensory information received from the 

environment, allowing individuals to perceive and interpret various stimuli, including sight, 

sound, touch, taste, and smell. 

Emotion Regulation: It regulates emotions, influencing mood, motivation, and responses to 

emotional stimuli. Limbic system structures, such as the amygdala and hippocampus, play 

key roles in emotional processing. 

Homeostasis: The brain maintains internal balance and stability through the regulation of 

physiological processes such as body temperature, blood pressure, and hormonal levels. 

Autonomic Functions: It controls involuntary processes such as heart rate, respiratory rate, 

digestion, and other autonomic functions through the autonomic nervous system. 

Language Processing: The brain's language centers, including Broca's area and Wernicke's 

area, are involved in language comprehension, production, and communication. 

Attention and Concentration: 

The brain enables the ability to focus attention, sustain concentration, and shift attention as 

needed. 
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Sleep Regulation: It regulates sleep-wake cycles and various stages of sleep, impacting 

overall restorative functions and memory consolidation. 

Learning and Adaptation: The brain is vital for learning new information, skills, and 

behaviors, facilitating adaptation to changing environments. 

Social and Interpersonal Skills: It plays a role in social cognition, allowing individuals to 

understand and navigate social interactions, interpret others' emotions, and form social bonds. 

Higher Cognitive Functions: The prefrontal cortex is involved in executive functions such 

as planning, organizing, problem-solving, and self-control. 

Creativity and Innovation: The brain supports creative thinking and innovation by forming  

Functions of Spinal Cord: 

The spinal cord is a vital part of the central nervous system, connecting the brain to the 

peripheral nervous system and serving essential functions in communication and 

coordination. Here are detailed functions of the spinal cord: 

Conduction of Nerve Signals: The primary function of the spinal cord is to conduct nerve 

signals between the brain and the rest of the body. Nerve impulses travel along the spinal 

cord's neural pathways, transmitting sensory information from the periphery to the brain and 

motor commands from the brain to muscles and glands. 

Reflex Integration: The spinal cord plays a crucial role in reflex actions. Reflexes are rapid, 

involuntary responses to stimuli that do not require conscious thought.  

Motor Function: The spinal cord controls voluntary movements and motor functions. Motor 

neurons in the spinal cord transmit signals from the brain to muscles, enabling coordinated 

movements of the limbs and other body parts. 

Sensory Function: Sensory neurons convey information from various body parts to the 

spinal cord. These sensory signals, such as pain, temperature, touch, and proprioception, are 

then transmitted to the brain for interpretation and response. 

Coordination of Reflex Arcs: The spinal cord coordinates reflex arcs, which involve sensory 

neurons, interneurons in the spinal cord, and motor neurons. This coordination allows for 

rapid, automatic responses to stimuli, such as withdrawing from a painful stimulus. 

Ascending and Descending Tracts: Ascending tracts carry sensory information from the 

periphery to the brain, while descending tracts transmit motor commands from the brain to 

peripheral effectors (muscles or glands). 

Transmission of Pain Signals: The spinal cord is a key player in the transmission of pain 

signals. Nociceptive information (pain) is conveyed through specific pathways to the brain 

for perception and response. 

Integration of Sensory Information: 

The spinal cord integrates sensory information received from various parts of the body, 

contributing to a coherent perception of the external environment and the body's internal 

state. 



 

136 

 

Autonomic Nervous System Control: 

The spinal cord is involved in the control of the autonomic nervous system (ANS), which 

regulates involuntary functions such as heart rate, digestion, and respiratory rate. 

Initiation of Simple Movements: The spinal cord can initiate simple movements without 

direct input from the brain, such as walking or reflexive responses. 

Transmission of Sympathetic and Parasympathetic Signals: Autonomic signals for the 

sympathetic and parasympathetic branches of the ANS pass through the spinal cord, 

influencing various physiological processes. 

While the brain is responsible for higher cognitive functions, the spinal cord focuses on the 

rapid transmission of signals and reflex activities, playing a pivotal role in basic sensory-

motor coordination and response to environmental stimuli. 

Functions of Cranial Nerves: 

The cranial nerves are a set of twelve pairs of nerves that emerge directly from the brain and 

primarily serve functions related to the head and neck. Each cranial nerve has specific roles, 

involving sensory, motor, or both functions. Here are the functions of the cranial nerves in 

detail: 

Olfactory Nerve (I):\ 

Function: Responsible for the sense of smell. 

Pathway: Olfactory receptors in the nasal cavity transmit signals to the olfactory bulb and 

then to higher olfactory centers in the brain. 

Optic Nerve (II): 

Function: Carries visual information from the retina to the brain. 

Pathway: Axons of the retinal ganglion cells form the optic nerve, which transmits signals to 

the optic chiasm and then to the visual centers in the brain. 

Oculomotor Nerve (III): 

Function: 

Motor: Controls most eye movements, including raising the eyelid, directing the eyeball, and 

constricting the pupil. 

Parasympathetic: Regulates the size of the pupil and shape of the lens for near vision. 

Trochlear Nerve (IV): 

Function: Primarily involved in the movement of the eyeball. 

Pathway: Controls the superior oblique muscle, aiding in downward and inward eye 

movements. 
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Trigeminal Nerve (V): 

Function: 

Sensory: Responsible for sensation in the face (ophthalmic, maxillary, and mandibular 

divisions). 

Motor: Controls muscles involved in chewing (mastication). 

Abducens Nerve (VI): 

Function: Primarily involved in the lateral movement of the eyeball. 

Pathway: Controls the lateral rectus muscle, aiding in outward eye movement. 

Facial Nerve (VII): 

Function: 

Sensory: Involved in taste sensation from the anterior two-thirds of the tongue. 

Motor: Controls facial muscles, expression, and secretion of saliva and tears. 

Parasympathetic: Regulates salivary and lacrimal glands. 

Vestibulocochlear Nerve (VIII): 

Function: 

Vestibular Branch: Involved in balance and spatial orientation. 

Cochlear Branch: Responsible for hearing. 

Glossopharyngeal Nerve (IX): 

Function: 

Sensory: Involved in taste sensation from the posterior one-third of the tongue. 

Motor: Controls muscles involved in swallowing. 

Parasympathetic: Regulates salivary glands. 

Vagus Nerve (X): 

Function: 

Sensory: Involved in visceral sensations (e.g., from organs in the thoracic and abdominal 

cavities). 

Motor: Controls muscles involved in speech and swallowing. 

Parasympathetic: Regulates many organs in the thoracic and abdominal cavities. 

Accessory Nerve (XI): 

Function: 

Cranial Part: Controls muscles involved in head movement. 

Spinal Part: Controls muscles of the neck and shoulder. 
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Hypoglossal Nerve (XII): 

Function: Controls muscles of the tongue, primarily involved in speech and swallowing. 

These cranial nerves are crucial for various sensory and motor functions in the head and neck, 

contributing to sensory perception, facial expressions, hearing, balance, taste, and many other 

essential activities. 
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